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ABSTRACT

During tho propegation of tom:to plionts -~ hich and 2 low
level of nitrogon was applied in factoricl combinoticnm before andd
2fter initiction of trusc 1, The high level of nitrogen prior
to initiation procduced earliier flowerin; and an increased yield
in trusse 1, It was suggested that a contriiwuting factor to the
latter rosponso wng that, vhere a change in nitrogen level was
involved, the change from high nitrogen to low nitrogen procuced
o more productive plant regpanse then whon the secuence of
applicetions was reversed, Tlowver mmber 2nd earliness of
flowering of certain trusses wns increasad by the high lovel of
nitrogen spplied after initiatiom, Initizlly the plants grew
fagteor ~nd cropped earlier in respanse to high nitropen, but there
wore no differences in either the finnl cmount of growth or the
f£inal crop,

The recponse of the plonts to = chrnge in nitrogen level
sugrested th't some of the increase in yield due to exposure of
young plrnts to cold tomperatures, mey be due to the chonge in
torper-ture level, Varm and cold temperaturcz werc therefore
applied in factoricl cambination before flowor initiation (9 nights)
end for a subsocuent period (14 nights) which included the flower
initistion stage, with single-~truss tamto plants, Cold temperntures

during hoth stages increassed yleld and mmber of fruit and decrecsed



nean frult eight, The early treatment wng the most effective,

It was sugrested that low temper:aturces produced an enhanced supply

of nanginilates to tho apex, vwhich then initi-ted rore flowers and

th:t cold terper:tures aprpesred to influence yicld solely due to its
offoct on flower munmber, Shoot growth wg rodured 28 yleld incrensed
snd 1t was suggested thet campetition occurs for ussimilates between
the leaves nmd fruit,

The remeining investigatians were devoted to the reclatiomship
beteen vegetative snd reproductive growth (source sink relationsghip)
in tho tomato plint, 3y the use of leuf rerovrl troatments a study
an the importance of the emount and position of loof tis:sue on the
yield of single-truss tomato plants was carried ocut, i close positive
relatiocnship wns shown to exist between lecf dry weight ang yleld,
while lenf position did not appear to be importont. The leef and
root tissues were gshowvn to be in cospetition with the reproductive
tissues for dry matter,

The nitrogen exporiment indicated that competition occurred
botweon fruit trusses for assimilates, By 21llowving plants to develop
different mumbers of trusses nnd then exrnirning the effocts of these
tre:tments on the yleld of = particular truss, cospetition effects
.bet‘;een trusges wore shovn to exist with all trusszes except truszs 1,

The fincl investig:tion wus designed to deimanstrate th-t the yleld
of truss 1 cauld be reduced by copetition for ngsimilotes, The
troctments consisted of 3 lenf levels, £ pollinntion lewvels cnd 3 truss

mrbers in factorial combinatian. Caapetition effects reduced the



vield of truss 1 znd it was shown thnt such effects were
influonced by the level of cink strength, Tot:l yield wos
incrensed by increusos in leaf level when sink: stroncth wus
high ond by a2dditional trusses or extrn pollin:tion vhon tho
amount of leaf tiasue was adecucte,

Lvidence wne presented in tho 1logt tlree gtudies th:t
economic yield in the tomato plent can be limited sirultanoously
by lock of both source and sink strength, The studies on
competition effecta betwean trugses indicated th:t the net
agsirilatian rate in the tom:to plant can bo depreesed by lack
of sink strength, Aapocte of the source sink relaticnship in

the tom:to plant are discussed,
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IITMOLUCTION

Commercial tomnto producticn con hHe divided into tro st zes, the
propagntion stage nnd the plented out stoge, urdins the propagntion
stoge two important agpects of plent growth ind cdovclounent ~re the
grorth oand development of the first infloresconce, nd the rate of
prlant growth, Tho effects of temperature and 1i7 Lt on tie grovth ~nd
dovelopmant of the young tom:to plint are well documented, Mutrition
1s another factor of the plint environnant under :srover conirel during
propagition, but about which linited informctian is =svaileble, Tor th'sg
reason the effects of ’:ipgh 2nd low levels of nitrogen were includied in
these investigzations, f particulzar interest wos (e offect of niltrogon
level on the development of the first iaflorescence 2nd an esrly ond total
fruit yield,

The rasults of this experiment raised ¢ cucsiion st whether the
offect of low terperature in increasing flover mumber in tie first
infloresconce was due to low temperature per sc, or 18 to vhether the
chnge itself from high to low temperstures was nlgo z contributing
factorx, An investigntion of this possibility farmed the basis of furtheor
study.

The renninder of the 'ork wns devoted to the plinted out erop or
intorest here wne the relztionship betreen vegetative nd reprocuctive
grovith, It wvags considered that the source gink rmlotionghip in the tometo
is particularly relevant to =n understanding of this subject, The l1lust

three experinents were desigred thercfore tc provide information ~hcut the



source (lecves) sini: (trusses) relationship »nd in particular sabout
cametition between sinkg (trusses),

This included on exoninatiaon of the effects of the arount snd position
of leaf an the supply of sgelinil-tos te the truss of single-trues tom:to
plants, The nitrogen investigntion had indicited that o cormpensntion
rechonisn might oporate between the trusses of the tomvrto plint. Tho

::1ate!mce of such un effoct hns alrondy been sugicested by Cooper (19G64c)

and Cooper ond Hurd (104658z), Ag only limited infomwtion wes avail: :1le

on such competition offects bretween trusses & study vos designod with thias
oizjective in mind, The final investipotion wes carried ocut to determine
viiether tiie first trucs was affected by inter trucs corpetiition as the
previocus exporimont had friled to egtablish thic, This cancluding experinent
nlso studicd the effects of the anount of lenf tissue, ilovel of pollinatiom
and truss nunber an fruit yield,

At no point in these experirents was the efifect of ihe trectments on
fruit mality, zpart fram fruit size, nssessed, The intantion wes at all

times to produco fruit of acceptable cunlity,



CHAPTIL ON3

REVIEY OF LITERATURE

1.1 The young tom:to plant,
1.1,1 Introduction.

Good proprg-tion usunlly has 28 its 2im the eantrol of the growth
=nd developmont of tho lasves nnd the first inflorescence with the intention
of culminzting in = larco early yield, It is theoce capectes of the growth
~nd dovelopment of the young tomrto plont thot cre fectured in this review,
The pottern of grovth nnd develoument 1z such th:t 2t cotylcdon
expansian the Yirst D=0 true lecves have been initi-tod, but @z yat ore
not visiblo to tie nnlicd oye, The apax i1l continus to inttiste
loavea, the nuiber inlticted bein; detertdned by the cuvirawwe: t 1 conditions
and the variety (“ittwer ond Teuvbrner, 19546; Calvert, 1057, 185G
Attver, 1963; Binchy and '‘organ, 1870C), Durin: tid= time the apex will
onlorge ond change from a flat vegetative apex to o rolsed dome ot the
time of initiztion of the first inflorescence. The time to flower initiatian
and the numboer of floviers in the inflorescence z2ro influenced 5y the
cnvironmental conditions and variety (Lewis, 1653; ittver and Teulmer, 193G;

Calvert, 1987, 1569 flussey, 12G3a; 3inchy and orgun, 107C),

1.1.2 The rate of lenf procduction and the raie of le~f growth,

The rote of leaf initintion (Crlvert, 1080. Tugsey, 1933»-  3inchy =nd
torgrn, 1770), and the r te of l_er.f gro th Clusse;, 17 72) in the tom:to
increose with both tomperature “nd light intemsity, wit' torseriture hoving

2 rro ter effect on lecf grovwth ti'n on the roftc of le~7T production,



1.1.2 leaf nurber helow the first inflorescenco,

Iecf number is decroused by low temperantures (ittwer and Teubner, 185G:
Calvert, 1007, 1908%; Ilussey, 10G3a) and high 1light Intensitiles
(C-lvart, 1959: Husgsey, 10302n; wittwer, 1053) wit' the actunl nurmber
dopending an the wwerilety of tomrto grown {(Calvert, 1257, 1080; Uittwer, 19G3),
The effect of tempernture stz groatesat at lov licht intensitles (Crlvert, 1059
Massey, 19632), while the effect of ligcht intersiiy wrs proctest -t high
tomporstures (C: lvert, 1000),

vitt er nd Teubner (105 .) =nd C-lvert (105 ) prosented d@ts which
indiczte thot srort piwtoteriods £ voir o reduction in ler? nunber ~nd this
v loter confirmed by Uittwer (1033) who foumd thet horn doy length weas
increocsed by the uso of low intengity 1lisht locf nu hor '~ incrensed,

The = jor supplier of carbolydrates to the pl nt Lvaedintely after
oricling out are the cotylecdons and Calvert (1884) heg shown that the
removal of 211 or = portion of them will incre-se lead :nvbor, nito
mad 1to (1835) hove rovorted sirilar effects with the r :ovhl of cotyledons,
It i8 intercoting to ncte that conditlicona which roducoe thoe ou .ply of
cgsirilates, such 23 low 1light intensity or cotyledon romoval, or treatments
which increase the cormetitive ability of youny lecwves, suc ns high
tomper-tures (Muissey, 1953a) sll increcse leaf muiber, This could He
explained in torms of those treatments deoleying aoplce:l enlnrgement due to
» reduced supply of nssimilates, This delay wiil increrse tho tirme to flover
initisrtion cousing more lenveg to be formod bhefore the Tirst inflorescence

(1.1,



The volue of o reducad number of lecves belos the first inflorescence
is that the first Fruit truss sixculd e closer to the graund nd wore
truases should ke able to be carried below the wiros,

1.1.4 Time to initiction of the first Infloroscence,

Low tenmperatures and high light intensities rcduce the tine to flowor
inttirtion (Calvert, 1058; Jlussey, 1983a) with the effect of light intensity
beins the more important (flussey, 19G3a),

Tha irportance of licht intensity has been further domonstroted by
Binchy and MNorgen (1070) vho deronstratad theot the largor the licht
inte¥er2l the parlior flower initiation tock plrce ond ot the snpe 1i~ht
intevyprsl flower initi~tion occurred with plants srovidad with the shortest
darys.

Yittver nd Teutmer (1058) snd Wittwer (19462) shored thet » ahort
shotopardiod fovoured earlier flowering ns indsexed lyr the number of nodes
hefore the first inflorsscence, Although Wittver (1952) ¢id not digssect
his plnnts to detercine the time of flower initiction 1t coull bhe nssured
that tils mensure of node nurdber nd time to flrst snthesis wero indic tive of
ecrly initi-tion. Jdttver (1963) concluded th't despite the fict th 't no
effect an flover murber could be detormined the tornto plant wns o facultative
short day plant,

The denger of low light intensities and high torperctures in delaying
flower initiztiom and thus reducing early yield is well dermonatrated by the
datr of Cilvert (1959), e found thot initiation occurred 18 days ~ftor

cotyledon expansion with a light intensity of 10,76C lux and » temperanture



of 15% rnd ss 1ote £ 45 dnys with o lisht dntoncity of -, 500 lux ond
v tarpoerature of L‘.SO{T,

eehi, otswmmrs ond  shizowa (12658) aboved tht nutrition could
offect the time to floter initiction, “ith the trentrmonts that were
anpable of nitisting flovors tho time from seod soving to initiction
varied from 55-35 days, ~ttenticn hag also been dmwa: (Colvert, 10352)
to the differcnce hetveer verietioes with respect to tix time to initintion
vwhon grown under the sane environmental conditions,

Husgey (1043a) sugreated thnt high temperaturcs incronsed the
corpatitive abllity of the expanding first twe leaves which were nhle to
2tilize o 1largor propeortion of the assinilates at the oxmpeiizce of the apest,
iplenl enlargesent was sloved down so thnt more loaves vwere formwed and
fiower initintion wus delsyed, The greater effect of his> temper:iture ot
low light intensitieg in delaying apicnl enlirgeront is cansistent - ith
this concent 28 the dominont rele of the lesves wosild novr be operating in
cokiltions of low assisdilate availability, In = Iurthoer experiment MHussey
(123G3h) confirwed his theory 8 gj;lzmts grovn =t hig: temer: tures hoad
o oidly enlarging apleles ond enrlier flover inicistian “hon the first two

lonves were removed comparaed to plusts where tho lesves wers left intact,

1.1.58 flower number in the first inflorescence,

o7 terperatures (Lowla, 1653; Vittwer aud Teubner, 1265; Calvert,
18587, 1859) snd high lipht intensities (Calvert, 195.; ittwer, 1563)
hnve been shown to increase flover number in the first inflorescence,
Tempercture alaso has 2 siniler effect on flover nuixber in the subserument

inflorescences (llent, 1957; Calwvert, 1957),



Smaehi ot o1 (2080 roported th ot initlolioe of tho first infloreszconco
did not occur -t citrmiely low levils of nutrition Hizh i in controst to
Photll (319G5) who reported thot initi~tiom of il first inflorescence tock
nluca in the nbsence of nutriunt eloments

Tae work of Calvert (1007) indicctes thut ot cotylodon awpansion the
plant is pensitive to tarporcture with respcet to loof muslher @nd then
boconas sengitive with rospoct to flower numbor sone O doys loter, It is
cosumed thot the point ot vhich a plent becomos rocentive o temperature
with raspect to flover muiwr is 2t the tlw of flo«r initisticon, Hence
ss the tine to flover inltistlan is affected by 2inht inteoasiily ond variety
the time ot vhich low terperstur:s shoold o epplicd Lo increuse flowver
meiber will very with both weriety and time of the your,

‘s the size of the firsi inflorescence wil': cinflo-truss tauwtoes
oonld mortodly influonce fruit yield, hixd@ and Coopor (1.0G7) sot out to
deternine suitrble cold tro-tuants for diffaront tincs of the yoor. Oof the

trestionts zpolied they found that in sumewer 14 doys hilling -palied

15 days Lroi: seod sodng snd In Linter 14 duys chillinm: cpiliod 18 dsys Prom
good z2ouin: ere the most effoctive, 1t inter acvings the res:onse to

chilling s not as marlked s with pmer sowings znd the autlors point out
that the treoatments opplied may hove been too early and too short for
vinter sewlings where initi-tion wis likely to be toliing ploce 05=33 days
after seed sowing, “he rorter regponse to chilllinge vith swmer sowings
would also bLe relited to the better lighit conditions as contral plonts

durinc summer ronths showed o tendency towards trusc branc ing, The

cold trostnents used were 10°C/18°C enc 18.6°0/4°%C day »nc nizht terper-tures



No differcnce betseen these treatments which produced the snme mean
tempornture over 24 hours could be determined.

lussey (1563b) states that he caild find no consistent relationship
botween the glze of the apex at flower iniitiation ond the rate of
onlargerent, The data he has published indicatea hovever that at the
lover temperature (15°%C) ot flower initiaticn the dry weight of the apex
weg greater than ot the higher temperiature (25°C), 1 the assumption
that the: lnrpor the apex ot flower initiation the morc flowers are likely
to be formed these dats would suggest that low tempercturos prior to
floor initietion may benefit flover number, Yost oi the published
work in this srea (Lewis, 1283; Celvert, 1057: uvd nnd Cooper, 1537)
h7s not preocizely defined the time when tomito plants acent the cold
stim%lu:: to increase flowver nurber, However, Lake (19G7) hes reported
thet low terperntures prior to flover initistion incrensed flover nurber
28 vall ~8 low temper~tures applied during flower initi: tion,

Hurd snd Cooper (1°57) hove gugmested thot veri ticn beteonn plonts
ith respect to flower initiction moy occur and this wiuld mske it herd to
deternine the timo ennctly, They fcund = 14 dioy cold trestmeat nost
suit: Lle for increcsing flower number and this, a2z they hove suggested,
oo indlieate o veristion in the time of initiction hotieenr p:lonts, It is
supeosted hore thot this could clso imply thet thore is come »enefit in cold
trentient prior to flower initintion to produce o lurger apex, Hussey's
(12534, ) obsorvations did not proceed post the time oi flower initistion,

In nn earlier investigation lecpold and Lam (19G60) reroved vorying
mirbers of young leaves as they recched approximately 1.5cnm in length

storting from node 3 upwards and varying nurbors of mature leaves up to node



five, The reroval of young lecves increased flower number in the first
inflorescence nnd the tinme of flovering wus adv »eod, These observ: tions
ore sindlor in nature to those of HYussey (195G3L) rnd ©ito nnd Ito (19G5)
cnd inply th:t the yo.ng losves corpete successfully +ith the apex for ssimll- t.«
Thoe ruthors concerncd hovever concluded tht = flor:l inhihitor in the young
expanding lenves wos involved, There wos & varietzl seaponsoe to the removal
of young lenves with the 1later mturing vorieties responding best, The
remov:l of moture lecves deluyed flowering i:nd tendied to reduce flover rurbher,
irom the sbhove evidence it would secm rensany:ble to postulaie that
the increcse in flover mober at low temperatures is due to reduced
competition for ocosinilntes, Hurd and Coopors' (10073 observation t -t
control plants grown under suwmer light conditicns procduced branched

trusses without cold cxposure 18 consistent with thls hyrothesias.

