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Dur c the propn.gatim o£ tarto pl...nt& � h"t(;l1 end n low 

level o£ t.itrozon ,. applied in fnctort�l :tn:�Li · bcfo: �tnd 

c.ftcr ini t14-: tion of truac 1 .  ?he high lovol of nitrogon prior 

to initiation proouced arlior flo� rinG and nn increnccd yield 

int 1. It s suggested th at a oontributtncr factor to tbo 

lutter r ponso s th�:.t, v:!lero a eh r:e in nitroc;on 1ovol s 

involved, the clY.:.ngo from .high nttro3on to low nitrogen producoo 

. tx.')re productive plant respons thc.n '.:hon too aor. lonce of 

��ppli�tions w .. s roversod. Flower nut\ber unci enrlin ss of 

i'lowerinc of certnin truaooa was ineroasod by t . l gh lovol of 

ini tint1cm. tniti�lly t .c pl.nts nitro n applied at 

f... tor md c appod lior in rcozxnc to i(;!1 tro b t tbere 

t10re no i:t'i'oroncos in i ther the :t'in:t 1 " 

fin·�.l crop. 

tof ·;.;tl or t 

ran .. onoc of tho pl"nts to �.1 ch··n;:;c in ni troc=on lov l 

SUr"r"estod th·t oo oi' tho incre ce 1n ylold c to o ure Oi' 

'"'nae in youna plr-nt�. to cold to .. 

to�r<turo lcvol. \!a 

tur 

nntl cold tOE!tl tu:o ro thoro ore 

o.pplicd int torin.l ecsnbine\ tioo. bofo f�or hlitiat o (9 nights) 

ana t subGO . 

init ...,tton t� go, 

during th ta...�n 

t iod (1 

1nc: d yield 

1neluc t flower 

Co ro ros 



mc;,nn fruit ·.eight. The enrly trentn�nt \lr.:"!S the tJ:>ot effective. 

It wns ouggestcd thn.t ].()';,. temperatures produced nn c..\t"!hnncod fiupply 

of GDGitlilntas to tbo f\POX, v:hich then initi- tnd ooro flrn.�'Ors n..."ld 

th; ' t cold tot'tlor�ltures npper,red to influoncc yield solo�; due to its 

o:ffoct cm flower muabor. 

:md it W::l5 sugr,eatc!d thr•. t compoti tion occurs for •:soir.1U.ntos between 

t!'P lcm.ves ::-..00 f'ru1 t.  

The romoinine investigntiona we re  devoted to the rc:latianship 

bet�:ecn vegetative nnd roprodu<!tiw gl'Oi�·th (srurco sink relationship) 

in tho tomc-.to plant. By the use of leaf romov;'ll tro:-,'troonts n study 

ern the it-zport:mco ot the amount and poa1 tioo of lon.f tis�;ue on the 

yield of single-truss tomato pL'1nts wns carried out. A close posi tive 

relntionsbip wns shorm to exist between leaf d.r:.1 weir;ht and yield, 

\7hile leaf position did not appear to be important. Tbe leaf and 

root tissues were ohown to be in coq:>eti tion c:i th the roproducti w 

tissues for dry t:Jntter. 

The nitroeen oxperiment indicated thttt oompotition occurred 

be't-;'leen fruit trusses �or asaimilntes. By c.llorri.nc pL<tnta to develop 

different nt.Il!lbers of trusces nnd t· en exru'!lining the effoets o:f these 

tro:!tments on the yield of '1. pnrticulnr trusc, coq->etition effects 

bet-..:een trusses wore shown to e:�tist with nll trus:::e::; except truss 1. 

The fin:'l 1nvesttg:1tion wns designed to deunnstr:tte th-•t the yield 

a£ truos 1 coold be reduced by oompot1tion for a.ssim1l.."l.tee. The 

trt):-.ttoonts consisted of 3 lenf levels, 2 polli.n..:tion levels end 3 truas 

numbers 1n frlCtorinl combinatim. Canpotitioo effects reduced tbe 



yield of truss 1 and it was shown tm t such o:ffocto wore 

influoncod by tho level of sink strength. Tobl yield w::�s 

incronsoo by incrousos in lenf level m1en sink stroneth \ttl& 

hi:;h � by additiaru\l trusses or extrn pollin··t:l.on when tho 

ruoount of loo.f tisouo vras adequnto. 

l::Vidonca wns presented 1n too ln.at three sb.lt'.ios th . t 

economic yield in too taaato plnnt can bo limited &il11.lltnneous� 

by lt:ck of both swrce and sink strength. The studios on 

COJ!t)eti tion effects betwoon trusses indicntad tm t tho not 

assimilation rato in the toD'lto plllJlt c:m be deproor.ted by luck 

a£ sink streil{;th. /\speeta of the source sink rolnt10ill8hip 1n 

the to�to plant aro discussed. 
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C(X!D9rcinl tomato production c:-·n be divided :i..nto t•.·o at· gos, t"1c 

st.�r::a tY.-o impo�mt nspocts ot plnnt CTOY:th �<nd C:.ovclo2Jncr1t �re the 

t;ra:;rth und devolop:wmt of the first infloroscC>nce, .·ne' the r·-to of 

pl�'nt c�o ... ·th. Tho effects of teupernture � li�_;ht on tJ� crowth ·ne:. 

c!ovclopmant of the young tom.?to pl.mt nre well docur...cntod. liutrition 

1::; nnothcr :tn.ctor of the plant e••vironment under r�o::or cretrol during 

prop."l.g;ltion, but n.bout which li.r:lited inforrno.ticn io UV"<lil;;!Jlo. ror th.: s 

ronson the effects of '.ic;h r nd 10\? levels of nitl"'{;Cn were included in 

theoe 1nvesti�t1ona. O:f particular interest v;:::� tlx' o.::foct of ni tt"'(;on 

level on tm devolopmct'lt of tl» first i.nflorosco:;"lCc :4id en early n.nd total 

fruit yield. 

The results of this e..�rirlent raised a quc::;aon :·:b..")t:t \.Jhothe·r the 

effect of lo· .. te�rnturo in incrensing !lo\'">Or nunbcr in t'-e firGt 

infloresconco \;<aS doo to low te�raturo per se, or 1s to Yrhether tha 

eh ·ngc itself from high to lo,-1 tampernturos was nlso t<. cootributinc 

1'�ctor, An inwstigntion of this possibility forrr.od thtl bnsis of further 

study. 

The rora:<indor of the ·'Ork w:1s devot&d t o  tho pl.-ntod out crop Of 

interest hero wns the rolztionship betnto:n �atn.tivc ·.llG reproductive 

is particulnrly rolev:mt to r\n understanding of thio &t.'.'bjact. 

throc O):porioonts were d.eoi.gned therefore to provido inforr.lntion :-.bout the 



source ( leo.vos) sinl: (trusses) rc:Wtionship �'.nd in p:1rti<".-ulnr nbout 

competition between sin!-:s (trusses). 

This includod ::m ox�·.rtin::�tion of tho effects of the ,'r.lO'Unt nnd position 

of lenf on the aupply of nsBil�lt'tos to the trurm fYf oinclo-trues totil'!to 

plnnts. The nitrogen inveotigntion hnd indic::t<X1 th.>t ·' componsntir.m 

mech:-..nism might opor:.ta bet�;reen the trusses of the tonr to pl:-:.nt. The 
e o.�iot�nce of �uch :m affect hr>.s nlrondy been curu;ostod by Coopor ( 1 �G<lc) 

nnd Cooper .. nd Ilurd ( 1 %& ) • As only limited infol>:Ption wr:.s nvail t le 

ohjocti vc in nind .  71to fin�\l invosti�tian v.c>.s cru."Tied out to doternino 

\'thethor the firGt trut:s vr-.:s o.ffcctod l:T.;r inter trtwn co:::pctition as the 

previous cx;porim:mt hnd fn.1led to eatr>blish t;,i�. '•'his concludinG o::qcrincnt 

nlso studied the offocts of tl� nt:o..:nt of loof tin::Lc, level of pollinntion 

:md truas DUJ'llber oo fruit yield. 

At no point in these experiments wne the ei'foct of the tl•ontments on 

fruit l-:tl�lity, a.p.'lrt :tram fruit size, assesaod. '111. intontion wns ut all 

t :i.mo..<.� to prot.'uce fru 1t or nccepta. ble qua 11 ty. 



1.1 

1.1.1 

The :(Ol!!K t�to plc..nt. 

IntrodUction. 

C'.ood prap�'t:Ption usu:clly hns �·s its nim thn eontrol of the £,-ro···th 

-�nd development of the leaves -�nd the first :in.:florooccncc '·ith tho intontion 

of culmin:·ting in ., L'\rgc oorly yield. It is thcnc c.Jpocts of thC' growth 

:.m development of tlc yo�mr: tom:"'to pl::nt th�·t :re fa: .. turoc.l in thi:l rcvicn;·. 

T 1e y,�ttarn of gror:th :md dcvolopr.llmt in true� th · t .-:t cotylcC.on 

onp:msian t� fir�;t ::--:� truo lot�vos h·: ·o been initi t:�(:, �ut · c yet -:re 

z.ot visi�lo to th.1 n:�.l�l eye. 'i:'he :..tp� ill ea: t..'..!�U · to L"'lit 1 tc 

lc�wcs, the nurr',.,er 1nitiuted be� detorr.dned by e10 o:�vironr.o .t· 1 conditions 

.�ad the vnriety C'itt<;or �nd Teubncr, 1956; C;;.lvcrt, 1S57, 1C5D� 

.1 tt10.-or, 1 DG3; 1Jinchy und •.:organ, 1970). Durinr- t•� c: t i.me tho npex '"i ll 

t ir:lc of ini ti:: tion of the first 1nfloroscenco. ':'he t irno to :nov;er ini tic tion 

· .nG. tLo nuti'.bor of flQ,:;ers 1n the intloroseox�cc ::trc· iniluoncod b;-/ the 

'nvircnrr.m:tal conditions nnd variety (Lew1a, 19::i3; . .  itt·;,er nnd Tcubnor, 195G; 

c�, 1 vert, 105 7, 1059; Hus n , 1963a ; Binchy nnd ! ·.orc;:n, 1010) • 

1,1,2 The r::;.tc of lo.,.f proc'uetion and the r•tc of lo:.f crm;th. 

':'he r<:to of lel'l.f initirtion (C�lvnrt, l�es· ···:::;�oy1 t0..13;:"t· 31nc':y :-.nd 

�·ore-- n, 1 :''70), :>.nd t!1o r te of 1o:- f ero th (!!<wne:.·, 1 ·."": . �) in tr� ton-. to 

incrc:' cc fJi th both tomporu tu re - ne 11ght intf!. s 1 ty, r:!. t" to; .. :JC r: ; tu"' h. ving 

�- r:rc tor of feet on loof lJl"O'rit h th.· n on tho r : tc of le- 'f prcxlu et j on. 



2. 

1 .1.3 Lanf :m.trnber below the first ini'lorcsccnco. 

I��f nul!lber is dccre�<.sod by 10';: teapornturco ( '. 'itt\;·or nnd Tcubnor, 195G; 

Cnlvort, 10C7, 1950; !Iussey, l'X3n) snc! hi[;l� lit;ht i.."'lte:laities 

(C··lvcrt, 1�9; Huasey, lou::::ln; i.'i.ttwer, 1!}:;."3) vit t.tu'· actu".l nur'lhcr 

ae:�ondin£: on t 10 v;-riot:; of tor!Y.to gTO'tliD (Cr�lvert, 1(':57, 1!150; ·:-itt\'JCr, 19G3). 

Thu effe(:t of tar:'per:·turt) v.�::: erontost �t lov li::ht intr-noitics (f' ·lvert, 1050· 

:Im:coy, 1:::'>63n), •thilc the effect of lic;ht 1nto;'oHy \:':s crc.·te�t -- t l•ir;h 

t011t(,er2t1;ros (C: lvort, lOOn). 

indic··to t. "•t s:1>rt p;1ot01mriods f· vo:� c• rcc'iuctio!1 in le:·:f nUL1bcr -�nd t':is 

·�� G l:•tor conf:i.mocl b:/ · :i tt-;ror {1 ��;-'3) Ylho fo-unt'! t!1 t · · 0r. d·1y lon<:th wr a 

The :;��jor nt.tp;1lioi:" of c��rboh:;drntes to the pl nt in .ncli:1tcly :tftcr 

pricl:ir�G out ere the- cotylodons .-1nd Calvort (19£>L) P�'D :::;110\V:n thr1t tho 

rcnoval of ·:ell or :J. portion of them 'I'Jill in c>. .. o.·· zc lc::-.:f ::u: '1"r· >ito 

;·nc.l Ito (1DG5) h:>vo raportod sinilar e:ffocts � ... it�! the r ! .·V11 of cotyledons. 

It ts intorootinc to note tt-..nt conditions which rcCuco tho :ru. -rly of 

nn51nil:�tos, such RD low light intensity or cotyledon rmov:•l, or trontmenta 

whicl; increa&e tha cc:x;rpetitive ability of younc lonvo"', sue' �z !1ig}', 

t��tures (fltwsey, 19£3n) nll 1ncroase len.f nw·b<•r. TiliB could !.lC 

O."<plninod in te�o of t!'looo treatments dolnyinc apic:�l o:'l.l!"'.rge:;;ont due to 

This delay will incro:--so t>� ti� to flo::er 

ini t iPtion cnm:lnr; moro lorves to be formod before the fir::;t i.n:floroscance 

0..1.·). 
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The v:·· luc of :: ro('lt�c-:·c 1�u�t>�;:r of lec.vcs bolo·. tho first inflorescence 

is th.Jt t 10 first fruit trnss shculcl ;)o clooor te: tho eround :•nd more 

trusn�s should be n.blo tc bo C;Lrried belo·.: th� .,,it os. 

1.1.4 Time to 1niti<!t1on of the first inflorosconco. 

Low toq>err-.tures and h:tgh light 1ntens1 tios rc:<.lucc too tin» to flower 

tnitit�tion (Cnlwrt , 195S; Jlusaey, 1963n) with tho effect of light intensity 

bo!nr; the more iJ.tt)Ortnnt (Hussey, 19G3a). 

"f'hg importa.'lCe of liGht intend ty hns boan further dcwoonetl't' too hy 

Dinchy :md norgnn (1970) who dorx>nStrntod thr-t the hrr;or tho licht 

inte �nl the onrliar flower initiation took plr:co Z�.mi :-.. t the s:::me lir�ht 

into�"gl"'"�l flov.JOr initl,.,tion occurrod with plrmta !)''0Vidoo ,._.1t11 tht) ahortcst 

dr..ys. 

· itt;·.�r · nd Teubmn:· (1056) and 171tt·;;er (1903) s!)C•-od th"t .., ohort 

,.twto:;ortod :f:•.vo:.tred earlim· flowertnc :'\& indoxer: b.:·· t�\O nunber of' nodcn 

before the first inflorescenco. . lthouv)l W1tt,:er (1!..1·1:!) did not disncct 

hiS pl"'nts to dote!'t:Jil'10 thn timo Of flo>aer 1niti<�t1on it: CO�:ld bo �DSUf:''Xi 

thnt his �:"'sure of node rm1:lbGr ·.n.cl t 1ro to f1:rct ;·r:theoio wer'· indic tii.·a of 

early 1n1tLt1on. ,.ittwer (l!>G3) concluded th·.t despito t1JO f:;ct th· t no 

effect on flet:ar :·1ur.Jber could be detorr.d.ned the ton....,to pL-:.nt .'11S :1 facultt.tivo 

short dny pltln t. 

Tho dtmt'Sr of low licht intensitiaa and high tor,verr:turos 1n del'1yinc 

flower initintian :md thus reducine C:lrly yiold is well dor.xmstrnted by tho 

dnt�· of C:'ilvert (1059). He fomld th · t initL·\tion occurred lJ days r· ftor 

cotyledon expnnsion with a liGht intet sity of 10,7""o0 lm-: nnd '' temperature 
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o:tfoct the ti':l•:.> to flzy,,or initidtion. · 1 th the tro·c trn n t:l thfl t \','ere 

���t;>.:1blo of mitit!tinc flO':;ors too time fror.l snod so--d.!!f to initJ�tion 

· .  ttentt•.:;n h-'� nlso hecn dr·1vr.1 (C!alvart, l90J) 

to t!lc differc.).ce het::oon v:::rlctios with rc!!pect to t!1t-. titie to 1nitir.t1on 

•1t.U1:!.e <1 l::1r�or praportion ot the .:lSBiJ!lilo.tes at the cxpcm;e o:t the :.pax. 

\ptc:;l cnL'1.rgar::ent w.1s slo.:ed down so th:-rt more loaves vore formcc and 

The cre:1ter effect of hi;::·.., tempernturo nt 

low li:.:;ht intonsitiea in delnying ;-tpical onbrge>:.oT<t is consistent • .. ith 

thio eOllcept ·:s the comin;'!.nt role of thC' loaves tjruld !'cC'f' be oper�ting in 

In ;·. furt:�nr experiment Uussey 

1.1.5 :f:'lower nUtlber in tl� first infloraseenco. 

Lo. tert.x;!lraturea (Lovis, 1953; \'/ittwor and Tetl�'"ler, l:�G; Cnlvert, 

lD57, 1U5D) end high lisht intensities {Calvort, F:!L; · ittver, 19<33) 

hr:.ve oom shown to increase fla,�;or number 1n tho firnt inflorescence. 

Tet3pe-r;Jture also hns a similur offect on flower nmmor in tho subseQUent 

inflorescences ( \7ent, 19!5 7; Cal vert, 1957). 



· ; "7".lc'11 ot . l  { 1 �·� ... ) ropnrt ::-d t�1 t init .L t ia!' o:".' th(� first lnflc.,rcs cc:noo 

I t  is 

with respect to f lo··:cr nur. mr is ;--t the tirJO of flo ::lr inl ti:..�tion. 

, �� t h" ti�·;e to f:l.o· ·rcr initL· t ian is r.f.fc<:ted by lir:ht into.::lS i ty :-.nd w• ricty 

' s  the S .ilc.e o! t : >c fire L inf lol<escenCc(l wit' ! r:iroclo-trucs t ou�:toes 

o:Y· : ld r.t 1' :ndly infl\:t'ln<'...o £rui t y ie ld ,  11•.n:d nn<.l �O.'Jtx·r ( 1 .  �;7) not ou t  to 

r11ntor sowii'!!:;s where initi  ·: tion ··- ; a liltoly to bo t ··. l ;i: .:::; p l· eo �5-33 <hys 

<tfter socd Brn'-'inC. ':.'he · re-- tor roo:::on;,e to c. �·1 1 11.t1G Pi t'-. :::ur1:10r sowincs 

·:muld � lso bo rolr· tod to the better liGht cond itions as cont rol plnnto 

durint: SU!mler r.nn ths sbo��td a tendnn-cy to\vnrda truss brn::c :i ng. Tho 
0 0 0 0 cold troa. tl."�ents used were 1 0  C/1 0 C t·nc: 1 5 .  G C/4 C da.:-,' :'.ne ni;::ht tccper<-.�.lreS . 
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No difference bet ,;oon tooao tren tments wh ich producod the snme moon 

tcrnr.ernture over 34 hoors could be determined . 

nussey ( 1 D63b) st;�tos that ho ca1 ld find no consistent rel'� t ionship 

ootwee..'"l the s i.ze of the apex nt flo;:er 1n1t 1ntion c.nd the rnte of 

The dn.tn he l:\.."ls published indicates ho·,;ever thnt n.t the 

0 lo•sar temperature ( 1 5  C) n.t flo::er initia t ion the dry voi cht of the apex 
0 t-::· s  gre.�tor thnn n t  the hicher tcrnporo.turo ( 25 C) . en the nssumpt ion 

th<� t the: ln.rgor the apex c,t flower in it iation the r:urc fla"·crs :1re l ilcely 

t o  be forr!.lCd these dat<'. would sum.:."8B t that low tropor::'.turoo prior to 

f l o· ·or 1n1t 1� t ion r.uy bcme:fi t flover number . r :oot of th e  published 

v;ork in this �rem ( Lowis , 1953 ; Crrlvert , 1957 ; Ht:rci :'!nd Cooper, 1 GG7) 

h' s not prr:-c isoly de.f1ncd the time whe n tornnto pb.nts ne. 'Cl1t the cold 

u 
s t ir.t lus to 1ncro.-:.so flO'f�er number. llowever, La.ko ( 1 DG7) has reported 

th ;-t la"· te�rnturos prior t o  f lo\/er 1n1t htion incre::sad flo "-'r numb<:tr 

::: s •;·el l � a  low tempen·.� turca upplied du ring flo;,-er ini ti •tion . 

Hurd nnd Coopor ( F -�7) h::ve suggested th t v:· rL. t ion bot·-:con pl·..,nts 

it� r-nnPQ<:t to flo· .�r in i t :l : t ion r.:l(jy occur nnd t' > is ':·cu ld rnkc it h'' rd to 

detcrt.1ino the t imo e�=cctly . They fc-und � 14 dny co ld tre:1 �nt DOS t 

c-..-" J lr.clc �· to a v:· ri· tioo in tho time of initir' t 1on hot· ·om1 r:-1�--.nt s .  I t  i o  

su�ostct! horo th:- t t.!-tis cou ld also il:lply tht:t thora in como benefit in cold 

trcr: tr::cmt prior to flower 1n it .i.:.  t ion to p roo,tcc �: l�:rfi"'r apex . Hussay ' s 

( 10�a , b) oba:::rvn.tions did not proceed p.".' s t  tho time of floW'Elr in iti ;;.t ion . 

I n  nn ear l ier investigat ion Loopold and Lam ( l DCO) ror-x>ved vo.ry1ne 

nul"i:>orn of young leaves as thoy reached approximtoly 1 .  !:>cm in length 

st:-:rt 1nr; frov. node 3 upwards and var.11n� numbora of mature l onves up to node 
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five . 'The rcrnvo.l of yo: .n,c lecvcs increased f lo;::cr number in the first 

inflorescence nnd tho t i� of f lovorinr. '."r.; s ;"t dv ·· cod . TI1ooo observ�- t ions 

�ro s ir:�il" r in n�turc to t:�oso of 1!ua soy ( 1 9G3b) :me! ' ·  i t o  end I to ( l DG�� ) 

:->nd ir.lp ly thr t the yo:...ng l O!;ves compete successfully ·, ·it!l the �pax for · · osimil·  t - ·:7;. 

The :c·utllors concerned ho over coocluded th ·:t ?. flcr:' l 1nh il1i t.or in t�w youne 

exr�ndint; lenves wns involved. Thoro w:� s :! V:l riotal roepor..so to the ro!XJVn l 

of younG len.vcs wit . the 1·1 tor m. · turinr; Vr! rietios rcaponding best . 'Tho 

removr.; l of r.-cturo leavos dolayed f loworinr: ; · ntl tcnc1oc to reduce i'lO\'.-er nur:-hcr . 

: ·ran tho ��bovc oviclence it \!:ould scot1 re::tDcn blc to poa tul.�te th�\t 

t:-:.c incronGo 1n i'lov:o1• 11l.lr.'lbcr at lo .. toopern.turos is &.,.o to reduced 

Hurd r::.nd Coopers ' ( 1 <  !7 ) obacrv:"\ t ion t ' · t 

co11trol plnnts {-;ro"r.n under sur.�oor light condi tic-ns rro<.1ucoc brnnchcd 

trusses \';--i thout: cold <'.:rposuro is cana istent wi th  this hypothesis . 

1 . 1 . ;:, Goaaonnl o "fect on t ime to fla.•:orinc of t :)O firo t in:tlorescence . 

Cooper ( 1 964b) e tu61 cd  the flowering pattern of the t<Xll:.., to p lant 

:from \',ooekly sowinca ovor o. 12 110nt h per iocl. Those p l�lilta were planted 

into bordor soil soon .::!tor cotyledon expruw ion nnd vor· · not subjected 

the1·oforo to :.ny form of "r- ot res tri c t ion
" dur inc the er:rly arowt h nnd 

dew� lopr.tet t s tag·e . The t iro from seed sow tnc to :•nt:1csi:; of th<; first 

f lo· er •r rioo from 4C d:-:ya in SUJlJOO r to 1 1 0  dny;:; :L.'1 . int er .  I n  some 

inst -ncos mtri:·:c t!J.O � · intor t'he firs t  inflorosconcc c id t•ot flow-er <tt nll 

s o  t:v t flo orinc first oec'lrred on t he sec�"ld inf' loroaccnce . This W:::'-!3 

prcsun::.b:cy due to tho l".cl: of "root res trict ion" . Thcso ooanonn l t rends 

coo ld be rolcted to d.'!y- lc::1:-_:th or tot: . l r;:-l-(li<:lt 1on :1nd Coopor h.:!S t ended to 

fnvour ckty- lont;th. 
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Ct;.lvet·t ( l '�G4a ) suggested th. -�t youn{j tc:r.t:.<to pbnts crovm in 

cont:::iners wore lic.ht oe tura.tod •.vh m they re.lc!�ccJ r. dnily ram..n of l O, OCX)f . c . h . 

For 1n vinter 400, COJ f . c . ll .  ( 87-68 cbys from cot�/lodon c:x;x.tns ion to 

f lov;erint;) were required whi le in surmno r due to t r.r•  postuln ted li V'lt snturP. tion 

40 d<-1ys wer�� ro�ired fran cotyleoon expansion to f lo··:er:lnc;. Cnlvcrt 

sum;;osts th� t tho ch..mc;inr; <!mOunt ot photooynt�ot ic licht determinos the 

I n  s u:-::rnor nctther :.1 r<..'({t«:tion in 

d.�y-lcncth or U: ·ht 1ntcns :1  ty rodtlcod t�1c nut1bar of d::ys to ·�n t h os i s .  He 

w;• s  un :; le therefore to es t ··blis.._ nny effact of cl·-:.y- lo:-1,-;t�- on t ir:'C to 

th�t in tho :!.'irat ins bnce the number of days \7oro not' OU!.•c"tJ frrn so d sowing 

:md not cotylodCfl o:q;;<>r..sion end tlP t wi tll \J int cr S<:J:d nQJ Cooper did •�ot nt 

t ine-s o��tr:i."l :Clowcrinc in the first inflorescenco .  !n hot�! instnncos t ' �  
0 ninir.n.::n te<·:poro.t; � r-c- vne 1 5 . 6 c . 

1 . 1 .  7 ,�rrested dc\�e lopmont of the firot ini'loroaconco • 

. \ftor inflorescence in iti:lt ion the flm:erB Gro\'! ::4'"1.tl deve lop :md 

$Ubser;uently flO">·llr and se t frui t . The rrajor cultt� l probleo f the 

early ton· to �;ro'.·ers in t.lw Un ited K ingdom un til t .lC l OCO' s , r:hon improved 

teciuJOloe;y c:<ne to t::.o ir ni.c , t:r.l S tho problem of obtn i • .  ing so.tiafcctor-; 

fru it p roductir:n fron t:\� first tru ss of plnnts sov.n du1•in•· October to 

dcvolo�::. inG UDl!cr poor 11 ·ht con(: i t ·Iona T· d  t�c infloroscencos cons h. tod of 

ctnthosis f·· ilad to set frui t .  
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gro·:·n without 
' ' root rostrict icn" presented by ;:0<..--.pcr ( 1CG4a ) show for 

ex�:n,JlC th:-1.t nearly :1 1 1 the flo·. 'l>r� in ao-;;i:).[';o fron c:' r ly Dccct'.l:>er to 

O��� rly c\.UgUSt SOt fru t t . :hor0:1.S non� O:f the BO"l'in35 bOt\';OOn :;eptomber fi lld  

oarly Dccer.'loor set fruit . I t  \;ns suggested th;:-; t l.110rc c!D.ylongths wore 

loss th:'n 12 hours ovP-ry swel ling decronsed rap idly . nd ce:.Ded . 

An exnr.11n8.tian of the tochnir;ues used to uc.u c·.:n snt in:factolj• trus s 

p.roc..�>ct ion from winter sow�s 1s pert inent ns it lc:?.dD to n hotter 

::tpprc-ci.nt ion of the grovth nnd developmen t of the first inflorescence . 

These toch;: iques inclucl..e delayed p lant ing ( " root rc£trict ion
"

) , uso of 

supp lementary U . .-'ih t inc or gro\"11.ng roans ,  temporaturo con trol n.nd carbon 

dio�idc enrichment . 

Cooper und Hurd ( l C::uBb) showed t ha t  arrostod dcvo lo; .cent co: · ld be 

countorncted by tha uso of carbon dioxide enrichtacnt c":..'ld by c'!elnyae pl!' .  tine 

:1.l to the so i l  of the gbsshouses with � rn�o of v· riot ios SO\·:n in . ·ovor.-oor . 

T''c- rosponso of vn ric t ian v:1ried, in some both t ro· tnon ts \lOre rc' �tltred in 

o thers only ono was re'!Uired. The authors � .ostul:.1. tod t !. ' t  :-. short·q:�e of 

nssimi l�tes wr1s too cr;.use of the arrested developrx:n t .  The ro la th •� t c:, rban 

caoxido enr ich�nt plnys in incre:\G in.g  the supply of :-- ::- o i� .il· toa is npp -- rcn t 

but the ro le tho.t holdinc the plants 1n pots l�s wr-.s loc. :: ccrt n in .  

