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ABSTRACT
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Two silage corn (Zea mays L. Agway 390X) experiments were conducted in fields
infested with fall ponicutTil'Panicum dichotomiflorium Michx.), crabgrlJss (Digitaria spp.),
redroot pigweed (Amaranthus retroflexus L.) and lambSquarters (Chenopodium sp.).
Butylate (S-ethyl diisobuthylthio-carbamate) and EPTC+R-25788(51- ethyl dipropylthiocarba
mate + R-25788 antidote) preplant incorporated applications provided excellent grassy
weed control. Practical fall panicum and crabgrass control was obtained by various
combination treatments which included alachlor [2-chloro-2 1,6 1-diethyl-N-(methoxy

methyl) acetanilide], procyazine [2-[(4-chloro-6-(cyclopropylamino)-'1 ,3,5-triazine-
2-yl] amino)-2-methylpropanenitrile], atrazine [2-chloro-4-{ethylamino )-6-(isopropylamino)
s-trlczcne] , penoxalin [N-{I-ethylopropyl)-3 ,4-dimethyl-2,6-dinitrobenzaminel, bifenox
TmethyI 5- (2, 4-di ch lorophenoxy)-2 -n itrobenzoate], metolach lor [2-ch loro- N- (2-ethy 1-6-methy1
phenyl)-N-(methoxy-I-methylethyl) acetamide] or Vel 50263 herbicides. Vel5026 at
0.25 Ib/A or procyazine at lower than 2,4 Ib/A rates did not control l~rassy weeds
satisfactorily. Atrazine + simazine [2-chloro-4,6-bis(ethylamino)-s-triazine] probably
because of dry weather conditions was poor on grassy weed control in 11976. Metolachlor at
2 Ib/A and butylate at 4 Ib/A did not provide needed broad leaf weed control. Both
years bifenox temporarily injured the corn. Silage corn yields were increased over
untreated checks in both years by a II treatments used.

INTRODUCTION

The main objective of our 1975and 1976 trials was to determinl! the effectiveness
and practicability of some of the promising new herbicides or herblcldes combinations
which would give better and more practical annual weed control in fleld corn in
Massachusetts.

MATERIALSand METHODS

The experiments were conducted at the South Deerfield experimental farm on a
fine sandy loam with good drainage. A randomized block design with four replicates in
the 1975trials and with three replicates in the 1976 trials was used. Each plot consisted
of four rows 25 ft. long. In both years fall panicum and crabgrass were dominant weeds
and together represented over 75 percent of the tota I weed populat ion. The rest of the
weed population consisted of redroot pigweed, lambsquarters and yellc)w foxtail [Setaria
Iutescens (Weige I) Hubb.].

Y Paper No. 2089, Massachusetts Agr. Exp. Sta., Univ. of Massachusetts at Amherst.
This research is supported from Exp. Sta. Hatch Project No. 375.
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In both years the seedbed was prepared two days before field corn planting on

May 28. A Jist of treatments and their application dates are presented in the tables
below. Preplant treatments were, after application, immediately mixed into the soil
by rototilling. All herbicide rates presented in the tables are expressed in pounds of
acid equivalent or active ingredient per acre. In both years rainy weather conditions
within three days after application of preemergent treatments created good conditions
for herbicidal action.

The effects of different treatments on weeds and corn were observed throughout
the growing season. Weed stands in all plots were surveyed three times during the
growing season, 4 weeks, 7 weeks after corn emergence and at harvesting time and
average weed stands were recorded. In 1975and 1976 corn was harvested on October
first and September eighth, respectively.

RESULTSand DISCUSSION

1975Trials.

Weed control as well as silage corn yield results are recorded in Table 1. The
best grassy weed control was obtained by EPTC+R-25788and butylate + bifenox treatments.
Fall panicum and crabgrass were eliminated almost completely the whole growing
season. Procyazine alone at 2.4 lb/A or lower rates was least effective in weedy grass
control. Procyazine at 3.2 Ib/A or in combination with atrazine or metolachlor was as
effective as accepted standard alachlor +atrazine treatment.

With the exception of metalachlor 2 Ib/A rate broadleaf weeds were completely
eli minated by a II treatments used.

All herbicides or their combinations used in these trials significantly controlled
weeds and increased silage corn yields compared with weedy checks. Corn was injured
~y bifenox treatments only. Injury marks were observable for about 6 weeks. The corn
treated with bifenox had whitish lesions on its leaves. Later these injury marks dis
appeared completely.

1976 Tria Is.

All treatments significantly controlled grassy weeds present (Table 2). Practical
grassy weed control was obtained by various combination treatments which included
alachlor, procyazine, atrazine, metolachlor, penoxaline, bifenox or Vel 5026 herbicides.
Penoxaline alone at 1.5 Ib/A provided as good grassy weed control as cyanazine or
procyazine at 2.4 lb/A rate. Flowable formulations of bifenox or alachlor were as
effective as wettable powder of bifenox or liquid formulation of alachlor. It is
interesting to note that atrazine + simazine combination provided poorer grassy weed
control than expected. Apparently dry weather conditions during the first part of the
growing season was responsible for this. In the whole experiment the worst grassy weed
control was produced by Vel 5026, a new herbicide. This herbicide in combination with
alachlor is rather promising.



Thinly scattered broadleaf weeds were satisfactorily controlled by all treatments
except butylate.

All herbicides or their combinations used significantly increased silage corn yields
compared with weedy checks. Due to the dry 1976 early summer period, competition
for water apparently was strong and corn yields of untreated checks compared with
treatments were much more decreased than in 1975 tests (Table 1).' Aflain this year
slight corn injury was observed by bifenox treatments. This injury did not affect corn
yie Ids signifi cantly.
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Table 1. Effect of herbicidal treatments on annual weed control and yields of silage corn. -1=>0

Treatments
Date of

Application
Weed stands
Check = 100
GW BW

Yields
Check = 100

1. Check 100 100 100
2. Check, clean 0 0 133

-j~--Atrarlne-+simazine:lr+-116J.A~-pr;-------------------------1f~lr------------8-------~---------1~~------

4. Atrazine + alachlor, 1 + 2 Ib/A, Pre
5. Eradicane, 4 Ib/A, PPl
6. Procyazine, 2 Ib/A~ Pre
7. Procyazine, 2.4 Ib/A, Pre
8. Procyazine, 3.2 Ib/A, Pre
9. <;tyanazine,2.4 Ib/A, Pre
10. Procyazine + Dual, 1.5 + 1.5 Ib/A, Pre
11. Procyazine + Dual, 2 + 2 Ib/A, Pre
12. Procyazine + alachlor, 1.5 + 1.5 Ib/A, Pre
13. Procyazine + alachlor, 2 + 2 Ib/A, Pre
14. Procyazine + atrazine 3:1, 2 Ib/A, Pre
15. Procyazine + atrazine 3:1, 3.2 Ib/A, Pre
16. DuaI, 2 Ib/A, Pre
17. Alachlor + bifenox, 2 + 1.5 Ib/A, Pre
18. Butylate + bifenox, 4 + 1.5 Ib/A, PPi+ Pre
19. Cyanazine+ atrazine, 2:1, 31b/A, Pre

LSDat 5%

a Negligible amounts.

(

5/29 18 0
5/28 2 0
5/29 28 +a
5/29 20 0
5/29 12 0
5/29 17 +
5/29 20 0
5/29 10 0
5/29 10 0
5/29 10 0
5/30 18 0
5/30 15 0
5/30 8 17
5/30 12 0

5/28 + 5/30 + 0
5/30 14 0
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123
127
119
118
125
129
125
122
126
121
123
116
117
111
117
123
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Table 2. Effect of herbicidal treatments on annual weed control and yields of silage corn 1976.

(

Treatments
Date of

Application
Weed stands
Check = 100
GW BW

Yields
Check = 100

1. Check 100 100 100
2. Check, clean 0 0 186

-3~--At(a;i~;-+~1~chror~-T-+2-n;lA~-Pr~---------------------------6;r-------------3-------+-a-------179------

4. Atrazine + alachlor flow., 1 + 2 Ib/A, Pre 611 4 0 180
5. Atrazine + simazine, 1 + 2 IbIA, Pre 611 20 + 170
6. Procyazine, 2.4 IbIA, Pre 611 12 2 188
7. Procyazine + Dualx) , 1.25 + 1.25 Ib/A, Pre 611 5 + 184
8. Procyazine + Dual, 1.5 + 1.5 Ib/A, Pre 611 4 2 176
9. Procyazine + alachlor, 1.2 + 2 IbIA, Pre 611 1 + 178
10. Dual + otrazine, 1.25 + 1 IbIA, Pre 611 10 0 174
11. Dual + atrazine, 2 + 1 IbIA, Pre 611 9 0 176
12. Vel 5026 + olachlor, .25 + 2 Ib/A, Pre 611 2 + 174
13. Vel 5026 + alachlor, .125 + 2 Ib/A, Pre 611 3 1 177
14. Vel 5026, .25 Ib/A, Pre 611 32 + 172
15. Penoxalin, 1.5 Ib/A, Pre 611 12 + 176
16. Penoxalin + atrazine, 1.5 + I Ib/A, Pre 611 5 + 174
17. Butylate, 4 IblA, PPl 5/27 + 27 183
18. Cyanazine, 2.4 Ib/A, Pre 612 14 3 184
19. Bifenox + alachlor, 1.5 + 2 Ib/A, Pre 612 5 + 179
20. Bifenox flow. + alachlor, 1.5 + 2 Ib/A, Pre 612 3 0 174
21. Bifenox + DuoI, 1.5 + 2 IblA, Pre 6/2 7 + 172
22. Bifenox flow. + Dual, 1.5 + 2 Ib/A, Pre 6/2 5 + 177

LSDat 5%

a Negligible amounts.

6 24
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PENOXALINALONEAND IN COMBINATIONWITH ATRAZINE, CYANAZINE,AND
RH 5205 FOR WEEDCONTROLIN CORN

R. D. Ilnicki and Ratemo Michiekall

ABSTRACT

Penoxalin in combination with atrazine improved the control
of velvetleaf and the control of lambsquarters and redroot pig
weed was only slightly better than the control produced by either
herbicide applied alone.

Penoxalin in combination with cyanazine greatly improved the
control of lambsquarters, velvetleaf, and fall panicum with no
appreciable increase in the control of redroot pigweed.

RH 5205 by itself was very effective on redroot pigweed but
did not adequately control fall panicum, velvetleaf, or lambs
quarters. Combinations with penoxalin produced marked improve
ment of lambsquarters and velvetleaf but did not improve the con
trol of redroot pigweed or fall panicum over that produced by
either herbicide applied alone.

INTRODUCTION

The use of the two triazine herbicides, atrazine and
cyanazine for weed control in corn is well known. Cyanazine,
the newer of the two, is not as long-lasting in the soil as
atrazine, a herbicide that has been used for many years.

A recently developed herbicide, penoxalin, of the dinitro
aniline family,has shown promise for weed control in corn.
Unlike most of the dinitroanilines, there is no need to soil-in
corporate it for use in corn. Moreover, if soil-incorporated
injury to corn is imminent without that much improvement in weed
control. Penoxalin, which is very effective on annual grassy
weeds and many broadleaf weeds fails to adequately control common
ragweed (Ambrosia artemesiifolia L.).

lIResearch Professor of Weed Science, Graduate Assistant,
respectively, Department of Soils and Crops, Cook College,
New Brunswick, N. J. 08903.
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More recently, RH 5205, an experimental herbicide showing
promise for use in corn, was made available to weed researchers.
Michieka et ale (1) observed this compound to be effective on
broadleaf weeds found in corn but ineffective on fall panicum
(Panicum dichotomiflorum Michx).

It was the objective of this study to determine ifpenoxalin
could be effectively used in corn to effect broad spectrum weed
control when combined with atrazine, cyanazine, or RH 5205 with
out producing any injury.

MATERIALS AND METHODS

Midstates 869 field corn was planted on May 4, 1976, in
Sassafras loam soil in 30-inch rows at the Ade Lphd a Research
Center, New Jersey Agricultural Experiment Station, Adelphia,
New Jersey. Immediately after planting plots 10' wide (4 rows)
x 18 I long were established to receive preemergenCE! applications
of herbicides and herbicide combinations. All herbicide applica
tions were made using a hand-operated backpack C02-·propelled
experimental plot sprayer on May 5 in 40 gpa with ~later the
carrier. All herbicide treatments included in the study are
presented in Table 1. Chemical identities of the herbicides
are found in the Appendix.

Throughout the course of the investigation, observations
were made on crop injury and weed control using thE~ scale 0 to
10 where 0 = no effect on stand or vigor of plants and 10 =
complete control or 100% elimination of stand.

The experimental area was infested with lambs(~arters

(Chenopodium album L.), redroot pigweed (Amaranthm?,. retroflexus L.),
velvetleaf (Abutilon theophrasti Medic.), and fall panicum
(Panicum dichltomiflorum Michx.). Other annual broadleaf weeds

were also present but these were sparsely distribu1:ed and estimates
of their control was not possible.

RESULTS AND DISCUSSION

Weed control data, recorded at time of maximum performance
of the herbicides, on July 12, are summarized in Table 1.
Included, also, are the responses of corn to the vj~ious herbicides
and herbicide combinations. From this table it can be seen that
corn was not seriously affected by any of the herbicide treatments.
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Some interesting comments can be made about weed control.
Penoxalin, which is reported to be effective on velvetleaf, did
not produce good control of this weed. Atrazine, on the other
hand, produced good control of velvetleaf, but was ineffective
on fall panicum, a well-established fact. Combinations of pen
oxalin and atrazine improved the control of fall panicum greatly
but only slightly the control of velvetleaf. Control of lambs
quarters and redroot pigweed by either herbicide alone was com
parable with only slight improvement in control when combined.

Cyanazine was very effective on redroot pigweed but only
fair to good on lambsquarters, velvetleaf, and fall panicum.
Combining penoxalin with cyanazine effected a great improvement
in the control of lambsquarters, velvetleaf, and fall panicum
but with no appreciable increase in the control of redroot
pigweed.

RH 5205, by itself, did not produce much control of fall
panicum, only fair control of velvetleaf, and poor to fair con
trol of lambsquarters. It was very effective, however, on red
root pigweed Combinations of RH 5205 with penoxalin gave marked
improvement in the control of lambsquarters and velvetleaf. The
combination did not improve the control of redroot pigweed or
fall panicum over that produced by either herbicide applied alone.
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Common Name

atrazine

cyanazine

penoxa1in

RH 5205

Chemical Name

2-ch1oro-4-(ethy1amino)-6
(isopropy1amino)-s-triazine

2- ~-4-ch1oro-6-(ethY1amino)-s
triazin-z-y:g aminol-2-methy1-
propionitri1e -

N-(2-ethy1propy1)-3,4-dimethy1
2,6-dinitrobenzeneamine

chemistry not disclosed



Table 1. The response of corn and some annual weeds to penoxalin, atrazine,
cyanazine, and RH 5205 and combinations of penoxalin with atrazine,
cyanazine, and RH 5205.

.....
a

Response (Stand) 1
Rate, Redroot Fall

Herbicide lb/A Corn LaI!1bs;q\lCi.rtEl:r:13Pigweed Ve1vetleaf Panicum

penoxalin 3/4 0.0 8.3 9.7 4.0 9.0
1 0.7 8.3 10.0 6.3 9.7

atrazine 1 1/2 0.7 10.0 10.0 8.7 2.3
2 0.0 10.0 10.0 9.7 2.7

cyanazine 2 0.7 7.3 9.0 7.0 7.3
2 1/2 0.3 9.3 10.0 7.3 8.0 , I

RH 5205 1/8 0.3 3.7 10.0 7.3 3.5
1/4 0.3 8.0 10.0 8.7 5.3

penoxalin + 3/4 + 1 1/2 0.7 9.7 10.0 5.7 9.0
atrazine 1 + 1 1/2 0.3 10.0 10.0 7.7 9.0

penoxalin + 3/4 + 2 0.3 9.7 9.3 8.7 10.0
cyanazine 1 + 2 0.0 9.7 9.7 9.0 9.7

penoxalin + 3/4 + 1/8 0.3 8.9 10.0 9.3 8.0
RH 5205 1 + 1/8 0.0 9.0 9.7 9.3 9.0

IBased on scale 0 to 10, where 0 = no control or reduction in stand and 10 = complete
control or elimination of stand.

( (
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OPTIONSFORQUACKGRASSCONTROLIN NO-TILLAGESILAGECORN

R. A. PeterJ!

ABSTRACT

Glyphosate (N-(phosphonomethyl)glycine), atrazine (2-chloro-4-ethylamino)-6
(isopropylamino)-~-triazine), simazine (2-chloro-4,6-bis(et~(lamino)-~-triazineJ

and paraquat (1,lt-dimethyl-4,4 t bipyridinium ion) were appl:i.ed on quackgrass
(Agropyron rrpens (L.) Beauv , ) in November 1975 and in April and May 1976.
Silage corn ~!!'!!!5l!! L. var XL 3l5A) was planted on both no--tillage plots and
plots plowed after treatment.

In general the most effective quackgrass topkill from glyphosate was obtained
from May applications when the grass was 1~2 feet tall. Thf~ atrazine treatments,
alone or with paraquat, were most effective, however, if applied in November or
April before rapid growth occurred. Quackgrass control with few exceptions was
good on treated plots subsequently plowed.

Corn yields were greater in the plowed than in the no-tillagE! plots following
all three dates of treatment. This was related in part to decreased stands in
the no-tillage plots and in Stage A and B to greater competi 1~ion from crabgrass.

Rhizome samples removed in November 1976 from the May treated plots indicated
little difference in weight but a significant difference in J:"egrowth potential
with only 10% of buds sprouting in the glyphosate plots compared to 40% in the
atrazine plots.

INTRODUCTION

Quackgrass continues to be a widespread weed in corn fields in the Northeast.
The trend toward no cultivation following planting of conventional corn and the
total lack of soil manipulation in no-tillage corn results in little, if any,
disturbance of quackgrass rhizomes.

MATERIALSANDMETHODS

The experiment was initiated in the fall of 1975 in a field uhich had been in
no-tillage corn in 1974 but idle in 1975. The soil type is CL Paxton fine sandy
loam. The predominate weed at the time of treatment was quaekgr-aas , Dandelion
was also fairly abundant.

The herbicides used were atrazine, princep, paraquat and glYlrnosate alone and in
combination. All rates are given in terms of active ingrediEmt per acre except
for glyphosate which is given in terms of acid equivalent per acre.

Based on soil tests, 2T of lime was applied on April 27, 1976. 700 lb/A of
15-15-15 fertili zer was applied on May 5, 1976. On May 25, 1976 all plowed strips
were d i sked , Corn was planted on 1\1ay27, 1976 in 30 inch ro'us with a Bridger
No-tillage planter. Because of a general invasion of cr-abgraea in many of the
plots an application of alachlor (2 Ib ai/A) was applied on Sune 1. The warm
spring resulted in the 2-3 leaf stage by this date.

Professor of Agronomy, Plant Science Department, Universi.ty of Connecticut,
Storrs, CT 06268.
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Table 1. gives the details of when treatments were made. On each treatment date
herbicides were applied on two strips. One strip was plowed as indicated in the
table but the other was untouched prior to corn plantiilg (no-tillage).

Table 1. Summary of timing of herbicide and plowing treatments.

Stage A Stage B Stage C
Date of herbicide

treatment
Stage of growth

of quackgrass
Weather on day of

spraying
Date of plowing con

ventional strip

Nov 7, 1975
6 inch in hgt
4 leaf stage
410 F min
600 F max

Nov 27, 1975

April 20, 1976
6 inch in hgt
4 leaf stage
600 F min
9()OF max

April 23, 1976

May 22, 1976
18-24 inch in hgt
boot stage
420 F min
700 F max

May 25, 1976

RESULTSANDDISCUSSION
Quackgrass control

No-tillage - In terms of quackgrass topgrowth as rated in November 1976, the
glyphosate treatments at the It and 2 Ib rate were effective at all stages of
growth (Table 2). The 1 lb rate was weak in the November and April treatments.
The triazines were more variable. Applications of 4 lb of atrazine were quite
effective if applied in November or May but marginal when applied in April.
Simazine gave less than 50.' control when applied in November or May. The com
bination of atrazine 2 Ib + simazine 2 Ib/A was intermediate in effectiveness
between atrazine and simazine. If paraquat t lb was added to atrazine none of
the applications compared with the high rate, 4 lb, of atrazine alone. Paraquat
+ atrazine was most effective in April when the grass was actively growing. The
combination of paraquat t and simazine 2 lb had very little effect in the fall
applioation but was as effeotive as simazine at 4 1b when applied in April or May.

Plowed - Plowing combined with chemioal treatment inoreased the control of some
of the marginal treatments espeoially with the fall treatments. With the glyphosate
treatments or the 4 Ib rate of atrazine, there was no marked inorease in control
in topgrowth from plowing.

Corn yields

No-tillage - The mean silage corn yields of the November treated plots were only
2/3 of the yields in the April and May treated plots. The only treatments as
effective as the April and May treatments were the glyphosate + atrazine treatments
and the 4 lb rate of simazine. The latter resulted in poor yields in all three
stages which was probably related to the depressed stands associated with this
treatment. The lower yields in the Stage A plots treated with glyphosate could
be related to the poor crabgrass control. By the time of the June 1 application
of alachlor the crabgrass was so large the kill was quite limited. The same
relationship oan be seen toa lesser extent in Stage B. The May glyphosate
treatment applied after germination killed most of the crabgrass. No explanation
can be given for the very poor yields with glyphosate It Ib in November. Poor
crabgrass control in the Stage A plots treated with atrazine alone or in com
bination may have been a factor in the reduced yields.

In comparing the April and May treatment dates in terms of yield the glYPhosate
applied when the quaokgra.ss was only 6 inches tall in April was less effective
than when applied in May on quackgrass 18-24 inches in height. The converse was



Table 2. Quackgrass Control and Corn Yields Following Applications of Glyphosate With and Without
Atrazine and Atrazine and Simazine With and Without Paraquat.

No-Tillage No-Tillage
Herbioide lb/A Control Ratingl Silage Control Ra,tingl Silage

ae or ai (0-10) Yields Stand (0-10) Yields Stand 3
Quackp'ass Crabgrass .:J.f.}L Plants!A 3 Quaokgrass Crabgrass T/A2 Plants!A

November 1975 Treatment (Stage A)
Glyphosate 1 6.3 2.0 8.2 31.2 7.3 8.3 21.1 28.1

Glyphosate It 8.0 3.7 14.7 20·3 10.0 9.7 24.7 29.5
Glyphosate 2 9.7 3.7 2.8 18.4 8.3 9.3 26.9 27.1

Paraquat +
atrazine t+2 6.3 4.7 14.3 21.8 8.3 9.3 21.1 28.1

Paraquat +
simazine t+2 1.7 8.3 6.0 18.9 7.3 9.3 25.7 30.4

Glyphosate +
atrazine 1 + 2 803 4.0 21.8 30.5 9.0 10.0 26.4 31.5

Atrazine +
simazine 2 + 2 6.7 3.7 9.8 26.1 8.0 8.0 23.8 29.u

Atrazine 4 9.0 1.3 11.8 26.7 10.0 10.0 24.7 26.6

Simazine 4 4.7 5.7 8.9 18.4 8.3 10.0 19.2 25.1

Control 0.7 9.3 0.5 10.6 3.7 8.3 14.9 21.3
Mean 6.1 4.6 9.9 2203 8.0 9.2 22.9 27.6

April 1976 Treatment (Stage 13)

Glyphosate 1 5.7 4.7 17.8 24.7 6.7 1Q.0 24.2 30.5
Glyphosate It 8.7 2.0 13.2 22.3 7.7 9.7 21.6 24·2

Glyphosate 2 9.3 6.7 20.2 26.1 7.0 9.0 24.0 25.6
Paraquat +
atrazine t+2 7.0 8.0 16.3 23.2 8.3 9.7 22.3 28.1

Paraquat +
simazine t+2 8.0 7.7 9.6 23.2 7.0 9.0 20.2 23.7

Glyphosate +
atrazine 1 + 2 6.7 703 19.7 23.2 8.3 9.7 22.3 28.1

Atrazine +
simazine 2 + 2 9.3 7.7 15.6 23.2 7.7 9.7 22.1 27.6

Atrazine 4 9.7 8.0 19.2 23.7 9.0 9.7 24.2 30.0
Simazine 4 8.3 7.7 11.0 19.8 6.3 9.7 22.6 29·0
Control 1.7 8.3 0.7 10.6 7.0 8.3 19.7 25·1

M.ean 7.4 6.8 14.3 21.9 7.5 9.5 22.3 27.3

May 1976 Treatmant (Stage C)
Glyphosate 1 10.0 7.7 19.0 28.1 8.3 9.3 25.9 31.9
Glyphosate It 9.7 7.3 22.1 28.1 9.0 9.7 22.8 27.1
Glyphosate 2 10.0 6.0 24.7 26.1 9·3 9.0 21.4 24.9
Paraquat +

atrazine t+2 4.7 8.6 10.6 19.3 5·0 9.7 21.1 25.2
ParaqUat +

simazine t+2 5.7 10.0 15.8 25.0 5·7 9.7 16.1 21.3
Glyphosate +- atrazine 1 + 2 8.3 8.3 23.5 31.9 8.3 9.7 26.6 32.4
Atrazine +

simazine 2 + 2 6.0 7.7 10.8 20.3 6.7 8.3 19.2 25.6
Atrazine 4 7.0 7.0 14.2 23.2 8.3 9.3 25.7 30.0
Simazine 4 5.0 6.3 7.9 15.0 6.3 10.0 22.1 29.0
Control 1.3 8.6 0.5 8.7 2.7 8.6 16.9 17.9

M.ean 6.8 7.8 14.9 22.6 7.0 9.3 21.8 26.9
1 o - No oontrol;

2 Tons!A on 3~ dry matter basis 3 X 100010 - Complete kill

13
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true when simazine and atrazine were used alone or in combination. The triazines
need to be applied before rapid growth of quackgrass for adequate control.

No-tillage versus plowed plots - The mean yields of silage corn were lower in all
three stages in the no-tillage plots than in the plowed plots; 43.0% in Stage A,
64.1% in Stage B and 68.3% in Stage C.

Part of this differential could be attributed to the lower stands in many of the
no-tillage plots. The lowest stands were usually associated with treatments
giving the poorest quackgrass control. In those treated plots which were given
a quackgrass control rating of 5 or less the stand was 7% or less of the plowed
plots. The one exception'was the paraquat + simazine treatment applied in May.
In the no-tillage plots receiving no herbicide treatment stand was less than half
of the plowed non-treated plots. The much lower relative yields in Stage A no
tillage plots could also be related in Part to the limited crabgrass control.

Table 3. Effect of herbicide treatment in May on quackgrass rhizome weight and
regrowth potential in November.

Rhizome
Ib/A fresh wgt Shoot No. Shoot hgt

Herbicide ae or ai gm/sq ft per 20 nodes em

Olyphosate 1 10.3 3 24.0
Olyphosate 2 4.0 4 28.5
Atrazine 4 6.3 17.5 21.3
Control 28.5 46.0 23.3

Treatment effects on rhizomes

In November 1916, rhizome samples were removed from selected plots to determine
the long term effects of treatment. The data in Table 3 indicates that the
fresh weight of rhizomes was decreased by glyphosate and atrazine to about the
same degree. The significant difference was in the number of buds which regen
erated after the rhizomes were cut into 3 node sections and potted in the green
house. The shoot number from either 1 or 2 Ib rate of glyphoaate was only 10% of
the control as compared to 40% in the atrazine plots. Judging by the regrowth,
if a bud is capable of growing after treatment the shoot growth will be normal.



15

WEED CONTROL IN CORN WITH VEL 5052 AND BUTHIAZOLE
(VEL 5026) APPLIED ALONE, IN COMBINATION, AND

IN COMBINATION WITH ATRAZINE OR ALACHLOR

Richard D. Ilnicki and R. W. Michieka 11

ABSTRACT

Two new herbicides, VEL 5052 and VEL 5026, were evaluated
for weed control in corn. VEL 5052 was not effecti.ve on lambs
quarters or common ragweed. Buthiazole (VEL 5026) was very
effective on fall panicum. Combinations of VEL 50S2 with buthia
zole or atrazine effected excellent control of man)r annual weeds.
Similarly, combinations of buthiazole with alachlor produced ex
cellent control of many weeds.

INTRODUCTION

Two experimental herbicides having some poten1:ial for use in
corn were recently released. One, an acetanilide, from prelimi
nary studies is considered effective on annual grasses; the other,
buthiazole (VEL 5026), a heterocyclic nitrogen compound has pro
duced excellent results for industrial and non-cropland use. The
latter, considered marginal for use in corn, has produced some
injury when applied at rates sufficiently high to E~ffect adequate
broadleaf and grassy weed control. From preliminary work done at
this station, it was felt that buthiazole might fH: into a weed
control program in corn if low rates were used and if it were
combined with other herbicides already being used or considered
for use in corn. It was with this objective in min.d that this
study was undertaken.

MATERIALS AND METHODS

Midstates 869 field corn was planted on April 28, 1976, in
Sassafras loam soil at the Adelphia Research Center, New Jersey
Agricultural Experiment Station, Adelphia, New Jer;sey, in 30-inch
rows. Following planting plots 10' wide (4 rows) x 18' long were
established to receive preemergence applications of herbicides

yResearch Professor of Weed Science and Graduate As s Ls carrt ,
respectively, Department of Soils and Crops, Cook College, New
Brunswick, N. J. 08903.
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and herbicide combinations. All herbicide applications were made
using a hand-operated co2- pr ope l l ed plot sprayer on April 30, two
days after planting. Sprays were applied in water carrier at 40
gpa. The experimental design was a complete randqmized block with
3 replications.

The herbicide treatments included in this study are presented
in Table 1. Chemical identities and the formulations used are
presented in the Appendix.

During the course of the investigation, periodic observations
were made on crop injury and weed control. In rating, a scale of
o to 10 was used Where 0 = no effect on stand or vigor and 10 =
complete control or 10~~ elimination of stand. Weeds in the
experimental area included lambsquarters (Chenopodium album L.),
redroot pigweed (Amaranthus retroflexus L.), common ragweed
(Ambrosia artemisiifolia L.), large crabgrass (Diqitaria sanqui
nalis (L.) Scop.), and fall panicum (Panicum dichotomiflorum Michx).

RESULTSANDDISCUSSION

Weed control data and corn response data are presented in
Table 1. These data are from ratings made on July 6, when it was
estimated that the maximum effects of the herbicides were being
produced. Blanks in the table indicate the absence of weeds in
these plots or treatments or that the intensity of the weed
population was such that accurate estimates of control were not
possible.

One interesting fact is immediately evident from this table.
No herbicide or herbicide combination produced any injury to corn.
Another observation worthy of note that both VEL 5052 and alachlor
were ineffective on lambsquarters or common ragweed but very
effective on the grasses - typical of acetanilide herbicides.

Buthiazole was only effective on redroot pigweed at the rates
studied but produced good to excellent control of fall panicum and
lambsquarters, respectively, at the higher rate.

Atrazine, as expected, did not control fall panicum but did
produce very good to excellent control of the broadleaf weeds.

Combinations of VEL 5052 with buthiazole or atrazine pro
duced very good to excellent control of all weeds in the experiment.
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Buthiazole in combination with alachlor produced excellent
control of redroot pigweed, common ragweed, large crabgrass, and
fall panicum but only very good control of lambsqua.rters: however,
the degree of control of lambsquarters was better from the combi
nation than that effected by the herbicides applied alone.

Yields of harvested grain were significantly reduced by all
rates of VEL 5052 and the lowest rate of alachlor. These reduc
tions were not from injury produced by the herbicides but from
the heavy infestation of lambsquarters in the experimental area.
Had the corn been given a lay-by cultivation the rE~ductions in yield
would not have been as great as they were.



Table 1. The response of corn and some annual weeds to VEL 5052 and buthiazo1e
(VEL 5026) applied alone, in combination, and in combination with atrazine
or a1ach1or. .....

00

Herbicide
Rate,
1b/A

]?Jant Responses 1

Redroot
Corn Lambsquarters Pigweed Ragweed

Fall
Crabgrass Panicum

VEL 5052

buthiazo1e

atrazine

1 1/2
2
2 1/2

3/8
3/4

1 1/2
2

0.0
0.0
0.0

0.0
0.0

0.0
0.0

0.3
0.0
0.0

6.3
9.7

9.7
10.0

10.0
10.0

9.5
10.0

10.0

0.0
0.0
5.0

5.0

10.0

10.0
10.0

5.0
3.0

9.0

10.0
9.7
9.7

1.0
8.0

0.0
0.0

a1ach1or

VEL 5052 +
buthiazo1e

1 1/2
2
2 1/2

2 + 3/8

0.0
0.0
0.0

0.0

2.0
6.3
4.7

9.3

10.0
10.0
10.0

10.0

0.0
0.0

10.0
10.0
10.0

10.0

10.0
10.0

8.3

9.3

scale of 0 to 10, where 0 = no effect on stand or vigor
elimination of stand.

1/4 + 1 1/2 0.0 8.7 10.0
3/8 + I 1/2 0.0 8.3 10.0
1/2 + 1 1/2 0.0 8.3 10.0

1/4 + 2 0.0 9.0 10.0
3/8 + 2 0.0 9.3 - 10.0
1/2 + 2 O.~_ 9.7 ... _~ 10.0._ 10.0

and 10 = complete

9.7
10.0 8.3

10.0

10.0
9.7
9.7

9.010.010.010.00.02 + I

1Ba sed on a
control or

VEL 5052 +
atrazine

buthiazo1e +
a1ach1or

( (



Common Name

alachlor

atrazine

buthiazole (VEL 5026)

VEL 5052
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APPENDIX

Chemical Name

2-chloro-2',6 1-diethyl-N-(methoxy=

methyl) acetanilide

2-chloro-4-(ethylamino)-6-(iso=
propylamino)-s-triazine

3- 5-(1,l-dimethyle~hyl)-l,3,4

thiadiazol-2-yl -4-h~droxy-l-methyl

2-imidazolidinone

N-chloroacetyl-2,6-dimethylanilino
acetaldehydeethyleneacetal
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NUTSEDGECONTROLIN NO-TILLAGECORNWITH
ANDWITHOUTA CROWNVETCHCOVERCROP

N. L. Hartwig.!!

Abstract

Competition from crownvetch (Coronilla varia), when used as a living mulch
for no-tillage corn (Zea mays),. significantly reduced the growth of yellow
nutsedge as long as herbicide suppression was not too great. When crownvetch
was severely suppressed with atrazine + simazine + dicamba applied postemer
gence the yellow nutsedge grew better in the suppressed crownvetch than in the
absence of crownvetch. Herbicide mixtures of atrazine + simazine and atrazine
+ cyanazine gave sufficient weed control and crownvetch suppression to produce
maximumyields of 113.5 to 156.9 bulA both with and without crownvetch. The
addition of paraquat to either of these mixtures did not improve weed control
or corn yields. Atrazine + penoxalin significantly reduced corn stands (17%)
and yields. The addition of paraquat to atrazine and penoxalin reduced corn
stands 30 to 34% with an even greater loss in yields.

Introduction

The use of crownvetch as a perennial "living mulch" for no-tillage corn
is a proven possibility (1,2,3,4). It provides all of the desirable charac
teristics of a dead mulch such as reduced soil erosion, reduced rain water
runoff, increased infiltration and reduced surface soil evaporation losses
without the need for reestablishing a cover crop each year. The possible
contribution to weed control by competition from the crownvetch is another
advantage of a "living mulch" which was established in this research.

Methods and Materials

The crownvetch cover crop was seeded on July 20, 1973 on a Hagerstown
silt loam soil containing l~% sand, 67% silt, 20% clay and 2.5% organic matter.
The area was limed to a pH of 7.0 before seeding the crownvetch and it has
been limed since to maintain. a pH of 7.0 .

.!!Associate Professor of Weed Science, Department of Agronomy, Pennsylvania
State University, University Park, PA 16802.
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On May 6, 1976, Pioneer 3780 (100 day) corn was planted to a stand of
about 27,000 plants per acre with a 6-row no-tillage corn planter, Fertilizer
was applied according to soil test, In 1976, the following fertilizer equiv
alent was broadcast before corn planting; 0 lb/A N, 200 lb/A P20S and 160
lb/A K20. Two hundred lb/A of 10-30-10 fertilizer was applied in the row at
planting time, An additional 150 lb/A of nitrogen was applied as ammonia in
late June. I would never do this again since the crownvetch had made consid
erable growth by this time and it kept balling up in front of the injection
knives and lifting them out of the ground, Sidedressing nitrogen at this time,
I feel, is alright but it will have to be applied in some other form, Appli
cation of at least 100 lb/A of nitrogen at planting time also helps suppress
the crownvetch.

Preemergence treatments were applied 8 days after planting on May 14
and postemergence treatments were applied on June 16 when the corn was 6 to
8 inches tall. These same basic herbicide treatments had been applied to
these same plots in 1975 and the area had been planted to no-tillage corn,
All treatments were applied with a small plot sprayer in 20 gallons of water
per acre with an 80015 LP nozzle at 12 psi, There was sufficient moisture
following all treatments to activate the herbicide and promote good crop
growth,

All plots received Sutan+ + atrazine l8-6'G equivalent to 5.25 lb/A of
butylate and 1.75 lb/A of atrazine in a 7 inch band over the row applied in
front of the fluted coulter at planting time. It did not appear that this
treatment controlled any weeds or suppressed the crownvetch, Furadan was
applied at 1 lb ai/A in a 7 inch band over the row in back of the planter
for insect control.

Plots consisted of 5 rows of corn planted in 30 inch rows, 20 feet long.
Experimental design was a randomized complete block replicated 3 times, Corn
stands,height and yields were taken from the center 3 rows. Yellow nutsedge
and crownvetch cover crop yields were measured by harvesting an 18 inch swath,
the length of the plot and to one side of the center row with a rotary mower
in September,

Results and Discussion

The control of yellow nutsedge was significantly improved by the presence
of crownvetch for all herbicide treatments except atrazine + simazine applied
preemergence or post with dicamba, treatments 1 and 3, Table 1. When dicamba
was used postemergence with atrazine and simazine (treatment 3) the crownvetch
was 96% suppressed, more than any other herbicide treatment, which allowed the
yellow nutsedge to come on strong in this treatment.

Crownvetch recovery growth was excellent following all herbicide treat
ments except atrazine + simazine + dicamba applied postemergence. Although
there was no significant reduction in corn yields due to the presence of
crownvetch, the trend would indicate that crownvetch was competing with and
reducing the yield of corn, The addition of paraquat to atrazine + simazine
or atrazine + cyanazine contributed nothing to improved yellow nuts edge con
trol, crownvetch suppression or increased corn yields,
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The corn stand was very good with only a 5% stand loss when atrazine +

simazine was used in the absence of crownvetch which increased to a 10% stand
loss in the presence of crownvetch. Corn stands were reduced only 5 to 10%
from atrazine + cyanazine treatments both with and without crownvetch. When
penoxalin was added to the mixture the corn stand loss was increased to 17%
(treatment 6) and with paraquat the stand loss was 30 to 34% (treatment 7).
These were both significant decreases in stand from the stand for the best
treatments and also resulted in significant reductions in corn yields except
where atrazine + penoxalin was used in the absence of crownvetch. It is pos
sible that the seed is not covered as well for no-tillage corn and the seed
is not protected by sufficient soil to prevent injury from penoxalin but this
does not explain why the stand loss is greater when paraquat is added to the
mixture. Other research has shown that penoxa1in can be safely used on no
tillage corn when applications are made at least three weeks ahead of plant
ing.

Although the presence of crownvetch appears to cause a 10 to 15% reduc
tion in corn yields on level ground, it is hoped that the value of a crown
vetch cover for control of soil erosion on sloping ground and its possible use
for pasture or silage after corn harvest in the fall or the control of weeds
by competition from the crownvetch will more than offset the corn yield losses.
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Table 1. Yellow nutsedge control, crownvetch suppression and corn stand, height and grain yield following
various herbicide treatments in the presence and absence of crownvetch cover for no-tillage corn.

Yellow Nutsedge Crownvetch Corn

Sod Control Dry Wt. Control Dry Wt. Stand Ht. Yield

No. Treatment and Rate (lb ai/A) Covera/ % Ib/A % Ib/A plants/A cm bu/APl

1
atrazine 1 + Pre +CV 97Y 56 defg:Y 66 540 b 23813 ab 160 abc 127.3 abc
simazine 1 -CV 88 136 abed -- -- 25458 a 177 a 156.9 a

atrazine 1 + +CV 100 o g 73 775 a 23522 ab 163 ab 130.1 abc2 1 + paraquat .25 Presimazine -CV 87 84 cdef -- -- 25458 a 163 ab 144.1 ab

3 atrazine i + + dicamba .25 Post +CV 95 167 ab 96 137c 24635 ab 128 ef 117.5 bed
simazine -CV 91 135 abcd -- -- 24683 ab 139 cdef 107.8 cde

4 atrazine 1 + Pre +CV 98 24 fg 60 803 a 24394 ab 138 def 113.5 bcde
cyanazine 1 -CV 87 126 abcd -- -- 24878 ab 177 a 141. 3 ab

5 atrazine 1 + + paraquat .25 Pre +CV 96 22 fg 71 532 b 25652 a 163 ab 122.3bc
cyanazine 1 -CV 83 178 a -- -- 23426 ab 157 abcd 112.7 bcde

6 atrazine 1 + Pre +CV 97 24 fg 68 688 ab 22458 b 150 bcde 105.3 cde
penoxalin 1.5 -CV 83 115 abcde -- -- 22458 b 162 abc 126.7 abc

7 atrazine 1 + +CV 96 38 efg 56 852 a 19360 c 142 cdef 89.7 de
l' I 5 + paraquat .25 Pre -CV 68 157 abc 17714 c 138 def 84.7 epenoxa 1n . -- --

Average over all herbicide treatments +CV 97 47 70 618 23405 ns 149 ns 115.1 ns
-CV 84 133 -- -- 23439 ns 159 ns 124.9 ns

a/- CV = crownvetch

Pl Cor n yields are bushels shelled corn containing 15.5% moisture.

~All values are an average of 3 replications.

~Those values followed by the same letter are not significantly different according to Duncan's modified
least significant difference test. N

w
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RESIDUALHERBICIDESONNO-TILLAGECORNIN A RYECOVERCROP1

J. V. Parochetti and A. W. Bel12

Abstract. Effects of combinations of residual herbicides and paraquat (1,1 1 

dimethyl-4,4 t-bipyridinium, chloride) or glyphosate (~-(PhosPhonomethYI)gIYCin~

were evaluated for three years In no-tillage corn (Zea mays L.) grown in a rye

(Secale cereale L.) cover crop. Paraquat affected a more rapid necrosis of the rye

cover than glyphosate even though corn yields were similar. Fall panicum

(Panicum dicotomiflorum Michx.) was the predominant weed in each year with generally

over 90%control achieved by combinations containing simazine t?-chloro-4,6-bis:

(ethy Iamino) -.!-trl az ine) ; cyanaz ine (2- (4-ch loro-6- (ethy lamino) -.!-tr Iaz in-2-y ~
amlno)-2-methyIPrOPionitril;Iwas almost as effective. The degree of fall

panicum control was highly related to corn yields.

INTRODUCTION

No-tillage corn has become an increasingly popular method of producing

corn in the western counties of Maryland. Approximately 6~k of the acreage

is planted by the no-tillage method; a rye cover crop is often present at

planting time. Parochetti (1,2) has reported on the effectiveness of a number

of residual herbicides for annual weed control in a rye cover crop. Paraquat

is the only foliar herbicide currently registered for use in combination with

residual herbicides; however glyphosate has been used to kill the existing

vegetative cover crop for no-tillage production (2,3,4,5,6,7). The purpose

of this research was to evaluate glyphosate and paraquat in combination with

various residual herbicides over a three year period.

MATERIALSand METHODS

Experiments using residual herbicides on no-tillage corn were conducted

in 1974, 1975 and 1976 at the Plant Research Farm, Fairland, Maryland. The

lScientific Article No.A2268 and Contribution No.5264 of the Maryland Agr.

Exp. Sta., College Park, MD.

2Assoc• Prof., and Biological Aide IV, respectively, Dep. of Agron., Univ.

of Maryland, College Park, MD 20742.



soil was a Beltsville silt loam (Typic Fragiudults; Fine loamy mixed mesic) 25

with approximately 2% organic matter. Corn was planted in a rye cover crop

each year. A randomized complete block with four replications design was used.

Herbicides were applied at 30 gpa with a sprayer designed for experimental

work. Treatments are I isted in Tables I, 2 and 3. Plot s iZE~ was 10 by 30

feet with 13369Al corn ('3334A' in 1975) planted in 30 inch "OWS.

Planting dates were as follows: 23 April, 1974,9 May, 1975 and 26 April,

1976. Herbicides were applied within three days of planting ..

Rye necrosis ratings were taken in 1974 and 1976 using .~ percentage of the

dead fol iage whi Ie weed control observat ions in all three years were made by

the European rating scale. Approximate percent of control are included in

Tables 1, 2 and 3. These ratings exhibited significant differences and were

analysed with the Bayes LSDat the 5% level of probability,

RESULTSand DISCUSSION

1974. Treatments containing glyphosate were found to affect significant

ly less rye necrosis 16 days after treatment than applications using paraquat

(Table 2). Glyphosate was most active alone with almost as .nuch as 2~1o reduc

tion necrosis when residual herbicides were added. Paraquat effectiveness

was variable ranging from a low of 75% necrosis in comblnet lon with simazine

plus cyanazine to 9~1o when appl ied with atrazine (2-chloro-4.-{ethylamino)-6

(isopropylamino)-~-triazineJ.

Fall Panicum control in no-tillage corn was ineffective with paraquat plus

atrazine. Either simazine or cyanazine in combination with paraquat success

fully controlled this weed. With glyphosate as the foliar herbicide, control

of fall panicum with residual herbicides was not as effective as with paraquat

plus effective residual herbicides. Corn yields in 1974 reflected the degree

of fall panicum control; initial rye crop necrosis seemed of little importance

to corn grain yieldS •

.l2Zi. This year a moist spring produced considerable infestations of

yellow nutsedge (Cyperus esculentus L.). Outstanding control of this weed was

difficult to obtain though many combinations did affect adequate suppression

(Table 2). Treatments with simazine produced the best results in control of

falloanicum and seasonal residual effect was good. Metolachlor (2-chloro-!

{2-ethyl-6-methylphenyl)-~-(2-methoxy-l-methylethyl)acetamide;1at 2.25 lb/A plus

paraquat affected only 85% control of fall panicum; combinations with R 3140

~2-chloro-4-(ethyloxalyl)ethylamino-6-isopropylamino-!-triaZin~ did not affect

adequate control of fall panicum. Yields again reflected control of this weed,
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for example being 77.4 bu/A in the alachlor ~2-chloro-21,61-diethYI-~-(methoxy:

methyl)acetanilide) plus simazine plus paraquat treatment with better than 9~1o

control) versus 17.9 bu/A for paraquat alone.

1976. By the third week after application necrosis of the rye cover was

high with an unusual exception of paraquat in combination with atrazine plus

simazine. This is possibly attributable to poor spray coverage. Glyphosate

again did not affect rapid initial necrosis when compared to paraquat. A heavy

fall panicum infestation appeared by August and was effectively controlled only

by paraquat with penoxalin (~-(1-ethYlpropyl)-3,4-dimethyl-2,6-dinitrobenzenamine~

plus atrazine, penoxalin plus simazine and atrazine and simazine.

Yields were notably low in 1976, moisture stress probably being the major

cause of these low yields.

A review of the three years of no-tillage data reveals that fall panicum

is a critical weed in yield reduction. Seasonal control of this weed is of

far greater importance than the effectiveness of control of the annual rye

cover crop by foliar herbicides.
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Table I. The effect of paraquat or glyphosate alone or in combination with several residual
herbicides on weed control and corn yields under no-tillage production in a rye
cover crop. 1974.

I. Control
2. Paraquat

+ Atrazine
3. Paraquat

+ Simazine
4. Paraquat

+ Cyanazine
5. Paraquat

+ Atrazine
+ Simazine

6. Paraquat
+ Atrazine
+ Cyanazine

7. Paraquat
+ Simazine
+ Cyanazine

8. Glyphosate
9. Glyphosate

+ Atraz ine
+ Simazine

10. Glyphosate
+ Atrazine
+ Alachlor

II. Glyphosate
+ Cyanazine
+ Alachlor

12. Glyphosate
+ Simazine
+ Alachlor

13. Glyphosate
+ Alachlor

Bayes LSD
0.05

Ib/A

.25
2.5

.25
2.5

.25
2.5

.25
1.25
1.25
.25

1.25
1.25
.25

1.25
1.25
.5
.5

1.25
1.25
.5

1.25
2.5

.5
1.25
2.5

.5
1.25
2.5

.5
2.5

May 10

Rye
Necrosis

(%)

o
90

79

88

85

88

75

74
60

61

55

54

56

8

August 30

Fall
Panic~m b

(Rat i os) (%)

6.5 (70)
4.3 (89)

2.3 (97)

1.8 (98)

1. 3 (99)

3.5 (93)

1.8 (98)

7.8 (42)
1.8 (98)

3.8 (91)

3.8 (91)

4.0 (90)

5.3 (83)

2.6

October II

Corn
Yield
(Bu/A)

40.5
85.4

101.3

108.0

106.5

67

97.6

34.3
135.5

97.6

104.2

55.4

81.3

48.4

-
aEuropean rating used; for weed control 1=IO~Io. 2=97.5%. 3-95%. 4-9~'o. 5=85%. 6=75%.

7=6~1o. 8=33%. 9=~1o.

bThe % is an approximation.
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Table 2. The effect of paraquat or glyphosate alone or in combination with several residual
herbicides on weed control and corn yields under no-tillage production in a rye
cover crop. 1975.

June 18

Rate
Ib/A

I • paraquat 0.25 7.3 (56) 8.3 (23) 1.0 (0) 8.3 (23) 17.9
2. glyphosate 0.5 6.5 (70) 7.8 (42) 1.0 (0) 7.3 (56) 19.5
3. atrazine 1.25 5.3 (83) 2.0 (98) 1.0 (0) 2.3 (97) 66.3

+ simazine +1.25
+ paraquat +0.25

4. alachlor 2.5 3.5 (93) 2.5 (96) 1.0 (0) 3.3 (94) 67.1
+ atrazine +1.25
+ paraquat +0.25

5. alachlor 2.5 3.3 (94) 1.3 (99) 1.0 (0) 1.5 (99) 77.4
+ simazine +1.25
+ paraquat +0.25

6. alachlor 2.5 4.8 (86) 3.8 (91) 1.3 (1.2) 3.3 (94) 44.6
+ atrazine +1.25
+ glyphosate +0.5

7. alachlor 2.5 5.8 (77) 1.5 (99) 1.0 (0) 2.0 (98) 72.9
+ simazine +1.25
+glyphosate +0.5

8. atrazine 1.25 4.8 (86) 2.a (96) 1.0 (0) 2.5 (96) 61.8
+ cyanazine +1.5
+ paraquat +0.25

9. simazine 1.25 2.8 (96) 2.0 (98) 1.0 (0) 2.5 (96) 62.8
+ cyanazine +1.5
+ paraquat +0.25

10. atrazine 1.5 4.3 (89) 2.8 (96) 1.0 (0) 2.8 (96) 76.8
+ metolachlor +1.5
+ paraquat +0.5

11. atrazine 2.25 3.5 (93) 2.5 (96) 1.0 (0) 3.8 (91) 80.9
+ metolachlor +2.25
+ paraquat +0.75

12. simazine 1.5 4.0 (90) 2.5 (96) 1.0 (0) 3.5 (93) 74.2
+ metolachlor +1.5
+ paraquat +0.5

13. simazine 2.25 4.5 (a8) 1.8 (9a) 1.0 (0) 1.5 (99) 87.9
+ meta lach lor +2.25
+ paraquat +0.75

14. metolachlor 1.5 3.3 (94) 4.0 (90) 1.0 (0) 2.8 (96) 61.7
+ paraquat +0.5

15. metolachlor 2.25 3.0 (95) 4.5 (8a) 1.0 (0) 5.0 (85) 42.3
+ paraquat +0.75

16. R3140 1.5 4.3 (89) 6.8 (67) 1.0 (0) 7.0 (65) 46.0
+ paraquat +0.25

17. R3140 3 6.0 (75) 5.3 (a3) 1.0 (0) 4.3 (a9) 49.4
+ paraquat +0.25

rs. R3140 4 3.0 (95) 4.8 (86) 1.3 (1.2) 5.0 (8S) 51. I
+ paraquat +0.25

19. R3140 1.5 5.0 (85) 6.0 (75) I. (' (O) 5.5 (aO) 45.8
+ simazine +1.25
+ paraquat +0.25

Bayes LSD NS 1.3 NS 2.0 28. I
.05

aEuropean rating used; for crop injury 1=~Io. 2=2.5%. 3=5%. 4=1~1o. 5=15%. 6=25%. 7=33%. 8=66%
9=100%; for weed control 1=100%.2=97.5%. 3=95%. 4=90%. 5=8~1o. 6=75%.
7=6ff'1o.8=33%. 9=0%.

bThe % is an approximation.
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Table 3. The effect of paraquat or glyphosate in combination with slweral residual
herbicides on weed control and corn yields under no-tillage production in
a rye cover crop. 1976.

Treatment

I. Paraquat
2. Paraquat

+ penoxa 1in
3. Paraquat

+ penoxa 1in
4. Paraquat

+ penoxa1 in
+ atrazine

5. Paraquat
+ penoxa 1in
+ simazine

6. Paraquat
+ atrazine

7. Paraquat
+ atrazine
+ simazine

8. Paraquat
+ cyanazine

9. Paraquat
+ atrazine
+ cyanazine

10. Paraquat
+ meto1achlor

II. Paraquat
+ metolachlor
+ atrazine

12. Paraquat
+ metolach10r
+ simazine

13. Paraquat
+ meto1ach10r
+ procyazine

14. Paraquat
+ meto1ach10r

15. Paraquat
+ atrazine
+ a1ach10r

16. Paraquat
+ meto1ach10r

17. Paraquat
+ a1ach10r

18. Glyphosate
+ atrazine
+ simazine

Bayes LSD
05

Rate
Ib/A

0.25
0.25

+2.0
0.25

+ 1.5
0.25

+ 1.5
+ 1.25

0.25
+ 1.5
+ 1.25
+2.5

0.25
+ 1.25
+ 1.25

0.25
+2.5

0.25
+1.25
+ 1.5

0.25
+2.0

0.25
+1.5
+ 1.25

0.25
+1.5
+ 1.25

0.25
+ 1.5
+2.0

0.25
+ 1.5

0.25
+ 1.25
+2.5

0.25
+2.5

0.25
+2.5

0.5
+ 1.25
+ 1.25

May 19
Cover
K i n
(%)

80
86

91

84

96

89

61

93

90

89

90

93

90

83

93

88

83

76

18.6

August I:~

Fall
Panicum b

(Rat ing) a (%)

5.3 (B3)
5.0 (B5)

4.0 (90)

2.8 (96)

2.0 (98)

5.8 (;17)

2. 3 (~l7)

3.3 (94)

3.5 (93)

7.0 (65)

7.0 (65)

4.0 (90)

5.8 (77)

5.0 (B5)

6.5 (70)

7.5 (52)

5.8 (77)

4.0 (90)

2.4

October 14

Corn
Yields
(Bu/A)

9.8
16.6

31.1

68.5

49.4

49.4

46.3

47.9

74.4

16.4

45.5

98.8

49.6

22.7

61.8

47.0

37.5

90.0

34.7

aEuropean rating used; for weed control 1=10~1o, 2=97.5%, 3=95%, 4=9~1c, 5=85%. 6=75%, 7=66%,
8=33%,9=~1o.

bThe % is an approximation.
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HERBICIDEPERFORMANCEIN NO-TILLAGECORN

F.J. Webb1.l

ABSTRACT

Several herbicide combinations were evaluated as to their performance in
a no-tillage corn culture t utilizing corn stalk and soybean stubble residue.
A 30% liquid nitrogen solution was used as the chemical carrier in this study.
Glyphosate at 1. 5 Ibs/A and Paraquat at .25 Ibs/A were both satisfactory for
vegetati ve kill. Both dessicants were much improved on broadleaf weed con
trol with the addition of 2 t4-D ester at .25 Ibs/A.

The most outstanding herbicide combinations for residual weed control
were combinations of Atrazine at 1.25 Ibs/A and Simazine at 1.25 Ibs/A or
Cyanazine at 2.0 Ibs/A or Alachlor at 2.0 Ibs/A.

The Alachlor performance was better in the soybean stubble than in the
corn stalk residue t possibly because there was less debris on the soil sur
face in the soybean area and less chemical was tied up.

In the event of delayed application of the foliar dessicant after
planting for no-tillage corn t Paraquat has been used at the very early spike
stage with essentially no lasting damage. Glyphosate was found to be very
injurious to corn in the early spike stage at 0.5 Ibs/A and above. At the
0.5 Ibs/A rate the corn grew out of the chlorosis; however t at the higher
rates the corn remained chlorotec for a long period and some corn plants died
at the 2.0 lbs/A rate.

INTRODUCTION

No-tillage corn (~mays L.) production is quickly being accepted
throughout the Delmarva Peninsula. Satisfactory weed control by both the
knock-down and residual chemicals is the greatest problem still facing the
producer. Paraquat (ltl'-dimethyl 4 t4' bipyridinium chloride) has performed
reasonably well in most instances for vegetative kill. However, since most
of the no-tillage corn is planted in old crop residue t higher populations of
both broadleaf and grass weeds are encountered than where a cover crop is
utilized. This means that the dessicant material must be effective on a
greater number of species and a greater population of weeds. The summer an
nuals can also occur at greater populations in most instances.

This study was initiated to evaluate several dessicant materials alone
and in combination with a phenoxy for vegetative burn down and to evaluate
residual materials alone and in combination for broadleaf and grass weed
control.

1/ Extension Specialist-AgronoIDYt Cooperative Extension Service t University
of Delaware t Newark t De.
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This study was located at the University of Delaware Substation, George
town at two plot locations. One location was utilizing a Wood.stown Sandy
Loam soil with a cover of corn stalk. residue from the previou:3 crop.

The second location was an Elkton Sandy Loam soil utilizi::J.g the residue
from last years full season soybeans (Glycine ~ L. ) • The corn residue was
disked in the fall immediately after harvest. The soybean r-es i.due stood un
disturbed.

The corn residue area was planted on May 12, 1976 and t he soybean resi
due area on May 20, 1976.

Both tests utilized a complete randomized block st.at Lst.Lca.L design, with
four replications. The Woodstown Sandy Loam soil was infested. with Common
Lambsquarters (Chenopodium album L.), Redroot Pigweed (Amaranthus retroflexus
L. ), CommonRagweed (Ambrosia artemesiifolia), Pennsylvania Smartweed (Poly
gonum pensylvanicum)~ Wild Vetch (Vicia cracca L.), and Fall Panicum (Panicum
dichotomiflorum michx.).

The Elkton Sandy Loam had the same broadleaf weed spect.rum except for
the absence of Pennsylvania Smartweed, and Wild Vetch but included a heavy
population of Horseweed (Erigeron canadensia L.) which is ver,r common in this
cover situation.

The plots were sprayed the day following planting with a CO2 pressured
plot sprayer. The plots were 6 rows by 25 feet long with the four center
rows treated. All spray treatments combining several chemicals were tank
mixed together and applied with a single spraying. All treatments were mixed
in 30% liquid nitrogen to supply 97.5 lbs of nitrogen per ac.re (30 gal/A).
This method of application was used to directly simulate a normal application
method used by most producers.

Treatments 33~ 34, and 35 were delayed until just at hypocotol cracking,
approximately five days. These treatments were studied to evaluate the ef
fects of glyphosate (N-(phosphonomethyl) glycine) on emerging corn. Produ
cers are sometimes delayed, for a number of reasons~ with their chemical ap
plication until early emergence. Paraquat has been used in this situation
with little or no lasting crop injury.

The Woodstown Sandy Loam plot was rated for vegetative kill on May 26,
1976 and the Elkton Sandy Loam area on June 15, 1976.

The residual chemical weed control ratings were made on .July 26, 1976
with ratings made for broadleaf weeds and for grassy weeds.

The ester form of 2,4-D was used to facilitate mixing with the 30% liq
uid nitrogen.
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RESULTS AND DISCUSSION

The foliar dessicant, Paraquat and Glyphosate were both improved with
the addition of 2,4-D on broadleaf weed kill (Table 1). In the soybean
stubble, especially, where the horseweed was present, the addition of 2,4-D
improved the activity of Glyphosate and of Paraquat. The 2,4-D seemed to
have the least effect in the treatments containing Atrazine and Cyanazine.
Treatments containing these materials tend to give greater contact activity
when applied in liquid nitrogen.

Glyphosate at 0.5 and 1.0 Ibs/A was
above gave satisfactory vegetative kill.
factory to give good burn down. The .25
Ibs / A having the best activity.

unsatisfactory, but at 1. 5 Ibs/ A and
Paraquat at .13 Ibs/A was unsatis

Ibs/A was satisfactory with the .50

Alachlor gave satisfactory grass control at 2.5 Ibs/A in combination
with Atrazine or Cyanazine. In the corn stalk plot where the fall panicum
was the heaviest, Alachlor rates below 2.5 Ibs/ A gave unsatisfactory control.

Cyanazine gave excellent fall panicum and broadleaf weed control at 2.0
Ibs/A and above in combination with Atrazine and Alachlor. It was noted in
the soybean stubble plot that Cyanazine at 2.0, 2.5 and 3.5 Ibs/A produced
temporary chlorosis in the young corn. The soil contained about .9%organic
matter which probably explains this early inJury. The corn stalk plot con
tained 1. 8%organic matter and showed no signs of injury even at the higher
rates of Cyanazine. The data shows a yield reduction at the 3.5 Ibs/A rate
of Cyanazine. This reduction in yield was consistent at both locations.

The yields vary greatly but generally are lower with the poorer overall
weed control ratings.

The del~ed applications of Glyphosate produced chlorosis in the young
corn.

This chlorosis increased as the rate increased. At the 2.0 Ibs/A rate
permanent damage was evident. This shows that del~ed applications of Gly
phosate can be injurious to corn if the spike is emerged.
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Table 1 HERBICIDEEFFECTIVENESSFORNO-TILLAGECORN
APPLIEDIN 30% LIQUID NITROGEN!/

Burn Broad
Rate Yield Down 3/ Leaf 3/ Grass y3/Treatment Ib/A a. i. Bu/A Rating- Weeds- Weeds -

1. Check plot (no treatment) 24.2 0.3 1.9 1.0
2. Glyphosate 0.5 37.7 4.6 4.1 2.6
3. Glyphosate 1.0 43.4 6.7 4.9 4.6
4. G1yphosate 1.5 81.4 8.1 6.0 5.1
5. Glyphosate 2.0 55.3 8.5 7.7 5.9
6. Glyphosate + Atrazine + Alachlor 1.0 + 1.25 + 2.0 66.0 8.5 8.8 7.9
7. Glyphosate + Atrazine + A1ach1or 1.5 + 1.25 + 2.5 77.9 9.4 9.5 8.4
8. Glyphosate + Atrazine + Alach10r 1.5+1.25+2.0 72.9 9.3 9.3 8.9
9. Glyphosate + Atrazine + Alach10r 1.5 + 1.0 + 2.0 71.6 8.9 9.4 8.6

(Flowab1e combination)
10. G1yphosate + Atrazine + Alach10r 1.5 + 1.0 + 2.0 71.4 9.0 9.0 8.4
11. Glyphosate + Atrazine + Cyanazine 1.5 + 1.25 + 1.5 78.6 9.9 5.4 7.7
12. G1yphosate + Atrazine + Cyanazine 1.5 + 1.25 + 2.5 70.0 9.7 5.4 9.4
13. Glyphosate + Atrazine + Cyanazine 1.5 + 1.25 + 3.5 63.8 9.9 9.7 8.7
14. G1yphosate + Atrazine + Simazine 1.0 + 1.25 + 1.25 66.5 8.4 8.9 8.7
15. Glyphosate + Atrazine + Simazine 1.5 + 1.25 + 1.25 61.2 9.1 9.5 8.7
16. Glyphosate + Alach10r + Simazine 1.5 + 2.5 + 1.25 67.4 9.3 8.9 8.9
17. Paraquatl/ + Atrazine + Simazine .13 + 1.25 + 1.25 64.2 7.4 8.7 8.8
18. Paraquat + Atrazine + Simazine .25 + 1.25 1.25 52.9 8.4 9.4 7.9
19. Paraquat + Atrazine + Simazine .50 + 1.25 + 1.25 62.7 9.3 9.4 8.7
20. Paraquat + Atrazine + Simazine + 2,4-D .25 + 1.25 + 1.25 + .13 71.9 8.8 8.7 8.8
21. Paraquat + Atrazine + Simazine + 2,4-D .25 + 1.25 + 1.25 + .25 60.4 9.4 9.4 8.3
22. Glyphosate + Atrazine + Simazine + 2,4-D 1.0 + 1.25 + 1.25 + .25 73.9 9.7 9.4 8.4
23. G1yphosate + Atrazine + Simazine + 2,4-D 1.5 + 1.25 + 1.25 + .25 70.8 9.9 9.0 8.9
24. Paraquat + Atrazine + Cyanazine .25 + 1.25 + 1.5 67.9 10.0 9.6 8.5
25. Paraquat + Atrazine + Cyanazine .25 + 1.25 + 2.0 75.9 9.8 9.9 8.9
26. Paraquat + Atrazine + Cyanazine .25 + 1.25 + 2.5 76.4 9.7 9.9 9.7
27, Paraquat + Atrazine + Cyanazine + 2,4-D .25 + 1.25 + 2.0 + .25 78.7 9.7 9.9 9.3
28. Paraquat + Alach10r + Cyanazine .25 + 1.5 + 2.0 " " (\ ., 8.5 8.400 • .> :> ....

29. Paraquat + Alachlor + Cyanazine .25 + 2.0 + 2.0 76.8 8.8 9.3 9.2
30. Paraquat + A1ach1or + Cyanazine + 2,4-D .25 + 2.0 + 2.0 + .25 73.4 9.3 9.4 9.0
31. G1yphosate + Atrazine + Simazine + SRC101 1.0 + 1.0 + 1.0 + 0.5 70.4 8.1 7.8 7.8
32. Paraquat + + Atrazine + Simazine + SRC 101 .13 + 1.0 + l.~+ 0.6 77.7 7.8 8.3 8.4
33. G1yphosate ) . 1.0 42.6 7.2 5.7 7.0
34. G1yphosate ) delayed app1~cation 1.5 49.5 7.4 6.4 5.2
35. Glyphosate ) until near emergence 2.0 56.8 8.9 6.4 5.5

w
!/ Figures given are the average of two locations in 1976 w

1/ All treatments containing Paraquat have 2 pts/100 gal - Ortho X77 surfactant
11 Weed Control Ratings: 0 - No Control

10 - 100% Control
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HERBICIDE COMBINATIONS FOR SOY, SNAP AND KIDNEY
BEANS IN NEW YORK

George H. Bayer Y

ABSTRACT

Seventy three single and combination herbicide treatments were
evaluated on soybeans (Soja Max. Traverse), snapbeans (Phaseolus vulgaris
Provider) and kidney beans (Phasealus vulgaris Dark Red) at Fabius, New
York in 1976.

The kidney beans were the most sensitive of the three crops to herbi
cide injury. Soybeans were the least sensitive. Weed species which were
evaluated included: common ragweed (Ambrosia artemisiifolia L.), common
lambsquarters (Chenopodium album L.), redroot pigweed (Amaranthus
retroflexus L.) and green foxta il /Setaria viridis (L.) Beauv J

The treatments which provided 90% or better control with each of the
four weed species included: the preemergence treatment of profluralin LN
{cyclopropylmethyl)-a, a,£!.-trifluoro-2, 6-dinitro-N -propyl-.Q.-toluidinW at -
2 lbs/A plus metribuzin L4-amino-6-tert-butyl-3-{methylthio-as-triazine-5
(4H)on~ at .38 lbs/A; trtfluralin (a,a,a-trifluoro-2,6-dinitro-N,N-dipropyl
,2-toluidine) applied preplant soLl incorporated at 1 lb/A plus bentazon {§
isopropyl-lH-2,1,3-benzothiadiazin-(4) 3H-one 2,2-dioxidy at .75 lbs/A
applied postemergence; FMC 30371 (chemistry unknown) at 2.5 lbs/A plus
metribuzin at .38 lbs/A both applied preemergence; a single herbicide
treatment of SN 40321 LJ-ethoxycarbonylaminophenyl-N-{4-fluorophenyl)
carbamate?' at 1.5 lbs/A; alachlor .L2"-chloro-2',6 1-diethyl-N-(methoxymethyl)

acetanLlid~ at 1.5 lbs/A plus metrtbuzin at .38 lbs/A both-applied pre
emergence; tr1fluralin preplant incorporated at 1 lb/A followed by desmedi
pham Le"thyl m-hydroxycarbanilate carbanilate (ester.17 at 1 Ib/A postemergence
and the three-herbicide treatment of penoxalin L,N-{1-ethylpropyl)-3,4
dimethyl-2,6-dinitrobenzenamineJ7 at .75 lb/A plus EPTC <§.-ethyl dipropyl
thiocarbamate) at 3 lbs/A both incorporated followed by dinoseb (2-sec-
butyl-4,6-dinitrophenol) at 4.5 lbs/A applied preemergence. --

INTRODUCTION

Although there is not a large acreage of soybeans in New York, red
kidney and snap beans are important crops with large acreages. This
experiment was designed to screen the many commercial and experimental
materials suggested for at least one of these crop species.

1/Product Development Manager, Agway Ino , , Syracuse, New York
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MATERIALSAND METHODS

The soil in the experimental area is a Genesee Alluvial fan with a pH
-- of 6.3 and 4.9% o s m, The design was a randomized complete block with

four replications. Plot size was 6 ft by 20ft. The treatments were applied
with a hand carried CO 2 sprayer at 40 psi and a spray volume of 72 gal/A.
Preplant incorporated treatments were applied on June 8. One row each of
the beans W8S planted and preemergence treatments were applied on June 9.
At-cracking materials were sprayed on June 16, and post treatments (except
number 63) were applied on June 24 when the beans were in the two leaf
stage, green foxtail was in the 2 to 3 leaf and broadleaf weeds in the 3 to
4 leaf stage. Treatment number 63 was applied on July 1 when the beans
were in the 4 to 6 leaf stage and broadleaf weeds in the a to 4 leaf stage.

Weed control and crop ratings were made on July 7 on the basis of 1
to 10: where 0 = no effect and 10 = complete death of the crop or weed.

RESULTS AND DISCUSSION

The kidney beans were the most sensitive of the three crops to
herbicide injury. Soybeans were the least sensitive (see 1?able 1)•.

Common ragweed was the weed most difficult to control followed by
common lambs quarters , redroot pigweed and green foxtail.

Combinations that provided fair ragweed control included linuron !J
(3,4-dichlorophenyl)-I-methoxy-I-methylureal or chlorhromuron D-(4-bromo
3-chlorophenyl)-I-methylurew and very good with metribuzin combinations.
Metolachlor L2-chloro- N- (2-ethyl-6-methylphenyl)-N -(2 -methoxy-I-methyl
ethyl)acetamid~, EPTC, alachlor, chloramben (3-amino-2 # 5-dichlorobenzoic
acid), dinoseb, profluralin and RH 2512 L2-chloro-I-(4-nitrophenoxy)-4
trifluoromethyl benzen§7 did not control common ragweed.

Common lambsquarters control was poor with metolachlor, dinoseb and
EPTC.

Almost all treatments gave good to excellent control of redroot pigweed
and green foxtail except dlnoseb,



THREE BEANHERBICIDE TEST w
FABIUS, NEW YORK 0\

1976

TIt,
Weed ControlNo. Chemical & Formulation Tlmin GFox Rdp( Lam ua em Ita

1. profluraHn + llnuron PPI+Pre 9.5 10.0 10.0 7.3
2. profluralln + metrlbuzln PPI+Pre 9.3 10.0 9.8 7.3
3. profluralln + metrlbuzln PPI+Pre 9.8 10.0 9.8 8.5
4. profluraHn + chlorbromuron PPI+Pre 9.3 9.5 10.0 6.5
5. profluraHn + chlorbromuron PPI+Pre 9.8 9.8 10.0 7.8

6. metolachlor + llnuron Pre 2.0+.75 0 3.0 2.0 10.0 10.0 9.B 8.0
7. metolachlor + metrlbuzln Pre 2.0+.38 .8 8.3 6.8 10.0 9.8 10.0 9.0
8. metolachlor + chlorbromuron Pre 2.0+1.0 0 2.5 1.8 10.0 10.0 10.0 5.5
9. metolQchlor Pre 2.0 a .5 1.0 9.8 9.3 2.5 1.8

10. chlorbromuron Pre 2.0 0 6.5 3.0 7.5 9.8 9.8 7.0
11. metolaehlor + metrlbuzln Pre 1.5+.38 0 6.0 4.5 9.8 10.0 10.0 8.3
12. metotachlor + llnuron Pre 1,5+1.0 0 4.8 3.8 10.0 10.0 10.0 8.3
13. Hercules 26910 + llnuron Pre 1.5+1.0 .5 5.3 3.5 10.0 10.0 10.0 8.3
14. Antor 22234 + llnuron Pre 1.5+1.0 .3 6.0 2.3 9.5 10.0 10.0 8.3

15. chloramben + ataeblor Pre 1.5+1.5 .8 .8 .5 9.8 10.0 6.7 3.5
16. cbloramben + alaeblor Pre 2.0+2.0 0 3.0 2.3 9.8 9.5 8.5 5.3
17. chloramben + metrlbuztn Pre 2.0+.38 .3 5.5 5.5 9.5 9.5 9.3 8.0

18. butralln + EPTC PPI 2.0+3.0 1.8 1,8 2.0 10.0 9.3 7.5 4.8
19. butraltn + metrtbuzln PPI+Pre 2.0+.38 0 7.8 6.8 10.0 10.0 9.8 8.8
20. butraltn + metrlbuzln PPI 2.0+.38 0 7.0 5.3 9.8 10.0 10.0 8.8
21. butralln + chloramben PPI+Pre 2.0+2.0 0 3.5 2.0 10.0 10.0 10.0 3.8

22. trlfluraUn + chloramben PPI+Pre 1.0+2.0 .3 1.0 .8 10.0 10.0 9.8 1.0
23. butraltn + Unuron PPI+Pre 2.0+1.0 .5 4.0 3.8 9.5 10.0 10.0 8.524. butraUn -10 Unuron PPI 2.0+1.0 0 1.8 1.3 8.3 9.0 9.3 7.5
25. penoxaUn + llnuron PPI 1.0+1.0 0 1.8 1.5 9.0 9.0 9.8 7.3
26. penoxalln + metrlbuzln PPI 1.0+.38 a 5.3 4.0 10.0 10.0 10.0 8.8
27. penoxaltn + llnuron PPI+Pre 1. 0+.38 0 3.3 2.8 9.0 9.0 9.8 6.3
28. penoxaHn + metrlbuztn PPI+Pre 1.0+.38 0 6.0 5.0 9.3 9.5 9.3 7.3
29. penoxalln + metrlbuzln PPI+Pre 1.0+.38 .3 6.0 4.8 10.0 9.8 9.8 8.0
30. penoxaHn + EPTC PPI+PPI .75+3.0

... dlnoseb +Pre +4.5 1.5 1.0 1.3 10.0 9.8 9.5 9.0
31. penoxalln ... EPTC PPI .75+3.0 1.8 1.5 1.3 9.8 8.3 9.5 6.5

32. trlfluralln + EPTC PPI+PPI 0.5+3.0
+ dlnoseb +Pre +4.5 1.8 .8 1.3 10.0 8.0 8.0 7.8

33. trlfluralln + EPTC PPI 0.5+3.0 .3 1.5 1,5 9.8 8.5 7.3 5.5

\ (
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THREE BEAN HERBICIDE TEST - 1976

Trt. Rate Crop Injury Weed Control
No. Chern leal & Formulatlon Timing aLIA Soy Snap Kidney G Fox Rd Pig Lamqua Cm Rag

34. dlnoseb Pre 4.5 0 0 0 0 1.8 6.0 3.3
35. dlnoseb at cracking 3.0 .5 2.5 2.5 2.0 5.5 5.3 6.3
36. trifluralln + bentazon PPI+Post 1.0+.75 .3 1.3 .8 9.3 10.0 10.0 9.5
37. profluralln + bentazon PPI+Post 1.0+.75 0 .5 1.3 8.5 9.5 9.5 8.8
38. alachlor + llnuron Pre 1.5+1. 0 .5 6.8 2.5 10.0 10.0 10.0 8.3

39. FMC 25213 + metribuzin Pre 1.0+.38 0 4.7 4.0 9.7 10.0 9.7 8.3
40. FMC 30371 + metribuzin Pre 1.5+.38 .5 5.5 5.0 10.0 10.0 10.0 8.3
41. FMC 30371 + metribuzln Pre 2.5+.38 .5 5.5 4.5 10.0 10.0 10.0 9.3

42. HOE 23408 + llnuron Pre 1.25+1.0 0 5.3 2.5 9.3 9.5 10.0 8.3
43. SN 40321 (weeds 1-2 U) Post 1.0 0 2.5 1.8 7.8 9.5 9.5 8.8
44. SN 40321 (weeds 1-2 ") Post 1.5 1.0 3.3 2.3 9.0 9.0 9.3 9.5

45. EPTC PPI 3.0 .5 0 0 9.3 7.8 5.8 4.5

46. EPTC + trifluralin PPI 3.0+0.5 .7 LO 2.0 7.3 6.7 7.0 5.7
47. EPTC + alachlor PPI+Pre 3.0+1.5 1.8 .8 .8 9.5 8.8 8.5 7.3

48. butraUn + Unuron Pre 2.0+1.0 0 3.0 2.0 9.3 10.0 10.0 7.8
49. penoxalln + l1nuron Pre 1.0+1.0 0 5.0 2.0 9.0 10.0 10.0 9.3

50. vemolate + profluralln PPI 2.5+1.5 a .3 1.8 9.3 9.6 9.0 3.0
51. profluraUn PPI .75 0 1.0 1.0 8.3 6.5 6.3 5.3
52. profluralln PPI LO 0 1.0 2.0 9.0 8.3 7.1 3.7

53. GCP 5544 + metribuzin Pre 2.5+.38 0 6.0 6.0 10.0 10.0 9.8 8.5
54. GCP 5544 + meWbuzin p~ 3.5+.38 .3 6.5 5.8 • n " .'" " .'" " o "~v.v J.v.u ,l,u.v u.v
55. alachlor + metribuz in Pre 1.5+.38 .8 7.5 7.0 10.0 10.0 10.0 9.0
56. alachlor + dinoseb Pre 1.5+4.0 0 1.3 1.3 9.3 8.5 6.0 5.5

57. RH 2915 + alachlor Pre .12+1.5 .8 5.5 3.8 10.0 10.0 6.8 6.3
58. RH 2915 + alachlor Pre .25+1.5 1.3 8.3 5.5 9.8 10.0 10.0 6.5
59. RH 2512 Pre 1.0 .3 9.8 9.8 9.8 10.0 7.8 2.5
60. RH 2512 + alachlor Pre 1. 0+1.5 .5 9.0 B.8 10.0 10.0 8.8 6.0
61. RH 8817 PPI 1.0 0 2.8 2.0 9.5 9.B 8.8 8.3
62. RH 8817 PPJ .5+.5 0 2.3 2.3 9.5 9.0 8.8 7.3

63. trifluralln + desmedipham PPI+Post 1.0+1.0 2.0 4.3 4.0 9.8 9.8 9.8 9.8



THREE BEAN HERBICIDE TEST - 1976 w
ex>

Trt. Rate Crop Injury: Weed Control
NO, Chemical & Formulation Timing aliA Soy Snap Kidney G Fox Rd Pig Lamqua Cm Rilg
64. FMC 25213 + metrtbuatn Pre 1.0+.38 .8 3,8 3.0 10.0 10,0 10.0 7,5
65. FMC 30371 Pre 1,5 a 4.0 4.0 B,8 7.8 7.8 5.3
66, FMC 30371 ... ltnuron Pre 1,5+1,0 ,5 3.3 3,5 9.B 10,0 10.0 8.8

67. Ortho 19790 ... Unuron Pre 1,5+1.0 .3 6,5 2.8 9.B 10.0 10.0 8.8

68, dtnoseb + naptalam ... crecktnq L 0+2. 0+
alachlor 1,5 1.3 3.3 3.3 10.0 10.0 10.0 8.8

69. oryzalln + ltnuron Pre 1.5+1.0 1.0 2.8 1.3 10.0 10.0 10.0 8.0
70, metrlbuztn + HOE 23408 Pre+EPo ,38+1,25 0 6.5 5.3 10.0 10.0 9.5 8,5
71. metrtbuztn ... Pre + .38+

(HOE 23408 + au Concentrate) * Post .50 .3 4.0 2.3 9.8 8.3 8.8 7.0
72, metrlbuztn + Pre+ .38+

(HOE 23408 + all Concentrate) * Post La .5 7.0 6.0 10.0 10.0 10.0 B.B
73. Check
74. Check
75. Check
76. Check
77, Check
78. Check
79. penoxaUn ... metribuzln Pre 1.0+.38 0 7.0 4.3 9.8 9.8 10.0 8,5

*OU Concentrate := Booster Plus E 1:60 v/v

( (



Weed and Soybean Responses to Oxadiazonl l

H. P. Wilson and T. E. Hines!!

ABSTRACT

Oxadiazon (2-tert-buty1-4- (2,4-dich1oro-5-isopropoxyphenyl] -6 2- 1 ,
3,4-oxadiazolin-5-one) was evaluated for five years as a preemergence herb
icide for soybeans. Control of lambsquarters (Chenopodium ~lbum L.) was
excellent and control of three species of annual grass was good although
1 1b/A oxadiazon produced an average 16% initial reduction in sOi~an growth.
Combinations of oxadiazon with alachlor (2-chloro-2 1,6 1-diethyl-N- (methoxy=
methyi] acetanilide) or triflura1in (a,a,a-trifluoro-2,6-dinitro-N,N-dipropyl
p-toluidine) resulted in improved control of annual grasses and in some
instances produced less soybean injury than higher rates of oxadiazon alone;
a combination of oxadiazon with linuron (3- [3,4-dichlorophenyl] -l-methoxy
l-methylurea) failed to provide satisfactory control of annual grasses.
Soybeans recovered from initial injury and produced good yields in all
instances.

INTRO00CTION

Oxadiazon has been researched in several areas of the United States
during the past few years for weed control in soybeans. Control of many
small-seeded annual broadleaf weeds and grasses has been good while control
of jimsonweed (Datura stramonium L.) and annual morningglories (Ipgmoea spp.)
has been variable (5,6,10). Injury to soybeans has frequently occurred with
the extent varying from ini tial stunting and cupping of the IUnifoliate, first,
and second trifoliate leaves followed by rapid recovery {4,5,10} to more
severe responses expressed as stand reduction and eventual y:Leld reduction
(l,3). Huntoon and Gagnon (6) indicated that the effectivem~ss of oxad Lazon
is better when applications are made to moist soil rather than to extremely
dry soil. Hogue and Kirby (5) reported injury to soybeans w,es greatest when
excessive rainfall occurred after application. However, a rl;!.view of other
literature indicates no consistent pattern of soybean re sponse to oxadiazon
based on moisture at the time of application or rainfall following applications
(2,7,8,9).

The research reported herein was conducted to determine the efficacy of
oxsdiazon alone and in certain herbicide combinations, for wl;!.edcontrol in
soybeans in eastern Virginia. Of special interest was the effect of soil
moisture at the time of application and shortly thereafter 011 soybean injury.

11Contribution from the Plant Physiology Department, VirginLa Truck and
Ornamental s Research Station. Paper No. 165, Journal Series.. Approved
for publication November 4, 1976.
?:.IPlant Physiologist and Agricultural Research Technician, respectively,
Virginia Truck and Ornamentals Research Station, Painter, VA 23420.



MATERIALSANDMETHODS

Research was conducted from 1972 to 1976 at the Virginia Truck and
Ornamentals Research Station, Painter. Soil type was a Sassafras sandy
loam with a pH varying from 5.5 at the beginning of the period to about
6.3 in 1976, organic matter content was 1.25 to 1.5 and phosphorus and
potassium tested high. Plots measuring 6.7 ft x 20 ft (2 rows wide) were
prepared in the spring to receive herbicide treatments by mold-board plow
ing and tilling two or three times with a double disc. Where trifluralin
was applied prior to planting, incorporation to a depth of 3 to 4 inches
was done immediately with a tractor-powered rotary tiller. Soybeans were
planted in late Mayor early 3une and preemergence herbicides were applied
within 2 days of planting using hand-carried plot sprayers. The source of
pressure was propane. All treatments were replicated three or four times.
Soybean varieties, dates of planting and herbicide application, soil mois
ture conditions and days until initial rainfall after application and amount
are presented in Table 1.

Table 1. Soybean varieties, dates of planting and herbicide application,
soil moisture conditions, and initial rainfall and amounts received
after planting in oxadiazon studies from 1972 through 1976.

Year
1972
1973
1974
1975
1976

Variety
Bragg
Bragg
Essex
Essex
Forrest

Date Date Soil Days until initial
Planted Treated Moisture rainfall and amount
3une 2 3une 2 Dry 5 0.47 in
May 18 May 18 Moist 0 0.11 in
3une 6 3une 7 Wet 0-2 0.31 in
May 19 May 19 Moist 8 0.56 in
May 25 May 27 Dry 2-3 0.53 in

Soybean injury and weed control evaluations were made at the times
indicated in Tables 2 through 4. Following initial ratings, soybeans were
cultivated so that final control evaluations and yields would be similar to
those obtained by most commercial growers who follow conventional tillage
practices. Weed species predominant during the years were lambsquarters,
jimsonweed, large crabgrass (Digitaria sanguinalis (L.) Scop.), fall panicum
(Panicum dichotomiflorum Michx.) and barnyardgrass (Bchinochloa crusgalli
(L.) Beauv). To determine yields, soybeans were harvested by hand and threshed
in a stationary plot thresher. Yields were analyzed statistically by standard
analysis of variance and means were compared using Duncan's new multiple range
test.

RESULTSANDDISCUSSION

Soybean response, yields, and weed control are presented in Tables 2, 3,
and 4. It is evident that soybeans were injured by oxadiazon. The extent of
soybean response to the herbicide varied with oxadiazon rate and with the
year in which the study was conducted but averaged 16% from 1 Ib/A oxadiazon
when recorded 2.5 to 3 weeks after application. Formulation did not signifi
cantly affect soybean response to oxadiazon. Preemergence combinations of
oxadiazon with alachlor and split applications of trifluralin incorporated
prior to planting followed by preemergence applications of oxadiazon after
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planting resulted in injury that increased more with Lncre aaea in the rate
of oxadiazon than with increases in the rates of either alachlor or triflu
ralin in 1974 and 1975; no significant differences existed al~ng chemical
treatments in 1976 although all caused some injury when compared with the
check. The combination of oxadiazon with linuron was re searched in 1976
only but did not resul t in injury that differed significantl;, from linuron
or oxadiazon applied alone.

Soil moisture at application varied from dry to wet during the 5 years
of the study and although heavy rains were not received, a sma'lI amount of
rain waS recorded within 8 days following application. For this reason, in
each year of the study soil moisture was high although not e:~essive at some
time during the period of soybean germination and emergence. It is concluded
from these studies, that under conditions of good soil moisture such as those
described, oxadiazon can be expected to produce initial crop injury.

Control of lambsquarters with oxadiazon Was good each ~!ar with rates as
low as 0.75 Ib/A but control of annual grasses was not consi:stent, especially
at lower rates. Grass control was improved with alachlor and the preplant
incorporated application of trifluralin. The combination of linuron with
oxadiazon did not provide satisfactory control of annual gr aas ,

Jimsonweed was present in the study in 1976 only and trua population was
low. Although activity was observed against jimsonweed, sufficient variability
existed among the data to indicate control was not consistent.

Cultivation had little effect on control as evidenced ~y the fact that
late-season ratings differed little from initial ratings. One possible excep
tion might be in 1976 where control of annual grass was be t te r in late summer
than 8 weeks after Rpplication.

Yields of soybeans treated with oxadiazon were excellent. Soybean growth
reductions were not reflected in lower yields from rates as high as 3 and 4
Ib/A. These results indicate a good margin of safety exists in spite of the
large amounts of initial injury involved. It should be kept in mind, however,
that soybeans in these studies were planted early in the season and had time
to recover from injury. Frequently in Virginia, soybeans aria planted as a
second crop following snap beans or small grains. Under these cut tural prac
tices, sufficient time for recovery from injury might not exist and yields
may be reduced.
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Table 2. Effects of oxadiazon on soybean growth, lambsquarters and fall panicum
control, and soybean yields in 1972, 1973 and 1974. 1/

Weed contro1 2!
Soybean growth reduction 5-6 wk 15 wk---Rate, 2.5 wk 5-6 \ok LQ FP LQ FP Yield,

Year Herbicide (lb/A) (%) (%) (%) (%) (%) (%) (bu/A)
1972 Oxadiazon 1 35 b 4 a 99 99 45.8 a

1.5 60 c 8 a 100 99 44.5 a
3 83 d 35 b 100 100 41.5 a

Check (hoed) f- a 4 a 100 100 44.5 a
Check (weedy) 2 a 2 a a a 25.0 b

1973 Oxadiazon .75 5 a 5 ab 100 100 100 99 33.3 a
1 11 a 7 ab 100 100 100 98 35.7 a
1.5 12 a 7 ab 100 98 100 97 34.5 a
2 26 b 11 b 100 100 100 100 34.5 a
4 48 c 23 c 100 100 100 100 32.7 a

Linuron +
alachlor .5 + 1.5 {. a 4 a 100 100 100 100 35.7 a

Check (weedy) a a 27 a a a 21.8 b

1974 Oxadiazonll 1 1 a 100 92 100 97 42.4 a
1.5 16 ab 100 94 100 97 43.0 a
2 26 bc 100 96 100 96 41.7 a

OxadiazonY 1 8 a 100 99 100 96 43.0 a
2 32 c 100 96 100 98 40.5 a

Oxadiazon + 1 + 1 1 a 100 99 100 98 45.4 a
alach10r

Linuron + .5 + 1 3 a 100 98 100 98 44.2 ::J

alachlor

-., __ C_heck (weedyL.. 0 0 0 0 0 23. 6_~
1/ Means within columns within years followed by the same letter do not differ at
- the 5<foleve 1 of significance according to Duncan's new mul tiple range test.

y LQ=lambsquarters and FP=fall panicum. Soybeans were cultivated after the 5 to 6
week evaluations were made.

Y Comparisons between 3 rates of the standard 2 Ib/gallon eDllilsifiable concentrate
formulation and 2 rates of a 3 lb/gallon flow-able formulation. All other treat
ments used the standard 2 Ib/gallon emulsifiable concen t r a te ,
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93 36.3 b-d
95 40.5 a-d

CG
10 wk Yield,

(%) (bu/A)

Weed contro1Y

98 96 100
95 95 99

.1::2....CG -1&-.
5 wk 5 wk 10 wk

(%) (%) (%)
10 wk

(%)
7 a

10 a

reduction
5 wk

(%)
10 ab
20 cd

growth
3 wk

(10)
12 ab
27 b

Soybean

1
1.5

Rate,
(lb/A)

Table 3. Effect of oxadiazon on soybeen growth 3, 5 and 10 weeks after application,
lambsquarters and crabgrass control 5 and 10 weeks after application and soybean
Yield in 1975. II 21

Oxadiazon
Herbicide

Alachlor 1.5
2

3 a
5 a

3 a
5 a

5 a
10 a

33 97
55 100

70
80

93 36.3 b-d
92 35.1 cd

Oxadiazon +
alachlor

1 + 1
1 + 1.5

1.5 + 1
1.5 + 1.5

22 b
22 b
47 c
50 c

17 bc
22 cde
30 e
23 cde

8 a
5 a

10 a
6 a

100 100
98 100

100 100
100 99

99
100
100

99

97 40.5 a-d
98 41.1 a-d
97 42.4 a-c
99 41.8 a-c

Trifluralin .5 3 a 8 a 10 a 55 91 83 88 33.9 d

Trifluralin +
oxadiazon

.5 + 1

..5 + 1.5
.5 + 3

1 + 1
1 + 1.5
1+3

13 ab
47 c
68 d
25 b
4"7 c
77 d

5 a
27 de
53 f
23 cde
25 cde
53 f

a
11 a
25 c

8 a
13 ab
20 bc

99
100
100
100
100
100

100
100
100
100
100
100

99
100
100
99

100
100

100 44.8 a
100 43.6 ab
100 43.0 ab
100 39.9 a-d
100 43.0 ab
100 38.7 a-d

aCheck a 0 a a a
!! Trif1uralin was applied prior to planting and incorporated.

21 Means within columns followed by the same letter do not differ at the 5% level
- of significance according to Duncan's new multiple range test.

31 Soybeans were cultivated efter the 5-week evaluations were made.
- LQ = lambsquarters and CG = large crabgrass.
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30. 9 aD
32.1 ab

Yield
(bu/A)

91
97

82
87

CG---12 wk
(%)

92
97

JW
12 wk

(%)
70
82

CG
8wk

(%)
87
98

JW
8wk

(%)
99

100

..l&
8wk

(%)
7 a

15 a

Rate,
.<].b/A)

1
1.5

Table 4. Effect of oxadiazon on soybean growth 3 weeks after application,
lambsquarters, jimsonweed, crabgrass and barnyardgrass control 8 and 12
weeks after_.application, and soybean yields i~n~1~97~f,1_/ _

Soybean
growth

reduction
3 wk
(%)Herbicide

Oxad Lazon

Linuron .75 12 a 100 98 80 97 70 80 31.5 ab

Oxadiazon ...
linuron

1 .... 5 10 a 100 94 83 78 85 91 30.3 b

Oxadiazon +
alachlor

1 + 1.5 15 a 100 98 98 97 98 98 30.9 ab

Linuron +
a1achlor

.5 + 1.5 13 a 100 86 99 98 96 99 33.9 a

Check 0 0 0 0 0 0 0 23 .0 c
!! Means within columns followed by the same letter do not differ at the 5% level

of significance according to Duncan's new multiple range test.

