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DAHIIL CLOU'TIII V Phnt SiteDce Pb. D •. 

tOPlJLATIOB DYIAKICS 01 YBLLOW NUTSEDQB (CYPRIUS ESCULENTUS L.) 

,Tbe .a1n objeètlve of ,his .tu4y v •• ta develop • aodel of 

yellov n 

co.puter ai'aula 
( 

t~ber population dynaalc~ that would, througb 

on., belp lelect c,rop aanageaent ay.t ••• .. 
e~feétiv. aiainet thi. veedi A .erie. of e,xperiment. ·vere 

undertaken to obtalà'lnforaatioD for the aode1, Re.ulte 

indieata th.~ aIl tuber. dieA. after 3.5 yeara. The rate of 

population 1Dcr ••• e dependeel on the original aprlng tuber 

population, and the' earryin, c .• pattty of the experiaental area 

va. bet.un 15000 .. nel 20000 tuber .-2~ E.eraence that li •• 

delay.d for aora than tvo .butbe re.ulted in a nat tuber 

popul.iton d.cr •••• wbil. grovth interruption.; .t beat, 

a1lov.a tb. tuber population '0 lncrea.e to only 40': of it. 

potutlal. Â eoro ·crop redueecl th. tuber population to 76 l of 

1t. potential. Th ••• r •• ult. w.re 'YDth.,tzed througb tbe 

dev.lop.ent of a .oelifieeS Leelie •• triz aoelel.,Tbe .odel, vhen 

~alld.ted, va. ~t.ble ta cbaD, •• iD eltber •• t~ix coefficients 

'or input valu.s. Application"of .the .odel wl11 prove to be 

"alu .. ble tool. in. developin, ye1lov nut •• d.e iDtecr.t.ci 
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Pb.D. DA'III. eLouT.III '1\ • ., lant Sci.nce 

DflAKIQUI DI rOPOLATIOI 

.\ 

\ 
\l 

DU SOUCalT COMISttlLB (CfPatU! aSCULI_7US L.) ,) , .' ~ 
" 

Le princip.l objectif de caue ~ude' tt.lt de d'velopper 

un 1I0dllé de 1. dyn •• ique de popul.tion d •• tuberculo. de 

.ou'Ch.t qui pui •• e ald.r 1 .'lec"lonner un Iystl •• de T'cie 

culturale effic.ce contn celle-ci. Una drie d'expklencea 
/ 

ont flCt tt.blle. pour obtenir l'inforllation requile pour 

. db~lopp.r 1 •• odlle •. '-te taux d"au i -:entatlon d. la population 

cllpenda1t de, den.lU. de tubercule. au printe.p., et de la 
-.,,1 

capacit' liaite du lItl~eu, qui ttatt de 15000 l 20000 

tubercule •• -2 dan. le. parcella. expkill4!lnt.le.. Le, d'lal. 

d"ar.enea de plu. de deux aoi •• ard.~ent la population l .on 

nivaau de prln~e~p.. Le. int.rTuptlon, de croi ••• oc ••• u 

.iaux. lardaient l ... c:c:roi ..... nt de 1. population 1 40 X de .on 

potential tandis qua la •• !. la rWui •• it 1 76 % de .o,n 

potentl.l. L'infor •• tlon obt.nua ~anl. 1. c.dr. d. c. projet • 

tt, .yntblti .. " dan. un .odll •• atriet.l Dodifi' d. Le.11e. 
r 

Un. ,"oi. valid' 1 •• o~d'l ....... t avk' atre peu senstble l d •• , 
variation. dan. , •• p.ra.ttr •• ou· dan. , •• donn", d .... ntr .... 
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Section 1 

INTR.ODUCTION 

• 
Yellov nU,t •• d,e ,JCyparu. ..cul.ntu •. L., .ouchet 

1 
coa •• tibl.) i. a per.nnial v •• d indi,a~~u. to Quebec and 

Ontario, whera it ha. becoae a proainant vaed in row crop. ln 

the latt two dacade. (D,tchenes and Doyon, 1981; Doyon and 

Bouchard. 1981; Kulligan and Junklne, 1916). It has been 

reported a. rapldly .preading in tbe United Stat.s of America 

and •• being .aonl tbe world .... vorat v.ads (Holm et aL, 1917; 

Mulli,an and Junkina, 1~76; Stoller, 1981). Yellow nutaedge ia 

• poor coapetltor vith othet weeds, but ia'resistant to .ost 

herbicide.. Tberefore, increa.ed weed control a.sociated vitb -, 
a reductlon ln band boainl or aechanical cultivation probably 

favored ite population increa·~. '-. 

Yel10v nutsedle 1. a a.aber of th. Cyperacea. fa.ily. lt 

11 an er.'ct berbaeaoUi planta.vltb t~iCl".i.ple. trianlular 

cula. and vith tbr •• rankea 1eav... larnald (1970) de.cr\lbed 

yel10" nut •• dse a. : 

"Perannial, bearlq .. ak filifora stolona < ter­
atuud by bard tubera;' cul .. &Cutely analed, 
2~9 da,h1Ib; leave. pale ,r •• n, 4-9 _ vide; 
iDyolu,ral leave. 3-9, tha lonaa.t auch alE­
ceedinl tba 81ap1e to coapound y.l1ovi.b to 

1 

,. 



1 

.olden-brown uabel; the lattar .,itb .avaral 
erect .bort ray. an~ 2-' .tronlly a.cendinl 
10D,er one.; .plltelet. atronlly ftattened, 

".atly 4-ranbd aloDi the 1I1q-aqled rachis, 
obtu.e;stronlly ~lattened. 0.5-3.0 c. Ion,; 
.cale. thiu. ye~.b- or .01den-broVD. ob-
10tal. obtuae or a 11ttle aucronate. dl.Unctly 
nerved •. ecarl'oua at tip, 2.2-3 _ -Ion.; ra­
chilla wlth àdnate narro., hyallna .cale.; 
etyle 3-cleft, achenel lUltuua, tri.onou., 
el11plold or narrowly obovoid. rounded at 
lu_lt, 1.2-1.5 ~ lon,." 

Several bi4type. bave been characterized and fou 

. ....... 

2 

dlffer ln variout attrlbute. luch a.; herb1cide.e itlvlty to 

. "' ,-atra.l~e. 2,4-0, I1nuron. and •• tribua1~~ nd kppleby, 

1976; aauaer. 1968; McCu., 1982): aorpbololY (Coata and 

Appleby, 1976; 'ernald. 1970; Loroulnon, 1969; Matthie.en. 

1976; Stoller, 1981); pbotopariod re.pon.e (~atthieaen, 1976); 

tubar co.poaition (Mattb~eaen. 1976; Mattble.en and Stoller, 

1978; Stoller and Weber, 1975); oyar.intar tuber survlval 
. 

(Mattbia.en, 1976; Stollar and Waber, 1975); and diveraa Irowtb 
, '. ... 

attrlbute. aucb a •• i.a, ph~noloaY, rate of aro.,th. and tuber 

and aboot nu.ber (~o.ta ~d APplebr, 1976; aau.er, 1968; 
.\ 

KaUble.en, ~976; Pbillip., 1979. 1980, 1981; Stoller. 1981; ." 

Yip, 1978; Ylp ancl S"aat, 1978). 

/ yello. nutaad.e 1 •. a .,aad of botb tropical and te.parate 
, 

cllaate. that i. tound on ail continent., in ail Aaerican 

,atate'A and ln Ontario, Quebac, Ra" Brun •• ick, and Nova .. Scotia. 

Since yello. nut.~clle i •• or. troubleaoa. ln tropical area., 

coldoha. been .ulla.ted a. llaltln, Ita ranla (Bola ~t al., 

1977; Mull1.an and Jun1tin., 197~; Stoller, 1981). Yello" 

nuteed.e occur. botb ln natural habitate and agricultural 

,", 

1 , 
\ 
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f1l1 •• ln Canada. It~atural b.bitat in Quebec and Ontario la 

ao.tly l'iparian, but it i. al.o found in bOl' .nd •• r.he •• 

Yallov nutl.d,. ,rov. on,. vld. r .... n'. of '011 typ ••• nd' in a 

.,id. ran,e of .011 aoi.tur. condition'. lt. ,rovtb i •• e •• r.ly 

l'aduc.d,by Ibadin •• but ,re.e1y iner •••• d by t.rtililin, (I.rko 

.nd aa.rt, 1178,1'7'; Hulli,.n .nd Junkina~1976; Stoller. 

1981) • 

y.llov nue.ed.e o •• rvint.r. a. tuber •• nd .e.d. on1y. In 
". . 

th •• prlDI, the I.rain.tin, ••• d or tubar r •• pecti.ely produce 
" 

• col.opt~le or a ahoot v,itb a ne,.ti.e ,eotroplc re.pon.e. 

Onca tb •• oi1 .urf.cI i. r •• cb'ad, • b ••• l bulb i. for •• d • f.v 

c.ntiaeter. bllow th •• oi1 .urr.c.. A. the bulb i, foraad, the 

int.rnode. in th.t re,ion .horten. The •• ri.t ••• for root., 

rbilo.", le •••• , and •• inlle flower .t.lk .re in tb, b ••• l 

bulb. Tb. ba.al bulb proeluc •• a .boot t'bat .'Y flow.r. A hw 

v.ek •• ft.r tba for •• tion of tbe b ••• l b,ulb, rbi,lo.e •• r. 

proeluc.d. In th. cour •• of • Irovin, •••• on. 16 rbllo." or 

.or. c.n b. produced fro. a .in,le ba •• l bulb (J.n.en, 1971). 

Tb.ir tipi either difter.ntiate in,to another b .. a1 bulb or ,a 

tuber. Tbe.e .ecoRdery bulb. c.n produee rhiao.e. vith tipI 

tbat diflerenti.te .itber into • b ••• l bulb or • tuber~ Thi. , . 
cycl. c.n be repl.tld .1.lr.l ti.... Tbl difilrentiation into 

ba •• l b~lb or tub.r i. ra,ul.ted by .e •• r.l f.ctor. of whicb 

pboto,.~lod 1. con.idlred to be th •• o.t i.portant. HovI.ar, 

envlrQn.ent.l condition., interference Eroa otber pl.nt.~ and 

field a.n.,e.ent technique •• 1.0 .ff.ct ditfer.nti.tion. LODI 

d.y. are r.poreed a. fav'O'c1nl b ••• l bulb' fora.tion, but ao.e 

r. 

-- \ 
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yellow ~ut •• d.e biotype, ere r.port.dly uaaffwe'~d by 

photopariod (Xatthi •• ea, 1"'; Kulll,au and Juakln., 197~; 

stoller, 1981). 

Tuber. are .pberieal ia Ihapa aad eoa.~.t of 'hort 

pu = 

4 

lDu'raode •• t the rbi.oae tl.p wber •• tareh .eeu.ul.t .. aad d 

l'hi.oaea ealat,e (leadi.aD, 1973). Tubar. ara white whaa 

iDiUated but the, el.rkea a. thay .ature.. Th.y al" darlt brovll 

to brovul.h black at .aturity (Stoll.r, 1981). A proportion of 

tb. tuberl al" elor.aa~ at .'turity but ehi1Iin,. va.hia" or 

.e.rifie.tion iller ••••• tbe1r I.rah.tion (Tho.... 1967),. 

Tuber •• re ao.t dor.ant at th, .ael of th, .u •• er aad 1 ••• t in 

tbe .prio, aael ,ar 1 y .u •• er (Sto 11er t 1981). 

Tb.r. are b.tve.a 4 to 1 bud. oa • tuber and aOlt of th •• 

caa aprout and •• tabll.b • plant (B.ndl •• a, 1973; Thull.n .nd 

~e.ley, 1.915). Thet" ean l' ~lever.1 .prout. proelueecl at the 

•••• ti •• aael tuber. vill're.prout 1f th, orl,in~l .prout. al" 
l ' 

el •• troyed. Bove.er, th. vl,or 01 lub •• queat .prout. i. Ire.tly 

helueael (Tbull.a and lee1,y, 1915). 

Tubet' •• re report.el al re.aialn, vlabl. froa 1.S to 4 

J,ar.-or .or, la tb •• 011 d'pendia, oa tb. eropplnl ".te., tbe 

tuber .i.e, and th. el.ptb of th. tub.r ln tb •• oil (Stol 1er anel 

Wax, 1973; Tbullaû Aael ~ .. la,. 1981). Tub.r vlablUty 

1ncrea •• d vith tuber .1 •• (TbuI1,a and te.le1, 1915) ancl 

locr •••• d vith tuber deptb in tb •• 011 U.l1 et el., 1962; 

Staller, 1981). Tubera are foud to a deptb of 46 e .. in the 

.011 but 8S to 97 % of the tubera'ar. La tb. top 15 ca (B.ll'et 

, 1) 

, 1 

, 

.. 



1 , 

( 

( ) 