) P BN Seansonal e’fect on time to flovoring of the first inflorescence,
Cooper (1264b) stucdicd the flowering pattern of the tamrto plant
from veekly sowings over o 12 manth period, These plints were planted
into border soil soon after cotyledon expansion and wer:- not subjected
therofore to any form of ''r ot restriction’ curing the enrly growt! ond
develonmer t stage, The time from geed sovwing to sntlicsls of the first
floer v'ried from 40 days in surer to 110 day:s in winter, In some
inst nces durinyg the vintaer the first infloroscence did rot flover at all
so thr t flovering first oceurred on the secend iniloroscence, This w-s
presurubly duc to the loch of ""root restricticn’”,  Theso poosonnl trends
could be rolated to day-len;th or tot::l radinticn and Cooper hig tended to

svour doyelength,



Culvert (1264a) sugpested thot youny tomsto plints grovm iIn
contniners were light saturated whin they resched o daily meoan of 10,000f.c.h,
For 1in winter 400,000 f.c.h, (87=88 duys from cotylodon oxpension to
flowering) were recuired while in summer due to the postul:-ted licht anturestion
4C days were romuired fram cotyleden expansion to flouering, Celvert
sguggests thot the changing ~mount ot photosynthetic light determines tiw
secaonnl pattern of diys o antlmel:s, In swmmer neither o reduction in
doy=length or 1icht intensity reduced the nurber of doys te nthesis. e
wns uws ble therefore to estoblish any effect of doy.lengt® on time to
flovering,
he dot preszented by both Cooper (10801b) oned Crlvert (1044n) -re
remrkably sinilor, This however 1s not surprising :hen it i1s considered
that in the first inst:nce the nurmber of days were rneotsurcod iras se d sowing
wnd not cotyledan oxpension cnd thot with winter sovingoc Cooper dic ot at
timce obstoin Zlovering in the first inflorescenco, In hoth instances te

o
minimm terporatuize wae 15,6 C,

1.1,7 Arregted development of the first inflorescence,

After inflorescence initiztion the flovers growr and develon »nd
subgeruently flover snd set fruit, The major cultuvrnl problem £ the
early tom:to srovers in the United Xingdom until the 190C's, vhen improved
tecimoleory came to thelr old, wis the preblem of obthining satisfoctory
fruit production fron the first truss of plants sovn durins Cetober to
ecrly Decomber (Ceolvert, 1007), Suct sowings hoc flowers initisting nd
develogsing under poor li-ht conditions 'rd the infleoreacernces consisted of

Exv floers vhich iended to ~hort prior to ‘nthesic or “lo ers vhich: after

mnthesis friled to get fruit, The daotn from successionl sowings of plonts
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grovn without 'root restricticn” presented by Jooper (16G4n) show for
cxonple that nearly 21l the flowers in sowinges from cuorly Deocorber to
corly ugust set fruit “heroos none of the sowings bhotveen Zeptomber snd
early IDecember set fruit, It wvas suggested that vhere doylengths were
less then 13 hours ovary swelling decreased rapidly nd consed,

An examinetion of the technicues used to achieve satigfactory truss
procduction fror winter sowings ie pertinent as it lezds to o better
apprecintion of the growth and development of the first inflorescence.

These tech:imes include delesyed planting ("root restriction’), use of
supplomentary lighting or growing rooms, temperatiire control and carbon
dinxide enrichment,

Cooper and Hurd (12488b) showed that arrested develorment co:ld be
counteracted by the use of carbon disxide enriciment and by deloyed plonting
into the s0!l of the gl-sshouses with a range of v' rieties sovn in Novermber.
The regponse of varicties varied, in some both tro: tiwnts were re~uired in
others only one was remired, The authors postulatad th-t shortage of
sssinilates was the cause of the arrested developmmt, The role that corbon
¢ioxido errichrment plsys in incrersing the supply of ncsiril-tes ie apprrent
but the role that holding the plants in pots hie wns lec: certain,

Cooper (19072b) when studying the effocts of contairer size on
partitioning in tomrto plants grown in nutrient culture fouind that cs
container size was roduced the proportion of dry metter in the rcots and
sten wvas not affected, but that in the leaves decrecscd, while that in the
inflorcscences increxsed, Thus the beneficisl effect of 'root reatriction’
appears to involve redirecticn of carbahydrastes frorm locves to inflorescences

end not from roots to inflorescences as cammonly thoucht, The same worker
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{(Cooper, 1971) hocd proviousily shewn thet vhen root prmuming w03 used @8

a means of restricting the extent of the root systen litile offect wes
ohgerved on dry matter portitioning in the tonsto plont, Tho offect of
deluyad plonting woukl apuocr therefore to bo die not to physically
restricting the roots but to 2 redistrimtion of assilnilates between leaves
snd inflorescences,

The volue of supplerentary lighting (Conhom, 1936) and roving rooms
(Crnhan, 19073 CDempsey and Morgan, 1988) to obteln satisfactory inflorescence
dovelopment +ith wintor sowings is commercially practiced in Curope,
Undoubtably the mejor factor here 18 the improved cvuillability of assimilatos
to the inflorescence,

Czlvert (106G9) reported that 2 chanpe fronm » higd temperature (21,1 or
18.30C) to ¢ low termer ture (15.6°C) st ahout the buds visiblo stage incrersed
tie nurber of buds th 't flowered and e~rly fruit yleld «ith plants from -n
October sowving, e offered n nurher of possible oxplinctions “or his roesults,
These were the effect of the temperature chunpe, tle importonce of cderunte
leaf cres early ond the possibllity of effects cn the nctivity of the roots,

It is sugpestod here th:t it is the chamyre from hich to lov terperatures
that wns imoortont, nrarier (19G8) reported tirt with v ize 2 chenge from
high to low tempercture brought about the accurumlation of carbohydrates in
the leaves, flo explaired the accurailletion of carbohydrates in terms of
leaf growth being rore sensitive than photosynthosis to the lovering of
terperature, Onn the =sssumption that changes tcoke place in the tomnto plant
sirilar to thet in moize plants, then it iz possinhle that the accumulation of
carbohyer-tes in the leanves would enhonce their supnly to the developing

inflorescence, Thns the treatment applied by Calvert (1500) wosld imrove
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inflorescence dovelormont wunder conditions uhere covbohydrate suppliles
worz limiting,

The most likeoly conclusion from the cdiscussion of the ~bove techniues
is th~t inflorescence dovelopront 15 arrosted in ©id winter in the United
Tingdom due to lack of carbohydrates, This hos clready boeon suggested
by Cooper and Ilurd (12G0b), Thus at that time of the year any treatmont
incroasing the avaoillability of carbohydrates will favour inflorescence
develoment ond probably oarly yleld. It should e neted that arrested
developrent of the first inflorescence 18 not 2z sicnificant problem in

New Yealond due to our bhetter winter light conditions,

1.1.8 The effects of temperaturoc nnd light intensity on the
growth of yamyg tom~to plants.

Corwe dizscussian of this topic hrg clre-dy t-ken pl oo (1.1.2-1 1.8)
~nd v1ill not bde rojented hor-, Crlvert (1954h) investig ted the effectes of
day temperstures in the 15_0-2!?90 range and night termperaturcs in the
12.5=22,2°C ronge on the vegotative growth of youn:: torxto plints grown under
natur:l lisht conditions cduring the winter mcaiths (Cctober=iorch)., He
concluded that in winter light conditions in the United Ilingdom, night
terperature should not b»o less than 17.8°C and the day temperature not lowver
tihon 20°C. le could £ind no evidence to suggest th:t the night temperature
should be lower than the day tempereture,

Hussey (1985) examined the effect of constant and clternating day and
nicht temrerctures over the ronpge from 10-30°C an tecvito plants up to O days
from cotylodon expansiaon. He was tlme examining the response of very young
tomto plants over o greater temperature range thin Calvert (1964b), The

mxirum rate of dry matter rccumulation occurred close to = constant



tempernture of %oc, llere "gin there wns no evidence of thermoperiodicity,

Both the abowve ruthers dr:. ottention to the foct th t ‘ent (1045) showed

that thervoperiodicity dic¢ not occur in the tomto plaat less then 40 cms high,
Hurd and Cooper (190G7) reacihicd s sinilor concluzion with respect to the youns | 1loms
with their work om ccld tre:trentis to induce incrensed flocering of single-truss
tamtoos.,

Calvert (1964a) has suggested that young tom:to plants are light saturated
in swaer nonths as hig data and that of Coopexr's (1964h) indicate thot the
tinme fron cotyledon expansion to cnthesis of the first flover is fairly const:nt
at 40 days for rost of the sumrer months with pleants grovn ot o ninimm
terrpamtufe of lﬁ.GOC. A similar time to flovering his been obtiined in
Nev enland (Fisher, 1968), Calvert (1¢964=z) sugpesied that young plants are
light saturcted wvhen they received a duily meun of 10,000 f.c.h,

Cooper (1947) measured the net nssimil:tion rrie of nlants ot
approxim:tely the 8 lenf stage over 2 2 yeur pericd, e concluded thnt
under glisshouse condlitions in “nglond the photogynthotic syster of the young
tam:to plint was not licht saturated, This njprrant contrndiction to the
work of Culvert (1904n) could be expl:ined in tormc of the tvo workers
mousuring. two different nspects of plant growti: and cdevelommont, ono the time

to flowering ond the other the net assimilation rnte t one zoint in time,

1.1.9 Sarliness.

This 18 usually taken as the yleold in the first -3 weels of hurvest,
lecommendaticne are selected on the basis of the progromie moct likely to
meximize profits. In ingland this tskes the form of the 'Blueprints' which
are aveilcile for the mnin planting dates and ;losshougo conditions in that

ocountry,



The great weipht of evidence incdic-tes th € varr propagution
terreratures ore necessayy for esrliness, Tork ~t virious Uxperimental
Horticulture 5t tions znd ~t the CGlizshouse Crops lese rch Ingtitute hive
culminated in these *,.I.%,. 8, Mueprints ( non 19.8), The minimun torsor: ture
dirin; the propog:tion stage for the vorious combhinations of plmting drtes
nd glasshouse conditions is 15.6°C. The move townrds those high temper- tures
to obti:in earlier Jlowvering and thus early yield represents a msjor change
in appronch to tom:to plant propag:tion in that cauntry (Calvert, 1967),

Yorkx in Hollasnd (Verkerk, 199UG) and New esalond (Fizher, 1943) has also
ghotm the value of wam tomperatures during propa-tion in incrersing early
yiold.

Yidth 2 multitruss crop the use of cold temper:ttures during propagntion
to increase flower nuriioer orcd thus presumably yiold in the first truss is no
longer recomnended, This i3 becsuse the cold trerstrent necessary slows
down vepetntive growth and hence any increase in yield in the first truas
would be a2t the exponsc of earliness (C:lvert, 196.).

Rurd ~nd Cocper (107C) reportod that n chillin - peried of two wecks
~t on overage tenperature of 100(: incrensed yicld of singlo=truss tomrtoes
by approximately 257 excent with & Soptember soving, The chilling trentment
wos applied 13=-20 days nfter sowing depending on the tine of yoor,

Loke (1967) on the other hand was unable to shov it incrense in yicld with
single truss tom toes having branchoed inflorescences. In both instoances the
authors report thut the increased flower number increased the fruit number
but decressed fruit size, Iurd =nd Cooper (1670) consider the cold treatoent

was honeficial due to the lovel of increased yield rcu@d the fact thut it
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delayed harvest by only 4 doys 4Ap gursier and rother more in winter while

o aoffect on the lenpgth: of the horvest period wis observed,

1.1.10 Summry

The foregoing discussion h~e ocutlined the ;rovt: ~nd dovelopmnt of
the young plent oith orphnsis on the fictora affecting 1:xf procduction ind
flowor initistion ~nd subsertent inflorescance development, There nopecrs
t0 be cansiderahle evidence that competition occurs betveen tie veget . tive
wnd reprochuctive org'ns, Under conditions of 1o zassimilate production this
capetitive relationship 'mooras gignificnt with tix lonves having the
Cominant role such thi:t flower initiation cnd develorment suffors,

The conclusion of Hussey (1243b) thet such competition nerely erphnsises
the relationshipy betveen these orgnng rnd doos not in any way offer an

expl v tion of the mechanism of control is wortiy of porticular note,

Moture Plant

1.2.1 Introduction

The relationship hetveen vegetative and reproductive grewth of the
planted ocut crop is regurded as of manjor importance by cormiercinl tomcto
grovers, Behind this interest is a3 belief th:t the tom:to plant will favour
the vegetntive rether then the reproductive state ind that vicorous
vogetotive growth is the farerummner of poor fruit yields. Thus » grower
attempts to cantrol vegetntive growth by reiging; tho osrctic strongthh of the
licuid feed and porheps by the use of lov temporzturcs, ‘The value of some
vegetative growth restrictiaon under poor light conditions to achieve

sstisfactory development of the first truss has beon discussed in section 1.,1,7,
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It 18 also conceded tht a liaquic fesed of modernte concoentraticn may imgprovo
fruit cqunlity eerly in the sensom, However in meny instances the restriction
of vepetotive growth is likely to reduce yield (Cooper and Murd, 19C58a),