2/ Soybeans were cultivated after the a-week evaluations were made.
- LQ = lambsquarters, JW = jimsonweed, CG = large crabgrass and BY = barnyardgrass.
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ORYZALIN APPLIED OVERTOP WHEAT FOR WEED CONTROL IN

SOYBEANS PLANTED IN THE STUBBLE FOLLOWING WHEAT HARVEST
1/

L. B. Lynn, M. L. Jones, W. E. Rogers, G. J. Shoop-

ABSTRACT

Results have shown that oryzalin may be applied as an overtop
spray on wheat and still provide acceptable weed control in a
succeeding no-till planted soybean crop. At herbicidally ef
ficacious rates 1 - 1.5 lblA, oryzalin caused no adverse ef
fects to wheat when applied at the jointing stage of develop
ment and only slight effects when applied to fully tillered
wheat. While other chemicals are used after soybeans are
planted, OTS applications of oryzalin reduces the dependence
on a contact herbicide to provide both grass and broad leaf
weed control in no-till soybeans. Based on these and other
trials in the Eastern United States, Eli Lilly and Company ex
pects an EPA experimental permit label for this use of oryzalin
in 1977.

INTRODUCTION

No-till farming has increased substantially in recent years to
allow more intensive utilization of land. A no-till practice
of particular interest is soybeans following small grain be
cause it permits harvesting two crops from the same land in a
single year. Continued success and expansion of no-till soy
beans is dependent on development of a more consistent weed
control program.

Currently, most no-till growers spray the small grain stubble
with a contact herbicide to kill existing weeds plus residual
herbicides for grass and broad leaf weed control. These herbi
cides are normally tank-mixed and applied either just before
or, more frequently, just after planting soybeans. Historical
ly, erratic weed control has often occurred due to difficulties
in getting complete spray coverage in the small grain residue
and inconsistent kill of existing weeds by contact herbicides.

Oryzalin (3,5-dinitro-N
4,N 4-dipropylsulfanilamide), (Elanco

Products Company) has been evaluated by Lilly scientists and
several universities in a new concept for double cropped soy
beans. Oryzalin was applied as an overtop spray (OTS) to
wheat in different growth stages followed by no-till planted
soybeans. The theory of this concept is that oryzalin applied
in this manner is not injurious to fully ti1lered wheat and
that the early application allows good chemical distribution
before soybeans are planted. Because oryzalin controls

11 Lilly Research Laboratories, Greenfield, Indiana
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early germinating annual grasses and small seeded broad leaf
weeds, there is less dependence on the contact herbicide as
the only means of controlling early germinating species. The
residual properties of oryzalin provide season long control
of these species. Application of a contact herbicide and a
residual broadleaf weed herbicide preemergence to the soybeans
following grain harvest was made to aid in the control of
broad leaf weeds resistant to oryzalin.

MATERIALS AND METHODS

Field trials were conducted in 1975 and 1976 in Illinois,
Indiana, Kentucky and Maryland to determine the I~rop tolerance
of wheat to OTS applications of oryzalin and to evaluate the
control of annual grasses and broadleaf weeds in the no-till
soybeans which followed. OTS applications of oryzalin were
made to wheat at the fully tillered and jointing stages of
wheat growth at rates of 1, 1.25, 1.5, 2, 2.5 3 and 4 Ib/A
irrespective of soil type. Experiments were conducted on the
following soil types: silt loam, silty clay loam and loam.

In initial trials applications to the wheat were made with hand
held CO2 pressurized sprayers while all later trials were made
with tractor mounted sprayers equipped with PTa roller pumps.
Application rates varied from 18 to 40 gallons per acre.

In trials where no-till soybeans were planted following wheat
harvest, tank-mix applications of paraquat (1,1'-dimethyl-4,4'
bipyridinium ion) plus linuron [3-(3,4-dichlorophenyl)-1
methoxy-l-methylurea] or metribuzin [3-amino-6-tert-butyl-3
(methylthio)-as-triazin-5(4H)one] were applied preemergence
(PRE) to aid in the control of broad leaf weeds r-e s Ls t an t; to
oryzalin. The soybeans were planted with no-till planters with
in two days of wheat harvest.

RESULTS AND DISCUSSION

Wheat Response

A summary of the wheat response to oryzalin from three ex
periments in 1975 and three experiments in 1976 are shown in
Tables 1 and 2. At the fully tillered stage of growth only
slight crop injury was observed at rates up to 3 Ib/A. When
applied at the jointing stage no crop injury was observed up
to 3 Ib/A with only slight crop injury at 4 lb/A. Slight root
injury was observed when treatments were made to fully tillered
wheat. When applied to jointing wheat no root injury was ob
served up to 3 Ib/A. Crop yields were generally less than non
treated plots when the treatments were applied to fully tillered
wheat; however, when applied to jointing wheat, yields were in
most cases greater than non-treated plots.
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Small grains, including wheat, are frequently used as a bioassay
species for dinitroaniline herbicides. Oryzalin affects root
develoPf,nt of small grains and has little or no effect on
shoots.- These properties of oryzalin help to explain why it
works in this concept. When oryzalin is applied overtop the
wheat some of the chemical reaches the soil surface immediately,
but the majority is washed off as the season progresses. Slight
root injury was observed when oryzalin was applied prior to joint
ing because new roots are developing near the soil surface where
they may come in contact with oryzalin. Less root injury oc
curred when OTS applications were made to jointing wheat because
new root growth is largely below the oryzalin zone.

Herbicidal Efficacy and Soybean Response

Weed control and soybean response are presented only from ex
periments where oryzalin was applied OTS at jointing stage of
growth and where soybeans were planted into the wheat stubble
after wheat harvest. Results are summarized for one trial in
1975 and three trials in 1976.

Table 3 summarizes the herbicidal efficacy of oryzalin applied
OTS in the soybeans planted into wheat stubble. Late season
weed control results are reported for giant foxtail (Setaria
italica), volunteer wheat (Triticum spp.), spotted spurge
(Euphorbia maculata), common ragweed (Ambrosia artemisiifolia),
and cocklebur (Xanthium pensylvanicum). Giant foxtail control
was acceptable with oryzalin treatments applied OTS alone 1.25 
3 lblA and with all combinations OTS + PRE treatments of oryzalin
plus linuron or metribuzin. While OTS treatments of oryzalin
alone provided 46-85% control of volunteer wheat, all combina
tions OTS + PRE provided excellent control (95-100%). Spotted
spurge was easily controlled by allOTS applications of oryzalin
(95-100%). Cocklebur and common ragweed were at best only
slightly inhibited by oryzalin OTS alone but preemergence treat
ment of linuron or metribuzin resulted in good to excellent con
trol of these species (60-100%). Volunteer wheat, foxtail, and
common ragweed control from 1976 experiments are comparable to
1975 results (Table 4).

Crop injury, when it occurred, in both years was only slight.
Yields of soybeans for all .treatments in both years was higher
than non-treated areas (Tables 3 and 4).

11 Probst, G. W. and J. B. Tepe. 1969. Trifluralin and related
compounds. pp. 255-282. Dr. P. C. Kearney and D. D. Kaufman,
Degradation of Herbicides. Marcel Dekker, Inc. N.Y.
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Herbicidal efficacy with Drs applications of oryzalin was great
est on species which were known to be susceptibll~ to the chemical.
Weed control results confirm the theory that the Drs applica
tions are not tied up on wheat leaves, therefore, this method
of application is equally efficacious to PRE applications of
oryzalin to the wheat stubble. Resistant specieB were not ef
fectively controlled by oryzalin alone; however, even without
chemicals to control these species the oryzalin ors treatments
alone provided yields higher than non-treated plots simply due
to reduced competition.
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Table i , Crop injury, root injury, lodging an4 yield when oryzalin
was applied as an overtop spray (OTS) to wheat at the I
fully tillered and jointing stage of development in 197s-!.

21Crop-
Oryzalin Injury

Root l 1 Percent Yield
Crop Rate Crop (Percent of
Stage (lb/A) Early Late Injury Lodging Control)

Fully 1 0 0 0 0 91
Tillered 1.25 0 0.1 0.1 0 94

1.5 0 0 0.3 0 95

2 0.5 1 1 0 90

3 1 1.2 2 0 92

4 2.5 0 86

Control 0 0 0 0 100

Jointing 1 0 0 0 0 95

1.25 0 0 0 0 97

1.5 0 0 0 0 103

2 0 0 0 0 104

3 0 0 0.3 0 108

4 0 0.2 0.3 0 101

Control 0 0 0 0 100

11 Data average of three trials.

21 Crop injury rating: 0 = no injury, 1-3 = slight, 4-6 = moderate,
7-9 = severe, 10 = death.

31 Root injury rating: 0 = no injury, 1-3 = slight, 4-6 = moderate,
7-9 = severe, 10 = complete inhibition of root system.
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Table 2. Crop injury, root injury, lodging, and yield when oryzalin
was applied as an overtop spray (OTS) i? wheat at the
jointing stage of development in 1976.-

Oryza1in l.d
Yield

crop~J Root 11 Percent--
Crop Rate Crop (Percent of
Stage (lb/A) Injury Injury Lodging Control)

Jointing 1 a 0 0.3 105

1.25 0 0 0.3 109

2.5 0 0 0.3 111

0 0 0 0 100

11 Data average of three trials

21 Crop injury rating: 0 = no injury, 1-3
7-9 = severe, 10 = death.

slight, 4-6 = moderate,

3/ Root injury rating: 0 = no injury, 1-3 % slight, 4-6 = moderate,
7-9 = severe, 10 = complete inhibition of root system.

41 Crop Lodging Rating: o = no lodging, 10 = 100% lodging.



Table 3. Herbicidal efficacy, crop tolerance and yield when oryzalin was applied as an overtop
spray (OTS) on wheat and followed by linuron plus paraquat, metribuzin plus paraquat or
paraquat on no-till soybeans in 1915.

U1
N

T reatment.!/

4/Percent Weed Control - Late Season-

TYPe!/ 3 Soybean Yield
Rate(s) Appli- crop--I Giant Volunteer Spotted Common Cockle- (Percent of
C1.b/A) cation Injury Foxtail _. Wheat spurg.lll __ R:.agweeL bur Cont.rol)

Oryzalin 1 OTS 0 61 46 95 0 0 110

Oryzalin 1.25 OTS 0 80 63 97 6 0 118

Oryzalin + 1 + OTS + 0 90 93 99 97 60 127
linuron 0.75 PRE

oryzalin + 1.25 + OTS + 0 92 93 97 100 85 147
linuron 0.75 PRE

oryzalin + 1 + OTS + 0 88 90 100 99 93 122
metribuzin 0.33

Oryzalin + 1.25 + OTS + 0 92 96 98 93 95 131
metribuzin 0.33 PRE

Control 0 - 0 0 0 0 0 0 100
( 1)1/ (5) (1) (6 ) (1)

1/ Paraquat 2CL included in all treatments.

~/ OTS = Overtop spray; PRE = preemergence after wheat harvest prior to soybean emergence.

1/ Crop injury: 0 = no injury; 1-3 = slight; 4-6 = moderate; 7-9 = severe; 10 = death.

~/ Weed control: 0 = no weed control; 100 = 100% weed control.

5/ Numbers in parenthesis are the number of weeds per square foot in control plots.

\ (
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Table 4. Herbicidal efficacy, crop tolerance, and yield when oryzalin
was applied as an overtop spray (OTS) on wheat and followed
by linuron plus paraquf' or metribuzin plus paraquat on no
till soybeans in 1976.-

Percent Weed Control -
Late season2 1

Typel l
41 Yield

21 Rate(s) Appli- CroJr- Giant Volunteer Common (Percent of
Treatment- (1b/A) cation Injury Foxtail Wheat Ragweed Control)

Oryzalin + 1 + OTS + 0 96 78 100 170
linuron 0.75 PRE

Oryzalin + 1.25 + OTS + 0 100 80 100 95
linuron 0.75 PRE

Oryzalin + 2.5 + OTS + 0 100 85 100 150
linuron 0.75 PRE

Oryzalin + 1 + OTS + 0 100 80 100
metribuzin 0.33 PRE

Oryzalin + 1.25 + OTS + 0 100 85 100
metribuzin 0.33 PRE

Oryzalin + 2.5 + OTS + 0 100 90 100
metribuzin 0.33 PRE

Control 0 0 0 0 100
O 1).§./ (20) (1)

11 Data for oryzalin + linuron from one trial and oryzalin + metribuzin
from a second trial.

21 Paraquat 2CL included in all treatments.

1/ OTS = overtop spray, PRE = preemergence after wheat harvest prior to
soybean emergence.

41 Weed control: 0 = no weed control, 100 = 100% weed control.

51 Crop injury: 0 = no injury, 1-3 = slight, 4-6 = moderate, 7-9 = severe,
10 = death.

61 Numbers in parenthesis are the number of weeds per square foot in
control plots.
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HERBICIDESFORNO-TILLAGEDOUBLECROPPEDSOYBEANS1

J. V. Parochetti 2

Abstract. Weed control in double cropped soybeans (Glycine ~ L.) following
barley (Hordeum vulgare L.) was evaluated in field studies conducted from 1974 to
1976. Best control of weeds present after barley harvest occurred with herbicide
combination containing the foliar active herbicide paraquat (1,1'-dimethyl-4,4'
bipyridium,chloride) or glyphosate N-phosphonomethyl)glycine). Weeds present
after barley harvest were horseweed Con za candensis (L.) Cronq.), commonrag
weed (Ambrosia artemisiifolia L.), fall panicum Panicum dichotomifolium Michx.)
and Pennsylvania smartweed {Polygonum pensylvanicum L.. Best control of weeds
emergin after soybean planting occurred with a combination of a foliar herbicide
plus residual herbicides. When comparing treatments with only the foliar active
herbicides versus treatments with only the residual herbicides, soybean yields
were higher with the latter. Soybean injury occurred in some years from metri
buzin (4-4mino-6-~-butyl-3-(methylthio)-~-triazin-5{4H)one), oryzalin (3,5=
dinitro-N -dipropylsul-fanilanide), nitrofluorfen(2-chloro-1-(4-nitrophenoxy)-trl
fluoromethyl)benzene), and oxyfluorfen(2-chloro-1-(3- ethoxy-4-nitrophenoxy)-4=
(trifluoromethyl)benzene), but where there was adequate weed control, yields were
not reduced.

INTRODUCTION

The practice of no-tillage doubled cropped soybeans is relatively new, being
first introduced in the late 1960's. On the Delmarva peninsula about one-third of the
approximately 500,000 acres of soybeans are planted by this method. Early research
with various herbicides has been conducted at the Maryland Agricultural Experiment
5tation(3). Parochetti(3) in a 4 year study noted two types of weeds in this cropping
system; weeds that emerged and were present at barley harvest and weeds that germIn
ated after soybean planting. A combination of a foliar active herbicide (either
paraquat or glyphosate) plus soil residual herbicides was the most effective in
providing season long weed control. More recently Ilnicki et al.(2) have reported on
similar results.

With the advent of several newer residual herbicides, the present study was con
ducted to evaluate paraquat or glyphosate alone and in combination with these and
registered residual herbicides.

Scientific Article No. A2269 and Contribution No. 5265 of the Maryland
Agricultural Experiment Station, Dept. Agron., Univ. Maryland, College Park.

2 Associate Professor, Dept. Agron., University of Maryland, College Park, Maryland
20742.
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MATERIALANDMETHODS

Four field experiments were conducted at the Poplar Hill Research Farm. Salisbury.
Maryland from 1974 to 1976 to evaluate herbicides for no-tillage soybeans planted in
a barley stubble. Barley was harvested about June 10 of each year; stubble height was
8 to 10 inches. Soybeans were planted in 20 inch row spacing. Individual plots were
10 by20 feet. All experiments were arranged in a randomized complete block design
with four replications. Herbicides were applied with water at 30 gpa with an experi
mental sprayer. Treatments are listed in Tables 1-4. The experimental site was on
a Mattapeake silt 10am(Typic Hapludult; Fine silty, mixed, mesic) with 1.5% organic
matter.

A visual rating system was used to evaluate crop injury and the effectiveness
of the weed control attained as previously described(l).

In 1974, both experiments were planted with 'Williams' soybeans on 1'0 June,
followed the same day by herbicide applications. Rainfall occurring 2 weeks after
herbicide treatment was: 0.11 inches on 14 June. 0.24 inches on 22 June and 0.21
inches on 29 June.

In 1975, one experiment was planted with 'York' soybeans on 17 June with herbi
cides treatments applied the same day. Rainfall occurring 4 weeks after herbicide
treatment was: 20 June, 0.19 inches; 5 July, 0.33 inches; 6 July, 1.30 inches,
10 July. 0.30 inches; 11 July. 0.45 inches; 12 July, 2.01 inches; 14 July, 0.94 inches;
15 July, 2.75 inches; 16 July, 0.48 inches; and 17 July, 1.43 inches.

In 1976. one experiment was planted with 'Essex' soybeans on 9 June and treated
with herbicides on the same day. Rainfall occurring 2 weeks was: 17 June, 0.60
inches and 21 June, 0.24 inches.

RESULTSANDDISCUSSION

When no-tillage, double-cropped soybeans are planted in a barley stubble there
are two types of weed problems at planting time. One type is weeds that are present
in the barley stubble. Since no over-all tillage of the land is made. weeds that
germinate in the barley crop are present after grain harvest. It is important that
these emerged weeds (a) not be cut off too near the ground (thus eliminating green
foliage necessary for effectiveness of the foliar active herbicides) and (b) that
the amount of straw going on the emerged weeds be as sparse as possible (so as not
to prevent the contact of the foliar herbicides). For these reasons barley stubble
height should be between 8 to 10 inches. The second type of weeds are those that
emerge after planting soybeans.

Control of weeds emerged in barley stubble. Weeds that were present after
barley harvest varied from year to year.

In 1974 these weeds were fall panicum. Pennsylvania smartweed, common ragweed.
and horseweed; they were effectively ( 95%) controlled with a combination of residual
herbicides plus either paraquat or glyphosate (Table 1 and 2). Interestingly,
control of Pennsylvania smartweed decreased to unacceptable levels (85% in Table 1
and 7~k in Table 2) with paraquat alone on August 2; however glyphosate alone effected
excellent (100% in Table 1) control of Pennsylvania smartweed.

In 1975. these weeds were horseweed and common ragweed; they were effectively
-- ( 95%) controlled with a combination of residual herbicides plus either paraquat or

glyphosate (Table 3).
In 1975, the emerged weed population present after barley harvest was sparse

and no control ratings were taken.
Control of weeds emerging after soybean planting. The predominant annual weed

species germinatinq after soybean planting was qiant green foxtail (Setaria viridis
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var , major (Gaud.) Posp, };

In 1974, excellent control (91%) of giant green foxtail resulted from all
treatment combinations except methazole (2-(3,4-dichlorophenyl)-4-methyl-1,2,4
oxadiazolidine-3,5-dione) plus paraquat; paraquat and g'lyphosate applied singularly
affected poor (53%) to fair (86%) control of giant green foxtail (Tables 1 and 2).

In 1975, control of giant green foxtail was not as effective as in 1974 with
paraquat or glyphosate plus a residual herbicide (Table 3 vs. Tables 1 and 2). On
August 2, most treatments affected greater than 89% control of giant green foxtail
except glyphosate, paraquat, or metribuzin applied alone and paraquat plus alachlor
plus linuron ~3-(3,4-dichlorophenYI)-1-methoxY-l-methYlurea)l or paraquat plus
alachlor plus metribuzin (Table 3).

In 1976, control of giant green foxtail was the more variable than in previous
years. Of the three years, 1976 had the longest period (8 days) of no rainfall after
herbicide application. The most effective treatments were paraquat plus oryzalin
(0.5 + 1.5 lblA, respectively) a~ paraquat plus penoxalin (!-{1-ethylpropyl)-3,
4-dimethyl-2,6-dinitrobenzenamlne plus linuron (0.5 + 1.5 + 0.5 IbIA, respectively).
These treatments were statistica ly better than the control, paraquat, glyphosate,
and the combinations of paraquat plus Ilnuron plus alachlor, paraquat plus metola
chlort:2-chloro-!-(2-ethyl-6-methylphenyl)-!-(2-methoxy-l-methyl~thyl)acetamide),
and paraquat plus oxyfluorfen (0.5 + 0.25 IbIA, respectively) (Table 4).

Soybean injury and yields. In 1974 treatments containing metribuzin at 0.375 lb/A
and oxadiazon(2-~-butyl-4-(2,4-dichloro-5-isopropoxypheny1)- -1,3,4-oxadiazolin
5-one) caused significant early injury which decreased as the season advanced
(Table 1). In 1975, when comparing soybean injury data to glyphosate alone, either
early (July 7) or late (August 6), treatments containing oryzalin including the four
way combination with paraquat plus naptalam(!-l-naphthylphthalamic acid) plus
dinoseb (2-~-butyl-4,6-dinitrophenol)caus~d significant soybean injury; however
soybean yields were not statistically reduced (Table 3). In 1976, no soybean yield
reduction was noted; however combinations containing metribuzin at 0.375 lb/A and
oxyfluorfen at 0.5 Ib/A caused significant soybean injury. Interestingly, oryzalin
did not cause significant soybean injury; this might be due to the lack of rainfall
until 8 days after herbicide treatment. Soybeans had emerged within 5 days.

With regards to soybean yields, uncontrolled weeds reduced yield much more than
the effect of herbicide injury on the soybeans. Of particular interest is the
good control of weeds present after barley harvest (Table 3). In contrast, higher
soybean yields (although not always statistically significant each year) resulted
from treatments containing only paraquat or glyphosate and no residual herbicide.
Competition from weeds present at barley harvest is apparently more severe than
the competion from later germinating weeds.
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Table 1. The effect of several herbicides on weeds which are emerged and on subsequently germinating weeds at planting time In no-tillage. doubled cropped
soybeans sown In a barley stubble. 1974.

EJnerged at Planting Emerged after Plant Ing

Treatment

I. COntrol
2. Paraquat
3. Paraquat

+ l lnur on
4. Paraquat

+ a lach lor
+ l Inuron

5. Paraquat
+ nitrofluorfen

6. Paraquat
+"n Itrof Iuorfen
+ alachlor

7. Paraquat
+ oxyf Iuorfen

8. Paraquat
+ oxyf 1uorfen
+ alachlor

9. GlyphoSllte
10. Glyphosai;e

+ I lnuron
11. Glyphosate

+ alachlor
+ l Inuron

12. Glyphosate
+ alachlor
+ metr lbuz In

13. Glyphosate
+ a lach lor
+ metribuxln

14. Glyphosate
+ alachlor c
+ ch lorbromuron

15. Paraquat c
+ chlorbromuron

16. Paraquat

:c~:~~~~:uronc
17. Paraquat d

+ eGA17020 c
+ chlorbromuron

18. Paraquat

: ~~~~;:~~~~onc
19. ~I~~~~~~~~uronc
20. Paraquat

+ oxydiaxon
21. Paraquat

+ oxydlazon
22. Paraquat

+ oxydlazon
+ alachlor

Bayes LSD
0.05

.5

.5
1.0
.5

1.5
1.0
.5

1.0
.5
.75
.5
.5
.38
.5
.38

1.5
1.0
1.0
1.0
1.0
1.5
.5

1.0
1.5
.375

1.0
3.0

.75
1.0
1.5
1.0
0.5
1.5

.5
1.5
1.0
.5
.75

1.0
.5

1.5
1.0
1.0
1.5
.5

1.5
0.5
3.0
0.5
1.5
1.5

9.0 (0)
1.0 (100)
1.0 (100)

1.0 (100)

1.0 (loul

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (IOO)
1.0 (100)

1.0 (IOO)

1.0 (IOO)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

o

June 25

1.0

1.3 (99)

1.0 (100)

1.0 (100)

.0 (100)

1.3 (99)
1.0 (100)

1.0 (100)

.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (l00)

1.0 (100)

1.0 (100)

1.0 (l00)

1.0 (100)

1.0 (100)

1.0 (100)

.4

9.0 (0)
1. 3 (99)
1.0 (100)

1.0 (100)

1.0 (100)

1.3 (99)

1.0 (IDa)

1.3 (99)

1.0
1.0

1.0 (loa)

1.0 uoo)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (l00)

1.0 (100)

1.0 (100)

1.0 (100;

1.0 (IOO)

1.0 (100)

1.0 (IDa)

.2

7.0 (65)
5.0 (85)
1.0 (IDa)

1.0 (100)

1.0 (100)

1.0 (100)

2.0 (98)

1.0 (100)

1.0 (100)
1.0 (loa)

1.0 (100)

1.0 (IDa)

1.0 (100)

1.0 (100)

1.0 (laO)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 ("laO)

1.4

August 2

7.0
1.8
1.0

1.0 (100)

1.0 (100)

1.0 (100)

1.8 (98)

1.0 (100)

1.3 (99)
1.0 (IOO)

1.0 (100)

1.0 (100)

1.3 (99)

1.0 (100)

I. 0 (100)

1.0 (lOa)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

.2

7.0 (65)
1.00 (100)
1.0 (IOO)

1.0 (100)

1.0 (100)

1.3 (99)

1.3 (99)

1.0
1.0

1.0 (100)

1.0 (100)

1.3 (99)

1.0" (100)

1.0 (100)

1.0 (100)

1.0 (100)

1. 3 (99)

.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.1

August 2

7.0 (65)
7.8 (41)
2.5 (96)

2.8 (96)

1.0 (100)

1.0 (100)

1.8 (98)

1.0 (100)

4.8 (86)
1.5 (99)

1.3 (99)

1.8 (98)

I. 3 (99)

1.5 (99)

2.0 (98)

I. 5 (99)

I. 8 (98)

t.o OOC)

1.5 (99)

1.0 (100)

1.0 (100)

1.0 (100)

1.9

I. 0 (0)
1. 0 (0)
1.0 (0)

1. a (0)

1.0 (0)

I. a (0)

1. a (0)

1.0 (0)

1.0 (0)
1.0 (0)

1. a (O)

2.0 (2.5)

3.0 (5.0)

I. 0 (0)

1.0 (0)

1.3 (1.2)

1.0 (0)

, h ''''''\I.V \V/

1.0 (0)

4.8 (14)

6.5 (30)

3.8 (8.6)

0.6

1.0 (0)
1. 0 (0)
1.5 (1.5)

1.0 (0)

1.0 (0)

1.5 (1.5)

1.0 (0)

1.0 (0)

1.0 (0)
1.0 (0)

1.0 (0)

1.0 (a)

2.8 (4.4)

.0 (0)

1.0 (0)

1.0 (0)

1.5 (1.5)

L.C (0)

1.0 (0)

1.0 (0)

1. 0 (0)

1.0 (0)

0.8

October 2

19.2
34.0
36.7

42.3

38.7

38.4

36.5

41.1

36.5
38.3

39.7

38.9

36. I

37.6

41.3

35.0

40.4

38.0

37.5

42.2

39.5

40.8

5.5

aEuropean rating used; for crop Injury 1=0%, 2=2.5%, 3=5%, 4=10%. 5-15%, 6=25%, 7=33%. 8-66%, 9-100%; for weed control 1-100%. 2-97.5%, 3-95".1,.4-90%. 5=85% ~
b 6=75%. 7-66%, 8-33%, 9=0%.
The % Is an approx Imat Ion.
~Chemlstry for chlorbronuron Is 3-(4-bromo-3-chlorphenyl)-I-methoxy-l-methylurea.

The chemistry for CGA17020 Is not known.
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Tab1e 2. The effect of several herbicides on weeds which are emerged and on subsequently germinating weeds at planting time in no-tillage. doubled cropped
soybeans sown in a barley stubble. 1974.

Emerged at Plant ing Emerqed Planting

June 25 August 2 August 2 June 25 October 15

Treatment % % %

I. Control --- 9.0 9.0 (0) 9.0 9.0 (0) 9.0 (0) 7.0 (65) 9.0 (0) 1.0 (0)
2. Paraquat .5 1.0 1.3 (99) 1.0 5.5 (79) 1.8 (98) 1.0 (100) 7.5 (53) 1.0 (0)
3. Paraquat .5 1.0 2.5 (96) 1.0 6.8 (67) 1.5 (99) 1. 3 (99) 5.5 (79) 1. 0 (0)

+ methazole .25
4. Paraquat .5 1.0 (100) 1.3 (99) 1.0 (100) 2.5 (96) 1.0 (100) 1.0 (100) 6.8 (67) 1.0 (0) 33.4

+ methazole .5
5. Paraquat .5 1.0 (100) 1.0 (100) 1.0 (l00) 1.0 (100) 2.0 (95) 1.0 (100) 5.8 (77) 1.0 (0) 31.3

+ methazole 1.0
6. Paraquat .5 1.0 (100) 1.3 (99) 1.0 (100) 1.0 (100) 1.0 (100) 1.0 (100) 4.3 (89) 1.0 (0) 35.5

+ methazole 1.5
7. Paraquat .5 1.0 (100) 1.0 (100) 1.0 (100) 1.0 (100) 1.0 (100) 1.0 (100) 3.8 (91) 1.0 (0) 36.7

+ 1inuron 1.0

Bayes LSD 0 .7 0 1.2 .8 1.6 1.6 N. s. 3.4
0.05

aEuropean rating used; for crop injury 1=0',(•• 2=2.5%, 3=5%.4=](1''', 5=15",.. 6=25%, 7=33",.. 8=66"". 9=100',.; for weed control 1=10O'h. 2=97.5%. 3-95%. 4=9O'h.
5=85%. 6=75%. 7=66",.. 8=33%. 9=O'h.

bThe % Is an approximation.

( (



Table 3. The effect of several herbicides on weeds which are emerged and on subsequently germinating weeds at planting time in no-tillage, doubled cropped
. soybeans sown in a b~rley stubble, 197.2.

Emerged at PIant ing Emerged after Plant ing

August 6 ~

26.5

25.0

23.6

20.9

19.3

11.2
14.2
22.5

20.3

18.5

24.5

21.3

23.0

20.0

26.6

26.4

27.0

22.4

24.7

17.3
15.4
20.5

I. 8 (2.1)

4.0 (10)

1.3 (1.2)

5.0 (15)

3.0 (5.0)

3.5 (7.0)

4.0 (10)

3.5 (7.0)

I. 8 (2. I)

1.3 (1.2)

1.3 (1.2)

1.3 (1.3)

2.0 (2.5)

1.5 (1.5)

I. 0 (0)
I. 8 (2.1)
1.5 (1.5)

1.3 (1.2)

1.5 (1.5)

1.5 (1.5)
1.8 (2.1)
1.5 (1.5)

I. 5 (1.5)

4.3 (11)

2.8 (4.4)

4.5 (13)

2.3 (3.0)

4.5 (13)

4.5 (13)

2.5 (3.5)

2.5 (3.5)

2.5 (3.5)
3.3 (6.0)
2.8 (4.4)

2.3 (3.0)

4.3 (11)

6.8 (35)

2.3 (3.0)

3.5 (7.0)

2.3 (3.0)

I. 8 (2.1)
2.5 (35)
3.0 (5.0)

3/0 (5.0)

4.5 (88)

2.5 (96)

3.5 (93)

4.3 (89)

4.3 (89)

4.0 (90)
6.5 (70)
5.3 (83)

5.8 (77)

2.8 (96)

3.8 (91)

4.3 (89)

3.0 (95)

3.5 (93)

3.3 (94)

3.8 (91)

4.3 (89)

4.5 (88)

4.3 (89)

8.5 (20)
8.5 (20)
6.5 (70)

2.0 (98)

2.5 (96)

2.0 (98)

2.5 (96)

2.8 (96)

July 7

2.5 (96)

3.8 (91)

5.0 (85)
5.0 (85)
4.5 (88)

2.8 (96)

2.3 (97)

3.3 (94)

2.8 (96)

3.8 (91)

4.0 (90)

3.3 (94)

4.5 (88)

4.8 (86)

8.0 (33)
7.3 (59)
5.0 (85)

1.0 (100)

1.3 (99)

1.3 (99)

I. 3 (99)

1.0 (100)

1.0 (100)

1.0 (100)

I. 3 (99)

1.5 (99)

I. 3 (99)

4.5 (88)
7.3 (59)
1.3 (99)

1.0 (100)

1.0 (100)

1.5 (99)

1.0 (100)

1.0 (100)

2.8 (96)

1.8 (98)
3.5 (93)
1.0 (100)

I. 3 (99)

2.3 (97)

1.0 (100)

2.0 (98)

I. 8 (98)

I. 3 (99)

1.8 (98)

August 6

1.0 (100)

I. 5 (99)

1.0 (100)

1.5 (99)

3.0 (95)

2.8 (96)

8.3 (26)
4.8 (87)
I. 8 (98)

I. 3 (99)

1.5 (99)

1.3 (99)

1.0 (100)
2.3 (97)
1.8 (98)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

7.3 (60)
7.5 (53)
1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0 (100)

1.0(100)

1.0 (100)

1.3 (99)

1.5 (99)
3.3 (94)
1.0 (100)

July

1.0 (100)

2.5 (96)

1.0 (100)

1.0 (100)

2.0 (98)

1.5 (99)

1.0 (100)

1.0 (100)

2.0 (98)

I. 3 (99)

9.0 (0)
5.8 (71;)
1.0 (100)

1.0 (100)

2.0 (98)

1.8 (98)

1.0 (100)

I. 3 (99)

1.0 (100)

1.0 (100)
3.0 (95)
1.8 (98)

0.5
1.0
0.5

+1.5
+0.5

1.0
+1.5
+0.5

0.5
+2.0
+0.75

0.5
+2.5
+1.0

0.5
+2.0
+ .375

0.5
+2.5
+ .375

0.5
+2.0
+0.5

0.5
+2.5
+0.75

0.5
+1.0

0.5
+ .375

0.375
0.5
0.5

+ .375
0.5

+1.5
+0.375

0.5
+ 1.3
+0,375

0.5
+2.6
+0.75

0.5
+0.5
...1.3

0.5
+1.0
+2.6

0.5
+3.0
+1.5
+1.3

0.5
+6.0
+3.0
+2.6

Ib/ATreatment

1. Paraquat
2. Glyphosate
3. Paraquat

+ Alachlor
+ Linuron

4. G1yphosate
+Alachlor
+ Linuron

5. Paraquat
+ Metolachlor
+ Chlorbromuron

6. Paraquat
+ Metach Ior
+ Chlorbromuron

7. Paraquat
+ Metolachlor
+ Metribuzin

8. Paraquat
+ Melachlor
+ Metribuzin

9. Paraquat
+ Metalachlor
+ Linuron

10. Paraquat
+ Metolach lor
+ Linuron

11. Paraquat
+ Nitrofluorfen

12. Paraquat
+ Oxyfluorfen

13. Oxyf Iuorfen
14. Metribuzin
15. Paraquat

+ Metribuzin
16. Paraquat

+ Alachlor
+ Metribuzin

17. Paraquat
+ Oryzal in
+ Metribuzin

18. Paraquat
+ Oryza lin
+ Metribuzin

19. Paraquat
+ Linuron
... Oryzal in

20. Paraquat
+ Linuron
+ Oryzalin

21. Paraquat
+ Napta Ian
+ 0 i noseb
+Oryza lin

22. Paraquat
+ Napta Ian
+ 0 i noseb
+ Oryza 1in

Bayes LSO 1.6 .9 1.5 1.2 1.7 1.3 1.1 1.2 8.6
C.1•..,

aEuropean rating used; for crop injury I=O'/,, 2=2.S"/" 3=5%, 4= 1O'/" 5=15%, 6=25%, 7=33%, 8=66'/', 9= IOO'/,; for weed control 1=100'/,,2=97.5%. 3=9S"/'. 4=90%,
5=85%, 6=75%, 7=66%. 8=33%, 9=0'/'.

bThe % is an approx imat ion.

c Chemistry does not appear in the text and is 3-(4-bromo-3-chloropenyl)-l-methoxy-l-methylurea

d Chemistry not released
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Table 4. The effect of several herbicides on weeds which are emerged and on subsequently

germinating weeds at planting time In no-tillage. doubled cropped soybeans sown
In a barley stubble, 1976.

June 22

Soybean
Emergence

Rate ReductAon b
Treatment pb/A) (Rating) (%)

I• Control 1.8 (2.0)
2. Paraquat 0.5 2.0 (2.5)
3. Glypnosate 1.0 1.8 (2.0)
4. Paraquat 0.5

+ Iinuron +0.5 1.5 (1.5)
+ alachlor +1.5

S. Paraquat 0.5
+ metalachlor +1.5 3.5 (7.0)
+ Iinuron +0.5

6. Paraquat 0.5
+ metalachlor +1.5 2.5 (3.5)
+ metrlbuzln +0.375

7. paraquat 0.5
+ oryzal In +0.75 1.5 (1.5)

8. Paraquat 0.5
+ oryzal In +1.0 1.0 (0)

9. Paraquat 0.5
+ oryzal In +1.5 1.3 (1.3)

10. Paraquat 0.5
+ oryzal In 1.0 1.5 (1.5)
+ Iinuron 1.0

II. Paraquat D.5
+ penoxal in +1.5 2.8 (4.4)

12. Paraquat 0.5
+ penoxal In +1.0 2.0 (2.5)
+ Iinuron +0.5

13. Paraquat 0.5
+ penoxal in +1.5 2.3 (3.0)
+ Iinuron +0.5

14. Glyphosate 1.0
+ I inuron +0.5 2.0 (2.5)
+ alachlor +1.5

15. Paraquat 0.5
+ oxyfluorfen +0.25 2.3 (3.0)

16. Paraquat 0.5
+ oxyfluotfen +0.5 2.3 (3.0)

17. Paraquat 0.5
+ alachlor +1.5 3.3 (6.0)
+ metribuzln +0.375

18. Glyphosate 1.0
+ alachlor +1.5 3.8 (8.6)
+ metrlbuzin +0.375

Bayes LSD NS
05

Emergedafter Planting
August 26 August 26

Soybean Giant Green Soybean
Inju,y b Foxta!1 b Yield

(Rat i ns) (%) (Rat Ing) (%) (Bu/A)

I. 0 (0) 7.0 (65) 33.2
1.3 (1.3) 5.0 (85) 48.6
1.0 (0) 7.0 (65) 40.5

44.8
1.0 (0) 4.7 (86)

44.5
1.3 (13) 6.0 (75)

44.5
6.5 (29) 3.0 (95)

42.8
2.5 (3.5) 4.3 (89)

48.9
1.0 (0) 3.0 (95)

45.4
1.0 (0) 2.0 (98). 51.7
1.0 (0) 3.3 (94)

41.7
1.0 (0) 3.7 (91)

46.9
1.0 (0) 2.7 (96)

47.9
1.0 (0) 2.0 (98)

43.1
1.0 (0) 4.0 (90)

44.7
1.5 (l.5) 5.7 (7])

47.7
2.8 (4.4) 2.7 (96)

43.8
5.5 (19) 4.3 (8g)

47.1
5.3 (Il) 3.0 (95)

1.5 2.5 9.2

=
aEuropean rating used; for crop Injury 1-0%. 2-2.5%, 3-5%. 4-10%. 5-15%, 6=25%.7-33%, 8-7
8=66%, 9-100%: for weed control 1-100%, 2"'97.5%, 3-95%, 4-90%, 5-85%, 6=75%,7-6610,
8=33%.9-0%.

bThe % Is an approximation.
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WEED CONTROL IN DOUBLE-CROP SOYBEANS WITH HERBICIDES APPLIED
ALONE AND IN COMBINATION WITH PARAQUATOR GLYPHOSATE

Ratemo Michieka, Richard D. Ilnicki, and James R. Justin!!

ABSTRACT

A number of herbicides and herbicide combinations were
evaluated for weed control and crop tolerance in no-till soybeans
following wheat harvest. Paraquat and glyphosate were the only
herbicides that effected good weed control when applied alone
but control was not long-lived.

Paraquat and metribuzin did reduce stand of soybeans but
this did not prove serious. Had these two herbicides been
applied prior to planting this effect on soybeans, probably
would not have been expressed.

Alachlor and penoxalin did not adequately control fall
panicum in this cropping situation. In conventional tillage
these herbicides are generally effective on this species.

Penoxalin or linuron in combination with glyphosate or
paraquat improved control of many weed species over that of
penoxalin and linuron applied alone; however, combinations of
the two with either of the contact herbicides (3-way combina
tions) did not improve the degree of control effected by the
single herbicides applied with paraquat or glyphosate.

Combinations of RH 2915 and alachlor did not improve weed
control over that produced by either herbicide applied alone;
considerable improvement resulted when glyphosate or paraquat
were added to the combination.

INTRODUCTION

The planting of soybeans in stubble following small grain
harvest continues to grow in popularity here in the Northeast

17Gr a du a t e Assistant, Research Professor of weed Science, Exten
sion Specialist in Soils and Crops, respectively, Department
of Soils and Crops, Cook College, Rutgers University, New
Brunswick, N. J. 08903.
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as well as in other parts of this nation. The availability of
quick knockdown foliar-active herbicides such as glyphosate and
paraquat, and a good arsenal of soil-applied residual herbicides
have made this concept possible. Almost as important as good
herbicides is the availability of planters capable of placing
seeds at proper germinating depths with little or no tillage.

It was reported by Ilnicki et al. (1) that combinations of
alachlor plus linuron and alachlor plus metribuzin in combina
tion with paraquat or glyphosate were promising combinations
for weed control in double-crop soybeans. It was the objective
of this study to further explore the use of these herbicides
in this cultural practice as well as to evaluate some new
herbicides.

MATERIALS AND METHODS

Soybeans (var. Williams) were planted with a 3-row, no-till
planter, equipped with a fluted coulter, in Freehold loam soil
on July 15, 1976, on a site previously cropped to winter wheat.
Immediately after planting, plots 7~' (3 rows) wide x 19' long
were established to receive herbicide treatments. The experi
mental design was a complete randomized block with 4 replica
tions. All herbicide treatments were applied as sprays at 40 gpa
with a CO2-propelled backpack sprayer equipped with a 4-nozzle
boom on June 16, one day after soybean planting.

The experimental area was primarily infested with common
ragweed (Ambrosia artemisiifolia L.) and fall panicum (Panicum
dichotomiflorum Michx.). Other annual weeds wer e also present
but these were sparsely distributed and accurate measures of
their control were not possible. Weed control ratings were made
on August 17, one month after planting and herbicide applica
tions, using the scale 0 to 10, where 0 = no control or crop
injury and 10 = complete weed control or 100% reduction in crop
stand.

At the time of herbicide application, some small weed seed
lings were present in the experimental area. All herbicides used
alone and in the various combinations are presented in Table 1
through Table 4. Complete chemical identities of the herbicides
used are presented in the Appendix.



-

63

RESULTS AND DISCUSSION

Weed control results and soybean responses of' the herbi
cides applied alone are presented in Table 1. Not.withstanding
that it was known that some of the herbicides applied singly would
not effect complete control of weeds, it was necessary to estab
lish just what weeds would be controlled when used alone. From
this table, several points are obvious. Only para.quat and
glyphosate applied alone effected good control of all weeds.
This was due to their contact type of action on the already
germinated weeds. Later in the season, but not r€!corded here,
plots so treated became weedy because residual herbicides were
not included as mixtures. Paraquat did reduce s t.and of soybeans
at the higher rate but this did not prove serious. Evident, too,
is the reduction in stand of soybeans by metribuzin. Had this
herbicide been applied prior to planting, this response would
probably not have been produced. Metribuzin did e f f'e ct; fair
control of ragweed and fall panicum at the higher rate but this
was not sufficient. Linuron and RH 2915 at the higher rates were
effective on ragweed but these failed to adequately control fall
panicum. In conventional tillage, alachlor and pemoxalin con
trol fall panicum at the rates used here but in this study these
herbicides were ineffective on this species.

Crop and weed responses of penoxalin and linuron in combi
nation with paraquat or glyphosate and combinations of penoxalin
plus linuron in combination with either glyphosate or paraquat
are summarized in Table 2. Several points are worthy of comment.
Control was improved greatly when these residual herbicides were
combined with these contact herbicides. There was no great
difference in the degree of control of linuron combined with
either paraquat or glyphosate; however, the penoxcllin-glyphosate
combination was slightly better than the penoxalin-paraquat
combination. There seemed to be no advantage in lileed control
by combining penoxalin and linuron together along with paraquat
or glyphosate over the single herbicides combined with paraquat
or glyphosate. As a matter of fact, control was only comparable
or slightly less from the 3-way combinations than from the 2-way
combinations.

In conventional tillage, combinations of alachlor with
linuron and alachlor with metribuzin have proved successful.
In this study, these combinations were not eva Luat.ed alone but
in combination with glyphosate or paraquat. From Table 3 where
these are presented, it is Obvious that these 3-W;;lY combinations
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effected good weed control with no injury to soybeans. These
combinations with either paraquat or glyphosate were comparable
with glyphosate, perhaps, being slightly better.

In Table 4 are summarized weed control and crop response
data for RH 2915 in combination with alachlor and these two
herbicides together in combination with paraquat or glyphosate.
From this table, it can be seen that the degree of weed control
from the two residual herbicides was not very good and not much
different from the degree of control effected by either herbi
cide alone (Table 1). Considerable improvement resulted when
the combination was added to glyphosate or paraquat with slightly
better control of fall panicum from the glyphosate addition.
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Table 1. Crop and weed response to herbicides applied alone in no-tillage,
double-crop soybeans.

Rate, Soybeans Weed Control l

Herbicide lbflL s cand I Vigor 1 ~eed Fall Panicum

penoxalin 1 1.0 0.9 3.8 2.3
2 0.9 1.0 2.8 5.0

linuron 1/2 0.8 0.4 6.1 2.4
1 0.6 0.4 9.9 5.0

alachlor 2 0.9 0.5 5.5 4.5
2 1/2 0.3 0.9 3.5 3.3

paraquat 1/2 0.6 0.3 7.0 9.6
1 1.4 0.4 9.0 9.5

glyphosate 1 1/2 0.6 0.5 9.8 9.8
2 0.4 0.5 7.8 7.7

metribuzin 3/8 1.3 0.6 5.4 4.6
3/4 1.5 0.8 7.3 7.3

RH 2915 1/4 0.5 0.3 6.4 3.5
1/2 0.4 0.5 7.0 4.8

lBased on a scale of 0 to 10, where 0 = no effect on stand or vigor and 10 =
complete control or elimination of stand.

0'1
(Jl



Table 2. Crop and weed responses to penoxalin and linuron in combination with
paraquat or glyphosate and combinations of penoxalin and linuron with
paraquat or glyphosate in no-tillage, double-crop soybeans.

Soybeans
1

Rate, Weed Control
Herbicide lb/~ Stand 1 Vigor 1 Ragweed Fall Panicum

penoxalin + 1 + 1/2 0.9 0.3 8.4 9.3
paraquat 1 1/2 + 1/2 0.6 0.4 8.6 9.0

penoxalin + 1 + 1 1/2 0.1 0.3 9.5 9.6
glyphosate 1 + 2 1.3 0.5 10.0 9.9

linuron + 1/2 + 1/2 0.5 0.3 10.0 9.7
paraquat

linuron + 1/2 + 1 1/2 0.5 0.5 10.0 10.0
glyphosate 1/2 + 2 0.3 0.3 9.9 9.8

penoxalin + linuron 1 + 1/2 + 1/2 0.4 5.0 8.5 9.0
+ paraquat

penoxalin + linuron 1 + 1/2 + 1 1/2 0.8 0.4 9.9 10.0
+ glyphosate 1 + 1/2 + 2 0.4 0.4 8.8 9.5

lBased on a scale of 0 to 10, where 0 = no effect on stand or vigor and 10 =
complete control or elimination of stand.

O"l
O"l

( (



Table 3. Crop and weed responses of alachlor plus linuron and alachlor plus
metribuzin in combination with paraquat or glyphosate in no-tillage,
double-crop soybeans.

Soybeans
1

Rate, Weed Control
Herbicide lb&.- StandI Vigor l ~eed Fall Panicum

alachlor + linuron 2 + 1/2 + 1/2 0.4 0.4 9.9 9.6
+ paraquat

alachlor + linuron 2 + 1/2 + 1 1/2 0.4 0.4 9.6 10.0
+ glyphosate 2 + 1/2 + 2 0.3 0.4 10.0 9.9

alachlor + metribuzin 2 + 3/8 + 1/2 0.6 0.5 9.9 9.0
+ paraquat

alachlor + metribuzin 2 + 3/8 + 1 1/2 0.6 0.4 9.6 9.9
+ glyphosate 2 + 3/8 + 2 0.8 0.4 9.8 10.0

lBased on a scale of 0 to 10, where 0 = no effect on stand or vigor and 10 =
complete control or elimination of stand.

O'l
.......



Table 4. Crop and weed response of RH 2915 in combination with alachlor and
RH 2915 plus alachlor in combination with paraquat or glyphosate in
no-tillage, double-crop soybeans.

1
Rate, SOtbeans .. 1 Weed Control

Herbicide lb/A Stand Vigor Ragweed Fall panicum

RH 2915 + alachlor 1/8 + 1 1/2 0.4 0.5 5.0 1.3
1/8 + 2 0.9 0.8 6.3 3.0
1/8 + 2 1/2 0.6 0.4 6.0 2.0

1/4 + 1 1/2 0.0 0.5 2.3 2.3
1/4 + 2 0.4 0.3 4.1 1.4
1/4 + 2 1/2 0.4 0.5 3.0 0.4

RH 2915 + alachlor 1/8 + 2 + 1/2 0.3 0.3 9.4 8.9
+ paraquat 1/4 + 2 + 1/2 0.4 0.5 9.9 9.9

RH 2915 + alachlor 1/4 + 2 + 1 1/2 0.3 0.5 9.3 10.0
+ glyphosate 1/4 + 2 + 2 0.4 0.3 9.9 10.0

lBased on a scale of 0 to 10, where 0 = no effect on stand or vigor and 10 =
complete control or elimination of stand.

( \

en
oe
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APPENDIX

Conunon Name

penoxalin, ec

linuron, wp

alachlor, ec

paraquat, s

glyphosate, s

metribuzin, wp

RH 2915, ec

N-(1-ethylpropyl)-3,4-dimethyl-2,6
dinitrobenzeneamine

3-(3,4-dichlorophenyl)-1-methoxy-l
methylurea

2-chloro-2',6 1-diethyl-N-(methoxy=

methyl) acetanilide

1,1'-dimethyl-4,4'-bipyridinium ion

N-(phosphonomethyl) glycine

4-amino-6-tert-butyl-3-(methylthio)
as-triazine-S(4H)one

2-chloro-l-(3-ethoxy-4-nitrophenyl)
4-trifluromethyl benzene
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Activity of PenoxaHn in SoybeansY

H. P. Wilson, T. E. Hines and J. E. Dunton, Jr.£!

ABSTRACT

Penoxalin (N- [l-ethylpropyfj -3,4 dimethyl-2,6-dinitrobenzenamine) was
studied for 4 years as a herbicide for soybeans grown on Coastal Plain soils.
Applications prior to planting and incorporated provided better control than
preemergence applications. Delayed incorporation of preemergence applications
did not consistently result in satisfactory control. Of the weed species studied,
penoxalin controlled large crabgrass (Digitaria sanguinalis L. Scop.) and fall
panicum (Panicum dichotomiflorum Michx.) better than it controlled lambsquarters
(Chenopodium album L.); penoxalin had little effect against jimsonweed (Datura
stramonium L.). Preemergence combinations of penoxalin with linuron (3 Q,4-dich=
10ropheny1] 1-methoxy-l-methylurea), dinoseb (2-~-butyl-4,6-dinitrophenol), or
metribuzin (4-am!no-6-tert-butyl-3-(methylthio)-as-triazine-5(4H)one were less
effective than combinations of alachlor (2-ch10ro-2 1,6-diethyl-N- (methoxymethy~
acetanilide) with linuron. Soybeans were injured by 1 1/2 lb/A and 2 lb/A rates
of penoxalin applied prior to planting and incorporated.

INTRODUCTION

Dinitroani1ine herbicides have been used extensively for weed control in
soybeans since the introduction of trifluralin (a,a,a-trifluoro-2, 6-dinitro-N,
N-dipropyl-~-toluidine). With some exceptions, these herbicides are most
effective incorporated into the soil shortly after application and provide better
control of annual grasses than of most species of broadleaf weeds. One of the
most recently discovered dinitroaniline herbicides is penoxalln. Initial studies
(3) indicate penoxalin has given good control of certain annual grasses and some
broadleaf weeds when applied either preplant incorporated or preemergence. Control
of broadleaf weeds has not been consistent, indicating a need to combine penoxalin
with other herbicides so that broad-spectrum weed control can be obtained. Soy
bean injury was reported to occur from high rates of penoxalin but was confined
mostly to pre emergence applications. In other studies (1,2) it was found that
delays of incorporation up to 9 days after penoxalin application resulted in
excellent control of annual grasses and some broadleaf weeds. In contrast,
Parochetti and Burt (4) reported that a 7-day delay of incorporation of penoxalin
resulted in less control than was obtained when penoxalin was incorporated within
one day of application.

The following studies were conducted to evaluate penoxalin for weed control
in soybeans grown on Coastal Plain soils. Of primary concern was the margin of

11 Contribution from the Plant Physiology Department, Virginia Truck and Ornamen
tals Research Station. Paper No. 166, Journal Series. Approved for publication
November 10, 1976.
1/ Plant Physiologist, Agricultural Research Technician and Farm Superintendent
respectively, Virginia Truck and Ornamentals Research Station, Painter, VA23420.
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safety to soybeans, the effect of incorporation on weed control, and the
potential of combining penoxa1in with other herbicides.

MATERIALSANDMETHODS

Research was conducted on a Sassafras sandy loam soil with a pH averaging
~.O and an organic matter content of approximately 1.5%. Herbicides were applied
to a well prepared seed-bed prior to planting and incorporated immediately or
were applied preemergence within one day of planting. Incorporation prior to
planting was with a tractor-driven rotary tiller to a depth of 1 to 2 in for
penoxalin and 3 to 4 in for trifluralin. A rotary hoe was used to incorporate
penoxalin to a depth of 1/2 in where preemergence applications were incorporated
after planting. Plot size was 6.7 ft by 20 ft (2 rows wide) with three replic
ations; an untreated guard row was maintained between plots to permit better
estimates of weed species and populations present. Soybeans were planted between
mid-May and early June using the variety Bragg in 1972, Essex in 1974 and 1975,
and Forrest in 1976.

Soybean injury and weed control were rated 3 to 6 weeks after planting and
all plots were cultivated to simulate commercial production practices for con
ventionally-tilled soybeans. Late-season weed control was evaluated in August
and soybeans were harvested to permit yield determinations. Yield data were
analyzed statistically and the means compared using Duncan's new multiple range
test.

RESULTSANDDISCUSSION

Weed control and soybean injury and yields obtained during the four years
of the study are presented in Tables 1 through 4.

Soybeans were injured by the 2 lb/A rate of penoxalin in 1972 and were
slow to outgrow the injury since growth reduction was more evident 6 weeks after
planting than 3 weeks after planting. Control of lambsquarters and fall panicum
with penoxalin was comparable to that prOVided by trifluralin and soybeans
produced good yields at all rates, indicating that early-season injury was
outgrown.

In 1974, soybeans were injured slightly from low rates of penoxalin
incorporated or from any of the combinations with metribuzin but soybean growth
was reduced more from 1 1/2 lb/A penoxalin applied preplant incorporated and
from 3/4 Ib/A trifluralin. Control of fall panicum was good in all instances
where penoxalin was applied preplant incorporated but diminished when applied
preemergence with metribuzin. Lambsquarters control with penoxalin applied
preplant incorporated increased with penoxalin rate and with the addition of
metribuzin. The highest yielding soybeans were those treated with linuron
plus alachlor but the only ones yielding significantly less were those treated
with the highest rate of penoxalin indicating the possibility that initial
injury resulted in a yield reduction.

Soybeans were slow to recover from injury in 1975 as they were In 1973.
This was especially evident with penoxalin at 1 1/2 Ib/A when, even at harvest-
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Itime, soybeans were lodging and exhibited much stem brittleness near the 80il
I

surface. This is contrary to reports indicating similar responses from pre-
;emergence but not from preplant incorporated applications (3). In the studies
~eported herein, stem brittleness did not occur at the lower rates of penoxalin
alone or in combinations with other herbicides.

Weed control with penoxalin in 1975 was not as good as in previous years
'with even 1 1/2 lb/A preplant incorporated failing to provi~e complete control
lof crabgrass. Shallow incorporation of preemergence applications 0 and 1 day
lafter treatment were leIS effective than preplant incorporated applications or
incorporation 10 days after appl1cation. Preemergence applications of penoxalin
Iwith linuron provided weed control which compared favorably with that obtained
Ifrom the combination of alachlor with linuron but the combination with dinoseb
or bentazon (3-isopropyl-l!!-2,I,3-benzothiadiazin- (4] 3.!i-one 2,2-dioxide) post
lemergence failed to provide satisfactory control of crabgrass. O1ltivation
Igenerally had little effect on the relative differences among treatments in
weed control as evidenced by the late ratings. Yields in 1975 were related
;to treatments producing good weed control and little crop injury with highest
Iyields being produced by penoxalin at 3/4 lb/A preplant incorporated or pre
emergence followed by shallow incorporation 10 days later, by trifluralin and
;by combinations of penoxalin or alachlor with linuron.

All applications of penoxalin were safe to soybeans in 1976. Control,
;especially of lambsquarters was better from 3/4 Ib/A penoxalin preplant in
;corporated than from -lib/A applied pre emergence but neither application method
controlled jimsonweed. Formulation had little effect on control resulting from
Ipreplant incorporated applications. Shallow incorporation one week after pre-
Iemergence application of penoxaUn failed to control lambsquarters although
crabgrass control was good. The preemergence application of penoxalin with

;linuron was less effective than the combination of alachlor wi th linuron while
Ithe split application of penoxal1n preemergence followed by bentazon postemer-
Igence provided excellent control of jimsonweed but did not proVide satisfactory
!control of lambsquarters. <l.tltivation after initial weed control ratings
!generally improved control, especially of lambsquarters and crabgrass. Soybean
;yields in 1976 were highest where overall control of broadleaf weeds and grasses
Iwas best and weed-crop competi tion was minima 1.
I

These studies indicate that penoxal1n is most effective when applied
Ipreplant incorporated and that, of the weed species studied. provides best
Icontrol of annual grasses. Excessive rates can cause injury to soybeans that
Imay eventually be reflected as yield reductions. Of the preemergence appli
!cations of penoxalin evaluated, the most effective was the combination with
111nuron. However, even when combined with linuron, preemergence applications
Iwere less effective than alachlor with linuron.

_/
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Herbicide
Penoxalin

Rate,
(lb/A2

3/4
1
2

Weed contro1 2
LQ FP
(%) (%)
98 98
94 98
98 100

penoxa lin and

Yield 3

(bu/A)
41.1 a
41.1 a
39.3 a

Trifluralin

Check (hoed)
Check (weedy)

3/4 2

o
o

2

o
o

98

33
o

98

33
o

41.1 a

25.4 be
23.6 bc

11 Penoxalin was incorporated 1 to 2 in and trifluralin was incorporated
3 to 4 in.

1/ LQ=lambsquarters, FP=fall panicum. Rated 5 weeks after application.

11 Means followed by the same letter are not different at the 5% level
of significance according to Duncan's new multiple range test.

--
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43.0 abcd
43.6 abed
40.5 bede

Yield 11
(bu/A)

86 99 95 95
90 97 97 97
99 99 100 97

Weed control ,!:-I
5 wk 12 wk

LQ FP LQ FP
(%) (%) (%) (%)

growth, and yields in peno~lin studies in 1974.
Soybean

growth
reduction

5 wk
(%)
7
5

15

Rate,
(lb/A)

1/2
3/4

1 1/2

Table 2.

Herbicide
Penoxalin

Penoxa1in +
metribuzin

Penoxalin +
metribuzin

Ppi
Pre

Pre
Pre

1/2 + 1/4
3/4 + 1/4

1/2 + 1/4

5
8

6

99 98 100 94
99 100 100 100

92 92 98 88

44.2 abed
45.4 abed

43.0 abed

Penoxalin +
metribuzin

Ppi
Ppi

1/2 + 1/4 a 100 98 100 95 44.2 abed

Triflura lin Ppi 3/4 12 94 94 100 94 45.4 abc

Linuron +
alachlor

Pre
Pre

1/2 + 1 10 96 99 98 98 46.6 a

a a 17.5 f

11 Ppi=preplant incorporated and Pre=preemergence. Penoxalin was incorporated
to a depth of 1 to 2 in and trifluralin was incorporated to a depth of 3 to
4 in.

y LQ=lambsquarters, FP=fal1 panf cum, Soybeans were cultivated after the 5
week evaluations were made.

11 Means followed by the same letter are not different at the 5% level of
significance according to Duncan's new multiple range test.

--
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c
abc

c

27.8
32.1
24.8

Yie1dY
(buLA)

65 27.2 c
50 29.7 be
90 31. 5 abc

42 80 77 67 26.6 c

78 86 73 67
85 89 85 90
93 93 90 84

75 80 81
70 80 86
93 96 93

100 95 100 95 38.7 ab

~ed control!!
5 wk 10 wI<

LQ ~ LQ CG
(%) (~) (%) (%)

5

3

5
2
9

2

5
o
3

8

and yields in penoxalin studies in 1975.
Soybean
growth

reduction

3 2
5 10

17 28

3 wks 10 wks
(%) (%)

Rate,
(lb/A)

1/2
3/4

1 1/2

1/2

3/4
3/4
3/4

1/2 + 1/2

Ppi

Pre

Pre

Applica~;on

method!!

Pre Inc
Pre Inc 1
Pre Inc 10

Weed contrQ1, soybean growth.

Herbicide

Table 3.

Penoxalin

Penoxal1n

Penoxal1n

Penoxalin +
l1nuron

Penoxalin +
dinoseb

Pre 1/2 + 3 3 8 92 72 98 70 26.6 c

Penoxal1n +
bentazon

Pre
Post

1/2 + 3/4 5 o 77 85 84 77 29.0 c

Trifluralin ppi 1/2 10 3 88 100 89 96 31.5 abc

Linuron +
a1ach1or

Pre 1/2 + 1 1/2 3 o 100 100 98 95 40.5 a

Check (weedy) o o o o o

11 Ppi=preplant incorporated, Pre Inc=preemergence incorporated 1/2 in, Pre Inc 1=
preemergence incorporated 1/2 1n 1 day after application, Pre Inc lQ=preemergence
incorporated 1/2 in 10 days after application. Preplant incorporation was to a
depth of 1 to 2 in for penoxa1in and 3 to 4 inches for trifluralin.

!I LQ=lambsquarters and C~large crabgrass. Soybeans were cultivated after the
5-week evaluations were made.

11 Means followed by the same letter are not different at the 5% level of
significance according to Duncan's new multiple range test.
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Table 4. Weed control, soybean growth in eenoxalin studies in 1976

20 100 26.0 be

eontrol~/

27.9 b

YieldY
(bu/A)

98

CG
(%)

92

92 90 35

95

Weed

68

62

wi<
J'W

(%)
87

87

LQ
(%)

3

5

and yields
Soybean
growth

reduction
3wk
(%)

3/4

3/4

Rate,
(lb/A)

Ppi

Ppi

Application
methodYHerbic1de.!/

Penoxalin

Penoxalin

Penoxalin Pre 1 7 52 37 85 65 35 98 26.7 be

Penoxalin Pre Inc 8 3/4 o 58 28 70 71 20 92 23.6 c

Penoxalin + Pre
linuron

3/4 + 1/2 2 85 43 78 86 13 liOO 27.9 b

Penoxal1n +
bentazon

Pre
Post

3/4 + 3/4 o 60 100 75 62 100 92 36.4 a

Linuron +
alachlor

Pre
Pre

1/2 + 1 1/2 o 98 72 93 96 15 100 33.3 a

Check 7

11 All treatments utilized the 4E formulation of penoxalin except the second treatment
which utilized the 75W formulation.

£I Ppi=prep1ant incorporated, Pre Inc=preemergence incorporated 8 days after
application. Preplant incorporation was to a depth of 1 to 2 in for penoxalin.

l/ LQ=lambsquarters, JW=jimsonweed and CG=large crabgrass. Soybeans were cultivated
after the 5-week evaluations were made.

~ Means followed by the same letter are not different at the 5% level of significance
according to Duncan's new multiple range test.



78

W. E.

ORYZALIN TANK-MIX COMBINATIONS FOR
WEED CONTROL IN SOYBEANS PLANTED

IN SMALL GRAIN STUBBLE
1/Rogers, S. Addink, and G. J. Shoop-

ABSTRACT

Tank-mix combinations of oryzalin + linuron + paraquat and
oryzalin + metribuzin + paraquat were surface applied as
preemergence treatments for weed control in no-till soybeans.
Results are presented from three representative experiments,
one each located in Maryland, Illinois and Kentucky. Rates
applied were 1 lb/A for oryzalin, 0.75 lb/A for linuron and
0.33 lb/A for metribuzin. Paraquat was used at 0.25 lb/A in
the Maryland and Kentucky experiments and 0.5 lb/A in Illinois.
Commercially acceptable control of giant foxtail, green fox
tail, crabgrass, fall panicum, red root pigweed, pennsylvania
smartweed, ladysthumb, velvetleaf and common ragweed was ob
tained. Partial control of volunteer wheat, ivyleaf morning
glory, and horseweed was obtained. Weed control was roughly
equivalent to that obtained with alachlor + linuron + para
quat and superior to paraquat used alone. Soybeans demon
strated adequate tolerance to all treatments.

INTRODUCTION

One of the principal keys to successful no-till soybean 4cu!
ture is adequate weed control. Oryzalin, 3,5-dinitro-N ,N 
dipropylsulfanilamide, Elanco Products Company, is a selective
preemergence herbicide for the control of annual grasses and
certain broadleaf weeds in conventional soybeans (Glycine max).
Tank-mix combinations with linuron, 3-(3,4-dichlorophenyl)-1
methoxy-l-methylurea and metribuzin, 4-amino-6-tert-butyl-3
methylthio)-as-triazin-5(4H)one have provided improved broad
leaf weed control in conventional soybeans over that provided
by oryzalin alone. These combinations were evaluated to de
termine efficacy and crop tolerance for weed control in no
till soybeans planted in small grain stubble. Paraquat,
1,1'-dimethyl-4,4'-bipyridiniumion[as dichloride salts] was
used in the tank-mix combinations for kill of established
weeds.

11 Lilly Research Laboratories, Greenfield, Indiana.
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METHODS AND MATERIALS

Experiments were established
during 1974 and 1975 on silt
tent of 2.1 to 2.9 percent.
replicated 0.5 acre plots.

in Maryland, Illinois and Kentucky
loam soils with organic matter con
Treatments were applied to non-

Applications were made with standard commercial tractor-mounted
spray booms using volumes of 20 to 40 gallons per acre. The
tank-mix combinations of oryzalin + linuron and oryzalin +
metribuzin were applied at rates of 1.0 + 0.75 and 1.0 + 0.33
lb/A. Tank-mix combinations included paraquat 2CL at 0.25 lb/A
in Maryland and Kentucky and 0.5 lb/A in Illinois for contact
kill of emerged weeds. Soybean varieties included in these ex
periments were York, Cutler 71 and Hood using a seeding rate of
90 lb/A at a planting depth of 1.0 to 1.5 inches.

Treatments were surface applied over existing weeds within 48
hours after planting and before soybean emergence. Commercial
no-till planters were used to plant directly into wheat stubble
and no subsequent cultivation or postemergence application of
herbicides were made.

Weed control ratings by species, crop tolerance observations and
yield data were recorded. A 0 to 10 rating scale was used for
weed control where 0 equals no weed control and 10 equals 100
percent weed control. Crop and root injury ratings of 0 to 10
were used: 0 equals no injury and a rating of 10 equals death
of the crop.

RESULTS AND DISCUSSION

A. Maryland; Herbicidal Efficacy: On a silt loam soil near
Cambridge, Maryland (Table 1), oryzalin + linuron + paraquat
at 1.0 + 0.75 + 0.25 lb/A and oryzalin + metribuzin +
paraquat at 1.0 + 0.33 + 0.25 lb/A provided good (90 percent)
control of crabgrass (Digitaria adscendens), green foxtail

Setaria viridis), fall panicum (Panicum dichotomiflorum),
re root pigweed (Amaranthus retroflexus) and velvetleaf
(Abutilon theophrasti). These combinations provided only
slightly better control (67-70 percent) of ivy1eaf morning
glory (Ipomoea hederacea) than paraquat alone (63 percent).
Oryza1in combinat ons provided slightly better control of
crabgrass and green foxtail than the reference combination
with alachlor but the overall herbicidal efficacy was
similar.

Crop Response: The herbicide combinations applied in this
experiment did not reduce crop yield and did not result in
any form of crop injury.
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B. Illinois; Herbicidal Efficacy: At this location near Keenes,
Illinois oryzalin combinations provided excellent control
(93-97 percent) of giant foxtail (Setaria faberi), ladys
thumb (Polygonum persicaria), volunteer wheat (Triticum
aestivum) and ivyleaf morningglory (Table 2).

Crop Response: Slight injury was observed as slight stunt
ing. This injury had little apparent effect on the soybeans
since plots treated with the oryzalin combinations had high
er yields than the plot treated with paraquat alone. The
untreated control was not harvested at this location, due
to weeds.

c. Kentucky; Herbicidal Efficacy: Oryzalin + linuron + para
quat at the Kentucky location provided fair (65 and 75 per
cent) control of giant foxtail and Pennsylvania smartweed
(Polygonum pensylvanicum); good (80 and 90 percent) control
of redroot pigweed and common ragweed (Ambrosia artemisiifolia);
and poor control (20 and 40 percent) of volunteer wheat and
horseweed (Erigeron canadensis) (Table 3). Oryzalin + metri
buzin + paraquat provided fair to good (70 to 90 percent)
control of all weeds. Alachlor + linuron + paraquat provided
poor (0 and 50 percent) control of volunteer wheat and horse
weed; and good to excellent (90 to 100 percent) control of
other weeds.

Crop Response: The herbicide combinations did not cause crop
or root injury and did not result in any reduction in yield
when compared to the control.

These results are representative of experiments conducted in the
major no-till soybean areas of the country where rainfall follow
ing treatment has been adequate to move oryzalin into the weed
seed germination zone. Injury to germinating soybeans may re
sult if herbicides come in direct contact with the seed due to
inadequate closing of the furrow during planting.
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Table 1. Herbicidal efficacy, crop tolerance, and yield when oryzalin tank-mix combinations
were applied preemergence to no-till soybeans in Maryland.

Percent Weed Control

Treatment
Rate

(lb/A)

a/
Crop-
Injury
Rating

Crab
grass

Green
Foxtail

Fall
Panicum

Redroot
Pigweed

Ivyleaf
Velvet- morning-
leaf glory

Crop Yield..!?/
% of Control

Oryzalin +
Llnuron +

Paraquat

Oryzalin +
Metribuzin +

Paraquat

Alachlor +
Linuron +

Paraquat

Paraquat

1 +
0.75 +
0.25

1 +
0.33 +
0.25

2.5 +
0.75 +
0.25

0.25

o

o

o

o

90

90

80

70

90

90

76

70

90

90

93

70

90

90

90

67

90

90

83

70

67

70

67

63

96

96

100

98

Control o o o 0
(2 • 5 ).£./ (2)

o
(1)

o
«1)

o
(~l)

o
«1)

100

~/ Crop injury rating: 0 = no injury and 10 = dead plants.

bl Crop yield was determined by harvest with commercial equipment, then converted to percent of
control for comparison.

c/ Numbers in parenthesis are the number of weeds per square foot in control plots.

00
-.r



Table 2.
00

Herbicidal efficacy, crop tolerance, and yield when oryza1in tank-mix combinations were N

applied preemergence to no-till soybeans in Illinois

Percent Weed Control

Crop Injury Rating!/ Giant Ivy1eaf
Crop Yie1d b/Rate Fox- Ladys- Volunteer Morning-

Treatment (lb/A) 4 weeks 14 weeks tail thumb Wheat glory % of Control

Oryzalin + 1 + 0.3 0.7 93 95 95 93 155
Linuron + 0.75 +

Paraquat 0.5

Oryzalin + 1 + l.0 1.7 96 96 97 95 145
Metribuzin 0.33 +

Paraquat 0.5

Paraquat 0.5 0 0 58 77 70 67 100

Control 0 0 0 0 0 0 0 dl
(1 ).£/ (0.5) (5) (0.7)

~/ Crop injury rating: 0 = no injury; 10 = dead plants.

b/ Crop yield wacs determined by harvest with commercial equipment, then converted to percent of
control for comparison.

£/ Numbers in parenthesis are the number of weeds per square foot in control plots.

d/ Untreated control was not harvested.

( (
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Table 3. Herbicidal efficacy, crop tolerance, and yield when oryzalin tank-mix combinations were
applied preemergence to no-till soybeans in Kentucky.

Percent Weed Control

a/ Root~/
Pennsyl- Red-

Crop- Giant vania root
Yield~/Rat~ Injury Injury Fox- Smart- Pig- Horse- Common Volunteer

Treatment (lb/A) Rating Rating tail weed weed weed Ragweed Wheat % of Control

Oryzalin + 1 + 0 0 65 75 80 40 90 20 170
Linuron + 0.75 +

Paraquat 0.25

Oryzalin + 1 + 0 0 90 80 90 80 80 70 105
Metribuzin + 0.33 +

Paraquat 0.25

Alachlor + 2.5 + 0 0 95 90 95 50 100 0 131
Linuron + 0.75 +

Paraquat 0.25

Control 0 0 0 0 0 0 0 0 0 100
( l)~/ (7) « 1) «1) (0.5) (11)

~/ Crop and root injury ratings: 0 = no injury and 10 = dead plants.

b/ Crop yield was determined by harvest with commercial equipment, then converted to percent of
control for comparison.

c/ Numbers in parenthesis are the number of weeds per square foot in control plots.

co
w
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Pre emergence and Postemergence Activity
of HOE-23408 in Soybeans

H. P. Wilson and T. E. HinesY

ABSTRACT

Research was conducted during 1974, 1975, and 1976 to determine the pre
emergence and postemergence activity of HOE-23408 (methyl 2- ~-(2,4-dichloro=
phenoxy)phenoxY.}propanoate) for weed control in soybeans. Applications were
made at a delivery rate of 41 gpa using small plot equiPment wi th propane as
the source of pressure. Plots measured 6.7 1 by 20 1 (2 rows wide); treatments
were replicated 3 to 4 times. In 1974 pre emergence applications of HOE-23408
at 1 1/2 to 3 Ib/A provided season-long control of fall panicum (Panicum dicho=
tomiflorum Michx) but failed to control lambsquarters (Qlenopodium album L.).
Postemergence applications to fall panicum measuring 1 to 2 in in height also
provided excellent control at rates between 1/2 and 2 Ib/A. A combination of
HOE-23408 at 1 IblA with chloroxuron (3- ~-(2.-chlorophenoxy)phenyll-l,l-dimethyl=
urea) at 1 1/2 lb/A controlled lambsquarters and fall panicum while a combination
of HOE-23408 + bentazon (3-isopropyl-l~-2,1,3-benzothiadiazin-(4) 3R-one 2,2
dioxide) at 1 + 3/4 lb/A respectively resulted in less fall panicum control than
HOE-23408 alone. In 1975, postemergence applications of HOE-23408 were made to
fall panicum measuring 1 to 5 in in height and control averaged only 551 for
rates of 1 1/2 to 3 Ibs/A with little difference existing between rates. Combi
nations of HOE-23408 with chloroxuron at I 1/2 lb/A each provided 771 control
of fall panicum while combinations of HOE-23408 (3 lb/A) with bentazon (3/4 Ib/A)
provided only 351 control of fall panicum. Highest soybean yields were obtained
from treatments providing best control. Studies in 1976 showed that lovegrass
(Eragrostis pilosa L.) and bul1grass (Paspalum Bosclanum Fluegge) were more
susceptible to postemergence applications of HOE-23408 than was large crabgrass
(Digitari~ sanguinalis L.). The differences in susceptibility of these species
to HOE-23408 increased rapidly as stage of growth increased. A combination of
HOE-23408 + chloroxuron proVided slightly better control of large crabgrass than
a combination of HOE-23408 + bentazon. Extensive injury to soybeans resulted
from combinations of HOE-23408 with dinoseb (2-~-butyl-4,6-dinitrophenol) or
with dinoseb + naptalam (!-l-naphthylphthalamic acid) applied at the "crackingU
stage of soybean growth. Preemergence applications of HOB-23408 with linuron
(3-(3,4-dichlorophenyl)-l-methoxy-l-methylurea) or metribuzln (4-amlno-6-~

butyl-3-(methylthio)-~-triazln-5(4~)-one) provided excellent control of crab
grass and bullgrass.

!lPlant Physiologist-and Agricultural Research Technician, respectively,
Virginia Truck and Ornamentals Research Station, Painter, VA23420.
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CONTROLOF JIMSONWEEDIN SOYBEANSWITHTIMED
POSTEMERGENCEBENTAZONAPPLICATIONS

J. V. Parochetti and J. R. Browl

ABSTRACT

Timely postemergence applications of bentazon (j-isopropyl-l tt-2,1,3
benzothiadiazin-(4)3H-one 2,2-dioxidelhave resulted in excellent control of
jimsonweed (Oatura ~iramonium L) in Gybeans (Glycine !!!§Q<. L}Bentazon appl ied
as late as the 5 to 6 leaf stage of jimsonweed (approximately 4 weeks after
soybean emergence) effected greater than 98%control of jimsonweed. Later
treatments (beyond 6 weeks after crop emergence) resulted in significantly
poorer jimsonweed control in two experiments. Injury to soybeans was minimal
with early postemergence treatments applied at the 3 to 5 trifoliate leaf
stage (approximately 3 to 4 weeks after crop emergence). Soybean yields
were not reduced significantly when bentazon applications were made by the
1 to 3 trifoliate leaf stage (approximately 3 weeks after soybean emergence).
Yields were significantly reduced by jimsonweed competition when bentazon
was applied later than 3 weeks after soybean emergence.

1Assoc. Prof. and Grad. Student, Dep. Agron., Univ. Maryland, College Park, MD
20742.
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RESPONSE OF KENAF TO SOME PREEMERGENCEHERBICIDES

R. W. Michieka, R. D. Ilnicki, J. R. Justin, and J. Zubl e n all

ABSTRACT

Some representative herbicides from the acetanilide,
dinitroaniline, N-phenylurea, diphenylether, and ~-triazine

families were surveyed for possible use as preemergence herbi
cides on kenaf. The acetanilide herbicides, alachlor and
propachlor, were the safest. The dinitroaniline herbicides
studied were the next safest with penoxalin safer than oryzalin.

As a family, the N-phenylureas were injurious to kenaf.
Chlorbromuron and linuron were more severe on crop stand and
vigor than fluometuron and metabromuron, but the latter two
still produced significant injury.

Fluorodifen was safe on kenaf at rates not affecting good
weed control. Increasing the rate to improve weed control
injury on kenaf resulted.

Metribuzin, an asymmetric herbicide, was not considered
safe at all for this crop.

INTRODUCTION

Some interest has developed in kenaf (Hibiscus cannabinus
L.) as a source of bast fibers for the manufacture of fine
quality papers. Some research was conducted on this plant during
World War II as a possible jute substitute.

Not much work has been done on kenaf with regard to weed
control from herbicides or how herbicides might fit into the
culture of this crop. It was the objective of this study to
ascertain what preemergence herbicides might be used successfully
to control weeds without producing any serious injury. Some

!I Graduate Assistant, Research Professor of Weed Science, Exten
sion Specialist in Soils and Crops, and Graduate Assistant,
respectively, Department of Soils and Crops, Cook College,
New Brunswick, N. J. 08903.
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representatives of the following herbicide families were selected:
acetanilides, dinitroanilines, N-phenylureas, diphenylethers,
and an as-triazine.

MATERIALS AND METHODS

Kenaf (var. 2032) was planted after complete seedbed
preparation on June 17, 1976, in a Freehold loam soil at the
Adelphia Research Center, New Jersey Agricultural Experiment
Station, Adelphia, New Jersey, with a tractor-drawn drill with
9-inch spacings between rows. Following planting,plots 3' (4
rows) wide x 20' long were established to receive preemergence
applications of herbicides. All herbicide applications were
made preemergence using a hand-operated co2- p r op e l l e d plot
sprayer on the same day of planting. A complete randomized
block design was used with 3 replications. The herbicide treat
ments included in the study are presented in Table 1. Chemical
identities and the formulations used are presented in the Appen
dix.

The experimental area was infested with the following weeds:
red root pigweed (Amaranthus retroflexus L.), common ragweed
(Ambrosia artemasiifolia L.), and fall panicum (Panicum dichoto
miflorum Michx.)

Throughout the investigation periodic observations were
made on crop injury and weed control. A rating scale of 0 to 10
was used where 0 = no effect on stand or vigor and 10 = complete
control or 100% elimination of stand.

RESULTS AND DISCYSSION

In Table 1 are summarized the responses of kenaf to the
various herbicide treatments and weed control. The data pre
sented here were taken, on July 30 some 6 weeks after planting
and herbicide application.

From this table it can be seen that of the herbicide
families studied, the acetanilide herbicides were the safest.
Some injury to stand and vigor of kenaf was produced from the
highest rate of alachlor but it was felt this would not be
reflected in yield.

Some injury to kenaf was realized from the dinitroanilines
but only from oryzalin. Penoxalin was safe to use on this crop.
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As a family, the N-phenylureas were injurious to this crop.
Chlorbromuron and linuron produced serious injury and at the
highest rate of each almost completely eliminated the kenaf.
Less injury, but still serious injury, was produced by fluome
turon and metobromuron.

Fluorodifen, a diphenylether herbicide, effected some
injury to kenaf but only at the highest rate evaluated. The two
lower rates were considered as safe rates.

Metribuzin, an aSYmmetric triazine, was very injurious to
kenaf and probably could not be worked into a weed control
program.

with regard to weed control, all herbicides produced some
degree of weed control on the weeds present in the study. Some
specific comments can be made, however. Penoxalin and fluorodi
fen were only slightly effective on pigweed: alachlor, fluorodi
fen, penoxalin, and oryzalin produced poor to good control of
common ragweed: and chlorbromuron, fluorodifen and oryzalin were
only fair on fall panicum.



Table 1. The effects of some preemergence herbicides on weed
control and kenaf responses

89

Herbicide
Rate,
1b/A

Kenaf
1 . 1

Stand V~gor

1
Weed Control

Fall
Pigweed Ragweed Panicum

a1ach1or

propach1or

oryza1in

penoxa1in

2 0.0
3 0.3
4 1.0

4 0.3
5 0.3
6 0.3

1 1/2 0.3
2 1.2
3 4.7

3/4 0.3
1 0.0
1 1/2 0.0

0.3
0.7
1.7

0.2
0.8
0.7

3.3
2.0
2.3

0.5
0.7
0.3

8.0
9.3

10.0

8.0
8.0
6.0

5.3
9.0
9.7

4.0
6.0
9.0

4.0
5.0
5.0

4.0
5.7
6.0

7.0
8.3
7.7

6.7
9.0

10.0

8.3
9.3

10.0

9.7
10.0
10.0

5.3
6.0
7.7

8.3
10.0

8.7

ch1orbromuron 1
2
3

2.7
8.3
9.8

3.7
6.0
7.3

9.3
10.0
10.0

8.0
8.7
8.3

2.3
5.b
6.3

f1uometuron 2 2.0
3 1.7
4 2.3

1inuron 3/4 3.8
1 5.2
1 1/2 8.7

metobromuron 2 2.3
2 1/2 1.8
3 2.3

f1uorodifen 2 0.8
3 0.2
4 1.7

1.0
2.3
4.3

3.3
4.0
6.0

3.3
2.5
4.7

3.0
4.0
2.3

8.0
9.3

10.0

10.0
9.7

10.0

10.0
10.0
10.0

6.7
7.3
8.0

9.0
10.0
10.0

7.3
8.3

10.0

9.3
10.0
10.0

3.7
4.0
8.3

8.3
9.3

10.0

8.3
5.7
8.0

6.7
10.0
10.0

5.0
3.3
6.3

o = no effect on stand or
elimination of stand.

metribuzin 3/8 7.3 2.7
3/4 7.0 6.7
1 6.7 6.7

1Ba s ed on a scale of 0 to 10, where
vigor and 10 = complete control or

6.3
10.0
10.0

10.0
10.0
10.0

10.0
10.0
10.0
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Common Name

Acetanilides
alachlor, ec

propachlor, wp

Dinitroanilines
oryzalin, wp

penoxalin, ec

N-phenylureas
chlorbromuron, wp

fluometuron, wp

linuron, wp

metabromuron, wp

Diphenylether
fluorodifen

as-Triazine
metribuzin

APPENDIX

Chemical Name

2-chloro-2',6'-diethyl-N-(methoxy=
methyl) acetanilide

2-chloro-N-isopropylacetanilide

3,5-dinitro-~,~-dipropylsulfanil
amide

N-(1-ethylpropyl)-3,4-dimethyl-2,6
dinitrobenzeneamine

3-(4-bromo-3-chlorophenyl)
methoxy-l-methylurea

1,1-dimethyl-3-(cr,~~ -trifluoro-m
tolyl)urea

3-(3,4-dichlorophenyl)-1-methoxy-l
methyl-urea

3-(p-bromophenyl)-1-methoxy-l
methylurea

p-nitrophenyl ("'/~>J\-trifluoro-2

nitro-p-tolyl ether

4-amino-6-tert-butyl-3-(methylthio)
as-triazine-S{4H)one



91

FALL APPLICATIONSOF GLYPHOSATEFOR QUACKGRASSCONTROL
l

William B. Duke and Julian F. Hunt 2

Field studies were conducted in 1975 and 1976 at Etna, New York to
examine the overall effects of glyphosate on quackgrass regrowth following
application at several different dates in the fall. Glyphosate at 2.2
kg/ha were applied every two weeks from September 15 to November 15, 1975
and compared to an application made on May 15, 1976. These treatments were
repeated at Etna on a second site in the fall of 1976. The only changes in
the second study were that glyphosate applications were begun on September
1. The experiments were set up as a factorial with pared comparisons
between checks and treatments for each date. All treatments were repli
cated four times.

Quackgrass regrowth in July 1976 following glyphosate applications in
early to mid-September 1975 was greater than that which occurred following
applications made in mid-October to mid-November 1975. Late fall applica
tions (mid-November) were as effective as early spring (mid-May) treatments.

In the second study initiated in the fall of 1976, subsamples of
intact rhizome systems with attached plants were taken from treated and
untreated plots ten to fourteen days after glyphosate applications. The
rhizome system was mapped and all rhizomes were cut into individual nodes.
The single nodes were planted in peat in the greenhouse and viability was
determined after 30 days. In general glyphosate was found to translocate
throughout old and new rhizomes. Lack of translocation into buds was
observed following rainfall and when temperatures were less than 45°F for
the period between application and sampling. Data will be taken in the
summer of 1976 to correlate activity with the translocation information.

1

2

Contribution from the Dept. of Agronomy, New York State College of
Agriculture and Life Sciences, Cornell University, Ithaca, N.Y.

Assoc. Prof. and Experimentalist, respectively, Dept. of Agron., Cornell
Univ., Ithaca, NY 14853.
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POL.

John A. Grande l /

Abstract

Various plastic resin containers were evaluated for their
ability to be aqapted to a C02 pressurized small plot sprayer.
The containers were evaluated by the following criteria: burst
pressure, burst characteristics, chemical resistance, and
economy. A 1000 ml linear polyethylene container was success
fully evaluated by t~e above criteria. Burst pressure was in
excess of 3.78 kg/em. The container was operated continuously
at pressures up to 4.92 kg/cm 2, which allowed for a high degree
of flexibility in nozzle performance, i.e. GPM, spacing, height
and ~PA. The burst characteristic of the container was a longi
tudinal rupture along one side. No fragmentation occurred.
Chem.i.caL resistance was tested by allowing twenty undiluted
e1Julsifiable concentrate herbicides to remain in the container
for 72 hours. The containers were then evaluated for chemical
resistance by visual inspection and for loss of wall rigidity by
pr~ssurizing them to 4.92 kG/c~2. The only change noted in the
containers was a slight permanent stain from trifluralin. ~he

container is easily adaptable to C02 pressurized sprayers with
common tools and a minor expense.

1/ A~erican Hoechst Corp., Agricultural Chemicals Department,
4 Gates Avenue, East 5runswick, N.J. 00816
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THE EFFECTS OF SOME DINITROANILINE HERBICIDE ON KENAF

R. D. Ilnicki, J. R. Justin, and R. W. Michieka!/

ABSTRACT

A number of dinitroaniline herbicides were evaluated for weed
control and crop tolerance in kenaf. All were soil-incorporated
prior to planting. Of the herbicides studied, no herbicide had
any serious effect on kenaf. Butralin, ethalfluralin, nitralin,
oryzalin, profluralin, and USB 3153 had any effect on the vigor
or growth of the crop. penoxalin, at all rates studied, and only
the high rates of dinitramine, trifluralin, and trifluralin re
duced the vigor of the crop but this was a short-lived response.

All herbicides were effective on fall panicum and redroot
pigweed. Excellent control of common ragweed was produced by
oryzalin and profluralin, by high rates of ethalfluralin and
USB 3153, and by the highest rate of nitralin and butralin. Di
nitramine, fluchloralin, penoxalin, and trifluralin were not too
effective, at any rate, on this species.

INTRODUCTION

Kenaf (Hibiscus cannabinus L.) has been studied for nearly
20 years in the south as a possible substitute for wood pulp.
Over the past decade, it has been investigated at least three
times in New Jersey for various uses. In 1975, a study was begun
to determine the usefulness of kenaf bast fibers for the manufac
ture of fine quality papers.

From preliminary studies conducted at this station and else
where, it was found that trifluralin may have a place in its
culture for the control of many annual weeds. Since there are a
number of herbicides available to weed scientists that are similar
in chemical structure to trifluralin, it was felt that a study to

!/Research Professor Weed Science, Extension Specialist in Soils
and Crops, Graduate Assistant, respectively, Department of Soils
and Crops, Cook College, Rutgers university, New Brunswick,
N.J. 08903.
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determine the effects of other dinitroaniline herbicides on kenaf
was in order. It was with this objective in mind that this study
was undertaken.

MATERIALS AND METHODS

Kenaf (var. 2032) was planted, after complete seedbed
preparation, on June 17, 1976, in a Freehold loam soil at the
Adelphia Research Center, New Jersey Agricultural Experiment
Station with a tractor-drawn drill with 9-inch spacings between
drill bands. Prior to planting plots 3 1 (4 rows) wide x 20 1 long
were established to receive the herbicide treatments. A complete
randomized block design with 3 replications was used. All herbi
cide treatments were applied as 40 gpa with water as the carrier.
Immediately after planting, all treated plots were mechanically
soil-incorporated to a depth of 3 inches with a tractor-drawn
tilrovator. After the incorporation operation, plots were relo
cated and planting followed.

The experimental area was primarily infested with redroot
pigweed (Amaranthus retroflexus L.), common ragweed (Ambrosia
artemisiifolia L.) and fall panicum (Panicum dichotomiflorum
Michx. ) •

Weed control and crop injury were rated using the scale 0 to
10, where 0 = no control or crop injury and 10 = complete control
or 10~/o reduction in crop stand or vigor. Ratings were made on
July 30. The herbicide treatments investigated are presented in
Table 1. The chemical names and formulations of herbicides in
vestigated are presented in the Appendix.

RESULTS AND DISCUSSION

The effects of the dinitroaniline herbicides on kenaf and
on weed control are summarized in Table 1. From this table it
can be seen that no herbicide or herbicide treatment (rate) had
any effect on stand of kenaf. However, several herbicide treat
ments did affect the vigor of crop. Butralin, ethalfluralin,
nitralin, oryzalin, profluralin, and USB 3153 had no effect on
the vigor or growth of kenaf. Penoxalin, at all rates investi
gated, reduced the vigor of the crop. Only the two higher rates
of dinitramine and trifluralin and only the highest rate of
fluchloralin reduced the vigor of the crop. These reductions in
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vigor were short-lived and ultimately this temporary effect was
later outgrown.

with regard to weed control, one interesting point is obvious.
All dinitroaniline herbicides evaluated were effective on fall
panicum with no difference between them. There were differences
in the degree of broadleaf weed control, however. Common redroot
pigweed was more easily controlled than common ragweed. Excellent
control of ragweed at all rates evaluated was obtained by oryzalin
and profluralin. Slightly less but still excellent control was
obtained by the two higher rates of ethalfluralin and USB 3153
and good to excellent control only by the highest rate of nitralin
and butralin. Control of redroot pigweed was complete by all
herbicides. Excellent control was obtained by the highest rates
of all herbicides studied. Lower rates of all herbicides effected
good control of this species with the exception of oryzalin.
Control of fall panicum at the lowest rate of herbicide was poor.

Kenaf was not harvested for yield. It was felt that no
herbicide had any detrimental effects on this crop per see Any
difference in yield would be due to weed control alone.
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Table 1. The effects of some dinitroani1ine herbicides on weed
control and kenaf responses.