( , 
'- -

~~~--~-~~------------------------~----------~ • .---.. ~--= ... 
• 

5 

al., 1962; Fria.en and Baall1, 1977; Tuable.on .nd ~o.aedabl, 

1961). Ho.c .hoOCI ob.ervad in Cha fl.ld (56 ta 95 1) ari.a 

fro. tubar. ln tbe top 10 to 15 c. (Iell et al., 1962, Stoller 

and Wax, 1973; Tuabl •• on .nd ~o •• edahl. 1961). Ç'> 

A yallov nut •• d,. inflor •• c.nce can produca up to 1500 

••• d. th.t are dor.ant at •• turity .nd h.va 50 to 95 % 

vi.billty. Bovav.r, tb. nu.bar of •• ad. found ln fi.ld 
~ 

Thi., 1n eonjunction vith the f.ct th.t there Ar. no reported 

c •••• of le.dllngl found in fi.ldl, ~al convinced .ost 
-, 

r •• earchers that tubera are, the only aeans through wh1eh yellov 
, ..., 

nut.adga 11 pèrpetuate.!J",l'D already eatabl1.bed lntestatlon. 

(Kulligan .nd Junkina, 1976; Stoller, 1981). 

Yellov nutsedg. i. reported to redùee corn end soybe.n 

y~.ld through .ll.lopathy (DrOit and Doll, 1980) and to enhance 

th. growth of loil denitrifier .leroorgani ••• vhich re.ult in 

le ... vail.bl. nltrojen ta 'eropi (Valz, 1977). Yallo" nutudg. 

l~ con.id.red to lack coapetltlvene •• although lt ean reduce 

corn y~ld by up to 79 % (P.rochetti, 1974; Si.klna and 0011, 

1980; Stoll.r, 1981; Stoll.r et al., 1979) and loy~.n yl.ld by 

87 % (Sl.tinl .nd Doll, 1980; Wax .t .1., 1912) wb.n allo.ed to 

aro. unch~~ked, Co.petition for ~ol.tur. li r.portecl •• beln, 

o th. factor whlch C.U'.I the ,reat •• t erop 10 •••• althou,h th. 
"-

re.pon •• v.r'le. vith y.ll~. nut.ed,e d.nlj(ty-tnd .nviron.ent.l 

tondltlonl (Stol 1er, 1981; Stoll.r .t al:, 1979). Yello., 

Dut.ad.a 1 •• 1.0 hOlt to •••• r.l orlani ••• that attact eropl 

(K"lll,an and Junkln., 1977). 

'. _ ...... "_~~~~"r""_ 
\ ! " 
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Thare ara .everal .ffective control •• a.urea uaed a,ainst 

y.l10" ~ut.ed,e, but very !e. can directly kill tuber.. When 

the tubera ara .prout~~~~.trOYin. the aprouta ha. aoa~ 

Indirect .ffact ~hiCh 1. aither to induce th. tubera to be~ae 
\ 

dor •• ut (Stol 1er, 1981) or to cause resproutin, (Stoll~ et . ' 

al., 1972). Th, latter exh_uata the food reaerve. of tubera 

throu,h repeated action, or at leaat delay. )ellov nuts.dge 

•• ergenee until the crop i. aufflclently •• tabliahed to 

"Uhatand interference (Stoller, 1981; Stol 1er et aL, 1972; 

Tayloraon, 1967). The control aethode us.d against yellov li 

,. 
nute.dge can be eli •• lfled into aeveral categoriea .uch a. 

,li. 

aechanicsl, aheaieal, blologleal, and cultural control .etbods. 

Tillage la reported a. beinl efficient ag_inlt yellov 

uuts.cfge infea tationa. It kill. aeed 1ing. al read)' produced and 

expo8.a ~o.e tubera to environ.ental extreaea (cold or 

dealeeation). Cultivation can provide excellent control of 

yel10" nuta~dge, but auat be repeated fraquently to b. 

• elf.ctive. Thullen and ~eel.y (191S) reco •• ended a 4-veek 

int.rval batveen cultlvatlon. for optl.ua control. If tuber 

lon~.vity t. taken into account, eultivationa abould b. done 

for at lea.t tvo years to effectively reduce yello. nut •• d,e 

tuber population leval.. Thia ha. b •• n reco.a.nded for purpt. 

~ut.ed,e control (Cyparu. rotuDdu. L.) (Thullen and ~ •• ley. 

1975). Cultivatlon in cropt la ~oa.tiae. reported a. bein, al 

• • 
eflicieut as tbe ue of herbicid •• (Stol 1er et al •• 1979). 

Several herbicid •• provlde .0.' control of y8llo" nutled,. ~ 

(Table 1.1). Thay ,av a bat.aea 75 to 98 % control of yello. 

-,~ .............. -~-.-..., , ... 

.. '. 
" 
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Dut.ad,e ln tha experiaeDtal area y.arly bet.eeD 1982 aDd 1984 

(Wat.oD. per •• coaa.). They perfora vell .lthou,h their 

.ffectiveDe •• dependa on aoil typa and environ •• ntal 

condition.. Th.ir p.riod of Activity varie. b.t •• an 2 to 8 

w •• k. or'aor., aDd tb.ir .fficacy a,.in.t y.llo. nut.ad,e 1, 

10a.U ••• erratic (Stoller. 1981). 

Currantl" there ara no biolo,ieal cODtrol a,ant~ ~at ar. 

aetlvel, u •• d a,&.inlt yallo. Dut •• d,. in liald iDf •• tationa. '( l 

Several or,anl ••• hava baan reportad to attack yello. nutsedge 

(Hulll,an and Junkina, 1976) and r •••• rch 1. curreDtly bein, 

eODduct.d on tvo pro.l.1ng orlani ••• ~ The or,ania •• are a 
..... 

v.avil, I.ccr. v.rut'Da Zelleri and. ru.t. Lpccinia 

eaoaliculat. (Sch •• ) L.,erb.. Both org.nt ••• D.tur.lly control ~ 

th •• eed too l.t. iD tba •••• on aDd et too lov. l.vel to 

pr.v.nt crop ,1.1d raductloa. aad tuber production. A solution 

1. to aultlpl"tba.a organil.' in labor.torial l or Ireeahou ••• 

• n d t 0 r. le •• a t b. a air 1 y 1 n the ,r o. in g ... a. 0 a 1 n 0 r cl. r t 0 

.a~lal.e thatr ~ff.ct·on yallo. nut •• d,a (Prtek .nd Vil.on. 
a 

1978; Pb.t.k aç al •• 1983'; Stollar, 1981). 

Crop rot.tiona .r. r.co.aended to .uppr ••• ~.ll~v 

nut~.d.a. 1elloy nut •• d,e 1. considered a PQor coap.titor ~nd 

vary .en.itiv. to .had.. Tbarefore, crop. that rapidly develop 

a c.nopy could contrlbute to eo~trollin, yallo. nuia.dl. 

(Jordan-Holero, 1978; xeel~~~bul1.n, )978; p.tt,raon, 

1982). Crop •• uçh a •• lfalfa are report.d to h.va f •• proble •• 

vltb ye1lo. nut.ed,1 afcar tbe ya.r of •• eabli.ha,nt (Bend1xen 

aDcl Stroub., U77). The •• in ben.fit of erop rotation al • 

D 
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1 
•• thod to control y.llo" nut •• d,e 1. th't diU.rent cont,rol 

•••• ur.~ c.o ba u.ad io dilf.r.ot crop., therefore .110wiol 

10.' fl.zlblilty in choolln, the control aetbod.. Most 

croppln •• y.t ••• t •• t.d v.r. very .ucc ••• ful .od reducad y.llov 

nut •• d •• population. by ov.r 90 % 'ln tbr •• y.ar. (Keel.y .t 

.1., 1979,:198V. th •••• y.t"1 InvQ.lv.d tb. u.a of 

cultlvatlon vlt~ or "itbout ~.rbicld •• , plu •• lf.lf., barl.y. 

co,n, cotton, potato •• , and aoyb.an •• 

~ 1ner ••• lol tha crop de:)lt 1 or d.èr ••• ln, th •• p.ce 

bat •• en crop ro". l, report,d to d.cr •••• y.l10" nut •• d,e 

,ro"th (Bell .t .1., 1962; Ch.far .nd V.t.oo, 1983b). Oth.r 
1 

cultural ptactic ••• uch •• e.~ly Pl.otln' 80 th.t' the cr,op i • 

• lr •• dy a.i.bli.b.et when y.llow out •• d,' ••• r,e. c.o be USed 
\ 

(Gbafar .nd W.t.~, 1983.). Al.o, delay.d plantinl c.n allow 

y.llov nut •• d,. to ••• r, •• nd b. kill.d b.lore the crop i, 

pl.nteet (Stoller~, 1981). 

The.e dlffet.nt control aathod. vary in effectlvene., and 
, 

th.y aIL .ufler froa th. f.ct tbat th,y r.r.ly .ffor~.ea.on 

Ion, control. Th. eontrol· •• thod ••• v.llabl. are .o.t effective 

ln corn and .oybeans and vll1 u.u.ll y pr.vent yield 10 .... , but 

"111 not tot.lly control yellow nut •• d,e during the groviog 

•••• 00. lither .oa. pl.nt •• 111 r~c .e e.t.bll.h.d b,c.u., 

th.y •• c.pect co~trol. or th. cont~l .e .ure u.ed vlll lose 

effectlv,n •• , durlo, the •••• 00 •• 110v10, aoae plaota 

to b.co.e •• tabllahed. nut.ed,e 
'ti) 

tuber 10n,evity, vl11 re.ur,e the fo Il ovio, 

year and control aechod. auat be r.p.at.d yearly. '-If a control 

1 \ .. ~ 

, . 
.r,. ....... 

#'~? J ..... ... ,s .~;v . 
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prolra. 1 •• ppllecf.'for le88 than four-yeara, or if there 18 any 
- -il 

l •••• oin. of the 'pr .... ur. on y.llov nutsadge. this wead will 

olten r~.cb lt. original Infestation levei withln one or 

po •• lbly tvo ,ro"ing •••• on (Lapha. et .IL. 1985). , -

ln I.n.r.l, yellov nut •• dge infe.catlons b.v. rar.ly bean 

.uee ••• fully redue.d for a ai,nificant len,th of tiae ln Quebec 

bec.u.a the control .ethod~ 

- are eostly, 
- auae b. appl1ed fOf a nuaber of year •• 
- r.qdïre cloa. ett.ntion for herbicide application 

and aonitorlo, of the weed'. 8tage of gr~wt~ 
in .oae c •••• ., 

- Ar. Dot flexible (f •• effective a.asure. po.s1blel 
in fev erop.), and \ 

taovled,. and control aethods are incomplete for a\ 
propar control of yellow nutndge. ~ 

In viav of tbe.e probl ••• , it i. auag •• tad tbat an 

iotalrat.d .ao.,e.eot progra. would be more cost effective and 

fl.xible (Getz .nd Guttlerez, 1982i Miller. 1982) against 
.-

~allov nut.edge. An int.grated .anagë •• nt progra •• eana that . 
eve~y ."Vailable control , .. thod against yellow nutsedge ahould 

b. con.idared •• lone or in co.b!natlon. The life cycle_atages ~ 

vhen y.llov nut •• dge 1 •• o.t au.ceptlble to control would be 

identlfied and taken Into con.ideration. The factors lim1ting 

yellov nuts.dg. grovth .nd tbe crop •• nage.ent techniques that 

can b.st .xplolt yellow nut •• dge ve.kn •••• s vould a180 b. 

identified and considerad. 

S~nce tuber. c.n not b. kl!l.d dir.ctly by .ost available 

control techniques and since ao.e tubers viII re.sin dormant . - -
.nd viable for ov.r tour y.ara. y.llov nut~edle infestationa 

/ 
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could not be d •• troyed withln one year. Tharefore, yellov 

nutsedle contr~l aust be planned for aeveral yeara ta manage 

infe.tation •• 0 tbat tbey are either reduced to, or st.bilized 

at, a non-d.tri •• ntal level since eradieation ia iapos.ible for 

aIl practie.l purpo •••• 

Tb. tub.ra .r. tbe lurviv.l unit. of yellov nut.edge and, 

a. lucb •• hould be u.ed •• tbe ba.ic units tbrout6 whlcb the 

aucee •• of any control prolr.a can be •••••• ed. Since tbey are 

viable for .ev.ral ye.r •• nd •• intain yellow nutl.dg. 

infeatationa in cultiveted fielda, it ia augleated that tuber 

de.ogr.pby abould be u •• d a. tha corn.ratone in the developaent 

of any y.110v nuçsedge management prograa. 

Tber •• re two .ain approaebe. that could be considered in 

the dev.lop •• nt of integrated yellow nut •• 4Ie a.nalaaent 

proire.a: an aapirical epproech or a ayateaatic approaeh. The 

•• pirica1 approach would conaist of intuitively aelecting and 
1 

te'tini n.v treat.enta, or treataant eo~binatlons, to control 

y.110v nuta.dl. by aelectinl control a.tboda that vere reported 

a. beinl good ta excellent again.t yellow nutsadge or against 

other vaedl. Aftervardl, the pro.iaing co.binetions would be 

further evaluated. Tba Iyatematic approach would conaiat of 

uaini._ a model of yellov nut.edge t~opulation dyna.ica and, 

~~uih ai.ulations, aele~tlng the traat.ent. or treatment 

combinationa that aboved pro.ising reaulta againat yellow 

nutledge, Sub.equ~ntly, the etEectivene.a of the treatment 

co_bin.tiona would be verified in the field. 
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The aodeling of yallow nutsedge tuber populatton dynaatca 
~ 

ls suggestad because the nu.ber of experiaents that would be 

required to develop a yellow nutaedge manageaent program uslng 

the e.pirical approach would be too large for practical, 

uDdertakins. Furtheraore, the treata.nt coabinations that 

could be the aost efficient aglinat yellow Dutsedge atght not 
, ;t. 

be teated if the nuaber of treataents was reduced. For 

ex •• ple, if 6 dates of s~ediDg, 6 seeding densltles, 8 crop 

sp.clea, 2 fertil1a:er regiaea, 4 harvest lates, 3 types of 

tillage aachinery, and 12 differant coabinations of control 

technique a (such as 1 or 2 cul U,vatlons, at selected tia. 

Intervals. at a range of dates, vith different herbicides and 

application rates and 80 on) ,ere considered, thia would' give . 
over 80,000 po.slble co.bination.. This ex •• ple is slaplified 

but the i.plicltiona re.ain in that It ls tapos.lble to 

alloc.te enough resources ta test even a fraction of the 

possible coabirtatlons in the field. Soae co.binations could be 
.' 

el1.1nated iaeediately for l~ck of potential, but that would 

still leave far too aany treataenta. Furth.~aore, these testa 

vould have to be done for .everal year •• which 1nereases ~helr 

coat and the dlfficulty ln juatIfying thea. Howaver. tt would 

he eaay and eeonomieal. uaing coaputer siaul.tiooa. to exaaine 

every possible treataaot co.bioation, for St la ~r aore yeara. 

Therefore, it ia auggeaeed thae the u.e of a ye110w nucsedge 
"' 

tuber population dyna.ica aodel wou1d .... ~place eost of the 

•• -pirieal wo't'It required co proviere the data needed for the 

elâboration of integrated yellov nuteedle .anag •• ent 

e trI t e g 1 e 8 .' • 
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The _a1a objective of thi. r •••• rch pro~~t i. to develop a 
~ 

,ellow nut.ed.e tuber populat1.on dynaaics model .that could be 
. Il 

"88d in the .election of yellow nu~edge aanageaent prograas. 
1 
'-

A 0 • pp top r 1. a t e t y p e 0 f" .0 deI, • u ch •• w il 1 b e ua e d in t hi. 

project, la •• od1f1ed Le'Ue .atrlx. Ita propert1 .. have 

alraacly been de.onatr'ated in leoeral de.ogr.phic work (Pielou, 
~ 

1977; Oaher, 1972) and ln the etu"y of weed popul.tion. , 
(Morti.er, 1983; W.tson, 1985). 

There ia a large vol uaa 0 f data available on yellow 

nut.edge in the literature, but the data originated froa areas 

wikh different growing c~ndit1.on. and were likely taken on 

d1fferent biotyp.s. Therefor., lufficiant data auat be 
" 

collected on local infest.tion. to allow proper asti.atioa of 

tRe para.etera raquired in the dev.lop •• nt of a yel10w nutledge 

tuber population aodel. 

Certain inforaation wa. required before proceeding to the 

develop.ent of the .odel. Tharefore, .ore .pec1.fic objectives, 

which are pre.enced in .eparace .ection., were : 

- to ••••• e tba iaportance of plant part. other than 
tubera in yellow nutsedge population dyna.ica, 

.J 
- ta deteraine tuber .i~e distribution, 

- to deteraine tuber longevity, 

- to deteraine the deptb of tuber production in the 
,oilt 

- ta a.eartaln the effect of denaity on tuber 
produe tioo, 

~ ~ 

- to deteralne chang •• in tuber number with time, 

". .f· 

,. • 
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to a •• e •• the .ffect of delayed e.ergence on tuber 
nuaber., 

to •••••• the eff~ct of lnterrupted growth on tuber 
nuaber., and 

to dateraine tbe .ffect of corn on tub.r production. 

Tbe tb •• i. 1. arran,ed vith infor •• tton on the •• parate 

expart.ent. pre •• ntad lnltiall" fo11oved by para •• ter 

~ •• ti •• tiOQ' of tb. aode1 and aodel developaent. 

, 
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, Section 2 

GBNBtAL MATIIIALS AND KBTBODS 

. 
2.0. Introduction: 

" 
Fleld

o
experlaent8 vere condu~t.d over a 3 year perlod. 

1981 to 1983, ln a reuarch area located at Macdonald College, 
t 

Ste-Anne-de-Sell ev ue, Que bec: (45 °26'H, 73 056'W). The 8011 wa. 

a St-A.able 10 •• Y sand vith a pB, of 5.9, 3.4% organic _atter, 

and an average of 300 kg/ha of P2 05 and 400 kg/ha of 120. The 

8011 preparation conal.ted of ploving in the fall, • spring 

tillage, fo11oved by a fertillzer application of 5-20-20 whlch 

va. incorporated v1th a harrov. Detaila of the f1el~ 

operations are preaented i'n Table 2.1. 

Silag. corn (cv. COOP-S-26S) va. planted at a den.it, of 

66,667 plant./ha vith a apacing of 75 c. between and 20 c. ( 

withln the ro.. A .tarter fertilizer (18-46-0) ••• applied at 
J 

tbe .rate of 30 kg/ha,over the aeeda at planting and 150 k,/ba 

of 34-0-0 va. lide dr .... d vhen ,corn wa. at thl 4- r 6-le~f 
ata,. and a,ain 3 week. later. Tha corn yla1d vaa ~ot 

detar.ined, but in aIl year. of tha .tudy, corn, ,rowth va. 

nor.al and the plant. bad a hei,ht of oyar 1.5 a. 

Tbe experi.ental .~ea had been inf •• tad by yellov nut •• d.~ 

for •• veral y.~ra and the inf •• tation va. unifora at the atart 

1~ 
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rable 2.1. General fteld operation. in th. ezperl.ental ar ••• 

Y •• r fertl1hua Lut tiU ••• S •• Unl Il.te 
rat. d.te 

(~I/Il.) 

1981 S60 .ay 14 .ay 19 
It8! 480 •• y 13 Il., 14 
1983 360 .ay 14 lIay 14 

a ". '-20-20 fertiliser that •••• pp11el1 prlor ta •• ,410.1_ 

, , 

.-

\ 
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of tb. r •••• ~cb proj.ct~ Al~ otb.r •• ed. w.r. r •• oved .anuell, .. 
a. the, .ppe.r.d. 'Durlnl tbe •• cond .nd thlrd ,e.r. of the 

'tua" dle •• ba wa •• pplled ov.r tb. experl.ental .rea et a r.ta 

of 0.6 k,/ba ln tbe w •• t alter tbe l •• t t1l1.ge to a.slst ln 

bro.dl •• f control. 

Tr.at.ents involvln, boeln, conel.ted of u.ln, a boe to 

eut an, .boot. tbat were vl.ible. Tbe .011 of tbe plot. wa. 

cU.turbed l,n bnly the top 'j. The rototl11er u.ed ln the 

cour •• of thl. project con.~t.d of • plot Fototl11er that 

wprked the .011 to a d1tpth of 10 to IS ca. 

2.1 Sa.plln, .ethodolog, 

Yello. nutaedge growth and dev.lopaent wa •• sle •• ed both 

b, abova and underground sa.plin,. Quadratl (25 by 25 ca) 
, ( . 

placed at rando •• ere u.ed to delineate tbe aboveground 

~Pllng site. Sampling conal.ted of clipping the shoot. at 
.. 

ground level. The underground .a.pling wa. do~e uaing the soli 

s •• plat de.cr1bed by Gutaan jnd Wat.on (1980). The •• apler 

dl •• n.lon. were 15 by 15 by 15 ca and It w •• u.ad, .t rando • 

• lthin the .ra. whera tha .bove,round ••• ple h.d pre.lou.l, 

been tatan. AlI plot. b.d luard row. or the equlv.l.nt on 

ev.ry .ide. Path. wer. utlli •• d .itbin l.rler plotl ln order 
( 

not to di.turb ••• pling·.r •••• 

Shoot. ..re drled to conlt.nt .el,bt ln .n OV8U .t 55 

Tb. 1011 ••• pl ••• are w •• hed b, runulu, wat.r •• d •• crlb.d b, 

Gut •••• nd W.tlon (1980). th •• at.rlal ret.lned ln tha aleve 

. i..: 

. , 

l 
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" •• cld.ad to • coaet.ot .. at,ht 1u e forcecl .ir ovan kept at .5 

to 50 C. Aft.r"ar41. th. tuber. v.ra counttd, drled a,aln in 

ail 0 •• 11, Aael "è1Ihed. 

2.2 St.ttltic.1 .n.l,.ll. 

" 
s.v~r.l v.rlcbl.e "'1' ••••• ur.d .cd ".1'. ~h.n u •• cl to 

c.lculat. r.tl0'. Th •• bov.,round vlriable ••••• ur.d ver. 

nuaber of .hoot' .nd"hoot bio •••• p.r a2. Th. und.rsround 

vari.bl •• con.l.ted of nu.ber and dry v.i,he of tubers 
• "(1 

•• p.r.t.a iuto tvo 11&. ~1 •• ,.s •••• 11er or ,r •• ter than 3.97 

.... Th ••• J.u., .re r.port.d on a .2 ba's:l. and to • dep7.h of 15 

c. ln the .011 unI a •• othervi •• Itated. 

Tb. tot.1 nu.ber of tub.r. and the total tuber dry velsht 

... 1'. obtain.cl b,. co.~lDln, tb. d.ta fro. the tvo .1ae cl •••••• 

So •• r.tiOI •• re c.lcul.tad to obt.ln a •••• ur. of the , 

contributloD of tb •••• 11er tuber. to the total tuber 

popul.tion. Tuber nu.b.r ratio va. the nu.ber of •• a11 tuber. 

cUv1c1.4 by the total nu.ber of tuber •• nd tha tuber dry ".i,ht 

ratio ••• th. dry .al,ht of tbe •• a11 tub.r. 4tvid.d by the 

tot.l tuber dry ... lsht (T.bl. 2.2). Dry .a1sht .xpr .... d ou .n 

au. b •• i, vl11 b. ret.rracl to •• bl0..... Sinca th. ovar.l1 

objective 1. direct.d et 1el~Ov nut •• cl,e •• ~'~~.nt throu,h It. 

tub. l' •• 001 Y tub.r clat. viII b. u.ed in de veropina • ,'8l10v 

nut.adse tuber popu1.tio~ dyn •• tc. aod.l, the .bovalro~nd d.t. 

vU 1 Ilot be pre.ented or anll ':. •• d in the pr ... nt ètudy. 

ÂD.1, ••• of vari.ac ... ara done on th ••• r1abl •• or r.tio. 

. ' 

st 
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• 

Tabl. 2.2. . Para •• cara and ratio. u.ecl tbrou,hout thl. ra ••• reh 
projec:t. 

V.l'lab1_ 

Tuber Ilu.ber 
. 

Tuber Iluab.r 

Tuber b10 .... 

, Tubar bl0 •••• 

rat1'o 

r.Uo 

Da.criptloll' 

: TotalA:.be;=:;::-;au f ••• l1+1.r'I). 
,f. 

lfuÙ"u· of •• a11 tubau 1 total 
Du.bar of tubeu 

: Total 41'1 •• 1abt of tuber. ( ••• 11+ 
larla) (, .-Z)b 

110 •••• of •• a11 tub.r. 1 total 
tub.r b10 •••• 

, . S.a11 tub.r •• are •• aller, th.n 3.97 •• and lar,e tuber ••• re 
llr,ar Cb.D" 3.97 ••• 

b Tuber dltl ••• ' Izprt~.ad plr .2 to a d.pth of 15 ca in th • 
• 011 .zc.pt wb.n otherwl •• r.port.d. 

1 

f 

) 

" 
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utinl tbe Statinica.1 ADaly.ia Syau. (SAS; ÂDoDyaou!I' 198.5). 

Sa.p1e. and aata .eta .ere teated for hoaogeneit, of variance •• 

DODaddltlYlty,,and Dor.alitT ~.inl prolra •• accoapany1nl the 
\ 

book by Sokal and loh1f (1981\_} Boao,aneity of variance v •• 

te.ted u.l nl Bartley'a r •• x-te~t, Bartlett". t •• t for 

ho.o,eneity of variance •• and tbe Scheffe-Box t •• t. Tukay'. 

te.t ~u.~~ ~o te.t for nonadd1tivlty_ Nor.ality v •• te.ted 

U.ID, the Kol.olorov-Salrnov te.t for ,oodu •• ol Ut. No data 

t1:an~for.atlon. wer. required to ana1y •• the deta u.ed in thi. J 
tb .. l\ •• 

Polynoaial reIIe.aion. can .i.repre.ent data by 

unrealiatic babavior .uch a. ne,ative value. or overabooting , 
and decr ••• ln, value. befort the true .axi.ua 1. reached. 

Therefore, regre •• ion. vere only fltted to data that waa u~ed 

in the aod.l~n, dev.lop •• nt of yellov nuteedge tuber pop,ulation 

dyna.ica and th. other v.rlabl.~ .ere de.eribed b~ tbe atand.ra 
. , 

.rror ol the ••• n. and co.pared !hroulb thé lea.t .i,nifieant 

dilference et the .5 % level of probability (LSD 0.os1 
A1thou,h tbe LSD ta le ••• ppropriate than the relra •• ion 

analy.l •• it i, 'ufflclant lor the lntended purpo.e of 

di.cu.,lon. 

Whene •• r po •• lb1,. ainll, 4e,~e •• of freado. coaponent. at 

th. 51 1e.,1 of .1,niUeaDca .er. u.ecl ln th. ,na11.h of 

yarlaQce to •• 1act tbe p011QOa1a1 1.va1. that "oulel be ret.1ned 

to calculate tbe relre .. 10n. Alter.ard., the re,re •• loll 

e;uatl0n •• er. ca1cu1,ted u.llli th ••• an •• 

, 

" , 

" • 
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Seètion 3 

, 

IMPOlTÂ.CI or PL.BT PAlTS OTlla TIAM TUilas lM 

YILLOW IUTSIDG! POPÙLATION DYNAMICS 

" 

3.0 Introductlon 

th. -•• ln objecti.,. of tbe r ••• arcll 00 y.llov nutud,. at 

M.cdonald Coll,,1 1. tbe de.,elop.ent of .0, Int.srated yello" 

nut •• d, ••• D ••••• ot prolr... Altbou,h tubers .re consid.red a. 

the .01 •••• ns of p.rpltuation for '1110" nut •• dae ln the 

field, tbe poteotlal of acb.ne., rbl*o.e •• od ba •• l bulb. ln 
• 

contrlbutiD, to tha r.,anar.tion of yal10" nut'Idse popul.tions 

a"lt be ••••••• d in ordar oot to ne,lect "hat could be 

al,nlfle.Dt f.ctor. 10 yellow nut •• d,1 popul.tlon dynaaici. 

YI110w nut •• dle fi • perlaaial weld "bIeh ba. perfact 
~ 

flo.ere) 1. wlnd pollio.tad, and 1 ••• lf-loco.p.tible (Mulll,aa 
. 

aod JunkiD', 1976). aeportl 00 th. ou.ber of achen •• 1t 

produc.? in th. flald .,.ry widely fr~. oooe (Mull1'80 .nd 

Juoklll1, 19~6) to 60' .111100 pero hectare (IUl at .1., 196-3) 

witb a vIde r.ose of perclota,a ,er.io.tloD (Tabla 3.1). 

Thl. vari_billey il raportadly a"oci.tld witb the fact 
é" 

tb.t 10 10.0 .r ••• , Inl •• tation. ar.·cloo" of y.l10" outeed,.' 

. , 
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t.u. ,.1 . .. ,on.. ,.oU •••• u.... • ••• prD •• •• ra1Il'OQ • 

• 
1a,.~l ••• tal .... lIn of ••••• , '01'.1 •• l.t.r •• c • 
lOeacl •• ,.r '.flor •• e •• e. 

lU •• ..... .... .t •. ..~ . .... Il 

C&lUonia 26 612 211 7t " t ... 11 •• • lId 1 •• 1., (19 79) 

1 •• Tork U J238 '55 0 14 25 ' 1:.11., (1950) 

l 

" 
Ka1 •• 104 2010 415 2 U 67 JII.t1CO .d IIble.bu4 (1946 ) 

Il •••• cb .... ''. 43 51 46 IUl ., .1. (1963) 

lorcll •• ,e. Q.I. lt 1. 53 ..U • e .1 • ( 1962) 

•• rt •••• t. 0'.1. 1 331 16 ',U .a' Lara •• a (1960) 

( 
'-

. , 

• 
. . 
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and therefore infertile. Achene production vould accordingly 

~epend oQ,çro •• -pollinatlon with other .enotype. and thu. be 

dependent on distance and environ.ental conditions .t the ti.e 

of pollination (Mulligan and Junki n •• 1916). Furtherllore • 

. w1thin a .tanel. the number 01 flowering individuals i. reported 

to decrea.e vith increased density. vhicb could further r.duce 

the nuabef of inf lore.cence. and. consequently the potential 

number of achenes produced (Hill et al., 1963). T,he grovth of 

yello" nut.edge is affected by shading and lever inflorucence. 

·vou1d be produeed in situationa where there 1. a closed canopy 

Ister ln the groving 8ea80n. 8uch a. in a field crop (Bell et 

al., 1962; Jordan-Holero and Stoller. 1978; Keeley and Thullen, 

1978; Patteraon, 1982). 

Hovever, deapite yellow nut.edge'. great potential to 
. 

produce viable achenea, the achenea' contribution to 

establllhed infe. tation. il conaidered mlnillal, if not 

negliglble, sinee there are no reports of seedling developllent .. 
in field situatioDs. This fact has lea<l ........ -v'!'ral reaearcher. to 

.tate that yellov nut.e_e 'reproduce. mefstlY, if not 

neIu.ive1y. by tubera (Hauaer. 1968; ~'rrr-t.n and Junkins, 

1976 ; Stoller. 1981; Thull.n and ~e.ley. 1979). 

th. vegetati v •• pr.ad and propagation of y.llov nut •• dge 

bagin. vith rbizo ••• vbich origin't. froa ba.,l bulb.. The.e 

rhiaom •• dili.rentiate into .itber • tuber or a ba.,l bulb at 

thair 'apex. Since theee rhho.e. have occ •• ionally been found 
l 

to branch (Jansen, 1971; LorouanoD. 1969; Vilh 'et al •• 1980), 

thay mUlt ha". potenUall,. active buda .'t tb.ir nod .. and 

.' 

. ... 

\ 
1 
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• 
. .tbarefore eould bave regenerati"e abilit1e., .s do rhhomes of 

other veed speet .. (lige1 and Koll.r, 1985). 

The basal -bulb 11 fora.d troa tbe aeriste.atie celI!, of 

tbe rh1zoa. apex and produc •• secoDdary rhizoae., leaves, 

root'., and ,the flowering stalk; and lt ia conaidered .. being 

the pr1nCip~1 site of inttiation of vegetative growth for 

yeUov nutaedge (Vilh et al., 1980). Up to 15 rhizoaes can 

origina te froa the sa.e bu 1 band produce more basal bul ba 

{daughter shoota) or tubera. 

'till,se operatio., are p,lf, oost 
1-

field management 

practlees and therefo re cou Id con t rihu~e to mu 1 tipI ying ye llow 
, 

nutudge by cutting and/or epreading its rhizomes. basal 

bulb •• or achenes. Tbe following experill-ents were undertaken 

to evaluate the potential of achenes, rhizomes and basal bulbs 

ln contributing tf) the regeneration of yellow nuteedge 

population •• 

3.1. Materiala and aethoda 

Flover heada were collected vhen yello" nutsedge shoota 

had aIl aene.ced (late Sept.aber). T"enty !a.ple. wera taken 

" both.in 1983 .n~ 1984 and eaçh ... ple con8:f.ued of tventy 

flover be.d. eollacted froll pure standa. The flo~er held. vere 
.. 

• torad in the d.rk at roo. te.per.ture unt!l Kay 1985 when the 

inflora.cenee. war~ t_a.hed, and the achenel were col1ett.d 

