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LIFE HISTORY STUDIES AS RELATED TO WEED CONTROL iN

THE NORTHEAST
Northern Nutgrass

INTRODUCTION

Northoern nuterass, Cyperus cierdentay Lo, also Known as yueblow nvugrias,
or nutsedge, is @ seriony weoed in the T2 Northeastern states, [uring recent yoars
this weed has become \-\’;('h".h[ll'l."ilf.l 1t f_','-t.mc] :-1,{;1‘51.11|t1.u.‘u] land. It has even invad-
el Lwns where its rapid growth and color are ebjectionable,

Nutgrass is 1 serious pest i many crops, but partienlarly in potatoes, corn,
beans, matees, peppers and narserics. Nutgrass not nnly reduens yields and
increases produciion costs doe to inereased cultivation: aned bamd-weeching, but
also lowers crop quality and nereases binveshog aad processing cosls. For ex-
ample, nulgeass thizomes prow into and throuph potato thbers, causing e to
b praced as culls, Tn the cose of Hma beans grown for processing, el of
nutgrass zoing through the vinens canse break-downs. Tn addition, outgriss
tubers become mixed with the shellid beans necessitating costly hind-sorting,

A regional study of the e cyele of northern nutgrass as alfected by van-
eis environmental factors was besan July 1, 1958, by the Northeast Rewional
Weed Control Technical Comrmittee {NF-42). Since little was known ol the
life ryche of this serious pest, it was considered necessary to conduet this stndy
before plnning experitents on it contral. The findings of the Tour state ex-
periment stations {Delaware, Massachusetts, New York and Rhode Tstand)
whe cooprrated it the nuterass study are bronght together in this budletin,

REVIEW OF LITERATURE

Deseriplion of northern nutgrass

Crenreia [11) deseribes the northern nutgrass plant (Cyperus evculentus
L) in the following way: “Culns stout, 13 10 30 inches high, B-sided. light
vellowish green. Leaves about the same length, ouve-fourth to one-half inch
wide, with heavy rmid-vein and slightly roughened edges. The involuerr has
%t 6 leaf-like bracts extending much beyond the rays of the wmbel, which are
olten copound. Spikes are straw-colored or pale yellow-lrown, the whole plant
leing conspicucus tor its light coloring, plainly visible at a distance ameng
wrasses. The seales of rhe spikelets are oblong-ovate, appressed at the bose
but loose at the tip, 4 te 5 nerved, with nirrow searious marging. Achenes small,
oblong ovold, threesided, light yellowish brown.”™ Dvawings of the seoeds and
spikelets of Cyperus ciculentus L. are shown m figeuare 1.
No hotanica description of the nuts was fonnd. IF mentioned at all, they
are referved to as tubers. Killinger and Stokes (150 of Florida described them
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Figure 1. Delttils of seod: and spikalats of yollow {perthorn) nutgrass, C. osculentus Lo [204),
from L5DA Handbook Mo, 30, plaie X1 1%537,

s “enmall sweet tubers commonly called mits”, In this manoseript the words
nut, puilet and tuber will e uwsed synenymously te veefer tn the lll'l.clergrnuml
storape organ, Morrison (17) describes them as “small chafTy tubers that re-
main in the gronml ooirgured over winter”™. In the South they are used] Lo
Falten swine, but produce a soft cucass which must be bardened by feeding
carn. They analyse 0.7% protein, 6605 L, 10.5% earhohydrates and 20.5%
ey matter. The tubers are usually evith el tgy artain e maxionn sige of one-
half by one inch, Nuflets grown against a plowsole in potate ficlds may be fat
on the lower side. The tubers are covered with a brown skin with many root-
like projections over the surface, Tl intenor iy a hard while material which
can be cut with woshap koife

When 2 tuber germinates one or more slendee vhizomes originate from
the buds ut the apical end. As this thizome nears the soil surface, 2 plunt de-
velops with a crown, topgrawth and reots, The new plant then produces many
slender rhivomes which terminate mn vt:getﬂtive grct-wt.h during a long ]Jhutua
period and in tubers, with less than 12 hour day, or as the plant approaches
raturity.

The crown at the base of the nuigrass plant is an important zone for re-
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aeneration of new growth, Dell and Bannister (27 Forned that regrowth oe-
curred from this area when the notgrass was killed hack by eontact with -
bicices. A stuall percentage of parent tubers will also resproul when the top-
aronwth 13 killed by herbicides or nllage,

I'he extensive iofestulion of the poorly drained soils of Minnesota was re-
coenlly reported by Tumbleson and Kernmedahl {23y, Une teber o the feld
produeed 1900 plants and 6900 tubers na patch 6.5 leel across i one year, The
mosl shoots ware produced on peat, less oo saady Toam, and least oo xand,
Shools developed fram nuts planted 20 w0 32 inches deep in the greenbouse
Fallowing for 4 years dicl not compictely chimoate stable tuhers from o pea
fichd, Tillage operations that exposed nullets on the sedd sorface for 2 days low-
erec germination 80 percent,

Nutprasy roaturing in qf['()l)],‘i]‘lti i1 Septotnber produces abundlint seed.
Justice und Whitehead {14 reported in 1946 that seed grown in Maine grave
a high percentage of germination in Jaboratory tests, The impertance of sced in
the natural distribution of this weed was unknown. Orsenige and Smith (15)
of Cornell University made preliminary studies o {actors connectid with the
germination of whers and seed. Saidak (22) of Cornell reported a sty o
determine why dalapon produced varinble field control of yellow nutsedge
Investigations using G labeled dalapon indicated negligible basipetal meove-
tnent of leaf ahsorption while thers was excellent (distribution after root ab-
sorption. Little C'% accumulated o the pavent tuber, indicating that under cer-
tain conditions limited dalapon translacation could account for variable Geld
comlrol,

PROCEDURES, RESULTS AND DISCUSSION

The life history studies eonsisted of gernmination tests with seeds and
tubers alter subjecting them to various chemical and femperature treatments,
The effect of the photoperiod and light quantity on growth and development
of shoots, tubers and seed were examined. The response of nulgrass plunts @
certain herhicides and othee cultural treatinents also received atication,

SEED STUDIES
Germination in the labaratory, greenhouse and fleld

In the laboratory tests 100 seeds were placed on moist filter paper in
wlass petri dishes. Each dish represented one treatment and there were 4 yeph-
cates of each. The tests with tota] darkness were conducted 1o alurminum
weighing cans with meist filter paper in the hottom. The covers were tight-
fitting and extended down § inch around the edge of the can.

The germinators uscd in the Jaboratory tests were standard table models,
with thermostatic control of electrical heating units. Diffused light entered



theength o window in the door, When an altermating terperature range sich
as AR B cnennioned, T shoald e iarerpreted 1o mean AR g might and
HOE e an Bl v Additional wests were condneled o e e ionse.
cidier do et dishes or o Betneh ey pots of Toan soil,

Tl grevpniniiion tests were sl comnducted in the seed Lihormtamy ot
Linversity of Massachnsens o the monner presevibed Ly e O icin] Seeed
Awalysts (0 AN rentments were veplicated 4 toes with 100 seals in cach
veplication. "Ile substrate consisted ol 2 discs of gerodnntien hlotters Jlacedd
i thes Besttoan o covervd peiri dishes. The seeds wene spreonted e standad
seeed rermimation cluanbers, Tor o priod of R0 duys. AL germinated seedlings

wi T he sesds

wire counled withool resard for normal and abnermal seedlin
were dostid switly arasin sl provevinal belore cach Teeatnwent, Unless ather
Wi .‘-L[?("t'il'lt‘t‘i all tesls were Hllhj:‘t,‘.lt_'(_| o 16 e of dorkness and 8 by of
lihto When o adierniling Henpperature wis used the seeds received 8 oo
at the |Ii{;51 teinaeidhare anel T6 hours o the low terupueraligen,
InHoreseenoes anel seeds ol northern natgriss woere oblinoed from severa]
Pty ol the Nevtheast, Al inflorescenees obtained were whentihed as Cyforras
cseudentis Lo Ule vescoeh pevsonne? at Rlosde Tslaned and Mossachoseits cone
ducted compiabile tests with secds of (he varions rewinnal steains of (his weed,
The results were shnilar in mos! instances, Inthe Tallowing pures cacly SURINRE]

test will B sl hrielly with 3 mininun of tabular neterial.