The intention of this review of the growt:: nd development of the
mature tomrto plent (planted out crop) is not to exnnino th: possibhle
advantapres and disadventages of such growver teochnisues, but rother to exnnine
the literature to gain on insight intc the rel-tionshin bhetveen veget tive
end roproductive growth ond hoo it is modified iy v rious factors.
botter understanding of this rel:tiomship would nid 2 more critienl assesonernt

of grover technicues,

1.2.2 Sensonal efiecis on the gro-th ond dovelopment of the
tomo to plant,
The study of work of this nature 18 of wvzlue 8 it provides infornntion
on the seasonnl relationship botween vegetative and reproductive growth
and development, This knovledge of the seasonsl pattern of cmwth nnd
development also encbles one to determine vhother the reaponse of a plant

to a treatment over time is being modified by o seaconal effect,

N. 2821 Leacf grovwth

Cooper (19G12) studied the pattern of leaf grovth fror: successicn-l
sowin s, Leaf length wns used as an eatimrte of lenf ares (Cooper, 1958)
ond the weekly rote of lerf length production wns obt:inod from the folloving

ocquntion,
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P = (a2 + ba) - (al + hl)

where P = weekly rate of leaf length production
2 = the leaf length present an the plant
b = the accumilatod total of len? length
renoved on Senascence
1 = first week under consider-ticn

3]

0

second week undor cansiderction

411 sowings, except th:t for September, hnd 2 siniler bogic lenf gro th
poitern, A rapid rise to o muddmal rate wns follovwed w 2 decline with the
gro.th rate maintolned ot o rel tively low rato. The leptqmber sowing dic
ot achieve a leaf rrowtl rrte z2bove tiis low level,

The swelling of the first oviarios coincided in 01l sowings with the
attuimment of the maximm leaf length production, In 2 later experiment
(Cooper 10i4c) it was ghovn thot the incrensing lenf grovth riato cecsed on:
everage 1,75 weeks after ovary swelling begoh and with plants from (Octobher
and ecerdor sowings the check to leaf growth occurred oven an plants where nc
ovaries were allowed to swell, The check to loof growth was therefore not
due to the anset of fruiting, Cooper (1964c) in on =zttery:t to explain this
observation postul:ted 'that whan, or soan after, the first flower primordis
wore initinted, nn internzl reaction was stirmlated that eventuazlly resulted
in the cessation of the progressive increcse in the rates of shoot extension
and gro- th in lesf longth’'. Root growth has boen showr to e checked 1t thw

s-me tine (Cooper, 1058),
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1,2,2,2 Flowering

Cooper (1501YH) cxarined the weekly rute of flovers reflexins their
potals from successionsl sowings planted in tle torder soil soon after
cotyledonn expansion, The rate of flowering rosc to ~ moxirmmm but thon
doclined during shorter dnys to rise again later, Puo to arrested
flowering during the wvinter oonths at times the first infloroscence did not
flowor at =11,

Further work 5y Cooper (1964bh) mroduced results of o cimilar noture,
lfe found that tho sonsonal pattern of flowerin: exhinzited 2 rapid incrense
in the weelly rate of flowering from enrly licrch to early lizy, followed by
2 progressive decline until July. Trom July until i~rch a lo weekly rote
of flovering wis m:int-ined,

Sacsonal effects an tire to ntiweseis of the firat flo er of the first

fleresconce (1.1.6) and an the develormmt of this inflorescence (1.1.7)

hnove alredy been discussed,

1,2,2,3 Fruit production

Cooper (1041a) roported that with succesziconal sowings thet the rate of
fruit volume production rose te a maximur and then declined. The woekly
rate of fruit volume procductiam was calculated in a sinilar way to that for
the weekly rate of leaf length production (1.2.2,1), The estinate of fruit
volurio was cbtained from the cube of the rodius of the frult, Frmiit volume
production wng reduced to an extrermely low level during November to Jamary

in =11 souings that grew through this period.
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Cooper (1963) discussed the r2lationship between fruit production
snd deoylength from 55 weekly sovings, e rgported siilir patterns to that
of his earlier work (Coopey 16Gla). He stuted thiat the development of tho

plrnt could be divided into the following periods,

a) from gerrdn-tion to the start of fruiting,
b) an initi:l 1rg in fruit volume procduction,
c) rzpidly increasing production,

a) declininge nroducticn

and e) arrested development @ hen fruit swelliny virtw i1ly censed,

This pattern: is net unlike the ane for tix number of flooers reoflexin:
their potals (Cooper, 155<b) nnd the depression in flo.ering curdn;: the
winter months woulé obviously recduce tix mmber oi potenticl ovaries,

The statement by Cooper (19G1a) that with the Neptembor so ing ''slthoush erch
ovary began to swell, this swelling was largely orrested and fruit developnent
was very siow' 4implies that the swelling of individu:l fruit was also slowod
dovm during the winter period, The fall in fruit voluenme production is
tierefore & likely reflection of the reduced supply of cssimilates limiting:
flowerinz, fruit set and fruit svelling,

Cooper (1983) found that vhen the daylength was grezter than 12 hours
(March onwards) the rate of fruit volume production was rapid and was
curvilinear in its rel:itionchip to daylength, It continuod to incre=so
until ric summer vhen it began to decline asg did the doylength: ond the
relsrtionship betveen the two wes now linear, Figure 1,1 shows the sersonnl

mitters of fruiting of pl-nts thot have attained their initinl m xim:l roate
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of fruit producticn, Tho shape of the curve will obviously be determined
iy the voriety, geographic situstion and type of crop munngement,

It could be sugpested that a pattern of tiis nnture was only to be
expacted, hut the presentation of auch date 18 of comgpidersble value,
Thus Cooper (10612) has pointed out thiat with reopect to the amocunt of fruit
pickad within 280 dnys of seed sowing then the nocrer gernination wes to the
shortect doy the creater was total yield, Picure 1,1 2lso illustrates th't
the 1l-tor seed is sown after micd summer for ~n autuwn crop then the lower
111 beo totol yield, The importonce of the serson:l effects on lenf and fruit
mroduction ~nd the conseraientinl effects off nutrient uptilie (Orice, 1972) ~nd
resaible responage to tergpercture, it is suggested, 5 often bwen overlooked
ond cold helpn te explain anomelies in the literc-tore.

associnted with the

8]

The meximm rate of frizit volume procduction .=
ttodinmont of o minimel rotio of leaf area to fruit volume nresent on the
plint (Cooper, 1981aj, This ratio wes constant for sovings that hegan
fruiting between the shortest day and the longest day, Tho ratio was higher
far zowings that began frui ting between the langest day and the shortest day
and incressed as the shorteset day epproached, Once this ninimel ratio vas
reached it veried very little except during ovenber-Januury when it rose
sharply tc f211 again later, Cooper suggestod that the data on leaf aren/fruit
volune retio suggosted the existance of a halance betwoen leaf snd fruit gro th
z8 aport from tho November-Jamiary period the leaf crea/fruit volume ratio vas
maintained throushout the 1ife of the plont,

It is suggested here that the increcse in the lenf ~re~/fruit vnlume
rotio during the winter nmonths indicates 2 shift of such » Waliénce in f-vonr
of vegetative growth under poor light conditioms, This is surported by the

later work of Cooper (1971), who compared the :Lsolute growth rotes of the
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coaponent ports of the tonsto plant from winter sud surmor sowings,

lio found that the increcse in dry welpght during thie sureser wrs mainly
thie to the incresse in dry welght of the roproductive tissues, This
clecrly demanstrates that it 1s the reproductive tissuns that are mainly
zffoected by poor vinter 1light, Cooper concluded that the demands of the
roots, stoms and leaves appear to be met before assiailates aro nude

~vailable to the reprocductive tissues,

1.7.3 Partitioning of dry nmi:tter in the tom to,

Cooper (10727) studied the prrtitioning of dry i ttor hetueon the
org ns of the temtc nl-nt for ~ reriod of 3-4 ronti:s «with pl-nts
oroving under winter {October sowin:) and spring {(Februcry sowing) conditlonsz,
such plants had very different growth rates, it despite this pnrtitioning
bot.oer orgona wos very sindlar until Just ofter the stort of roplé ovary
gwelling, This susgested thot partitioning s not greatly influenced by
the grovth rite of the plant,

Initially the proportion of dzry matter going to the leaves and stoms
increcsod and that going to the cotyledons and roots docreased, The
proportion going to the roots in fact doclined stendily throughout the whole
of the observation period, Imedictely after flower initictisn the
proportion of dry mntter poing to the lesves ceased to incrense and started
to decroase slowly.

At the anset of rapid ovary swellin;;: the preportion of the dry mntter

coing to the stem declined for hoth gowings, where:s the proportion coeing



to the loaves, Jdilch hud been docre:sging slowly, hegoan to docroease rapldly
for ithe Februsry sowing, Yor the October sowing, where ovary swelling wns
limited due to the poor light canditions (1.2,.7,.3), no rapld decline in the
proportiom of dry outter rolng to the leaves occurred, It is sugpested
here that this indicates that leaf and reproductive dssue comyote diroctly
for dry m:tter, 'The data proseonted by Cooper (1972b) in 2 later paper

ot the effects of contealner size on partiticning rould support such o
conclusion., Herc camtniner size affected the proportion of dry matter

in the lesves cnd roproductiive tiscues anly. The siv 1ler cont:inor favoured
reprocuctive provth with o effects be ng obrerved an the roots,

It vog concladed when discussing the sengon:l c’fects of lirht
conditions on fruit yrowth 'nd development (1.7.:.2), ti t uncder poor o't
cangitinng, there wis o ghift in baolince betveen voget tivo "nd roproductive
~powith in fovaur of vogotative growth, The above ztudy (Cooper, 1073a
produced results of = ginmilar nature, Thus with ilv Cctober soving fruit
production wes limited snd as it appears thot these tiscues are in
corpxetition with loaf tissues the proportiom of dry matter golng to the

leavea wng not greatly affected,

1.2.4 Lffocts of modifying the frult load,
Salter (1968) studied the effects of 801l moistur ond difforing fruit
londs on vegetative growth, The greater the fruit locd the more vegetative

growviii was depressed,



Cooper (1384c¢) studied the effect of fruit roroval with an October
~nd December sowing, lic found that the resoval of 211 flo.er buds or
nlternate frults as they appenred stimmlated totol lenf length by ot least
7.. The reroval of olternate fruits in each infloroscence as they appearod
did not affect freit volume as their removial cansed buds vwhich othorwise
would not have produced fruit to do co, Thuz on iy 30th the total fruit
volune present onm the plints or hervested for bHoth sowings wns 3,682 cc ond
3,G07 cc rospectively, for the treatments wherc no fruit were removed and
were altermate imaoture fruit were removed, This wos o difference of 0,57
in tot:2l fruit volume production, when in foct ane treatmont hid hod OOF of
the frults set removad ~t overy swelling,

After considerniion of these results Cooper postul-ted "th t the ~remnt
of fruit o glven tom io plont 18 able to produce in - given onvironmont
ic © fixed ~muantity”.  le nlso sgreed with Ornlier (1258) thet there was o
negative relation hetwveen fruit load and vepetotive crovth, t should rnot
ha concluded from this stotement hovever that vigorous vegeottive groith
is detrimontal to fruit yield, but rather thnt the carryins of fruit pluces
21ltern:tive demards an the plants suprply of casirdlcotos. Tho oxistince of
cagretition betwean leaf oand reproductive tissues for assimilates was also

supported by the datn discussed on partitioning in the tomto (1.2,3),




1.2.58 Effect of le-f rovovtl trocinents »nd thoe preaence of
oxtrn leovos,

Cooper (1G34c) studied the offccts of the varov 1 of ~lternste young
locves and moture leaves from tvo winter sowings, o loaf length and fruit
volume productian,  The removsl of alterncte ircuiture leaves decronsed
totnl loaf length Ly 3851 and 3G for the twe sovings not 50, Remov=l of
mature leaves increqssed totsl leef length Ly 7° "nd 57 in the two sowings,
Thug both loaf rerovnl trectnents stinmulnted lozf ~rowth, Juns and Yelly
(19G0) reported a sirilar respanse to leaf retov:l of youn:: or mature leaves
®elow the first inflorescence, Thege treatments causcd the romnining
lenves to crow larger ond the increcse in lenf ares was grenter than from
cantrel plonts, The stirmlsated leaf prowth o5 2 resuli of the leaf
o ovel trentments of the ohove workers isg to be axpected ~s the plonts would
zttermt to ro=es8tablish the shoot root ratio pertsinine te those environrentnl
conditions (Brower, 15362),

Cooper (1954c) reported that the removal of ulternste young lesves hrd
» gronter effect thin the reroval of mature losves on fruit volume
oroduction, Fruit veolume wng decrensed 47" znd 337 by the rerovnl of
young leoves and by 37% and 197 by the rerov:l of maturce lenves for the
two sowings. In both instonces the treatments could b»o regordod 28 severe
and not necessarily comparoble, 28 already suggested these leaf rerowval
trostmonts would recuire the plant to attempt to re-ostablish the balance
betwseen shoot and root for those conditions und this readjustment wounld
divert zssimilates from reproductive crowth, The reductian in lesf area

presant an the plant would also contribute to n raduction in fruit volume
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The roroval of moture looves in this experiment wis from widely spoced
Plants so th ot the lower lecves should have still een mhotosynthetic:2ly
active,

Cooper, Lurgo, Proctor =nd Rothwell (1064) roported on de=lexfing
trials in comeerclol crops at 2 number of rese:rclh stotions in the United
Hingdon, o effect on total yiold wns observed and early yleld wos reduced
in one instance, but here the de-leafing treatnent wos sevore, It would
appear therefore that tho commercial technirmwe of reroving lower leaves up
to tho truss vhere frult is colouring does not reduce yicld. ‘here more
sovere treatments are applied (Cooper, 10334c) then yield will be roduced,
The dnta presentoed by “debe (1989) support this sugrestion, liere the
rot “inin; of the top 4 fect of leaves or the roriovel of overlepping leaves
did not sicnificantly reduce the yield below that of plants where only the
ycllow lesves were removed, “here anly 2 fect of lecves wore retninad or
where 2lternate lexves were retoved then yleld wos rocuced,

iiiebe (1569) nlso reported thnt the liht intensity penr the bottom
of the plont wns less than 10% of that at the top :nd thet these lowor
lecvasg cid not cdoplete 002 lovels to the ssme extent aos leaves igher up
the plant, He sugpests that these lower loaves aore not photosynthetically
very zctive, It could be expected therefore thni the rermovsl of lerves
fron denscly shoded pirts of the canopy would not grectly effect tho supply
of assimilates available for fruit production,

It is possible thot the lowor leaves if below their campensationrn point
could hecome perasitic with respect to photosynthates, This would 1mply
that the rermoval of lower leaves could benefit fruit produetion but the

data presented by Cooper at al (19G4) showed no signs of any such benefit,



The work of Khan and Sagar (19098) coild be taken ns n fuwrther indication
thot lecves of the tomnto plant, when below their campenscztion point do not
becamo parnsitic, These workers found that wmhere light was excluded fraa
all tut the loaf treated with 14002 that the darkened leoaves, which were
below thelr compensation point, had not imported the products of
photosynthesis from the treated leaf by the end of the test perilod,
Verkerk (1963) sxamined the effects of pollinaticn and murber of
leaves on earliness and total yleld, The experinent wns carried out in
sumer in an unheated glassbouso, The treatmonts applied cre represented

disgramntically in rig, 1.2,

Fig. 1.2 Treatments gpplied by Verkark (10353),

Trusses only shown
9

ERERE.

T

Half the plants in each treatment were pollinasted using an electric
vibrator with tho other plants setting fruit naturally. 77ith respect to
the first threc trusses the leaf mmber per truss increased from c to a2 to b,
The more lecves per truss the later harvest startod mt the groater total
yield,

The extr: leaves increesed the yleld in particulsr of those trusees
nearest them, Extra pollination gove an earlier and usuanlly higher total

yield and wes necessary to gain the maximm benofit from the extra leaves.