Kenaf
1

Weed Control
Rate,

1 vigor 1
Fall

Herbicide 1b/A Stand Pigweed Ragweed Panicum

butra1in 1 0.0 0.7 9.7 6.7 10.0
1 1/2 0.0 0.0 8.7 6.7 9.3
2 0.0 0.2 10.0 8.3 10.0

dinitramine 1/3 0.0 0.0 9.3 5.7 10.0
1/2 0.0 1.0 9.7 6.3 10.0
2/3 0.0 1.0 10.0 5.3 10.0

etha1f1ura1in 3/4 0.0 0.0 9.3 6.7 10.0
1 0.2 0.0 8.7 9.3 10.0
1 1/2 0.2 0.0 10.0 10.0 10.0

f1uch1ora1in 1/2 0.0 0.2 8.0 4.7 10.0
3/4 0.0 0.8 9.8 5.0 10.0
1 0.7 1.2 9.0 607 10.0

nitra1in 3/4 0.7 0.7 9.0 5.0 10.0
1 0.0 0.7 10.0 6.3 10.0
1 1/2 0.0 0.0 9.3 9.7 10.0

oryza1in 3/4 0.0 0.0 3.3 10.0 10.0
1 0.0 0.3 10.0 10.0 10.0
1 1/2 0.0 0.3 10.0 10.0 10.0

penoxa1in 3/4 0.0 1.0 10.0 3.3 10.0
1 0.0 1.2 9.5 2.7 10.0
1 1/2 0.0 1.2 10.0 6.3 10.0

prof1ura1in 1/2 0.0 0.0 8.0 10.0 10.0
1 0.0 0.2 8.8 10.0 10.0
1 1/2 0.0 0.3 9.7 9.8 10.0

trif1ura1in 3/4 0.8 0.7 10.0 0.0 9.3
1 0.0 1.0 9.5 0.0 10.0
1 1/2 0.0 1.0 9.0 6.3 10.0

USB 3153 1/3 0.0 0.5 7.7 0.5 10.0
1/2 0.3 0.3 9.2 9.3 10.0
2/3 0.2 0.3 10.0 9.7 10.0

1Ba s ed on a scale of 0 to 10, Where 0 = no effect on stand or
vigor and 10 = complete control or elimination of stand.
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Common Name

butralin, ec

dinitramine, ec

etha1f1ura1in, ec

f1uchlora1in, ec

nitra1in, wp

oryza1in, wp

penoxa1in, ec

prof1ura1in, ec

trif1uralin, ec

USB 3153, wp
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APPENDIX

4-(1,1-dimethy1ethy1)-N-(1
methy1=propy1)-2,6-dinitro
benzenamine

N4 ,N4-diethy1~,,{) 1\ -trif1uoro
3,5-dinitroto1uene-2,4-diamine

N-ethy1-N-(2-methyl-2-propeny1)
2,6-dinitro-4-(trif1uoromethy1)
benzenamine

N-(2-ch1oroethy1)-2,6-dinitro-N
propyl-4-(trif1uoromethy1) aniline

4-(methylsu1fony1)-2,6-dinitro
N,N-dipropy1ani1ine

3,5-dinitro-N4,~-dipropy1su1
fani1amide

N-(1-ethy1propy1)-3,4-dimethy1
2,6-dinitrobenzenamine

N- (cyc1opropy1methy1) - J...J;,j;,-tri
f1uoro-2,6-dinitro-N-propy1-p
toluidine

d.~ ~ ,j\ -trif1uoro-2, 6-dini tro
N,N-dipropy1-p-to1uidine

chemistry not disclosed
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EFFECT OF GLYPHOSATEAPPLICATIONSON HEDGEBINDWEED

W. L. Kline and G. W. Sellec~

ABSTRACT

Glyphosate [N-(phosphonomethyl) glycine] at 4 Ibs/A alone, plus
1% ~bn 0011 and Nalco was applied to hedge bindweed (Convolvulus sepium L.)
at different stages of plant growth. Leaf chlorosis was visible three
days after application and within 21 days 95 to 97%control was achieved.
After six weeks, regrowth from underground parts reduced control to 50%
on pre-flowering, 70-75%on flowering and to 90-95%on late or post
flowering treatments. There was no visible difference to hedge bindweed
between Glyphosate at 4 lbs/A alone or with any of the additives, either
in initial activity or the extent of regrowth. All plots were retreated
twice at various stages of the plants. The first re-treatment controlled
regrowth for a month at 4 stages: 411 tall, 6" tall, 10" tall, 20" tall
and bloom. SUbsequent regrowth from these treatments differed little in
density. The second re-treatment gave a 70 to 85%control on foliage,
but the rhizomes revealed only superficial root necrosis.

Jack pine (Pinus rigida Mill.) which was in some of the plcts showed
only superficial burning of the needles with one application of Glyphosate.

l/Graduate Student and Professor, L.I. Vegetable Research Farm, respectively,
Department of Vegetable Crops, Cornell University, Ithaca, New York.
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ANNUAL WEEDCONTROL IN ALFALFANEW SEEDINGsY

Jonas VengrisY

ABSTRACT

Two field experiments were conducted in studying annual weed control in
establishing alfalfa (Medicago sativa L. Saranac) seedings. In experimental areas fall
panicum (Panicum dichotomiflorum Michx.) was dominant weedy grass. Dinoseb
(2-sec-but yl-4,6-dinitrophenol) I metolach lor [2-chloro- N-(2-ethyl-6-methyl-phenyl}- N
(methoxy-1-methylethyl) acetamide} and methazole [2-(3 A-dichlorophenyl)-4-methyl-
1/2 /4-oxadiazolidine-3,5-dione} treatments significantly thinned out alfalfa seedings.
Benefin [N-butyl-N-ethyl-a la la-trifluoro-2,6-dinitro-p-toluidine}, EPTC (S-ethyl
dipropyltliiOcarbamate), profluralin [N-(cyclopropylmethyl)-a la la-trifluoro-2,6
dinitro-N-propyl-p-toluidine} and butralin [4-{1,l-dimethylethyl)-N-(l-methylpropyl)
2,6-dinitrobenzarTiine} were outstanding treatments in grassy weed control. Vel 5052
[2-chloro-N-(2,6-dimethyl phenyl}-N[{I,3-dioxolan-2-yl} methyl] acetamide)} herbicide
did a good job in controlling fall panicum and other grassy weeds but it was poor in
broadleaf weed control. Following the year after seeding I alfalfa yields of untreated
checks and of the best herbicidol treatments were comparable. The values of herbicidal
treatments in establishing alfalfa seedings in most cases should be measured by both the
improved quality and quantity of hay produced in the year of seeding.

INTRODUCTION

In recent years fall poni cum and crabgrass (Digitaria spp.) became most trouble
some annua I weedy grasses in corn, forage seedi ngs and other crops in the Northeast.
The main objective of this study was to investigate under field conditions the effective
ness of available herbicides and their combinations in controlling these weedy grasses in
establishing alfalfa seedings.

MATERIALSand METHODS

The experiments were conducted at the South Deerfield experimental farm on a
fine sandy loam that was made up of 1.1% organic matter and was moderately well
drained. A randomized block design with four replicates in the 1975trials and with
three replicates in the 1976 trials was used. Plot size 8 by 30 ft. was used. Fall
panicum was the dominant weed in both experiments. The rest of the weed population
consisted of crabgrass, witchgrass (Panicum capillare l.), redroot pigweed (Amaranthus
retroflexus l.) and lambsquarters (Chenopodium sp.). Common purslane (Portulaca
oleracea l.) was present in the 1975 trials only.

11Paper No. 2088, Massachusetts Agr. Exp. Sto , , Univ. of Massachusetts at Amherst.
- This research is supported from Exp, Sta. Hatch Project No. 375.
2/ Prof., Department of Plant and Soil Science, Univ. of Massachusetts, Amherst,
- Ma. 01003.
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In both years the seedbed was prepared one to two days before alfalfa seeding.
In 1975 on May 23 and in 1976on M.ay 25 alfalfa was seeded with a Brillion seeder at
the rate of 16 Ib/A. A list of treatments and their application dates are presented in
the tables. Preplant treatments were, after application, immediately mixed into the
soil by rototilling three inches deep. Alfalfa and weed seedlings were about 2 to 3
inches tall when postemergence treatments were applie~. Alfalfa was in a 3 true leaf
stage of growth. All herbicide rates presented in the tables are expressed in pounds
of acid equiva lents or active ingredients per acre.

The effectiveness of the herbicides used in controlling weeds was closely
observed throughout the growing secson , Two weeks after application of postemergence
treatments, alfalfa seedling number per sq. ft. was recorded. At early blooming the
alfalfa of the 1975 seeding was harvested twice the first year and twice the following
year. For the 1976 seedings only first year yield data was presented. Yields were
determined by harvesting a 3 ft. strip in the middle of each plot. Immediately after
harvestings, species separation analyses were done to determine alfalfa and weed yields.
Some specifics conceming procedures will be given when discussing results of the
separate experi ments .

RESULTSand DISCUSSION

1975 trials.

Dinoseb methazole and metolachlor treatments significantly thinned out alfalfa
seedlings (Table 1). Metolachlor pre-emergence applications were more injurious to
alfalfa than preplant incorporated treatments. Alfalfa was stunted and injured by methazole
and meto lach lor treatments.

Benefin, EPTCand profluralin eliminated fall panicum almost completely in the
first cutting. Some weedy grasses escaped metolachlor and methazole applications and,
due to the lack of competition, developed lush growth in the aftermath (Table l). Dinoseb
killed broad leaf weed seedlings and thinned out alfalfa, thus creating excellent conditions
for fall panicum and other grassy weeds to gllQW. Metolachlor was rather weak in controlling
broadleaf weeds. Also, it is interesting to note that EPTCwas weaker for broad leaf
weed control than benefin or profluralin.

The highest yields of alfalfa were producted by benefin, EPTCand profluralin
treatments. Dinoseb, methazo Ie and .higher rates of meto lach lor decreased a Ifa Ifa yie Ids
compared with untreated checks.

In the aftermath fall panicum was the dominant weed. Other weedy grasses or
broad leaf weeds were scarce and insignificant. Regrowth of alfalfa was poor. Fall
panicum strongly competed with thinned out alfalfa stands in metolachlor, lower rates of
methazole, dinoseb and 2 ,4-DB[4-(2 ,4-dichloraphenoxy) butyric acid] treatments.
Again, benefin, EPTCand profluralin produced the highest alfalfa yields. Aftermath
yields were much lower than those of the first cutting.
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Alfalfa stands were surveyed the following year. Alfalfa stands of untreated checks

as well as all treatments were clean from weeds. Methazole plots showed some injury
marks; alfalfa was thinned out and somewhat stunted. Alfalfa was cut at an early bloom
stage of growth on June 15and again on July 20 (Table 1). Alfalfa yields were
decreased by dinoseb and higher rates of methazole. It is interesting to note that yields
of checks, 2,4-08 and even metolachlor were comparable with the best herbicidal treatments.
Thus, the values of the herbicidal treatments in establishing alfalfa seedings in most
cases should be measured by both the improved quality and quantity of hay produced in the
year of seeding.

1976trials.

Methazole at higher rates than 0.75 Ib/A and dinoseb thinned out alfalfa stands
considerably (Table 2). All treatments but 2,4-08 and dinoseb significantly controlled
weedy grasses. Fall panicum was the dominant grassy weed and made up over 90 percent
of all weeds present. New Vel 5052 herbicide did an excellent job in controlling fall
panieum. This herbicide was relatively poor on annual bmadleaf weed control.

Alfalfa yields of the first cutting were increased over the untreated checks by all
treatments except dinoseb and methazole 'j .5 Ib/A and 2,4-08. Regrowth of alfalfa was good
and apparently suppressed the regrowth of fall panicum and other weeds. With the
exception of 2,4-08, dinoseb and untreated checks, second cutting alfalfa yields of all
treatments were comparable and did not differ appreciably.



Table 1. The effect of herbicidal treatments on annual weed oontrol in new alfalfa seeding 1975.

....
o
N

lJDote"Cf No. of alfalfa DrvMatter Yields Ib/90 sq. ft. plot

Application
seedlings First Cutting 7123/75 SecOndcuttina 9/15175 W15/76 7/20/76

Treatments Sq. ft. on Fall Other Fall "~ ""
7/2175 Panicum GW BW Alfalfa Ponicum A"lfalfo AlfuIIg AUalfa

1. Check 42 3.52b 1.90 1.59 2,34 cd 2.09 d 1.69 be 7.70 ab 5.71 abc
2. Benefin, 1.2 Ib/A, PPI 5/22 47 0 0 0 6.6Oa 0.29 f 3.100 8.600 6.520
3. EPTC,4 Ib/A, PPI 5/22 43 0 0 0.32 6.080 0.07 f 3.54a 7.88 ab 6.30 ab
4. Pre-fluralin, 1 Ib/A, PPI 5/22 49 0 0 0 6.600 0.03 f 3.100 8.03 ab 6.09ab
5. Profluralin+ 2,4-08, 1 + 1.5 Ib/A, PPI + Post 5/22 +6/17 40 0 0 0 6.22 a 0.09 f 2.96 a 8.10 ab 6.24 ab
6. MAtolnrhlnr. 2 IbfA. PPI 5/22 38 0.29 e 0 0.94 2.37 cd 2.47d 1.57 bed 7.22 abc 5.81 abc
7. Metolachlor, 3 Ib/A. PPl 5/22 28 0.06 c 0 0.83 1.39 ef 3.54 e 1.34 cdef 8.00 ab 6.45 a
8. MAtnlochlor.2 IbfA. Pre 5/23 23 0.35 e 0.07 0.67 3.07 e 4.07b 1.03 def 8.52 a 5.54 abc
9. Metolochlor, 3 Ib/A, Pre 5123 23 0.11 c 0.05 0.06 1. 78 def 4.64 a 1.89 be 7.48 ab 5.32 be
10. Methazole, 2 IblA, Pre 5/23 18 0.12 c 0.02 0.04 2.03 de 3.53 e 1.41 cde 7.05 abc 4.84 c
11. MethazoIe, 3 IblA, Pre 5123 7 0.12 c 0.05 0 0.46 gh 1.07 e 0.81 f 6.02 c 3.74d
12. Metozole, 4 Ib./A, Pre 5/23 7 +0 0 0 0.23 h 0.09 f 0.96 ef 3.20 d 2.11 e
13. Dinaseb, 1 IbIA, Post 6117 8 5.37a 1.34 0 1.19fg 3.06 e 0.96 ef 6.58 c 3.71 d
14. 2,4-DB, 1.5 IbIA, Post 6117 42 3.16 b 1.27 0 4.01 b 2.17 d 1.45 bcde- 7.82 ab 5.4/ abc

1) Means not fallowed by the same letter are significantly different at the 5% level using Duncan's Multiple RangeTest.
a) Negligible amounts.

( (
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Table 2. The effect of herbicidal treatments on annual weed control in new alfalfa seeding 1976.

Date of No. of alfalfa Dry Mltter yields Ib./90 SCI.ft. 1)
seedlings First Cutting 7/20/76 Second Cutting 9/14/76

Treatments Application Sq. ft. on
6/26/76 GW BW Alfalfa GW BW Alfalfa

1. Check 61 5.61 c 5.17 1.98 gh 1.33 b 0.23 1.73c
2. Benefin, 12 Ib/A, PP1 5/24 57 0.13 ef 0.66 5.84 abc 0.19 9 0 5.81 a
3. EPTC, 4 Ib/A, PP1 5/24 62 0.19 ef 0.25 5.77 abc 0. 259 + 5.46 ab
4. Proflurolin, lib/A, PPl 5/24 61 0.28 e 0.08 ) 6.27 ab 0.52 f + 5.13 ob
5. Proflurolin + 2,4-0B, 1 + lib/A, PPl + Post 5/24 + 6/15 65 0.34 e +0 6.39 a 0.40 fg 0 5.59 ab
6. Butralin, 1.5 Ib/A, PP1 5/24 66 0.37 e 0.22 6.88 a 0.89 cd + 4.94 b
7. Butralin + 2,4-0B, 1.5 + lib/A, PP1+ Post 5/24 + 6/15 54 0.36 e 0 6.92 a 0.77 de 0 5.12 ab
8. Methazole, 0.75 Ib/A, Pre 5/26 61 O.68d + 6.08 ab 1.03 c 0 4.96 b
9. Methazole, 1.0 Ib/A, Pre 5/26 33 0.33 e 0 4.50 de 0.60 ef 0 5.30 ab
10. Methazole, 1.5 Ib/A, Pre 5/26 13 0.16 ef 0.09 1.90 gh 0.35 fg + 4.94 b
11. Benefin + methazole, 1 + lib/A, PP1 + Pre 5/24 + 5/26 36 + 0 4.68 cd 0. 179 0 5.59 ab
12. EPTC+ methazole, 3 + 1 Ib/A, PP1+ Pre 5/24 + 5/26 22 0.04 f + 3.25 f 0. 179 0 5.17ab
13. Vel 5052, 2 Ib/A, Pre 5/26 58 0.07 f 1.81 5.36 cd 0. 269 + 4.94 b
14. Vel 5052, 3 Ib/A, Pre 5/26 64 + 1.11 5.81 abc 0.25 g + 5.36 ab
15. Vel 5052 + methazole, 2 + lib/A, Pre 5/26 21 0.18 ef 0 3.34 ef + 0 5.52 ab
16. Oinoseb, lib/A, Post 6/15 14 9.58 a 1.46 1.09h 1.44 b + 1.00d
17. 2,4-0B, 1 Ib/A, Post 6/15 57 8.34 b 0 2.71 fg 2.17 a 0 ·2.31 c

1) Means not followed by the same letter are significantly different at the 5% level using Duncan's Multiple Range Test.

a) Negligible amounts.

-'
o
w
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MANAGINGALFALFAPRODUCTION
WITHMETRIBUZIN

G. P. Pagano, R. H. Ackerman, E. 17Cunningham and
P. M. Greh1inger_

ABSTRACT

The presence of weeds in established alfalfa effect
both hay quality and stand life. Metribuzin (4-amino-6
tert-butyl-3-(methylthio)-as-triazine-5(4H)one) has been
TIerd tested in alfalfa growing regions of the Northeast
to determine weed control, optimum rates, yield and
protein changes resulting from its application.

Metribuzin at rates of 0.28 kg/ha controlled common
chickweed (Ste11aria media) and yellow rocket (Barbarea
VU1~aris). Metribuzin at 0.56 kg/ha gave control of
hen it (Lamium amplexicaule), mustard (Brassica sp.),
pigweed (Amarantlius sp.), red deadnettle (Lamium
purpurcum), slieplierdspurse (Capsella bursa-pastoris) and
sweet verna1grass (Anthoxanthum odoratum). At least
0.84 kgjha were required to control ragweed (Ambrosia
ortemisiifolia) white cockle (Lynchnis alba) and give
partial control of dandelion (T araxacum officinale).
Grasses such as barnyardgrass (Echinochloa cruS~alli)
and quackgrass (Agropyron repens) require 1.13 g/ha
metribuzin for suppression.

Both reductions and increases.in total yield
(alfalfa plus weeds) were noted after metribuzin appli
cations. In areas wher~ weed pressure was severe total
yields were decreased, however total protein was in
creased following treatment. In fields with high alfalfa
populations the control of broadleaf with metribuzin
increased total yields and protein per hectare.

lkesearch and Development, CHEMAGROAGRICULTURALDIVISION,
Mobay Chemical Corporation, Kansas City, Missouri.
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EFFECTSOF SEVERALADJUVANTSON PREEMERGENCE
ANDPOSTEMERGENCEHERBICIDESIN 19761

J. V. Parochetti 2, H. P. Wilson 3, and C. E. Beste 2

Abstract. Seven field experiments were conducted at three locations in
Maryland and Virginia in 1976 to evaluate several herbicides with and without
surfactants. All treatments were applied in water. Several surfactants
greatly enhanced foliar necrosis of rye (Secale cereale L.) by paraquat (1,1'
dimethyl-4,4 1-bipyridinium ion) whereas several others were not as effective
but better than paraquat with no surfactant. The addition of surfactants to
preemergence herbicides generally did not enhance either initial or residual
weed control nor reduce crop phytotoxicity from the herbicides.

INTRODUCTION

Surfactants are exempt from Environmental Protection Agency (EPA) reg
istration because they are defined as a non-pesticide. As a consequence
surfactants packaged separately from a pesticide can be marketed for use with
pesticides without EPA registration and without providing efficacy data.

A review article on the nature and mode of action of surfactants has been
published (1). The addition of surfactants to increase the activity of post
emergence herbicides has been known since the introduction of the phenoxy
herbicides. Surfactants are usually added by the manufacturers of pesticides
to provide formulations suitable for field use. The addition of extra sur
factants by the user to preemergence herbicides has been advocated by
surfactant manufacturers, but little efficacy data are available.

This research was conducted to determine if several commercially available
surfactants are beneficial both for foliar and soil application with several
herbicides.

PROCEDURE,RESULTS,and DISCUSSION

Seven field experiments were conducted at three locations in 1976 in
Maryland and Virginia evaluating several herbicides with and without surfac
tants. All treatments were applied with water as the liquid carrier.

Locations of the field experiments were the Vegetable Research Farm,
Salisbury, MD(hereafter referred to as Site 1), the Virginia Truck and
Ornamentals Research Station, Painter, VA (hereafter referred to as Site 2),
and the Poplar Hill Research Farm, Salisbury, MD(hereafter referred to as
Site 3). The soil at Site 1 was Norfolk sandy loam; at Site 2, Sassafras
sandy loam; and at Site 3, Galestown sandy loam.

1Joint contribution of the Deps. of Agron. and Hort., Maryland Agri. Exp. ~ta.,
Scientific Article No.A2271 and Contribution No. 5267, and the Plant Physiol.
Dep., Virginia Truck and Ornamentals Res. Sta., Paper No. 167, Journal Series.

2Assoc. Profs., Dep. of Agron. and Dep. Hort., respectively, Univ. of Maryland,
College Park, MD 20742.

3Plant Physiol., Virginia Truck and Ornamentals Res. Sta., Painter, VA 23420.
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The trade name, source of material and principle functioning agents of
surfactants used in the field research is listed in Table 1.

Experiments I and II were conducted to evaluate the effects of several
surfactants with paraquat using rye foliar necrosis as the basis of measure
ment of herbicide activity. Experiment I was located at Si,te I and Experiment
II was located at Site 2. Rye was seeded in the fall of 1975. In Experiment
I rye was 12 inches in height when treated on March 8 in a volume of 34.7 gpa;
there was only one replication. Plot size was 5 by 60 feet. In Experlme~t II
rye varied from 8 to 24 inches in height when treated on March 18 in a volume\
of 40.6 gpa; there were 4 replications. Plot size was 6.7 by 20 feet. Paraquat
plus the following surfactants effected rapid rye necrosis: X-77, AmwayAII
Purpose Spray Adjuvant, and Bestline LC (Tables 2 and 3). Less effective were
SRC 101, WEXand BI0-88.

Experiments III through VII were conducted to evaluate the effects of
surfactants on the preemergence activity of residual herbicides.

Experiment III was a no-tillage sweet corn (Zea mays L. var. saccharatum)
study conducted at Site 1 to evaluate SRC 101 with atrazine ~2-chloro-4
(ethylamino)-6-(isopropyl amino )-~-triazin~ and alachlor(2-chloro-2 1,6'

diethyl-~-(methoxymethyl) acetanilide) to determine if SRC 101 extended resi
dual weed control. Rye was the cover crop and was 18 to 24 inches in height
when treated on March 26 with paraquat plus X-77. Plot size was 9 by 25 feet
and there were 4 replications. The residual herbicides and an additional
application of paraquat were applied on May 5 at a volume of 32 gpa. Early
weed control was 95 to 100%for all species and all treatments; there was no
corn injury (data not shown). Residual weed control on August 1 was similar
for all treatments (Table 4).

Experiment IV was conducted at Site 2 on 'Pungo' potatoes (Solanum
tuberosum L.) to evaluate three surfactants with linuron (3-(3,4-dichlorophenyl)
-l-methoxy-l-methylurea). Plot size was 5 by 25 feet (2 rows wide with three,
replications). Potatoes were planted on March 12 with herbicides applied after
drag-off on April 7 in a volume of 55 gpa. The first rainfall event after
herbicide treatment was on April 25 and was 0.10 inches. Preemergence applica
tions of WEX,AL 411F and SRC 101 did not improve control or yields resulting
from linuron alone (Table 5).

Experiment V was conducted at Site 2 on 'Forrest' soybeans (Glycine ~ L.)
to evaluate two different herbicide combinations with and without AL 411F. Plot
size was 5 by 20 feet containing 2 rows; there were 3 replications. Soybeans
were planted on May 25; preemergence herbicides were applied on May 27 and lI at
cracking ll treatments were applied on June 2. Rainfall~ shortly after herbicide
application occurred on May 29 (0.53 inches) and June 3 (0.13 inches). The
addition of AL 411F to either alachlor plus metribuzin (4-amino-6-~-butyl-3
(methylthio)-~-triazin-5(4tl)-oneJ or alachlor plus dinoseb (2-~-butyl-4,6

dinitrophenol) plus naptalam (~-l-naphthylphthalamic acid) increased soybean
injury when observed early (data not shown). With reference to weed control.
little differences were observed between the herbicide combinations with or
without AL 411F (Table 6).
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Experiment VI was conducted at Site 2 on 'Pioneer 3369A' field corn (Zea
mays L. var. indentata) to evaluate several surfactants with preemergence
herbicides in corn. Plot size was 6.7 by 20 feet containing 2 rows; there were
3 replications. Corn was planted on April 19, and herbicides were applied on
April 21 in a volume of 41 gpa. The rainfall events 2 weeks after herbicide
treatment were: April 25,0.10 inches and May 3,0.13 inches. Some variabili-
ty existed in the data. However, it would appear that adjuvants had no effect
on weed control or corn yields (Table 7). The one possible exception might be
the addition of AL 411F to atrazine where it seems that control of large crab
grass (Digitaria sanguinalis (L.) Scop.) was improved over that obtained with
atrazine alone. Since this would still not be a satisfactory treatment commer
cially, limited benefit resulted from the use of adjuvants with these preemergence
herbicide applications.

Experiment VII was conducted at Site 3 on IEssex' soybeans using metribuzin
at various rates alone and with SRC 101 to determine if SRC 101 slowly released
metribuzin, thus minimizing phytoxicity to soybeans. Plot size was 10 by 20
feet with 4 rows and was replicated four times. Soybeans were planted on June
9, and herbicides were applied the same day. The addition of SRC 101 to
metribuzin was found to have no significant effect on weed control or soybean
injury (Table 8). Injury was progressively more severe with increasing rates
of metribuzin.

LITERATURECITED

1. Behrens, R. W. 1964. The physical and chemical properties of surfactants
and their effects on formulated herbicides. Weeds 12:255-258.
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TABLE1. Trade name, source of material, and principle functioning agents of
surfactants used in the field research in 1976.

TRADENAME
ORCODE

X-77

SRC 101

AmwayAll Purpose
Spray Adjuvant

WEX

B10-88

SOURCE

Chevron Chemical Co.

Scientlfi~ Research Corp.
Alva, OK

Amway, lnc , ,
Ada, MI

Conkl in Co., Inc.,
Shakopee, MN

Kalo Laboratories. Inc ••

PRINCIPLEFUNCTIONINGAGENTS

Alkylarylpolyoxethylene glycols,
fatty acids and isopropanol

Alkylene ether sulfate aromatic
sulfonate and polyhydric alcohol
phenyl acrolein and aliphatic
solvents

Alkylpolyethoxylated alcohol

propylene glycol, dlmethylpoly
siloxane, ethoxylated alcohols

alkylpolyethoxy ethanol, free
fatty acids and Isopropanol

Bestline LC Bestline Products. Inc.
Chicago, IL

AL 411F ICI United States
(Agway's Booster
Plus E or Helena's
Agrodex)

linear alkylsulfonate, lauric
superamide

A mixture of 10~k viscosity
paroffinic oil (83%) and polyoxye
thylene sorbitan fatty acid ester
( 17k)

Tab Ie 2. The effect of paraquat alone and with the surfactants SRC101 and X-77
on rye necrosis, Site 1, 1976.

Herbicide Adjuvant Foliar Necrosis
Treatment Rate Conc. Mar II Mar 14 Mar 19 Apr 1

(Ib/A) (% V/V) (%) "!. (%) (%) -&

I. Paraquat 0.25 55 10 30 25

2. Paraquat 0.25 +
~~~;5.9./+ X-77 90 90 98 90

3. Paraquat 0.25 +
~~~3~/+ SRC 1.01 50 20 60 70

4. Paraquat 0.25 + ---- b/
+ SRC 101 0.063- 50 25 60 55

5. Paraquat 0.25 +
~~i;s=./+ SRC 101 60 30 75 70

!'/1 gallon SRC 101 per 20 lb active ingredient herbicide.
!!,/I gallon SRC 101 per'll.5 Ib active ingredient herbicide .•

£/1 gallon SRC 101 per 6.5 Ib active ingredient herbicide

~16 oz/IOO gallon solution



Table 3. The effect of paraquat alone and with the surfactants X-77, Amway
Spray Adjuvant, WEX, BI0-88, and Bestline on rye necrosis, Site 2,
1976.

109

Herbicide
Treatment Rate Adjuvant Conc. Rye Ne3~osis

(I b/A) (% V:V) 4 DAT-(%)

'-
Paraquat 0.5 0 5Se

Paraquat + X-77 0.5 0.125!!.! 89 a

Paraquat + Amway~~ 0.5 0.11£1 90 a
Paraquat + AmwaYcl 0.5 o.I4£! 87 ab
Paraquat + Amway- 0.5 0.2~1 90 a

dl 67 dParaquat + WEX 0.5 0.05(j1
Paraquat + WEX 0.5 0.10- 82 bc

Paraquat + B10-88 0.5 0.125~/ 81 c

Paraquat + Bestl ine LC 0.5 0.28~/ 85 abc

Check o f

!/ DAT= Days after treatment, means followed by the same letter are not signifi
b/cantly different at the ~Io level according to Duncan's new multiple range test.
-/X-77 and B10-88 were applied at I pt/lOO gal.
£ Amwayall purpose spray adjuvant was applied at 2/5, 1/2 and I pt/A for 0.11,
d/0.14 and 0.2~10 V:V, respectively.
-/WEX was applied at 1/2 and I pt/125 gal for 0.05 and O. 1~1o V:V, respectively.
! Bestl ine LC surfactant was applied at I pt/A.

Table 4. The effect of residual herbicides and paraquat plus X-77 with and without
SRC 101 on full season weed control in no-tillage sweet corn, Site I, "1976.

Weed Control August I
Herbicide Adjunct Large Sweet Corn

Rate Cone. Crabgrass Purslane e Yield
Treatment (lb/A) (% V:V) (%) (%) (ton/A)

Atrazine 1.0 7.9 8.2 5.11 a
+ Alachlor +1.0
+ Paraquat +0.375

0.125!1+ X-77

Atrazine 1.0 7.8 8.2 4.45 a
+ Alachlor +1.0
+ Paraquat +0.375 al+ X-77 0.125i)1
+ SRC 101 0.364-

Atrazine 1.22 7.8 8.2 4.39 a
+ Alachlor +1.22
+ Paraquat +0.45 cl+ X-77 0.343(j1
+ SRC 101 0.15~

'-
~conta!ns X077 at 16 oz/lOOO gallons spray solution.
-IContalns SRC 101 at I 9allon/20 Ib a.i. herbicide.
~/contains X-77 at 19.4 oz/iOO gallons spray solution.
e/Contains SRC 101 at 0.77 9allons/20 Ib a. I. herbicide.
f/Portulaca oleracea L.
- Means followed by the same letter are not significantly different at the 5% level

according to Duncan's new multiple range test.
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Table 5. The effect of linuron alone and with several surfactants on weed

control in potatoes, Site 2, 1976.

dl Potato
Herbicide ConvnonLambsquarter- Yields

Treatment Rate Adjuvant May 6 July 8 July 14
(Jb/A) (% V:V) % % (cwt/A)

!!I
Control 0 0 56.5 c

Linuron 0.75 70 53 88.2 ab

Linuron 0.75 O.lo!-I 67 63 90.5 ab
+WEX

Linuron 0.75 0.102/ 63 53 65.5 be
+ AL411F

Linuron 0.75 0.0#/ 58 57 82.4 abc
+SRC-10l

~I This is equivalent to 1 pt/125 gallons.

~I This is equivalent to 1 pt/A and is commercially available as Agway's Booster
Plus E or Helena's Agrodex.

£1 This is equivalent to gal SCR lOll 20 lb a. i. linuron.

~I Chenopodium album L.
~I Means followed by the same letter are not significantly different at the
~ level according to Duncan's new multiple range test .

• 6. The effect of herbicide combinations with and without surfactant onTable
soybean injury and weed control, Site 2, 1976.

Weed Control

Soybean June 14 July 29
Vigor Common b/Large

Treatment Herbicide Time of Adjunct Reduc- Lambs- J imson-- Crab-
Rate Appli- Cone. Stand tion quarter weed grass

(l b/A) cat ion (% V:V) (%) (%) (%) (%) (%)

I • Alachlor 1.0
at
crack- 13 28 99 98 88

109

+ Dinoseb +1.5
+ Naptalam +0.75

2. Alachlor 1.0 Stack- O.flY 12 27 100 92 91109

+ Dinoseb +1.5
+ Naptalam +0.75
+ AL411F

3. Alachlor 1.5 pre 8 10 100 87 100
+ Metribuzin +0.25

4. Alach lor 1.5 pre O. ffl/ 9 10 100 91 99
+ Metribuzin +0.25
+ AL411F

~/This concentration is 1/3 gallon per acre and commercially available as
b/Agway's Booster Plus E on Helena's Agrodex.
- ~atura stramonium l.
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Table 7. The effect of several preemergence herbicides with and without

surfactants on weed control in corn, Site 2, 1976.

Herbicide Conc.
Rate Adjunct

Treatment (lb/A) (%V:V)

control

atrazine 1.0

alachlor 1.5

atrazine 0.5
+ alachlor +0.75

atrazine 1.0
+ alachlor +1.5

atrazine 0.5
+ alachlor /+0.75+ AL-411F!! -

atrazine
+ AL-411F

alachlor
+ AL-411F

1.0

1.5

0.73

0.73

0.75

COl11llon
Lambsquarter

(%)
o

99

57

100

46

95

100

99

Large
Crabgrass

(%)
o

75

99

88

99

94

98

85

Fan~1
Panicum

(%)

o
94

100

96

100

98

100

99

Corn
Yield
26 Aug.
(Bu/A)

8.3

65.5b

29.1c

86.3ab

13.5c

72.3ab

75.4ab

87.4ab

atrazine 1.0
+ alachlor +1.5
+ AL-411F +0.75

atrazine 0.5
+ alachlor +0.75
+ Amway.!1/ -

atrazine 1.0
+ alachl?r +1.5
+ AmwayE. -

atrazine 0.5
+ alag?Ior +0.75
+ WEX- _

atrazine 1.0
+ a 1achor +1.5
+ WEX

atrazine 0.5
+ alachlor +0.75
+ SRC 101.2./

atrazine 1.0
+ a 1ach lor +1. 5
+ SRC 101

0.75

0.34

0.34

0.10

0.10

0.15

0.30

100

97

99

99

100

96

95

99

94

98

94

98

99

100

100

99

100

99

99

99

100

95.7ab

82.7ab

90.0 ab

103.5a

81.6ab

96.7ab

96.2ab

'-

!!/AL-411F is cOl11llercially available as Booster Plus and Agrodex and is
b/applied at 1/3 gpa.
- AmwayAll Purpose Spray Adjuvants is a non-ionic surfactant applied at

11 pt/A.
£ WEXis applied at 1 pt/125 gal solution.

~~SRC. 101 i~ appli~d at 1 gal/20 lb a.i. total herbicide.
f/Panlcum d,chotomlflorum Michx.

- ~~an~ followed by the same letter are not significantly different at
e 5% Ieve J accord ing to Duncan'S It' I

mu Ip e range test.
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Table 8. The effect of preemergence applications of metribuzin alone and with SRC101 on weed control and soybean
yields, Site 3, 1976.

Treatment

I. Control --- --- 8.8 (10) 5.0 (85) 1.0 (0) 3.0 (5)

2. Metribuzin .25 --- 4.3 (89) 5.0 (85) 4.3 (11) 3.0 (5)

3. Metribuzin + SRC101£1 .25 0.04 7.0 (65) 6.8 (67) 4.5 (12) 2.8 (4)

4. Metribuzin .5 --- 6.0 (75) 7.8 (40) 6.5 OO} 4.3 (11)

5. Metribuzin + SRC 101 .5 0.08 5.3 (83) 6.3 (73) 6.5 (30) 4.3 (Il)

6. Metribuzin 1.0 --- 4.3 (89) 6.8 (67) 7.8 (60) 6.8 03}

7. Metribuzin + SRC101 1.0 0.17 4.5 (88) 6.3 {73} 8.0 (68) 6.3 (28)

8. Metribuzin 2.0 --- 2.0 (98) 3.0 (95) 8.8 (90) 8.5 (80)

9. Metribuzin + SRC101 2.0 0.33 3.3 (94) 5.0 (85) 8.8 (90) 8.5 (80)

10. Metribuzin 4.0 --- I. 8 (98) 1.3 (99) 9.0 (IOO) 9.0 (100)

11. Metribuzin + SRC101 4.0 0.67 1.0 (1OO) 1.3 (99) 9.0 (l00) 9.0 (100)

Bayes LSD 2.0 2.9 0.6 1.6
.05

aEuropean rating used: for crop injury I=~k, 2=2.~k, 3=~1o, 4=10%, 5=15%, 6=25%, 7=33%, 8=66%, 9=10~1o;
for weed control 1=100%,2=97.~1o, 3=95%, 4=9~1o, 5=85%, 6a75%, 8=33%, 9=~1o.

bThe % is an approximation.

CAdjuvant was used at the rate of 1 gallon SRC101 per 20 pounds a.i. herbicide.

\ (
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UPTAKEANDSOIL ACTIVITYOF HOE23408!!

M. Schluter and W.Duk~

Establishing alfalfa in conjunction with a companion crop can result
in stand failures and poor alfalfa yields the seeding year, due to the
strong competition by the companion crop. Alfalfa seeded without a com
panion crop is easier to manage and has a higher crude protein content.
Due to these findings, there is an increasing trend toward clear seeding
alfalfa, and this has required seeking new methods of weed control. One
major problem in clear seeded alfalfa is annual grass weeds such as crab
grass Di itaria spp.), foxtail (Setaria spp.) and barnyardgrass [Echinochloa
crusgalli L. Beauv.] that enter the new establishment. Few products are
currently available for annual grass control in clear seeded alfalfa other
than EPTC (S-ethyl dipropylthiocarbamate) and bene fin (!-butyl-!-ethyl
a,a,a-trifluoro-2,6-dinitro-~-toluidine) whose uses are restricted to pre
plant applications that must be incorporated.

Research was conducted to investigate the potential for using HOE
23408 (methyl 2-[4-(2,4-dichlorophenoxy)phenoxy]propanote) in seedling
alfalfa for annual grass control. The focus was on several environmental
factors that affected activity. Leaching studies have indicated HOEdoes
not readily move in the soil more than 1 em. HOEapplied preemergence at
rates of 1 and 2 lb/A on soils that varied from .6 to 6.0% organic matter
showed decreased control of barnyardgrass and large crabgrass [Digitaria
sanguinalis (L.) Scop.] as the organic matter level increased. Postemer
gence applications of HOE in these same soils when the grasses were at the
2 to 3 leaf stage showed no difference in control. This was in agreement
with data indicating that plant shoots are primarily responsible for the
uptake of HOEwhen the chemical was applied postemergence. When 3/4 inch
of simulated rainfall was applied immediately after a preemergence application
of HOE, activity was greater than when no rainfall was applied after spray
treatment.

!! Contribution from the Department of Agronomy, New York State College of
Agriculture and Life Sciences, Cornell University, Ithaca, NY 14853.

gj Research Assistant and Associate Professor of Agronomy, respectively,
Dept. of Agronomy, Cornell University, Ithaca, NY 14853.
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WEEDCONTROLWITHAC 92,553 1/ IN CORN

E. K. Bender, H. H. Nau and A. J. Tafuro 2/

(ABSTRACT)

AC 92,553 ([N-(1-ethy1propy1)-3,4-dimethyl-2,6-dinitrobenzenamine])
was applied by farmers on 4-10 acre plots of corn in New York, Pennsyl
vania, Maryland and Virginia in 1976 under an American Cyanamid Company
sponsored Market Development Program. The weed control performance of
AC 92,553 was compared with performance of their standard herbicide and
untreated check areas.

AC 92,553 applied alone as a preemergence application controlled
1ambsquarters (Chenopodium album L.), ve1vet1eaf (Abuti1ontheophrasti
Medic.), redroot pigweed (Amaranthus retrof1exus L.) and smartweed
(Po1ygonum pensy1vanicum L.). Grasses controlled by AC 92,553 were green
foxtail (Setaria viridis L.), giant foxtail (Setaria faberii L.), yellow
foxtail (Setaria 1utescens Weigel) and fall panicum (Panicum dichotomi
florum Michx.).

When combined with atrazine or cyanazine, control of commonragweed
(Ambrosia artemisiifo1ia L.) was reported.

If escapes of weeds such as ve1vet1eaf or the foxtail spp. did
occur, the weeds root systems were stunted by the AC 92,553 treatment
reducing the competition provided by the weeds.

1/ PROWL®herbicide

2/ American Cyanamid Company, Princeton, New Jersey 08540.
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EPTC+ R-25788 MOVEMENTIN MARYr,NDSOilS
C.A. Buzio and G.W. Bur~

ABSTRACT

Injury to corn (Zea mays l.) treated with EPTC (~-ethyl dipropylthiocar=
bamate) + R-25788 (N,N-diallyl-2,2-dichloroacetamide) has been observed on oc
casion under field conditions. A possible reason for this is thought to be a
different rate of leaching for the two chemicals in the soil. In this study,
four Maryland soils (Galestown sand, Monmouth sandy loam, Beltsville silt loam,
Manor gravelly loam) were tested for EPTC+ R-25788 movement upon leaching.

Plastic columns 9.2 cm in diam. were filled with 8 em of soil, and a 2 cm
band of soil treated with 0.3 mmoles of EPTC+ R-25788 (ratio 12:1) was placed
on top. The columns were then leached with water and eight leachate fractions
(200 ml each) were collected and partitioned in benzene for further gas chro
matographic analysis.

It was found that for all four soils EPTC leached slower than R-25788; the
ratio of these two in the leachate fractions changed from low (as all the R
25788 was leaching out) to high in the later fractions, when most R-25788 was
already gone. The mobility of the two chemicals decreased in soils higher in
organic matter and clay and lower in sand contents.

11 Grad Res. Assist. and Assoc. Prof. Dept. of Agron., University of Maryland,
College Park, MD 20742
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SOIL pH AND TRIAZINE ACTIVITY IN NO-TILLAGE CORN
AS AFFECTEDBY NITROGENANDLIME APPLICATIONS

M. G. Schnappinger, C. P. Trapp,
J. M. Boyd, and S. W. Pruss

Abstract

The pH of the surface soil (0 to 1.2 cm) was reduced significantly
throughout the growing season as a result of preplant or preemer
gence applications of nitrogen solution (33%N) to no-tillage
corn (Zea mays L.). Less significant reductions in pH were
noted in the subsurface soil (1.2 to 7.6 cm). Application of
NaN03 had little effect on soil pH. Lime applied to the soil
surface prior to planting neutralized the acidity produced by
nitrification, thereby maintaining a neutral pH regardless of
nitrogen application timing. Atrazine [2-chloro-4-(ethylamino)
6-(isopropylamino)-s-triazine] and simazine [2-chloro-4,6
bis(ethylamino)-s-triazine] applied at 1.68 plus 1.68 kg/ha
gave excellent weed control except where soils were most acid.
Results of this study indicate that the acidifying reaction of
nitrogen fertilizers on soil in continuous no-tillage corn may
be responsible for the failure of some herbicides to provide
acceptable weed control.

1
Senior Research Representative, Technical, Sales Representative,
and Research Manager, respectively. Northeast Region, Agricultural
Division, CIBA-GEIGY Corporation, Washington, PA.
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QUANTIFICATIONOF s-TRIAZINE LOSSESIN SURFACERUNOFF: A SUMMARY

Jon K. Han.!!

ABSTRACT

A series of experiments was conducted over six years (1967 through 1972)
using field erosion plots of 14% slope to evaluate runoff losses of chloro-s
triazines applied pre emergent to conventionally planted corn (Zea mays, L.)
and a methoxy-s-triazine applied as a dormant spray to alfalfa (Medicago
sativa L.). Runoff losses of atrazine (2-chloro-4-ethylamino-6-isopropyl
aUl.Ll",-s-triazine), GSl3529 (2-chloro-4-ethylamino-6-te~t-butylamino-s

triazine) and GS14254 (2-sec-butylamino-4-ethylamino-6-methoxy-s-triazine)
were related to the amount, frequency and intensity of rainfall, rate of
herbicide application, proximity of erosion events to the spray-date and
herbicide solubility and dissipation rate in soil. Total losses of chloro
s-triazines in runoff water and soil sediment ranged from 2.5 to 5.0% of that
applied (2.2 kg ai/ha). Range of loss at the 4.5 kg ai/ha rate was 2.2 to
5.7%. Considering the nature of the experimental site and the soil and crop
management practices imposed on the slope, these losses were considered to
be minor. However, soil and water losses were significant in these studies
and emphasized the need for strict adherence to conservation measures on
sloping cropland to control the loss of these entities as well as entrained
agricultural chemicals. Results of an experiment conducted in 1972, the year
of hurricane 'Agnes', showed that minimal incorporation of atrazine into the
soil surface reduced losses significantly without an apparent reduction in
weed control. Inclusion of an "oat-stripll at slope-base adjacent to the
corn reduced losses recorded for the 2.2 and 4.5 kg ai/ha preemergent rates
(3.5 and 1.2%), where oats were not seeded, by 91 and 66%, respectively,
with no significant damage to the oat crop. Total losses of the methoxy-s
triazine from alfalfa were negligible, amounting to 0.02 and 0.03% of that
applied (2.2 and 4.5 kg ai/ha) in 1971.

INTRODUCTION

Wise pesticide use has increased the production of food, feed and fiber
in the U.S. markedly over the last three decades and has given the American
consumer the quantity and quality of foodstuffs and a pleasingly aesthetic
environment that make his life more fruitful and enjoyable. Despite these
beneficial effects from pesticides, certain segments of society have stated
that widespread pesticide usage has created havoc with our environment.
Over the last 10 years herbicides have been implicated more strongly in

.!!Associate Professor of Soil Chemistry, Department of Agronomy, The
Pennsylvania State University, University Park, PA 16802.
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discussions on potential non-point source discharge of agricultural chemicals
as ultimate contaminants in non-treated areas. The transport vehicles
involved in this discharge from treated land are surface runoff or vertical
displacement through the soil by leaching with subsequent contact and distri
bution of the herbicide in or on adjacent land, impounded bodies of water,
stream courses or ground-water supplies. Projections on "area yield" of
herbicides and potential stream loadings in watershed areas encompassing a
large acreage of agricultural land have been postulated without consideration
of herbicide reaction and detoxication in soil commensurate with application
rate and soil and crop management practices employed on the agricultural
landscape. On the other hand, during this same span of time, little infor
mation had been published by agronomists and soil scientists on the ultimate
fate of herbicides in soils particularly from the standpoint of characterizing
the "runoff process" and the potential for downslope movement of herbicide
residues in surface water and entrained sediment during specific erosion
events induced by natural precipitation. Consequently, we began a series of
studies at Penn State to collect some data in this area and it is my
intention to summarize our findings in this paper, primarily confining my
discussion to the first years data of each of four separate studies initiated
in 1967, 1970, 1971, and 1972.

METHODSANDMATERIALS

Runoff studies were conducted on a Hagerstown silty clay loam of 14%
slope using a set of field erosion plots. Plot-tiers were divided one from
the other by steel barriers extending approximately 30 cm above and below the
soil surface throughout the plot length. At slope-base, each tier was fitted
with a trough and chute assembly which facilitated the transport of runoff
water and entrained sediment into an enclosed collection facility where
initial sampling of water and sediment phases was undertaken. Field
sampling and laboratory processing of samples, including segregation of
water and soil and residue analysis, are outlined in two published reports
(1, 3). In each study where corn was planted conventionally (1967, 1970)
and no conservation measures were used to reduce surface runoff, the site
was managed to maximize the potential for herbicide loss at each rate
applied. Corn rows were planted parallel to the slope using a moderate
plant popUlation (48,000 plants/ha). The soil surface was smoothed prior
to planting to provide a surface for uniform erodibility and herbicides
were applied at replicated, preemergent rates. Consequently, the site was
"open-ended" since no physical impedance to downslope movement of water
occurred from the top of each plot-tier to its base. These conditions
established a high potential for herbicide loss in the erosive process. In
1967, atrazine was applied at seven rates (0, 0.6, 1.1, 2.2, 4.5, 6.7, 9.0
kg ai/ha) bracketing the recommended rate (2.2 kg/ha) for surface application
to Pennsylvania soils. In 1970, atrazine and a related chloro-s-triazine,
GS13529, were applied at two rates, 2.2 and 4.5 kg ai/ha. Control plots
were also included. In addition, several of the plot-tiers were planted to
alfalfa and in March, 1971, GS14254, a methoxy-s-triazine, was applied at
the same two rates to the dormant crop and losses of this compound were
subsequently determined throughout the growing season.
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In 1972, several different treatments were introduced into the experi
mental design to study whether a slight incorporation of atrazine into the
soil surface and seeding an "oat-strip" at slope-base (lower 10 m) abutting
the corn crop would reduce loss of the parent compound. Also we were
interested in evaluating whether water-transported residue contacting and
reacting with soil in this untreated section would have any toxic effects
on the oat crop. Atrazine was applied preemergent to corn at 2.2 and 4.5
kg ai/ha. Stripped and non-stripped tiers were included at each rate.
These treatment combinations were repeated again except that atrazine was
applied and incorporated into the soil surface (3 cm) before seeding.

In all studies, soil cores were collected periodically at specific
depths from the surface to 24 cm to assay the rate of dissipation, movement
and recalcitrant properties of the herbicides in this soil.

RESULTSANDDISCUSSION

Each yearly study involving the chloro-s-triazines was characterized by
above average rainfall for the growing season and a different distribution
each year. Rainfall was sufficient to induce 9, 13 and 12 erosion events
during 1967, 1970 and 1972, respectively. In 1967 the first runoff collection
(June 12) was made 23 days after atrazine application and the majority of the
erosion events (5) occurred in July. In 1970, five erosion events were
recorded within the first month following herbicide treatment and the first
collection of runoff was sampled on May 25, six days after spraying. Rain
fall associated with hurricane "Agnes" was responsible for inducing five
erosion events during June, 1972 and the first collection was received on
May 30, 8 days after spraying. The first erosion event is singled-out in
the above discussion since its proximity to application date was found to be
a significant parameter in determining the concentrations of herbicide in
water and sediment phases. Other parameters which proved to be significant
in regulating the concentration of herbicide in these two phases and ulti
mately the total amounts lost were: amount, frequency and intensity of
rainfall, rate of herbicide applied, herbicide solubility and rate of
herbicide dissipation in soil.

In general, concentrations of herbicide in runoff water increased with
increasing application rate, were highest during the first erosion event and
declined at a moderate rate with each successive collection throughout the
growing season. Atrazine (solubility = 33 ppm) concentrations in runoff
water collected from the first erosion event in 1967 at the 2.2 and 4.5 kg/
ha rates were 0.8 and 2.0 ppm, respectively. In 1970, comparative concen
trations were 2.3 and 4.5 ppm. Sediment concentrations in 1967 were 1.4
and 2.8 ppm; in 1970, 0.1 and 12.0 ppm, for the respective rates. Concen
trations of GS13529 (solubility 8.5 ppm) in the first collection of runoff
water in 1970 were 0.8 and 1.8 ppm at the same two rates, respectively; in
sediment, the concentrations were 0.3 and 32 ppm. These results illustrated
that levels of ch10ro-triazines in the respective substrates increased with
increasing rate of application and were greater the closer the storm event



I occurred to the spray date. Higher concentrations were detected in sediment
lin each study regardless of the chemical configuration of the herbicide, but
i it was clear from the data that the levels of an herbicide in water varied
idirectly with its solubility, whereas levels detected in sediment varied
I inversely with solubility.

Total losses of atrazine in runoff water and soil sediment in 1967 and
i 1970 were 2.5 and 5.0% at the recommended application rate (2.2 kg/ha).
i Thus, the "area yield" was 0.06 and 0.11 kg/ha for each of the years.
Amounts lost at the 4.5 kg/ha rate were 0.05 and 0.32 kg/ha. The total

I amounts of GS13529 lost in 1970 were 0.11 and 0.26 kg/ha at these two rates.
I More total herbicide was lost in runoff water than in soil sediment and
i amounts increased in general with increasing application rate. Despite the
i higher total amounts transported in surface water, more GS13529 was carried
downslope in sediment than atrazine, illustrating again the solubility effect.

i Total herbicide losses were not considered excessive in light of the nature
I of the experimental site and soil and crop management practices employed
I during these studies. Whether concentrations and total amounts of herbicides
i in "surface flow" would ever exceed those reported here would depend on storm

intensities and their proximity to application date. Higher concentrations
i would be conceivable if an intense storm induced erosion immediately following
i application. However, so many controlling variables exist between herbicide,

soil, plant and climate that coupled with considerations of reaction and
! detoxication in soils, accurate predictions on surface loss become nearly
. impossible. The percent total losses reported in these studies seem to

agree with those reported elsewhere, where losses of triazines in surface
I flow were evaluated under natural climatic conditions or where simulated

rainfall of controlled rate was applied to different soil types. Therefore,
the ranges reported herein might be considered average levels for a humid,
temperate region.

The low "area yield" of atrazine to the erosive action of rainfall was
largely due to the moderate rate of dissipation of this compound in soil over
the different growing seasons. Analysis of soil cores collected from each
plot showed that the majority of the atrazine applied at the recommended level
reacted in the plow-layer and dissipated on the average 60 to 70% one month
after spraying. By the end of the growing season, 90% dissipation was
achieved. GS13529 was more residual earlier, exhibiting a 40% dissipation
level after one month, but a comparable level to that of atrazine by the end
of the growing season.

Although herbicide losses were low, soil and water losses were signifi
cant and demonstrated the need for sound conservation practices to combat
erosion. In 1967, water lost to runoff ranged from 0.2 to 5.3 em over the
treatment sequence, a loss of 0.7 to 19.3% of the total rainfall recorded
for the nine runoff-producing rains. Soil loss over this spectrum ranged
from 0.4 to 21 t/ha (2). In 1970, runoff losses during one particular
erosion event ranged from 17% of the incident rainfall for the check plot
to 68% at the low rate of atrazine. Moreover, 10 t/ha of soil was lost at
the low rate.
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Losses of GS14254 from alfalfa sad were negligible. Little runoff and
no sediment was collected. Concentrations of herbicide in runoff were very
low despite the high solubility of this compound (620 ppm). Highest levels
detected were 0.28 and 0.48 ppm at the two rates. These levels were detected
in snow-melt, 11 days after treatment. Total losses were 0.02 and 0.03% of
that applied. This methoxy-s-triazine was more recalcitrant than the chloro-s
triazines since only 71 and 68% of the applied amounts had dissipated by
November, 1971.

Total loss of atrazine in 1972 in the combined substrates at the 2.2
kg/ha rate was intermediate (3.5%) between that fOlmd in 1967 and 1970.
Inclusion of an "oat-strip" at the slope-base ar.d slight incorporation of
atrazine into the soil surface had a marked effect on total losses at this
rate. "Stripping" reduced atrazine losses by 91%. Where atrazine \'las
disked into the surface and no "oat-block" \'las included at slope-base, total
loss was 0.94%. Therefore, incorporation alone ~ad a significant effect on
attenuating downslope movement of atrazine in runoff. Adding at "oat-stripll
at the slope-base in conjunction with incorporation reduced losses by 65%.
Interestingly enough, where atrazine was incorporated after spraying there
appeared to be no significant reduction in weed control compared to the pre
emergent Lreated plots. Likewise, atrazine moving across and reacting \'lith
soil in this non-treated segment of the plot-tier did not have any adverse
effects on the growth of this atrazine sensitive c~op. Some atrazine
toxicity s~nptoms were detected on oats growing at the border of the two
plantings, but damage \'las chiefly limited to this small area. Since residues
in runoff were lower where oats were planted, this buffer area had a
"diluting or attenuating" effect on atrazine moving as dissolved molecules
in water, adsorbed molecules on sediment or suspended, unreacted particles
in the water phase.

This synopsis of results from several runoff studies conducted in years
of different rainfall spectra during the growing seasons of corn and alfalfa
makes it clear that where wisely used, recommended dosages of an herbicide
are applied to the landscape, the potential "area y i.eLd" of herbicide in an
average season as a result of surface runoff is low. lfuere sound soil and
crop management practices are used, potential 'loading. of streams and impounded
bodies of water or contamination of adjacent non-treated lands will be
minimal or of minor consequence. In light of past and current speCUlations
and charges on non-point sources of pollution, it seems imperative from an
agronomic, environmental, economic and aesthetic viewpoint that conservation
measures be emphasized and their use encouraged to a greater degree than
exists today on the agricultural landscape.
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THE EFFECTS OF SIMAZINETREATMENTS

ON THE BENTHICFAUNAOF MORIANELAKE,
MADISONCOUNTY,NEWYORK

Willard N. Harman 1/

ABSTRACT

The CIBA-Geigy Chemical ComRany treated Moriane Lake, Madison Co.,
N. Y. with Simazine (Princep 80WD, or Aquazine 80NB) [2-chloro~1,6-bis
(ethylamino)-s-triazine] to control undesirable blue-green algal popu
lations in 1914 and 1915. I was to determine the effects of these
treatments on the benthic fauna. The lake is not completely s~tisfactory

for this type of analysis because typical benthic communities are not
present, possibly because of previous applications of copper sUlphate
(CuS04) and Diquat (1,1'-ethylene-2,2'-depyridylium dibromide)'. Simazine
applications theoretically equalling concentrations of 0.25 an~ 0.5 ppmw
after dispursal throughout the epilimnion did not have an important effect
on pro fundal arthropod (Chironomidae) biomass. However, appli~ations of
0.5 ppmw (after dispursal throughout the epilimnion) did have ~ebilitating

effects on littoral molluscs. Populations of arthropod and mollusk species
that normally reproduce throughout the summer tended to recover by the
spring following treatment. Simazine applications of 0.5 ppmw,had severely
debilitating effects on sublittoral populations of the viviparps snail,
Viviparus georgianus (Lea), killing all immature individuals. ,At concen
trations of 0.25 ppmw populations were not as affected because; newly born
snails did not sustain high mortality. Short term toxicity te~ts con
ducted in the laboratory resulted in no mortality to mollusks ~n concen
trations of Simazine up to 5.0 ppmw. It is hypothesized that :synergestic
reactions with substrate or dying algal cells were responsible' for situ
mortality of benthos.

INTRODUCTION

In 1914 and 1915 ClBA-Geigy applied Simazine to Moraine Lake (Madison
Reservoir), Madison Co., N. Y., to determine its action as an !algacide in
dimictic lakes. The herbicide was applied over littoral areas in such a
way that concentrations of 0.5 ppmw (1914) and 0.25 ppmw (191,) were
theoretically attained throughout the epilimnion, due to diffUsion and
mixing, after several hours. It was my responsibility to evaluate these
applications on the benthic fauna.

Lake Moriane has a surface area of approximately 94 ha w~th a maximum
depth of 13 m. A rather high shore development combined with a diversity of
substrate types indicates a potentially high diversity of littoral, benthic
organisms despite an advanced trophic condition. The lake drains south via
the Chenango River into the North Branch of the Susquehanna. 'Chemical charac
teristics during 1974 were recorded by Oglesby (3). They are typical of
local dimictic lakes of this morphology, with the exception of rather high
concentrations of phosphorus.

IjProfessor, Biology Department, State University of New York, College at
- Oneonta, Oneonta, N. Y. 13820
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The benthic fauna (Table 1) is unique for several reasons. Many of the
mollusks present are normally not encountered in the Susquehanna drainage basin,
but are common in the Oswego watershed. They apparently were given access to

-- Moriane Lake when the Chemung Canal was joined to the Erie Canal during the
middle 1800's. Atypically, the littoral biomass was made up almost entirely
(96%) of Mollusca (Fig. 1). The pro fundal areas average 90% Arthropoda (Fig. 2).
The more normal situation in these types of waters is illustrated by Otsego
Lake (Fig. 3 and 4) where the littoral biomass is about equally divided be
tween the Arthropoda and Mollusca, and the pro fundal biomass is dominated by
Annelids. The relationship between total benthic biomass and depth in
Moriane Lake appears typical for lakes with high hypolimnion oxygen deficits
(Table 2).

On 22 July 1974 the development of a bloom of blue-green algae had reached
the point where a quantity of Simazine, equivalent to a concentration of 0.5 ppmw
throughout the epilimnion waters, was applied. The following year, conditions
were appropriate for application on 17 July. At that time the equivalent of
0.25 ppmw Simazine throughout the epilimnion was applied. The latter concen
tration was utilized because damage had occurred to rooted aquatic plants
(predominately eel grass[Vallisneria americana, Michx.]) after the 1974
treatment.

Changes in water quality correlated with the application of Simazine
included an increase of the pigment phaeophytin in the bottom waters which
was attributed to the decomposition of algal cells (3). This indicates the
presence of other metabolytes of decomposing blue-green algae which are
potentially toxic to many benthic organisms.

METOODSOFSTOOY

On the date of first application of Simazine (22 July 74) collections
were made in 6 locations throughout the lake (Fig. 5). 1: The control; in an
area separated by a causeway, north of the main basin of the Lake, where no
algae ide was applied. In that area a pro fundal sample was collected at about
5 m in depth using an ekman dredge. 2: Three profundal ekman samples at sta
tions #1, #3, and #6 (8m, 5m, and 15m in depth respectively); in the main basin.
3: A 1/2 m2 littoral ~ample a~ Sunny Point; in 0.5 m of water on a rocky shore,
and lastly 4: a 1/2 m sub-littoral collection of ~ georgianus (4.5 m) taken
by divers between Snake Island and the eastern shore. Sampling was repeated
in each area on 25 July'74, 8 Aug 74, 13 Sept 74, 21 Oct 14, and 6 June 75.

The control and all 3 pro fundal samples were treated in the following
manner; 1. The substrate was removed from the dredge and placed into a plastic
tub. 2. Approximately eight L of 70% ethyl alcohol were added to bottom
materials to fix any included organisms. 3. Ten ml of rose-bengal dissolved
in 95% ethyl alcohol was added to stain any organisms present. 4. The sample

-- was then mixed to form a slurry and placed in sealed, labelled containers for
transportation back to the laboratory. 5. Immediately upon return to the
laboratory the contents of the containers were diluted with an equal volume
of 70% ethyl alcohol for long term fixation.
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TABLE1. Taxa collected in Moriane Lake.

PHYLUM CLASS LOWESTTAXA COMMONNAME
DIln'ERMlNED

Arthropoda Crustacea Astacidae crayfish
It II Ostracoda seed shrimp
" " Gammaridae scuds
II " I!Yalella "
It " Asellus aquatic SOY bugs
It Hydracar ina Hydracarina vater mi'tes
It Insecta Ceratopogonidae punkies
" " Chironomidae midges
" It Chaoborus phantom midges
II " Hydroptilidae caddis flUes
" II Polycentropus fI II

" " Helichus beetles
" II Caenis may flies
" II Chloroterpes " "
" " stenonema " "
" " Tetragoneura dragon files
" " Coenagrlonidae damsel :tlies
" " Plecoptera stone flies
" " Sial1s alder flies

Annelida Ol1gochaeta Oligochaeta aquatic ,earthwo1"lL8
fI Hirudinea Helobdella leeches,

Mollusca Bivalvia Pisidium finger-nail. clams
" Gastropoda Physa bladder snails
fI " Helisoma rams-horn snails
" " Gyraulus " " "
" " Amnicola hydrobiied snails
" " Viviparus vi viparus snails
" " Goniobasis unicorn snails

Platyhelminthes Turbellaria Planaridae flatworms
Nematoda Nematoda roundworms
Coelenterata Hydrozoa Hydra hydra
Ectoprocta Ectoprocta bryozoa

TABLE2. Pretreatment benthic biomass at selected depths in Moriane 'Lake.

Depth Biomass (g/m2)

0 90.96

5 m 5.53

8 m 4.83

15 m 5.32



Figure 1. Composition of pretreatment littoral benthic biomass

in Moriane Lake.

___ 1% Annelida and Arthropoda

(Oligochaeta)

Figure 2. Composition of pretreatment profundal benthic biomass

in Moriane Lake.
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126 Figure 3. Composition of littoral benthic biomass in Otsego Lake.

Figure 4. Composition of profundal benthic biomass in Otsego Lake.
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The 1/2 m2 littoral sample was taken by inserting a galvanized, sheet
metal frame into the substrate. All surficial rocks and sediments were re
moved by hand and placed in a plastic tUb. About eight L of 70% ethyl alcohol
and 10 ml of the rose-bengal solution were added. Back at the laboratory all
rocks larger than 2 cm in diameter were scraped to remove aufwuchs and placed
in sealed bottles for future processing. The 1/2 m2 sub-littoral sample of
Viviparus was collected by a diver who placed the 1/2 m2 frame on the substrate
in the collection area. All specimens of Viviparus were individually picked
from the bottom enclosed by the frame, placed in a specimen container and
brought to the surface. The container was then filled with 95% ethyl alcohol,
labelled and returned to the laboratory.

On 17 July 75, the date of the second application of Simazine, samples
were taken as in 1974, except that only one profundal sample (#3) was collected
to reduce expenses. Further sampling, in like manner, took place on 17 July 75,
21 July 75, 8 Aug 75, 15 Sept 75 and 24 Oct 75.

Samples taken both years were processed identically in the laboratory.
A small amount of substrate (about five ml) was placed in a white enamel pan.
The pan was then flooded with a sugar-water solution (1). The organisms,
less dense than the solution and stained red by the rose-bengal, would then
float to the surface, be grasped by forceps or collected by pipette and
placed in vials. They were then determined to the lowest taxa economically
feasible and weighed by traditional methods. Short term toxicity tests in
the laboratory were conducted using standard methods.

RESULTS

Tables 3 and 4 indicate the biomass (wet wt./m 2) in the control area
during 1974 and 1975. The Chironomidae were the most common organisms. They
became less abundant in 1975 as compared with 1974. That apparent trend is
not evident in Tables 5 and 6, representing profundal station 1 during those
two years, but may be indicated in Tables 7 and 8, representing profundal
stations 3 and 6 during 1974. If the control has any validity, it would
appear that the total profundal biomass, made up of 95% Chironomidae (Fig. 5)
was not affected by Simazine.

However, there are obvious alterations in the littoral community
(Table 9, 10). In 1974 there was a decline in total littoral biomass from
22 July to 25 July of more than 60%. Although many organisms were effected,
the greatest impact was on the unicorn snail Goniobasis livescens (Menke), a
prosobranch that composed 96% of the biomass in the sample area.

By spring of 1975 the population had recovered, due in large part to
late summer reproduction. The application of 0.25 ppmw on 17 July 75 resulted
in the reduction of total littoral biomass by 25%. By autumn 1975 the total
littoral biomass was approximately 75% of the pretreatment biomass in July
1974.
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Taxa 7/22/74 7/25/74 8/8/74 9/13/74 10/21/74

Hydra .0077 - - - -
Bryozoa - .0096 - - -
Planariidae - - - - .0192

01igochaeta .4481 .1058 .0538 .0096 .9519

He10bdella .0519 .9423 - .0250 .1827

Ostracoda .0019 .0096 .0173 .0346 -
Chironomidae 8.2404 6.6423 8.2403 2.2481 1.0481

Chaoborus .3077 .1923 .1212 .8077 1. 3750

Ceratopogonidae - .0192 .0269 .0250 -
Pisidium - .5769 - - -
Misc. .3731 - .0019 .1058 -
Total 9.437 8.537 7.459 3.465 3.865
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TABLE4. Control (Profundal) gms/m2.

Taxa 6/6/15 7/17/15 7/21/75 8/8/75 9/15/75 10/24/15

Hydra .0058 - - - - .0019

Bryozoa .0077 .0019 - - - .0192

Nematoda .0019 - .0115 .0019 .0019 .0154

01igochaeta .0769 .0019 .2154 .0596 .1231 .0885

He1obde11a - .0538 - .1058 - -

Ostracoda .0019 .0038 .0135 .0462 .2250 .3365

Ase11us - .0019 - .0519 - -
Hyalelle. .0038 - - - - -

Hydracarina .0019 - .0019 - .0019 .0135

~ - .1096 - .1423 - -
Tetragoneurie. - 2.9058 - - - -
Hydroptilidae - .0079 - - - -
Chaoborus .1635 .0731 .1788 .4404 .5558 .3827

Chir onomide.e 2.9060 .0481 .3673 .1654 1. 8380 .3135

Ceratopogonidae .1808 - .0077 .0154 .1269 .2250

Physa - - - .0212 - -

Planorbidae - - - .0385 -
Pisidium - - - .1154 .0635 .0865

Misc. - .0096 .0077 .0288 .0308

Total 3.3502 3.2078 .8057 1.2136 2.9649 1.5135
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Taxa 7/22/74 7/25/74 8/8/74 9/13/74 10/21/74

01igochaeta .0865 .1385 .1115 .1615 .4423

Hirudinea - 1.1077 .7808 .7231 .3635

Hydracarina - .0058 - .0058 .0096

Ostracoda .0019 .0038 .0173 .0057 -
Chironomidae 3.8650 10.7461 5.0346 2.9462 5.0385

Chaoborus .7231 1. 3231 .3115 .8500 .3385

Nematoda .0135 - - - -

Total 4.6900 13.3250 6.2557 4.6923 6.1924
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TABLE6. Station #1 (Pz-of'unde.L)f!;J!1s/m2.

Taxa 6/6/75 1/11/75 7/21/75 8/8/75 9/15/75 10/21/75

Hydra - .0635 .0019 - - -
Bryozoa - .0019 - - - .1462

Nematoda - .0038 .0019 .0019 .0231 .0096

Ol1gochaeta .2827 .4115 .4173 .2154 .2038 .4577

Hirudinea .1885 - - - - -
Ostracoda - - .0019 .0615 .0231 .0571

Hya1ella - - - .0077 - -
Hydracarina .0058 - - .0038 .0154 .0096

Baetidae - - - .0654 -
l:Iydroptil-idae - - - - .0077

Leptoceridae - - - - - .0038

Chaooorus .3112 .6519 .1923 .2000 .1692 .1096

Chironomidae 10.3630 13.3340 13.8730 8.6346 .0808 5.2308

Ceratopogonidae .0096 - - .0231 .0038 .0577

Misc. .1769 .0269 .0808 .0115 - -

Total 11.3977 14.5035 14.5691 9.2249 .5269 6.0827
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Taxa 1/22/74 7/25/14 8/8/74 9/13/74 10/21/74

Oligochaeta .1077 .1923 .0077 .0500 .0112

Hirudinea .2038 .1884 .2481 .0462 -
Pisidium - .3462 .3462 .2865 .0404

Hydracarina - .0019 .0096 - .0019

Amphipoda .0077 - - .0058 -
Ostracoda - .0058 - .0019 -
Ase11us - .2192 - - -
Chironomidae 5.1442 2.1115 2.3923 3.1904 2.9019

Chaoborus .0321 .0808 .0038 .5923 .3250

Ceratopogonidae .0346 - - - -
~ - - .2150 -
Misc. .0058 .0019 .0517 .0038 .0269

Total 5.5365 3.1480 3.3402 4.1769 3.3673

TABLE8. Section #6 (Profunda1) f!l!ls/m
2•

Taxa 7/22/74 7/25/74 8/8/74 9/13/14 10/21/14

Oligocbaeta .0462 - .0038 - .0019

Hirudinea .1981 .0615 - .0808 -
Nematoda .0019 - - - -
Ostracoda .0115 .0288 .0019 - -
Chironomidae 2.1346 .3827 .4212 .0212 .3635

Cbaoborus 2.2962 1.2500 1.8038 .9904 8.4212

Stenonema - - - - .2096

Misc. .2269 .0077 .0058 .0096 -

Total 4.9154 1. 7307 2.2365 1.1020 8.99 43
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TABLE9. Littoral Station - SUnny Point YJ1Is/m2•

Taxa 7/22174 7/25174 8/8/74 9/13/74 10/21/74

Hydra - - - .0160 .0324

Planariidae .1956 - - .0560 -
Oligochaeta .6564 .2764 .6372 2.4740 .3364

Hirudinea .0020 - - .6840 .0239

Goniobasis 85.4204 20.5168 44.3172 52.3720 69.1356

Viviparus 1.5896 - - 1.4696 -
Amnicola .5012 - - .4604 .4703

~ - - .4456 .1044

Gyraulus .0800 - - - .0304

Pisidium .0536 - - .0280 .0444

Hydracarina .0024 - - .0004 .0004

Astacidae - - - - 2.0140

Hyalella .0392 .0068 .0180 .0004 .0004

Chironomidae 2.2940 3.5280 2.6704 .5400 1. 0744

Ceratopogonidae - - .0012 .0020 .0008

Plecoptera - - - - .0004

Baetidae - - - .0052 -

Chloroterpes .0720 .0128 - - -
Heptageniidae .0016 .0076 .0060 - -
Stenonema. .0420 - - .0480

Trichoptera - - .0024 - .0016

Helichus .0160 - - -
Dryopidae - - .0244 - -
Misc. .0032 - - .0128 .0380

Total 90.9690 24.4640 47.6840 58.1160 73.3700
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'. t:..x&. 6/6/7~ 7/17/75 7/21175 8/8/75 9/15/75 10/24 ':') ;li~::
E ,,,,:

:lJ\lra .0308 .0148 . 0036 .0060 .0096 .0800

l;lanorbidae .0008 .0048 .0196 .0172 .0092 .2784

I Bryozoa - - - .0192

Nematoda - .0004 - - .0008

Uligochaeta 3.2592 4.6976 2.7744 1.2220 2.6800 . "ii96

Hirudinea .2160 2.07h8 .8580 .9360 - .0664

Physa 2.8604 .4460 - .1664 .192h .0292

Helisoma - 1. 7440 - -
Gyraulus .0584 - - - -
Viviparus 3.0432 3.5156 11.1508 .6708 1.1860 -

Goniobasis 119.8100 110.5680 72.9140 60.3160 65.7890 18~2670

Amnico1a - - .0156 -
Pisidium .3792 .0848 .0256 .0580 .1824 .0024

Hya1ella .0040 .0012 .0200 .0172 .ooou .00i,8

Gammaridae - .0016 - - - -

Ostracoda - .0008 - .0008 .0016 .0008

Hydracarina - .0012 .0008 .0008 .0004 .0068

Heptageni idae .0004 .2368 .0052 - -

Baetidae .5152 .0896 .1012 -
Coenagrionidae .1152 - - - -
~ - .0112 - -
Polycentropus - - - .0028 - -

Hydroptilidae - - .0056 - .0020 -
Leptoceridae - .0008 .0048 .0012 - .0028

Chaoborus .1635 .0012 - - .0200

Chironomidae 2.9060 6.1884 4.7296 4.8160 .1404 .05"6

Ceratopogonidae .1808 - .0004 - - -
Misc. .0600 .2356 .1692 .0068 .0116 .0156

Total 130.8600 129.9400 92.7800 68.2600 70.2000 19.5700
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The sublittoral community of ~ georgianus was almost eliminated after
the 1974 application of Simazine (Table 11). Adults aborted young and all
individuals were very lethargic 2 days after treatment. It appeared that
100% of the immature specimens were killed. As is typical of this species no
further reproduction took place during the summer. The 1975 application of
0.25 ppmw did not result in high mortality and by autumn the popUlation had
increased beyond its 1974 pretreatment density.

Tables 12 and 13 summarize total benthic biomass throughout the lake,
including the control, during the period of study.

DISCUSSION

The unusual distribution of faunal elements in Moriane Lake results
because of the essential lack of entire taxa; Arthropod groups in the littoral
areas and Annelids in the profundal substrates. This may be the result of
previous pesticide treatments. According to Kastens (2), 1 gal. of Diquat/sur
face acre (1 L/ha) were used to treat the lake in 1972 and 1973. During the
same period a total of 2,157 Ibs. (~10 x 105g) of copper sulfate were applied.
The absence of these taxa is unfortunate because it is impossible to ascertain
the effects of the Simazine application on groups that were missing before the
experiment was initiated.

Despite high mortality in the lake, preliminary data from short-term
toxicity tests on Goniobasis and Viviparus in the laboratory indicate that
neither genera are adversely affected by Simazine concentrations up to 5 ppmw.
It is hypothesized that herbicide-substrate interactions occured in both
habitats that had negative effects on these populations.

It is also possible that the littoral populations of Goniobasis were
sensitive to synergestic effects of the Simazine application in Moriane Lake
because of their total dependence for food on a 1-3 mmthick layer of blue
green benthic, encrusting algae that covers the cobbles that make up the
substrate in the littoral enviro~ent. As this flora decomposes, organic
compounds are released that are potentially toxic to snails. The sublittoral
Viviparus population may also have been severely stressed by synergestic
effects as dying algal cells rained into this environment from the epilimnion
waters and then were ingested.
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TABLE11. Sublittoral census of Viviparus georgianus in Moriane Lake.

2Date Individuals/m

7/22/74 (treatment) 72
7/25/74 24
8/8/74 8
9/13174 8
10/21/74 -No Data-
6/6175 -No Data-
7/17175 (treatment) 32
7/21175 24
8/8175 24
9/15175 84
10/24/75 -No Data-

TABLE12. Total Biomass. 1974 gms/m2•
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Station 7/22/74 7/25174 8/8/74 9/13174 10/21/74

Control 9.437 8.537 7.459 3.465 3.865

Protundal 11 4.838 13.327 6.304 4.700 6.192

13 5.537 3.148 3.402 4.787 3.521

16 5.327 1.785 2.238 1.150 8.996

Littoral 90.969 24.464 41.684 58.716 73.370

2TABLE13. Total Biomass. 1975 gms/m •

Station 6/6/75 7/17/75 7/21/75 8/8175 9/15/75 10/24/75

9oJltrol 3.350 3.208 .806 1.214 2.965 1.514

Profundal II 11. 398 14.504 14.569 9.225 .527 6.083

invalid data
uittoral 130.857 129.940 92.171 68.258 70.205 high water

19.572
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C(](PETITIONBETWEENCORNANDCRABGRASSANDCORNANDLAMBSQUARTERS
AS INFLUENCEDBY N ANDK LEVELSANDSPACINGS

P. J. Shea and R. A. Peters!!

ABSTRACT

A field experiment was designed to study competition between field corn
(~~ L.) and large crabgrass (Digitaria sanguinalis L. Scop.) and
common lambsquarters (Chenopodium album L.). Corn and weeds were grown both
alone and in association at a constant level of applied phosphorus and varying
levels of applied nitrogen and potassium. 150 lb/A P205 (46% superphosphate)
was applied to all plots, N (ammonium nitrate) at 50, 100, or 200 lb/A and K20
(muriate of potash) was applied at 60 or 240 lb/A to individual plots. Five
corn rows, 36 inches apart, were planted in all corn and corn plus weed
plots. In combination plots weed seeds were planted at corn seeding within
the second corn row or between the third and fourth and fourth and fifth corn
rows to study the effects of spacing on competition.

Increasing levels of either N and K generally increased the early growth
of the corn to a greater degree than that of the weed species although high
K appeared to have a greater effect on early corn growth than high N levels.
Earlier increases in growth gave the corn a competitive advantage over the
weeds which was reflected in higher corn yields from combination plots
receiving more K and N fertilizer. An increase in N levels was more effective
in raising corn yields at lower than at high K. Increasing N levels from
50 to 100 lb/A produced greater yield increases than did an N increase from
100 to 200 lb/A. Where corn was growing in association with lambsquarters
planted within the corn row it was found that increasing N at high K actually
depressed corn yields. At 240 lb/A K there was a 10% reduction in corn yield
as nitrogen levels were increased from 50 to 100 lbjA and a 20% additional
yield reduction when nitrogen levels were increased from 100 to 200 lb/A.
These reductions were accompanied by a 25% and 45% increase in lambsquarters
yield, respectively compared to the 50 lb/A rate. In plots where weeds were
growing alone nitrogen also increased weed yield to a greater degree at high
K than at low K. At 240 Ib/A K yields of crabgrass and lambsquarters were
increased by averages of 25% and 3%respectively when N levels were increased
from 50 to 200 IbjA, while at 60 lb/A K yields of both species peaked at
100 IbjA N.

Lambsquarters and crabgrass yields were at least twice as high when they
were grown between the corn rows than when grown within the row but the
consequence in corn yield differed between the two species. Overall corn
yields were reduced to a greater degree by the presence of lambsquarters
within the row than between rows, while crabgrass produced similar reduc
tions in the between row spacing at the high potassium level. The former
effect could be attributed to increased competition during early growth and
the latter effect might be due to the ability of crabgrass to tiller pro
fusely and root at the nodes, thus producing a denser and more extended
root system than that of the lambsquarters.

Graduate Research Assistant and Professor of Agronomy, respectively,
Plant Science Dept., University of Connecticut, Storrs, Ct. 06268.

-'



DIFFERENTIALRESPONSEOF TOMATOAND

LAMBSQUARTERTO POTASSIUMLEVEL

Peter L. Minotti l

ABSTRACT

The response of lambsquarter (Chenopodium album L.) and tomato
(Lycopersicon esculentum Mill. cv. New Yorker) was characterized when the
two species were grown at various levels of K in sand culture under
"Metalarc ll lights in the greenhouse. Lambsquarter required greater
amounts of K for optimum growth. The critical K concentration (that
giving approximately 90% of maximum growth) of either the nutrient media
or plant shoots was twice as high for lambsquarter. At all 5 K levels
employed, lambs quarter shoots contained a greater percentage of dry matter
and a greater K concn in that dry matter than did tomato shoots. Total
plant accumulation of K per unit of root mass was higher for lambsquarter
at low to moderate K levels but equal for the species at high K levels.
Lambsquarter contained more K and N per unit of fresh weight and also
more Ca and Mg at the lower to moderate K levels. At high levels of K
lambs quarter contained less Ca and Mg because these cations were more
severely depressed by K uptake in lambsquarter. Both species contained
similar amounts of P per unit of fresh weight although the P concn of
dry matter was noticeably higher for tomato, particularly in regard to
roots.

1 Associate Professor, Department of Vegetable Crops, Cornell University,
Ithaca, NY, 14853
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DIFFERENTIALRESPONSEOF TOMATOANDLM4BSQUARTER

TO P LEVELSANDN SOURCEl

David H. Picha and P. L. Minotti 2

ABSTRACT

The early growth response of tomato (Lycopersicon esculentum Mill. cv.
Jetstar) and lambs quarter (Chenopodium album L.) was characterized when the
two species were grown alone and in competition at various levels of P and
at varying ratios of N03-N:NH4+-N (total media N level constant) under
ItMetalarc" lights in the greenhouse.

Tomato required higher amounts of P for optimum growth than did
lambsquarter and the concn of P in tomato dry matter was greater. When
the species were grown together in competition the ratio of lambsquarter
weight to tomato weight increased with decreasing P concn of the media.
Root:shoot ratios were higher for lambsquarter and this ratio increased
with decreasing P.

Growth of both species were severely depressed by exclusively NH4+-N
but lambsquarter was markedly more tolerant to increasing NH4+:N03- ratios.
Thus, when the species were grown together the ratio of lambsquarter to
tomato increased as a greater proportion of the total N was supplied in the
NH4+ form. On a dry matter basis total N concn of shoots was higher fOl'
lambsquarter while N concn of roots was higher for tomato. Increased
proportions of NH4+-N increased the N concn of tomato roots and shoots
and markedly decreased the percentage of tissue N in the N03-N form.
Although increasing ratios of NH4+:N03- also increased the N concn of
lambsquarter shoots the reduction in tissue N03 by NH4+ was much less
pronounced suggesting that at least part of lambsquarter's superior tolerance
to NH4+ may reside in its capacity to still absorb appreciable N03- in the
presence of relatively high NH4+ concentrations.

1 Paper No. 725, Department of Vegetable Crops, Cornell University, Ithaca,
NY, 14853.

2 Graduate Research Assistant and Associate Professor, respectively,
Department of Vegetable Crops, Cornell University, Ithaca, NY, 14853.
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THE EFFECT OF LIGHT ON GALINSOGACILIATA ACHENEGERMINATION

D. J. Kahl and R. A. Ashl ey1)

ABSTRACT

Galinsoga oiliata (Rat.) Blake achenes were tested to determine if there
is a light requirement for germination. The achenes were oolleoted on three
dates in Willington, Conneotiout and stored in the dark. Germination tests
were oonduoted in a oontrolled environment ohamber. In the light the gemi
nation range was 94-9~ oompared to 1-15~ germination in the dark. This shows
a positive germination response in the light.

INTRODUCTION

Galinsoga oiliata (Rat.) Blake is a diffioult weed to control in some
crops; partioularly onions, oole orops and tomatoes. It is resistant to most
of the herbioides that are registered for use on these crops (1). The achenes
germinate continuously over many months usually from April through Ootober,
varying yearly with weather. More detailed study of environmental effeots will
aid in its control.

Prior research has been inconolusive with respect to the effect of light
on germination of Galinsoga ciliata achenea , If achenes were placed on the
soil surfaoe in the dark, and the pots remained in the dark, no germination was
observed. If the pots were moved to the light after imbibition some germination
occur-red , When germinated in petri dishes it was found that achenes in the same
seedlot varied in their light requirement. Germination in the dark was often
equal to the germinat ion in the light, and in some seed batches there was better
germination (1,2).

Tests were conducted at the University of Connecticut Plant-Water Relation
Laboratory in North Coventry, Connectic~t during September and October, 1976.
The objective of these experiments was to determine the effect of light on the
germination of Galinsoga ciliata achenes ,

MATERIALSANDMETHODS

Three germination tests were run with a different batch of achenes used in
each test.

The aohenes were collected on 8/3/76, 9/20/76 and 9/13/76 for use in Test
I, II and III, respectively. The aohenes were collected from mature seed heads.

The achenes in Test I and III were placed in light exclusive envelopes and
stored at room temperature. The achenes in Test II were freshly harvested, air
dried in fluoresoent light for 5 d~s and then tested.

1) Graduate Researoh Assistant and Assooiate Professor, respectively, University
of Connecticut, Storrs
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The three tests were initiated on three different dates. Test I was ini
tiated on 9/1 ~h6 and ran for 17 days. Test II was initiated on 9/24/76 and
ran for 20 days. Test III was initiated on 10/9/76 and ran for 14 days.

The germination tests were oarried out in 9 cm plastic petri dishes. Four
pieoes of Whatman No.2 filter paper and 10 ml of distilled water were placed
in each dish. One hundred achenes were placed on the moist paper and the petri
dishes placed in the appropriate light treatment. Treatments were replicated
four times.

The prooedure for the germination tests was identioal in the three tests.
Seed exposed to light during germination was plaoed in a growth ohamber main
taining a temperature of 29.0 ± 2oC, a relative humidity of 70 ± 5%1 the light
source was fluoresoent with radiant energy of 1.8x104 ergs om-2seo-. Seed to
be germinated in the dark were placed in a wooden box whioh was enclosed in a
black cloth bag (a portable film developing bag) which was then plaoed in the
same growth chamber. The temperature in the dark chamber was approximate ly
20C higher than in the light chamber.

Germination counts were first made after two days and then every two or
three days. Counting was done by removing the dishes from the chamber and
oounting germination on a laboratory table. Achenes that germinated and pro
duced ootyledons were oounted and removed from the dish then the dishes were
replaoed in the appropriate light or dark treatments.

TABL~ I. The effeot of light on germination of Galinsoga oiliata aohenes.

Date Storage Germination
Test Treatment ermination Colleoted Condition Test started

I Light 94 837 Dark 9 13 76
Dark 15 " Dark "

II Light 98 9/20/76 Light 9/24/76
Dark 3 tt Light II

III Light 98 9/13/76 Dark 10/9/76
Dark 1 II Dark tt

RESULTSANDDISCUSSION

The data from these tests show Galinsoga oi Hata aohenes have a light require
ment for germinat ion.

The achenes from Test I, oolleoted 8/3/76 had 94% germination in the light
and 15% germination in the dark (Table I). There was signifioantly better germi
nation in the light (1% level of probability). This test had the highest germina
tion in the dark of the three tests (Table I). One possible explanation for better
dark germination oould be that they were exposed to longer day lengths or higher
light intensity on the plant prior to harvesting.
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The schenes from Test II, oolleoted 9/29/16 germinated significantly (1%
leve 1 of probability) better in the light (98%) as compared to the dark (3%)
(Table I). These seed were freshly harvested, air dried in light for 5 days
and then tested. The achene readily germinated in the light even considering
the late harvest date.

Test III repeated the results found in the first two tests. The achenes
germinated significant ly better in the light than in the dark. In the light
9~ of the achenes germinated and 1~ in the dark:.

The data found in these experiments is not in line with the previous re
search dealing with light response of Galinsoga ciliata achenes during germi
nation. In the previous research in petri dishes the achenes germinated
equally or better in the dark 88 compared to the light (1,2). The data in
these experiments indicated a light requirement for the germination of the
achenes was invo 1ved.
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MODIFICATION OF PLANT RESPONSE TO TEMPERATURE
STRESS WITH A SUBSTITUTED PYRIDAZINONE

J. B. St. John and M. N. Christiansenl/

ABSTRACT

BASF 13-338 [4-chloro-(dimethylamino)-2-phenyl-3(2H)-pyridazinone]
inhibits the formation of linolenic acid in the polar lipids of plant
membranes. BASF 13-338 also blocks the low temperature induced increase
in linolenic acid associated with cold hardening. Reduced levels of
membrane linolenate are marked by alteration of resistance to both heat
and cold. Combination of BASF 13-338 and low temperature resulted in
effective control of chickweed (Stellaria media). Corn (Zea mays L.)
and sorghum (Sorghum bicolor (L.) Moench) showed resistance to high
temperature damage as a result of treatment with BASF 13-338. A
definite role for membrane linolenate in plant response to temperature
stress has been established.

Plant Physiol., U.S. Department of Agriculture, Agricultural Research
Service, Beltsville, MD20705.
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ABSTRACT

RIGHTS-OF-WAYVEGETATION- COASTALPLAIN O~' SOUTHCAROLINA

Richard Stalter 1/

The vegetation on rights-of-way in three counties in south
eastern South Carolina; Jasper, Beaufort, and Hampton, were
sampled by the line intercept method. Five 100 foot line
transects were established on rights-of-way perpendicular to
the adjacent land and the species intercepted were recorded.

StudY oites in each county were chosen according to soil
association, and frequency data (percent lines intercepted)
for each species on each soil association were tabulated. A
similarity index, S = 2C , was used to compare the vegetation

A+B
of all soil associations. With the exception of three salt
marsh areas, the similarity index for species occupying each
soil association was low (~.50).

~he herbaceous species with the highest frequency values
occupying most study sites included Andropogon virgini.cus,
Panicum spp., and Ambrosia artemisiifolia. QUercus virginiana,
Quercus laurifolia, and Liquidambar styraciflua were the most
commonly encountered arborescent species, while the shrub
species were poorly represented by Rubus spp. and~ glabra.
Differences in the age of each stUdy area, prOXimity to various
seed sources, preVious use of the land, differences in soil
moisture conditions, local edaphic conditions, and sampling
techniques mignt account for the low similarity values.

1/ Director, Environmental Studies Program, St. uohn's
university, Jamaica, ~ew York 11439
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WEEDSOF THE WORLD. I I c. , THEWEEDSOF THE EASTERN

MEDITERRANEANCOUNTRIES- A SUMMARY

Lawrence J. King 1/

ABSTRACT

This is a summary of one section of a long-term project on
the "Weeds of the World." In its original format this section
comprises an alphabetical checklist of 551 species and varieties
providing the species and family names, life span and other
biological data. Crop associations, distribution for certain
regions, bibliographies and illustrations were also included.

INTRODUCTION

The area under consideration here includes Turkey, Syria,
Lebanon, Cyprus, Israel, the Sinai Peninsula, Jordan, Iraq,
Iran, Saudi Arabia and the remainder of the Arabian Peninsula.
However specific weed studies were available for only a few of
these areas. A factor common to much of this area observed by
Boyko (2) is the strong influence of man, dating back for
thousands of years. Highly developed and organized states
appeared and disappeared in this area during the course of the
centuries. Overpopulation occurred from time to time, with its
plant ecological consequences: deforestation, overgrazing and
erosion, with all their accompanying effects on soil, moisture
conditions and vegetation. The studies of Delebes (4) also may
be helpful here. Turrill's (18) comments on ruderals and on
human influences are most appropriate here.

The largest area in this region under review is Saudi
Arabia with an area of approximately 865,000 square miles. No
specific studies on weeds were utilized from Saudi Arabia. A
weed survey of this area has been recently published by Parker
( 17) •

Iran has an area of approximately 636,000 square miles.
No specific weed records from Iran have been included here.
However, there exists a thesis by Habibollak Sabeti, "Les
plantes adventices de l'Iran,1I which has not been available for
study. Iraq has an area of 168,928 square miles. The weed
records for Iraq included here have come from a list of 70 weeds
from a publication of Ali Al-Rawi which was translated by
Falah A. E1-Naib - a student of Dr. Nicholas Polunin formerly

1/ Professor of Biology, State University of New York, College of
Arts and Science at Geneseo, N.Y.

-
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of the staff at the College of Arts and Science in Bagdad. A
small list of weeds was also utilized from a publication of
Guest in 1929. The weeds of Lebanon (3,950 square miles) have
been studied by Edgecombe (5). The list comprises 341 species
representing 46 plant families. English and Arabic common names
are provided wherever possible. The weed information provided
in this work has not been included in the present study. Arabic,
Armenian and Turkish plant names are listed in the work of
Bedevian (l).

Turkey is the third largest of the countries considered in
the general area here under review. Turkey has an area of
300,948 square miles. The weed records for Turkey have come
from two detailed studies: that of N. Goksel (6) concerning the
weed seed contaminants of Turkish grains, and the extensive study
of K. Meyer (15).

Israel has an area of 7,992 square miles. The weed records
of this area were obtained from the publications of Nadel (16)
covering the weeds of the Jaffa region, and that of Zohary (21)
covering the weeds of Palestine. No specific weed publications
have been noted for the remaining areas in this general region.
However, aspects of phytogeography together with a considerable
reference list may be found in the same UNESCOpublication in
which the study of Boyoko (2) appears. The Flora Palestina
when completed will include about 2,400 species (24). Publica
tions of the Israeli Weed Control Conference are also helpful
(8). The other publications of Dr. M. Zohary listed should
also be consulted.

DISCUSSIONANDSUMMARY

Reference may be made here to Turrill1s 1929 study on the
Balkan Peninsula, an area also of great antiquity, long heaVily
populated and intensively farmed (18). He included 6,530
species of flowering plants of which 567 species were considered
weeds {8.7 per cent of the total flora~. The four families
most plentifully represented were: Compositae (100 spp.),
Gramineae (99), Umbelliferae (82), and Cruciferae (65).

This Balkan weed flora comprised 407 annuals, 39 biennials,
and 121 perennials; while the ruderal flora consisted of 172
annuals, 39 biennials, and 77 perennials. The 61 species of
the 17 genera of the Chenopodiaceae were particularly noted.
Turrill noted that the main halophytic invasion had been one of
Central Asian species via South Russia into the Dobruja. He
also noted that the Mediterranean is given as the most important
single geographical source of the weed-aliens of the seaport
area of Montpellier in France (Thellung, 1912, see, 9), 416
species having this origin. Thus anthropic factors have a great
influence on the origin and evolution of weeds and weed
associations (see HHflinger et al. (7) for related European
studies). ---



148

The total number of species and varieties listed as weeds
or ruderals in the present checklist totals 551. If this total
should represent 10 per cent of the entire vascular flora, then
the vascular flora for this region could comprise some 5,510
species and varieties.