Drying and cleaning seeds

Exposing the nutprass inflorescences for o bew heurs ot 100-1200F 00 an
oven belore diying ot oo lemperatne provented oomoldy comhtion which
sometimes ocevrred when room-deied. Moldiness reduced the perceutage gor-
ninaton, Muossachusetts reported thar temperatures up o LT Tor 3 hours
did oot aHeer pernnination,

The seeds were eleaned by sercening then il subjecting thew to an air
Llast which separated the buavier seeds from Lthe lighter ones, The heavier seeds
were sed o the werminioon tests, FPive ot ol Massachusetts notgrass secd
welghed ax follows per 100 seeds— T8, 109 165, 148 and (5.2 millizruns.
The mean genmination, respectively, (or each weight wroup was 4.2, 9.1,
A4, 510y and 306 percent with ane vadue of 09992 Tor poor gernination of

ligh e weight seedd, Simiho results waere obtrined in Rinode Eslined.

Temperature

Fromn prelimimuy lests ot Rhiode Ishod, tewperatiee secmed o he a
criteal factar, The fisst tests were attenped in 19570 Germinion did ot
tavks |‘ll'.ll.'¢'! al ennstant temmperaiures of 700K, B or 959F. bt did oecear wheon

the teonpreatures were dropped o 700F betwesn 5 oo, and # o,
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Chemical treaimoents

Maussaclinsetis workers sonket] seed o concenusted salfvewe aced for 205,
and 10 mnuetes, then rinseed with sater belore pluciog theo o peter dashoes,
The check seed serminated 72 percent alter 18 davs, while the gernnnanon
of the acid treated seeds ranged froan 83 to 91 pereent, After A5 davs o the
verminator the ditferences were 1ot as Ereit,

.Fl't::-ihh' Farvested secds wery s.llhljl‘t'.tt‘.-:'i b *:‘Lh}'h.'ln: ('.'|'I.|I.'II‘C11|‘I‘:.'I.II"III sy of
several differenn concentrations for 24 hours. The results are 1o table 1, Con-
centrations of 20 and 5% increased mmmoaton signthcantly, The cesalts
stgnest that the Tresh seed was pactially dormant and that the vthylene ehloro-
hydrin overgime this condition since in g ler tesl oo anprovemment e ger-
wination was tound. Subjecting sevds to o 123 M solution of sodiam hy-
drowide, 1 M imr_msium PErLInatate or 0.1 M [.:-}'1'(‘};;3.1“!_' acwd, from 2 1o
10 minutes. id net inhilit nor mprove setd] gttr'min.’-nl.it'ar‘n.

Toble 1. EFect of othylane chiorekydiin on seed germination, {Masc}

L
Treatment Carrrinatmn
Check 25,7
0.0 % ethyleny chlorohydrin ang
(.5% cthylene chlorohydrin 4.0
Lo echylene chlorohydrin 4.7
2.0% ethylene chlorohydrin 0.0
3.0% ethylene chlurahydnn il
L5105 4.7

L& a0l 6.4

Further results of chemical tests ac Massachwsetts (M) are presented an
table 2. 'The Ireshly Lurvested seed usecd in this st was grown in Masachusents
vy Rhode Tshand seed. The sermination mediutn was saturated with polassi-
L narate, aminouiiin nitrate, and combination of these with manginese sol-
fate. The averape geemination for seeds meistened with witer was 47.7 pereent.
The 0.1 percent potssiurm oitrite aned the 0.1 and 0.2 percent ammaoniom ni-
wate solutiony increased germination significantly. The others produced ne
Lenefit or were definitely detnimental, boaking seeds in salitions of potassium
wibbercllate for 2 hours, or iniually neistening the flter papers with this selo-
tion increased the average germination of nuegrass seed fron 46 10 67 per-
cent. In general, 10 ppm owas as cllective as 1000 e of naterial. The seed-
lings receiving the gil‘,\bt,‘.rt:ll:-m'. were 3 tw 7 nm taller than the cheeks,

Germindgtion medio

To an experiment with sewds Ttorn Rhede Island (1957) and New York
(1958} filter paper was compared to potling soil as genmination imedia in pete
dishes. The test was conducted i diflused daylight in a greenhouse with #3°F
day remperatire. The night tempurature ranged from 60 to 70°F. Water and

9



3L and 022 percent KNG, solutions were compared, The percent germninationy
ares showrn i table 3,

Tokle 2. Effects of various chemicals on the germination of a4 R 1 #iran of nutgront arewn In

Moisochuiets,

|A’ ".-".'-
L B L T T AT ) Liralninls LRI TTH TR
Chack " a1 0.2% MnSO, /KNO, 46.3
1,0, KN(J.I 10.1] {11 %, 'v[n%t_)i,KN('} 44 5
0.0 KNO, 1.7 LO0% Mn&O fNH D “-ID 1.0
0.2% KNO, 49.0) u”‘f MnSO, /NH, Nc} 40,2
0.1% KRNO, S0 2% MnSO, NI NU 135
L% NH N[) 23.0) (.17% MnS0 leI Nﬂ' Aok 1
(L% NH N{") A 1.0% hN{J 120
.25 NH.N()_ 3T .4 % KNU +5.5
0.1% KH,NQ, 342 0.2, KN{JH 467
.03 %4 MnS(J,l/KNf_)" 43 1% KNI_'JH R
(L5% MnS(, /KNO, 16.7 L o
LLsD 0.05 N N30 0.05 53,8
LS50 0.01) 7.8 LD 0.0l 7.8

Table 3, Effect of media and KNG, saslutiom on percent germination of 2 nutgros: strains ol
B5"F day lempargture and &0-Z0'F o night. |R. 1)

—— .

Potiinie il Filter papcr Av. wl. & rm:duﬁ
wlh.l'.m . b m "f-"‘u J’Lr_:_:.lrh‘“ % Are-sine
Rhode Island 1957
Tap water 7a B2 5 hA 354 71 54%.0
1% KNG, Bf Bit.1 73 al.0 Bt 6.6
0.2 KNO,. b4 69.9 5 4.1 i B0
Aorare K- bh.H ] b 6 fHlo
Mew York 15538
Tap watrr 7t La4 h] Ga.0 74 057
0.5 KNGO, £ (8.1 a1 FEN 3 70.5
0.2% KNO, 78 L3 a4 7.0 Kl 4.7
Averawe 79 R 87 (9.2 g3 Gi6.3

LSD 1.05 Solution —4.2 arc-sine values,
L5D 003 Siram x media=+.9 arc-sine values.
[LATY D5 Strain ® media= 6.4 arc-sine valoes.

Statistical anterpretation of the arc.sine values shows that the Rhbode
Fslandd strain yerminated significantly better on soil than on Alter paper, the
averape for soil being 84 percent compared to 69 percent for filter paper. Com-
paring soil to paper, with New York seed, the average germinations were 79
and 87 percent, respectively. Tn this particular test, germination was statistic-
ally superior where 0.1 percent KNG, solution was used, With average zer-
rlnations 48 high as 83 percent [or water, these differcnces are probably not of
practical inportance as Far s the potential infestation of ficlds by this weed s

.0 l'H.ff?I'T]l':([ .

Light quality and quantity

Tests were conducted 1o the seed laboratory { Mass,) to determine the
offert of light guantity and quality on germination of mtgrass seed. Four

10



bundred sceds from cacli of 4 separate Lot were subjected o each 1ost in this
experiment,

The seed from all treatiments were alternated beoween 8 hours under the
upl_}r(:]:r'intd_* light treatiments at 86°F. and 16 hours of darkness at 68°F, The
ameunt of water used o meisten the gt,‘.ruﬁlmli('m Blotwers was kept constand

Light quality was contralled by wrapping DuPont coleved cellophane ovey
the germinating dishes, Sylvania daylight Quorcscent bulbs were used as the
source of light and these were suspended 22 inches above the surlace of he
germinator. Light intensities woere maintamed by weans of 2,4 and & bulbs
which produced 63, 14H) and 280 foot candles of light, respeciively,

Eleven treatiments with light included the following colors: yed pink, hight
vellow, durk yellow, light green, dark green, orchid, Lght blue, dark blue,
red plus dark blue, ind clear. An analysis of thi: cdata revealed noosignthieang
difvrences amnng the following reatments; rect, pink, light vellow, dark yel-
low, light gricen, orchid, light blue, clear and the chick. Seeds under dark
vrech, fed plus dark Dlue and dark blue, bowever, germinared significantly
pucrer than the cheele; seeds under dark Dlue germinated 48 percent less than
the check. Light intensitv resulied inoa vaciation ol resules with poarest e
wation at 1) foot candies,

Interaction of temperature, light and moistening agent

Resudts oof two wypieal experineents with temperaieee varatons, KN,
as compared to water o aomostening agean, and light and dark versus com-
plete dark, are presented in tables 3 (Rhode Islundy ol 5 (Massachuosetls)

The germination (Ko L)owas peor o 7%F and the figures were not -
cluced in the statistical analysis (see table Y Gecomation at 1001 tenipuera-
ture was significantly better than s 8700 a0 the 1 pereent level. Genmination
was alsa better inthe glass peten dishes than in the alumimnn cans, Bven o the
cans the percent of germination ranged from 63 (o 85 Ty indicates thar con-
tnueus darkness, per se, was not a pacticelarly depressive lactor, bot that the
environment 0 the darkened cans was not as favorable as in petn dishes. Po-
tussioan nitrals solutions wers oo more [avorable than water in this rest. The
experiment described above wag repeated o Aeril 1937 with sinilav vesulis.