Key to Fig. 1.2,

a stopped 2 leaves above truss 3
b stopped 2 leaves above truss S, trusses 4 and 5 removed
c stopped 2 leaves above truss 5
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1.2,6 Bffect of mitritian,

Fraus and Xrayhill (1918) carried out experimmts which have often
beon regurded as the classical work on the relatianship hetween vegotative
and reproductive grovwth in the tom:to, They found that plants given an
abundent supply of nitrogen and conditions favouring corbohydrate production
vere not fruitful, These plants when transferred to 2 noderate level of
nitrogen wore less vegetative but fruitful, Wheare plants were tronsferred
from an alundant supply of nitrogen to a low supply both vegetatiwve ond
reproductive growth was poar,

The vork of Kraug and Fraybill (1912) was carried aut in the early dsyas
of crop experimentation nnd the levels of nitrogen were achieved Ly using
techni~es vwhich would not be accepted todny, It is not possible, for
oxarple, to determine cumntitatively whnt the lovels of nitrogen vere in
thoir experiments, It is sugosted here thet tco often the effects of high
nitrogen reported by these workers hns been used ns cvidence to support the
concept of low nitraogen feeds. Kreug and Kraybill in f2¢t sugpested thot
n moderrte level of nitrogen wes nocessary for fruiting ond: the reduction
in vegetative growth they noted would hove boen cdue to the diversion of
carbohydrates to fruit productiaon. Similar reductions in vegetative prowth
with increcsed fruitfullness has been reported hy othor workers (Salter, 1958
Cooper, 19G4c).

Murneek (1026) found tlat tomato plants grown =2t low levels of nitrogen
had their vegetative growth inhibited by the presonce of a sgingle fruit.
Plants grown at high level of nitrogen required the presence of up to 30 fruit

before growth was restricted, The romoval of fruits lead to = recovery of



27.

vegotative growth, Yurneek states tint he had ctudied plonts at "ano
extrome only, the lowest plane of nutriticn” ~nd his results are not unlike
those of Eraus and Xroybill (19018), It would appoer thot at 2 low level of
nitrogen tho presence of o fow fruits so overloands tho plants that both
vegetative and reproductive growth are markedly reduced,

It is not possible to present a clear picture on the effects of
nutrition on the relatiomship between vegetative and roproductive growth,
Thus low nitrogen will bring both vegetative and reproductive grovth to a
stadistill (Xraus snd Kraybill, 1918; Hurneek, 1926) and the effect of
ritrogen level will interact with the prevolling light conditions (3rice, 1972),
there adermunte levels of nutrients are applied then fruitfullness is likely to
be encourzged and this itgelf will reduce vegetative grotth, ‘t times the
effect of »n element mny e specific. a8 for examrle low calcium, which
affccts fruit growth first, ond providing thc lovel is not too low,
vegotativo growth will not be effected, Veget:tive grovth may in fact be

ancoursged due to lack of competition for ossimil-tes (Fisher, 1904),

1.2,7 Agsimilate distribution in the tomnto plant.
1,2,7.1 Ixport of assimilotes from leaves,

Khan ond Sagar (1968, 1967, 1969z, 1969) have carried ocut
investigations into the distribution of assixilates in the tomato plant,
They faind thot in the vegetative phase lower leaves expartod more carbon
up than down amd upper leoves a larger proportion downwards. During the

developnent of the crop upper leaves contimed to export Tore carbon down



thon up 2nd lower leaves developed 2 similer tendency. Zach leaf ndced
~ssimil tes to the shoot system, but few lenveos had exported more th-n 207
of the carbon they fixed nfter 24 hours after application of 1écom

(Khan znd Tagar, 1830),

The szme workers (Fhrn ond Zagar, 1967) studied the export
charncteristics of leaves on plants with a rapidly cdevoloping first truss and
17 leaves, 24 hours aftor treatmemt with mC()2 they faund that lecves
1-13 (mehered from the base up) had exported ajproximntely 30° of the cerbon
they fixed, but younger leaves exported less (13«15 205, 10=17 10%),

Young leaves appecred to export at a very early zpe as leaf 17 exported 137 when
it wvns only | expanded, Datas on export figures over a longer period were
reported from a later experiment (Khan sand Sagar, 1969h), when the export
pottern of 014 procucts from the second leaf of yomg tcoato plants was

studiea, Ixport had started 10 minutes after 14002 was applied and 17

had beon exported in the first day and a further 237 the folloving week, with
447 remaining at the death of the leaf, It appesred thot the roots

reexparted - large proportion of the carbon praducts originnlly irparted,

In znother series of experimmts (Khﬁn and Sagnr, 1060b) the leaf below
truss 1 was treated with 1‘('502 and then 24 hours liter the diatribution
parttern wns dotermined. This was carried out at 7 differ-nt stigos in the
development of the crop, The paercentage exportcd from this leaf (24 hourm
sample) rose to a peak of 3(F ecrly in ths life of the plant =nd then fell
sharply. The pattern of distribution varied during the 1life of the plont,
Heavy accumulation occurred in the internods below leaf 10 early and later

more reached the roots, Truss 1 had a dominant rcle and although as the



importance of this truss decreased and more wns @qported to tho other
trusses it did not account for a large proportian of thot thnt wns exported,
3y rewmovini: lezves or by shoding 211 but the trented lesmf or by
incre sing the gro th of fruit by the application of srowth subst-nces, Khan
and Zogor (1969z2) decrecsed the rumber of sources on the plant or increnaed
sink strenptih, They found that with plents with = ropidly developing first
truss ond 18 loaves thnt the trestments exported 40=i%. of 014 products
from leaf 9 24 hours sfter treatmemt, This wis 2 merked increase over the
control plents, They su;gested that 1f these results represent tic
incrense in porformcarxre which could occur over o longer nerlod of time, then
the whole plant hos leaves whose efficiency could be incrensed by between
30=-50%, This lead them to canclude thet the limitod activity of the sinks,
as indiecated by the increased export on the application of growth zubstances,
indicates that fruit production is not limited by loaf arez or photosynthetic
cetivity,

It is however hard to mccept this proposnl of Xhan and Snénr (196%a)
thnt yleld 43 not likely to be limited by the photosynthetic system, though
this would apply during the early stogee vhen sink strength is bullding up,
Verkerk (1983), for example, was able to obtain further increcses in yield
from extrn pollination by the addition of extrn leaves, vhich would sucgest
th"t in the first instance the leaves of the plant wero at their export
mximm, The work of Cooper (1564c) where nlternate irxmature fruit were
removod causing fruit that othsrvise would not h-ve developed to develop, is
s further indication thit a lack of zasimil:tes et times limits yleld, The

well established respanse of cosmercinl crops to carbon dioxide enrichient



nlso implies thnt ot some stage the photosynthetic system of the plant
linits yield, The presentation of Cooper et als' (1964) work on leef
renoval ns supporting t'eir view (Khsn sand Sagar 1906%a) is not comclusive
for these leaves wers ot the base of the crop.

It 15 suggested here that it 1s unlikely tin:t the percentage of 014
corbon exported from the lenf could boe maintnined at the level achieved
by ¥hon and Sagar (1960a) ss it would he nt the axpanse of later leaf growth,
The reduction in leaf srea that would result, it is sugrested, would reduce
1zter fruit yield.

Ehom nd Sagar (10693) stnted that it wes not clesr from their

experlront s te whether the 1lack of sctivity of the sinks -nd the accuml:tion

of materials in stem coused any reduction in photosynthesis,

1.2,7.2 Pattern of distribution of asaimilates,

During the oarly fruiting stage 2ll leaves e&xorted to all trusses, but
a8 thoe truss mumber increased more definite relationships between groups of
leaves nmxd trusses doveloped (Khan an! Sagar, 196G), Initially truss 1
domin:ited the distribution pattern in the plant with the directian of export
fron a leaf prinarily bein; deterwined tyy its position relative to truss 1
(Khan and Sagar, 1967), Later other trusses dominated in series up the
plant as the major sink (Khan and Sagar, 1960b)., The relationship between
a truss and the leaves closest to them however is not an absolute relrtiomship
as shown by the work of Drollinger (1957) who found that the removal of a

few leaves necrest to a truss did not reduce the yield of that truss.
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Yhen nnd Snger (1067) provosed that dus to the varied origins of the carbon
found in the various sinks it was hard to imngine that the wvasculsr
arranganent of the tometo plant hid 2n important role in the overanll
diztrihution pattern of assimilates, At the onddl of these studiez Khan and
Seogar (19°9b) concluded thnt the lernf appenred to hove some control over the
rate 2t vhich eorbon products loave the leaf and the subseruent distribution
pottern ~npeared to he grently influenced by the relative activity of the

various trusses which were the dominent sinks an the tameto plont,

1.2, Componoaticn effects between inflorescences and trussos,

Cooper (19G4c) cogpered total fruit wlume iiroduction bstween plants
vhere zlternnte imature fruit had been ramoved and plants that were alloved
to developn normelly, The difference in totsl ruit volurme betveon theae
two grours of plants wos lese than 0,5%, which wes presented ns evidence
of the abllity of the tom:to plant to campenaste for the reoroval of young
fruit, by allowing fruit that otherwise would not have developed to develop
and take their ploce (1.2.4).

Cooper and lfurd (1968“) exnrmined the effects of 2 sowing dates, mid-
Noverber and late~Docember, with control plants pricked ocut at seedling
emargence into the border soil and plents planted cut at buds visible ond
at anthesis, The coantrol plants bore an aversge of 8.5 - §,8 fruits per
nlant in the first 7 inflorvscances more than the plonts pl-nted at snthesis
for both sowing dates. A similar but less morked reduction in fruit

nunber ocourred with the uds visible trentment, The rosponse of



individusl trusses differed with sowing date, thus vith the lovember sowving
delayed plonting incressed frult musbor an the firat two infloroscences.

The mathors proposed tinnt the Influcnce of ane inlorasconce on another
corld explain the oseillating pattern in fruit nurier for successzive trusses
of the del:yed planting troatmonts campared to the cantrol plunts, Thoy
augeest thot the compensating effect previously reported ly Cooper (1964c)
moy in came woy be involved, The resulte presentod by Cooper and Buxd (1088z)

ng evidence of the influence of ane inflorescence om nother were as follo g,

1, ith the MNovember sowinp the increase in fruit mmber
in inflorescencos 1-2 resulting from del-yod plnting,
wng eopeamsited for by a decrense (gre~ter) in lator

infioroscences, particularly inflorescences Ced,

a, With the December sowings (vhich were mnde in both 1568
and 19GG) the decrecse in fruit mmber of the plants
planted at anthesis followed an oscillating pattern,
The decrease deoclined fram the first to the third
inflorescence to risoc to r maximm at the sixth
inflorescence md then began to decline., Again a

aopansation type respanss,

The patterns described above involved the 7th inflorescence and there

wes no reason to expect that later trusses would not also have bean affected.



It 1s suggested here, thnt in the work discussed sbove, the term
competition could eruunlly well have beens uged in plice of the term
campensation, Thiz 15 because 1t is considered these effects vere due

to competition for assimilates botieen inflorescences or fruit trusses.

1.2.9 Summary

The abvove review hag featured research work relevant to the
relationship between vegetative and reproductive growth, Leaf growth
rises to a pook level znd then starts to f21l just after ovary swelling
commences, This poak 1s depressed by low winter light conditionsa and
the £211 occurs irrespective of vhether the plant is carrying fruit or not,
3oth flovering ond fruiting follow a seasonnl pattern rising to a maxirum
in ¢ suywer and {21lling to a low level in mid winter, This depression
in fruit production, it is suggested, would be due to = reduced supply of
assirdlates liriting flovering, fruit setting and fruit swelling,

The dntn cvallshble on leaf area/frult volume rrotio imply thrt this
rotie is canstant for a particular manogemont progynmme excvept in mid vinter
when it rises, This 1s preswmbly cdue to the low light levels reducing
reproductive growvth more thin vegetative growth, The vork rejyorted on
partiticning of dry matter supports this conclusion and also indicates
thnt competitics for dry matter betwveen lenf and reproductive tissues occur,
Tho decrecse in vegetative grovth resulting fram an increase in fruit load
supports the latter conclusion.

The relationship betweon vegetative and reproductive gxrowth in the
miture plant is simllar therefore to that in the young plant, That is
the leaf 2nd reproductive tissues compete for assimilates and under

conditions of low light (poar assirdlate production) leaf tissue has the



cocinsnt xole, The eeisonal chunge in light conditions appenrs to be
tle mnjar factor affecting this relationship,

Dete on fruit removal treatments indicrte that the plant is able to
mrintain the balance bhotwoen vegetative 2nd reproductive growth (leaf
area/fruit volume) that is8 relevant to the prevailing enviromment:l conditions,
Sevore lecf removal treatmenta will bring about fruit yield reductions,
while the remov:l of lower lecves ng praoctised comercizlly is not likely to
nffact ylelds. This 18 because the contributions these leaves mcke to the
supply of aveilable assirdlztes 18 limited, These respanses to leaf
reroval are further indications thet the relationship between leaf and
roproductive tissues is primerily detervidned by the level of photosynthesis
takin; place in the leaves, Providing of course, th:t there zre an
adaato mumher of potentinl sites of fruit procuction present on the plant,

Adecuato nutrition 1s necessgary for satisfactory vegetative amd
repreductive growth and developmont, High or deficiency levels of elements
should be avoided and their effects an the relaticnship hetveen vegetative
and reproductive growth is often apecific to the clement cancerned,

The pattern of assindilate distribution appears to be dominated by the
rolective activity of the fruit trusses which are the major sinks present on
the pl-nt. These tend to be supplied by the leaves whiich »re closest to |
them, but this is not on absolute relationship, Very young lo~ves
(' oxprnded) export assimilates ~nd leaves appear to export cnly up to 307

of the carbon they fix during the subsecuent 24 hour period. There is some
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evidence that inflorescences and trusses influenco the growvth md development
of ench other, This coauld be due to campetitian betweeon themselves for

thelr share of the assirdlates avallcble for reproductive tissues,



CHAPTER TWO

THE EXT7CT OF MNITROGIN SUPPLY MRMIN

PRCPAGYTION ON FLOWIRING AND TFRUITING,:

2.1 Introduction

During the prop gntion of tom to plants it is poszihle to nchieve a
high degree of control of the plant environment, This 1s bec~use plonts
can he grovn in a small wrea and as these plants  re pot grown the below
ground enviranmant c¢:n be influenced to = grenter extent than with the
plonted out crop,

The effects of temper:ture and 1light during propigiticm om the
porformince of the plonted out crop have beem discussed by a number of
vorkers (Canhem, 19GG; Cerlvert, 1967; Cm, 1937; Dompsey and lMorgnn,
1668), but there 18 lirmited informntiom avnilable cn the offects of mutrition,
In this oxperirent the effects of nitrogem lovcl before and after initintion
of the first inflorescence on early and total yleld was exardned, The
treatpment period was divided into those two stiges in an attempt to
partition the effects of nitrogen on the first infloresconce into effects
on flower initiation ond effects on inflorescence grovwth and development,
Both these processes influence fruit yield in the first truss, Nitrogon
was the only elomont studied as it wns considered it sould have the

grentost single effect on the rrte of growth of the young plont,

% The investigation discussed in this chaptoer hag beon published as follows:

Effects of nitrogen supply during propag-tion on flovering and fruiting of
glasshouse tamntoes. J.hort.Sci., (19G9) 44, 407-11,