and count.d. They vera then placed on two layer. of .oiatened 

fil ter papar 1n petri d1ahe •• The dhhe. ve~e covered, kept 
~ 

., 
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constantly •• oiat and placed ln a grovth cabinet witb a diurnal 

te.parature 24 C / 18 C and a 14 bour photoperiod. Gerain.ting 

acbenel vere reaoved and counted wben sboots reached 5 mm ln 

length •. The experiment was terainated after 6 weeks. 

Rhizoae. vere taken at randoll from pure ye1lov nutsedge 

Itands (Aug. 3, 1983), cut in 7 to 10 Cil long segllents wit.h at 

least 2 node.. Rach segllent was then placed ln vaxed cardboard 

boxes, covered vith sand, and transferred to a aeed gerainator 

cabinet (20 boxes vith 10 rhizomes each). The boxes were 12 cm 

by 12 ca and vere 4 Cil high. The temperature was 28 C ~r 8 

hours of Iight, and 20 C during the dark periode The so11 was 

\tept moiat at aIl tilles. The boxes were observed for plant 

regeneration during a 4 weelt periode 

Basal bulbs of heaithy green plants were taken from pure 

stands of yellov nutsedge (Aug. 3, 1983). Shoots were eut 1.5 

Cil abov. the bulb collar and rhizoaes connected to the bulb 

vere Cut 1.5 c. tro. it. The bulbs were then placed in waxed 
' .... 

cardboard box.. (10 boxe\- with 20 bulbs each). The boxes were 

placed under the sa.e c..onditions aa descrlbed for the rhizoaes. 

They were observed for plant regeneration during a 4 weelt 

----periode 

Reau 1 t. and discu.sion 1 
There was a~ average of 3.05 achenes/inflore.cence based 

on inflore.cence. collected iu 1983 vith extrelles of 0.2 to 

10.4 achenes. Tbe average geralnation rate va. 24 % vith 

Il 

• 

•• 
.v 
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extre.e. of 0 and 50 %. Hore than twice a8 many achenes were 

produced in 1984, vith 6.4 achenes/lnflorescence and extremes 

of 1.3 to 25.7 achenee. The average geraination rate was 25 % 

vith-a lIinimuII of 3 % "and a lIaxilluli of 53 % (Table 3.2). 

The difference in achene production could probably be 

attributad to differences in enviroô.ental factora. The nUliber 

produced i. clearly le •• than that reported for ye llow nutledge 

ln the United Statel '(Table 3.1) but the gerainatlon rate 1& 

weIl vith'ln that of recorded reports. The nuaber of achenes 

produced here ia probably lower becauae tbe plant II at its 

northern liait, a~d therefore growing under sub-opti •• l 

conditions. Further.ore, aince yallow nutaedge requires cross-

pollination, it i. possible that .. scarcity of different 

senotypes exilte tn tne area, thua li.iUng che number of 
~ 

.. 
flowera fertil1&ed (Mulli,an and Junkina, 1916). Tbe achenel 

that did not ger_inate could have been dor.ant (Justice and 

Wbitehe~d, 1946) but no effort was made ta detulline this. 

The contribution of yello" nutaedge Achenes to already 

eatabliabed lofestatiou. 1. probably .iuiaal. Under the 

present experia~ntal condition8, approxi.ately 40 

Inf1oresceoces .-2 vera produced, aach yield~ng an average of 

4.7 achene., therefore generating 200 Achene •• -2. Contrasted 

to thia, over 15000 tubera .-2 wer'e produced in the .aae area 

(Section 7). Furtheraore, Stoller (1981) statee that the 

achenes produce I.all and non-viaorous seedItn,s that do not 

survi ve in cu 1 t1 vated fiel d •• 
, 

Rovever, ache ne contribution ta 

dispersal in time and .pace could potenthlly be h1ghly 1 

, , 
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.table 3.2. Production and leralnaUon rate of achene. of t/ 
,e110. Dut •• d,e at Ste-'Qne~cle-Bell.vue, Quebec t 

'\ lD 1983 enel 1984. .. 

1983 1984 

.. 
• aapl.a acben. ler.lnatlon .chene leralnatlon 
nuab.r nu.ber ( % ) nu..bet ( % ) 

1 94 2 44 30 
2 12' 15 99 33 
3 116 48 93 41 
4 14 0 36 28 
S 47 19 351 11 
6 208 13 260 15 
7 136 0 143 10 
& 33 <"'15 81 21 
9 3.5 14 74 22 

10 67 30 48 46 
11 22 27 178 33 
12 22 41 13S 32 
13 4 50 26 4 
14 25 44 92 10 
15 4 25 49 14 
16 S 40- ,48 33 

~ 
11 21 24 109 24 
18 61 16 99 53 
19 99 30 SIS 3 
20 72 24 .53 43 

••• n. 61 24 127 25 

a Bach ••• p1e eonll.ted of 20 1nfior •• eeace •• 

( 

. , 

\ 1 
1 
1 
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.ignifieallt. 

" 
Kulli,.a alld Junkinl (1976) found aehene. ~n an herbariua 

.peci.en that .ere .tl11 viable 56 year. aft.r the plant had 

be.n coll~ct.d. Under field condltiolls, ln an experlaent on 

tbe lonlevity of burled ••• d., Go •• (19~~) r.ported that y.llow 

nue.ed,e .ch.'n •• had a 'S to 17 % I.r.lnati\~ rate af ter 20 

y.ar. ln the '011. rro. tb •• e ob •• rv.tilnl, and eon.iderln, 

tbat lo.e of the ach.ne. are prob~bly dbr}.nt~ thè pot'ential of 

y.llov nut •• d,e achen •• in perp.tuatin, the .pecies throu,b 

ti.e i. i.portant, and .tr ••••• the fact that field 

1nfe.tatlonl eould r.eur, af t.r being totall y contro 11 ed, 

vithout re-introduction of .eeda or tubers in the field. 

Anoth.r, and po •• ibly. Jaore iaportant. function of the 

acb.n •• 18 the e.tab1i.b •• nt of new population. throu,h 

They are probably 
) 

di.p.r.ad by vater or by anlaal. a.sociated wlth thair natural 

habitat. The natural babitat occur. alonl the ahore. of 

river., ~trea •• , lak •• , and in bo,. and .ar.h •• (Barko and 

" S.art, 1978; Mulll,an and Ju~kln., 1976). In th. experi.ental 

area, it .a. obs.rved that once .sne.eed, tbe rachis tended to 

break ea.l1y, allovin, It to be earried so •• dla.t:ance. 

The rblzo ••• 'aod ba.al bulb. did not Inov aoy veletative 

,.rovth duriog tbe·eour.e of the experi •• nt. vhich concur. vith 

tha fiodinl' of Or .. n110 (l9S3). The rbiso ... and the b .. al 

bulb. do not accu.ulat •• tarch and therefore have. r.duced 

po •• lbillty of re,.a.ratin, the plant if they ere .ever.d froa 
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th. or111n..!1 tub.r or rb110., tha~ prO?:d.ed tbe. (Jan •• n, 1971; 

Will •• t al., 1980). Stoll.r.t ~l. (1 72) found t~at plants , 

eut belov th. ba.al bulb and tran.plan ed, or that plant. 

tran.planted vitbout th. aotber tUber;Jcould grov, 

•• ucb 1 •••• 1' extent tb.n int.ct ~l~nt •• 

altboùgh to 

Tb. contribution of yellov nut.adle ~chene. to •• t.bli.hed 

inf •• t'tion. i. prob.bly na,1111b18 .1nce the y .re produced in 
"-

lov nu.b.r., th.y b.ve rel.tively 10v I.r.ln.tion r.te., .nd 

tber. 1. no ev1denca of ,eed1inl e.t.bli.h •• nt in the field. 
, 

Achene production c.n tb.r.for. be n.glect.d wh.n cOD.id.ring 

yal10w Qut •• d." •• n ••••• nt .y.t.... Bov.~.r, ach.n •• can be an 
, 

i.port*nt f.ctor in 'Vre.ding 1~110v nu~ •• d,. acro ••• bort or 

,r •• t di.tanc •• , .itb.r by far •• acbioary or othar aeans. ~ 

lher.fore, pr.ven~i.e control •••• ur ••• hould be eon.iderad in 
. \ 

ord.r to r •• trict .pr.ad of y.l10v oùt.ad,. to ne. ar ••••• 

1 ", 
Rhilo.e, .nd b.,al bulb. do Dot reg.ner.te y.llov nut.edge 

on tb.ir ovn .nd tbarefor. do Dot con~ribut_ in •• int.ining 
\ 

y.l10v nut.ad •• popul.tion.. Tb. u •• of till.g. or oth.r ff~ld 

oper.tion. c.n be con.idered·vitbout runDinl the~r!.k of 
~ V 

.ultiplyln, the pl.nt by cutting it. tbilo •• s or b.,.l bulb •• 

c' 

\ 

L 
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Section 4 

1 
TUIER SIZE DISTRII~OH 

4.0 Introduction: 

Tuber. are cou.id~red al the .aln, lf not .ole, aeane of 

propa,atlon for yallo" aut.ad,e populatloDl la fielel. (Kull1,aa 

and Junkla., 1976; - Stoller, 1981). Tubar Ibap. 11 ,enerally 

spberical altbou,h lt .a~ vary conlielarab1y. Tuber 11&e and 

vel,ht vary bet".an (, •• lay anel Thullen, 1910; Matthl •• en and 

Stol 1er , 1918; Stollar aael Wax, 1913; Sto 11 er, . N •• a, and Ihall, 

1972; Stol leu and Weber. 1975j Thullen and 'e.1ey, 1975; 

'" Tuable.on aad lo •• edh_1, 1961), and "lthin yell01l nut •• d,e 

popu1ationl (Qhafar and Wat.on t 1983a t b). Tub.r lize anel 

vel,ht are probabl, ra,uleted by both ,enetic and-environ.ental 

factors. 

Thare are .averal charactarletie. a •• oclateel "ith 

ellff.reaca. ia tuber .1.& aad "elaht. The auab.r •• 1 •• , aad 

re'. of proeluction of ,hoota are proportlona~ to tuber .eiaht 

anel Ihe (Stollar et al., 1912; Scoller .nd Wax,. 1973; Thullaa 

and ~.eleYt 1975; Vil •• ajo, 1979). Tuber lonsavity 1. 

corralaceel to tuber .ailht aad 81.e (Thullea aad '.elay, 1975). 

.. 

.J 

( 

\ 
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Purth.r.ora, .u.c.Pt~billty ta .tr •• ln. t. lnv.r •• ly r.l.t.d t~ 
. ,---) . 

tub.r v.i,ht (Vil •• ajo, 1979). Th. nu.ber of bud. lound on 

tub.r. and tub.r .proutinl .nd ,t.-.proutln, r.t., on tb. othet 

b'Dd, '1" .t:"t r.1ated to tub.r .1&. or v.i,ht (Thull.n .nd 

" •• 1." 1975). 

Th. ~bov. prop.rti •• al'. t.port.nt for y.110v nut •• d,. 

popul.tion dyna.tc. an. th.rafor, tub.r .i&. and v.L,h~ .hould 

of •• n'I ••• nt .y.t.... Th.r.for., th. fo110.1D, a •• plln, ~ •• 

und.rt.t.n to d.t.raln. th~ tub.r .isa di.trLbutlon of y.llov 

Dut •• d,. in th. fi.ld popul.tion of the exp.ri •• nt.l aite. 

4.1 Hat.rial. .nd •• thod. 

Sa.pl~n, va. conduct.d ln 1.t. f.ll (Octob.r, 1983) vlth 

rando.l, a •• l,n.d ••• plia, .Lt •• loc.t.d. ia pur. y.llov 

nut •• d, •• tand.. ALI y.110v nut.ed, •• hoot. v.re d.ad .t th. 

ti •• of ••• plln,. V.Ln, a .bov.l, .011 va. r •• ov.d to a d.pth 

o~ IS ca. Th •• a.ple ••• 1'. v •• bed .nd t.pt in cold .tor.,. (4~ 

C) until th. tub.r. ver •• ort.d by '1&' and v.l,b.d. Si •• her. 

+','lI"d to ret.r t~ th •••• l,le.t elia •• tat of • tub.ll. The 

tubar. vara than 41'1.4 to • eon.t.nt •• i,ht in. convection . 
aven t.pt .t 'S C, eort.d by .1&., .nd veithed .,aln. Fourteen 

.t.v •• of diff.rent dia •• t.r ••• ra u.ed to eort tha tuber. by 

.t... Tb .. e .ieve. v.ra in i.p.rlal unit. (64 th ,of 'Lnch). 

Th •• i ••• h.v. b •• n cODv.rted to a. throu,hout thi •• tudy, 

vblch .apl.ln. the fr.cel·o •• l •••• ur •• of the ai .. cl.' •••• 

1 
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(tabl. 4.1). • 

4.2 R •• ult. and dl.cu •• lon 

Th.ra vara 3096 tub.r. ,iu th •• a.p1a takan fro. the fiald. 

Tba fr •• h tubar dl.tribut10n i. pra •• utad iD Table 4.1. Pu.h 

tuber. had a •• an .i •• of '.96 •• 'and a ... dlen of 5.88 •• 

(Tabl. 4.2). Thair dUtribut1oD. .,a •• k •• ad to th. rlght 
. 

(po.lt1va ,1 .alue) and va. plltykurt~c (n.,ltl •• 12 

valh)(Sotal and Rohlf. 1981). Th. fre.h tub.r .i ••• v.r. n'ot. 

Dor.ally di.tribut.d at th. '1 .i'~lflcanc_ lev.l (D.ax valu., 

Sotat and tohlf. 1981). Th. av.ra,. tub.r fr •• b •• igbt ~a. 110 
\ 

., vlth .~.tr •• e. of 4 and 462 .S. The •• va1.u •••• ra .1.ilar to 

vllu •• ' ob •• rved iD otb.r ar.a. (Tabl. 4.3) and th •• 1, •• are 
.. 

~.p'rab1. to tbat r.ported by Tuabl •• on and 10 •• e4ahl (1961). 

The dry tub.r. bacl a •• an .i&o of 4.86 •• and a •• dlan of , 

4.82 ••• Tb. v'al" •• for the diff.r.nt .1&. cl ..... are found 

in Tab1.. (.1 and th •• tati.tic. ia Tabl. 4.4. Tb. dry, tuber 

.i •• dl.tribution va •• t.v.d to th. ri,bt and platykurtic. but 

follo •• d a uor.~l di.trlbution. Tba àvera,. dry v.i,ht va. 66 

., .ith •• tr •••• of 2 and 384.,. vhi-..eJl eorre.pooded to valu •• 

l''.ported .l ••• h.u (Table 4.3). 

Biuea th. dry tuber.' .1 •• di.tributioD va. fouod to b. 

uor.al aud .ioc. aIl tub.r •••• "r ••• ot. 10 thi. th •• i. v.r. 

doua on dry tub.r •• th~ r.latlon b.t •• an dry tub.r .i.e and 

" ~.i.bt va •• valuat.d. Tb. data ~n4 tha calculat.d ra,ra'lioo 

. ara 11lultratad in Fi,ura 4.1. Tha r.laUon .a. quadratie °and 

': .... :,.: 
,~ . " 
.. 'ff~ r- \ _, 

, ., 

.. , 
~..., /' 
J. 

\ j 

\ 
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''l'able 4.1. Si •• and .ei,bt of tuber. of yallov nutsed,. 
•• apled froa tbe field in the tal1 of 1983 • 

Tuber rra.h tubar. ,Dry tubar. 
.i.a Kean Kaan 

.uab.r .• ai,ht Ruaber v~i,ht 

64 elï 
illch (aa) (a,) (a.) 

3 1.191 0 0 \. 16 2 
4- S 1.984 20 4 90 S 

7' 2.778 93 10 301 13 , 3.572 248 22 473 24 
11 4.366 427 39 623 41 
13 5.1S9 543 64 598 65 
15 5.953 52~ .'4 494 92 
17 6.747 469 134 312 130 
l' 7.541 392 l~i 131 168 
21 8.334 230 24 44 235 
23 9.U8 94 291 10 309 
25 9.922 37 353 3 282 
27 10.716 16 383 1 384 
29 11.509 1 462 0 0 

Table 4.2. Statt.tic. 'of ,a110. nut •• d,e fra.h tubar .1 •• 

-,f' 

".all 

Hediall 
( 

Varianca 

Gia 

02 a 

Daax 
b 

dl.tributloQ. 

Stati.tic 

5.9S~ 

5.S84 

2.775 

.18 

-.34 

.024 

St~nclarcl 
arroI:' 

~029 

.037 

.04 

.09 

.. 

a Hoa.at Itati.tic •• 
b ~olao,oro.-8airQov t •• t-.tatl.tlc D. 

COllfld.nce liait. 
(95%) 

5.893 

5.810 

.10 

-.51 

.27 

-.17 
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Table 4.3. ~aported fraah and dry .at,ht of ya110v nut.ad,a 
tubar •• 

Location TubaI' laf~ranc. 

Cra,on 
Q.abec 
Californi. 
Gaor,ia 
U1i.oi. 
Karyland 
Kinneaota 
Otlalao.a 
111in01l 
111inol. 
111in01l 
Gaor,la, 
Cali~ornla 
IUnne.ota· 

240 

16-338 
350-530 

150 
710 

70 
230 , 

61-294 
50-120 

2.5.5 
862 

160-285 

I)ry 
.ei,ht 

(al) 

49-71 

158-233 
88 

404 
31. 

129 

135 
538 

157-662 

• COlta and App1.b7. 1976 
Ghafar and Wa~lon. 1983a 
,a.la, aad T~~llen, 1970 
Il.ttlaia.an •• d Stol1ar, 1978 

" " 
" 
" 
" 

" 
" 
" 

Stol laI' at al., 1972 
Stoller aa4 W.x, 1973 
Sto11er aad Waber, 1975 

" " 
Thu11aa aad ,aa1a7, 1975 
Tuab1a,oD and ~0 •• adha1. 1961 

Tabla 4.4. Statiltic. of 7.110. Dutaad,. dr7 tubar al.a 
di.tribution. 

Heaa 4.865 

Hedi.n 4.822 

Variaaca 2.172 

01 a .17 

G2 a -.24 

b.ax 
b ,.013 

. 
e Ho.ent atati.tic •• 

Staadard 
arror 

.026 

.033 

.04 

.09 

~ lol.oloro.-S.irnov t.~-.tatiltlc 1). 

Coafidente 11alt. 
(95%) 

4.813 

4.757 

.08 

-.41 

.25 

-.06 

1 
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deter.inatlon and Pr • sianifieanee level. r _ 

;;' 

c 
'~ 

"" 
w:o. 

1 

1 1 
.. 

1 

\ 

1 

~ 



( ) 
'-

36 

Ilanific.llt .t 0.001 %. _ Ide'ntical relul tl vare obt.illed for 

th. fralh tub.r.. Th.rator., .inc. there .a. a c10.e ra1ation 
• .. Q .. 

b.tv.all the tubar .iza and vei,ht, tba.e tvo teras vere u.ed 

illt.rcballaa.bly throuahout tba ra.t of thi •• tudy. 

Tubar .ortill' .nd vai,hin, by .i,a'v •• found to ba 

axtr •• aly labor intanaive, tharefore it .a. decided that tuber. 

vould be .ortad in only 2 Ii ••• , ••• 11 .nd large. Tbi. 'alloved . 
th. co.pilation of ratioa of •• a11 tub.r. ~o ovarall tube~ 

nu.b.r or v.i,bt and tharaby per.itt.d ch. ob.e~vatlon of tuber 

population .hift. tov.rd ••• a11ar or l.r,.r tuber •• 

A ••• a.ad abov., .h •••• ~d •• dtan .t •• of dry 'ubor • 
. 

• a. 4.86 and 4.82 •• , re.pective1y, .nd they were both in the 

••••• he cla •• (Tabl. 4.1). If thi. cl ••• va •• elected to 

.ort tubar. into •• all or lar,. cata,oria., .hift. ln the ratio . \ 

could ba d.tact.cl, .1thoul~iolo,ically ne,liSlb1e .hUta in . 
~ 

tub.r .1.a voul~ h.va occurrad .round the .e.n. Tberefore, the 

conti.uou •• i.a cla •• vould be lore .ppropriate, .inca it vo~ld 

b. 1 •••• an.itive to ••• 11 .bilt. in .i •• but vould indicat. 

1.portant .hift. tovard ••• aller or laraer tu~er •• 

Arbitrarl1y, th ••• all.r .~ •• cl ••• (4.37 •• ) wa. cho •• n to 
. 

• apar.t. t,~ tubar. ln I{ie., wbera tuber. ,r •• t.r than or 
" , 

.qual to 3.97'- •• ' var. c;,_.f.id.rad al la'rl. tubaco. and tho.a 
~ , _..::i 

,f"'" 

••• ller th.n 3.97 a ••••• a11 tub.r,.. ~e.lay .nd ~hul1.n 

(1970) u •• d a .1.11.r .1.a (4 •• ) for tub.r .tudla.. Tha 
t 

t 

advanta,a of choo.in, tha •• allar .i.a cla.1 ••• th.t the 

ratio. calculatad ,.v •• n l •• adiat. p.rc.nta.a •••• ur. of th. 

proportion of tba ••• 11 tub.r. ln tba ••• pla. 

_ ..... 
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In the pre.ent .a.ple, the nu.ber of dry tubera •• aller 

chan 3.97 •• va. 880 and the ratio 01 ••• 11 tubera to total 

tubet nu.bar ••• 0.2842. Tha total dry .el,ht of tha ••• 11 

tuber. ••• 16.076 , and tbe total tuber .el,ht ".. ~02.859 1. 

The r.t-t.~ ••• 11 tube r dry "el,ht to total tuber dry "ai,ht 

.a.0.079247. 

• 
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Section 5 

YBLLOW NUTSEDGB TUBER LONGEVITY 

s.o Introduction 

Tub.ra are conaid.rad •• tba only •• an. bl wbich y.llo. 

aut.edg ... ar.hte la cultlvaced fi.ld. (Stoller, 1981). Under 
" 

t •• par.t. condition., th. tu~era 9verwinter and reeatablish 
-' 

yallo. nut.adga the follovinl .pring. HOlt of the tuber. 

.prout th. flrlt .prlnl but lo.a r •• ain dor.ant. Tubere are 

r.pore.cl ta lOI. viability r.pÂly vith a 62 % to 86 % 

r.duetion the fir.t year (BalI et al., 1962; Dot y, 1973; 

Stoll.r and W.x. 1973). Row.ver, in eo •• inetapcee, 

vl.blli~1aa of 1 to 8 % bave b.en r.ported after 4 ya~8 or 
.,; 

.ore (Thullen and It •• l.y, 1981). 

Tuber deptb in'lb. '011, tub.r .Ize, and environ.antal 

conditionl .ffaet the lenlth of tiae tubera re.ain viabl •• 

Tuber lon,evity Iner ••••• vith d.ptb (Bell ~t al., 1962; 

Stoll.r. 1981), and vith tub.r .i •• (Thull.n and ~e.l.y, 1975) 
.. , 

while an iner •••• in 1011 aoi.tur. conditions relult. in a 

d.cr •••• in lo'a,evi ty (Thullen and ~aeley, 1981). 

Tuber lon.-vity ha. an 1.portant function in tbe 

38, 
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population dyna.ica of yellov nut •• dge since it determine. the, 

1eval of the re.idual tuber population, and therefore 

deterainel the re.illence of yellov nutsedge infestations. 

Cona.qu.ntly, ,t_uber long.vity .ust be taken into account, along 

vith the tuber producti~n potential, in the developaent of an 

Int.,r.t.d ye110y nut •• d.e •• n ••••• nt pro,ra •• 
" 

Available infor.ation on tuber 10n,eYity ls scattered 

through nu.erou. r.porta and ia difficult to inte,rate into a 

de.criptive and predic~ive aodel. Purtheraore, the groving 

conditions .nd yello. nutaadge biotypeC.) in each of the 

experiaent. yere different. Therefore, tbe present experiaeots 

vere undartaken to eati.ate tuber cohort (tubera of the saae 

age) lonsevity and to esti.ate tbe tuber pool (tuber bank) 

10Dg.vity in an already, infeated are.,. The objectives ver,e 

1) to a ••••• the iaportance of tuber depth and .ize on 

long.vity •• nd 2) to obtain a de.criptive and predictive 

relr •• aion of ye1low Dutsedg. tuber 10ngevity aa a function of 

5.1 Mat.riala and .ethods 

\ 

~.~ of experi.enta ~.re conductad to .cbieva tbeae 

obj.ctive.. Th. fir.t con.iat.d of burying tub.r. of ~nown age 

and fol10.iDg th.ir .urv!v.l throu,h tiae (tuber cohort 

10D,.vity). The •• cond group of experiment. 

follo.in, the .urvival of •• tablilhed yel1 tuber 

popul.tion. ln tl .. vhJ!e praventlDI th. oraation of ne. 

--------------------------------------

.. 

• 
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tuber. (tuber b.ot longevity). 
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10 the f.ll of 1981, .tter aIl yellow·nut.edge shoot. b.d 

di.d {.ov •• b.r~, .oil ••• pl •• ver. taten fro. the top 15 c. of 

a field inf.at.d vith. pur •• t.n~ of yello.w nut.edge. Tbe 

".ple •• ~re .a.bed and tubera .ere aorted and count,d. tuber. 

tb.t .ere p.l e brovn, full y for •• d, .nd eppeared he.l thy were 

pl.ced in polypropylene .e.~ envelop.s, to vhich .and 11 •• 

". 

.dd.d, .nd ~uri.d to plot. in • field previoualy free of yellov 
"-

out.edge. The experta.nt.l fiald had •• oil t.xture and 

.tructur •• t.ilar to that ,of tbe field of tuber origine 

The e«peri.ent va. planned for five y.are and durins the 

srowing .ea.oo., .11 yeget.tion w •• de.troyed a. lt eppe.rad. 

~l.ht tub.r al.,. vere ~~ 1.6,2.,4, }_2, 4.0, 4.8, 5.6,6.3, 

.nd 7.1 a., .nd were buried at .t-bree dilter.ne depth., '6, 13, 

and 19 ca. Tbe nuaber of tubere iu each env.lope of a epecifie 
. , 

.i •• ar. pres.nted ln Table 5.1. The differ.nce in tu'H.r 

Du.ber ••• due to tuber availabillty, .nd the uneven liae 
'! 

cl ••••• vere due to conver.ion fro. the l.perial to the •• tric 

'7atea of aeaaure. Beeau.e of the ~i.ltad nu.ber of tuber., 

tuber. of .1ae 1.6, 3.2,4.8, and 6.3 •• •• re ob11 ••• pled in 

the .pring .bl1e tbe other .1&ea v.re only ••• p~.d in th. f.ll. 

t. n 2 b Y 2 apI 0 t. .e r eu •• dan d th. .x p. r 1 •• nt li.. no t 

replieated. A p.g .••• pl.cad.t tb. c:.nter of aach plot and 

th •• nv.lop ••• er. pl.c.d .t 15 c. iot.rval •• 100g di.gon.l. 

froa the peg to .ach plot c!»roer. Bnv.lop •• of the •••• tuber 

.1s ••• re ~urled .lon. th ••••• diagonal vith the ooe. that 

1# 
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... ~.I' of t .... I'. ,lact." h '.41.14 .. 1 •• ,do,.. for tlt. 
t'HI' collol'C 10 ..... 1&7 ':I,.r1 ••• c. 

f'Hr .1 •• 
( -) 

z.o 
z •• 
1.6 
4.4 
S.2 
6.0 
6.7 
7.5 

u 

" " 100 
100 
100 
65 

• 30 

fi •• of • 
.. apl1~1 

• l.hr. to tll. u .••• t wlticll cil •• ,.cUle tulle, .1 •• vu 
••• p1 ... "urt., Cil. 'K,.rl •• at. 

• 

, ' 1-. 
~ ... " ~~' l 

,~~--~-~~-
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ver. burl.d at 6 c. clo ••• t to·';the p., and ac 19 c. 

fro. tb. pe.. There vere fi.1 di.,on.l. of •• ch tuber 
1 

and, e •• ry ye.r, oae .a. t.k.D out at rando. and tuber 

.1.~1Iity •••••••••• d. 

A.t tbe tl.a of ratrle •• l t tuber •• ad .and fro. the 

envelope •• ere placed iD •• x.,4 .c.r4bo.rd box •• (12 ca by 12 c. 

by 4 cw hl,b) .ad placed la ••• ed ler.ialtor cabin.t. In the 

e.binet. the te.per.tur. durln, the .l,ht hour, day v ••• e~ at 
, 

28 C and the allht te.perature ••• 20 C. Tb. .and ••• kept , 

( aollt and .proutln, tubera .er. counud and r •• ovld a. th.y" 
\-J' 

,s 

. ver. ob.erved\ A.fter 4 ~.ek •• unleralnatecl tubera re •• inlnl in 

~he boxe •• ere" take~ out a~d ex •• lned. cbo •• tuber. chat v.r. 

fir. and pale la.ld •• e~. counted a. viable. 

-, 
Slace there .ere no replieation., •• ultiple re,re •• lon 

aaal,.il .a. p.rlor.ad on cba perc.ntl,e of viable tuber ••• a 

fuactlon of tl •• , tuber .lse, and .011 depth. There •• re 9, 8. 

anctl- 3 leve11 of thele flct:or~, re.peetiv.!y. The r.cre .. ion 

anal,.l •• a. done u.in, .1n,l. de,re. of ~reedo. coaponents u~ 

to lhe cublc le.el lor .aln-efflct. and interaction •• The 

balaDce of the 1e.el •• ere u.ed for exp.rlaenc.l Irror. 

Co.ponlnt. li,niflçant at tbe 5 1 leyel .ere retainld to 

ca1cu1.~. tbe au1tlp1e rl,r ••• lon p011,uoaia1 .qu.tlou. 
~:;.)- ... ...-\~ 

~,.F c'-- - \ 
r , .... ' ~~ .JI If 

-Tuber bank lonleviey : 

Tvo axp!rl •• nt •• er. laltiated to d.eer.ln. tbl 10a,lvity 

of yell0. aut.ed,_ tub.r. la aatura1 fl_ld la, •• tacloal. One 
I.t 

) 

\ 
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been .cti.ely ,ro"lnl for(ov~r fpur y •• r •• nd the other 
, , 

-expert.ent " ••• lt.bl1.hed ln .n .r •• that v •• prevloully 

- J,at .. ced by y.llo. auued,., but bad been aader .lf.lf. for the 

l •• t thr •• y •• r •• They,.er. de.l,n.ted •• youn, .nd old tuber 

popul.tlon., r •• p.cti.,.l,. lt wa •••• u •• d that tbe 1011 tub.r 
'..., , 

b.nk con.l.t.d of a pool of tuber. of .11 .,e.in the fir.t 

experi.ent while it con,i.ted chi.fl, of older tubera ln th • 

• econd onl. The ~urpoal'wa. to deter.ine hov l~nl the tuber 
\ ~ 

population vould re •• in vi.ble in the .011 when the ptoduction 

of .n1' n •• tub.rl va. pre vented. 

Tbe .ethodololY va. the •••• for both experi.ent.. tha 

experi.entl vere e. t,abU.hed in tha .prln, of' 1982 and 

con.~.ted of ka.pinl the Iround of the aspart •• ntal ar.a bare, 

by hoela" ln order to pr.v.nt any tuber production. Bach 
, 0 

expert.ent conli.ted.of 3 plot. 6 • b, S • lIubdivtded into 
e 

aubplot. of 1. b, 1 •• Bvery 6 .onth., .prin, and fal1, for 

three , •• ra, tvo .ubp1ot. vIre ra~~o.l, cho •• n and ••• p1ed per 

plot. the la.p1'in, va. done u.ing • 25 by 25 ca quadrat .nd f> 

coaailtad of ra.ovlnl th. '011 in S c. la,era, dovD to 30 c •• 

,The ••• ple •• are p~oc ••• ed accordin, to th. procedure d •• cribed 

in Section 2. 

S.2. InuIt. apd dlc~.loa : 

\ The ra.ul t. for •• ch •• ri •• of experi •• at • ar. firat-

diacu ... d •• parately after which ,.neral COllclu.ion. are .dr •• a 

fro. ~1 • •• ctlon. 

" 
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-
Tubar coborc 10D, ... lt7 : 

Tba .ff.cta of tl.e •• 011 d.pth and tub.r 81 •• OQ tub.r 

.ur"l.al v.re t •• ted for ~lIDlflc.nc. tbroUlh aultl,l. 

r.,r ••• lon .n.1y.i._.nd a po1yuo.l.1 w •• fltt.d to tb • 

• l,nlfle.nt tera.. 'l.ee.ent depth of the en"llope. ln the 
1 

eol1 .a. uot found to b •••• uy .t.tl.tle.11y .1,nlfle.nt effect 

on y.llov nut •• d,. tuber .urvl •• l whlle tub.r 81z.. tla.. .nd 
y,.. 

th.ir lDt.r.ction vere fOUDd to .11n1fle.nt1y aff.ct t"uber 
'~ 

.urvl •• l. Incr •••• ln tub.r d.pth 1. con.ld.rld to iapro •• 

tub.r .urv1val (Stoller. 1981). but the .011 Ir.d1ent, ln tbe 

exp.rla.nt va. probahl, too .a.ll to .1,nille.ntly' .ffect tub.r, 

.urvlv.l. Al.o. the b.ndllnl of tb •• xp.ri •• nt.l •• tê"fi.1 

b.for. buri.1 could h ••• re.oved .ny .ffect th.t depth of 

pl.c.aent ai.ht b ••• 'b.d on tuber .urvi •• l. 
1 

rhe aultlpl. re,rl •• loD P01YDO.l.1 of th. p.rc.nt.,. of 

ch. ori,ln.l tub.r. __ that r ••• lned vi.ble tb~oulh tlae 1. 

plott.d. ln rl,ur. 5.1. The nuaber of .i.ble tuber. decr •••• d 
/ 

o.er ti •• , with ••• 11.r tU~decr ••• lnl .ore, r.pldly th.n th. 

l,.r.er "on... .lpproxlaUely 1.4 % of th. ori,lnal tub.r. v.re 

.til1 vl.ble .lter .3.S year" but none ver. vi.bla aft.r 4 

ye.ra. Th •• e r •• uIt.'.r. in •• r •••• nt .,ltb d.t. report.cl by 

Stol 1er (1981). Tb.r ••• re no coapi1.tlon or .n.1,.e. clon. OD 
, 

~ub.r, nuaber r.tio or tub.r ".i,~ .ine. the a.t.ri.l v •• 

ori,iaally .ort.d fr.,b .nd .,ou1d not b. coap.r.bl. to the d.t. 

obt.ln.d tbr~ulbout tbe r •• t of tbl. project. 

Tb. d •• crlption~.nd predictlon of tuber .urviv.l 1. 

requir.d in tbe dev.lopaent of • ye110v nut.ed,. tube~ 
r 

. \ 
• 

" 
" , . 



-0 

\ 

; 

, 

,. 

20, 
30 

nME (rnonth8) 

. ' 

, 1 

40 . 50 

45 

7.9 
6.9 

5."S ' 
4.9 ~ 

3. 9 ~., 
2.9 Î 

1. 9 .t:1". 

U,ur. '.1. Kultlpl. r •• re •• ~~' pol,Doa1al of the eff.ct of 
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pop.latioa dyn •• lc •• od.l. Th.r,for.,' r.,r ••• loo v •• fltt.d 

to ch. cb.a, •• ln tub.r ouabar (.var'lad ovat tb. diff.r.ot 

cub.r dl •• ) tbroulh tl.a (Usure 5.2 .nd r.ble 5.2). Tbe 