Plant families represented by large numbers of species and
varieties include: Leguminosae, 94 (24 genera); Compositae, 53
(30 genera); Gramineae, 85 (36 genera); and Cruciferae, 49 (32
genera). In addition, the Chenopodiaceae included five genera
with 13 species; nine species are listed for the Euphorbiaceae.

The weeds included in the checklist show a particularly
high representation of members (spp. and vars.) of the
Leguminosae: Lathyrus (11 spp.); Medicago (14 spp.); Trifolium
(26 spp.); Vicia (24 spp.) and Trigonella (8 spp.). Also in
this family are the following genera with somewhat smaller
numbers of species: Alhagi. Astragalus, Cicer, Coronilla,
Galesa, Glycyrrhiza, Lens, Lotus, Melilotus, Mimosa, Onobrychis,
Onon1s, Ornithopus, P;sum, Prosopis, and Scorpiurus.

Undoubtedly large numbers of these are deep-rooted
perennials capable of surviving during periods of aridity so
common to this area. Likewise many of these species, or near
relatives perhaps, have been cultivated or otherwise used by man
throughout many ages. Furthermore, these all presumably fix
nitrogen by means of root nodules and thus have ready sources of
nitrates available even in areas of low soil fertility.
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GROWTHREGULATOREFFECTS ON WILD OAT SEED PRODUCTION,
DEHISCENCE,ANDDORMANCY

W. Hurtt!/, R. B. Taylorson~/, and L. E. Forrence!/

ABSTRACT

We initiated studies to determine if foliar application of test chem
icals could either increase the germination of newly dispersed seeds or
reduce seed shedding of wild oats (Avena fatua L.) in a manner similar
to the use of growth regulators in preventing preharvest drop of various
fruits. Plants were thinned to one plant/pot and grown in the greenhouse
for 3 to 4 wk, transferred to growth chambers for ca I month, and returned
to the greenhouse prior to heading. NAA (l-naphthaleneacetic acid), the
dimethylamine salt of 2,4-D [(2,4-dichlorophenoxy)acetic acid], or the
triethylamine salt of 2,4,5-T [(2,4,5-trichlorophenoxy)acetic acid] was
applied at different stages of growth. Seeds were collected from individ
ual plants at weekly intervals over the harvest period and nonshed seeds
were removed from the panicles at the final harvest. Number, weight, and
germinability of collected seeds were some of the variables assessed.

Seeds collected from plants treated preheading with 0, 80, or 100 g/ha
of NAAwere dormant from the first 6 weekly collections. Germination
gradually increased over the next 7 wks reaching a high of 83% at the last
harvest. A statistically significant increase in germination was observed
at the 11th harvest for the high level of NAA. Enhancement of germination
by 100 g/ha continued for most subsequent harvests, but the increases were
not significant. Shoot elongation was also found to be significantly
enhanced at several harvests. For both control and treated plants, ca 55%
of the seeds were shed and ca 45% were retained in the panicles. Total
number of seeds produced by treated plants was greater than the controls
but the increases were not significant. However, when seed production was
examined on the basis of seed color, the 100 g/ha level was found to have
caused a significant (P = 0.06) 80% increase in total number of dark seeds
and a four-fold increase in number of nonshed dark seeds (P = 0.03).

Seeds from plants treated at preheading with 50 to 1600 g/ha of 2,4,5-T
exhibited germination responses similar to those observed with NAA. In
general, germination was not influenced by treatment but length of shoots
was increased by increasing levels of herbicide. Total number of seeds
produced was inhibited ca 22% by 800 or 1600 g/ha of 2,4,5-T.

Seed production from oats, treated when 50% of the plants were at
anthesis, was reduced 46% by 1 kg/ha of 2,4-D. Germination was enhanced by
the 2,4-D treatment in the seeds collected from the early harvest when
seeds are normally dormant, but was not affected in later harvests when all
seeds were germinating in the range of 80 to 97%. Seeds from plants
treated 1 wk later exhibited the same general responses, but inhibition
of viable seed production dropped from 46% to 36%.

~/Plant Physiologist and Chemist, respectively, Weed Physiology & Growth
Regulator Research Lab., USDA, ARS, Frederick, MD21701.

!/Plant Physiologist, Pesticide Action Lab., USDA, ARS, Beltsville, MD
20705.
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A SIMPLE ANDRAPID BIOASSAYFOR EVALUATINGCHEMICAL
STRUCTURE-BIOLOGICALACTIVITY RELATIONSHIPS

Werner J. Meudt l!

Abstract

The relationship between structure and biological activity of chloro
phenoxyacetic- and benzoic-acids was determined with a newly-developed
bean first internode assay.

Bean internode sections were each treated with 10 nanomoles of mono, di,
and trichloro-phenoxy- or benzoic-acids. The "hormone" response of each
was determined 2 hours after chemical treatment.

The greatest biological activity of chlorobenzoic acids is associated
with a chlorine substitution at the ortho position plus a second chlorine
para to the ortho positioned chlorine (2,5-; 2,3,6-). 4-chlorobenzoic
acids are inactive (4-; 2,4-; 2,4,6-; 2,3,4-). The activity of phenoxy
acetic acids is greatest when they contain at least one unsubstituted
ortho ring position and a second unsubstituted position in the benzene
ring para to it (2,5-; 3,6-). Even though both biologically active
chlorobenzoic- and chlorophenoxy-acetic acids give similar physiological
responses, the differences in structural requirements suggest differences
in their metabolic reactions.

It is conjectured that the biological activity of chlorobenzoic acids
depends upon the ease at which the ortho chlorine can be substituted by
a nucleophilic substituent.

The biological activity of chlorophenoxyacetic acids, on the other hand,
might depend upon the ease of oxidation-reduction of the unsubstituted
ring positions.

1/ u.s. Department of Agriculture, Agricultural Research Service,
Beltsville Agricultural Research Center, Beltsville, Maryland 20705.
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DETECTIONOF ROOT-ABSORBEDGROWTHREGULATORSWITH CALIFORNIAPRIVET

11R. A. Creager and J. P. Sterrett-

ABSTRACT

A rapid method for the discovery and evaluation of plant growth regula
tors en woody plants was developed t using California privet (Ligustrum
ovaZifoZium L.) and root-absorbed growth inhibitors. Experiments were con
ducted involving hydroponics and soil-drench techniques and ancymidol
(a-cyclopropyl-a-(4-methoxyphenyl)-5-pyrimidinemethanol) to develop and
validate the methods.

To determine the range of concentrations necessary to retard growth of
privet sprouts t 2~-year-old plants were grown and treated in nutrient
culture under controlled environmental conditions. The plants were decapi
tated t and the stump sprouts pruned to a single stem which was treated with
ancymidol in the emulsifiable concentrate form (EL-53l E. C')t at levels
ranging from 0.125 to 16.0 ppm. All treatments inhibited growth, but the
lowest significant inhibition occurred with 0.25 ppm ancymidol in 7 days.

Two age-groups of privet (3 months and 4 years old) were compared for
effectiveness of ancymidol in soil-drench experiments. Both groups were
grown in a controlled environment and each plant was pruned to a single stem.
Soil-drench applications of the emulsifiable concentrate of ancymidol ranged
from 4 to 64 ppm. All treatments inhibited growth t but the 3-month plants
were inhibited longer than the 4-year-old plants. At rates ranging from 32
to 64 ppm both young and old plants were significantly inhibited for 18
weeks; however t at 16 ppm the young plants were inhibited for 18 weeks while
the old plants were inhibited for only 12 weeks.

An additional experiment was performed using 2-year-old privet to
compare the effects of the emulsifiable concentrate with the water-soluble
form of ancymidol. This experiment not only indicated that the water
soluble formulation of ancymidol is as effective as a soil drench as the
emulsifiable concentrate, but confirmed the results of the first soil-drench
experiment.

The hydroponic method for testing root-absorbed plant growth regulators
gave an indication of activity in very low dosages t but was time consuming
to set up and maintain. The soil-drench method using privet plants from 3
months to 2 years old gave fast and effective indication of activity
response t but a higher dose level was required than in hydroponics. Experi
ments with other known plant growth regulators are in progress and eventually
unknown chemicals will be tested to further validate the methodology.

llWeed Physiology & Growth Regulator Research t Agricultural Research Service,
u. S. Department of Agriculture t Frederick t MD21701.
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TECHNIQUESFOR DETECTINGANDEVALUATINGTOBACCO
AXILLARYBUDINHIBITING CHEMICALS

G. L. Steffens 1/

Abstract

New, effective chemicals for the inhibition of axillary bud (sucker) growth
on tobacco (Nicotiana tabacum L.) have been sought since the late 1940's.
It is estimated that U.s. tobacco producers spend nearly 20 million dollars
annually for chemicals to control sucker growth. The late Paul C. Marth of
this Laboratory first described a rapid greenhouse method for evaluating
chemicals to control sucker growth using the small-leaf type tobacco,
Xanthi-nc. According to Marth (Marth, P. C. and J. W. Mitche 11. 1964. J. Agr.
Food Chern. 12:61-64.) Xanthi-nc tobacco is a hybrid of n. glutinosa L. and
N. tabacum cv. Xanthi (a Turkish type) developed at the University of
california. These plants require less greenhouse bench space and the turnover
time to produce them is shorter compared to commercial tobacco cultivars.
We have utilized Marth's general procedure since the early 1960's and have
made modifications and alterations which make the procedure quite versatile.
The Xanthi-nc plants are grown in sterilized soil in a greenhouse at about
800 F under natural daylight. The seeds germinate within 7 days and seedlings
2.5 to 4 cm tall are ready to be transplanted into 5 em (thumb) pots approxi
mately 4 to 5 weeks after seeding. The seedlings become established in these
small pots and the entire soil ball is transferred to 10.5 cm clay pots after
about 2 weeks. The plants grow 2 to 3 weeks in the 10 cm pots until they are
15 to 20 em tall and ready for treatment. The length of time from sowing the
seed until plants are ready for treatment is 60 to 70 days depending upon
season of year and greenhouse conditions. Seed is sown at weekly intervals so
plants are available all year.

Chemicals to be evaluated can be applied in several ways to terminal or sucker
buds or both. After terminal buds are removed, suckers develop rapidly so
that treatment effects can be evaluated within 2 weeks. The extent of growth
of the terminal portions of intact plants can also be evaluated within 2 weeks.
Chemicals can be mixed with a carrier such as lanolin as described by Marth
and applied to the buds in specific amounts. Emulsions of the chemical,
usually diluted with water and a surfactant as well as organic solvents whe~

necessary, can be applied as droplets to buds or as overall sprays to the
entire plant.

Bud growth inhibition on Xanthi-nc tobacco plants has been successfully used
to evaluate chemicals with contact and systemic modes of action, to study
structure-activity relationships among related chemicals, and to monitor
biological activity for the isolation and characterization of components from
natural products. In addition to evaluations of bud growth (number, length,
weight), overall size of the plant, leaf area, and formative effects can be
used to evaluate the effects of applied chemicals.

1/ u.s. Department of Agriculture, Agricultural Research Service, Beltsville
Agricultural Research Center, Beltsville, Maryland 20705.
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SCREENINGOF NONANALANDRELATEDVOLATILESPORE STIMULATORSFOR
ACTIVITY ON EIGHT SPECIES OF WEEDSEEDS

G. R. Leather, R. C. French, and R. A. Long1/

ABSTRACT

Naturally-occurring organic volatiles, previously found to stimulate
germination of uredospores, aeciospores, conidia, teleutospores, and
pollen (Pinus sp.) were studied in relation to their effects on germi
nation and subsequent radicle growth of eight weed species.

Weed seeds were placed on moist filter paper in petri dishes in 10 L
desiccators. The chemical to be tested was placed on a supported Whatman
#1 filter paper disc and sealed in the desiccators for 3 days. Liquid
volumes of 0.01, 0.1, and 1.0 ml chemical were placed on the filter paper
to provide a range of concentrations. Weed species used were: redroot
pigweed (Amaranthus retrojtexus) , jimsonweed (Datura stramonium), giant
foxtail (Setaria faberii) , wild mustard (Brassiea kaber) , johnsongrass
(Sorghum haZepense) , curly dock (Rumex erispus) , Pennsylvania smartweed
(PoZygonumpensyZvanieum) , and velvetleaf (AbutiZon theophrasti). Visual
observations were made at three and ten days.

The spore-germination stimulators had varied effects on the germi
nation of the weed seeds. In general, the highest concentration (1 ml)
completely inhibited germination under both dark and light conditions.
Formative effects such as lack of root hairs, negative geotropism, swelling
of the radicle at the zone of elongation and seed-coat splitting as a
result of increased imbibition were noted. Swelling of the radicle was
most pronounced with nonanol on smartweed, curly dock, and jimsonweed.
Seed-coat splitting was noted particularly with nonanal on smartweed.
Additional studies have shown that nonanal-induced swelling in smartweed
seeds is concentration-dependent over log dilutions from 10 to 0.01% as
determined by soaking the seeds in the solutions for 16 hr and observing
the splitting of seed coats over a 35-day period.

Although the objective of this screening program is to find stimulators
of weed seed germination, it is believed that the formative effects
produced by some of these chemicals may have practical application in the
control of weed seed populations.

l/Weed Physiology & Growth Regulator Research, and Plant Disease Research
Laboratory, U. S. Department of Agriculture, Agricu~tural Research
Service. Frederick, Md. 21701
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THE INFLUENCE OF GROWTHREGULATORS ON THE

ABSORPTION OF MINERAL ELEMENTS

by

11
Robert M. Devlin and Stanislaw J. Karczmarczyk

ABSTRACT

The influence of GA (gibberellic acid), 2,4-D (2,4-dichloro
phenoxyacetic acid), and SADH (succinic acid-2,2-dimethylhydra
zide) on the uptake of N, P, and K by wheat (Triticum vulgare L.
'Mericopa') and soybean (Glycine hispida L. 'York') was investi
gated. Uptake of K by wheat was accelerated by GA and the uptake
of Nand P by wheat and soybean was enhanced by 2,4-D. Both GA
and 2,4-D interfered with the translocation of N,P, and K. SADH
did not enhance the uptake of N, P, and K but did stimulate the
translocation of P and K in the plant.

INTRODUCTION

The transport of nutrients and metabolites in the growing
plant and, particularly, to the developing seed and ripening
fruit, are to a great extent under the direction of plant growth
regulators. Early investigators demonstrated that the movement
9f soluble carbohydrates, nitrogenous compounds, and ions to
certain areas of the plant was enhanced when those areas were
treated with indole-3-acetic acid (IAA). However, this enhance
ment extended over a prolonged period of time and no attempt was
made to distinguish whether the influence of IAA was due to a
stimulation of growth or to a direct effect of the growth re
gulator on the transport mechanisms. More recent experiments
have demonstrated that growth regulator-directed uptake and
transport of nutrients, metabolites and even materials foreign
to the plant can occur in plants within a relatively short per
iod of time following application of the growth regulator
(1,2,5,6,10).

11 Laboratory of Experimental Biology, Cranberry Experiment
Station, University of Massachusetts, East Wareham, Massa
chusetts 02538.
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In the present paper the influence of 2,4-D, GA, and SADH
on the uptake of N,P, and K was studied. All three of these
growth regulators are used in modern agriculture.

METHODS AND MATERIALS

Newly germinated wheat seeds were placed on wire screens
supported by small beakers so that their root systems grew down
into inorganic nutrient media (Hoagland No. l--~ strength) con
tained by the beakers. Each beaker contained 10 wheat seed
lings, the ten plants being tested and analyzed as one unit.
Constant conditions of light (white, 10.8 Klux, and continuous)
and temperature (25 t 10C) were maintained in a Percival growth
chamber (Model E-540). The plants were transferred to fresh
aerated medium every 2 days. After 7 days of growth the plants
were transferred to beakers containing inorganic media (Hoag
land No. l--full strength) and different concentrations of the
growth regulators, 2,4-D, GA, and SADH. The plants were allowed
to grow under these circumstances for another 72 h.

Soybean seeds were planted in clay pots containing vermi
culite and grown in a growth chamber as described above for
14 days. The vermiculite at the start of the experiment was
thoroughly soaked with water. Thereafter the plants were treat
ed daily with 100 ml of inorganic nutrient solution (Hoagland
No. l--~ strength). Fourteen-day-old soybean plants of similar
size were then transferred to wide-mouth 250 ml erlenmeyer
flasks that held 150 ml of aerated inorganic nutrient solution
(Hoagland No. l--full strength) and different concentrations of
the growth regulators, 2,4-D, GA and SADH. Each flask contained
one plant held in place with a cotton plug. The flasks were
placed in the growth chamber for 72 h under 10.8 Klex of con
tinuous white light and 25~ lOCo Eight high-output fluorescent
lamps (F48T l2-CW-HO) and four 60-W incandescent light bulbs
provided the light source. In all wheat and soybean experi
ments the pH of the inorganic nutrient media was adjusted to
6.St' 0.2.

After exposure to the growth regulators, wheat and soybean
plants were cut into small pieces and dried at 45 0C for 48 h in
preparation for N, P, and K analyses. Before being analyzed
the dried plant tissue was ground into a fine powder by a Wiley
mill. The samples were analyzed for N by semi-micro Kjeldahl
(3), for P by phosphomolybdate colorimetry (7), and for K by
flame photometry. All experiments were replicated 3 times and
the data were analyzed by analysis of variance.
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RESULTS

NITROGEN. Treatment of wheat and soybean with GA had only a
negligible effect on the uptake of N (Tables 1 and 2). With
wheat, GA was slightly stimulatory at 0.03 and 0.3 uM and inhi
bitory at 30,300, and 1500 uM. When wheat shoots and roots
were analyzed separately it was found that shoot absorption of
N was inhibited and root absorption stimulated by all concen
trations of GA tested (Table I). This difference between shoot
and root uptake was not observed in soybean treated with GA
(Table 2).

The absorption of N by wheat and soybean was stimulated by
2,4-0, maximum effect in wheat occurring at 0.5 uM and in soy
bean at 0.25 and 25 uM 2,4-0 (Tables 3 and 4). A l~~ increase
in N absorption by wheat shoots was observed at 0.5 uM and an
18% increase in root absorption at 2.5 uM 2,4-0 (Table 3).
Maximum stimulatory influence in soybean shoots occurred at
25 uM (l~~) and in roots at 0.25 uM (22%) (Table 4). In most
instances where root uptake was stimulated shoot uptake was
inhibited, suggesting some interference with the translocation
of N from root to shoot. This was also true for GA-treated
wheat plants.

The growth retardant SADH had little or no effect over a
wide concentration range on N uptake by wheat and soybean (Tables
5 and 6).

PHOSPHORUS. As with nitrogen, GA had only a negligible effect
on the absorption of P by wheat and soybean (Tables 1 and 2).
A decrease in soybean shoot uptake compared with slight stimula
tory effects of GA on root uptake suggests that the growth regu
lator may inhibit translocation of P (Table 2).

Phosphorus uptake by wheat and soybean was stimulated by
2,4-0 (Tables 3 and 4). The peak stimulatory effect in wheat
(19%) occurred at 0.5 uM and in soybean (13%) at 0.25 uM 2,4-0.

Analyses of wheat shoots and roots separately showed enhanced
shoot uptake at 0.25 and 0.5 uM 2,4-D. However, enhanced root
uptake in wheat was demonstrated in all 2,4-0 tests (Table 3).
In soybean 0.25 uM 2,4-0 caused a 15% increase in shoot absorp
tion and at 2.5 uM a 28% increase in root absorption of P
(Table 4). At the higher concentrations of 2,4-0 used, trans
location of P from root to shoot in wheat was inhibited
(Table 3) and in soybean was stimulated ttable 4).

-'
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Low concentrations of SADH (0.062 to 31 uM) did not in
fluence wheat absorption of P while higher concentrations
(62 to 6200 uM) caused slight inhibition (Table 5). Separate
analyses of wheat shoots and roots for P showed consistent
SADH acceleration of shoot uptake and inhibition of root up
take (Table 5). This suggests that SADH accelerated the
translocation of P from root to shoot.

Soybean absorption of P was not influenced to any extent
by SADH (Table 6). A slight stimulation at 0.62 uM and a
slight inhibition at 3100 and 6200 uM SADH was observed. with
the exception of high concentrations (620 to 6200 uM), analysis
of soybean plant parts showed very little SADH-caused differ
ences between root and shoot absorption of P.

POTASSIUM. The absorption of K by wheat was stimulated by the
higher concentrations of GA (30 to 1500 uM) used in this study.
Peak stimulation (33%) occurred at 1500 uM (Table 1). Shoot
uptake of K at 1500 uM GA was increased 14% and root uptake
67%. Unlike wheat soybean absorption of K was relatively
unaffected by GA (Table 2).

When the entire wheat plant was analyzed very little in
fluence of 2,4-D on the uptake of K could be observed (Table
3). However, separate analyses of shoots and roots revealed
some inhibition of shoot uptake and considerable stimulation
of root uptake of K (Table 3). As with Nand P, it appears
that the higher concentrations of 2,4-D (2.5 to 25 uM) inter~

fered with the translocation of K from root to shoot.

Some small stimulation of K uptake in 2,4-D treated soy
bean plants was observed (Table 4). However, stimulation was
erratic and no concentration effect could be observed. These
same observations were made for shoot and root absorption under
the influence of 2,4-D. Considerable inhibition of root up
take, however, was caused by 25 and 50 uM 2, 4-D (24% and 35%,
respectively).

Potassium absorption by wheat was inhibited by SADH over
a wide concentration range (3.1 to 6200 uM) (Table 5). with
the exception of those plants treated with 6200 uM, shoot ab
sorption was relatively unaffected by SADH. However, since
the amount of K in the root was considerably less in SADH
treated wheat plants it appears that the translocation of K
from the root to the shoot was accelerated (Table 5).
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Potassium uptake by SADH-treated soybean plants was somewhat
erratic. Peak stimulation (12%) was observed in plants treated
with 310 uM SADH (Table 6). Peak shoot absorption of K (15%)
occurred at 31 and 310 uM SADH and peak root absorption (20%)
at 6200 uM.

DISCUSSION

In this study GA accelerated the uptake of K by wheat and
2,4-D enhanced the uptake of Nand P by both wheat and soybean.
However, both GA and 2,4-D interfered with the movement of N, P,
and K from the root to the shoot. This was inferred by stimula
tion of root uptake coupled with either a "no effect" or an in
hibition of shoot uptake. A.lthough SADH did not stimulate the
uptake of N, P, or K, it did stimulate translocation of P and K
from the root to the shoot.

In at least two studies (9,11) the translocation of the
mineral elements Ca and Fe in bean was accelerated by SADH.
El..:Fouly et ale (8) showed that the growth retardant 2-chloro
ethyltrimethylammonium chloride (CCC) accelerates the trans
location of P from the roots to the aerial parts of cotton
plants. In addition, Kannan and Mathew (9) demonstrated that
the growth retardant 4-hydroxyl-5-isopropyl-2-methylphenyl
trimetbylammonium chloride (AMO-16l8) stimulates basipetal
transport of Fe in bean.

Cooke (4) showed that when the foliage of bean plants is
treated with 2,4-D there is a considerable initial enhancement
of the uptake of K., Cl, Ca, and S from soil to which these
mineral elements had been added. After a short period of time,
however, 2,4-D caused an inhibition of mineral uptake.
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Table 1. Influence of GA on the uptake of N, P, and K by wheat. Mineral
nutrients are recorded in mg/g dry weight.

Nitrogen Phosphorus Potassium

GA
(uM) Plant Shoot Root Plant Shoot Root Plant Shoot Root

a 25.5 28.7 22.3 5.7 5.8 5.6 7.5 9.2 5.7
0.03 27.0 28.4 25.6 5.9 6.2 5.6 7.5 9.1 5.9
0.3 26.6 27.4 25.7 5.9 5.0 5.7 7.8 9.6 6.0
3 25.6 25.9 25.2 5.8 5.8 5.8 7.6 9.2 5.9
30 23.9 24.4 23.3 5.9 5.8 6.0 8.2 9.7 6.6

300 23.3 23.2 23.3 5.8 5.7 5.9 8.7 10.1 7.3
1500 22.5 22.6 22.4 5.8 5.6 6.0 10.0 10.5 9.5

LSD, 0.01 1.6 2.1 1.5 0.4 0.4 0.5 0.6 0.6 0.5
0.05 1.1 1.5 1.1 0.3 0.3 0.4 0.4 0.4 0.3

Table 2. Influence of GA on the uptake of N, P, and K by soybean.
Mineral nutrients are recorded in mg/g dry weight.

Nitrogen Phosphorus Potassium

GA
(uM) Plant Shoot Root Plant Shoot Root Plant Shoot Root

a 38.2 37.2 40.0 5.1 4.7 6.1 6.9 7.5 5.7
0.03 37.8 36.6 40.1 4.8 4.3 5.8 6.8 7.4 5.7
0.15 36.1 34.9 38.5 4.8 4.2 5.9 6.8 7.3 5.8
0.3 36.1 33.9 40.4 5.1 4.5 6.1 6.8 7.3 6.0
1.5 37.1 36.0 39.5 5.1 4.4 6.4 6.8 7.2 6.0
3 36.6 35.8 38.2 5.1 4.5 6.4 6.9 7.3 6.0

15 36.8 34.9 40.6 5.1 4.4 6.6 7.0 7.3 6.4
30 38.3 36.8 41.5 5.2 4.7 6.2 6.7 7.4 5.4
150 36.0 35.1 37.8 4.9 4.3 6.0 6.7 7.3 5.4
300 36.9 36.7 37.3 5.1 4.6 6.2 7.1 7.7 5.9

1500 33.9 34.5 32.7 5.1 4.6 6.1 7.2 8.2 5.3

LSD, 0 ..01 0.8 0.8 2.4 0.3 0.5 0.6 0.2 0.4 0.4
0.05 0.6 0.6 1.8 0.2 0.4 0.4 0.1 0.3 0.3
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Table 3. Influence of 2,4-D on the uptake of N, P, and K by wheat.
Mineral nutrients are recorded in mg/g dry weight.

Nitrogen Phosphorus Potassium

2,4-D
(uM) Plant Shoot Root Plant Shoot Root Plant Shoot Root

a 24.5 26.6 22.4 4.2 4.0 4.3 3.9 5.1 2.6
0.05 25.3 27.7 22.9 4.3 4.0 4.6 3.9 5.1 2.6
0.25 26.6 29.2 23.9 4.5 4.3 4.6 3.9 5.1 2.6
0.5 27.3 29.3 25.3 5.0 5.0 4.9 4.1 5.2 2.9
2.5 26.0 25.5 26.4 4.5 3.9 5.0 4.0 4.6 3.3
5 24.1 23.9 24.2 4.4 3.6 5.1 3.8 4.2 3.4

25 23.3 21.2 25.4 4.2 3.2 5.1 4.1 3.6 4.5

LSD, 0.01 1.6 1.6 3.0 0.3 0.3 0.6 0.2 0.3 0.2
0.05 1.2 1.1 2.2 0.2 0.2 0.4 0.1 0.2 0.1

Table 4. Influence of 2,4-D on the uptake of N, P, and K by soybean.
Mineral nutrients are recorded in mg/g dry weight.

Nitrogen Phosphorus Potassium

2,4-D
-.J.uM) Plant Shoot Root Plant Shoot Root Plant Shoot Root

a 37.5 35.6 41.4 4.6 4.6 4.7 6.5 7.3 4.9
0.05 40.2 36.8 47.0 4.8 4.8 5.0 6.8 7.5 5.3
0.25 43.3 39.8 50.3 5.2 5.3 5.0 7.1 8. 0' 5.4
0.5 41.9 38.6 48.3 5.1 4.9 5.6 6.9 7.7 5.4
2.5 41.5 37.7 49.1 4.9 4.4 6.0 7.0 7.8 5.4
5 42.5 40.7 46.0 4.6 4.6 4.6 6.6 7.5 4.9

25 43.4 42.3 45.8 4.9 5.1 4.5 6.8 8.3 3.7
50 41.4 40.6 42.8 4.6 5.0 3.9 6.4 8.0 3.2

LSD, 0.01 2.0 1.6 2.6 0.3 0.4 0.3 0.5 0.2 0.6
0.05 1.4 1.1 1.9 0.2 0.3 0.2 0.4 0.1 0.4
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Table 5. Influence of SADH on the uptake of N, P, and K by wheat.
Mineral nutrients are recorded in mg/g dry weight.

Nitrogen Phosphorus Potassium

SADH
(uM) Plant Shoot Root Plant Shoot Root Plant Shoot Root

0 35.8 39.9 31.6 6.4 5.2 7.6 10.4 11.6 9.2
0.062 36.5 43.1 29.9 6.6 5.6 7.5 10.2 11.2 9.1
0.31 35.9 41.7 30.1 6.3 5.6 7.0 10.1 11.4 8.7
0.62 37.0 42.6 31.3 6.7 6.2 7.2 10.8 12.5 9.1
3.1 34.9 41.1 28.7 6.4 5.9 6.8 9.7 12.0 7.3
6.2 35.6 40.3 30.9 6.2 6.0 6.4 9.4 11. 7 7.0

31 35.1 41.6 28.6 6.2 5.9 6.4 9.5 11.8 7.1
62 34.1 40.2 28.0 5.9 5.5 6.3 9.2 10.9 7.4

310 36.1 39.8 32.3 6.1 5.5 6.7 9.1 11.3 6.9
620 36.4 42.2 30.5 6.0 5.8 6.2 9.0 11.6 6.4

3100 35.2 38.3 32.0 6.1 5.7 6.4 8.9 10.7 7.1
6200 31.5 34.7 28.3 5.9 5.4 6.4 8.1 9.3 6.9

LSD, 0.01 1.6 1.3 2.3 0.7 0.5 1.1 0.2 0.4 0.5
0.05 1.2 1.0 1.7 0.5 0.4 0.8 0.1 0.3 0.4
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Table 6. Influence of SADH on the uptake of N, P, and K by soybean.
165

Mineral nutrients are recorded in mg/g dry weight.

Nitrogen Phosphorus Potassium

SADH
(uM) Plant Shoot Root Plant Shoot Root Plant Shoot Root

0 30.1 29.8 30.8 4.0 3.5 5.1 7.3 6.6 8.5
0.062 29.0 29.2 28.7 4.0 3.4 5.1 7.5 7.2 8.1
0.31 30.3 30.3 30.4 4.1 3.5 5.1 7.4 7.3 7.7
0.62 30.4 30.0 31.4 4.3 3.7 5.4 7.8 7.6 8.4
3.1 30.9 30.6 31.5 4.1 3.5 5.3 7.7 7.4 8.2
6.2 30.6 30.3 31.1 4.1 3.5 5.3 7.8 7.3 8.8

31 30.9 30.6 31.5 4.1 3.4 5.4 8.1 7.7 8.8
62 29.6 28.8 31.4 4.0 3.4 5.4 7.8 7.1 9.1

310 31.3 31.6 30.7 4.1 3.5 5.4 8.2 7.7 9.2
620 29.5 29.7 29.3 4.0 3.3 5.4 7.9 7.5 8.7

3100 30.3 29.8 31.3 3.8 3.0 5.4 7.6 7.0 8.9
6200 31.8 30.7 33.9 3.8 3.2 5.2 7.8 6.6 10.2

LSD, 0.01 0.6 1.1 1.6 0.6 0.7 0.5 0.5 0.6 1.7
0.05 0.8 0.8 1.2 0.5 0.5 0.4 0.4 0.5 1.3
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RESPONSES OF SWEET AND FIELD CORN

TO TREATMENTS WITH DINOSEB

M. Abdel-Rahman 1/ and D. L. Bailey 2/

ABSTRACT

Five experiments were conducted at the Agway Farm Research
Center in Fabius, New York~ during 1976 to evaluate the effects
of dinoseb (2-sec-butyl-4,6-dinitrophenol) treatments on growth
and yield of five sweet and field corn (Zea mays L.) cultivars.
Two sweet corn, 'Butter Corn' and 'Butter-and Sugar', and three
field corn, 'Agway ISIS', 'Michigan 280' and 'Agway 590X', cul
tivars were planted on May 24, 1976, and were used in these
tests. Plants were thinned to a population of one plant of
sweet corn every 8 inches and 23-24,000 field corn per acre.
Treatments were applied at either four or two weeks before tas
seling as foliar sprays in 40 GPA at 100 psi and consisted of
5 or 10 gram ai/A equivalent of dinoseb (1/2 or 1 pint dinoseb +
surfactant mixture). Evaluations were made on plant growth,
plant height, length of tassels, date of tasseling, silage yield
and grain yield.

Dinoseb treatments resulted in earlier tasseling, reduced
plant height, reduced length of tassels and increased yield of
treated sweet corn plants. Similar effects were observed on
treated field corn plants. Results and discussion will be pre
sented at the meeting.

1/

2/

Plant Pathology and Physiology Development Manager, Fert
ilizer-Chemical Division, Agway, Inc., Syracuse, NY 13201

Crop Specialist, Northern Retail Division, Agway, Inc.,
New Hartford NY 13413
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EFFECTSOF DINOSEBAS A GROWTHREGULANTON FIELD CORN

F.J. Webb and D.H. Woodward.!!

ABSTRACT

Experiments were conducted at Mr. Walter Schiff's farming operation,
Dover, Delaware to determine the effects of foliar applications of dinoseb
(2-sec-Butyl-4,6-dinitrophenol) on the yield of field corn (Zea mays L. vars.)
Late Schiff, DeKalb XL64, Pioneer Brand (R) hybrids 3535 and 3368. Topical
applications of 4.3, 5, 10 and 15 gros (ai/A) were applied when the unemerged
tassel lengths of the hybrids ranged from one to six inches in length. The
dinoseb at 10 gros (ai/A) gave a 6.8% increase in corn yields across all hy
brids over the untreated check; however, this increase was not statistically
significant at the 10% level. The 10 gro rate did sign~ficantly increase (10%
level) corn yields of DeKalb XL64 and Pioneer Brand ,R) hybrid 3535 by 9.9%
and 8.9% respectively. The 4.3, 5 and 15 gro rates showed consistent trends
in increasing yields ranging from 2.1% to 2.8% across the average of all hy
brids; however, this was not statistically significant.

The ear tip fill seemed to provide an answer for the increased yields.
The tip fill increased from the check with 5.6 ears complete, out of 14
counted, to the highest at the 10 gro (ai/A) rate of 9.2 filled or a 64%
increase.

INTRODUCTION

Topical application of dinoseb in corn for increased grain yields has
been studied for a number of years. Studies reported from New York and
In~iana (1) (2) show varied responses from corn due to rate of chemical ap
plied and hybrid variability. This study was initiated to evaluate several
identified rates and how they affect different corn hybrids under Delaware
condi ti ons ,

MATERIALSANDMETHODS

The experiment was conducted at Mr. Walter Schiff's farming operation at
Dover, Delaware during the growing season of 1976. The planting was made on
April 27, 1976, utilizing a split plot design'with four replications. The
main effect was five treatments, 4.3, 5, 10 and 15 gros (ai/A) of dinoseb and
an untreated check. The 4. 3 gm rate resulted from utilizing a commercially
prepared foliar spray, Spark tR)gj at the recommended rate of application

1/ Extension Specialist-Agronomy and Kent County Agricultural Agent, respect
ively; Cooperative Extension Service, University of Delaware, Newark, De.

gj Trademark of Helena Chemical Company.
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(1 pint/A). Thi5, 10 and 15 gm rates were mixed from Premerge. 3/ A non
ionic adjuvant~ used at the rate of 1 ptllOO gal on all dinoseb treatments,
except the Spark (R) formulation which contained its own adjuvant. The split
was across four different hybrids, Late Schiff5/, DeKalb XL64, Pioneer
Brand (R) hybrid 3535 and 3368, all commercially planted at 19,000 seeds per
acre. The final stand was approximately 18,400 and uniform between hybrids.

Plot size was .24 of an acre each treatment being three rows wide.

Treatments were applied on June 25, 1976, broadcast with a hi boy
sprayer calibrated to deliver 11.1 gallons of solution per acre at 60 psi.

On the treatment date the average tassel length for Late Schiff, DeKalb
XL64, Pioneer Brand (R) hybrid 3535 and 3368 were 1.9, 5.8, 1.6, and 0.9
inches respectively. The hybrids as given above tasseled on July 20, July
10, July 18, and July 22, 1976, respectively. On October 4, 1976 ear tip
fill ratings were made. Fourteen ears from each plot were examined and rated
as complete or incomplete. On October 7 and 8, 1976 grain yields were taken,
percent grain moisture, and percent broken stalks were measured.

RESULTSANDDISCUSSION

All the dinoseb treatments gave increased corn yields, over the check,
across all hybrids except Pioneer Brand (R) 3368; which responded only to the
5 and 10 gm rates. Several of these increases were statistically significant
(Table 1).

The 10 gm level produced the largest increased yield over the untreated
check ~CtOSS all hybrids with a 9.9% for DeKalb XL64 and a 8.9% for Pioneer
Brand ~R) 3535. These hybrid increases were statistically significant at
the 10% level.

The 4.3, 5 and 15 gm rates increased yields over the check, but all
yielded lower than the 10 gm rate. This indicates that under this set of
growing conditions and hybrids that 10 gms of dinoseb was the most desirable.
This is further emphasized because there were no significant interactions be
tween rates and hybrids. However, hybrids varied some in their total yield
response to the application of 10 gms of dinoseb.

The ear tip fill data indicates that the application of dinoseb is
helping to complete ear fill, thus resulting in increased yields. Ear tip
fill was increased an average of 64% with the application of 10 gms of dino
seb per acre across all hybrids. Hybrids varied with the different rates,
but all responded with better ear tip fill.

3/ Dini tro Weed Killer, Dow Chemical Company
4/ X77 Spreader-Ortho, Division of Chevron Chemical Company
51 Mr. Walter Schiff produces some of his corn hybrids and this name was
- assigned this hybrid for identification.
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The tassel length at application time could not be correlated with a
given response across hybrids. From this work it appears that application
during tassel length of one to six inches is satisfactory. Proper time of
application for each hybrid may vary, but this information cou.Ld not be de
termined from this study.

There was no correlation between dinoseb treatments and broken stalks in
this study.

The growing conditions throughout the season were excellent. Severe
stress conditions may alter the results of this one year study. These re
sults are in agreement with those obtained by M. Abdel-Rahman et al (1) and
indicate that dinoseb can be used as a growth stimulant to corn to obtain 5
to 10% yield increases in Delaware.
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Table 1: Effect of dinoseb treatments on different corn hybrid yields and ear tip till.

DeKa1b Pioneer Brand Hybrid
L. Schiff XL64 3368

Ear Ear Ear Ear Average AverageTip
Grain 1/ Fill V Grain Tip Grain Tip Grain Tip Grain Ear Tip
Yield- Yield Fill Yield Fill Yield Fill Yield Fill

4.3 gros3/
128.9 7.4 129.2 8.2 140.6 7.5 132.5 10.1 132.8 8.3(Spark)-

Dinoseb
5 gms 119.1 6.3 130.6 6.6 140.7 9.1 139.0 11.2 132.4 8.3

Dinoseb
10 gms 129.2 8.5 134.0 8.9 147.5 10.6 143.2 8.8 138.4 9.2

Dinoseb
15 gms 128.3 8.2 130.9 6.4 140.7 7.2 133.6 12.0 133.3 8.4

Untreated
Check 126.4 4.1 121.9 4.2 135.4 5.3 134.9 9.0 129.6 5.6

LSD .10% N.S. 9.7 7.5 N.s.

1/ Adjusted to 15.5% grain moisture content.

11Ear tip fill was determined by absolute numbers (counting 14 ears per treatment and determining
either filled or not filled). The numbers given are averages of filled ears out of 14.

1/ Trademark of Helena Chemical Company.
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PREVENTIONOF LODGINGIN CEREALSWITHETHEPHON

Robert C. de Wilde and Armin H. Furrer 1/

ABSTRACT

Ethephon [(2-chloroethyl)phosphonic acid] was applied at 0.22 to 0.45
kg/hato winter wheat (Triticum aestivum L. 'Yorkstar') after pollination,

when 5 to 10% of the grain heads were emerging from the sheath. The treatments
reduced straw height 17 to 27 cm and decreased lodging tendency 30 to 75%with
out affecting yields. Ethephon can be useful in emergency to reduce excessive
plant growth because the late stage at which it should be applied allows ample
opportunity to assess fields and decide whether lodging might occur.

INTRODUCTION

Heavy rates of nitrogen are deSirable for maximumyields of wheat, oats,
barley and rye. In areas where soil moisture does not limit production, this
fertilization often produces tall straw which lodges easily. Lodged cereal
crops can be smothered by late germinating weeds and are difficult to pick up
with a combine. Grain from lodged crops can be lost as a result of germination
on the ground, or involve the farmer in additional drying costs. Underseeded
legumes also can be smothered by lodged grain.

Although plant breeders have developed lodge-resistant varieties by
genetically reducing straw length, plant regulator formulations of ch10rmequat
have been utilized effectively in Europe for greater control of lodging in
wheat and oats (3).

Research in Europe, Great Britain, Korea, aod the United States has shown
that ethephon will promote tillering, increase yield, decrease straw height, and
reduce lodging percentage or severity when applied at 0.5 to 2 kg/ha from the
end of tillering to the beginning of stem extension (1,4,5,6). Yield increases
of 5 to 30% were recorded in association with increased til1ering and anti lodging.

Generally, the greatest reduction in lodging is associated with straw
shortening following ethephon treatments applied after the beginning of stem
extension. Ethephon applied during the early, mid and late boot stages has
produced male sterility in wheat (7). Although the ovary remains receptive,
limited pollen availability can result in less seedhead development and lower
yields.

1/ AmchemProducts, Inc., Ambler, Pennsylvania 19002.
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The object of the present experiments was to determine whether ethephon
applied after pollination when 5 to 10% of the grain heads have emerged from
the sheath will reduce lodging without decreasing yield.

MATERIALSANDMETHODS

A randomized block experiment with four replications was planted to
'Yorkstar' winter wheat on September 22, 1975. near Poplar Ridge, New York.
Plot size was 1.8 by 6 m. Four treatments -- ethephon at 0.22 and 0.45 kg/ha
(0.25 and 0.5 Ib/A) alone and with an oil/surfactant adjuvant at 1.12 l/ha
(1 pt/A) -- were applied June 2, 1976, when 5 to 10% of grain heads were
emerging from the sheath. Total spray volume was 56 l/ha (5 gal/A), simulating
aerial application.

The experimental area received 180 kg/ha (200 lb/A) of 10-20-10 fertilizer
broadcast and incorporated before planting. A topdress application of 81 kg/ha
(90 lb/A) of 34-0-0 fertilizer was made on May 14, 1976. The central portion
of each plot was evaluated July 20 for lodging and yield. Lodging was measured
Visually as a percentage of stems and heads flat upon the ground. Lodging
tendency was measured as a percentage estimate of the number of stems leaning
30 to 45 degrees off perpendicular. Data was subjected to standard analysis
of variance techniques.

RESULTSANDDISCUSSION

All ethephon rates significantly reduced straw height. characterized by a
two-fold average reduction in straw length between the flag leaf and the base
of the head.

Grain weight per 100 heads at 10%moisture showed that treatments had no
effect on yield.

Although some lodging was apparent outside the experimental area. no true
lodging occurred in any plot. However, it was apparent that the straw and grain
heads were more erect in all ethephon treatments than in the control plots.
Measurement of lodging tendency shows that wheat treated with the 0.45 kg/ha
ethephon rate will resist lodging. The oil/surfactant adjuvant improved efficiency
of the 0.22 kg/ha ethephon rate with respect to straw shortening and reduced
lodging tendency.

--

--
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Table 1. Effect of ethephon rate on height, yield and lodging of 'Yorkstar '
wheat.

- kg/haCharacter Ethephon rates LSD
0 0.22 0.45 0.22 0.45 110 5%

+ s* + S*

Height, cm
ground to base of head 104 87 77 85 81 5.6 4.0

Length, em
flag lear to base of head 22 13 8 10 9 2.4 1.7

Kernel weight, g/100 heads 113 118 117 119 119 NS NS

Lodging % 0 0 0 0 0 NS NS

Lodging tendency % 80 50 5 30 5 24.1 17.2

* S· oil/surfactant adjuvant

The present study indicates that when applied as the grain heads are
emerging from the sheath ethephon can significantly reduce wheat height and
lodging Without affecting yield.

Similar results have been obtained with ethephon applied to barley and
rice (2).

Ethephon can be particularly useful on an emergency basis to reduce plant
height under conditions where excessive growth and subsequent lodging are
expected. Since the benefit is obtained from application at a late growth stage,
before deciding to use ethephon a farmer could observe his fields and speculate
on whether lodging might be expected.
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PHYSIOLOGICAL EFFECTS OF ETHEPHON ON PLANT HEIGHT,

LODGING AND YIELD OF WHEAT, BARLEY AND OATS

Mohamed Abdel-Rahman 1/

ABSTRACT

Four tests were conducted at the Agway Farm Research Cen
ter in Fabius, New York, to evaluate the effects of ethephon
(~chloroethyl phosphonic acid) on lodging and yield of cereal
grains. Winter wheat (Triticum aestivum L. 'York star'),
Spring wheat (Triticum aestivum L. 'Neapewa'), barley (Hordeum
vulgare L. 'Erie') and oats (Avena sativa L. 'Orbit'), were
planted on May 15, 1976. Chemical treatments were applied at
the early boot stage using a pressurized hand sprayer in 10
GPA and 30 psi. Evaluations were made on plant height, spike
length, spike weight and yield.

Ethephon treatments reduced plant height, decreased or
prevented lodging and had no significant effect on hand harves
ted yield. The 2 pt/A rate of ethephon was significantly more
effective than the 1 pt/A rate; however, the addition of Gly
odin at 1 pt/A or Booster plus E at 1 pt/A as adjuvants, in
creased the activity of 1 pt/A of ethephon significantly and
results were similar to the 2 pts/A.

The use of ethephon to control and prevent lodging may
result in yield increases of machine harvested grains and may
allow more use of fertilizer to increase yield of cereal crops.

175

1/ Plant Pathology and Physiology Development Manager, Fert
ilizer-Chemical Division, Agway, Inc., Syracuse, NY 13201
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EFFECTOF SEVERALHERBICIDESAPPLIEDPREEMERGENCE,
AT DRAG-OFFANDLAYBYONWEEDCONTROLIN WHITEPOTATOES

Hugh J. Murphy and Thomas Gajewski l

ABSTRACT

During 1976, meto1achlor (2-ch1oro-N-(2-ethyl-6-methylphenyl-N
(2-methoxy-1-methylethyl-acetamide), dinitramine (N~,N~-diethyl-a,a,a
trifluoro-3,5-dinitrotoluene-2,4-diamine), penoxalin (N-(1-ethylpropyl)-3,
4-dimethyl-2,6-dinitrobenzenamine), dibutalin (N-sea-Butyl-4-tert-butyl-2,
6-dinitroaniline), and trifluralin (a,a,a-trifluoro-2,6-dinitro-N,N-dipro
pyl-p-toluidine) in various combinations with metribuzin (4-amino-6-tert
butyl-3-(methylthio)-as-triazin-5(4H)-one) were tested for weed control in
potatoes (SoZanumtuberosum) in Maine. With the exception of drag-off
treatments with dinitramine, USB-3153, and trifluralin, and layby treat
ments with penoxalin, all herbicides and combinations provided acceptable
control of mustard (Brassiaa aampestris), lambsquarters (ChenopodiumaZ
bum) and spurry (SperguZa arueneie'y .

Quackgrass (Agropyron repens) and annual barnyard grass (Eahi
noahZoa arusgaZZi) were also satisfactorily controlled by all herbicides
and combinations used in this study.

INTRODUCTION

Several new and labeled herbicides were evaluated during 1976
for weed control in white potatoes. Differential rates of the newer
herbicides were applied as preplant, preemergence, and post emergence
treatments using several combinations to gain broad spectrum weed control.

MATERIALSANDMETHODS

Preplant incorporated treatments of dibutalin and EPTCwere ap
plied to a very dry Caribou gravelly silt loam soil on June 7. Preemer
gence treatments were applied on June 16 to a block of Katahdin potatoes
planted on June 7. Weather on June 16 was hot, hazy, and BOF. with soil
very moist. Drag-off treatments of experimental compound USB-3153 and
trifluralin were applied June 12. Soil conditions were moist, weather
was clear and sunny with an air temperature of 59F. Layby treatments were
applied July 22, when the potato plants were 10 to 12 inches in height.
Soil conditions were very wet. The weather was partly cloudy and 63F.

lAssociate Professor of Agronomy and Assistant Technologist, Department
of Plant and Soil Sciences, University of Maine; Orono, Maine 04473



All herbicides were applied in 80 gallons of water using 40 psi
pressure. A compressed air sprayer equipped with a two-nozzle brush type
hand boom was used. Nozzle type was Delavan raindrop type with No. 3374-3
tips. Plot size was single 20 foot rows arranged in a randomized block
design with six replicates of each treatment. Weed control ratings were
made on three dates as listed in Table 1 using a rating code of 1 to 10.
Samp,les were saved at harvest time for storage studies during 1976-77 and
emergence tests during the 1977 growing season. During July, weed counts
were made and species identified in the 'no treatment' plots.

RESULTSANDDISCUSSION

Data presented in Table 1 indicate that metplachlor applied pre
emergence and penoxalin applied at layby did not provide satisfactory con
trol of broadleaved weeds. None of the drag-off treatments with dinitra
mine, USB-3153, and trifluralin controlled broadleaved weeds. The 0.5-lb.
rate of USB-3153 and 0.75-lb. rate of trifluralin applied at drag-off did
not give satisfactory control of quackgrass. All herbicides in this test
at the rates and methods applied gave excellent full season control of an
nual barnyard grass, although there was some evidence that drag-off treat
ments with dinitramine, USB-3153, and trifluralin were starting to allow
new grass seedlings to break though on August 27.
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Effect of several herbicides applied preplant, preemergence, at drag-off, and layby on weed control
.....

Table 1. -..,J

and yield of Katahdin potatoes. Maine - 1976. co

Treatments 1 Yield
Weed Control Ratings 2

Pounds of Active Material per Acre Cwt./A.
Broadleaved Quackgrass Annual grass

7-7 7-28 8-27 7-7 7-28 8-27 7-7 7-28 8-27

Untreated check, PE 241 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2.5 lbs. Metolachlor, PE 206 4.0 6.7 6.7 6.3 8.7 8.0 6.7 10.0 9.7
2.0 lbs. Chlorbromuron, PE 268 10.0 10.0 8.7 6.0 8.0 7.0 10.0 10.0 10.0
1. 0 lb. Linuron, PE 250 9.7 10.0 9.7 6.0 9.0 8.0 10.0 10.0 10.0
2.5 lbs. Alachlor, PE 274 6.7 7.3 8.3 4.7 8.3 7.7 10.0 9.7 10.0
1.5 lbs. Metolachlor plus 0.375 lb.

Metribuzin, PE 310 10.0 9.7 10.0 6.3 8.3 7.7 10.0 10.0 10.0
2.0 lbs. Metolachlor plus 0.50 lb.

Metribuzin, PE 288 8.0 10.0 10.0 6.7 8.0 8.3 10.0 10.0 10.0
2.0 1bs. Metolachlor plus 0.75 lb.

Linuron, PE 291 10.0 10.0 9.7 6.7 9.0 8.0 10.0 10.0 10.0
2.5 lbs. Metolachlor plus 1.00 lb.

Linuron, PE 266 10.0 10.0 9.7 7.3 9.3 8.3 10.0 10.0 10.0
1.5 lbs. Metolachlor plus 1.00 lb.

Chlorbromuron, PE 258 10.0 10.0 9.7 6.7 8.7 9.3 10.0 10.0 10.0
2.0 lbs. Alachlor plus 0.50 lb.

Metribuzin, PE 280 10.0 10.0 9.7 6.3 9.3 8.7 10.0 10.0 10.0
2.0 lbs. Alachlor plus 1.00 lb.

Linuron, PE 290 9.7 10.0 9.3 6.0 8.0 8.0 8.0 10.0 10.0
2.0 lbs. Alachlor plus 1.00 lb.

Chlorbromuron, PE 309 10.0 10.0 10.0 6.0 8.0 7.3 10.0 10.0 10.0
0.5 lb. Dinitramine, Drag-off 279 2.7 3.7 6.0 3.7 8.0 7.3 10.0 10.0 9.7
1.0 lb. Dinitramine, Drag-off 288 3.3 3.0 6.3 5.0 8.7 7.3 9.7 10.0 9.0
0.5 lb. USB-3153, Drag-off 207 2.7 3.7 5.7 3.7 7.7 6.3 10.0 10.0 9.3
1. 0 lb. USB-3153, Drag-off 227 2.0 2.3 5.7 4.0 8.3 7.7 10.0 10.0 9.0
2.0 lbs. Dibutalin, PPI plus 1.0 lb.

Linuron, PE 241 10.0 9.7 9.0 6.3 8.0 8.7 10.0 9.7 10.0
2.0 lbs. Dibutalin plus 1.0 lb.

Linuron, PE 249 10.0 9.7 8.7 5.3 8.0 7.0 10.0 10.0 10.0

• • Continued .
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Table 1 - Continued.

(

Weed Control Ratings 2

Treatments l

Pounds of Active Material per Acre
Yield

Cwt./A.
Broadleaved

7-7 7-28 8-27
Quac~grass

7-7 7-28 8-27
Annual grass

7-7 7-28 8-27

2.0 lbs.
4.5 lbs.

0.75 lb.
1. 0 lb.
0.5 lb.

0.5 lb.

0.5 lb.

1.0 lb.
1. 5 lbs.
1.0 lb.

1.0 lb.

1. 0 lb.

1. 0 lb.

Dibutalin, PE
Dinoseb plus 5.0 lbs.
Dalapon, PE
Trifluralin, Drag-off
Trifluralin, Drag-off
Metribuzin plus 0.75 lb.
Trifluralin, LB
Metribuzin plus 1.00 lb.
Trifluralin, LB
Metribuzin, PE plus 6.0 lbs.
EPTC, PPI
Penoxalin, PE
Penoxalin, PE
Penoxalin plus 0.25 lb.
Metribuzin, PE
Penoxalin plus 0.50 lb.
Metribuzin, PE
Penoxalin plus 2.5 lbs.
EPTC, LB
Penoxalin, LB

Bayes L.S.D. (0.05)

279

283
248
247

287

336

309
296
306

320

312

182
190

87

7.7

8.0
2.3
3.0

1.0

1.0

10.0
6.0
7.3

8.7

10.0

1.0
1.0

9.0

10.0
3.0
4.3

5.2

5.6

10.0
9.0
9.3

9.3

10.0

3.3
5.0

10.0

9.7
4.0
6.3

9.7

10.0

9.7
9.3
7.7

8.7

9.7

4.7
4.3

4.0

5.3
3.3
4.3

1.0

1.0

6.3
3.7
4.0

4.7

6.3

1.0
1.0

8.3

8.7
8.3
7.0

8.7

8.7

8.3
8.0
7.7

8.0

8.3

4.7
7.3

7.7

8.3
6.7
7.0

8.7

8.3

8.0
7.7
7.7

7.7

8.3

7.3
7.3

10.0

10.0
10.0
10.0

1.0

1.0

10.0
10.0
10.0

10.0

10.0

1.0
1.0

10.0

10.0
10.0
9.3

8.8

10.0

10.0
10.0
10.0

10.0

10.0

10.0
10.0

10.0

10.0
9.7
9.0

10.0

10.0

10.0
10.0
9.0

10.0

10.0

9.3
9.7

IPlanted - June 7; killed - September 10; harvested - September 20, 1976.

2Rating code: 1 = no control; 7 = acceptable control; 10 = excellent weed control.

Number and species of weeds per square foot: (average 12 reps.)

Brassica campestris - 6.0
Chenopodium album - 0.9

Agropyron repens - 4.8
Echinochloa crusgalli - 1.6

Spergula arvensis - 1.0 ......
"'-J
\0
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HERBICIDESFOR CONTROLOF YELLOWNUTSEDGEIN POTATOES

11G. W. Selleck, L. E. Weber and Wm. J. Sanok-

ABSTRACT

CGA24705 (2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-l-methyl
ethyl) acetamide) at 2 to-3 lb/A, FMC25213 (r-2-ethyl-5-methyl-c-5
(2-methylbenzyloxy)-1,3-dioxane or FMC30371 (r-2-isopropyl-S-methyl-c-5
(2-methylbenzyloxy)-1,3-dioxane at 2 and 3 lb/A preemergence incorporated,
and alachlor (2-chloro-Z',6'-diethyl-N-(methoxymethyl) acetanilide at
2-4 lb/A or H 26910 (N-sec-butyl-2',6 T-dinitro-3,4-xylidine at 3-4 lblA
preemergence controlled yellow nutsedge (Cyperus esculentus L.) 75% or
better in Abnaki potatoes for nearly three months after application.
CGA24705 and the FMCcompounds appeared to be slightly less effective
applied preemergence than soil-incorporated. CGA24705 and alachlor caused
slight, temporary acetanilide phytotoxic symptoms on the leaves of white
potato (Solanum tuberosum L.). Potato yield increases were statistically
significant at the five percent level, L.S.D. test with alachlor at 2 lb,
EPTC (S-ethyl dipropylthiocarbamate) at 6 lb, FMC25213 at 2 lb and H 26910
at 3 and 4 lb/A. Favorable moisture conditions in spring, and friable,
medium-textured soils typical of Long Island, contribute to improved
efficacy of acetanilides and other herbicides which require moisture for
optimum performance.

INTRODUCTION

Yellow nutsedge is believed to infest approximately 15,000 of the
26,000 acres planted to potatoes on Long Island, and adversely affects either
yield or quality on approximately 10,000 acres (2). The larger, faster
growing rhizomes of yellow nutsedge on Long Island (1) seem to confirm
observations that the weed has a greater impact on potato yield and quality
than the yellow nutsedge in upstate New York. Spring rains are typical of
the area, and irrigation water one-inch weekly is used to complement natural
precipitation when needed. This provides a favorable moisture regime for
the growth of nutsedge. Yellow nutsedge continues to be a serious problem
despite commercial use of EPTC for several years.

It is the purpose of this study to identify and develop additional
outstanding herbicides for selective control of yellow nuts edge in potatoes
on Long Island.

MATERIALSANDMETHODS

Nine herbicides were applied alone and in combination for a total of
30 treatments in a dense stand of yellow nutsedge in the Abnaki variety of
white potatoes (Solanum tuberosum L.). Applications were made with a
tractor-mounted sprayer delivering 43 gpa at 35 psi on quadruplicated plots

1/ Supt., Cornell Vegetable Research Farm and Cooperative Extension Agents,
Suffolk County, N. Y.
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1.7 x 9 m on sandy to gravelly loam soil (containing 2% or less organic
matter) near Riverhead. N. Y. Preemergence applications were made 5/14,
post- 6/3 and layby applications 6/10. Certain treatments were soil
incorporated immediately after application with a finger-weeder to a depth
of 2 to 3 in. Tillage in all cases was limited to soil preparation. drag
off. and a single hilling operation.

RESULTSANDDISCUSSION

Several herbicides controlled yellow nutsedge. with CGA24705 at
2 to 3 lb/A pre-soil-incorporated maintaining 80% control or better for
nearly 3 months. Alachlor at 2 to 4 lb/A. H 26910 3 to 4 lb/A pre
emergence. and FMC25213 or 30371 at 3 lb/A incorporated also performed
well (Table 1). CGA24075 and the FMCproducts appeared to be slightly
less effective applied preemergence than soil-incorporated. The treatments
alachlor + linuron (2 + 0.75 and 2.5 + 0.75 lb/A) were also effective for
nutsedge control. Alachlor and eGA 24075 caused slight temporary acetanilide
symptoms. Potato yields were significantly increased at the five percent
level, L.S.D. test with alachlor at 2 lb. EPTC at 6 lb. FMC25213 at 2 lb
and H 26910 at 3 and 4 lb/A.

Alachlor and CGA24075 have performed satisfactorily on Long Island
for yellow nutsedge control (2) contrary to results in upstate New York
where alachlor, particularly, has been inconsistent (3). The medium-to
coarse-textured soils on Long Island usually provide an excellent seedbed,
and this, coupled with favorable moisture at planting and emergence of
potatoes, contribute to the efficacy of these herbicides for the control of
nutsedge. Hence acetanilides are expected to perform more consistently for
nuts edge control on Long Island than in areas where cloddy seedbeds or a
lack of spring moisture is not an unusual occurrence.
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Table 1.
2/ 1/

and yields in potatoesNutsedge contro1,- phytotoxicitr

Rate Av. control Yield -'Herbicide 1b/A Timing Phyto)/ 6/2 6/22 8/25 cwt/A

Alach10r 2 pre- 1 8.5 8.6 7.3 2813/

A1ach1or 3 pre- 1.3 6.6 7.8 7.9 255
A1ach1or 4 pre- 2 7.9 8.3 8.2 262
Alach10r 2
+ 1inuron .75 pre- 1.5 8.1 7.5 7.3 244

Alach10r 2.5
+ 1inuron .75 pre- 1.3 6.8 8.2 7.3 246

A1ach1or 3 pre-
+ EPTC 4 1ayby inc. 1 7.1 7.1 5.4 257

EPTC 4 pre-inc. .6 3.3 4.8 2.5 2613/EPTC 6 pre-inc. 1 3.9 2.0 1.3 275-
FMC30371 2 pre-inc. 1 6.3 6.3 5.3 249
FMC30371 3 pre-inc. 1 5.0 6.5 7.8 2673/
FMC25213 2 pre-inc. .8 4.5 6.3 6.6 276-
FMC25213 3 pre-inc. .8 7.6 8.5 8.6 2483/FMC25213 2 pre- 1 3.9 5.9 6.5 29,T'-
FMC25213 3 pre- 1.3 8.3 6.4 6.8 264
H 26910 2 pre- 1 5.3 7.3 6.1 2443/
H 26910 3 pre- 1 7.1 8.4 6.5 2743/
H 26910 4 pre- 1.5 7.3 7.8 7.5 28<J
CGA24075 2 pre- 1.3 7.4 6.8 6.9 260
CGA24075 2.5 pre- 1 6.6 7.8 7.4 269
eGA 24075 3 pre- 1 6.8 7.9 8.0 268
CGA24075 2 pre-inc. .8 6.5 7.8 8.0 269
CGA,24075 2.5 pre-inc. 1.3 6.8 7.6 8.1 249
CGA24075 3 pre-inc. 1 7.3 8.6 8.8 242
Alach10r 2
+ metribuzin .5 pre- 1.3 5.9 6.8 7.0 252

Metribuzin 1 pre- .8 6.4 6.3 7.4 236
Metribuzin 2 pre- 1 4.0 5.0 5.1 256
Metribuzin .5 post- 1 0 4.3 1.3 254
Napropamide 3 pre- 1 3.0 3.3 2.0 244
Untreated checkl/ .3 avo density 252 shoots 264

Untreated check 3/ per sq m
.5 avo density 198 shoots 254

per sq m

1/ o = no injury, 10 = complete kill

1/ o = no control, 10 = complete kill

1/ Yield increase over check significant at 5% level L.S.D.
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Table 2. Herbicides and formulations

Connnonname Cbemical name Formulation Supplier

Alacblor 2-cbloro-2',6'-dietbyl-N-(metboxymetbyl) 4 lb / gal E. C• Monsanto Co.
acetanilide

CGA24705 2-cbloro-N-(2-etbyl-6-metbylpbenyl)-N- 6 1b/ga1 E.C. Ciba-Geigy Corp.
(2-metboxy-I-metby1etby1) acetamide

EPTC S-etby1 dipropy1tbiocarbamate 7 lb/gal E.C. Stauffer Cbem. Co.

FMC25213 r-2-etbyl-5-metbyl-~-5-(2-metbylbenzyloxy)- 4 Ib/ga1 E.C. FMCCorp.
1,3-dioxane

FMC30371 r-2-isopropyl-5-(2-metby1benzyloxy)- 4 lb/gal E.C. FMCCorp.
1,3-dioxane

Linuron (3-(3,4-dicbloropbeRy1)-1 metboxy-1- 50%W.P. Dupont Co.
metby1urea)

Metribuzin 4-amino-6-tert-butyl-3-(metbyltbio)-as-triazin- Chemagro Div.
5(4H)one (4-amino-6-(1,1-dimetbylethyl)-3- 50% W.P.
(metbylthio)-1,2,4-triazin-5(4H)-one) Dupont Co.

Napropamide 2(a-napbthoxy)-N,N-diethylproprionamide 2 lb / gal E. C• Stauffer Cbem. Co.

...J

co
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RESPONSEOF POTATOESTO ALACHLORANDMETRIBUZINl

C. P. Yip, D. T. Warholic, G. W. Selleck, and R. D. Sweet 2

ABSTRACT

Excellent broadleaved weed control without reduction in potato (Solanum
tuberosum L.) yields was obtained with combinations of alachlor [2-chloro
2',6'-diethyl-N-(methoxymethyl)acetanilide] and metribuzin [4-amino-6-tert
butyl-3(methylthio)-as-triazin-4(4H)one]. Application of alachlor alo~r
in combination with metribuzin in the 'at crack' stage stunted potatoes
initially, but they recovered with no adverse effects on total yield. At
two locations, there was no difference in weed control or crop response
between tank and prepackage mixes of alachlor and metribuzin applied
delayed preemergence.

INTRODUCTION

Potato (Solanum tuberosum L.) growers in New York State, especially
on Long Island where barnyardgrass (Echinochloa crusgalli L.) is a problem,
have a need for a herbicide to control annual grasses. Linuron [3-(3,4
dichlorophenyl)-l-methoxy-l-methylurea] and metribuzin provide excellent
control of annual broadleaved weeds, but are weak on grasses. Metribuzin
has the advantage in that it can be applied postemergence at low rates in
single or multiple applications to potatoes without causing any yield
reduction (6, 7). EPTC (S-ethyl dipropylthiocarbamate) gives good control
of annual grasses and yellow nutsedge (Cyperus esculentus L.). However,
for best results it needs to be incorporated when the soil is dry. Further
more, due to its high solubility, EPTC soon loses effectiveness with high
rainfall or repeated irrigation. Consequently, there is a need for a long
lasting grass herbicide that can be applied preemergence or delayed pre
emergence and incorporated. Recent investigations have shown that alachlor
at 2 to 4 lbs/A applied preemergence gave excellent control of annual grasses
(1, 2, 3). Alachlor at 4 Ibs/A caused temporary stunting of potatoes (5).
When applied at emergence, 2 lbs/A of alachlor also stunted potatoes (4).

The objectives of this study were to evaluate the effects of alachlor
and metribuzin on weeds and potato yields, where applied at two timings
singly and in combination; to compare the effects of tank and prepackage
mixes of alachlor and metribuzin on weeds and potatoes.

1 Paper No. 727, Department of Vegetable Crops, Cornell University, Ithaca,
NY, 14853.

2 Graduate Student, Research Technician, Superintendent (Long Island
Vegetable Research Farm, Riverhead, NY), and Professor, respectively,
Department of Vegetable Crops, Cornell University, Ithaca, NY, 14853.

-'
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MATERIALSANDMETHODS

Three experiments were conducted, two at Freeville, NY, and one at
Riverhead, Long Island. Potatoes (cv. Katahdin) were planted on a Howard
gravelly loam at Freeville on May 25, 1976. Prior to planting 800 Ibs/A
of 13-13-13 fertilizer was broadcast and plowed down in mid-April. An
additional 1250 Ibs/A of 12-24-12 fertilizer was banded at planting. Seed
pieces were spaced 9 inches apart. Plots consisted of two 34 inch rows,
20 feet long. A randomized complete block design with three replications
was utilized.

On June 8, just prior to herbicide application, the entire experimental
area was dragged off with a finger weeder. Certain treatments listed in
Table 1 were then applied and incorporated (DPI) to a depth of 1 to 2 inches
with a finger weeder. Plots were restaked and delayed preemergence treatments
(DP) applied. Chemicals were also applied to some plots on June 15 when the
potatoes were emerging or 'at crack' stage. All spray materials were applied
with a hand operated C02 pressurized sprayer which delivered 45 gals/A at
35 Ibs/in 2.

Potatoes were not cultivated or hilled. Weeds present were predominantly
redroot pigweed (Amaranthus retroflexus L.) and common lambs quarter
(Chenopodium album L.). Visual ratings of weed and potato response to
treatments were obtained on July 1. Potatoes were harvested in early
October approximately 2 weeks after the application of paraquat (1,1'
dimethyl-4,4'-bipyridium ion) at 0.5 Ib/A as a vinekiller. Total yields
were obtained.

•
Two additional experiments, one at Freeville and another at Riverhead,

Long Island were conducted to compare the effects of tank and prepackage
mixes of alachlor and metribuzin on potatoes. Experimental methods for the
experiment at Freeville are similar to those described above. On Long Island,
Katahdin potatoes were planted on a Haven loam soil in quadruplicated plots,
two rows wide by 30 ft. long on April 23, 1976. Herbicides listed in Table 3
were applied with a tractor-mounted sprayer delivering 100 gals/A at 40 Ibs/in 2
on May 11. Formulation of prepackage mix of alachlor and metribuzin was
3.2 + 0.6 E.C., respectively.

RESULTSANDDISCUSSION

Redroot pigweed andlambsquarter stands were moderate. As shown in
Table 1, alachlor and metribuzin when applied alone or in combination
provided good control of both weed species. Delayed preemergence incorporated
application of both chemicals caused little injury to potatoes, whereas the
'at crack' application stunted the potatoes initially, but they recovered.
Potato tuber yields were not reduced by any of the treatments (Table 1).

There was no significant difference between tank and prepackage mixes
of alachlor and metribuzin in terms of weed control and crop response (Tables
2 and 3). The low yields in plots receiving a tank mix of alachlor and
metribuzin at 2 plus 0.375 Ib/A, respectively, was unexplainable (Table 3).
Excellent barnyardgrass control was obtained with either formulation (Table 3).
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Table 1. Influence of alachlor and metribuzin, applied delayed pre incor
porated and 'at crack' on weeds and potatoes.

Chemical Timing l Rate
(lb/A ai)

Visual Ratings By
Pigweed Lambs-

7/1 quarter
7/1

Species 2
Potato

7/1

Total Potato
Yield 3
(cwt/ A)

alachlor
alachlor
metribuzin
metribuzin
alachlor +

metribuzin
alachlor +

metribuzin
alachlor +

metribuzin
alachlor +

metribuzin
alachlor
alachlor
metribuzin
metribuzin
alachlor +

metribuzin
alachlor +

metribuzin
alachlor +

metribuzin
alachlor +

metribuzin
linuron
untreated

DPI
DPI
DPI
DPI

DPI

DPI

DPI

DPI
at crack
at crack
at crack
at crack

at crack

at crack

at crack

at crack
DP

LO
2.0
0.25
0·75

1. 0+0. 25

1. 0+0. 75

2.0+0.25

2.0+0.75
1.0
2.0
0.25
0.75

1. 0+0. 25

1. 0+0. 75

2.0+0.25

2.0+0·75
1.5

8.0
9.0
8.0
9·0

8.0

8.0

9·0

9.0
8.7
9·0
9.0
9.0

9.0

9.0

9.0
9·0
4.0

8.3
8.3
8.7
9·0

9.0

8.0

9·0

9.0
8·7
9.0
9.0
9·0

9.0

9.0

9·0
9.0
5.3

8.0

8.3

8.3
8.7
8.0
8.3
8.0

8.0

7.3

7·0

6.7
8.7
8.6

457
476
486
474

453

468

466

407
537
490
487
485

493

481

488

497
463
437
ns

Coefficient of variation 11%

1 DPI = delayed pre incorporated; DP = delayed preemergence

2 9 = no crop injury or excellent weed control; 7 = commercially acceptable;
1 = complete crop kill or no weed control

3 Means of three replications; ns = nonsignificant at 5%level



Table 2. Effects of tank and prepackage mixes of alachlor and metribuzin 187
applied delayed preemergence on weeds and potatoes at Freeville, NY.

Chemical l Rate Timing 2 VisualiRating By Species 3 Total
(lb/A ai) Pigweed Lambs- Potato Potato

7/29 quarter 7/29 Yield 4

7/29 (cwt/A)

alachlor 2.0 DP 9·0 8.7 8.3 393
metribuzin O. DP 9·0 9.0 8.7 419
metribuzin 0.375 DP 9·0 9·0 8.7 407
metribuzin 1.0 DP 9.0 9·0 9.0 404
alachlor +

metribuzin (TM) 2.0+0.25 DP 9.0 9·0 8.3 431
alachlor +

metribuzin (TM) 2.0+0.375 DP 9·0 9·0 8.7 428
alachlor +

metribuzin (PM) 2.0+0.375 DP 9.0 9.0 9·0 439
untreated 7.0 6.3 8.7 408

ns

Coefficient of variation 12%

1 TM= tank mix; PM = prepackage mix
2 DP = delayed preemergence
3 9 = no crop injury or complete weed control; 7 = commercially acceptable;

1 = complete crop kill or no weed control
4 Means of three replications; ns = nonsignificant at 5% level

Table 3. Response of weeds and potatoes to delayed preemergence application
of tank and prepackage mixes of alachlor and metribuzin on Long
Island, NY.

Chemic all Rate
(lb/A ai)

Visual Ratings By Species 2
Ladysthumb Barnyard- Potato

grass

Total
Potato
Yield3
(cwt/A)

alachlor +
metribuzin (TM) 1. 6+0. 3 9.9 9·9 1.7 383

alachlor +
metribuzin (TM) 2.0+0.375 1.0 369

alachlor +
metribuzin (TM) 2.4+0.45 9.6 9·9 1.3 350

alachlor +
metribuzin (PM) 1. 6+0. 3 9·9 9·9 2.0 341

alachlor +
metribuzin (PM) 2.0+0.375 9.9 9·9 1.3 297

alachlor +
metribuzin (PM) 2.4+0.45 9.5 La 354

untreated 5.0 3.0 La

1 TM= tank mix; PM = package mix
2 0 = no control or no crop injury; 10 = complete control or crop kill
3 A yield difference of 52 cwt is significant at 5% level, t-test

4 Number of shoots/ft2
- No assessment made
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THE EFFECT OF ALACHLORANDLINURONON SIX POTATOVARIETIEs1I

Joseph B. Sieczk~

ABSTRACT

Five herbicide treatments were applied to six potato (Solanum tuberosum L.)
clones to determine their effects on weed control, plant injury, yield and
tuber size. Phytotoxic effects were most severe and long lasting when alachlor
[2-chloro-2',6'-diethyl-N-(methoXYmethyl) acetanilide] was applied at a rate
of 4 Ibs/A in combination of 0.75 Ibs/A of linuron [3-3,4-dichlorophenyl)
I-methoxy-l-methylurea]. This treatment reduced yields of the clones 'Superior',
'Green Mountain' and 'Hudson' most severely. 'Katahdin' and 'Kennebec' yields
did not appear to be affected. Applications of ala chI or at 4 Ibs/A or linuron
at 0.75 Ibs/A applied alone or alachlor at 2 Ibs/A in combination with 0.75 Ibs/A
of linuron did not reduce yields.

INTRODUCTION

Herbicides are applied as a standard practice to help control weeds in
potato fields. Annual broadleaved weeds have been effectively controlled by
the right combination of herbicide and tillage practice. However, good con
sistant control of annual grasses and nutsedge (Cyperus esculentus L.) is being
sought. Selleck and Weber (5) stated that 15,000 acres of potato land on
Long Island are infested with nutsedge. About 10-15% of the total agricultural
acreage in the Northeast is estimated to be infested (4).

The use of alachlor at 3.0 Ib/A provided good control of annual grasses
with no adverse effects on yield (3,5). Higher rates can control nutsedge (2,5).
Information is needed to determine if these rates will affect potato growth
and yield. Data on clonal response to high rates is also needed since potato
varieties respond differently to some herbicides (1,6). The purpose of this
study is to obtain this information.

MATERIALSANDMETHODS

The clones 'Katahdin', 'Superior', 'Kennebec', 'Green Mountain', and
'Hudson' were main plots of a split plot experiment planted on May 24, 1976.
The subplots were herbicide treatments which consisted of 1) untreated check,
2) alachlor, 4.0 Ibs/A, 3) alachlor, 2 Ibs/A, plus linuron, 0.75 Ibs/A,
4) alachlor, 4 Ibs/A, plus linuron, 0.75 Ibs/A, and 5) linuron, 0.75 Ibs/A.
The main plots were 5 rows wide and subplots arranged in random order within
each main plot. The main plots were also randomized within each of the four
replications. The herbicide treatments were applied with a hand-held CO2pressurized sprayer applying 90 gallons of spray/A at 35 psi. The same
herbicide treatments were applied to a guard row planted with 'Norchip' seed;
however, only 2 replications were possible. The herbicides were applied on
June 10, 1976. On this date approximately 70% of the Superior plants had
emerged, 40% of the Green Mountain, 28% of the Kennebec, 10% of the Hudson

l/paper No. 732. Department of Vegetable Crops, Cornell University, Ithaca,
New York 14853.

E!Senior Extension Associate, Department of Vegetable Crops, Cornell Univeristy,
Ithaca, New York 14853.



190

and only a trace of the Katahdin. Plots 34" wide and 20' long. Ratings
are based on a scale of 1 to 9, with 1 being equivalent to: no weed control,
severe damage,and vigorously growing vines for weed control, phytotoxicity, and
maturity, respectively; 9 is equivalent to 90-100% weed control, no damage,
and dried up vines.

RESULTSAriDDISCUSSION

Table 1 contains data on weed control, phytotoxicity and maturity. All
the herbicide treatments resulted in good weed control for the entire growing
season. Weeds were present in the no chemical plots throughout the season.
However, a combination cultivation-hilling operation on June 25 greatly
reduced the weed problem.

'Katahdin' exhibited no crop ~nJury from herbicide treatments. More
phytotoxicity was observed with the combinations of alachlor and linuron then
with either material used alone. The most severe damage was noted on the
'Superior', 'Green Mountain' and 'Hudson' clones. The degree of injury may
be directly related to the characteristically fast rate of growth of these
clones during the early part of the growing season. 'Kennebec' and 'Norchip'
showed injury on June 15 but only a slight amount of vine damage was seen
after that date.

None of the treatments substantially affected vine maturity.

The results in Table 2 indicate that alachlor at 4.0 Ib/A in combination
with 0.75 Ib/A of linuron reduced total yield and mean tuber weight of 'Superior',
'Green Mountain', and 'Hudson'. Statistical analysis of the yield data show
that the differences between main effects (varieties and herbicide treatments)
and the interaction were significant at the 0.005 level (see Table 3).
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Table 1. The effect of alachlor and linuron alone and in combination, on weed control, phytotoxicity and maturity of 6 potato varieties

Treatment Maturity

Katahdin
no chemical 0 7. 2.
alachlor (4 8·5 8.8 9·0 9.0 2.8
alachlor (2 + linuron (0.75 Ib/A) 9·0 9.0 9·0 9.0 3.0
alachlor (4 + linuron (0.75 Ib/A) 9·0 9·0 9·0 8.8 2.5
linuron (0.75 Ib/A) 9·0 9·0 9·0 9·0 2.3

no 6.8 4.8 7.5 8.5 9.0 9.0 9·0 3.5
alachlor (4 Ib/A) 9·0 9.0 9.0 9.0 8.3 8.3 8.8 3.3
alachlor (2 Ib/A) + linuron (0.75 Ib/A) 9.0 9·0 9·0 9.0 7.5 8.3 8.8 3.8
alachlor (4 Ib/A) + linuron (0.75 Ib/A) 9·0 9.0 9·0 9.0 7.0 8.8 9.0 4.0
linuron (0.75 Ib/A) 9·0 9.0 9·0 9.0 8.3 8.8 9.0 3.3

Green Mountain
no chemical 5.5 lL 5 8.3 9.0 9.0 9·0 9.0 1.0
alachlor (4 Ib/A) 9.0 9.0 9·0 9.0 8.0 7.8 8.5 1.0
alachlor (2 Ib/A) + linuron (0.75 Ib/A) 9.0 9.0 9.0 9.0 6.0 7.5 8.8 1.0
alachlor (4 Ib/A) + linuron (0.75 Ib/A) 9·0 9·0 9.0 9.0 6.5 7.3 8.0 1.0
linuron (0.75 lb/A) 9·0 9·0 9·0 9.0 6.8 8.8 8.8 1.5

no 4.3 2.0 6.0 7.0 9·0 9·0 9.0 8.3
alachlor (4 9.0 8.8 9·0 8.8 5.5 8.0 8.8 8.8
alachlor (2 + Hnuron (0.75 9·0 9.0 9.0 9·0 4.0 8.3 8.8 8.8
alachlor (4 + Hnuron (c. '75 9.0 9.0 9.0 9·0 4. 7.8 8.3 8.5
linuron (0.75 lb/A) 9·0 9.0 9.0 9·0 5.5 8.8 9.0 8.8

no 5·0 3·5 6.8 7.8 9.0 9·0 9.0 4.0
alachlor (4 lb/A) 9.0 9.0 9.0 9·0 8.3 7.8 8.5 4.0
alachlor (2 lb/A) + linuron (0.75 Ib/A) 9·0 9.0 9.0 9·0 7.8 7.8 8.3 3.8
alachlor (4 Ib/A) + linuron (0.75 Ib/A) 9·0 9.0 9·0 9.0 7.5 7.3 8.0 4.0
linuron (0.75 Ib/A) 9.0 9.0 9·0 9.0 8.0 9·0 9.0 4.3

Norchip
no chemical 7.5 1.5 7.0 8.5 9.0 9.0 9.0 6.0
alachlor (4 Ib/A) 8.5 9.0 9.0 9.0 8.5 8.0 9.0 4.5
alachlor (2 lb/A) + linuron (0.75 lb/A) 9·0 9.0 9·0 9.0 6.0 8.5 9.0 4.0
alachlor (4 lb/A) + linuron (0.75 lb/A) 9·0 9·0 9.0 9·0 5.5 8.0 9.0 4.0
linuron (0.75 lb/A) 9·0 9.0 9·0 9.0 6.0 9.0 9.0 5.0

are expressed as means of' 4 replications for all varieties except Norchip.
-'

Data were collected on 2 replications for this clone. ~
Ratings were based on a scale of I to 9, with 9 being equivalent to 90-100% weed control, no damage,or dried up vines for weed control,
phytotoxicity, and maturity, respectively.
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able 2. The effect of alach10r and Iinuron, alone and in combination. on yield and tuber size of <J:)
N

5 potato varieties.

Treatment Total Yield Y Mean Tuber Wt. (oz) %Total Yield
(cwt/A) 2-3 1/4" 3 1/4-4" > 4"

Katahdin
no chemical 322 5.3 68 21 a
alachlor (4 Ib/A) 325 4.8 70 17 0
alachlor (2 Ib/A) + linuron (0.75 Ib/A) 325 4.9 62 22 0
a1achlor (4 Ib/A) + linuron (0.75 Ib/A) 335 6.4 60 31 0
linuron (0.75 Ib/A) 346 5.3 69 20 0

Kennebec
no chemical 332 5.8 70 16 0.8
alachlor (4 Ib/A) 368 5.9 64 19 1.7
a1achlor (2 Ib/A) + linuron (0.75 Ib/A) 353 5.9 83 20 '1.3
alachlor (4 1b/A) + linuron (0.75 Ib/A) 360 5.8 74 13 a
linuron (0.75 lb/A) 358 6.3 69 21 0

Green Mountain
no chemical 336 5.8 67 20 1.5
alachlor (4 1b/A) 313 5.4 70 16 0
alachlor (2 lb/A) + linuron (0.75 lb/A) 302 5·1 69 16 0.6
alach10r (4 lb/A) + linuron (0.75 Ib/A) 277 4.8 69 15 a
linuron (0.75 lb/A) 335 5.6 65 21 1.5

Superior
no chemical 259 4.7 68 15 1.1
alachlor (4 lb/A) 250 4.4 77 15 a
a1achlor (2 1b/A) + Iinuron 0.75 1b/A) 270 4.4 74 10 1.5
alach10r (4 lb/A) + linuron 0.75 1b/A) 197 3.8 90 7 0
linuron (0.75 Ib/A) 304 4.9 73 12 0

Hudson
no chemical 337 5.6 56 36 0
alach10r (4 Ib/A) 349 5.8 61 30 1.6
alachior (2 lb/A) + linuron 0.75 Ib/A) 353 6.5 54 33 2.9
alachlor (4 lb!A) + linuron 0.75 Ib/A) 298 5·5 58 31 1.5
linuron (0.75 Ib/A) 321 5.7 54 34 2.3

lJDifferences between the main effects of varieties and herbicide treatments and the interaction were
significant at the 0.005 level.

(
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Table 3. Main effects of 1~L6 alachlor and linuron x variety study

(

Treatment
Total Yield Y

(cwt/A)
Mean Tuber

wt (oz)

Variety
Katahdin
Kennebec
Green Mountain
Superior
Hudson

Herbicide
no chemical
alachlor (4 Ib/A)
alachlor (2 Ib/A) + linuron (0.75 Ib/A)
alachlor (4 Ib/A) + linuron (0.75 Ib/A)
linuron (0.75 Ib/A)

l/see footnote 1, Table 2

330 5.3
354 5.9
313 5.3
256 4.4
332 5.8

317 5.4
321 5.3
320 5.4
294 5.3
333 5.6

Table 4. The effect of alachlor and linuron, alone and in combination, on yield and tuber size of Norchip

Total Yield Mean Tuber %Total Yield
(cwt/A) Wt (oz) 2-3 1/4" 3 1/4-4" > 4"

no chemical 354 4.8 72 13 2.6
alachlor (4 Ib/A) 303 4.6 61 19 0
alachlor (2 Ib/A) + linuron (0.75 Ib/A) 351 5.1 71 12 0
alachlor (4 Ib/A) + linuron (0.75 Ib/A) 349 4.9 69 17 0
linuron (0.75 Ib/A) 339 4.4 68 13 0

D( .05) Tukey (ns)

1.0
W
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HERBICIDESFORANNUALWEEDCONTROLIN POTATOES

1/G. W. Selleck t L. E. Weber and W. J. Sano~

ABSTRACT

Several herbicides were applied alone and in combination at
preemergence and pre- plus post- at layby, and again at vinefall.of
Superior and Katahdin varieties of potatoes. Applications were made
on quadruplicated plots on Haven loam soil with a tractor-mounted
sprayer delivering 43 gpa at 35 psi. Weeds present were barnyard
grass (Echinochloa crusgalli (L.) Beauv., ladysthumb (Polygonum
persicaria t.) and commonragweed (Ambrosia artemisiifolia t.).

Results: Outstanding single treatments for control of the weed spectrum
were alachlor at 2.5 lb/A or more, cyanazine at 2.0 lb/A, oryzalin
or penoxalin at 1.5 lb/A and Vel 5052 at 2.0 1b/A, controlling barn
yardgrass and ladysthumb 80% or better for a period of 7 weeks.
Methazole at 3.0 lb/A controlled weeds present 70% or better throughout
the growing season. MV687 was excellent for control of barnyardgrass
and ladysthumb but was injurious to potatoes. Herbicide combinations,
however, were more consistently effective, including alachlor (2) with
linuron (.75), dinoseb (3), metribuzin (.5), cyanazine (2) or methazole
(1.5); metribuzin (.5) with CGA24705 (1.5), FMC25213 (1.5), H 26910
(2), dinitramine (.5) or penoxa1in (1); linuron (1) with FMC30371 (1.5),
FMC25213 (1.5), H 26910 (2) or butralin (1.5); and EPTC (3) with
cyanazine. Certain of the treatments, e.g. CGA24705 + metribuzin and
alachlor + cyanazine, metribuzin or 1inuron, exhibited unacceptable
acetanilide phytotoxicity symptoms, particularly on variety Superior.
However, yields were not significantly affected.

Preemergence + layby combinations of metribuzin (.5) + metribuzin
(.5), or alach10r (2), or methazole (1); alachlor (2) + metribuzin (.5);
and linuron (1.1) + trifluralin (.6) provided excellent season-long
control of the weeds present. Alach10r + metribuzin (3.0 + 0.5 lb/A)
and linuron + trifluralin were the only combinations in which potato
injury approached unacceptable levels, but yields were not adversely
affected. Under the conditions of this experiment and paucity of late
weed growth, applications at vinefall were of little benefit.

II Supt., Cornell Vegetable Research Farm and Suffolk County Extension
Agents, Riverhead, N.Y.
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OBSERVATIONSON QUACKGRASSCONTROLIN POTATOESI/

Joseph B. Sieczka and Matthias Reise~

ABSTRACT

Observations on the control of quackgrass (Agropyron repens) and phytotoxicity
to plants of the potato (Solanum tuberosum L.) clone 'Kennebec' from fall and
spring applied herbicides were made in 1976. Fall application of metribuzin
[4 amino-6-tert-butyl-3-(methylthio)-as-triazine-5(4H) one] at 1.0 Ib/A did
not substantially affect quackgrass growth. Metribuzin applied in the spring
at 1.0 Ib/A either alone or in combination with 0.25 lb/A of paraquat [1,1
dimethyl-4,4'-bipyridinium ion] was also ineffective in controlling quackgrass.
Slight phytotoxicity was noted from the spring applications of metribuzin to
the few potato plants that emerged prior to treatment; however, the symptoms
were short lived. Severe injury was observed on emerged potato plants shortly
after an application of dinoseb [2-sec-butyl-4,6-dinitrophenol] at 3 Ibs/A and
dalapon [2,2-dichloropropionic acid] at 8.5 lbs/A. This combination did not control
quackgrass. Very good control of the weed with no phytotoxic effects on the
crop was obtained with both of the following treatments: pronamide [3,5-dichloro
N-(l,l dimethyl-2-propynyl) benzamide] applied at 1.5 Ibs/A in the fall, and
glyphosate [N-(phosphonomethyl) glycine] at 3.0 Ib/A applied prior to plowing.

±/Paper No. 730. Department of Vegetable Crops, Cornell University, Ithaca,
New York 14853.

£/Senior Extension Associate, Department of Vegetable Crops, Cornell University
and Cooperative Extension Agent, Steuben County Cooperative Extension
Association, Bath, New York.



196

Table 1. Observations on quackgrass control in potatoes.

Treatment, Weed Control Ratings 1/
Material Ib/A Date 6/14 7/15 9/22

1. no chemical 1 1 1

2. pronamide 1.5 10/24/75 6 8 8

3. metribuzin plus 1.0 10/24/75
metribuzin 1.0 6/09/76 3 4 4

4. metribuzin plus 1.0 10/24/75 4 5 5
metribuzin plus 1.0 6/09/76
paraquat 0.25 6/09/76

5. metribuzin 1.0 6/09/76 2 1 1

6. glyphosate 3.0 5/05/76 7 8 9

7. dinoseb plus 3.0 6/09/76
dalapon 8.5 6/09/76 3 5 5

Y Ratings based on scale of 1 to 9, 1 =90-100% control, 1 =no control,
7 =commercially acceptable weed control

-

-



-

197

WEED CONTROL IN POTATOES WI.TH PREPLANT INCORPORATED
HERBICIDES APPLIED ALONE, IN COMBINATION, AND

WITH FOLLOW-UP PREEMERGENCEHERBICIDES

R. W. Michieka, R. D. Ilnicki, and J. somody!!

ABSTRACT

The objective of this study was to evaluate some new herbi
cides and herbicide combinations for weed control and crop
tolerance by applying them prior to planting with incorporation
and by applying some herbicides prior to planting with soil in
corporation followed by preemergence applications of others.

Herbicides and application techniques used in this study in
cluded the following: 2-chloro-N-{2-ethyl-6-methyl phenyl)-N
(2-methoxy-l-methylethyl) acetamide (metolachlor) and 5-ethyl
dipropylthiocarbamate (EPTC) applied prior to planting: EPTC applied
prior to planting and followed by preemergence applications of
2- K4-chloro-6-(ethylamino}-s-triazin-2-y~ amin§./-2-methyl-propio
nitrile (cyanazine), 2-{3,4-dichlorophenyl)-4-methyl-l,2,4-oxadi
azolidine-3,5-dione (methazole) and combinations of methazole plus
2-chloro-2',6'-diethyl-N-(methoxyrnethyl) acetanilide (alachlor):
4-{1,1-dimethyl-ethyl)-N-(1-methyl propyl}-2,6-dinitrobenzeneamine
(butralin) applied prior to planting and followed by a preemergence
application of 3-(3,4-dichlorophenyl)-I-methoxy-l-methylurea
(linuron): and 4-(arnino-6-tert-butyl-3-{methylthio}as-triazin-5(4H}-

one (metribuzin) and alachlor each applied alone and in combination
with soil incorporation prior to planting.

All prior-to-planting herbicide treatments were applied on
April 20, 1976, one day before planting. Sequential or followup
herbicide treatments were made immediately after planting. In
addition to the herbicide treatments, on May 4 half of each plot
(2 rows) was dragged off. Weed control ratings were made on
July 28.

!!Graduate Assistant, Research Professor of Weed Science, and
Soils and Plants Assistant Technician, respectively, Department
of Soils and Crops, Cook College, New Brunswick, N. J. 08903.
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Weeds in the experimental area included lambsquarters
(Chenopodium album L.)~ pennsylvania smartweed (Polygonum

pensylvanicum L.), and barnyardgrass (Echinochloa crusgalli (L.)
Beauv.).

Metolachlor was particularly effective on barnyardgrass and
Pennsylvania smartweed but ineffective on lambsquarters. The
drag-off operation improved control of lambsquarters in these
plots but did not improve control of the other two species.

EPTC, alone, produced good control of barnyardgrass but
not of lambsquarters or pennsylvania smartweed. The drag-off
operation did not improve control of the two broadleaf weeds
and only slightly that of barnyardgrass. An overlay of methazole
improved control of the broadleaf weeds to a slight degree but
not that of barnyardgrass. The drag-off operation improved only
the control o~ barnyardgrass.

Overlays of.cyanazine, i.e., the preemergence applications,
on EPTC-treated plots improved control of the three weed species
over that of EPTC alone and a subsequent drag-off operation im
proved control even more.

Combinations of methyazole and alachlor, applied as overlays
on EPTC plot improved control of all weeds considerably and the
followup drag-off did not improve control greatly.