Cooper ( 1 072b ) when studying the effects of cont� :ir.or oi?..e on 

par t i t ioning in tomto plants fP"0'-'11 1n nutrien t cu lture found thn t P...S 

contn il1er s t.zo  wns reduced tbo proportiCil of dry t�C t tor in tho roots 1Uld 

stom VIaS not affected, but thnt 1n tho leaves deeroceod, while tbnt in the 

infloreaconceo increased. Thus the beneficir-.. 1 offect of " root res triction
" 

"-J>Peai'S to involve redi rection of carbohydrates from loo.ves to inflorescences 

a.n<l not from roots to lnfloresc.ncos as c�ly tlx)u ;:ht . The same worker 
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(Cooper, HY71 ) h:- c!  provio·.;.:::l:; shc-;:n th�· t · ·hen root prur�:ln::; <:::' s  uaod : :.:;  

fl mo�1ns of rcstrict inc the o:{tcnt of the root syGtcn litt lo offac t  wo.s 

1'ho offcct of 

de bycd phnt i:nc: would nppocr ther�fore to bo cbc not to phyt::icill l.y 

restrictinG t he  rooto but to a rodis trHution of .'1 nsil:1ilatoo between leaves 

;··:nd i."lfloroocencos . 

The vr- lue o! supplor.unt�ry l1g'1t ing ( Cc.n.hc:m, l !J'JG )  ant: ,_:-ro, :i!:c rooms 

(C:::..'l...lsam, 1 9\37 ;  Dompsey a.nd Morgan , 1900) to obt nin satis£o.ctory ini'loroseenco 

dovelopr.'Cnt '"'i t h  .�·in tor sowinr;s is comrnorcia l zy  pr�lcti.ccd in CUrope. 

rndonbtably the r.n.jor factor here is the i�roved cw iL'1bi l i ty � asa imila tos 

to tho i.I"..f loroseence . 

cr, lvcrt { l !JG9) reported th:.tt � chrmco froo n �-:ic' tcm;:-or�ture ( :�1 . 1  or 

1 8 , 3°C ) to <'- 10'. · ter:<per.�turo ( l G .  G°C ) .3-t about the buds vts i'!::>lo s tnge incrn.., sed 

tln TJ.mber of bud£: th t flm:ererl n.nd e'1rly fru it yiolci • :it� p lnnt� from �-n 

Oc: tobor so\·;ing ,  

le�! , . re:-· enrly · .ra.: t.�c poss ib11 1  ty of effocto oo t� ':ct ivi ty of tho root s . 

I t  is sug::;estod here th.r�t it is the clvlni:;c free h if.:-'1 to lO\" to�rcttures 

t hnt \Y:lS im; :ort Mt . :1rou· ;er ( 19GB ) reported t�.:- t ,;it': :T ize :; ch':!n(;e from 

high to lCY;J tcr.lj")ernture brought about tho nc:c:urul;; t ion of carbohydrntes 1n 

the leaves , Re cxplnined the accut:taln tion of c.:u-1.lO!zydr.: tcs in t erms of 

lec.f cro·.-.· th bei.ng moro sens it ive th M photosynthe sis t o  the lov.orine of 

temperature . On the E-..SSUJDPtion that chnngeo t:;.ke plcco 1n the tom to plnnt 

s 1n11nr to that in mo.izo pl.nnts , then 1 t is poas1:1lo thnt tho nccui!Ulntion of 

curbohydl-' too in tho lenves \'.o.lld enhnnce the i r  sup:· ly to the deve lopin� 

inflorcsconce , ·rhus tho tre:1t�nent applied by C·"tlvort ( l OG0) woJ ld improve 
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-.:;ort: limiting . 

Tho n"'S t likely concluc ion from the d iscuosion of the :-'bo'Vo techni cYll e& 

is tr�". t inf' loresconcc dovolop.�Xm t  is arrostE:� in 171.<1 ' . .  inter in the t:nited 

Yan[;dom due to l:;ci� of car'Oohydratos . This has :: lrondy uoon suggested 

�Y Coop(n" nnd n:urd (19GDb) . Thus at thnt t ime of the yanr nny trontJ:'IOnt 

tncroasinc the nvnilnb ility of carbohydrates will fnvour iniLorescence 

devoloPQOnt and probnbly enrly y ield . I t  should bo noted that arrested 

doveloproon t of tho firs t inflorescenc-..o 1s not ::; s io:< if icant prob len in 

1 . 1 . 8 The effects of tcq>ernture nnd light intens ity on the 

growth of yOUil!; tom:-to pl:mta . 

·�ono discus sicrn of this topic h<>s :- lrcr dy t -- kon :.1 1 · (� ( 1 . 1 . �-1 1 . 5 ) 

"M " 'i l l  not be rope.:ted ho� . C:1 h·ort ( 1 0G4h ) inv0s t i C"' tod tho effects of 

0 13 . :)-22 , 2 C rn.neo on the vegetat ive growth or younc ton: to p l�nts crown under 

n.-·1. turr'! l li::;ht conditions duri.ng the w inter months ( OCtoboM.t,.,rt:h ) . Ho 

concluded that in \>'inter light coadit ions 1n the t:nitod :t.�dom, night 

0 
tenpernture sllOUld not be less than 1 7. 8 C ono tm clny tenperature not lower 

He CCll ld f ind no evidence to suggest t hl t  tho night tempera ture 

should be lowor than tho day temperatu re. 

nussoy ( 1 965 )  �inecl the et:t"ct o� constunt :m.cl o.ltcrnut ing day ancl 

ni::.ht tomr..ernturos over tlxl rnnge from lo-30°C on tc..�.to plnnto up to D dnys 

fran cotylodon expnns ion . He was t ws exa.min1nc; thr. rosponzo of very yoone 

tom• to pl..�nts over n gren ter temperature range th:. n C:tl vert (19G4b) . The 

mxin.un rnta of dry ma tter nccumub.t ion occurred c lone to :J. con�trutt 
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Here ·e- in  V1cro :1s no cvitlcnco of thenooperioc 1.city . 

that toorr..:opcriodicity did not occur in tho tom;�to pl.�:::t loos t h':n 40 CJ:1S hich . 

Euro :1nd Coopor ( H >G7) renci1ce n -- 1r.:1 l:::r conclus ion ·dth rospoct to t>e younc L ni 

·vith the ir t:ork an cold tre:. tr,..on tz to induce mcrer.scd flcr.�'Cri.P_z of s incl.c -truo s 

tom.."!. toes . 

Culvert ( 1 0C4a) has sugaasted thn t younr; tom.; to plnntB arc lir;ht saturnted 

in sur.tmr months as hie dnta. snd trot of Cooper ' s ( 19C4b) ind icr.to thn t the 

til!le from coty ledon oxpuns ion to o.nthesis of the- fil•f;t flo\:,er is fnirly const�t 

at 40 dn.ys for noa t  of the summer months with p lP .... '!ts c:rown ::.t n niniW!l\ 
0 

to�oroturo of 1 5 . 0 c . .\ similar time to flowcrinc h1w been outr: inod in 

MJ\1; i:en l:md (Fisher, 1 968 ) . Cnlvert (1n64a ) augr;ontcd th.'1t young p lants n re  

l icht snturnted v..nen they rocoivoo n ct:ily mom1 o :  10, <XX.1 f .  c .  h . 

Cooper ( 1 007) oensurcd t!m net :tssimil·, tion r:. tc oi' pl:":nts ;�t 

unaoz· Gl: •.ssl'lm, oo condit ions 1n ·)l[l;l:'nd the I.Jbotosynthotic G'JS te:r.: of the younc; 

tom:� to pl:�nt wns not li[:ht sn.turated . 

· . ork of Calvert ( 1 DG4.u ) could be expla ined 111 tcn:w of ttc t' o \·.torkers 

neas 1·i..'1;_; two different :11:lpocts ot plr.nt crowtl1 nm: <.:CVCloptlCnt , ono the t ime 

to flO\•Cr ing and t.'-le othor the net assimilnt ion rnto t one :::oint in t ime .  

1 , 1 . 9  Burl1nesa . 

T� is is usu<:\lly takou aa the yiold in tho firot ·l-;� t.Oel:c of h:·· rves t . 

too..ximize prat 1 ts .  I n  L:n;:; lnnd this tn!tes the form of the "nlueprinta" ·::hie:, 

( re avo.il.v.nlo for tho ua.in p lant ing dates ::me; Gl:las;lO'.!SO condit ioru; in that 

country . 
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!Io rtic�..:ltu ro  :�;t t ions � ne!  ·· t the Gl·.n�:1onsc C rq1c : cce rc1l Ino t i tute h · vc 

The minimum tcr;por· tt:ro 

.md e 1 aashouao cand:i t ions is 1 3 . G °C . 

to obt: d n  enrl ior fla•:oring 3Dd thus e� rly yield ropre3onts a W:l.jor ch•.mce 

in rlppl"O-' ch to t oon to p b.nt propog .. tion in t h.1.t country (C::. lver t ,  1907 ) . 

Work in Holland ( Verkork , 19GG) and Ne\7 ,:eal;'lld ( Fi3ber , 1St.i0) has n l so 

sl10w.1 the vnlue of warm tor:JPI)rCJ turee durinc; propac:-: t ion in incr�G ing early 

yiold. 

�71th u rnulti truss crop t he use of cold tenpor�: tures during prop:1gc.tion 

to increase flo, er numhor n r: rl thus presumably yield in the firot truso ia no 

This is becnuso the cold trcntr:nr. t neceasat'Y s lo"'S 

do•.m vogetn t ive gro;: th and hence any incrense in y iold in t he fi rs t  truao 

' JOUle! be 1:t the cxponsc of earl iness ( C:l lvort , l OG:  ) • 

Eurtl -·nd Cooper ( 1  070) reported th nt n chillin, · ;,:1or �od of two wooks 

by :.�pproximnte ly 25'.�, except uith n Septembor SO !il'l.[;. The chi ll inr; trefl tment 

rms <lpplied 1 5-23 days t�:ftcr sow ing depending on tho tiuc of ya:'!.r . 

Luke ( 1 967) on the other hnnel wo.s unable to sho' ;-�--: increr.se in y i�?ld vi th 

s !nele tnws t<Jm:ltoes havino; brnnchod infloresconcoe . In both instr-t ncco the 

nu thors report thu t the incrensed :flower number in.ereci&ed too fruit number 

but decre:1sod fruit s ize .  Hurd an d  Cooper ( 1970) cono ider t he  cold trO'J. tl:len t  

wa s  boncf'icinl duo to the lovel of inCreased yield cllCl tho :i''lct thn t it 
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c.elttyed h'lrvost by on ly 4 C.-:y.n in ourr.<cr al'lf! ruthcr r.�ro in \7intor ri'h ile 

no ofi'oct on the> lenet'· of th� h"rves t perioo .. s observed . 

1 . 1 . 1 0 S�ry 

The tore Goinc disCt.lGs ion h� s out lined t1e ::r<Ht'· "l'H dovo lopr.Dn t o:! 

the youn3 plr-nt d th o�hn.sis on tm :t:1 ctors n.ffoct ine  hY'.f produc t ia'l : •nd 

f lo·::or ini t iat ion rnd subser.<Uent 1nfloroscanco C:cvc loptxmt . 

to hr� considereble ovidonco tha t competit ion occurs bct\'rocn tl:lc voget: , t ive 

r2.nd rcprcx.h.tctive or:;·�ns . Under conditions of la J.Oilir.lil.-.to pl"''duction this 

competitive relat ionship be<X>l'rlOO a i&J11:f1crult 'Nith the lcm·os huvinr; the 

dominr .... "1 t  role such thi::. t flower in itiat ion nnd c..tevelopmcnt su f:fors . 

Tha conclusion o:f Hussoy ( 1963b) too t such compet ition oerely ot1Jhrw ises 

ih e  relnt ionship bet• -een these orgr-..n �ind cbos not in nny way offer ro1n 

oxpl::n: t ion of tho mochnniarn of control is worthy of pc.rt iculnr note. 

Tho r:".nture Pl.mt 

1 . 2 . 1 Introduct ioo 

Tho ro l nt ionship between vegetative r.md repl"''duct !vo t;rowth of the 

plantod out crop is regarded as o:f major ir.lport:mcc ny cot:lllercir. l tomnto 

r,rzy.uers . Behind this interes t is a belief th'1 t the ta:1nto plant wi ll :tnvour 

the voget:1 t ive r.1 ther th!!.n the roproouctive s tate :-:nd tha t vicoroua 

voget--; tive crro..rth is the :fcrerunner o:t poor fruit y ields . Thus n gro·,;:er 

nttompts to c<mtrol vegotf' tivo growth by rnis l.ni; tho oor.;ot ic strongth of the 

11qu1.d food and porhnps by the use of lot' ter:por:::.tun-- s . 'lbo vnlue of some 

veeet:1ti\.-e erowth roatr1ct1cn UDder poor light oondit:lons to u chiew 

Si:l tiofnctory de\-"'lopment of the first truss has boc..>11 di!3cusscd 1n section 1 . 1 .  7. 
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I t  is also conceded tl].:; t  a 11qcic1 feoa of rooderntc concontrntion may irnprcvo 

fruit qun lity early in tho aen oon. Uowver in many i.nntnnces the res trict ion 

of vegetzt. t ive growth is likely to reduce y ield ( Cooper ond !Iurd, 1 900n ) . 

The intent ion of this review of the gro;-,-t::. .nd devolopmont of the 

m.'1 turo tom-- to p lc-.nt ( plmted out crop) i s  not to e:;.:nnino th-' poss ible 

ndvnntn::;os and dinndvnntnge.s of such growor techn i ruoo , bu t  rr� tnor to ax:1minc 

t!1e litcroturo to gn in � ins ic;ht into the relrt ioiwh i;:> oot\,een vege t· · t ivo 

be tter undorstandL"lC o:f this re ln tionship '.�·ot: ld r!iC:  :\ POre crit icn l a s sos�;ncr.t 

of grov,>ar tocllni�es . 

1 . 2 . 2 1Jeasona.l off�ctc on too gro.,. th r· ncl dcvo lo!Jl!'CO. t of tho 

tom. to pL'l.nt . 

The s tudy of won; of this nature 1s of vnluo .-�s i t  providoo infOn;t."'. t ion 

on tho season� ! relnt ionsbip botween vegeta t ive ond reproduct ive gro"th 

o.nd clevaloprnon t. This knowledge of t.he soo.son::-• 1 pn t torn of g-rowth ruid 

development n lso enables one to detenrl.ne �thor tho response of a p lant 

to n trootmcmt ovor t ime  is being axl1fied by n seuoonn l effect . 

1 . 2 . 2 , 1  Leaf grm>-th 

Cooper ( 1 9Gl n )  stu<.�iod the pnt tern of le:::tf r::�·o ·:t'• fron auccesoion�· l 

S0¥1i!l !1 ,  Lcuf lml(;t f: \:lf',G used as an es tin:to of le::.f �).ren ( Cooper , l f\58 ) 

nnd tho �·c-okly r�·tc of ler>.f length production wnn obt:· inoo from the folla.·:ing 
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P = weekly rnte of leaf lcnctll procucticn 

c. = the loo.f lenc;th present en too plunt 

b = the n.ccwooln tod tot n 1 o-r lo:u lor.gth 

removed on sennscance 

1 = f irot week under cona ioor ·, t ion 

2 = second we-ak undor C<JruJ idor::1t 1on 

p'2-ttorn , 

r;ro· t•,  r:: to ::1''lint:.inod �·. t :· rcl t ivoly low r:-:; to .  The :�cpt cr1bor sovrine cE c: 

r.o t  n. chicvc a leaf c;ro·.-:t)· r� te :.�l.x>ve tl·.i s  lo>.' lovol . 

The swol linc of tho first OVi!rios coincided in o.ll  so:: in[,"S with the 

�. t t<. i.nmoo t of the r.n.ximUm l.enf length produc t io n. In a L�ter experiment 

(Cooper 1 0\Ac) 1 t l�B sllO'i.n tln t the increr.aint; loo.f (;TCY��"th rn. to coo.sccl on 

cvornao 1 , 75 weokG after ovnry swolling begrm and , .. i th pl.nnts from OCtober 

nnd l1eeor:iber sowing3 the check to leaf growth occurred ovtm cm p lnnts whero no 

ovnrios were allov.red to swel l . The check to loaf crowth was ther�ore not 

due to the onset of fru iting. Cooper ( 1 964c) in n.''1 attcJ!'{)t to explain this 

observ:1tion pos tulntod " that whm , or ooon attor, tho first flower primordia 

were ini t intcd , nn intornn l reaction s st imulated that eVentual lY resulted 

1n too cessation of the progress ive increase in the r:".tes of shoot extensioo 

n.nd cro·. th in lent lont;th" . Root growth hns boon sho;:m to !-,e checlted ·1 t the 

&".ne tine (Cooper , 1958 ) . 
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1 . 2. 2. 2 Flowering 

Cooper ( 1 9Glb) ox<1r::i.tmd tm 'lveekly r::lte of flov.ers raf lexing their 

petals fror.1 success ionn. l nowinga pl.e.nted in tt:e bordor ooil soon after 

cotylodoo axpa.no ion. TI>.e rate of flO'I;erillEJ ror;c to 1:. rnx:L""!U.lr.l but then 

declined during shorter dn.ys to rise aga in later. Duo to n rrestod 

f loworL,c dur1ne tho vd..nter 100nths nt t imes tho first in.f loroscence did not 

flower nt n ll . 

l'Urthor work · ry Cooper ( 1  001b) produced results of rt �� ioiln.r n::turo. 

no fount. th� t  tho so8 son::l p3ttorn of f lCJ\'I("rinc oxhFd too n r"!.pid incro·tae 

in the \:CO!dy r:�te of :!'101.'-:erinc from enrly r.:· rch to o:1.rly ! :�y , follcr·vod by 

. !  procrcs::s ivc dec lino unt il July .  

of flo\iorine rn s  �: :tnt:-' incd . 

From July unt il f.l:->rch n lo · weekly r'' to 

De-:,son·1l effoct a an t:ixD to nt!Je c is of the first i'la er of thn f irnt 

1n:florosccnoo ( 1 . 1 .  G) ond en tm development o:t thl s inf lorescence ( 1 .  1 .  7)  

hr:cw 0-lre:�dy bo on  d iscus sed. 

1 . 2 . 3 , 3 Fruit production 

CoopQr { l OGl a ) roportod th:::. t with s uccossionn l ao;:: ineo thn t too rnt£! of 

fruit vol\.IJOO production rose to a max1mun and then declinod . Tho wookly 

rate of fru it volume product ion was onlculntod in n si�ilnr way to thnt for 

the weekly rate ot leaf length proruction ( 1 . 2 . 2 . 1 ) . The es tinn tc of fruit 

vol.ume Yfa.s obt a. i.."l.ed from the cube of the rndius of the fruit.  Frn it volume 

pr<X.>luction W:J.B roduced to rut cxtret�ely low level durinG November to Jnruary 

in r.dl oo-:. inGs that grow through this period. 
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Cooper ( 1 963) discussed the r"3lntionah1p botwoan fruit prodlct 1an 

rmd dnylenr;th from 5·J weekly souinc;s . IIc rorortod s :L :ilar patterns to th:>; t 

o f  tli s  eorlieJ.' W"Ork ( Coope�; l 961 n ) .  Ho stJ.to<.! th:1t t r�  clevelopnxmt ol" tho 

plant could bo divided into the :tollowinc IJOriods , 

u) 

b) 

c) 

d) 

end e )  

from geri:l!.nn t ion to t oo  s tn.rt of :trui tine, 

nn in iti·· l L· g in frui t  volur.k? proc!� t ion ,  

1'3 p1dl;y' increasing production, 

doclininc produc t ion 

nl"l"t)stod devo lopTOOnt · hen fruit s•;ellinc virtrr- lly cer.sed . 

This pn ttcr:;. is not unlike the one for thD number of flo -�,rs rofloxin:· 

their pot::1 ls (Cooper , l O&:b) :--·ne tht: depression in fla . .  ering durinc t!:o 

winter months wou ld  obvious ly rorluce tllC number of potentL"' l  ov:Jries . 

The st::>.tement by Cooper ( lOOl n )  that 'l'tith the SoptCI!lbcr sod.nr; " nlthour·�, e:·.c:1 

ov� oocc.n to s Jell , this swelling w::t� l:11•gely arres ted :.l.lld fru it deve lopmen t 

was very slow" ittpllos tlln.t tbo swelling of individu:ll fn2it wns nlso s lo..-:od 

ciown durinG the wintet· period , The fa ll in :fru i t  volumo product ion is 

tl» rcfo:-e a Ukoly reflectim of the reduced supp:cy of O.::!s imU ... 1.tes lim:itin[:; 

flO\vering, frui t  sot and fruit swellina. 

Cooper ( 19\33 ) foond that ullen the da.ylongth m.s greeter thnn 1 2  hours 

(March onwards ) the rn te of fru it volume p:rodUcticm w::ts rnpid nnd wn.s 

curvil inear in its rel.r,tianship to dey length. I t  cont inuod t o  incren.so 

unti l JP.id sUB\er •;'llen it began to dec line ao did the dny lenct.h nnd t he  

rol:ct ionship beh-eon the two WNJ now linear. Fic;uro 1 . 1  shai•rs the sansont' 1 

p:1 ttox·n o:f frui t :i.ne of pl··nts th:: t h:-- ve fittninod their in iti- J. nr :cir.r l rnte 
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Fig . 1 . 1  The exp er iment ally determined ( upper) and 
diagramma t i c  ( lower ) seas ona l pattern of 
fru it volume pro duction ( Cooper , 1 963 ) ,  
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of fruit product ion . Tho ahape of the curve will obvim.ualy be determined 

bj• the �rioty , CCO{;l"etphic si tu�·.t ion :1nd type of Cl'Op mLn:'!ger.ent . 

I t  cou ld bo suggested thnt u put tern of t:rl.n n::ture \\�s only to be 

ax:"-:cterl , but tha prer:entntion of such d:J t n  is of cor:oider:-;blo vn lue . 

Thus Cooper ( 1 961 :-t )  hns poi."l'Wd out tha t with ror:poct to the �t of fruit 

p icked •;, ithin 280 days � seed sowing then tbc nourer sormin�<tion waa to t ! �  

::ahortot: t  d::: y tho cro,' ter wns tot a l  yie ld . 

· 111 bo tot·: l y ield. 

r;rodnct ion :md the conseruc:n t h• l  effects ot\ nutrient upt; l:c (Jricc , H17-1 )  -- n c:t  

poc ;� i · 110 ros pon::�c to t cmpor-, tu:ra , 1 t i s  sum;ostcd, 1� c often �JCt."ln ovcrlool:od 

�c co · ld ::ol..- to e:x-p l<:L'l .-..r..oe�H.lios in the 11 tor- :�·re . 

Tho n:·�xin1l.ml rnte o:f fruit volum!! prodUct ion .. ·.::::; c:r:ooci:1tcd with tbe 

·, tt i�r.t o::- .� mini.loc>.l r0 t io of leaf area to fru l t vol:.:re :�resent on tho 

pl:�nt (Coo;JOr , 1 OOla ) . This ratio wns conatnnt for ::::01:1n�-.z th.:�t hcgnn 

frui t ine between the ahortost day and the longest day. The ratio \l:J.B highor 

fer sow1.ngs that began frui tine between the longest day oncl the shortest day 

enc.. incroa.serl as tho shortest day approached. 

reached it varied vory li ttle except during !';ovcobor"""nnuary when 1 t rose 

shr.rply to :tall aga in later . Cooper sucgostod thn.t the data on leaf nren/fruit 

volu..-,e ra. tio suggested the oxistnnce of a bnlnnce ootwoon lenf oud fru it crro· ·tl 

:>..5 apo rt from t ho No'V("..mber..January period the loaf �..roa/fru1t volume ra tio ' ·ns 

maintained throq�hout the life of the plnnt .  

I t  i s  suggGsted here thn t  t he  incror-.se in too lenf � re  .. /frui t vnl\lllle 

ro t io du ring the, v:inter months ind icat(ilS n shi:ft of nuc.'l � bal: ··nce 1n f "'Vo: :r 

of veget::t ivo gl'O\vth under poor light condi t ions . 'i'hin is supported by the 

ln ter ·:.ork of Coopor ( 1  071 ) ,  rmo canp<1rcd the r:l>so lut c aro'h't�.., r<' tea of tho 
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cootponont pn rts of' the tots:.to pl::nt from winter nn c ::umJnor SO\'dnCS . 

no f01.md that the in�.s<:1 in dry weight duri.l1r; the mn:mler was nninly 

due to the inc:rouse in dr; >:eigllt ot the ropl'(Xluctivo t innuea . 'l'his 

c loc.rly domonatr�!tea that it is the reprodUctive t is sues t1·mt are mainly 

� ffectod �� poor vdntor 1 1cht . Coope r  concluded thnt the dom.'lllds of the 

roote , s tcP.s nnd le--:vos appear to be met before ::t !3 S irai latcm aro t11.1do 

:w:::.i l<1bla to tho reproductive tissues . 

1 ,  .-. .  3 P:.rt i t ionint3 of dry m.".tter in the tor.;·· to . 

Coo1x1r ( l  072� ) s tudied the p�·-rtit ioning of dr:;; r-:: t tcr bct•.-eon the 

or-e ns of the t(1!:1:1. to pl--nt tor " period of 3-"' rr-e>nt· ·s ·. :i th pl· · nts 

[:ro·.·.- :!..n:_; un.dor ·.'inter (October scr.iin� :)  and oprL""l[; ( I'ebrt! r-; so�:brr) cond1t l ai10 . 

:.>uch ;.1ltmts !l�1d wry different gro vth r::.tes , hut donpito this i)nrtH ior:ing 

bot ·, ·oc·· org-r:a rr.-...s wry s inilor until jus t nftcr tlto s t"'..rt of r:1pid ov:�ry 

swellinG. This s�r;cs ted tho t pnrtit iontng 1G not gro:->.tly influenced by 

tm growth r;J te of tho plnnt . 

Initially tho proportion of dry llUltter soinc to the loaves 300 stoma 

:l.ncrocsod nnd tba t go ing to the cotyledons and roots docroo.sed. The 

proportion going to the roots in fact declined a tond1ly throughout the whole 

of the observntioo period . Irnrnedintely after flower 1ni tin.tion the 

proportion of dry m11tter going to the lenves couscd to increooe and s tarted 

to decrenso slowly • 

. '\t the onset of rapid ovnry swellinf: the proportion o:C tho dry rn::ttter 

soing to ttle ater.t cloclinod for both oo , incs ,  whoro�·ti the proportion coing 



to tho leaves , ·.:h1cll ht�d been dcc:ro: · sin:; alowl.y , :.-.cgan to docronse rnpidly 

f or  the Febrw::ry .sowine:. ;.;or the October SO'.vint-: , ·whore ovnry owelling wns 

l imited due to tho poor llr;ht candit ions ( 1 . � . :.-: . 3 ) , no r:lpid decline in the 

proportion of dry nuttor coing to the leaves occurrod. I t  i s  sucreas ted 

lero that thia indicn tos th."''t lea:! o:nd roproduct i\-o tis3ue corn . .  ote diroctly 

:for dry mo.tter. 'I'ho dr..t:t p::.·osented by Cooper ( l C72b) in n lntor paper 

o� · tho effects of contnincr size on ps rt it ionin::; ·:. ou lc support such ;-; 

conclusion .  Here conta iner s ize a ffected the rroportlon of dey m.:< tter 

in the le�vos :;nd r:::-prod'..tctive t 1scues only .  The m.r l lor cont :· inor f�vourod 

::-'Cproductivc r:;:ro>:th ··:i. th · o effocta oo · nr� ob:· ervocl an tro ro oto . 

I t  · -:  !3 conchu:to(! vhe11 dis eu ss ina tho se; aon:·· l c fcctn of li;-;h t 

condit ions on frn it ::ro··:th . nd development o . ·  . . . � ) , t n. t undo r poor lir·!1t 

condit ims ,  there t:<"lS .:! shift in bn l; · nce bet\:.'Cen vor;-.ot t ivo '':td ropl"'<iu\'t ive 

crm:rt11 in :f,woor of vogoto.tivo (;rO\vth. The above ::Jtud:; (Cooper, 1 07.1a )  

prochlcod re::rults of � sinilar ru:.ture . Thus with tl� r.ctobor em:ine fruit 

pl•oductio:n \\� linitcd OJld as 1 t a.��poars th.'"'.t thcso tior:ues n ro  1n 

compcti t ion wi th loa.f t issues tbe pr<r.aA)rti on of dry n".o.ttor going to the 

leaves wns not greatly affected. 

1 .  2 . 4  Cffects of modifying the fruit load. 

Galter ( 1 958) studied the e:t:teeta of soil nointu r  :md differ� fruit 

locdS on voget at 1ve erowth. The greater the fruit lond tha more vegetn.t !ve 

growt:h n-as deproosod. 



Cooper ( 1 :;G4c:) s tudied the effect of frut t �·�r ov�.l ;·:1 th an October 

He fouru. th; t t..l-}o ron.ov:-;. 1 of .:1 1  fla :er buds or 

:tltorl".ato fruits os they appoured stiL1Ula tecl tot ; . l  lcnf len3t h by ::t le•1 � t  

7::. . The rc:-.o\':1 1 of �t.ltemn.te fruits 1n each inflorooconco ns t hey appenrod 

d id not uffact fruit vo lume a.s the ir removr1l c'lasecl buds ;rhich othorwise 

would not h:tve producod fruit to do so .  Thus on t:.�.y �Oth tho totnl fruit 

volume present cm tho pl;mts or b2.rves too for both sowL.J.azJ W::lS 3, 682 cc ' n d  

3 , GG7 c c  respect i-vely , f or  t he  treatments wmro n o  frui t \�re remo-ved end 

·wore n 1 tcrncto :U:v:mturo fruit \:.'Ore ren-oved . This "�s n oifference of o. 5';'· 

"L"l tot , • l fruit volUJ'Xl proc1uction ,  when in f;, ct one tro�tmcn t 1 1.d hnd �D- of 

t' .o frt!its sot rOJ:X)vod ··, t ovc.ry swelling . 