n,r •• don eur.,. had • ,ood flt (12 _ O.99) .od da.crlbad tha 

l ' tub.r .uryl.,al y.ry vall vith only •• aall pere.at.,a of tubar • 

• Ul-i 'IS..bla &ft.r thr.a yaa" •• od nona aftar fo.r y •• r •• 

Tub.w- bank 10nla.,lty: 

Tha parc.nta,a of vi.bla tubar •• a •• l,nllle.atl, .ffectad 
~ 

by botb tha tubar d.pth aad b,. tba l.n,th of tl •• cha t,ubar • 

•• ra pr •• ant ln th. '011. 11.0 f,-or both tba you'ii •.• nd tha old 

tub.r populatlon •• tha lat.r.ctlon of dapth '.od tl •• h.d • 

• i,alflc.nt affact. R.sr ••• loa. for both tub.r popul.Cloo. are 

plott.~ 10 rl,ur • .5.3. A. for the tubar 'cohott, th. p.rc."t.,. 

of vl.bla tubar. d.cr •••• d ov.r tl ••• ' Th.t. va. 011. exc.ptloo 

.ttar 6 aonth.. ID th. youoi tubar populatloa at tha 2.5 to 30 

c. 1011 dlpth, th. nu.b.r of tuber. 10er •••• d abo.,. the 

orl,lna1 ll.,al. Tbi. 10cr •••• 1. Dot conflra.d by th. d.t • 

••• al (ApPladlx 1) .ad tb.r.for. could be attributed to th. 

b.b • .,lor of tba ra,r ••• ioo. Âaoth.r exceptloD to tbe •• ".r.l 

d.er •••• ln vl.bll1ey oyer tl.e v •• found ln th. old tub.r 

popul.tlon yher. the p.rcaDt •• a of .,labl. tub.r.·lacr •••• d .t 

th. 1.1t cI.t. of ••• pllnl. ...ferrln, to th. d.t. • •• n. 

(Appandix 1), tbi. va. confir.ad but dlffleule to expl.in 

.xc.pt th.t p.rb.p. ~o •• pev tub.r. vere produc.d. Anothlr 

po •• lbl11 t1 at,ht he thlt th. variabllitr of th. popUI.tiOD 

pr ••• nt c •••• d th. ,pp.r'Dt lacr ••••• 

( " :..,.' 
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'pl,_ra 5.2. I •• r ••• lo~ of y.llov Dut,.d,. tub.r cohort 
vlabl11t1 ln ti... Th. p.re.ut ••• valu •• are .spr •••• d ••• 
fuacUoa of' th. DU.bel',Of tub.x-. orillD.ll, ... d. 
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cril~r' 5.1. .u1ttp1. r'lr ••• t •• ,OlJ.o~.l of th' _ff •• 

t 
of 

(i.' ."cI •• t1 cI.pt" .0 J.ll •• "" .. dl' ... lIer lIU~ dabUl.ty· 
Th' ~.1,," .r •• s, •••• ed ., • f"a.tt oa of th' ••••••• 1 •• 
.,alu •• at tba f1r_t ... plinl tl.

e
• ' 

A. YOuu, tuber bank population. 
1. Ole! 'JUber bank population. 
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Tub.r. th.t v.r •• ith.r io tb. 0 to 5 ca or 25 to 30 ca 

aoi1 l.y.r h.d • aor. r.pld cl.cr •••• ln vi.bility th.n tub.ra 

b.t ••• n tb.a. t.o ley.r.. Tb ••• treod ••• re aor ••• rk.d for 

th. oid tub.r popul.tioo (Pl,ure 5.3).' Tub.r. cloa.r to tb. 

aOl1 .urf.c. al' •• or. aubjact ta aproutin, aod .r. aor. ezpoa.d 
) 

to .n.iron •• ntal .nd biolo,ic.l factou. ther.fore th.y ";ould 

b •• xp.ct.cl to ha •••• or. rapid declin. in vi.bility. D.ta 

report.d by a.ll .t al. (1962) .ncl Stoll.r end Wax (1973) 

confira tbia hypothe.ia. Ho •• ver. there Ar. no r.porta 

a.ntionin, aucb a d.cr •••• for tub.r •• t a ,r.ater d.pth. Tb. 
o 

0.-

d.er •••••• a ao'at' aerk.d 18 .ontba aft.r th. b.,inninl of th ••• 

tvo .zp.ri •• nt.. Â poa.ibl •• zplauation .i,ht be that tbe 

n.tur.l ,sproutins of tuber. va •• 01'. i.port.nt at th. sreeter 

d.pth. Siue. tbis i. a p.rt of th •• oil profil. that il the 

l •• at diaturb.d by nor.al fi. Id oper.Uons, th. tub.r 
o 

popul.tion of tb.t .oil layer .i,bt h.v. a sr.ater lub.rent 

.proutin, th.n tbo •• clo •• r to th. aurface and therefore a 

,r.at.r .ort.llty .ioe. aIl above-.round ,rovth .a. de.troyed, 

vhlch ev.ntually tranal.ted into tuber d.atb tbrousb .xhau.tion 

\ Slne. tuber popul.atlon vUb1lity ln ti •• va. th. 

lnfo~atlou to b. ua.d ln tbe deY.lop •• nt of th. yellov 

'nut •• ds. tub.r papulation dyna.ica .od.l, th. solI d.pth .ff.ct 

" v.a averas.d 0 •• 1' for •• cb ti •• of a •• p11uS. Th •• ean nu.b.r 

of tubera vlabl. 10 both y.1lov nuta.d,. tuber popula ÇloQi al'. 

p1ott.d ln pl,ur. 5.4A. Tub.r auab.r 41ff.rd b.tv .. n tbe 

popul.tion ..... pl.d ... d tb.r.fore tuber v iabl11 ty ln tl.e v •• 

. ' 

~' 



U,ur. '.4. tlllo. IlUUed,1 tuber ballk popul.tion .. 1&bl111:1 ln 
tl... Wher •• - 10UG, cuber b·aak and b • oU tuber baak. 

A. Keall tuber Qu.blr .-2 •••• ~r.d at .1x .o~th lut.rval. ln 
,J both tuber b.llk p.pulal:1oo •• 
J. Value. of A •• pr .... cI .. perulle.,e of tb firat ••• p11n, tl __ • _ ~ 

c. .acr .. lIioG of tbe chau, .. la U •• of tb. perc.ota,. of 
yi.bl. tubete fittecl to tb.e eo_bl11ad. cl.t •. of the tuber 
b.nk popul.C101l •• 
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plott.d a. p.rc.nt.,. 1.D order to hava a coaaon ba.i. of 

Tha a.ln dlff.r.nce b.tvean the two 

tub.r p-opulatiolll ••••• d to be in the nu.ber of tub.ra present 

ln th •• 011 .inca. on a p.rcanta •• ba.i., both population. 
\. 

cI.erea.ed in a li.l1ar vay. The d1ft.r.nce betw.en u'p.r1.ent. 

ailht ha •• be.D oDly iu the nuab.r of tuber •• rath.r than ln 

tbe tub. l'" •••••• hlch could Dot be v.rifl.d. Th.rafor •• a 

r.,n •• lon " •• fittad to the1r co.Un.d data (Table 5.2 and 

Pliure '.4C). Th. percent ale of ~i&bl. tub.r. d.cr .... d by 60 

, after the flru y.ar and br ov.r 80 % aft.r the .econd yeu. 

vbich i. li.l1ar to valu •• raportad ln the literature (Stoller, 

1981). . 

Tbe proportion of ••• 11 tubera to the total nuaber of 

tubera (tub.r nu.b.r ratio) .... ignifleantly affectad only by 

tba dapth of tbe tub.u ln the .011. Tha •• ana and thair 

It.adard errora a •• funetion of the clapth ln the aol1 are 

plott.d in Flaure 5.5 .lona .ith their t'ilpective LSD. Tuber 

nu.bar ratio b.ha.ed si.ilarly for both the youn, and tha old 

tuber population •• 

the proportion of .•• al1 tuber. to th. total Duaber of 

tuber. va. batve.n 20 to 35 % o.ar th •• ùrfac. of the .011 

"bila 1 t iIlcr .... d to 50 % at tbe 10 to 15 ca d.ptb layar. The 1,\ 

proportioa of ~.all tuber.' deer ••• 1d .t.adil y at ,reater d.ptha 

to fora 1 to 20 % of th. total nu.ber of tuber. found at tha 25 

to' 30 ca lay.r. th. on1, .tathtlcally lignlfieant dUference • 

•• r. b.t •• en the tub.r auaber ratio ln the 10 ta 15 c.lay.r 
~ 

and th. 25 tO 30 e. layer (l1,ure 5.S). 

,- . 
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ri,ure 5.5. MI.II. and Italulard de,,1aUonl of chan ... 1n 
tuber Du.ber ratio of both tuber bank population ... a 
fUDCdoo of tuber •• pCb iD '011. Whare a • youn. tuber bult 
au4 1»-'014 tubaI' b.uk. 
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indirect l, Indiene chat 1ar,er tu.ber. are produced at greater 

clepth or tbat •• all tuber. cUecl .ou rapUly at the suater 

deptb. 

Tuber lonsevi tJ' v .. nit. 'ffecucl by tuber .1 •• ln the.e 

experi8ent •• 10ce tuber n\l.~r ratIo va. oot .i,nlf i caot 1 y 

afiected by the length of cl.e the tuber. vera pre.eut ln the 

.011. Thi. 1. io cootradiction vith ob.ervat!on. aade in tbe 

tuber cohort experi.ent and that vhich had been reported by 

» 

Thullen and Keeley (1975). Hovever, Stoller and Wax (l97J) did 

Dot ob.erve any differeoce. ln longevity betveen .aall and 

large tu bers. Tuber. of different velghu vere u.ed by these 

re.earcher. whlch .ake. co.pari.ooe dlffieult. Tharefore, both 

trends reported lIight he true, dependlng on the .ize of the 

tuber. u.ed. The lover l18it of the size cla'8 ueed to 

leparate ••• 11 fros large tuber. ln thi. use.rch project •• y 

have i-ucludecl tuber. vhlch were too large ln the •• aller .i.e 

cla ... elected, thereby .a.king .o.e re.ponae. that coulcl be 

at tributecl to ditf.rence. in tuber size. 

Tuber dry wdght and tuber dry .eight ratio follo.ed 

exactly the .a8e treod. and h.d the •••• It.ti.tically 

.i,nificant factora a. the cuber nusber and ,~'cuber nuaber 

ratIo, re.pecCiveIy. Therefore, they are oot dll~u •• ecl, b.ut 
(' 

t~elr aean. are.pualilnted ln Appeadix 1 alon, vith LSD value •• 

" \ 
The aean. of the tuber nuaber. are al.o prueotecl ln App@odix 

1. 

Tvo relre •• lon curv •• are pre.eoted to de.cribe y8110v 

o 

.. 't- ~ , 

- -

r 
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nute.d,e tuber eurvl"el in ti.e, on. for tl,lber cohort lon,evity 

<rilure 5.2) and one for tl,l,ber banlt longevity (ligure S.4C). 

Bow.ver, only one r~elre •• ion .hould be u.ed 1n the .odel .. 
d.velop •• nt, th.r.fore either one of the tvo re.r ••• ion. suet 

b. clropped or th.y suat. ha coabl0.d. Both re,r ••• lon., vith 

their 95 % cooficl.oce lnt.rvela, are plot.ted in rilure 5.6-. 

Tb.y_ are r.laUvely .lal1.r for th. fi ut. tvo y.ara vith ooly • 

10 % diUer.nc. 10 .urvlv.l in favor of the tuber benlt 
d 

experi •• o~. Thi. dlft.rence alaht be attributed to Inh.rent 

varlebillty in the biologieal •• terial, to th. Ire.ter depth of 

the tubar benk- populatlon. or to the prod~~ of tuber. in 

the tuber beok experi •• nt.. Bovav.r, ainc. the confid •• ee 

int.rval. overlep. it ai,ht be a •• u.ed thet they d14 not difter 

lilnifleantly. Tbe r.,r ••• ion fro. the tub.r cobort experi.ent 

va. r.taln.cl for uea in the .od.l deyelopa.ot of yello" 

nut.edll tuber population dyneaic. 8ioe. lt va. conducted for • 

longer pariod of ti.e and b.d • Ire.t.r co.tHci-ent of 

d.terain,tion. Purth.-raore, it. regr ••• ioo had • guat.r l.v.l 

of .i.oific.nce .nd •••.•• d to corre .. pood .ore clo •• ly t.o 

obl.rvaUon ••• de by otber r •••• rch. r. on otber y.llov nuU.d •• 

po-pulatlo1l. (Stol 1er • 1981) • 

. Tbe CliO •• rt •• ot .xp.ria.ota ... r •• abj.ct to a d.cr •••• 
, 

in tub.r viability ln tla. but. ba4 oppo.lte r •• poa ••• tQ th. 

otbe 

th 

.1 

ta.t.d. Tb.r •• are 00 .l,oificant differ.nc •• ln 

llty du. to taber' .iae 10 tb. tub.r baok .xp.ri •• Dt vhl1. 

va •• d.crea •• in vi.billt.t .. lth a ~.cl' ... a ln tubaI' 

ln the tub.r cobprt .xp.rl.ent. 
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,ilOt' .iSIlUicalltl,. afhct tublf .,1Ibl11e,. lu tbl lattlr but dU - -" 

ln tbe fora.r .xperiaent. <Mlf Tb ••• oppo.1t. r •• ult. d •• on.trata 
'l 

tb. y.riabilltr of r.110. nut.ad,e and th.·n •• d fol' tureher 

ioy •• tLlatloo. of tuber 10n,IYitr to 'clarlfr 1.portant factor. 
, 

_} ill ,..110. llue •• d,. tub.r .urvl.,a1 a1l4 to quantif,. tba •• 

Idl.lly. lt wou14 b •• 01" ad"'llt.,eou. to conduct· .ucb 

,.p'l'i •• nt. ill •• 1tl -.,barl ,.1lov nut'Id,. v •• pl.nt.d and 
.,. 

.110.ed to au1tlp11 for oal ,. •• 1' only (tuber cobort) aod 
1 

.a.p1ed re,ul.r11 tblrl.ftlr, .hil, tha produ~t10a of n •• 

tu~r •• ou1d ba prevlatad. Tbi •• 'thod vould r •• ult in alDl •• ~ 

~ tub.r di.turbaDcI 1. contra.t to tbl u •• of Iny.10p •• vhlch 

r 

lnyo1 •• d cOD.lderat ••• nlpul.tlon of tb. tub~r. wh.n th.,. v.r~------~ 

buri.d. 
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'ILLOV IUTSIDGI G~OWTB II TIN. 

6.0 IntroeluctlQIl 

'al10y Duc.acl,e inl •• tation •• r. ra-a.tabli.beel evary 

.prio, b, tubar .p~o.tlol. Sinca tuber. are reportael a. bailli 

tb •• 01 •• ean. of perp.tu.tID' yalloY nut.,d,a iofa.tation. ia 

a,ricultural fleld., tb. lD.ltlatl~n ~f tub.r production bal 
, 

been Included 1~ phenolollcal o~.erv.tion ••• d, on thi. veed. 

Th. varl.tion~ln pbenololY of yalloy nut.adse (Tabla 6.1) could 

ba attribut.cl to .evaral f.ctor •• tyO of tbe ao.t tapore.nt 

bainl biotyp •• and environ.ental condition. (rarnalel. 1970: 

a.u .. r, lU8; llatthl ... n, 1976; Stoller, 1981; Yip, 1978). 

(" 

Da.pit~ nu •• ro~. articl •• Da y.l10y D~~~,dla tubar 

production, tbere ara fe. raporca tb.t da.crib, tuber 

popul.tloo v.riation in ti •• , aacl tbe oaa. chat do ara b •• ad 

101.ly on .xp.ri.eat. doa. ln cODtai •• r. (~OI.D anel Goa •• le., 

J979; Phillip.~ 1980h .. 

~ lafor.atloD on quelleetl •• and qU'Dtlt.tl~~~ub.r 
" popul.tlon chanle. in the cour •• of • Iro.lD, •••• on 1. 

~ 

requirecl b.tora coa.ld.r.tio~ ~f • 100.' tara y.llov nue •• cl,. 
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•• n ••••• nt pro.r ••• Th.r.for., tbe-followln, exp.ri.ent ••• r. 

~Dltl.t.d to provid. d.talled infor •• tion on tuber popul.tion 

•• rl.tlont in tl •• lD • natur.l field lnfe.t.tion~ 

'urthar.ore, re,r ••• lon .quatl~n. of .011,tuber population 
,,1 .t ~ • , 

cban ••• ln th'e .u •• er .uat be lnélud.d in the 1'Iltended .odel of 

yello. nut •• d.e tuber popul.t10n dloa.iel to provide 

lnfor.ation on tubar popul.tlon beb.vior dur 101 th. cour •• of a 

.rovin. .. ••• on. 

;~ IKp.r1' •• nt. VII" conducted for thrl. ,ear., 1981 to 

1983. G.o.ral detal1. '1" pre •• nted ln Sectlod 2. ~be 

.xpert_.nt.l d •• l,n •• ere rando_l.ad co_piete black. vith tvo 

~r •• t~ent.; ,.llow'Gut •• dl. I~ovlnl alone or yellov nut •• dle 

.rovlo. vith corn. Tbe plot. vara 6 • lonl by 12.75 •• 1d. and 
; 

a11 rec~l •• d th ••••• tre.t.enta of ~tart.r fertili •• r at 

" p1aoUnl. and nltrol.1l .ide dr ... lnl 1:ater in tbl" •••• 00. In-

D10e. of yallo. nue •• d,e Irovln •• lonl, .tate. indlcatad vhera 

_h. corn rov vould thloreticali, b., 10 order to .b~ur. propar 

placl.ent of fertill •• r ao~ ••• pl1o, qu.dr.te. Two path. 0.7~ 

_ vlde ,b, 12.75 • looa VII" della.ated ln .ach plot by l'Op •• 

lal·d • e r 0 • • th. plo t. • 0 th. t 001, a ,1 v.a f ra c t1 0 a 0 f t b api 0 t 

ar •• would be u.ed to clrculat. v1tbln tb. plot. when hand 

oullinl otber v.ad. or .a.plia, va. requir.d. Sa.p11n, ar.a. 

v.r. cleI1ne.t.d both by whar. th. coro rov. w.r., or .hould' 

ha •• beaa (0.75 _> •• nd bl th. rop.' tbat vere l.~d dovo to 

Il •• lell,the, of 1.' ., ueultllll ln 39 ••• p11l1 •• rea. pu plot • 

. ' 
.". .. ~.~ ~ 

.10.\ .... 
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Vltb th. exceptioD. of tb. lir.t aDd tbe -l.,t ••• pllal' of 

the •••• 0 •• ,li ••• pliDI' vera cODducte Ir tbe plot. wbera 

,ello. Due.ed,e v •• ,rovlal aloDe. At pproxi •• tely every two 

v.ek •• tbree .a.p110, ar.a. each 

of tbe tbre. r.plieatio,D' • .r.~. J thre. 

• ~.pla. vere takeD. ,iviDI a total o~ 2 \ .a.ple. per .a.pl1ns 

date. Tbe ••• plad ar.a. vere 10 tbe equlvaleat of betweea row 

.pace. (vbeta no fertillur- b~cl been .ppl18d directly afur 
1 

plantinl) an4, once .a.pled, ~D area va. Dot .a.pled a,aln. 
1 

"tbe flr.t .a.plial of the •• a!OD va. conducted in botb 
tr •• t.e~t't whil. the la.t •. aiplinl of the a.a.on wa. al.o done-

iD tbe, tvo treat.ent.. and both on rov •• nd bet.een rOll. (or 

th.ir equlvalent).' On11 the et*ta ~olleeted bet"een rov. in 

,.110" Dut'8dse ,rovlns alone i~ pre.ented ln thi. aection. 

the re.aloder of the data are di.cu •• ed ln the •• ction on the 

effect ot corn on yellov nut.edse Irovtb (ltection 11). -- -

le,re •• ion. v.re fitted tq tbe tuber populatioD variation in 
1 

tl •• ancl plott.cl. Other variable. v.re plotted "Ith tbeir 

•• aDa and the lea.t .ilnifie,nt difference at tbe S % level of 

probabillty (LSD a.OS) whan applicable. 

6.2. , 1','1,11 t. Incl di.cu •• io, 
o 

Yellov D'It.ed,. atarted e.arlinl durlD, tbe flret tvo. 

••• ke of Ha, ln tbl Ixperi •• ntal -area. Tuberl .er. Inltietel 

dut1D, the •• cond or tbird v.ek of JUDe. ,.bile floverin, 

atarted on tbe lait v.ek of June or fir.t v'et of Jul,. The.e 

• 
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• 
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ob •• rv.tio.n. corre.pond to tho .. r.port.d uad.r ai.l1.r Irovlol 

condiC1oa. (r.bl. 6.1). 

Â cubic r.,r ••• lon v •• fltt.d to tb. tub.r po~ul.tloa •• 

lt chaa,.d duria, tb. 19~1 8"'00, whll. qu.dretic curv •• var. 

fitt.d to th. tub.r popul.tloa for tha othar two ya.r. of tba 

proj.ct (ri,ur. 6.1). Th •• pria. tub.r popul.tioa loer •••• d 

.v.r, y •• r of tb. proj.ct (ri,ur. 6.1). rbi. could be 

attribut.d to tb. '.ct tb.t 00 cootrol •••• ur •• vara u.ad 

••• 1a.t y.llov nutl.ds. la the .xp.ri •• at.l ar.e, tber.by 
, , . 

~llowlnl th. y.l~o. aut •• d,. tub.r popul.tloa to incr ••••• 

la 1981, tb. auabar ot tub.r •• t.rtad to locr •••••• r11ar 

.nd aor. r.pidly tb.n tba otber ye.r. (ri,ur. 6.1). It v •• tha 

oa1, y •• r wb.t •••• xi.ua v ••• pp.r.nt'vhil. the au.b.r ,of 

rhe .. 

cUfter.ac •• could b. clu. to tb. f.ct tb.t tba t'àt. of 10er •••• 

of ••• all.r .pria. tub.r popul.tioa v •••• v.ral ti ••• th.t of 

a .ore d.a.e popul.tion (S.ction 7). Th. c.rry1nl c.p.clty lor 

the .xp,ri.entai '1'" .a. dlt.ral0.d to b. 15000 tuber •• -2 ... ,. ;( 

.ltbou,b the 1983 d.t. ha. p •••• d tlt.t li.it, .adio, tb ..... 00 

.t 20000 tub.r •• -2, Kor ••••• ur ••• at. t.k.n OT.r • vider 

r.o,. of .pria, tub.r popul.tion 1 ••• 1. for •• v.r.l y •• ra 'Q~ 

cov.rinl • vid.r rani' of .aviron •• acal coadition, vould b. 

r.qu1r.d to .ora accur.t.ly d.t.raio. vhich i. tb. tru' 

carr,lol capacity of tbe popul.tloa la tJa. exp.r1 •• ntal ar ••• 

Bov.ver, .inc. 20000 tuber •• -2 ~.r. obt.inad .t •• priol valu • 

. of 4000 to 5000 tub.r •• ';'2 ia S.ction 1, tb.- •••• ur.el valu. va. 

probably • da1.yad populatioa ra.pon •• and tb. tru. c.rr,iDI 

;~ 
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'l,.r. 6.1. .ar1a'10. 1. tu~.r pop81.C!0. of ,.llow •• , •• d,. 
'.rt., th ••••• 0 •• Vb.e. t·~ ••• ~.r .• t ca~.r •• X • .u.~.r of 
•• , •• fe.r .~.r, •• c., 12'. e •• 'flc' •• , of d.c.,.1.a~10 •• Pt­
.il.l'leaDc. ~ ••• l. 

, .. 

, . 

.' -',' 
" 

.. 
&. 

c. 
D. 

0.OU13 1"1 .,.,,10' ••••••• Y-U21 un + 4.341% 
(1 -0.97. ,,)0.002). 

1.U12 <1.2_0 .... 1'81 "owial ••••••• ,-",. '. '91'+ 
'r)O • 0001) • 

1.0112 (12.0.17.' "" 'fovia. • ••• oa. T.~22' - ."1 + 
,r)0.002). 
COD)l •• d , •• rl, 'car ••• of ,ello" IIl1c •• d,_ cult.r 
,0'81.'1 •• cll.o ••• i. U ••• 

" ~ " 

, ~ ;",~'>; 
Ijf "-{ ';":1,0 i 
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c.p.ci t1 ••• prob.b ly ill tbé" 15000 t uob.r .-2 r.n •• 1 n th. 

.xp.ri •• nt.l .r ••• 

Tb. d.t. of th. tbre. y •• r ••• r. Dot poo"l.d .inc. th. 
< 

, .prln. tub.r population. l.v.l. diff.r •• , • f.ctor .vhich b •• 

b •• a ~9un. to .ff.ct tb. r.t. of Incr •••• of tb. tub.r 

popul.tion (S.ction 7). Con.~quentl1, the daC. coll.ct.d for 

t~'~thr •• y •• r •• era con.iderad •• d •• crlbinl the b.havior of "', 
tbr •• diff.r.~t population •• nd poolinl th. thr •• y.ar. voulel 

only b ••• incr.a4.d d.t. v.ri.billty. 

Th. proportion of •• al1 tub.r. to th. tot.l nu.ber of 

tub.r. (tub.r nu.b.r r.tio) v.ried vide1y in 1981 but re •• in.d 

r.l.tiv.ly .t.ble in 1982 .nd 1983. A •• ~p.ct.d, ther. v ••• 

• h.rp incr •••• ln th. proportion of ••• 11 tuber. vh.n y.llo. 

nut ••• , •• t.rt.d ta produce tub.r. (b.tve.n 40 .nd 60 d.y.). 

follo •• d by • d.clin. to • r.tio n •• r tb.t 01 the 1nitl.1 

.prlnl onl l.t.r ln tb ••••• on (71Iur~ 6.2). Th. 1ncr •••• ~an 

prob.bly b •• trrlbut.cl to tb. lnlti.tion of a lar.e nu.ber of 

cub.r •• t th ••••• t'ia. follow~cl by .n incre •• , ln the .i&e of 

th ••• tub.r. l.t.r ln th ••••• on. Bov.v.r,-in 1982 and 1983, 

ch.'r.tio of tub.r nuab.r r ••• ln.d .t.bl •• nd v.a not 
\ 

~!.t18tl~.1Iy .ff.ct.cl by ••• pl~nl ~.t. ln 1983, indic.ting 
' .. 

p.rb.va tb.t proportion.l"l, f ••• r tub.l" .,.re produced .nd th.t 

ch.y lllcr ••••• in .i •• co.tlnuou.l, •• th.y •• re produced 

(rilur. 6.2). Tb. y.arly d'if.r.nc •• ob •• rv,d could b. r.l.teel 

ta th. Ir •• t.r r.t. of t~b.r nu.b.r 1ncr •••• at lov popul.tlon 

1 ••• 1., .lthou,h, .or. wort 1. r.quir.d to cl.rify thl • 

• itu.tion. Th. r.tio of tuber nu.b.r "(0.28) r.port.d ln f 
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rro.i., •••• oa. Vbel'I •• 1981 •• a,l." ' - 19'2 ••• pl •• , 
c • 19.3 ••• ,1 ••• 

A •• ro,ortloll of ' •• 1.1 C.hr. co tb. total auaber of 
cubera Cc.hl' aualt.1" 'l'IUO). . 

1. Tubel' 41'7 •• i.bè of cbe tocal Du.b.r of tub.r •• 
C: •• 'l'Opol'U.oa of ••• 11 Cuber .1'7 .ai .. llt to tha toca1 tubaI' 

cll'Y •• i.he (tu"~ dry .el.ht r.etol~ . 

. 
r 

1 



( 

, 

1 

1 
l' 

66 

S.ctiOD 4 ("Tub.r .i •• di.tribution") a'oth. ItaDdard for the 

.~p.ri •• nt_l ar._ li cl.arly inf.rior to th. ratiol plotte~ in 

Pi,ure 6.2, vbich •••• co b. in tb. rans. of 0.3 to 0.6. This 

coul~ b •• zpla~n.d partl, by th. fact ,tbat data r.port.d in 

S.ctiOD 4 •• r. fro •• a.pl •• t.t.D ln th. l_te fall of 1983, 

wh.n Jll y.llow nut •• d, •• boY.lround tl •• u •• b.d •• n •• c.d. 
~ 

low.y.r. in tb •• zp.ri •• nt. r.port.d b.r., final .a.pllnl, 

occurr.d b.for. co.pl.t •• en •• c.nc. and ••• uch, lt 1. probable 

tbât tub.r .1 •• contlnu.d to incr •••• l.t.r in th ••••• on, 

con •• qu.ntly r.duclnl th. proportlon of ••• 11 tub.r.. If thi • 

• a. tb. ca •• , tbe tuber nuab.r ratio vould have been cloa.r to 

tb.oc r.ported in S.ction 4. 

Tbe total tuber dry v.ISht and the contribution of ssall 

tub.r dry •• llbt to total tub.r dry v.l,ht (tuber dry w.ight 

ratio) ar. pr ••• nt.d in PLiure 6.~Tbe product-.oœ.nt 

corr.latlon co.fficlent. rans.d 4ro. 0.9i to 0.99 between tuber 

nu.b.r and dry v.i,bt. and b.tv.en the tvo ratIo ••• bowing tbe 

cio •• rel.~Lon.hlp a.on, th •• e vari.bl.a. Therefore, data on 
~, 

tub.r d~y •• i&~ ia not dilcu ••• ~ furtb.r 8ince th.y follow 
/ 

. tread •• 1_i1ar to tub.r nuaber and tuber nu.ber ratio, 

re.p.ctivel y. 

Tbe functlon. deacribia, y.llov nutl.dge tuber nuaber 

ch.nlea, durinl th. Iro.inl •••• on 'are u.ed in the aod.l 

dev.lop.ent of y.l10v nut •• d •• tub.r population dyn.aic. ln • 

aubsequent •• ction. 

\ 
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Section 7 

DBISITY IrrlCT ON YILLOW 

7.0 Inttocluctlon 

Yellov nut •• d •• 1 •• perenni.l weed vbicb reproducel 

.l.oet exc~u.lv.ly by tub.re (Hullig.n .nd Junklne, 1976; 

Stoll.r, 1981). Tbe~efor., tuber production i8 the lIoet 

illport.D~ vari.bl. ln popul.tion dyn •• ie. Itudiee 8 ncé the 

nu.b.r of tuber. dater.lne wh.ther yallow nutledge populations 

Ineraa •• , d.cre •••• or re •• ID .tabl. in ti.e. 

, Altbough th. biology of yellow nutl.dge ha. been 

.xtensively etudled, ~h.re .re few reporta On tuber productioD 
< ~f 

potential in the tield. A .ingle tuber pl.nted ln the field 

h •• be.n reported to produee fro. 32 to 2100 tubera ;n one 

Irowllll· •••• 0n (Sau.er. 1968; Laph •• , 1985; Ph111ip., 1919,· 

1980, 1981; Tuabl.aon .nd ~o ••• d.hl, 1961). The.e values' are 

indic.tive of reproductive pot.ntlal, but .re rarely, if ever, 

ob.erved in a field lituation wber. a.ver.l factors contribute 

to a.int.ining yel10w nutsed,e population levels within cert.in 

liait.. The li.itinl factors relul.tin, field plant 
-

popul.tion. ean be grouped in tbr •• broad categori.s bioUe, 

ablotic, and field •• n ••••• nt pr.ctices. 

61 
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One of,tbe blotle factor. tbat affects)populatlons la 
, d 

i~tta.peciflc interfsrence. Yellow nut.edge Intr •• pecific 

tnterferenc-ybas been 1nveatlg.ted in pots or t11ea,but Dot 

unreatr.t", in the He Id (KeCue, 1982; Pbilip., 1919; 

Willia •• , 1981). Tbe pres.nt experi.ent vas undart.ken to 

68 

•••• ure tbe reproductive potenttal of yallov nutsedg. in tbe ~ 

field •• a function of ita .prinl tuber population. lbe firat 

objective waa ta obtain a aatb ••• tiçal function that would 

.llov tbe predlction of fall 1;uber popula;lona f.roa apr~----- -

tuber population e.ti.atea. Tbe aecond-objective v •• ~o 
'" 1 

quantify the carrying capa city of the experlaenta~~;ea aa 

•••• ured by t~ number of 'tubèrs prodùcad in thé fall. 
-, 

1.1 Materials and aethod. 

.. 
Tbare vere ~o experiae~tal plots e.tabll.bad ap~elf~cally 

to aeet ~he objectivee 8t4ted above. Inetead, the data needed 

vere extracted from the v.riou. ~perl.ent. conducted durlng 

tbe tbree years of tbia project (1981 to 1983). Tbe valuea 

used were obtained froa plota where ye110v nutsedge waa groving 

freely in pure .t.nds, and vbere .pring and fall tuber saaplinl 

'.d been, con~~cted. Tbe re8pectt ye .prinl and fall tuber 

va~ue8 vere paired and, aub8equently, • r.gr •.•• ion analY81. was 

perfor.ed to fit tbe data. t 

1.2 aeaulta dd dise ... i ... : ~ , \ 

'a •• _.~~~ The nuaber, of\·tubers produc'ed in the fall, a8 a function 
\. / '" 

./ 
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of tbe nu.ber of tUb.r._~erved~ th •• pr~nl, i. plote,d-in ~ 
Filur. 7.U. Th. nuaber of tub.r ••••• ur.ct in th. fall 

incr.a.ed continuoualy, wh.n th. nu.b.r of eub.fI prenne in the . 

• oil in the .prinl w .. 1 ••• th.n~ SOOO tub.r •• -2. Bovever, for 

.prinl populations above 5000 tub.r., the nuaber of tuber. 

'" obaervecl in the fall reaalned relati vely constant at 

approxiaately IS000 tuber •• -2(Fi8ur. 7.lA). 

r'< "-
The type of respon.e ob.erved her_ ~rre.pond. to general 

princip le. of population dyoaaic. vith population. 10crea.ln, 

rapielly at lov densUies, until the c.rrylng capac=iey of th. 

particuler site i8 reached (Begon and Kortimer,_ 1981; 

Thi. type of re.ponse 1S belt deacribed by 

Richard. which i. a lenerallz.tion of the logletie 

funct10n anel VenUI, L981). $uch a function wa. fitted 

to the data (F.igure 7.1A) but, although the fit vas excellent 

" (a2 -0.90), this curve was not used to dese-rUle tbe data for 

two rea80n.. First, the present data overahot the calc~ted 

.canyin, capacity between 3000 and 5000 .pring tuber. ancl Jthen 

clecreased to th. canying capacity (Figure 7.lA). Thi, type of 

beb.vior could.be attribut~d to tbe effect of tlae delay in the 

population re'ponae to iotr.specific tnterference and theretore. 

would not be properly delcr1bed b,y che Richards fuoet1on 
, 

(Elaeth ancl Bauagardner, 1981) ... The a.cond rUlon vas that 
• 

thh type of fun~tlon la nonlinear which ia stati.tically 

lntrac~able and-therefore coula not be used for the intended 
, 

alaulationa (Cau.toQ and Venus. 1981; Draper and Salth, 19é1). 

However, the ~arryln, cap.city wu rcl;early cleUnecl as 15206 
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figure 7.1 Yello" nuUed •• faIt tu\).r populatlon .. a funet;:; 
of the .prln, tubtr populrtion. 

A. Richard. functlon. 
B. Seg •• nted quadr.tie pol ynollllal recreedon. p lott,ct r 

"lJb thair 95 .% confidenc. 1acet'val. the equetloll for 
th .. firac .. ,.ent 11 Y -10297 - 4.72X + 0.0014X2 and 

c. 
D. 

the equ'tion for the •• cond •• , •• n't 1. Y - 29909 - 3.UX 
+ 0.00019X2 liber. y. nu.ber of tubera counted in th. hll 
on ••• -2 b •• h and X • nUllber of tuber. tound in th • 
• prin. '011 sampI ••• 
lat. of 1Ilerea •• of ye110w nutsedie tubu populatlon, 
Iro. the Richard. funetion. 
aae. of Inereu. of yll10w nut.ad,. tubu population, .. -_ 