Sequential applications of linuron over butralin were
particularly good on lambsquarters, fair on barnyardgrass, and
poor in Pennsylvania ~martweed. A drag-off operation improved
control even more of lambsquarters but only slightly the control
of Pennsylvania smartweed and barnyardgrass.

Metribuzin by itself applied prior to planting was very
effective on the broadleaf weeds but poor on barnyardgrass.
The drag-off procedure improved control of all weeds. Combi
nations of alachlor and metribuzin improved control of the
grassy weed over that of metribuzin alone and the drag-off
operation improved greatly control of all weeds.

No herbicide or herbicide combination affected stands or
growth of potatoes.
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POTATOVINEKILLINGIN MAINE- 1975

Hugh J. Murphy and Michae 1 J. Goven1

ABSTRACT

Comparisons of differential rates of 7-oxabicyclo[2.2.1] heptane
2,3-dicarboxylic acid (endothall), 2-sea-butyl-4,6-dinitrophenol (dinoseb),
6,7-dihydrodipyrido[I,2 a:2',I'-a) pyrazine diium ion (diquat), 1,1'-di
methyl-4, 4'-bipyridium ion (paraquat), and 2-(ethylamino)-4-(isopropyl
amino)-6-(methyl-thio)-s-triazine (ametryne) were studied for white potato
vine desiccation. Dinoseb, endothall, diquat, and paraquat gave satisfac
tory vine kill in most cases, particularly at the higher rates of active
material used. Adjuvants other than #2 oil with dinoseb did not appear to
increase activity of ametryne, endothall, or diquat. A vOlume-pressure
study with endothall and dinoseb indicated.that the higher volumes of water
diluent used along with pressures of 80 psi and higher gave the best vine
desiccation. Vine regrowth ratings indicated that the more complete the
vine desiccation, the less the vine regrowth.

INTRODUCTION

The following paper reports the results of potato
studies conducted in Maine during the 1975 growing season.
evaluation of tubers harvested from treated plots was made
1975-76 storage season, and emergence tests were conducted
growing season.

MATERIALSANDMETHODS

All desiccants and adjuvants were applied in 80 gallons of water
per acre at 40 psi except the study reported in Table 4, and to actively
growing potato vines on the dates indicated in each table of data pre
sented. A compressed air sprayer equipped with a two nozzle brush type
hand boom was used to apply all foliar applications. Nozzle type used was
Delavan Raindrop with No. 33974-3 tips. Plots were single rows, 20 feet
long with single buffer rows between desiccant treatments. Plots were
arranged in randomized block designs and each treatment replicated 6 times.

Using a 5-step rating system as presented in Table 1, vine kill
ratings were made at regular intervals following application of chemical
desiccants. At the date of last vine kill ratings, the percent of hills
showing vine regrowth was recorded.

At harvest time, approximately 15 pounds of tubers were collec
ted at random from each plot and stored at 50F. for examination during the

lAssociate Professor of Agronomy and Crops Supervisor, Department of Plant
and Soil Sciences, University of Maine; Orono, Maine 04473

199



200

winter storage season. Storage studies included examination of tubers for
possible storage disorders, vascular discoloration, and skin blemishes
which might be caused by chemical desiccants. Tubers were snipped for vas
cular discoloration in late December and composited by treatments for stor
age at 3SF. In May 1976, these tubers were planted in .replicated field
plots to obtain emergence and yield data and to observe any possible side
effects which might be related to the 1975 desiccant treatments.

Table 1. Potato vine killing code. Maine - 1975.

1 = Poor or no kill of leaves or stems.
2 = 90% of leaves killed but no stem kill.
3 = 100%of leaves and 40% of stems killed.
4 = 100% of leaves and 70%of stems killed.
5 = 100% of leaves and stems killed.

RESULTSANDDISCUSSION

Data presented in Table 2 suggest that all treatments using en
dothall provided better desiccation of potato vines than either ametryne or
dinoseb. Paraquat, endothall, and dinoseb plus #2 oil gave satisfactory
(>3.5) vine kill in this study. The larger amounts of vine regrowth were
with dinoseb and endothall. No regrowth was apparent with ametryne because
it was still active at the last date ratings were made. The inclusion of
Monitor insecticide to kill any aphids attracted to the new growth (re
growth) of vines did not improve the efficacy of the desiccants but did re
duce late season leafroll disease infection as read from samples sent to
Florida for virus testing. High amounts of tuber vascular discoloration
were measured where oil was added to the dinoseb treatments. Emergence
data indicated that none of the treatments in this study reduced emergence
of plants from tubers harvested in 1975 and used for seed in 1976.

Results of a study to determine the effect of rates of endothall
applied as single and split applications on vine killing are presented in
Table 3. In this same study several different adjuvants were also includ
ed to determine if they would improve the efficacy of the desiccants. Sin
gle applications of 1.04 pounds of endothall provided satisfactory (>3.5)
vine kill but split applications totaling 1.04 pounds and 2.08 pounds did
a much better desiccation job. Diquat at a rate of 0.50 pound per acre
gave very good vine desiccation. In this study neither ametryne or dino
seb provided satisfactory vine kill. Of the several adjuvants none ap
peared to improve the efficacy of endothall to any great extent. The acti
vity of ametryne, however, was increased by the addition of X-77 and
UBI-1126. In one case, the data in Table 3 indicates that the adjuvant
Wexdecreased the activity of endothall applied at 0.52 pound per acre.

A third study in Maine was conducted to determine a range of
pressure and water dilution that might improve the vine desiccation acti
vity of endothall and dinoseb. Data presented in Table 4 indicate that
with both desiccants higher volumes applied at pressures of 80 psi or
higher gave complete vine desiccation and without any vine regrowth.



( (

Table 2. Effect of dinoseb, endothall, ametryne, and paraquat in combination with Monitor on desiccation
of Katahdin potatoes. Maine - 1975.

% % % %
Treatments 1 Vine Kill Re- Vascular Emer- Leaf-

Pounds of A.I. per Acre ratings growth Discoloration gence roll
9-4 9-11 9-11 Slight Medium Severe 1976 1976

No treatment 1.0 1.0 -- 99 0.4
1.875 lbs. Dinoseb + 5 gals. #2 oil 3.2 3.5 7.8 14.4 4.8 5.6 100 8.3
1.875 lbs. Dinoseb + 5 gals. 12 oil and

1~ pts. Monitor 3.3 3.2 6.5 12.0 1.2 98 0.6
1.875 lbs. Dinoseb + 1~ pts. Monitor 2.0 1.7 14.0 0.8 99 0.6
1.04 lbs. Endothall + 5 gals. 12 oil 3.9 3.8 8.4 0.8 100 5.2
1.04 lbs. Endothall + 5 gals. 12 oil and

1~ pts. Monitor 4.2 4.1 7.0 1.2 100 0.2
1.04 lbs. Endothall + 1~ pts. Monitor 3.6 3.8 8.2 2.0 100 0.6
2.5 Ibs , Ametryne + 8 oz. X-77 1.3 2.4 No 98
2.5 lbs. Ametryne + 8 oz. X-77 and

l~ pts. Monitor 1.3 2.3 No 0.8 100
1.5 lbs. Ametryne + 1~ pts. Monitor 1.1 1.6 No 0.4 100 0.2
0.5 lb. Paraquat 3.6 3.9 1.8 0.4 100 4.1
0.5 lb. Paraquat + 1~ pts. Monitor 3.5 3.6 1.4 2.0 100 0.2

ITreatments applied - August 29. Weather - clear and sunny. Temperature - 70F. Vine growth - very heavy
but senescing.

N
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Table 3. Effect of several adjuvants and split applications of Endothall on desiccation of Katahdin
N

potatoes. Maine - 1975. 0
N

% %
Treatments l Vine kill Vascular Emer- Yield

Pounds of A.I. per Acre ratings Discoloration gence Cwt./A.--9-4 9-11 Slight Medium Severe 1976 1976

No treatment 1.0 1.0 0.4 98 344
0.52 lb. Endothall 2.7 2.8* 100 318
1.04 lbs. Endothall 3.4 3.6 99 318
0.52 lb. Endothall + 8 oz. X-77 2.9 3.1 100 310
1.04 lbs. Endothall + 8 oz. X-77 3.5 3.5 0.8 100 320
1.04 lbs. Endothall + 2 qts. Booster Plus E 3.6 3.5 0.8 100 312
0.52 lb. Endothall + 5 gals. #2 oil 3.1 2.6* 100 328
0.52 lb. Endothall + 0.25 lb. Paraquat 3.1 3.1 3.2 96 314
0.52 lb. Endothall + 2 qts. Oxy-cop 1.8 1.9* 1.2 98 343
0.52 lb. Endothall + 1 qt. Tronic 3.4 3.5 100 314
0.52 lb. Endothall + 2 qts. Booster Plus E

(repeated 5 days later) 2.8 3.7 100 312
1.04 lbs. Endothall + 2 qts. Booster Plus E

(repeated 5 days later) 3.6 4.5 6.5 0.5 2.0 100 299
0.52 lb. Endothall + 1.0% UBI-1126 3.5 3.5* 100 314
0.50 lb. Diquat 4.5 4.9 13.5 1.4 0.4 98 291
0.50 lb. Diquat + 2 qts. Booster Plus E 4.2 4.4 99 296
1.25 lbs. Dinoseb + 5 gals. #2 oil 3.2 32.* 0.8 1.2 0.4 100 304
1.5 lbs. Ametryne 1.4 1.8 0.4 96 336
1.5 lbs. Ametryne + 1.0% UBI-1126 2.3 3.0* 2.8 94 318
1.5 Ibs . Ametryne + 8 oz. X-77 1.6 2.3 96 322
1.87 lbs. Dinoseb + 2 qts. Booster Plus E 2.9 3.0* 20.1 0.4 100 316
0.52 lb. Endothall + 1 qt. Wex 1.2 1.5* 1.0 100 338

lTreatments applied - August 28. Weather - clear, sunny. Temperature - 70F.

*Treatments showing 3 to 5%regrowth on September 11, 1976.

(
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Table 4. Effect of differential pressure and water diluent rates on efficacy of endothall and dinoseb
for desiccation of Katahdin potatoes. Maine - 1975.

Desiccant treatment 1 Water Vine kill %
Pressure dilution ratings Regrowth

Pounds of A.I. per Acre psi gals. 9-18 9-28 10-3

No treatment -- -- 1.0 1.0
0.52 lb. Endothall + 2 qts. Booster Plus E 40 40 1.0 1.0
0.52 lb. Endothall + 2 qts. Booster Plus E 80 40 2.8 3.2 12.4
1.04 lbs. Endothall + 2 qts. Booster Plus E 40 40 3.0 3.6 12.0
1.04 lbs. Endothall + 2 qts. Booster Plus E 80 40 3.8 4.0 10.8
0.52 lb. Endothall + 2 qts. Booster Plus E 40 80 3.8 4.0 10.2
0.52 lb. Endothall + 2 qts. Booster Plus E 80 80 4.6 4.8 No
1.04 lbs. Endothall + 2 qts. Booster Plus E 40 80 4.0 4.2 5.6
1.04 lbs. Endothall + 2 qts. Booster Plus E 80 80 4.8 5.0 No
1.04 lbs. Endothall + 2 qts. Booster Plus E 80 120 5.0 5.0 No
1.04 lbs. Endothall + 2 qts. Booster Plus E 120 120 5.0 5.0 No
1.04 lbs. Endothall + 2 qts. Booster Plus E 150 150 5.0 5.0 No
2.50 lbs. Dinoseb + 5 gals. #2 oil 40 40 3.6 3.6 14.8
2.50 lbs. Dinoseb + 5 gals. #2 oil 40 80 4.2 4.6 14.6
2.50 lbs. Dinoseb + 5 gals. #2 oil 80 120 5.0 5.0 No
2.50 lbs. Dinoseb + 5 gals. #2 oil 120 120 5.0 5.0 No
2.50 lbs. Dinoseb + 5 gals. #2 oil 150 150 5.0 5.0 No

ITreatments applied with a commercial F.M.C. sprayer on September 11. Weather - sunny, cool.
Temperature - 60F. Some slight frost damage between 9-18 and 9-28. Killing frost the night of
October 2, preventing additional readings.

N
a
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1976 POTATOVINE KILLING RESULTS- UPSTATENEWYO~/

Joseph B. Sieczka 2/

ABSTRACT

Sixteen vine killing treatments were applied to Kennebec potato vines in
1976. Rate of vine desiccation was greatest with paraquat (l,l'-dimethyl
4,4'-bipyridinium ion) at 1.0 Ib/A. The combination of ametryn [2-(ethylamino)
4-(isopropylamino)-6-(methylthio)-s-triazin~] applied at 1.5 Ib/A followed in
five days by 1.0 Ib of dinoseb (2-sec-butyl-4,6-dinitrophenol) at 1.0 Ib/A
produced more acceptable results than did either material alone at higher rates.
UBI-1126 at 0.25% dilution improved the effectiveness of ametryn. However the
performance of other labeled vine desiccants was not improved. UBI-N252
(2,3-dihydro-5,6-dimethyl-l,4-dithiin-l,1,4,4,-tetroxide) was effective in a
split application when applied at 1.0 Ib/A on 8/31/76 followed by 0.5 Ib/A on
9/6/76.

INTRODUCTION

This study is part of an on going program to evaluate methods and materials
used to aid in the preharvest desiccation of potato vines. Promising desiccants
without label clearance are evaluated annually as are techniques to improve
the effectiveness of labeled compounds. Data are collected on rate of vine
kill, yield, and tuber quality.

MATERIALSANDMETHODS

Experimental treatments were applied to 'Kennebec' potato vines on
the Thompson Vegetable Research Farm at Freeville, New York. Thepotatoes
were planted on May 25, 1976, in rows 68 inches apart. The wide spacing .•
facilitated spraying and eliminated the need for guard rows. Plot size was
one row by 20 feet long. Plots were arranged in a randomlzed complete block
design with four replications. Treatments were applied with a hand-held,
CO

2
pressurized sprayer applying 62 gallA at 35 psi.

Vine desiccation materials, rates, and dates of application are given in
Table 1. The potato vines were showing initial signs of senescence when the
first vine killing treatments were applied on August 26.

Plots were harvested on October 10 .and 11, 1976. Data reported here
include rate of vine desiccation, total yield)and specific gravity. Data on
the amount of vascular discoloration, degree of skinning and storability will
be collected during the storage period.

l/Paper No. 731. Department of Vegetable Crops, Cornell University, Ithaca,
New York 14853.

2/Senior Extension Associate, Department of Vegetable Crops, Cornell University,
Ithaca, New York 14853.
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Ratings on vine desiccation are based on a scale of 1 to 9, with the
numerical figures applying to the following degree of desiccation:

1. = 0-20% kill of leaves, stems green
2. = 21-40% kill of leaves, stems green
3. = 41-60% kill of leaves, stems green
4. = 61-80% kill of leaves, stems green
5. = 81-100% kill of leaves, stems green
6. = 100% kill of leaves, 1-30% kill of stems
7. = 100% kill of leaves, 31-60% kill of stems
8. = 100% kill of leaves, 61-90% kill of stems
9. = 100% kill of leaves, 90-100% kill of stems

In addition to the above described experiment, observations were made on
the performance of dinoseb at 2.0 Ib/A combined with AmwaySpray Adjuvant at
a rate of 1 pt/IOO gal of spray.

RESULTSANDDISCUSSION

The fastest rate of vine kill was with single applications of paraquat
at 1. 0 Ib/ A & diquat at 1. 0 Ib/ A (see Table 1). The slowest rate of kill
was with ametryn applied without an adjuvant at 2.4 Ib/A, this treatment was
commercially unacceptable. The addition of UBI-1126 at 0.25% of final spray
greatly improved the effectiveness of ametryn but did not substanially improve
the effectiveness of endothall [7-oxabicyclo-(2.2.1) heptane-2,3-dicarboxylic
acid]. The performance of dinoseb at 2.0 Ibs/A was about the same with either
UBI-1126 or Booster plus E. However, dinoseb at 1.0 Ib/A with Booster plus E
five days after an application of ametryn at 1.5 Ibs/A resulted in better vine
desiccation than either used separately at higher rates.

Single applications of diquat at 0.25 and 0.5 Ibs/A, and UBI-N252 at
1.0 and 2.0 Ibs/A, and two applications of 0.5 Ibs/A of UBI-N252 five days
apart performed about the same or slightly better than single applications of
dinoseb.. The split application of UBI-N252 at 1.0 Ib followed five days later
by 0.5 Ib/A resulted in slightly better vine desiccation than the other UBI-N252
treatments.

Observations on four replicates of dinoseb at 2.0 Ibs/A combined with
AmwaySpray Adjuvant indicate that the material is comparable to Booster
plus E and other adjuvants used with dinoseb.



(

Table 1. The effect of vine desiccation treatments on yield, specific gravity and rate of vine kill. N
0en

Treatment Total Yield Specific
Material 1b/A Date (cwt/A) Gravity

1. Control 334 1.086 2.0 2.0 2.5 2·5 3.5

2. ametryn 1.5 8/26 270 1.080 1.8 2.5 5.8 7.8 8.8
dinoseb 1.0 8/31
+ Booster plus E (2 qt s )

:-l. dinoseb 2.0 8/31 253 1.086 1.5 5.0 6.3 8.3
+ Booster plus E (2 qt.s )

4. dinoseb* 2.0 8/31 268 1.084 1.5 4.3 6.0 8.0

5. ametryn 2.4 8/31 286 1.085 2.0 3.0 4.5 7·3

6. ametryn* 2.4 8/31 246 1.085 2.5 3.0 6.5 8.8

7. endotha11 1.04 8/31 291 1.085 2.0 .4.5 6.5 8.3

8. endothal1* 1.04 8/31 262 1.085 1.5 5.0 7.3 8.5

9. paraquat** 1.0 8/26 277 1.082 2.3 6.8 8.0 9.0 9·0

10. diquat** 0.25 8/31 268 1.086 1.8 4.3 6.3 8.0

11. diquat** 0.5 8/31 280 1.086 1.8 4.8 6.8 8.8

12. diquat** 1.0 8/31 288 1.084 1.8 5.8 8.3 9·0

13. UBI-N252* 0.5 8/31 269 1.085 2.0 3.8 6.5 8.8
0.5 9/6

14. UBI-H252* 1.0 8/31 263 .083 2.3 4.5 6.8 8.8

15. UBI-N252* 1.0 8/31 271 1.084 2.8 4.5 7·3 9·0
0.5 9/6

16. UBI-N252* 2.0 8/31 283 1.085 2.0 h.3 6.8 8.8

D( .05) Tukey (68) (0.006) ( ns) ( 1.6) ( 1.h) ( 2.2) (1. 7)

--
based on a scale of 1-9, l:green leaves and stems, 5:all leaves desiccated, green stems,

9:complete kill.

* 0.25% UBI-1l26

** X-77 added at a rate of 8 oz/lOO gal.
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NEWCOMPOUNDSWITHPOTENTIALFORWEED
CONTROLIN TOMATOES

IIR. C. Henne

ABSTRACT

Experiments were conducted in 1975 and 1976 to determine the potential
of several new herbicides for use in tomato (Lypersicon esculentum Mill.) weed
control programs. In direct-seeded tomatoes, FMC25213 (r-2-ethyl-5-methyl
c-5-(2-methylbenzyloxy)-1 ,3-dioxane), showed promise for providing broad spec
trum weed control. CGA24705 (2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy
l-methylethyl) acetamide) and Hoe 23408 were found selective for annual grasses.
With transplanted tomatoes, oxadiazon (2-tert-butyl-4-(2,4-dichloro-5-isopro
poxyphenyl)-a 2-1 ,3,4-oxadiazolin-5-one) preplant (pp) and Hercules 26905 (0
ethyl-o-(3-methyl-6-nitrophenyl)-N-sec butyl phosphorothioamidate) preplant in
corporated (ppi) provided effective weed contr~l Lnaddition to the compounds
mentioned for the seeded crop. Dinitramine (N .N -diethyl-a,a,a-trifluoro-3,
5-dinitrotoluene-2,4-diamine) provided comparable weed control to the standard
triflural in (a,a,a-trifluoro-2,6-dinitro-N,N-dipropyl-p-toluidinr' +reatments.
Of the compounds studied, the Hoe 23408 material was of particulal ~erest in
view of crop tolerance to both pre and postemergence appl ications which increases
the flexibil ity of use. Crabgrass (Diritaria sp) did show resistance to poste
mergence treatments but green foxtail Setaria viridis (L.) Beauv.) and barn
yard grass (Echinochloa ~-galli (L.) Beauv.) were susceptible.

INTRODUCTION

Weed control systems in tomato culture are not entirely satisfactory.
Many acres of direct-seeded tomatoes in the mid-west and east are disced under
in the spring because of failure of present standard treatments and the pro
hibitive cost of hand weeding. The objective of these studies was to determine
the potential of new herbicides which may aid in weed control programs for
tomatoes.

MATERIALSANDMETHODS

In 1975 and 1976, experiments were located on a sandy loam soil and sandy
clay soil respectively. Organic matter levels ranged from 2.2 to 2.7 percent
and pH from 5.8 to 6.7. All experiments were randomized complete block designs
with four replications utilizing single row plots 1.5 m by 6.1 m in size. Ap
pl~cations were made with a bicycle plot sprayer del ivering 308 L/ha at 2. I kgl
cm , using compressed air as a propellant. Preplant incorporated treatments
were rototilled 6 to 7.5 cm deep within one hour of application. Chemicals
used are listed in Table 1. Treatments, planting and harvesting dates are re
ported in Table 2. Weed control was measured visually using a 1 to 9 rating
system in which 9 represented complete control and 1 no control and where 7 was
considered the minimum level to be commercially acceptable. Crop phytotoxicity
was determined using a I to 5 rating system where 5 represented no injury and I

1/ Research Associate, Campbell Insiitute for Agricultural Research, Napoleon,
Ohio 43545
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crop kill. In both years, the dominant broadleaf weeds were: commonlambs
quarters (Chenopodium albium L.), smartweed (Polygonum pensylvanicum L.), black
nightshade (Solanum nigrum L.), and redroot pigweed (Amaranthus retroflexus L.).
Annual grasses were represented by crabgrass, green foxtail, and barnyard grass.

RESULTSANDDISCUSSION

Continuous heavy rainfall throughout the 1975 crop season resulted in
several flushes of weeds developing throughout the summer. Since no supplimen
tal cultivation or hand weeding was practiced (except the '~eeded controls"),
severe weed competition resulted, and many treatments which provided fair to
good initial control failed to produce a crop, Table 3. The high rate of eGA
24705 incorporated, provided comparable initial weed control to the standard
trifluralin but both proved inadequate for season long weed pressure experienced
under the test conditions. Hoe 23405 was found to be only selective for annual
grass weeds. Transplanted tomatoes tolerated both preplant and postemergence
applications. Crabgrass showed resistance to postemergence Hoe 23408 treatments
whereas foxtails were controlled. Combinations of Hoe 23408 with metribuzin,
either preplanting or postplanting, provided good control and permitted crop
development. Dinitramine at 0.56 kg/ha was comparable to trifluralin at 1.12
kg/ha. Oxadiazon controlled both broadleaf weeds and grasses throughout the
season and was judged the best treatment in the test. FMC25213 also was prom
ising considering crop tolerance and overall weed control.

In 1976, tomato trials were carefully hand weeded after initial weed con
trol ratings were made in June and the % reduction, in weeding time (from the
untreated controls) was used as an additional measurement of herbicide efficacy.
There appeared to be good agreement between visual weed control ratings and
hand weeding times, Tables 4, 5, and 6. No significant crop phytotoxicity was
observed from any treatments applied in 1976 (data not shown).

Results from the transplanted tomato trial are summarized in Table 4. The
high rate of CGA24705 was comparable to trifluralin, both being somewhat weak
against smartweed. The level of control provided by trifluralin was considered
commercially acceptable. Oxadiazon provided a good balance of broadleaf and
grass control at the 2.2 and 3.4 kg/ha rate. Hercules 26905 also was promising
when used preplanting but failed to control weeds when applied postplanting.
MV687 was judged unsatisfactory against broadleaf or grass weeds at either rate
used in this test. FMC25213 applied postplanting with metribuzin failed to
control grasses when used in this manner. Butral in was very effective when com
bined with metribuzin as a preplant tank-mix treatment. Dinitramine at 0.56 kg/
ha was comparabl~ to trifluralin at 1.12 kg/ha, as in the 1975 trial. The 1.12
kg/ha rate was considered better since it controlled smartweed more effectively.

In the direct seeded tomato trial, the standard diphenamid treatment failed ~

to provide control of smartweed, Table 5. Postemergence applications of Her-
cules 26905 or cyperquat over previously treated diphenamid plots did not en-
hance weed control in this trial. However, the prime objective of these treat-
ments was to determine crop tolerance, and the seedling crop (4 to 5 leaf stage)
did withstand the rates used without significant injury. The pebulate/napropa-
mide formulated combination provided borderline control of smartweed but was
effective on annual grasses. The higher rate resulted in tip burn of tomato
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seedlings. MV687 and CGA24705 were selective primarily for aRnual grass
weeds providing a high level of control. The addition of metribuzin to CGA
24705 resulted in significantly improved weed control and the greatest reduc
tion in hand weeding time of all treatments in this experiment. FMC25213 alone
provided broad spectrum weed control, and while smartweed escapes were observed,
they were severely deformed. However, the presence of these smartweed plants
required hand weeding time which was not indicative of performance. FMC25213
plus metribuzin proved very effective in visual ratings and reduced weeding
times significantly. Yield data were not obtained from this trial because of
variability in stands related to poor crop germination during a dry period in
early May.

Two additional experiments involving Hoe 23408 conducted with seeded and
transplanted tomatoes in 1976 are summarized in Table 6. This selective grass
herbicide provided grass control comparable to the diphenamid standard without
signs of phytotoxicity to the seedling crop at the 2.2 kg/ha rate. Metribuzin
used in combination with Hoe 23408 to provide control of broadleaf weeds was
fairly effective, but smartweed and nightshade escapes were too numerous to be
commercially acceptable. In the transplant trial, tomatoes tolerated up to 4.5
kg/ha of Hoe 23408 appl ied preplanting even though adequate grass control was
achieved at 1.12 kg/ha. Combinations of Hoe 23408 with metribuzin provided
better control than trifluralin alone. Postplanting applications of Hoe 23408
alone appeared to give satisfactory initial grass control; however, crabgrass
recovered. When Hoe 23408 was combined with metribuzin as a postplanting treat
ment, the level of grass control remained high throughout the season. The only
significant yield r~ductions occurred in the unweeded control plots and where
Hoe 23408 was used alone and broadleaf weed competition occurred.

Data from these experiments support that reported by Mohammedand Sweet (1)
that FMC25213 and Hoe 23408 may have a potential role in weed control programs
for tomatoes.

LITERATURECITED

I. Mohammed,E. S. and R. D. Sweet. 1976. Postemergence applications of
metribuzin to direct seeded tomatoes. Proc. Northeast. Weed Sci. Soc.
30: 174-179.
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Table 1. Chemical names or designations of herbicides studied.

Commonname or
designation

butralin

CGA24705

cyperquat
dinitramine

diphenamid
FMC25213
Hercules 26905

Hoe 23408
metribuzin

MV687
napropamide
oxadiazon

pebulate
trifluralin

Chemical Name

4-{l,l-dimethvlethyl)-N-{I-methylpropyl-2,6-dinitro
benzenamine

2 chloro-N-(2-ethyl-6-methylphenyl)-N-{2-methoxy-l
methylethyl) acetamide

l-me4hyl-4-phenylpyridinium
N4,N -diethyl-a,a,a-trifluoro-3,5-dinitrotoluene-Z,4-

diamine
N,N-dimethyl-2,2-dipheylacetamide
r-2-ethyl-5-methyl-c-5-{2-methylbenzyloxy)-1 ,3-dioxane
o-e~hyl-o-(3-methyl-6-nitrophenyl)-N-sec-butyl phos-

phorothioamidate
not available
4-amino-6-tert-butyl-3-(methylthio)-as-triazin-5(4H)-

one
not ava i lab 1e
2-(a-naphthoxy)-N,N-diethylpropionamide
2-tert-butyl-4-(2,4-dichloro-5-isopropoxyphenyl)-A 2_

1,3,4-oxadiazolin-5-one
S-propyl butylethylthiocarbamate
a,a,a-trifluoro-2,6-dinitro-N,N-dipropyl-p-toluidine

Table 2. Pertinent time sequences for experiments conducted.

Direct seeded trial Transplanted tomato trials

Activity

preplant treatments
planting and variety
preemergence treatments
postemergence treatments
weed control rating
harvest

1976

4/28
4/29 - C-28

4/30
6/9 crop 2-3 leaf

6/14
no

1975

5/21
5/22 - c-28

6/10
6/26
8/25

1976

5/12
5/14 - C-37

6/4
6/22, 8/3

8/27
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Table 3. Response of weeds and transplanted tomatoes to several herb ici des at
Napoleon, Ohio, in 1975.

Treatment Weed Control Rating Yield
"--'

Rate Crop Metric Ton
Herbicide kg ai/ha AppI. B.L.W. • Grass Phyto. /ha

Weeded control 9 9 5 32.7
Unweeded control I I 5 0
Trif1ural in I. 12 ppi 7.8 8.2 5 0

eGA24705 1.4 pp 6.1 8 5 0
CGA24705 2.8 pp 6.6 9 5 0
CGA24705 3.4 ppi 7.5 9 4.7 0

Hoe 23408 2.2 pp I 9 5 0
Hoe 23408 4.5 pp 2 9 5 0
Hoe 23408 1. 12 post I 7 5 0
Hoe 23408 2.2 post I 9 5 0

Dinitramine 0.56 ppi 7.2 8.8 5 0
Oxadiazon 2.2 pp 8.0 9 5 29.8
FMC25213 2.2 pp 7.6 9 5 17.7

Hoe 23408 2.2 7.2 8.5 4.5 19.5+ metribuzin + 0.56 pp

Hoe 23408 I. 12 post 7.6 9 5 27.8+ metribuzin + 0.56

LSD 5% 0.8 0.6 NSD NSD
1% 1.1 0.9



Table 4. Response of weeds and transplanted tomatoes to herbicides at Napoleon J Ohio in 1976.
N.....
N

Weed control rating 1-9 %Reduct ion
Rate B.l.W. Grass in Hand Weeding Yield

Treatment k~ ai/ha AppI. 6/22 8/3a 6/22 8/3 Time 6/29 metric ton/ha

Weeded control 8.5 8.6 8.5 7.4 92 59. 1
Unweeded control 1.5 2.6 1.5 5.2 -- 53.3
Triflural in 1.0 ppi 7. I 7.0 7.8 8.9 73 61.8

CGA24705 1.5 ppi 4.8 4.7 6.0 6.6 44 56.4
CGA24705 3.0 ppi 7. I 7.7 7.5 8.9 77 54.9
CGA24705 + I .5 ppi 7.9 8.5 7.8 8.4 .78 50.2

Metri buz in + 0.38 post

Oxadiazon I pp 6.9 6.5 5.3 4.6 62 58.2
Oxadiazon 2 pp 7.8 6.9 6.5 6.9 75 60.7
Oxadiazon 3 pp 7.9 7.7 7.3 7.7 72 63.8

Hercules 26905 2 ppi 6.9 6.8 8 8.4 74 62.3
Hercules 26905 4 ppi 7.9 8.4 8.3 8.8 83 57. I
Hercules 26905 4 post 4.3 4.9 3.3 5.4 0 51.7

MV687 2 ppi 4.3 3.4 4.3 7.8 39 54.4
MV687 6 ppi 6.0 6. I 7.0 8.6 61 48.2

FMC25213 + 1.0 post 6.8 6.4 2.5 5.9 58 50.6
Metribuzin + 0.25

FMC25213 + 1.5 post 7.6 7.4 5.5 7.6 67 63.2
Metribuzin + 0.38

Butralin+ 2 ppi 8. I 8.4 8.0 8.2 76 63.4
Metribuzin + 0.5

Dinitramine 0.5 ppi 7.3 7.0 8.0 8.2 85 65.9
Dinitramine 1.0 ppi 8.0 8.6 8.3 9.0 86 56.7

L.S.D. 5% 1.3 1.0 2.4 2.2 22% NSD

a note all plots were hand weeded once on 6/29, therefore ratings on 8/3 reflects late germination or
regrowth of weeds.

~ ~
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Table 5. Evaluation of weed control performance in direct-seeded tomatoes at
Napoleon, Ohio, in 1976.

Rate Weed Control Rating % Reduct ion
Treatment kg ai/ha AppI. B.L.W. Grass in weeding time

Weeded control 9 9 98
Unweeded control 1 I

Diphenamid 6.7 ppi 5.3 7 15
Diohenamid 3.3 ppi 4 3.5 20
+ Hercules 26905 + 2.2 + post

Diphenamid 3.3 ppi 4.8 6.0 17+ Hercules 26905 + 4.5 + post
Diphenamid 3.3 ppi 4.0 5.5 11+ Cyperquat + 3.3 + post

Pebulate 4.5 ppi 5. 1 7.3 43+ napropamide + 1. 7
Pebulate 6.7 ppi 7. I 8.3 27+ napropamide + 1. 7
MV687 2.2 ppi 1.3 8.5 8
MV687 4.5 ppi 1.5 8.0 22

CGA24705 1.7 ppi 2.8 8.5 10
CGA24705 1.7 pre 1.3 8.3 15
eGA 24705 3.3 pre 4.5 8.0 21
CGA24705 1.7 pre 6.5 8.3 77+ metribuzin + 0.28

FMC25213 2.2 pre 7. I 8.0 20
FMC25213 1.1 7.4 7.8 55+ metribuzin + 0.28 pre

LSD 5% 1.5 1.7 23



Table 6. Effectiveness of Hoe 23408 in direct-seeded and transplanted tomatoes in 1976. N
~

~

Rate Weed Control Rating
Treatment kg ai/ha App1. B.L.W. Grass

Seeded tomatoes 6/10 6/10

Weeded control -- -- 9 9
Unweeded control -- -- I 1
Diphenamid 6.7 ppi 5.3 7.8
Hoe 23408 2.2 pre 2.0 8.3
Hoe 23408 2.2 pre 6.6 8.0+ metribuzin + 0.28

LSD 5% 1.5 2. 1

% Reduct ion
in weeding time

6/22

39
39

55

Transplanted tomatoes Yield
6/10 J..!1:I QLlQ. un 6/28 metr ict'Orl/ha

Weeded control -- -- 9 9 9 9 86 79. 1
Unweeded control -- -- I 1 1 1 -- 38.7
Trifluralin 1. 12 ppi 6.8 6.4 8.0 8.8 74 72.6

Hoe 23408 2.2 post 1 1 7.8 4.8 15 49.7
Hoe 23408 1.1 8 7.8 4.8 8.2 74. 1+ metribuzin + 0.56 pp 72
Hoe 23408 4.5 7.9 7.3 8.5 67 80.9+ metribuzin + 0.56 pp 9.0

Hoe 23408 1.1 post 8. 1 7.6 8.0 8.0 69.7+ metribuzin + 0.56 75
Hoe 23408 2.2 8.0 7. 1 8.0 66.3+ metribuzin + 0.56 post 9.0 70

LSD 5% 1.3 1.1 1.8 1.9 19.0

(
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POSTEMERGENCECOMBINATIONSOF METRIBUZINWITH CERTAININSECTICIDES

ANDA FUNGICIDEON POTATOESANDTOMATOFi!!

D. T. Warholic, E. S. Mohammed, G. W. Selleck, and R. D. Sweet 2/

ABSTRACT

Metribuzin [4-amino-6-tert-butyl-3-(methylthio)-as-triazin-5(4H)one] at
0.2, 0.25, and 0.5 Ib/A was combined with the insecticides carbofuran,
azinphosmethyl, parathion, methamidophos, and the fungicide mancozeb and
sprayed postemergence on Katahdin potatoes (So tuberosum) at two sites in
New York State. Postemergence combinations of 0.125 Ib/A of metribuzin with
either endosulfan or azinphosmethyl were also sprayed on direct seeded tomatoes
(L. esculentum cv. New Yorker).

Where postemergence applications were early &~d where only two types of
pesticides were combined in one spray potato yields were not affected. How
ever, in tomatoes, metribuzin in combination with endosulfan or azinphosmethyl
reduced early fruit yield. A metribuzin-·endosulfan combination also reduced
total fruit yield.

INTRODUCTION

It has been shown that multiple low rates of metribuzin applied post
emergence are both safe and effective on Katahdin potatoes (1, 2) and direct
seeded tomatoes (3). If it were possible to combine other pesticides with
these low rates of metribuzin, some advantages could be gained in terms of
convenience, number of trips in the field, etc.

To be practical the timing of any herbicide-pesticide combination would
have to coincide with the control objectives of each pesticide. In both
potatoes and direct seeded tomatoes a fungicide or insecticide spray can be
synchronized with postemergence weed control application. In potatoes the
timing of the first low rate postemergence application of metribuzin can be
integrated into the fungicide program for late blight (Pbytophthora infestans)
or the insecticide program for control of the Colorado potato beetle (Lep
tinotarsa decemlineata Say) (4). In direct seeded tomatoes, the timing of
the first herbicide spray coincides with the first insecticide spray for
flea beetle (Epitrix cucumeris Harris) (5).

l/Paper No. 726, Department of Vegetable Crops, Cornell University, Ithaca, NY

gjResearch Technician, Graduate Student, Superintendent of Long Island
Vegetable Research Farm, and Professor, respectively, Department of
Vegetable Crops, Cornell University, Ithaca, NY
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The objectives in these studies, therefore, were to determine whether
Isome selected metribuzin-pesticide combinations used on tomatoes and potatoes
iwere: 1) compatible in the tank, 2) not antagonistic to pesticide activity,
land 3) safe on the crops.

MATERIALSANDMETHODS·

This report is a summary of a single year's work on potatoes at two
Ilocations, the Homer C. Thompson Vegetable Research Farm near Ithaca, and
Ithe Long Island Vegetable Research Farm near Riverhead, NY. The tomato
Iwork is also based on one year's work at the Freeville site only.

In mid-April 800 Ib/ A of 13-13-13 was broadcast and plowed down.
IKatahdin potatoes were planted on 34" centers, 9" between seed pieces on
!May 17. An additional 1250 Ibs of 12-24-12 fertilizer was banded through
!the planter. The plots were dragged off on June 2 with a finger weeder set
Ito cultivate about 2" in depth. The entire experimental area was then
isprayed with 3 Ibs/A of dinoseb (2-sec-butyl-4,6-dinitrophenol) to suppress
·broadleaf weeds.
I
I On June 26 one postemergence application of me~~ibuzin was applied
Ialone or in combination with 0.5 Ib/ A of carbofura~ or aZinphosmethyl or
12 Ib/A of mancozeb. At the time of application the crop was 12 to 14"
!tall and redroot pigweed (Amaranthus retroflexus L.) 2 to 61t in height.
ICrop and weed ratings were taken on July 1. Weeds were removed in all
Iplots not treated with an herbicide and in the dinoseb check on July 3.

All treatments were applied with a hand held C02 pressurized small
1 plot sprayer delivering 45 gallA at 35 psi through Tee-Jet 8004 flat spray
I nozzles. All rates are reported in active ingredient.. Plot size was
i 6 x 20', two rows of potatoes per plot, three replications and arranged in
a RCB design. Tubers were harvested on October 1.

I
I Long Island Potato Study

centers 12" between seed pieces
of 8-16-8 was banded.

I Katahdin potatoes were planted on 34"
I on April 23, and at the same time 1875 Ibs

I
A few plots received 0.5 Ib/A of metribuzin alone preemergence on May 5

followed (by another 0.5 Ib postemergence spray) on June 1 by a postemergence
application containing 0.5 Ib of metribuzin, 1.5 Ib of m~ncozeb, plus either

1 carbofuran, azinphosmethyl, parathion, or methamidophos.21 Most of the plots

3/
i.!V

I

Carbofuran is marketed as Furadan. Azinphosmethyl is marketed as Guthion.

Methamidophos is marketed as Monitor.



were treated with two postemergence sprays of metribuzin at either 0.2 or
0.5 Ib/A. All these sprays included in addition to metribuzin, 1.5 Ib of
mancozeb, and one of the insecticides mentioned above and were applied on
June 1 and 19. The whole experimental area was cul ti vated before the
second postemergence spray was applied. Potatoes were 10" high on June 1
and at layby on June 19. Treatments were applied with a tractor-mounted
sprayer delivering 100 gallA at 60 psi with cone nozzles. The weekly
routine fungicide-insecticide program was continued until harvest. Potato,
ladysthumb (Polygonum L.) and barnyardgrass (Enchinochloa
crusgalli L.) ratings were taken on June 11 and August 19. Potatoes were
harvested on October 7. Plots were 5.6 x 30' and were sprayed in a RCB
design with four replication.

Freeville Tomato Study

Plots were seeded on 34" centers on May 24 with two rows of New Yorker
tomatoes. One postemergence treatment of metribuzin alone at 0.125 Ib/A
or the same rate of metribuzin plus either endosulfan or azinphosmethyl
at 1 Ib/ A was applied on June 11. At this time tomatoes were in the 1 to
2 true leaf stage, pigweed at 2 to 4 leaf and lambsquarter (Chenopodium
album L.) at 4 to 6 leaf stage. All treatments were applied with a hand
held C02 pressurized small plot sprayer delivering gallA at 35 psi with
Tee-Jet 8004 flat spray nozzles. Visual crop and weed ratings were taken
on June 17. Tomato plants were thinned to 12" and all plots hand weeded
on June 24. Weed free plots were maintained until the experiment termin
inated. Flower clusters were counted June 22. Data on plant number,
plant fresh and dry weight, red ripe fruit and total fruit yield was
taken from 20' of row on September 9. Only the latter two harvest
indices will be reported here.

RESULTSANDDISCUSSION

Freeville Potato Study

No tank incompatabilities and no precipitates were apparent during
mixing or spraying any of the metribuzin-pesticide combinations. Although
3 Ib/A of dinoseb was applied over the entire experimental area the redroot
pigweed stand was sufficient for a weed control assessment on the performance
of metribuzin. The results of this experiment are summarized in Table 1.
Weed activity of metribuzin was not decreased by the addition of carbofuran,
azinphosmethyl or mancozeb. No phytotoxicity to the crop was observed with
either rate of metribuzin alone or any pesticide combination. Crop safety
was also confirmed by yield data which revealed no significant yield dif
ferences among treatments. It is believed the slightly lower yields in
the non-herbicide and dinoseb plots were due to the slight delay in hand
weeding the plots and not from any chemical treatment.

217
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Long Island Potato Study

Methods as well as results differ from the Freeville study. These
methods should be kept in mind when considering the results. First of all,
combinations in the Freeville study included either an insecticide or a
fungicide with metribuzin, not both. In the Long Island study all three
were combined for all postemergence applications while none was applied
singly. Secondly, at Freeville a single metribuzin pesticide spray was
applied whereas at Long Island most plots received two postemergence appli
cations. In addition, a few preemergence treatments were made on Long
Island.

It is quite clear in the Long Island test that those plots receiving
one postemergence spray yielded substantially higher than plots receiving
two sprays (Table 2). With the information at hand we can only speculate
about the causes of this yield difference. All treatments have one post
emergence treatment in common but not the layby or the preemergence
treatments. Both the layby and preemergence treatments, therefore, should
be held suspect. It is impossible to say whether a single chemical or some
permutation of the three chemicals used at layby was responsible. The re
sults from Freeville suggest that the 2 oz rate of metribuzin should not
reduce yields (1, 2). This yearts results from this same station agree
that rates of metribuzin at 0.25 or 0.5 lb/A alone or in combination with
one other pesticide was safe on Katahdin potatoes. This suggests that
the combination of the three pesticides at layby may be responsible for
the reduced yields.

A yield increase resuJteo wherever metribuzin was applied pre emergence
but it would be difficult to attribute the increases to this treatment un
less we assumed that early weed competition was a significant factor, however,
this was not the case. Other factors, especially soil type and rainfall
differences, cannot be ruled out. It is obvious that additional work will
have to be done.

Some positive results coming from this test are: 1) no tank incom
patibilities were observed with any metribuzin-fungicide-insecticide
combination, 2) two applications of metribuzin either one pre and one
post or two post applications were necessary for acceptable control of
barnyardgrass and ladysthumb, 3) the addition of a fungicide and insecti
cide did not appear to diminish the efficacy of metribuzin.

Freeville Tomato Tp.st

As in the two potato tests, no antagonsim in the tank and no decrease
in weed activity of metribuzin was observed in any of the tank mixes
(Table 3). In addition, it was again observed that very low rates of

metribuzin if properly timed would provide effective broadleaf control
with good crop safety.
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Little or no phytotoxicity was observed with most of the treatments.
The combination of metribuzin and endosulfan appeared to be slightly in
jurious. A delay in removing the weeds in the insecticides and weeded
plots had an overriding effect on these treatments. Flower cluster num
ber, red fruit and total fruit yields were reduced. There was good
agreement between these latter three measurements where fruit cluster
number was high, red fruit and total fruit yield were also high. Low
flower cluster number correlated well with low red fruit and total fruit
yields.

The red fruit yields from those plots treated with 0.125 Ib of metri
buzin was significantly higher than every other treatment. In total fruit
yield this treatment was significantly higher than in all plots where
endosulfan was used.

Wherever metribuzin was used in control of redroot pigweed was excellent.
These plots, therefore, should have been free from the effect of weed com
petition which strongly influenced the other plots. Surprisingly though,
flower cluster number, red ripe fruit and total yield in those plots where
metribuzin was combined are low. Both pesticide combinations are signi
ficantly lower in red fruit yield as compared to metribuzin sprayed alone.
In total fruit yield only the metribuzin-endosulfan combination was
significantly lower than the metribuzin plots. This suggests that there
is an interaction between metribuzin and endosulfan.

Follow-up work is needed to determine if yield reduction in spite of
minimum visible phytotoxicity is a typical response to be expected with
seeded tomatoes.
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Table 1. Metribuzin applied postemergence alone or in combination with either
an insecticide or fUngicide on Katahdin potatoes (Freeville).c

Treatment Ibs/A Rating a Total Yield
Crop RRPig. cwt/A

l. metribuzin 0.25 9.0 8.3 507

2. metribuzin 0.50 9·0 8.0 515

3. carbofuran 0.50 9·0 3.0 483

4. azinphosmethyl 0.50 9.0 3.3 470

5. mancozeb 2.00 9.0 4.3 464

6. metribuzin 0.25

carbofuran 0.50 9.0 8.0 542

7. metribuzin 0.50

carbofuran 0.50 9.0 8.3 496

8. metribuzin 0.25

azinphosmethyl 0.50 9.0 8.7 512

9. metribuzin 0.50

aZinphosmethyl 0.50 9.0 8.0 507

10. metribuzin 0.25

mancozeb 2.00 9.0 8.0 518

II. metribuzin 0.50

mancozeb 2.00 9.0 8.3 513

12. dinoseb b 3.00 9.0 4.3 482
ns

Coefficient of variation 9.9%

a l=no effect on weeds, complete kill of crop; 7=commercially acceptable

weed control and crop; 9=complete weed kill, no effect upon crop

b Applied delayed preemergence

c Mean of three replications
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Table 2. Crop and weed ratings for selected metribuzin-pesticide tank mix
combinations (Riverhead) •

- Timing a RatingsTreatment Rate Yield
Ib/A Potato b Smartweed c Barnyard- cwt/A

grass C

1. metribuzin 0.5 Pre 0.5 9.9 9.5 408*
metri+carbofuran 0.5+1. 0 Post

2. metribuzin 0.5 Pre 0.5 9.8 9.5 436*
metri+azinphos. 0.5+1. 0 Post

3. metribuzin 0.5 Pre 0.5 9.7 9.3 417*
parathion 2.0 Post

4. metribuzin 0.5 Pre 0.5 9.8 9.6 429*
1.0 Post+Post

5. metribuzin 0.2
carbo fur an 1.0 Post+Post 0.5 9.9 9.8 382

6. metribuzin 0.2
azinphosmethyl 1.0 Post+Post 0.5 9·9 9.6 344

7. metribuzin 0.2
parathion 2.0 Post+Post 1.0 9.9 9.7 355

8. metribuzin 0.2
1.0 Post+Post 0.5 9.9 9.8 364

9. metribuzin 0.5
carbofuran 1.0 Post+Post 1.5 9.9 9.8 342

10. metribuzin 0.5
azinphosmethyl l.0 Post+Post l.5 9.9 9.7 352

11. metribuzin 0.5
parathion 2.0 Post+Post 1.0 9.9 9.8 371

12. metribuzin 0.5
1.0 Post+Post 1.0 9.0 9.8 355

13. carbofuran l.0 Post+Post l.0 8 ft2 8 ft2 365

14. azinphosmethyl 0.5 Post+Post 0.5 6 ft 2 13 ft 2 343

15. parathion 2.0 Post+Post 0.5 7 ft
2 10 ft 2

310

a All postemergence treatments included 1.5 Ibs of mancozeb

b O=no injury; 10=complete kill t rated 6/11

c l=no control; 10=complete kill t rated 8/19
* Significant from checks at 1% level
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Table 3. Visual ratings, flower number, and tomato yield from postemergence
metribuzin-insecticide combinations.n

Treatment lb/A Rating a Flower Fruit Total
Tomato REP Cluster Ripe lb/plot

Per
Plant

1. metribuzin 0.125 7.7 9.0 2.0 13.5 52.1

2. endosulfan 1.000 9.0 1.3 0.8 4.0 29.2

3. azinphosmethyl 1.000 8.7 1.7 1.0 3.8 33.6

4. metribuzin 0.125 7.3 9.0 1.3 6.3 30.0
endosulfan 1.000

5. metribuzin 0.125 7.7 8~7 1.4 7.8 43.5
azinphosmethyl 1.000

6. hand weeded 7.7 1.0 0.9 3.2 31.1

7. not weeded 8.3 1.7 0.1 0.1 0.3

Bayes LSD 5% 4.4 21.7

a l=no eff'ect on weeds, complete kill of crop; 7=commercially acceptable
weed control and crop; 9=complete weed kill, no eff'ect upon crop.

b Mean of three replication
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THE EIPFECTOF STRESSING Oil STANDANDYIELD OF HTRIBUZIll-TREATED
TOMATOTRANSPLANTS

E. H. lle180n and R. A. AShley1)

ABSTRACT

TOllato (kYoopersioon esoulentum Mill. 'Heinz 1350') transplants were
grown in a greenhouse at 16.5 C with watering as required and weekly supplemen
tal nutrient applioation. Three weeks before field-setting, half of the trans
plants were stressed by _aDS of water and nutrient deprivation •. A set of
transplants, oontaining both stressed and unstressed plants, was treated with
.56kgai/ha metribuzin (4-amino-6-!!£i-butyl-3-(methylthio)-!!-triazin-5(4H)one)
3 days after field-setting; another set of transplants, stressed and unstressed,
was treated at the same rate 10 d8i1s after field-setting. Stands of unstressed
transplants were signifioantly reduoed by the metribuzin either 3 or 10 d8i1s
after field-setting. The lIetribuzin applied 3 days after planting reduoed the
early yield of unstressed plants significantly although application 10 days af
ter planting did not signifioantly affect early yield. Total yields were im
proved significantly for stressed treated plants as oompared to unstressed
treated plants. Yields on a per plant basis were unaffected by stressing and!
or metribuzin treatment.

INTRODUCTION

It is generally accepted that plants subjected to a specific stress are
often more tolerant of a variety of subsequent physiological stresses (1). In
1976, an experiment was conducted at the University of Connecticut Agronomy Re
search Farm in Storrs, Ct., to determine the response of stressed and unstressed
tomato transplants to metribuzin applied either 3 days or 10 days after field
setting.

'MATERIALSANDMETHODS

Heinz 1350 tomatoes, recognized as "moderately tolerant" of metribuzin (2),
were seeded in the greenhouse April 2, transplanted to a peat-vermiculite mix in
5.5 cm peat pots April 13, and field-set 118\121. On May 3, approximately 3 weeks
before field-setting, the transplants were separated into two groups. The first
group was watered daily and fertilized weekly with 20-20-20 soluble fertilizer.
These transplants were oonsidered unstressed. The second group of transplants
was watered only at the stage of visible Wilting and was not fertilized. These
transplants were oons ide red stressed. At the time of setting-out, the unstressed
transplants averaged 30 011 and had six true leaves. The stressed oounterparts
averaged 23 CII and had six true leaves. The stressed plants had noticeably
shorter intemodes and anthocyanesoent veins.

1) Graduate Research Assistant and Assooiate Professor, respectively, University
of Connectiout, Storrs
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Two individually randomized experiments, each containing both stressed and
unstressed transplants, vere planted on May 21. Three II rows containing five
plants each were planted 1 m apart. The soil was Woodbridge fine sandy loam
with pH 6.2 and 3%organic matter content. Each of the two experiments was ar
ranged in a randomized complete block design with four replicates. ~ach block
cont ained four plots: 1) unstressed unt reated t ransp lants, 2) unstressed
treated transplants, 3) stressed untreated transplants, and 4) stressed treated
t ransp lants.

The two experiments differed only in the time of herbicide application.
On Ma;y24, 3 da,ys after plantiDg, plots in the first experiment were treated
preelllergent to weeds with lIletribuzin at .56kg ai/ha. On June 1, 10 days after
planting, plots of the second experiment were treated. At the time of the June
1 herbicide application, laabsquarters (Chenopodium album L.), redroot pigweed
(Amaranthus retroflexus t.), common ragweed (Ambrosia artemisiifolia t.) and
large crabgrass (Digit aria sanguinalis L. Scop.) up to 1.5 em were evident.
Weather data for transplant time, herbicide application time, and 1 week fol
lowing appear in Table 1.

Crop 1nJury and weed control ratings were taken seven times from May 21 to
August 6. Crop injury was _asured as stand reduction or degree of tissue dam
age (O-no damage; 10-eoraplete kill). Yield data, the number and weight of
fruit, were taken from July 26 through September 21. Harvests up to and in
cluding that of August 16 were reported as early yield since market conditions
were such that tomatoes cOlmlanded a relatively high price throughout that period.
Untreated plots were hand weeded to minimize a~ effect of weed competition on
yield.

RESULTSANDDISCUSSION

Metribuzin at .56kg ai/ha provided excellent control of the dominant broad
leaf species (lambsquarterB, redroot pigweed, and common ragweed) over a two
month period and good season-long control. Initial control of large crabgrass,
the dominant grass species, was excellent. However, this species reappeared
after 7 weeks, more quickly than ~ other species.

Adverse weather conditions, cloudy days and low night temperatures, appar
ently affected the survival of all transplants. Untreated controls, stressed
and unstressed, were reduced 1~ and 14~ (Table 2), respectively, in the first
experiment. Stressed transplants did, however, show significantly less stand
reduction with application of I18tribuzin 3 days after transplant than did un
stressed transplants, 3~ vs 7~, respectively (Table 2). There were no differ
ences in stand reduction at the .05 level among the untreated plants and the
stressed treated plants. Only the unstressed treated plants showed significantly
reduced stand.

-
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Table 1. Weather data reoorded at Univereity of Conneotiout Agronomy Researoh Farm 5/20/76 to 6110/76

1) 2) 3)
May_ 20 _ _~1___ .22 _23_m __~4_ 25 _~() 21 2_~__~9 u__30 31

POld;,

20.0

11.1

Cld;,

12.88.9

ClrCir

12.86.1

PCldy

1.8

PC1d;,

5.6

Clr

6.1

Cir

3.9

Clr

5.6

Clr

3.3

Oldy

1.1

Air te~era(-) 8.9 12.2 22.2 16.7 17.2 18.3 12.8 14.4 23.3 26.1 22.2
ture-hl.gh C
Air tempera
ture-low (C)
Light condi- Cldy
tione
Rainfall (om) 1.45

25.0 21.7 19.4 21.1 21.7 23.3 18.9 24.4 29.4

4) 5)
14 _ ~ __ m 6

POld;, Cldy Oir

3.0

6.1 10.6

Clr

10

29.4

14.4

Oir

9.4 13.3 12.2

PCld;, POldy Olr

.15

Clr

5.0

Olr

7.21.813.9

Ai r tempera
ture-high (C)
Air tempera
ture-low (0)
Light oondi
tions
Rainfall (om)

June

1) Tomatoes field-set
2) Experiment 1 treated
3) Experiment 1 first obse1'Yation
4) Experiment 2 treated
5) Experiment 2 first obse1'Yation

N
N
(J1
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Table 2. Stand reduction in tomato transplants treated with .56kg ai/ha
metribuzin 3 d~ys or 10 days after field-setting

St ressi treatment
Time of metribuzin

3-D
Stand reduction

rating

application following field-setting
10-Da

Stand reduction 1
rating

Unstressed
-1 14 .7 15untreated

Unstressed
3.5 70 1.2 25treated

Stressed .5 10 0 0untreated
Stressed

1.5 30 .5 10
treated
LSD 1.1 .6
1) Stand reduction using treatment means (plants killed per rep) with 5 plants

per treatment and 4 replications
2) Stand reduction using percentages

After 10 days of continued cool, partly cloudy weather, the second experi
ment of unstressed and stressed plants was treated with metribuzin. Unstressed
and stressed controls showed 15% and CJ1,(Table 2) stand reduction, whereas un
stressed and stressed treated plants showed 25% and 10% stand reduction. The
stand of stressed untreated plants was not reduced, and stand reduction of
stressed treated plants was not significantly different compared to that of
stressed untreated plants. In terms of stand, the response of stressed plants,
treated and untreated, was significantly better than that of unstressed untreated
plants which was, in turn, significantly better than that of unstressed treated
plants.

The trend among the treatments was similar whether herbicide application
occurred 3 or 10 days after transplant. The overall lower stand reduction
(Table 2) of plants treated after 10 days may have been due to stressing of all
plants in the field brought about by cool weather between the time of trans
planting and the time of herbicide application.

Ratings for tissue damage were taken 4 days after herbicide treatment in
each of the two experiments. Among those plants in the experiment treated with
metribuzin 3 days after field-setting (Table 3), the amount of tissue damage was
highly significant for unstressed treated plants as compared to all other plants.
Of' those plants in the experillent treated 10 days after field-setting, unstressed
untreated plants and stressed treated plants responded similarly with moderate
(approximately 1.5 rating) tissue damage. Unstressed treated plants exhibited
significantly more damage, stressed untreated plants significantly less.

--
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Table 1. Tissue damage to tomato transplants treated with .56kg ai/ha
metribuzin 3 d$Ys or 10 days after field-setting

Time of

--- treatment Condition of tomato plants
Days after Unstressed Unstressed Stressed Stressed um
planting untreated treated untreated treated (.05 level)

3 1.2 1) 5.9 2.8 3.9 1.2
10 1.6 2.3 1.1 1.6 .4

1) Stand reduction (a-none; 1O-complete kill)

The amount of tissue damage 4 days after treatment was ultimately reflected
in stand reduction (Table 2). SurviVing individual plants, stressed and un
stressed, treated and untreated, even in plots sustaining significant tissue
damage, tended to produce similar yields. Therefore, the critical amount of
tissue injury reported on a per plot basis was reflected in stand reduction and
eventual total yield reduction. There were no differences in yields on a per
plant basis. The amount of tissue damage was critical only as it influenced
stand which, in turn, influenced total yield rather than yield on a per plant
basis (Table 4).

Using the market price of tomatoes in Connecticut in 1976 as the criterion,
the harvests up to and including that of August 16 were considered in calculat
ing early yield. Plants treated 10 days after field-setting exhibited no differ
ences in early yields (Figure 2 and Table 4). When herbicide application took
place only 3 days after transplant, the herbicide treatment reduced early yield
with a significant difference between untreated and treated plants. Of the
treated plants, the stressed plants produced better early yields than did the
unstressed.

Total yields reflected highly significant differences among the treatments.
Unstressed plants and stressed treated plants produced comparable yields when
treated 3 days after field-setting. Only for unstressed treated plants were
yield reductions highly signifioant. Therefore, stressing dramatically decreased
stand reduction and increased total yield of metribuzin-treated transplants as
compared to unstressed treated transplants. Amongthe plants treated after 10
days, a similar trend occurred. Stressed treated plants again produoed signifi
cantly higher yields than unstressed counterparts. In general, stressing proved
advantageous as stressed transplants produced comparable yields whether treated
or untreated, and these yields were significantly better than those of unstressed
transplants, treated and untreated (Figures 1 and 2 and Table 4).



Figure 1. ~arly and total yields of Heinz 1~50 tomato transplants
treated with .56kg ai/ha metribuzin 3 days after field
setting
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Table 4. Wei~hts in kilograms of tomatoes harvested from t~ansplants

treated with .56kg ai/ha metribuzin ~ days or 10 days after
field-setting

Condition of tomato plants
Unstressed Unstressed Stressed Stressed LSD
untreated treated untreated treated ( .05 leve 1)

~arly yield
3-day treatment 4.42 0.36 5.03 2.17 1.38
Early yield
10-day treatment 2.10 1.82 2.48 1.97 NS
Per plant yie ld
j-day treatment 6.41 3.65 6.03 5.31 NS
Per plant :vie ld
10-day treatment 4.90 5.84 5.35 5.95 NS
Total yield
3-day treatment 26.71 7.37 27.13 18.66 9.65
Total yield
10-day treatment 20.61 21.90 26.78 26.49 4·53

LITERATUR1'1CITED

1. Levitt, J. 1972. Responses of plants to environmental stresses. Academic
Press, N.Y. 697 pp.

2. Stephenson, G. R., J. E. McLeod, and S. C. Phatak. 1976. Differential
tolerance of tomato cultivars to metribuzin. Weed Sci. 22:161-5.



LOWRATESOF LINURONON CARROTSANDPARSNIPSI

Sudabathula R. Rao and R. D. Sweet 2

ABSTRACT

Three experiments were conducted to evaluate the response of carrots
(Daucus carota L. ) and parsnips (Pastinaca sativa L.) to single and multiple
applications of linuron [3-(3,4-dichlorophenyl)-1-methoxy-l-methylurea] alone
or in combination with stoddard solvent and trifluralin (a,a,a-trifluoro-2,6
dinitro-N,N-dipropyl-p-toluidine). Linuron, stQddard solvent, or trifluralin
alone failed to give acceptable control of grasses and broadleaves. Single
and multiple applications of linuron at 2, 4, and 8 oz/A alone failed to
control annual grasses and at 1 and 2 lb/A injured both crops. Excellent
weed control and crop tolerance was obtained by one or two applications of
linuron at 2 or 4 oz/A following trifluralin preplant incorporated or stoddard
solvent early postemergence. Linuron at 4 oz/A applied 3 or 7 days after
the application of stoddard solvent injured parsnip but not carrots. However,
8 oz/A at this short time interval injured both crops.

INTRODUCTION

Carrots and parsnips are very vulnerable to weed growth because of
their slow emergence and long growing season. Linuron has been widely used,
but single applications either fail to give season long weed control or
injure crops when applied postemergence (1, 6). Stoddard solvent has also
been used extensively, however, it often fails to control late emerging
grasses (2). Trifluralin gives good control of annual grasses, but is
inconsistent in controlling broadleaves, especially redroot pigweed
(Amaranthus retroflexus L.) (3). Multiple applications of linuron alone
or in combination with trifluralin were reported to give good weed control
and carrot yields (4, 5). Ivany, Dickerson, and Sweet (2) demonstrated the
differential tolerance of carrot varieties to high rates of linuron
following the early postemergence application of stoddard solvent. Growers
in New York State have also obtained injury on carrots when linuron was
applied soon after the application of stoddard solvent.

The purpose of this research was two-fold: 1) to determine the response
of carrots and parsnips to low rates of single and multiple applications of
linuron alone or in combination with trifluralin and stoddard solvent, and
2) to determine how soon linuron can be applied without injuring carrots
following the early postemergence application of stoddard solvent.

1 Paper No. 724, Department of Vegetable Crops, Cornell University, Ithaca,
NY 14853.

2 Graduate Research Assistant and Professor, respectively, Department of
Vegetable Crops, Cornell University, Ithaca, NY 14853.
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MATERIALSANDMETHODS

A total of three experiments were established on Eel silt loam soil at
the Thompson Vegetable Research Farm, Freeville, NY. Prior to plowing
1000 Ib/A of a 15-15-15 fertilizer was broadcast in late May and the
experimental area was disced twice after plowing. The entire area was
fitted with a spring tooth harrow and meeker harrow just prior to the
application of preplant incorporated (PPI) treatme;ts. Plots measuring
6 ft. x 15 ft. were laid out and certain treatments applied. Within an
hour, a spring tooth harrow set to operate 2 to 3 inches deep and a meeker
harrow were pulled over the entire experimental area down and back in the
same direction at 5 mph speed. All the plots were then restaked and seeded.
All chemical treatments were applied with a hand-held C02 powered small plot
sprayer equipped with four 8004 nozzles in a boom. Spray volume was 60 gal/A
applied at 35 psi.

The first two experiments were seeded on June 16, 1976 and June 18,
1976, respectively. One row each of Gold Pak and Scarlet Nantes carrots
and one row of All-America parsnips were planted in Experiment I and two
rows of Gold Pak carrots were planted in Experiment II. Experiment III was
seeded on June 10, 1976 as in Experiment I, but in addition, one row was
seeded to Japanese millet [Echinochloa frumentacea (Roxb.) Link.]. The
seeding depth was 1/4 inch for all the species and varieties. Preemergence
treatments were applied on the same day of planting. Delayed preemergence
(DP) treatments, however, were made 3 and 8 days after planting before crops
and weeds emerged in Experiment II and III, respectively. All treatments
were replicated twice in a randomized block design. Supplemental watering
was given by sprinkler under dry weather conditions. Timings of herbicide
applications and stages of growth of crops and weeds are presented in Table 1.

Visual ratings of weed control and crop response were -made for all three
experiments. Carrot yields were taken in the third experiment. Weed species
present were redroot pigweed (Amaranthus retroflexus L.), chickweed [Stellaria
media (L.) Cyrillo], hairy galinsoga [Galinsoga ciliata (Raf.) Blake], common
purslane (Portulaca oleracea L.), smooth crabgrass [Digitaria ischaemum
(Schreb.) Muhl.] and witchgrass (Panicum capillare L.).

RESULTSANP DISCUSSION

In general, there was some stand reduction of carrots and parsnips due
either to heavy rainfall or to seeding problems.

Experiment I: Application of linuron, trifluralin, or stoddard solvent
alone failed to give acceptable weed control (Table 2). Linuron at 1 lb/A
applied late postemergence alone or in combination injured both carrots and
parsnips. Foliar injury on carrots with linuron at 3/4 to 1 lb/A post has
also been reported by other workers (1, 2, 5) and is further substantiated
in this test. Three applications of linuron at 2, 4, or 8 oz/A either
failed to control annual grasses or injured the crops. However, excellent
weed control and crop tolerance was obtained with two applications of linuron
at these same rates following the early post application of stoddard solvent.



'fable 1. {;covth stages of crops and weeds at var t ous timings of herbicide application.

Cnlil/Wl·{·tl II
i;Pt'l~ i I 'j;

carrots 1-2 if 2 If 6_1" cotyl 2-3 if 4_5" 1-2 If 1-2 If 2-3 If 2-3 If 4_5" 4_6"
pa r-uu i pc cotyl 1 if 3" 1 if 1 if 1-2 If ;:> if 3 If 3lf
annual f';l'rU;1.es 3 2_5" 3-5" 2' 1-1. 5" 3-4" l' 3-4 If 1'-5 if if 1.5' 2' 2-2.5'
chickweed 4 If 8 if If 3-6" 3-6" 3_7"
gUl1n:.;oga 2" 3ft l' 1" 2.5" 10" 4 If 6u 8 if 3" 5" B"
pigveed 3" 8" 1.5' 1" 3" l' 5 if 8 if 8-9 if 6"...1' 6"-1' 1. 5-2'
purslane 3_4" 5" 1.5' 1_2 H 4-6" 7_8"

1 EP=ear1y post; LP=late post
? DI\f'=duy" u t't.e r planting
3 fHHlllal I~,'a~;m~s include Japa.nese millet" smooth crabp,rass and vitch~rass

'I'nb j c 2. Inf'Lucnce of sinilic and multiple applications of Li nuron alone or in combination with
tr i f'Lur a.I.i n and at.oddar-d sol vent on crops and weeds (E"l'eriment 1).
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!\mtU,'I"J

Gra:'iHeU;

~.

\~ 1.11'0I.''
"j r~wl·t·\1

I. c Loddu rd Dol vent, 75 GPA lSI'
2. trifluralin 3/4 1'1'1
3. I l nuron 1 LP
4. stoddard solvent 75 GPAEP

+linuron 1/8+1/8 Post+LP
~. etoddard solvent 75 GPA EP

+linuron 1/4+1/4 Post+LP
G. stoddard solvent 75 GPAEP

+linuron 1/2+1/2 Post+LP
T. linuron 1/8+1/8+1/8 EP,

Post+LP
I\. I i nuron 1/4+1/4+1/ 1, EP,

!'Il:,I.+I,P
'J. I i uurou Ih1+1!;}+I/? 1':J',

1'1l;:I.+LIJ

10. t.rr rt ur.u ru 3/ 11 1'1'I+llnuron
J Ll'

11. uLoddar'd solvent 75 GPA EP
+11nuron 1 LP

12. untreated control

8.0
8.0
1·0

7.0

8.0

9.0

8.0

'l , ()

6.0

8.5
5.0
5.5

7·5

8.0

8.5

7.5

',.1,

6 r:.)

6.5
4.0

9·0
9.0
3.0

8.5

9.0

9.0

5.0

(,.0

II.',

9.0
2.5

1.0
4.5
4.0

9·0

9.0

9.0

9·0

'1.n

9.0

9.0

8.0
5.0

8.0
6.0
4.5

9.0

9·0

9·0

8.0
2.0

II. ~
6.5
3.0

9.0

9.0

(I.n

8.0

6.5
1.0

1 J=IlO effect on weeds, complete kill of crops; 7=commercially acceptable weed control and crop;
~ 9=complete weed kill, no effect on crop

Kated 45 days after planting
:; Annual grasses include Japanese millet, SIIlooth crabgrass and witchgrass
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Experiment II: Single applications of linuron at 2, 4, or 8 oz/A did
not injure carrots but failed to give acceptable weed control (Table 3).
However, rates ~f 1 and 2 Ib/A gave excellent weed control but injured
carrots. The low ratings recorded in treatments 1, 4, and 5 were because
of poor initial stand due to a seeding problem. Noll (4) also reported
injury on carrots with two applications of linuron at 12 oz/A applied pre
and late post following PPI applications of trifluralin, which s:u.pports the
above findings of injury on carrots at high rates of linuron. Multiple
applications of linuron at 2 oz/A superimposed on pre, DP, or EP treatments
of the same chemical failed to control annual grasses. Excellent weed control
and crop tolerance was obtained with two applications of linuron at 2 oz/A
post and late post following trifluralin. Single application of linuron at
2, 4, or 8 oz/A pre, DP, or EP following trifluralin also provided acceptable
weed control and negligible crop damage. The low ratings recorded in treat
ments 21 and 25-28 were because of a seeding problem. Linuron at lIb/A,
however, injured carrots.

Experiment III: In general, Scarlet Nantes was a little more susceptible
than Gold Pak to high rates of linuron. Also Scarlet Nantes in any particular
treatment yielded slightly higher than Gold Pak. However, because of the
overall similarity in response of these two varieties to the chemical treat
ments, the yield data for them was combined (Table 4). Due to considerable
variation in yields from plot to plot only a few treatments were significantly
different. Linuron at 8 oz/A post, stoddard solvent and trifluralin when
applied alone resulted in significantly lower yields of carrots probably
because of poor weed control. Single application of linuron at 2 oz/A
applied DP, EP, or post following trifluralin as well as linuron at 4 or
8 oz/A EP following trifluralin yielded significantly higher than untreated
control.

Linuron at 4 oz/A 3 or 7 days following the application of stoddard
solvent neither injured foliage not reduced carrot yields, however, parsnips
were slightly injured. When linuron was applied at a rate of 8 oz/A 3 days
following the application of stoddard solvent,it injured the foliage and
decreased the carrot yield. At 7 days foliage was also slightly injured
but there was no reduction in yield. Ivany, Dickerson and Sweet (6),
reported no increase in foliar injury on carrots due to linuron at 1 and
2 Ib/A following early post application of stoddard solvent. However, in
their work linuron was applied 17 days following stoddard solvent.

In summary, single or multiple applications of linuron, stoddard
solvent, or trifluralin alone failed to provide acceptable weed control
and resulted in lower carrot yields. Linuron at higher rates of 1 and 2
Ib/A injured both carrots and parsnips. Excellent weed control and crop
tolerance were generally obtained with one or two applications of 2, 4, or
8 oz/A of linuron following either trifluralin or stoddard solvent.
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Table 3. Respop.se of carrots to 1inuron and trifluralin whell al'p] i cd a.t one or
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in combination at various timings (Experiment II).

Chemical (lb/A and Timing Visual Ratinv, sl
Carrots Annual Pigweed Purr. lane
a3 b4 Grasses 2 b b

b

1. 1inuron 1/8 Pre 6.0 6.0 4.0 4.0 i.O
2. 1inuron 1/8 DP 1.0 1.0 6.0 4.0 "(.0- 3. 1inuren 1/8 EP 7.0 6.0 5·0 4.0 II .0

4. linuron 1/4 Pre 6.0 6.5 5·5 6.0 i.O
5. Hnuren 1/4 DP 4.5 4.5 6.5 O(• () 'J.O
6. linuren 1/4 EP 1·5 7.0 6.5 7·') il. a
1. Linuron 1/2 Pre 1.0 7·0 1.0 9.0. s ,o
8. Hnuron 1/2 DP 8.0 8.0 6.5 9.0 fl. 0
9. Li.nuron 1/2 EP 1·0 6.0 6.5 8 c S/.O. ,
10. l.inuren 1 Pre 6.5 7.0 8.0 9·0 9.0
11. 1inuren 1 DP 6.5 6.0 9·0 9.0 9·0
12. 1inuron 1 EP 5·5 5.5 9·0 9.e) 9.0
13. 1inuron 2 Pre 6.5 7.0 9·0 9·0 9·0
14. 1inuron 2 DP 5·5 5.5 9·0 9.0 9.0
15. linuron 2 EP 5.5 6.0 9·0 9·0 9.0
16. 1inuron 1/8+1/8+1/8

Pre+Post+LP 1.0 7·0 1.0 6.0 't . a
17. 1inuron 1/8+1/8+1/8

DP+Post+LP 7·0 7·0 1.0 8.0 G.o
18. 1inuron 1/8+1/8+1/8

EP+Post+LP 7·0 7·0 2.0 9·0 9. 0

19. trifluralin 3/4 PPI 8.0 8.0 8.0 6.0 9.1)
20. trifluraHn 3/4 PPI+

linuron 1/8 Pre 1.0 7·0 9.0 ;).0 'J.n
21. trifluralin 3/4 PPI+

linuren 1/8 DP 6.5 6.0 8.0 '( .:) ( .()

22. trifluralin 3/4 PPI+
linuron 1/8 EP 7·0 6.5 1.5 8. ~, O(• ;;

23. trifluralin 3/4 PPI+
1inuron 1/4 Pre 8.5 6.5 8.5 7.5 '\.

24. trifluralin 3/4 PPI+
linuron 1/4 DP 7.0 6.0 6.5 9.0 '(. '5

25. trifluralin 3/4 PPI+
linuron 1/4 EP 6.5 6.0 9.0 9·0 y.o

26. trifluralin 3/4 PPI+
linuron 1/2 Pre 6.0 6.0 9·0 9·0 B. ')

27. trifluralin 3/4 PPI+
Hnuron 1/2 DP 6.0 6.0 9·0 9·a 9.0

28. trifluralin 3/4 PPI+
linuren 1/2 EP 6.5 6.5 9·0 9.0 9.0

29· trif1uralin 3/4 PPI+
linuron 1 Pre 5.0 6.0 9·0 9·0 9·0

30. trifluralin 3/4 PPI+
linuron 1 DP 1·0 7.0 9·0 9·0 9.0

31- trifluralin 3/4 PPI+
linuron 1 EP 6.5 7.0 9·0 9·0 9.0

32. trifluralin 3/4 PPI+
linuron 1/8+1/8 Post+LP 8.0 8.0 9.0 8.0 9.0

33. trif1uralin 3/4 PPI+1inuron
1/8+1/8+118 Pre+Post+LP 6.0 6.0 4.0 8.0 6,0

34. untreated control 7.0 6.5 2.0 2.0 l.O

1 l=no effect on weeds, complete kill of crop; 7=commercially ac cej.Lubt o
weed control and crop; 9=comp1ete weed kill, no effect on crop

2 Annual grasses include Japanese millet, smooth crabgrass and witchgrass
3 Rated 33 days after planting
4 Rated 47 days after planting
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'fable 11. Crop and wCL'd response to low rates of linuron applied alone or in combination
v l t.h tr i I'I ural ill and stoddard solvent (Experiment III).

Chem.icu.l (lb/A) and 'I'Lming
Carrots

a 3

Visual Ratings l
Parsnips Annual Chick-

a Grasses 2 weed
b4 b

Galin
soga

b

Pig
weed

b

Carrot
Root

Yield
(lb/2x5'

)

1. stoddard solvent 'r5 GPA EP 7.0
2. t.r Lt'Luraf.Ln 3/4 PPI 7.5
3. linuron 1/2 Post 8. a
4. trifluralin 3/4 PPI+linuron

1/8 DP 7.0
5. t.r-i r'Luru.li n 3/4 PPI+linuron

l/S EP 7.5
6. t.r Lt'Lur'u l Ln 3/ 11 PPI+linuron

1/8 Post 7.5
7. t rl t'Lur-a.l i n 3/4 PPI+linuron

1/ 11 DP 6.5
8. tri I'Lur a.l.Ln 3/4 1'1'1+1inuron

1/4 EP 7.0
9. tri fluralin 3/ 11 PPI+linuron

1/11 Post 6.5
10. trl fluralin 3/4 PPI+linuron

1/2 EP 6.5
11. stoddard sol vent 75 GpA EP+

linuron 1/8+1/8 Post+I,P 6.5
12. stoddard solvent 75 GPA EP+

.l l nuron 1/11+1/11 Pont+LP 6.5
13. st"ddard 301 vent, 'f') GP/\ gp+

Li nur-on 1/11 EP+3 days 7.5
14. sLoddard solvent 75 GPAEP+

linuron 1/4 EP+7 days 7.0
15. stoddard solvent 75 GPA EP+

linuron 1/4 Post+7 days 7.5
16. stoddard solvent 15 GPA EP+

linuron 1/2 EP+3 days 6.5
17. stoddard solvent 75 GPA EP+

linuron 1/2 EP+'r days 7.0
18. stoddard solvent 15 GPA EP+

linuron 1/2 Post+1 days 6.5
19. untreated control 8.0

LSD .05

6.5
6.5
7·5

7·5

1.5

7.5

7·0

7.5

7·5

7·0

7.0

6.5

7.5

6.0

6.5

7.5
7·5

6.5
7.5
1.5

9·0

8.0

8.5

8.5

9.0

8,5

7·0

7.5

9.0

6.5

8.5

8.5

8.0
1.0

3·5
7.0
8.5

9.0

9·0

9·0

9·0

9·0

9·0

9.0

9·0

9·0

9·0

9·0

8.5

9·0

9.0

9·0
1.0

8.0
5·0
9·0

9.0

9.0

9.0

9·0

9·0

9.0

9.0

9·0

9·0

9.0

9·0

9·0

9·0
6.0

6.5 6.0
7·0 9·7
4.5 2.9

8.0 13.0

9.0 15.4

9.9 13.9

8.5 8.4

9.0 12.6

7.5 9.9

9.0 11.0

8.5 9·7

9·0 9.5

9.0 15·9

9.0 11.3

9.0 12.1

9.0 8.2

9.0 13.5

9·0 9.9
1.0 1.5

9·0

2
3
4
5

1=no ,'1'1".'(- t on \0",,-<1[;,(·"mpJete kill of crop; 7=commercially acceptable weed control
and crop; 9=complete weed kill, no effect on crop
Annual grasses include Japanese millet, smooth crabgrass and Witchgrass
RaLed 23 days after planting
Rated 54 days after planting
Harvested 112 days after planting
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CHEMICALWEEDCONTROLIN CARROTS
R. C. Henne 11

ABSTRACT

Weed control studies with carrots (Daucus carota L.) were carried out in
1975 and 1976 in northwest Ohio. In 1975, under conditions where n6 cultiva
tion or hand weeding was practiced, a combination treatment consisting of
triflural in (a,a,a-trifluoro-2,6-dinitro-N,N-dipropyl-p-toluidine) preplant
incorporated (ppi) followed by a postemergence application of linuron (3-(3,4
dichlorophenyl-l-methoxy-l-methylurea) provided season long weed control. Car
rots tolerated postemergence applications of Hoe 23408 and this material selec
tively controlled annual grass weeds. In 1976, a combination of Hoe 23408 plus
1inuron resulted in more rapid weed kill than observed with either material
alone. A study of 1inuronlcarbaryl (1 Napthyl N-methylcarbamate) interaction
did not reveal any synergistic activity under conditions of this trial. The
time required to hand weed plots was found to correlate well (r = 0.89) with
visual weed control ratings and provided another measurement of herbicide ef
ficacy.

Observation trials in commercial carrot fields demonstrated that metribuzin
(4-amino-6-tert-butyl-3-(methylthio)-as-triazin-5(4H)-one) effectively controlled
horseweed (Conzya canadensis (L.) Cronq.), and Hercules 26905 (0-ethyl-o-(3
methyl-6-nitrophenyl)-N-sec butyl phosphorothioamidate) prevented an established
dodder (Cuscuta sp) infestation from spreading.

INTRODUCTION

Stoddard solvent, linuron, and triflural in are some of the main herbicides
used for weed control on carrots. The current price of stoddard solvent has
made this material extremely expensive compared to the pre 1974 era and relative
to other herbicides. There is a need to provide alternative herbicides to
avoid resistant weeds becoming the dominant species in carrot fields. Two ex
amples of this occurring are dodder in New Jersey, Delaware, and Maryland carrot
growing areas and horseweed in Ohio. One of the most serious weed problems facing
carrot growers on muck soils are annual grasses because trifluralin and other pre
emergence herbicides are inactivated in the high organic matter content of these
soils. Therefore, a selective postemergence grass herbicide would be a solution
to this problem.

These trials were conducted in an effort to evaluate new compounds for po
tential use in carrots.

MATERIALSANDMETHODS

Studies were conducted at Napoleon, Ohio, on a sandy loam soil in 1~75 and
a sandy clay soil in 1976 with organic matter levels ranging from 2 to 2.5%
Three row plots, with 50 em row spacing and measuring 1.5 m by 6.1 m in size

II Research Associate, Campbell Institute for Agricultural Research, Napoleon,
Ohio 43545
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were used in randomized complete block designs with four replications. Chemi-
cals evaluated are listed in Table 1. Dates of treatments and other activities
are summarized in Table 2. All treatments were applied with a bicycle plot
sprayer delivering 308 L/ha at 2.1 cm2 using compressed air as a propellant.
Preplant treatments were incorporated with a rotary powered tiller to a depth
of 7 cm within one hour of application. Dominant broadleaf weeds in both years
were lambsquarters (Chenopodium album L.), smartweed (Polygonum pensylvanicum L.),
redroot pigweed (Amaranthus retroflexus L.), while annual grasses were represen
ted by barnyard grass(Echinochloa~-~ (L.) Beauv.), crabgrass (Digitaris
sp), and green foxtail (Setaria viridis (L.) Beauv.). Weed control was assessed
using a 1 to 9 rating system where 9 represented complete control and 1 no control,
with 7 the minimum level for commercial acceptance. Crop phytotoxfcity was rated
on a 1 to 5 scale where 5 represented no visible injury and 1 crop kill. Yields
were obtained by harvesting the center row and grading roots as marketable (crown
diameter greater than 3.75 cm) smalls and culls.

In addition to the repl icated trials in 1976, two non-replicated trials were
located in commercial carrot fields, one with a heavy horseweed population and
one with a moderate dodder infestation. The horseweed test was treated on June
18, 1976, with four rates of metribuzin: 0.28, 0.56, 0.84, and 1.12 kg/ha, when
carrots were 30 cm tall and the horseweed 30 - 35 cm in height. The dodder in
festation was treated on July 20, 1976 with Hercules 26905 when dodder was well
established (flowering plus seed pods formed) on carrots 20 - 25 cm tall. Four
rates of Hercules 26905 were tried: 2.2, 4.5, 6.7, and 8.9 kg/ha. Visual obser
vations were made following treatment but no yield data were obtained.

RESULTSANDDISCUSSION

In 1975, the carrot experiment was not cultivated or hoed with the ex
ception of the weeded control plots which were hand hoed three times during the
season. As a result, weed competition from uncontrolled weeds prevented mar
ketable sized roots from developing in a number of plots, Table 3. Trifluralin
provided borderline control of broadleaf weeds permitting black nightshade (So
lanum nigrum L.) and smartweed escapes. Of significance was the fact that the
1.65 kg/ha rate of triflural in did not result in crop injury on this sandy loam
soil. This rate was three times the recommended dosage for this soil type. Some
commercial carrot growers have expressed concern that trifluralin was causing
crop injury but this data does not support this thinking. Linuron, the other
standard treatment was not effective on annual grasses. The most effective
treatment in the trial was a combination of these two standards. Dinitramine
required 4.5 kg/ha when appl ied as a preemergence treatment to provide comparable
weed control to trifluralin at 1.12 kg/ha incorporated. Hoe 23408 selectively
controlled annual grasses without significant crop injury when appl ied postemer
gence at up to 3.4 kg/ha. Hoe 23408 in combination with linuron provided a
wider spectrum of weed control with only some temporary crop phytotoxicity ob
served. The somewhat lower yield obtained from this combination may reflect
early weed competition prior to application plus surviving weed escapes. Metri
buzin at the rate used did not provide satisfactory weed control. Some tip burn
occurred to carrots receiving the postemergence application but this was con
sidered similar to that often observed with linuron treatments.

In 1976, the experimental area was cultivated and maintained weed-free
after weed control ratings were obtained on June 16. The weeding time required
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for each plot was carefully recorded and the percent reductio~ in weeding time,
from the unweeded control, was used as another measurement of herbicide efficacy.
There appeared to be good agreement between weed ratings and reduction in weeding
time, Table 4. A significant correlation was measured between the broadleaf
weed control ratings and the percent reduction in hand weeding time, r = 0.66,
but not with the grass control ratings, r = 0.46. The means of the broadleaf
and grass weed ratings indicated a higher level of correlation, r = 0.89, existed
between the two methods of evaluating herbicide efficacy.

Trifluralin or dinitramine ppi treatments followed by linuron postemergence
provided excellent weed control and good crop yields. Hoe 23408 alone, post
emergence, gave fair control of foxtail and barnyard grass, but crabgrass recovered.
Combining 1inuron with Hoe 23408 rssulted in a significantly faster burn-down of
weeds than achieved with either material alone. Broadleaf weeds were dead within
48 hrs; whereas, when linuron was applied alone, it took 5 to 6 days before weeds
were considered killed~ At the same time, crop phytotoxicity in the form of leaf
margin burn was more severe with the combination of linuron with Hoe 23408. This
injury was temporary as new growth appeared normal and final crop yields were
similar to the weeded control. Chloroxuron used as a pre plus post treatment was
satisfactory considering weed control and crop yield as was the triflural in plus
chloroxuron combination treatment. DCPAwas included in this trial primarily to
provide residue data and to determine crop tolerance. DCPAcontrolled grasses
but not broadleaf weeds,and carrots tolerated both preemergence and early post
emergence treatments.

A series of plots were treated with linuron and the insecticide carbaryl in
combinations; a) as a tank mix, b) I inuron appl ied first and carbaryl applied 48
hrs later, c) carbaryl applied first and linuron applied 48 hrs later, in addition
to I inuron used alone. No significant differences were measured in crop phyto
toxicity; however, weed control rating and weeding time were adversely affected
where carbaryl was applied 48 hrs after linuron application. These results are
not in agreement with those reported by DelRosaria and Putnam (1) who found a
synergistic reaction occurred when these two pesticides were applied together
or within 24 to 48 hrs of each other and resulted in increased phytotoxicity to
carrots. The fact that the variety Danvers 126 was used in this study and not
Chantenay may account for the different results. However, the poorer weed con
trol resulting from the delayed carbaryl application cannot be explained.

In the observation trials in commercial carrot fields, metribuzin at 0.28
kg/ha did not provide satisfactory control of horseweed, but the three higher
rates were all effective. Carrots tolerated the high - 1.12 kg/ha rate of met
ribuzin without signs of phytotoxicity. At the second site, Hercules 26905
treatments applied to a well established dodder infestation stopped all further
growth of this plant. All tendrils and runner growth turned a dark orange color
and while not dead, new growth was not observed during the remainder of the
summer. The fact that no phytotoxicity was observed at the 8.9 kg/ha rate of
Hercules 26905 when adequate dodder control was obtained with 2.2 kg/ha indi
cates a good safety margin in carrot tolerance.
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Table I. Chemical names or designations of compounds investigated in 1975 and
1976.

Commonname or designation

Butralin

Carbaryl
Chloroxuron
Dinitramine

DCPA
Hercules 26905

Hoe 23408
Linuron
Metribuzin

Triflural in

Chemical Name

4-(I,I-dimethylethyl)-N-(1-methylpropyl)-2,6,dini-
trobenzenamine

I-Napthyl N-methylcarbamate
34(P4(p-chlorophenoxy)phenyl)-I,I-dimethylurea
N ,N -diethyl-a,a,a-trifluoro-3,5-dinitrotoluene-2,

4-diamine
dimethyl tetrachloroterephthalate
o-ethyl-o-(3-methyl-6-nitrophenyl)-N-sec-butyl phos-

phorothioamidate
not ava i 1ab Ie
3-(3,4-dichlorophenyl)-1-methoxy-l-methylurea
4-amino-6-tert-butyl-3-(methylthio)-as-triazin-5(4H)-

one
a,a,a-trif1uoro-2,6-dinitro-N,N-dipropyl-p-toluidine

Table 2. Sequence of dates for various activities associated with replicated
carrot trials conducted in 1975 and 1976.

Date

Activity

preplant treatments
seeding (variety Danvers 126)
preemergence treatments
postemergence treatments

weed rating
hand weeding time study
ha rves t

1975

4/30
4/30
5/7
6/4 crop 5 em, 2~

leaf stage
6/19

9/24

1976

4/20
4/20
4/30
6/2 crop 6-7 c;m,

3 leaf stage
6/16
6/22
9/29
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Table 3. Response of weeds and carrots to several herbicide treatments at
Napoleon, Ohio, in 1975.

Yield
Rate Weed control rating Crop metric T/ha

Treatment kg/ha App1. B.L.W. Grass • @hyto. Marketable Total

Weeded control 9 9 5 31.8 38.75
Unweeded control 1 1 5
Trifluralin I. 12 ppi 7 8 5 37.2 41.7
Trifluralin 1.65 ppi 7 8 5 39.9 47.3

Linuron I. 12 post 7 3 5 28.0 34.7
TrifluraJin 0.56 ppi 8 8 5 49.9 55.3+ linuron + 1. 12

Dinitramine 2.24 pre 6 8 5 28.2 38.5
Din i trami ne 4.5 pre 7 8 5 34.7 43.5

Hoe 23408 1. 12 post I 8 5
Hoe 23408 2.24 post I 9 5
Hoe 23408 3.36 post 1 9 5
Hoe 23408 1. 12 post 7 9 4.5 24.9 32.9+ Linuron + I. 12

Metribuzin 0.28 pre 5 2 5
Metribuzin 0.28 post 6 2 5 21.9 31.6

LSD 5% 1.5 2.3 NSD 12.3 11.9
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Table 4. Response of weeds and carrots to 23 treatments at Napoleon. Ohio. in 1976.

% Reduct ion Yield
Rate Weed control rating in Crop Metric T/ha

Treatment kg ai/ha App1. s.t..v. Grass weeding time phyto. Marketable Total

Weeded control -- -- 9 9 -- 4.9 54. I 74.6
Unweeded control -- -- 1 1 -- 4.4 44.0 59.4
Trifluralin 1. 12 ppi 4.7 7.5 49 4.9 54.3 75.9
Linuron 1. 12 post 7. 1 4.9 63 4.7 53.7 73.9
Trifluralin 1. 12 ppi 7.2 8.6 82 4.9 57.4 76. 1+ Linuron + 1. 12 post
Trifluralin 0.56 ppi 7.4 6.6 79 4.9 57.4 77.2+ Linuron + 1. 12 post
Trifluralin 0.56 ppi 7.0 7.5 70 4.4 64.7 83.2+ Linuron + 0.56 post

Dinitramine 2.24 pre 4.4 8.0 60 4.5 45.8 65.8
Dinitramine 4.5 pre 6.8 8.0 81 4.4 51.3 74.4
Dinitramine 2.24 pre 8.3 8. 1 94 4.3 57.0 80.3+ Linuron + 1. 12 post

Linuron + Hoe 23408 1.12 + 1.12 post 7.2 6.4 64 3.7 53.7 77.2
Linuron + Hoe 23408 1.12 + 2.24 post 7.7 7.8 85 3.5 62. 1 82.7
Linuron + Hoe 23408 1.12 + 3.36 post 6.8 7.5 73 3.2 55.9 75.9
Hoe 23408 + Hand Hoe 3.36 post 2.9 6. 1 -- 2.8 44. 1 60. 1
Chloroxuron 4.5 + 4.5 pre + post 7.4 7.8 80 4.6 62.5 81.2
Trifluralin 1. 12 ppi 7.2 6.6 81 4.6 60. 1 80.3+ Chloroxuron + 4.5 post

Butral in 2.24 ppi 4.3 7.5 58 4.6 57.4 76. 1
DCPA 11.5 pre 5.0 7.5 -- 4.7 52.4 74.4
DCPA 23.0 pre 4.2 8.5 -- 4.4 45.8 67.3
DCPA 11.5 post -- -- -- 4.9 48.8 69.3

Linuron + carbaryl 1.12+2.24 post- 7.3 5.0 69 4.7 65.3 83.6
Linuron 1. 12 post 6.2 5.5 45 4.4 53.0 76.3+ carbaryl 48 hr. later 2.24 post
Carbaryl 2.24 post 7.4 5.2 61 4.6 62.7 83.8+ linuron 48 hr. later 1. 12

N

LSD 5% 1.8 1.6 18% .63 11.2 11.0
.j::::o
w
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WEEDCONTROLIN BEETSWITHHERBICIDES

C. J. Nollll

ABSTRACT

An experiment was conducted to evaluate six herbicides for the weedingof
beets (Beta vul ar1s. All herbicides whenused alone were applied at two
rates. Cycloate S-ethyl N-ethy1thiocyclohexanecarbamate)was applied as
a prep1ant incorporation treatment. pyrazon (S-amino-4-chloro-2-phenyl-3(2H)
pyredazione), Vel 5052 (S-propy1 dipropy1thiocarbamate) and R3322(3-(3,4
dich10ropheny1)-3-(ethoxa1y1)-1, l-dimethy1urea) were applied as preemergence
treatments and desmedipham(ethyl m-hydroxycarbani1atecarbanilate (ester»
and phenmedipham(methyl m-hydroxycarbani1atem-methy1carbanilate) were
applied postemergencewhenbeets had two true leaves. Combinationtreatments
prep1ant incorporation treatments followed by postemergencetreatments and
preemergencefollowed by postemergencetreatments were included in the trials.
Without 1ambsquarter (ChenopodiumalbumL.) control yields were poor. In
this years trial the best herbicides were desmedephamand phenmedipham.