.'.ftcr cans idor.: tion of these results C.oopcr pOGtu l · toc 

o:f fruit ;:-, c;ivon tom;· to pLlnt 18 :1ble to produce in :-- r.;ivcn onvi ronmont 

iS :· fi;-:ad i)U:Ult ity" . ne nlsa ::crcod with -: :· l tor ( l �·SB ) th · t  t hor<· '"' s n 

I t  should no t 

bo concluded from this s t ::1. tement however thn.t vi.zorous vccot·1 tive gro:.;th 

is ootrinentnl to :fruit y ield ,  but ra ther tm t the carry inG  of fru it plncea 

e 
�·� lt-orn:.: t ivo domo.r>.ds on tbo plants supply o"f nasittt.l0.tos . The exist . .  eo of 

competition betweon leaf and reprowct ive t isnues for fWs imi lntoa wns also 

supported by tho datn discussed on pnrt itia:U.n.e in the tonnto ( 1 . 2 . 3) .  



1 . 2 . 5  :sl':fect of la�f ror:.:ov-�1 tro· tr:10nts ;'•.ncl t!Kl prcnonce of 

<"..xtrn lo ::-vos . 

Cooper ( 1 0G4c) s tudied th.e effects of the rc;-uv 1 of :-- lte:t.-tl::-te younc; · 

lo:�veEa nnd Dt:turo loaves from tviO v:inter oowil1£SO , on lo:-...f lon:;;th :u1d frt1 i t 

volunc procluct im. 

totnl lonf leJ:lBth :>y 3g,:, ant: 3G;� for the two sor:incs not ZO: . • 

m:1ture loaves increHscd tot a l  lenf lenr;th 'by 7,:. - nd  5;:, in the two S<Y.iiings . 

'1'hus both leuf rernovnl treatmants stimulntod loaf crov·-th. -'·UllC rmd Kclly 

( l OGG )  reported n s1nd.lr! r response to leaf rooov: 1 of yo·�mr: or m4ture leavos 

belo·.: t..'le first inflorescence . 'nlese trentm..�t s  cnuood the rcnnini.ng 

lc:;vcs to �rn·J lareer r.nd the increose in lea.f :1.re:-. \n.� r;rentcr tlwn from 

c ontl"".:: l pl-.:nt s .  

re ov�'-1 treatments of t he  above 'l'iOrkers i s  to ho t'!::<:pcctcd "-G tho plrmta wo1Jld 

.-,_ ttcr-pt to rn-ost2-bl i.::;h the shoot root rntio port:·· inii'<G to those anvironn."?nt;�l 

condit ionn ( l1rOt.r.�7er ,  10G2) . 

Coor'Klr ( 1 004c) reported th'1t the rorrovr1 l of :�ltern·: to younc l,e:;voo ln d  

3rcntor offect tbr.:n the rcr:ovnl � nmtur� lonvc& on frnit volume 

produet1m. Fruit voltune Wt1 & doerensed 4 r,. and �·T by tho ror.ovn 1 of 

young lonvcs tmd by 37,; noo H1k by tbe rea>Vr: l of n.<J.turo lonves for the 

two sowings . I n  both i.ns tnnces the treatlnent s could bo ror;urdod ;l.e severe 

ru1d not ooct!tSsari]S c0ll'lpn.r3ble . As already SUgciostcd these leaf ra;rovn l 

tren.t:mants would require the plant to attempt to ro-es tablish the bnlance 

botwoe-n shoot nnd root for those conditions and thin reo.djuc�nt wa1 ld 

divert !lSSL'ililates from reproductive c;rovth. 'rho roductim in 1 u.f area 

prosont on the plant would o.lso contribute to n reduction in fruit volume 



'f!to r· �r"Qv:' 1 o-:: �:t"ture lonves in thi s  exporimcl:.t ;·r· s .fron ·,:ic.:ely Gik"'.cod 

pl' nts so t!t .t t he lm:or le�· ves should h" ve still ' ;con �-:.1ctooynt11ct lc . l ly  

� ct iv::: . 

Cooper, L:·!.rge , Pl�oetor : . nd  r..othwe ll ( 1 004 )  roportnd on de-ler: f iDC 

trlnls in con:'!erciol crops nt n number of rese:-.rcll st:-:t ions in the United 

K ingdom. No effect on total y ield was observed <�,nd on�·ly y ield wns reduced 

in ono ins tn.nce, but here tbc do-leafing treatment wc.t� nevore . I t  would 

:1.pponr therefore t..� t  tho c::onworci.ul techn ique of rCf)X)VinC l<K"ver leaves up 

to the truss \':hero fru i t  is co louring does not reduce y ield . . .here more 

scwro trc�trnonts n ::-o  nw l ied ( Cooper ,  1 064c) then y ie ld  will oo roducad. 

The chta presented by ' :iobc ( 1 009) support t \:!.::; suc;-cstion. Here the 

rot ininc; of the top 4 feet of loaves or the ror:cv -· 1 of ovorlappine leaves 

d id not s icnif icant ly  roduce too y ie ld bolow thn.t of plnnts v.'here only the 

yo llou lo::ves wero removed. · ·.here only 2 feet of lc::'.ves .�ro ret'1 1ned or 

where 't ltern,·. tc le�vos woro re�ovod t h.-:m y ield w2s rcchlce<l . 

i tiebo ( l S-6\1 ) n lso reported thn. t tho lir:,ht intens ity nenr the bot tom 

of tho plo;nt w:1.s lens th:m 1 <$  of thn t at the top : .m' th:. t tl�ese lo·wcr 

lo:··.res cid not cor>lete co2 lovels to the Sal:lC oxtant ::-..s lco- veo !1ieher up 

tho pbnt . no sugceats th:1t these 10\'-'er lo�ves ::;.re not photoeynthc t ic� l ly 

very ;; ct ivo . I t  could be axpected therefore th.'l t the rotlOV£-1 of lcnves 

from densely sh:1.Cled pc'U'ts of the cnnopy \10Uld not great ]¥ effect too supply 

of nss imilatos nvuiluble for fruit product ion. 

I t  is pos s ible th:-tt the lower leaves if belO'i'>' their compensat ion  point 

could beeomc paras itic with resp ect to photosyntho.tes . This woo ld 1mpzy 

that the ronoval of lo�r leaves ccu ld benefit fruit produetion but tho 

dat..'i presented by Cooper et n l  (1 004 ) sh�od no s igns of any such banefi t .  
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25. 

'1be v.'Ork of Khan and 8a�ar ( l969a. ) could be taken o.s n. fur ther indicntion 

thc.t leaves of tho toma to  pl:mt , •Nhen below their coopons�tion point do not 

become parns1 tic . These workers found that �bore light wns excluded from 

14 l all but the loaf tren.tad with co2 that the darkened caves , which were 

below their CQIIIlPeD.Sat ian point , had not imported the prcclucts of 

photosynthesis from tr.e treated lonf by the end at the tost period. 

Vorkerk ( 1963) exa.Ltined the effects of pol l.inatian and mvnber of 

le aves cm earliness and totdl. yield. Tho experiment WtUJ carried out in 

sunner in nn uruwatad glnsshouse. The treatDento t.q::p liad nre repre onted 

diagrr��t icn lly tn Fig. 1 . 2.  

Fig. 1 .  2 Treatment s (;! pp lied by Ver!-�ar c ( 1DG3) . 

b c 

Half the plants in each treatment re pollinntod using ::t."'l electric 

vibrator with tbo other plants sotti.Dg fruit naturn.l.q . Fith respect to 

the first three trusses the lent DWI!ber per truss ineroa.scd fran c to n to b . 

Tho more leaves por truss the later harvest startod but the greater total 

yielc:l. 

The extra letlvos incronsed the yield in particular of those tl'l.l ees 

nearest them. Extra pollination gnve an earlier and usunl� higher total 

yl ld - was  necessary to t,'111n the maximum l..lellofit from the extra leaves . 

to Fig . 1 .  2 .  
s topped 2 leaves above tru s s  3 
s t opped 2 leaves above trus s 5 , trus ses 4 and 5 removed 
s topped 2 leaves abov e truss 5 



1 , 2 . G Effect of nutri tion. 

26 . 

r.:r uc: :md Krnybill ( 191 8) carried out. experitr.anta wh ich have ofton 

bOon reg;::rded rus tbo clnasienl \IOI'k on the rol.at ionsll1p between vegetative 

and reproduct ive crrowth 1n the tomato. They fotttl<i thnt plante given an 

abundant supply of nitrogen and oond 1tions fo.vaurinc carboh;ydrnte production 

V�Gre not fruitful. Tbeso planta when tro.nsferr to u moderate lev; 1 of 

nitrogen wero less vegetative but fruitful. Where plrulta woro trnnsferrad 

fran an nbunda.nt supply of nitroeen to n. low supply both ve tntiw and 

reproduct ive growth was poor . 

The -r.ork of Krnus nnd Krn.ybUl (191e)  was cnrriod rut 1n the early de.ya 

of crop oxperimante.tion :mrl the levels of n itrq;;m1 wore achievod by usinc; 

toch.""l i rues ,,1t1ch 'riU..I ld not be nccepted todcy. I t  ia not ponc ible , for 

ox��n:ple ,  to determine qunnt1t.'ltively whl\ t tho lovcls of nit rogen y ·erc 1n 

t.101 r cxporinents . It  is sugcostcd here thr- t too often the effect s  of hi(ih 

nitrogen ported by these workers hn s  been usod r s  evidence to support tho 

concept o-£ b'<' ni trceen feeds . Krnua and Krayb ill in fsct SU(;gOB tod th11t 

n moderete level of nit rc:tton was noc::esaar.J far frui tine nncl the reduction 

in vegetative growth they noted tiOUl.d have boon duo to tbo diversion of 

carbohydrut to fruit production. Similar Hduetions in vogotat1vo c;ro..-:th 

with incre.-. d fru itful 

Cooper, 19G4c) • 

s hns 'beell reported by other -..,orkerll ( Snl tor, 1 9GB ; 

Uurnoek · uooo) found tm.t t to p ts w at low ls of nitrogen 

hn.d the ir vegetative growth inhibited by the presonc:o of a single fruit . 

Plants crown nt high lovol of nitrogen required tho presence of up to 30 fruit 

before growth was restricted, The removal at fruits lof'..d to a rooowry of 
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vegetntivo growth . \rurneek at ntcs tln t he h�d studiocl pl:-:nts ut "ono 

cxtremo only ,  tbe lo\te&t plnne of nutritiCD" nnd I:is :results nre not unlike 

thooo o£ Kraus and Kro.ybill ( 1 918 ) . I t  would nppoo.r thnt nt o. low level of 

nitr()fJGn tho presence of a fmv fruite so overlonds tbo plnnts that both 

vegetative and reproductive growth nro mz;rkcdly reduced. 

l t  is not possible to present a clear pictu re Cl1 too efi'eets of 

nutrition 011 the relationship between vegetative anc.! reproductive growth. 

Thus low n itrogen wi ll bring both ve ta. tive and reproductive ercn�th to n 

a tonds till (Kraus and Kraybill, 191 8 ;  Murnoek, 1 926) and the effoct of 

n itrogen level wi l l  interact With the Jn'Cvniling l1&;'1t conditions (3rice , 1972) . 

\lherc ::-.def1U:lte levels of nutrients are applied then frui t:tul ess 1o likely to 

be oncour:�,ged and thin i tself will reduce vegetative GI'O' .. -th . .' t t imes the 

effoct of �t.n eloment '!Nly ha specific sa far oxnrlple low cnlciur.t, which 

affects fruit growth first , t�nd providinc the lovel is not too lo,.,., 

vogot:1t ivo growth r.rill not be ttocted. Vegetn.tive r;:r"O\>�h my 1n fnct bo 

cmcourn.god clue to lnck of compoti t1011 for llBS imiln tos (Fisher, 19C4 ) • 

1 . 2. 7 

1 . 2. 7. 1  

Assimilate distribution iD tbe tomn to plont . 

Export oJ: assimila.tea froa leaves . 

Khan nnd So.gar (1 900, 1967, 1 969a ,  1 969b) nave carried out 

inves tigations into t be  distribut icm o1 aasimUat a in th tomato plant . 

They fwnd ttmt in tho vegetative phaae lower l vos expcrtod e c boG 

up than dawn and upper lenv a larger proportion dawn • n.ar1.ng th 

l.op:Mmt ot tbo crop upper loa contiDued to oxpcrt :"»:nt carbon 
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thr.n up ::1nc! lo•·:er la�ves developed a s imilar tondrmcy . Cneh leaf l".dded 

:-ss imil:.' tes to the shoot system, but �ew lo�ws hc..d exported more th"' n 2Cfo 
14 

of t �  cnrbon tlwy f ixed nfter :J4 hours nftcr npplication of eo,., 
.... 

(Kbnn end �ngnr, l OGG ) .  

Tho a o.mo  v:orkora (Khn.n :md So.gar , 1 9G7) stuuicx'! the o:..-port 

chnr'• ctcr1st ics of leaves cm plants wi th n rnpidly clcv-Jloping first truss and 

1 7  lonws . :M hours after treatment with 
14co" tbay frund thttt lea s 

"" 

1-13 ( lllJmberod :frozn the base up) hnd exported npp rax tcl;y � � the Cfll'bm 

thoy fixocl, but younger leaves exported leas ( 13-15 2o:;.., lG-1 7 teY;;) . 

Younc leaves nppeered to export at a very early ace as 1� 1 7  exported 13';{, when 

1 t \'IUS only � expanded. Data on oxport figures over a lcmger period were 

reported fro a. later e"Poriment (Khan and Sagnr , 1009b) , when the export 
14 pattern of c products from th aecxmd leaf ot young to�to plo.nts was 

s tudied . Export had started 10 tdnutes after 
14co2 WilD appliod and 1 n 

had been exported 1n tho first day and a further 2Xt the fol lowing t with 

th of tho leaf . I t  o.pponred tbu t tbe roots 

re�ted :< large proportion ot the c:u-bon products origirullly imported. 

I n  another serioe of experimt!ft ts (Khan �nd Sar;n1�,  196eb) the leaf below 

14 
truss 1 w trentecl with co2 and thon 24 hours later tho diatributton 

pn ttorn was determined . Tbia a carried out at 7 d.ittorcnt st(:gos 1n the 

develo t of the crop. The percentage exported fr this leaf ( 24  hours 

saJ:aple) rooe to a peak of 3� oarly tD the Wo ot the p t and then tell 

The pattern ot d1atribut1ClD varied during tbe lUe o£ t plnnt . 

Heavy accumulat1m occurred 1D the 1Dternodo below � 10 ear� ond later 

more ranched the rooto .  'l'nlsa 1 had a doahwnt role nJ3d nlthougtl a s  tbe 
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1mportrmce of this truss decreased and more wns exported to tbo other 

trus ses it did not ncca.mt for a lnrge proportion of thn t that was oxportod. 

Dy :romovinc: loaves or by &�dine � 11 but the tre:-- ted lenf or by 

1ncra e inr� t.10 gro th of fruit by the n.pplicntion of �y·t1: aubet"nces , Khn.n 

nnd :::,:;;·; r ( l OOO:J.) dem-e.'sed the number of sources an too plrmt or increasod 

sink s troncth. 'Ihoy foond thn. t with plants with r� rnp1dly developing first 

14 
trucs <J.nd 1 8  loaves tm t the trentments exported 4.()-4!7;;, of C products 

from leaf 0 24 bouro nfter treatment . This vms n mvrkod increase owr the 

cootrol plnnts . '!bey succestod thnt U' thcso results represent tm 

incronae in por:tc:xrmance which could occur ovor ::. loncer _ riod of t1no , tmn 

the \1bola p lant has lenvos whoee efficiency cou ld 'be incren:aed by bot n 

3o-5o;� . This lend them to cmcludct tha t the llmi tod activity of tho a inks ,  

ne indicnted by t he  incroasod export on the nppllcntion � grouth substances t 

indicntes thnt fruit production ia DOt Ualtod by leaf aroa or photoeyntbatic 

oot1v1ty . 

I t  i& however lmrd to accept thin proposa l of Khan nnd Sngnr (1969a) 

th:�t yie ld i s  not likely to be limited by tbo photosynthetic ays tom, though 

this wc11ld npply during tbo eo.rly •ta.ges ,.:hen aink otrenath is buildUlg up. 

Vorkerk ( 1 963 ) , %ar �le, vm.o able to obtain turthBr inere•ses in yield 

tran extrn pol U.nntim by tm additlal of extra le aves , wh1� woold suggest 

th-· t in the f irst 1Dsta.nce tbo leave ot tbo plant were at thei� oxport 

The �k of Cco r (19Gtc) where n lternnte iol�nture fi'Uit ware 

rcoovod eaustng fJ'Uit th:tt otherWtae would not b::ve dovolopod to dovelop , 1B 

� further indication th1t a lack of assimilates at t liJDita yield., 

woU estoblisbod rGSpc:mse ot COIIIDercial e10ps to carlxm dioxide enrichmeJlt 
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n.lso implies tbn t at some stage the photosynthetic cyo of the plnnt 

l iLlita y ie ld. The prcsent n t icm of Cooper et ale ' (1904) work on 1� 

rer,lOV�ll �'s support ing troir view (Kh.'Ul nnd S ognr 19G9u) is not cmclus1ve 

for thcne lenvos were et the oo se of the crq) . 

I t  i!l GUG�Sted here that it is unlikely tlv. t the percentage o� C 14 

curtx:m O:{"..,)Orted tl"ooll the len :f  cou ld be ma intninod nt too lewl achieved 

by Klwn and Gu.r;ar (lOOOa )  ns it would be nt tho oxpcnoo of lnter lent gro >rth . 

Tbo reduction in loaf nrea toot � ld  result , it is sugeested ,  would reduce 

later fruit y ield. 

Kho.n , nd Sagnr ( 1 069n )  stated tha t 1t wns not c lt.mr from the ir 

experi.Joont • whe ther the lack of P.ctivity of tho sinks :-nd the CWlUL l ticn 

of nnteria ls 1n sttm cuusod aay reduction 1n photosynthosis. 

1.2 . 7. 2 Pnttorn of distributian ot as imilates . 

Durinc thG enrly fruiting tage a ll  leo.vos exported to all trus es ,  but 

ns the truss number incrensod mo:ro definite rolationshipo between gl"'\lpa of 

leaves r.Dd trusses dovolopod (Khan rux1 se.ear, 1 906) . I nitia l ly  truss 1 

dom:l.natod tba d1stribution pattern 1n tm plant with tl1e direct i<m ot export 

:from a leaf primsril.y beine torm1Ded by its poo itton rolative to truss 1 

(Khun nod So.gar, 1967) . Lator other trus 

plant n th mo.jor sink (Kban cmd saenr, 1969b) . 

1D series up the 

lat ionship between 

a truss and the leaves closest to them bc:7we r is not an absolute rehticmship 

as shown by the work of Drolltnger (1957) who found thn t tho removal of a 

fw leaves nearest to a tru a did not reduce the yiold of that truos . 
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f�htm •md Sngr-11' ( 1 007) proposed t h.-'l t  duo to the vnried origins � the cnrbon 

fO'..mc! 1n the various s inks it was bnrc! to hneine that too vascula r  

�'r!"f'.ngomcnt or tro tott�Vt o  plant bnd an importnnt role 1n the overall 

diatr:l "Y..ltion pat tom of nss imila teo . At the and of those studies Khan and 

f�nnar ( 1 0 Ob) eanc ludcd th.-., t tho lenf nppeared to h� vo Dome control over the 

rnto nt \:·h1ch c�rbon prooucts lot'lvc tho lenf r-.nd the �:>'UDSe�ont d ie tribution 

p::'l.ttGrn :-opjX'urcd to bo gTeil tzy 1n:tluenced by tbo rel·• tive actiVity of the 

vnrious trusses whi ch were the dominant s 1m"..s oo tbo taanto plront . 

1 . 2 . 8  Comperu:!nt icn effeeta bet 

Cooper ( 1 964c ) COO{l(lred tot n l fruit vol.t.me !'Jroductioo between pl.Mts 

where altomnto itlt':nture fruit hod been removed :.md plant th."'.t were allOT. 

to develop normlly .  The dif:ference 1n total fruit vol.u:Do betueoo these 

two groups of plents wn.s loos than 0. 5%, which was presented aa evi.dcmco 

of t.to nb1Uty of the tom.to plant to cCI!l>OOBate for the romovnl � young 

fruit , bo; nl lowing frui t  that othel"Wiso would not vo developed to develop 

nnd t0ke their pleee ( 1  . 2 . 4 ) .  
Cl 

Cooper and I!urd ( 19G8) examined the e-ffects of 2 sowing dates , r:Wl-

Novcr.lbor nnd ].;: t ,  oceober, wit h emtrol p ts pr:l.cked out nt s ling 

emercence into Ul e  hordOr aoil nnd p nta planted out nt buds visible nnd 

o.t anthes1s . The control plants bo1"G an nvernr;o of 5 .  5 - s . a fruits per 

plant in the :first 7 intl.Cl:'OC'JceJlCtltS more than the plants pl.�.nted nt nnt 

A a 1m11 but lesa ma.rked reduction in fruit 

The response of 
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:L>dividunl trusses differed 1M'ith sow 1ncr d."l.to ,  thuc �"ith the ! �er DOWing 

ctoln.yoll pl.::.nt in0 incro�ood :fruit :nur1bor an t he  first t't.'O in:f loroscences . 

The :·(U t�1ors proposed t :n t the inf luence of coo inflorosconce on another 

cou ld  ox1 lt"in tho oo�ill.l'lting pat tern in :fru1 t �r for suocest'l ivo trussos 

of th.o dob.yod .rlo.ntirtl'; troatmonts ca:tpared to t .;a con-t rol p lants . Thoy 

m.tgr;oot thc:.t tho compens::.ttng o1'!oct previously roportod -zy C.oopor ( 190..1c) 

Tbe results proccntoo by Coopor and Hurd (1008a) 

n s  ovidonco of too influooco o f  CIJle tlrl laroscenco OM !'...rothar wero as tollD -s .  

1 .  ...1th t_,__ . k·-.:emoor sowing thf) increase 1n frt.it n:uznbor 

in inflorooca'lcos 1 -2 resulting from dalr �"OC pL-,ntin€, 

·.r.:sn campens.<tod for try a docre::.se ( gre -, tor) in lnt.or 

inflorescences , po.rtieulnrl.y infloroscences 3 

2 . Wl.th the Docomber owinga (y;bich re t:t':lde in both 1 96S  

and 1 960) the decren.se 1n trui t l'IUDbor of the pl."lnts 

plnnted at antm is followed nn oocil latine pc.ttom . 

Tho doereaso decllnod from the f irst to tho third 

inflorescence to rise to a at too sixth 

intlo cenco and th bopn to decline . Again a 

oompensa t ion type J:'eBPQb88 . 

The ttorns described above involved the 7th inf loreGJcmlee 

wne no renscm to expect th-:t later true would not also haw been eftectod. 
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I t  is suggestod here, thn t 1n the 'tlrork dis cussed :lbo'Vo ,  the torm 

�tition could ecuully well hr.ve boen used in pl.e ce of the term 

compens:-:tion. This is bec:tuso it is cons ldered toono ef:r.oots were due 

to competit ion far nssimilatos bot·;;een inflorescences or fruit trusses . 

1 . 2 . 9 

Tho above roviet-; hns featured research ""'Ork relevant to the 

relntionohip between vegetative and reproductive g�h. 

rises to 3 poak level und then starts to fnll just after ovary swel ling 

COJ!I'JCnces .  This poak is depress by low Wintor light canditions and 

the f�ll occurs irrespective of whethe r the plant is carrying frui t or not . 

'.3oth flower in{; ond frui ti.ng follow a seaaonc"ll pattern risin(; to n xinun 

in mid n\.lmer nnd fnl ling to a low level 1n mid winter. This deproaoion 

in fruit product ion, it in suggested, would be we to a reduced supply of 

nssini.L."ltos lini ting fla:.-ering, fruit setting and fru 1 t swelling. 

The d:-:,tn :\v-a1lnble oo leaf /fruit volUJ:OO n•tio imply thr..t thto 

r:"l tio io CCilSt<lnt for n pa.rt iculnr m...'lnncemont progrru:li!OO exe&pt in mid 'C'intor 

h'hon it rises. 'l'h1G is presumably dUe to the la<t light lovcl.D reducing 

reproductive growth more th:�n v tnt ive S%'0\?th. 'lbe work roported on 

p:u-ti t ionin.g of dry m:1tter supports this concluaion nnd also indicntea 

th:it eompetitim tor dry JDatter between loaf and raprodlctive tissues occur. 

The deerec.se in vegotntive growth resulting frem an incronae iD fruit loru:l 

suppo1·ts the latter conclus l<m .  

The rel.-itionship botwoen vegetative and roproductivo growth in the 

mnturo plant ia similnr therefore to that 1n tho young plnnt . That is 

t b:.l  leaf and reproductive tissuea coapete tor nss m:U.atee and under 

condit ions of low 11�t (poor asatmilate prodUction) lca.t t issue has the 
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dOJ!dnont role .  The se�l.BOllCl cbnnge 1n light condit ions appears t o  be 

tll:l mjor factor affecttne this re lnt ionship. 

Detn on fruit rernovnl trea tments 1nt:11e&.te th.1 t too pl:mt is r.ble to 

mnint..-.in t he  b.n. lnnce between vegetntive :md ropxul uct ive grow·th ( loaf 

�ren/fruit volume) thn.t is relevant to tho prevniling onvi.roiD;x)nt:� l concU t i.onm .  

Sevorc loc..f romovnl treatment s \'t'i ll bring about fruit yield reductions , 

v.'hil.c t."le remcv:l l of lower leaves ne pruct ised ca:100rciz lly is not like� to 

<1.ffoct yields . This is because the contributioos those leaves moke to t he 

supp� of nvnilnhlo ass hni la tes is limited. 'T'hese rosporu;eo to leaf 

romovnl :1rc furthor illdieutions tm. t the relationship bettlOGn leaf ond 

roprod1�ctivo tisliues is pr1Jmr1� determined by the lovol of photosynthesis 

to.kin : pl:.<ce in too le:wes . Providmg of course , thr· t there ure an 

ndonunto number of potentia l Bites of fruit product ion present 011 tho plant . 

i\decpate nutrition 1s necessary for satillfectory vegctnt ive ar.d 

reproductive growth and dovelopment . High or deficiency levels of element 

should be �voided and their effects an the relationship botv� vegetative 

n.nd reproduct ive growth is often specific to the clement cc:mceJ'DOd. 

Tho pnttem of assindlate dis tribution nppeo.rs to bo dCild.nnted by the 

rolat1ve activity a! the fruit trusses which BrO the major sinks present cm 

the pw..nt . 'l"hGse tend to be SuPPlied by the lenv \'Jt1ich nre closest to 

th , but this is not nn nbaolute relationship. Vary yOlll'lg lonwa 

C OXpf'.nded) export nsatmilatoa and 1 ft8 appear to export only up to 30k 

of the cnrbon they fix durt.ne the subsequent 24 boor period. Tbero is ooat 
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evidance that int lorescencos and trus oes influonco too growth end development 

of ench othor. This could bo due to caupetiticn botv,eon themselves for 

their shcro of the assimilateD availl?b la f or  roproductive tissuoa . 



TUE EF'F:l"l:I' OF , lJTROO!:N SUPPLY DURING 

PnCi'AG'\.TION ON FLOi'tr:RING AND FnUITlNG . �:: 

2 . 1 tatroctust:lon 

During the prop' g:--;tian of to - to plnnta it is pos c.: iblo to �chiew n 

high degrco of control of tm plant environment .  This is bec·�.use plrmts 

can be grown in n smull �a nnd o.a these plrutto ::ro pot crown the below 

ground environment �:n be influencod to a gre;•ter O"..r.tar:t th:m with th e 

plonted out crop. 

The effects of tempor;.rture �nd lit;ht durinG Pl"'P<'£r-'ticn on the 

porfOI"W:.nce of the plr�ted out crop bnvo been dizctHHied by n number of 

workero {Q:mh , 1 9GG ; Cr-.lvert , 1 967; Canbam, 1 907 ; De ey and Morgnn, 

1 968 ) ,  but there is U.mitod info tioo avai lable cm the �feet& ot nutrition. 

I n  this oxperioont the effects of nitrq:en lovol before aDd after ini tin tioc 

of tho first infloresccmce OD early tll1d total yield w examined. '1be 

treatment perl.od was divided into tma two stnaes 1n nn attempt to 

port 1  t ion too effects of nitrogen 011 thD fi rst 1nf lorosconce into etfeots 

Both these processes influence fruit yield 1n the f irst truss . Nttrogon 

was thlt ·mly lement studied OJ!I it was cona idered it wou ld  h'lve the 

grentest single effect cn the reto of growth of the yot.mg pL."nt . 

• Tho in tigaticm diSCUG sed in this c 1aptor hns boon published a follow 

Ett eta of nit rogen supply during propngntion an f lo'>'>'erini; nnd fruiting of 
(J'l.aashouse t<.:al toes .  J .  hort . SCi . , ( 1 9G9) U, 4<17-1 1 . 