Bffects of nitrogen supply in nutriemt culture an fruit yleld in the first
truss of the tommto, J.hort.fci,, (1971) 48, 273<0,
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2,2 ) als t

Seed of tomsto cv, Potentate was sown on 1st !hy 1567 in vermiculite,
vhich was the oxowving modium used throughout the operimont, The
seedlings were pricked out on 9th May into 8cm plactic pots and anr the
appearance of the first truss (18th June) the plints were transferred to
4.8 litro coatniners, Minirmm temper:tures of 15.5°C were maintzined in
a2 8 x 8 m section of o partitiomned glrashouse,

High (340 ppm) cnd low (87 ppm) levcls of nitrogen, repmsenting
twice ond aue-third regpectively of the nitrogen lovel used in the nitrote-
type matrient scliition described by Hewitt (1906), were applied in factorizl
combination before and after initintion of the first truss, Thect 1z from
9th to 24th May (truss initintion) and from 24th iz to 5th July., The
timo of flowor initiction wes detersmdnnd by the rogulor exnmination of spare
plonts, 4As theo time of initintion will vory from plant to plant and as it
is not an inotantaneous process the before initiaztion trectrents included
pert of the flower initiation period as did the after initiation treatments,
As there would be scpw carry over, after the rempwal of 2 trectment, it is
considered thnt with regpect to truss 1 the beforo trezatment effacts were due
to effects on initiation, while the after treatment effocts were due to
effects on inflorescence dovelopment, The high lovel of nitrogen (+N) wes
cdbtained by the sddition of NI 4)703 to lewitt's nutrient solution; for the
low lovel (-N) the Ca(NOs)z was replaced by CaClz. Hevitt's solution
ummadified wng used from 5th July to the end of the experinent,

There were nine randomized blocks erch containing eight plants, On
S5th July (8 weeks from pricking out) on- plont per trostment was sampled from

each block and the le~f aren :nd the fresh ~né dry veights o the shoot vere



recorded, The rempining plants (4 per block) were spaced 0.6m apart
in a saqusre pattern ond fed daily with nutrient soluti-n, No fruite—setting
sprays were used and the plants were all stopped two lecves above the fifth
truss,

Anthesis of the first flower of the first truss of most tre:tments
had occurred by Sth July, which wrs 13 dnys after the shortest day. The
monthly mean of cutdoor golar radiztion received during June 1967 nt
Prlmerston North wis 136 cal/cmz/day, a8 measured with on Epiley pyrenometer
at the Flant Physiology Division, D,S,1.R,

Records of number oif flowers that reached ant esiz, doys to znthesis
of the first flover for truss 1, days between trusses for trusses 2-6, mumber
and fresh weight of fruit harvested for each truss and date of harvest of
fruit vere collected., The {insl hurvest of fruit was onn 30th October
(3 months from seed sowing) a2nd the final shoot dry weipght was caterminecd

on this date,

2.3 Results
2.3.1 Introcauction

The data were anslysed es8 a 2 x 2 factorinl expariment with the mein
effects being reported in 2,3.2 and the interactions in 2,3.3, The
regponse of the plants to the change in nitrogen level was of interest
~nd results relevont to the discussiom on this suhject ere presented in
2.3.4. The +« test was used to colculate significant differences where
tvo mecns were compared and Tukey's w procedure wng used vhere more than

twvo mesng were involwved,
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2.3.2 Yain effects
2.3,.2.1 Flowver nmumber, days to flowering ~nd shoot dry weight,
e results of the analysis of verience carried cut on the releveant

data are presonted in summrized form in table 2.1 (Appendices 1-9),

Table 2.1 Main effocts of nitrogen levels before nd after flover
initiaticn on flover momber, doys to flowering, ond shoot

dry welght,

Sefore flowver After flover

initintion of 1initiation of gigi:ﬁi’;:
truss 1 truss 1
-3 +N -] +N lefore After
Mlover nunbor
Truss 1 a.8 3.8 6,3 7.4 n.s, O, Prixi:
" 10.0 9,8 8.8 10.9 n.s. 1.9%
Days to flowering
Truss 1 70,0 G58,4 70.0 85,4 1,.3:% 1, 3=
" o2 14.7 15.2 168.6 13.3 n.s. 1,9
" 3 9.3 8.8 10,3 e.8 n.s, 1,40
"4 7.5 8.4 7.6 8.3 n.s. n.s,
"8 8.9 8.7 9,5 8.1 n.s. 1,20%
Shoot dry weight (g)
Dry weight (8 weeks) 4.8 5.9 3.4 7.3 0.6 0,06
Final dry weight 102 181 185 187 n.s, n.e.
% P, 0,05 %= P, 0,01

Flower number in trusses 1 znd 2 wes incrensod by high nitrogon
applied after initintion of the first truss. The mmber of days to
flowering was reduced for truss 1 by high ni trogen bofore or after
initiation and for trusses 2, 3 and 5 by high nitrogen 2pplied nfter

initiation of truss 1,
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Choot dry weight ot 8 weeks after priclking out wns incrensed by

high nitrogon before or cfter initiation,

effects an finnl shoot dry weicht,

2.3,2,2

There wore no si; nificant

Yiecld, reasn weight and mumbor of fruit,

The results of the ~nnlysis of variance carried out an the relevnnt

datn are presented in summerized farm in table 2,2 (appendices 10-18),

Table 2.2 lain effects of nitrogen lewels before and after flower
initiation on yleld, mean weltht and musber of fruit,
Before flover After ilowor s4mificant
initintion of initiation of aiffo;ogécas
truss 1} truss 1
wii +N =N +N Defore After
Fruit yicld (g)
Truss 1 3895 536 430 401 136 n.s.
Esrly crop 754 1,083 627 1,210 2583k 268"
Finnl crop 3, G568 3,455 3,511 3,600 ns n.s,
lean fruit weight (g)
Trusa 1 7C.5 88.8 78.2 81.1 14, 1 n.s.
"2 1.1 82.4 92,7 80,8 n.s, 0,3
i 3 09,8 87.9 56,0  91.4 11,00 n.s.
Lerly crop 80,8 03,2 80.8 93,0 11, 7% 11, ™
Tinal crop &3.6 80.4 85.0 7.0 n.s, n.s,
Fruit mmber
Barly crop 8.9 12,0 7.6 13,3 2,05 3.4
# P 0,06 = P Q,01
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The yield of the first truss was incre=msed Yy high nitropen bofore
initintion, The eorly crop, which wes designated s tiw first 4 weeks of
harvost, wos incronsed by high nitrogen before or zfter initintion of truss 1.
Fhere were ac significont effects on the fincl weipht of crop.

The mezn fruit veiyht of truss 1 was incressed by high nitrogen
bofecre initiation, but that of trusses 2 and 3 wns decressed by high
nitrogen after znd high nitrogen before initintion of tiuss 1 respectively,
The size of fruit in the early crop wes increcsed by high nitrogen before
or after initiation, but thero wore no significant differences in menn fruit
weight of the fin:1l crop,

Increases in the mumber of fruit hervested in the e:.rly crop were
producad by high nitrogen beforo or after initistiam, There were no
significant differences in fruit mber per truss or total muber of fruits
horvested. The trend in fruit mmber for trusses 1 and 2 were however

8imilar to tho8e reported in Table 2.1 for flover number,
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2,3,3 Interactions,

Table 2,3 Significont intersctions of nitrogen level before angd

nitrocan level zfter initinticn of truss 1.

Days to florering Thoot dry
T weight at Earl;(r c):rop
Truss 1 Truss 2 2 weeks(g) g
1‘=ft8r
fdefore -N +N -N 4N -N 4N -N +N
=N 73.9 66,1 2.4 9.2 2.4 7.1 336 1,17
+N 66,0 84,7 11,2 8,4 4.3 7.8 918 1,248
Significant P 0,06 1.8 1.9 0.8 359
differencas: P 0,01 a.3 Z.4 1.1 452

Significant interactions betwean nitrogen lovel before und aftor
initintion of fwuss 1 occurred with respect to days te flowering, shoot
dry weight (8 weaks) and early crop (Table 2.3) (Appendices 3,5,8,11), 1In
no instance was there a significant difference betwecn the combinntions which
roceived high nitrogen nftor flower initiation,

The mmber of days to flowering of truss 1 v:8 increcsed where low
nitrogen wes applied doth before and after initirtion, The plonts receliving
high nitrogen hefore initintian flowered later on truss 3, when this wns

combined with low nitrogen raothor than high nitrogen after flower initiation.
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Plants receiving low nitrogen after initintion hod lower shoot dry
wolghts (8 weeks) thon plants receiving high nitrogen after initiation,
This was particularly marked with plants that received low nitrogen early,

The early crop was reduced whare plants received low nitrogen at zll
stages campared with plants which had received high nitrogoen at some stage

during the treatment period,

2,3.4 Respanse of plants to a change in nitrogen level,

Cf particular intercst here was the response of plants to the change
in nitrogen level, either from high to low or vice vers:, The results
of the analysis of verisnce carried out an the relevant dnatan are presonted

in summtrized form in Table 2.4 (Appendices 10,8,1%2,20),

Table 2.4 . Fruit yield in first truss, shoot dry weight, lecf nrea

per unit shoot dry weight and ahoot dry m:tter content.

Treatmnent me:ns

A S 1 i Significant
Nitrogen lovel bofore Qﬁf&;ﬂﬂ
flowor initiation N+ N- N+ N- T
Nitrogen lovol after P P
flower initiztion N+ Ne N- N 0.1 0.08
Fruit yield in first
truss (g) 874 408 458 362 n.s, 189
# Zhoot dry weight (g) 7.5 7.1 4.3 2.4 1.1 0.8
% leaf eres per !;nit shoot
dry weight (dm /g) 3.04 3.8 2,92 3.18 0,12 0.10
% Shoot dry m:tter content
( m wt - 100) 7.56 7.41 8.14 7.18 0.41 0.32
(fresh wt 1)

% all at 8 weeks
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The orly significant differeance in fruit yicld wos between the two
treatments containing hirh nitrogen ond low nitrogen at zll stsges, In
the results reported in 2.3.2,2 factoriesl analysis shoved that the high
level of nitrogen prior to initistion increased fruit yiecld in the first
truss,

The shoot dry weights were in the expected order, The loncer the
period of time that tho high nitrogen level was received, the greater wss
the shoot dry weight, nlthough the difference betweecn the trectments
containing high nitrogen after initiation was not significant,

The lesf area per unit dry weight of shoot wns the lowest for the
treatment with high nitrogen before snd low nitrogen after initiation, ond
highest for the treatment with low nitrogen a2t all stuges, There weg no
sipnificant differonce between the treatments contxining high nitrogen
after initistion,

The dry matter cantent of shoots from plonts reoceiving low nitrogen
at 5ll st:ges was significantly lower then that of ony of the others except
those receiving lowv nitrogen before and high aitrogen ofter initiation.
High nitrogen applied before initiation followed by low nitrogen after
initistion resulted in a significantly greater shoot dry matter ocontent than
any of the other treatments, The restricted range of vnlues precluded use
of the arcsine transformation for these data, The dry matter content of
the shoot appesred, thorefore, to vary in the opposite direction to the leaf

arer per unit shoot dry weight,
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2.4 Discussion
2.4,1 Flower initistion ond number {(Table 2.1).

Phatak (1968) foumnd that the initiation of the firast truss occurred
even in the shsence of mutrient elsments amnd sugpested that the role of
nutrition was only indirect in flowering. The datz obtained in the present
investigntion supported this contention, because the level of nitrogen
hefore initistion of truss 1 had no significant effect an flower number of
that truss,

The high lovel of nitrogen after initistion of truss 1 increased flover
nurhers in trusses 1 and 2, In the case of truss 1 this could only have
resulted from the production of conditions favourable for the development of
initiated flowers and not to an effect on flower initiation, fittwer ond
Toutmer (1957), Saito, Hatayama apd Ito (1083), Fisher (1964) and Adams,
¥ingor and Donald (1973) have previously reported that hich nitrogen levels

incrensed flover mumber,

2.4.2 Barly growth nnd yleld.

High nitrogen treatrmonts during propagotion procduced eanrlier flovering,
more rapic vegetative groith (Table 2.1) and an increcsed ecrly crop
(Teble 2.2). A sinilsr relationship betvween vepgotetive growth rate and
exrliness has been outlinod by Verkerk (196G), vhon reviewinp the effects
of propagating temperstures, The increzsed ecrly crop obtained with the
high nitrogen trestomts was accounted for by increcses in the number and

size of fruits harvested (Table 2,2). High nitrogen levels appliod at
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planting (later plenting tien in the present experiment) have also
produced increzsed early yiclds, as reported by ‘ingor ~nd Hert (1964)
wien examining the mutriticn of the enrly tomnto crop in the United
Kingdon.

The greater welght of fruit produced in truss 1 by the high level
of nitrogen prior to initiation (2.4.4) was the result of increased fruit
sizo (Table 2,2)., This was possibly die to the diversion of increased
amounts of carbohydrates to this truss at the expmﬁo of later trusses:
hence the decrease in fruit size of trusses 2 and 3, Such a response
could be controlled by a compensation mechanism, such as has previocusly
been su;gested by Cooper (1964c) and Cooper and Hurd (1968a),

The interaction obgserved with truss 3 28 regards days to flowering
is in contrast to thot obtained with truss 1 (Teble 2.3). Once again
compensation effect could be involved, The other interacticms imply thmt,
vherc nitrogen levels werc high for most of the propagating period, there
was 1little to be geined in terms of better growth ~nd early crop from
high levels in the first few weeks after pricldns aut, It should be
pointed out however that under winter light conditions inferior to those
experienced in the present experiment then this statemamt may not apply.
For the improvespat in yield of truss 1 due to high nitrogen early, =8

discussed in 2.4.4, may be such that early yileld would be increased,

2,4,3 Final growth and yleldq,

The lock of any differences in final shoot dry weight and final crop
gugoests that propagating conditions may often influonce the rate of gro-th
and distrixition of erop rather than the finzl aumount of growth and final

crop, Camparable responses with respect to fruit yields have been



47,

observed with differemt prop:gating terperatures, =2lthouch in sore
instances wnder poor li;-ht conditions hich tempor:tures hove reduced
total ylelds (Verkerk, 19G3), 3ensontl effects on lonf =nd fruit
gro-th as described by Cooper (196G1la, 19G3) could well modify the effects
of propigating treatments an total yleld.

Cooper (1064n) proposed the concept of 2 fixcd fruit locd for a
particular set of envirommrntal canditioms, The ecxistence of a
corpensation mochrnism in the tometo 1s an eesentisl part of this proposal,
In the present investigation the plants were grown uncer the same
envirommental canditions after propegz=tion, so that the absonce of
differences in final crop is a2cceptable in terms of thie fixed fruilt
loed theory.