INTRODUCTION

Several herbicides were tested alone and in combination for weedcontrol
of weeds in beets. The herbicides included in the trials were the recommended
herbicides and others thought to be promising. Dry soil at time of planting
and dry weather following seeding delayed emergenceof the beets.

MATERIALANDMETHODS

The experiment was conducted at the ROckSprings Farmlocated 10 miles
west of University Park, PA. The soil, a Hagerstownsilt loam, was plowed
in the fall of 1975 and the seedbed prepared April 13, 1976. The preplant
incorporation treatments were applied April 14 and the field seeded that same
day. The preemergencetreatments were applied April 15 one day after seeding
and the postemergence treatments applied 26 days after seeding whenthe beets
had two true leaves.

Although a numberof weedswere present only lambsquarter was a serious
weed. Wherethis weedwas not controlled it was difficult to see the beets
or other weeds.

Single row plots were 26 feet long and 3 feet wide. Treatments covered
the row for a width of 18 inches with cultivation controlling the weeds be
tween the rows. Treatments were randomizedin each of 8 blocks. Fifteen feet
of row from each plot was harvested July 16.

11ASSOciateProfessor, Departmentof Horticulture. The Pennsylvania State
University. University Park, PA 16802.
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A rating scale of 0 to 10 was used to evaluate weedcontrol. Zero being
least desirable and 10 most desirable.

RESULTSANDDISCUSSION

The results are presented in Table 1. Lambsquarter control with cycloate
applied preplant incorporation was good in early June but largely lost by mid
July. Pyrazon and Vel 5052 applied preemergencedid not control lambsquarter.
Desmediphamand phenmediphamapplied 26 days after the seeding of the beets
controlled the lambsquarter throughout the growing season. R33222at the 4
poundper acre applied preemergencecontrolled lambsquarters in early June
but by mid July lambsquarter control was poor.

Under the condition of the experiment the best herbicides for weedingof
beets was desmediphamat 1 and 2 pounds per acre and phenmediphamat l~ and 3
pounds per acre applied 26 days after seeding whenbeets had 2 true leaves.
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Table 1. The effect of herbicides alone and in combination on weeds and beets. ..j:::>
0'1

Avera~e Per Plot
Harvest (151 0f row) .Weeds 0-10

1bs Application No. Wt.
Treatment ai DaysFromPlant Grass Lambsquarter RagweedA 1 Weeds Plants Roots 1bs .

July 14 June 7 July 14 July 14 July 14
1 Nothing - --- 9.5 0.0 1.3 9.0 1.3 43 0.5
2 Cyc10ate 3 PPI-O 9.9 8.4 5.4 7.6 4.9 65 3.9
3 Cyc10ate 4~ PPI-O 9.5 8.7 5.9 8.9 5.5 56 4.0
4 Pyrazon 3 PRE+1 9.5 3.8 0.1 9.4 0.4 60 0.6
5 Pyrazon 4~ PRE+1 10.0 2.5 1.1 9.8 1.0 77 2.2
6 VEL5052 2 PRE+1 10.0 1.1 0.4 8.3 0.4 37 1.3
7 VEL5052 3 PRE+l 9.8 2.4 0.9 8.5 0.9 52 0.0
8 Pyrazon 5 POST+26 9.8 4.0 1.0 9.8 1.3 80 0.6
9 Desmedipham 1 POST+26 8.8 9.9 8.0 9.1 8.0 88 8.2

10 Desmedipham 2 POST+26 9.3 10.0 9.4 9.6 9.3 95 12.3
11 Phenmedipham 1~ POST+26 9.6 10.0 9.4 9.3 9.4 92 13.3
12 Phenmedipham 3 POST+26 9.4 10.0 8.8 9.5 8.5 110 10.4
13 Cycloate &

Desmedipham 3&1 PPI-O&POST+26 9.8 10.0 9.4 9.0 9.0 60 13.4
14 Cycloate &

Phenmedipham 3&1~ PPI-O&POST+26 9.9 10.0 10.0 9.5 9.6 76 14.9
15 Pyrazon &

Desmedipham 3&1 PRE+1&POST+26 8.9 9.9 8.6 9.9 8.5 65 11.3
16 Pyrazon &

Phenmedipham 3&1~ PRE+l&POST+26 9.4 10.0 9.4 10.0 9.0 102 12.5
17 VEL5052 &

Desmedipham 2&1 PRE+1&POST+26 9.0 9.8 9.3 9.5 8.9 88 9.6
18 VEL5052&

Phenmedipham 2&1~ PRE+l&POST+26 9.3 10.0 9.5 9.3 8.6 110 12~3

19 R33222 2 PRE+1 9.3 6.6 2.5 9.5 2.5 53 4.5
20 R33222 4 PRE+1 9.3 9.6 5.8 10.0 5.8 18 3.0

Least significant difference 5% 0.3 2.4 1.3 0.9 1.3 28 3.3
least significant difference 1% 0.3 2.9 1.6 NSD 1.6 34 4.1

( (
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HERBICIDESFORWATERMELONS

1/C. E. Beste-

ABSTRACT

Twoyears of studies have shownthat butralin [4-(1,1-dimethyl ethyl)-N
(1-methylpropyl)-2,6-dinitrobenzenamine] preplant incorporated at 1.0 and 2~0
lb/A was an effective herbicide for seeded watermelons (Citrullus vulgaris
Schrader cv. Charleston Gray) in a Norfolk loamy sand. Butralin was also
satisfactory for seeded 'Crimson Sweet' watermelons based on one year of studies.
Butralin provided better weed control than prep1ant incorporated bensulide
[O,O-diisopropyl phosphorodithioate S-ester with N-(2-mercaptoethyl) benzene
sulfonamide], naptalam (N-l-naphthylphthalamic acid) or the combination. The
combination of bensu1ide-and napta1am (4.0 + 2.0 lb/A) provided better weed
control than either herbicide alone. Butra1in controlled goose9rass [Eleusine
indica (L.) Gaertn.) and commonpurslane (Portulaca oleracea L.) better than
the bensulide and naptalam combination; however, common1ambsquarters
(Chenopodiumalbum L.) control was similar. Watermelonplant stands and yields
were not effected by these herbicides.

Oneyear's data showedthat chloramben methyl ester (3-amino-2,5
dichlorobenzoic acid) at 1.5 and 3.0 lb/A and dinoseb (2-sec-butyl-4,6
dinitrophenol) at 1.5 lb/A were not acceptable preemergence treatments for
'Charleston Gray' watermelons. The combination of butralin (1.0 lb/A) preplant
incorporated plus chloramben (1.5 lb/A) preemergence was acceptable. HOE~23408

[[methyl 2-[4-(2,4-dichlorophenoxy)phenoxy]propanoate]J at 0.75 lb/A plus dinoseb
at 1.5 lolA preemergence provided significantly better grass control than dinoseb
alone at 1.5 lb/A preemergence and HOE-23408did not injure watermelons.

11 Associate Professor, University of Maryland, Department of Horticulture,
- College Park 20742
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WEEDCONTROLIN CUCUMBERSIN A CONVENTIONALPLANTING
ANDIN A STALESEEDBED

C. J. Noll!!

ABSTRACT

Twoweeding trials were conducted on cucumbers(Cucumissativus). In
the first experiment the preparation of the soil and the seeding of the
cucumberswere a day apart. In the second experiment there was a delay of
thirteen days from seed bed preparation until the seeding of the cucumbers.
Weedsin the untreated plots were a mixture of grasses, redroot pigweed
(Amaranthusretroflexus L.), tumbleweed(Amaranthusalbus L.) and purslane
(portulaca oleracea L.). Herbicides were applied in a band over the rowand
weeds between the rows were controlled by cultivation. The best treatments
in the conventional planting were bensulide (O,O-diisopropyl phosphorodithioate
s-ester with N-(2 mercaptoethyl)benzenesulfonamide)incorporated into the soil
prior to seeding and naptalam (N-l-naphthylphthalamic acid) applied preemer
gence or postemergence. In the delayed seeding experiment glyphosate (N
(Phosphonomethyl)glycine)and paraquat (1,11-dimethyl-4,41-bipyridinium ion)
applied prior to cucumberemergencecontrolled the weedsthroughout the
season.

INTRODUCTION

Cucumbersbecause of their vining growth habit are difficult to weed
with a cultivator. Theyare equally difficult to weed'with an herbicide as
the herbicides cleared for use do not kill weedsequally well under varied
soil and weather conditions. Twoapproaches were madeto solve this weeding
problem. In the first, with conventional planting practices, what were con
sidered the best herbicides were used alone and in combination. In the
second, where delayed seeding was practiced, the short residual herbicides
glyphosate, paraquat were used alone and in combinationwith other herbicides
that had a longer residual effect.

MATERIALANDMETHODS

This study was conducted at the RockSprings Farmlocated 10 miles
west of University Park, PA. The soil, a Hagerstownsilt loamwas plowed
in the fall of 1975 and the seedbed prepared June 15, 1976. The varjety
greenpack was used in both experiments.

Weedswere grasses, possible as manyas four species, redroot pigweed,
tumbleweedand a scattering of other weeds. Single rowplots were 36 feet
long and 5 feet wide. The treatments covered the row for a width of 18

1/ Associate Professor, Departmentof Horticulture, The Pennsylvania State
- University, University Park, PA 16802.
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inches with cultivation controlling the weeds between the rows. Treatments
were randomized in each of six blocks. A rating scale of 0 to 10 was used
to evaluate cucumberinjury and weedcontrol, overall and by species. 0
being least desirable and 10 most desirable.

In the first experiment cucumberswere seeded one day after seedbed
preparation and following the prep1ant incorporation treatements. All pre
emergencetreatments were applied the day following seeding and the post
emergencetreatments 9 days after seeding. All plots were harvested Aug.
18 two months after seeding.

In the second experiment the cucumberswere seeded 13 days after seed
bed preparation and the herbicides applied the next day. At that time most
of the weeds had emergedand the cucumbershad not emerged. All plots were
harvested Aug. 31, two and a half monthsafter the cucumberswere seeded.

RESULTSANDDISCUSSION

The results in the conventionally planted cucumbersare presented in
Table 1. Plots treated with bensu1ide at 6 pounds per acre preplant incor
poration had a stand of plants equal to the check, no injury and good con
trol of grasses and purslane but with only a fair overall weedcontrol due
primarily to poor redroot pigweedcontrol. Naptalamtreated plots, at four
pounds per acre, applied preemergencehad goodw~ed control with all weeds
but had a slightly reduced yield. Ch10rambenat 2 pounds per acre applied
preemergence injured the cucumbersand possibly reduced the yield as com
pared to the best treatments. The numberedcompoundsapplied preemergence
or postemergence in plots treated with conventional herbicides did not
improve the yield although someof them improvedthe weedcontrol.

The results in the stale seed bed plots are presented in Table 2. Both
glyposate and paraquat controlled the weeds without injuring or reducing
the cucumberstand as comparedto the untreated plot. The addition of
naptalam improvedthe weed control of purslane with both glyposate and
paraquat. Although the seedbed was quite hard at time of seeding the
numberof cucumbersthat emergedwas three times that of the numberthat
emergedwith the conventional planting.
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Table 1. The effect of herbicides alone and in combinationin a conventional seeding on weedsand cucumbers.

AveragePer Plot
App1icati on Weeds*0-10 ~Harvest

lbs DaysFrom Stand Injury R.R. No. Wt.
Treatment ai Planting of PlaRts *0-10 Grass Pigweed Purslane All Weeds Fruit Fruit 1b.

1 Nothing --- --- 33 9.2 6.6 2.2 6.3 0.6 44 33
2 Bensu1ide 6 PPI-O 29 9.0 9.3 5.5 8.3 4.8 56 41
3 Bensulide &Napta1am 6&4 PPI-O&

PRE+1 21 8.3 9.5 9.2 9.3 9.2 44 31
4 Bensulide &VEL5052 6&4 PPI..O&

PRE+l 26 7.7 10.0 8.8 9.2 7.3 47 33
5 Bensulide &Chloramben 6&2 PPI-O&

PRE+1 27 8.7 9.5 5.7 9.0 5.8 55 39
6 EL161 1 PPI-O 21 7.8 9.0 6.3 8.3 5.8 51 36
7 EL161 1~ PPI-O 14 4.8 9.5 9.0 8.8 7.5 23 18
8 Napta1am 4 PRE+l 30 8.3 8.7 8.5 8.5 7.7 49 35
9 Naptalam+ VEL5052 4+4 PRE+1 24 6.3 9.8 9.0 7.7 7.3 38 25

10 Napta1am+Amiben 4+2 PRE+1 26 7.8 8.2 7.5 9.3 7.0 46 36
11 Napta1am+ R37878 4+3 PRE+l 27 7.7 9.3 8.3 6.3 5.3 49 33
12 Napta1am+ R33222 4+3 PRE+1 1 0.8 9.3 9.2 8.5 8.5 2 2
13 Naptalam+ HOE23408 4+1~ PRE+1 26 7.7 10.0 6.7 7.5 5.6 40 29
14 Ch10ramben 2 PRE+1 25 9.0 7.8 3.8 8.0 2.7 40 33
15 Ch10ramben+ R37878 2+3 PRE+1 32 8.7 8.8 6.2 7.3 4.7 53 40
16 Ch10ramben+ R33222 2+3 PRE+1 2 1.3 9.2 7.2 9.5 7.2 5 4
17 Ch10ramben+ HOE23409 2+1~ PRE+1 31 9.2 9.8 3.7 7.2 2.8 43 32
18 Chloramben&HOE23409 2&1~ PRE+1&

POST+9 28 8.3 10.0 3.3 8.3 4.2 46 29
19 Chloramben&Naptalam 2&4 PRE+l&

POST+9 26 6.3 8.5 10.0 7.0 6.5 50 34
Least Significant Difference 5% 7 1.1 0.7 1.6 1.9 1.9 13 8
Least Significant Difference 1% 8 1.3 0.9 2.0 2.3 2.3 16 10

* Rating 0-10, 0 least desirable
10 most desirable

/ (
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Table 2. Theeffect of herbicides alone and in combination in a stale seedbed on weedsand cucumber.

AveragePer Plot
Application Weeds*0-10 Harvest

1bs DaysFrom Stand Injury R.R. No. Wt.
Treatment ai Planting of Plants *0-10 Grass Purslane Pigweed TumbleweedAll Weeds Fruit Fruit lb.

1 Nothing -- --- 87 8.8 3.8 3.2 5.7 2.8 0.0 128 81
2 Glyphosate 2 PRE+l 86 8.0 8.3 6.2 9.5 8.0 8.2 143 91
3 Glyphosate 3 PRE+l 87 9.3 9.5 9.3 9.7 9.3 9.5 160 111
4 Paraquat 2 PRE+l 94 9.0 8.2 8.3 9.2 9.3 9.0 171 102
5 Paraquat 3 PRE+l 91 8.8 8.7 7.8 8.7 8.5 8.5 158 107
6 Glyphosate + Naptalam 2+4 PRE+l 80 8.3 8.5 8.8 9.8 10.0 9.2 150 88
7 Paraquat + Naptalam 2+4 PRE+l 85 8.5 8.7 9.2 9.2 9.7 9.0 142 90
8 Paraquat + Penoxalin 2+1l.z PRE+l 80 5.5 9.8 9.0 9.8 10.0 9.8 68 40
9 Paraquat + Glyphosate 1+1 PRE+l 88 9.0 9.0 8.5 9.3 9.3 8.8 153 92

least significant difference 5% NSD 1.2 1.7 1.7 1.2 1.9 1.4 42 24
Least significant difference 1% NSD 1.6 2.4 2.3 1.7 2.6 1.9 58 33

* Rating 0-10. a least desirable
10 most desirable

N
O"l
-'



252 EVALUATIONOFACTIVATED'CARBONANDLINURONONSEEDEDASPARAGUS!!

C. E. Beste£!

ABSTRACT

A field study in, 1976 showedthat linuron [3-(3,4-dichlorophenyl}-1
methoxy-l-methylurea] at 1.0 to 2.0 lb/A did not injure seeded asparagus
(Asparagus officinalis L., cv. MaryWashington)on a Norfolk sandy loam;
however, 4.0 lb!A was injurious. Activated carbon in a 1 inch band over
the row at a 100 lb/A broadcast-rate reduced the injury from 4.0 1b/A pre
emergence1inuron. The weedcontrol with 1.0 1b/A linuron was decreased
by activated carbon. Preemergencechloramben (3-amino-2,5-dichlorobenzoic
acid) at 3.0 lb/A was more effective for goosegrass [E1eusine indica (L.)
Gaertn.] control and less effective for broad1eaf weedcontrol than
linuron. Postemergencelinuron at 0.5 and 1.0 lb/A on 3 to 7 inch tall
asparagus ferns had good crop tolerance; however, 2.0 lb/A linuron caused
unacceptable injury. Twopostemergenceapplications of 0.5 or 1.0 lb/A
linuron were efficacious for asparagus; however, two applications of 2.0
lb/A linuron caused severe injury. Activated carbon bands appeared to
reduce the phytotoxicity of postemergencelinuron at 2.0 lb/A.

INTRODUCTION

Asparagus can be established by either seeding or by transplanting one
to three year old crowns which are grownfrom seed in nursery fields. The
production of crowns from seed in a nursery field utilizes a 20 to 40 fold
higher asparagus plant population than a comercia1 field. Mostasparagus
fields in Delmarvaare established by planting crowns because seeded fields
require an additional year of growth before spear production begins.
However,the lack of adequate weedcontrol for Slow-growingseeded asparagus
has also discouraged seeded production fields. Moreeffective weedcontrol
is also needed for the nursery fields due to the lack of labor for hand
weeding and due to the reduction of crownsize caused by weedcompetition.
Larger crowns are sold for a premiumprice because they will produce spears
suitable for commercialharvest sooner than smaller crowns.

Chlorambenat 4 to 6 lb/A preemergenceprovided adequate weedcontrol
in seeded asparagus ( 3); however, 8 lb/A was required for optimumasparagus
root-weight yields (2). Linuron showedgood tolerance on seeded asparagus
at 1.0 to 2.0 lb/A (3). Chlorambenwas slightly weakon fallpanicum
(Panicumdichotomiflorum Michx.), commonragweed (Ambrosiaartemisiifolia L.),
and cosmo»lambsquarters (ChenopodiumalbumL.) at 3.0 lb/A (1).

11Scientific Article NO.A2267,Contribution No.5263 , of the Maryland
Agricultural Experiment Station, Departmentof Horticulture

2/ Associate Professor, University of Maryland, College Park, 20742
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The objective of this study was to determine the effect of activated
carbon on the selectivity of preemergence linuron for seeded asparagus and
to determine the tolerance of asparagus to postemergence linuron.

MATERIALSANDMETHODS

'Mary Washington' asparagus was seeded 1.25 to 1.38 inches deep in a
Norfolk sandy loam (1.0% organic matter) on June 8,1976 at the University
of Maryland Vegetable Research Farm, Salisbury. The seeding rate was 10
seeds per ft. Prior to planting, 600 1b/A of 10-10-10 fertilizer was
applied and disced. The herbicide plots were 6 by 18 ft with two rows per
plot and a row spacing of 24 inches. A randomized complete block design W~jh

four replications was used for the herbicide treatments. Activated carbo~

was applied in a 1 inch band over the row at a broadcast rate of 100 lb/A or
8.6g of activated carbon per 100 linear ft of row for sometreatments prior
to the preemergence herbicide. The activated carbon was mixed with water
and applied with an 8003 Tee Jet nozzle mounted parallel with the row. Pre
emergence and postemergence herbicide treatments were made in water at 34
ga1/A with a bicycle sprayer and CO was used as the propellant. Post
emergence treatments were madeon J61y 29 when the fern height was 3 to 7
inches and on September 7 when the fern height was 12 inches. The maximum
air temperatures were July 29: 87°F, July 30: 89°F, and Sept. 7: 85°F,
Sept. 8: 89°F. The plots were cultivated and handweededon July 26.

Weedpopulations were determined on June 25 by counting the weeds in 1
sq. ft. per plot between the rows. The weed population in the asparagus row
was determined on July 2 by counzing the weeds within 1 inch of the row for
36 inches of row length (0.48 ft ) in each plot. A weed rating of 0 to 10
(i.e. 0 = no control) was madeon July 7 for goosegrass, carpetweed (Mollugo
verticil1ata L.) and commonpurslane (Portulaca oleracea L.). A rating was
also made for weed control in the row on July 7. Cutleaf evening primrose
(Oenothera 1aciniata Hill.) control was rated on September 7 and the popu
lation in the control was 3 plants/sq. ft.

The asparagus plant population was determined by counting the plants in
3 ft of row per plot on July 2. A rating of 0 to 10 for asparagus foliar
necrosis was madeon August 6 and September 13. A plant injury rating from
o to 10 was madeon September 7 where 0 indicates no injury based on plant
size and vigor. The asparagus fern height was determined by measuring the
height of three plants per plot on October 8.

Rainfall occurred on the following dates: June 17, 1.0 in.; July 1,
0.51 in.; July 4,0.48 in.; July 12,2.02 in.; July 17,0.20 in.; July 28,
0.98 in.; July 31,0.30 in.; Aug. 1,0.65 in.; Aug. 9,2.40 in.; Aug. 15,
1.64 in.; Aug. 28,2.0 in.; Sept. 10,0.85 in.; Sept. 16, 0.50 in.

]V Gro Safe, Atlas Chemical Co., Wilmington, DE



RESULTSANDDISCUSSION

Linuron at 1.0 and 2.0 lb/A preemergencedid not injure asparagus and
the activated carbon was not beneficial; however, activated carbon appeared
to reduce the injury from 4.0 lb/A preemergencelinuron (Table 1). The low
rainfall in 1976 after seeding mayhave reduced the potential for injury.
Linuron at 1.0, 2.0, and 4.0 lb/A or chloramben, 3.0 lb/A preemergencedid
not affect asparagus stands (Table 1). Weedcontrol in the rowwas signifi
cantly reduced by activated carbon with linuron rates of 1.0 and 2.0 lb/A pre
emergence(Table 1). The reduction in weed control was not commercially
acceptable. Ch10rambenat 3.0 lb/A provided better goosegrass control than
linuron at 1.0 lb/A preemergence. Preemergencelinuron at 1.0 lb/A provided
slightly better control of carpetweed, purslane, and cutleaf evening primrose
than chloramben.

After the plots were handweededin late July, only a few weeds regrew
for an evaluation of the weedcontrol from postemergence1inuron. The post
emergencelinuron treatments significantly improvedthe control of cutleaf
evening primrose which is a serious winter weedthat germinates in late
summer. The single application of postemergencelinuron was as effective as
the double application for weedcontrol.

The asparagus ferns were not injured by one or two postemergenceappli
cations of linuron at 0.5 lb/A. However,1.0 1b/A 1inuron postemergence
caused necrosis of the fern leaves and slight reduction of fern growth al
though not significant. Linuron at 2.0 lb/A caused unacceptable injury.
Activated carbon appeared to reduce the injury from postemergencelinuron
treatments of 1.0 and 2.0 lb/A whencomparedto the chlorambenpreemergence
treatments without activated carbon. However,the asparagus response to
postemergence linuron might be effected by the preemergencetreatment of
either chlorambenor linuron.

Activated carbon does not appear necessary for the selectivity of
linuron on seeded asparagus. Linuron maybe applied postemergenceon seed
ling asparagus with either linuron or chlorambenas the preemergence
herbicide.
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Proc. Northeast. WeedSci. Soc. 28:234.
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Table 1. An evaluation of preemergence and postemergence 1inuron with activated carbon for weed control in seeded asparagus on
a Norfolk sandy loam soil.

(

Treatment--; --- ·---Vl~2nlrol ,
P~stemergencE.ar 2 7-2(P1antslFt Within ~leea Control -Rati~ e' Asparagus Growth f' ,
Lmuron(Lb/A) 6-25(P1ant/Ft ) 1 Inch of the Row) 7-7 StanF Plant-' Ferfj!t

Preemergence Post Post Act. bl Goose Goose Carpet Purs Goose 'Carpet Purs Weeds ~;P1ants Fern necrosisf/ Injury Hei ht
Herbicide Lb/A I II Carbon--' rass rass Weed lane rass Weed lane in RowCEF Per Ft. 8-6 9-13 ~ nc es

1. ontro -weedy -- -- No .0 .6g 8 8 8 . a Oa Oa 9.0 4.1e
2.Control-handweeded -- -- No Oa Oa Oa all 1 1 10 5. ab Oa Oa 0 1a.8a
3.1inuron 1.0 -- -- Yes 1.5a 7.0a-d 29.6f 5.0ab 6.8 8.6 9.£ 2 6.8 6.9ab Oa Oa 0 17.4ab

4. 1i nuron 2.0 -- -- Yes 1. Oa 2.6abc 1. Oab Oa 7. 9 9.9 10 7.1 7.0 6.7 ab Oa Oa 1. 2 19. 5a
5.1 inuron 4.0 -- -- Yes Oa 2.0abc Oa Oa 9.4 10 10 9 10 7.3a Oa Oa 1.0 19.3a
6.1inuron 1.0 -- -- No 3.3a 1.0abc Oa Oa 6.8 9.7 9.5 10 7.3 5.8ab Oa Oa 0.7 19.5a

7.linuron 2.0 -- -- No 0.3a Oa Oa Oa Oa Oa 8.6 10 10 10 7.9 5.8ab Oa Oa 0.4 19.7a
a.linuron 4.0 -- -- No Oa Oa Oa 0.6ab Oa Oa 9.3 10 10 10 10 6.3ab Oa Oa 2.3 16.1ab
9.1 i nuron 1.0 + 0.5 + -- Yes 2.3a Oa Oa 9.6bcd 1S.6cde io.oe 6.0 9 9 3.3 10 6.6ab 1.0ab Oa 2.5 17.1ab

10.1inuron 1.0 + 0.5 + 0.5 Yes o.sa O.Sa Oa 7.0a-d 17.0c-f Oa 6.6 9.1 9.6 3.5 10 7.1ab Oa 0.9ab 0.7 19.7a
11.1inuron 1.0 + 1.0 -- Yes 2.8a Oa 0.3a 4.6a-d 22.6def 6.6ab 6.9 9.1 9.6 4.0 10 5.4ab 2.0bc Oa 2.9 16.3ab
12.linuron 1.0 + 1.0 + 1.0 Yes 3.8a O.Sa Oa 10.Oed 21.0def 4.6ab 6.0 8.5 9.0 2.0 10 7.2ab 2.2bc 4.1d 2.5 15.0abc

13.1inuron 1.0 + 2.0 -- Yes 3.0a Oa 0.8a 9.6bcd 16.0cde 1.6a 6.1 9.3 9.3 1.5 10 6.8ab 4.8d Oa 3.2 16.1ab
l4.1inuron 1.0 + 2.0 + 2.0 Yes 4.3a Oa Oa 10.Ocd 23.6def 3.6ab 5.3 8.5 9.5 1.0 10 5.8ab 5.1d 6.8e 4.4 11.5cd
15.ch10ramben 3.0 -- -- No 1. Sa 1. Sa 0.5a l.6abc 9.6a-d l.Oa 7.9 8.5 9.4 10 1.5 5.6ab Oa Oa 0 18.5ab

l6.ch1oramben 3.0 + 0.5 -- No 0.8a 1. Sa Oa 1.0abc 7.0abc Oa 9.0 8.3 9.2 9.6 9.4 4.5b Oa Oa 0.5 19.0a
17.chloramben 3.0 + 0.5 + 0.5 No 1.3a Oa Oa Oa 14.0b-e Oa 8.7 7.8 9.3 9.8 9.0 6.8ab 1.0ab l.lb 2.1 18.3ab
18.ch10ramben 3.0 + 1.0 -- No 2.0a 1.3a 0.3a 2.6abc 1l.6a-e Oa 8.6 8.4 9.3 9.5 10 5.6ab 2.5c 0.4ab 3.7 16.7ab

1'9.ch1oramben 3.0 + 1.0 + 1.0 No 0.8a 1. Sa Oa 1.0abc 7.6abc Oa 7.9 8.4 8.5 9.8 10 5.4ab 3.3c 2.8c 3.1 15.labc
20.chloramben 3.0 + 2.0 -- No 2.0a 2.0a Oa 2.0abc 7.6abc Oa 8.2 8.1 9.3 9.5 10 s.sab 5.5de 0.4ab 5.7 13.6bcd
21. ch1oramben 3.0 + 2.0 + 2.0 No 4.5a 3.5a 0.3a 6.0a-d 11.0a-e 0.6a 7.5 8.0 7.9 9.8 10 6.5ab 6.5e 4.8d 5.7 9.6d

Means within columns followed by the same letter are not sifnificant1Y different with the Duncan's Multiple Range Test at 0.05.
Post I applied 7-29, ferns 3 to 7 inches tall; Post II applied 9-7, ferns 12 inches tall.
~pplied in a 1 inch band over the row at a broadcast rate of 100 Ib/A.

c/Rating: 0 no control, 10 = complete control.
d/Cutleaf evening primrose population = 3 Plants/ft 2

e/Counted on July 2, 1976.
o no injury or necrosis, 10 =plants killed or 011 leaves were necrotic.
on October 8, 1976.

N
U1
U1
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HERBICIDESFOR WEEDCONTROLIN SWEETCORNANDCABBAGE

G.W. Selleck and W.J. Sanok 1/

Abstract

Herbicide trials were conducted at the Long Island Vegetable Research
Farm on direct-seeded cabbage (Brassica oleracea) and sweet corn (Zea maydis
Y!!.. rugosa). Outstanding candidates for selectivity in seeded cabbage and
control of barnyardgrass (Echinochloa crusgalli L. Beauv.). purslane (Portu
laca oleracea L.) and pineappleweed (Matricaria matricarioides L.)were
H22234 at 1.5 lb/A and oryzalin at 1.0 lb/A. Alachlor at 1.5 lb/A also gave
excellent control to those weeds present but initial stunting of cabbage
seedlings was evident. By the end of the season. phytotoxicity was not visible
with alachlor or any other treatment.

All combinations of alachlor/cyanazine. alachlor/atra~ine. CGA24705/
atrazine and the heaviest rate of CGA24705/CGA 18762 were excellent for
control of crabgrass (Digitaria sanguinalis L. Scop.). lambsquarters (Cheno
podium album L.). purslane and fall panicum (Panicum dichotomiflorum Michx.).
The CGA24705 + CGA 18762 at 2 + 2 lb/A ai. was marginal for purslane control
and other broadleaved weeds at eight weeks. None of the herbicides tested
appeared phytotoxic to the sweet corn varieties which were Goldie. Style Pak.
and Seneca Chief.

Introduction

Sweet corn and cabbage are two vegetables grown in rotation in Long
Island agriculture.

The increasing cost of labor. and the development of better field
seeding techniques has greatly increased interest in the production of
direct-seeded cabbage. However. weed competition during early stages of
growth remains a major problem. Presently registered herbicides have been
effective in controlling most weed species in cabbage. but the continually
changing weed spectrum has necessitated the development of new herbicides.
Sensitive crops in the rotation following sweet corn necessitate utilization
of non-persistent herbicides. or lower rates of the more persistent ones to
avoid phytoxfcity or residual problems.

1/ Supt •• Cornell Vegetable Research Farm and Cooperative Extension Agent
Suffolk County. N.Y.
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Materials and Methods

In the cabbage trial, Danish Ballhead r.abbage was direct-seeded with
a Stan Hay seeder on Haven loam soil. The plots were 2 rows wide by 20
foot long and replicated four times. Herbicides were applied using a
tractor-mounted sprayer delivering 43 gpa at 35 psi. Pre-plant incorporated
treatments were applied just prior to planting. Preemergence treatments
were applied prior to germination. Irrigation was used to supplement natural
rainfall. Phytotoxicity ratings were made on July 20 and weed control ratings
on August 4.

Tank mix and package mix herbicides were applied preemergence in vari
eties Goldie, Style Pak and Seneca Chief sweet corn. The corn was planted
on June 21 and treated on June 22. Plots were 6 rows wide by 30 feet long
and replicated 4 times. Herbicides were applied using a tractor-mounted
sprayer delivering 43 gpa at 35 psi. Ratings were made on July 8 and August
16. All plots were hilled July 26 after the first assessment.

A second experiment was conducted on Sweet Corn variety Sweet Sue, using
alachlor at 2 lb/A with atrazine at 1.2 lb/A. These applications were made
preemergence, ground crack, one, two, three, four, five, six or seven leaf
stages. A single application was made to each plot on July 2 to sweet corn
planted periodically between June 4 and June 30.

Results and Discussion

Table 1 indicates the results of weed control and phytotoxicity ratings
in direct-seeded cabbage. Alachlor at 1.5 lb/A ai. resulted in some initial
stunting but by September 15 this was no longer noticeable. For the three
major weed species present (barnyardgrass, purslane and pineappleweed) H22234
at 1.5 lb/A and oryzalin at 1.0 lb/A resulted in excellent control. Alachlor
at 1.5 lb/A also gave excellent control of these three species. Butralin at
1.5, dinitramine at 0.3, fluchaluralin at 1.0, penoxylin at 1.0, profluralin
at 0.75, CDAAat 6.0 and nitrofen at 4.0 provided good to excellent control
of both purslane and barnyardgrass. However, they were not effective in con
trolling pineappleweed.

In tpe sweet corn trial, none of the three varieties tested, Goldie,
Style Pak and Seneca Chief were injured by the chemicals used. The chemicals
and rates for sweet corn herbicides are listed in table 2. All combinations
of alachlor/cyanazine, alachlor/atrazine, CGA24705/atrazine and the higher
rate of CGA24705/CGA 18762 resulted in excellent control of crabgrass, lambs
quarter, purslane and fall panicum. Atrazine at 2 lb/Aalone did not adequate
ly crabgrass or fall panicum. CGA24705 at 2 lbs. + CGA 18762 at 2 lb/A re
sulted in marginal control of purslane. The combination of these two materials
at 1.5 lb/A also provided only fair control of lambsquarter at eight weeks
after application. The combination of butylate at 4 Ibs. pre-plant incorpora
ted, followed by 2-4-D amine at 0.4 lbs. postemergence also resulted in excellent
weed control.
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This corn herbicide trial indicates that there are a number of
chemicals that provide excellent weed control in this crop which will
result in little or no residual chemical for other crops to follow.
In the last trial, alachlor at 2 Ib/A ai. plus atrazine at 1.2 Ib/A
applied at emergence, ground crack, one, two, three, four, five, six or
seven leaf stage provided excellent weed control for both crabgrass and
purslane. On July 7 a 20% leaf burn was recorded where the material was
applied at the one leaf stage and up to 10%burn or phytotoxicity to corn
in later stages of development. One week later, July 14, all corn plants
were growing normally and no visible delay in maturity was evident in any
of these treatments. Although burning resulted from the alachlor/atrazine
application, it was temporary and the corn soon recovered from the treatment.
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Table 1 Weed control 1/ and phytotoxicity 2/ ratings in seeded cabbage

Control ratings

Treatment
Rate

TiminK AIA
u

__ :I?'hyJ:" Purslane Ba!'tlY?J.'dgr.<iss. J'JtlE:appleweed

Butralin PPI 1.5 2.5 8.1 9.1

Dinitramine PPI 0.3 2.5 8.2 9.5

Fluchaluralin PPI 1.0 1.0 7.9 8.5

Oryzalin PPI 1.0 1.8 9.4 9.2

Penoxylin PPI 1.0 2.0 9.7 8.5

Profluralin PPI 0.75 1.0 7.6 8.5

Trifluralin PPI 0.5 0 7.2 6.6

Alachlor pre 1.5 3.2 9.5 9.9

CDAA pre 6.0 2.6 7.6 9.6

Nitrofen pre 4.0 1.5 9.8 9.1

H 22234 pre 1.5 1.5 9.6 9.9

H 22234 pre 3.0 2.1 9.4 9.7

Untreated check 3/ 1.0 6 5

1/ o = no control, 10 = complete control
2/ o = no injury, 10 = complete kill
3/ no shoots per sq ft.

4.5

2.1

4.0

7.5

1.6

o

o
9.2

o
8.7

7

N
01
co



Table 2 Weed control ratin~s 1/ with herbicides in sweet corn

Weed Species
~Rate Crabgrass Lambsquarter Purslane Fall Pancium 0

Chemical AlA Mix 2/ 7/8 8/16 1{8 8/16 7/8 8/16 7/8

alachlor 2.0
+ atrazine 1.0 TM 9.8 9.6 9.8 9.9 9.8 - 9.8

alachlor 1.7
+ atrazine 0.8 TM 9.8 9.9 9.8 9.7 9.8 9.9 9.8

alachlor 2.0
+ atrazine l.0 PM 9.7 9.9 9.8 9.9 9.8 9.9 7.5

alachlor 1.7
+ atrazine 0.8 PM 9.8 9.9 9.1 9.9 9.8 - 9.8

alachlor 2.0
+ cyanazine 1.25 TM 9.8 9.9 9.8 9.7 9.8 9.5 9.8

alachlor 2.0
+ cyanazine 1.0 TM 9.8 9.9 9.8 9.9 9.8 - 9.8

butylate 4.0
+ 24-D amine 0.4 3/ 9.3 9.7 9.7 9.9 9.5 9.9 9.3

CGA24105 1.5
+ atrazine 1.9 PM 9.8 9.9 9.8 9.4 9.6 - 9.8

CGA24705 2.0
+ atrazine 2.5 PM 9.1 9.9 9.8 9.9 9.8 - 9.8

CGA24705 2.5
+ atrazine 3.1 PM 9.8 9.9 9.8 9.9 9.8 9.9 9.8

Untreated check 4/ 7 7 6 5 17 17 6

eGA 24705 1.5
+ CGA18762 1.5 PM 8.8 9.6 8.5 6.3 1.0 5.0 8.5

eGA 24705 2.0
+ eGA 18762 2.0 PM 9.8 9.8 7.7 9.8 7.7 6.1 9.8

eGA 24705 2.5
+ CGA18762 2.5 PM 9.7 9.6 9.0 8.6 9.0 8.3 9.8

atrazine 2.0 3.3 5.6 9.8 9.9 9.8 8.0 5.0

1/ a '" no control, 10 • complete control
2/ TM• Tank mix, PM= Package mix
3/ Butylate applied preplant incorporated

4/
24-D amine applied postemergence
Shoot density! sq ft.

( (
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HERBICIDESFOR WEEDCONTROLIN ONIONSANDSHALLOTS

W.J. Sanok, G.W. Selleck and W.L. Kline 1/

Abstract

Three herbicide experiments were conducted on Long Island in 1976
to evaluate chemical control of weeds in onions (Allium cepa L.) and
shallots (Alium ascalonicum L.). In the first experiment CDAAat 6 lb/A
or DCPAat 6 lb/A were applied to seeded Early Yellow Globe onions followed
by postemergence application of methazole at 0.5, 0.75, and 1.0 lb/A ai. or
nitrofen at 2 and 3 lb/A. A total of five postemergence applications were
made. At the last postemergence application RH 2919 at 0.12 and 0.5 lb/A
were substituted for the nitrofen treatments. In a second experiment CDAA
and DCPApreemergence followed by nitrofen was applied to ten varieties of
onions. In a third experiment, CDAAat 4 and 6 lb/A, nitrofen at 2 and 3
lb/A and alachlor 1.5 and 2 lb/A were applied at 50% emergence of shallots.
These same applications were repeated two more times postemergence to these
shallots. In the three experiments, all chemical herbicides tested resulted
in varying degrees of weed control but no unacceptable phytotoxicity to the
crop. Alachlor and nitrofen provided good to excellent control of weeds
present. Methazole at 0.5 lb/A appeared to be effective on a broader spectrum
of weeds than nitrofen at 3 lb/A.

Introduction

Onions and other related crops do not compete well with weeds for space,
light, or nutrients. As a result, one of the major problems in onion and
shallot production has been adaquate weed control. Presently registered
herbicides have been effective in controlling most weeds in onions but have
limitations due to timing restrictions and application and short residual of
herbicides. In addition, with constant use of the same chemicals resistant
weeds continue to be a majo~ problem.

Materials and Methods

Two experiments using herbicides on onion were conducted at the Long
Island Vegetable Research Farm on a Haven loam soil. In the first experi
ment the Early Yellow Globe variety was direct-seeded on April 8. Both CDAA
and DCPAat 6 lb/A ai. were applied on April 15 preemergence to the onions.
Postemergence application of methazole and nitrofen were applied at the 2
or 3-leaf stage.

1/ Coop. Ext. Agent, Supt. Cornell Veg. Res. Farm, Suffolk County, N.Y. and
Cornell Graduate Student
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A total of six applications replicated four times were made during
the season. The plots were two rows wide by 30 ft. long and application
was made with a tractor mounted sprayer delivering 43 gpa at 35 psi. In
addition to traditional check plots, untreated checks were located adjacent
to each treatment. Irrigation supplemented natdral rainfall when needed.
On the last application July 27, RH 2919 at 0.12 and 0.5 lb/A was substituted
for the nitro fen application. Manual hoeing was necessary three times during
the season, on June 6, June 23 and July 26 to maintain satisfactory weed con
trol throughout the season.

In the second experiment ten varieties of onions including Early Yellow
Globe, Ruby Red and Harris Hybrids 1926, 195155, 5556, 1955, 5551, 556L, and
1426 and EA2603 were planted on April 8. These onions were treated with pre
emergence application of CDAAand DCPAfollowed by nitrofen postemergence.

Six herbicide treatments involving CDAAat 4 and 6 lb/A, alach10r at 1.5
and 2 lb/A and nitro fen at 2 and 3 lb/A were applied on April 28 to shallots.
The shallots had been planted three weeks earlier and were 50% emerged at the
time of application. The plots were three rows wide by 30 ft. long and repli
cated three times. Treatments were made with a hand-held sprayer delivering
43 gpa at 35 psi. The location of this experiment was on a Plymouth sandy
loam soil. Irrigation was used periodically to supplement rainfall. Treat
ments were made three times. Two tillage operations were also used between
applications to provide season long weed control.

In all experiments ratings were made prior to the follow-up postemergence
treatments. Weed species present on experiments one and two were: crabgrass
(Digitaria sanguina1is (L) Scop.), pineapp1eweed (Matricaria matricaroides
(Less.) Porter), barnyardgrass (Echinochloa crusga1li (L.) Beauv), purslane
(Portuloca oleracea L.), fall panicum (Panicum dichotomiflorum Mich). In the
experiment on shallots the weed species present were: lambsquarter (Cheno
podium album L.), carpetweed (Mullogo vertici1lata L.), ladysthumb (Po1y
gonum persicaria L.), crabgrass (Digitaria sanguinalis (L.) Scop.), mouseear
chickweed (Cerasticum vulgatum L.), and ragweed (Ambrosia artemisufolia L.).

Results and Discussion

In all experiments there was no significant phytotoxicity to the crop.
In the case of shallots, alachlor at 2.0 lb/A preemergence caused some early
stunting but symptoms were not visible at mid-season or later.

In the first experiment on direct-seeded onions, methazole at 0.5 lb/A
appeared to be effective on a broader spectrum of weeds then nitrofen at 3
lb/A. The treatment involving DCPAappeared to give better .control of crab
grass and barnyardgrass then those involving CDAA(Table 1). This is probably
due to the fact that CDAAis more soluble with a shorter residual on mineral
soil. Weed emergence was insufficient on the RH 2919 plots to assess weed
control. There were no statistically significant yield differences between
any of these chemical treatments.
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In experiment II involving ten varieties of onions, there were no dif
ferences in yield attributed to the chemical treatment.

Table 2 is a summary of the results of weed ratings on the shallot
experiment. All products were effective for control of chickweed. Alachlor
and nitrofen were fairly consistent for control of the five weed species
present. In addition to the three herbicide applications, two tillage opera
tions were necessary to provide adaquate season-long weed control.

Because of the meager vegetative growth of onions and shallots, from
these trials it is evident that multiple applications of herbicides plus some
cultivation are generally necessary to provide season long weed control.
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Table 1 Weed control ratings 1/ in onions .j::lo

Weed Species
Fall

Rate Crabgrass Barnyardgrass Pineappleweed Purslane Panicum
Chemical AIA Timing 6/4 7/19 8/16 7/19 6/4 7/19 7/19

DCPA 6 pre
+ methazole 1 2 leaf - 9.9 9.9 9.9 6.6 9.9 9.9

DCPA 6 pre
+ methazole 0.5 3 leaf 9.3 9.2 9.3 9.1 8.5 9.9 9.9

DCPA 6 pre
+ methazole 0.75 3 leaf - 9.9 9.8 9.8 8.5 9.q 9.0

DCPA 6 pre
+ methazole 1 3 leaf 9.0 9.9 9.8 9.8 - 9.9 9.9

CDAA 6 pre
+ methazole 0.75 3 leaf 8.2 5.5 9.3 3.1 - 6.6 4.3

DCPA 6 pre
+ nitrofen 3 2 leaf 9.0 4.8 8.9 8.3 5.1 9.9

CDAA 6 pre
+ nitrofen 3 2 leaf 6.1 1.2 7.2 3.7 - 9.9

CDAA 6 pre
+ methazole 1 3 leaf 8.7 9.2 9.9 9.7 - 9.9

DCPA 6 pre
+ methazole 0.75 2 leaf 9.8 9.8 9.9 9.9 9.1 9.9 9.9

untreated check 2/ 3 4 - 2 1 ~

1/ 1 = no control, 10 = complete control
2/ density of shoots per sq. ft.

( (
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Table 2 Weed control ratings 1/ with herbicides in shallots

Weed Species
Crab- Chick-

Rate Lambsquarter Carpetweed Ladysthumb grass weed Ragweed
Chemical AlA 6/30 7/6 7/30 7/30 7/6 7/30 7/30 7/30 6/30 7/6

CDAA 4 - 4.0 1.0 4.5 8.0 9.5 3.0 9.0 2.7 3.8

CDAA 6 1.0 1.0 2.3 7.4 1.0 9.7 9.8 9.7 5.5 1.0

nitrofen 2 3.0 8.8 4.0 9.8 9.4 9.8 4.5 9.8 5.0 5.5

TOK 3 1.0 9.3 8.3 9.8 9.8 9.8 7.9 9.8 2.7 1.0

alachlor 1.5 9.8 8.3 1.5 7.1 9.5 3.0 9.7 9.8 9.3 8.0

alachlor 2 9.0 9.3 1.0 9.5 9.4 8.7 9.8 9.8 8.8 8.8

Untreated check 2/ - - 5 3.3 - 2 7 29 - 3

1/ 1 = no control, 10 = complete control

2/ No. of shoots per sq ft.

N
C"l
(}1



266

THE RESPONSE OF SNAPB~S AND LIMA BEANS TO SOME
DINITROANIJ.,INE HERBICIDES

Richard D. Ilnicki and Ratemo W. Michieka!/

ABSTRACT

Several dinitroaniline hexbicides were evaluated for weed
control and crop tolerance in ~napbeans and lima beans on a
Sassafras loam soil at the Ad~phia Research Station, Adelphia,
New Jersey. All herbicides wetre applied prior to planting and
soil incorporated.

In a previous study (Prod. NEWSS 29:197-198, 1975) it was
established that N-{cycloprop~lmethyl)-a,a,a-trifluoro-2,6

dinitro-N-propyl-p-toluidine (~rofluralin) was the safest on
snapbeans followed by 4-{1,1-~imethylethyl)-N-{1-methylpropyl)

2,6-dinitrobenzenamine (butra~in)~ N-{2-chloroethyl)-2,6-dinitro
N-propyl-4-{trifluoromethyl) aniline (fluchloralin)~ a,a,a
trifluoro-2,6-dinitro-N,N-dip~pyl-p-toluidine (trifluralin)~

and ~,~~diethyl-a,a,a-triflupro-3,5-dinitrotoluene-2,4-diamine
(dinitramine). For lima beans, the safest herbicide was fluchlor
alin, followed by trifluralin, profluralin, butralin, and dinitra
mine.

This was a comparable stQdy~ however, fluchloralin was
deleted and N-{1-ethylpropyl)~3,4-dimethyl-2,6-dinitrobenzena

mine (penoxalin) and USB 3153 (chemistry not disclosed) were
added.

It was observed that all herbicides studied reduced stand
and vigor of both snapbeans aqd lima beans. Considering all
rates of all the herbicides cqe two safest herbicides on snap
beans were penoxalin and trif~uralin~ the most severe were pro
fluralin and dinitramine. Butralin and USB 3153 were intermedi
ate. This was not completely ,in agreement with our earlier finds.
However, when the mid-rate or !the rate most likely to be used
for weed control were compareq the safest herbicides were pro
fluralin and penoxalin follow~d by butralin, trifluralin, USB 3153,

y Research Professor of Weed iScience and Graduate Assistant,
respectively, Department oft Soils and Crops, Cook College,
New Brunswick, N. J. 08903J
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and dinitramine, the latter being the most injurious. This order,
from least to most severe, was very similar to findings reported
earlier.

For lima beans, the findings were as follows: averaging all
the rates for each herbicide studied the safest herbicides were
trifluralin and penoxalin7 the most severe were profluralin and
dinitramine. Butralin and USB 3153 were intermediate. By com
paring the rates most likely to be used for optimum tolerance
with acceptable weed control the safest herbicides were triflura
lin and profluralin7 the most injurious were penoxalin and dini
tramine7 butralin and USB 3153 were intermediate. This order,
from least to most severe, was comparable to our earlier findings.
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THE EFFECTS OF s0tm PREEMERGENCEHERBICIDES AND
HERBICIDE COMBINATIONS ON SNAPBEANS AND LIMA BEANS

I
R. D. Ilnicki, R. 1'1.Michieka, and J. somodyY

,
I

*STRACT
1

A number of preemergence!herbicides and herbicide combinations
were evaluated for weed contrfl and crop tolerance in snapbeans
and lima beans at the Adelphi Research Ce~ter, New Jersey Agri
cultural Experiment Station, delphia, New Jersey, on a Sassafras
loam soil. ,

Included in the study weke the following herbicides: 2-chloro
N-(2-ethyl-6-methylphenyl)-N-k2-methoxy-l-methylethyl)acetamide
(metolachlo~) at 1 1/2, 2, an~ 2 1/2 Ib/A: 2-sec-butyl-4,6-dinitro

phenol (dinoseb) at 3 and 4 lY2 Ib/A: combinations of metolachlor
plus dinoseb at 1 1/2 + 3 andl2 + 3 Ib/A, respectively; N-(l-ethyl
propyl)-3,4-dimethyl-2,6-dinitrobenzenamine (penoxalin) at 3/4, 1,
and 1 1/2 Ib/Ai 4-amino-6-ter~-butyl-3-(methylthio)-as-triazine-5
(4H)-one(metribuzin) at 1/4, ~/8, and 1/2 Ib/A; combinations of

penoxalin plus ~etribuzin at ~/4 and 1 + 1/4 and 3/8 Ib/A, respec
tively: VEL 5052 at 1, 2, andj4 Ib/A; N-ethyl-N-(2-methyl-2-pro
penyl)-2,6-dinitro-4-(trifluotomethyl) benzenamine (ethalfluralin)
at 1 and 1 3/4 Ib/A: 3-amino-~,5-dichlorobenzoic acid (chloramben)
at 2 and 3 Ib/Ai ethalfluralip plus chloramben at land 1 1/4 +
1 3/4 and 2 Ib/A, respectivelti 2-chloro-2',6'-diethyl-N-(methoxy
methyl) acetanilide (alachlor~ at 2 and 2 1/2 Ib/A; and VEL 5052
plus dinoseb at 1 and 2 + 3 l~/A, respectively.

From this study, it was 4:>bserved that snapbeans were more
senstitive to herbicide treat~ents than lima beans. Lima beans
stand was slightly reduced bYlthe combination of metolachlor plus
dinoseb.

Snapbeans (var. provider. was particularly
most of the herbicide treatmepts. This variety
sensitive to the herbicide tr~atments studied.
ments producing the least amo~nt of injury were

sensitive to
was unusually
Herbicide treat
penoxalin,

!/Research Professor of Weed ~cience, Graduate Assistant,
Soils and Plants Assistant Tephnician, Department of Soils and
Crops, Cook College, New Brun~wick, N. J. 08903.
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ethalfluralin, VEL 5052, ethalfluralin, chloramben, alachlor,
combinations of ethalfluralin and chloramben, and combinations
of VEL 5052 and dinoseb. Treatments producing the greatest
injury were metolachlor, dinoseb, combinations of metolachlor
plus dinoseb, metribuzin, and combinations of metribuzin plus
penoxalin.

All herbicides and herbicide combinations produced accept
able control of lambsquarters (Chenopodium album L.), redroot
pigweed (Amaranthus retroflexus L.), carpetweed (Mollugo
verticillata L.) and fall panicum (Panicum dichotomiflorum Michx.).
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LONG-TERMUSE OF HERBICIDES IN A HIGHBUSHBLUEBERRYPLANTIN(

W. v. Welker, Jr.!.!

STRACT

In 1966 we established planting of highbush blueberries
[yaccinium australe (Small), variety Ear1iblu~ to study the
influence of repeated annual applications of selected herbicide
treatments upon plant vigor, yield, and weed control. We used
a randomized complete block esign with four replicates. Each
plot consisted of five bushe with a spacing of 4 ft between
bushes within the row and 10 ft between rows. Terbaci1 (3-tert
buty1-S-ch1oro-6-methy1uraci ) at 2 and 4 1b ai/A and f1uomet
uron I:!.,l-dimethyl-3- Lf;"-J":5- rifluro-m.-tolyl) urea] at a rate
of 6 1b ai/A were applied ea h spring from 1969 fuough 1976.
A combination of diuron (3-( ,4 dich1oropheny1}-1,1-dimethy1
urea) at 2 1b ai/A and terba i1 at a rate of 2 Ib ai/A was
applied each spring from 197 through 1976. Herbicide rates
were selected that were suff cient1y high to insure good weed
control, the intent being to study the tolerance of blueberries
to long-term exposure to the e herbicides.

All herbicide treatment provided excellent weed control
for the duration of the stud. Yields were not significantly
reduced by terbacil at eithe 2 or 4 1b ai/A. The 4 1b rate
did, however, cause a reduc 'on in vegetative growth that re
sulted in the blueberry bus s appearing less vigorous than
the untreated control. This effect became evident in 1971 and
continued through 1976 with ittle increase in severity.
F1uometuron caused no reduc 'on in yield during the first 3
years: however, yields were erious1y reduced from the fourth
year on. The bushes treate with fluometuron showed foliar
symptoms beginning in 1970. These symptoms increased steadily
through 1976. The vigor of he plants was reduced and die-back
of the growing tips occurre. The combination of diuron and
terbaci1 caused no reductio in yield or visual injury to the
bushes.

!.! Horticulturist, Agricult
ment of Agriculture in c
Agricultural Experiment

al Research Service, U. S. Depart
peration with the New Jersey
ation, New Brunswick.
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EVALUATIONOF GLYPHOSATEANDPARAQUATONSTRAWBERRIES

J. Ray Frank and J. A. King.!.!

ABSTRACT

Weed control in strawberry (Fraga;pia X ananassa Duch, cv Midway) was
evaluated in large-scale field studies during 1976 following postplant
applications of glyphosate (N-(phosphonomethyl)glycine) and paraquat
(1,l'-dimethyl-4,4'bipyridinium chloride) with or without the use of black
plastic mulch. The responses of 91 weed species were observed during the
test period.

One to three postplant applications of each compound were applied.
Glyphosate was applied 2, 4, and 5 Ib/A ai. Paraquat applications were
made at 0.5, 1 and 2 Ib/A ai.

Paraquat gave weed control of many species at all three application
rates. Application~ made during three consecutive weeks at each rate
gave temporary weed control. Three applications spaced out during the
growing season at 0.5 Ib/A gave more than 50% weed control. Three treat
ments of paraquat at 1 Ib/A appeared to be as effective as the same number
of treatments at 2 Ib/A. These treatments reduced weed cover over 70%.

Glyphosate applications at each rate on three consecutive weeks gave
temporary weed control. Three applications spaced out during the growing
season controlled many species and reduced weed cover up to 90%.

l/Weed Physiology & Growth Regulator Research, U. S. Department of Agri
culture, Agricultural Research Service, Frederick, MD21701.
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CONTROLOF APlJ:,E ROOTSUCKERS

I 11
O. F. Curtis t Jr. ~d D. C. El:fvi.ng

I

i

ABS'lRACT

Shoo:ts arisl.ng from the root ststem )f apple (Malus domestica
Borkh) trees were· more abundant wheie sod and weed growth was eliminated
wi th herbicides than where such gro~h was controlled by mowing. Herbi
cide regimes allowing such sueker ~owth included combinations of ami
trole (3-amino-s-triazole) with diwton [3-(3t4-dichlorphenyl)-ltl-dlmethy
lurea] or simazine [2-chloro-4t6-bi~(ethylamine)-s-triazineJt and dalapon
(2,2-dichloropropionic acid) with d~uron. AMS (ammonium sulfamate) and
2,4-D [2,4-dichlorphenoxy(acetic ac~d] t afforded measures of controlling
suckers. AMSwas sa.tisfactoryin f~ve years of largescale use. In
another year leaf symptoms appeared10n occasional trees in the summer
after AMSwas applied to suckers on ithe trunk as. well as those from the
roots of topworked trees. Symptomslwere similar to those of apple mosaic.

I
INTR~DUCTION

I
Suckers growing :from the roots~ock interfere with culture and harvest,

and may aggravate certain disease wid insect problems. They are usually
pruned back to ground level with do~.an:t season, but their number may
increase by growth from lateral bud~. Attempts to control sucker growth
with paraquat ~roved unsatisfactorylwith even three applications during
one growing season (1). NAAhas c~trolled sucker growth on apple trunks
(3) and, in combination with a grO h regulator of long cha.in fatty alco
hols, (Off'-Shoot-T) has been effec ive on root.suckers of apple, cherry,
and quince (2). Glyphosate [n-(pho~phonomethyl)glycine] is highly effec
tive in killing root suckers (4,5L. ;but tree injury that might not be
evident until next year is still toibe assessed.

,
MATERIALSANDMETHODS

In the fourth year of a commerqial planting of MCIntosh and Red Deli
cious growing on M2 rootstocks diff~rential herbicide regimes were begun
in comparison with the grower's standard practice. Herbicides were applied
in May of each year by knapsack spr4yer in 50 or 100 gall A on 8 by 8 foot
plots under the trees. After four tears residual herbicides were used
alone in certain treatments where pttrennial grasseS had been eliminated.
Grower practice consisted of rotary!tree tiller driven around the trees
3 to 5 times per year in the early tears, periodic mowing between rows in
all years. Mowing reached to wi thiIitwo feet of the tree trunks in herbi
cide plots as weI.1 as checks. Suck~rs were cut bY. hand eac.h dormant season.
Preliminary herbicide trials for sU~ker control were applied in 50 to 200
gallA at 20 to 25 psi. The larger scale applications of AMSinvolved
spraying to runoff at pressure of 2~0 psi or higher, with spray concentra
tion of 57 to 71 Ib ai/lOO gal and sufficient surfactant to give complete
filming of the apple leaves.

11 Dept. Pomology and Viticulture, 11".Y. State Agricultural Experim~nt
Station, Geneva, N.Y. and Dept. Po~logy, Cornell University, Ithaca, N. Y.
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RESULTSANDDISCUSSION

Sucker growth was most abundant where grass and weed growth was al
most eliminated by ami trole plus simazine (Table 1). Suckers were rare
where early years of tillage were followed by mowing. Nearly complete
cover of quackgrass (AgropYron repens (L.) Beauv,), orchardgrass (Dactylis
glomerata L.), and other weeds had developed in these plots. Under dala
pon plus diuron where a moderate cover of buckhorn plantain (Plantaga lan
ceolata L.) developed, sucker population was intermediate.

The sucker clumps noted as being more than 6 inches distant from the
trunks originated as adventitious buds from roots. Their scarcity in the
till-mow regime as compared with herbicides could reflect in part the
longer period of surface root destruction by the four additional years of
tillage. It could also reflect allelopathy, and the effects of shade and
cover over the soil surface. None of the herbicides clearly stimulated or
repressed suckers. However, perhaps by coincidence) suckers were signifi
cantly more numerous in plots treated with the higher rate of simazine
(Trts. 1,2) than in equally weed-free plots treated with the low rate or
no simazine, but with diuron (Trts. 3, 4).

In small scale trials, summer applications or AMSor oil soluble amine
formulations of 2,4-D showed promise for killing growing suckers (Table 2).
Kill by AMSwas greater than shown in the final count of live suckers;
about half of these had emerged from below ground level since treatment.
Nevertheless, the records for AMS, taken in October, show a marked reduc
tion in number and size of suckers to be cut over winter. No injury symp
toms were noted on other parts of the trees in the current or following
season. However, only six to ten trees were observed in a test and they
were ten years old or older.

AMSwas used extensively in variety collection orchards at Geneva in
five years between 1968 and 1974. Sprays were applied in late June or
early July under more than 100 trees with dense growth of M7 suckers and
a similar number with seedling suckers in each of four years. Control
was commercially satisfactory. After two years, however, sucker numbers
in a given block had often multiplied to the level that treatment was
repeated. None of the trees, all more than ten years old, showed damage
other than to the suckers.

A leaf symptom attributed to AMSappeared in one unique population
of trees. Low branches had been cut from the trees a year before treat
ment and numerous suckers growing on the trunks, as well as root suckers,
were sprayed on a hot day in mid July, 1975. In June of the next year
chlorotic leaves appeared on scattered spurs and shoots on 12 of 71 trees
that had been treated. The varying patterns of bright chlorosis, similar
to those of apple mosaic, included nearly complete chlorosis, patches
between main veins, mottling of small spots, and chlorosis of portions of
the midrib or main veins. Later leaves on affected shoots were usually
normal. A similar symptom had been observed in previous minor test after
low branches on young trees had been sprayed.
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Table 1- Prevalence of M2 root suckers under McIntosh and Red Delicious
as related to weed control regime. Sept. 1967.

Weed control regime a/ %Weed .No. % With Sucker Clumps
(Herbicide, Ib ai/A) Cover trees Suckers Per Tree

1959-62 1963-67 b/ b/
1 Amitrole 2 same, 1+4 1 16 94 81 4.4 +0.8 3.7 +0.8

+simazine
2 As above sima:.dne 4 4 16 81 81 3.4 +0.7 3.1 +0.7
3 Dalapon 8 amitrole 1 7 13 69 69 2.2 +0.3 1-9 +0.3

+diuron 3
4 Atrazine 4 diuron 1. 5 3 15 67 60 2.7 +0.7 2.1 +1.6

+simazine 2
5 Dalapon 8 same 55 29 52 34 1.2 +0.3 0.8 +0.2

+ diuron 3
6 Rototill mow 90 21 24 14 0.4 +0.2 0.2 +0.1

a/ Herbicides in May of each year; rototill and mowseveral times.
b/ Of certain root origin; omit suckers within 6 inches of trunks.

Table 2. Sucker control by AMSand 2,4-D oil soluble amine.

Rootstock M7 M2 M2 Seedl.
Treatment date: Jul 8, '67 June 13, '72 Jul 6, '73 Jul 16, '74

Herbicide AMS 2,4-D 2,4-D AMS
Lb/gal per acre 110/200 2.0/50 1.5/50 140/200

Sucker no. 267 207 164 444
Maximumheight ...:-at12 inch 10 inch 15 inch 25 inch

Final live suckers
% of original no. 16% 5% 3% 25%
Maximumheight .!i 5 inch 7 inch

Weeks after trt • 12 5 10 12

.3 Mean of tree-plot maximums.



CONTROLOF PROSTRATESPURGEIN MUCKONIONSI

S. L. Dallyn, K. W. Stone, D. T. Warholic, and A. M. SChippers 2

ABSTRACT

Seedlings of prostrate spurge (Euphorbia supina Raf.) emerged in muck
grown onions (Allium cepa L. Downing Yellow Globe) during the period May 14
to July 15. Good to excellent control of this pest was obtained with 6 to
9 Ib/A ai propachlor (2-chloro-N-isoproplacetanilide). The same rates of
CDAA(N-N-diallyl-2-chloroacetamide) were effective provided the chemical
was incorporated immediately after application. The addition of 1 to 2 Ib/A
ai CDEC (2-chloroallyl diethyldithiocarbamate) but not chlorpropham
(isopropylm-chlorocarbanilate) to both propachlor and CDAAenhanced their
activity against prostrate spurge. Late directed sprays of Herbisan [diethyl
dithiobis (thionoformate)] at 7.5 Ib/A ai gave excellent control of the weed
but had relatively short residual activity. RH2915 (chemistry undisclosed),
bifenox [methyl 5-(2,4-dichlorophenoxy)-2-nitrobenzoate] and nitrofen
(2,4-dichlorophenyl-p-nitrophenyl ether) were ineffective; methazole
[2-(3,4-dichlorophenyl)-4-methyl-l,2,4-oxadiazolidine-3,4-dione] showed
some promise. Cultivation provided a substantial measure of control and
the use of directed sprays permitted higher rates of the effective herbi
cides without increasing onion damage.

INTRODUCTION

Prostrate spurge, known locally as milk pusley, has been an increasing
problem in most of the onion producing areas of New York State. A survey of
a number of fields in 1975 suggested the weed has probably become established
due to removal of its major weed competitors by herbicides. Also, it was
most prevalent where onions were grown in a monoculture and where little if
any cultivation was used. In addition to its effects during the growing
season the pest is particularly troublesome at harvest. It forms great
mats of interwoven plants which plug the harvesters and complicate drying
and curing of the crop. A season long control program must be developed
which will keep growers' fields clean until harvest time.

Currently labeled herbicides, as used by growers, and a number of
experimental materials used in 1975 did not give satisfactory control (2).
Observations made last year indicated that cultivation provided a fair
measure of control and that tolerance to herbicides increased greatly
with size of the plants. Information was also obtained that propachlor was
definitely superior to CDAA,at least in the absence of cultivation or
incorporation. All these factors were considered in setting up the 1976
program.

1Paper No. 729 Department of Vegetable Crops, Cornell University, Ithaca,
New York 14853.

2professor, Extension Specialist, Research Technician, and Experimentalist,
respectively, Department of Vegetable Crops, Cornell University, Ithaca,
New York 14853.
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MATERIALSANDMETHODS

A commercia.l field in the Elba muck area of New York known to be heavily
infested with prostrate spurge, was selected for the trial. Experience in
1975 indicated it was essential to control this pest in the early seedling
stage as once the plants reached a diameter of two inches or more they were
very difficult to kill. Thus it was decided that as soon as a treatment began
to fail, follow-up applications of selected herbicides would be made in an
attempt to maintain acceptable commercial control through harvest.

The plot si ze was 5 ft. by as re. with four rows of onions per plot. A
randomized complete block design with three replications was used. Application
was with a hand-held CO pressurized; small plot backpack sprayer. All
materials were applied fn 100 gal/A water except where otherwise noted as low
volume 50 gal/A. All chemical rates given are active ingredient per acre.

Table 1 contains a summary of the 25 treatments in the main experiment.
The first five received a preemergence application of propachlor ten days
after seeding. The onions were in the "loop" stage on the May 13 treatment
date and at the two to three leaf stage on June 9. Treatments 6 through 13
were set up as four ·paired-plots with one of each cultivated immediately after
the spr~s were applied. The growers' regular equipment-a ba.sket weeder-was
used on May 13, M~ 21, June 9, June 16, and a small toothed cultivator on
June 28. Treatments one to five, 21-24, and one of the two checks were also
cultivated as above. The other check was kept clean by shallow hoeing and
hard pulling. The primary objective of treatments 21 to 24 was to assess the
value of directed spr~ing with fairly high rates of several materials.

Weed control and crop injury ratings were made at one to two week intervals
throughout the growing season; the final one on weeds, August 31, was immediately
prior to harvest. Following that final evaluation 10 ft. of the two center
rows. of each plot were pulled and the number and weight of bulbs determined.

In addition to the main experiment described above, two observational
trials were applied to other onions which had been kept reasonably weed free
with CDAAplus cultivation. I. One June 17, two replications of the following
were applied: 1) propachlor 6 plus CDEC2, 2) CDAA6 plus CDEC2, 3) propachlor 6
plus CDAA6, 4) same as 3) plus CDEC2, 5) propachlor 4 plus CDAA4 plus
CDEC2 at low volume, and 6) propachlor 9 plus CDEC4. These received no
further herbicides but were cultivated June 28. II. On July 14 the following
directed spr~s were applied to another set of reasonably clean plots:
1) Herbisan 7.5, 2) Herbisan7.5 plus 1 qt. booster oil, 3) CDAA9 and
4) nitrofen 4. This was considered the latest possible date directional
equipment could get through the rows; these plots received no further attention
until harvest.

Information was obtained on the germination pattern of the weed by taking
stand counts in the two checks, treatments 25 and 25T, of each of the three
replications. An area three feet long between the two center rows, 14 inches
apart, was marked out and this same area counted each time. In the cul ti vated
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checks counts were made and the seedlings removed just before cultivation;
in the hand checks weeds in the count area were pulled so that a very minimum
amount of soil disturbance occurred.

RESULTSANDDISCUSSION

The behavior of prostrate spurge in 1976 was somewhat different than in
the previous year. This was probably related to a marked contrast in growing
conditions--unusually warm and dry in 1975 but just the opposite in 1976.
It appeared to the authors that even though germination was high ,{Figure 1)
the developing plants did not display the same vigorous aggressive growth of
the previous year. The natural habitat and characteristics of the pest
do not rule out this possibility (1).

The main difference affecting early control, at least, may have been
that through there were many spurge seedlings present at onion emergence last
year there were none this year. On May 13 when the bulk of the plots received
their first application at loop stage, there were still none in evidence.
Four to five days later many spurge seedling had emerged in the preemergence
and check plots (Table 2 and Figure 1) There are two possible explanations
for this--the cold, wet spring delayed germination, or the occurrence of
several late spring frosts killed off the very young seedlings before they
were of sufficient size to be noticeable.

The weed control ratings are summarized in Table 2. In evaluating these
data it is important to refer back to Table 1 to determine the preceeding
applications involved in each treatment, otherwise the changing ratings from
date to date are meaningless. The emergence pattern of the weed should also
be considered (Figure 1) since essentially no seedlings emerged after mid
July. This explains why Herbisan, a short residual material, applied to the
checks on July 7 provided good control; and applied to treatments 17 and 19
on July 14 provided excellent control right through to harvest. Herbisan
used earlier, however, as on treatments 21 and 22 on June 28 was satisfactory
for only about two weeks; and these plots became heavily infested before the
August 31 harvest late.

Little information was obtained on the value of propachlor used preemergence
since the spurge did not appear until two weeks later. There was no effect
of the herbicide left at this time and the weed count increased rapidly up to
the May 21 sprays. Complete weed control was obtained in treatments one to
five from then on. The total amount of herbicides used in these treatments
was high but part of the objective was to determine onion tolerance and also
to determine the effect of CDECas an additive to CDAAand propachlor. CDEC
did appear to increase activity and also caused some crop damage, (Table 3).

The main objective of treatments 6 to 13 was to compare effectiveness of
CDAAand propachlor with and without incorporation (tillage). There was a
very marked and consistent benefit from incorporating CDAA,but there was no
effect on propachlor. From a practical standpoint the most important finding
of the trial was that CDAAincorporated immediately was as effective as propachlor
in control of prostrate spurge.
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RH 2915 at 4 oz/ A at, caused some leaf burning of the onions and did not
control the weed. Methazole at 3/4 lb/A ai damaged onions slightly and did
not provide sufficient weed control; at 1 lb/A at, weed control was fairly
good and though considerable onion leaf burning occurred, yield was not
affected. Bifenox provided moderate control at the 2 lb/A ai rate but appeared
to have a short residual effect.

Directed sprays of Herbisan,7.5 ai/~applied June 28 killed vigorously
growing spurge seedlings within an hour with little or no damage to onions.
The addition of booster oil had no apparent effect one way or the other.
Residual control lasted slightly over two weeks. CDAAdirected towards the
base of the onions resulted in good control for four weeks and caused no crop
injury--the only safe way to use this rate, 9 Ib/ A at, of the material.
Nitrofen proved to be very weak against spurge.

As mentioned earlier a number of observational treatments involving
various combinations of propachlor, CDAA,and CDECwere put out on June 17.
All six of these treatments gave good control for four weeks and the five
containing CDECwere still fairly clean at harvest. The addition of CDEC
definitely increased effectiveness, as was found to be the case in the main
experiment as well. Treatments corresponding to 21 to 24 of the main experiment
were also applied to other plots but at the latest date, July 14, it seemed
practical to get spray equipment through the field. Herbisan gave excellent
control through harvest, nitro fen gave poor control. CDAAresulted in very
mediocre control in contrast to that obtained in treatment 23 where the
material was applied June 28. The difference is believed due to the
lack of incorporation on July 14. A "laybylt application of CDAAwill have to
be made while it is still possible to get through with mechanical tillage
equipment.

LITERATURECITED

1. Muenscher, W. C. 1952. Weeds. Macmillan Company, New York. 579 p.
2. Warholic, D. T. and R. D. Sweet. 1976. Preliminary investigations on

control of prostrate spurge in muck onions. Proc. Northeast Weed Sci.
Soc. 30:190-192.
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Table 1. List of treatments in main experiment giving rates of her~icide, ai/A, and dates of application.

N
'oJ
1.0

].-

].-

Tr. No. 4/2~ <;/1 "'l 5/21 6/9 6/28 7/7 7/14
1 propachlor 6 CDAAg CDAA6 propachlor 3

repeat 6/28 repeat 6/28chlor 6 chlor 6 CDEC1

2 propachlor 6 propachlor 6 CDAA6 propachlor 6
repeat 6/28chlor 6 CDEC2

3 propachlor 9 CDAA9 CDAA6 propachlor 3
repeat 6/28 repeat 6/28chlor 6 chlor 6 CDAA3

4 propachlor 9 propachlor 6 CDAA6 CDAA3 repeat 6/28 repeat 6/28chlor 6 CDEC1

5 propachlor 6 CDAA6
repeat 5/21 CDAA6

repeat 6/28chlor 6 CDEC2

6 & 7
a CDAA6 repeat 5/13 repeat 5/13 b

chlor 6 -
8 & 9a propachlor 6 repeat 5/13 repeat 5/13

chlor 6
10 & n a CDAA9 repeat 5/13 repeat 5/13

chlor 6

12 & 13a propachlor 9 repeat 5/13 repeat 5/13
chlor h

14 CDAA9 RH29154 oz repeat 6/9 CDAA9
ch10r {; low vol directed

15 CDAA9 methazole 3/4
repeat 6/9"hl",. {; low vol

16 CDAA9 methazole 1
repeat 6/9

ch l or- {; low vol

17 CDAA9 bifenox 1
repeat 6/9 Herbisan 7.5

chlor {; low vol + oil 1 at d:

18 CDAA9 bifenox 2
repeat 6/9 rected

chlor h low vol

19 CDAA9 CDAA6 repeat 6/9 Herbisan 7.5
chlor 6 + oil 1 at d

20 CDAA9 CDAA9 repeat 6/9 rected
chlor 6

21a CDAA9 repeat 5/13 Herbisan 7.5
chlor 6 directed

22a CDAA9 repeat 5/13 Herbisan 7.5
chlor 6 + 1 qt oil a."rected

23a CDAA9 • CDAA9
chlor 6

repeat 5/13 directed

24a CDAA9 repeat 5/13 nitro fen 4
chlor 6 directed

25
a Herbisan 7.5

check - regt lar tillage directed

25
Herbisan 7.5

check - hanc weeded directed

aplots 1-5, 7, 9, 11, 13, 21-25 received incorporation-cultivation bCDAA 9, directed spray, on treatment 6
to maintain control cchlorproPham
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aTable 2. Control ratings for prostrate spurge throughout the
growing season. See Table 1 for details on rates and timing
of treatment applications.

5/18 6/16 6/28 7/7 7/14 7/23 8/3 8/11 8/31

1 2.8 10.0 9.2 10.0 10.0 10.0 10.0 10.0 10.0
2 2.8 7.5 9·2 10.0 10.0 10.0 10.0 10.0 10.0
3 3.8 8.5 10.0 10.0 10.0 10.0 10.0 10.0 10.0
4 3.8 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
5 3.8 10.0 9·2 10.0 10.0 10.0 10.0 10.0 10.0

6 6.8 4.5 3.3 4.2 4.2 8.3 6.8 5.0 7.5
7 8.3 10.0 8.3 10.0 9.2 8.3 10.0 8.3 10.0
8 3.3 7.5 9.2 10.0 10.0 9.2 10.0 10.0 9.2
9 8.3 10.0 9·2 10.0 10.0 10.0 10.0 10.0 9.2
10 6.8 7.5 6.8 10.0 8.3 8.3 8.3 6.8 9.2

11 8.3 10.0 10.0 10.0 10.0 10.0 10.0 10.0 9.2
12 5·0 10.0 10.0 10.0 10.0 9.2 10.0 8.3 10.0
13 10.0 10.0 9.2 10.0 10.0 10.0 10.0 8.3 9.2
14 10.0 5.0 4.2 3.3 3.3 6.8 6.8 5.0 7.5
15 8.3 6.3 4.2 7.5 5.0 5.0 5.0 5.0 5·0

16 10.0 8.5 5.8 9.2 7.5 5.8 8.3 6.8 8.3
17 8.3 5.0 5.0 5.8 4.2 10.0 10.0 10.0 10.0
18 10.0 7.5 6.8 9.0 5.0 4.2 5.0 1.8 5.8
19 10.0 5.0 4.2 3.3 2.5 10.0 10.0 10.0 9.2
20 8.3 7.5 5.0 8.3 9.2 9.2 8.3 6.8 9.2

21 8.3 7.5 7.5 10.0 8.3 5.8 3.3 3.3 4.2
22 10.0 10.0 9·2 10.0 8.3 5.0 1.8 1.8 3.3
23 8.3 10.0 9.2 10.0 10.0 9.2 6.8 6.8 7.5
24 10.0 10.0 9.2 9·2 3.3 4.2 1.8 1.8 3.0
25 0.0 0.0 3.3 4.2 10.0 10.0 8.3 5.0 7.5
25T 6.8 4.5 2.5 4.2 10.0 10.0 110.0 8.3 7.5

ao- no effect on weed; lO-completekill
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Table 3. Effect of treatments on amount of foliar damage to onions during the
growing season and on final yield.

Yie1d-1bs/p1ot Onion Foliar Injury Rating a

Treatment la' by 2 center rows 6/16 6/28 7/23

1 25.7 1 a 1
2 21.8 2 4 2
3 23.0 2 3 2
4 25.8 1 2 1
5 24.3 2 2 2

6 26.3 2 2 2
7 29.2 2 2 2
8 25.8 2 4 2
9 26.2 2 3 2
10 23.3 2 3 3

11 26.2 2 3 2
12 26.8 3 3 2
13 26.0 2 2 2
14 26.5 2 3 2

27.2 2 2 1

16 30.0 4 3 1
17 26.3 0 0 2
18 26.7 1 1 0
19 25.2 0 1 3
20 28.2 3 3 1

21 29.3 2 2 2
22 26.8 2 2 2
23 29.0 2 2 2
24 29.2 0 1 0
25 cultivated 30.5 0 0 0
25 hand weeded 29·2 a 0 0

LSD 5% 5.1

ao- .. 10-comp1ete killno ~nJury,
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Figure 1. Seedling ~mergence of prostrate spurge. The
cumulative counts ar~ averages from an area 3 ft by 14 in.
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EVALUATIONOF GLYPHOSATEFORMULTIFLORAROSECONTROL

II . II 21G. P. Albaugh- , W. H. M1tchell- , J. C. Graham-::

ABSTRACT

Multiflora rose (Rosa multiflora L. Thumb), is a very aggressive and
competitive perennial shrub whose establishment in pastures or near corn
fields can limit production. Glyphosate (N-phosphonomethyl glycine, iso
propyl amine salt) appears to give control when applied during the blossom
and post blossom stages at the rate of 1.00% (v/v), or 0.50% (v/v) with
0.50% (v/v) of MON0011 (a nonionic surfactant).

INTRODUCTION

Although multiflora rose (Rosa multiflora, L.) is a very important
shrub in horticultural circles because of its vigorous and aggressive nature,
it is an unwelcome competitor in rough pasturage situations for precisely
the same reason. In a rough pasture with light grazing pressure, multiflora
rose spreads quickly, cutting down the amount of grazab1e land, and if the
rose borders a corn field, according to Labisky and Anderson (3) it can
reduce corn yield by as much as 20% in the first row.

Multiflora rose is native to Japan, Korea, and parts of China, and
was introduced to this country as root stock for horticultural work. It
is a perennial shrub which reproduces by seeds and rooting at the tips of
its drooping canes. The stems of a typical plant are about 3 meters long,
and grow in clumps with the first 2 meters erect and the tips drooping close
to the ground. The stems have many stiff thorns. The fruits (hips) are
bright red, and usually last until spring (1).

Today's problems with multiflora rose originated in the late 1930's
when the need for low cost livestock barriers and erosion control prompted
the U. S. Soil Conservation Service to experiment with and intentionally
spread large plantings. The Soil Conservation Service advised farmers to
plant massive hedge rows of "natural fencing", further selling the idea by
reporting that multiflora rose provided excellent nesting, escape, and
cover for wildlife, and that the abundant hips were eaten by songbirds
throughout the winter and early spring. Unfortunately, the very fact that
birds, primarily Cedar Waxwings (Bombyci11a cedrorum) and Robins (Meru1a
migratoria) eat the seeds has contributed heavily to the uncontrolled spread
of multiflora rose (10).

~Student and Professor, Dept. of Plant Science, University of Delaware,
Newark, Delaware 19711.

2/Deve1opment Associate, Monsanto Company, Wilmington, Delaware 19810.
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By 1949, Charles A. Dambacharid others (7) realized the nuisance potential
of multiflora rose. Complaints in ~he mid 1950's and early 1960's by
farmers and landowners prompted ma~ northeastern states to pass laws
forbidding private individuals and government agencies from further large
scale hedge plantings (8,2).

Of the various currently prac~ced cultural methods of multiflora
rose control, including excavation~ mowing, grazing, and burning, excavation
of the entire plant on a plant by~ant basis appears to be the only method
that has any permanent impact. Th~s is a tedious and time consuming practice.

\

For this series of experimentd, glyphosate (N-phosphonomethyl glycine)
was chosen because of its activity on perennial weeds (4,5,7). Glyphosate
is non-residual, avoids runoff, avoids killing non-contacted species, and
allows reestablishment of desirable species (6,9).

The obj ective of the test was to 1find the optimum rate and date of appli
cation of glyphosate for the contrql of multiflora rose. This was accomp
lished by evaluating three dates o~ application and four rates of glyphosate.

MATERIALS AND METHODS
;c

,
These tests were conducted in southeastern Pennsylvania near the

village of NewLondon. The test p\ot was a meadowwith fairly steep rolling
hills. The multiflora rose popula1ion was very heavy with plants ranging
from well established bushes to ne~ plants. The plants selected for treat-
ments were of comparable size and 4ge. i'

,
The first date of application,was 4 June. This date coincided with the

blossom stage. The weather remain.d clear for several days after spraying.
The second date of application was 12 July and coincided with a post blossom
state. Unfortunately, rain occurr,d almost immediately after completion of
treatment and persisted for about to minutes, dropping approximately 0.25 em
of precipitation. The third appliqation was delayed until 5 October to allow
the foliage to recover from the activity of a heavy infestation of Japanese
beetles (Popillia jaf0rtica) that made evaluation difficult. However, this
final application c01ncided with s,nescence and results will be evaluated
in the spring.

The treatments evaluated areJisted in Table 1. As noted, four rates of
glyphosate were used on each of tee dates of application. At Dates 2 and
3, sequential applications were evaluated by retreating bushes treated on
Dates 1 and 2 respectively. The effect of additional surfactant on glyphosate
activity was investigated by using 0.50% (v/v) MON0011 (a nonionic surfactant)
with each rate of glyphosate at each date of application •

•
The glyphosate was applied with a CO2 sprayer using a single cone nozzle

(TX-18). Vegetation was sprayed uOtil the lea~es were wet but short of
runoff. A spray pressure of 30 psi (2.1 Kg/em) was used. A complete random
design was used with three replicates of each treatment. The percentage
control obtained by use of the various treatments was assessed by rating the
plants at four intervals over the season.
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RESULTSANDDISCUSSION

Examination of the effect of an early June (blossom stage) application
of glyphosate on multiflora rose in terms of rate response (Table 2) appears
to suggest that a rate of 1.00% (v/v) of glyphosate is r~uired to give con
trol. Alternately, the use of MON0011 appears to compress the break point
of control to the 0.50% (v/v) level. However, additional time is required
to test the validity of either assumption.

The available data concerning effects of glyphosate application in terms
of time (Table 3) are limited in utility by rainfall after the second
application. The plants not receiving MON0011 suggest that a post blossom
stage application offers no significant improvement in control. However,
these treatment data further support 1.00% (v/v) as the necessary concen
tration strength in terms of rate required for control. The addition of
MON0011 to the 0.50% (v/v) concentration of glyphosate appears to signifi
cantly increase its activity on multiflora rose.

Sequential applications (Table 4) at these time intervals do not appear
to add to control of multiflora rose. However, as in the above observations,
long term data will be needed before complete evaluation can be made.

Table 5 represents long term control data on the June and July appli
cations. These data taken at 120 and 150 days after treatment bear out the
need of 1.00% (v/v) of glyphosate for best control. Date 2 application rate
data support Date 1 data, but are reduced overall due to rainfall. As seen
in the earlier tables, additional surfactant appears to increase glyphosate
activity and lower the rate of acceptable control to include 0.50% (v/v).
Again, data from sequential applications show that this approach does
nat result in additional control.

The effects of single autumnal or sequential autumnal applications
were investigated but there has been insufficient time for their evaluation.
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Table 1. Treatments used in the evaluation of glyphosate
for control of multiflora rose.

Rate of Application
of Glyphosate Date of Application

0.25% (Rate 1) 4 June 1976 (Date 1)
0.50% (Rate 2) "
1.00% (Rate 3) It

2.00% (Rate 4) Ji "
0.25% + 0.50% MON0011 4 June 1976
0.50% + 0.50% MON0011 n

1.00% + 0.50% MON0011 "
2.00% + 0.50% MON0011 "
0.25% 4 June & 12 July 1976
0.50% tI It

1.00% " It

2.00% It "
0.25% 12 July 1976 (Date 2)
0.50% It

1.00% "
2.00% It

0.25% + 0.50% MON0011 "
0.50% + 0.50% MON0011 "
1.00% + 0.50% MON0011 n

2.00% + 0.50% MON0011 "
Control

!J MON0011 is a nonionic surfactant.

287



2BB

Table 2. Effect of early June (bloom stage) application of
glyphosate on control of multiflora rose.

Treatment
(% concentration
of glyphosate)

o

0.25

0.50

1.00

2.00

L.S.D. 5%

Control Ratingl/
(no surfactant)

o

4.2

9.0

10.0

10.0

3.0

Control Rating
(0.50% MON0011)

o

6.3

10.0

10.0

10.0

!/ 54 days after treatment (DAT).



Table 3. Effect of early July (post blossom stage) application
of glyphosate on multiflora rose control.
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Treatment
(% concentration
of glyphosate)

o

0.25

0.50

1.00

2.00

L.S.D.
5%

11 16 DAT.

Control Ratingil
(no surfactant)

o

3.7

3.5

10.0

8.0

3.9

Control Rating
(0.50% MON0011)

o

2.2

8.0

7.3

8.0
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Table 4. Effect of sequential applic tions of glyphosate, applied
in early June and uly, on control of

multiflora r se.

Treatment
(% concentration
of glyphosate)

o

0.25

0.50

1.00

2.00

L.S. •

!/ 16 days after the second tre

5%

Control Ratingl/
(no surfactant)

o

9.0

9.3

10.0

10.0

1.8



Table 5. Final evaluation of glyphosate for use
in control of multiflora rose.
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Treatment
(% concentration
of glyphosate

Control
(no surfactant)

4 June Application 11

Control
(0.50% MON0011)

o
0.25
0.50
1.00
2.00

L.S.D. 5%

o
5.1
7.2

10.0
10.0

0.9

o
7.9
9.5

10.0
10.0

1.7

12 July Application ~

o
0.25
0.50
1.00
2.00

L.S.D. 5%

o
6.5
6.2
7.7
9.0

2.6

o
5.2
7.2
8.0
8.8

2.4

--

Sequential Treatment Application 11
of 4 June and 12 July

Control
o 0

0.25 8.3
0.50 9.7
1.00 10.0
2.00 9.0

L.S.D· 5% 1.2

y 150 DAT.

~ 120 DAT.

11 120 days after second treatment.
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BAS~L APPLICATIONS TRICLOPYR IN OIL OR WATF.R

cha les T. r...ichy
Dow C. mical U.S.A.

}\100res wn, New Jersey

ABSTR1\CT

Basal applications were made with M-402l which contains four
pounds of triclopyr [(3,5,6 richloro-2-pyrininyl)oxv] acetic
acid per gallon as the ethyl ne glycol hut'll ether ester at
rates of 1/2, 1, 2, and 4 qa Ions per hundred gallons of spray
mixture. At two locations, asal sprays were made with oil
as the carrier. At two othe locations, basal sprays were
made with either oil or wate •

Triclopyr in either oil
controlled most species at a
controlled with 2 gallons M
With the oil carrier, some s
gallon M-402l per hundred ga
carrier resulted in more rap
surfactant was used as the c
basals showed continued effe
Water basals look very promi
of M-402l per hundred gallon

ter plus surfactant basal sprays
1 locations. All snecies were
021 per 100 gallons of spray.
ecies were controlled with 1/2
Ions of spray. Use of oil as a
d control than where water plus
rrier. Brush treated with water
ts into the second growing season.
ing at rates of 1 to 2 gallons

of spray.

INTR.DUCTION

The use of selective sprays 0 control unwanted vegetation on
utility rights-of-way is eve increasing hecause of concerns
of public opinion, aesthetic , and wildlife. Basal applications
are the selective applicatio technique most frequently used.
They can be used over a wide period of time, anytime without
snow, and if applied during he dormant season, brownout is
avoided and less spray volum. is required than selective foliage
sprays. The chief drawback s the oi.l reauired in terms of
both. availability and cost a d in addition, the sprav crews
do not like to spray with oi •

With this in mind, several t ials were established to evaluate
the effectiveness of triclop r applied as a basal spray in oil
or another surfactant spray arrier.

~1.A.TERIAL AND ~-1FTHODS

The formulation used was M-4 21 whLch contains four pounds of
triclopyr per gallon as the ~thylene glycol hut'll ether ester.
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The formulation was mixed in oil or water plus surfactant
and applied with backpack low-pressure wan~ sprayers. The
applications were made using a standard basal technique of
wetting the lower 15-18 inches of stem to the point of runoff.
The oil used was kerosene in New Hampshire and Maine, No. 2
diesel in Pennsylvania, and Exxon 3414 in Massachusetts. The
water treatments included a surfactant (Emulsifier A® in
Massachusetts and an agricultural surfactant in Maine) and
Nalco-Trol®. The rates of M-402l used in all experiments
were 1/2, 1, 2, and 4 gallons/IOO gallons of spray. The
temperatures for the winter applications (Tables 1 and 2) were
35-38°F while the temperatures for the summer applications
were approximately 80°F. (Tables 3 and 4).

The species involved in the four experiments are as follows:

Common Name

Ash
Black Birch
Black Cherry
Sweet Cherry
Black Gum
Hickory
Black Locust
Red Maple
Red Oak
White Oak
Pine
Poplar
Walnut

Scientific Name

Fraxinus sp.
Betula lenta
Prunus serotina
Prunus avium
Nyssa sylvatica
Carya sp.
Robinia pseudo-acacia
Acer rubrum
Quercus rubra
Quercus alba
Pinus strobus
Populus sp.
Juglans nigra

RESULTS AND DISCUSSION

The results of the basal applications are shown in Tables 1-4.
Excellent control of a wide variety of species was achieved at
all locations. The results in PennsYlvania (Table 1) show some
species variability at low rates (1 gallon M-402l per hundred
gallons), but at rates of 2 gallons M-402l per 100 gallons of
spray, brush control was complete on all species. The more
resistant species were red oak, black birch, black gum, and
ash. It is interesting to note that the evaluation made
the second growing season showed a higher brush control than
the evaluation made the first growing season.

The results in New Hampshire (Table 2) indicate that a considerable
amount of resprouting was found in the second growing season



294

compared to the first growin
in Pennsylvania. Maple show
of M-402l per 100 gallons of
of M-402l and higher. First
appeared excellent. Red oak
great deal of resprouting bu
M-402l or higher.

The results in Massachusetts
ing in that they show excell
basals of triclopyr. The wa
as fast as the oil basals no
at rates of 1 gallon of M-40
M-402l per 100 gallons of sp
ash (10-12 feet tall) was ef
gallon of M-402l in oil to 2
is an economic tradeoff beca
messiness of oil spray and t
long range, water basals are
In addition, there was notic
water plots than in the oil

season and compared to the results
poor control at 1/2 and 1 gallon

spray and fair control at 2 gallons
ear readings on this species
as another species that showed a
was controlled at 2 gallons of

(Table 3) are extremely i.nterest
t control of brush from water

er basals did not react nearly
were they as effective as oil

1 or lower but at 2 gallons of
ay virtually complete control of
ected. Even when comparing 1/2
gallons of M-402l in water, there
se of the cost of oil. With the
e uncertainty of oil availability
clearlv desirable and advisable.
ably more herbaceous plants in the
lots.