Etttocta of nttrogon ouppl,y in nutrient culture oo trui t yield 1D the first 

truss of the tom to. J. hort . �-et . , ( 1 971 ) '!!!, 213-G. 
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Socd of tc::a.d:o cv. Potentato was sown cm 1 s t  ': 'ir.y 1 007 in wrmiculito, 

Which wn.s tbe g1"('liWin{; modium uood throughout too �rir:¥>.l'lt . The 

8e9<!11ngs were pricked ou t  on 9th May into Scm plt>.ctic pota and oo the 

C£ppoornnce of the first truss ( 1 6th June ) the pbnts were transferred to 

4 .  8 11 tro contniners . 
0 Minimum tellporZ� tuNs of 1::, . 0 C • ro mintn.ined in 

n G x 8 m section Of n part itioned glnsshou 

H1&-h ( 340 ppm) and las;.· ( 57 pPft) levels of n itrogen, rep senting 

twice �.Dd ane-th1rrl respectively o£ the nitrogen level used in the n it r.., te-

type nutrient solution doseribod by Hewitt ( 1 906) ,  wore applied in tn.ctoric.l 

cooo:1n�.t1on before ratd a.f'ter initia t ion of the f iro t  truss . Th::: t is from 

9t h to 24th May ( truoa 1n1ti.....,t1on) o.nd frol<1 24th .. !.c�· to 5th July .  The 

time ot tlowor initinti<Z �s c.!etermiDod by tho rocul.-:.r oxanino t1on of spare 

p lnnts . As the t im of 1niti n t1an 11 very from plant to plnnt nnrl a.s it 

1s not n.n inGtantaneous procoas the before 1ni U.ction trectt!Dnt s included 

part of the flower inittntim period as dtd the a fter init latton tl"'eatmont e .  

As there would bo soma ca.rry ovor, at tor tbo I"'fDW.l of n tree. tment , 1 t is 

considered tro t with respect to truso 1 th be�aro treat:ent effects re due 

to effects on initiation, whUe the a:ttor trentmemt e�:foeta ro due to 

effects 011 inf lorescence c!ovolopmont . The high lovol ot nitrogen ( + ') was 

dl tninod by the addition ot m4m3 to Bewttt • s  nutri t solutim ; for the 

low lowl ( -N) the Ca(No3>2 was rep oed by CGC12 • tleri.tt • s solution 

unmodified wna used from Sth July to the end o1' tho expertoont .  

5th July (8 weeks from pricktnc out) on:· pl:mt per tro:!tmont wnt1 snmpled from 

each hlock nnd tbe le r.i.f nron nnd the fresh �m dry vo1Gbts d. the hoot were 
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recorded. The remaining plants (4 per block) were stncod O. Sm apart 

in a square pattern .ond fed d..'lil.y wlth nutrient soluti�>n. No fruit-settine 

sprnys were used s.nd the plants re all stopped two lonws nbove the fifth 

truss . 

Anthos is of the first flower of tl'O first truss o:f. mat treatments 

hnd oec-..trt'Od. by 5th July , which W�' S 13  dnya after tho shortest day. The 

monthly man of outdoor soltir r:tdintion received during June 1 967 nt 

2 Pn lmerston North w::s 13G cnl/cm /dny t no measurod with .•n Epuley pyr11'.nome1:er 

at the Pltmt Phys iology DiVision, D. s . t . R. 

Records of n�r o:f floweru thnt reached nnt· ·�<-'Sis , dnys to P.nthesis 

of the first flower for truss 1 ,  days bet en trusson for trussos 2-5 , m.unber 

nnd fresh weight o.f fruit harvor.:tcd for er1ch truss nnd d.'tto of harvest of 

fruit were collected . The final hnrvost of fruit w-aa oo 3oth October 

(u mo."lths from seed sowing) :md tho final hoot dcy \JGiGht \1nG doterminod 

on thi s date. 

2 . 3 nosults 

2. 3 . 1 IntroQ.lction 

The data wero o.nalysed as a 2 x 2 factorin l exporioont with the aa1n 

effects bot.ng reported 1n 2 . 3. 2 and t interact ions 1n 2 . 3 . 3 . The 

nnd results relevant to the diseusaiao m this sUbjoot ore presented 1n 

2 .  3 . 4 .  'nlo t test was used to ed.cu ln te significn."lt differences where 

two mans re invol voo . 



:! . 3 , 2 Ln1n effects 

2 , 3 , 2 . 1  Flower m.unber , days to flowor1J1u and shcct dry teight . 

3�.  

The resulta of the an� l;:lsis ot vr:rianco carried out eo t he  relevant 

dnta o.re presonted 1n sutmurtzod form 1n table 2 . 1  ( Appond:ieea 1-9) . 

Tnble 2. 1 Main effects at nit rogen levels bcforo too nfter flOI�'M" 

initio.tion on flol:ter mmber , dn.ys to flowering, ••nd shoot 

Truss 1 
u 2 

Truss 1 
" 

2 
If 

3 
., 4 
" s 

dry weiGht . 

Before flover 
initia tion at 

tl"WW 1 

G . 9 
10. 0 

70. 0 
14 . 7  

9 . 3  
7. 5 
8 . 9 

+N 

6 . 8 
o. s 

65 , 4 
15 , 2 

9 , 8  
8 . 4  
8. 7 

J\fter f :Joo.:or 
initiat ion of 

truss 1 

;.·lo.for nutbor 
6 , 3  7. 4 
8 . 8  10. 9 

Significant 
d ifferences 

ne foro 

n . s . 
n . s.  

Aftor 

o . . 
1 . �  

Days to floworing 

70. 0 G5. 4 
16. 6 1 3 . 3  
1 0. 3  a . s 

7. 0 8 . 3  
9. 5 8, 1 

l . :J:-;:4: 
n. s .  
n. s • 

n.a.  
n. s .  

l . �t� 
1 . 9'** 
1 . 4*;'< 
D. a .  

Shoot dry t 1ght (g) 
Dry weight ( 8  weeks) 4 . 8  
Fi.Dn l  dry weight 192 

� P, 0, 00 

6 . 9  
181 

3 . 4  7 . 3  o. �:: o. GtJ$ 
186 187 n. s .  n. • .  

** P ,  0. 01 

Fla.ver number in truGSea 1 and 2 was 1ncrecsod by high nJ. trogon 

npplied after 1n1tint1c::e of the first tl'UB8 .  The rnu:iler of days to 

f lowering was reduced for truss 1 by high ni tr�n bofore or o.tter 

initiQtian and for trusses 2 , 3 and 5 � high nitrogen nppliod uftor 

initiation of truss 1 . 
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hiGh nit!'q!on bofore or cJtor init in tion. 'Iboro ';;1arc no s it niticnnt 

effects an finc:l shoot dry wcir;ht . 

2. 3 . 2. 2 Yield , menn weight and DUJllbor of fruit . 

The results of tb:l n.nn. �sis ot variance ca.rriod out an the rolew.nt 

dnta are prosentod in S'Wl'JI.'J8l"ized :farm 1n tablo 2. 2 (nppondiees t o-18) . 

Tnble 2 . 2  ain effects of nit rogen levels before and atter :f lowor  

initiation an yield, IDl'HUl weiab t and :lUJlbor of fruit . 

Before f la>,or i>£ter ilowar 
2' i �if 1C"'flt 

in1t1nt1an of init iation f4 
truss 1 U"uss 1 

difforcncos 

-ri +"' • •  -N +N tore After 

Fru it yield ( g) 

Tl"USS 1 385 :536 430 491 l:JO;t�) n . s . 
Barly crop 754 1 , 003  G27 1 , 210 25&::)," 258:;;t.: 
Finnl crop 3 , 056 3 , 45& 3 , 51 1  3, 600 ll s .  n. s.  

�onn fruit weicht ( g) 
Trusa 1 70. 5 88. 8 78. 2 81 . 1  14 . h• n . a .  

If 
2 81 . 1  82. 4 92. 7 so. a 0 . :3*  n. s. 

" 3 09 . 6 87. 9 06. 0 91 . 4 11 . ()-"; .. n . c .  
I:;arly crop so. a 93. 2 80. 8 93 . 0  1 1 .  �"; 1 1 . 7:';. 
rtnnl crop 83 . 6  80.4 . o  79 , 0  n. a .  n .  s .  

Fru 1  t num:t:MJr 

Enrly crop 8 . 9  1 2 . 0  1. 13. 3 2 . G:ot s. � 

(c p 0. 06 (I$ p 0. 01 
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The yield of the f irst truss was incroPsed b-J .liCh nit:t"C:lgen before 

init iation. The ou.rly crop , which vws dosign."ltcd ttf.i tho first 4 weeJr� of 

hnrvoo t ,  w:-JS incroasod by high nitrogen before or �.rtor 1nit ir!tian of truss 1 .  

There were no & 1.cnll'1ccnt effect& oo. tm fin.".l weiO,:t o:t crop. 

Tho mean fruit r:eight of truss 1 W"<l.S :lncronsed by higb nitror;en 

before initiation, but thc.t af trusoea 2 o.nd 3 -.:.-as decrouse<.l by high 

nitrogen after r.nd high nitrogen before 1n1 t:L'l tion of truce 1 reapecti vol.y. 

The s iZe  af. frui t in tbe earq crop was iDCren sed  by high nitrogen before 

or after initiation, rut thoro W%'0 no significant diff'erooceo 1ft aenn fruit 

weight of the final crop . 

lncreaGGS in the fJWitJer of fruit harVested in the e· !.X'ly crop were 

produced by high nttrocen ooforo or after ini tintian. ?bore were Do 

significant differences 1n fruit mnroar per truss or total ntlJ<ber of i'ruits 

hnrvosted. The trend in i'rui t number for tnlsses 1 nnd 2 wore 

s ir.lilar to tbooe reported in Table 2 . 1 fur flower nur.1ber . 
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Tabl.e 2 . 3 S ignificnnt interactions � nitro�n level before nnd 

nitrogon lovel a fter ini tin tioo of trueG 1 .  

D:'lyS to :tlo:·orine s oot dr; Enrly crop we1gbt o.t (g) Truss 1 Trus o g ;-.'Ce�··< £') 

�

-N 
Before 

+N -N + -N +N -N +N 

•N 73 , 9  00, 1 9 . 4  0. 2 2 . 4 7. 1 336 1 , 1 71 

+N 66 . 0 04 . 7  1 1 . 2 8. 4 4 , 3  7 . 5  018 1 , 248 

Significant p 0. 05 1 . 8  1 . 9 0, 8 300 
cU.ffcrences : p 0, 01 3 . 3 ::.. 4 1 . 1 452 

Significant interc.ctions between nitrogpn lovol before ;:nd after 

int tin tion of truss 1 occurred trl.th respect to days to :fl�ring, hoot 

dry ?Oi{;ht (8  �-eOO:a) and e�rly crop (Toblo 2 . 3) (Appendices 3 , 5, 8, 1 1 ) .  In 

th combirutt10tUIJ which 

received high nitroeon nrtor f r 1J11 t1 n tion. 

The mmtbor o:f days to f lowering of trus 1 v:' s increru>ed whero low 

n 1  trogen · s n ppUed both bot ore 

high nitrogen hotoro initiati.Qn t 

combined with low nitrogen r:1 thor th 

n:ttar 1n1 tie. t!011. The pl :nts rec 1 vine 

red later on truss 3 ,  whon th1B wn.s 

1gb nitrogen �tor f l  r initi ation . 
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Pl:l.nts receiving lav: ni tl'Ot..:.non after init i<"!.tion h::: d lo';mr shoot dry 

weights ( 8  weeks )  thl'.ln plr>.nts l"tlC:eiving high nitrogen nfter initintiOD. 

This wua particular� marked with pl.a.ntG thnt rocoivod low n itr�en early . 

The early crop was reducod \11hero plants roccivod low nitrogen nt nll 

st::lSOS ccapa.red with plants which bad rece ived high nitrogon at some stage 

dUrtns the treatment period. 

2 . 3 . 4 Respooac of plnnts to a ch'lZI.gG 1n ni trogon level. 

Of particular interest here ws.s the response of pl..nnto to tbe cl1aDge 

in nitroeen levol, either from high to low or vice vors � . The results 

of tho nnnlysis of vnri nnco carried out 01'1 tho rolev:mt d�tn ::1n� presontod 

in SUJlml'1rizcd farm 1n Table 2. 4 (flppend ices 10, 8 , 1 9 ,  20) . 

Tablo 2 . 4  Fruit yiold 1n first truss , shoot dry \'roicht , loaf nren 

per unit shoot dry '>··eight and shoot dry nr.tter content . 

:r-:1 trogcn lowl before 

flowor 1n1 U.ation 
Ni troaon lovcl after 

flower 1niti�t1on 

Fruit yield in first 
truss (g) 

* Shoot dry weight ( g) 
* Leaf ann per �it shoot 

dry wotght ( elm  /g) 
� Shoot dry ma tter content 

( drX wt X 100) 
( fresh wt 1 ) 

N+ 

N+ 

574 
7. 5 

3. 04  

7. 56 

$ all n t 8 weeks 

Treatment means 

N- N+ 

N+ N-

408 498 
7. 1 4 . 3 

3 . 00  2. 92 

7. 41 8. 14 

N-

N-

362 
2. 4 

3. 18 

7. 18 

51(plt:ticant 

dif(fr0!1919 
p p 

0. 01 o. � 

n . s . 189 
1 . 1  o. a 

0. 12 0. 10 

0. 41 0. 32 



44 . 

The on1y a igni.ficnnt difference in fruit yield wus ootwoen the two 

treatment s containing high nit�en <'nd low nit rogen <.! t  all stssee . I n  

the rooults reported in 2 , 3 . 2 .  2 fn.ctorin l  nno lysi�; Gha\'led that t bo  high 

levol ot nitrogen prior to iniU • .s. tion .lDcrea.sed :fruit y1.eld in the f irst 

truss . 

The shoot dry weights were in the expected order . The longer tho 

period o£ t ime  that too high nitrogen level was received, the greater wu 

the shoot dl-y weight, nlthough the difference between the treatments 

contn intng hieh nitrogen after initint� was not s ignificant . 

Tho len.f �1.I'Ca per unit dry ight ot shoot :1.s the loluest for the 

tro:'\ti:�Cnt with hic,h nitrogen before and low nitrogan after 1nit1 nt1on ,  and 

h ighost for tho trentloont with low ni trogen nt n l l  ot:;eon . There W<'S no 

s ignificant difference between the tr stmenta oont.:dninC high nitrogen 

n.tter 1nit in t1an. 

"''he dri mattO'r content of shoots .from plnnts r�oeiving lol7 nit!'Ot,"'Gn 

,at ull at: : ges wns s lgnUicnntly lower thn.n that of oey of the others except 

those receiving low nitrogan bo.fon.l lllld high nitl"'gell o£ter initinticlll. 

High n1trogo.n applied befo init iation followed by low nitl"'(ton after 

init iation rosulted in a significantly greater sboot dry ttcr oontent than 

any ot tho other treatmemta . The rutricted rnnee of values precluded uae 

of tho o.resine tnuto t1m for tbolle tn. The dry t t er  ccmtent ot 

the shoot appeared, theret'ore, to vary 1B the opposite d irGe'tion to the leaf 

area. per un1 t shoot dry lght . 



2 . 4 R!ssuestge 

2. 4 . 1  Flower initiation nnd nuJ'lt)er (Table 2. 1 ) .  

45 .  

Phtlto.k ( 1 965) f ound  th:!t t he  initiation oi' the first truss occurred 

even 1n the absonco of nutrient o lBroonts nnd surm�stcd tbnt the role of 

nutrition was only indirect in flowerin{t . The date obtaineci in the present 

inves tigation supported this cmtention, beeause the leve l of nit1"088n 

before illit int ion of truss 1 had no significant effe.ct an fl.o\?&r number of 

that truss . 

The high level o:f nitrogen after initiat ion of truss 1 increaaod flOY.'M' 

nur..bers in trusoes 1 and 2. In the case of truss 1 this coold only ha 

resulted f� tho production of conditions favournblo for the develop nt of 

initiated fl�rers and :cot to an effect on f lo,·�er initi f'_tion. Wittwcar nnd 

Toubncr ( 1 957) , Sni to, Hatayi.UIUl and I to ( 1 9<i3) , Fisher (1964) nnd A'JliUQfi 

Winsor and Donald ( 1 973 )  have previous ly reportod toot h1ch nitrogen levels 

1ncren.scd flo;er r:umber. 

2. 4 . 2  Early growth r: nd  yield . 

HiGh nitrocon tren tmonto durins propngDt ton produced enrlier fl�vering , 

more rapid vegetative gra:rth (Table 2 . 1 )  and an inerer:-..s early crop 

(Table 2 . 2 ) . A sitlilar rolat:l.cmship between vegotntive gro.vtb ro.te and 

earliness has been outli.Dod by Verkerk (1 966) ,  whon rev10\71z2g the effects 

of propagating tamperntures . The �reaaod enr� crop obtained with the 

high nitrogen trea'tmmt was acccuntod for b)' incrO!l.e s in the number nnd 

s ize of fruits harveatod (Table 2. 2) . H:lgh n1'tro{;on levels applied at 
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planting ( later plr!nting the-n in the presont experinent ) bP-W also 

produced increased eo.rly yields , na reported by '. 'ilwor l'lllcl Hurt ( 1 964) 

wbon examining the nutrition of tho e"-rly tCD'lto crop 1n the United 

Klngdoln. 

The greater weight of fruit produced 1n truss 1 by tho hJ.sh lowl 

of n1trqten prior to 1n1tiatica ( 2 . 4 . 4 )  was the result o� increnaed frt: 1t 

size (Tablo 2. 2) . This was poas tb� <Ue t o  the divoraiat � 1Dcreaaed 

amounts of earbo�drates to thla tl'Usa a.t tbe exp e of later t%'U&se � 

hence tbe decrea :lD fruit siZe of trus 2 and 3 . Suoh a re pcl.\88 

could be controlled by a compmeatiCJD mocbaniara, wch ns has prwioual)t 

been sut:;gested by Cooper ( 1964c) and Cooper and Ilurd ( 1968a) . 

The interact ia\ observed ri tb tr a 3 es regardS days to .f loworl.n(r 

is 1n contrast to thnt obtu.ined With truss 1 (Te.blo 2 . 3) . Onoo again a 

compensation ffeet caJ ld bo involYed. The other interactiODS imply t hnt , 

vmero nitrogen levels · re hiGh far moo t cd. the prepagnti.ng poriod , there 

\Vas little to be gt't ined in te of better SJ'O\Yth nnd oarly crop from 

hich levels in t first few ks tter pricking wt. I t  should be 

pointed out how r that under nater light condi t ionG inferior to tmse 

experienced 1D tbo present expertamt then this atatemont m."ly not n.pp� .  

For the i.mprcw Dt in yield at truas 1 e to h 1gb. ni troeen ly , as 

dl.acussed. in 2. 4 .4 , be aueh t r� yield ld be incro 

Final growth aDd yield. 

1n f 1 shoot dry iebt and t 1 crop 

Sugs"GSta that pr�t1D8 CODditiOIUJ often influence tbo rnte of gro.vth 

and d1stributiall of crap rather than the final n mt of g:l'OWth d :t·tno.l 

crop. Cclm:perabl roapaoaea with respect to fruit yields hove 
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observed '>•ith different prop·!catin{: tempcrn turos , u lthouch 11'1 aom 

instn.nces under poor licht condi t ions h:ich tompe� tu,·as h�ve reduced 

tot n. l  y ields (Vorkork, 1 9GO) , 3e"SOn11 l ef'focts on loe f n.nd fruit 

gro.-:th es described by Cooper ( lDGl u ,  1 903 ) could woll l!lCidify too effects 

of proJXlgntJ.ne trent:ents an total yield.  

Cooper ( 1984n) propoaed t bo  concopt of a fixed :.Cru it  loa.d :tor a 

pnrt iculttr sot o:t environmental cCildi tiODS . Tbe existonce oi' a 

eo�tim mochr!nism 1n the tomato 1& an essont i� l part of this proposa 1. 

In tha present invest igation tba plnnta wwe grown under the a 

environmental cODdi ticas a fter propo.ga tloft, ao t ro t  the absonce of 

ditferen<:e& in final crop is acceptable 1D teras of this fixed fruit 

1oBd theOJ7. 

Thero is a consid rablo body of op1nioo tUllO!IgSt callliGI"Cia l t to 

g:rO\-..ers th.:'l t vigorouo vegetat ive growth is the forerunner of poor yi lds . 

This wus certainly not true under the eCDdi tions of li.Olt in the present 

experiment , but it should be noted that thB nitrocon troatments re not 

minto.ined far n 1oftg period and tbnt the plants were eontntner-grown. 

Abdnlln ond Verkor ( 10?0) rea.ebed a aa.rwttat s1mihr conclusion with 

rospoet to nitrogen level end yield. 

2. 4. 4 Bxplona.ticm o� the .Uect ot hlgh D1 tr� pri.or to 

trwss 1111tiatim 1Dcreaa1Da tNlt yield iD bua 1 .  

In 2.4 . 2 lt waa reported tmt hisb ntt roson prior fl<:Der initiation 

:t.ncron.sed t ylold of trwJs 1 .  The treatment l"'CGivinc hi� nitro 

before initlntlOD 111ere the high nitl'ogen at nU stncoa o.nd tbo high 
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nitrcgen before and low nitrogen at.ter init1n11 an treatnent s .  The 

following discussion uttampts t o  offor nn explan..., t ion of this resu lt 

(Table 2. 4) . 

High nit l"'gon supplied thrCJ.Ighout n.l l  at�i&Qs p roru cod a gn»t:�.tor 

y ield of :truit in the first tru ss th:m low nit rocon. I t  is suggested 

thnt thia wna due to this treatment providiag fnvournbl.e ocmdit1c:ms tor 

plnnt growth and dovolopmlmt throughout thD prapn.gnting stnae. 

The rochanism by which the othor treatmnt cont.'linine high nitrogen 

before 1n1t:1nt1ca was associated ri th i.nczoenaod fruit yield was thought 

to be dUferent. This is bocw.18e lt wn.s oansid red tbiJ t a divers1cm of 

incronsed am.')W).ts ot carbobydr too to the truss was ossont1al lt tru1 t 

yield was to be improved. All explanation iD tbeso tormo 111-,olvil\g a 

diroet effect of high nitrogoo before 1nitiatiOD coo ld not be poatulated. 

l t  1a considered, however, that t.bo 1nterpretnt1on offered below 1 pos o :l.b le. 

The following plant respcma re associated with a cha.nse trca a 

hiah to a low niti"Qggn level at flcr..\-er 1n1t1a.t ica :  the shoot dry weight 

wrui lower than thnt 1n either of the two treatment s  which included hieh 

nitrO{:';'&n after flower 1nitint ioD ;  tbe leo.f area pe r  unit of shoot dry 

igh t  was the lowest, wbarea.a the a hoot dJ7 tter content ".raa the highest, 

of the foo.r treatamta .  

Those reepcmaos wero a1mtlnr t o  thoee I'Gportod by Brauutr ( 1968) when 

discussiDa the eftocts of a lowertng of t rature OD u.e. H explnined 

tho tiOD of ca.rboJzydratea iD the m terms of loat SJ"OW'th 

bttba mot"e scms1t 1ve tlWl pbotoayathes1s to adverso ccmd1t 1aDs . In biB 

case tho adwrse canditica waa low temperature, Wh.Uo 1D tbo pre t 
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exper:t.mant it wn a  low nit�. It 1a sugges ted tmrefore that the 

high shoot dry mnttor cCilltont produced by tm c:mnce from n high to a 

low level of n itrogen 'l'r.tS <' ccompnnie d  by an inc:ro:u;ed supply ot 

c."lrbohydrn tes to tho d eveloping trus s ,  md l."'ltor , this prcaoted fru it 

growth. 

Culvert ( 1 969) hlls reported thut \;flGn tOS!It\.tooG were grown under 

poor light cond1 tions n c:hnnse tra.n high to lotr ter.:pcrnturo at tho atcge 

ben buds boct'..me visible iq>roved tbe :flowering capacity � the enrly 

inflorescences . ProSWlllbly changes took place 1n thooo tocato plants 

simiL.'\1" to those reported f� mnize , und it is theroi'ore prc:lbnble that a 

high dr)' matter content in the leaves was socia.tcd with enhanced 

cnrboh)'dro.te supply to the dovelOpiDg 1nfloreseoncea . 

Hurd and Cooper ( 1 910) found that, With a mglo-trusa tc.ato• ,  

14 days' treatment at low tempe tu� &J'lPUed 1 5-35 da:y ntter sowing 

inCl"''OSed the yield by nJ:t>rOxitlntoly m nt meet times O:t the :year. 

They suggested thnt the tncronsed :flower number mo.y not have been tbe 

only cause of the increased yield, and tbo poss ibility of � direct effect 

of law tempcrn tu as diaeua sed. 

I t  is ;tgain :t . sihle that such a direct effect could be cnused by un 

i.nc:rena 1n the supply ot cnrboey t to tho truaa; na r lt of le� 

gro�;:th being moro 

from high to low t 

dversel,y a 1'1'octed thnn photosynthesis by the chnnge 

rature . to a lo.>'Or lcwol of 

telliXlrature may CCX\tribUte to inc: d yield is supported by the rk of 

Lake ( 1 007 ) , who reported that he cou ld 1'1nd no difference 1n yield t'i.l n 

lngle-truss plnnta with branched and unbrnnched trusses . nore the effect 

o1' st�tic tempernture lavels was examined distinct from tho o:ffeet of e. 

� 1D teq,erature level . J\n exa.mt.nat1.o:n of tho poss ib ility thnt the 
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change itself from a high to a lo>: tocpcraturo lovol contritu tos to the 

increnaod yield of truss 1 fornad the basis of n lnter study (Chapter 'I'bree) .  

Thus tho incro.'lsed yio ld of fruit in tho firs t tnws produced by 

high nitrogen npplied before flo� 1ni t int ioo as due partly to high 

nitrogen o.t all str:ges boi.ng better thnn low nitrogen, nnd partly because. 

whore a chc.r'..gQ 1n n 1  trosen level occurred , t ho  clVJl(;"' from hie;h to low 

nitrogen produced mre favourable plant rospc11 

the other way round. 

Theso results also sugest that in New 7 lcmd, ... ttoro pl..'Ults are 

plnnted out at a relntivoly yOQDg stage , thnt hiGh nitrogen feeds at 

plnnt inG dUring the winter months should bo avoided ao thoy r:my detrimcmtn lly 

eftoct the gro� and deVOlopmant of truss 1 .  The effect of nitrogen 

lGvol a.t dii'teront t imes  of tho yoar an the yiold of truoa 1 and e arly yiold 

with plants gro\\U in the soU of a glnsshouso , it is aur.;costod , should be 

inves t  lgnted. 

During the propagnt ioft of t�to plnnta , t:�hic..}} V.'Ol'O lnter stopped at 

tha fifth truss , n h� nnd a � lewl o f  nit1"'018on wns applied in fn.ctorial 

eombi.n.n.tion before and after initintial of the f irst trus s . The hieh level 

of nitl"Q(!Gn prior to 1n1tint1on produced nrli fl<7-JOr1ng and � increraed 

iaht � frui t in the first trus . Tbe dntn suggosted thn t the incre!" aed 

:fruit y1o1cl in thi.a truss 1n respanae to h1sh nitroeon applied before 

in1t1" t1an was duo to high nttroaen at all atncee beinc aupor:l.or to low 

nitrogen, and that , • nit rasen applications befo nnd a:ftor 1niti" ticm 

wero different , a change 1'l'OIR high ntt ro to low n:t.troaen produced a JlX:)re 
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productive pl:mt response than wl:w>n the sequence of a.pplicnt iona wu 

reversed. Flo\ler m.unbor and earliness of flOttering of certain trussea 

wna increased � the hir;h level of nit �on a.ppliod nftor 1n1ti':tt101'l .  

Intt i�Uy the plants grew :taster nnd cropped earlier 1n response to 

high nitrogen , but there were no d1fforenoea in either the fina l nroount 

of gro...-.-tb or the fin.'ll crq>. The constp..ncy of the finn l crop was expld.ned 

1n terms of the concept of n fixed trui t lond. 

Under the oondit1onn of li�bt 1n this oxpertment t he  results did not 

auagost that vigoroos e:ll'ly urowth was detr imollt nl . 



Tffi1 EFFI!X:T OF T .IPERil.TURB LEVeL /'.T DI FFI::Ri:l1'T JT;\GES 

DURING PROPAG\Tl ON ON THE YIEW OF SINGLE-TRUGS TCt!t�.ToES . 

3 . 1  Int�oduct1gn 

I t  was concluded 1n Chapter Two ( 2 . 4 . 4 )  thnt . re a change :trom 

high to low nitrogen occurred during propagat ion, that the growth and 

devolopmont o� truss 1 wn.s improved. I t was sumestod tro t this was due 

to thi s  change producing nn increase in slloot dry matter content ,  Which 

made more assimilate avnilablo to the developing truss undor mid winter 

ccnditions. Brouwer ( 1068) has reported s imilar chnnces taking place 1n 

maize plants exposed to a fall in taDperatu1'& . The quost icll waa therefore 

poee<! in 2. 4 . 4 no to whether some of the increase in yield, due to the 

e:Apoaure ot YCQD8 tomato pbnts to low teq> ture , 1lligh-t be due to the 

ch••nge in teq,ern ture leve l por se aa well ns to the effect of low 

te1IP9r::tturo CJn flO.\<er nwnber. 

I t  w.s decidGd th."l t this possibUity eoo ld be examinod by cOIIbinlag 

high cmd low t�tures factorial� in a manner s1.Il11l.nr to th::;.t usod fctl' 

th e  nit rogen trea ts of the previous 1nvest1gat1an. The change in 

temporaturo levels in the preaont experilllent occ:urrod prior to flowr 

initia ticn, wberoaa 1n tbo nitrcgen 1nveatluat1on it occ::urred at flower 

1nit 1ct icm. The t ot flcn'er init iation was &ttormt.ned by too exambmt ic:m 

of Spo.l'e plants . Plants that producod single and double inflaro&C*lc:ea , 

when ;>ropo.gnted under identical environmental eond.iti.ons ,  re also tnc ludecl 
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1n tho oxperimnt in an at�t to study the effect of fruit number , 

unaffected by teq,eraturo; OD yield. This wns dano by exposing thoo 

pl:-;nta during the treatment period to t�rntu:ro conditions sOI'IIO'\vhore 

betwoon tbe high nnd low toaperatures of the fr-..etorinl tre-,.tmants . 