There 1s 2 considerable body of opinion amongst camarcial tamato
growvers that vigorous vegetative growth is the forermummer of poor ylelds,
This was certeinly not true under the canditions of 1i:ht in the present
experiment, but it should be noted thet the nitrogen truatments were not
mintained far 2 loag period and that the plants werc container-groen,
Abdnllz nnd Verkerk (1970) reached a scmwwhat sirmil:r conclusion with

respect to nitrogen level =nd yield,

2.4.4 Explopation of the effect of high mitrogen prior to
truss initiation increasing fruit yield in truss 1,
In 2.4,2 it was reported that high nitrogen prior f© flover initiation
incronged the yicld of truss 1, The treatments receiving high nitrogen

befare initiastion were the high nitrogem at all stzpea and the high
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nitrogen before and low nitrogen after initiath on treatments, The
foliowing discussion attempts to offer an explain~tion of this result
(Toble 2.4),

High nitrogon supplied thraighout =11 st:ges produced = grenter
yield of fruit in the first truss th-n low nitrogen, It is sugpested
that this was due to this treatmsnt providing favourshlo canditions for
plant growth and development throaughout the propeg:ting steoge,

The mochanism by which the other treatment containing high nitrogen
bafore initintion was associated with increasod fruit yiocld was thought
to be different, This is because it was oonsidered tihvt a diversiom of
increased amounts of carbohydrates to the truss was essentisl if fruit
yield was to be improved, An explamntion in these terms involving a
dircct effect of high nitrogen before initiation cou:ld riot be postulated,

It 18 considered, however, that the interpretation offered bolow is poeésible,

The following plant respanses were associated with a chenpe fram e
high to 2 low nitrogen level &t flower initiation: the shoot dry weight
wns lower than that in either of the two treatments which included high
nitropen after flower initistion; the leaf aree per wnit of shoot dry
weight wos the lovest, wherees the shoot dry matter content vms the highest,
of the faur treatrmonts,

These respanses were similar to those reported by Brouwer (1968) when
digcussing the effects of a lowering of tempercture om umirze, He explained
the accumlation of cartohydrates in the leaves in tarms of lenf growth
being more sensitive than photosynthesis to adverse conditioms, In his

cnase tho adverse candition was low temperature, while in the present



oxperimat it wns low nitrogen, It 15 sugpested thercfore that the
high shoot dry m:ttor comtont produced by the chrnge from 2 high to a
low level of nitrogen was ncocapanied by an increxsed supply of
carbehydrates to the developing truss, ~nd later, this promoted fruit
grovth,

Calvert (19G88) hns reported thut vhen tosctoes were fzxown under
poor light canditions o chenge frae high to low terperature at the stage
vhen buds become visible improved the flowering capocity of the early
irnflorescences, Presurmbly changes took place in theso tomato plants
similar to those reparted for maizoe, und it is therefore probable that a
high dry metter content in the leaves was assoclatoed with enhanced
carbohydrate supply to the developing inflorescences,

Hurd and Cooper (1970) foumd that, with singlo-truss tomatoes,

14 days® treastment at 1o tempertture applied 15=05 days after sowing
incrossed the yleld by approxdmtely 294 at most tines of tho year,

They auggesated that the incrensed flover mmbor mny not have been the
only cause of the incressed yield, and the poeeibility of 2 direct effect
of low temperzture was discussed,

It is agsin feasible that such n direct effoct could be cnused by on
increase in the supply of curbohydrate to the truss 78 s result of leaf
grovth being more adversely a ffocted than photosynthesis by the change
from high to low tempersture, That o change to s lover levol of
tomperature may cantribute to increased yield is supported Yy tho work of
Lake (1957), who reported that he could find no difference in yield hetween
single=truss plonts with branched and unlbranched trusces, Hore the effect
of static temperature lovels wag examined as distinct from the offect of o

change in tecperature level, An exarinnation of tho possihility thot the



change itself from a high to & low terperaturo level contrimtes to the
increasod yield of truss 1 formed the basis of o later study (Chapter Three).
hus the increnced yiold of fruit in the first truss produced by
high nitrogen applied hofore flover initintion wrns cdue partly to high
nitrogen ot all stages being better than lovw nitrogen, and partly bocause,
wvhere a chinge in nitrogen level occurred, the chinge from high to low
nitrogen produced pore favouratle plant respanses thon vhen the change was
tix other way round,

Those reosults also sugpest that in New Zealin&, vhere plants are
planted out at a rolatively young stage, that high nitrogen fecds at
planting during the winter months should be avolded as thoy noy detrimentally
effoct the growth and development of truss 1, The effect of nitrogen
level at differont times of the year on the yicld of truss 1 and early yleld

with plantg grown in the s01l of a glusshouso, it 13 suggested, should be

investigzted,

During the propag:tion of tomnto pl-nts, which vwere later stopped at
the fifth truass, o high and a low level of nitrogen wrs applied im factorinl
combination before ond after initintion of the first truss. The high level
of nitrogen prior to initintion produced earlier flovering cnd an increcsed
weight of fruit in the first truss, Tho data sugzested thnt the incrensed
fruit yisld in this truss in respanse to high nitrogen applied before
initintion was due to high nitrogen at all stages being supoerior to low
nitrogen, and that, where nitrogen applications before: and aftor initi-tian

vere differcnt, a change from high nitrogen to low nitrogen produced a more
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productive plant respomse than when the sequence of applications was
reversed, Flower mumber and earliness of florering of certain trusses
wag increased lw the high level of nitrogen applied aftor initintion.
Initially the plunts grew faster and cropped esrlier in respanse to
high nitrogen, but there were no differences in eithor the finsl amount
of growth or the finrl crop. The canst-ncy of the fincl crop was expl-ined
in terms of the camcept of 2 fixed fruit lo-d,
Under the conditions of light in this oxperiment the results did not

suggest that vigorous ecrly growth was detrimental,



CHAPTER THREE

THE EFFECT OF TERMPERATURE LEVIL AT DIFTTRINT STAGES

DURING PROPAGATION ON THE YIZLD OF SINGLE~TRUSS TCQUHATOES,

3.1 Introduc

It was concluded in Chopter Two (2.4.4) that where a change from
high to low nitrogen occurred during propagation, that the growih and
devolopmont of truss 1 was improved, It was suggested that this was due
to this change producing an increcse in ghoot dry matter content, which
mode more asaimilate available to the developing truss under pid winter
conditions, Brouwver (1068) has reported similar chonges taking place in
meize plants exposed to a2 fall in temperature, The cuostion was therefore
posed in 2.4.4 ap to whother some of the increase in yield, cdue to the
expoaure of young tomnto plants to low temperature, night be cdue to the
ch:nge in temperzture level por se 28 well as to the effect of low
temporature an flover number,

It was decided that this possibility could be examinod by combining
high and lov temperatures factorially in a mnaner similnr to thzt used for
the nitregen treatments of the previous investigation, The change in
temporature levels in the present experiment occurrod prior to flower
initintion, whereas in tho nitrogen investigotion it occurred at flower
initiotiom, The time of flower initiation woas detormined by the exnmination
of spare plants, Plants that produced single and dcuble inflaroacences,

when propagated undsr identical envirumsntal conditions, were also included



in the experiment in an attempt to study the offect of fruit mmber,
unaffocted by temperaturc,on yield, This was cone by expoeing these
plants during the trentment period to temperature conditions samowhere
betwecn tho high ~nd lov temperatures of the foctorizl trentmemts,

The treatmemts meking up this experimant differcd oculy in the
temporature regimes they rocelved during the trectmont period, This
was in fact a perilod of 23 doys commnc ing at cotyledon expansiaon, The
plants were grown o8 single-truss plents as the literature published an
tle effects of low temperature on the yleld of truss 1, as distinct fraom
the effects an flower number, refers mainly to single-truss plants

(Lake, 1987; Hurd and Cooper, 1570),

Seed of cv Eurocross B3 was sown on Sth May 1072 ond germinated at 21°C,
An even line of scedlings wag pricked out at cotyledan expansian an 15th May
into 8 cm plastic pots containing U.C, campost (Appondix 21), 200 seedlings
vere allocated at random to a *warm’® glasshouse and GO to a 'natural’
glasshousae, The two Sm x Gm glasshouses used were adjacent to ench other
and of identicnl design and orientation,

The 'warm' glasshouse maintained s minimm tesperature of 16°C with
f£an ventilation coming into operztian ot 22°C. The 'matur=l’ glagshouse
had no control over its minimum temperature and fan ventilation came into
operation at 22°C. The environrents in the two glasshouses differcd
therefore only with respect to the minimm temperzture, Thae treatoermnts

wore applied from the night 15th May to the night 7th June, On 8th June



the plants from the 'naturnl' glasshouse were shifted into the ‘warn’
houso and from this drte wuntil the end of the axperimont 2ll plants
received tie tempnrz;tum regimo of the latter house, The mean maxisum
and minimm temperatures recorded in the two glasghouses during the

trentment period are presentod in Teble 3,1

Table 3.1 Temperatures in gl-sshouseg during treatmemt period,
Tompeora ture “c ‘warm® gh Maturs=l' gh

Hean day (max.) 20.1 19.9

% Fean night (min,) 16,1 10.3

% rpecorded under blick polytheme cover,

3.2.2 Treatments
3.2.2.1 Warm glasshouse

Warm ond cold night temperatures were cormbined in factorial combination
aarly and late during the propagation stage, The garly stage
(18th - 23rd lMay) consisted of 9 nights starting ot cotylodon expansion and
finishing prior to flower initiation and the late stage (24th May - 7th June)
congiated of the next 14 nights, By day all the plants were kept in the
glasshouse, while at night the plonta receiving a warnm treatmont stayed in
the glasshousae, wherecs thoce receiving a cold treantment were removed to a
cold room kept ot 4°C. ¥hile tho plonts were in the cold room the werm
plants were covered with black polythene with the dark period aver:ging

15 hours per night,
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Fifty plants were allocated at random to each of the four treatments
ané on 3 occasions during the application of the treatments 5 plant sarples

were taken from éach trentmant and their fresh and dry weights recorded.

3.2.2.2 RNaturzl glasshouse

No control of minimm glasshouse temperatuiv was maintained in this
glaschouse in the hope th:t the mean daily terperzture would be such that
both single ~nd double inflorescences would be initintod, Any differences
in yield between these two types of plant could not therefore bhe due to
temer-ture effects, The plants in this house verc placed under black
polythene covers at the some time as the pleants in the warm house,

Oon 8t: June tho rpl=ants from this house werc r«oved tc the worm
glasshouse and tyy 7th July it was possible to deteridime what type of
inflorescence euch plant from tie notural house wns to have, 22 hnd
single inflorescences and 38 double inflorescences and thoy werce referred

to =8 the single and double treatments,

3.2.3 Fost treatnment stage
All treatments cecsed on 8th June and from thon an all plants received
th® sape temperature regime as previocusly outlined (3.2.1), The six

treatments are presented in Table 3,2,
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Table 3.2 Treatments applied to study the effects of temperature

during prop:gation on the yield of single=truss tomotoes.

Trectment Code Glasshouse
vore: tempesroture oarly and late 574 WarT
wern terpernture sarly cold temperature late oY, of warn
cold temperazture early warnm temperature late c/% wRIm
cald tomperature early and late c/C worn
single inflorescence 1 natural

double inflorescence

1

natural

At the buds visible atage oach treatment was plintod into 9 1litre
black polythene bags contzining a 30:50 peat sand campast plus a corplete
fortilizer mix (Appendix 22), which remuired wrtering anly, On 7th July,
wvhon the single and double plants caild be identified, 15 plunts were
sclected at random from the remeining plants of exch trentmont and allociited
nt random to a different block., From this date till the end of the
experimont (Gth Cctober) a rundamized block design of 16 blocks each
cantaining 1 plont per trectmenmt wos used, The sp:cing used provided an
area of 0,2 82 per plant,

Trom the start of tho experimmt until 7th July each treatment was kept
on a separnte mobilo bench and these were shifted to a different positiocn

in the glasshouse each dey to minimize poeiticnal effects,
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Harvesting of the fruit commenced on 28th Aupust and was completed
by Gth Cctober. The fresh weight and mmber of fruit was recorded at
each harvest, On the finnl harvest date the above grownd parts of the
plot were romoved and divided into leaves znd stems snd oven dried at

100°C and tho dry weights recorded.

33 Nesults
C1 4R | Introduction

The date were analysed in a2 number of weyas. The results of the four
treatments from the warm glansshouse were analysed, where applicoble, as a
2 x 2 factorisl exporierut, Yhere the results of the G treatrnants were
examined together, than eithor an analysis of variaznce wos used or
significant relationships between the vzrious parameters were sought, The
t test was used to calculcte significant differcnces where two meang were
campared and Tukey's w procodure was used where more than two mesns were

involved,

3.3.2 Effect of temperature level at differont sicges during
propagation an yleld, mmber and mesn weight of fruit,
The results of the analysis of varisnce carried ocut on the relevant

data ore presentad in Table 3.3 (Appendices 23-05),
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Tablae 3,3 Zffect of tompernture level ot differont stoges cduring

propagetion on yleld, nurbeor =nd menn welpght of fruit,

farly Late #Significent differences
W C W C r 0,06 P 0,01
Yield (g)
558 787 640 735 51.4 68,7

Fruit Mumber
nRE 11,2 &.8 10.2 0.7¢ 1,02

Moen fruit velght (g)
70.5 7.2 77.8 72.9 4,35 5.8C

& Significnnt differences for ccmparing sither cuarly
or late mecns,

The cold troatrent early or liute significantly increasced (P<0.01)
vield and number of fruit and significantly decrcased moin fruit woeight,
Colu troatment early produced the grester respanse in euch case, There

wore no sipgnificant interactians,

3.3.3 Treatnent efiects on fruit yileld,
Tho results of the analysis of variance carried ocut an the relevant

datn sre prosented in suimrized form in Table 3.4 (Appencix 28),
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Table 3.4 Treatrent effects on fruit yield,

Hipnificant differences
Treatnent W/ W/ c/fi c/fC 1 ] P 0.05 Fo.Q1
¥iold (g) 541 635 T39 834 S57G 818 106,7 127.7

The U/ and 1 treatments had a significantly (F¢ 0.01) lover yield
than the C/W, C/C and 2 treatments, while the ¥/C troatment had a

significantly (< 0,01) lowver yield than the C/C and Z treatnents,

3.3.4 Relationship botween yield and fruit number po:r plant,
There wog a sipnificant (P<0,01) correlatian (r = C.07) between yleld

and fruit nurber per plont for the 6 treatments (Mg, 2.1),

3.38.5 Relationghin retv.ean mocn weight and muitber of fri:it per plant,
There w8 = aignificant (P< 0,05) negztivo rel-tionship (r = =C,88)
betveen mwon eight snd mumber of fruit per plant for the O trentments

(rFiz. 3.2).

3.3.6 Shoot dry matter caontent of youmny plants,

dry wt
fresh wt

3 harvest dates for cach of the 4 treatments grovm in the warn glasshouse are

The mecn shoot ¢ry metter contents ( x 1?—0-) of 5 plants at
presented in Table 3,5, The 3 harvest dates included 1 prior to the change
in temperature levels axd 2 after the change., The period prior to tho change

was designated the early stage and that after the change the late stoge.
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Table 3.5 Zhoot dry motter content of young plints
- Trentrent
Dato Commants y /e o/ c
x/5 Aorly store -1
night before chnnge 7.2 7.9 11.0 1G.9
30/5 Late stage 6.5 8.8 6.6 8.0
/6 ILnte stago =1
night of treatzmant
left 7.0 10,7 8.5 10,9

Tho shoot dry mitter content was highest with tiose treatmonts

receiving tho cold troatment at the time of harvest,

3.3.7 “ffect of tempernture level at different stoges during
propagation on dry weight of plant top,
The results of the analysis of veriance carried out on the relevant

d¢ta cre prosented in summerized form in Table 3,0 (. ppondix 27).