from the po1Y,nollÎial regre .. lon •• 
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tuber •• -2 to 

Lapha. et al. 

a elaptb of l"c. fo;r the eJtpari.ental area,~l-ie 

(1985) reporteel a e'arrylnl capae1t-y of 1/;00 .. 

tuber •• -2 to e dapth of 20 c. in Zi.babwe. The differenee 

could probably ba attributed to the difference in biotypes and 
• r 

Irovinl coaclltlon •• 

" 
Po1yno.1al relre •• lon analy.e. vere çoncl~cted on the 

eollact.cI data but the .eleeted curve. vare either unreali.tic 
; 

(vith-.axl.a or .1nl.a at varlou. danlltla.) or affordecl a poor 

fit (vary 10. coefllclent of dater.inaUon). Tharefora, to 

obtein ,a lIor. r.ali.tie and b.tter fit, the data vere analy.ed 

a. tvo dU ferent •• , •• at. a. eu, ••• t.cI by Bunt (1982). The 

cIata .ere ',eparet.cI et a .Pt'1.8' tubar le.a1 of 4700.-2 and 

poly~~.lal relr ••• ion. ~er. fitte4 to both cla~a .et.. The 
\..... " 

eurv •• ver •• aparaced l ac tbe value of 4700 tuber •• -2 .1nce 

thi, valua corre.ponded to tha thr.aho1c1 bay6nd which the 
, . ' 

carryln, capaelty .a. r.aehed (aeeordlng to tke R1charels 

~nnctJ.on illultraeed ln Pilur. 7.lA). Quadretic cutve. wei.. 

r.~a~ned' for bo;h àel.ant., ,lvln, an overall flt of SO % 

(Pt,ure 1.1.1). Th ... ~08d .a,.ent hacl no aii~lf leent 
/"" ' \ 

ra,r ••• ions but neverthele •• à curva va. fitted ~o cover th • 
• 

• prlnl tuber den.ity ranse. ln thi. ca •• , the quadretlc cur~e 

va •• e1leted Itnc. le ••• aore .1,nifieant than the 11n.ar 

curve and 1l1prov.d the flt by 30 %:' Theoratically, pa atra!iht 

I1n8 .a. expact.cI and woulcl probehl' b,ve oceurr.~ If there 

.are .o"re cIata point. for thia a.Sllent. 

·tllbor population ca ~ of h.r .... by d1.1dt_. tha ob .. r;_d •• 

.. & 

\; ._. ' .. " .~\ ...... /,.~.~'J ~, ":1 <!;- • • /~\.~~-
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calcula'a4 fal1 tub.r' population b, tb. ~riD, tubar 

populat10n. Tbe ad •• ata •• of tbil-4ata .an1puletion il tbat it 

,1 ••• an 1 ••• 4i.ta •••• ur. of tb. r.t. of population incr.a ••• 

Thi. hu b.an clona and 1. 111uatrat.d ln 't,ur. 1.1.e .nd 

rllur. 7.1.0. Th. l'aU of 10er •••• ., •• Aor. th.1l 12 1014 at 

tb. lo ••• t .prlAI 4.D,ltl •• but d.cr •••• d .harply to b.eo~. 

rel.tl.,.l,. Itabla .t '.prtnl cl.n.iei ••• bo .... 5000 tubera .-2. 
'roa tb. population rate of 1ncr ••••• ---tb. control .ffart 

requit.cl to .tabl111. a knovn population can b. calculat.d • .-..- , 

( "--Tb~ Z ~t cODtrol 1. oht.iu.cl b,. .ubtr.ctlol tbe IDver •• of tb. 

" , 

r.t. of Iocr •••• fro. 1. lorI .x.apl~ : 

2000 .priD' tub.ra .n4 • r.t. of incr •••• of 12. 
1/12- 0.08, 
1 - 0.08 - 0.92 
0.08 * (12 • 20.,00). 2000 (round.4 Hlur •• ) 

thar.lora, If tb. population i. pr.v.nt.d fro. produelnl 92 J 

of tb. proj.ct .. cl ou.ber of tub.r~. tbere vl11 not be any 

incr •••• ln tuber. for the li~en ar... The v.lu •• d.cr •••• 

witb t~. decr •••• in th. rat.'of popul.tion incr ••••• 
" ' 

Th.ref~r., the control .ffort r.quir.d to .t.billz. t~. y.llov 

Il~t'.d •• popu1.tloD d.ç ........ th •• prinl tub~~ popul.tion 

lAct •••••• 

.. 
rh ••• the •• tic.~ functlon. Identifl.d in thi ••• ctiOD 

,_~~j)v1d. rOO! to pr.dlct r.t. of popul.tioo lncre ••• ln pur • 

• t.Dd,· of y.110v nut •• di" Th .... re 0011 roulh approd •• tloDl 
. . ~ 

.iDCI '.V.') other f.ctor •• uc:b a •• int.r .ur.tval, tub.r 

loal.vtt~, a d Irovlnl condition •• hould b. taken l~to account 

to aor •• ccu .cely pr,diet popul.tion {der ••••• Purth.raore, lu 
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cl'oppin •• 1ta.cLona. tb. lavel of ,.110w,Qataed,. population. 

auat. b. couLeteteel aince ero, ,lelel. can b. reelue.ct by Itabl. 

but b1.b population. (scoll.r, 1981). 
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TSLLOW .U!8IDGI TUIIRS DISTillOTION IN, THI SOIL 

.~ Introduction 

, . 

tello. nutaed, .. iDf"tation~ .aintain.d, in fl.1.cl cropt 

. tbrou,h th.1r tuben au~ tber.fore. tuber po-pu1.t10n 1.vel. 

all.t ,v~lltuallt b. reduc.et ta control y.llow nut .. d,.. Y.llo~ 

nut.ed,. tuber. Ar. ~1.tr1but.d throulb tb •• oil profil. to 
.~ 

,clepth. ett.aetlna to 46 c. and tber.fon pa,..t of tb. tuber 

pop~lat1oa. 1. b.yoad tb. re.cb' of ao.t contr'Ol •• thoct.. (Bell .-t 

al., 1962; Tuable.on and. loa •• dahl, 1961). 

" 
Tbe .ajArtty of .boot. ~56 to 95 1) ari •• froa tuber. ia. 

th. top 10 to 15 ca,of tbe '011. altbou,b ia .0 .. c •••• tuber." 

t'rya the 3~ c. 4. pth P roduce 3 to 39 % of th. ob.e rv ~d '. hoo t • . 
10 ,he Ueld (Be},.l et al., 1962; Stoll.r and Wax, f73i. 

Tllable.on and lo ••• dahl. 1961). A tub.r va. found to produce 
! 

• 

) 

.hoot •• v.n vh.n placad 80 c. d .. ~ ln a gi •• ohou •• expert •• nt - ... 

(tu.bluon and loaa.dabl. 1961). y.110w nut .. d •• wu report.d 
... 

to have 67 tO 83 % of lt. tuh.r. ln the top 10 ca.in the 1011, 

85 ta 97 % ln the top 1'5 ca" and 0 to 1 % beyond 30 ca ln the 

.011 (B.11 et al., 1962; rri .... n and H •• l11, 1977; \~u.bleaon 
~ \ ~l 

. ~ 
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,,~ 
Althou,h ... veral reportl have bee. aade on yello" nuuedie 

tuber nueber di.tribution in the 1011, the chanse. in tuber 
." 

.tl" a. a luncH on ot .011 dapt~ ware navèr .tudlad. 

'urtbereore, blotypa. and ,sro.!n, cond! tione bave b .. n report~d 

to .ffeet ,allo" nut.adse ,rowth ~e.pon.e (Xatthie •• n, 1976; 

Stoller, 1981) and tberefore re.ultl rroa el .. "here could not 

autoeatically be eXUndecl to tha yellow nGtlecl,e populatlon of 

tbe pr •• ent exper1.ental area. Bovevar, thil laforaatloo vould 

ba u.aful la deter.l~lal th, aoat eUectiva cultivatlon or 
'\ 

tl11~.e 41pth, a~d herbicide depth ~lae"'Dt for th, 

.xperl.eatal ar.a. 

The pre.ant experi •• nt .a. undertaken to e.t •• lllb yal10v 

abt •• d,e tubaI' nuabar, .lea, aOd ciry vet;bt dll~rlbutlon ln 

aoU proflra. 

8.1 Katerial, and •• thod. 

, 
Thl. esperl.eot va. eonduôted la the rloe. ot tbe 

e , , 

exptr1.anta pra .. ntecl ln S .. cUoo 6 ~Yell0. agUecl,_ Iro"th in 

tla,". Tberefore,' on11 det,eu. /'PIC.lflC to tb. current trlal 

are pre.entecl here. ..-/ 

rha experi.ent conai.t.d of ullns a 25 by 25 c. quac:lrat to 

1 ••• ple yallo" out •• dle tuber. to a depth of 30 ~. ln Incr_.en~. 
)~_. o 

of 5 c ••. 'l'lta 8, •• pllol eectloQi "ere ; 0-5. '-10. 10-15, lS-20, 

<. 20-25 J .nd 25-30 ca. Tb, _, •• p l101 wa. conducted iD pure tancla 
1 • 
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b.tv •• n~orll ro'. in th ••• aperi •• nt. of Sectipn 6. Th ••• ar ••• 

llaeS Dot rleeived localized fertilis.r applicatlon.. There wer. 

tvo r.plication •• nd th. experi •• nt v •• carried for tvo year •• 

Baaplilll _ took pl.c. AUlu.,t 31, 1982. .net S.pteab.r 13, 1983. 

Th •••• pl •• v.rl proc •••• d accoreSlnl to th. proc.dure pr ••• nt.d 

in Sictioll 2. 

AIl.ly ••• of va~lanc. ver. conduct.et each y.ar and when 

.tatl.tlcally warrant.et. data of both y.ar. VIl" coablll.d. 

Onlr.tandard error of th. alall. aneS LSD Ar. u. •• d'in thi • 

•• ctlOIl .inc. thlY Ar. not r.quired for the aodelin, of y.llov 

Ilut.ld,. tuber population dynamiea. 

8.2 Il •• ult. and dilcu •• ion 1 

All variabl •• ver. al,nlficantly .ff.ctect ~1 .011 d.pth ln , 

both y.ar. vith the .xception on the tuber nuab.r ratl0 in 

i982. The nu.ber and dry vel,bt of tub.r. vere pooled over 

both y.ar.. Bovlver, the tuber nu.b.r ratio and tuber dry 

v.ilht ratio could not be pool,ct becauae they la~kld 

hOlo,.n.oua vartanela. 

l~ ... t.l. ..... 1 

t • ."., 

Th.-nu.ber 01 tuber. d.cr •••• d .llnlllcantly vlth , 
; 

incre.... ln .011 d.pth (Plgur. 8.IA). Of th. total' nu.blr of 
\ 

tub.r •• 65 % ver. lou .. d in t.h. -top 10 c., 84 % in the top 15 

ca, and 94 % ln th. top 20 c. of th~ .oil profil.. The.e 

value. are .iaU.r to .arlte,r report. (Bell et al., 1962; 

pril •• n and B •• ill. 1977; Tuable.on and 1C0 ••• dahl,. 1961). 
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data. 
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The.e re.ul t. Indicate tbat th •••• plinl deptb uaed throughout 
-

thi. l' •••• rch project .ccouuted for .pproxi.ate1y 84 % of tbe 

tot.l .011 tuber popul.tlon. 

Tabor Duaber n'il (proporU.D of ••• 11 t"bon to th 

tot.1 nu.ber 'of tUberl~}r. Dot pool.d over tbe year. and. 

their.te.n. and It.nd.rd e'rror. are plott.d ln Flgure 8.lB 

alo~1 vlth the LSD for 1983. Slall.1' value. were aeaeured in 

bDth y.ar.. On1y the 1981 d.ta are dl.eu •• ed .1 the 1982 

value. vere not lilnifie.ntly aUect.d by aol1 deptb. 

~. Tbe Ir.ate~t proportion of .aall tub.ra wa. elo.e.t to tbe 

(0 to .5 ca) where tbey(Con.tituted 66 % of the 

of tuben. Tbe neU "loi 1 'e:ction (5 to 10 ca) h.d 

.oil .urf.c. 

\
~ total nuab.r .. ; 

• alaolt 50 % feve,r .a.1l tuber. ~h.D the fir~t one. The .aall 

tub.l" ln the .ection. fro. 5 to 25 c. deep foraed between 36 

to 43 % of the total nuaber of tuber •• In the .eetlon bet •• en 

15 .nd 30 c., tb_ tuber .,nuaber ratio va. 0.25. 

Tbe propor~ion of .aal1 tuber. deer •••• d •• the d.p~h 
.. 

Incr •••• 'd. Tbe l •• t tu~er lluaber r.tl0 w., approd •• t.ly th.t 
<> • ' 

vhlch va'. r.ported AI bein. the .t.ndard r.tio ln Section 4 

(0.28). Tbe pr .. ent ••• plinl toot plac. befor~ ail the ,e110·v 

Dut •• dg. sboota aene.ced and lt 1, exp.cted that ovar tlae tbe 
,. 

ratio contlnued to dectea.e until It reach.d a level of 

approxi.ately 0.28 ln .0." .011 .ectlon.. The gruter 

proportion of ••• 11 tubera encountered clole~t to the .011 

.. 
• urface alght be .ttrlbuted to the fact that the tuber~ l»'tbat, 

•• ctlon ver. th. ao.t 1 ••• ture and Itl11 !ncr ••• ln, ln ,iie. 
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A. the deptb Incr .... d, tbe level of •• turlty wa. Inc1'e .. lng 

lad .0 the r.tio .... decrea.inl, cl 088 to tbe hypothe.1zed " 

.tandard value of 0.28 ln the 25 tQ 30 ca section. Further 

"ol'k 11 requlr.4 to datera1ne 1f tha Idea •• dvancect hete cao be 

obeerv.d 1.n field lituation •• 

the eoablaed tuber dry v.l,ht •• an. and the1r .tand.rd 

11'1'01" are plotted ln Flgure 8.le alon, vith the1r LSD. They 

follo .. ed trend. el'.llar to tuber Duaber vith th. exception of 

th. 0 to 10 ca .ecUon.. Tuber dry ve1ll\"t dO,uble,d betvun ehe 

o to 5 c •• ection and the followin& .. ctlon (S to 10 Cil). 

!fter"ard •• total tuber dry "ei"ht ~.crea.ed a. th. 80il depth 

1Dcre.ucl.. Wh,a a,an tuber dry "ei.ht .... co.piled (Table , 
'r 

8~1), th. heavi •• t a.ao tuber dry ve1abt va. found ln the 
J 

te.pe.e .ee tion of. th, eo11 prof Ua , .. bl1e the light •• t tube r. 

",1" fou'nd 111 th ••• c·ti.on clo ••• t to tb •• oil surface. ' Thes. 

valuel tend to .tren,th.n tbe bypothe.1a that tubera found in 

th •• eCUon eloleet ta the .oi1 .urface \lere !aaature at the 

( date of .a.pling. 

t~ber dry .. e11b,t ratiol (rfoportton of .. al1 tuber dry 

... tght to tbe total tuber dry wdghe) for 1982 and 1983 'are 
, 

J,l,.ott • .d 1.n F1,ur. 8.10. N'an. ~re' .hown vJ. th t heil' • t'and.rd 
, 

.... rro r 8 and LSD. Th" f 0110 .. 1: rend. elai la r to t bat 0 f tbe', 

tuber nu.ber fatlo .. lt" th, gr.at .. t proportion of ,dry wd,he 

c:olltrlbuted by the •• all.tube"r. in the aecelon clo.est to the 

.011 .urfae. (0 to S ca). The ratio then. decreasld to a 
, 

.rela't1vely èOQstallt value for tbe other .01.1 aection. (5 to 30 

ca) v1 th a further ~.l1&ht" d.cr .... 1 n ratio for the 1983 data. , . 
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Heu. tuber cI!:'1 .ei.ht •• a tune t1n of 1011 depth. 

, . 

SoU .eptb 
.. ctlon. 

(ca) 

o - , 
S .. 10 

10 l' 15 .. '20 
20 2' 
2'- .. 30 

r 
~ . \ 

H.an tuber 
dry we1gbt 

(,) 

0.0334 
0.0683 
0.0673 
0.0533 
0.0633 
0.0738 

, . 
, A 

r' 

) 

," 
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The ,reateat proportion of •• a11 tuber. clo.eet to the .oi1 
~ 
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aurfaee could be eonlidered aa, confir.inl that the tubera in 

that aoi1 .ection vere ta •• ture although, a. Itated above, 

further vork 1. required to corroborata the hypothes1s 
-~ ~~ 

actvanced. 

Tha ob •• rvatione report.d ln thl ... ctlon .hould be 

conlldered ln th. ~e.;~::-p.ent of yello. nut.edge .anagement 

prolr.... The .aj ority oi' tube r. vere encauntered vi thin the 

plowl;g-~yer (top 15.tQ 20 ca) and the top 10 cm was the aree 

.'P.r1u1.g tbe Ir .. t ... 1 ... 1. viabll1ty (Sectl0. S a.d 

Mul11gan and Junklna, 1976; Phill1pe, 1981b; Stoller and Wax. 
o 

1973). Therefore, tl11a,e operation8 that could expose lIlore ' 

tuber., to vlnter cold or ather weather extremes would 
. , 

eontrlbutè to the· clecrea •• of yellow nutnd,e tuber 

popul.elon •• Sprlng plo"lng could perhap. contrlbute to 

cI.cre •• lol yellov' nutueSge tuber population. since plow1.ng the 

aoi1 '-1: the tQ .1ght protect tubera froa the coleS by bur'Ying 

th ••• 4nother ~0 •• ibl1ity aight be to Itop tuber aaturation at 

clatee ei.iler tq th~ date. at. vhlch the experillenta of thia 

a'action vere aa.plecl. Thié vould tend to 8top furthe,r tubera Il 

i 

froa aatuting, and tben the tubera in the top 5 cm could be 

burl_cI down at 20 ca or .ore by choo81ng a co.biaatlon of . 

tillage techn'lqu •• and equlpllen~. Over 60 % of the .tube rI in 

th. top 5 ca df 1011 ",re aillaI 1 and that ~Oll layer repre.entecl 
... ., J '~. 

341 of the total nuaber ;of tuberl ln the 801l.profile. 

" T"".ref"ore, their burial eou1d re.ult ln Il clecrea~e ln J;he 

nu.bar of tu&ers .prouting aince 56 to 95 % o·f the shoot. arlae 

. . 

f , 

'\ 



82 

f r 0 III the top 1,0 t 0 15 Cali n the 8 ail ( Be 1 let al •• ' 19 6 2 ) • Suc h 

8 practice, if possible. could be used every three to four 

years, given the longevity of yellow nut.eedge tubers, and could " 1 

contribut\! to reducing yellow nutsedge tuber populations. 

'" 
- There ie 1ittle, if any, inforaation on the effect of ., 

these sugge.sted practices and therefore they must be fully, 

i nves t igst ad bef ore any sugge·s tians concel!ni ng the i rus e cou 1 d 

be made or even consldered at the field leve!. 

.. 

o 

... 
'" 
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'Section 9 

/ 

.1.. 
EFFECT OF DELAYED EMERGENCE ON YELLOW NUTSEDGE GROWTH 

9.0 Introduction 

C~p management prac t i ces tbat de 1 ay weed eme rgence a ra 

usually beneficial for the crop and detrilIIental to"" the weed. 

Weeds that have their emergence delayed in Bost crope cause 

1es8 cr op yield 'reduC,ticins and probab1y have a raducetl growth 

because of both a shortened growing season and greater 

competition from the crop (Zilldahl, 1980). Cultivatlon and 

herbicides that "tve a residual, acti .. ity of .t least a few 

weeks are among tàe available practices that can be used ta 
" , 

delay weed, emergence. In the case of yellow nutsedge, lt has 
, 

beeu reported that a delay of 4 weeks in elllergencè.résulted'i}l' 

a tuber population decrease of 50 to 90 % in the field-;or in 

containers (Jordan-l:fo],-eto and Stoller, 1978; K~eley and 
,,<, 

Thullen, 1975). A 1esser redu.ctton in tube'r produ~tion (13 %) 

was found in the present e~perimental ares wben corn plantiong 

,and, consequently, land.preparation was delayed three weeks " .' . 
'(Ghsfar and Watson, 1983a). 

. 
The presen't experiments were undertaken ta ~ntify the 

83 
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effect of delayed emergence on yellow nutsedge tuber production 

l' , 

and,_~o dérive a regre'ssion curve that could be used in the J' 
, ~, 

elaboration of a model cif yellow nutsedge tuber population 

dynamic8. This model could then be used to evaluate and 
, . 

identify'effi.cient yHlow tlutsedge management systems through 

siœulations. 

1 
~,,~ 

9',1 Materials and Illet hods 

" JI 
, , 

,An expe rillen t vas repeated four tilles ln 198? and 1'983. 

The experlmental design was a randomized' complete block with 
r 

tbree replications. Th~ plots, were 1.5 m by 1.5 m ,in 19~2. In 
.. 

1983. tvo experiments had this plot size while the other two 

'ad plot sizes ot 2 III by 1.5 m. There were eight treatments in 

1982 .and nine treatllent8 in 1983, 
. 

In 1982, the t reatmen"ts 

/J' 

\ 

coosisted of preventlng yellow nutsedge emergence for 0, 2, 4" 

t t' 
6,8, 10, 12, and 14 veeks from the start of the experiment, ~ 

aft'er whlch yellow nutsedge was allowed to grow freely. I.n , , 

1983, the treatment addèd increased (the em"ergence delay time to . ' 

16 veeks. In each treatment. hoelng was used to keep the 

ground b~re. Hoe1ng was uodertaken at least once weekly and at 

the last day of a treataent. Each year, in two o.f the 

experll1lent8. a rototiller was used on the last day of a' 
1, 

\ 

treataent ·lnstead of the hoe. In 1983, Qne of the wider plots 

was tilled, while the other was hoed on the Iast date of 

treatment,' Rhizomes vere eut regularly between p..-lots with, a 

narrow blade at the end of a hoe. 
~ 

• 

r 

... 

-
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The experiments wJe sampled Qn Sep'Cember 2, 1982 and 
"-

1 Septellber 22, 198J. Three samples were taken per plot and 

s8mpling procedure described in Section 2 was followed. ' ,. 
the 

Regresaions were fitted to the number of tubers in th-; 80il as 

a ~unction of delayed emergence of yellow nutsedge. The tuber 

Qum,ber ratl~8 vere pooled where .applicable and were plotted 
~ . 

wit~ the ~t,ndard error of cheir tr~atment means. The l~ast 

significant differeD~."s at the 5 % level' of Pfobshility (LSD 

. , 
0.05) were used when ,appropriate. As in the preceding 8èction, • 

tuber dry weight and tuber dry veight ratio followed çhe ssme 
, "" 

trends as the cubet number. Con~equently, ~hese data are 

presented in 'Appendix 2 and are not dlscussed further. 

9.2 Result8~and discussion 1 

,-

Y~llow nutsedge growth after hoeing or tillage i8 first 

• expressed through the production of shoots. Ther~7ore, data on 
, ;' ( " 

shoot production are presented, since they, better than tuber 

a t tri but e 8, Il 1 us t rat e ye 1 1 0 w nu t s.e dg e gr 0 w th a ft e r d e l a y e d 

emergenc". The combined data on shoot number m- 2 v~thin years 

could not be analysed due to heterogeneity of variance. Since 
, \ 

no consistent trends could be observed between plots hoed or 

tilled at the last day of treatment, the data were pooled for 

each year for the purpose of the present discussion. Thè mean 

2 " / . nuœber o~ shoots œ- produc~d after delayed emergence are 
o 

presented in Table 9.1, with their standard errors. 
) -

Some shoots were produced by yeilow nutsedge even whe~ it 

• 
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T.bl. '11.1. l:al1ov nllt.adla .hoot prodllcUon .ft.rft. d.l.,.d a •• r,.nca • .. 
Tl •• ot, 
d.l.,..d 

···l'lanc. 
(d.,.) . 

Shoot 
nQ~i~r 
• 

StanUnd 
.rror 
of the 
•• In 

---------------- ~982 ---------------

0 1710 ~2.e 
14 I~O 1 !lL8 .. 
28 1090 " " 50.7 
42 855 46.1 

'6 919 36.3 
70 d 21.5 
84 7. J 
911 0.7 

; 

Ti •• ol • 
dal.,..d 

a •• r,.nce 
(d.,..) 

Shoot 
nu~~e'C' 

• 
Sl; .... d.rd 
arror 
of tlt. 
.a.n 

------~--------- 1983 -----------------

0 1616. 1 27 • 7 
18 1697 ~1.4 

31 1524 411.2 
46 104'0 31) • J 
58 516 64.2 
72 77 ) 4.1 
87 20 5.4 

100 a 2.1 
11 S 

,f;i", 
12 .! . 1 

• 
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-waa only âllowed to ellerge in lIid,...August or early Septellber 
\ 

( T a'b l e 9 • 1) • Thes,e shoota were produeed' either by resproutea 

or newly·sprouted t.ubers (Bendixen, 1973; Thullen and Keeley, 

197.5). Sinee there were no 'eonslate~ 'differances bet.een hoed 

'or tilled plota, and because ho~ing barely', dlatuf'bed the to-p' 3 
, , , 

. c. of the sOil, .oat of the shoot production could pr;obably b~. 
~ , , 

\ 

attributed tc) innate tub~r sproutin! in tille. Theee results 

show that ,.e110. nutsedge tub~rs- sprouted contin duri!" 

both S(laaers. SOlle researchers ,have observe that_tubers' 
_.' 

initlated nev !lhoots unt$l aid-July 1 

and,Stoller, lQ78; St«?lle.r and "'ax, 

exper~aental conditions of the present 

1.S (Jordan":Kolero­

~ . 

/ 

'1> 
nutsedge 

pro due e d n ev s ho 0 t a f rOll tub e r li for a au chIo n g e r p e rio d 0 f 

till~. -J As .. a r~.ult oJ delayed eaergenc'3, green shoots ~ere 
lound in larser quantitlea in tre~t.ents where yel10w nUG:sed e r. 
bad lIore reeeJltly eaer.ed. Bovever,' in the preaent case ia 

difficult to deteraine to what extent hoeing 0'" ti111ng ~ 
affect sprout1ns. Theretore, 'OJ:l~ specifie experillaants are 

requ'trad t-u cl arify thie aspect'. 

Tuber populations of ~aeh experiaent had' regressiona 

fitted to. thea a~d the'paraaet$r values are p'rese~ted ln Tab~e 

9.2. The resrea8ions fitted to the nuaber of yel10w nutsedge 
4 

tubera J.easured after a' del.yed a •• rgence are plot-ted in ,t'gure "-.. , ~ . \ 
9.1A and 9.18 for 1982 and 1983, respeetively •• The parallel 

'~nes are uaed tq represen t .pri ns tube'r popu 1 ation 1 ève ls. 

The spring population levela were sillilar for both yeata, 3158 

tubera .-2 ln 1982 and 3112 tub~r8~11-2 ~in 1983. 

, 
~ , 

\ 

..... 

'\ 
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Table 9.2. b,r ••• loD coetUcleoU of tbe. etf.ct of d.l.,.ed •• erl.nce 00 the 
lIu.bar of tubera pro4uced by ,.a.l~W oUCUd,a. 

Ixped.aot 'loto-
nu.ber tUllll' 

Pi,"ra 9.1 A: 

1. 1982 
2. 19112 
3. 1982 
4.. 1982 

U,ure-hl a: 

NO 
NO 
ns 
US 

1. 1983 NO 

2. 198~KO 
3. 198 YES 
4. 198 S 

'hure-9.1 C: 

1981 coab10ed 
experi.ent. 

lalre •• lol1 equatlol1A 

y • 11064 :- 2311 + 1.39X~ 
t .. 11581 - 25n + 1.571 
t. 8990 - 15ax + 0'.89X~ 
Y • 10'866 - 2571 + 1.691 

\/' 

y • 10'398 + 3171 - 9.9J2 + c.C\X3 

y. 7883 + 5631 - 261 2+ C.3X -

; : ~~~~6 +;1 ~i 7~ :. !'x!\ a .cu3 

... 
y • 10625 - 2251 + 1.39X2 

C.CClX 4 

1983 co.blllad 
a.per'i.eol:l y • 950'1 + II JX - 14X 2 + D.2X 3 ... 0'.0'00'51 4 

Ulure 9. 1 DI 

Coablnad 1982' 
aod 1983 
.xperlaan t. 

y • 11537 - 184X ~ 0.83x 2 

Wherl y 
1

2 i 
Pr. 

- tbl 1l~ of tublr' •• 
- Duabar. of cta,. of del.7 1ft •• arl.llca. 
- Foefflc:1ant of dlterall1.t101l. 
- '11 n'a 1 of .1,Diflc.nce of tha ralr ••• ioQ. 

0.97 
0.99 
0.98 
0.94 

o .n 
0'.95 
0.9\1 
0.90 

0'.911 

0'.99 

0.80 

0.00 1 
0'.0'0' 1 
0;0'0'1 
0'.00' 1 

".0'0'3 
o • D,,!' 
0.0'0'1 
0.0'0'6 

6. DOl 

-() .001 

0.001 

J 
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: Figur. 9.1. Effect of d.1ay.4 ••• r,ence On 1elloll nut •• dg. 

"tuber populat!on 1ft. 1982 au4 1983. 

A: 1982 nperi •• nta- r.gu.a1-ou. 
1: 1983 .xperi.enta rlau •• ions. 
C: a"re .. iou. oa the coabift-ed dua for •• ch y.u. 
Di ae.r"lion oa t\\* cO.b1ned clata of botb y.ara. 

Th. lill' par",ll.l to th. abacil .. repr ... at. th •• pring tuber 
populatioa. tb. rtcre.lion 'Cluat1oal ar. pre •• nted iD 
Tabl, 9.2. 
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AlI tbe regrellions were quad~at1c in 1982 while two 1Iere 

cubic. ,one was quadrat1e. and one was quartlc .i~ 1983 (T ... ple 
'h 

,9.2). AIl, quadratie }'egrusions in 1982 showed a deerease in 

ye110w nutaedga tuber, pOJlulation vlth ~n lncrease in the Iéngth 

of tille ye_1Iow nuteedge nergence waa delayed. I~ 1982. th." 

orlginal .pr,ing tuber, P?pul stion ,1 e ve l 'vaa reaehad when ye110w 
, , 

nutae~ge e.erg~nee was delayed untl1 the f1.rst wee~ of JuIy' 

(approdllataly 50 days after the start of ~he ex'periment). The 
;> 

nu.ber o'f tubera fell below the orlginal .pring population 

lev el when 811ergenca vas fu rther delayad • 

./ 

-----­ln 1981. the" thre. exp.rillent. whieh did not hàve a 

quadratie response had an increaae ln tuber numbera if yellow 

nutaedge elllergenee was delayed for the firat tl&.O weeks oC the 
/ . 

experille-nts whilé the fourth experi.ent had a response similar 

p t~ t-hat reported for the 1982 experillents. The original sprin8 

tuber population 'lev>el was reachad' in the laat two weaks of 
, 

Ju1y in 1983 (65 to 80 days after the start of the experillents) 

after whieh tuber population fell belo-W the apring population 

level. 

. 
The data co 11ected 'On the nUlIlber ,of tubers produeed in 

. . ( . 
u:perll1enta condueted the sa1lle year were pooled and .... ,~ 

atat1st1eally analysed. The tuhr productfon response ,in 1982 

d~fere, llttle between experillents (Figure 9.IA) while in 

198~he respoDse was 1I0re variable (Figure 9.1B) and dld not,. 
\ 

theoret~cally allow pooUag 'o.f the data sinee there was et 

f 

sta.tist\ically signifieant effect due to the experillents 

'thé1llselves in 1983. The differenee bet.ween years lIight be 
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l ' 
attributed to differences in enviroluaental conditions ,or apring 

tuber population level. alth~ugh this ~atter factor varied 

'Uttle between years (3158 vs 3112 tubera m- 2 ). 'l'he variations 
\ 

in the 1983 experimental reaults could have been caused by 
- . 

,d1fference.~ in .pring tuber popu,lation levels and/or 8011 

huerogeneiey. Sinee the ultisate purpo.e of this section was .. 
to .obtain funetions de.cr~bing and predlctlng yello\l nutsedge 

tuber population a8 affected by delayed emergence, tne datà of 

each year". experiaenta vere co.bined. although this was only 
1 , _ ') 

atatistically warranted for the 1982 data, and had regre80ions' 
.pt;.( 

fitted tO; t~lI. The regression paraaete,r value,' are presented , 
1 

in rable 9.2 vh! 1 e the functions are plot ted in Figure - 9.1 C. 

, 
The observations on the four regressions curves made for 

ea,ch year vere still spplicable for ehe pooled dat4;' Theu was 

a decrease in tuber number in 1982 wieh the -increase in the 

length of eime, yellow nutsedge was delayed. Tuber numbers 

lncreased ln 1983 when yellow nutsedge groweh was' delayed for 

the first three weeka. Still in 1983: the tuber number was the 
'1 

same when ye l'l~w nutsedge elIIe rlenc~e was de 1 ayed eJhree, weeks 0 r 

not' .elayed at ,aIl (Figure 9.~/C). The tube'r population reached .. 
the epring euber populatlon len1 after 50 days of ,delayed '7 

• 1 