The trentmenta 0\k.i.Dg up tbia c:rxperiment differed only ill the 

temporaturo regimes they roceived during tho tr&··JU!ont period . This 

vms in tact a period al. 23 day conwmc ing at cotyledon mcpnnsicm. The 

plants were grown as siDSle-trwls plants aa the l itornturo pubUshed cm 

tlD effects ot low temperature cm tbe yield of truss 1 ,  as distinct troll 

the effects cm flower numbor, refer8 mainl;y to singlo-truss pl ts 

(Lake, 1 967 ; t.zurd and Cooper, 1970) . 

3 . 2 

3 . 2. 1 

Seod of CV Eurocross BB 0 
s sown cm 5th Hny 1 912  and eorminntod at 21 c . 

An ewn line of soedlings was pricked out at cotylodat expansicm cm 1 6th May 

into 8 cm plas tic pots oontaintng u . c . compost (Appondix 21 ) . 200 seedlin 

\\ere allocated at rancbm to a ' ' glasabou c n..•1d GO to a 'na tura l' 

glasshouse. The two 

tmd of identicnl design nnd or1eDtat1on .  

inta ined a atniJillm temperature of 1 0� with 

fan ventilation COlldng into opor tion n t  22°c. Tbe • turel ' gl..naahouso 

had no control over ita minilllml te turo and tnn ventUa. tim cc lnto 

operation at 22°C . Th env1l'omrents tn the two g sshou.s differed 

therefore sly w1 tJ.'l respect to tho m1n1Jwm tempern turc . The t tmonts 

re applied tram tbo n1�t 1 5th J.kly t o  the night 7th JUne. On Sth June 
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the plants front  t he  •natural' glaaehOWJe wa.re shifted into the •warm• 

houGe a.nd from tbi d;:�.te until the end of the c.ti!:POrit.lt'lnt �u plnnta 

tre!'ttment poriod ore presento4 1n Table 3 . 1  

Tnblo 3 . 1 Temper., tureo in gla sshouses durinc trontmant period .  

----------------------------------------·---------------

0 Tomporn turo c 

Mean day (max. ) 

:<• Me:m n ight (min. ) 

20. 1 

1 6 . 1 

' N�turr.l ' gb 

19 . 9  

1 0. 3 

* recorded under bbck poJ.iYtbe:no covor. 

3. 2. 2 Treatments 

3 . 2 . 2 . 1 Warm glasshouse 

early and late during the prapapt1ce ta Tho rly Gta 

( 11th - 23rd May) COIUiisted of 9 ntahta •tarttng ut cotylDdoD o:xpnns ioo and 

finishing prior to flo r 1D1 tiat1Cift 

COII'Wiatod of the next 1 4  nights. By 

d the lnte stage (24th May - 7th June) 

y all the plant· kept in the 

glasshouse, wile n.t ni t tbe planta l"eCeiving a wara t tmont stayed 1n 

tho glnsahouoo, wb o.a tbo e recoiv1l'l a cold tre r ved to a 

cold room kept :lt 4°C. While tbo pln.nts re m tie cold the 

plants wre covered with black polythene with the dark riod nvernging 

1 5  hours 
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Fifty plants were allocated at r-andom to ouch of the four treatl'.nalta 

and on 3 occasions during tho application of the treatments 5 plant saq>lea 

were taken from each tl'eatmon t and their fresh and dry weights recorded . 

3 .  2. 2 .  2 Natural alassboUBe 

No control of minimul:l glasshouae temperature was maintained 1n this 

gl�sohouse in tbo hope that the •an d::tily teq'lernture would be such that 

both single ;uut da.lble infloresconcoa would be initi:�tod. .my ditferencoa 

1n yiold between these two types of plant COll ld not theroforo be due to 

tornpo� turo effects . The plents in thi s  houao were pl..<tced under blr1ek 

polythene covers nt the sn.me t imP  as too plro.nts 1n the wnrm house. 

On 8th June tllo pl!'llltG from this house wcro r\ iaO'Ved to the \mrm 

glasshouse and by 7th July it waa poe ible to detortdao r-Jbnt type of 

inflorescence ench plant from t natural house wns to hnve. 22 had 

single inflorescences alXl 38 double inflorescences and they wero reforred 

to as the single and double tl'eatmenta . 

3 . 2 . 3  Post treatment stage 

All trent nts eoaaed CID 8th J'uno and tl'OJil thon an all pl:mta received 

tiB sane temperature regS. as prevloual.y out U.nod (3 . 2. 1 ) . The six 

trea tmenta nre preoonted in Table 3 . a .  



Tablo 3 . 2  Treatments applied to study the effects o:! teq»rature 

duri.ng prop�gut ion on the yield of singlo-truss toma.tooa . 

Treatment Code Gl.nssbousc 

w�re tct:Jper:;.ture oorly a.nd lnte v·tw ':r.U"m 

warn tempernture oa.rly cold temperature late ' /C \: ; want 

cold tcr.1p0r�ture early warm tCJnl)erature late C/W warm 

cold tonq�nture early and lnte C/C wnm 

sill(;le inf lorescence 1 natural 
" natural -double inflorescence 

At the budo visible stage ach treatment wns planted into 9 11 tre 

black polythene bags contll1n1Dg a �:50 peat sand �t plus a complete 

fort ilizer mi."< (Appendi.x 22) , which required < tertng 011117 . On 7th Jul.y ,  

wl1en the single nnd double planta ecu ld be identified, 1 5  pl.<tnta were 

aoloctod at rnndom fraa tho re ining plants of &�eh trentmont olld alloontecl 

nt rantbm to n diffel"mt block. From this date till the end of the 

experiloont ( 6th October) a rondom1zed block deoion of 15 blocka oach 

cc:utnini.ng 1 pl:u:lt per treatment as usod. The SJXl.Cing used provided an 
2 

area of 0. 2 11 per plant . 

From the start of tho experiment until 7th July each treatment was kept 

011 a s pnrato mobilo bench and the so were shifted to a different poa 1 t ioa 

1n the gl.asabcuse each day to ll1intm1ze poa1tional effects . 
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by 6t� October . 'nle fresh we1ght and DWllber of fru1 t was reeorded nt 

ooch hnrvoot . On the finnl harvest dnto the aboVe {:."1'04.md pnrts of the 

p lont were rotl"..oved nnd divided into len.ves and stet:.1B nnd oven dried :tt 

0 
1 00  C and tho dry weights recorded. 

3 . 3 

3 . 3 . 1 Introduct ion 

The dn.tn w0re analysed 1n a. nUJllb&r or we.yn. Tho :rosul to of the :four 

treatments from the vnrm glnsshouse we ana�sod , whoro npp licnble , as a 

2 x 2 f:<.etor iu l  oxporiment . Where the reaulta of the G troatmmts wore 

oxn!3ined togetber, thm ei thor an analysis of rinnce used or 

sie;n.Uicant rclnticmshipa be·.....,.- the r1ous parrunotera re sought . The 

t to t vas used to cnlculnt significant d1tferoncos where two means were 

COZIJpared and Tukey ' s w proco&lre wns u ed where mre thnn tuo means "WOre 

1nvoolved. 

3 . 3 . 2  

propagation an. yield, number nnd on t,oeight ot fruit . 

The results of the nna� is of ri ce cnrriod out an the relovnnt 

d11tn are presentod 1n Table 3 . 3  (Appendices 23-25) .  
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Tabla 3 , 3 

propagnt ion an yield, number ,end men.n �<&icht of :trult . 

�rly Lnte 

c c p 0, 01 

Yield (g) 
55S 787 640 735 51 . 4 

Fruit Number 

7 , 5  1 1 . 2  S , 6 10. 2 0, 72 

Yor-n. fru it -�-eight ( [; )  
78 . 5  71 . 2  77 . B  7'2 . 9  4 , 36 5 . 80  

- -·�-· ·------------------------· -· ---

•:• Signii'icrmt differences for coq>aring either onrly 
or lute rneens . 

1"he cold troatnent early or l .. ! to significru1tly incron.acd (P < 0. 01 )  

y ield nnd nUJilbor o:f fl"Uit nnd significant� d reaood llD:::.n fruit \tVight . 

Cola treatment early ;>roducOd the greater roapcmso in oach cnse . Tber 

were no stgn1ficnnt interacticma . 

3 . 3 . 3 Troatment effects on fruit yield. 

'I11a results of the analysis O'l variance caiTiod out cm the relovant 

dntu are pre nted 1n SUi., rizod fOl'lll 1n Table 3 .4 ( Appon.cix 26) . 
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Tablo 3 , 4 Trentr::m:t at'!ects on fruit yield, 

�H.cnif icant d ifferences 

Treatment 

Yield (g) 

·. ,j\7 ii/C C/'..' C/C 

541 635 739 834 

1 

57G 

p 0. 05 p 0. 01 

81 8 1 <l..J , 7 1 27. 7 

Tho t;/": and 1 treatments bad n s ignificant ly (P < 0, 01 )  J.o;:·er yie ld 

thon the C/W, C/C und 2 trentment a ,  whil thB W/C trontoent had a 

s ignificant � (P < o. 01 )  lowor y ield than the C/C and 2 tr t:aonts . 

Relationship between y ield and fruit llUE!bCr pa:· p lnnt . 

'!110ro wns a s ignificant ( P  < o. 01 )  oorrelntial ( r  = o. 07) between yield 

and fruit mwber per plant for the 6 tron nts ( Fig. 3 . 1 ) . 

3 . 3 . 5  Relnt ianship botv:een mean weight nnd nunbor of fruit per plant . 

Thero w:-.s a significant ( P<. 0. 05) negative re�tiallDhip ( r  = -o, 88) 

between menn ';.>eight and number of frui t per plant for the G tre"� tmel'ltS 

(Fig . 3 . 2 ) . 

3 .  3 .  6 Shoot clry matter ca1tont of young pln.nt • 

strx wt 100 
The monn shoot dr'J matter ccmtcmts ( fresh wt x 1> c4 5 plants at 

3 hanost dates tor each of the 4 treat ta grot'Jil :1n tm warm g schouse aro 

in temperature levela am 2 after the chl1lDC8. '11lo period prior to tho chnDp 

we.a d tgnatec! the early stage and that nftor the ehnr.ao tbD lat stage. 
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Ts.ble 3 . 5 :3hoot dry mattor content of yC>tlllg pl:::nts 

Ihto Coml!lents Trc:� tl!lal t 

w ii/C ;;.�� c 
.. __...,._. __ 

23/5 E::-.rly st·· � -1 
nieht bofore chnnr;e 7. 9 7. 9 1 1 . 0  10.  £) 

30/5 Lnte stnge 6. 5 8 . 8  G. G 8. 0 

l;/6 Lnto stf\go -1 
nicht o£ treatment 

loft 7. 0 1 0. 7  G. 5 1 0. 9 

The shoot dry nntter contant was highest with tl'W:>oo trontmanto 

receiving tbo cold troatment at the ti o:f harwst. 

3 . 3 . 7 t.'f':toct � tempornturo 1 1 at di:t:feront s�r;os during 

propag�t ioo. an dry weight of pbnt top . 

Tho 1·esults of tho analysis of variance carried out cm the relevant 

d.' tn �: re  presented in sunw:nrizod form 1n Table 3 . G Oppondix 27) . 

Table 3 . G Efteet of tocpero.ture level at different stages 

durinG propngatian on dry "'eight of plant top. 

!Ate Sicni fic:mt ditterences 
Troatlllent ans (g) 

" c p 0. 05 p 0. 01 

barly \' 40. 0 26 . 0 
4 . 93  5 . 78 

c 34 . 5 32 . J 
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There wus ::< s ignif icant ( P< 0. 01 )  internct ian �·cl>:oon teq:Jerature 

level �;:;> liod en.rly ::-JlG 1- to �i t!l roopcet to dry '->u::.c�•t of plnnt top. 

I f  col<! .1:10 nt>pliP.d ettrly thon the dry ' .. 'oi{;ht of pl::'llt top \T'S not 

effected by t oo  tcDpor". tur � level late . I f  ho-,·:evcr •;.·�..r:·· tonporaturcs 

\::ore :1ppl!od oarly . them the dry YJCiGh t of pl -mt top ·.:tlS high U' 

combined wit h 'l!n rn tenper .tures lr: tc ::,oo e�.:tre::-10ly la<t if cotlbined t:1tb 

cold ter:tpOr.'.turen lute. 

J . 3 . 8 nelatianship bctW'GGil dry weieht of pLwt tO"v :md i'rui t y ie ld .  

I f  the t·/C trentncnt i s  doleted then a s icnifi�mt (P < 0.  00)  negative 

correlutioo ( r  = -o. 96) wu.a shown to oxiet betwoon dry ·.Jei(';ht of plant 

top n.:nd fruit yield far the remaining 5 tree. tmonts (Fie. 3 . 3 ) . 

Relationship between po:rcent total shoot dey -oight 

in lRves nnd fruit yield .  

Thare wua a s ignifictmt ( P< o. �) negative relationship ( r  = -o. 89) 

botweon tho percent total shoot dry weight in the 1 vov nnd :fruit yield 

fer the 6 trcntments U'ia. 3 . 4) . 

3 . 4  

S . 4 . 1  Fruit yield 

Cold applied early nnd late tncre 

decreased moon weight of fruit (3 . 3 . 2) .  

sbowod thnt 11t 1�: teqJel"atUJ'CS the apex 

1ni tiation. His studios re not b.c:JINO 

yt.old and mmber of fruit and 

Data presented by Hus y ( 1 9G3b ) 

larger 't the ti 

r earrioc:! past the t 

of flowor 
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1ni u.at ion. I t  woold aoom. reasonable to suggest thnt tho larger the 

npex nt f lower init ia tioo , then the grea.ter the number o'f :flo..·ero that 

r;i ll be ini t iated. I..nk.e ( 1 067) :found thnt �· toc.lper<.ct•.lrcO prior to 

:f lower initi ation increased f lO\',..er ntllllber nnd ti1o rooponse of the plants 

in the present ru...,eriw:mt to low temper::. ture enrly au. ports such a 

cooc lus ion . Tho prosent results 1n fact indicnto thnt cmrly trett.tment 

micht bo the most e:tfect ive. 

T oo  co ld  tr('<· tmolrt durlng the lnte stneo commenced just prior to 

f lower initi:· t im. and there�oro included the tir::e of :flo er in it intion. 

This h::lS boen the mat CQllJ'liOU period of trentmant to ine�!SO f l�1er number 

( Lowis , 1 95..1 : Cnlvort , 1 957 ; Hurd and Cooper, 1 QG7) ::md frui t  yielcl 

( !!urd and coopor, 1 970) .  

That the increase 1n fruit yield was due pril.P.l•i ly to nn :l.ncronae in 

fruit rlllti>er is cloorly dcnonstrated by tho d:-ttn . 'i."'hua n close 

rclr;t ionship was shown to exi st between yield a.nd fru i t  m.:urlber for o.ll six 

troatr.:wnts (Fig. 3, 1 ) . The work of Lnlto ( 1 967) o.nd ilurd nnrl Cooper ( 1 970) 

hna dcoonstrnted tbc.t too 1ncr se in fruit nut:lbor brou O.lt abou t by cold 

trontmont wos accompanied by n decrenae 1D frui t  o izo . Resu lts of a 

s imilar nHturo weru obtained 1n the preoent study, 'U!wro a n t iv 

relat ionship was sho'm to exist between menn we isht and mmber of truit 

( Fig. 3 . 2) . 

Treatments 1 end 2 diff rod ally 1n that ono h'd n sinele truss and the 

othor a da.Jble truss, tbo t�ture rogimes they experienced ident ica l .  

'nle yio lda of theao two tro.n tmenta re similar to tb� t of tho equ 1 valent 

tre::-.tmont ham the wnrm house - the 'ii/VI rm.d C/C tre:ttrx:nt o ( 3 . 3 . 3 ) .  Tbl• 
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suggests th::-.t truss size :1B determining yield r·nd thnt expoouro to 10\V 

temperatures benefits yield solely We to its ef:foct on fruit numbor . 

The close relnt ionship between fruit number n.nd yiold obtained with the 

6 treatments wns n fur ther 1nc:U.cu t1on tm t tro effect of temporoturo on 

fruit number Wtlo tho doteminiDc; foetor . 

The data cm shoot dry tter content (3 . 3 . G) ind icates , that with 

the temperature trentments epplicd in this inveotigution, tb.:lt cold 

temperatures v.ere aasoc1nted with the acCWl!Ul.atioD ot dry matter, rather 

than the chnnge from W3:m to cold t-.poratures . The effect of teq,orature 

here , differed th reforo from tbnt � nitroeen , vlhero a change from high to 

low nitrogen wa.s neeesanry to aoc\Dlla.te C.."trbohydrnte ::Uld cn.rbohydrnte did 

not uccurilUlate with lorJ nitropl a.l.cne ( 2.4 . 4) . The explnnntion offered 1n 

2 . 4 . 4 as t o  why :1 chr:tnge from n h:lgb to ].o-,. tomperrlturo , under low light 

c<:ndi tions , favours truss deVolO)'.D!mt duri.rlg the post t.nitintiOD str.ge 18 

still nccept�ble . For 1n tbo l>Ork under review (C:1lvert , 1 969) 1n too t 

instn.nco , the low level of t�raturo used v:-- s not p:->.rticubrly low 

( 1 5 .  G°C ) . Under such c11"CU111J tnnoes it is con.::iderod likely th"� t  a chonge 

in t�r:.1ture level wUl ld be required to ::cccur:ul:. , te carbohydrates . 

I t  is sutmosted hero, thnt the :tccw,ml:' t ioo of cnrbohydrote which is 

brour;ht aboo t by low temperature is the , ,,·.jor contributinc fnctor to the 

increase in flOWGI" number aasocinted with lo•:; teq>� ture . I t  is 1n fnct 

possible thnt somo of the 1nC e 1n frui t  number due to low teq,oraturos 

lato 1n the proeent experilla'lt , CCIU ld  havo been due to ir.Ipl"'V'ed aaaimllate 

supply enbancing tbe devolopJDoDt of initiated f �Gftl .  



The importCl!�ce of asa imil'"' tO if.: n lso 1.�licr1ted hy the v;ork of 

Uussey ( 1 063n, b) on the eftocta of ter:;-..cr:>. ture an the caa.petitian bet �oen 

l.cf:.VOS : tn<i too n.pe7. for f! ss imibte r:nd by the invof':itigr:tion of Hurd t1.nd 

Cooper ( 1 0C7) ,  \\'here under sur:mer lit:.ht ccndit ions ( Y:here assimilate 

supply is loss l ikoly to be 11mi. tine ) ,  unchillsd control p lants produced 

aose truss brar.ching. This ln tcr response is often observed witll 

conmorcial crops sown dui'i.t1c the s.urtner months .  It is not inteoded to 

imply th-:. t e.ss inlila.te su: -ply in the anl.y factor affecting flower number 

as work with �tth substance , ( \'littwer I'Uld Bukow.c, 1 962) clearly 

demao.strato that this is not so. Rather it is suggested thn t 1D ll'lBny 

commerc ial s ituations an tncreo.sed nva1lab111ty of cnrbahydratea to tbe 

apex ir.:rOOiately prior to and during flo.ver :lniti� t ton would iD.crease flower 

nuriber. 

Further '.mrk involving growth flllBly 1s of p�ts receiving cold 

tren tlrents of ryinc cfurntia'lS before • durinr; �·nd ;;-.fter initiation i a  

re rrairod so tha t too effect of lo< temper:-" tu rn  in ir.cre.,sinr;: flowor number 

c�n he more precisely understood. 

3 . 4 . 2 Dr-.1 \';eight of plr:nt top - �nd !JCl'ccnt total ::Jhoot dry ight 

1n the lonves . 

No expl.an::;t 1on cnn be o�fered for tho interaction bet t 

l.evel early ruld lnte with pect to dr,i weight of plant top (3 . 3 . 7 ) .  

ono rr'light h."lve expoetod tm order of dry weights fO'r tbe tren · t means to 

haw been ouch tba t the 1onser the IDr1od wring tftatment that tl1e plant 

received wr.u:m toEpetratures tho greater would havo tho pla!rt dry weigbt . 



I f  the trentr:1ents !"..re t'"'ln!�od with respect to too l�th of time they 

x-ecoiwd arm to�rnture s ,  then the fo llcY:int;; \"."3.0 the order from tho 

longest to tho shortest - ··;;r,:, C/'.1, , . .  /C , C/C . T!1o tro�tnBnt UDnns 

-;rora in thi s order · it h the e. eept1on of the �:/C tre'1tl::1re1t .lhich ha.d the 

lowest dry weight . 

Close negnt ive rela tionships were shovm to ex ist bet•.r.<eon dry we ight 

of pbnt top o nd fr.!it y ie ld ( Fig. 3 , 3 )  -md porcent totnl shoot dry ·eight 

1n too leaves and fru it yield ( F ig. 3 . 4 ) . The 11/C trontme:::t w de leted 

wmn the first of these rel<Jtionships was doteminod , This wns dono 

c�ms() it did not fit this re tionshtp
, 

Prcaur.r:bly du.;t to tlw unexplained 

internct1on d iscussed above . I t  wac caru; iderod this wns jus tUi:1bla aa it  

was then pons iblo t o  doolonS trate tho �enera.l rel:tt ... onship, wh ich e.."'tiBted in 

this experimont , betweEI'l vcgetati've growth and fruit y ield . All six 

trentmonts were included b.Oil'e\1'01' 1D determinine the latter of t abovo 

relntiooehipc . 

These rr'lat ionships do::xmstrll te th<:t col!ll;etitJ.on occurs between the 

shoot nncl fruit for r- ssioi ln tos . 

leaven tmd fru it 1n particular th�<t c.rc in co..�'Ct :i.t ica. A negntiw 

roln tionship ben-een veget:?.tive gro. ·th nnd fru it yiold hns provi.O\tsly been 

reported by <:1nlter ( 1 N>8) and Cooper ( H)G, ... c) , while the dntn of Cooper ( 1 072&) 

suggest the exist ce of competition bct,�-een loPves and fruit . 

thim rel:-tionship nre discus 1n Ch:-pter Four . 

3 . 6  �U!!!El 

Aspects ot 

Cold tre�tment prior to flower initiation (9 ni(;h1: ) or for o. 

\ilsequont periocl (14 nishta) whiCh 1Dcludocl flO'-.'&r 1n it1:lt10ll 1Dc · d 
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ybld nnd number of tr..1it n.nc! decron .. ced r.�enn �'Cl.t;!lt of fr-1it at s1nclo-truoa 

toao too s .  The enrly trcr t<.."lOnt \W.S the rno ;;t e:tfoctive. 

Yield was closely ro l:, ted to fru it nu:nbor nd it ·. · �.s sucr;estod tb!S:t 

the exposure of plnnta to 10\·' tonperaturos produced M c:mh<mcoc! supp� of 

aes imla teR to tho o.pex , \':hich then ini ti�tcd m -o fl.0\'1'-ers . ?-.� direct 

effect of low tomporature on yield Co'..l ld bo demoostro.tod. 

Shoot growth was reduced e.o fruit yield incrco.sod :mcl it ·.ms Guao&ted 

th� t coq,etition occurs tor aas1 m1 latos betwcon tbn loovos and fruit. 



CIMPI'ER FOUR 

t:fPgCT OF 'IJIG AMOUNT AND POSITION OF U:l.F 

TIS3UE ON THE YH..:LD OF SINGLE-TRUSS Ta.�'.TO!:S , 

4 . 1 tat£949sttea 

Tbo relat1.onabip between vegetativ growth 1lnl yield 1 essent ia l.q 

the rw l:ltiauJhip between the leaves as the scurce of ass1m:l.lates and the 

fruit which is tbe major ai.Dk (ICban and sagar, 19®b) present OD the plant . 

Tbo work � Drollillger ( 1957) aDd Khan ODd Sagnr ( 1966) 1nd1catea thnt 

although fruit obtain mat ot their assimilates from the lea.vos cloaest to 

thelil th1o 1a not an a.bsolut nlationehip. 

The present inveattgaticm was deei&nod to s tudy \?hether gl"Glps ot 

leaves cou ld completely or onl7 partinl� replnoe en.eh other as suppliers 

ot asa imU.ate to a. purticulnr trusa . It was �ecidOO th:1 t this WOJld be 

carried out by app�ing lea1 ts to single-truss tcm:lto plants . 

The troatments used supplied into ltion ea tbo effects o'L the amount aDd 

posit ion of lent tissuo an fru it yield. 

4 , 2  lt);tertalp 3I1d f!!� 

Seod of the eu ltivar Eurocroea BB tna 80\llll an loth Fobi'Unry 1971 1n 11 

u. c . ccq,oat ( Appendix 21 ) .  At cotyledcm expansion on own lt.ne of 

100 ·· Ungs wna pricked out mto tbe nitrate-type nutritmt solution 

described by Hew1tt (1966) . TbD matriel'lt solut ion wns contiDQoua� 

circulated along PVC gutterms tbo top ot which v•u cowrad with risid 
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PVC aheota painted silver m the oot side. Tbo plv.nts \Wn"e plo.ced iD 

go.ps between the PVC sheets . Ini tin.l � tbe cotyledals tUid ln.ter the 

le:1ves supported tha pl:lnts CD the PVC sh&ets , but :for most of the 

cxpertment stri.ngo ntt:>.ched to overhead r,:iros re used . 

The nutrient solution wns aerated as it cr.scndod from roturn pipes 

into u central storncre tank fl'CIID wll..ich 1 t wns pur.!pOd lx ck to the euttertng. 

Tho plnnts wore grown 1n n g la sshouse which r.r int:.:.ined n minimum 
0 

o.ir tanpernturo o:l t G  C vin the heating syatem mth fr..n vontil·' t ion cOCling 
0 into operation t.�t 22 c. 

P lants wore solocted havil'l« singlo �loresconc.os c..nd 7 leaves below 

this 1nflorescanco. All plants woro atoppod 2 lonves nbo the :first 

tn:florescence giVing a totnl ot 9 1 aves . ,\nthoG is of t hD  first flowr 

occurred from 22nd to 2Gth t1a.rch. 

Plants re c.llooatod at randcm to treatments o.ncl blocks on 26th March 

and all the rG!I:Mlining plants remo'Ved. Thia pvo 1 . 8 11 tres of �trient 

solut ion per plP..nt 1n each gutter. The treatments woro opplS.od an this 

date by rom?vtng lenveu to provide dU'f rent leaf nut:lboro at vary ing 

tho treatments nro proecmted iD 'l'ablD 4. 1 .  
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the control pl.�ts . This ns un oxp 1mnt ;:bore t�10 pl... nts ·ero widely 
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s iJlSle :md double truas plants. This 18 not eanoidered likely as the 

dry weight of plnnt top was lower nth plants 11th double comp..'lred to 

s ingle trusseo (3, 4 , ;l) .  Thia wu ld  have been due t o  the divers1al of 

n sim:11ntes to too fruit.  

As the troc.tments used in tm present study rrero app Uocl juot a�t r 

nntmsis of too fli r' t  flower, the trentmm t diff �encoo �re c:luc to effects 

on fruit growth and developaent and not in.floroscenco crrowth nnd deve 

4 . 3 . 2 Relationship bet . en porcent total plant dry t igbt in 

reproductive t 1a i3U  s and percent total plnnt dry weight in 

leaves . 

There was o. ignitican't (P <. O. Ol )  negat ive ro l."ltic:a:uJhip ( r  = - . 92) 

between the praportioa ot dry matter going to reproductive Uasu 

( 1nflorescence and fruit ) and the lenvea (Fig. 4 .3) . sulta of simU.ar 

nat'U.'re hnve been reportod by Cooper ( 19"12a) with unstopped plants . Be 

tOt:md with a Fobruary ao.ving oace ovary nelli.Dg be n tbon a cor ponc11 

ropid decline in the proport ioD of tbe ab8olute growth rnte wns fClDld . in tbe 

stem ond lscvea. Rowver with a.n October aowtng t· .. hen the gra1th of the 

reproducti tissue was obocked tbe praporticlll of thD nbsolu te growth rete 

of the whole plant fcuut 1D. thD a atUl toll, but thnt <d the le::� s wn 

DOt groat� a1fec:ted. Thia would su t a titi re t 1CIIW11p 

between reproductive ttasue an4 1eaf crowth. 

Cooper (19'12b) atucliod tbe tecta of ocmtainer volume dry matter 

tod tmt improved iatlOl'G conce dOYa.uJJ�IIlt produced 
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lea�s and not n t th& expense of roots as c<:DJOnly thoU.Cht . Hero age. in 

the dntn support the exiatence of n compet1t1 vo r.:�l�t iooship between 

reproductive o.ncl leaf tissues. 

The percent tot nl plent dry weight 1n reproductive tissues ill 

o quivs.lm t to too harvest index (H) deti.De<! by Don.'l ld  ( 1 9G2) . The results 

cd the present s tudy (4. 3 . 1 )  imply tbnt to increase yiold the optiml leaf 

aree index should occur ut flowering and be cn intninod for as 1oDg na 

possible after thi s .  Presumably cmcc.t tbe optimal lent area index is 

aehioved nttel':ilpts should be , with ·iDgle tt'UBs tomn.toos or high density 

direct sown outdcor crops , to increase H . Prior to thi point ho\Wt r any 

increase 1D H wi ll be at the expens ot loaf tissue end thorefore yield. 

Relationship bet percent total pl.aDt dry weight 1n . 

ntpl'OdUct iw t1a a nDd par-cent totnl plt>.nt dry •idlt 

in l'OOts. 