The results in Maine (Table ) are similar to those of
Massachusetts. The oil spraAs gave excellent control of
oak and maple at 1/2 gallon r-402l or above, but hlack birch
required 2 gallons of M-402l in either water or oil. In water,
1/2 gallon of M-402l seemed 0 worsen with the time but the
1 gallon of M-402l rate seem d to improve. This would indicate
that the effective rate is b tween 1 and 2 gallons of M-402l
per 100 gallons of spray.

Overall, the results from ba
look excellent. Although it
is an apparent trend toward
cations during the growing s
season.

The water basal results are
crisis of a few years ago, i
research into reducing or el
Until now, however, no herhi
results from water basal spr

al applications of triclopyr
does not appear clear-cut, there
etter results from basal appli
ason than during the dormant

he most exciting. ~ince the energy
creased emphasis has been put on
minating oil in basal sprays.
ide material has given satisfactory
ys.
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TABLE I. BRUSH CONTROL 7 AND 19 MONTHSFOLLOl"lINGBASAL
APPLICATIONS OF TRICLOPYR IN DIESEL OIL.
~mTRO EDISON, HAMBURG,PENNSYLVANIA.

-- Percent Control

Rate-gallon 9-25-75 9-27-76

Species r1-4021/hg 1/ 1/2 1 2 4 1/2 1 2 4-red oak 51 62 100 93 75 70 100 100
black birch 29 85 100 100 100 100 100 100
red maple 100 100 100 100 100 100 100 100
hickoryY 100 100 100 100 100 100 100 100
sweet cherry 100 100 100 100 100 100
poplar 77 100 100 100 100 100
black cherry 100 100 100 100 100 100 100 100
black gum 40 23 100 100 100 100
ash 42 62 100 100 57 60 100 100
walnut 80 100 100 100 100 100

white oak Y 100 100 100 100
black locust 100 100

1/App1ied 2-25-75.
2/0n1ya few stems represented (1-2/p1ot).

TABLE II. BRUSH CONTROL 7 AND 21 MONTHSFOLLOWING BASAL
APPLICATIONS OF TRICLOPYR IN KEROSENE. NEW HAMPSHIRE
PUBLIC SERVICE, BOW, NEW HAMPSHIRE.

Percent Control

Rate-ga11o~/
7-15-75

Species 1/2 1 2 4M-4021/hg--------
cherry 55 25
maRIe 100 90 96 100
re oak 83 95 70 67
white oak 76 78 90 92

white pine 42 20

9-16-76
1/2 1 2 4

50 100 - -
52/ 25 2/ 85 2/ 75 2/

502/ 502/ 90 2/ 902/
80- 902/100- 100

100 100

1/App1ied 12-6-74.

2/Low readings because of resprouts but many resprouts have
- deformed leaves.



TABLE III. ASH CONTROL 11 AN~ 15 MONTHSFOLLOWINGAPPLICATION
OF TRICLOPYR IN 0 L OR WATERPLUS SURFACTANTBASAL
SPRAYS. NEW ENGL ND ELECTRIC SYSTEM, SHIRLEY,
MASSACHUSETTS. ~

Percent Control

Rate-gallons 2/
M-402l/hg l/ Oil-

1/2 95
1 100
2 100
4 100

5-l0~76
t

2/
Oil-

95
95

100
100

9-15-76

3/
Water-

5
55 4/
95

100

l/Application 6-25-75.
2/Exxon 3414 Spray Oil.
3/l0ml of Emulsifier A®
- of spray.
4/0nly partially leafed out.

TABLE IV.
,

BRUSH CONTROL 14 M~NT.HS FOLLOWINGAPPLICATION OF
TRICLOPYR IN OIL 0 WATERPLUS SURFACTANTBASAL
SPRAYS. CENTRAL M, INE POWER, CORNISH, MAINE.

0- 18:- 76

Rate-gallons Oil
!

WaterI
M-402l/hg l/

1/2 1 2: 4 1/2 1 2 4

100!birch 50 85 100 50 50 80 100
oak 100 100 100 1 100 50 50 95 100
maple 50 100 100: 100 50 50 100 100

Oi1 27
8-10-76

Water
j

1/2 1 2 4 1/2:1/ 13/ 23/ 44/

birch 50 60 95 100 30 80 99 100
red maple 100 100 100 100 25 75 99 100
white oak 100 100 100 100 35 80 100 100
red oak 100 100 100 100 30 80 95 100

l/Applied 6-23-75.
2/Kerosene. .
3/Also 2.25ml/l an agricultur~l surfactant and .8ml/l Nalco-Trol®.
4/Also 10ml/l an agriculturalisurfactant and l.25ml/l Nalco-Trol®.
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WOODYPLANT CONTROLFROMLOWVOLUMEAP~LICATIONS OF TRICHLOPYR

B.C. BYRD,
1/

R.D. FEARS, L.L. SMITH, L.E. WARREN,J.C. RYDER. AND
C. T. LICHY

ABSTRACT

woody vegetation control trials were established in 1974 and
1975 using triclopyr-[3,5,6-trichloro-2-pyridinyl (oxy) acetic
acid} - alone as amine salt or as ester: or triclopyr in
combination with 2,4-0, or with a formulation of picloram plus
2,4-D. Applications were made by ground or air in water in
total volumes of from 15 to 50 GPA, at ten locations in nine
states. At most locations comparisons were made with standard
commercially available products.

In 1975 and 1976, a total of 34 deciduous and nine evergreen
species were observed in one or more of the 62 treatment
plots established the previous year.

Relative efficacy values are reported as probable rate ranges
required for commercially acceptable control on certain species.
Further refinement of dosages may be needed on other species.

!I Herbicide Field Research and Development Specialists,
Charlotte, N.C.: Wayside, Miss.(X2), Davis, Cal.,
Minneapolis, Minn. and Philadelphia, PA., respectively.
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FIELD TRIAL CO ARISONOF TECENIQUESOF
ROOTKILL N PROBLEMSPECIES

Miohae C. MoNamara1

bstraot

Three basic methods of brush 0 ntrol were oompared for their oontrol of
blaok looust (Rabinia pseudoaoaoia .) root suckers and stump sprouts from the
variety of other hardwood species f und on the right-of-way. The seleotive
basal method showed the best oontro of the blaok looust root suokers. Where
the brush was out, the pre out basa method showed better oontrol over the black
looust root suckers and stump sprou s from the other hardwood speoies than the
stump treatment method.

In roduotion

It has been a standard praotio for tree trimming and brush cutting orews
on Pennsylvania Electric Company pr perty to out the tall standing brush and
then ohemioally treat the stumps. is method of brush oontrol has worked rela-
tively well for the oontrol of st sprouts for the majority of tree species
treated. The problem with this typ of ohemioal treatment is not so muoh in the
laok of oontrol of the stump sprout of the treated stumps, but in the total
laok of oontrol of the stump sprout from untreated stumps and the erratic oon
trol of the root suokers of the bla k looust.

The possible reasons for the p
oan be listed under two oategories:

or results with the stump treatment method
1• Untreated Stumps
2. Insuffioient Amount of Chemioal

Solution Applied.

1. Untreated Stumps - When a tter is outting the brush on the
right-of-way, he is outt· trees from 6 inohes in diameter to
t inch in diameter and he s making his cuts as close to the
ground as possible. After the brush is out, it is either
dragged to a chipper and 0 ipped, or to the edge of the right
of-way and piled. During his dragging of brush, some of the
stumps will be oovered ove with debris. These covered stumps
will not be chemioally tre ted beoause they cannot be seen.
Also, there will be stumps missed because of human error.

2. Insufficient Amount of Che ical Solution Applied - So many
times, the man spraying th stumps only puts enough chemical
down to just dampen the e osed stump. Without a tall stem
present to permit the ohem oal to run down and puddle at the
base, many stumps do not r ceive enough chemical solution to
control the stump sprouts, let alone the root suckers. Also,
a commonproblem with ine erienced men is the applioation of
the chemical solution to 0 y the out surfaoe of the stump.
This puts very little, if solution, where it is needed.

1Forestry Supervisor, Southern Divi
Pennsylvania Electric Company
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The solution to the problems with stump treatment' can be found in the basal
spray methods employed during the ohemioal spray program. With a basal spray,
the stem to be removed is treated from 12 inohes to 18 inohes from the ground
and the ohemioal solution is permitted to run down the stem and puddle at the
base. This method of treatment assures a suffioient amount of ohemioal solution
on the plant. Also, because the stems are standing and the oil oarrier in the
ohemioal solution leaves a stain on the treated stems; there is little ohanoe,
other than human error, of not treating all of the stems.

Methods and Materials

With these possible solutions to the problem in mind, a small test area
was chosen to oompare the reaul ts of the three basic methods of brush oontrol
on the oontrol of stump sprouts from all species found on the right-of-way and
the root suokers of the black looust.

The looation of the test area is on a distribution right-of-way that par
allels U. S. Route 36 one mile south of Newburg, in Clearfield County, Pennsylvania.

The right-of-way was initially out in 1910. At this time, there was no
chemioal applied. As a result of no chemioal being applied, the right-of-way
immediately resprouted, and by 1915, the regrowth had reaohed the oonduotors at
many points. What made this seotion of right-of-way ideal for the type of test
to be oonduoted, was that about 15% of the regrowth was blaok looust.

The methods of brush oontrol to be oompared were:

1. Chemioal Stump Treatment - This method involves the removal of
the brush from the right-of-way and then the chemioal treatment
of the stumps.

2. Seleotive Basal Treatment - This method involves the spraying
of the brush from the ground up to about 18" high, depending on
the diameter of the stem to be removed.

3. Pre Cut Basal - This method involves the chemioal treatment of
the brush using the seleotive basal method followed by the out
ting of the treated stem.

The chemioal used was pioloram plus 2,4,5-T oontaining 1 lb. pioloram plus
4 lb. 2,4,5-T per gallon as the isoootyl and propylene glyool butyl ether esters
respeotively.1 This chemical was mixed at the rate of one gallon of ohemioal
per 100 gallons of fuel oil. This solution was mixed at orew headquarters in
55 gallon drums. The ohemica.l was applied with back paok sprayers.

The test was conduoted on Ootober 20, 1915 using a four man brush outting
orew. The result of this test were taken on July 15, 1'916.

1Tordon 155 Mixture Herbioide was the formulation employed.



300

Treatment

Chemioa1 Stump #1
Chemioal Stump #2
Se1eotive Basal
Pre Cut Basal

Black Looust

RESULTS

No. Looust Spl.'outs

307
$36
66

1$8

Untreated Stumps
or Stems

All Speoi,es

39
41
5

24

Upon review of the results,
oontro1 of the b1aok looust sprout
treated stems. This method of b
in areas where the dead stems :may
have the brush removed because of
a11e1ing the roads and residential
marked improvement in prolonged b

se1eotive basal method showed the best
and also showed the lowest number of un
oontro1 is best suited for lines that are
left standing. For the areas that must

oation, i.e., road orossings, lines par
eas, the pre out basal method shows a
oontro1 over the stump treatment method.



301

RIGHT-OF-WAYMANAGEMENTWITHAERIALLYAPPLIEDHERBICIDES

Roy R. Johnson 1/

ABSTRACT

Control of tall-growing woody plants and development of a stable low
growing herb and shrub community are essential goals of a utility right-of
way vegetation management program.

These goals may be reached by mechanical brush control, ground applica
tion of herbicides using broadcast or selective techniques or by aerial appli
cation of herbicides. The choice among various alternatives for right-of-way
vegetation management is influenced by terrain, present clearance between
vegetation and conductors, brush species present and their average growth rate,
past management programs, scenic potential of the right-of-way, restrictions
on aerial applications of certain herbicides and relative costs of alternative
methods. Selection of the proper application equipment and herbicide mixture
can make aerial application of herbicides economical, environmentally sound
and esthetically pleasing with little or no adverse impact on plants or animals
adjacent to the right-of-way.

In 1972, various phenoxy-pic1oram mixtures were applied to a utility riyht
of-way in southwestern Virginia using an experiment model of the Microfoi1 !
Boom equipped with .060 nozzles mounted on a helicopter. Additional aerial
herbicide applications have been made on adjacent rights-of-way each year since
1972. A mixture of 2,4,5-T [(2,4,5-trich1orophenoxy)acetic acid] + 2,4-D [(2,4
dich1orophenoxy)acetic acid] + pic10ram (4-amino-3,5,6-trich1oropico1inic acid)
at 11.2 + 5.6 + 1.6 kg/ha controlled 92% of the problem brush species. A mix
ture of dich1orprop [2-(2,4-dich1orophenoxy)propionic acid] + 2,4-D + pic10ram
at 6.7 + 11.2 + 1.6 kg/ha also gave 92% brush control.

Trials applied in 1975 and evaluated in 1976 indicated that mixtures of
dich1orprop + 2,4-D + pic10ram at 9.6 + 4.8 + 1.2 kg/ha, dich1orprop + pic10ram
at 9.6 + 1.2 kg/ha and 2,4,5-T + pic10ram at 9.6 + 1.2 kg/ha gave 84%, 77% and
73% control.

Other mixtures of 2,4-D, dich1orprop, 2,4,5-T and pic10ram also provided
satisfactory control of tall-growing brush. Vegetation adjacent to the rights
of-way was not affected by the herbicide treatment. Observation of plant suc
cession on these rights-of-way indicated that after the first growing season,
perennial grasses and biennial and perennial forbs increased in density, while
tall woody plants were nearly eliminated.

1/ Assoc. Nat'l Program Director, Field Dev. Dept., AmchemProducts, Inc.,
Ambler, Pennsylvania 19002.

l/ Registered trademark of AmchemProducts, Inc.
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LOWCOSTOF POWERLINE RIGHT OF WAYMAINTENANCEFOR BEAUTYANDUSE

J ohn B. Middleton l

The Pennsylvania Electric Com any (Penelec) with its headquarters in
Jolmstown, Pennsylvania has been u ing herbicides for power line right of
way maintenance since prior to 195. The author joined Penelec in that
year. Trials and limited use of h rbicides were being undertaken by Pen
elec at that time.

Pennsyl vania Electric Company serves 39%of the land area of Pennsyl
vania. This company serves all or part of 33 of Penneyl vania 's 67 counties.
On its distribution lines, Penelec has 487,600 customers. With this large
land area, Penelec serves more of ennsyl vania than any other power company.
The Penelec system is unique in be ng the location of three mammoth mine
mouth coal generating stations loc ted in the heart of the bituminous fields.
These three generating stations shared in ownership by other privately
owned power utili ties from Penneyl ania and neighboring states. All of this
generation means extra high volt transmission lines by the hundreds of
miles. The main voltage from thes mammoth generating stations is 500 xv.
The minimum width of a right of w for 500 XV is 200 feet.

Appearance has always been a On consideration for the application of
herbicides in Penelec. Back in th 50' s a larger portion of waterborne
material was being used. It is c ently being used at a more modest pace.
At that time selective basal and Ii copter applications were also used to
advantage. The trend has been aw from the waterborne and helicopter appli
cations because of their disturb e to the environment and their undesirable
appearance. Our main method of t atment has been selective basal. Selec-
ti ve basal is used around the ye but strict limitations are endured due
to the weather in December, J , February, and March. The parts of Penn-
sylvania that Penelec occupies is ubjected to some tough weather in the
winter. If it were possible, most of Penelec' s work would be done during
the dormant season since success i as available then as at other times when
the proper herbicides are applied.

With the use of waterborne he bicides, Penelec requires that they be
applied as selectively as possible Although it is impossible to do stem by
stem selectivity when using the w erborne material, it is possible to get
exceedingly good results by select vely treating areas or patches of unde
sirable brush while preserving the material which would be helpful to retain.

Helicopter application is use on a limited basis on areas that are not
open to scrutiny of the public. have many isolated -stretches of rights of
way in Penelec. Some of these are used for helicopter application. Although
helicopter is recognized as a tool it does not have the effectiveness of kill
of a good waterborne applioation d entirely lacks selectivity on areas that

1 Manager-Forestry, Pennsylvania leotric Company, 1001 Broad Street, Jolms
town, Pennsylvania 15907
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need to be treated. Side trimming has never been a part of the Penelec pro
gram. It is our feeling that herbicides are to kill entire plants that are
undesirable, not to discolor or injure plants for the hopeful gain of line
clearance. We believe it is an intrusion on the rights of the property own
er to side trim with herbicides. That is really ugly. Chemical companies
sometimes try to sell it but we do not buy it.

Penelec is pained by the poor treatment that is applied by other users
of herbicides. Penelec, being a very large user o:f herbicides, either suffers
immediately or later for objectional treatment applied by other companies.
Many times Penelec encounters a problem in obtaining consent to apply chem
icals because of an experience a property owner has had with a different
organization who applied herbicides without consideration for that property
owner or in poor judgment.

In Penelec we have attained beauty on our rights of way through selec-
ti vi ty. Our selecti vi ty goes back to the initial clearing of the right of way.
In more recent transmission clearing operations in Penelec, selective right
of way clearing was started in 1963. On our initial clearing, selectivity in
clearing extends for the total length of the right of way for certain species
with emphasis of e:ffort on areas that are most observed by greater number of
the population. Initial clearing is always accompanied by either basal herbi
cide treatment preceeding the clearing operation or stump treatment. In the
last six years all of our clearing has had herbicide treatment basally applied
prior to felling of trees :for transmission clearing. Pre-cutting basal is
more di:fficult than stump treatment but gives outstandingly better results.
The main reason for the better results is obvious. Trees are easier to find
than stumps that are covered with dirt or are too small to be found.

In our selective basal treatment, Penelec uses the following materials
in diesel oil or #2 fuel oil:

1. D and T Ester (Dichlorophenoxyacetic Acid and Trichlorophenoxyacetic
Acid)

2. 2,4,5-T Ester (Trichlorophenoxyacetic Acid)

3. Pilloram (4-Amino-3,5,6-Trichloropicolinic Acid and 2,4,5-Trichloro
phenoxyacetic Acid)

4. Dicamba (3,6-Dichloro-o-anisic Acid and 2,4,5-Trichlotlophenoxyacetic
Acid)

Selectivity has been accomplished through use of the list of plants not
to be treated on the right of way that :follows:

All grasses, :ferns, and herbaceous plants.

All annual weeds and annual plants.

All forbes.
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Low-growing shrubs including:

the right of way where conductor height

the program of selective treating that
the right of way minimize the invasion

Competition from this plant material
sion that is going to occur. Recently
rtheastern Forest Experiment Station at
termine the inhibitory qualities of
Allegheny National Forest is primarily

as a crop. The species which they are
al and sil vicul tural reasons are Wild

d (Comus florida)
sis)
p.)
Hornbeam (Carpinus caroliniana)

canadensis)
(Ostrya virginiana)

uniperus virginiana)
th, Dwarf (Rhus spp.)
nnsylvanicum)
picatum)
identalis)

'la)
us coronaria)

.)
virginiana)
'lis)

Mountain laurel (K . a latifolia)
Sweetfern (Comptonia eregrina)
Bush honeysuckle Pi erbloom Azalea (Azalea nudiflorum)
Low blueberries (Vac 'nium sPP.)
Huckleberries (Gaylu acia spp.)
Viburnums (Viburnum p.)
Trailing arbutus (Ep a repens)
Checkerberry Winter en (Gaul theria procumbens)
Partridge berry (Mit ella repens)
Meadow sweet (Spirae spp.)
American yew (Taxus ClBJla<1ensis)
Alder (Alnus spp.)
Hazelnut (Cory-Ius sp
Witch hazel (Hamamel
Dwarf willow (Salix:
Holly (Ilex: spp.)
Choke berry (Pyrus m
Choke cherry (Prunns
Elderberry (Sambucus
Rhododendron (Rhodod
Scrub oak (Quercus s
Spice Bush (Lonicera
Blackberry (Rubus al
Raspberry (Rubus occ'

l.
2.
3.
4.
5.
6.
7.
8.
9.

10.
ll.
12.
13.
14.
15.
16.
17.
18.
19.
20.
2l.
22.
23.
24.

Small trees to be preserved 0

will peI.'DJ.it:

1. White flowering dogw
2. Redbud (Cercis canad
3. Hawthorn (Cra taegu.s
4. Blue Beech - Americ
5. Shadbush (Amerlanchi
6. Iron wood - Hophornb
7. Red Cedar - Juniper
8. Sumac - Staghorn, Sm
9. Striped Maple (Acer

10. Mountain Maple (Acer
11. Whi te Cedar (Thuja 0

12. Wild Apple (Malus
13. American Crabapple (

It has been apparent througho
plants which have been preserved 0

of new plants to threaten conducto
certainly reduces the amount of in
a study has been conducted by the
their Kane Experimental Forest to
certain plants on tree species.
interested in raising quality tree
primarily interested in for econo .
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Black Cherry (Prunus serotina), Sugar Maple (Acer saccharum), Red Maple (Acer
rub rum) , and White Ash (Fraxinus americana.). These species are among those
that bug us in the right of way ma.n.a.gem.entpro~am. The Kane Experimental
Forest have conducted experiments using grass (graminea.e), ferns (filicaleae),
asters (composi tae), and goldenrod (solidago) to determine if they had a:rry
effect on the germination and invasion of the aforementioned timber type
trees. In their testing they use the above ground parts and the root systems
separately to determine a:rry inhibitory effect. In performing this experiment
they prepared a leachate from both the tops and the roots and applied this
as a watering process. Distilled water was used as their control. In all
cases there was a very definite inhibitory effect. This ma;y sound sickening
to the chemical companies but it is a big help to the managers of vegetation
that has to be manipulated. This is a natural phenomena that has been working
to our advantage that up until now we don't know what to think about it. Just
imagine all of the experiments that are in the future to determine the in
hibitory or benefactive possibilities by each and every member of our plant
kingdom.

Managers of vegetation have many excellent tools in the kit of herbicides
that are currently available. We try to utilize the best for a particular job
in Penelec. All of our rights of way are treated on a prescription basis.
The timing for treatment is always determined by field inspection. I don't
think I can over-emphasize the importance of visua.ly observing on the ground.
I know there are many ways of programming. When getting into computer garbage
you can waste money and we can't afford to do that in our compa:rry.
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THEWONDERFULPOWEROF SE TIVITY TO POWERLINE RIGHTSOF WAY

Char es J. Olenik l

-
Pennsylvania Electric Company,

d by a field survey of the right of
nd walk and make some observations to

n ever increasing demand by homeowners,
re reliable electric service. To
ies such as Penelec have constructed

s on existing power lines, and
ansmission and distribution lines to

, having the facilities to generate and
t of the aspect of providing reliable

isting rights of way that are the
be maintained to prevent any inter

ifically, interruptions caused by trees
causing outages and other major and

t of way managers have numerous synthetic
b in fighting the encroachment of

ts of way. However, we are also facing
in the areas of environmental-quality,

n undisturbed natural landscape. This
oblem of right of way management.
of way to provide reliable service and
eas so as to provide an aesthetically
seful for wildlife and recreation.
cannot be just any chemical brush
thought and planning to choose a
adequate vegetation control and in
hetically pleasing. To accomplish this
ctors that are present on all rights

In recent years there has been
business and industry for more and
accomodate this increased use, comp
new power plants, stepped up voltag
constructed new and higher voltage
handle the increasing load. Howeve
carry the energy produced is only p
service to the customer. New and e
"highways" of electrical energy mus
ruption in the flow of energy. Spe
or brush reaching conductors thereb
very costly problems.

At the present time, we as
growth hormones that do a reliable
undesirable tree species on our rig
a fact of increasing public awarene
ecology, land use and the value of
fact adds another dimension to the
That is, we must maintain our right
at the same time manage these same
pleasing appearance and a land area
The answer to this problem therefor
control program. There must be som
chemical technique that will provid
addition be economical, safe and ae
goal we should consider some basic
of way:

Conditions Existin on the Ri

This information must be gathe
way, which means we have to get out
determine:

1. Density of undesirable tre
2. Density of desirable veget
3. Height of brush to be trea
4. Terrain.
5. Access.
6. Agricultural activities nd near the right of way as well as

State and Federal lands cross the area to be treated.
7. Population.
8. Main Road and highway eros ing.
9. Stream and river crossings.

lSupervisor of
Altoona, Pa ..
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Gathering this information is a major part in making a final decision
as to the type of chemical technique deemed necessary.

Consideration should be given to the techniques available and the
advantages and disadvantages of each as they relate to the field survey.
Some of the methods of application used on Pennsylvania Electric Company
property over the years that have been proven effective are:

SELECTIVE BASALAPPLICATION - Summer and Dormant Application

I. All woody plant species in the right of way, except species designated
to be left for future ground cover, shall be treated with chemical in
oil so as to saturate each stem completely at the ground line and to a
height of 12 to 18 inches on the stem and completely encircling each
stem. Where sprout growth originates from a stump, the treatment shall
also be applied completely around the stump and any exposed roots.

2. Extreme care must be taken to treat only the tall growing tree species.

3. All chemical solution shall be applied bv nozzleman walking the right of
way. The applicating equipment may be either power driven equipment
or knapsack spray tanks. Spray nozzles shall be adjusted to produce a
coarse spray of large droplets at 30 pounds or less pressure.

4. Treatment season shall be year around.

5. All evergreen plants, except those listed, shall be treated over their
complete height, including all leaves, twigs, and stems, in addition to
the basal treatment.

6. All stems of ash species over 5 feet in height shall be removed by
completely cutting at the 3 inch height. The brush from this mechanical
cutting shall be disposed of in a manner acceptable to the property
owner. No burning of this brush will be permitted without the approval
of the company. Stumps of this brush to be treated in accordance with
specifications for selective basal treatment except for height of
treatment.

7. The following plants are not to be treated on the right of way:

A. All grasses, ferns, and herbaceous plants

B. All annual weeds and annual plants

C. Low-growing shrubs including:

I. Mountain laurel
2. Sweetfern
3. Azalea
4. Huckleberries
5. Blackberry

Kalmia latifolia
Comptonia peregrina
Azalea nudiflorum
Gaylussacia spp.
Rubus allegheniensis
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6. Raspberry
7. Spice bush
8. Choke cherry
9. Choke berry

10. Dwarf willow
II. Witch hazel
12. American yew
13. Partridge berry
14. Wintergreen

Rubus occidentalis
Lonicera benzoin
Prunus virginians
Pyrus melanocarpa
Salix humilis
Hamamelis vlrginiana
Ta:x:us canadensis
Mitchella repens
Gaultheria procumbens

D. Small trees to be preserved on the right of way where conductor
height will permit:

I. White flowering d gwood
2. Redbud
3. American hornbeam
4. Shadbush
5. Iron wood
6. Red cedar
7. Striped maple
8. American crabappl

Cornus florida
Cercis canadensis
Carpinus caroliniana
Amelanchier canadensis
Ostrya virginiana
Juniperus virginiana
Acer pennsylvanicum
Malus coronaria

8. All brush over 5 feet in heigh
feet of all improved roads and
The cut brush shall be dispose
owner and so as not to be visi

9.

Advantages

, except the above, located within 100
highways shall be cut and stump treated.

of in a manner acceptable to the property
Ie from the road or highway.

cation of the chemical solution.
r around.

the public.

I. Selectivity in ch osing stems to be treatea.
2. Foliage "Brown Ou " can be eliminated with dormant

application.
3. Control over appl
4. Can be applied ye
5. Most acceptable t

Disadvantages

I. Excessive cost wh n applied on dense brush.
2. Limitations by te rain and access.
3. May be a problem n obtaining oil.

WATER RNE STEM- LIAGE APPLICATION

I. All undesirable vegetative gro
chemical and water so as to co
face until there is run-off; e
feet in height shall be remove

th shall be sprayed with a solution of
pletely wet the entire leaf andstem sur
cept that evergreen tree species over 5
by cutting at the 3 inch height.

2. Extreme care must be exercised to insure that each plant is entirely
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covered with chemical solution, both in leaf and stem surface. To accomp
lish this complete coverage, it is necessary that the nozzleman treat
each plant individually from a position close to the plant. Each plant
must be treated from more than one direction.

3. All chemical material shall be applied by nozzlemen walking the right of
way. The nozzle opening size shall be #9 or larger. The nozzle pressure
shall not exceed 150 pounds pressure. To assure complete coverage of
plants on the outer edges of the right of way, it is necessary that they
be sprayed by men walking to the edge of the right of way and directing
their spray to the center of the right of way. Off right of way damage
is not permitted.

4. Pump equipment used to pump or mix spray materials shall not be used to
pump water from streams or ponds into spray tanks.

5. Chemical treatment is applie~ between June I and August 15.

6. Chemical treatment shall not be made when there is a danger of wind
drift of spray materials causing off right of way damage.

7. Water borne, stem-foliage treatment shall stop at least 100 feet from
all road crossings, stream crossings, residences, and agricultural areas
and the selective basal application substituted.

8. All brush over 5 feet in height, except small trees and shrubs, located
within 100 feet of all roads shall be cut and stump treated.

Advantages

I. Economical in dense brush.
2. Moderate to good control i~ dense stands of brush.

DiSadvantages

I. Fo "Brown Out".
2. Limitations by terrain and access.
3. Less selectivity in choosing stems to be treated.
4. Less control over application of chemical solution.
5. Limitations by weather conditions.
6. Limited time period of application.
7. Water supply may be a problem in some areas.

APPLICATION BY HELICOPTER

I. Because of the complex nature of this job and the high degree of skill
required in this operation, only qualified helicopter pilots with ade
quate experience in aerial right of way spraying shall be used.
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2. It is necessary that all bru
directions parallel with the
effect of the brush foliage
thus causing lack of treatme
To accomplish treatment from
volume of solution will be a
flying in one direction; and
helicopter flying the same s
shall exercise good judgment
Where the density of brush v
be made to vary the applicat
of the trees along the edge
Damage to trees and other pI
tolerated.

h on the right of way be treated from two
line in order to overcome the shielding
n the forward motion of the spray droplets
t on the back side of the brush clumps.
two directions, one-half the prescribed
plied to the right of way by the helicopter
one-half the volume will be applied by the
ath in the reverse direction. The pilot
in applying the spray material to the brush.
ries on the rights of way, an effort shall
on with the brush density. Side dressing
f the right of way is not permitted.
nts off the right of way will not be

3. Each property owner on the r ght of way shall be contacted by the contrac
tor's personnel to obtain co sent for helicopter application.

4. Treatment shall be from June 1 and shall be completed before August 15.
Application shall not be mad when winds exceed 5 miles per hour.

5. Helicopter application shall stop at least 100 feet from all road cross
ings, stream crossings, resi ences, and agricultural areas and the
selective basal application ubstituted.

marked by the contractor so that they can
d not treated.

Selective cut areas shall b
be identified from the air

7.

6. All brush over 5 feet in he ht, except small trees and shrubs, located
within 100 feet of all roads shall be cut and stump treated.

Advantages

1. Economical
2. Effective kill on dens stands of tall brush.
3. Access and terrain are 't a problem.

Disadvantages

With all the information 0

complement the conditions exist
chemical technique.

1.
2.
3.
4.
5.
6.

Foliage "Brown Out".
Less controll applicat
No selectivity of appl
Limitations by weather
Limited time period fo
Disapproval by a large
of application.

n of chemical solution.
ation.
onditions.
application.
portion of landowners than with other types

hand, a decision can be made so as to
g on the right of way with the proper -

In some cases, several che ical techniques may be employed along a
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single t of way. This is especially true in Penelec's service area
where power lines traverse diverse types of topography and lalld use areas.

As an example, during the 1975 spray year, Ole 500 KV right of way
was treated using different chemical techniques. A right of way survey
was completed the previous year and presented a situation where a selective
basal application and helicopter application could be properly used along
different sections of the right of way.

Approximately 270 acres were set up for the selectiva basal applica
tion because of the light to moderate density of brush intermixed with a
variety of desirable vegetation. Access to and along the right of way was
adequate for men and power driven equipment to accomplish their job with
little difficulty. Finally, the areas surrounding the right of way were
mainly crop lands and pasture areas. These existing conditions on the
right of way dictated the selective basal approach.

Approximately 100 acres of the same right of way traversed remote,
steep, mountain ridges and slopes supporting dominant, tall, stands of
Black Birch (Betula lenta) and Black Locust (Robina pseudoacacia). Access
was limited with the population of the surrounding area being sparse. In
this situation the helicopter application was a very useful and economical
tool to be used without the public disapproval that may have occured in a
more populated or agricultural area.

By using this approach to vegetation management on this particular
right of way, as well as others, Penelec has achieved an effective control
of tree species without the public disapproval that may result when we
disregard all other factors and base an entire spray program on the
economic aspect alone. Although economics enters the picture, other
factors must be considered so that in years to come chemical brush control
will not be government regulated or prevented altogether.
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HERBICIDE IMPROVESTREE GROWTH
AND NUTRIENT UPTAKE

Robert D. shipmaJl

ABSTRACT

Survival and height growth of underplanted yellow-poplar (Liriodendron
tulipifera L.) seedlings were used to determine the effects of control
ling a low-quality oak-hickory stand with fenuron. Dry, pelleted fenuron
(25% a.i.) was applied circumbasally to individual unwanted oak-hickory
trees at the rate of 1 tsp. per 2 in. of tree diameter. On an upland
hardwood site of predominantly clay loam soils located in central Pennsyl
vania, 24 one-tenth acre plots were established in a complete factorial
experiment and treated as described above in June 1965. Two years after
the herbicide application, one-year-old yellow-poplar seedlings were hand
planted on all 24 plots at a 6 by 6 ft. spacing. Throughout as-year
period (1967-72) data were obtained on rainfall amount, maxim~minimum

air temperature and percent available soil moisture for each treatment at
4 and 12 in. soil depths. Soils under each treatment were sampled for
acidity, organic matter content, textural characteristics and for nutrient
content. Similarly, yellow-poplar leaf samples were obtained annually
throughout the 5-year period and analyzed for their nutrient level content.

Height growth and survival of the planted yellow-poplar was significantly
better on fenuron treated plots than on the untreated controls after five
growing seasons. On herbicide treated plots, nitrogen, phosphorus and
potassium nutrient uptake by yellow-poplar was higher than on non-herbicide
treated plots. For calcium and magnesium, however, the greatest uptake
occurred on untreated plots.

l!Professor of Forest Ecology, School of Forest Reso~rces, The Pennsylvania
State University, University Park, Pennsylvania, 16802.
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FOURYEARSOFALACHLORONORNAMENTALS

Francis R. Gouinand Conrad B. Linkll

ABSTRACT

Alachlor (2-chloro-2',6'diethyl-N-(methoxymethyl) acetanilide)
granules have been applied yearly at 2 concentrations alone and in combina
tion with granular simazine (2-chloro-4,6bis(ethylamino)-s-triazine),
triflurlain(a,a,a,-trifluoro-2,6-dinitro-N,N-dipropyl-p-toluidine), and
linuron (3-(e,4-dichlorophenyl)-1-methoxy-l-methylurea) once each spring from
1972 to 1976 on 5 species of broadleaf evergreens, 2 species of narrowleaf
evergreens, 2 species of deciduous shrubs and 2 species of deciduous trees.
The initial applications were madein the spring of 1972, 4 weeks after
lining-out and all subsequent yearly applications were madein late April or
early May.

Weedcontrol was highly satisfactory during the first 2 years in plots
receiving alachlor at 7.2 kg ai/ha combinedwith simazine at 1.8 kg ai/ha
and trifluralin at 4.8 kg ai/ha. Plots with only alachlor at 9.6 kg ai/ha
were clean of grasses, but contained several species of broadleaf weeds.
Yellow nutsedge (Cyperus esculentus L.) which was present in the field prior
to planting and evident in the control plot, was almost completely eradicated
in plots receiving 9.6 kg ai/ha of alachlor within the first years and con
trolled after two years in all plots receiving 7.2 kg ai/ha of alachlor.
However,during the 3rd and 4th years of trials, resistant weeds such as
ivyleaf morningglory (Iyomoehederacea (L.) Jacq.), commonmorningglory
(I. purpurea (L.) Roth. and field bindweed(Co~volvulus arevensis (L.»
invaded all plots heavily except plots receiving alachlor-simazine, and
alachlor-linuron.

Phytotoxic symptomswere present only on the deciduous shrubs receiv
ing alach10r-linuron and only during the first growing season. A slight
reduction on total growth with alach10r at 9.6 kg ai/ha was evident on
Strawberry bush (Calicanthus f10ridus L.) and forsythia (Forsythia intermedia
Zabel.) Also alachlor at 7.2 and 9.6 kg ai/ha appears to inhibit suckering
of Sawtooth oak (~ercus acutissima Maxim.). Sawtooth oaks treated with
alachlor alone or in combination with other herbicides were either slow
developing sprouts or failed to develop sprouts after the original trunks
were pruned to the ground 1 year after lining-out for trunk renewal purposes.

1/ Associate Professor, Professor, Departmentof Horticulture,
University of Maryland, College Park, Maryland20742.
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HERBICIDESFOR HEMLOCKSEEDBEDS
1/

J. F. Ahrens and M. Cubansld.-

ABSTRACT

Herbicides were evaluated durmg 1976 in seedbeds of eastern hemlock (Tsuga
canadensis (L.)Carr.) at the Connecticnlt State Forest Nursery in Voluntown.
Alachlor L2-chloro-2 t -6' -diethyl-N -(methox;ymethyl) acetanilid!?, CGA-24705
O-chloro-N -( 2-etbyl-6-metbylphenyl) -!-(2-methoXY-1-methylethy~) acetamid!7,
oxadiazon 7'2-tert-but Yl-4-(2,4-dichloro-5 4iswropoxyphenyl) -11 -1,.314-oxa dia 
zolin-5-oni7, and ory-zalin (3,5-dinitro-N ,Nlf_dipropylsulfanilamide),
severely ~ed the hemlocks when applied in May on newly emerged seedlings.
Napropamide L2'-(oc-naphthox;y}-N,N-diethylpropionamidy at 2 or 3 lb/A in May
and June caused excessive inj\ll'Y', bo.t one application at 3 lb/A in May did
not. Two applications of bifenox L!Detbyl-5-{2,4-dichlorophenoxy) -2-nitro
benzoat.!7 at 3 lb/A also caused excessive injU17, whereas one May application
at .3 to 6 lb/A did not.

The least injurious treatments for hemlock seedlings were DCPA(dimethyl
tetrachloroterephthalate) and diphenamid (N,N-dimetbyl-2,2-dipheny'lacetamide).
Diphena:m.idat 3 to 4 lb/A in May gaw excellent control of crabgrass (Die
taria sp.), oldfield toadtlax (Linaria canadensis (L. )Dumont), and carpetweed
(Molluso verticillata L.). DOPAat 6 or 9 lb/A in May and June gave
acceptable control of oldfield toadtlax and excellent control of carpetweed
and. crabgrasses. Neither herbicide significantly affected weights of hemlock
seedlings in the beds, or the growth of Japanese mUlet (Echinochloa
frwnentacea) in treated soil assayed at the end of the growing season.

INTRODUCTION

Hemlock seedlings are sensitive to preemergence herbicides. In e~riments

conducted at the Connecticut State Forest Nursery (1) prometr.vn L2,4-bis(iso
propylamino) -6-{methyl thio) -s-triazineJ prowd safe and effective for
controlling weeds on newly emerged seedlings or several conifers, but not
seedling hemlocks. DOPAwas found to be safe on hemlock seedlings as well
as other conif'ers. Diphenamid aDd napropamide also were safe on several
conifers, but were not tested in hemlocks. The purpose of this study' was to
evaluate these and other preemergence herbicideS for use in hemlock seedbeds.

MATERIALSANDME,¥rHODS

A trial was conducted at the Connecticut State Forest Nursery in Voluntown on
a sandy loam soil amended through the years with wood chips and containing 5
percent organic matter. Hemlock seeds were broadcast on prepared beds in late
NoV8llber and were covered with a mulch of pine needles. After the seeds

11Plant Physiologist, Connecticut Agricnlltural Experiment Station. Valley
Laboratory, Windsor, Conn. 06095, and Nursery- Manager, Connecticut
Department of Environmental Protection, Voluntown, Conn. 06384.
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germ:1na.ted in late April, mst ot the mulch was relOOvedand the seedbeds were
covered with a shade ot plastic mesh. The plastic was 1'8JII)vedto apply the
herbicides.

T'Noseedbeds 4 b,y 300 ft were used tor the experlJnent. Herbicides were
applied with a hand-held sprqer with two nozzles spraying 3 it swaths across
the beds. The sprayer was calibrated to deliver SOgal/A. The herbicide
plots were SPaced 5 ft aPart, leaving 2 it untreated between each. One plot
in ten alao was lett untreated. The herbicide treatments were replicated
three timea in randomized ccaplete blocka. All plots were irrigated within
1 hr of application and daily in the absence of rainfall thereafter.

The herbicides were first applied on Mq 20, 1976 when the hemlock seedlings
were 1/2 to 3/4 in tall in the cotyledon stage. Some seedlings ot oldfield
toadtlax were present at treatment. Weed control was evaluated visually b,y
two persons on June 23 and July 23 on a acale ot 0 to 10, with 0 aa no control
and 10 as 100 percent control. The plots were handNeeded atter evaluating
weed control and on June 23 the herbicides were reapplied. Treatments that
caused excessive injury in May were not reapplied in June.

Injur;y to the h8mlocks was evaluated b,y two persons on a scale ot 0 to 10,
with 0 indicating no injury and 10 indicating dead seedlings. Average iDjury
greater than 2.0 at the end ot the season was considered excessive.

On September 29, samples of hemlock seedlings and soU were taken from
untreated and certain treated plots. Approximately 50 seedlings trom each plot
were lifted with their roots and about 3 inches ot attached soll. The
seedlings were care1Ul.ly separated from the 8Oil, washed, blotted, and _ighed.
The soil was Jld:xed, placed in pots, seeded to Japanese millet, watered, and
placed in the greenhouse for assay ot herbici de residues. Top growth ot the
millet was weighed after 3 weeks.

In June the pr1mal'7 weeds in the plot area were oldfield toadf'lax and carpet
weed, but crabgrass plants were present in small numbere. In July all three
weeds were abundant in untreated plots.

RESULTSANDDISCUSSION

Growth of the hemlocks was poorer and more variable than normal in tb:is test
and plant injury sometimes was detected onl.y b,y careM CODlpariaonswith
adjacent controls. The weed control and injury evaluations tollowing herbicide
applica tions in May, or May and June, are given in Table 1.

Oxadiazon, alachlor, CGA-24702,and oryzalin severely injured the hemlock
seedlings at iil rates applied in Mq. Inju.r;y from or,yzalin deftloped slowly
(2-3 months) whereas injury from the others occurred within 1 month of
application. In results not shown, oxadiazon was also applied at .75 lb/A in
combination with DOPAat 6 lb/A or diphenamid at 2 lb/A. These treatments
were more etfective than the ind:J:vidual herbicides but they also caused
severe inju.r;y to the hemlocka. In earlier work at this nu.r8el'7 (1),
oxadiazon and 01'7Zalin had shown promiae for uae in pine and spruce at 1 Ib/ A.
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Table 1. Weed control in June and July, and injury in July or September
following herbicide applica tiona on May 20 or May 20 plus June
23, 1976.

17
Weed Control

Herbicide Rate, June 23 July 2~2 months
and Ib/A Dates 1 month ab- Toadhax+ y

fo nrmlation at applied AJ.l weeds AJ.l weeds grass carpetweed InJur,y

untreated 0 0 0 0 0.3

DOPA79N 6 May+June 8.2 8.9 10.0 8.2 1.3
9 May 8.7 8.8 9.3 8.7 1.0
9 Mq+June 8.0 9.2 9.9 9.0 0.3

18 May 8.3 9.0 10.0 8.2 1.3

diphenam1d- 3 May+June 9.3 9.6 9.9 9.8 1.0,ew 4 May 9.3 9.8 10.0 10.0 0.3
4 May+June 9S 9.9 10.0 9.9 1.7
8 May 9.6 9S 10.0 9.8 1.7

oryzalin 7,W S May+June 8.7 9., 10.0 9.7 7.3
.7, May 8.7 9.2 9.8 8.3 ,.7
.7, May+June 8.0 9.7 10.0 9.7 7.7

1.5 May 9.2 9.7 9.8 9.5 6.3

oxadiazon- 1 May 9.3 9.7 9.7 9.8 7.3
7SW 1S May 9S 9.8 9.9 9.9 4.8

3 May 9.8 9.8 9.0 9.8 7.7

napropamide- 2 May+June 9.2 9.3 10.0 8.7 2.7
SOIl 3 May 9.2 9.0 9.7 8.3 0.7

3 May+June 9.6 9.7 10.0 9.8 2.3
6 May 9.6 9.5 9.7 9.3 2.0

alachlor- 3 May 9.9 8.8 9., 8S 8.3
ec 4 May 9., 9.0 9., 8.8 9.3

8 May 9.8 9.8 10.0 9.8 9.,

CGA-2470,- 3 May 9.2 8.0 10.0 7.2 8.3
ec 4 May 9.1 9.0 9.9 9.3 8.2

8 May 9.8 9.8 10.0 9.8 9.0

bifenox 80'" 2 May+June 8.0 9.3 9.0 9.8 0
3 May 8.3 8.2 7.2 9.7 1.3
3 May+June 7.0 9.0 8S 10.0 2.0
6 May 8.0 8.8 7.7 9.8 0.3

1/ 0 • no control, 10 • 100Jcontrol.
Y' 0 • no injury, 10 • dead plants; the highest values for the July or SeptenJber

evaluations are shown, averaged for three replicates.
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Napropam:1.deat 3 lb/A in May controlled most weeds for the season without
significant injur,y to hemlocks, but at 2 lb/A in MaT and June or 6lb/A in
May, injur,y in July appeared excessive. However, by' September hemlock
seedlings in napropamide-treated plots showed mild injur,y and were as large
or larger than seedlings in many of the control plots (Table 2). Soil
residues of napropamide in September following two applications at 3 lb/ A or
one at 61b/A markedly redl1ced growth of JaPanese millet in a greenhouse assay.
This is in agreement with an earlier study' in which we found napropamide
residues that were toxic to seeds of oats, but not Norway spru.ce (Picea abies
{L.) Karst.}.

Table 2. Seedling weights of hemlocks in September and weights of Japanese
millet in soil ssmples from selected treatments.

17 'Y
Fresh weights of Fresh weights of

Dates 50 seedlings of Japanese
Herbicide Rate applied hemlock-grams millet-EamB-
untreated 12.3 1.33

7.1 1.64

DOPA 9 May+June 11.3 2.15
18 May 13.6 2.07

diphenamid 4 May+June 9.6 2.34
8 May 8.7 1.98

napropamide 3 May+June 10.4 .09
6 May. 13.7 .16

LSD - P • .05 N.S. .67

1/ Weights of tops plus roots averaged lor ~ replicates. ComparIsons
- between plants from treated and untreated plots showed no effects of the

herbiCides on root size.

2/ Fresh weights of tops, averaged for 3 replicates.-
Bitenox controlled carpetweed and oldfield toadtlax more effectively than
crabgrasses, with minor injury to hemlocks at 3 or 6 lb/A in May or 2 lb/A in
May and June. At 3 lb/ A in May and June, however, bifenox redl1ced hemlock
vigor in September.

DCPAand diphenamid gave good to excellent control of weeds with little injur,y
tOthe heiiilockS. Diphenamid at 3 lb/A was more effective than DCPAat 6 to
18 lb/A, especially in controlling oldfield toadf'lax. However, DCPAat 9 lb/A
in May and June gave acceptable control of all weeds for the season with
JII1mmal injury to hemlock seedlings. Neither he rbicide reduced growth of
Japanese millet in soil taken in September from the upper 3 inches of treated
plots. Better g~tth of millet in soil fral'l DOPAor diphenamid plants than
soil from untreated plots is attributed to lower nutrient levels in control
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plots due to weed competition. These results with DCPAand diphenamid in
hemlock seedbeds canpare favorably with past results on other conifer species
at this nursery (1). DCPAalso was found to be the least injurious of several
herbicides tested in seedling deciduous plants (2).
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1976 PREEMERGENCEWEEDCONI'ROLIN NURSERYLINERS

Arthur Bingl

ABSTRACT

Preemergence herbicides were applied to newly planted nursery
liners at two locations. Alachlor (2-chloro-2',6 'diethyl N (methoxymethyl)
acetanilide) and alachlor plus simazine (2-chloro 4,6-bis (ethylamino)
s-triazine) combinations gave nearly complete weed control without injury
to the test plants. Combinations of other herbicides with simazine were
also effective. Velsicol 5052 was very effective against all plants.

INTRODUCTION

Ornamental plants must not only have a good appearance to command
a premium price but also grow fast enough to be profitable. Effective
weed control is essential for attaining this objective. The Cornell
Ornamentals Research Laboratory has a continuing program of evaluating
pre- and post emergence herbicide treatments on ornamental plants (1) (2) (3).
This report deals with post-plant preemergence treatments on newly planted
nursery liners at Farmingdale and Riverhead, N. Y. during the 1976 growing
season. Combinations of herbicides show the most promise for safe,
broadspectrum weed control.

MATERIALSAND .M:N.rHODS

The nursery liners listed in Table 1 were planted at Farmingdale (F)
on April 28·29 and at Riverhead (R) on May 2- 3, one variety per row with
2 ft between plants in 15 rows 400 ft long and 3 ft apart.

All plants were cultivated once, and emerged weeds were scuffled out
or hand pulled before preemergence treatments. During the growing season
overhead irrigation was applied as needed but adequate rain occurred during
the treatment period. Spray applications were made with a hand pumped sprayer
using a Tee Jet 8003 nozzle. Granulars were weighed and applied to the plots
with a simple hand shaker that is a cylinder with holes in the cover. Each
plot was a band 8 ft wide across the 15 rows and included 4 plants in each
row and covered an area of 360 sq ft. Each treatment was replicated twice,
location determined by chance. Sprays were semi directional with no effort
to avoid foliage. At Farmingdale preemergence treatments were applied on
lotlay17 on a cloudy day with a temperature of 65-70

oF.
Rain occurredthe night

before treatment and again soon after treatments were finished. H5rbicides
were applied at Riverhead on May 21. The temperature was about 70 F, soil
was moist but rough from the cultivation. A heavy wind and a shower interrupted
application about half way through the field in the morning but applications
were completed later in the afternoon. Plant stand was good at both
Farmingdale and Riverhead at the time of treatments. Herbicides used in
this experiment are listed in Table 2. Dinitramine was applied unevenly at
Riverhead because of the wind.

1 Professor Cornell Ornamentals Research Laboratory, Farm:'.ngdale, N. y.
11735
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After weed control was evaluated in early July all weeds were removed
by hand. \V'eed regrowth was evaluated in late August. Weed control was
rated on a scale of 1 to 10 with 10 for no weed growth, 9 just a trace of
weeds, 8 only a few weeds, to 1 full of weeds. Table 3 shows the general
weed control and grass and non grass control at both Farmingdale and Riverhead.
Table 4 and 5 show control of specific weeds at Riverhead and Farmingdale.

Crop tolerance was evaluated on Oct. 6 at Farmingdale and Oct. 7 at
Ri vernead, A rating of 1 is for a dead or missing plant to 10 for excellent
growth and appearance. A rating of 8 or higher would show no injury and
acceptable growth. Resul ts are in Table 7 and 8.

RESULTSANDDISCUSSION

Alachlor applied alone or in combination with simazine was very
effecti ve at both locations. Alachlor 15G plus simazine 4G were
applied separately in the 4+1 Ib treatment. In the other alachlor plus
simazine treatments an experimental combined granule containing 8 1/3%
alachlor and 1 2/3% simazine was just as effective against weeds and safe on
the crop at rates up to 8 + 1.6 lb. Velsicol 5052 was non-selective killing
both crops and weeds. It may be a good soil sterllant. Dini tramine performed
better at Farmingdale probably because of the wind problem at Riverhead.
Hercules 26910 was more effective at 4 Ib than 2 lb. Pronamide was used to
study crop tolerance. It is not effective against weeds under the conditions
of the experiment but is useful for late fall weed control. The simazine
napropamide combination granule was not as effective as in previous seasons
gi ving only fair control at Riverhead of grasses and non-grasses.
Barnyard grass (Echinochloa crusgalli L. Beauv.) was a problem at Riverhead
but not at Farmingdale. Groundsel (Senecio vulgaris L.) and redroot pigweed
(Amaranthus retroflexus L.) were more plentiful at Farmingdale. Purslane
(Portulaca oleracea L.) and crabgrass (Digitaria sp.) were common in both
places. Also at FarmingdaJ.e there was some common lambsquarter (Chenopodium
album L.) and common ragweed (Ambrosia artemi siifolia L.) . Some rows of
nursery plants did poorly and were left out of final consideration. Only
Vel 5052 consistently injured all kinds of plants. Consistently high
ratings show good tolerance. Occasional poor plants could be due to other
causes. Consistently low ratings indicate injury. Except for Vel 5052
the treatments did not cause definite injury. Although most treatments gave
good to excellent veed control, Hercules 26910 was weaker on redroot pigweed,
groundsel and barnyard grass; CGA24705 was weak on Pennsylvania smartweed
and red root pigweed.

LITERATURECITED

1.
2.
3·

Bing, A.
Bing, A.
Bing, A.

1976 Summary of 1975 weed control experiments NEWSS30:196
1975 Nursery weed control experiments NEWSS29: 345-48
1974 Weed control on ornamentals NEWSS28:357-60
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Table 1 Liners planted at Farmingdale (F) and Riverhead (R)

Location CommonName Scientific Name

FR Andromeda
F Azalea, Hinodigeri
F Azalea
F Azalea
R Dogwood, flowering

FR Firethorn
FR Goldenbells
F Hemlock, Canadian
F Holly, Green Island
FR Holly, Heller's
R Honeysuckle, Gold Flame
R Hydrangea, Peegee

FR Juniper, Hetz
FR Maple Amur
FR Maple, Japanese
FR Pine, Japanese black
FR Pri vet, California
FR Yew, Hicks

Pieris japonica D. Don.
Rhododendron obtussum hinodegiri Planch.
Rhododendron obtussum Planch.
Rhododendron obtussum Planch.
Cornua florida L.
EYEacantha coccinea Lelandi Roem. Dipp.
Forsythia interrnedia Zabel
Tsuga, canadensis Carr.
Ilex erenata, Green Island Thunb.
Ilex crenata Helleri Thunb. ,Bailey
mcera Heckrotti Rehd.
!Iydrangea paniculata grandiflora Sieb.
Juniperus chinensis hetzii gl.auca L.
Acer Ginnala Maxim.
"'A.CerPalmatum Thunb.
Pi'iiUsthunbergii Parl.
Ligustrum ovalifolium Hassk.
Taxus intermedia Hicksii Rehd ,

Table 2 Preemergence herbicides used on nursery liners

Formulation
15G
4G
8 1/3G
1 2/3G

Chemical Name
2,chloro-2',6'-diethyl-N-(methocymethyl)acetanilde

3,5-dichloro(N-l,1-dimethyl-2-propynyl)brnzamide

2-chloro-4,6-bis (ethylamino) -so-triazine
(2-chloro-N-(2-ethyl-6-methylphenyl)-N
(~-m~thoxy-l methylethyl(acetamide) 6EC
N ,N -diethyl-a,a,a-trifluoro-3,5-dinitrotoluene-2,4-diamine 2G

4EC
4EC

lOG
2·5G

75\fP
4G

50WP
4G

50

2-(a-naphthoxy)-N-N-diethylpropionamide

3,5-dinitro-N
4, N4-diProPY1Sulfanilamide

(2-Chloro-N-(2,6 dimethyl phenyl)-N(1,3-dioxylan-2-yl)
methyl acetamide)

CommonName
Alachlor
Alachlor
Alachlor+

simazine
CGA24705

Dinitramine
Hercules 26905
Hercules 26910
Napropamide+

simazine
Oryz al in
Oxadiazon
Promamide
Simazine
Vel 5052
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Table 3 Weed control in nursery 1.iners at Riverhead and Farmingdale, New York
treated postplant preemergence

Treatment Riverhead FarmiI;l&dale
CommonName Rate General Grass Non-Grass General Grass Non-Grass

Alachlor 5 6a
9 7 9 1.0 9

6 9 9 1.0 9 10 9
8 9 9 9 10 10 10

Alachlor simazine 4+1 8 8 9 9 9 9
5+1 9 9 10 10 10 10
6+1.2 9 9 10 10 10 10
7+1.4 10 1.0 10 10 10 10
8+1.6 9 9 9 10 10 10

Vel 5052 2 9 9 10 10 10 10
4 10 10 1.0 1.0 10 10

Hercules 26910 2 7 8 8 5 7 6
4 8 9 8 8 9 8

Hercules 26905 4 8 8 9 7 8 8
8 9 10 9 8 9 8

CGA24705 2 7 9 7 7 9 7
4 9 9 10 8 10 8

Simazine oryzalin 1.+2 7 7 10 9 9 9
Simazine oxadiazon 1+2 7 7 10 8 9 10
Simazine napropamide 1+4 7 7 8 8 10 8
Simazine dinitramine 1~ 5 6 9 9 9 9
Pronamide 4 4 5 9 4 6 5
Simazine naproPamide 1.5+5 5 7 6 9 9 9
Untreated 3 5 6 2 4 3
Handweeded 5 6 7 10 10 10

~ating 1 = full of weeds to 10 = no weeds

W
N
W
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Table 4 Weed control in nursery liners at Riverhead, N. Y.
treated postplant preemergElnce. Treated May 21 Observed July e, 1916

Treatment Weed Control
COlllllOnName Rate PurslanE!. Crabgrass Barzvard grass Penn 8martweed
Alachlor 5 a 9 9 7

6 9
7 9 9
8 9 9

Alachlor simazine 4+1 9 10 8 9
5+1 10 10 9 10
6+1.2 10 9 9 10
7+1.4 10 10 10 10
8+1.6 10 10 9 10

Vel 5052 2 10 10 9 10
4 10 10 10 10

Hercules 26910 2 9 9 8 9
4 10 9 9 9

Hercules 26905 It. 9 9 8 10
8 9 10 10 10

CGA24705 2 9 10 9 7
4 9 10 10 9

Simazine oryzalin 1+2 10 9 7 10
Simazine oxadiazon 1+2 9 9
Simazine napropamide 1+4 8 9
Simazine dinitramine 1~ 5 7 7 9
Kerb 4 7 7
Simazine napropamide 1.5+6 10 9 8 6
Untreated 8 7 6 6
Handweeded 9 8 7 10

a Rating 1 = FuJ,l or weeds to 10 '" no weeds

Table 5 Weed control in nursery liners at Farmingdale, N. Y. treated postplant
Preemergence. Treated May 17 Observed July 6, 1916

Treatment Weed Control
COlllllOnName Rate Purslan~ Groundsel Red Root Crabgrass Ragweed Lambs Quarter

Alachlor 5 lOa 10 10 10 9 10
6 10 10 10 10 9 9
7 10 10 10 10 10 10
8 10 10 10 10 10 10

Alachlor simazine 4+1 9 10 10 9 9 10
5+1 10 10 10 10 10 10
6+1.2 10 10 10 10 10 10
7+1.4 10 10 10 10 10 10
8+1.6 10 10 10 10 10 10

Vel 5052 2 10 10 10 10 10 10
4 10 10 10 10 10 10

Hercules 26910 2 9 8 8 9 9 9
4 10 9 8 10 9 10

Hercules 26905 4 9 9 8 10 9 10
8 9 9 9 10 10 10

CGA24705 2 10 10 8 10 8 8
4 9 9 9 9 10 9

Simazine oryzalin 1+2 10 10 9 10 10 10
Simazine oxadiazon 1+2 10 10 10 9 10 10
Simazine napropamide 1+4 10 10 8 10 9 10
Simazine dinitramine 1~ 9 10 9 10 10 10
Pronamide 4 9 6 6 9 8 9
Simazine napropamide 1.5+6 10 10 ~ 10 9 9
Untreated 7 6 o 8 7 9
Handweeded 10 10 10 10 10 10

~ating 1 = full of weeds to 10 = no weeds
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Table 6 Tolerance of nursery liners to postplant preemergence herbicides applied at

Farmingdale, N. y. May 17 and rated on October 6, 1976

Tolerance Rating
~

t..,
~.g III rlCD CD

I::: III CD III
CD CD

~ CD e: =' et

~ i'1 ~ e: ~
N

f
'-- III

&
H

~ ~
.. '1 () '1 ..

~
CD l><'

~ :f ~/!. ::s- et ..
~ I I'C

~
OIl if 1-"

~Treatment .... 0
~ ~ ~ < ~s ~

'1 CD I: CD
CODlllOnName Rate '< .... =' -: III et '1 CD CD III

Alach10r 5 6a
9 9 8 10 9 10 10 8 8 7 7 6 9

6 6 9 9 5 10 10 10 10 8 9 7 8 3 9
7 5 8 9 9 10 10 10 9 8 7 9 9 5 9
8 8 9 10 10 10 10 10 10 9 8 6 9 6 8

Alachlor simazine 4+1 8 10 10 6 10 10 10 10 9 9 5 6 4 9
5+1 8 9 8 9 9 9 10 9 8 8 6 7 4 9
6+1.2 6 9 8 7 10 10 10 10 8 9 5 5 5 8
7+1.4 4 10 10 9 10 10 10 10 9 8 4 8 4 8
8+1.6 4 9 9 5 10 9 10 10 8 9 5 6 6 6

Vel 5052 2 2 2 1 1 2 7 2 8 9 3 2 1 1 1
4 1 1 1 1 1 1 1 1 1 1 2 1 1 1

Oryzelin simazine 2+1 7 7 8 8 9 10 10 10 8 7 4 8 4 9
Napropamide simazine 4+1 7 9 10 7 9 9 10 5 8 9 8 9 5 8

6+1.5 5 8 8 9 10 9 10 1.0 8 9 6 8 4 9
Hercules 2691.0 2 9 9 9 9 10 6 9 10 8 6 6 7 5 9

4 5 9 9 7 9 9 10 10 8 8 8 8 6 10
Hercules 26905 4 9 9 9 9 9 8 10 9 4 8 4 5 3 9

8 9 9 7 9 9 8 10 5 8 8 5 5 5 9
Untreated 4 8 8 5 9 9 8 9 6 7 6 6 2 6
Oxadiazon simazine 2+1 9 7 9 8 9 9 10 10 8 8 3 8 5 9
CGA24705 2 6 8 8 7 1.0 9 10 9 7 6 5 9 3 7

4 7 9 9 0 9 10 1.0 10 8 8 7 9 4 8
Ha"'.dweeded 6 1.0 9 8 1.0 10 1.0 10 8 8 4 8 6 6

Dinitramine simazine ~? 7 9 9 7 10 9 10 10 9 6 8 9 5 8
Pronamide 3 8 o 6 10 7 9 10 7 8 4 4 2 5

lI:L= plants dead or missing to 1.0 = excel.lent growth

Table 7 Tol.erance of nursery 1.iners to postplant preemergence herbicides applied at
Riverhead, N. Y. MIl¥21., ratings made Oct. 7, 1976

Tolerance Rating

t..,
is0.g

~ Ii
III '1
CD .... III

~
~

I!l et CD t.., 61 0
~~

N ': III

~
.g

~III ....
:? ~ '1 ()

~
..

~ hl >1
~ "" ..et

~ 1'!. III ..
~ l ~

s: I.... ::s- ::s!
~ ~Treatment Ii 0

~ ~ ~'1 CD s ~COllIlIIOnName Rate et =' III III '1 CD P- CD CD

Alach10r 5 ¥' 9 5 10 5 5 7 9 7 5 6 8 8
6 9 9 5 10 6 7 9 8 5 6 8 1.0 9
7 9 9 8 10 4 3 8 9 7 4 6 10 8
8 7 9 9 9 5 3 8 9 7 6 7 10 9

Alachlor simazine 4+1 8 9 2 10 5 3 8 9 5 7 8 1.0 8
5+1 10 10 1 9 1 6 9 9 7 7 6 10 8
6+1.2 8 10 2 10 6 5 8 9 8 5 6 10 9
7+1.4 8 9 2 9 1 5 9 9 4 5 5 10 9
8+1.6 8 10 1 10 3 8 8 9 4 5 4 10 10

Vel 5052 2 1 2 1 3 2 3 2 2 3 2 1 2 1
4 1 1 1 1 1 1 1 1 1 1 1 1 1

Oryzalin simazine 2+1 8 9 0 10 4 4 8 8 8 6 6 10 9
Napropamide simazine 4+1. 6 9 5 10 7 7 8 8 7 8 7 10 9

6+1.5 10 10 5 10 6 8 8 9 6 8 3 7 8
Hercules 26910 2 9 10 5 10 5 5 8 9 8 9 7 10 9

4 8 10 4 10 4 5 8 8 7 6 7 10 9
Hercules 26905 4 9 8 6 9 3 3 7 8 5 0 7 10 9

8 8 9 5 10 3 6 7 9 5 5 4 10 8
Untreated 9 10 7 10 4 5 6 9 7 7 0 10 8
Oxadiazon simazine 2+1. 9 9 2 9 9 8 8 9 7 6 7 10 7
CGA24705 2 10 10 6 10 4 7 8 9 5 7 7 10 9

4 8 10 4 10 2 7 7 9 6 6 8 10 9
Handweeded 10 9 10 10 3 7 9 9 0 9 6 10 9
Dinitramine simazine ¥1 9 10 1 10 3 4 8 9 6 5 5 10 6
Pronamide 4 9 10 3 10 4 8 8 8 8 b 4 .0 9

a 1 = plants dead or missing to 10 = excel.lent growth
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CONTROLLINGPERENNIALWEEDSIN ESTABLISHEDLANDSCAPEPLANTINGS

Francis R. Gouinl/

~BSTRACT

Ornamental plantings on institutional grounds frequently become
infested with perennial weeds. FeNpost-emergent herbicides are labeled to
control weeds under such circumstances. Glyphosate (N-Phosphonomethyl
Glycine) at 1.2 (high) and 2.4 (lo~) kg ai in 557 L of water/ha. was broad
cast sprayed over established plantings of Waukeganjuniper (Juniperus
horizontalis 'Douglasii' Hort.) anj Rockcotoneaster (Cotoneaster
horizontalis Decne.) infested with Bermudagrass(c}nadon dactylon (L.)
Pers.), Canada thistle (Cirsium ar~ense (L.) Scop. and yellow nutsedge
(Cyperus esculentus L. ) in July-a,d in September.

The high July application c)ntrolled Canadathistle without causing
any visible phytotoxic symptomson the foliage of both species of
ornamentals. The low application ~ate appeared to have retarded the growth
of Canada thistle and caused margilal chlorosis on Rockcotoneaster. Neither
July applications controlled or inFluenced the growth of yellow nutsedge or
Bermudagrass.

Septemberapplications at both concentrations resulted in total weed
control. However, the foliage of I~ock cotoneaster exhibited moderate to
severe symptomsof marginal chloro:;is. Waukeganjuniper did not appear to
have been affected by either rates of applications. Test applications of
glyphosate at 2.4 kg ai/ha in July, August and September 1974-1975over
Andora juniper (J. horizontalis 'P'iumosa' Hort.) resulted in good control of
Bermudagrasswith no visible phyto':oxic symptomsto the foliage or on the
subsequent growth of the plants.

1/ Associate Professor, De~artment of Horticulture, University of
Maryland, College Park, Maryland2(742.



GLYPHOSATETO CONTROLPERENNIALWEEDSIN LANDSCAPEPLANTINGS

~~Bb~

ABSTRACT

Perennial weeds are very difficult to eradicate from a landscape planting of
perennial plants. Glyphosate [~-(phosphonomethyl)glycine] is a systemic
effective against many perennial weeds and leaves no residue on the soil that
can leach down to the roots. Directed sprays of glyphosate at 1-2 lb in 40
gal water per acre were applied to control mugwort (Artemesia vulgaris L.),
field bindweed (Convolvulus arvensis L.), poison ivy (Rhus radians L.),
yellow nutsedge (Cyperus esculentus L.), quackgrass (Agropyron repens L.
Beauv.), Japanese knotweed (Polygonum cuspidatum Sieb.& Zucc.) and other
weeds in plantings of trees, shrubs and ground covers.

Mugwort, poison ivy, and quackgrass were easily controlled by spraying with
1-1.5 lb of glyphosate. The larger growing Japanese knotweed is controlled
with 2-3 lb of glyphosate but it is difficult to spray without also spraying
desirable plants. Field bindweed required repeated applications at 2-3 lb
for control. Hedge bindweed (Convolvulus sepium L.) appears to be more
difficult to control. As new tubers of yellow nutsedge start growing, repeat
applications are necessary.

327

Conifers such as Juniper (Juniperus) and yew (Taxus) are fairly tolerant to
glyphosate. A rate of 2-3 lb will kill tips of branches but the plants soon
put on new growth that covers the damage. Canadian hemlock (Tsuga canadensis)
burns easily but also grows new foliage and branches.

The ground covers English ivy (Hedera helix L.) and Japanese spurge
(Pachysandra terminalis Sieb. & Zucc.) tolerate 0.5-1.5 lb glyphosate and
this may be a new approach to weed control in ground cover plantings.

11 Professor, Cornell Ornamentals Research Laboratory, Farmingdale, NY 11735.
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CONTROLLINGRIP-SHINS(BRAMB_ES)ANDMUGWORTWITHGLYPHOSATE

Francis R. Gouin!!

ABSTRACT

Brambles (Rubus spp.) are frequently troublesome weeds on Christmas
tree farms and mugwort(Artemesia vulgaris L.) is often a nuisance in new
and in established nurseries. Because they spread by rhizomes, mass
propagation of these weeds occured during normal field preparation practices.
To effectively control these weeds, complete eradication is essential prior
to preparing the soil for planting.

Several phenoxyherbicides and 2-amino-l,2,4-triazole are effective
at high concentrations in controlling these weeds. However,these herbicides
leave a soil residue that is harmful to ornamental plants and in addition
they must be used with extreme caution to avoid injury to nearby ornamentals
from drift.

Glyphosate (N-PhosphonomethylGlycine) was applied on brambles growing
in full sun and under partial shade at 1.2,2.4, and 4.8 kg ai in 557 L of
water per ha at 20 to 30 day intervals starting in mid June, July, August,
September, and October 1976. In October a 0.6 kg aijha concentration was
added to the list of treatments. Only brambles sprayed in June with 4.8 kg
concentration appeared to have been injured. Bramblessprayed with the lower
concentrations were only retarded and did not appear to have been controlled
because normal growth resumed in August. July applications at 2.4 and 4.8 kg
concentrations resulted in visible permanent injury to all brambles sprayed.
There appeared to have been someretardation in the growth of brambles
sprayed with 1.2 kg concentration. Visible permanentdamagewas observed on
brambles treated in August and Septemberat all concentrations. The October
treatments were not evaluated. Brarrbles growing in the partial shade appear
to be equally sensitive to glyphosate as those growing in the full sun.
However,plant symptomsresponce ap~ears to be delayed.

June applications of glyphosate at 2.4 and 4.8 kg concentrations on
mugwortresulted in visible injury within 3 to 4 weeds, but regrowth in both
treatments was observed in August. The 1.2 kg concentration gave no visible
sign of injury. However,July, Auglst, and Septembertreatments at all
levels of treatments resulted in complete control. The October treatments
were not evaluated.

Final Observation on these plots will not be madeuntil June 1977.

1/ Associate Professor, Depcrtmentof Horticulture, University of
Maryland, College Park, Maryland 20j'42.
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CONTROLOFPERENNIALANDANNUALWEEDSIN
ESTABLISHEDPLANTINGSOFNARROWLEAFEVERGREENS

Chiko Haramaki!I

ABSTRACT

NupsePy p'lanirinqe of mature eetabl.iehed Ware's asbomri.tae (Thyja
oaaidentaUs 'Ware')" Ool-dpl.umefaZseaypress (Chamaeaypar£s pisifera
"Gol-dpl-ume") and Savin juniper (Juniper'Ous sabina) were treated with directed
sprays of gZyphosate (N- (phosphonomethyZ)gZyaine) in oombinatdone with diuron
(3-3"4-diahZorophenyZ)-1,,1-dimethyZupea),, simazine (2-ahZoro-4,,5-bis(ethyZamino)
-S-triazine) and DPX-3674 (VeZpar) - (3-ayaZohexyZ-6-(dimethyZamino)-1-methyZ
2" 3" 5-triazine-2" 4 (lH" 3H)-dione) to the existing annual- and perennial- weeds.
Long term effeative weed eontrol: was obtained with UttZe or no damage to
mature nariooleaf' evergreen plantie , when gZyphosate was appl-ied at at 2
pounds of aotsive ingredients per aare in aombination with one of the pre
emergent herbioi.dee at 2 pounds of aetrive ingredient per aare.

INTRODUCTION

The control of annual and perennial weeds in established plantings of
ornamental trees and shrubs in nurseries and landscaped areas have been dealt
with in the past by mulching, handweedingand mechanicalmeans. Morere
cently herbicides have been used to control weedsduring the dormantperiod.
The control of weeds during the growingseason in heavily infested areas of
established plantings still remains a problem.

Several researchers have indicated that effective control of existing
annual and perennial weedscould be obtained by the use of glyphosate (1,2,
3,4,5,6,7). Goodcontrol of Canadathistle (Cirsium arvense Scop.) (5,6)
commondandelion (Taraxacumofficinale Weber)(1), field bindweed(Convol
vulus arvensis L.) (6,7), mugwort(Artemisia vulgaris L.) (4,5) and quack
grass (Agropyronrepens Beauv.) (1,2,3,5) was obtained by the use of glypho
sate. The use of glyphosate plus a preemergent herbicide gave effective
control of existing weedsand subsequent germinating weeds. Preemergent
herbicides such as asulam (methyl sulfani1ylcarbonate) and simazine (1,3)
have been used with glyphosate. Plants which have showedto be tolerant to
directed sprays of glyphosate include Hetz juniper (Juniperus chinensis 'Hetz'),
Hicks yew (Taxusmedia 'Hicks'), Japanese garden juniper (Juniperus procumbens),
Japanese holly (Ilex crenata), Norwayspruce (Picea abies), rhododendron
(Rhododendron),wefgela (We;ge1asp.) and white pine (Pinus strobus) (4,5,6).
Susceptible plants have included California privet (Ligustrumovalifo1ium),
forsythia (Fors thia sp.), Japanese maple (Acer a1matum),multiflora rosa
(Rosa multiflora, sweetgum{Liguidambarstyraciflua , and Toringo crabapple
(Malussiebold;).

17Professor, Departmentof Horticulture, The Pennsylvania State University,
University Park, Pennsylvania, 16802.
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Table 1. Effect of Postemergent Appications of Glyphosate on WeedGrowth,
1976.

Quackgrass* Grasses Broadleaves All Weeds

7-16 10-23 7-16 1C 23 7-16 10-23 7-16 10-23

0 3.4 6.3 4.7 L8 4.2 3.2 8.8 10.0
~#/A 2.7 4.4 4.0 E.2 5.2 4.0 9.2 9.2
l#/A 2.1 3.3 3.1 ~.8 5.4 4.2 8.6 8.0
2#/A 1.4 1.0 2.4 1.3 6.9 4.3 9.3 5.6

* 0 - Noweeds, 10 - 100% eed coverage

Table 2. Effect of Postemergent Ap~lications of Glyphosate and Diuron on
WeedGrowth, 1976.

Quackgrass* Grasses Broad1eaves All Weeds

7-16 10-23 7-16 H -23 7-16 10-23 7-16 10-23--
0+2#/A 3.2 4.8 4.3 L9 4.5 3.1 8.9 9.0
!a+2#/A 3.1 2.6 3.8 ~ .6 4.6 3.3 8.4 6.9
1+2#/A 3.6 1.9 4.6 L8 4.3 3.7 9.0 6.4
2+2#/A 3.2 1.2 4.2 1.7 4.8 2.6 9.0 4.2

* 0 - Noweeds, 10 - 100% eed coverage.

The objective was to find a herbicide or a combination of herbicides
which would decrease or eliminate tt existing annual and perennial weedsand
retard or prevent the growth of new eeds in an established planting of mature
narrowleaf evergreens with minimumcamageto the nursery plants.

METHODSNOMATERIALS

The experiment was conducted a1 the student nursery at University Park,
Pennsylvania in an established p1an1ing of narrowleaf evergreens which were
growing in a Hagerstownsilt loam. The crop plants were Ware's arborvitae
which were approximately two feet w~de and four feet tall, goldplumefa1se
cypress which were one foot wide anc one and a half feet high, and savin
juniper which were approximately thlee and a half feet wide and one and a
quarter feet high.

The weedswere periodically mo\ed but not treated with herbicide prior
to the experiment. Three weeks aftEr the last mowing,the herbicides were
applied on July 17,1976. The tempEratures were: air - 640F, soil surface 
64°F, 211 below soil surface - 640F ,hen the applications were started and air 
740F, soil surface - 740F, and 211 bl10wsoil surface - 720F whencompleted.
The soil moisture was at field capality and the wind varied from 0 to 5 miles
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Table 3. Effect of Postemergent Applications of Glyphosate and Simazineon
WeedGrowth, 1976.

Quackgrass* Grasses Broadleaves All Weeds

7-16 10-23 7-16 10-23 7-16 10-23 7-16 10-23

0+2#/A 4.2 4.7 5.0 5.2 4.1 3.8 8.0 9.0
~+2#/A 2.9 2.4 3.8 3.0 5.0 2.9 8.8 5.9
1+2#/A 3.2 2.1 4.2 2.7 4.4 1.6 8.7 4.2
2+2#/A 3.0 0.4 3.7 1.3 5.1 0.9 8.8 2.6

* 0 - Noweeds, 10 - 100%weedcoverage.

Table 4. Effect of Postemergent Applications of Glyphosate and DPX-3674
(Velpar) on WeedGrowth, 1976.

Quackgrass* Grasses Broadleaves All Weeds

7-16 10-23 7-16 10-23 7-16 10-23 7-16 10-23

0+2#/A 3.6 1.8 5.4 2.4 3.4 2.1 8.9 4.6
J-a+2#/A 3.4 2.9 5.2 1.8 3.3 1.9 8.6 3.7
1+2#/A 2.4 1.2 4.1 1.3 4.6 2.3 8.7 3.7
2+2#/A 1.6 0.6 3.0 0.8 5.2 2.0 8.2 2.8

* 0 - Noweeds, 10 - 100%weedcoverage.

per hour. The sky was clear and sunny at the beginning and partly cloudy at
the end. Mostof the weedswere approximately 6 inches tall with a few up to
18 inches in height. The herbicides were applied as a spray directed to the
weeds and the base of the nursery plants.

Glyphosate was applied at the rate of 1/2, 1 and 2 poundsof active
ingredients per acre. An untreated control was included in the trial. G1ypho
sate at the same rates of application was also applied with diuron at 2 pounds
of active ingredient per acre. This was repeated with simazine at 2 poundsof
active ingredient per acre, and again with DPX-3674(Velpar) at 2 poundsof
active ingredient per acre. Each treatment or combination of treatments was
replicated nine times. There were twelve untreated plots. All plots were
50 square feet.

RESULTSANDDISCUSSION

The predominant weeds in the plots prior to herbicide application in
decreasing order of frequency were creeping buttercup, Ranunculusrepens L.;
quackgrass, Agropyronrepens Beauv.; orchardqrass , Dactylls glomerata L.;
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Table 5. Effect of Postemergent Ap lications of Glyphosate and Other Herbi-
cide Combinationson Nurs ry Plant Growth. 1976.

Ware's Gold Plume Savin
Arborvitae* Fa1se Cypress Juniper

7-16 10-23 7-16 10-23 7-16 10-23

G1yphosate

0 1.0 0.3 1.0 0.7 0 0
~#/A 0.7 1.0 1.3 1.0 0 0
l#/A 0.3 0.3 0.7 0.3 0 0
2#/A 0.3 0.3 1.0 0.3 0 0

Glyphosate and
Diuron

0+2#/A 0.3 0.3 2.0 2.7 0 0.7
¥2#/A 0.3 1.3 1.3 2.0 0.7 0
1+2#/A 0.7 1.0 1.7 1.7 0 0
2+2#/A 0.3 1.0 1.0 2.0 0 0.3

Glyphosate and
Simazine

0+2#/A 1.0 1.3 0.7 0 0 0
~+2#/A 0.3 0.7 1.3 1.0 0 0
1+2#/A 0.7 0.3 1.3 0.7 0 0
2+2#/A 0.3 0.7 1.0 1.3 0.3 0

Glyphosate and
DPX-3674(Velpar)

Q+2#/A 0.3 0.7 1.3 2.0 0 0
¥2#/A 0.7 1.3 1.0 2.0 0 0.3
1+2#/A 0.3 1.0 1.0 2.0 0.3 0
2+2#/A 0 1.0 1.3 1.7 0 0.3

* 0 - No Injury. 5 - Dea .
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crownvetch, Coronilla varia and commonblue violet, Viola papilionacea.

Four weeks after application the weeds in all plots treated with gly
phosate at 2 poundsof active ingredient per acre were all effectively con
trolled, and there was a definite reduction in weedgrowth at 1 poundof
active ingredient per acre. Theweeds in all plots treated with 2 pounds
of active ingredient of DPX-3674had extensive necrosis.

OnOctober 23, 1976, fourteen weeks after application, the plots were
examinedin detail. In the glyphosate treated plots at 2 poundsof active
ingredient per acre the creeping buttercup, crownvetch, orchardgrass and
buckhorn plantain, (Plantago lanceolata L.) were almost eliminated, and the
populations of quackgrass and Canadathistle (Cirsium arvense Scop.) were
9reatly reduced (Table 1). These weedswere replaced by yellow rocket
(Barbarea vulgaris R. Br.), curly dock (Rumexcris us L.), shepherdspurse
(Capella bursa- astoris Medic.) commonyarrow Achil ea millefolium L.) and
white cock e Lychnls a ba Mill.).

In the plots treated with glyphosate at 2 poundsand duiron at 2 pounds
of active ingredient per acre, orchardgrass, commonblue violets, buckhorn
plantain and yellow woodsorrel, (Oxalis stricta L.) were eliminated (Table 2).
The numberof quackgrass and red raspberry (Rubusidaeus L.) plants were
greatly reduced. Creeping buttercup and crownvetchpopulations were also
reduced. There were a few wild garlic (Allium vineale L.), shepardspurse,
yellow rocket and curly dock plants which were not originally present.

The plots treated with glyphosate at 2 poundsand simazine at 2 pounds
of active ingredient per acre had the crownvetch, commonblue violets, yellow
woodsorrel, dandelion (Taraxacumofficinale Weber)and Virginia creeper
(Parthenocissus guinguefolia Planch) plants eliminated (Table 3). The popu
lations of orchardgrass, quackgrass, and creeping buttercup were greatly
reduced. There were somewhite cockle, shepardspurse and yellow rocket plants
present.

Orchardgrass, commonblue violets, yellow woodsorrel, dandelion, Virginia
creeper and wild carrot (Daucuscarota L.) plants were eliminated by the sprays
of glyphosate at 2 poundsand DPX-3674at 2 poundsof active ingredient per
acre (Table 4). The numberof creeping buttercup and quackgrass plants were
greatly reduced. There were a numberof wild garlic and somecurly dock
plants in these plots.

Tolerance of the mature narrowleaf evergreen plants to directed sprays
of glyphosate and selected preemergent herbicides was good. Very little
injury differences was noted in the Ware's arborvitae and Savin juniper plants
before and after treatment. There was a slight increase in the amountof
injury on the goldplumefalsecypress plants whentreated with DPX-3674at
2 pounds of active ingredient per acre.
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Elimination of existing growingweedscan be obtained by postemergent
applications of glyphosate at 2 poundsper acre but the treated areas are
soon filed with weeds from germinating seeds. The use of preemergentherb
icides such as diuron, simazine and DPX-3674in combinationwith glyphosate
can result in quick elimination of existing annual and perennial weedsand
retard the growth of germinating weedseeds for long term effective weed
control with minimal injury to somemature narrowleaf evergreen varieties.
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POSTEMERGENCEHERBICIDESONTHE BARKANDBASALSPROUTSOF SHADETREES
1/

J. F. Ahrens-

ABSTRACT

Paraquat (1,1 '-dimethyl-4,4 '-bipyridinium ion), dinoseb (2-sec-butyl-4,6-
dinitrophenol), cacodylic acid (hydroxydimethylarsine oxide) and glyphosate
LN'-(phosphonClDethyl)glycineJ were applied in water on the lowr trunk and basal
sprouts of eight newly planted deciduous trees as one-year whips. The trees
included Acer platanoidea 'Superform' and 'Cr:imson King', Gleditsia
triacanthoSinermis 'Sunburst' and 'Imperial', Platanus orientalis, Sorbus
aucuparia. Quercus palustris and Tilia cordata 'Greenspire'.

Paraquat at 2 or 4 lb/1oo gal and dinoseb at 12 or 24 Ib/1oo gal killed the
basal sprouts of Acer and Gleditsia without direct injury to crowns. However,
both concentrationsof paraquat severely injured the bark of Gleditsia
'Sunburst' and the higher concentration injured the bark of G. 'Imperial'.
Both concentrations of dinoseb injured the bark of Tilia. -

Glyphosate at 3 and 6 lb/1 00 gal and cacodylic acid at 9.9 and 19.8 Ib/1 00
gal ld.lled most basal sprouts on which they were applied without injury to the
bark of ~ cultivar. CD.yphosate at 6 lb/100 gal caused slight injUry to the
crown of ~ 'Superform', and severe injury to one PlatamJ.!l that had II1aDY'basal
sprouts and a small crown. Cacodylic acid injured the crowns of all trees
(Acer and Gleditsia) that had basal sprouts at treatment, rot did not injure
tii'Oii' without basal sprouts.

INTRODUCTION

Herbicides that are used to control establishe d weeds in woody plants
frequently contact the trunk and basal sprouts. Thererore, it is important
to know the tolerance of various tree species to applications on the bark and
basal foliage. Paraquat, a standard postemergence herbicide for woody plants,
otten injures immature or "green ll bark, resulting in partial or complete
girdling of the plant. Dinoseb, howewr, is presumed safe on the bark of most
woody' plants. Less is known about the effects of cacody'lic acid on the bark
and basal sprouts of young shade trees. Earlier we observed injury to the
crown of established dogwood (Comus fiorids.) from sprays of cacody'lic acid
on basal sprouts (J).

Putnam (6) reported that applications of glyphosate on the lower tnmk and
suckers of apple, pear, and sour cherry did not injure the bark or the crown,
but similar applications on newly planted peach trees severely injured the
crown and split the bark. During a 4-year period, we obserwd no crown injury
trom ~lyphosate on the lower bark and suckers of established apple trees.
Lord (5) reported injury fran glyphosate on the current season's growth of
apple trees and on one-year-old wood of <brmant clonal rootstocks. Curtis (4)

!I plSiit Ph1'Slo1og1st, The Connecticut Agricul.tural Experiment Station, Valley
Laboratory, Windsor, Com. 06095.
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reported that ~hosate injured aPi trees when applied to fresh pruning
wounds" bIlt not when applied to prw: wounds that were two weeks old.
Ahrens (1) also reported localized :JljnJlU")"to junipers" yews, and pine rrom
applkd~nsof~oo_teonp~ woon~.

The purpose of this work was to detf mine the tolerance of several newly
planted deciduoUS shade trees to hi, dosages of paraquat" dinoseb, cacod;yl1c
acid and ~sate applied on 'the J war trunk and on 8DT basal sprouts that
were present.

MATERIAL: .ANDME'!'IDDS

DISCUSSIONRESULTS

Paraquat at 2 or 4 lb/100 gal ldlle the leaws of all basal sprouts within 3
weeICS;bUt did not stfect the upper lea'Ves until 1a te in the season and then
onlY' in those honeylocust.s (Gledit. a sp.) that showed bark injury. Bark
injury was caused by paraquat oD11' n the honeylocusts and was JDOstsevere on
'Sunbllrst', which were almost complet.ely girdled. Within 14 weeks these
trees showed redu.ced top growth anehad resprouted vigorously at the sol1
line. In the 'ImperiaJ.' honey~ts, localized necrosis of bark occurred at
the base of the treated sprouts me one of the three trees sprayed with 4 Ib/100
gal developed patches of necrotic 1 rk after 7 weeks. Although the pin oales
(Quercus HiUStris), London planet.J 8 (Platanus orientalis), and 'Greenspire'
lindens ( ia cordata) also had g2 n bark or green tinged bark, they were
not. affected by paraquat.

Dinoseb killed the basal sprouts oj the maples (Acer sp.) and the honey-locusts
within 1 week.. but caused no crown or bark injury except to 'Greenspire'
linden. At 7 weeks after treatmeni the bark of the lindens was rust oolored

Trees growing in a cOlll'llercial J1I11'Sel in Bloomfield, Connecticut, were used
for these tests (Table 1). The one. ;year-old whips were transplanted into
the sandy loam 8011 during the week of April 12, 1976. A broadcast application
of s1mazine D'-ehloro-u,6-bis(etb1'll)-s-triazin!.7 at 1 Ib/A plus DCPA
(d1metlr,yl tetrachloroterephthalate) at 10 Ib/A was made in late April as in
standard nursery practice.

On June 16, 1976, four herbicides WI re sprqed to runoff on the lower 18
inches of bark and basal sprouts of the eight cul.tivars described in Table 1.
The treataents were applied with a: psaek sprayer on three trees of each
cul ti var. The air temperature was ' 2°F at application and rain tell 12 hours
later. Injury to the bark, sucker prouts, and to the crown (upper leaves)
was evaluated at 1, 3, 7 and 14 weesatter spraying.

The herbicides and their dosages in lb/1 00 ~ or gIL inclUded: cacod;ylic
acid (PHlTAR S6(» at 9.9 lb/100 gal (11.9 gIL) and 19.8 lb/100 gal (23.8 gIL),
diDoseb (PREMERGE)at 12 lb/100 gal (14.4 gIL) and 24 lb/100 gal (28.8 giL),
gl;vphosate (ROUNDUP)at 3 Ib/100 gs (3.6 gIL) and 6 lb/100 gal (7.2 gIL),
and paraquat (PARAQUATct) at 2 lbl 00 gal. (2.4 giL) and 4 1b/100 gal (4.8 giL).
Dosages of glyphosate are giwn in rms ot acid equivalent. Dosages ot the
others are given in te111lSof active ingredient.
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and corky in the areas sprayed with dinoseb. The external corky bark rubbed
off when touched. At 14 weeks the injury was severe at both dosages.
Scraping the bark revealed green tissues beneath, and the crowns appeared
healthy. Although this bark injury on the lindens appeared to be superficial,
these trees will be observed during 1977 to detemine the fUll extent of the
damage.

Within a week after application, cacodylic acid at 9.9 or 19.8 1b/100 gal on
the basal sprouts of the honeylocusts and maples caused leaf necrosis on
branch tips 2 to 4 rt above sprayed areas. Arter 7 weeks, the injured leaves
in the crowns of honey-locusts and maples had fallen off and dead shoot tips
were evident at the higher dosage. About 10 percent of the foliage in the
crowns was affected. Trees without basal follage at the time of treatment
wi th cacodylic acid were not injured.

Glfhosate at 3 or 6 Ib/100 gal killed the basal sprouts or the honeylocusts
an 'CrIiliSon King' maples within 3 weeks, bI1t at 3 lb/l00 gal caused only 30
to $0 percent necrosis on basal sprouts of 'SUperform I maples and London
planetrees. Injury to the crowns from sprays on basal foliage developed only
at the higher dosage on 'Superform I maples and on one of three planes. Crown
injury on the •Superform I maples appeared as necrosis of leaf tips on isolated
branches. Arter 7 weeks, this injury was no longer evident and the trees
appeared to be healthy.

The planetree that was injured by glyphosate had a small crown and basal
sprouts that constituted about 40 percent of the foliage of the tree. Injury
to the crown was severe with necrosis on most lea ves within 3 weeks, and
dwarfing of leaves and crown at 7 and 14 weeks. No evidence of crown injury
from glJphosate occurred on any of the other trees, including the honeylocusts
and 'Crimson King' maples, which also had basal sprouts at the time of
treatment. No injury to the bark or effects on plant vigor were observed on
these trees.

Paraquat and dinoseb are contact herbicides not easily translocated in plant
tissues. Both killed basal sprou.ts of trees bI1t did not appear to move to
crowns. The sensitivity to paraquat of certain green-barked trees such as
the honey-locusts was continued in this test. Dinoseb also appears to be
potentially injurious to the bark of linden.

Caco<trlic acid apparently moves readily from basal sprouts to crowns, with
potentially severe effects. Root or bark: uptake of cacodylic acid might be
involved, except that only trees with basal sprouts showed injury to crowns.
Clearly, basal sprouts should be removed from trees before spraYS of caco<trlic
acid are applied at high dosages.

Glyphosate is known to be translocated. Based on our observations in this
and other studies in woody plants, inju17 to crowns £rom basal applications
occurs, a) when the treated basal foliage constitutes a large portion of the
foliage of the tree, or b) at high rates ot application. No apparent
movement trom basal sprouts to crowns occurred at 3 Ib/100 gal, a rate higher
than is required for control of perennial weeds. We did not observe on these
ornaJf1eXltalspecies the bark injury reported with glJIPhosate in peaches (6).
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Observa tions during a second season wUl be needed to evaluate long te:rm.
effects of these herbicides on the 1.rees.
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Table 1. Species, sizes, bark color, and the presence of basal sprouts on
one-year-old whips ot deciduous trees recei v:t.ngherbicide
applications on the lower bark on June 16, 1976.
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Stem
diameter Presence

Species at 1 tt, Height, Color ot ot sprouts
name inches teet bark on lower 1B inches

y
Acer platanoides

.3/B-1 6-BfSupertorm' brown several
11

Acer platanoides
.3/B~t Crimson King f B-9 brown several

y
Gled! tsia tr1acanthos

inermis 'Imperial' .3/B-.3/4 6-B green several
y

Gledi.tsia triacanthos-
inermis 'Sunburst • .3/B-.3/4 6-8 green several

2/
Platanus or.1entalis- ~.314 6-9 green tinge tew, variable

.3/
Sorbus auc:uparia- .3/4-1 B-9 brown .none

'J/
~.314Quercus palustris 9-10 green none

11
Tilia cordata

fGreenspire f ~JI4 5-6 green tinge none

Y Gra.rted in 1974, grown in 1975, and dug in the fall.

Y Cnttings cut back in 1974, grown in 1975, and dug in the tall.