Fhe Massachusetts workers in 3 tegts found that conlineons darkness -
terfored with pennination in the 68-80°F range but not i the 64991 range
(see table 5). They used the Mossachusetts seed and seed [rom plants which
originated from the seed grown in Rhede Ldand. Apparently, when conditions
are quite favorable for penmination, cowplete darkness s not an inhibiting
Fawtor,

The offect of continmous light versus the normal dilfused light which pene-
trates the genninators duving the daytime was exained. The germinations for
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CORIBUGOS VOrsLs nonmal Bubit were 67 und 70 percent. respectively. Undery
bright light. seedlines were short and elark green, while under dilfused Light
they were all and vellowish, Sl results were abtained  with permination
tosts i the gesenhouse swhere the seeds in one case were exposed 1o sunligh,
whili anathier set sy shaded. Noosignibicant diflorence in sermination was

r

found. The shaded secdlings vanged from [5-32 o, while those 1o dlireet

sunlinht were 20 10 g i length 4 weeks afler plaoting.

Teble 3, Effest of light, temparoturs ond KHDh salytisns cn the percent garminetion of nerth-
#rn nutgras:s secd. (R L)

T oy TS Av. both_temp.
|'J'.li1ll:li_iltn 3’.1. . __“'.,':7.-_, i Avesine '}';u Ari-ding LA Ar;:-_\,iji
Alternate light

Witer [ T4 WA 94 7.1 84 ThE!
L% BN, 1 7t Gy 97 .4 HE (17,5
(0.2t K\N(:'ﬁlu Y it Al t oL 11 BHE
."lv’t::‘i!.!::t‘: Fii] HEX L g1 0.8 i fd.7

Coentinnous darkness
Wiilcr i &Hil hhh i Gin 8 h v
O KNG, 7 &5 4.1 ] RN 77 38,9
0.2% KNCY, 14 66 hb 85 679 75 6y

Average b6 3.7 12 G318 74 a4

LDy 00a Tempesatoes-- 24 arc sine values,
L5D 000 Teampratuee -5 amc-aine valoes,
L1 0085 Livhi-darkness x solurion =4 1 arceine values,

Table 3. Efachs of light, dorknass, KNGh ond temperdlure an gercent gérminaltion of sand of g
Rhode Iplrnd strain of neigross grewn in MostacheieHs,

0.2, Srratifial a1 WP
Ternperaturs o Eherk ok KN, 5 duys 261 v Mrans
AR RG] WeD 1.5 445,10 aAh 47.7 1.1
fil-QGe 369 46,2 0.0 635 65.2 503
Towal means 176 4.9 67.5 09,7 Rl
[5TY 003 Treatmenty 4.7
[.510 0.0 Teeatrrents 6.5
LAY 0L Teip. 5 treat, B0 6.6 .G G.h 6.6 1
L0 0 Temgr. x trept, #.9 R 1.9 N5 aa 4.0

NGt usmd in statistcal anndysia
Herbicidal Treatment

Two groups of seed were exposed to EPTC vapor [ethyl di-nepropylthio-
carbamate ) for periods of 0, 2, 4 and 8 hours. One lot wias meistened 24 hours
hefore treatment. The other was dry. Bolh groups of seeds germinated well,
but showaed damage shortly therealter.

Io another rest dry sceds were given a similar exposure tn vapor and were
wiashed afterward, frst in 954 aleolwol, and then 1o water before ]Jein_q prlivced
in the gpeominator, Seeds net exposed o EPTCO gernninated 92% while the ox-
[mﬁt,'.t,i seeds were B9, viable,

Washing the sceds aleer treatment i not remwove the toxic principle. In
both these tests seedling dasnigre was proportional to the length of exposure to
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EPTC vapor, Shorter coleoptiles, burned and wilted  Gps, and thick, shert
ooty which ended in a lump from which smallor and thinner roots gresw, were
characteristic of the damaged secdling.

In & genmiution st i the yreenhouse, Moew York (T8 seed wiw
sl i potting soil in petrn dishes and esposed to RFTO vapor for O, 2,4,
and 8 bonrs. Ty lall of the peud dishes the soil was kepr dey (155 moistore
during the treatment; in the other hudf the sol was saturated sith waters The
diy sodl was salurated with water after the vapor treatiment

The seed lings inthe treated dishes showed anincreased damage the longer
the sevel was exposed to the EP'TC vapor, From the B-houe trealinent the seed-
lings were very short, thick and with a brown wilted tp BEven the seedlings
frotr the d-hour treaonents were hanued, The damage was shighitly less when
thu soi) was dry during expeosure 1o the vapor,

Ciond sernination was obtained in all weaunents, bat there was a eleay
ditference in the heights of the seedlings, which av the end of the third week

wore as hollows:

rr Lreitinient 2.0 ot
Ironn 2-hour treatinent It 1A om
moist dehonr Lrealment 1.0 em
serexc] B-liowr Areatment L7 cmn

The seedlings fron dey-lieated seed were w litthe longer than the seedlings from
thie votst-treated seed:

from 2-hour treatment 20 o
dry 4-hour treatiment 1.3 to 1.8 tm
seed A-honir Lreatinent 1.0 cn

Three weeks from seeding the growth of vapor-treated scedlings stopped.
Lruring the Tollowing tweo weeks they shriveled and mestly disintevrated. Only
short stubs of the stems were Jeft. Alter § weeks from seeding even the stubs
of thy stemng disappeared and only simall residues could be found. The check
seedlings rrew well.

In Rhace Tsland tests nwo differences in gerination were Inuac between
seeids from plants sprayed with sodium arsenite vine killer and unspraved
jalants,

Matvrity of seed

Five collections of sced were made at the Ciodner farnmn 1o Rhode [sland,
starting August 12, 1959 which was 3 weeks after pollination of the outgrass
Aowers. The sced heads were green at the early harvests, but seed conld be
threshod out by rubhing thein between the hands. Fach batch of seed was
stored at rooin temiperature until Noveraber 18, 1959 when the germination
test wis started. The rosults are presented to table 6, Uhe pereent germinations
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rangud frone 17 0 35 percent. The avetage pereent germination was consider-
ably Tiwher Tor seed bacvested in Septeruber, Ths nadoubtedly veflects rmore

tatune seed ot the later har ests,

Table &, A'ﬂ'rﬂﬂl‘ germinotion &f seed frem different Y959 horvest: from the Gordner farm.

—_— —— - —_—— [

CrrmihLLing
e Ahbe of Hanes i . Ariaine -
Angast T by 270
August 25 w7 KV
Auwust 1 17 245
sepleniber 41 39.5
Seplemilwere 14 N +7 R

LD T =57 anc-sine values
LD 000 -2 7.9 are-slie values

Stornge canditions

Etect of wetting and drving seeds planted on Alter paper and storecd at
0P or 34°F for a 60-day period was studied at Rhede 1sland. Allernating
wet and dry pueriods did not prevent germination. Overall secomimdion was
semnewhat less for sorue treatiments at the 7001 temperature. 1t ioay be infereed
freny tlus that wetting and drying under ficld conditivos will ol materially ve-
duce the viability of nuetgrass soed when the tsmperatures are lower than neees-
sary lor sernination. Experience has shown that after genotnation, seedlings
are severely domaged from being dey for 24 houws.