There tma a sign1:t1ca:at (P <. 0. 01 )  neptive rolaticmship (r = -o. 9) 

bet\:.-eon the proportim at dry •tter goi.Dg to the roproductiYe ti.Ruee 

and tbut goiDg to the roots (Fig. 4.4) . 

The data publishod (Pig. 2 lower) by Cooper ( 19'72a) o.re not t rlance 

wi th this result . llere with an October SGrine, wbero truit awelllne wsa 

re trictod, the proporticm of tbc abaoluto g:I"'VVth rnt at tbe wbole plnnt 

:found in tbo l"'01:s waa maintam.d at a ht.gber level than with sowing datee 

wh re fruit lUng occurroct. 



4 . 3 . 4 lltiPOl"tnnce ot led position. 

As there was n close linenr :relntionship bot'-'.'een yield :md losf 

dry -:"''ieht (F1.g .  4 . 1 ) ,  with trea'tmer\ta CCW0J"ing n r�nGO ol len.f pos itions, 

it is eansidoreci too t with singlo-truse tC��Sntocs it iD tho :.uliOlmt J"ntbel" 

tln n too position of lenvos thn t ta important. Tho 10rk of Droll.S.neer 

( 1 957) and k"hr-.n nnd Sngnr ( 1 0C 7)  indientea that with a lll\lltitl"Uas crq, 

that lenves enn compensate tar each other . How c�lcte this is Twith a 

ltttrusa crop is not certain. 

The dat:"l in F�res 4 . 1  and 4 . 2  indicnte th..; t  treatment 5 tendod not 

to be ns closely nssocin.ted wi th the gcmeral trond o.s did the other tMatmcnta . 

This co.� ld be due to the leaves of this tzeatmen t heine older s.md further 

aWQy from the first truss than with tbo lea of tho oth trentmente . 

Th o leaves �My l!llso h.tlve hnd a apecial 1\mcttoo to BUPPb the roota . 

4 , 4  � 

Il!'l!edintely after first antbeala leof removal produced tro;::. tJ3ente 

consisttnu of vnrying am:JUnta ot leo.t tlasuo at different pos1t1ou CID the 

atom of wid ly spnced stne;lo•truas tcmnto plnnts . 

A close poai ttve rolaticmabip wu •tablishod ootwoen lent dry weight 

uad frui t yield, whilo leaf poaitim d id not a\ps-nr to �tnnt . Tho 

leaf nnd root were ehown to bo 1D competition With reproductive ti8wes 

tor dry mtter. 



5 , 1 Int£9dHct1on 

CHAJ-Tffi FIVE 

The data prosonted 1n the nitrqJen 1nvest1gut1on 1nd1ca.tod thn t 

a canpensation �chnnism exists in the tomato plnnt . In tha t 

e�..xlriment high frui t  y1olda 1n truss 1 were �nsated tar by reduced 

fruit size 1n lo.tor trusses and dospite difference& iJ1 early yield 

between tre::1.tments no differences vere detected in fin." l yiold ( 2 , 4 .  2-3) .  

The exiatenca of such rt roochan1sm has been sugco ted by Coope r  ( 19G4c) 

and Cooper and Uurcl ( 19GBn) . 

As it �-:1s con iderod tm t aueh etfocta were broucht about by 

col'l,POti tion between trusses for assimilates it wns dcci dod  to de&ign an 

experiment to demons trate th oxistonce ot competition bot>:�ecn trusses 

Nld to determine whothor it was restricted. to adj acent or widely separated 

trussos . I t  we.s cons 1dered tha t  th 1s � ld bo n.ehieved by allowing 

pl:mts to develop dif ferent m.m:lber ot truases and then exarn1.De the effects 

of these treatJnOr.ts cn the yield of a particular truss . Two eeriea ot 

pl.'1nta wero stud ied. ODe where tho plants were stopped at the required 

truss number and o.nother where vegetative growth ws allowed to ccmt inue to 

be s topped later . 

5-. 2 Mn teriala and. thoda 

Seed of tho cult ivar Eurocl'O& s BB was sown on 1 4 th July 1 971 in u. c .  

oCDpOSt ( Appendix 21 ) and gerlld.:nated at 21°C .  At cotyledon expnnsion 



'IS .  

(23rd July )  the plants were pricked ou t  into 8 cm. plastic pots conta1n1D& 

u . c .  cotq)CX'lt and grmm on in a 6m x 6m gla.ssl»uso ·.Jhore min1alm temperatures 

of t 6°C wore mnintainod via the heating systera with f:m ventilation ootU.ng 

0 
snto opern tion at 22 c . 

On 21s t  August an even line of 72 plants was selected :ll'ld plantod into 

9 litre black polythene bags an4 them e.lloco.tod at rand.an to the treatment •  

and tllan to t be  blocks. The bags CCI\tni.Ded a 50/50 pent sa.nd compost plwa 

a ccapl.&te fertilizer mixture ( Appendix 28) which roquirecl watertnc cm� . 

A rMdorll1zod block design was used consis ting of G blocks contnintng 1 plant 

per treatment. The 12 tJ>eatments OOMisted ot no series ooch containing 

6 treatments :md wero as foll.ol?s . 

Unatopped oeries . Plants st�P<Mi 2 loaves a.bovo inflorescence G 

nnd 6 truss plnnt e .  

Stopped series. Pl:mts atopped 2 leoves nbovo tm last truss to 

give 1 , 2 , 3 , 4. , 5  end 6 ti'UIIs plants . 

'I1lD treatments are represented 41a.sralllltieally in Figure 5. 1 ,  tbo 

Lut treatment 1n each seriO be1q ident ical. 

Fig. 5 . 1  01 t ic represcmtntioo. o.f treatmcmts applled. 

unstopped series l � � � � � 

stopped ariea r F F F � � 
1 2 3 4 5 6 

TJ'Uaa llU.II':Ibor 



76. 

There were 3 double reiNS of plants ( �  doublo row por block ) with 

gunrd plants c.t tho end of oa.ch row ru:d alaac the cl::stlbousc walls near 

the outer blocks . Plants were spaced 32 cm apart in the row, 40 ems 

thnt the shorter plants ot tbD stopped aories wero not Gignific.�t ly 

shnded by adja,cont plnnts . Thi• waa CONiiderod to bo o due to the sood 

Ught trcnsm18oioa chnracter1st1cs ol the glassrouso, t!xl plant apactng 

and tho time ot the year. 

The plants uere hose wntered u required. Thia was as fret'!UGllt na 

twice daiq nenr the and of the xpert.mcmt . The pl.nnts were traiDed up 

atrings nccorc11Dc to the normal COIIIII81'01al practice and tl e planta re 

dumped clown daily to a id truit setting . No rogult:'.r diGe�se nnd peat oontrcl 

prog1·am.ne vas followed . On cae oecaa1on Dibrom (naled) lWlS ppU.ed to 

control white fly (Trin lourodes vapgrar!orum t�stw. ) .  

n:-.. nosting of fruit OOIIUt'liiiCed CID 18th Noved>er 1071 and the finnl 

ha rves t  was JOO.do cm 1 4th January 1972. The fresh woi�t o.nd nwaber cd 

fruit per truss were recorded and Oft the finn.l b.."U"V'st dnte the plant tepa 

were l'Cl'li.Oved and oven drioc1 at oo0c and the dey ;,-ei�t of plant top 

deterniined. 

5.3 

5 . 3 . 1 

RtaUltf pnd d\!£UM&<I! 

Ana lys :l.a  of zoeaulta 

Analyses ot vnrtance w:re cnrrted aut Cll tbe relovtmt da.ta and tbe 

aothod of orthogc�U:l l poJiynoa141a wu ueed to detormlno too beat fit for 

possible regreo.aicm lJJloa (Appendicea 29-42) . 
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5 . 3 .  2 Fru i t  y ield 

5 . 3 .  2. 1 Yield truss 1 

17. 

No re l:..1t 1ooship ootwoen the yield of tl'\J.Ds 1 nnd the number of 

trusses carried above it could be established. E�tlino. tion of 

Fie:ure 5 .  2 trum,"0 ts however tha t 1 t 1a possible to discern a decreas ina 

trend 1n yield ao the number ot trusses per troutztent illcreusea . 

The me:?..n fruit weight :la truss 1 decreased w1 t11 the s topped sorie 

(P < o. C6 )  o.s too number of trus ee per troatmont inerensed, while a 

curvilinear relationship ( P < 0. 05) existed with the unstopped sories 

( Fig . 5. 3 ) .  I t  is suggested that the data on mem1 fruit weight 

obta1nod from the stopped aeriea indicate that the npparant decreasiJls 

trend in yield with increasing tl'uas mmt»er aotod ahovo , \'i'US probably 1. 

The curvilinear relatioaship obtaiDed for the unotopped eerie cannot be 

expla1nod and 1s not thoupt to be meaningtul pbysioJ.oeicnlly. No 

s i gnifict'..nt treatmem: �tecta an fruit number •re 1rund, whieh ls in 

Jtooping with the appnrent lack of trea'blant effects m fruit yield. 

Khan and Sog-.1 r ( 19o7) bnv shown that during the onrly life of the 

crop the first truss is a llfljor sink for U!ilo te for nll loa s .  I t  

is poss ible thn t the lnck oZ aey treatmm t  effect CQl ld  ho ve  beon due to 

the sinl: strength of truss 1 being IilO great tbnt it was u:naffoctod by the 

presenee of other trus Bar;Jever , lt is consi like� tha t the 

rked :fluctuations in yields ,  which are apparent 1D Figu.ro 5 . 2, U:u:U.catea 

tm t � other factor was diagu1811'18 treatment effects . Such tactcr 

could havo been tbe lev'Gl of natural pollJDation, which daspite the da.mpiziS 

down could mve boon vo.riab in this truss. 

exam.tned ill Chapter Stx. 

e po 1bU1 t1oa a.re 
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� . 3 . 2 . 2 Yield trusses 2-5 

\i'ith the unatopped sorios flith tnJSsos 2-4 (Fig. 5 . 4-6) there wero 

aipificnnt linenr rolat1onsh1ps bot\l.'Oen the yield of n pa rticu lar 

truss c-.nd the number � trusses above . The groc.ter the IIUl'it»or o"f truss 

carried the Uer the yield of :1 pnrticuln.r trus a . The sruao trend . a 

appa.rent with tbe stopped s ries , t.Jt the linear relationship was only 

si{;nific::mt (P < o. 01 )  Tlith trusa 2. The presence of trus o G s ign11'1cnntly 

(P � 0. CO )  depressed tbe yield of trus 5 in the unatq.>ped series , but no 

significant eft te 1110re obtai.Ded with t m  stq;>pod sorics (T=.ble 3 . 1 ) .  

Table 5 . 1 

1-iumber truuses per plant 

Yield truss 5 UDStoppod (g) 

Yield truss 5 atoppod (g) 

Yield truss 5. 

Tre tllal t means 
6 G 

719 

894 

p o. oo 

p 0. 01 

:agnif1cant linear 1"01at icaah1p• existed for the tmS toppod seriee 

between fruit wabor far trua 2 and 3 and the number ot trusses lllbow 

( Fig. 5. 7) n.nd between man truit weight tor trus seo 2 and 4 nnd the 

number of tnwsos abov ( Fig. 5. 8) . Tbta 1r:;fl l1c t!Y> t the roduetico 1n 

yield of f.l pnrticular truss dUe to the pl"GBOIJCe o:! S\lb8o(tw:mt trueses S8 

due to reductions 1n both nUiilbor and eizo of tru1t . Cooper and Uurd ( 1 008  ) 

have re1:orteo compc:msation etfocta betweaa truascs Cll fruit lllUiber Md the 

lts o:f tho nitrogen 1nvoattsnt1ao iDdicnted tho t they may also occur 

with respect to mean fruit eight ( 2. 4. 2) . 
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'1"he n.bove effects m yield , me. n oight :?.ne! number of fruit an u 

part icular truss b:t subsero nt trusses it is suggos tcd ...  ,�D due to 

competi tion for a'V'\ 1lnb l8  cas1m1l.tl te • The tom c<UpOtitica ls considered 

to be synonytlOUC with tl:e torm oompBDSation w�ich hcs boen used by other 

.>'orkers {Cooper, 19G4c� Cooper � ITurcl, 1 9G&l ) . Tho ox:l.Gtcmce ot such 

competitioo effects, doilxm.Btratea tha t yield 1B boine limted by 

a.asimilate supply ( sourco  trength) . 

Although the use ot tho mothod of orthogotrll polynom.nla tabllshed 

t te oxistenco o:t s1sn1f1cant linear relationshi only , er..lmine.t10D of 

the fi! :ures for truos 2 ( • 5.4 ) and truss 3 (Pig. 5 . 5) indicate tha t 

the biggest decrense :ln yield � occur due to ccepetit iCil from the truaa 

i.rnznedintely nbove the truss UDdor cona1doret1cm . 

trot :l truss as dis tant truss G st ill bad 

with ro pect to truss 2 .  

5 . 3 . 2. 3 Totsl yiold 

FiGUre 5 .4 nlso show 

rolo to pl;y 

There wns tt signi:ticnnt { P< 0. 001 )  11Donr rol:ltionahlp bet toto.l 

y ield and tho number of bus s carried tor both s rio5 (P • 5 . 0 ) .  

Simi lar rc l�tlcmshipa (P < 0. 001 )  existed bot to l fru it -er nnd tho 

number of trus se carried for that two ries (Fig. 5. 10) . This wna ml;y 

to oxpocted aa th increruJe 1D ylold due t o  tho 1nc 1n frul t 

numbor a.uoeiated with t add1t1an of eh tru:J • 

th reapeot to the unato aeriea t}l(! use ot tbo method of 

ort!Jogctr..nl po� la lso s!Jotl:ed t quadrati c eot�pcment 1 1ficant 

( P  <..0. 001 ) . Thta ;)Uu tha t th tencSancy for yield to l 1 otf wtth 
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the addition of truss 6 was a real trcmd ( Fig .  5 . 9) . In t!U. s series 

trusses were added to n f'i.�ed number o:t tot.'ll lo�vos so thr>.t ::- fnll off 

in tho 1'9.te of yield ineroaso with the addition a£ tho l..."'at truso wos not 

unexpected. \;'1 th the stopped aeries the addition ot o!.!.Ch truss meant 

tho addition � s loo:voa . 

Dry \> ight of pltlnt top 

Wi t.'1 the una toppod sori s t11e mnx:lmum s ize o! the courc ( lec.f o.rea) 

was l1Dited by the stopping of th plants 2 leaves abo".;o 1n1lorescence G. 

The actual 1ze as doterm1noc:l by tb .J number of truooea proson t, with the 

decroase 1n dry wo1�t of plant top resulting fl"'l!l tbr:t add! tian of trusses 

being linear (i<'i"'. !:> . 1 1 ) . There s ignificant ( < o. ot ) :negative 

corrolatiell ( r  = -o.ro) between fruit fresh ight ancl dry ight of 

plant top (Pig. 5. 12). A similar relat1C41Ship bet\'.J en vegetative growth 

nnd yield ha. been reported by Salt r ( HiSS) and Cooper ( lOG4e) . 

In t'm aboVe seriGS tb:l �..dditica of each trusa resul tod.  in b:lcren tag 

the s trongth or the tots.l eccmMdc inkll ( trusses) , -;.·hi eh tmn obtn:tnod 

, n :lnc nae 1D 

trus s  nwnl"x�r �uld tbB�oro bo expected to roo'.llt in n J'edl..tetian of yield 

per trusa ( 5 . 3 . 2. 2 ). 

With the stopped serie the dry ight of plant top in sed linearly 

wi th the addition o:f eh truss (Fig. 5 . 11 ) . An increaso wn to be 

expoetod as tbo addition af eneh truss involved the nddlti.an of 3 leavoe 

::\nd the a.pproprto.te amount of stem. The stgnific t ( P < O. ocn )  eonolation 

(r = o. 00) tha.t woa found to exist bet n fruit freoh u iaht and dry 

\'iOie;ht of plant top (Fig. 5. 12) au ate that tho add1t1.cmal 1 weN 

ufficioat to meet t'he extra � f« a imU.ate tbn t nch e.d4I!MS truaa 

mnde. 
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Although no sign.Uicn.nt dit�erencea CCllld be shown to enst 

bOtv.-een the yield of 1ndi.vid!u>.'ll trusses or total yield for the two 

sertos , tba uns tcppod sorieo alwaya had the highcn" yield. This suggests 

thnt tho extra lenvcs wero or 80118 benefit . In tbo followi.DG sect ioD 

( 5 . 3 . 4)  evidence is presented to augeat that t!¥! net a imilntlclft rate 

in the loavos of tho unstoppcd series was deprooaed which could be cee 

!"EY-lS Oil wb;y the differences in yield between the two aerioo wa.a not 

ci:;n iticent . 

�feet af truss number on net aaaimilntim r:lte of the 

unstopped sertoo . 

A s ignificant ( P <. 0. 001 )  lJ.near rolatimahip wn sh0\\'11 to exist 

botween total a,r,J weight of the above grouJWl part& of the plant �nd the 

nuliber of trussoo proaent (Fig. 5 . 13) for the uno toppod serios . As 

only fresh trui t ·weight wa.a determined too cmtribution that the fruit 

<:'le to too total dry ·.voight coold Cllly bo eetimrl ted. This was dme by 

o.ssuming that the fru it from a ll treatmont s had a dry ma tter content of 

5';; . The results of the s tUdy Clll tllo effect ot the al!U.lllt of le� t issue 

on tho y ield of e1D31e-truas tclmatoea ould t tbnt thi.e waul.d not 

have been so, as t re, the dr7 mttor coatellt of tbD fruit iDCreaaecl ne 

tbo ra.mount ot loaf tiaouo per truss 1Dcrea (4 . 3. 1 ) . This WCll ld have 

the ttect of 1ncreutng the total dry w it;ht 1n Figure & . 1 3  for the 

tren.t�:�ents with the smaller IlUllbor of trus , but tbo otfeat ot aJl7 

1ncroo.ao-s would not bav been great - at the most 1o-12 dry 

Root dry • icht was not included as the rele17nllt do.ta re not 

collected. I t  is not cons idered tbn t this wcu ld  ha.ve ried groatly 

between tretl tmonta and 1 t is likely to hnve bocn gre- tect with plmlta 

with the fewer trusses �4 . 3 . 3 ) . 
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A s  totnl plrmt dry weight of tb nbove gl"'lm<1 parts of the plant 

increased with tncrens L"lg trus number this lies thnt as the strength 

of the economic s inka  ineronoed totn l dry mo.tter proc\lct ion tncroasecl • 

.et 
It is suggested thr: t this could cmly bnve boen duo to the nssi.rnU.etion 

ra to incron.s ing ::.s sink s trength 1nereaaed. 

not measured this 'NOO ld h:1ve decreased aloll� .,.:itb tm rost of the shoot 

ns fruit lond incrensed . 

. l\n increase in net o.ss wtl�tion n.te uith increo.sinf: economic sink 

strength suggests thnt lack ot eink strength wns l1.m1ting oonom:l.c yield. 

T11o incrense in y ield w1.th the addition of trusses also domcmst L tee 

thnt yi�ld rr.1s boing limited by lack of sink strength. Tho existence 

of compot it ion t ..... -een adj acent tl"Us ea ,  ss dem:mstro.ted with plnnte al. 

tbo same sort ( 5. 3 . 2.  2) , can on]¥ Man thnt source and 1Dk s tr gth 

t$re o il:ulta."loously limiting yield of the uutoppecl serios . I t  was 

au�:mostod in Chap tor Four that this mq occur 1n the to plant (4.3 . 1 )  

fl.nd reference wruJ made to a similar re•ponse being reportod wt th both 

potato (r�seoorsor and Rumphriea , 1961S) and wbDat ('I'bome, Ford aud Wataon, 

1968) . 

I t  should bo no�� that w1 13l the except 1CG of 'the laat pL-u1t 

( G  trusses) of t}lis eeries thD rtcus treatments wero not typica l of 

rcial� grov.'!l planta. Tbi cou ld tm t � depra aico 1n not 

aeaimilat1cm ro te reported may not b eo e.ppn t with pl.'lnts Whore truit 

are allowed to de lop n t eh truas . 
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Two series of plants wore grown . There wore 13 troa tmcnt e 1n 

oach series covering thD range from 1 -6  trusses per plP..nt. In the 

stopped series plants were stoppod 2 leaves nbova the J.n.st truss of 

ouch trentmont , ...-:hilo 1n the uns toppec:t series plents v.ero stopped 

2 la:wes o.bove intloroseenco 6 nnd 1nt lores<::encGS were r ��:nvod a. a 

L<lcoos:.1ry to produce the i3 trentmenta . 

The yield of trusses 2--e in the uns topped � tho yield of truas 2 

1.n the stopped series were reduced by the prosoncc o:t trusses subsequent 

to them. ��imilar but not s ignifict:'.nt tronds '�+'Ore n.pxnrent with 

trusses 3-5 of the stoppocl aorios . I t  was suggootod thr:. t the reduction 

in y ield was due to compotit ial bOtweon trusoos tar nssitlil:ltee resul tinli 

in smalla:r rwd/or fewer fruit per truss . The dry ';eight of pln.nt top 

decreased as trusses were addacl tr1 th the unatopped series and 1Dc sod 

with the stopped saries . In tba later ease this was due to the ad41ticm 

of IDOl.""' len.vcs and stem. 

·.�vidonce is presented that the net asa imlo t ion rr--to 1n the tomato 

plant C'll\ be ro<!uced duo to lack af economic sinks and that econc:a1c yield 

cm1 be 11mited a iwltaneous)3 by lack of both sink nnd aou:rco strength . 



CUAPI'ER SIX 

The rosults reported in C.'hapter Five failed to tleoonstrate any 

effects of 1ntor-trus competition CD the yi ld of truss 1 .  I t  was 

suggested tb..'lt this may haWJ been due to nnturnl pollinatian varyine 

from pl.n.nt to plant such tlxtt any t tment of�octs re rr..aked. Alao 

if pollination \'tnS genera lly at a low level 1n truos 1 toon compet ition 

effects 'i7ould be Sl:l.<tll ::md hu.rd to detect due to the totnl economic sink 

( trusses) strength being low. An a l ternative expl:mr-.tian was that 

t russ 1 was such n domina.nt sink thnt it was unni'�ected by the presence 

of other trusses .  

I t  w:·ls considerocl �t this problem could be e:caminoo by using a 

low :l.Ilrl high level of pollin.-'1. t ion or truoa 1 nnc: s tudy how this e�fected 

t he  response of this truss to the preaence of other tru soo . One the 

declaion wns ·\lie to use 2 polliaatiaD levels and 3 tru s numbers it bectlme 

loc;icnl to combine these t tmen'ta 1D factoriul caniJI.natian with 3 leaf 

levels to cain furthor 1nformat1<m on tl» relationship bot\\-.cn 80UJ'OCt ( lea� 

levol) and ei.Dk ( truss number and po1Uno.t 1<m lowl) m the tomato plant . 

Seed o� cv. Eurocross BB wns sown cm 23rd Fobruary 1 973  in a U. C . coqx>at 
0 

(Appendix 21 ) and germtnoted at 21 c. At cotyledon C):pnns ion the Madlin 

re pS'icked out into 13 cm plaeU.c pota cmta1n1ng u. c . cc:lql08t and grown 
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0 
on in n Gm x Gm gbsshouse where a minia.lm tempora.turo of 1 6  C was 

ma1nt.<t.1ned vin the heatin& systom and fan ventilation came into 

0 
operation at 22 c. 

throlghout the experir:lent. 

()1 26th },�arch 1972 72 plants were selected rmd pl.·mted into 9 litre 

black polythone ooas and then allocated at rnndan to the 1 8  trea tsnta 

:md to the 4 blocks , A randomi.zod block design 't•�S u sed oom;istin& of 

s ing1e pln.:nt plots . Tbe treatments consisted of 3 leaf levels , 2 

poll1nnt1cn lovelo and 3 truss !UJ!bers combined tor;cther in :factorial 

cotnbinn tion. 

pl:lnta 'i'JOre div1.ded into groups of three nuccas s1ve ler-ves . The lenf 

lovels 'lli'ero obt?.ined by removing leaves us required from e:--ch �rc:Rlp ot 

3 starting from too bnse upwards . Thu3 1� level 3 hnd no leaves 

removed nnd levels 2 and 1 had 1 and 2 leeves rem:>ved respect ively froo 

euch �P of lea.ves . The leo.v up to truss 1 wero rmovod where 

nocossary :�t antres iS  of t ru ss 1 ,  those up to truss 3 ::1t antbo s is  of ti'Ues 

2 nnd the remaining lonvea at anthe is of. truss 3 .  

Tho pollinatioo levels cc:nsisted � n tural polUDat loll ( -) , where 

poll1nnt 1on tool� place wit hout any fol'lll ot aasiotanee, and extra pol lination 

(+)  whore dnily treatment with a battory opEmlted tl'U s vibrator took place 

of all trusaos thnt had flO\\'ei'S open. 

it would have aided tm turalq pollinated plants. 

not cal'l"iecl out a.a 

?ho th:roe truss numbers were achieved by lonvinc o.J.l the tnfloresc:encee 

on T3 plnnts , rcmving inflorescence 3 011 T2 plonts ODd infloreseeneea 

3 ond 2 on T1 plantP . All the trusses re.mainmc an tle plrolts hod f�ra 
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removed to ensure tre.t ooly G fruit developed per truos ,  because it 

was considered th:\t ench truss should have potentio..lly the same s ink  

sizo. This moa.�t tb;J.t d:lta were not produced oo the effects of the 

trea�nts a1 frui t number aDd effects GD fi"Uit size 'ii'8l'C not reported 

ns they would not �-.ve differed fran effects cm trui t yield. 

2 
'rho spacing provided an a.rea of o. 25ln pctl" plant and tho plana were 

trailwd up str:t.ngs accorcU.ng to stan I'd eamaereial prt>.ctice . The 9 litre 

bttt,•s contained a complete fertilize mixture ( pend1x 43 )  which required 

hose Wtt. tering only .  

The h:;rvostincr of fruit ccanenced on 29th M::ty 1973 � finished 01'1 

8th July . The fresh ,..-eight of fruit from eftch truas wns recorcled and 011 

the fin::�l h:::.rvest da te the plant tops re divided into lenves and stema 

nn<.1 dried �t eo0c •...nd their dry wotehta cletormi.Ded. 

6.3 

Introduct ion 

The rolevr!l1t datn were analyae4 u 3 x 3 x 2 factorial experima:rt . 

The results of the analyeea ot riaaee carried out CX1 these data aN 

presented 1n Tables G. l-3 , 6. 6-6 (Appeod.icee 44-49 ) .  Tho t teat was 

and Tukey' o w procedure was u88d where mre thnn two means were involved. 
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G . 3 . 2 Yield truss 1 (Tf'.ble G. l )  

Fruit y iold incroasod ns the amount of leo.f tiscruo incrensed, a lthough 

tha tl ifforence between t ie L2 and � levels was not s ignificant . 

Tnble 6. 1 Trectment ettocta an y ield truss 1 .  

Trer:. tmont Yield ( g) 
C1gn:t f1cnnt differences 

o. oo 0. 01 

Loaf level � L2 L3 
544 644 677 60. 9 76. 9  

Truss numbor x Tl T2 T3 
pollinnt ion 
1ntol"Qction - 547 501 &m 100. 6 127. 0 

+ $30 122 646 

There was a significant illteraetion between trusa ntJ:tlt)or 3lld pollination 

levol cm yield. Extra polUnatioD iDerea8ed yield at each lowl of tru 

number, but the presence of trussoa above truss 1 � produced signiftcn.nt 

reductions ta yield at this trua with extra polliDAt 1aa. Hero the yield 

of truss 1 of plants with 2 or 3 tl"U88ea wu s1gn1f1can:tly lower thall w1 th 

plants with Ollly 1 truss. This 1Zid1co.tes tha t CC����peti t ion botw truss 1 

and the trusaes abcwe wlll � OCCUI" wben tbo aiDk streD(Jtb of truss 1 haa 

reached a high enough level. tt thia 1a li then the yield ot this tl"u811 

will not be grestly af'fected by tbo presence of other truo In thia 

experiment the truss vibrator was used cm all truescs of :.n extra polline.ted 
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pl('.nt so that the cor.;>eti t im et:toets hotv<Oen trusv 1 :-:-end tr-..waes 2 nnd 

3 v.� ld hnvc boon 1ntens ii'iod not only by tha pollin:t ion  at truss 1 ,  

bUt nlso by the pollination of tho lntor trusses . 

This offers nn oxpl�nntion as to why tn Chrptor :1vc ( 5, 3 , 2 . 1 )  no 

such ctt>feets werE' obaorved with truss 1 .  I t  ia cOl�c icerod likely that 

the nt�turc.l pollinntion and lwnce sinl1: strength of truss 1 1n thnt 

oxporir:lent vnriod from pbnt to plnnt 1ndependnnt of tron tmQ.:�t , such thnt 

i t  wtltl not possible to osto.bl1sh the cxin tenco of "l1j' intor truss competit ion. 

Tho n ove result emphns izos th� need for adoc;,un te pollin.:ltim of t russ 1 to 

a-J :mra  ndo(:unte early yields. 

Tho d:- tn presented in t l  i tJ  section sugL"'Cats th t tho yie- ld of n 

z:t-: •. rticul:;.r trusa ern • rcstrictod &le to l� c!� of bot'·  source ·tnd sink 

st rength s imultrneously , 7he follo· ·ing 

( truss 1 )  doQODstr�tos this rosponse, 

491 strengtli 
762 

l strength 

h 

This ubjeet i8 discus•ed with r pc»ct to tote.l yield 1n section 6 . 3 . 5 , 
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Yield truss 2 (Table 6 . 2 )  

T'lble 6. 2 Trea tment e��ecta truss 2 . 