'J/ Seedlings cut back in 1974, grown in 1975, and dug in the tall.
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CONTROLOF SMOOTHCRABGRASSIN KENTUCKYBLUEGRASS
ANDRED FESCUEUSING PRE- ANDPOSTEMERGENCEHERBICIDES

T. L. Watschke, D. J. Wehner, and J. M. Duich!/

ABSTRACT. Nine herbicides were evaluated for pre- and postemergence
control of crabgrass, Digitaria ischaemum (Schreb.) Schreb. ex Muhl.
in Kentucky bluegrass (~ pratensis L.) and creeping red fescue
(Festuca rubra L.). Preemergence materials used were DCPA
(dimethyl tetrachloroterephthalate) 5G (16/30 and 24/48 mesh), 75W,
and 6F; butralin [4-(1,1-dimethylethyl)-N-(1-methylpropyl)-2,
6-dinitrobenzenamine] 2.3G and 2.0G; prosulfalin (N-[[4-(dipropyla
mino)-3,5-dinitrophenyl]sulfonyl]-S,S-dimethylsulfilimine) 50W; HOE
22870 (undisclosed) 2.5G; bensulide (O,O-diisopropylphosphorodithioate
S-ester with N-(2-mercaptoethyl)benzenesulfonamide) 3.6G; benefin
(N-butyl-N-ethyl-a,a,a-trifluoro-2,6-dinitro-p-toluidine) 2.5G; and
AC-92390 (N-Sec-Butyl-2,6-dinitro-3,4-xylidine) 2.5G. Chemicals which
gave acceptable control (above 85%) of crabgrass in both turf species
were DCPA (all formulations), prosulfalin, butralin (both formula
tions), bensulide, and siduron, The high rates of HOE-22870, benefin,
and AC-92390 gave acceptable control in red fescue, Moderate injury
was found on red fescue treated with DCPA(all formulations) and the
high rates of butralin (2.3G) and benefin. Postemergence materials
used were DSMA(disodium methanearsonate) 2.9G and HOE-22870 2.5G.
The best postemergence control resulted from applications of DSMA,
however, control from either material was not comparable to that
obtained with preemergence materials. The high rate of HOE-22870
injured bluegrass severely.

INTRODUCTION

Experimental herbicides undergo extensive testing to determine their
efficacy in a given crop-weed situation. Crabgrass is a problem in home lawns
and other intensively managed turf areas, The professional turf manager is
interested in new preemergence herbicides which are safer, have more flex
ability, and are economically comparable to available materials. The non
professional often requires an herbicide which would provide good post
emergence crabgrass contir-o.l-,

The purpose of this study was to compare the pre- and postemergence crab
grass control and turf phytotoxicity of four experimental herbicides with five
commercially available materials. Several of these herbicides have been
evaluated previously (2, 3) and in other locations (1).

!/Associate Professor, Graduate Assistant, and Professor respectively, Depart
ment of Agronomy, The Pennsylvania State University, University Park, Pa.·
16802.
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MATERIALSANDMETHODS

This research was conducted at the Joseph Valentine Turfgrass Research
Center, the Pennsylvania State University. Ten-year-old stands of Kentucky
bluegrass and creeping red fescue were treated with nine herbicides for crab
grass control. Turf was maintained at a 3.2 cm height of cut and received
760 kg/ha of a 16-8-8 on June 29. Supplemental irrigation was applied at time
of fertilization. Small crabgrass, Digitaria ischaemum (Schreb.) Schreb. ex
Muhl. was plentiful from natural reseeding and provided 95 percent cover in
untreated plots.

Preemergence materials were applied to two replications of each turf
species on April 20 except for DCPA5G (16/30 mesh) which was applied on May
11. Post emergence materials were applied on July 7 with reapplication on
July 26. Spray materials were applied to 0.9 x 7.3 m plots with a hand held
boom calibrated to deliver 76 L/ha. Granular formulations were applied to
1.2 x 1.8 m plots with a shaker bottle. All plots were bordered on two sides
by an untreated check strip.

Commercial materials used were DCPA5G (16/30 and 24/48 mesh), 75W, and
6F; siduron 50W; DSMA2.9G; bensulide 3.6G; and benefin 2.5G. The experimental
materials used were prosulfalin 50W; HOE-22870 2.5G; butralin 2.0G and 2.3G;
and AC-92390 2.5G. Application rates appear in Table 1. Crabgrass control
and injury were rated on August 23.

RESULTSANDDISCUSSION

Using 85% control as a standard, all commercially available materials ex
cept benefin gave acceptable crabgrass control in both turf species. Benefin
at the high rate controlled crabgrass in red fescue but caused unacceptable
injury. Thinning of fescue also occurred from applications of DCPA. Similar
results have been previously reported for these materials (1, 2, 3).

Two of the four experimental materials, prosulfalin and butralin, gave
crabgrass control comparable to DCPAin both turf species. There was slightly
more injury to red fescue with butralin compared to previous years (2, 3).
There was little difference in control between the two formulations used.
HOE-22870 and AC-92390 at the high rates provided acceptable control of crab
grass in red fescue.

DSMAgave better postemergence control of crabgrass than HOE-22870. How
ever, control from both material was inferior to that obtained from pre
emergence materials. The high rate (4.48 + 4.48 kg/ha) of HOE-22870 caused
severe discoloration of Kentucky bluegrass.
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Table 1. Evaluation of pre- and postemergence herbicides for crabgrass control
and injury to Kentucky bluegrass and creeping red fescue. Pre
emergence herbicides applied April 20, 1976. Postemergence herbicides
applied July 7 and July 26, 1976.

% Crabgrass
% Injury*Control

Treatment Formulation kg a. i. /ha KBG CRF KBG CRF

Pre emergence

DCPA 75W 11.2 97 98 3 13
DCPA 6F 11.2 99 99 0 10
DCPA 5G(24/48) 11.2 93 89 0 11
DCPA 5G(16/30) 11.2 87 90 3 6

Prosu1fa1in 50W 2.8 93 94 3 0

Siduron 50W 13.44 90 87 0 0

Butra1in 2.3G 4.48 87 89 0 9
Butra1in 2.3G 6.72 98 98 0 12
Butra1in 2.0G 4.48 86 91 3 0
Butra1in 2.0G 6.72 95 94 7 7

Bensu1ide 3.6G 11.2 90 90 0 0
Bensu1ide 3.6G 13.44 94 97 3 0
Bensu1ide 3.6G 16.8 98 98 0 0

Benefin 2.5G 2.24 67 77 5 5
Benefin 2.5G 3.36 77 90 3 12

AC 92390 2.5G 3.92 82 85 3 5
AC 92390 2.5G 4.48 83 95 5 0

HOE-22870 2.5G 4.48 77 77 0 0
HOE-22870 2.5G 6.72 82 90 3 0

Postemergence

HOE-22870 2.5G (4. 1.8 + 2.24) 10 45 0 5
HOE-22870 2.5G (4.48 + 4.48) 23 55 30 0

DS~1A 2.9G (4.48 + 4.48) 65 67 0 0

*Injury refers to discoloration and/or thinning.
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CRABGRASSCONTROLANDCHANGESIN STANDOF THETURFSPECIES

Dayton L. Klingman and J. Jack Murray.!.!

ABSTRACT

Plots established in a 10-year-01d turf in 1974 were preemergently treated for
three successive years for control of crabgrass (Digitaria spp.). Turf was
predominantly red fescue (Festuca rubra L.) with a little Kentucky bluegrass
(Poa pratensis L.). Seven herbicidal treatments controlled crabgrass ade
quately over the 3-year period. Average stands of crabgrass were 6% or less
in late summer. These included benefin (N-butyl-N-ethyl-a.a.a-trifluoro-2.6
dinitro-~-toluidine), bensulide [O.O-diisopropyl phosphorodithioate S-ester
with N-(2-mercaptoethy1)benzenesulfonamide], butralin (4-(1.1-dimethylethyl)
N-(1-methy1propyl)-2,6-dinitrobenzenamine), DCPA(dimethyl tetrachlorotere=
phthalate), profluralin [N-cyclopropylmethyl)-a,a,a-trifluoro-2,6-dinitro
!-propyl-£-toluidine], and prosu1fa1in [N-[[4-(dipropylamino)-3,5-dinitro=
pheny1]su1fony1]-S,S-dimethylsulfilimine] at one or more rates of treatment.
Siduron [1-2-methylcyclohexyl)-3-phenylurea] treatments performed less satis
factorily. They averaged about 20% stand of crabgrass. Stands of turfgrasses
appeared to be somewhat thinner and/or slight discoloration was noted in some
years within a month after treatment with bensulide, butralin, and profluralin.
The proportionate stands of the turfgrass species was greatly changed by treat
ments. By September of the third year, Kentucky bluegrass had increased from
3% in the check plots to 30 to 45% in plots treated with benefin, butralin,
DCPAand profluralin. A trend toward increases in Kentucky bluegrass in other
treatments was observed, but it was not statistically significant.

INTRODUCTION

Herbicides that adequately controlled crabgrass in turf were introduced in the
early 1960's (4,5) and many additional herbicides for use in turf have been
introduced since. This experiment began in 1974 on an old established turf,
predominately red fescue with some Kentucky bluegrass was treated with herbi
cides for 3 years. The treatments were repeated in the same plots each year.
Detailed notes were not taken on turf vegetative composition in the first and
second years but were taken at the end of the third season. This paper
provides ·data on the relative performance of old and new herbicides used for
crabgrass control for 3 years of the experiment and on the effects of these
herbicides on the vegetative composition of turf composed of two important turf
species growing in an association.

MATERIALSand METHODS

Plots. 2 by 5 m in three randomized blocks. were established in a 10-year-old
turf that was mostly red fescue with a small amount of bluegrass. The turf

1/ Research Agronomists, Pesticide Action and Field Crops Laboratories.
Beltsville Agricultural Research Center, Agricultural Research Service.
U.S. Department of Agriculture, Beltsville, MD20705.
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had been maintained at a low level of fertility for the previous 8 years.
The soil was Codorus silt loam with 4.8% organic matter and a pH of 6.1.
Before treatment each year, plots were vertically mowed and excess grass
residues removed. Seed of large crabgrass (Digitaria sanguinalia L.) was
uniformly broadcast on April 29, 1974 (62 kg/ha), April 9, 1975 (40 kg/ha),
and April 8, 1976 (20 kg/ha). In 1974, plots were mowed at 5 em height,
thereafter mowing was at 2.5 em height. Plots were supplementally irrigated
when no rain fell within one week of herbicide treatment and thereafter when
no rain fell for long periods. Medium fertility was maintained by application
of 0.5 kg/are of N as needed (2 to 2.5 kg/are annually). Phosphorus and
potassium were added on the basis of soil test results. Granular herbicides
were applied by mechanical spreader. Wettable powder and emulsifiable concen
trate herbicide formulations were applied in aqueous carrier at 346 l/ha in
1974 and at 252 l/ha in 1975 and 1976. Most herbicide treatments (Table 1)
were repeated annually in the same plots for 3 successive years. Periodically,
the relative stands of crabgrass were estimated visually and thinning or
discoloration of turf species were noted. We estimated relative percentage of
Kentucky bluegrass and red fescue in the turf on September 13, 1976.

RESULTSand DISCUSSION

Crabgrass control was acceptable with all herbicides applied for 3 years, with
the exception of siduron (Table 1). Percentage stands of crabgrass in plots
treated with these herbicides other than siduron did not differ significantly
and averaged 6% or less. Siduron plots averaged about 20% crabgrass, which was
significantly higher than plots treated with other herbicides but significantly
lower than in the check plots. Siduron is the only herbicide that can be
safely used for selective crabgrass control on new seedings of many turf
species.

Within a month or two after treatment, three of the herbicides visibly injured
the turf (Tables 2, 3). Turf in profluralin- and butralin-treated plots was
slightly discolored and stands appeared less dense. Bensulide did not cause
discoloration but caused thinner stand appearance. Effects of other herbicides
on appearance of turf were not evident.

Because red fescue and Kentucky bluegrass responded differently to some herbi
cides, an estimate of the relative stand composition of these turf species in
the plots was made September 13, 1976. Relative stand compositions were
significantly different from the check in plots treated with profluralin, DCPA,
butralin, and benefin (Table 3). Profluralin and butra1in treatments signi
ficantly increased the percentage of Kentucky bluegrass and decreased the
percentage of red fescue. These shifts were not always related to visible
injury soon after treatments were applied. DCPAand benefin caused similar
shifts in stand composition but did not cause significant visible injury
symptoms following treatment (Table 2). Bensulide caused significant injury
symptoms following treatment (Table 2) but the shift toward Kentucky blue
grass was moderate and significantly lower than that of DCPA(Table 3). This
may indicate that DCPAhad less suppressive effect on Kentucky bluegrass than
bensulide. In plots on which the other herbicides were used, Kentucky blue
grass tended to increase even though the changes in stand composition were
insignificant.
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OUr results agree with those of Jagschitz (2) who found a reduction in red
fescue and an increase in Kentucky 'bluegrass on plots treated with DCPA.
Gaskings (1) found that treatment 'dth DCPAreduced tiller and rhizome pro
duction of Kentucky bluegrass, and Juska and Bovin (3) found that treatment
of soil with benefin, bensulide, and, DCPAreduced rhizome yields of 'Newport'
Kentucky bluegrass seedlings. Gasldngs (1) observed that such injury
explained the thinning of turf observed by other workers.

Significant differences in veget.at fve composition were more readily observed
in this experiment than in the usual lawn situation because of the initial
predominance of red fescue with onlJ! a little Kentucky bluegrass. Since red
fescue was more susceptible to injUJ~y by some herbicides, the significant
effects from treatment were easily aaaasaed , In this case, repeated treat
ments for 3 years resulted in partillu replacement of red fescue with Kentucky
bluegrass; an increase of Kentucky })luegrass from 3% in the check to 45% in
the profluralin plots. Small bare areas in the plots were caused by treatment
injury to the red fescue. If there had been no Kentucky bluegrass component
originally, the red fescue would probably have spread back into these areas
and a full stand of red fescue would have been maintained throughout the
experiment. This did not happen because Kentucky bluegrass tended to fill
in the bare spaces resulting from i11jury faster than the red fescue and was
able to maintain stands in space so occupied. The small gains made each year
by Kentucky bluegrass tended to be jldditive.
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Table 1- Percentage stand of crabgrass in a red fescue and Kentuck 7blue-
grass turf treated with preemergence herbicides, 1974-761 •

Rate Crabgrass, % Stand
3-Year Ave. 2IHerbicide (kg/ha) 8/12/74 9/9/75 8/10/76

profluralin, 2% gran. 2.2 1 1 2 1 a
DCPA, 75% W.P. 11.2 <1 6 1 3 ab
butralin, 2.5% gran. 4.5 0 9 4 4 ab
benefin, 2.5% gran. 2.2 5 11 3 6 ab
prosulfalin, 50% W.P. 2.2 6 9 4 6 b
prosulfalin, 50% W.P. 3.4 0 6 1 2 ab
prosulfain, 50% W.P. 2.2 + 2.2 <1
bensulide, 6.2% gran. 11.4 0 1 1 2 ab
NTN68~j' EC (2.5 Ibl

4.5 28 18gal)-
siduron, 50% W.P. 11.2 17 11
siduron, 4.7% gran. 11.2 11 30 22 21 e
siduron, 4.7% gjin. 11.2 + 11.2 11 27 18 18 e
AC 92390, gran.- 2.2 6 11
check 97 88 85 90 f
SE of mean 1.9 4.0 2.6 1.7

Treatments were applied April 26, 1974, April 17, 1975, April 8, 1976
(the second treatment of repeated treatments - 2.2 + 2.2 and 11.2 +
11.2 - were made on June 4, 1974, 11ay 24, 1975, and June 4, 1976).
Treatments for 2 or more years were made in the same plots each year.
Herbicide formulations used were wettable powders (W.P.), granular
(gran.) and emulsifiable concentrates (EC). Where data are not shown,
no treatment was made in that year.
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2/ Data followed by the same letter are not significantly different at
5% level by Duncan's multiple range test.

NTN6867 [O-methyl O-(4-methyl-2-nitrophenyl) (l-methylethyl)phosphor=
amidothioate]; AC 92390 (N-sec-butyl-2,6-d~nitro-3,4-xylidine).
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Table 2. Visual appearance rating!9 of a red fescue and Kentucky bluegrass
turf in early StmBD.eraftlar preemergence treatments with herbicides
in 1974 and 19751/.

Rate! Turf Appearance Rating!f
Herbicide (kg/hal> 6/10/74 6/30/75 Average

profluralin, 2% gran. 2.2 90 b 77 c 83 c
DCPA, 75% W.P. 11.2 98 a 99 a 98 a
butralin, 2.5% gran. 4.5 78 c 95 ab 86 c
benefin, 2.5% gran. 2.2 98 a 99 a 98 a
pro8u1falin, 50% W.P. 2.2 98 a 100 a 99 a
prosu1fa1in, 50% W.P. 3.4 100 a 99 a 99 a
bensulide, 6.2% gran. 11.2 95 a 94 b 94 b
NTN6867, EC (2.5 lb/gal) 4 100 a
siduron, 50% W.P. 11.2 99 a
siduron, 4.7% gran. 11.2 98 a 100 a 99 a
siduron, 4.7% gran. 11.2 + 11.2 100 a 100 a 100 a
check 99 a 99 a

1/ Treatments were applied April 126, 1974 and April 17, 1975 (the second
treatment of repeated treatmenlts -11.2 + 11.2 - were made on June 4, 1974
and 11ay 24, 1975. Herbicidal Iformulations used were wettable powders
(W.P.), granulars (gran.), andi emulsifiable concentrates (EC). Where
data are not shown, treatments! were not made in that year •.

Scale 0-100; 100 • no visible leffect. Scores were based on visual
estimates of discoloration of Iturf and thinness of the stand. Red fescue
was injured more than Kentucky! bluegrass by most treatments. Data
followed by the same letter arie not significantly different at 5% level
by Duncan's multiple range test.
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Table 3. Percent Kentucky bluegrass in a red fescue-Kentucky bluegrass turf

as affe!~ed by herbicidal treatments for crabgrass control for
3 years=; •

349

Herbicide

profluralin, 2% gran.
DCPA, 75% W.P.
butralin, 2% gran.
benefin, 2.5% gran.
prosulfalin, 50% W.P.
prosulfalin, 50% W.P.
prosulfalin, 50% W.P.
bensulide, 6.2% gran.
NTN6867 EC, 2.5 Ib/gal.
siduron, 50% W.P.
siduron, 4.7% gran.
siduron, 4.7% gran.
Check

Rate
(kg/ha)

2.2
11.2

4.5
2.2
2.2
3.4 3/

2.2 + 2.~

11.4 3 /
4.5-j/

11.2-
11.2

11.2 + 11.2

Percent Kentucky blyegrass
in mixed turf1

45 d
38 cd
37 cd
30 bed
18 abc
17 abc
18 abc
13 ab
13 ab
12 ab

7 ab
7 ab
3 a

1/ Treatments were applied April 26, 1974, April 17, 1975, and April 8, 1976.
Herbicidal formulations were wettable powders (W.P.), granulars (gran.),
and emulsifiable concentrates (EC). The second treatments of repeated
treatments - 2.2 + 2.2 and 11.2 + 11.2 - were applied June 4, 1974 and
May 24, 1975. Species composition notes were taken September 3, 1976.

1/ The proportion of Kentucky bluegrass and red fescue turf species in the
turf of the check was 3 and 97% respectively. Numerical values shown
are those for Kentucky bluegrass. To obtain corresponding values for
red fescue subtract the numbers in this column from 100%. Data followed
by the same letter are not significantly different at 5% level by
Duncan's multiple range test.

3/ Siduron treatment was applied in 1975 and 1976, in 1974 no treatment was
applied to these plots; NTN6867 was applied in 1975 and 1976 and in 1974
profluralin (GA-2-638 gran.) was applied at 2.2 kg/ha; and the prosulfalin
treatment was applied in 1976, and in 1974 and 1975 AC 92390 was applied
at 2.2 kg/ha.



350

TOLERANCEOF NUTSEDGE,CRABGRASSANDTURFGRASSES
TO POST~~RGENCE HERBICIDESI

hn ch ' 2Jo A. Jags ~tz

ABSTRACT

Postemergence herbicides and application methods were evaluated on several
turfgrass species and two weeds in 1976. Selective control of smooth crabgrass
{Digitaria ischaemum (Schreb.) Muhl.} was obtained with DSMA(disodium
methanearsonate), MSMA(monoammonLun methanearsonate), and HOE-22870 (unknown)
while results with M-4212 (unknown, DOWCO356) appear limited because of grass
injury. Promising results for nut.aedqe (CYrerus esculentus L.) control were
provided by certain treatments of bentazon3-uioprouyl-1H-2,1,3-benzothiadiazin
(4) 3H-one 2,2-dioxide}, cyperquat (1-methyl-4-phenylpyridlnium), DSMA, and
perfluidone {1,1,1-trifluoro-N-{2-luethyl-4-(phenylsulfonyl)phenyl} methane
sulfonamide}. Nutsedge. control wa,s easier to achieve with midsurmner rather than
late spring treatment. Comparable nutsedge control and Kentucky bluegrass (Poa
pratensis L.) tolerance was obtia Lned with sprayer and hose proportioner. Mowing
had little effect on nutsedge control. Mowing one hour before spraying resulted
Ln greater injury to Kentucky blue'Jrass compared to mowing one hour after treat
ment. Increasing the spray volume of DSMAreduced bluegrass injury. 'Merion'
Kentucky bluegrass, 'Jamestown' red fescue (Festuca rubra L.), 'Exeter' colonial
bentgrass (Agrostis tenuis Sibth.), and 'Penncross' creeping bentgrass (Agrostis
palustris Huds.) were all tolerant to bentazon. Bluegrass and fescue were more
tolerant than other grasses to cyparquat and HOE-22870 while with DSMA,Kentucky
bluegrass was the most tolerant. 'Manhattan' perennial ryegrass (Lolium
perenne L.) showed little toleranc,~ to HOE-22870.

INTRODUCTION

Crabgrass and nutsedge are tw,:>troublesome weeds in turfgrass areas.
Recent research has shown that there are promising herbicides for selective
postemergence control of crabgrass and nutsedge (1,2,3,4,5). To further
evaluate these chemicals and sever.al, newer herbicides, three crabgrass tests,
three nutsedge tests, and four grass tolerance tests were conducted during 1976.
Also in some of these tests the following factors were studied: (1) dates and
number of treatments, (2) spray gallonage, (3)'formulations, (4) mowing before
and after treatment, and (5) spray,~r versus hose-proportioner.

MATERIALSANDMETHODS

Three crabgrass studies were ~onducted at the Rhode Island Agricultural
Experiment Station. They were on ,~stablished lawn areas at least two years
old and maintained at a cutting height of 1.5 inches. One area contained

IContribution No. 1724, Agricultur'il Experiment Station, Kingston, R.I.

2Assoc. Prof., Plant and Soil Sci. Dept.



351

Kentucky bluegrass, another red fescue and the third perennial ryegrass.
Treatments were started in the bluegrass and fescue areas on July 19, and
crabgrass was readily visible with some plants starting to tiller. Treatments
were started in the ryegrass area on August 2, and the crabgrass plants were
larger and had several tillers. The herbicides, rates, dates of application,
spray gallonage, and other details are shown in Tables I and 2. Plot size was
4 by 4 feet with three replications. Visual estimates of grass injury were
made following treatment on a scale of a to 10, with a no injury and 10 as
brown or dead turf. A reading of 2.0 could be considered objectionable.
Percent crabgrass control was determined by comparing initial and final
estimates of crabgrass cover.

The three nutsedgestudies were conducted at a local sod farm (Tuckahoe
Turf Farms, Slocum, R. I.) • Two were on Kentucky bluegrass (1. 5 inch height) ,
and the third on 'Penncross' creeping bentgrass (.375 inch height). Both
grasses were in their second season of growth. The herbicides, rates, dates
of application, gallonage and other details are shown in Tables 3, 4 and 5.
Plot size for treatments in Table 3, Table 4 and the sprayer test portion of
Table 5 was at least 4 by 4 feet and replicated three times. Plot size for
treatments in the hose-proportioner test portion of Table 5 was 3 by 10 feet
and replicated two times. visual estimates of grass injury were made through
September using the scale of a to 10 as described above. Nutsedge plant
counts were made in August in a minimum area of 13 square feet for each plot.
Percent control was determined by comparing treated to untreated plots. The
turfgrass tolerance test was initiated on four grasses at the Experiment Sta
tion in August. The grass areas were several years old and were maintained
at various mowing heights. The grasses and heights were: 'Merion' Kentucky
bluegrass (1.5 inches), 'Jamestown' red fescue (1.5 inches), 'Exeter' colonial
bentgrass (.75 inches) and 'Penncross' creeping bentgrass (.25 inches).
Herbicides were applied to plots measuring 4 by 4 feet with three replications.
visual estimates of grass injury were made periodically on a scale of a to 10
as described previously.

RESULTS ANDDISCUSSION

Crabgrass Control

The results with herbicides applied in July on young crabgrass in Kentucky
bluegrass and red fescue areas are presented in Table 1. Excellent control (90
100%) with slight grass injury (less than 2.0) was obtained with two applications
of MSMAat the L 5 lb rate at a seven-day interval. Two applications of DSMA
at the 3 Ib rate gave effective results in bluegrass while in fescue it caused
temporary objectionable injury (2.0 or greater). Both MSMAand DSMAusually
caused more injury at higher rates, more injury from three applications com
pared to two, and more injury to fescue than bluegrass. Excellent control of
young crabgrass without objectionable injury to bluegrass or fescue was
provided by a single application of HOE-22870 at 8 lb or by two applications
(7-day interval) at 4 lb. Results were similar with or without the use of a

wetting agent or when sprayed at 50 or 174 gpa. M-4212 provided effective
crabgrass control, but caused objectionable grass injury. Kentucky bluegrass
was more tolerant of M-42l2 than red fescue.



Herbicide
% Crabgrass Control b

Kentucky red
bluegrass fescue

Re escue

a

7/19 to 8/12 8/26
Rate lb ai/A
7/19 7/26 8/2

Turfgrass Injury and Crabgrass Contjro1 from Herbicides Applied in 1976 to Kentucky
Bluegrass and Red Fescue.
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1.Table

DSMA
" "

MSMA
II ..

M-4212 c
It u C

"C

HOE-22870 C
.. u.. n C
n .... n C

HOE-22870

11 " ..

HOE-22870 d
d

.. If.. ..
tid
tid

3
3
4
4

1.5
2

.5
1
2

2
4
8

2
4
6
8
4

4
6
8
4

3
3
4
4

1.5
2

.5
1
2

o
o
o
o
o
o
o
4

o
o
o
4

o
3
o
4

o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o

1.9
1.8
2.5
2.9

1.6
2.1

1.1
1.1
2.6

.0

.6
1.3

.0

.8

.3

.9
1.2

.2

.8

.6

.1

1.0
1.1
1.6
1.6

.6

.9

.1
1.2
3.0

.0

.7
1.1

.0

.2

.1

.8
1.2

.2

.5

.6

.8

2.3
2.5
3.2
3.3

1.4
3.0

1.6
3.4
3.3

.3

.3
1.6

.2

.3

.7

.7

.9

.9
1.2

.9
1.2

1.1
2.0
1.8
3.0

.8
1.6

1.2
3.5
3.5

.0

.3

.6

.1

.3

.4

.2

.6

.7

.8

.4
1.0

99
100

99
99

99
100

45
71
92

26
63
96

14
70
79
93
95

62
78
89
92

99
100

99
100

99
100

41
71
90

18
71
92

24
55
83
93
96

61
77
84
89

asca1e 0-10 (10=brown)

bcontro1 August 26, crabgrass cover in b:.uegrass 82%, fescue 61%

c. l% wetting agent (X-77)

d 50 gpa, other sprays at 174 gpa

Table 2. Crabgrass Control and Turfgrz,ss Injury from Herbicides Applied in 1976 to
a Lawn-Area Containing PredoDlinately Perennial Ryegrass.

Ib ai/A Turfgrass injuryb
Herbicide a 8/3 8/11 8/12 8/20 8/26

DSMA 3 3 .5 1.0 1.5

DSMA 4 4 .9 .8 1.2

HOE-22870 6' 0 1.4 2.9 3.9

HOE-22870 8 0 2.7 2.7 3.1

HOE-22870 16 0 4.0 4.3 4.5

HOE-22870 4 4 1.8 2.2 2.2

HOE-22870 6 6 2.3 5.7 6.0

HOE-22870 8 8 2.2 7.0 7.5

Percent
crabgrass
control c

99

99

54

58
91

38

86

96

a 50 gpa sprays

bsca1e 0-10 (10=brown)

Ccontrol August 26, crabgrass cover 76l!
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Results from treatments to older crabgrass in the .'Manhattan , perennial
ryegrass area are presented in Table 2. The DSMAtreatments were as effective
as those on younger crabgrass in the earlier test. Injury to the ryegrass
was not objectionable. Twice the amount of HOE-22870 was required to obtain
comparable control as in the earlier test. Young crabgrass may be more suscep-

'- tible to HOE-22870. Perennial ryegrass appears to have little tolerance to
HOE-22870.

Nutsedge Control

The data from the three postemergence nutsedge tests are presented in
Tables 3, 4, and 5. Nutsedge emergence began in· early May, with maximum emer
gence by late May. Excellent nutsedge control with only slight injury to
Kentucky bluegrass or 'Penncross' cr~eping bentgrass was provided by bentazon.
Two spray applications in July at rates ranging from .5 to 1 Ib were effective
while treatments started in June required three applications at I 1b for
comparable control. Treatments started in late May were the least effective.
This supports earlier research (4) which showed less herbicide and/or fewer
applications were required for control as the season progressed from late
spring to midsummer. The same trend was evident with cyperquat and DSMA.
Results with the granular formulation (5% ai) of bentazon suggest it may be as
effective as spray treatments.

Excellent results were obtained in Kentucky bluegrass with one or two
applications of cyperquat in July at the 2 1b rate. Two applications start-
ing in June provided effective control, but there was temporary objectionable
injury. Excellent control, from June or July cyperquat treatments, was ob
tained in the 'Penncross' creeping bentgrass area, but injury was objectionable
with the July treatment. Possibly one application in July would provide control
without objectionab~e injury.

With DSMAin bluegrass, one application in July at the 4 1b rate provided
effective results. Two applications applied in June or July gave excellent
control, but bluegrass injury was objectionable in most cases. Effective
control in the bentgrass area was coupled with objectionable injury.

Perfluidone applied at 4 1b in June or July or with two applications at
2 lb in June provided excellent control in the Kentucky bluegrass area with
only slight injury. May treatments also provided excellent control, but injury
was objectionable. A single 2 1b rate applied in July in the 'Penncross'
creeping bentgrass area provided effective results.

The effect of mowing, spray volumes and sprayer versus hose proportioner
on the effectiveness of bentazon, cyperquat and OSMAis presented in Table 5.
Nutsedge control and Kentucky bluegrass injury was similar when using a sprayer
or hose proportioner. Mowing one hour before herbicide treatment generally
resulted in greater bluegrass injury while mowing one hour after treatment
resulted in less injury. Mowing had little effect on nutsedge control. Increas
ing the spray volume from 2.5 to 5 and to 10 gallons per 1000 square feet de
creased the degree of injury from DSMAwithout altering control. Nutsedge con
trol from bentazon was slightly better at the two higher spray volumes.

Turfgrass Tolerance

Injury ratings with OSMA, HOE-22870, bentazon and cyperquat applied in
August to 'Jamestown' red fescue, 'Exeter' colonial bentgrass, 'Penncross creep-
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Table 3. Effect of Herbicides, Number of ~rreatments, and Treatment Dates on Nutsedge Control
and Turfgrass Injury when Applied in 1976 to Kentucky Bluegrass.

Number Percent Nutsedge Control b Maximum Turfgrass InjuryC
treat- (treatments started) (treatments started)
ments a

Herbicide 1b ai/A May 24 June 22 July 16 May 24 June 22 16

Bentazon .5 2 30 82 90 .6 .4 .1
" .75 2 42 82 95 .3 .2 .1

1 1 62 .3
1 2 70 88 94 .1 .8 .8
1 3 71 96 98 .1 1.0 .6

Bentazon (gran) 2 3 96 95 .5 .0
Cyperquat 2 1 33 66 94 .3 .5 .9

" 2 2 63 90 99 .4 2.1 1.4
4 1 38 88 96 1.8 • 8 1.4

DSMA 4 1 91 1.3
4 2 41 95 93 1.4 3.1 2.7to 4 3 87 88 99 2.3 3.4 2.2

Perfluidone (wp) 2 2 100 99 2.9 .2to .. 4 1 99 98 100 3.2 .3 .1

a 7 to 10 day interval between treatments, sl,rays at 50 gpa, granular applied by hand

bbased on 7 to 8 nutsedge plants per sq. ft. in untreated plots (August 2 to 16)
cscale 0 to 10 (lO=brown), maximum through September

Table 4 • Nutsedge Control and 'furfgrass l;njury from Herbicide Treatments Starting on Two
Dates in 1976 to Penn cross CreeI~ing Bentgrass.

b Maximum turfgrass InjuryC
Number a Percent nutsedge control

(treatments started) (treatments started)
Rate treat-

Herbicide lb ai/A ments June 3 July 9 June 3 July 9

Bentazon 1 2 69 96 .8 .8

Cyperquat 2 2 98 99 1.2 2.7

DSMA 4 2 70 95 1.5 3.5

Perfluidone (wp) 2 1 68 98 1.2 1.4

a 7 to 8 day interval between treatments, sprays at 50 gpa

bbased on 21 nutsedge plants per sq. ft. in untreated plots on August 4 for June treatments and on
4 plants per sq. ft. on August 23 for July treatments

cscale 0 to 10 (lO=brown), maximum through September
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Table ~ Effect of Mowing, Gallonage and Sprayer-type on Nutsedge Control and Turfgrass Injury
from Herbicides Applied in 1976 to Kentucky Bluegrass.

Cyperquat 2 Ib/A a
Bentazon 1 Ib/A a DSMA4 lb/A a

Mowing at 1.5 inches water water water
relative to herbicide gal./lOOO sq. ft. gal./lOOO sq. ft. gal./lOOO sq. ft.
before after 2.5 5 10 2.5 5 10 2.5 5 10

------------Percent nutsedge
1 hour 97 98 97 87 94 95 97 95 99

1 hour 96 99 99 87 94 92 98 95 95
24 hours 98 100 98 85 96 88 96 95 94
96 hours c 99 99 97 88 91 95 98 94 97
96 hours 97 98 98 85 93 93 97 96 98

----------------Turfgrass injuryd----------------------------------
1 hour l.0 2.3 l.6 .7 .8 .5 2.7 2.3 l.8

1 hour .2 .2 .9 .2 1.1 .2 1.3 1.2 .8
24 hours .4 l.2 l.2 .3 .5 .0 2.5 2.1 1.2
96 hours c .5 1.1 .4 .1 .6 .2 2.1 1.2 l.4
96 hours .7 1.0 .5 .1 .0 .0 2.1 1.9 1.1

a t wo applications - July 15 and 22

bbased on 6.5 nutsedge plants per sq. ft. in untreated plots of hose proportioner test area and on 5.3
plants in sprayer test area on August 19

cC02 sprayer with single TeeTet nozzle, others using Ortho hose-proportioner
dscale 0 to 10 (lO=brown), maximum through September

Table 6. Tolerance of Turfgrasses to Various Herbicides Applied as Sprays at 50 gpa in 1976.

Turfgrass Injurya
Jamestown Exeter Penncross

red colonial creeping Kentucky
Herbicide 1b ai(A bentgrass bentgrass bluegrass

8/3 8(11 8/12 8(20 8(26 8(12 8/20 8/26 8(12 8(20 8(26

DSMA 3 3 1.2 3.3 3.7 .2 1.6 .5

4 0 1.0 1.3 1.4 .5 .0 .5

8 0 3.3 2.9 2.5 1.0 .2 .0

4 4 1.3 3.8 3.7 .5 2.2 .8 2.1 2.5 1.3 1.2 2.3 1.8

8 8 3.2 7.3 6.3 2.3 5.6 3.9 4.6 6.7 5.7 1.4 3.1 3.3

HOE-22870 4 4 1.2 1.1 .8 1.3 2.7 1.6 1.7 2.4 .6 .0 .0 .6

6 6 1.3 .9 .4 .8 .1 .0

8 0 .7 .8 .8 1.7 1.4 .0 1.5 1.8 1.6 .3 .0 .3

8 8 .9 .9 1.2 2.5 4.4 3.5 3.3 4.8 3.3 1.0 1.4 1.4

16 0 2.8 1.7 .8 3.1 3.3 1.5 3.7 3.6 3.0 1.2 .1 .0

Bentazon 1 1 .0 .3 .0 .0 .3 .0 .3 .1 .0 .3 .0 .3

2 2 .2 .5 .3 1.4 .9 .1 1.4 .8 .3 .1 .0 .0
4 4 1.0 1.8 1.0 2.6 1.4 .0 4.1 2.2 .3 .6 .5 1.4

Cyperquat 2 0 .5 .3 .0 .3 .0 .0 .4 .1 .0 .0 .0 .1
if Jf 2 2 .4 1.4 1.6 1.3 2.2 2.0 .2 .1 1.6

4 .7 .8 .8 1.6 2.2 1.7 .9 .9 .6 .5 .0 .4

4 4 .5 1.1 2.8 .8 1.9 3.3

8 0 1.9 2.1 1.9 3.7 4.6 3.3 1.9 2.7 1.5 1.8 1.4 1.7

a
scale 0-10 (10=brownl
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ing bentgrass and 'Merion' Kentuck)r bluegrass are presented in Table 6. As
observed in the earlier tests, Ken1~ucky bluegrass was more tolerant to DSMA
than fescue or the bentgrasses. ~~e standard DSMAtreatment of two applica
tions at 4 1b caused temporary objt~ctionable injury to the two bentgrass and
Kentucky bluegrass while injury to fescue was more lasting. None of the
four grasses could tolerate doubleithe standard DSMArate without showing
considerable injury.

Results with the crabgrass tel~t showed that bluegrass and fescue had good
tolerance to HOE-22870 while 'Manh.~ttan' perennial ryegrass had little toler
ance. In this test at the standarla rate of 8 lb or two applications at 4 1b
both bluegrass and fescue again sru~wed good tolerance. At double these rates
bluegrass was still tolerant while'fescue showed some temporary objectionable
injury. Both bentgrasses showed sipme tolerance to HOE-22870 at the standard
rates, but there was considerable lnjury at the double rates.

In the nutsedge tests KentuckJ' bluegrass and 'Penncross' creeping bent
grass showed good tolerance to ben~azon. Results in this tolerance test show
that the four grass species were t~lerant of bentazon at the standard rate
(two applications at 1 lb) and double that rate. Kentucky bluegrass and red
fescue still had good tolerance toa 4X rate while both bentgrasses showed
only temporary objectionable injurk'.

Kentucky bluegrass had goodtDlerance to cyperquat in the nuts edge tests
while tolerance of 'Penncross' creeping bentgrass was variable. The four
grass species in the tolerance tes~ had good tolerance to one application of
cyperquat at the 2 lb rate. At doUble the rate only colonial bentgrass had
temporary objectionable injury. A~ the 4X rate Kentucky bluegrass tolerance
was good while fescue and creepingibentgrass had temporary objectionable
injury and colonial bentgrass had ~evere injury. Both bluegrass and fescue
were tolerant of two applications at the 2 lb rate while colonial bentgrass
had objectionable injury.
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CONTROLOF POAANNUAWITHENDOTHAL

T. L. Watschke and J. M. DuicJl

ABSTRACT. Endothal (7-oxabicyclo (2.2.1) heptane-2~3-dicarbox

ylic acid) was applied in different granular formulations to a
mixed annual bluegrass (Poa annua L.) - Kentucky bluegrass (Poa
pratensis L.) turf over a three year period (1974-1976). Selec
tive control of Poa annua was found at all rates used~ but best
control occurred early in 1975 on plots that had received 9.0
and 6.7 kg/ha on the first two treatment dates of 1974. Follow
ing these first two dates~ all plots received 4.5 kg/ha on two
other occasions during 1974. Control on turf receiving initial
high rates indicates that the granular formulation of endotha1
may accumulate in the soil. This effect from the initial high
rates was apparent through the last observation date in 1976~

although the Poa annua population was observed to be increasing.
Multiple applications of endothal appear necessary to lower popu
lations to the point where the use of preemergence control
materials would be feasible. The addition of wetting agent to
endotha1 had no affect on control.

INTRODUCTION

Although not seeded for turfgrass use~ annual bluegrass invades close
cut irrigated~ intensively managed turfs~ and within a three to five year
period is capable of becoming the dominant component of the stand.

It is considered to be a weed because of prolific seedhead production
(even at putting green height)~ is inherently shallow rooted~ is susceptible
to most turf diseases, and is physiologically weakened by high temperatures.
Consequently, many control measures have been researched. Success has
varied (1, 2, 4, 5, 11) with application of c~lcium arsenate, lead arsenate~

and sodium arsenite resulting in better control than most other materials.
However, recent cessation of tricalcium production has necessitated the
development of alternative control measures. Pre emerge controls have been
effective, however they are expensive and do not allow for overseeding of
desired species.

Research on the control of Poa annua with growth regulators has been
conducted for over twenty years (3~ 6, 7~ 8, 9~ 10, 12, 13). Selective

l/Associate Professor and Professor, respectively, Department of Agronomy,
The Pennsylvania State University~ University Park, PA 16802.
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growth regulation, seedhead inhibi~iOn, and seedling eradication have been
the goals of this approach to cont 01, and as with arsenicals, success has
varied.

I
One of the growth regulators,' endothal, was found to be effective in

seedhead suppression, but was erra ic, depending on soil moisture and
temperature, and season of the yea (12). Recently, work with root applied
endothal has shown that root absor tion of this compound is greater for Poa
annua than either Poa pratensis L. or Agrostis palustris, Ruds. (12). ---

was to ascertain the efficacy of granu
o a mixed Poa annua-Poa pratensis turf.

The obj ecti ve of this researc
lar endothal formulations applied

MATERILS ANDMETHODS

This work was conducted at Valentine Turfgrass Research Center,
University Park, Pennsylvania. lication rates and dates are shown in
Table 1. All formulations were aI lied to 0.9 x 4.2 M plots with a drop
type spreader and treatments were eplicated three times. At the time of
the initial application, Poa~ comprised approximately 85 percent of
the stand, the remainder was Kenttcky bluegrass. The experimental area
was located between two bentgrass research plots and was utilized as a
grassed alley for equipment movement at the research center. Aside from
compaction associated with equipment movement on the site, the area was
usually wet as it also served as E grassed area for movement of water from
surface drainage. Mowing height vas 1. 3 cm because the area was maintained
identical to that bordering the bentgrass plots. Consequently, management
favored the perpetuation of Poa ar ua rather than Kentucky bluegrass. Poa
annua control was rated four times in 1974, three times in 1975, and once
in 1976. Injury was rated four tjmes in 1974 and twice in 1975.

RESULTSANDDISCUSSION

The formulation of granular. ndothal used did not appreciably affect Poa
annua control (Table 2). IncorpoJation of a vetting agent did not signifi=-
cantly affect control. For all ~rmulations and rates, control of Poa annua
was greater after the second app.L:cation (approximately 50%). Rowev:e;-,
control following the third and fcurth applications in 1974 did not sub
stantially increase the control fcund after the second application.

Best control (approximately '0%) was found after the first application
in 1975 on plots that had receivec high rates on the first two application
dates in 1974 (9.0 and 6.7 kg/ha) Endothal is not known to have long soil
residual when applied as a liquid, but in this test, repeated applications
of granular formulations resultedf'in apparent soil accumulation. This trend
continued for the duration of the test.

I
I
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Formulation and rate had little affect on the discoloration of the turf
(Table 3). The most severe discoloration was recorded on October 22, 1974.
Severe discoloration of turf from fall applications of the liquid formu
lation has previously been reported ( ). Discoloration occurred on both
bluegrass and Poa annua, but the bluegrass recovered approximately three
weeks after application.

Although these results are encouraging, evaluations for control in
September, 1975, revealed that annua had increased in plots where control
was better than 70 percent the previous spring. It appears that multiple
applications at rates higher than those used here are necessary for complete
control. However, changes in management and experimentation with over
seeding are necessary to fully assess the potential of granular endothal
as a Poa annua control material.
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Table 1. Formulations, dates of application, and application rates of granular
endothal applied to a mixed Poa annua-Poa pratensis turf.

Rates (kg/h~) and
Formulations Dat.es of Application

1974 1975 1974 1975
All Dates May Sept. 5/16 7/11 8/13_ 3.013. .2/1JL'_9/11

2G 2G 2G 6.7 4.5 4.5 4.5 4.5 4.5
2Ga 2G 2G 6.7 4.5 4.5 4.5 4.5 4.5

7.2G 2G 2G 6.7 4.5 4.5 4.5 4.5 4.5
2G 2G 2G 9.0 6.7 4.5 4.5 4.5 6.7
2G 2Ga 2G 9.0 6.7 4.5 4.5 4.5 6.7

7.2G 7.2G 2G 9.0 6.7 4.5 4.5 4.5 6.7

alndicates formulation contained wetting agent.

W
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Table 2. The effect of different granular endotha11 formulations on the control of Poa annua in a turf
with a base population of Faa pratensis. - ,

w
en
N

Formulations
Rates (kg/ha) and

Dates of Application

1974 1974 1975 Dates of Observation

All Dates May Sept. 5/16 7/11 8/13 10/3 5/19 9/11 6/17/74 8/13/74 10/3/74 5/19/75 6/10/75 9/11/75 6/23/76

-------- %Control ---------

2G 2G 2G 6.7 4.5 4,5 4.5 4.5 4.5 25 42 45 48 55 48 52
2Ga 2G 2G 6.7 4.5 4.5 4.5 4.5 4.5 30 48 50 48 58 42 42

7.2G 2G 2G 6.7 4.5 4.5 4.5 4.5 4.5 40 50 43 48 52 40 45
2G 2G 2G 9.0 6.7 4.5 4.5 4.5 6.7 22 60 52 58 77 58 57

aIndicates formulation contained wetting agent.

( (
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Table 3. The effect of different granular endothal formulations on the discoloration of a mixed Poa annua
Poa pratensis turf.

Formulations
Rates (kg/ha) and

Dates of Application

1974 1975 1974 1975 Dates of Observation

All Dates May Sept. 5/16 7/11 8/13 10/3 5/19 9/11 7/18/74 8/19/74 10/10/74 10/22/74 6/2/7510/2/75- --_ ... _..............._-_....•........_. ---

Discoloration b

2G 2G 2G 6.7 4.5 4.5 4.5 4.5 4.5 2.7 2.7 2.3 5.3 2.7 2.3
2Ga 2G 2G 6.7 4.5 4.5 4.5 4.5 4.5 3.0 2.7 3.7 7.7 2.0 2.3

7.2G 2G 2G 6.7 4.5 4.5 4.5 4.5 4.5 2.7 2.7 2.3 6.3 1.2 2.0
2G 2G 2G 9.0 6.7 6.7 4.5 4.5 6.7 3.0 2.0 3.0 5.3 3.3 2.3
2Ga 2Ga 2G 9.0 6.7 6.7 4.5 4.5 6.7 3.3 2.3 3.3 7.3 2.7 2.0

7.2G 7.2G 2G 9.0 6.7 6.7 4.5 4.5 6.7 3.0 2.7 2.0 5.7 3.7 2.3

alndicates formulation contained wetting agent.

bDiscoloration rated on a scale of 0-10, with 0 = no discoloration, 10 = brown.

w
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LEACHINGOFDICAMA ANDVEL-4207IN MODIFIEDSOIL

F. W. Hot an and W.H. Mitchell l/

ABSTRACT

Experimental golf greens con isting of eight modified soils were used
to study the relative leaching of dicamba(3 i1l 6-dich10ro-o-anisic acid) and
dicambaderived from Vel-4207 ( [ henyliminoJdi-2 i1l l-ethanediyl bis [3 i1l 6
dichloro-2-methoxybenzoate]). he modified soils contained from 60 to
80%sand and variable amountsof ilt loam topsoil illcalcined clay and humus.
Infiltration rates of soil mixtu s ranged from 5 to over 30 cmof water per
hour. A soybean hypocotyl-root e ongation bioassay was used to measure the
relative amountsof herbicide in eachate samples. Leachate samples were
collected after approximately 2.5i emof irrigation water had been applied.
A percent growth inhibition was c lcu1ated for each leachate sample. The
total average percent inhibition or leachate samples from dicambaand
Vel-4207 plots was 20.4 and 11.9% respectively. The amountof growth
inhibition from dicambawas re1a d to infiltration rates illwhile that from
Vel-4207 plots was related to thei ~ercent soil organic matter.

INTRODUCTION

Dicambareadily movesin mos soils. Whenused for broad1eaf weed
control in lawns it can moveinto! the root zone of ornamental trees and
shrubs causing damage. It has be' n found to movereadily in both a loam
soil and a sandy loam soil with t e greatest concentration slightly behind
the wetting front (3). Differenc s in movementof dicamba in muckillclaYiIl
and sandy loam soils were related to the rate of water movement(2). Dicamba
movementwas greater whenwater w s applied in 0.25 than in l-inch increments
(6). Dicambashowedupwardmove nt in soil columnswhich were subirrigated
(6). Someadsorption has been ob erved on kaolinite claYiIlbut not on other
soils and clays (lill2,3). This wa attributed to the high anion adsorption
capacity of kaolinite clay which n turn mayexplain someof the reduction
in dicambamobility.

Vel-4207 is resistant to leac ing. Harger and Rieck (4) conducted
short term leaching studies using labeled dicambaand Vel-4207. Whenthe com
poundswere placed on soil column and three inches of water applied, leachate
samples exhibited 55 and 2.5%act vity for dicambaand Vel-4207i1l respectively.
Activity was evenly distributed roughout the profile for dicamba, while
90%of the activity for Vel-4207 emained in the top half inch of soil. The
major metabolite of Vel-4207was ound to be dicamba (4.5).

1/
- Graduate Research Assistant and Professor, respectivelYiIlDepartmentof

Plant Science, University of Deaware, Newark,Delaware19711.
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The objective of the research reported herein was to study the
relative leaching of dicambaand dicambaderived from Vel-4207 under field
conditions. Vel-4207 itself is resistant to leaching. However,dicamba
derived from Vel-4207 is readily capable of leaching. The nature of the
leaching pattern of these materials would provide insight to the practical
use of Vel-4207 adjacent to dicambasensitive species.

MATERIALSANDMETHODS

Three 0.046 ha experimental golf greens were constructed in 1972. Each
green consisted of eight soil mixtures, prepared off-site and placed in
1.8m by 6.1m plots. The drainage line for each 1.8 mby 6.1 m plot, con
sisted of 3.18 cmpolyethylene tUbing with a double row of 0.4 cmby 10.2
cmslits placed on 30.5 cmcenters. Drainage lines were covered with 10.2
cmof 0.6 to 1.2 empea stone. Washedsand was layered over the pea stone
to a depth of 2.5 em. The appropriate soil mixture was layered over the
sand to a depth of 0.36 m. Each 1.8 by 12.2 by 0.36 m plot was separated
by four mil polyethylene film.

Dicambaand Vel-4207 were applied at rates of 0.6 and 1.1 kg ail ha,
respectively, in 280.5 l/ha of water and at a pressure of 2.1 kg/cm2
December11, 1975. Herbicides were applied with a hand CO sprayer. Canvas
strips were placed around each treatment area during appliEation of materials
to prevent spray drifting onto adjacent areas.

Leachate samples were collected in 1.0 1 jars after approximately 2.5
cmof irrigation water had been applied. In addition, samples were collected
during periods of rain for the first month. Water samples were taken before
treatment, and 1, 5, 15, 20 and 148 days after treatment. After samples
were collected, subsampleswere taken and placed under refrigeration until
bioassayed.

A bioassay was established using soybean (Glycine~ (L.) Merr.,
IJamesl

) . Ten seeds were placed in paper toweling which had been folded to
secure the seeds and facilitate later observations. The seeds and toweling
were placed in 500 m1glass jars. A 15 m1leachate sample was added to
each jar. The jars were covered with parafilm, and placed in a dark
incubator for four days at 280 C. After four days, the length of the root
hypocotyl for each seedling was measured. The average root-hypocoty1 length
was calculated for each, and converted to a percent growth inhibition of the
respective pretreatment leachate sample. A standard curve was established
using dicamba in concentrations ranging from 0.0 to 1.0 ppmw. The percent
growth inhibition was plotted against the 10g10 of the concentration.

A split plot design with three replications was used. The main effect
was time and the sub- and sub-sub effects were soils and herbicides,
respectively.
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RESULTANDDISCUSSION

Differences in inhibition val es associated with time and soils were
not significant. However,herbici e, herbicide X time, and herbicide X
soil interactions were all highly ignificant.

The results of the standard rve are given in Table 2. The regression
coefficient for percent growth in "bition vs. 10910dicambaconcentration
was 0.98.

Figure 1 shows the amountof rowth inhibition in leachate samples
over the five collection periods. Each value is an average for the three
replications and seven soils. Fo the first three collection periods,
significantly more growth inhibiti n occurred with leachate samples from
dicamba than from Vel-4207 spraye plots. This difference did not exist
at 20 days, while at 148 days mor inhibition occurred with Vel-4207
samples than with dicamba. The a untof dicamba leached generally increased
for the first three collection pe ods. At 20 days, there was a significant
drop in phytotoxicity and further rop at 148 days. These results indicate
that most of the dicamba had been eached during the 15-day period following
treatment.

Vel-4207 leachate samples in eased in phytotoxicity from the first to
the second collection period. Fr five to 148 days after treatment a
relatively constant amountof phy toxicity was observed from leachate
samples, indicating a relatively c nstant breakdownof Vel-4207.

Table 3 shows the percent gr th inhibition associated with the seven
modified soils. Each value is an verage for the three replications and
five collection periods. In all e modified soils, except soil 8, there
was substantially more growth inhi ition from leachate samples from dicamba
than from Vel-4207 sprayed plots. In soil 8, substantially more inhibition
occurred from leachate samples fro the Vel-4207 plots. This significant
interaction between soils and herb cide has not been adequately explained
by any of the parameters measured. Since calcined clay was used only in soil
8, its presence could explain this differenc~ in response to herbicide treat
ment.

Generally, dicambamovementw s related to the rate of water movement
in soils. Leachate samples from s i1 6 had the greatest percent inhibition,
and this soil also had the highest infiltration rate. In addition, soils 1
and 4 had high infiltration rates nd high levels of inhibition. Leachate
from soil 8 had one of the lowest nfiltration rates and the lowest percent
inhibition. Leachate from soil 5, had one of the lowest levels of inhibi
tion; however, it had one of the h gher infiltration rates. This maybe
attributed to the relatively high rganic matter and clay content of this
soil.

The amountof inhibition in 1 achate samples from Vel-4207 plots varied
from a high of 19.5%in soil 8 to low of 6.1% in soil 3. Generally,
leachate from soils which were hig in organic matter was more inhibitory
than that from lower organic matte. Soils 8 and 6 had 8.6 and 6.1%organic



367

matter, respectively. Leachate samples from these soils produced the
highest percent inhibition. Soils 3 and 4 had 4.9 and 4.4%organic
matter, respectively and leachate samples from these soils had low levels
of inhibition. A possible explanation for these differences involves the
rate of breakdownof Vel-4207 to dicamba. In soils with high organic
matter, the rate of breakdowncould be assumedto be higher due to ability
of these soils to support a higher microbial popu1ationQ Using this
reasoning, in soils with lower organic matter, the rate of breakdownwould
be reduced. Twoexceptions to this generalization were found in soils 1
and 5. Soil 5 had a relatively high content of organic matter (7.6%) and
clay (11.3%). The percent inhibition was low (7.0%). Under these conditions,
one might expect a higher percent inhibition due to a fast rate of break-
downof Vel-4207. Perhaps in soil 5, even though the breakdownwas rapid,
the free dicambawas adsorbed to the organic matter and clay to such an
extent that it was not readily leached. Soil 1 had a low organic matter
content, although it had a high percent inhibition. Assuminga low rate
of breakdown,most of the free dicambawas leached due to the low clay
{4.2%}and organic matter (4.7%) and the relatively high infiltration rate
of thi s soi 1.

The level of phytotoxicity in leachate samples from Vel-4207 plots
was significantly less than from dicamba plots during a 15-day period
folloWing treatment. Soon thereafter there was a sharp drop in the level of
dicamba to a concentration below that sustained by the breakdownof Vel-4207Q
These data confirm the high mobility of dicamba as well as the slow release
nature of Vel-4207. The effect of a sustained low concentration of dicamba
in the rhizosphere of ornamentals has not been studied.

LITERATURECITED

1. Burnside, O. C. and T. L. Lavy, 1966. Dissipation of dicamba. Weeds:
14:211-214.

2. Donaldson, T. W. and Chester L. Fay. 1965. The phytotoxicity and per
sistence in soils of benzoic acid herbicides. Weeds13: 195-202.

3. Friesen, H. A. 1965. The movementand persistence of dicamba in
soil. Weeds13: 30-33.

4. Harger, T. R. and C. E. Rieck. 1974. Soil dissipation of dicambaand
related benzoic derivatives. Abstr. Proc. No. Cent. WeedContr. Conf.
29:36.

5. Harger, T. R. and C. E. Rieck. 1976. Leaching potential of VeT-4207.
Abstr. Proc. S. WeedSci. Soc. 29:423.

6. Harris, C. I. 1964. Movementof dicambaand diphenamidin soils.
Weeds12:112-115.



(.oJ

Table 1. Chemical and physical measurements of soil mixtures 0'\
00

% O.M.
Soil Mixtures Loss on Vol. Wt. Mech. Anal. Moisture ~tention Infiltration

No. Description pH Ignition g/ml Sand Silt Clay 1.01 kg/cm 15.29 kg/cm2 rate cm/hr
v/v % % %

1 80%Washed Sand 6.6 4.7 1.54 87.3 8.5 4.2 28.0 6.9 11.8
20%Peat

2 80%Unwashed Sand 6.4 6.3 1.47 79.2 14.3 6.5 30.8 8.1 8.9
20%Peat

3 80%Evesboro 6.2 4.9 1.54 81..8 12•.0 6.2 38.7 7.7 4.1
Loamy Sand
20%Peat

4 Rutledge Loamy 6.& 4.4 1.63 80.5 12.2 7.3 24.1 6.3 7
Sana .---- .. --,

5

6

8

60%Unwashed Sand
20%Matapeake Silt
Loam
20%Peat

60%Unwashed Sand
20%Matapeake Silt
Loam
20%Mushroom Soil

60%Unwashed Sand
10%Calcined Clay
10%Matapeake Silt
Loam
20%Peat

6.2

7.0

6.4

7.6

6.1

8.6

1.44

1.49

1.34

65.0 23.7 11.3

58.8 21.0 14.2

71.5 19.0 9.5

33.8

31.3

38.8

11.1

12.1

12.9

17.3

24.3

8.4

a
Hydrometer Method

( (



Table 2. Effect of dicamba on root-hypocotyl length.
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Dicamba
concentration

(ppmw)

o
0.05
0.07
0.1
0.3
0.5
0.7
0.9
1.0

percent growth
inhibition of
pretreatment a

o
3

22
36
61
73
84
87
88

log 10(10 x+ l)b

o
.176
.230
.30
.602
.778
.903

1.00
1.04

-

a' Each value is an average for three replications.

b'Dicamba concentrations coded to facilitate calculations.

Table 3. Average Percent Growth Inhibition from Leachate
Samples Collected over a 148 day Period from 7

Modified SoLls.

Herbicide Soils

1 2 3 4 5 6 8 X

Dicamba 22.6 22.8 17.3 26.5 17.2 28.5 7.5 20.4
Vel-4207 14.8 10.9 6.1 7.6 7.0 17.3 19.5 11.9

X 18.7 16.8 11.7 17.0 12.1 22.9 13.5

L.S.D. 05: Herbicides 3.5

L.S.D. 05: Soils x Herbicides 11.3
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PROTECTINGTURFGRASSSEEDINGS FROMCHEMICAL
RESIDUES WITH ACTIVATEDCHARCOALI

h h ' 2Jo n A. Jagsc .1.tz

ABSTRACT

Field experiments were conducted to determine if activated charcoal (GRO
SAFE)3 would adsorh and nullify the harmful effects of herbicide residues in
soil when establishing turfgrass. Improved Kentucky bluegrass (Poa pratensis L.)
stands were obtained with the use of activated charcoal in seedbeds containing
residues of amitrole(3-amino-S-triazole} plus simazine[2-chloro-4,6-bis
(ethylamino)-S-triazine], ben;fin(N-butyl-N-ethyl-a,a,a-trifluoro'-2,6-dinitro

.J2.-toluidine),bensulide[Q.,Q.-diisopropyl phosphorod1thioate ~-ester with !i-(2-
mercaptoethyl)benzenesulfonamide], butralin[4-(l,l-dimethylethyl)-N-(1
methylpropyl)-2,6-dinitrobenzenamine], a broadleaf mixture of- 2,4~[(2,4
dichlorophenoxy)acetic acid] plus dicamba(3,6-dichloro-g-anisic acid) plus
mecoprop[2-[(4-chloro-o-tolyl)oxy] propionic acid] plus silvex[2-(2,4,5
trichlorophenoxy)propi~nic acid], endothall(7-oxabicyclo[2.2.I]heptane-2,3
dicarboxylic acid), H-25893(unknown), HOE-22870(unknown), MBR-6033[N-[2,4
dimethyl-5-[[(trifluoromethyl)sulfonyl]amino]phenyl]acetamide], MH(1,2
dihydro-3,6-pyridazinedione) plus CF(methyl 2-chloro-9-hydroxyfluorene-9
carboxylate and methyl-9-hydroxyfluorene-9-carboxylate and methyl 2.7-dichloro
9-hydroxyfluorene-9-carboxylate}, PPG-139(unknown), profluralin[N
(cyclopropylmethyl)-a-~-a-trifluoro-2,6-dinitro-!i-propyl-.J2.-toluidine], and
prosulfalin[N-[[4-(dipropylamino}-3,5-dinitrophenyl]sulfonyl]-S,S
dimethylsulfIlimine]. Inhibition caused by tricalcium arsenate ;as not
deactivated by charcoal. Improved Italian ryegrass (Lolium multiflorum Lam.)
stands were obtained from the use of charcoal in seedbeds containing
pronamide[3,5-dichloro(N-I-I-dimethyl-2-propynyl)benzamide]. Charcoal coated
seed nullified some of the harmful effects of bensulide and the broadleaf
mixtures; however, the soil treatment was much more effective. Herbicides
which did not inhibit Kentucky bluegrass establishment from seed were cyper
quat(l-methyl-4-phenylpyridinium), DSMA(disodium methanearsonate}, glyphosate
[N-phosphonomethyl}glycine], melfluidide[N-[2,4-dimethyl-5-[[(trifluoromethyl}
sulfonyl]amino]phenyl]acetamide], and metham (sodium methyldithiocarbamate).
In some tests soils that received no herbicides had improved grass stands
when charcoal was used. The use of charcoal in chemically treated soil where
Kentucky bluegrass - red fescue (Festuca rubra L.) sod was transplanted resulted
in less grass injury and greater rooting strength.

lContribution No. 1718, Agricultural Experiment Station, Kingston, R.I.

2
Assoc. Prof., Plant anc Soil Science Dept., University of Rhode Island,
Kingston 02881.

3 'dICI Un1.te States Inc., Wilmington, DE
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TRODUCTION

fgrass from seed in soil containing resi
en leads to failure, activated charcoal has
and reduce their harmful effects (1,3,4,6).
ed to nullify harmful effects of chemicals

{2l and on established· grass where chemicals
ies of field tests conducted from 1973
ts of activated charcoal on additional
newer ones. The herbicides were added to
grown or where sod was transplanted. In
eed with charcoal instead of adding charcoal

investigated.

ctivated c~arcoal were performed on
Rhode Island Agricultural Experiment Sta

as a seedbed, and herbicide treatments were
3 by 3 feet in seeding tests and 1.5 by 4

ere replicated three times in randomized
s. The herbicides, rates (ai) and dates

e tables. Benefin, butralin, oxadiazon,
were applied by hand as granular formula

pplied as sprays using 86 to 272 gpa with
The plots were watered after treatment

il. Sod was laid five weeks after treat-
t various time intervals (see tables). The
Kentucky bluegrass, red fescue, colonial

and Italian ryegrass. The seeding rate
5 lb and for the other grasses ranged from

sod laying the top inch of soil was
s applied at the rates specified in the
ied, it was mixed with the loose soil by
a was then seeded and raked twice. Seed
y ICI uniteQ States Inc. Visual estimates

t various times after seeding and serv2d to
Visual estimates of grass injury were

on a scale of 0 to 10 with 10 as brown or
measured by recording the force necessary

ch plot. At the time of transplanting a
aced under each plug. By attaching a hook
a hand-held scale fitted with a maximum
ments were recorded. The data from all
1, and means were separated using Duncan's

While attempts to establish
dues. of chemicals or herbicides 0

been used to adsorb these residue
Activated charcoal has also been
in soils where sod was transplant
were misused or spilled (5). A s
through 1976 investigated the eff
herbicides, especially some of th
soil where turfgrass seedings wer
addition the value of coating the
to the soil before seeding was al

Eight tests on the
Bridgehampton silt loam soil at .
tiona Each test area was prepare
applied to plots measuring at lea
feet in the sod test. Treatments
complete block or split block des
of applications are presented in
profluralin and tricalcium arsena
tions. The other herbicides were
the exception of metham at 2420
and as needed to maintain moist s
ment, and the see dings were made
grasses in the varipus tests were
bentgrass (Agrostis tenius Sibth.
per 1000 sq ft for ryegrass was 9
1. 3 to 3.6 lb. Prior to seeding
loosened and activated charcoal w
tables. After the charcoal had
raking two to four times. The ar
coated with charcoal was supplied
of percent grass stand were made
indicate herbicide residue toxici
made in the sod transplanting tes
dead grass. Sod root strength wa
to lift four, 4-inch plugs rrom e
metal ring wi th a cross-bar was p
to the cross-bar and lifting with
indicator, the weight pull measur
tests were analyzed at the 5% lev
multiple range test.

RESULS ANDDISCUSSION

Results with turfgrass seedi gs made with and without activated charcoal
in soil containing herbicide resi uesare presented in Tables 1 through 5.
The results could have been influ nced by frequency and amount of irrigation
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Table 1. Turfgrass Stand as Affected by Charcoal Use After Seed
ing Kentucky Bluegrass 'Merion" in Soil Treated One Week
Earlier (July 17, 1973) with Herbicides.

(

Table 2. Effect of Charcoal on Turfgrass Stand Seven Weeks
After Seeding Red Fescue, Kentucky Bluegrass and
Colonial Bentgrass in Soil Treated Earlier (June
10, 1974) with Bensulide.

Herbicide Treatment

Bensulide 10 lb/A

2,4-D + dicamba + mecoprop +
silvex 1 + .25 + 1 + .5 lb/A

None

Activated
charcoal a

None
Seed coat
Spray

None
Seed coat
Spray

None
Seed Coat
Spray

Percent Turfgrass Stand b

Time after seeding Percent Turfgrass Stand b
4 weeks 7 weeks

Herbicide Activated Seeding time after herbicide

1 e 2 e
treatment charcoal a 5 weeks 10 weeks 15 weeks

l3d 20 d
45 b 73 ab Bensulide

10 lb/A None 19 b 35 d 9 c
20 d 40 c Seed coat 30 b 50 c l3b
47 b 68 b Spray 56 a 72b 34 a
63 a 87 a

None None 65 a 80 ab
33 c 63 b Seed coat 62 a 83 a 26 ab
67.a 80 ab Spray 68 a 82 a
65 a 88 a

aMeans within columns with a similar letter are not
significantly different at the 5% level.

aCharcnal spray 300 lb/A in 500 gpa, seed coating 350 lb/A #251
~'ilcoat.

bMeans within a column followed by a similar letter are not signi
ficantly different at the 5% level.

Table 3. The Influence of Charcoal on Turfgrass Stand Five and
Ten Weeks After Seeding Kentucky Bluegrass 'Parade'
in Soil Treated Ten Days Earlier (July 13, 1976) with
Herbicides.

Percent TurfgrasS Stand b

Activateg Time after seeding
Herbicide Treatment charcoal 5 weeks 10 weeks

Benefin 2 lb/A None 11 cd 43 d
Seed coat 21 bc 58 cd
Spray 63 a 82 ab

DSMA 5 lb/A None 68 a 90 ab
Spray 58 a 77 ab

DSMA 5 lb/A (after seed) None 74 a 94 a

Prosulfalin 2 lb/A None 1 d 2 e
Spray 35 b 72 bc

None None 64 a 85 ab
Seed coat 62 a 75 abc
Spray 70 a 85 ab

aCharcoal spray--300 lb/A 500 gpa, seed coat T.C. 7969 48 lb/A

bMeans within columns with a similar letter are not significantly
different at the 5% level.

aCharcoal spray--300 lb/A in 500 gpa, seed coating--157 lb/A
T.e. 2486

bMeans within a column followed by a similar letter are not
significantly different at the 5% level.

Table 4. Italian Ryegrass Stand Five and Nine Weeks
After Seeding with and without Activated
Charcoal in Soil Treated 15 Days Earlier
(July 31, 1975) with Pronamide.

Percent turfgrass stand a

Charcoal Time after seeding
Herbicide spray
treatment lb/A 5 weeks 9 weeks

Pronamide
1 lb/A 0 1 d 1 d

109 63 ab 67 ab
218 70 a 72 a

Pronamide
2 lb/A 0 o d o d

109 53 bc 52 c
218 53 bc 58 bc

None 0 52 c 50 c
109 72a 73 a
218 72a 77 a

-------------------------- w....
w
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.or rainfall, time interval betwee
mixing with soil, and the rates 0

did not inhibit Kentucky bluegras
werecyperquat, DSMA, glyphosate,
use even at time of seeding. Al
on the stand of bluegrass seven w
reduction (unpublished four-week
which supports an earlier suggest
With endothall, however, bluegras
four and seven week data showed i
ence has shown that with time, mo

Herbicides which inhibited b
coal resulting in improved bluegr

bensulide, a mixture of 2,4-D + d
HOE-22870, PPG-139, and proflural
(5), amitrole + simazine used at
by a s~milar charcoal rate which
by a higher charcoal rate. Kentu
in soils containing residues of b
although charcoal improved the st
soils. With these three material
especially when the time interval
Earlier data (5) showed that butr
week interval; however, the prese
Similar results occurred with ME
grass stand reduction when seedin
while there was a reduction with
charcoal was capable of deactivat
were obtained from the use of cha

The results from three tests
presented in Tables 1, 2 and 3.
did nullify some of the harmful e
However, the coating was not as e
at the time of seeding. Charcoal
tions of residues. As shown in T
bensulide when the time interval
weeks rather than five.

Data on turf injury and root
transplanted on soil treated five
in Table 6. With both sets of da
was significant for the overall e
injury\and greater root strength
at sod transplanting time. Had
and sod transplanting been shorte
ces might have been anticipated,
Results by other researchers (2)
periods of time.

An interesting observation
especially on the initial grass s
5. Soils that received no herbic

use of chemicals and seeding, \depth of
herbicides and charcoal. Herbicides which,
seedings, even if charcoal was not US~d,

elfluidide and metham. DSMAwas safe to
ugh tricalcium arsen~e showed no effect
ks after seeding, there was an initial
ta). Charcoal did not improve the stand,
n (5) that charcoal may not adsor~ arsenate.
stands were reduced initially; but both
rovement when charcoal was used. Experi

grass stands will become equal and complete.

uegrass secdings and were deactivated by ch~r

s stands were amitrole + simazine, benefin,
amba + mecoprop + silvex, H-25893,

(initial inhibition). In earlier work
uble the present rate was not deactivated
ggests that deactivation could be accomplished
y bluegrass establishment was also inhibited

tralin, MER-G033, and prosulfalin; and
ds, they were thinner than those in untreated
higher rates of charcoal appear necessary
etween chemicQl use and seeding is short.

lin did not inhibit seedings after a four-
t test intervals were one week or less.

CF as shown in Table 5. There was no blue
s were made five weeks after chemical use
eedings made within three days. Activated
ngME + CF. Improved Italian ryegrass stands
coal in seedbeds containing pronamide.

where seeds were coated with charcoal are
e specific coatings as used in these tests

fects of bensulide and the broadleaf mixture.
fective as treating the soil with charcoal
coatings may be of value for low concentra-

Ie 2, the coating was more effective for
etween application and seeding was 10 or 15

strength for bluegrass-fescue sod that was
weeks earlier with herbicides are presented
a the F value in the analysis of variance
fect of charcoal. There was less turfgrass
here activated charcoal was used in the soil
e time interval between chemical treatment

and rooting been quicker, greater differen
specially between the chemical treatments.
ave shown such differences in shorter

at was observed in earlier tests (3),
ands, can also be noted in Tables I, 4 and
de had improved grass stands when activated
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Table 5. Kentucky Bluegrass Stand Seven to Nine Weeks after Seeding and Using
Activated Charcoal in Soil Treated Earlier (1973, 1974 and 1975 Tests)
with Herbicides.

Time soil treated
before seeding

Herbicide treatment

One week (July 17, 1973)

Amitrole + simazine
Butralin
Endothall
Metham (32.7%)
Tricalcium arsenate
None

Five weeks (June 10, 1974)

CF + llli
H-25893
HOE-22870
PPG-139
Profluralin
None

Three days (August 12, 1975)

Butralin
CF + MH
Cyperquat
DSMA
Glyphosate
MBR-6033
Mefluidide
Prosulfalin
None

lb/A

1.5 + 4.5
4
2
(109 gal/A)
209

1 + 3
4
2
15
2

5
1 + 3
4
5
3
4
.375
2.5

aPercent turfgrass stand

Charcoal spray
None 300 lb/A

6 e 70 abc
0 e 22 d

58 c 78 ab
75 ab 82 a
65 bc 67 abc
68 abc 78 ab

80 a 78 a
41 d 64 abc
55 cd 80 a
47 d 78 a
57 bcd 73 a
71 ab 78 a

13 f 61 d
40 e 78 abc
69 bcd 82 a
75 abc 81 ab
67 cd 78 abc
14 f 33 e
71 abed 75 abc

0 g 31 e
60 d 81 ab

aMeans within each soil treatment date with a similar letter are not signifieantly
different at the 5% level.

Table 6. Grass Injury and Rooting strength of Kentucky Bluegrass - Fescue Sod Layed with and without
Activated Charcoal on Soil Treated Five Weeks Earlier (June 3, 1975) with Herbicides.

Grass Injury (O-lOja Root Strength lb/sq ft

Herbicide Formulation lb ai/A
10 wk after sod lay 12 wk after sod lay

None Charcoal b
<ilone Charcoal b

Alachlor 4 Ib/gal 2 2.0 1.0 229 275
Amitrole + simazine 15 + 45% WP 1.5 + 4.5 1.2 1.0 264 275
Atrazine 80% WP 2 1.8 1.3 183 206

Bene fin 2,5 granular 2.5 2.0 1.5 218 241
Bensulide 4 Ib/gal 12.5 2.5 2.0 218 275
Butralin 2.3% granular 5 2.5 2.3 206 264

DCPA 75% WP 12 1.7 1.2 264 286
LJ.nuron 50% WP 1 1.3 1.3 264 252
Oxadiazon' 2% granular 4 1.7 1.7 252 229

Siduron 50% WP 12 2.3 1.5 218 241
None 1.5 1.0 286 286
None 1.0 0.8 286 252

Average effect of charcoal c 1.8 1.3 247 263

aScale 0-10, a none, 10 = brown or dead.

b Charcoal spray-- 300 Ib/A in 500 gpa of water.

cLSD at 5% level between charcoal means for grass injury = 0.4 and for root strength 15.0. Other F
values were not significant.
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is may be due to soil warming from heat
the adsorbtion of substances harmful to
from anyone of several sources.

and counteraction of bensulide in turf.
f. 23:405.

f charcoal to deactivate herbicide
Proc. Northeast Weed Control Conf.
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Northeast Weed Sci. Soc. 30:313-319.
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5:109-114.
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and to ICI United States Inc. for rtial financial support and for supply
ing the activated charcoal (GRo-S ) and coated seed.
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harmful effects of chemicals i turfgrass. Proc. 2nd Int. Turfgrass
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CHEMICALRENOVATIONOF COOL-SEASONrURFGRASS
SPECIES WITHGLYPHOSATE

W. M. Riden and J. M. Duichl!

ABSTRACT

Mature stands of colonial bentgrass (Agrostis tenuis Sibth.) - creeping
bentgrass (A. palustris Huds.),tall fescue (Festuca arundinacea Schreb.),
and creeping bent infested Kentucky bluegrass (Poa pratensis L.) were
chemically renovated with glyphosate at 4 rates on 5 dates of treatment
application. Fall 1975 treatments were followed by groove seeding of
Pennfine perennial ryegrass (Lolium perenne L.). No significant diff-
erence on ryegrass seedling stand among treatments was found. Survivors
of creeping bentgrass and Kentucky bluegrass were found in the bluegrass
plot, but the low numbers were non-significant among treatments. No
survival was found in the bent grass plot. Tall fescue survival was
significantly greater on treatments applied just before an .076 cm rain.
The other dates and rates were not significantly different. In other
experiments, the effect of glyphosate rate and surfacant were evaluated
on tall fescue (Festuca arundiacea Schreb.) and red fescue (Festuca rubra L.).
Significant differences were found between rates but not surfactant levels.

Time of grooving was also evaluated for effect on glyphosate activity
using groove treatments before and after chemical application at several
intervals. Significantly greater survival of creeping bentgrass (Agrostis
palustris Huds.) occurred when the area was grooved within 4 hours after
application. Treatments grooved more than 4 hours after application were
not significantly different.

!6raduate Assistant and Professor, Department of Agronomy, The Pennsylvania
State University, University Park, PA 16802.



378

INITIAL AND
GROWTHREGULATOR

KENTUCKY

SIDUALEFFECTSOF
ON A PENNSTAR-FLYKING
LUEGRASSBLEND

T. L. Watschke, D. J Wehner, and J. M. Duich!/

s growth has long been a frustrating re
sts. Many chemicals have been shown to
ects have, for the most part, limited
). In spite of the drawbacks, new chemi
and the formulations of older ones are

evaluation of these materials is needed.

ABSTRACT. Sustar (3-trifluor ethyl-sulfonamido-p-acetotoluidide),
MH (1,2-dihydro-3,6-pyridazine ione), and mefluidide N-[2,4
dimethyl-5-[[(trifluoromethyl) ulfonyl]phenyl]amino]phenyl]
acetamide were applied in thr separate experiments, to a
'Pennstar'-'Fylking' KentUCky luegrass blend to evaluate growth
retardation, injury, and resi al effects. The first experiment
was not mowed, and three weeks after application, turf treated
wi th growth regulators was sho ter than untreated. Two weeks
after application, granular fo ulations of mefluidide were
rated to have caused more disc loration than either the liquid
formulation or Sustar. The se ond experiment was mowed on a weekly
basis after clipping weights re taken. All mefluidide treatments
retarded growth more than MH ile discoloration was similar.
Growth retardation lasted for pproximately five weeks. The third
experiment was similar to the econd, except that nitrogen fertilizer
(urea) was applied. The resul s of this test were similar to ex
periment two except that retar ation lasted only four weeks and was
followed by a growth stimulati n. Reapplication at reduced rates
suppressed this growth stimula ion, but treated and untreated turf
grew at approximately the same rate. One year following treatment,
experiments two and three were rated for density. The high rates of
mefluidide and Sustar caused r ductions in turf density. This lack
of density was partially the r suIt of increased disease activity
(both leaf spot, Helminthos or urn spp. and stripe smut, Ustilago
striiformis). The 0.25G formu ation of mefluidide caused less injury
than liquid and should be test d further.

Chemical inhibition of turfgr
search problem for turfgrass scient
retard growth, but negative side ef
them to non-use areas (1,2,3,4,5,6,
cals are continually being develope
being changed. Consequently, field

l/Associate Professor, Graduate Ass
ment of Agronomy, The Pennsylvani
16802.

stant, and Professor respectively, Depart
State University, University Park, Pa ..
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Information is also needed concerning the residual effects of these materials.

The objective of this research was to determine the effects of three
growth regulators on growth and color of a Fylking-Pennstar Kentucky bluegrass
(Poa pratensis L.) blend. Density ratings were taken one year following treat
ment to assess residual effects.

MATERIALSANDMETHODS

Experiment 1

In 1975, two growth regulators were applied to a ten-year old mixed stand
of Pennstar and Fylking Kentucky bluegrasses. The two materials used were
mefluidide N-[2,4-dimethyl-5-[[(trifluoromethyl)sulfonyl]amino]phenyl]acetamide
and Sustar T3-trifluoromethyl-sulfonamido-p-acetoluidide). Application rates
appear in Table 1. Application was made June 5; sprays were applied with a
boom-type plot sprayer and granulars with a drop-type spreader to 0.9 x 1.8 m
plots. Irrigation was-applied when needed and no fungicides were applied. On
June 17 color ratings were taken, turf height was measured on July 30, and on
July 1 all leaves above 7.5 cm were harvested from each plot and weighed.

Experiment II

This test utilized another part of the turf stand used in experiment I.
MH (1,2-dihydro-3,6-pyridazinedione) was used in addition to mefluidide and
Sustar. Application rates are shown in Table 2. Materials were applied by
the same means described for experiment I, the only difference was that the
plots were 0.9 x 2.7 m. In this test, reapplication of each treatment was
made at lower, equal, or higher rates. Reapplication rates were determined by
the results obtained for the initial treatment. Color ratings were taken nine
times following the initial treatment. This test was mowed weekly following
sampling for growth. Growth was assessed by collecting and weighing (fresh 2
weight) the clippings from one pass of a reel-type mower (representing 2.2 m ).
Irrigation was applied when needed and no fungicides were applied.

Experiment III

This test utilized another section of the turf stand used in the other
two experiments. Mefluidide and MHwere the chemical treatments used and
their rates appear in Table 4. Application technique and plot size were
identical to experiment II. This test site was fertilized on May 29 with urea
at the rate of 0.44 kg N/IOO m2. Color was rated nine times following the
initial treatment and the growth response was measured as described for ex
periment II.

Density ratings were taken on experiments II and IlIon June 16, 1976.
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RESULTSANDDISCUSSION

11 treated turf was shorter than the check
ulations (vermiculite and kobrite; de
the turf shorter than the liquid formula

s also true for the clipping weights, but
granular formulations caused more dis-

r Sustar. Part of the discoloration was
ch was present on all turf in the experi
remained short and new growth was sup-

in these plots. The lower color ratings
arily the result of growth regulator in-

the height of the turf was gradually
ht (2.5 cm), however, some scalping still
sary to reduce scalping of turf that is to
er the growth suppression from chemical
has reported that trim mowing appeared to
reated tur~ when mowing on a regular basis
timulation of growth that 'has been re-

regulators (7) may cause an elevation of
re susceptible to scalping.

mefluidide retarded growth of the turf
The two highest rates of the vermiculite
n retarded growth the most, but also caused
The initial high rate of the liquid
ession than the lower rate and the retard
onger. The higher liquid rate however,
high rates of the granular formulations.

in July did not retard growth as much as
post inhibition stimulation was reversed

ates of granular mefluidide. Since the
nce between treated and untreated turf, it
lowed in mid-summer, these differences

ng effect on the turf lasted approximately
previously reported (4,S,7). Apparently,

ction of these chemicals with the seasonal
fgrasses.

, except that treated with mefluidide
or similar to the check. Also, by this
faster than untreated.

At the conclusion of the test
lowered to the original mowing he'
Glccurred. Trim mowing may be nec
be maint~ined a~ a lower height a
treatment subsides. Jagschitz (s)
reduce the injury that occurred on'
was resumed. The post inhibition
ported for turf treated with growt
the bud line which would make it

All formulations and rates 0

more than Sustar or MH(Table 2).
granular and the kobri te formulat·
the most discoloration (Table 3).
mefluidide caused more growth sup
ation lasted approximately a week
caused more discoloration than th

Three weeks after treatment,
(Table r). Mefluidide granular fo
signated as v and k in tables} kep
tion and Sustar. The same trend
the differences were greater. Bot
coloration than liquid mefluidide
due to (Sclerotinia homeocarpa) wh
ment. However, since treated tur
pressed, the disease appeared wors
for treated turf, however, were p
jury rather than disease.

Reapplication of all materia
the June application. At best, t
on turf treated with the two high
data in Table 2 reflect the diffe
should be expected that as growth
became smaller.

For all materials, the retar
four weeks. This response has be
this phenomenon is a complex inte
metabolic changes of cool season

By August 25, all treated t
granular (k), was rated to have c
time, all treated turf was growin
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Experiment III

This experiment was similar to experiment II except that 0.44 kg HllOO m2

~ from urea was applied approximately one week prior to treatment with the growth
regulators. The most striking difference in the results between experiment
two and three was the amount of growth stimulation that occurred after the
chemical inhibition subsided in experiment three (Tables 2 and 4). Since the
turf was chemically inhibited from grpwing, it probably did not utilize the
available nitrogen until growth resumed. Also, while it was not growing,
photosynthesis continued, and carbohydrate may have accumulated which would
provide the materials for a flush of growth. Growth was not inhibited as
long in this test as in experiment two, but color ratings were higher (Tables
4 and 5). Apparently, nitrogen fertilization can over-ride some of the
growth retarding capabilities of these materials.

To assess residual effects, density ratings were taken approximately
one year after treatment for the turf in experiments two and three. Sustar
and the high rates of mefluidide caused turf thinning (Tables 6 and 7). How
ever, some of the thinning can be attributed to disease. In late April and
early May, striQe smut (Ustilago striiformis) and leaf spot (Helminthosporium
spp.) were active on the turf that had been treated with these materials.

In the results reported here, the new O.25G formulation of mefluidide
caused less injury than the liquid and should be tested fUrther, but residual
injury, particularly from Sustar, appeared to be severe enough to limit the
usefulness of this material for fine turf.
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Table 1. The effect of growth regulators applied June 5, 1975, on the weight, height and
color of a Pennstar-Fylking Kentucky bluegrass. Color was rated on June ]7,
height was measured on June 30, and weights were taken July 1.

Rate bMaterial Formulation kg/ha Weight (g) Height (cm)a Color

Mefluidide 0.25 G (v) 1.12 85 9.9 5.3 c
Mefluidide 0.25 G (k) 1.12 77 8.9 6.0 c
Mefluidide 4 EC 0.07 93 10.2 8.0
Sus tar 2 S 1.68 167 11.2 7.7
Check 0.00 363 16.5 8.7

aHeight of turf at application was approximately 7.5 cm.

bColor rating; 0=10, a = yellow, 10 = dark green.

cTreatment color partially due to dollar spot (Sclerotinia homeocarpa).
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Table 2. Growth retardation of Pennstar-Fy1king Kentucky bluegrass treated with five growth regulators
on June 5, and July 2 or July 17, 1975.

w
~

Material
Application Dates Difference between treated and adjacent untreated turf
and Rated (kg/ha) Date

(6/5) (7/2) (7/17)6/10 6/17 6/24 7/1 7/8 7/15 7/22 7/29 8/25 9/2 9/9

g
Mefluidide 0.25 G (v) 0.37 0.56 -- 68 80 55 40 3 37 32 7 -38 -11 - 1
Mefluidide 0.25 G (v) 0.75 0.56 -- 87 115 83 57 5 31 27 3 -13 -10 - 1
Mefluidide 0.25 G (v) 1.12 -- 0.56 93 121 74 31 -21a - 3 25 15 -25 -36 -18
Mefluidide 0.25 G (k) 1.12 -- 0.56 116 120 76 72 -22 -19 11 24 -18 -14 - 7
Mefluidide 4 EC 0.04 0.06 -- 78 99 89 76 21 34 28 -6 -28 -15 - 2
Mefluidide 4 EC 0.07 0.06 -- 93 110 96 132 27 48 32 -4 -19 -18 - 7
iW8ia .. ~ S ] 68 ;), 98 -= 91 93 57 28 . 22 30 2 l -Z5 -15 - 1t...
MH 3 Ee 1.68 1.68 -- 41 68 52 56 11 17 2 -4 -20 - 4 - 3

~egative numbers indicate that treated turf out yielded check.

( (
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Table 3. Color ratings of Pennstar-Fylking Kentucky bluegrass treated with five growth regulators on June 5,
and July 2 or July 17, 1975

Application Dates
Material and Rated (kg/ha) Observation Dates

(6/5) (7/2) (7/17) 6/10 6/17 6/24 7/2 7/8 7/15 7/22 7/29 8/25

Mefluidide 0.25 G (v) 0.37 0.56 -- 7.7 a 8.0 7.7 8.7 8.7 7.3 7.7 7.0 7.7
Mefluidide 0.25 G (v) 0.75 0.56 -- 8.0 6.7 b 6 7 8.3 8.0 6.7 7.7 5.7 8.0
Mefluidide 0.25 G (v) 1.12 -- 0.56 8.0 6.7 b 6.3 7.7 8.7 7.7 7.7 5.0 7.7
Mefluidide 0.25 G (k) 1.12 -- 0.56 8.0 6.3 b 5.7 7.7 8.7 7.7 7.7 5.3 6.7
Mefluidide 4 EC 0.04 0.06 -- 7.7 7.3 6.7 8.3 8.0 6.0 6.7 6.3 8.0
Mefluidide 4 EC 0.07 0.06 -- 7.3 7.0 5.0 6.0 6.3 5.3 6.0 6.0 8.0
Sustar 2 S 1.68 1.68 -- 7.0 8.0 8.3 8.3 7.7 7.0 8.7 6.7 7.7
MH 3 EC 1.68 1.68 -- 7.0 8.0 8.0 8.3 7.7 7.0 7.3 6.3 7.7
Check -- -- -- 7.0 9.0 9.0 8.7 8.0 7.3 7.3 7.3 7.3

aColor rating; 0-10, 0= yellow, 10 = dark green.

bColor rating partially effected by dollar spot (Sclerotinia homeocarpa).

~
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Table 4. Growth retardation of Pennstar-Fy1king Kentucky bluegrass treated with four growth regulators on June 5
and July 2, 1975. Test area received 0.44 kg N/100 m2 from urea on May 29.

Material
Application Dates Difference between treated and adjacent untreated turf
and Rates (kg/ha) Date

(615) (7/2) 6/10 6/17 6/24 7/1 7/8 7/15 7/22 7/29 8/25 9/2 9/9

g-
1
5

35
12
36

Mef1uidide 0.25 G (v) 0.75 0.56 97 109 73 - 93a -42
Mef1uidide 0.25 G (v) 1~12 0.56 105 125 71 -277 -41
Mef1uidide 0.25 G (k) 0.75 0.56 109 124 76 -140 - 6
Mef1uidide 0.25 G (k) 1.12 0.56 106 125 67 -223 -20

~ ;;;:J,.~i~~d~--iJ~:~<t.·--"'··--~'l:~~-,.,._.- ~ :~--,._~~~ _ ..._!~~ .,.'!~_".":";}'",d -2~'

~egative numbers indicate that treated turf out yielded check.

~

-13 - 6
-15 -22

19 16
9 9
9 -27

,.._".._.._. "";;.'-b'" ·'····:.n.._·

-38 -25 - 5
-29 -23 - 3
-23 -10 - 1
- 6 - 3 - 3
-33 -33 -13
.:.rr---''':17-''--::.rr·

(
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Table 5. Color ratings of Pennstar-Fylking Kentucky bluegrass treated with four growth regulators on
June 5 and July 2, 1975. Test area received 0.44 kg N/lOO m2 from urea on May 29.

Application Dates
Material and Rates (kg/ha) Observation Dates

(6/5) (7/2) 6/10 6/17 6/24 7/2 7/8 7/15 7/22 7/29 8/25

Mefluidide 0.25 G (v) 0.75 0.56 9.0 a 7.3 b 8.3 9.3 8.7 8.0 9.0 6.7 8.7
Mefluidide 0.25 G (v) 1.12 0.56 9.0 7.0 7.7 8.7 8.7 7.7 9.0 7.3 9.0
Mefluidide 0.25 G (k) 0.75 0.56 9.0 7.0 b 7.3 9.0 9.0 6.7 8.7 5.7 8.3
Mefluidide 0.25 G (k) 1.12 0.56 9.0 7.0 b 7.3 9.0 9.0 7.0 7.7 6.0 8.7
Mefluidide 4 EC 0.07 0.06 8.3 7.3 7.0 9.0 9.0 6.7 7.7 7.3 9.0
MH 3 EC 1.68 1.68 8.0 7.7 7.3 7.7 9.0 8.0 9.0 6.0 8.3
Check -- -- 8.0 9.3 9.0 9.0 7.7 7.7 7.7 7.0 7.7

--

aColor rating; 0-10, a = yellow, 10 = dark green.

bColor rating partially effected by dollar spot (Sclerotinia homeocarpa).

wco
"'-J
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Density ratings laken June 16, 1976 on Pennstar-Fy1king
Kentucky b1ue gr;s treated with four growth regulators
on June 5 and J y 2, 1975. Test area received
0.44 kg N/100 m2, from urea on May 29, 1975.

Table 6.

Application Dates
and Rates (kg/ha)

(6/5) (7/2)

Densitya

Mefluidide
Mefluid ide
Mefluidide
Mefluidide
Mefluidide

Check

0.25 G
0.25 G
0.25 G
0.25 G

4 EC

(v)
(v)
(k)
(k)

0.75
1.12
0.75
1.12
1.68

0.56
0.56
0.56
0.56
1.68

7.7
6.7
7.0
6.0
7.0

7.7

aDensity rated on a scale f 0-9 with 0 = bare soil, and 9
100% turf cover.



Table 7. Density ratings taken June 16. 1976. on Pennstar
Fylking Kentucky bluegrass treated with four growth
regulators on June 5 and July 2, 1975.
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Material
Application Dates
and Rates (kg/ha)

(6/5) (7/2) (7/17)

Densitya

Mefluidide 0.25 G (v)
Mefluidide 0.25 G (v)
Mef1uidide 1.12 G (v)
Mef1uidide 0.25 G (k)
Mef1uidide 4 EC
Mef1uidide 4 EC
Sustar 2 S
MH 3 EC
Check

0.37
0.75
1.12
1.12
0.04
0.07
1.68
1.68

0.56
0.56

0.06
0.06
1.68
1.68

0.56
0.56

7.7
7.0
8.0
8.0
8.3
7.7
6.7
7.3
8.0

aDensity rated on a scale of 0-9 with 0 = bare soil. and 9 100%
turf cover.