Massachusetts tested seed stared at 3¢F for a wonth before geriuination,
Seed grown duving 1958 in Massachusetts and Rhode Island was divided into
three los, one of roon temperatire, another at 5°F bat dey, and o ihaed ar beF
andd wer The germination of the dry seed was no different than the check,
approxinutely 80 percent. The genminaton of the wel, cold seed was reduced
o 31 pereent,

A similar experunent corried ont at Rhode Lsland with 1960 seeds (ron
Blassichwsers, NewYork and Rhode Lland prodoced similar cesults. See 1able
7. Becds were planted oo moist Bller paper and held lor three months ar either
0°F wr 50°F. A thied set was alternated weekly between 0°F aod 500K anel a
fonrtly between S0°F and 700F, The check was from seed stored in a dry
rootn, Filty degrees appeared to be a favorable temperature for the storage of
seed, since the best germination Tor each variety was obtained  with this
restment, althongh the roo-stored seeds were nearly as good. Holding the
seeds wit at 0°F or at the alternating temperatures reduced seed viability con-
siderably, bur did not eliminnte i1 This suggests that some nutgrass seed will
overwinter 10 soil and survive Huctuaung teraperitores.,

[y secds of 4 strains of nocthern nuterass were eefriperated at 36°F for 3
years. A comparable gronp was held ot romn temnperature, In general, germin-
atim was equally wood. The Masachuseus sirpin for example was 9 and
86 percent respectively, for the wirm versus eold storage.
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Tohle 7. The affect of 3 manth storage temperoctures on the viobility of 3 sirains of moint
northers pufgras wnad. (R

L kT WwF W ST F N4
[ ChoomerIite 1Lon 4 X Tal A a4 i1
Are-sine 7h.1 f b I i ERN
Mase. A perndination 51 2 K a7 ]
Arv Al 447 YA 147 414 7.3
NOOYL T Eerinaimg nl 6 i a4l 1
."I\r_r_-..f:i.m- KRN EIER| (TRRE g1 2006
LEMY 00,05 Treatneni T are-mine walues )
LETY (000 "Ureatrarenn — W oarc-sime wvaluey
L5100 Suate CR7 arve sine vl
LSy V01 Stite- 70 sreesione values
S0y (000% Teeatintont ¥ state w1 B netemitue vadis

FsDy 000 Treatinent 5 stale

6.9 arcstine vadues

Depth of seeding

Secel of northern ourgrass was sown al ditferent depths i pots ol sindy
o nsing T seeds ineach, The plauting depths were §0h0 10103 and
21 inches, There wore 4 meplicates for eoch depthe Aeer the seeds woere planted,
the s were plinged insoil on the Peckbiam farm. They were feetlized ot the
aate ol TADO ponnds per acee with 1010210 Tertiliver, and prevented from
deving vut by irvinaion, The test was started Mav 47, L9549 ol the resnits

are resented tahle 8

fahle B. Germingtion of muigrass seod planted @t 4 depths in patt af cail, LN

Irhth o sperling

ta el Ly ineh U dneds 1 inh
Perrvol geruatidion 4l 2 li L
Llays ter caneraemioe 14 1-4 Lu

The vesinlis neicate that seed 11 inches of decper below the surface of
thi: soil was net able to come up. T1 was ot cleternnnedd whelher the seed e
wained dormant or whether the seedlings died after germination at the lower
e i,
Field plontings

The goil on the Peekluun Fum s sanedy Lo withe pl 000 Flo were
estatblishend it Beld Tree Ceor putgrass aond weee tertilized witly 100 pemneds
per acee of 10-10-10 fertilizer.

Secds of the V58 harvest frong New Yook, Rl

ae(ts wrere wseel, Twehae hundred seedly fromn each stale were sown oan b

O P TITE AT TR I E P TR TY

-

cates el tony was ' Feet Jong e S0 seeds wers plavted iooeach, The see:ts
werr sown Moy 26, 1090 and were drrigated ag ofton as necessiey o keepy ol
moist. hronchout the growing suison the plots wepe ket clean by hocing.

Tl firse seedlings croevgedl 15 days alter sowing, Totab rermination on

Julv 6 o the New York, Masswhusetts and Rhode Tslared seed, vespectivels,
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Tkek

way o, L and 08 percent Flowering besan Aagnst 26, which was 92 cavs
alter H‘t‘(!ir‘l_'__;'. Ther Taeest j_i;l'n\\'th accurred {lur[]]g _]11|1:." wipch was o WiLIll1, hu-
i month with vainfall above average. The New York strain srew faster
than those fron Massachuseres and Rhode Island, Al plants wera grecn until
tha mielelle o St,‘].}t(-?l'uh(.u'. {n .‘:'}{:lmwnl}r.*i' e, 110 days alter sowingr, the New
York plinw bad 31 sedbeads with noatiee seed, The Massachusetts and 12hocle
Fslndd plants Tewed 9 el 4 inlorescenses, respectively, O September 28 the
plants lurned o brown-yellow color and only younger st ware still precn,
The following night the plants were destroved by Trost,

Asecond fefd vl shavnced July 6, 1959 T he plots were established indhe
seine hield as hotore, The same steains, amount of sced and ]rl:miing pnceclires
wers: nseels Tl st seedlines were abserved July 200 011 days after sowing)
ansl when counted July 29, a0 average yermination of 28, 18 and 2 pereent was
recorded for New York, Massachiusetts and Rhode Island, respeciively,

The plants grew unul the nuddle of Seprember and stopped with the ad-
vent of cold weather, The tallest plants, 1 feer, were the Massachusetts strain.
Thestraans fromy Bhnde Island and New York averaged one oot Only one in-
Aorescence was produced frome the three straing and that wag from o Rhode
Bslandl pplant. O Sepramber 28 the plaots were frosted and deteriorated -
ity )

Om October 28, 1960 Rlode Tshingd seed brom the 1957 harvest angd sevds
from Mussachusetts, New York and Rhode lsland for the years 1958, 1950
aned 1960 were seoded one-hall ineh deep in fowr replicates of 300 seeds cals.
Unfortynately, consideralile washing cccurred due to unusually heavy raios
during the winter and spung of 1967, Counls in June 1961 showed the ttal
nutgriss seedlings for four rephoates ranged from 5 (o 106, A gond stand of
seedlings also duveloped along the edge of the feld where soil from the plots
wity deposited. This was amople proof thel outgrass seed of varying ages can
survive winter condiGons and germinate the lollowing season,

Growth rate of seedlings

A growth rate test with New York strains of nutprass was initiated July
17, 1953, One sewdling was established to a 6-inch pot of soil, with 6 pots for
each date of harvest. The harvest dares, average stem, and root plus rhizone
weights as well as heights, and number of stems and nutlets per plant,
are: shown i tahle 9 The vepetative developient slowed after 2 auonths as
the days became shorter but nutlet production increased  steadily. Fleven
wreeks abter pl;-mring the vields ol tubers from ondividual :-a.t'i'.c]lings ;,u-'-:-*mf__'red
152 per pot.

TUBER STUDIES

Distribution in the profile

Tubers were counted i senl tuken froon 7 Relds Imavjly infested with
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Table 9. Averoge weight in grams end production per seedling of o Now York atrain of rorth-
ern nubgrass. (R}

Stems Tyn_\. anvd rhi';:u-:;:u'\_ I-IITL\_-h'.' of ' -&ﬂ_‘;lT T '.IT-
Irate of " Wel [y Khansl. | Wet 170w St plant ol o Elownr
Hiarveal L. L. ) . ﬂ M. ht __|:I'l _‘-I"HH III.I‘.'.? hl.".ll!:_
Aug 12 06 0.0 a1 (11 (h i
Aug 24 155 (.57 HH h.2 0. 34 HE 1.3 4]
Seq 30 102 a7 G 8.4 1.96 4 2 e Ll
Sept. 14 B2K 10 L Sik.1 R I 1.6 | 5l 4
el 2 B 11.43 W 4 110 i A 4 T 1

8 T T A H 1145 L 10585 29.47 R U H gl 5%

nulgrass. The fivst feld, near Georgetown., Dhlovare, was ssunpled on April
10, 1934, It was plaoted 10 corn in 1957 and o rye cover n the Tall of 1857,
The second feld, aear Dover, Delaware, was samplicd on Qcober 2, 158, Tt
was cropped with domatees in 1957 and potatoes in 1558,

Smuples were taken frow 3 lovatons o cach held, vach of winch were 2
spare Feel 1m0 area, Layers of soil were taken at the lollow g depths: 023, 0-6,
G- 917 and 12418 inches, Soil was washed throngh asereen and howr and
solt tubers were connted, Salt tubws were those that conld be croshoed e the
hand with anoduerate pressuee, and were presumed dead.

Results are presented in table 100 They nchicate thal maost tubers were an
the top & inches of wil; that rarely are fetn tubers fonnd bedow D inches ) that
mortality during the winter was quite high. In the October sampling at Thover
only 13 percent of the tubers wirre soft and presumied dead while in the Aprl
samnpling al Gueorgelown 75 percent of 1the tubers were soft and presumed dead.