Tahle 3.6 Effect of tomparnture lesvel at differcnt stageas

during propagation on dry wveigzht of plant top.

late Significant differcnces
Treatment means (g)
w C P 0.06 POO1
2arly v 40,0 23,0
4,93 5.75

C 34.5 32,6




61,

There wos = significant (¥ 0.01) interactian betveen terpercture
level opplied early cnd 1oto with roespect to dry weight of plant top,
If ccld was applied early then the dry weight of plont top w2s not
effected by the temporsture level late. If houwever woxt: tomperatures
vare applied esrly, then the dry welght of pl-nt top wns high 1f
combined with v temperitures lote and extrernioly low 1f combined with
cnld terperatures lote,

3.3.8 Nelatianship botween dry weight of plint top and fruit yield,
If the W/ treatment is deleted then a significont (< 0.05) negative
correlation (r = <0,.98) wzs shown to oxist between dry weight of plant

top and fruit yield for the remcining § trectwents (Iig, 3.3).

3.3.9 Relationship between percent total shoot dry weight
in lesves and fruit yield,
There was 2 significant (P< 0,08) negative relatiamship (r = =0,89)
between tho percent total shoot dry weight im the leaves ond fruit yield

for the 8 troatments (Fig., 3.4).

3.4 Discussion
3.4.1 Fruit yield

Cold applied early and late incressed yield and ramber of fruit and
decreased menn weldght of fruit (3.3.3). Data prescnted by Hussey (1963b)
showod that at low temperatures the apex wzs larger it the time of flower

initiation, His studicg were not however carried pagt the time of flower
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initiation, It woild sconm reasanable to suggest that the lorger the
apex at flower initiation, then the greater the numor of flowors that
vill be initiated, Iake (1867) found that low tezmeratures prior to
flowver initistion increased flower number and the respanse of the plants
iz the present experiment to low tempercture early su, ports such a
conclusiom, The present results in fact indicate that enrly trectmont
might be the most effective,

The cold trestmont durdng the late stage commencod just prior to
flover initistion and therefore included the time of flo.er initiation,
This h:s bee: the most comxmn periocd of treatment to incrense flower nurber
(Lewig, 1953¢ Calvert, 18957¢ Hurd and Cooper, 19G7) and fruit yiold
(furd and Cooper, 1870).

That the increzse in fruit yield was due pr#xwily to nn increase in
fruit mnber is clearly deroastrated by the datc, Thus a close
releotionshilpy was shown to exist between yleld and fruit mumber for all six
treatrents (Fig, 3.1). 7he work of Lake (1967) nnd Hurd and Cooper (1970C)
hag deronstrated that the incresse in fruit mumber brougiit about by cold
troatmont was accompanied by a decrease in fruit size, Reosults of a
simdlar nature werc obtained in the present study, whore a negative
relationship was shovwn to exist between mean weight and mmber of fruit
(Fig. 3.2),

Treatments 1 and 2 differed only in that onie hocd 2 single truss and the
othoer a double truss, the tempsrature regimes they experienced were identical,
The yields of these two trectments were similar to thnt of the ecuivaient

treastment from the warm house = the %W/V nnd C/A trentments (3.3.3). This



suggests th-ot truss sizs iz determdning yield -nd thnt exposure to low
temperatures benefits yleld solely die to its effoct on fruit number,
The close reluticnship between fruit nicber and yleld cbtzined with the
G treatments was o further indicntion that the effect of temperature on
fruit mumber wus the deternmining factor,

Tho data on shoot dry matter content (3.3,0) indicates, that with
the temperature trectments spplied in this inwvestig:tion, that cold
terperatures were associnted with the accumulation of dry matter, rather
than the change froB warn to cold tempercotures, The effect of temperature
here, differed therefore from that of nitrogen, whero a2 change from high to
low nitrogen was necessary to accumlate carbohydrate and earbohydrate did
not accurilate with low nitrogem alane (2.4.4)., The explnonntion offered in
2,4,4 a3 to why o change from a high to low terpersture, under low light
canditions, favours truss developmoent during the post initiation strge is
8till acceptnrble. For in the work under revicw (Cnlvert, 1663) in that
instance, the low level of temperature used vw-c not particularly low
(15.5°C). Under such circumastances it iz considered likely tht a change
in terperature level would be recuired to mccurml.te carbohydrztes,

It is sugrested here, that the ncccurmlotion of carbohydrate which is
brought about by low terperature is the »:njor contributing factor to the
increazse in flower number aasoclated with low termpervture. It 15 in fsct
possible that somec of the incresse in fruit mmber cue to low temperatures
late in the present experiment, could heve been due to irmproved agsimilate

supply enhancing the development of initiated flovers,



The importonce of 2asimileote is al1so0 irmlicuated by the work of
Husgey (10032,b) on the effeccts of temper:ture on the competition betveen
lexves und the apew for nssimil-te snd by the investigntion of Hurd and
Cooper (1007}, wherc under surmer light conditions (vhere assimllate
supply is less likely toc be lmi ting), unchilled control plants produced
some truss branching, This later response 16 often obzerved with
cormereiasl crops sown durlng the surmer months, It is not intemded to
1rply th:it essimilate su ply is the only factor affecting flover number
as work with growth substances, (Wittwer and Bukovrc, 10G2) clearly
denanstrate that this is not so, Rather it is sugmestoed that in many
commerciczl situations an increcsed svailability of corbahydrates to the
apox irredlately prior to and duriang flover initistion would increase flovver
nurber,

Further work invelving growth analysis of plants receiving cold
trontrments of varying cdurntions before, during; rnd nfter initiation is
renmiired so that the effect of low temper-turs in increcssing flower mmber

con ke nore precisely understood,

3.4.2 Dry welght of pliont top nd jercent total shoot dry weight
in the leaves,
No explanstion can be offered for the interaction between t.lst';:arature
level early and late with respect to dry weight of plont top (8.3.7).
Cne might hnve expected tle order of dry weights for the treatment means to
have been guch that the longer the period during treatment that the plant

received warm terperctures the grester would have been the plant dry weight,



R
&

If tho trextrents are ronkod with resnect to the longth of time they
received warm terperatures, them the folloring vns the order from the
longest to the shortest - /7, C/7, ¥/C, C/C, The treatrment means
srare in this order ' ith the exception of the A treatment which had the
lowvest dry uweight.

Close negntive rel-tionships were shovmn to exist betieen dry weight
of pl:nt top ond fr:it yleld (Fig. 3.3) =nd porcent total shoot dry veight
in the leaves snd fruit yleld (Fig., 2.4). The 1i/C treatment wae deleted
wien the first of these relationships wans determined, This was donc
becsuse it did not £it this relationship, Presunnbly due to the unexplained
intercction discussed ahove, It was cansidered this wns justifiablo as it
was then possible to denomstrate the general relitionship, which existed in
this experiment, between vegetative grovth and fruit yleld, All six
treatnonts were included hosever in deterrdning the latter of the ahove
relntionships,

These r~lationghins deonstrate that competition occurs hetween the
shoot and fruit for -~ssimil-tes, The results erphasize thnt 4t is the
leaves nnd fruit in particular that are in coametition, A negntive
relationship between vegetrtive crowth and fruit yield hns previously boon
reported by Szlter (1958) and Cooper (19384c), while the data of Cooper (1072a)
sugpgest the exiatence of competition between lorves nnd fruit, Aspects of

this rel-tionship are discussed in Chapter Four,

3.8 Summnry

Cold treatment prior to flover initiaticn (9 nichts) or for a

swsemont period (14 nights) which included flover initistion increased



yiold nnd muder of fruilt snd decronsed mean welpht of friit of szingle-truss
tomtoes, The enrly trornticent was the moat effective,

Yield wns closely relnted to frult number nd it wos sugrested that
the exposurce of plints to lov terperstures produced an enhonced supply of
ag8sirilates to the gpex, which then initinted morc flovers, No direct
effect of low temperature on yield could be demonstroted,

Shoot growth wos reduced sp fruit yleld increassed anc it was suggested

that competition occurs for assimilates between the lecves and fruit,



CHAPTER FOUR

IIRECT OF TS AMGUNT AND POSITICN OF LiAT

TIBZWE ON THE YINLD OF SINGAESTRUSS TOMATOLS,

4.1 Introduction
The relationship between vegetative growth ocnc yleld is essentially
the rel:tionship between the leaves as the scurce of assirdletes and the
fruit which i1s the major sink (Khan and Sagar, 1960b) present an the plant,
The work of Drollinger (19057) and Khan and Sagar (196G) indicatea thit
although friit obtain most of their assimilatee from the leaves closest to
them this i3 not =2n abhsolute reolatiomship,
The present investigation was designed to stucdly wvhether groups of
leaves could completely or only partizlly replace each other as suppliers
of assimilate to 2 particular truss, It was cecided that this would be
carriod out by applying loaf removal treatments to singleetruss tomito plants.
The treatments used supplied information on the effects of the smonmt and

position of leaf tissue on fruit yield,

4.2 Materials ond methods

Sead of the cultivar Durocrass BB wis sown on 10th February 1971 in o
U.C, capoet (Appendix 21), At cotyledan expansion an even line of
100 seedlings was pricked cut into the nitrete-type nutrient solution
described by Hewitt (19668), The mutrient solutim wns contimocusly

circulated along PYC guttering the top of which was coverad with rigid



PVC sheets painted silver an the outside, The pl:snts were ploced in
gops between the FIC sheets, Initinlly the cotyledaons and later the
leaves supported the plants an the IVC shoets, ut for rost of the
experimert strings atteoched to overhead wires wero used,

The mutrient solution was aerated as it cnscincded from return pipes
into a centr:l storsge tank from which 1t was pumped bi:ck to the guttering,
The plants werc grovn in a 6m x 6m glasshouse which meintained o minimum
air terperature of IGOC via the heating system with fan ventil:ticn cowming
into operation ot 22°C,

Flants wore gelccted having single infloresconces and 7 le:aves below
this inflorescence, All plants were stopped 2 leaves nbove the first
infiorescence giving s totel of © leaves, Anthogis of tho first flovwer
occurred from 22nd to 26Gth ikrch,

Plants were nllocated at random to treatments and blocks on 26th March
and all the remaining plants removed, This gave 1.8 litres of mutrient
soluticn per plant 4in each gutter, The treatments wore appliod on this
date by reroving leaves to provide different leaf mumi»ors at vorving
positions on the stem, The leaves were numbered from the bose upwards and

the treatments are presented in Teble 4.1,



Table 4,1 Nurber and posit .o L aves etained,

Number of lecves Pogsition of

. it retoined leaves ret:ined

g,9
6,7
7=0
48

[

1«3

1,2,4,6,8,9
1,3,4,6,7,8
1-9

o O h W
O ¢ G W W W N N

8(control)

There were six rondomized blocls ench contnining ane plant per
treatment, & block cansisted of two rows of plants 90 ¢ zport with
plants OO cm epurt in the row, Inter plont shading was thercfore
minimal,

Horvesting of the fruit commenced om 10th Iy and wes completed
by 10th June vhen the plunts were harvested and divided into roots, stems,
leaves amnd inflorescence, drisd at 90°C and weighed, Fresh and dry

welights of fruits were nlso recorded,

4.3 Results snd discussion
4.3.1 Relationship between fresh weight of fruit
and leaf dry weight,
There was a significant (P<0,001) linear relationship betveen fresh
weight of fruit and loaf dry weight (Fig. 4.1). The data sugpest thet it

would have benefited yicld to have anllowed more leaves to hove developed on
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the control plints. This was an exporimont vhere the plints were widely
spaced ~nd vhether stopping closfuly spaced single=truss plants at a
higher lecf mumber would increase fruit yield wo:lcd depend on how close
the leni area index wes to the optimm,

The resulis of this experiment suggest thet scurce strength was
liniting yield, This is scmovhat surprising as the pleants had single
trussos, so that sink strength could not have been great, mnd as the
plants were widely spaced thoir leaves should have been fairly mt.iw
photosyathatically, In Chapter Three it appeared that it wns sink
strength that was limiting yield as yield increased with increasing fruit
number (3,4,1), In the present investigation it is not unreasonable to
have expectod yield to have increcged 1f lorger inflorescences hcod been
initiated, If this is so then it would mean that both lack of source
and sink strength would have been limiting economdc yield ot the some time.
That this cnn oecur has been established for potato (lBscherper and
Humphrios, 1965) and wheat (Thorme, Ford and "atson, 1063)., The possibility
of such a situation existing in the tommto plant is referred to later
(5.3.4, 6.3.9),

It should be noted that in the above discussion the term yleld used
with reference to the previous and present studies refors to fresh weight
not dry weight of fruit, In the preseant work fruit dry matter content
increased with increasing lsaf dry weight (PL0,08) (Fig, 4.2) so that fruit
dry weight would also have inereased, In the previous experiment it is
not certain whether the fruit drv potter content clanged ce fruit number
increcsed, It is possible that it may have decreased so thot there may
not hove been nny difference in totol fyuit dry weight between, o oo 1



single ~nd douhle truss plants, This 1s not cancidered 1likely 2s the
dry weight of plant top wes lower with plents with doublo compared to
gin;le trusses (3.4.d). This would have beon die to the diversian of
agsimlates to the fruit,

A8 the treatments used in the present study were appliocd juot after
anthesis of the fiiest flower, the treatment differcnces were duc to effects

on fruit growth ond development and not inflarcscence growth =né development,

4,3,2 Relationship between percent total plant dry weisht in
roproductive tissues and percent total plant dry weight in
leaves,

Thore was o significant (P <0,01) negntive rclationship (r = -,92)
betwvesn the praoportion of dry matter going to reprocductive tissuves
(inflorescence and fruit) and the leeves (Fig, 4.3)., Results of a simdlar
nature have been reported by Cooper (1972a) with unstopped plants, He
found with n Fobrusry soving cnce ovary swelling bsgan then a corresponding
r2pid decline in the proportica of the absolute grosth rote wns faund in the
stem nnd lecves, However with an October sowing vhen the grovth of the
reproductive tissue was chocked the proportion of tho absolute growth rote
of the whole plant found imn the stem still fell, mut that of the lenves was
oot greatly affected, This would sugpest a campetitive relatiamship
between reproductive tissue amd leaf growth,

Cooper (1972b) studied the effocts of container volume cm dry mattor
partitioning and suggested that improved imnflorescence development produced

by the commercizl technicue of "root restriction’ was at the expense of
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leaves and not at the expense of roots as comomly thought, Hero again
the dnta support the existence of a competitive rolationship between
reproductive and leaf tissues,

The percent total plant dry weight in reproductive tissues is
emuivalant to the harvest indax (I1) defined Ly Tonnld (1932), The results
of the present study (4.3,1) imply thnt to increase yicld the optimel lecf
arec indox should occur at flovering and be meintcined for as lang a8
poasible after this, Presumably apce the optimal leaf 2rea index is
achieved attempts should bo made, with single truss tomatoos or high density
direct sown cutdoor crops, to increcse H, Prior to this point however ary

increase in H will be at the expense of leaf tissue cnd therefore yield,

4.3,3 Relationship botween percent total plant dry weight in
reproductive tissues and porcent total plont dry weight
in roots,

There was o significant (P¢0.01) negative relationship (r = =0.89)
betiecn the proportion of dry matter going to the reproductive tissucs
and that going to the roots (Fig. 4.4),

The dnta publishoed (Fig, 2 lower) by Coopor (1872a) are not at wariance
with this result, Here with an October sowing, where fruit swelling was
restricted, the proportian of the asbsolute growth rote of the whole plant
found in the roots was meintained at a higher level thon with sowing dates

where fruit swelling occurred,



4.3.4 Importance of leef position,

As thore was o close linear relntionship botueen yleld and leaf
dry weight (Fig. 4.1), with treatments covering = ronge of leaf positions,
it is considered that with single—truss tamatoes it i3 the amount rother
tinn the position of lerves thut is important, The work of Drollinger
(1957) and Khnn and Sagar (18G7) indicntes that with e multitruss crop
that leaves coan cogpensate for each other, How complete this is8 with a
pultitruss crop is not certzin,

The data 1n Figures 4,1 =nd 4.2 indicnte thnt troatment 5 tended not
to be a8 closely assoclated with the general trend as did the other treatments,
This could be due to the leaves of this treatment hieing older and further
svay from the first truss than with the lsaves of the other treatments,

These leaves sy also have had a specizal function to supply the roots,

4.4 Symenry

Immediately after first anthesis leaf removal produced trextments
cansisting of verying amounts of leaf tissue at differemt positions an the
ston of widely spaced singleo-truss tomato plants.