emergence in" 1982 !f1rst weelt of Ju'ly} and af'tu 70 days of 

delayed emergencè in 1983 (fourth week of July) (Figure 9.1C). 

t 
, 

The dlfference in tuber~ production level between the two 

ye a r 8 wa s la 0 r e 0 b v 1 0 u s wh e n bot h we r" e co m b 1 ne d 1 n the sam e 

figure ~Figure 9.lC). Differences could probably be ateributed 
~ . 

to environmental ~onditions al'though small va,riat:ions ln spring 

t 
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~ub.r >detllllty .. lgbt have' ha~ an effecc. Boliever, the cause of .. 
the dlfferebces ean not be e88ily p'inpoln.ted lIith the à-valiable 

data and a deecripc1.ve and predictive regreaslon curve ls 

requlred in the elaboratlon 'tH the lIlode 1 of yelloll nutaedge 
" 

tubeT populacion dynall1'cs. Tbarefore, slnç:e no di8c'ri~lnatlng 
\ 

factors eould be ueed to deeide ~bich regression curve to use, 
. ~ 

the d a tao f bot h ye ars Il air e poole d' tg 0 b t a (n 0 ne l' e'g l' e 8 8 1 0 n 
( , 

• .that lIould deecrlbe and prediet yellow nutsedge tuber 

production IIhen elllergenee vas delayed. Regression parame tIrs' 
1 , 

are presented in Table 9.2 and are plotted in Flgure 9.-lD. 

When both year8 data vere pooled, tbe lncrease in tuber 

number after three weeka of delayed emergence observed in 1983 

was SIIlOO t hed 0 ut. The tube l' popu lat ion reac hed the poo 1 ed 

8,1)r1ng tuber populatlon level (3135 tu_bers .-2) IIhen yelloll 

nutsedge elll.rgence "a8 delayed uft"til the third 'week of July (65 

days af ter the 

"-delayed. bayond 

start of the experll1lents'). When elllergence W"-s 
• 

that. tll1le, there vas an actusl decrease ln tuber 

nUlllber compared to the spring tuber population level. 
t' 

These data suggest thàt any delay ln _ye""'1lo11 nutsedg p 

ellergence wO\lld reduce tuber production, and If ye1low nutsedge 1 

. 
emergence lias de1,ayed to the end of July, the tuber population 

"-

would be s·tabl1ized at the sprlng population level or would 

decrease. HoweVler, it should be noted that thèse results were 

\ . 
obtalned by samplings that took place before recently emerge'a...--

y~llow nutaedge shoota had 'Olenesced or were killed by the 

froat. Therefore, more grollth .. ay have oeç~urred after the 
" 

final salllplings. 

" 
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In the context of a yello", nutsedge Il'8n,age,,ent prograll, 

,g!owtJ1 wouid have to be prevented after the final 941111p11ng 

. dates of these experl111ent9 1..n arder to obtain re&ults 

cOllparable to the current trial. A delay 10 ye110w nut.edge 

eaergeoee could 'be produeèd by the use of a 'residual herbicide, 

by eult1vat1ng, by delayed plaot1ng, by fallow1ng, or by a 

cOllblnation of thes.e ptactiees. They should 'be eon81dered in 

the development of ye'llow nutsedge integrated managellent 

systells. 

There were no signifieant d1fferencea 1n th" proportion pf 

/J •• ll tubera to total tuber nUlIlber (tuber nUlllber ratio) between 
, 

the experillents in 1982, according to the ealDbi!l~d ana1Y8i8 of 
( l , . A 

variance. Therefore, the data of the four ex~rll1enJ;8 of 1982 

vero poo led 7. on .. data .et of vb10h th •••• n. are plot< ed ln 

F1gUre'fk;~ ",lth tb~1r standard errora and the LSD (0.05). 

The proportion of IIIa11 tuhers was at Its lowest in 1982 
~ 

when yel10w nucsedge elllergence was eitber not delayed or on1y 

..!<!}.ayed for t"he Brat two weeks of the experilllent. The tub'er 

nUlIlber ratio then incTllaaed ta re_4ch its lIaxilDUIII when emergence " ,.,. 

was delay~d until'-ild-July. 'The proportion of 811all tubers 

decreased thereafter until the first week of August and 

su bsequen t ly 1 ncreased ~gai n. The varia t 10n betwee n the 
1 . 

lIaxillulI and minimull tuber oumber ratio was approx1l1lately 10 %. 

The 'Smalleat ratio observed when yellow nutaedge emergence was 

on1y slightly delayed talght be attrlbuted to the fact that 
."/ 

yellov nutaedge had t"1l1le to complete lts developlllent ln the 

avaiIable growing per1od: Hovever, the ratio vas greater than 
:1 
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Figure 9.2. Effect of delayed e~rgence on the tu~er number 
rat10 of the tubers prbduced i 1982 and 1983. Where a and ~ 
refer to two exper1ments where er number ratio was 
significantly affected by the perlod of delayed e~ergçnce. 
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1982. 
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B: Tuber number ratios for the 1983 exper9uents. 
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the typical yello1o' nutserlge tuber number ratio (0.28) reported 

in Section 4. Thh_, high- ratio (Figure 9.2A) would prob'abl y 

decrease given ilime because some plants were, still maturing and 

increasing the size df their tubers after the sampling took 

place. 

Up to 50 %, of the tubera were amali when yellow nuts~dge 

was allowed to emerge in early 1uly, most probably becauae the 

tubers that had been i~it1ated were still increasing in size 

when they were sampl~d. This perlod with its grestest 

proportion of small tub.HS was followed bya 10 % decrease in 

tuber number ratio in treatments where yellaw nutsedge hsd been 

prevented from emerging untll early August (Flgure 9.2A). This 
! 

decrease could be due to the fact that very few tubera hild had 

time ta be produced (Figure .9'.1) before the s,amp11ng periode 

In fact, the lowest number of tuber's was o~served in a yellow 

nutsedge population that had been allQwed ta emerge ln that 

p_eriod, Indicating that few, if any, ,new tubers had been .-

initi8,ted. The ratio observed was probably,that of the 

res1.dual tuber population, although it can not be ruled out 

that yellow nutl;'edge might bave been trlggered into producing a 

few, large tubers when they were initiated in early August. 

The increase ~n the tuber number ratio that occurred in late 

August mig'ht be explained by the fa-et that yellow nutsedge 

could have Dee'n induced to produce tubera Dy f..nvironmental\ 

conditions preva'lent at the time (Bell et aL, 1962; Bendixen, 

" 1970). Although a larger number of new tubers' were Initiated, 
~ 

t he y did no t h._Ye time to ma t ure be fore the samp 11 u,g d a te. 
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This explanation is supported by the observed Increase 1n tuber 

number whep yellow nutsedge vas allowed to emerge in mid-August 

or later (Figure 9,.lA). 

The tuber number ratio data could not be pooled in 1983 

betause of signlficant differences among the experiments. 

Therefore. the ratios· of each of the four experiments are 

plotted in Figure 9.2B. Two of the experiments were 

signlflcantly affected by the delsy in yellow nutsedge 

emergence and. therefore, the!r LSD st the 5 % level of 

probabl11ty are preaRnted with the data. St~ndard errora of 

the means were not shown to leave the figure uncluttered. 

In 1983, the tuber number ratio followed the same trends 

observed in 1982. The treatment added in 1983 (emergénce 

dela~e4 until early September) produced a decrease ln tuber 

number ratio when compared to the previous treatment response. 

This result W8S "probably due to the samples belng consti~uted 

solely of the residual tuber population sinee the growth period 

was too short for the initiation and development of new tubers. 
CF' .-

" Tuber numbe-r ratio ob8erva~ion8 corroborated what has be,e-n 

reporte-d on the number of tubera. in that. ideally. yellow 

nutsedge emergence should be delsyed un~il late August to have 

smsller tu~rs and to reduce tuber number. Yellow nutsedge 

that waa only allowed to emerge in July produced the greatest 

proportion of small tubers. although in a greater number t~an 

if its emergence had been delayed until later. However. it can 

not be aS8umed that there would not 'be more tubers or an 

.. 
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" 
Lncrease in tuber size after the date at which the experiment~ 
were sampled. This facto and the results of the current 

experiments must be taken into consideration in the elaboration 

of a yellow nutsedge management program. 

• 

/ 

/ 
,-- ./ 

) 
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Section 10 

EFFEeT OF GROWTH INTERRUPTIONS ...oN 

YELLOW NUTSEDGE TUBER POPULATIO~ 

• 10.0 Introduction: 

~ i 
Yellow nutsedge growth and tube~ population level can be 

reduced by delayed emergence incurred through' crop management 

systems. Delayed planting and cultivation are two methods 

wh1ch have had some degree of success in reducing tuber 

production by 10 to 90 % (Ghafar and Watson, 19838; Jordan­

Molero and Stoller, 1978; Ke'eley'and Thullen .. 1975). Delayed 

emergence could even,reduce yellow nutsedge tuber population 
. 

from year to year if the weed was delayed for a sufficiently 
, , 

long period of time (Section 9)~ Residua! herbicides cou!d 

also act to delay emergence thereby ~educing tuber pro~tion. 
Rowever, Implementlng some or ail of those techniques ta d~lay 

yellow nutsedge emergence could be both costly an~ re1atively 

i nef fic 1 e n t\ • 

The effect of Interrupting yellow nutsedge growt~ through 

one or two field operations, such ascultivation or perhaps the 

application of a herbicide, might be economlca1 and effective • 

98 
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ln developlng an Integrated yellow nutsedge management program. 

Accordlngly, the present project was Initiated in order to 

" assess the potential effects of either single or double 

~nterruptlon6 of yellow nutsedge grovth. Regression equations 

vere used to descrlbe a6*· predlct the effectlveness of such 

operations ab that these control techniques could be Integrated 

into the model'of yellov nutsedge tuber population dynamics. 

10.1 Katerials and methods 
'.il 

, 
The experimental design vas a randomized complete block 

repeated three·tilles vith five tre~tments in 1982 and seven 

treatmenta in 1983. The plota were 2 m long and 1.5 m vide. 

Detaile of times of tillage are presented ln Table 10.1. The 

treatments conslsted of alloviug ye110v nutsedge to grow freely 

durlng the summer and, at a particular tr~atment date, tilling 

the plot, after.which yel10v nutsedge vas again alloved to grow 

freely. At 4 veek Intervals, tvo prots vere tilled and 6 to 8 

daye later, one of l'hese plo.ts was tl11ed agaln. A rOl'i..otiller 

crossed the plots twice the.flret t'hUé they were tilled, and, 

i f the r e w a a a 8 e con d t i me, the rot 0 t 1 Ile r ma d e 0 n 1 yon e p a,l a 

si nce ye Il ow nu tsedge grovth vas no t as dense af te r thé' f i·rs t 

tillage. The exper1aent was s~mpled August 26, 1982 and 

September 27, 1983 •. Three aaaples vere randomly taken in each 

plot following the sampling procedure descr1bed in SectiDn 2. 

- . This was a factorial e~peri~ent where the main effects 

were the date of tillage and the frequency of tillage (once or 
o ~ 

1 
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tvice). Conaequent l y. both _ain ef tecta and i nteract ions we re . . , 

teated in an analys18 of variance. When the date of tillage 

• vae found to have signifieantly affected yellow nutsedge tuber 

population, a ragresaion was fitted to the nu_ber 'of tubera in 

'relation"to the tia. of tillage. 

~ * 
10.2 a •• ulta and dlacuuion 

The fre~uency of tillagà did not significantly affect any 

of the yellow nutaadge tuber para_eters _easured and there were 

DO aignifieant interactions bet.een the frequency of tillage 

and the date of tillage. lt would appear therefore that a 

,second tillage gave no additional benefita in yellow.nut~edge 

control under the conditions of this atudy. 

In 1982, no·atatistically ~ignific.nt differences were 
, 

found for any. of the ~ea8ured variables between the different 

tt_e8 of tillage. The meàn tuber population for each treatment . 
ti_. with their ata~.rd errora and vith the 1982 a~~ing tuber 

population level aré plotted' in Figure 10.1. Tbe Ileana of the 

tuber number ratio. the ·total tuber dry veight, and the tuber 

dry veight ratio are preaented in Table 10.1, vith their 

standard errora. 

In 1983, the numbèr of tubers and the total tuber ~ry ( 

_.ight vere 8ignificantly affected by the time of.tillage. The 

1983,tu~er population reapons~ to the time of interr~ption vaa ~ 

be~t d8scr1bed by 'a quadrati~ polynomial reglession. 

re~e8aion o'~ tuber populati"On is plotted 1n Figure 

~ 

The 
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20~------------------------------------------------~ 

c 

--~------------EC 

20 40 60 80 

TlME (doya) 

Figure 10.1. Effect of tne'tiœe of interruption on yellow 
nutsedge tùber populat!on in 1982 and 1983. Where tha 
regreasion i5 Y • 16880 - 291X + 2X2 (a 2 ,r. 0.83, pr • 
o .03) J t he .P a ra 11 e l 11 n es r e pre 8 en t the 8 p r 1 n g tub e r 
populat1ons, a. 1982 mean .. and' tha1r standard errors, b 
1983 regression, Y • fall tuber population, X • t1me of 
last tillage,' 1n days, a2 - coefficient of ~e~rlld.nat1on, 
Pr • level $)f signifieance. ' -. 
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vith the 1983 spring tuber population level. The interruption 

of yellow Dutsedge grovth at any of the dates did not produce a 

~ deereaae in tbe tuber population belov the spring tuber 

population level fO_~.1J~ The lovest population. accordi~g to 
( , 

the regrelalen. va~ 1.6 times that of the .pring tuber 

population. 

The total tuber ~ry weight had a respoDse sil1lilar to that 

cU Ut.e tub-er -nUlltlH,r-8lid.~erefore, vfll not be disc:ussed 

furtber. The means of the total tube~ dry veight are presented 

in Tab~e 10.1 vith their standard errora and the least 

signifieant difference at the.S % level of probabillty. The 

mean tuber nUl1lber ratio and l1lean tuber dry veight ratio are 

alao presented Ln Table 10.1, along vith the standard error of 

their means. The ratios vere not signifieantly affected by tbe 

time or frequeney of tillage and, 8S in Section 9, they vere 

greater tban the values chat vere presented as being the 

population values ln Section 4 •• The discussion on dlffe~~~~es 

in ratios presented in the previous section applies here. 

The, difference in reBul ts observed between the' ~wo yea""' 

-of the experiment !'ight be, attributf'd to the differences io 

spring tuber population. to the differenees in sal1lp11ng date, 

or to the difference. in growing conditions betveen the tvo 

yeata. The 1982 spring tuber population was approximately half 

that of 1983 and the nUlllber of tubers observed in the season 

decreased below that of the spring tuber level starting at the 
4 

first tillage date. In 1983, the lIlost effective treatment had 

a tuber population at laast 1.6 tillles greater than the spring • 

• 
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tuber population le~ef. \.. ---'-' The sampling was conducted one month 

earller in 1982 than in 1983 and mlght have bej\!n done before 

possible treatment 41fferences were fully expressed. The,', 

difference in growing con'dit1ons mlght also bave bad an effect 

on tbe re8Pon8~of the yellow nutsedge tuber t~pulation to 

treatments. lt ia most likely tbat any differences ln .. 
response resulte~ trom a combination of tbese factors. 

It would seem that Intel'ruptlons of yellow _nut8edge growttL) 

dld not reduce tbe tuber population by a8 much 8S delays in 

emergence (Section 9). However, in 1983, a single tillAge in 

July or August decreased yel~o~nutsedge tuber population by 60 

%. Altbough very promls1ng as a control strategy, these 

experiment' would have to be repeated f6r several years in 

order to verify that tbese re.ulta are consistent, partlcularly 

considerlng that no signlficant differences vere obaerved in 

1982. If the reaults obtained in 1983 were obtained ln 
, 

subsequent experimen~8J the inclusion of these treatments ln 

1 

the p~anning of yellov nuta.dge population management programs =r.~ 

would be most important sincè a single tillage o~eration could 

replace several tillage operations. depending on the time in 

the sea80n. Tberefore the coat of control c~e reduced and 

the range of crop aanageaent progra •• lncreased and made more 

flexible. 
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Section Il .... 

EFFECT OF CORN ON Y!LLOW NUTS!DG! GROWTH 

Il.0 Introduction 

Yellow nutsedge growth was observed primarily 1n pure. 

stands throughout 1Il0st of this study in order to have a uniform 

basis for growth comparisons between severa! crop ma~agement 

systellls. There have been reports on the effect of differen~ 

control _easures used in corn against yellow nutsedge (Dixon et 

aL, 1980;_ Keeley et al., 1983; Parochetti, 1974; Stoller et 

al., 1971), but there are no reports on the effect of the corn 

crop on yellow nutsedge. therefore J in order to be able to 

a8sess the eff&ctlveness o~ different weed control,measures, 

the effect of corn alone on yellow nutsedge had ta be 

deter_ined. 

Ghafar and Watson (1983a,b) and Si.klns and 0011 (1980) 

reported that yellow nutsedge growth was greater wlthin corn 

rows than between cornV One of the explanations o'ffered 

was that the fertilizer applied clo&e to the crop row 

stlmulated yellow nptsedge growth. These observations ralsed 

the problem of accurately a8s~sslng yellow nutsedge growth in 

corn in the field. The following experiments vere conducted to 

105 
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qua11fy and quantify the effect of corn on ye110w nutsedge. 

Il.1 Katerials and methods 

Since thia experiment was an integral part of the main 

e lt P e r im e n t 0 f the pro j e ct, i t ha 8 b e.e n pre v 1 0 u a 1 y des cri b e d i n 

chapter 6, "Yellow nutsedge ~growth in time", and on1y a brief 

treatment out1ine of the procedure ~8 pre~ented here. There 

vere two treatmetits, ye110w nutsedge growing in pure stands or 

yel10w nutsedge growing wIJ corn, wh1ch were rep1icated three 

times. The cr op management system was the same in both 
i 

treatments with starter ferti1izer (30 kg/~a of ~8-46-0) 

applied at, seeding and nitrogen side dresJng applied close (10 

t 0 2 0 CID) t 0 t hOe c 0 ~ r 0 107 0 r wh e r e a cor n r 0 w wou 1 d h a v e b e e n 

in pure stands of ye110w nutsedge. The nitrogen side dressing 

wa sap p li e d t 0 t,h e 1 e.,f t 0 f the r 0 w son l y, a t a rat e 0 f 1 50 

kg/ha of 34-0-0 at two different dates (see the gen~ral 

~' ... 
mater1als and methods for further det.ils). This exper1ment 

was conducted for the three years of the project, 1981,»to 1983. 

, 
Yellow nutsedge was.sampled at the ènd of the growing 

season ill each of the three years. In the fall of 1982 and 

fall of 1983, yel10w nutsedge was sampled on the corn rows and 

between the corn rows. For the p\re of yellow nutsedge, 

samples were taken in the.equivalent as. Nine samples vere 

taken in ea.ch location (on ~ .. ~ etween tbe row) in aIl 

aIl:- treatment'J AlI values are reported on a 111 2 

basis. In the fa1t>of 1983, ttansects samples were taken 

replleates of 

• - -
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across rovs tn order to measure the varlati~n from row to row, 
-fi 

i \ \ 

in 15 cm gradients, resulting in five quadrats of IS by 15 cm ... 
o 

froœ row to row, since the spacing vas 75 cm betveen cO,rn rows. 

Tbree tr.ns~cts were taken in each repilcate of eacb treatment. 

A f 1 r e des t r 0 y e d par 't 0 f t b e sam pIe s t ha t h a d b e e n t a ken 

in the fall of 1983. Therefore, a subsequent sampling was do ne 

to coilect tuber data in ORe repilcation. No etatisc'ical 

an~lY8es were performed on tuber data for that sampling date. 

Data vere analysed coosidering tvo sets of factors: yellow 

nutsedge growth in pure stands or with corn (treatment~ and 

yellow nutsedge growth OD or betwëen corn rpws or their 

equivalent (locations). Furthermore. the interictioa between 
~ . 

treatments and locations was tested. Transect data was used to 

compare the two treatments, and subsequently. regres8ion curves 

were fltted to them. 

II.2 Results and dls'cussion 

The effel'ta of grow1ng with corn 18 presented flrs-t:/'and ls 

fOllow~d-by the effects of growing on or ~~ween 

Finally, the transect results are discusse4) 

Trea tœeo"t ef fec t s 

the rovs. 

Tuber number was reduced 8ign~flcantly by corn in 1983 
>-

only. Slml1ar trends existed for'1982, howe,ver. For both 

years. yellov nutsedge produced an average of 23.7 % fewer 

1 tubers when growlng with c/)rn. with extremes of 9.4 and 50.09 I. 
1 ( 

Q • 
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However, in 1981 the number of tubèra in both treatments was 

siœllar ( a 0.5 % dlfference). The ratio of the number of 
. 

smaller tubera to the total number o~ tubera was significant 1n 

the fal1 of 19$3 only, but trends vere slmilar for the othet 

years. The sma11er tubers constituted a gréater proportion of 

the total tuber population when ,ellow nutsedge was gro~ing in 
,"'J 

corn. Although there was wide +ariation, the amaller tubers'· 

contribution to the total number of tubera was, on average, 
, 

20.5 % more in the corn treatllent ('table 11.1). 

The total biollsa8 of tubers was consiatently, although not 

alwaya aign1ficantly, greater ln plots where ye~low nutsedge 

was growing alone. On average, the total tuber dry weight m- 2 

was 48.5 % greater with. extrelles of 1i.3 ~d 89 %. / The ratio-

of 811all tuber dry welgbt to total tuber dry weight was, on 

average, 45 % greater for yellow nutsedge growlng in corn. 

There are only two cases where the differences are 

statistiially diffe~ent but the trend was consistent. 

The differences ln response from year to year ~nd within 

the S811e year demon8tra~ed the varlabl11ty of ye110w nutsedge. 

This, associated with fluctuations of the environllental 

conditions from yesr to year, ~ompounded the difflcultles in 

quantifying the effect of growing in corn. However, some 

general trends were ldentifled. For example, the number of -
tubers was reduced by 24 % and thel~ mean dry welght was 

() 

reduced by 23 %. Their size was alsQ reduced. 

Only one replication was sampled on September 19, 1963 for 

, 

) 



Table Il.1. Erfe'ct or corn ab.ence or p're.ence on yellow nutsedge 
irovth • a 

Sa.plin, Treat •• nc b 

date 

Fall 1981 1 
(Au,. 20) 2 

faU 1982 
(Au,. 30) 

Fall 1983 
(Sept. 6) 

faU 1983 
(Sept. 12) 

FaU 1983 
(Sept. 19) 

1 
2 

1 
2 

t 1 
2 

1 
2 

Tuber 
nUllber 
(.-2) 

6692 
6725 
D.'. 

13282 
12145 
D.I. 

14433 
12004, 

* 
13403 
11711 

** 
19973 
13233 

D ••• 

Tub. r C 

nu.ber 
ratio 

0.411 
0.488 

U.I. 
0.483 
0.502 

n ••• 
0.476 
0.612 

* 
0.440 
0'.572 

** 
0.485 
0.583 
n.a. 

Total 
tuber 

biO .. ~!s 
(g. ) 

330 
284 
Q ••• 

622 
554 
n ••• 
639 
376 
** 
615 
397 

** 
843 
446 
n ••• 

Tubard 
biolRasa 
ratio 

0.158 
0.217 

n.'. !~ 
0.216 
0.228 

n ••• 
0.199 
0.324 

* 
'0.178 
0.299 

0.205 
0.310 

n.a. 

a The cod •• and abbrav~tion. u.ed heroe arej n.s. for Dot .ignifiesntj 
n ••• for not avaflable; * for .ignifieant at the 5 % level j *. for 
signifie_nt at the 1 % level. 

b The tlo/O treatlIIenta are: 1- yellow nutsedge growing alone, and 
2- yellow nutsedge groving vith corn. 

C Small tuber nUlllber over total tubera number • 

.... .J 
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the underground data. This lIlight help ln explaining the 

difference ln magnltude observed between tbe various sampling 

dates in 1983. 
Ir 

11.2.2 Location effect 

~ 
Effects of salllpl1ng locations on yellow nutsedge growth 

are 8 b 0 wn in T 8 b 1 e 11.2. There were 6.8 % more tube,rs produced 
1 

) 

between the rows ln 1982 while 2.8 and ~.4 % less tubers were 

produced between the rova ln 1983. Th.e proportion of smaller 

tubera relative to the total nUlllber of tubers was greater 

between the rows for bath yea~s. Smaller tubers contributed, 

on average, 9.8 % more to the total number of tubers between 

the rava than on the rO~8, wlth extremes of 6.9 and 15.4 l. 

~ 

The biolllass of tubera was invarlably greater on the corn 

rows or their equivslent. The tuber blollass was 13.4 % more on 

the rova. The Itlllall tubers' portion was 17.9 : gre,ter for 

ye110w nutsedge growing between the rawa; th an on the rova. 

Yellow nutsedge groving on the corn rov,or Ita equlvalent 

produced tubèra lS % heavier than yel 1 ow nutsedge growing 

between the rows or thei r equl valent. A siml1ar number of 

t ubers wss p roduced on the row or between bUit the propo r t 10n 0 f , 

a1D.aller tubera W8S 10 % grester between rows and their 

contribution ta tuber bioms8s was 18 % greater than wlthln the 

rowa. 

There were no signifieant interactions between the 

treatments (yellow nutsedge grovlng alo.ne or with corn) and the 

) 
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Table Il.2. Yellow nutsedge growth,on or be tween co rn rows or 
thélr equivalent. a 

Locatlou b " Tube r C Tuber d Sampl'1ng Tuber Total 
date nUlllber nUlllbe r t: uber bipmas8 

(m-t) ratio biOma!s ratio 
(gm- ) 

~ 

Fall 1982 1 13159 0.509 585 0.233 
(Aug. 20) 2 -12269 0.416 590 0.211 

n. B. n.s. n.B. n.s. 
Fall 1983 1 12873 0.583 446 0.296 
(Sept. 6) 2 13564 0.505 569 0.227 

r; .1 -(3 s. n.s. n.s. , n.s. 
Fall 1983 1 1 370 0.556 609 0.273 
(Sept. 19 >' 2 16836 0.519 681 0.242 

n.a. n.a. n.à. n. a. 

a The cod\!B and abbrevlat:lons used here are; n.B. for not 
slgni.flcant:; n.a. for not a'tailable; '" for signifieant at the 
5 % level; .* for signifie.nt at the 1 % level. 

b The two sites are: 1- between corn rows or thelr equlvalent. 
and 2- on the corn, rows or their equlvalent. 

C Small tUyber number 'o'ter total tubera number. 

J 
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sa.pling location (on the row or between). However, some .-:::--...... 
trends could b~ discerned d"espite the "ari~~1y of the 

112 

material under study. Generally, yellow nutsedge growth was 