Teble 10. Dizstribution of autgrass tubars in tha seil profile ot Georgetown, Delowars, spring
1958, ond Dovar, Daloware, fall 1954,
A\'i'hnﬂ"-" e, af tubers ey 2 AlgLinrs: I.'-r.r.t‘

Sail dcpth Comn g town v . L [hwern s

imvhrs firm yel | fapfal firm sfl [ HY
04 13 490 1313 ] 7 54
G006 S| 121 [T} i e 1
6- 9 2 7t 76 Fag 11 54
o 11 {l t B ¥ ¥ }
[ | , i 4 1 ) 0

Total el 291 iy 148 27 175

* Avergne of 3 sunplings

*= Bampled Al 10, [958
#ar Lopled Outober 2, 190578

Depth of placement in soil

Firm pverwintered tubers were placed in plastic-sereen baps in a well-
drained Sassafras sandy lean in the Reld o Delaware on June 26, 195 at
depths of 3,6, 9. 12, and 18 inches. Twelve bags each containing 15 tubers
were placed at each depth. One month later the eroerged shoots were connted,
Tt was assumed that po more than one shoot came {rom each tuber. This as-
surmption may not be quite correet, since it has heen observed tht accasionally
twn shools come from a single tnher. The germination percentages for the
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A0 85 120wl 1 inch dt‘l'.llh.ti wire 32, :-r:'.-‘l-3 L1, 3, and D |rereent, 1':.'.5;_)(_-.('1_'1\*:;;‘1':.'_

In Rhode Island, depth of germination of nutlets was estimated by meas-
LIT'iI'I_L'; the length of the sleader rhizooes between the nutlet and the coown of
the plant. CF the 461 plants dug from Bridgehampton silt Ioan soil, 302 had
rhivomes of 2 inches or less. t34 were in the vange of 2,29 to 4.0 inches and
20 pessesseel rhizomes fronn 4.23 to 7.0 inches. In oose, Triable soil gennination
and cmergence of plants from nuilets buried 7 inches deep is entirely possible.

Doermancy

The dormaney of nutlets received eonsiderable attention from the regional
reseirch team. In Massachusetts, for l‘.x;.l.mphf, fl't::-il'l]'!.-‘ dng tubers appeur‘ucl 107
he donaat und neither constant nor daily alterations of telaperatare in range
From H0°F to 05°F induced wermination. Inhbers stored on molst hlotter paper
at 20°F for one month and then atl altermating teruperatures of 88-86°F for 48
days, germinated at 42 percent. When held for two manths at 300F the ger-
minatien was 77 pereent inoonly 13 days, Nuts dug from the feld after over-
wintering sliowed sprouts inoas littde as 7 days from titne of planting when plac-
ed at the 62-H6F tetperature.

In Delaware the germination of 4 lots of newly {orned tubers was 4, 8, 6,
und 28 percent, These percentages were preatly inereased by cortain pre-
grrrnination temperature or chenmucal treatnents, Sproutiog of the lot gOrIn.
ating 4 percent was increased to M percent by 50°F storage for 1 month; to
32 percent by soaking in a 5 percent thiourea solution for 14 hours; and w 24
pereent by momentarily dipping in a1 percent ethylene chlorohydrin solution.
Ciermination of the lot germinating B percent was jucreased to 31 percent by
ARF storage for 1 month: o 26 percent by exposure to 100°F for 36 hours; to
48 and 34 percenl, respectively, by the thioures and ethylene chlerohydrin
treatments, Sprouting of the Iot germmnating 16 percent was increased to 54
and 40 percent eespectively, by the swne thiourea and ethylene chlorohydon
treatments. Gernnnation of the 28 percent lot was increased o W0 pereent
by storage for 1 week atb either 320F or 18°F.

In Delaware, three lots of firm tubers that over-wintered and were taken
from the soil in Fehruary 1958 germinated 32, D0, and 69 percent. Preswinably
the dormaney of these tubuers bad been broken by overwintering in the soil.

Tharlee (9) of Massachiosetts tested the following chemicals for breaking
the dormancy of Treshily harvested nuotlets — potassium thiocyanate, ethylene
chlorohyelrin, thionrea and ethyl ether, 'The quantities used and the effects
upon sprouting and growth are shown in tables 1] and 12, The most pronounc-
ad results were obtained from tubers treated with 0.5 percent solution of ethy-
lene chlorohydrin and o 4 percent ethyl ether solution. The ethylene chlorohy-
drin not only promoted good germinatton but alse excellent shoot and roet
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growth. This material had practically no ellect an the apical deminance ol
the ternnnad b,

Table 1). Avaroge germinotien and growth chtained from several chemigal frectmann on dler-
mant northern nuigras:s tubers. (Mo

' Skl 1|_|'|g_|}|_ Ruant lemech b LLTELFL & ) I'('_ri'i,-ni
['realtuent . "R, . IH_‘!'__llll.lL‘l' . j.:rmun.utiqm_
Check 4.35 419 1.41% | 3.4
Check® .40 Bsh 140t 5.3
Cihrek®® 400 RN L.0i) L5 4
15 ES0N .o 1.96 | 28 Tz
arg KECN (.51 152 L.&7 D).
44 KECIN (49 41 147 Rl
U7 ethvlone chlorobvddrin 3.0 08 [,11 1011.0)
1. ethylens chlorohydrin 4.113 30 1.7 HIe RN
249 ethylew: chloruhydrin G20 1406 .07 65,1
+'%7% ethylene chlorobydrin 1.4¢ 1.0 .12 6.7
154 thiirea oG LR 1.4 IV
PO thiuuren 1, 14 1597 7.5
4% 1hiowr-i 0.a5 Fony 7
K (hisurea 0.50 .23 RO
Ll .00 | (0 1.}2 a4 V)
18Ty DLi#] fola 1.51 e A4

® Tubers sonked i owater for 1 livur,

#% Tyubers dipped i watee then placed in an aictight jar Tor 24 hours a1 #62F.

Potassium thiocyanate and thiourea solution breke the dominance rexult-
ing in up to 4 vepetative sproute per wber. The latter two chemicals retarded
raot and shoot growth aftee germination. The 4 percent ethyl ether allowed
100 percent breaking of dormancy, but severely retarded root and shoot
elongation.  Somewhat similar results were obtained in Delaware  with
thiourea and ethylene chlorohydrin, Rahn reported that EPTC prevented ger-
inination of tubers without killing them, Atrazine (2-chloro-4-({ethylamine)-6-
(isopropylamine)-s-triazine) did pot stop germination but eventually killed
youny plants.

Tablé 12, Avarage germination and growth of northern nutgrass tubers stered Tn aail at SQ°F.
far 2 months followed by troahment with sthyl athar. [Moss.)

Shoot imeth  Haoot lkength Hprons Pervcny
Treatment epn. rE. prr tuber r.l'crrnin_:tliun
Check 386 4.76 1.1% 18,45
0.1% olhyl ether 4.30 4.54 t 08 hiyno
(.25, ethyl ether 5.04) 1.95 1.05 f1.3.00
1.5% ethyl ciher 5.50 523 1.1 5047
1.0% cthyl ether ha3 h.B7 1.0 LY
2% ethyl ether 2% 6,15 1.4 59.17
4.0% wthyl vther 384 .79 1.74 . 1003 .00 ]
18D 0.0 0.77 ST} TAE 73 24
LED 0.01 1.06 1.L4 017 16,482

+ b ——

%0il Compuaction

The effect of degree of soil compaction on tuber genmination was studied
in the greenbouse. Boils having 4 levels of eompaction as indicated by bulk den-
sitics of .97, 1.17, 1.56, and |68 were prepared and placed in nine-inch clay
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pots, it wbers were plante:l 5 mches deep 1o eache pot Treatments were mp-
licated 3§ vmes. A bulk densiy of 099 was obtinned by mixking o loany sand
with peal toss m oo ratio ol boto 1) Tollowed by subiveigation, A lnosely packs
e elay lonm which was subirrigated had o bulk density of 117 while a lowny
sancl compucted when div and subseguently surface watered had a bulk den-
sthv ool 17360 A li‘r:l:rll}* san¢l ('l.‘lnlpﬂ(:it'd whett wel aned Htthﬁi.‘.t.|ut'nll§' st face wat-
eve] hadd acbolk density of 168,

Nungrass did not emerge trom the mest compacred soil for a menth, Nut
arasy st 1o grew from the ather 3 less-compacted sotls after 10 vy, Atter
A-mianths the germination was 96, 53, 67, and 47 percent, respectively, Tor the
soils with bulk densities of 097, 107, 136, and 168 Both rate and percen-
tage o gorminnation ol oowgreass was greatly redoeed by hewaly congpueted
s ls,

Exposure te low temperatures gnd drying

Newly formned tubers were placed 1o refrigeralors at approxipately 5°F
el 20°F. The dorniney ol these tubers wis previously hroken by placing 1hem
at 389F for ane month, They hud oo geriination percentage of 50 peroent at
the start of the test. When tiebers frem this sane lot were pre-gxposed o 200F
for 1.3, booapd 7 duvs and 2, 3, 4, and 3 weeks, no tibovs gerininated after 3
davs exposure, al which titne the germination was 8 pereent,

When tubers were pre-expased 1o 32F lor the suoe lengths of tiioe, no
tubiers gerininated afee 3 davs exposure, oy which time the germinntion was
16 pereent. Most tubers rotied doring the germination fest.