Trentment Yiel.d (g)  

Tru s number T2 T3 

510 420 

Leaf x pollination Ll L2 

in teract1cm - 481 444 
+ 362 533 

L3 

38'1 

582 

S1t;nifiennt differoncos 
o. 00 ' 0. 01 

52. 1 70. 2 

1 33. 0 1 62 . 3 

The competitive effect ot truu 3 was apparent as tho yield ot truss 2 

of plants carrying 3 trusseo wu s ignificant � loss then with pl.snts where 

only � trusses were carr ied. This wna true of both pollinntioft 1 vels. 

Thu.� civon time sink otrength wi ll bu ild up such th•tt ooapot1 t 1on oocun 

between trussos ut the �.or pollt.Dnt ion level. Tbo existence of 

c01!4)0t1t 1on between tru s 2 nnd later trusses wna demonctrn tod 1n Chnpter 

Five (5. 3 . :! . 2 ) .  

There was nn intern.et ion betwoen lenf love l o.nd pol�ia:' t ·on lewl on 

yield . Extra poll1nnt1on incl"'aaed yield at tho hich leat level (�) 

only , indicntin � tbll t adequn te ualmilatory tis uo was necessary 1n thia 

truss to bring out tho eff et o'l extra poU1Dat1on. This is 1n contrast 

to truss 1 where extra polliDaticm incronaed y ielC: at aU loaf levels . 
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This indica.tos thnt ns the s ink  strength tncrensee the reap01118t) to extra 

pollinution will be detomiJlod by the soorce strenGth. Yield 1ncreaaod 

ns tho an:>unt of lol'..f t issue 1ncrensoc1 from L1 •,·i t!1 oxtrn pollinr.tion. 

Here the converse of the above is i.mpl iod . Thnt is the responDe to 

ntiuit lonD l lonf � · ill tJO determine<l by the s i.ru·  atrer!{;th. 

1ndicntion in this truss tl¥1 t yield wns limited by sa.trce - nd sink 

cons1dor;::t i ons  siatl taneously . 

till unusual trend (oot s ignificant ) wo.s u., .. p:crent in the n turo l� 

polUn:1ted seriea where yield apponrod to fall �;ith increas ing leaf level. 

It is hnni to f ind a sr-tisfn.ctory xplnnot1oo, but 1t cculd possibly 

doc1onstrn.te o.eain thn.t v.hcre pollination is not control led in an C<lxpGrimc•nt 

then plant to plant vnrin t1on inct'ttasea. 

6. 3. 4 Yield truaa 3. 

No s i.sni.ticant tre3 tmont effects on the yield of truss 3 were obtained. 

Total yield (Table 6. 3 )  

Thero was a si&n1t 1ea.nt tntoracti<m beb-eon lesd l evel , truas number 

and polU.nntiCG level on totcl yield . The only a1sn1ficant increase 1n 

totn l yield in response to an increa e ill loaf levol occurred ith too 

plants having tho highest s1Dk strength. Thn t  1B 3 tru ses and extra 

Here levels 1-s and � produced 1gnifienntly gro:1ter yields 

than tm L1 level . t s imilar illteraction occurred Vli t !' res poet to the 

y ield � truss 2 ( 0. 3 . 3 ) . Thi result is 1n a nt with the 1 0rk of 

Verltork ( 19<33) who fcund thnt intense pollination wns nooes ary if a marked 

reaponso wno to be obtained fi'Oill additioo.nl 1 ves . 
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Table 6. 3 Trer!tmont effects ea total yield. 

Yiold ( c) 

Truss nwnbar 
POl11nntlon J� level 

levol 
1 2 s 

1 491 549 601 

+ 162 848 881 

005 1 055 849 

+ 1 1 07  1 324 1394 

3 1313 1350 1338 

+ 1 1 95 1 032 1830 

Signi:ficcnt di:ffenmees p o. OG = 336. 2 ,  r 0. 01 = 388 . 1  

With respect to total ylold, increases in sink strcn(tth wore brought 

about by tho addition of trusses and by extra pollinati<m. '!'bare was no 

s ignificant di:ttorence 1n yiolcS bet\\"GGGD th T 1 nn4 T2 planto of the 

naturally pollinated series at the high le� level <4.3> . otborwiao all 

the di:tferencea between tho appropri ote CCJIIPn-risons (pollinatim level) 

i n  tho T1 and T2 serlea were a1sn1t1cant a ....,o tbo di.ff rencea be reen 

too T3 and T3 series at the hip lee.t 1 1 (�) . Diftercmeea tn yield 

tMttv..een the T1 m1d T3 senoa w:re all sign:J.ticnnt arul this was C1D17 to be 

oxpoeted as the T3 riea ropresanted a further t.ncroo. e in sink s trcmgth 

on tho T2 series . Significant tnareaeea due to oxtra poll.ina.tiOD occurrod 

only n t  the high lent level <L:3> with thlt T2 Md T3 ser1 
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These results imp� tllut total yield Will bo increas!SCl due to 

1ncrenaee 1n s ink  atrone th where there i8 sufticiont o.soir:tilatory t iaaue 

preeont . Thia wns true of coq,ari sona  at tm hi� leaf level (�) or 

comparisons involving truss 1 flbore the sink trength would be :relative� 

low. 

r1111to ( 1970) reported results which coo ld be interpreted 1n 11 

similar wny. no frund no signU !.cant effect of pollinnt ioft on tot.n l yield 

with f.'..U autumn crop nnd reported raw dnta for a spl"ing cl"''p \'th.ich indica te 

th.:. t toto.l yield l\':)..S increased. In the first insta:r.oe aoorce strength 

would hnv<') ooon decreas ing  with time, whereas 1n tho l:�ttor cnse it nould 

r'P ve been an the incron_so during tho tima thr·t fru it J.o.qd w� bui lding up. 

The rl�· t�! of Cooper' s ( l OOl a) on seo.sonn l effects on l� loorrth and fruit 

volUl'Je production are in accordn.l'lce with •uch n. vn.ri::>tion 1n srurce strength. 

Tho data for truss 1 llhovled a s 1gn1f1cant tncrooso 1n :yield occurred 

both due to Er.dra pollinnt ion  end to incroaoos in loaf l ovol above the 

lm-:est level ( G. J . 2) . Thus the tnmds npparet in Table o. s with respect 

to trusa 1 are reo.l. If this is so then it ccu ld be expected tbnt at 

in yiold due to increase 

iD lea:f level would be ewn more likoly. This trend is nppareot in ovetry 

instance t.'bc:n-o loaf levol is increased f1!'CID L1 to L2, but 1a not apparent 

w1 th naturally pollinatod plants sa leat lovel 1s inCro tram L2 to �.  

This could bo due to tbo -n.priea of tural pollbatic:D. V:lth rospact to 

extra pollinat ico then wns only c:ae CCIC'.Iparison (�T3- versus t.,T3+) whore 

tho trend did not imply an tncreaa 1D yield. 
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The results o f  th e  p ros  nt study with tl'UBs 1 ( 0. 3 . 2) ,  cd the 

single-truss plo.nta of Chapter Four (4 . 3 . 1 )  and with the uns topped 

sorioa o! tllC invostigo.tion into COI:q)ctiticn effects bot;;een trussea 

all demonstr" ted tm t SOI.l rce and sink eonsidern tion:; could limit 

yiold a iwlt -:moCAlSly .  S imilar trends were npp1ront "'Jt'• {'Sf.X�ct to 

tot e l  yield here (Tsblo 0 . 3 ) ,  but the respmao tr.. s not r.rer· t. Thia 

muy indic!'!.to th:-, t 1n too tomato this type at response is ooly lll.:'lrked 

···hero s ink s treneth is lo..- . 'nlo 11Jni ting ot yield s inlltnDeOUSly by 

SOtt rce �md s :l.nl� cons1derr t ions hna been reported wit.ll · t <t to 

(N'6sobergor and numphries , 1D65) and wha.�t (Thorne ,  Ford and ��·�toon, 

l OGS) . 

I f  it is nsaumeci tll .• '! t si�if icnnt 1ncrenses 1n tot .... l y iold occurred 

in the present e:xporiJnent when yield was being limited to n m.rked 

extent by lack of source or sink strength, and th:. t tbo trenda apparent 

in Table 0. 3 r.oere eanera1}3 real r;nd indiezitive th.�t only m:'l8ll 1neroaa a 

in yield ware 11!-i:ely ns s c..rl'ce nlld sink strengths. were clos to bn.lance1 

t han tho following of-fers a pos sible oxplanet ioo o:r too rosults . 

suggootod tr.n t  total yield can only be 1DC substnnttt>. lq by 

I t  is 

ineror:sos 1n sourc strength ro sink at ngt:, iG relntivcly st� mld 

nee versa . netween those two e1tunttona ootb sa11"CC :ll¥1 ai.nk are close 

t o  balance for those pnrtleular onvti"C)DDrreJl�a l ccmdi tioDS ancS small 

1ncreoses 1n yield n;·•y occur du 

stransth. PreS\ttlt'thl.y in tt.d. • 

to 1Dcre in e 1th€r soorce or sink 

ituat1m igni1"1e.o'1Dt inc�.ses in yield 

\7'0U ld ooly occur vbero both SCRl rcct and sink s trongt.'h a. r. 1sed together .  
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scuree stren::::th wou ld be li.mited by leaf area and the lewl of such 

factors as light intensity and carbon dioxide concentrat ion aDd siDk 

st.rength by the number of trusses present , the ir size nnd the level 

of pol lillation. 

onco e. s�fic 1ant number of tnsaes are carriad on a plant and 

provided fru1 t set is aatisfnetory it is most 11 :ol.y 'tl.m t sink strength 

is nat markedly UmitiDg yield but rather source otre�th. Thwl 

nttempts tc increase tot al yield are most likely to be succeasful if 

based on iMproving co.t'Klitiona for photosynthesis . 

The seed nunber per fruit from a &aT.l.ple of s i.milnr sized :fruit 

( 1 0  from e:lch pollinatica level) harvested frca truss 1 ( 1 8th JUne) 

showed that the number wea greater in the vibra.ted th:ln ill 11:1turally 

pollino.ted fi'uit . Verkerk ( 1963 ) roported a 1milnr finding with 

plants had more leaves. The available eVidence suggests the. t 

increases t.n yield duo to addit1oaal poUinatiOD 1 related to Ule 

1ncrense in seed number per fl'ui t.  

Table 6.4 !ffec::t ot pollinattcm level OD aoed number per fruit 

moan w&t.ght ot truit (g) 

·weight of seed/tru1t ( g) 

lllrobor of Md/fruit 

Pol linat ion le 

+ 
uo 11� 

0. 40 o. eo 
UG 153 

1 



6 . 3 . 7 Dry woisnt of pln.nt top (Table l.i. 5 ) 

The ine�'ea ae in dry weight o:t plant top with increasing leaf 

level wn.s cmly to be expected. The 3 truss serios had a 1gnif1eantly 

lower dry weight th� the 1 truss aeries , while e�tro poU1nat ion 

s igni!icruttly redueec\ the dry weight of plant top. '!"hus increases 

in sink strength bl'OI.! :ht about decreases in voget!:.tivo grov.-th . This 

has boen reported previous ly by Salter ( 1 9�8) r'llc Cooper ( 1 964c) . 

Tho decrenae 1n dry v.-ei,ght of plont top 11Ust h�vc beon duo to thP. 

divers ion of �ss imilates to fruit prod uct�. 

I t  is suar;eated th:1t in the 1 truss series th:· t the net aas imila t ion 

rr.· te hnd l:xlon depressed due to lack of slnk strcn::;tll . The evidonoe 

presented to support this is tm t the dry weight of pl..<Jllt top decrea sed 

by s.n nver-.2gc of 9 grams per plnnt from the 1 truss to the 3 truss 

sot"ietG t while tho cllj' '•eiGht � fruit 1ne oed by an e& tiorter1 38 grrut1S 

per pln.nt . This is r'.Jl o.verugo inczoens in totnl pln11t dry \/eight af 

It wna assumed tba t 

any chm.ge in dry \1Jeight o:r root wu small and as mly fresh Heights o� 

fruit were recorded the above tigur for c.try 7eigh t ot fruit wns caloulnted 

on t."!e basis tb,-, t the fruits avorc.ged Sf.. dry on.ttor oont cmt . The results 

of the previows mvosttgntion w1th too unatoppod. ner1e s aleo indicated tbnt 

net aaoimilat ion rates can be depressed by lack o£ sink strength ( 5 . 3 . 4} .  

I n  both th.oso experSments the evideDce was gu1ned from plants sane of 

which wore trnined to a fom not grolVft eoteerc1a ll.y. 



Table G, 5 Trec.tmont effects eo dry we1t"ht of pln.nt top. 

TrOBtment i;ey '17eight ( g )  :iicni:tic�m.t 
0. 05 

I.onf lovol L
l 

L
2 � 

50 . 9 83 . 8  1 1 � . � 8 , 50 

'l'rus:.; nm:tXJr. Tl T2 T 3 
88 . 8  84 . 2  7n . 9  £ . 5'3 

Pollination lowl + 

39 . 4 ?'9 . 2 5 . 8:2 

dH'forences 
0. 01 

10. 82 

1 0. 82 

7. 76 

6 . 3 , 8  Rot io o! dry "'-eir,ht of lenf to dry · ·ciiTht of pl· :nt top ( T�'>.ble 0 , 6 )  

The r"l tio of dry "Neig t of loot t o  dry ·.eight of plr n t  top V.H!J 

Only ane 

sir;nificant difference :r.:-..s observed E-nd this t ook the form of an inter-

action between loaf level nnd pol llnatioo level. This internct ion 

broucht about by the plants at tho high leat lovol ( � )  nnd lc:m pol llnr tion .... 
le:val having a lower rntio. A pos ible «tplZ"�n:� tion of thin 1a th'· t of 

tho G combinntiona in '!'able o . 6 this combination wou ld h::'ve the largest 

surplus of ass imilates duG t o  the e.JOOUnt of leaf t iG su  presant tl.nd the 

low sink e trength . Tilus mre aa.imUates cou ld have been used for stem 

crO'wth or stored in the st The conetaney of thi n ratio demons trateD 

t 'I'D l'lhility of th(l toDBto plnnt to Mintain a balnn<'-0 be�;-em lent and 

shoot Cl'O"vth deapite the loat nnd truss reJlXwr,l treatments . 



Table 6. 6 Interaction of leaf level and pollination level 

oo rntio of dry 1ght ot leaf to d.ry r.'Oight ot 

plant top. 

Ratio dry wt plant top 

97. 

Pol l ination level Loa:f level Sicnif icant differences 

Ll L2 � o. oo 0. 01 

0. 63 0. 63 0. &9 0. 005 

+ 0, 02 0. 63 0. 63 

levels in factor iu l combinnti� at ths yield a nd  gl"''·�·th of tanato plants 

s topped 2 lenvos nbove truss 3 re 1nveatignted. The leaf nr..d truss 

tro�; tlilfn,ts \vero nchioved by removing leaves or trusses und the pollination 

levels by the uao of ::r. truss vibrator • 

. The yield of truss 1 was increased b)' an incrol'lso in lea:f level and 

by oxtro. pollinat ion. ThUs yield was U.m1ted td.m.ulto.neously by lack of 

sou rce l'.nd sink strength . l t  wna COIUJ 1  red thn t  it thia typo ot 

reaponso occurred 1n later trua a or ill total yield tbm it wns only of 

a minor nnturo . 'l1tD yield � tbe ext polllnntod levol ill truss 1 and 

both polliant ion levela 1n truss a waa reduced by too pr c.mce o:t subsequent 

trwaoeo. This suggostod that the degree of coapet1t1oo. bctwoen trusaea 
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was intlucmeod by the level of sink s trength . r�tra pollinn tion 1ncrensed 

the yiold of truas 2 only nt the high leaf level , 

Totn l yield wo.s incrensod by 1ncronsea 1n lo;•f leve l when sink strongth 

wn.s high P..nd by addi tionlll trus s or extrn pollinntion ·. ·hGn the nmount 

of le-..tf tissuo wns adequnte . Tbo dry woidlt of pl.nnt top decrettse4 ns 

sink strength incroased nlld evidence is presented t� t sugges ts thc t the 

net ass imilatioo. rate in tbo tca<tto may be doprcssod vhan the a1Dk trength 

u low. The ratio of d.ry weight of leaf to dry wcicht o! plant top varied 

very little with the trea tments used. 



'The following discuss ion attempts to u se  the resu lts of the last 

two experiments n.nd puhlisboo dnta to examine cert<'. in aspects o"f tho 

sou rce economic s ink  roltttionship 1n the to to. 

Here too t erm economic s ink  strength is used to refer to the 

individual fruits of n trus s  nnd trusses of n pL'lnt .  W:lrrcn Filson ( 1 972) 

h.'l.B defined s ink  strei"..gth n s  equal to sink size x s ink  o.ctiv it-,1, or in 

terr...s of totc.l dr.t D:J. t tar, 

o.bsolute fft"O'::th r ·1 te ::: dry v:t x rolntivo c;ro'. •th rH te 
-1 ( g  dny ) <e>  -l -l ( g  g day ) 

Tbe totnl economic a ink  strength (TESS) at any one poi.t1t in t imo  wil l  

be deteminad by tho sum of the sink s trongtbs at thn.t point in timo for 

each tl"UfSs. The existence ot competi tion botwcen truss domono�atce 

thnt theso trusaes are operating bolow their potent iA l. I t  is suggested 

that tlw1r potentil"l l is determlned by the nurabor of flao.;ors preoon.t 

(potential oinl� size) and the lowl of pollination ( pot<n t i  1 sink. activity) . 

The factor caustne the 'fESS to be below its potenti."l.l t::UGt be the strength 

of the source. Source strength haa been d fined by tl'llrren Wilacm ( 1 91'2 )  a a 

equa l to source st.. ... o x srurce actiVity or, 

-1 -1 
rato of osstmilattoo per pl < r  plant day ) = lent nren 

per plr�nt (a2 plont-1 ) x r�t of 3 88lm1 t im por unit leaf 

-2 -1 31.'68 ( g  • day ) . 
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Tbe r;rowt!� of fruit luls been studiod by Saltor ( 1 D58) and 

Cooper ( 1009) . They r&,>O:rtod that i1106t fr..tits h:-:1ro a nnturi ty period 

af J0-70 dnys so th."l t the mn turi ty period of a truss would be eomewhat 

l.olnger. The maturity period would of couroe be inf luenced by the 

environmcntc.l coodit ions , pnrticulnrly the tccpol'f' ture rogimB . 'fbis 

would represent the period \llben tbo truss was nn active sink and 

thoro-fore compoting wi th other tru.s-soe for assi.&iL'lteo . Tbo above 

worl,.cro reported thnt the growth rate of indiviwnl fr1! it ranched a poak 

nnd then fell. Cooper ( 1959) fwnd thP. t with moot fruit 5� of the 

growth occurred 1n th0 flrot be lf of the maturity period. 

Thus tho nbooluto growth rate of n truss mus t  rise to a perH nn.d 

thon fall. As s ink  strength • aboolute �th rn to ( ihrron i7ilson, 19'r.! )  

the vurintion 1n sink strcmgth � the tl'Usa will be the ar.1e . A pattern 

omorges therefore \\ilere tho s ink  s trength of ecch truss rts oe to n peak 

o.nd thon fnlls 1n SGC!tletiCO up the stem. Whonever the r.nturity periods � 

these trusses owrlap then competition for aasimilc tos rn.t'lY occur. 

Info1"1'!1:ltic:n ea the nature of the o.baolute growth rfltos for individu 1 

trusses a.nd \\'hat their absolute growth rates are at nny point in tllae 

would aid in th UDdenatandiDg of aaaim:Uate distribution 1n the tomato 

p lant . 

The fact that tho coapet1t1Ye effect ot extrn truo111 Cl1 the yiold of 

an iftdividunl truas wu explaiDed satisfactort.l)' by a ltnear relat iouht.p 

(Figs &.4-6) susgesta that the truea• coapete an a fnirly equal bnaia when 

conaider� the wbole G'l'OWth perScd of tbe truss under stud)'. t a 

pnrtlcul.ar point ho·over, tbo eontrlQ.ltion tha t tho true higher up t 
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plant make townrds tho competit1� far as imilntes will prosumabl\Y 

depend on nt wb."l.t point they are at on their respoctivc Gror.-th curvos . 

The data prosented in <..'lmpters Five and Six on campot1t ion far assimilatas 

between trusses ( u . 3. 2. a ;  6. s. a-:s) re:foned cm� to tm effect o:f trw:sGe 

above rather tbo.n below the truss UDder examtmt ion. That the yield o:f 

a truss is a.ftocted by the presence of trusse bel� is �tratecl by 

tho results of tho nitrogen oxperS.Jaent . Here ttxs plants that proctueod 

n heavy yield Garl\Y did not produce a heavy yield late ( 2 . 4. 3 ) . 

In the stud;y of caapot 1tian effects between trussoe t yield of 

truss 2 waa limited by tbo presence ot t1ouases 3-6 ( Fic;. 5 . 4 ) ,  while 1n 

t he  finnl e.xperimcmt eompet1t i011 for assimilates reduced the yiold of 

truss 1 '>hen pollinntioo was adequate ( 6. 3 . 2) . The ovid� suggests 

therefore tlr: t competit ion for asa1m11otes can s tart to Umit fruit yield 

nt a very oarly st�ge in tha lt:fe of the tamto crop. Dntn an absolute 
- grcr.-. th r::- tes o:f trusses would agn in hnve beon usefu l to st'!b lish .. nen 

competition became ioportrult in tbe growth of tr.uu; 2 in 5 . 3 . 3 . 2 oDd truns 1 

in 0 . 3 . 2 . 

Preatmnllly assil:dlo.too will be opportionod to trussec with respoet to 

tho nmunt ava ilable and their 1nd1Y1dual si.Dk strengths at that point in 

t ime .  The transport system and the source y m:x1 1fy this cODcept by 

civ1ng some preferentin.l t tmant to c:ortain trusses. Thus lonves may 

favour trusses nea t tmm (Khan and Sagar, 1966) . I t  1 aliiJO possible 

that the pos1tlm o:f the truss nt h reapect to the ar ot moat active 

aaaim1lat1ca � atteet its CC���;Jeti tiv: •tatua . Tbus 1 vos higher up the 

plr.mt aro often 1110r� tlCtivo photo&yntheti lly ( Wi 1 909) eo tbat the 
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lower trussos , whic1' n t  a ey  point 1n t ime will be tho mo re  mature, 

will alwnys bo furtber :ror.ovod from the s ite o:r r:ctivo Photoayntbcs is. 

This r.:s:-y affect thoir coopet i  tivo status . 

I t  is constoorod that the evidence availt<blc m too cwrco economic 

sink rel:ltionsbip 1s not at riance w ith tho propos::tl of Cooper ( 1 064c) 

" that the nroount of :tru it n given tcmato plant is ablo to produce 1n n 

g1von onvironr.lent is a fixed quantity . " In essence this �eana tb.'l t tor 

a eivon varioty r.rown under a given aet o:t env tronmmtn.l CCDSit iona tbat 

t he  soo rce economic s ink roln tionahip ia fi.xe<l ouch thnt total yield 

will not vary . There may be plnnt to plant vc.rintions in the yiold of a 

pnrt1culnr truss , bUt eanpeti t iCil effects betwen trusses oporntc such 

that an 1ncrense in yield ot a particular truss will bo ca!lpensatt!d for 

by n reduct ion in yiold in other tru a .  ThUs the TES� nt any point 

in t im is �fectod. 'I'he results of the n1tl"'gon oxporiment wit h 

respect to u tota l yield are 1n accordance \fit ll this pos s ibi l ity ( 2 . 4 .3 ) . 

Cooper' s ( 1 96li1 , 1 900 )  data cn SO!UJonnl ef:toeta an fru it volu 

production par ' wst nlso 1nd1oato the vo.ri' t ica in D\Xi.a.dl TESS per 

wock brought about by aensonal changes in light cOJJd itioDI.'J . '11leso 

oo corvntions pluo the rel:1t1onships reported botwoen the pat tern o� leat 

o.nd frui t gra.vth ( Cooper, l961a) throo�out tbo se::son nro in accordn.nce 

with Cooper' s ( 1 964c) fixed fruit load concept . 'lbay nro as such a 

doseript ion of the e��oc:t of c:bonging U t c01ld1t1ona an the ooureo 

ec01101111c s ink  relationship and nltbougll thia 1nfonnt 1on 18 of CODS ide ble 

value 1 t c:2oes not offor an explonatioA ot the mochnn:l.om at control. 
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I t seems roo.aon"ble to conclude tbnt 1.'ru1t yiold in tho to to is 

1niti::;. ll;y Umitocl by luck c4 aoonom:l.c s ink  strencth. However the results 

presented in Chapters Pour (4 . 3 . 1 ) , Fivo ( 5 . 3 . 4 ) c.nd Gix (<>. 3 . 2) inel1cate 

t mt yield in the tomn.to ann be lim1ted sinul t�n£cusly by lack of soorco w..d 

s iDl; strength. I t  wns sugeosted 1B Chapter Six ( 0. 3 . 0 )  thnt th:ls type of 

res�e appearod to be of significance with plants carrying few trusses 

such as single truss plants o1· the yield of tJ"USs 1 rather than of total 

yield of wlt1trusa plants . Mter thia 1Dittal stage tho plant entora a 

phase vthere soo rce and sink strongth are near bulcnco nnd inc::reas a 1n 

oi tlwr wUl prod.uco smn 11 inereas s 1ft yiold tmd it is suggested thn t the 

most 11lcely wa.y to inerense yie ld dur1.ng thi a phP..sc would bo to increase 

ooth source and sin.lt strength together ( o. 3 .  rn . As sin!• strer-.gth builds 

up then sou rce atrengtb will sto.rt to lilllit y l  ld tnd the provisim of 

eondt t1cas f�.vour1ng improved photOII)'nth 1a should increaee yiald ( 6 . 3 .  5 ) .  

I t  is importont to note thnt the results tram too lnst two experiment o ,  

upon which tbo :'lbovo postulat iaua are b:::sed, were obtn incd f r<D  pL'Ults 

Which h:-:d leaf and truss rcrovul tren tmont s applied :�nd were therefore not 

typical of n eo rcinl tj'I>e of plant . Also in some instnnc:es conclusions 

nore onsod on trends whore the difference. ro sa11l ond 1 t could t rei'ore 

be questionod as to whether the evidence wos ot1""C'l3 enouGh to eatabllsh 

trom os rool trends \'lith any de of corta1nty . 

Finall¥ it is susgcstec1 that the sou rce  ecomlld.C sink rol.""!t iouhip 

1ft the tomnto is an nrea of reaoarch wortby oi' greater attention as 1 t 

should aid our understanding of the nlat 1onsh1p between veprtntivo and 

reproductive erowth and dev lqatnt and bolp to hiehl�t i'nctor( a) tba t 

are limiting yield. SUch etudietJ shOuld tDelude at loost work witb 

plnnts typical ot the eo rcinl altuattcn. 
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Appandix 1 

Analysis of v�rie nce of f lower nutlber truss 1 .  

source ss df MS F Resu lt 

BlockS :J . O 8 0. 25 0. 46 n . s .  

After 1 1 . 1  1 1 1 . 1 0 20. 56 ��:):� 

Before 0. 1 1 0. 10 0. 1 0 n .  s .  

A x B  0. 1 1 0. 10 0. 1 9  n .  . 

Error 1 2 . 7 24 0. 54 

Total 26. 0 35 

Appendix 2 

Annlysia of vnrinnce ot flower number truss 2 . 

source , .. .-•:.t..:> df lf.S F Result 
·---

Blocks 26. 1 a 3 . 26 0. 45 n. 'S .  

,'\ftel· 36 . 0 1 38 . 00  5 . 20 ::t 

l3efore 0. 2 1 o. ao 0. 00 n. a .  

A X D 6. 3 1 6. 30 o. oo n . s .  

Error 1 75 . 4  24 ?. :u 

Total 246. 0 3fS 



Appendix 3 

Ano.lyai o o� vnri�noe of days to flor.oring trusn 1 

Gourco ss d:t MS ..... Result ,;: 

Blocl:a 67 8 8. 38 4 . 2B �'* 

fi..fter 1 87 1 1 87. 00 05 . 41 :'·":.:.t.: 

Before H >G 1 1 9G . OO 100 . 00 (<:",..::(< 

A x B  93 1 93 . 00  •l7. �5 �).(,< 

Error 4'1 24 1 . 96 

Totnl 590 35 

Appendix 4 

Ana lysis of varinnce of days to flowerL"'lg truss 2 .  

Source ,.. ,. ..., ,  df MS r Result 

tlloelts 70 8 8 . 70 � . 1 3  n . IJ .  

After 1 00  1 100. 00 2S. 51 *** 

Before 2 1 2. 00 0. 49 n. . 

A X !3 2 1 2 . 00 0. 49 n. a .  

error 08 24 4 . 00  

Total 272 35 



Appcmdlx 8 

Analysis ot variance of dnya to f lO\lering truss 3 .  

Source ss c1t MS F Re$ult 

i3loolts 1 1  8 1 . 37 0. 02 n. s .  

After 21 1 21 . 00  9 . 50 :;--* 

Be foro 3 1 3 . 00  1 . 36 n a. 

A X !3 13 1 1 3 . 00  5. S8 * 

Error 53 24 2 . 21 

Total 101 35 

Analysis of variance of dqs to f lowering truss 4 .  

source S'' 
. o  dt MS F Reault 

Blocks 6 8 0. 75 0. 33 a . a .  

After 4 1 4 . 00  1 .  75 n. a .  

Btd'oro 9 1 9. 00 3 . 93 n . a .  

A X B 4 1 4 . 00  1 . 75 n. a .  