superlor when growing in pure stands; and, whether growing wich 

corn ôr alone, auperior when growing in close proxlt1l1ty to 

where the "nitrogen side dres8ing had been appl1ed. 

Il.2.3 Transect8 

• Data frOID the transecta taken across rows in yellow 

nucsedge growing wi th co rn or the equi valent area in ya llow 

nutsedge growing alone were used to compare the treat.ents 
... 

(Tible 11.L, Sept. 12, 1983). AIL the variables measu'red were 

s1gnif icant 1 y affec ted by ~orn. Regressions \lere fit ted on 

eaeh treatment. Means were' used to calculate the regressions 

beeause of the great variabJ,lity of the data. For the same 

reason, regressions that were significant .up to the 7 % level 

we r e k e ptt 0 111 u 9 t ra t e t he t r end a exp r e a s e d by the da ta. 

Variables are plotted in Figure 11.1 A-D wlth the1r 

s 19nif icant regres s 10ns where app lieabl e. Theae regre!{s iona 

and their paral'le.ters are presented ln Table 11.3. 

graph, the firat and Iast observatioQ start and finish exactly 

on the row. ( 
Yellow autsedge gro.ing ia pure stands 

Sign1ficant linear regreatlions were fitted on the number 

of tubers produced 'as a function of their distance from the 

left side oi' the row (Table 11.3; Figure 1l.IA). The number of 

\ 
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Figure 11.1. GrQwth variations along transects 
nutsedge growink in pure stands or with corn. 
stand and b .. with corn. 
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Table 11.3. 
'\ 

ie,raaaloD equaclo~ al yell0. nut.ed,e variablea in tranaeet. takaù 
1n yell0. nuc.ed,a ~oVlnl ln pura .canda or vlth corn. 

Varlabla Traac.enca EqU&tltb 12 c 

Tubat nuabar y. 13906 - 13.8*X 
. 

0.83 

Iletl0 of tubaI' y. 0.382 + O.OO,*X - 0.00007*X,2 0.93 
nu.bar 

latl0 of tUber y. 0.142 + 0.003*X -, 0.00004*X 2 0.95 
v.l,ht 
.IF- -

Tuber nu.bar 2 y. 13183 - l-04*X + 1.3*X2 0.9"5 

Tuber dry 2 y. ft89~ 6.06*X + 0.07*X 2 0.95 
ve1,ht 

Yallov nut •• d,e ,rovlnl. 1- ln apura .tand. 2- vlth corn. a 
b y 1. cb. dependant varlabla and X 1. tha dl.Cance on ,tha trana.ct. 

che latt al cha l'av. 
e ,Coefficient of datar.1nacion. 
d Level ot 11gnificanea. 

pr d 

0.03 

0.07 

0.05 

." 
0.06 

fA 
O.OS 

atutins at 
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tu~ers vas greatest close to that .ide of the transect. At t ne 

7S Cil distance, the number of tubers vas reduced by 6 %. 

The ratios 'of tuber nUlIlber and tuber biolllass also had 

" aisnifieant regre.sions. Both regressions were quadratic vith 

the greatest proportion of slIall tubera being located ln the 

middle of the tranaects, whic:h waa between rOlls. A possible 
./ 

explanation lIight be that nutrients were 1Il0re limit1ng there 

(Figure 11.1 B.D). 

The tuber, dry weight d1d not dgniticantly change on the .' 

transect in pure stands of yel10w nutsedge {Figure 11.1 C). 

Yellow nutsedge growth with corn 

Signif1cant regresslons could on1y be f1tted to tuber 

nUllber and tuber biollas!, when ye llow nutsedge 'vas growing vith 

c~. The 'regressions were quadratic and 'vere fitted ta the 

means of these variables (Table 11.3; Figure 11.1 A,e). Their 

1I1nillla occurred ln the third'and f~urth sampling sites of the 

transt'!cts (Figure Il.1 A.C). This 18 probab1y where there was 

the least amount of nutIl"nts in the transects. None of the 

other variables fo11oved Any aignif1cant patterna along the 

transecta. 

The variability of yellov nutaedge assoclated with thé 

changing re.,ponae froll. season to seaSQn ~afar and watao'n, 

1983 .a, b) doea not allov genetal izations based on 90 fev yeau 

data. 'Hovever, aome illportant findings d1d emerge fr?m theae 

experisents although the ~xact quantification of the effecta 

\ 

, , 
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1nveaUgated was dUficult. 

Corn did reduee yellov nutndge tuber product1on by 24 % 

over the three yeara of the experiments.. 511a11er and l1ghter 

weight tubers vere produeed wheu ye110w nutsedge was growing 1n 

corn rather than alon... Tubera produced between rOW8 were 

reduced in s1le. and nUlIlber probably because 1ess n!1trlents were 

avai1ablethere. The var1abil1ty expressed in the d1.fferent 

aampl1ngs done withln the same year 1ndlcated that yellow 

nutsadge must be eonsidered as a highly variable, heterogeneous 

biologieal lIaterial. 

Tuber numbers showed dlsa1milal', trends ln the tranaeets 

tak,en aCr08a rOV8 1n corn or in yello~ nutaedge growing alone. 

Signif1cant r~greaaions were Utted to the number of tubera 

produced' ln. bath treatments. A straight 1ine was fitt'ed ta the 

number of tubers whlch constantly decreased across rows 1n 

yel10w nutsedge growing alone, wh!.le a quadratte eurv~w4s 
, 1 1 

fitted to the number of tubera produced acr08S l'OW8 ln corn. 

The m 1 ni mu m nu III ber 0 f tub el''' 0 ecu r l' e d i n t b.e m 1 d d l e 0 f the 

transects" Midway between,corn r!'w3. Th,. difference in, 
1 

l'espoDse can probably be- attrlhuted to the presence of corn 
, 

which shaded ye1low nutsedge and tIlobllized the fertilizer that 

wa.s applied at plant1.ng or as side dr.ssing (Kee1ey and 

Thullen, 1978; VOlz, 1977). 

,~ 

.. 

o 

) 
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Section 12 

/ 

MODEL OF YELLOW NUTSEDGE TUBER DYNAMICS 

,/ 
12.0 Introduction 

Yet low nutsedge is a perennial weed prop.gaeed prilllarily 

through Ha tubera in field infestati.ons (Stoller, 1981). tt 

has become the worat weed problem in t.he American corn belt ana 

new infestations are continuously appearing (Stoller, 1981) .• 

Kost row crop weed control lIethodll and competitive crops are , 
succeaafui in prave.nting this wead froll reducing yie-Ids, an.d/or 

ln decreasing the level of infestation of ye110w nutsedge 

(Keel'ey et aL, 1979,1983; Slmkins and Doll, 1979; Stoller et 

aL, 1979). Despite these effecqve control meaaures, yellow 
, \ 

nutsedge infestations keep lncrèasing ,in number and 81ze. 

, 
Lo'ng term suecess in controlling yellow nutsedge has never 

bee.n a'Chieved for two reasons. Flrstly, there are no m.~asurea 

that provide season-Iong control, and IJ8condly~ there is a lack 
, 

of understanding of the lIechan1sma that regulate ita 

populations. Succesaful control of yellow nutsedga can best be 

achleved through an increased comprehension of the life cycle 

of yellow nu'taadge and lU population dynamics rather than by 

-simply hoping to increase the length of the control period4 

117 
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T~.e research effort of this thesis was &1me,9 st expanding 

the knowledge of yellow nutsedge tuber population dynamics, and 

ineorporating this knowledge into a model. This section 

presents the selected mode1, its paralleter estimations, its 

verification, and Hs validaelon. 

12.1 Model developllene 

Plane populat,ion ptocesses can be presented as a simple 

algebraie equation that' describ.8 the change in numbers of a 

population between two points in time 

Nt +1 - Nt + B - 0 + l - E 

where N is the nu.ber of individuals 
t 18 tiae 

(1) 

B 18 the number of new individuala produced between c 
and t+l (fecundity) 

D i8 the nUliber of individuela th.,et died between t and 
t+l (aortality) . 

l ls the nUliber of individuals that immigrated into che 
ares (considered negllgible for yellow nutsedge) 

E la the nUllber of individuels that emlgrated from che 
area (considered neg..ligible for yellow hutsedge) 

Since most studies cannot include the entire population of a 

speci.s. this equaUon 18 usua11y baud> on dens1ties rather 

than absolute numbers and N is expressed either on a 111-2 or 

aa.qther area basis (Mortiller and Begon, 1981; Silvert,own, 

1982). Equation 1 18 very genera1 and must be converted to a 

form that can reflect the complexit1es of plant populations in 

the field (Mortimer an.d' Bégon t 1981). Sagar and Mort1111er's 

(1976) diagrammat1e 11fe-tab l e 1ncorporat es the dive rs Bies 

pertaining ta plant life cycles. Briefly, the plant population 

" 

-\ ' 
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is broken down in classes of plant atages (seeda, buds. 

seedlings. and adults) for whieh numbers are assessed at the 

beginning and end of each time period. Such a description can 

be further refined by the incorporation of classes of 

interme4iate growth stages or size of plants~Caswell and 

weIL. 1977). The Werner. 1978; Law, 19~3; Werner 

lIortalityand feeundity of each 

their age. lt 18 a sillple 

Cl&S'S change with 

express in algebraie terms 

the changes in numbers of indiv duals ch,anging class. For 

exalllple : 

(2) 

where t' • the ,roportion of the individuals that reach the next 
stage. 

t n+ 1 • the nUlllber of seeds at tille n+1 
tn • the nUllber of seeda at time n 
Pl • .eeda tha t survi ve 1 

P2 - seeda that gerlainate 
P3 • Indi v1dual S that establish aeed11ngs 
P4 • ind1 viduals that survive to lIaturity 
Ps • individuals that sur,ri ve to produee seed s 
f • number of seeds produced 

Thls Is a simplified example, but the principles remain the 

salle for lIore complex situations where fecundity and surviving 

proportions might change with density. growth stage and 

individual size as a function of tille~ Aa the number of 

èquations and classes increase, so do the alg~bra1c 

expressions. and they becolle increasingly dlfficult to manage. 

Katrix algebra allows the use of the same equatioq.s but in a 

more compact and simpler forll (Usher, 1972) such as 

(3) 

, , 

• 

-- -
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where a t 18 a column vector repre8entlng the population stage 

structure at time t. and where A i8 a matrix representlng the 

proportion of indlviduals changlng clsss (survlvlng) and the 

production of nev Indlvlduals (fecunqity). lt ls called a 

transition lIatrlx. For example. an annual plant species could 

be simply expressed as 

and 

A 

at- [ number 
number 
nUllbé r 

- [ 0 °033 

of aeeds ] 
of aeedlings 
of lIlature pl anta 

0 12] - [. 0 o Pl 
0.5 o 0 

where F • production of seeds 

F g] 0 
P2 

and P • the proportion of indlviduals changing class. 

The firat .. atrix row.last elellent, rapreaen.ts the fecundlty 
(each mature plent producea 12 seede). 

The second row. fint ele,lIent, repreaenta the proportion of 
seede that produce seedlings (33 % produce seedllngs, the 
rest die). 

The thlrd row, second elelllent, represents the proportion of 
seedlings that produce maturè plants (50 % prbduce mature 
plants. the rest die)., 

An example with numbers would be as followa ~--

if St - [T ] aeeds ~ 1 

no seedli-nga 
no ma ture plants 

\1 

therefore, 

[T ] 
where the tille interval could be one year. T,he basls of this 

. 
model ls a set of recurrence equations which are solved ln S 

» - -
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stepwise fashlon (iterations) as illustrated bel.w~ 

flrat: step 

second step' 

az+ 2 -

thlrd step 

a z+3 • 

- [<0*100+0*0+12*Q) ] 
- (0.33*100+0*0+0*0) 
- <0*100+0.5*0+0*0) 

\ . 

- ~(0*O+0*33.3+12*0) ] 
- (0*0+0*33.3+0*0) 
• (0*0+0.5*33.3+0*0)" 

- ~(O*0+O*0+12*16.7) ] 
• (0*0+0*0+0*16.7) 
- (0*0+0.5*0+0*16.7) 

\ 

seede 
seedl1ngs 
mature pla~ts 

seeds 
seed'lings 
lIatur~ plants 

seeds 
, aeed li I\Ms 
lIature plants 

A property of the m.trlx model used here 19 that 

A*a- \ *a 

where ~ ls a. latent root and a the latent vector assoclated 

121 

(4) 

w 1 t h À. The l.a t e nt r 0 0 t th a t hast he gr e a tes t ab sol u t e val u e 

in an unrestricted environment la called c.he finite rate of 

increase. In the example above, ~ - 2. Therefore, the number 

of seeds doubles a.t every tlme interval. A population that has 

a À > 1 ls increasing while a population where}.. - Ils stable. 

If ~ < then the populatlon is decresslng. 

The lIatrlx model used abo,ve ls referred to as a modlfied 

." 
Lulle matrix (Mortimer, 1983; U,sher, 1972). Mqdified Leslle 

matrlx models have been used in several plant pop·ulatlon 

studles where the plant stages were generally separated ln 

classes such as seeds, seedlings,.ll1lmature plants, mature 
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plants, flowerlng plsnts, wlth bud production ln the case of 

perennisls, and with size classes in some cases (Casweli and 

Werner, 1978j Law, 1983j McMahon and Mortimer, 1980; Mortimer, 

1983; Werner and Caswell. 1977). These models are frequently 

used because they are simple, compact. ~nd have weIl known 

pro p e r t 1 es ( U 8 hi' r • 1 9 7 2 ) • 

The models us1.ng modified Leslle matrices rely on 

demographic studies to obtaln estlmaces of che parameters, used 

in the mstrix. However, in the e~perU.ental area of t_his 

/'-

study, yellow nutsedge shoot denslty was often between 1000 and 

2000 shoots m- 2 wh1ch made the number of Individuals ac 
b 

different plant stages very difflcult to follow. Since yellow 

nutsedge Is a perennlal weed whlch -persists' in field crops 

through its tubers. a model relying on tuber delllography would 

be a more appropr1ate tool for use ln thè selection of yellow 

nutsedge lIIanagelllen C programs. Due ta the importance of field 
J 

infestations, tuber population dynamics was studied on an area 

rat h e~r th a n an in d 1 v 1 d u a 1 bas i s t 0 III a x lmi z e a v a il ab l e r e se arc h 

" 
resources. Therefore, "che working Dlodel suggested for this 

project 18 a modified Leslie matrlx that uses tuber age classes 

to predlct tuber population dynamics. 
'--

The proposed modi f iad Le sI ie mat rlx model 

A • [~ 
F F 

,i] 0 0 
p 0 
0 p 

where F • tuber P~U.t10U 
and P • propo,:t10 of tuber withln one 

the next ge class. 

18 

age class éhanglng to 
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with a class vector a -

[~~!:~: ~ tubers 2 
tubers 3 

1 y~arOld ] 
2 years old 
3 years old 
4 years old. 
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This mode 1 was used to in t egrat e the 1 nforma t ion co ll~c t~ 
in the course of chis project perta1ning to yellow nutsedge 

~ 

tuber cohort longevity, tuber producti0n 1n time, tuber density 

effect, and the effeèts of g,rowth interruptions or delays on 

" tuber production. Regressio'ns were calculated for each of the 

factors and used in model building and simulations. The 

regre8sioQs. cOQverte,d to percentages ..for use and uniformity. 

are presented in Table 12.1. 

The only tuber demollraph1c work conducted during this 

research 'project wai that on tuber longevity where a tuber 
J 

cohort was buried for se't per10ds of time ~fter which thetr 

viabillty was evaluated •. A reglt'ession W8S fitted to the tuber 

longevity through time (Tabye 12.1) and subsequently was used 

to compile a life-t~ble for ye1'low nutsedge (Table 12.2). The 

l1fe-J;able data were compiled ftom the regressi~':l equation 
~ 

rather than the ac.tual data. Lilfe-tables are usua1ly more . ~ 

elaborate than the one in Table 12.2, but on1y the data needed 

for the purpose, of the present Jork have been shown. 
~ , 

Col dis . r e p 0 rte d as lillli t 1 jg 'Ye 1 1 0 w nu t se d g e d 18 tri bu t 1 0 n 

• i 
and causing tuber death (Mulligan and Junk1ns, 1976; St01ler, 

1981). Therefore. the age classes of the transition matrlx 

were separated into summer~d winter groups, ,ielding two 
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Table 12.1. Functlons used to determine the expected number of tubers in 
Ume ln the modified I.esl1e matrix mode1. 

" Regression equationa Function Sectionb 

Tuber production in time t/ 

if the number of tubers is 
< 3540 then Y - 165 - 10X + 0.3X2 - 0.00213 

> 3540 and < 6515 then Y - 106 - 0.6X + 0.02X2 

6 

» 
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> 6515 then Y-lOI - 0.6X + 0.01X2 ... 
Growth delay in time Y - 352 - 6X + 0.03X2 7 

Growth interruption in Ume Y - 406 - 7X ~'O.05X2 8 

a 'ttlese regressions were derived in the respective s~ctions of this thesis 
and are presented' here as a percentage of their respective spring tube~ 
populations • 

b ~ers to the sections of this thesla where the functions were derived. 
( 

Table 12.2. Slmpl1f1ed lUe table of yellow nU,tsedge derived 
from the r~gres81on on tuber Iongevlty. 

Tuber 
age 

class 
(months) 

0- 6 
6-12 

12-18 
18-24 
24-30 
30-36 
36-42 
42-48 

proportiona 
of tubers 
surv1vlng 

(%) 

97 <7 26680 c 

58.69176 
32.22688 
15.58154 
6.465142 
2.587109 
1.656813 
1.383622 

Mortality 
rate 

0.396590 
0.450912 
0.516504 
0.585076 
0.599837 
0.359588 
0.164889 

1 

proportion PS 

of tubers 
surviving 

to the 
oext lige 
clase 

0.603409 
0.549087 
0.483495 
0.414923 
0.400162 
0.640411 
0.835110 

0 

a Derlved from the regressloo equatloo preseoted ln Table 5.2. 
b Values used in the transition matrices. 
C A precision of six decimals W8l\ used ln the model and the 

values are presented here. 

- • 
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transition matrices for the model) 

The two transition matrices are 

Summer transition matrix (SU) : 

Fall 

wherJ 
and 

SU· F F 
0.55 0 
o 0.41 
o 0 
o 0 

transition matr1x (FA) 

FA • 0 0 
0.60 0 

0 0.48 
0 0 
0 0 

the classes are the age of 

F 
o 
o 

0.64 
o 

0 
0 
0 

0.40 
0 

the 
F - tuber production fu~tion. 

\ 

• 
\ 

0 
0 
0 
0 

0.84 

tubers, 
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classes 
0.5-1 yesr 
1.5-2 year 
~.5-3 year 
3.5 + year 

classes 
0-0.5 year 
1-1.5 year 
2-2.5 year 
3-3.5 year 

, The tuber production function (F) was used to ca1cu1ate 

t;, h e nu m ber 0 f ne w tu, b e l,a and wa a bas e don ~ h e t 0 t a l nu m ber 0 f 
, 

tubers in the aummer age class vector rather thaq individual ' 

classes. The functions are preaented in Table 12.1. 

, 
Yellow nutsedge tuber production in time was studied for 

thr,e years and a regression was fltted for each year due to 
. 

the difference in the spring tuber population levels (Section . 
6). The function used in the model was a1so selected according 

to the spring tuber population level. The densities shown in 

Table 12.1 were determined by the mean distance between the 

confidence fntervals ot the regressions. 

Severl11 aSàumpt'ions were made ln developlng this lIlode 1,'­
, ) 

" 

• u 

( 

( 



. '-

'~ 126 

namely that : 

- aIL tubers have died after a'\period .of 3.5 }rears. 
- tubera of any age class ,nd th~ plants that they produce. 

aIL hll ve the salle vigor. 
- the carrying capacity of the area was set at 20000 

tubera 
- when a functlon was used to siœulate tuber production 

beyond the las~ date to which the regression W8S fitted, 
the value of tbe Iast date waa used. 

The section on denaity effect on yellow nutaedge concluded 

by stating that the carrying capacity of the experillental area 
<. 

was 15000 tubera 11- 2 (Section 7). The regresalon fitted to the 

tuber production in tille, howe,ver, showed that yellow nutsedge 

produced lIore than 19000 tubera m- 2 at the end of the growing 

season (~ection 6), and several samples contained more than 

20000 tubera .-2. Therefore, ln order to pre vent an 

"" underestiIBation of the potential of the experillental area, the 

carrylng capacity wa8 aet at 20000 tubera -2 Il • 

12.2 Sillulation conditions 

The functions presented in"Table 12.1 were used -to 

sillulate salle of the control lIethoda Available foryellow 

nutsedge. 

The growth interruption experillent was conducted in order 

to obtain a fuùction that vas equlvalent to ploving or 

cultivating.at different times during the growing seasoll. On1y 

the 1983 regression was used aince th~ 1982 experiment vas not 

significantly affected by the interruption i~ growth (Section 

lO) • 
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The growth delay experlment ,was conducted to obtain a 

functlon equivalen~ to applying a herbicide or cultlvatlng. 
, :l> 

Cultivation or herblci.de actlvity acts by kill1ng actively 

gro~lng parts of yello~ nutsedge such as roots, rhitomes, or 

shoots, but they rarely kill the tubera (Stoller, 1981). 

Therefore, delaying yellow nutsedge eaergence by hoeing 

(Section 9) can be considered as equlvalent to the effect ~ 
cultivatioo, with yellow nutsedge ~bers resprouting or 

aprouting immedlately after the treatment, since there ~s no 

residual activity. The salle reasonlng cao be applled to 

herbicides except that some of them do have a residual 

activlty. Bowever,_ aelecti .... e herblcides ln tise in crops such 

as corn have a short resldual activity, of the order of 4 to 9 , 
weeks, depeodlng on environmental conditions (Dixon et al., , 

1980; Obrigawitch et al., 1980; Stoller, 1981). Therefore, 
1 
\ 

delayed emergence resultlng from either hoetng or herbicide use\ 

would be comparable for simulation ·purposes. 

The common appr~ch to modeling weed populations with 

Leslle matrices has been; to simulate the unrestrlcted 

population growth, "to ~etermine ~ • and from this to a,eertain 

the level of control required to stablliz& or reduce the 

population level (Hortll1ler. 1983). the formula ca,n be 

expressed as H • 100 (~- 11 ~) where H ls the percentage 'of 

control requlred to ~tabilize the weed population. Usher 

(1972) presented H &s the level of harvest possible without 

causing any population decrease. The level of control has 

u8ùally been int.oduced in the 8imulations as a set value. For 

.. 

--

, . 
~I 
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.. 
example, tI 'containment 'may be acbieved if 73.7% of, aIl adul ts 

are annually killed" (Mt~llller, 1983). v 

The pre8ent~imul.tlons vere conducted using,a similar 
, . 

appro,acb, although instead of sillulating a set level" control 

was presumed ka 'be achieved through delayed emergenee. 

Effectively, yellQv nutsedge control levèla reported throughout 

the literature (Dixon et al., 1980; Obrigawitch et al., 1980; 

Stoller, 1981) refer more ta a delayad ellergenee than a set 

pereentage of plant. killed. The activlty of lIost soii applled 

herbicides declines vith tille and eventua1Iy 4110ws emergence. 

Sub-lethal herbicide levels lIight affect yellov nutsedge 

growth, but lt vas aasulIed that the delayad amergance 

experlmen~a (section 9) had effecta .illil~r ta residuai 

herbicide activity and eonaequently, tbe regr.a~on for delayed 

emergenee waa used. 

Corn vAS found ta decreaae yellow nutsedge tuber 

production by an average of 24 % with extremes of 9 and 51 % 

<Section Il). A decreased tuber numbér of 10 to 20 % vas 

assumed for the sillulations of yèllow nutsedge groving vith 
1 1 

corn. 

'. Sprlng cereals were prajlulIled harvested in early August, 

vhl'ch correaponded ta the 'laat per:iod of interrupte(\growth of 

o 

carflJ..s ~were conaide,red to further decrease .yellow nutsed,e. 

yellov nutaedge tuber production 80,that no n~w tubera ve;e 

produced during that y~ar. ·A siailar re.soning wal .pplled to 

,vlnter cereals although they are generally considered as more, 
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competitive than spring cereala ~nd are harvested earlier. 

AlfaLfa was eonsidered to have little effect on yellow 

n~tsedge during the year of establishment when no herbicides 

were used. Yellov nutsedge tuber production was arbitrarily 

set as being. redueed by 95 % in subsequent years sinee some 
... 

yellow nutsedge growth probsbly.occurred. 

12.3 Simulations 

Only a limited nu.ber of situations vere 81.ulated, and 

computer aided'simulations were epnducted for a period of 25 
" .. 

years. three basic situations were simulated, followed by two 

si~ple cropping systems. The three basic situations vere; 

yellov nutsedge having unreatricted growth, interrupted growth, 

and delayed emergence. They were conducted first on a pure , 
stand of yellow nutseèfgé. followed 'by yellow nutsedge growing 

in corn~ The cropplng systems used were; alfalfa'+ corn, and 

corn + celIeals. 

. 
. 12.3.1 Simulations in a pure stand of yellow nutsedge 

Unres t ric"ted growth of ye ll,ow nu tJ,edge in t ime was 

aillulated vith an initial po,pulat1'on of 1 tuber per 10 m2 • 

The tuber population increased rapidly ~~d reached carr~ing 

c.,apacity within 11 years '(Pigure 12.1A). The oscillation 

apparent in aIl graphs are'due ta winter mortality. ~ would be 

1.32 i( there was not a earryiug capacity of 20000 tubers m- 2 • 

. Génerally •. ~ was 0.58 for the winte~ period while it was 2.29 , 

- ' 
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Figure 12.1 Simulatlon of the chang •• ln the tuber population 
of yellow nutsedg. wlth tlma uoder .o.e condiclon.~ 

1/ B. 

c. 

Unrestrlctëd growth vith an inltial populatlon of 1 
tll~er per 10 !Il 2 • 
Growth lnterruption alter 86 days trom an initlal 
popula~lon of' 5000 tuber. m- 2 
Delayed emergenee ,of 38 day.. Initial popula~lon wu 
5000 tuber m-2• 

J 
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, 
in yellow nutsedge growing alone with no restrlc~lona~ or 1.72 

under the constralnts of the carrying capacity. The proportion 

of tubers in a particular age c~aas was, 0'0 average, 

approxlaately 75 X, 17 %,3 %, ~nd 1 % for fJrst, aecond, 

thlrd, and fourth year tuberl, respectively. 

, 
Growth vàs deter.ined 8S being interrupted at 86 daya 

" ---~ (August 8) sinee that was the date 'by whic!h a.'cereal crop might 

be harvested or 8 green m.Dure .c:rop ploved under. The initial 

tuber population was 5000 tubera in tbe spring tuber age class 

of 0.5 to 1 y8ar oid. Yellov nut.edg.'s tuber population 

decreased by 4.% every y~ar (À- 0.96) (Figure 12.1B). The 0, .... 

number of tubers produced ln the 'summer was sufficient to, 

lncrease the tuber population level but wint~r mortallty caused 

a yearly d~crease. 

Yellow nutsedge tuber popula~ion was found to decrease 

when emergence was'delayed for 33 days in a pure stand of 

yellow nutsedge (Figure 12.le). Tbat period correaponded to a 

minlmum period of herbicide activity that would stabilize the 