Saples from the same lot of whers were placed on the soll swlsce in
the feld oo October 9 1958 to see what exposnee to winler congditions wonld
do (o percentage germination. Sarples withdrawn at moothly intervals ger-
minated 32, 20, 20, 10, and 12 peecent respectively, The Last sample was with-
drawn oo March 9, 1955

Nuring this winter, 1938, monthly minimer temperatures for October
throngh March were 317, ]7‘3: b7, 3%, 3¢, and 19°F, respectively, This indicates
that exposure of tnbers to freezing and drving conditions of winter would not
be nn efective method for cradication ol nutgrass. A possible explanation {oe
the short lile of tubers placed in refrigerators at 20 and > F is that they
were unahle to become hardened by gradual recuction of temperatare, as was
the case in the hLeld.

a

Herbicides applied to soil

The effect of atrazine and EPTC on germimation ol tibers wos studied in
thee preenbouse, Atrazine ar % and 6 ih/A and EPTO at 6 and & lb/A was

incorporated in the top 4 inches of Norfolk loamy sand placed in 9-inch pots.
Then 30 tubers, whose dormmumey was brolwen by low temperature treahment,
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wore placed 3omches deep i cach pot, Phiree replivates were e, Besults with

abrazine are presented i table U5 Awazine had oo sianificant elfeet ni e

nination, but did sabsequently K EG anel 1] percent ol thee resulting plints
at e 5o 6 thyA levels, respechively.
Table 13 Efud &f alregione sn germination of nutgrass fubaers, iDel}

) o - T ' - f'.q,'ll-llin:lliurl I HIII'I il e

afler B owreeke, alver 11 werh,

I'eeiiiment "I o _ l:-_'
Atrearione, 4 IhAA* uh e
Atraetne, B 1L /K ¥ 1111
ek HB 1
151 1l N.5 I

il YO PR illt'irr'i]t]l'il[l.‘t'l A inelios t]l.‘{'|".

Where TITC weas applict. no jubers geeminated after & weeks. M Lhis
tinie, Tl the thers were vemover] Trome enctt oty were witshieel with swier,
and were veplinted o nntreted sl toosee whether FPEC lud killed theen,
These tnbers spronted veadily giving permination prrcentages Toweeks Liner
of 7 77 for the 6 and 2 10 A levels, respectively. Ar this lime no fubierd
hanl werniinated in the BEPTC treated soils wherens 35 percent of the tubhers
biwl werminated in the notreated soil,

The above tesults indicate that atrazine did oot peevene geemiedon Tt
T did, EETC, however, did nol K the tobers, But kept then denaut.

Rescnrchers it New York tovad thet herhieidal chermeads did oo kil

Jormant tubers. The woerials wsteel wore methyl bronmde, sulstitated ureas,
prinsines, TCA. dalapon, BTG and s anadags. The Tollowing season tihiers
sprouted and grew Lo maturity imless residually detive snnounts of the chien-
teal were present Inothis cise, the plants usually were 2 10 6 inches all before
showing damage, When suflieiendy irge wnounts ol chenical were present
the plants died.

Herbicides applied to mather plants

The herbicides listed in table 1 were applied 1o follage of vigorous, 2-
foot high noterass plants growing in d-inche pots ino the greenhouse. These
plinte bore nuncerous ebers, The objective was to determing whether thiese
horbicides, Tolkvwing Teliage applications wonld T translocated ot tubiers
ared kil thenn One month alter application, the potted plants were paeed ont-
daors for 30 days, to hreuk tuber darmancy siaee nights lemperatuoes wene
below Trecving, Tubers were then removed and graded e seoad! and Lo
gronps by sifting through o one-fourth inch sereer, 16 was assumed thar the
Large tubers were oller and probahly swere natiee: at thne of berbicide apph-
cation, while the small tubers wers st actively growing with carbolhydirnes
Being transported inlo thew, possibly aspocinted with hevbicides. "Pubers were
then germinated tor 6 weeks in perlite in the groenbonse

|]1

-



Tablie 14. Effect ol foliage applications of amitrels, amilrele -+ 2,4-0, omitrole-T, ofrozine,
and dalapan an germination of intoct lvkers of nutgrass. (Del]

Ralec o Qereent j.:ur[nin.'ll‘u.ln N
Ele:rhviainde th/A Small tuhers Largr luth
Arnitrole® ) 2 1
Anitrale il 1 il
Amidceiele + 2,1-1 A I N
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anate mixiure.
4 Nalapon 27 — dichloroprapsenic acid.

Anmiatrole was the outstanding cheanocal tested, Smaldl and large tubers
from untreated plants germinated 43 and 82 percent, respectively, Small and
large tubers from plants sprayed with wroteole, 5 IBJA]D serminated only 2 and
I percent, cespectively, Nootubers from plants spraved with amitrole, [0 1h7A.
aerrminated.

Amitrolesl and o combination of amitele and 24-1F gave g meee rapid
top kill, but were wssentially equal te amitrole, Atrazine and dalapan, were ef-
fective m killing the nuteres folinge, but not in redoeing the viahility of intact
tubers.

Langevity

In February, 1958, tubers were faken Trom o field heavily infested walh
nulorass and placed in 5021 storage. During June, 1958, a nuraber of plastic
screen bags, each containing 15 tubers, were buriee ina Sassalras sandy Joam
in the Reld at depths of 3, 6, 9, 12, and U mches, AL mdervals of 10312, and
18 months Lwo bags (30 tubwers) at each depth were removed and taken to the
creenhouse where gcrminatidn tests of the fem tiebers were rune TF was assnm-
ed that when these tubers were placed in the soil i June, 198, they were al.
ready approximately 10 months old, and that mest of them bad been formed
during Aupust and September, 1957 Their viability at time of burying in the
fiell was 30 porcent according to a greenhouse test,

A number of tubers remnained finn after W monthy bhunal al depehs of 9,
12, and 18 inches {table 159, but no tubers remained viable after 12 months
burial. Assuring that these tubers were 10 months old when they were buried,
this means that sometitne between 15 and 22 months these tubers lost their
viahility comypletely, This sugeests that few, il any, tubers will survive two win-
ters in Delaware, Qhservadions at Cornell and Rhode Island suggest that sone
thers will reniin vinkle in the seil for more than twe vears,



Table 15, Percentage of tubais that remdained Arm* after being hurigd in June, 1958 at vory-
ing depthi in tha fleld for varying lengths of lime and their pareant germinclien. (Dal.)
) | Fervem firm tulues ginl percent uurmin_;liiurl'

Burial depth U mae., "t mo. 1% me. TG mn.
HIR RS Luhors eurm, tabera i Frrm. ._I"Ilf‘ sernL. I.ul.nﬂ CErR.
i o &1 17 B ' 0 0 iy 1
3] a0 [ (i} i 1% ] ¥ 1}
| 7T 2 74 4 2 {l 4 b
12 ., i 15 13 (0 7 0
1b : ! ! @3 (I 10} 0

Tlubers that bud not rotted or geeminated e sail,

GROWTH AND DEVELOPMENT
Photoperiod

The response of northern nulgrass (o covirontenlal factors wis studied
at the 4 conperating stations including Massachusetts (6), The photoperiod
had a pronounced cffect on the vegetative growth and tober production, Re-
sults from the Dhelawire tests ave typical. Single tubers were planted in 8 inch
pots of Norfoelk leamy sand and subjected o 8, 12, and 16 hour photaperiads.,
Whun the day leogth was decreased from 16 1o @ hours, tuber Tormation was
earlior and the numbers per plant increased also, Fignre 2 shows that under
the % and 12 hour exposure, plants averagred 30 tubers cach at 1 weeks, with
only 7 for the [6-hour treatiment. At 12 woeeks, wlen the 16-hour plants reach-
ed a maxicnm vesetalive growth, nercly 80 nutlets per plant were vecorded,

This indicates that while short days stimulats carly nutlet formation at
the vxpense of lopgrowth, a bountitul crop of tubers s still produced as the
plant matures. It is also evident that in a progran of cradication by rillage, it
is very hmportant to prevent growth of nutgrass plants during the fall menths.
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Figure Z. a. Mumber of tubers per ploni as afackd by B, 12 und 14-heur phatspariads.
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In Now Yook, tithge Jawe in the seasom psially prevented tubevization,
During V960, bowever, tbers serminating abont Septernber 100 had - formed
[ to 3 new tubers in three weeks, Folage was 2 to & inches bigh al that e
RKhodhe Teland syorkers Toond T Lall whers with an air diy woeight as dow ay
0.1 eram produced vivorous planis the Tollowing scason.

The total nonber ol vegetative shoos and total weight o grans TRLT
depivted in Figure 20 Noosubsicliaey plants were developed ander the Shour
]Jht'}tf?],u,‘.l'it}-c_l, bt vder the [nnlg_r\' \(IJLY veesttents theve were shout G0 shoots [T
plant, The clfect of photaperiod onostar was apparent soon alter the plants
emerged, The weight of plants at dhe slorer day lengths was virtually on-
changed over the frst B weeks after which some inerease oveurred at the 12-

bonr axposure.