Error 55 24 2 . 29 

Totnl 78 38 
_ ........ ....,.... __....___... 



Appendix 7 

Analysis ot vo.riance ot days to flowering truss S .  

Source ss d1' MS F Result 

3loeks 21 . 7  8 2 .  71 1 . 75 n . s .  

After 18 . 8  1 18 . 80  1 3 . 13 n. a .  

Before 0. 1 1 0. 10 o. oo n .  s .  

i\ X i} 0. 4 1 0. 40 0. 20 n . s .  

l';rro:r 37 . 2  24 1 . 55 

Total 78 . 2  35 
_._...._� -... ,.. 

AppendiX 8 

Jl.nalysis ot varianc.."G of ehoot dry weight ( 8  voeka) 

source ss dt MS F Result 

BlockS 13 . 6 8 1 . 70  4 . 00  � ... 

After 13S . O  1 138 . 00  328 . 67 ��� 

Before 1 1 . 0  1 1 1 . 00 211 . 13 lJ�:* 

A x B 5 . 1  1 &. 1 0  1 2 . 1 1  �.o# .. ........... 

I:!rror 10. 1 24 0. 42 

Total 117. 8 35 



Appendix 9 

A..nnlysia of vnrinnee ot final dry wei�t . 

;�ourco (! !"" 
.:;..;, d1 MS F Result 

Blocks 1 2  , 570 8 1 ,  ::>71 2 . Gl •.. .. 

After 54 1 54 0. 00 n. s .  

Before 1 '  00'7 1 1 , 007 1 .  78 n . e .  

A x !3  802 1 802 1 . 33 n. a .  

Error 14 , 423 24 001 

Totn l 28 , 91 6 35 

Appendix 1 0  

/tnnlysis o f  varin nce of y i  ld truss 1 .  

source f 'l ··· 
\.)l-"l d1' MS F Result 

Blocks 1 87, 048 8 23 , 301 1 . 11 n. s .  

After 33 , 550  1 33 , �50 l . Ml n. a .  

Before 205, 602 1 2� , 662 9 . 72 e1;; 

i\ X B 1 , 922 1 1 , 922 o. oo n . s .  

Error 507, 185 24 21 , 158 

Totnl 935, 967 35 



Appendix 1 1  

Analysis of varinnce o f  enrly crop. 

Source ss df MS F Result 
..._...,...._..._,_, . 

nloeks 1 , 271 ,  G84 8 1 58 , 001 2 . 08  n. s .  

:.i'ter 3 , 054 , 921 1 3, 054 , 921 40 00 ... �� ...... 
. ·� .. ..-.... 

no! ore 070, 1 1 0  1 070, 1 10 1 � . 84 .. . ,, 
'· "' 

l't... '' a 572, 707 1 572 , 7'07 7 , 51 �: 

Error 1 , 8..'30, 1 09  24 76, 255 

Total 7, 706, O!:ll 35 

Appendix 12 

An:n.lys1s of variance of final crop. 

Source :35 df MS F Result 

Blocks 2, 438, 402 8 304 , 800 1 .  G3 n . s .  

li£tor 72 , 0C.O  1 72, 003 0. 30 n . a .  

Before 363 , 600 1 363 , 600 1 . 95 n , B ,  

A x B  3 , 600 1 3 , 600 0, 02 n . s .  

Error 4 , 483 , 058 24 186, 794 

Total 7, 360, 072 3� 



Appendix 13 

Analys is ot vnrtnnw of rne.:1n trui t weight truss 1 .  

nourco ss d.t M.<; F Result 
-- --

'1locks GZC 8 U G  0. 28 n . s .  

t ftor 7b 1 78 - ·  1'• n . s .  

::-JefOl'O 3 ,  :xx; 1 3 , •:.06 7. :·a .•. , .  

' .. ,.., 1 1 8  1 1 1 8  C. 30 n . s . .... _, .. 

-�rror 1 o, o::c 24 41 7 
_.....,.. ___ 

Totnl 1 4, 1 34 35 

Appendix 14 

Analys:te of' vuri:>1nce of rmnn fruit weicht tl'\las 2. 

source s-.:-" dt MS F Result 

Blocks 1 , 538 8 193 1 . 00  n. s . 

�·'l.fto:r 1 , 272  1 1 , 272 6. 01 * 

nefore 676 1 676 3 . 137 n. D . 

.1\ X 3 427 1 427 2 . 32 n. s .  

Error 4 . 420 24 184 

Total 8, 333 35 



Appendix 15 

Analysis o'/. wriance of mean truit oo1(;ht truso 3 .  

:,ourco df ri� ?• Hezult .. ;, ..... ! .. 

J3locks 3 , 980 8 408 3 . 23 !,{ 

/t.£tcr 1 92 1 10.2 1 . �5 n .  s.  

lle'/.ore 1 , 237 1 1 , 237 8 . 03 ·',!£• 

A :i il 1 2  1 12 o. oe n .  s .  

Error 3 , 603 24 154 

Tot al 0, 1 14 35 
. ..... ,_. -·· 

Appendix 1 6  

Ana lysis of V!.' ri "" neo  of Jllean fru it weight e�rly crop. 

--

;-" ou rce  ,... ,. df MS r Result .. V\'· ' 

!llocks 1 , 4::3 8 1 78 0. 62 n . s .  

!"ftor 1 , 345 1 1 , 345 4. no * 

nofore 1 , 444 1 1 , 444 5 . 00  * 

A x il  000 1 Gal 2 . 1 2 n. s.  

srror 6 , 978 24 287 

Total 11 , 698 3 5  



Appendix 1 7  

Anulyvis of v�ri�u·teo of me�n fru it woic-ht f111f< l crop. 

--·- - " 

.:::ource ., . ., cU r•·· � r:a::ult .;,. . .... . 
.,... ___ "' .. , --. ·-- -............,..--.....---·--·-· 

")loc!-:s 700 s l OO 1 . 07 n . s. 

'..ttcr 3!34 � �324 3 , 48 n . s  . ... 

3oforc 87 1 87 0. 94 n. e .  

,. . .  X B 1 1 1 0. 01 n . s .  

::n-or 2 ��n 24 00 
�--

Total 3 ; 440 35 

Appendix 1 8  

P�nlysis o f  vnri�nco of fruit mnober e�rly crop .  

nourco -r- ':"'" df ?--��- ... Result .l 

:lloc.!rs 144 8 18 1 . 38 n . s . 

Attor �89 1 280 2.� .  33 *.'::·o�� 

Before &8 1 sa G . 17 * 

A x B  5.1 1 53 4 . 08  n . s .  

�:rror 300 ?.4 13  

Total 883 35 



Appcmdix 19 

fl...na.lysis of vnritmce ot loaf aroa per unit shoot 

--·-·---- -... --....... -- ____ .. _ _ _ ..,. 

:>ouree 30 dt MS F Result 

310r'.ka . 0456 8 . <nS7 1 . 06  n. s .  

;'\fter . <Xl32 1 . OCX32 0. 50 n.  s • 

rlefore . 1 2D6 1 • 12{)6 2J! . OO  ;;:>;;�;_; 

.\ X n . 1547 1 . 1 547 28 . 65 .1:>',<* 

Error . 1200 24 . <XlM  

Total . 4629 35 

Appendix 20 

!..n ulysls of vn rinnce of shoot dry matter content . 

SOUrctl ��s u MS F nesult 

Blocks 2 . 1 0 8 0. 2� 4 . 24 V=* 

After 2 , 87 1 2.870 4G. 2n 1(;::;$ 

Before 0. 28 1 0. 280 4 . 52  � 

A X .) 1 . 38 1 1 . 380 22 . 26 **-* 

Error 1 . 48 24 0. 062 

Total 8 , 1 1  35 



Appendix 21 

u. c . Compost 

Fertilizer mixture added to 50/50 poat sand compost . 

Fert11 1zw -3 g m  

U:r:unite 889 

potassium nitrate 148 

potassium sulpbttto 148 

superphosphate 1483 

dolot!lito 11� 1483 

ground ltm 14&1 

The above is a mod i1 icnt1CI1 of the I t e  mixture 

recomr.llllnded by the UD1vers1 ty of catitorn1u. 



Appendix 22 

Fert ilizer mixture added to 5QI50 poet send compost and 

then used for groTiing plants 1n tb& invost igution of tempera ture 

�fects durinG prcpagtlt ian cm the yield of single-truss tom:.\toea . 

3 Thia fert il ized compost was applied at tm rnte of: 9, 000 cm 
-1 pl.unt • 

Fertilizer 

oemoeote lB . 3 .  9 .  7. 5 

potassium sulph:lto 

superphosphate 

dolaai to lime 

Chelsted iron 

-1 g plant 

N 

� . o  

p 

2, 3 

-3 Kg o 

3 . 00  

1 . 33  

1 . 48 

4 . 1 2  

1 , 48 

o. � 

G. S 



Analysis ot variance of yield. 

:::ouree ss df �rs F Result 

Block a 138, 565 14 9, 898 1 . 02 n . s .  

.'...ftor 1 33 , 671 1 133, 071 13 . 77  t:�;::' 

nefore 5no, 042 1 500, 042 00. 80 $;.\:� 

. .  x n e 1 G n . u  • 

J.::rt'or 407 547 42 9 , 704 

Tota l 1 , 269, 831 &9 

Appendix 24 

Analysis ot variance c4 fruit number. 



Appendix 25 

Annlysis of va riance ot mean fruit weight . 

sou reo SG MS F Resu lt 

illocks 1 , 807 1 4  130 1 . 94  n .  . 

After 300 1 3El3 5 . 19 }/ 

Bei'CXI:"e 1 , 044 1 1 , 044 1 4 . 91 '):�::* 

A :c i) 254 1 254 3 . 03 n .  s .  

Rrror 2 , 942 42 70 

Totnl G, 500 so 
--·-

/\.ppendix 26 

Analysis of vnriance of yield ( G  tre.'"ltmerr ts )  

source .... ,.. 
'-'v dt MS F R cult 

Block S0, 26G 14 6, 3'76 0. 64 n . s .  

Treatment 1 , 1 61 , 805 3 232, 3'71 23 . 44 (::; *' 

Error 693 , 899 70 9, 913 

Total. 1 , 945 , 020  



Appeudix 27 

Analysis of variance of dry weiGht plnnt top. 

:::ource ?"'t t"t  df MS F Ro�ult . ..:u 

3 locks 21 8 14 l G 1 . 14 n . s .  

.'.fter 870 1 870 0� . 14 .,l..�"' .... � � --�· �. 

Before 1 1 1 o. cn n .  s. 

;\ x n 400 1 499 35 . 64  ��!:�{:.;. 

.error 587 42 14 

Total 2, 1 75  69 



fert 1li:?Al' mi.:dure o.c.kied to 50/50 pea t  sand compost f\.Jld 

thc!n used for gro;.:i.ng plants in tbe study of compot ition effects 

between truaces . This fertil ized compos t  m>.s npplicd at tho 

3 -1 ra to of 9, 000 Ctll plant 

osmocote 1 8 .  2 . o. 10 

osoocote 12. o. 34 . 8 

dolomite lire 

groun.d lim 

chelatod 1rca 

g plant 
-1 

��tlKg ha -1 

• 

8 . 82 

1 . 48 

1 . 48 

4 . 42 

1 . 48 

0, 04 

N p K 

15 . 9  3 . 3 1 2. 0 

5B8 121 465 



Appendix 29 

t.n" lyt� i!:l o:f variance of yield truss 1 .  

MS F Resu lt 

lJlocks 60, 336 1 2 , 067  o. oo n . s .  

Trootments 1 85 , 000 1 1  1 6, 821 o. oo n. a .  

Unstopped : 

linear 1 , 180 1 1 , 180 0. 06 n. s .  

qundr�t1c 8 , 502 1 8, 592 0. 46 n . s .  

eub1e 68G 1 686 0. 04 n . a .  

quart ic 44, 831 1 44, 851 2 . 41 n . a. 

quintic 14 , 904 1 14 , 954 0. 80 n. s. 

Stoppod: 

linear 62, 001  1 62 , 001 3 . 33  n. a .  

quadratic 24 , 598 1 24 , 398 1 . 32 n. s .  

cub ic 59 1 &9 o. <m n . s .  

quartic 444 1 "" 0. 02 a. a .  

qu inttc Z7, 370 1 27, 310 1 . 47 n. s .  

Bet 'WilleD 300 1 

Error 1 , 024 , 51 1  35 1 8 , 62'7 

Total 1 , 269, 883 71 



Appendix 30 

t\Dalyois of variance of mean fruit 't.'Oi(")lt truss 1 .  

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

Blocks 

Treatments 

Unstopped: 

linenr 

qua.drht ic 

cubic 

runrtic 

win tic 

Stopped: 

linear 

que.drntic 

cubic 

quart!c 

quintic 

Between 

Error 

Total 

1 , 060 

4, 344 

GO 

975 

300 

3g 

420 

1 , 531 

712 

1 6  

2 

282 

6 

12, 142 

1 7, 536  

0 

11  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

M 

71 

MS 

210 

60 

975 

300 

39 

420 

1 , 53 1 

712 

1 6  

2 

282 

221 

0. 95 

1 .  79 

0. 27 

4 . 41 

1 . 38 

0. 1 8 

l , f'(' 

6 . 03 

3 . 22 

o. cn 

0. 01 

1 . 28  

Result 

n . s .  

n. s .  

n. a .  

* 

n. s .  

n. s .  

n. s .  

tt. 

n . a . 

D. 8 .  

n. o .  

n .  a .  



Appendix 31 

AnQ lys is of vari..mce of yio ld truoo 2 . 

r.oorco ss d:t MS F Resu lt 

BlocltG 1 22 , 167 5 24 , 437 0 . 8� n. s .  

Tres tmenta l , l M, 215 9 1 32 , 691 4 . 45  (c:.;:�� 
-

Unstoppod: 

l:lnonr G52 , tH O 1 662 , !:101 21 . 68 ;��'� 

q>.ln.dra tic 51 , 257 1 51 , 267 1 .  72 n . s .  

cubic 24 , 442 1 24 ,442 0. 82 n. s .  

<;uart :Lc  1 , 644 1 1 , 644 o. oo n. s .  

Stopped: 

linonr 293 , 300 1 293 , 300 9. 83 li'>* 

quadrn tic 10 , 58G 1 70, 006  2 . 37 n . a .  

cubic 1 2 , 470 1 1 2 , -170 0. �2 n . a .  

qunrtic 7, aoo 1 7, 200 0. 24 D. 8 ,  

Ilet\oi-:o&n 80, 81 3 1 

Error 1 , 342, 0i8 45 29 , 823 

Total 2, 658 , 450 59 



. locks 

'tro:· tt':C!nts 

Una topped: 

linear 

qundrt� t ic 

cubic 

Stopped : 

linonr 

qundr..tic 

cubic 

rletwocm. 

Error 

Tota l 

Appendix 32 

f\nnly sis o:l variance of yield truss 3 .  

01 , 230 

520 , 099 

300 , 535 

1 5, 050 

10, 1 75 

61 , 427 

1 7, 767 

992 

1 15 , 002 

1 , 298, 51 6  

1 , 91 0, 745 

5 

7 

1 

1 

1 

1 

1 

1 

1 

so 

41 

v.s 

18 , 24� 

75 , 286 

300 , 530 

15 , 060 

10, 1 '15 

61 , 427 

1 7, 761 

092 

37, 100 

F 

0 . 49 

' . 00 

8 . 26 

0. -11 

0. 27 

1 . 00 

0. 48 

o. oo 

Result 

n. s .  

n . a .  

n. n .  

n . s .  

n. a .  

n. a.  

n. • 



Appendix 33 

Annlysia of . rinnce of yiold truss -4 . 

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

F Result 

Dlocl:s 1 1 7; 1 33 5 23 ; 427 o. GG n .  s .  

Trcr-. tmonta 390 ; 900 7D, 100 n . s .  

l.JnstopJ)OO : 

lineQ.r 2.53 , 1 71 1 � . 1 71 7. 1 3  * 

r;uadrot ic 3 , 948 1 3 , 948  0. 1 1  n. a .  

Stopped: 

lineo.r 1 CG , Ol5 1 100 , 045 z . oo n. o .  

quudr:J t ic \342 1 042 o. oo n. s . 

Botwoon 35 , 004 1 

I:.'n'Or 887, 740 25 35 , 510 

Total 1 , 400; 778 sa 

Analysi s  ot variance of yield truss 3 .  

�ouroe GS cif ... F Reault 

Blocks 130, 321 5 26, 064  0. 98 n. a .  

Tro:l t11Gll'ts 359, 842 3 1 19 , 947 4 . 50 � 

Error 400, 120 1 5  36 , 675  

Total 800, 292 23 



Scurce 

Blocks 

Treatments 

UDIJtoppcd: 

11nenr 

(Jladro.tic 

cubic 

qunrtic 

Stopped: 

11nenr 

quadratic 

cubic 

<J,&ar'tic 

Between 

Error 

Total 

Appendix 3� 

Analys1::1 of rinnco of trui t nwabor truss 2 .  

ss 

1 4. 1 

48 . 0 

13. 1 

1 . 2  

0. 3 

o. o 

7.4 

2. 7 

8. 8 

0. 7 

14 . 0  

125. 1 

187. 2 

dt 

5 

9 

1 

1 

1 

1 

1 

1 

1 

1 

1 

46 

89 

2 . 8  

5 . 3  

13 . 1  

1 , 2  

0. 3 

0. 0 

7,4 

2 . 7  

8. 8 

0. '1 

2. 8 

F 

1 . 00 

1 . 89  

4, GB 

0. 43 

0. 11 

o. oo 

2 . 64 

o. oa 

3 . 14 

0. 20 

Result 

n. s. 

n. • .  

* 

n . a .  

n. a .  

n. a .  

n. a. 

n. a .  

n. s .  

n. a .  



Blocks 

Trea t:mea ts 

tJnstopped: 

linear 

quadratic 

cubic 

Stopped : 

linear 

quadrat ic 

cubic 

Betweon 

Error 

Totl!tl 

Appendix 36 

Analyo:t.s o"f variance ot tru1t DUmber truss 3 .  

4 . 80 

21 . 30 

14 . 01  

0. 36 

o. oo 

0. 21 

1 . 04 

5 . 21 

0, 33 

1 17. 90 

144. 00  

5 

7 

1 

1 

1 

1 

1 

1 

1 

3S 

47 

0. 96 

3 .04 

14 . 01 

0. 38 

o. oo 

0. 21 

1 . 04 

5 . 21 

3 . 31 

F 

0, 28 

0. 90 

4 . 1 6 

0. 1 1  

0. 00 

o. oo 

0. 31 

1 . 55 

Result 

n. a .  

n. e .  

(I 

n. s .  

n. a .  

n. a. 

n. o .  

n. a .  



Source 

Unstopped: 

linem-
quac:tr9.t1c 

cubic 

qunrtic 

Stopped : 

linenr 

�.tic 

cubic 

quartic 

Between 

Error 

Tot 1 

Appendlx 37 

Analysis of varinnCo ot moan tru1 t wci�t truss 2. 

ss 

1 , 1 67 

7, 1 69  

3 , 1 97 

920 

1 63  

00 

060 

76 

882 

000 

� 

1 9 , 699 

21, 9315 

5 

9 

1 

1 

1 

1 

1 

1 

1 

1 

1 

45 

&9 

MS 

233 

'191 

3 , 197 

920 

1 63  

66 

900 

76 

882 

600 

436 

F 

0. 53 

1 . 83 

7 . 33  

2 . 1 1  

0. 37 

0. 1 5  

� . :m  

0. 1 7  

2. 00 

1 . 38 

Result 

n. s.  

n. a.  

** 

n. a .  

n . s .  

n. s .  

n. a .  

n. a .  

n. a .  

n. s .  



Appendix 38 

Ano.�siG of w.rinnoe of mean trui t \l'Oirght truss 4 .  

F Result 

4, 659  5 932 1 . 40 n. s .  

Tren. tlral ts 1 0, 938 5 2, 1 88  

linear 0, 912 1 13 , 912 10. 36 

quo.drntie 1 245 0. 37 n . a . 

S topped : 

ltnaar 1 , 344 1 1 , 344 2 . 01  n. a .  

quadrntie 51 1 51 o. os n. a .  

2, 385 1 

Erra: 10, 006 25 661 

To�al 32, 263 35 



unstopped: 

l1n r 

qu,nc:!r.'lt 1c 

cubic 

"Uartic 

qutntic 

Stopped: 

Unoar 

�drntic 

cubic 

(Jlartic 

qu1ntic 

Error 

Total 

Appendix 39 

Annlysis of v:trinnoe of total y1old. 

F 

152, 1 90 5 30, 430 0. 32 

1 1 9 , 956 , 620 1 1  10, 905, 056 1 1 5. 1!) 

01 , 112 , 007  1 61 , 1'72 , 007  545 . 93 

1 , 823 , 050 1 1 , 823 , 050 1 0 . !15 

200 , 596 1 200 , 596 2. 14 

300, 944 1 300 , 044 3 , 27 

3 , 21 3 1 3 , 213 0. 00 

55, 4-n., 283 1 55 , 4"12, 283 685 . 74 

275 , 7" 1 275, 755 2. 91 

40, 506 1 40, 600 0. 40 

47, 706 1 41, 706 0. 50 

83 , 720 1 83, 720  o. aa 

�18, 841 1 

:; , 206. r.f1 as 94 , "7()l 

126, S1CS, � 11 

R lt 

n . a .  

(till� 

:-• ... . �� 

n. a .  

n. s . 

n. s .  

·� 

n. s .  

n . e .  

n. a .  

n. • .  



!llocks 

Troatmonts 

Uno topped: 

Unoar 

quadratic 

cubic 

qunrti.c 

qu:lntic 

Stopped: 

lineur 

cubic 

qu;�drc. ti.c 

rue 

quintic 

tweea 

Error 

Total 

Annlysis of vnrianc::e of total fruit nuobor . 

,.. . 
........ 

14, 772 

7, 307 

38 

1 

24 

17 

7, 267 

0 

0 

1 0  

2 

32 

G88 

us, � 

11 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ae 

11 

9 O. GO 

1 , 343 100 . 31 

7, 3137 566, 69 

38 2. 02 

1 0, 08 

24 1 . 85 

17 1 . 31 

7, 267 559 . 00  

! o. ss 

0 0 

1 9  1 , 46 

2 0. 1 5  

13 

f\OCJUlt 

n, o ,  

�· 

n.a.  

n, a.  

n. a .  

n. a .  

:)';� 

n. a .  

D, S ,  

n. . 

D, S .  



Blocka 

Treatment• 

Unstoppod: 

linear 

quadrnt ic 

cubic 

quartie 

quintie 

stopped : 

liner".%' 

qusdr::tie 

c:ubie 

qunrt1c 

qutnt1c 

Between 

EzTar 

Total 

Appondlx 41 

Analysis of variance of Clry woigbt pl.t.nt top . 

ss 

12,41 0  

21 0 

74 

750 

535 

69 , 737 

303 

147 

7 

43 

90, 526 

17, 300 

19S, S8& 

df 

5 

1 1  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

IS 

71 

300 

15 , 870 

12 , 410 

210 

74 

'150 

535 

69, 137 

200 

147 

1 

43 

314 

F 

1 . 20 

50. 56 

39. 52 

0. 67 

0. 24 

2 . 39 

1 .  70 

222 . 0Cl 

0. 65 

0. 47 

o. ca 

0. 14 

Result 

n. s .  

=:'** 

n. s .  

n. s .  

n. s .  

n . s .  

*i.:.� 

n. a.  

n. e .  

n. a .  

n . s .  



:Hocks 

Trea tmnts 

U.nenl!" 

qundratte 

cubic 

�art ic 

qulnt1e 

Error 

Total 

Appendix 42 

,'\Jlalys ia of vnrianco c4 totnl plant dry Hei(j'lt 

(nbove groond parts) - unatopped oerios . 

ss 

6, 1 22 

85,423 

78, 201 

2 , 791 

952 

3 , 062  

428 

l G, 761 

100, 300 

df 

& 

6 

1 

1 

1 

1 

1 

26 

35 

MS 

1 , 224 

1 7 , 085  

78, 201 

2, 791 

952 

3 , 052 

428 

670 

F 

1 . 83  

25 . 50 

1 1 6. 72 

4 . 17 

1 . 42 

4. 50 

0. 64 

Reault 

n. a. 

�:r;;:;; 

n . a. 

n . s .  

* 

n. s .  



Appe.ndix 43 

Feri1li.zor mixture added to 50/50 pent C:J.nd compost Nld 

then used for gro,·; ing planta 1n the study of the affects of 

leaf level, pollial'\tion level ;,nd t1·usa mwber on growth and 

davolopmant . ThiS fertilized compost was o.pplied at the rste 
3 -1 

o.f 9, 000 cm plant 

ftrtllWr 

OSt:lOOOte 18.  2 .  6. 10 

om:ocote 12 . 0. 34 . 8 

potaaslum sulphate 

copper sulphate 

1rm sulphate 

iron chelate 

zinc aulpha:to 

sodium mol)'bde te 

e plallt-1 

Kg ha ""1 

10. 8 

899 

s. as 

1 . 18 

1 . 48 

1 . 48 

4 . 42  

1 . 46 

-3 

13 . 8  

25 , 2  

41 . 4  

41 . 4  

1 6 . 8  

2. 8 

p 

96 



Appendix 44 

1\nalysis ot variaDCe of yield truss 1 .  

Source ss elf F Rosult 

Bl.ocks 21 , 81 1  3 7, 270 0. 95 n. e .  

I..e.••tf 1 94, :�84 2 97, 192 1 2 . 74 $;;;.t) 

Truas 1 32 , 285 2 81 , 143 1 0. 63 ��.;*�:--

Pollinntian 840, �.4 1 840, 004 1 1 0. 07 r'.t:;'!o'! 

LT 25, 700 4 6, 442 0. 84 n. s .  

tp 28 . 78£:1 2 14, �95 1 . 89 n . s .  

TP 59, 3-12 3 29, 071 3 . 89 * 

IJrP 24 , 690 4 6, 1 73  0. 81 n . s .  

error 389, 205 61 7, 632 

Total 1 ,  746, 290 71 



Appendix 45 

Ana lyst ot � rianc of rtcld trus 2 . 

ss d.1 l1S Result 

BloCks 9, 967 3 3 , 322 0.43 n.s.  

Leaf 45 , 003 2 22, tS27 a . ss n . s .  

Truss 9'7, 500 1 97, 560 1 2 . 49 �* 

J.'olliru\ t1on 36,300 1 36, 300 4 . GS * 

I:r 40. 377 2 20, 189 2 . 59 n . s .  

LP 202, 707 3 101 , 38-1 1 !:! . 00 :. .: i• 

TP 12, 741 1 1 2 , 74 1  1 .  G3 n. s .  

LTP G, SG4 2 3, 432 0. 44 n. s .  

r:rror 257, 685 sa 7, 809  

Totnl 700, :.14 47 



Analysis ot vnri nnce � yield truss 3 .  

Source ss df MS F Result 

Bloc:ks 46 , 981 3 1 5 , 060 3 . 27 n. s .  

!Ain.t 9, 7013 2 4 , 853  1 . 01  n . s .  

Pol l.in.."t tion 1 5, 352 1 15 , 352 3 . 21 n. s .  

LP 20, 695 2 1 0, 348 2. 1 G n. s.  

Error 71 , 730  15 4 , 182  

Total 1 64, 464 23 

Applmdix 47 

l\DS�S U of yar1ance ot total yield . 

Source "' " 0-.":'i cU l.lS p Renlt 

Blocks 31 ; 1 00  3 7, 056  0. 42 n . a .  

Lenf 421 , 564 2 210, 782 1 2 . 58 e-4!:* 

Truss 6, !)(')0, 1 1 1  2 3, 454 , 556  200. 1 1  .,.� 

Pollina.tion 1 , 300, 526 1 1 , 300, 528 17. 00 *** 

x:r 1 76, 929 4 44 . 007 2 . CO * 

LP 370, 384 2 185, 192 1 1 . 06  *** 

TP 27, 005 a 13 , 848  0. 83 n . s .  

lll'P 205 t 384 4 &1 . 339 3 . 06 $ 

Enor 854 , 791 51 1 6, 101 

Total 1 0, 292, 829 71 



Appendix 48 

Aaalysis of vnn"Ulce of dry weight plnnt top .  

Source Result 

Blocks 5, 343 3 1 , 781 1 1 . 79  *** 

Leaf 36, 639 2 18, 320 1 21 . 32 tJI$t;c 

Truss 003 2 482 3 . 1 9 .:: 

Pollination l , GGO 1 1 , 860 12. 32 $.t!� 

LT 100 4 25 0. 1 7  n. s .  

w 067 2 329 2 . 18 n . a .  

TP 004 2 332 2 . 20 n.  a .  

L'l'P 1 , 274 4 31 9 2 . 1 1  n. s. 

Error 7, 719 51 1 51 

Total 55 , 21 9 71 



Appendix 49 

Annlysio o:t vo:ria.nce of lent clry weir;ht to 

dry •.vo1ght of plant top. 

Source .. ,.., ,.)\� ) F Result 

Blocks . 0010 3 . (X)()Q3  0. 74 n . e .  

Leat . ()()40 2 . 00200 Z. 35 n. a .  

Truss . 0001 2 . 00005 0. 06 n. e .  

Pollination . 0027 1 . <X>2?0 3 . 1 7  n. . 

LT • ()(X)9 4 . ()()()225 0. 26 n. a .  

Ll) . 0074 2 . exxt70 4 . 35 

TP . C'Oll 2 . 000150 0. 18 n. • . 

lli'P • 0()0,4 4 . 001100 1 . 29  D. B • 

Error , 0434 51 • ()()()il51 

Total • 06lS1 71 
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