population (taking in consideration tuber winter death). The 

18 d a y deI a y a e tua l l Y cau a e daO. 8 4 % ye a r 1 y., d e cre a 8 e 1 ~ tub e r 

population (À - 0.9916). This situation represe.ed the 

effecta of an .verage herbicide re.aining active for several 

weeka. A longer delay would have reduced the population wh~le 
, 

a ahortet delay would have aîlowed the population to lncreaee. 

The initial tuber population was 5000 tubera in the epring 

tuber age Cl~1S8 of 0.5" td 1 .year oid. 

r~ 
/' " 

,/' 

1 

. 1 
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12.3.2 Sillulations of yellow nutsedge growing with corn 
., 

Sillulations with the salle conditions 8S above were 

repested vith the added effect of the corn crop on ye110w 

nuteedge gro~th. Corn was aSBumed to decrease yellow nutsedge 

tuber production by either 10 or 20 %. 

The tuber population that started vith 1 tuber 10 m- 2 

reached carrying capacity after 13 or 22 yeats'when corn 

reduced tuber production by 10 or 70 %. "respecti ve 1 y. ~ was 

1.22 for the 10 % reduction in tuber number by corn while it 

was 1.05 for the 20 % reductlon, vith no ca~rylng capacity 

liait • 
""1 

Growth interruptions in August, vith a.tuber number 

red~ction of 10 or 20 % attributed to corn, had a )\ of 

and 0.76, respectively, 
\" 

vhile it vas 0.96 vhen yel10w 

0.86 

nutsedgels grovth fn a pure stand was interrupted. lt appears 

.that the more competitive the crap i8, the faster the yellow 

nutsedge tub~ population decreases. ather cropa, such as 

cereals or green IIsnure, vould probably reduce y~llow nutsedge 

-growth more. 

Yellow nutsedge emergence had to be delayad for 33'days to 

be stabilized when there vas a 10 % reduction in tuber 
( . -

production. The sa.e effect wa. obtalned witn a delay of 27 

days when the raduction in tuber nUllber was 20 %.- The delay 

period required ta stabilize a yellow nutsedge population 
, 

decreased with the increasad reduction in tuber production from 

the crop. 
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12.3.3 crop simulations 

,,, 
lt is possible to simulate a wide comblnation of field 

operations and dates. However, for the purposes of this 

section. simulations of two crop management systems with one 

variation each were underr.aken to illustrate examples of model 

applications. Variations slmulated situations where herbicide 

or crop would accidently have no effect on yellow nutsedge for 

the period of a year. 

The first system selected consisted of a cycle of 2 years 

corn (with a delay of 30 days used for herbicide effect) 

fo llowed by 2 'years cereal s. for 25 years (Figure I2.2A). The 
~ 

~ariation consisted of the first systemt but with no herbicide 

control in the first year of every second corn cycle (years 5, 

13. 21)(Figure 12.28). The tuber population 1ncreased under 

corn in the SUllllller but winter mortality was greater than the 

increase. thereby reducing tuber population (Year 1 and 2, 5 

and 6). The decrease was more severe under cereals where 

yellow nutsedge did not produce new tubera. There were no 

traces of the vellow nutsedge tuber population after 8 years of 

this cropping system. The lack of con~rol situation had a . 
greater.tuber population under corn 1n years 5 and 6 (Figure 

12.2B). However. the tuber population st~ll d!sappeared after 

8 years. Such a rapid population decline can-be attributed to 

the fact tha.,t.the excellent, control provided by the cereale 
f , 

compensated for the period of no control under corn. 

The second cropping system consisted of a. cycle of four 
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Figure 12.2 Simulation of some cropping systems and thelr 
effect on the tuber population with time. 

A. Corn-cere.l crops on a 2 years-2 years cycle, 
s tarting with corn. 

B. Corn-cereel crops(on a 2 years-2 years cycle, 
starting with corn. but with no control of yellow 
n\ftsèdga 1n year 5.13, and 21. 

20 

C. Alf'alfa-corn crops on a 4 years-3 years cycle, 
startins with alfalfa. 

D. Alf.lfa-corn crops on a 4 years-3 years cycle, 8târting 
with alfalfa, but with no control of yellow nutsedge in 
yeer 9. 

, , 

a. 



years alfalfa followed by three years corn for 25 years 
)

35 

Alfalfa did not reduce tuber production the year of 

establishment but controlled tuber production by 95 % in 

subsequent years. Corn controlled yellow nutsedge for 30 day~ 

and reduced tuber production by 20 %. The simulation began 

with alfalfa and 5000 tubers. The tuber population greatly 

increased the year of establishment but rapidly decreased 

afterwards, until corn was p~nted (Figure I2.2C). The 

population increased under corn but decreased sfter alfalfa was 

establlshed. the overall population trend wts a decrease ln 

cime with increases in tubers the year of alfalfa establishment 

or of corn growth. When yellow nutsedge was not controlled in 

yesr 9 (system 2, variation). the population greatly)increased 

(Figure 12.2D) and took 10 years tô decrease to th{1evel of 

the second cycle of the simulation in Ftgure Il.2e. 

~ 
In aIls i III U lat 1 0 n s ( Fig u·r e 1 2 • 2 ) , tub e r pop u lat ion . 

decreased rapidly when there was some yellow nutsedge. 

control either by herbicldes or crops. Su~h a response was 

e~peeted sinee most p~blications on eropping systems against 

yellow nuts-wge report a reduecion in yellow nutsedge 

population wlthin a relatively short tlme (Keeler et aL, 1979," 

1 9 8 3 ; S t 0 lIe r e t aL, 1 ~ 7'9 ) .. 

Theae simulatioQs 11luatrate that a vigorous crop can 
f 

contribute to yellow nutsedge control." lt la important to n.ote 

Chat even if herbicides show a long period of reaidual 

activity, the vigor of the crop should not be neglected as a 

... > 
eOlllponent of yellow nutsedge control. 

r 



12.4 Madel sensltivlty 

Sensitivity analysis allQw8 for the identification of 

parametera that require more precise determlnation or those 

c ihat are more likely ta cause erroneoua model behavior. 
~ \ 

Briefly, the method consists of changing the internaI 

parameters of the model t~ determlne the amplitude of their 

effect "'upon the output (Caswell. 1978; Caswell ap.d Wer,ner. 
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1978; Sargent, 1982). The sensitivity parameter is d)..,i d a i • j 

where da1,j represents a change in a ~oefficient of the 

t~ansition matrix and d ~ la the change in the intrinsic 

of increase. 

rate 

The sensitivlty of the transition matrices coefficients 

was tested for the three general functions used ta d~pict tube~ 
-' 

number variations in time (growth in time, interrupted growth, 

and delayed growth). Two levels of variation were used for 

each coefficient, 10 % and 25 %. Results are present~d in 
\ 

Table 12.3. " 

-"" 

'-,/ 
Coefficients of ihe transition ma~~ice8 are not 

par~ularly se~itive to changes in their· coefficients (Table 

12.3). A sensitivity coefficient of 1 me ans that the mod~l 
\ 

response ls proportional to-the changes. Sensitivity 
. 

coefficients with absolute values émaller than 1 reflect a 

sma11er change than the change in the matrlx coefficient value; 

while absolute values greater than 1 indicate that the 

coefficient caused a change greater than its change in value • 

• 
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Table 12.3. Sensitivity coeff icients of the transition 
matrices. 

Simulations Transi tian Coefficients variation 
conditions matrlx &1 

coefficient i 
+10% -10% +2.5% -25% 

,Y 
p 

1 tuber 10 m- 2 

F21 1.0&3 1.062 1.064 1.061 

'32 0.219 0.212 0.224 0.207 
P43 0.-032 0.032 0.032 0.031 
P54 0.0j1 0.011 0.012 0.011 
S21 -0.052 -0.050 -0.054 -0.049 
S32 -0.009' -0.009 -0 .~009 -0.009 
S43 0.0'04 0.004 0.004 0.004 
S54 0 0 ... 0 0 

interrupted after 86 da ys 

F21 0.698 0.697 '0.700 0.696 
F32 0.201 0.194 0.208 0.188 
F43 13.042 0.042 0.043 0.04 L_ 
P54 0.020 0.020 0.020 0.020 
821 -0.046 -0.043 -0.048 -0.041 
832 -00.009 -0.008 -0.009 -0.008 
843 0.006 1 0.007 0.006 0.006 
854 \ 0 0 0 0 

delayed 38 days 

• PZ1 0.75"6 ~rO.754 0.757 0.753 
FJ2 -0.205 0.197 0.212 o .19 ~ 
F43 0.041 0.040 0.041 0.039 
FS4 0.018 0.018 0.018 0.Q18 
821 .. o. Q47 -0.04"5 -0.049 -0.043 
~32 -0.009 -0.009 -0.009 -0.009 / 843 ~006 .0.006 0.006 0.006 
S54 0 0 CI 0 0 

" 
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Sensitivity coefficients of changes in tuber number over 

cime are presented ln Table 12.4 where, unrestrict~d growth 

refers to growth in time as opposed to delayed or interrupted 

growth. Sensitivity coefficients are greater for tuber 

pt'oduct ion func tions than for t rans! tion mat ri ces. These 

results are expected since any changes in tuber production will 

~ave Immediate effects ~n ~ ~ Mortimer (1983) reported. similar 

t~ends for bud production in Agropyron repens (L.) Beauv.. The 

sensitiV'ity coetficients of the interrupted or delayed growth 

function are mote than dou.ble that of the unrestricted growth 

(4.6 and 4.1 opiposed to 1.4, respectively). Their magnitude ls 

still within t'easonable limits, but indicates chat che growth 

interruption "nd grdwth delay functions might be the weakest 

elements in tlhe model. 

The mauix cou Id be quali fied as a 

"robust" model. since slight in the ma tri x 

coefficients on the overe1l mode 1 

12.5 .Model ve8"l..ficeçion 

~odel verification i9 often defined as en~uring that the 

model behavu as- intended. There is no set of rules 

regulating verification, but the maJ:n step involves ensuring 

that the computer programs used in the simulations'perform as 

l.ntended <Sargent, 1982). 

The co.puter prosrr resul ts used f or the .sillul a tions were-'" 
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Table 12.4 Sen8itiv~ty coefficients of the tuber production 
fune t ions. 

Coefficient 
variation 

i 

-10% 
+10% 
-25% 
+25% 
-SOl 
+50' 

• 

J' 

Unre'str1cted 

1.376 
1.378 
1.372 
1.379 
1.036 
1.381 

Growth t'n Ume 

Interrupted 

4.633 
-2.626 

2.448 
-0.445 

1.707 
0.284 

- De1ayed 

4.125 
-2.001 
4.024 

-(1.160 
1.653 
0.455 

) 
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tested and veJl1fied4,y conduct1ng the 'calculattons manually on 

aome of the data uaed in the ,simulations. The logic of the 

prograll and the algorithms u,ed were thoroughly traced for 

errors ln code illplementation. Data extremes were used in soma 

of the s1mula~1.ons t'o verUy that safeguards placed in the 
, 

program perforlled effectively to prevent erroneOU8 results. 

There is great confidence that the pr~gram used for the 

s1"u~ations perforlled as htended. 

Hode l va lida~ion 
, ) 

A definition of validation is If ••• the substantiation 

that a computerizefi model within its domain of app1icab1.lity 

possesses a satisfactory range of accuracy consistent with the 

Intended application of the 1I0del" (Lewandowsk1, 1982). 

• • 
Dat,a ter not collected to statistically validate the 

model bè'~a e of the labour, intensive aspect'-of this project. 
j 

Since the p rpose of the modeling effort in this thes'is vas to 

provide a tool for use in i:he development of yellow nutsedge 

management programs, it ~as intended that such programa would 

be used to validate the resul ts ot the simulations. ( 

Va11dation;technlquea used in this ~tudy vere sen~itivity, 

face val1dlty, ~Taces, and bistorieal data validation (Sargent, 

1982). Sensitiv1ty analy81s has already been used in thfs 

section (Section 12.4) to judge if the model wâs rela~ively 

stable40 changea' in' tts paralleters • 

. J 

1 
"..-

. .. 
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Face validity consisted in asklng other re8earch~rs 

knowledgeable about yellow nutsedge whether the model's output 
)" 

was reasonabie. The model~s logic and input-output was 

coneidered adequate by three fellow researehars Involved with 

yellow nutsedge. 

" Traces involved following the fate of' t~e d.1fferent 

coœponents of the model ln the coœputer program to determine if 

• œ 

the aodel's logic and the program were coherent. This work was _~ 

l 
cODducted~wh~l~ verlfylng the m~~el. and has bee~ presented ln 

the .S,ction on model verification (Se\!tion 12.5). 

The historiesl data validation cODs1ated o·f verUy1ng the 

model thro~gh data or results available in the I1terature. 

, There were several reports on yellow nutsedg.e growth 1n time or 

Qn the effeet of s de-layed or interrupted growth if the 

Vassumpttons' presented in Section 12.2 were accepted. They 

qonslsted of equatlng the effect of cult1vation or herbicide on 

• growth delay while growth lqterruptlons would be 

plowing or cûltivating. o~OUgh the literature 

repbrts on yellow nuteedge control by herbicides 

equated to 

abounded with 

cu~tivatlon, reports where .pring and fall tuber population 
\ 

wer'e sampled are very rare. Only two such reports were used. 

One of these covered the effect of crop rotationE on yellow 

nutsedge (Keeley et al., 1981)' W~11~ the other o~e exam1ned 

the cO'ntrol of yellow nutsedge ln' cot:n (Stoller et al., 1979). 

Kee1ey et al. (1983) reported a 47 to' 76 1 decreaae in 

tubera durlng the f1rat experimental year and 75 to 90 % after 
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the second y8ar. Theae values were~ of tne satae magnitude aa 

the perfect control values from the model where tuber 
, 

population deareaaed by 67 % after a year (Table 12.2. 0-6 ta 

12-18 1I0ntha.) and by 93 % after two yeara (Table' 12.2, 0-6 ta 

24-30 lIontha).- '. ~ 

The 8tudy by Stoller et al. (1979) allowed the ealcula~ion 

of & finite rate of Increaae. Control plo~~ where yelfow 

nutaedge grew freely had a. À of 6.3, "hile lt was 5.1 ln thia " 

rea,earch projeçt at tub,er den.itiea below 3'40 tubera 1Il-2 • 
• 

" Tuber 1I0rtality rate wa. 74 % in their treatmenta wtth no 

ye l l 0 w nu t a e d g e gr 0 11 t h wh i 1 e i't w a' a 80 % in th i 8 ~ t u d y (T ab l e 

12.2,12-18 to 24-30 lIontns). 

The valfdations cOllducted with the available data confirm 

tne" adequacy of the model. The model 18 therefore conaldered 

validated for the p~rpoae of thls study. Hodel validation la a 

continuous proeesa,and should Bot be considered as completed by 

this project. 
, 

However, the .odel la judged 88 sati8factory for ., 
pre~ent purpose. snd 18 not rejected. Furtherllore. aa 

previouely aent1oned, yelloll nutsedge lIlanagelllent programa 

' •• cad or adop'ad aftor ~tl.g th. 81 •• 1.,10 ••• houid be 
uaed to further .vaildate the lIlode! and to improve upon it. 

R 

( 

Il 



Section 13 

SUMMARY ÀN~C~NCLUSIONS 

,1 
1 

The main objective of this study was to deveiop.a model of 

yellow nutsedge tuber population dynamics that could, through 

e~mputer simulations, be uséd to assist in the selection of 

crop management systems that ~ould reduce yellow nutsedge 

popula~ions. A large volume of data on yellow nutsedge ~as 

available in the literature, but as it originated from severâl 

areas with different growing conditions, and sinee there was 
,," , 

considerable vari!}~litl between b1o.ty~es, the, range ln the 

t'ype of data colleeted made the1r quantitLtIve use both 

111 P r &e t 1 cab 1 e and un r e li ab 1 e. Con 8 e que n t 1 y, da t a ~8 d t 0 b e 

coll ected l oca 11 y to obtain parame ter es t im8te8 and funèt!gDa . -
of tuber population changes ln time required for model 

devet'opll~nt, and t1> fill gaps in the knowledge of yellow 

nutsedge population dynamics. 

/ 
Tub'era and achenes vere found to be the on1y meana through 

which yellov n~tsedge ~as· propagated in the study area since 

rhizomes and basal bulbs were not able to regenerate the plant, 

(Section 3). The production of, achenes (approxlmately 200 m- 2 ) 

waa considered negligible as campared to the production of 

'1. 
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tubera <approxh,ately 15000 11- 2 ). Tubera C~tL, therefore, be 
l 

eODsidered as the main lIeans through whlch yel10w nutsedge 

infestations are propagated 10 field infestations. Achene8 

mlght be important for dispersal through Ume, since they 

remain viable for up to 20 yeus in the soil (Goaa~ 1924), or 

thr3ugh "pace, due to their small s1ze. 

The Importanc~ of tubera in m.aintalning infestationa in 

(ieldcrops warranted uaing tuber. ex~lu8ively rather than th. 
1 

whole plant 11fe cycle in the modeling~.effort. Tubera hAa two 

Attributes, size and longevity, that were relevant to the study 

of tuber population dynamlcs. 

In thia study, tuber aize and dry weight vere found to be 

'close1y related and could be used interchangeab1r (Sect,ion 4). 

The a1zea of the dry tubera were norma11y distributed with a 

lIlean of 4.86 mm. From that distribution, two arbitrar,y size 

clas8es (small and large, based on 3.97 mm) were used to 

measure all samples. l'he proportion of small tubers was 28 % 

that of the total number of tubera (Section 4). 

Tuber longevlty and plant vigor reportedly increased with 

tuber ahe <Stoller et al., 1972; Stoller, and Wax, 1913; 

Tbullen an~ Keeley, 1975).' Sma11er tuber. burled in the field 

were found to 1~8e viability faster thanllarger tubera, while 

the last tubera died in, t~e period between 3.5 and 4 __ years 

aftn -b!,r1al (Section 5). 

Tuber in·tUation started ln m1d-Ju~e and the rate of tuber 

population lacr,use depended on -the original spring tuber 

( 
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population (Sections 6 and 7). Up ta 20000 tuber m- 2 were 
, 

found in fall &amples although. the aite most likely had a 

carrying capacity of between 15000 and 20000 tubèrs m- 2 • The 

... jority of tubera were in tuhe top 15 Cil (86 X), but some 

tubera were found ta a de.,pth of 30 cm in the sail profile. The 

~ortion' of small tubera waa approximately 60 % of the total 

nUlIlber of tubers in the top 5 CIIl of the sail (Section 8). 

Yellow nutsedge tuber population levels dld not Increase 

compared 'to 'that of the initial s,pring leV'el- when Hs emergence 

was delayed for 1Il0re than two montha (Section 9). Growth 
~ 

interruptions were not aa successful as' d~layed emergence in 

preventing tuber population increase but they required 1ess 

labor. At best, yel10w nutsedge growth interruptions allowed 

the tuber population to on1y increase by 60 % compared to 400 % 

when yel10w nutsedge was a110wed to grow freely (Section 10). 

The corn crop, compared to ,yellow nutsedge growing in a 

pure stand, dec:reased the fall tuber population by,24 % through 
. 

__ interference with yellow nutsedge growth. Tubers size and dry' 

, 

weight were also reduced when yel10w nutsedge grew ln corn. 
\ 

Appr.oxiaately 10 % more tubers were produced on the corn row 
, 

than be ëween rows due to fert ilinr placement (Sec tlon 11), 

Regression eq uations of tuber population changes in tiae 

were derlved from data obtained ln the cours,e of this research 
.4 

project. 1hey provided coefficient estillates tuber or 
! " 

production fu~ctlons that were used in the lIlodifled Leelie 

-lIll!trix model pres'ented in Section 12. The model was found to 
J 

• •• , 1 
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be valid in th..at it described realiatic behavior of the tuber 

population ln time. The model, furthermore, exhlblted a 
a 

desirable characterlatic in that it wa. not particuiarly 

sensitive to changea in either parameter. or input values. 

Limitations mentioned concerning ,ellow nutsedge studies 

conducted elsewhere spply equally to this project. The data 

collected doe. not necessarily appiy directIy to other areas 

d .... e to the differences in yellow. nutsedge biotypes and growing 

conditions. Tre~ds exhibited by data collected in varioùa 

experiments wlthin this project and by the model aimulations 
\ 

should, however, provide. qualitatively usable information" to 

aid in the selection of yellow'nutsedge management programs • 

•• 
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Section 14 

CONTRIBUTIONS TO KNOWLEDGE 

The biology, ec'ology, and control of yellow nutsedge have 

b e e n ex te n si v e lys t u die d , b<u t the r e we r e 8 ev e raI are 8 8 th a t ha d 

to be clarified before the information could be synthesized in -

a compact and quantitative form,} 8uch as the model presented in 

Section ~12. The following are èonsidered to be contributions 

to origlnal knowledge: 

1. Since viable seeds were found in the exper1mental area. 

2. 

they might have a more important funct10n than previously 

believed in Canadian populations (Mulligan and Junkins, 

1976). 

This 18 only the sec;.ond research report where rh1zoQle and 

basal bulbs were tested for their ability to regenerate 

yellow nutsedge. The first report wu made by Orsenigo 

(19S3). Rhizome!l and basal bulbs cannot regenerate yellow 

• nut8edge. 

3. The size or weight of yellow 1!utsedge tubers have often 

beeu reported in the literature (Table 4.3). This 18 the 

Hrst time that the aize of ye110w nutsedge tubera vere 
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sampled to obtain their distributio,n and weight. 

4. Tuber longevity has been reported to range from 1.5 years 

to 4 years (Dot y, 1973; Stoller and Wax," 197,3). There were 

0w Ins tances where tuber cohort s~ of a set age were 

sorted by size and buried (Thu11en and Keeley, 1975), but 

this 18 the Urst instance where longé\vlty was studied on 

an extensi ve number of tuber sizes. 

5. This 1s the first study of yel10w nutsedge tuber production 

~ ------
in time in an already established infestation in the field. 

There are several reports on ye1low nutsedge growth in 

Ume, but they were aIl 'conducted ln containers (Kogan and 

Gonzale:r., 1979; Ph1l1ips, 1980). 

6. The carrying capacity for yellow nutsedge wu reported by 

Lapham et al. (985) to be 10411 tubers m- 2 in Zimbabwe. 

The present report is the first North American report of 

yellow nutsedge carrylng capacity which was between 15000 

and 20000 tuber m- 2• 

7. This 18 the first report made on tuber dlstribu<tion in the 

soi1 that 1.nc1udes tuber size as a variable. Part1.cular1y 

Interesting 18 the fact that small tubers constltuted 66 % 

of the total number of tubers in the top 5 Cil of the soil 
1 

in the experillental plots (Se.ction '8). Furthermore. the 

top 5 Cil contained 34 % of the total nUlllber of tubers in 

the soil profile. 

8. This 18 the first tille that delayed emergence experimente 
r./ 

,,.. 
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vere conducted and equâted to the effect of herbicides 

appl1ed to the soil. This approach opens new avenues in 

simulations in that it allovs quantification of the timj! 

value whlch leada to be a better understsnding and more 

accurate expression of weed control, a8 opposed to using a 

simple percent age of repression. 

9. The effect of control methods used in corn against yellov 

nutsedge are frequently reported, but the effect of the 

crop itself on yellow nutsedge has never been Investlgate~. 

Corn was found to reduce yellow nutsedge tuber production 

by 24 % on average. 

10. a. Modifled Leslie matrlx models have been used to model 

we
1
ed population dynamlc8, but this ls the tirst time that 

such a model only considere propagules (tubera) instead of 

the various aspects of the plant's life cycle. 

b. Lapham et al. (1985) did preaent: a model of yellow 

nutsedge population dynamics based on a demographic study, 

but only Intraspecific competition was available as a 

fune tion. The present model i8 the most elaborate model 

/ 
ever developed for yellow n~tsedge. 

c. Although such models have been used belore (Hoftimer, rl', 
,-'-' 

1983), thls 1& posaibly the mOBt comprehensive weed model 

presented in that 1t int;egrates propagule longevity, 

propagule production as a function of density, the effect 
\ 

of delayed emergence (sol1 appl1ed herbicide), and the 

effect of growth interruptions (plowing or cul tlvat1on). 



Section 15 

SUGGESTIONS FOR FUTURE RESEARCH 

1. Tuber longevlty should be determ1.ned in undlsturbed -.... 

populations in the field. The design should consiat of 

plantlng tubers and allowing yellow nutsedge to grow for 

one year. Any tuber production should be prevented in 

subsequent years and the viability of the tuber population 

assessed. 

2. Since the majority of tubera are in the top 15 cm with 66 % 

of the amal.l tubers in the top 5 cm, the effect of various 

ti1.1age techniques and different equipment on the dispersal 

of' tubera in the sail profile should be further 

investigated, ss should their effect on winter tuber 

mortality. 

3. Stochastic (probabllistic) simulations should be conducted 

with the model to obtaln a more realistic population 

behavior. Herbicides effectivity should hl).ve so'me 

('\ 
probab11ity assoc.iated with their use (sucb ss "25 % 

probabilityof delaylng yellow nutsedge emergence 10 days 

• 
150 
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only, 50 % for 20 days ••• "). The confidence interval of 

the regresslons already ut'111zed could be used. 

4,. The ec~ aspeèts of using t he varlous co nt ro 1 

\, ----
\~---: ---têchnlques agalnst ÇllOW nutsedge should be 'assessed. 

1 determlne the crop returns assessed with alternative 

To 

control methods. Most of these values could be expressed 

as linear programmlng equations wlth constraints. ~ The most 

economical alternatives could then be Identlfied by 

maxlmizatlon. r 

l' 
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Iftact of Cl.a and 8011 d.ptb on .aan tubar nu.bar. tubar Du.bar ratio. tubar dry 
.. a'abt and tubar dry vallbt ratio of 7allov autaa",a. 

Tuber Tubar Tuber Tubar Tubar Tubar Tu bar .~ Tubar Tubar 
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younl tubar p4pulatloa ------- old tuber populatloD 

".s- 1946.7 O. ]9 n.7 0.42 2.6 0.\7 
1.S 161'.1 0.42 157,3 0.57 l.6 0.]7 
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