Effect of photoperiod on the growth of seedlings

[y December, 1958 and January, 1994 two pholoperiod experinents sweere
conchicted ino o greenhouse at the University of Rhode lstand, Seedlings from
germinaton tests were transplanted it G-inch pots of soill Half of the ity
in each tesl were placed under el for 16 hours; the other hall vecetved the
nonnal light of the short days ol Decanber and January.

In the hrst test all seedlings which were yaven a0 shore dav digl. To The
second (st the suevival of seedlings in short daylight was 70 percent. In
both tests all the scedlines placed under extra hght survived, The growth of
the plants given short day was poor, while the plants receiving a long |thoto-
period prew rapidly. The hght was wened off an May 50 A that tioe the
I'u_'ights ol the plants were approxinately | and 24 feet for short aned long days,
respectively,

Light Intensity

Nufgrass tubers were planted in §-incli pots in the greenhowse in March
and mrown for o [2-week period at three light intensities. These were 8§, 48,
and 100 percent of the normal Jight in the greenhewse. Tt was assumed that
light intensity in the greenhouse was 20 percent less than that outside which
was approxiwately 163 gram calories per sguare contimeter per week for that
time of year. The § and 48 percent levels were attained by shading with plastic
SCTCETS.

Reduerion in light jntensity greatly reduced plant size ag well as formi-
tion of tubers and vegetative shoots. For example, at 12 weeks, the respective
vithues for the 8, 48, and 100 percent levels were [, 23, and 135 grams for aver-
ape weight of plants; 9, 18, and 34 for average tubers per plant; and 1.2, and
22 for average nimber of vegetative shools per plant, Pubaers started Foriomng
2 weeks enrlier at the highest Light intensity,

These results suggese that if a erop were grown that provided much shade,



the wrowth and developnent of nulgrass wonld be preatly inhibited. For ex-
snple. i spacing experiment practically no nitgrass was foried where Tina
heans were planted 27 apart, where they were 17 and 67 apare, the natgrass

wits modderate and hi.'e'n.”,', rmpt_‘.c,‘ti\'t:]y.
Interaction of scil temperature, photoperiod, and light intensity

Two experiments invelving the nse o 2 soil eemperatores (b3F and &3
Fioand 3 photoperiods (14, 15, and 16 hours} were conducted for 12 weeks.
A soil temperature of 657 approximates the soil womperatuee during May and
June, while BT 11|)F_)l'i,'r‘.\iill'l.'llt‘.!i the soil teinperature during July amd August n
Dichyware. Photoperiods of 14, 13, and 16 hours approxinates the effective day-
light periods for September 2, Angust 7, and June 21, respectively, i Lelas
ware, The main ohjective was to determine the diate when tubers would be
formed in the fiell. This would aid in preseribing contral reasures, The re
sults are photographically shown in Figure 3,

s Inem 4
PR L - el e e

RERIT
' O Py

Figure 3. Developmant of netgrows plenks atter 14 weeks ynder varying photoperiods and sail
temparaturas ot low light Intensities. Left to cight are 14, 15 and 16-hour phake-
periods. The smaller plants ot the left Fram 65° F soil, Jorger on the rlght fram B5F

soil.

The Arst experitient was run during the winter months when light in-
tensity was relatively low (approximately 165 gme cal per e’ per week),
while the second experitent was ran during late spring and early summer
when light intensity was relatively high (approximately 444 um cul per em® per
week

Results from the 2 expernunents were qquite different. When light inlensity
was hiph, yrowth as well as formation ol tubuvrs and vegetative shonts was
wuch more rapid, and variation in plotoperind had little effect. Lowering
sonl temperature from BT to 65°F reduced taber (ormation greatly, but hid
Little effect an vewetative shoors. When light intensity was low, growth and
Formution of tubkees and vegetative shoots was ar o omuch reduced rate, es-
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preciadly an the BEF o1l wemperature. Furthersore, when Light intensity wie
low, photapering Tad a significant effect: tabers fonmed carlier snd in greater
arnounts at the shorter photoperiods. vegetative shoots Totmed cacbier and 1
wrenler frnounts at the lenser photoperiods, and plant size wias grenter at the
lemwer pholoperods.

Uneler lield conditions, growth and [omation of wbers and cegattive
shoots shauld therefore be gquite vapnd during Jule and Angast, Thas s usoally
the vase. Tubers will start Tormnog & weeks adter a plant stavls 1o reow s
rm't|in;,; 13! ::.\'].u.:rillu.‘nlu.l resvilts, Then {]u:'in:_{ HL"|JU.‘]II1}E1' and October, as davs
Lecome shorter, with less lighi inlensity and lower temperatures, plant gl
uned Tormmtion of \'ugt,'.tuli\-'q' slinots slows ap geeatly, while tober farmation
contirnges or iz enhaneed,

Effect of sail moisture, ferility and pH

Three levels of avallable soil metstieee were cimntainetl in pots of Norfolk
loaruy sand, 35, 75, and 104 percent, [n this coarse sml, growth nl bath (ops
s Alter 12 weeky,
tuber produclion was 78, 32 and 17 per plam Bor highy toedoam aned low soil
imwisture, Connparable numbers of vegetative shoots were 39, 14 and 2 re-
spectively. The Rhode [sland workers (3) using pots ol Bridgehamplon sl
Joarn which holds considerably more available moisiure thun the Norfolk tvpe
found that plants grown at the 100 percent available moisture proaduced signifi-

and tubers showed o et relationshop to muoisture leve

cantly more tubers and vegetative taaterial than thase at 30 percent raistioe,

In this same test outgrass procduoced equally well ar pH levels of 506 and
7 bt iy production was increased significantly when a 19-28-14 fertilizer was
increased Trom 2500 to 500 pounds per aces. Experiments i Delaware and
Flortda {13) with the Norfolk sand produced no significant increase Dom
the e of ferrtlizer,

ERADICATICON IN THE FIELD

Many aktempts have hien made in recent yeass to eradicate northern out-
erass front eultivated Lwod. Some of the failures are due to the distribution of
Lubers throughout the plowed layor ane sometimes below it so that some
plants show up every year, 1T they are not quickly elininated, snore viable
tubers are produced,

Waorkers al Cornel]l kept land dnfested with nulgrass fallow for 4 yews
At the end of the fourth year the average number of tbers per square oot
witt determined ag shown in table 160 At this ure 11 tubers per surare foot
were Tound in the top 6 inches of soil compared to 330 in the check. Tnothe
fall of 1960 tubers germinating about September 10 fovmed 1o 3 new -
lets in 5 weeks.

Tubers usaally failed w absorh herbicides applied to soil. The New York

[ D
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Tahle 16, WNumbess af tbery per sguire fes! after 4 years of fillage. {(MN.Y.)

I'l.-plh Foilewas -('.Il'u'lh'nl
oonhr Ll 334
610 : a
12187 il 14
TR fl 1h

{Cornedl) sation reported that the foilowing chemicals did not kill dormang

tubers, mwthyl hromice, substitated  oeeas. -trieines. TOA, dalapon, EPTC
ad Tty analogs. The thber sprouted and srew o maturty unless residually
awtive dnonnts of chomieal remaimed. New plants usoally grew from 2 to &
tehes belone !illu\-'-'inl.i Ryt dosdficent wxwe resichas remnined. The
nutgrass iy be killed 1o the ground, buw revovers and continues 1o grow o
a revent west i Rhewde [sland, 21 prouriels of awazine HOW woere ;1[}1,1“:‘('[ pur
uere e September, 1600 The potate crap wis cluninated the following sea-
son, bt the morerass yrew well. Tooa sinnilar test, drazine, ot 12 pounds per
acre, climinaled a hay seeding but pernutted a ool growthe of notgrass. hess
tests were inoy Bridgchampton silt low soil, Bell ardd Gardner £5Y Tound that
atrazine will contrel putgrass in corn when apphed at noroud rates, providing
there s enough rainfall to keep the corn growing rapidly. Rapid competition
from corn seemed important in suppressing nulorass with atrazine,

Durtes, Lachnun and Lineoln (10) found that 20 o 40 pounds per acre
of EPTOC reduced the stund of mutgrass waterinlly with little regrowth the fol-
lewwing year after the higher rate of herbicide.

Researchers in Delaware (18] 200 21 reported consilerible suecess in
eradication of heavy stands of northern onggruss in the field on lomoy sand
or sandy loam. Sore of the more recent creatments and results are shown
in tahle 17, Clean celtivating fromn August 10 to hilling Trost i 1959, caused
a 41 percent veduction in matgrass emergence the tollowing May., A 91 per-
cent reduction was obiained by clean eultivation froan August 1958 unil
frost 106,

Amiteol-T at 5 pountds per acre applhed w the Tolinge of 4 dense stand
of uutgrass on August 10, 1959 produced an 83 percent reduction in emer-
gence the following May. This was more effective than clean coloivation be.
ause: 1 klled the mtact tubers awached o the mmother F,}];-mts, ]ixi'wrmmnts
with radioactive naterial bas shown amutrele translocites o atrached tubers
I'{:]]cnving loliar applications. Augrust applicntions of amitrole-T or atraeine
at " ]}cnuntlﬁ per awere gave a 77 percent reduction i sk, Palapon ur 10
pounicls per acre was :*qu;llly elective. Six ['N}III'NI}S of FPIC, im:m'p:}r‘ntecl if
Apnl, produced o 67 pereent reduction inostnd.

Euch can be done to reduce the stands of antgreass, bhut nothing short of
cradication can give permanent relief feonn thas pest.

|)|!
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Table 17. Emargence of autgeass in May as affected by cean cullivabion and application of
certain herbicides the previous years, (Del)

ervwent retlavtion ol

f'lrlll:li\ ey i\'[t'l]!lnl ril Nll'l'_r'.l\.ln pl.lntﬂ .
Treutmaniy AT applicatioe - Moy B MLy
Cihock!
Clearn Cultivation! b A
Amitreole="T 30 Falinr spedy whoenever 477 1all %
Amitrehe T b Foliar spray ino Aagust only ivi i
Atragine” 5 Foline spray whenever 687 1all o
Atragine! G0 Folimt spray o August only 47 77
Atrazine? G Bproy, pre-eméervence in April i34
Er(e Lo Sparay. preoemergendy i Apnil

meerporated a7

Drdagnm® [0 Folinr speay in Anzasl only i
[y D04 2} ;

ITrranmenes started Auwgusi 10,0 1434,
lregiments sigried April, 1860,
Flreanments siared Aagasl, TG

RADIQACTIVE AMITROLE, ATRAZINE, AND EPTC
Effect on tubers

Autoradiography was winployved in Delaware to study the absorption and
trauslocation of rdioncetive amiteele?, atrazine?, and EPTC? o nuigrass fol-
lowing hath root and Folive applications at varving stages of growth, Cern,
which is highly tolerant of atrazioe, was inehded in the atrasine shudies, 1rish
potate, which is highly olerant of EPTC, was mcluded 1 the BPTG stadies,
Foliage and root applications were made (o plants at 2 siages - plants 2
arel 12 inches talll T additien, herbieicdes were appplied to g-:rmilmtiug seetd
or tubers,

The technigues used were essentially those described by Yanaguehl and
Ciralts {243, When the radionctive herbicides were apphed to 12-inch plants, a
droplel of the selution baving an activity of one nuallcurie was placed in a
lanolin ring near the tip of the leal on the adaxial surface. Amitrol: was allow-
ecl to remain on the plants for 5 and 9 bours and 1, 3, 3, and 7 days before the
plants were killed by drving in an oven al 80°C for three hours. Atrazine wnd
EPUC were Jeft on the plants for 2 and 7 days bedore the plants were killed,
Application (o 2-inch plants was made by momentarily dipping the shoot tip n
the radionctive herbicide solution to a depth of e centinueter. The herbieides
were allowed to remain on the plants for 2 and 7 days helore they were killed,
Applications 1o plant reots and germinating seeds and tubers, which were
planted io sand, were imade by including the radionctive herbicides i autricer
solutions {147, Crocks contwining the sand were subirrigated dady witle these
solutions for either 2 or 7 days.

ISnpplivd by the American Cvanomid Gompany.
2Supplied by the Geigy Chemical Corporation.
38upplied by the Slpautler Chemical Clompany.
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Radioactive amitrole, or a degradation product thereof, was readily trans.
located hoth wpward and dewnward in plants anel acenmaulated in daughuer
plants and tubers following apphcation to 13-inch plints (Fuwrures 4 and 51,
Within % hours there wos ek ranslocation |_1|,)wm't,] anl :nghL translocation
downward. Ooe day after application, however, o consderable amount of
awnitrele was in the tubers, Translocation and aceurnulavon continued 1o -

crease for 300, and 7 days after application,

Figurs 4. Composite photagroph and auteradicgraph of 12-inch plonk that received radiaachive
amitrole &) aremy indicoted by arrows [photegraph-left, radlograph-right} for 1, X, 3
ond 7 duys aftar tractment

Accurmulation in young and old wbers appeared to e cqual, Rate of ac-
cumulation of amitrole in tubers appeared o be carrelated with the muuber of
tubers boroe on a partienly plant, The maore tubers there were the slower the
avcumulation. Accunulation in danghter plants was slightly less rapid than in
tubers, But alter 7 days, wmitrole was widely distributed throughout nutirrass
plants and bad accumulated rostly in the growing points of the daughter
plants, os we

| s Lubers,

Ihis is of great practical significance, provided this herbicide s highly
toxie te putgrass for then this chetnical. by killing chiaghter plants and tubers,
would greatly reduce the ability of this pest to reproduce and over-winter.

Absorption and translocation of atrazine by bath nutgrass and corn, and
EPTC by both nutgrass amnl potatocs, was rapid {ollowing root applicalion,
Therelore, selectivity of these herbicides cannot be based on differences in h-
sorption and translocation. Absorption and translocation of these herbicicdles
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nprward or aerapeidly Tollosving leaf application was moderale, hoat neanshe -
tirn downward vr basipetally following leal applications, was very slight, Arra-
aine did nue enter genninatng nutgiass tobers bur did aceomuolate in the one
Lesovaned 1o o hesser degree inthe endospena of serminating carn seed, EFTC
dicl ot enter permnimtiog ounerass wobers, but did enter FCrMInating potatn

seed pieees capecially thienst the eat srface,
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Figurs 5. Pholograph {left] and agtaradlegreph (right) of tubers removed from 12-inch rul-
gras: plant, Young duvbers (Y.1.] ond ald wbers {0.T.) are shown in sechions mode
beth perpeandiculor and parallel to this axis. BMack oraa represents occumulation of
radloactive amitrele.

Effect on zaeds

Massachusetts conducted tests Lo determine whether faliar applications of
amitrole were translocated to the infloresence amd i this treatment affected
seed gerrnination. Autoradiograms showed that tugged amitrole applied to the
florwer stemn moved into the bract eaves and Hpiki,‘.ll_‘.ts_ These studies also -
dicated that the chemical had also been translocated to individual nutgrass
seeds,

Amitrole ot the rate of 2, 4 and 8 pounds was alko applied b
growing in field plots. o was apparent that the chemical bad o deleterious
eflicct on seed gormination. The plots treated with eight pounds of the chemical
yielded only 23 purcent as nainy seed ag the 2 pound teatinent, and i addi-
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tion, seod soophes Trom these plots gemiinated only 2353 percent as well as

thesse [roan the elyeek IJI{][_\-’u_

SUMMARY

Northern nutgeass produces an abundanes of vinble seed as well ag Labers.
The tnbers ave the chiel mcans by which this weed iy disseninated in endtivated
lanel. Notorass seedlings are easily destroyed by coltivation Inoun eadistarbed
sectdhed, seedlings produre both seed and wbers the first season of wrowth,

Cienmnination ol neegriss seed s Tavored by allermating daily teinperatores
of 85%-95F for B hours and 70T for 16 hours. Seeds stored at rooun empeca-
ture or refrigerated for 3 veaes had o high percentape of viability, Alternat-
ing Mrewzing and thawing or wetting and dryvine reduces (he pereent germina-
tirsn Bt clowes net Kl all the seed. Germination will ke place without special
chemicad tregiment, T coertain instances the se of KNG Y, osolutinns lncreises
the pereentage of sprauting sceds. Light ar absenee of light has Gttde eMect on
germination when teaperature conditioas are opriong],

Tlie tuber production is hastened by o shoot phiotoperiad bat as enleeass
plants mature under long day eonditions, Lubers are also Formed. Shade (low
light intensily) severely reduces the growth and tuber developmient of northern
twrgrass. Comperition with rapidly growing crops bis a similar effect.

In an eradication program it is bmportant 1o prevent tuber production
during the Lue fall s well as during the eaely ot of the seassn, Most tibers
are produced ioothe upper 6 inches of il and under favorable conditions
tubers may germinate from this Tower depth. Two years of uechanical or
chetival Tallow are vsually necessary w0 get a 90% reduction of the viable
tulaers 1 the soil.

Tubers are dormant when freshly harvested. The dormaney i easily
broken by low temperatures for a few davs or by such chemicals s ethylene
chlorobydrin.

Autoradiographs show chat amitrole is translocated into the mbers and
seels. Trbers containing amitrole rarely grow and seed germination 15 decreas-
e, BPTC promoles dormancy in nutgrass tibers, Atrazine like most chemi-
cids tested injures new plants from germinating tubews but not dormant thers.
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