A cloge positive rclatianship was established between leaf dry weight
and fxiit yleld, while lexf position did not appenr to be impertant, The
leaf and root were shown to be in competition with reproductive tissues

for dry matter,



CHAITER FIVE

CONPETITION EFFICTS BETWEBN FRUIT TRUSGLS,

5.1 Int cti

The dats presented in the nitrogen investigation indicated thot
2 camensation nechenism exists in the tomato plont, In thet
exveriment high fruit yieclds in truss 1 were compensated for by recduced
Pruit size in later trusses and despite differences in early yleld
between trextments no differences were detected in fin~l yloeld (2.4, 2=3).
The exiastenco of such n mechanism has been sugieated by Cooper (18G4¢)
and Cooper and Hurd (1988a),

A8 it wns congidered that such effects were broyght about hy
conpoetition betwean trusses for assimilates it wes decicded to deeign an
exporiment to deronstrate the existence of competition betweon trusses
and to deteruine whether it was restricted to adjacent or widely separated
trusases, It wes congidered that this cauld be acldeved by allowing
plants to develop different number of trussee and then exardne the effects
of these treatme-ts on the yleld of a particular truss, Two series of
plents were studied, One where the plants were stopped at the remuired
truse mirber and another where vegetative grovwth wes allowed to contimue to

be stopped later.

5.2 Materials and methods
Seed of the cultiver Durocross B3 was sown on 14th July 1971 in U.C,

camost (Appendix 21) and gerwdn~ted at 21%. At cotyledon exprnsion



23rd July) the plants were pricked cut into 8 em plestic potas containing
U.C, corpost and grovn on in ¢ G x @m glessdouse whore ninimm temperatures
of 16°C were maintainod via the heating system with fan ventilotiom coming
into operation at 22°C,
On 218t August an even line of 72 plants was Selocted :nd planted into
9 litre black polythene bags and then ellocated at random to the treatments
and then to the blocks, The baps containsed a §50/50 poat aand compost plus
a camplete fertilizer mixture (Appendix 28) which required watering anly,
A randomized block design was used consisting of G blocks contzining 1 plant
per treatment, The 12 treatments comsisted of tvwo series enach contsining
6 trectmants ond were as follows.
Unstopped series, Plants stopped 2 leaves above inflorescence 9
and then inflorescences reroved as necesscry to give 1,2,3,4,8
and G truss plants,
Stopped series, Plonts stopped 2 lesvea nbove tle lost truss to
give 1,2,3,4,5 and 6 truss plonts,
The treatments are represented diagramtically in Fiure 5.1, the

lagt treatment in each series being identical,

Fig, 8.1 Diagramatic representation of treetments applied,

uns topped series

e P FEEF

Truss nurher



76,

There vere 3 dcuble rows of plants (4 double row por block) with
guard plants at the end of cach row amd along the gl:sshouse walls near
the outer blocks, Plants were spaced 32 cm apart in the row, 40 crs
between rovs with 00 em paths between the double rows, It was considered
that the shorter plants of the stopped series werc not significantly
shaded by adjscent plants, This was considered to be so dwe to the good
light transzdssion chnracteristics of the glagshouse, the plant gpacing
and the time of the year,

The plants were hose wntered as required, This was as fromuent as
twice daily neanr the end of the experimemt, The plants were trained up
atrings cccording to the normnl commercial practice and the plnnts were
donped down daily to =id fruit setting. No rogulcor disense nnd pest control
progiramme was followed. On ane occasion Dibrom (nhled) was =pplied %o
control white fly (Trisloureodes vaporsriorum ‘estw,),

Harvesting of fruit comsmced an 18th Noverber 1071 and the final
horvest was made on 14th Jamuary 1972, The fresh weight ond number of
fruilt per truss were recorded and on the fin:l hirvest date the plant tops
wore razoved and oven dried at 80°C and the dry weight of plant top

detormined.

5.3 Results and discussion

8.3.1 Anolysis of results
Analyses of variance were carried ocut an the relevant data and the
Bothod of orthogonal polynominls wes used to determine the best fit for

possible recreesion lines (Appendices 29-42).
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8.3.2 Fruit yielad
5.3.2.1 Yield truss 1

¥o relationship botween the yileld of truss 1 and the mmber of
truzses carried above it could be eatablished, Lxaordnotian of
Figure 5.2 sugrests however that 1t is possible to discern a decreasing
trend in yield as the muber of trusses per treactrent incrensges,

The mean fruit weight in truss 1 decreased with the stopped series
(P<0.08) as the mumber of trusses per treatmont incrensed, while a
curvilinear relatianship (P<0,08) existed with the umstopped sories
(Fig, 5.3), It is sugrested that the data on mean fruit weight
obtained from the stopped series indicate that the opparent decremaing
trend in yicld with increasing truss muber noted asbove, was probebly real.
The curvilinear relationship obtained for the unstopped scries cannot be
explained and 1s not thought to be meaningful physiologically, No
significant trectment effects an fruit mumber werc foind, which is in
keoping with the apparent lack of trestmant effects on fruit yileld,

Ehan and Sogar (1957) have shovn that during the early life of the
crop the first truss is 8 major sink for assimil:tes for all leaves, It
ia possible thnt tho lack of any treatment effect could hove been due to
the sinic strength of truss 1 being 8o great thnt it was um:ffocted by the
rosence of other trusses, Hovever, it is considered more likely that the
merked fluctuations in ylelds, which are apparent in Pigure 5,2, indicates
tint some other factor was cisguising treatsent effects, fuch a factor
could have been the level of natural pollination, which despite the darping
down could heve beon variable in this trues. These poaaibilities are

examined in Chapter Six,
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5.3.2.2 Yield trusses 2-5

¥ith the unstopped series with trusses 2-4 (Fig. 5.4=0) there were
significant linear rolatiomships betwveen the yield of o particular
truss =nd the mober of trusses above, The cro-ter the mumber of trusses
carried the smaller the yield of a particular truss, The same trond was
apparent with the stopped series, ut the linear relaticnship wos only
significant (P<€0,01) with truss 2, The presence of trues O significantly
(F£0,06) depressed the yield of truss 5§ in the umstopped series, but no

significant effects were obtained with the stopjped serics (Table 5.1),

Table 8.1 Yiecld truss 5,

Treatment mecns

Kumber trusses per plant Significant differences

S 5]
Yield truss 5 umstopped (g) 094 719 P 0,06 = 272
Yicld truss 5 stopped (g) 894 701 P O.C1 - 350

“ignificant linear relatianships exiested for the umstopped series
betwvoen fruit mmber for trusses 2 and 3 and the number of trusses above
(Fig, 5.7) =and botween mean fruit weight for trusces 2 and 4 and the
nurber of trusses cbove (Fig, 5.8). This implies thrt the reduction in
yield of : particulzr truss due to the presence of subsccuent trusses is
due to reductions in both number znd size of fruit., Cooper and IMurd (1968a)
hove reported compansation effects between trusses on fruit mmber nnd the
results of the nitrogen investigation indicated that they may also occur

with rospect to mean fruit weight (2.4.2),
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The sbove effects an yield, menn eight =nd nunbor of fruit oo a
particuler truss by subsecuant trusges 1t 18 sugrested 3 due to
cametition for avmilable c2@similates, Tho tom: campetition is considered
to be syncnymoug with the term cargmneatiom which hos boen used by other
vorkers (Cooper, 1684c: Cooper cnd furd, 19G82), The existence of such
competition effects, deconstrates that yleld is boing limited by
assinilate supply (scurce strength),

Although the use of the mothod of orthoganrl polynominlz estzblished
ts oxistence of significant linear relationghips only, excrminetion of
the fijures for truss 2 (Fig. 5.4) and truss 3 (Fiz, 5.5) indicates that
the bigpest decrease in yield may occur due to campetitiom from the truss
irmedintely cbove the truss undor considorctian, ™goure 5.4 2180 shoes
that o truss as distant as truses G still had = competitive role to ply

with respect to truss 2.

5.3.2.3 Total yleld

There wos n significant (P< 0,001) linear rclationship betweem total
¥ield :né the number of trusses carried for both sariss (Fig. 5.9).
Similar relatioeships (P<0.001) existed botween total fruit mmter nd the
number of trusses corried for the two series (Fig, 5.10). This was only
to be expected as the increcse in yicld was due to the increase in fruit
mmbor associzted with the addition of each truss,

With respect tc the unastopped series the use of the mothod of
orthoganal polynamials also shoved the cquadretic cormponemt was significant

(r<co,0m), This implies that the tendancy for yield to levol off with
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the nddition of truss 6 wns z real trend (Pig, 5.9). In t'is series
trusses were added to n fixed mumber of total lonves so thiat = £all off
in the rete of yield incroease with the addition of the lagt truss was not
wunexpected, ith the stopped series the addition of ouch truss meant

the addition of 3 lenves,

5,3,3 Pry weight of plant top

With the unstopped sories the maximm size of the source (lecf area)
was limited by the stopping of the plants 2 leaves above inflorescence O.
Tho actual size was determiped by tho oucher of trusaes present, with the
docrease in dry weight of plant top resulting from the addition of trusses
being linear (¥ig, 5.11), There was a significant (P 0,01) negative
correlaticn (r = =C,53) betwean fruit fresh weight anc! dry weight of
plant top (I"ig., 6.12)., A similar relatiomship between vegetitive growth
and yield has been reported by Salter (1858) and Coopcr (10G4c),

In the above seriaes the =dditiom of sach truss resultcd in Ancrensing
the strength of the totzl economic sinks (trusses), which then obtoined
assimdlate from a source which was decrensing in size, ‘n increase in
trugs nniser would therefore be expected to rosult in o reduction of yleld
per truss (5,3.2.2),

With the stopped series the dry weight of plant top increcsed linecrly
with the addition of each truss (Fig. 5.11), An increase was to be
expected as the addition of each truss involved the additian of 3 leaves
snd the appropri:te emount of stoum, The significant (F<£0,001) correlstion
(r = 0.99) that was found to exist between fruit fresh weight and dry
wveight of plant top (Tig, 8,12) suggests that the additiamnl leaves were

sufficient to meet the extra deemnds for sgsimilate thht ooch added truss

nade.



Total fruit number

Dry weight plant top (g)

50

40

30

20

10

240

1GO

80

unstopped

stopped

L A 1
1 2 3 4 S5 6
Number of trusses per treatment

Fig, 5.10, Relation between total fruit number and truss number,

-
-
-
—

1
1 2 3 4 5 6

Number of trusses per treatment

Fig. 5.11. Relation between dry weight of plant top and truss number.



Although no significant differences could be shown to exist
botween the yleld of individuzl trusses or total yield for the two
series, the umstopped sceries alwaye had the hisher yleld, This suggests
thaot tho extra leaves were of some benofit, In the following section
(5.3.4) evidence iz presented to suggest that the net assimilation rete
in the loaves of the unstopped series was depressed which could be ame
cgsan why the differences in yicld between the two serioé wes not

simificent,

5,3.4 Zffect of truss number on net assimilation rate of the
unstopped serics.

A significont (< 0.001) linear relatianship wns shown to exist
betveen total dry weight of the zbove groumd ports of the plint and the
nugboar of trusses present (Filg, 5.13) for the unstopped series, is
only frosh fruit vweight was determdned the contribution that the fruit
macde to the total dry weight could anly be estim-ted. This was dane by
assusdng thait the frult from sll treatments had & dry matter content of
&3, The rosults of the stufy on the effect of the amomt of leaf tissue
on tho yileld of single~truss tamatoes would suggest that this would not
have been 50, as there, the dry matter comtent of the fruit increased ns
the zpount of leaf tissue per truss increased (4.3.1)., This would have
the offect of increasing the total dry weight in Figure 5,13 for the
trantnents with the swaller mumber of trusses, but tho effect of any
increcses would not have been great - at the most 10-12 grams dry weight,

Root dry weicht was not included ag the relevont data were not
collected, It ia not considered that this would hove vuried greatly
between treatmants and it is likely to hove been gre test with plrnts

with the fewer trusses {4.3.3).
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2g total plont dry weight of the above ground ports of the plant
increased with increasing truss number this implies that as the strength
of the economic sinks incre=zeed total dry matter procuction increased,

It i8 sugpested that this could only have been due teo thc’:tssimilatioa
rate incressing =8 sink strength increcsged, Although loaf crea was
not measured this wald have decreasad slong with tho rest of the shoot
as fruit lond incrensed.

/n increase in net assirilazation rete with increasing ecanomic sink
strength sugpests that lack of sink gtrength was limiting economic yield,
The increcse in yield with the acddition of truszes also dommstrates
that yleld wns boing limited by leck of sink strength, The existence
of campetition hetwveen adjacent trusses, zs demmstrcted with plonts of
the saome sories (5.3.2.2), can only mean that saurce and sink stremgth
werc sirmltanecusly limiting yield of the unstopped serios. It was
suggested in Chaptor Four that this may occur in the tomato plant (4.3.1)
end reoference was mede to z similar response being reportod with both
potzato (MMseborgeor and Humphries, 1968) and wheat (Thorne, Ford and ¥atsom,
1048).

It should be noted that with the exception of the last plant
(5 trusses) of this series the waricus treatmente were not typicsl of
camercizlly grown plants, This could mean thr:t the depression in net
assinilation rcte reported may not be 20 epparent with plants vhere fruit

cre cllowed to develop at each truss,



5.4 Supewnry

Two serles of plants were growm, There wore o treoatments in
oach series coveriag the ranpe fro: 1=-6 trusses per plant, In the
stoppad series plants were stopped 2 lecves above the last truss of
a:ch trestment, vhileo in the unstopped series plants were stopped
2 leaves above inflorescence 6 and inflorescences werce rojoved as
necess ry to produce the C trentments,

The yleld of trusses 2=5 in the unstopped ~nd tho yield of truss 2
in the etopped series were reduced by the presence of trusses subsecuant
to then, Jimdlsr but not significant tronds wore apmrent with
trusses 3«5 of the stopped series. It was sugposted thiit the reduction
in yield was cdue te competitian betwvean trusses far assinilates resul ting
in smaller and/or fewer fruit per truss, The dry weight of plant top
decrecsed as trusges were added with the umstopped series and increased
with the stopped sories. In the later case thig wus cdue to the addition
of mora leaves and stom,

‘vidence is presented that the net assimilction rnte in the tomato
plant ecn be reduced due to lack of economic sinke and that ecanamic yield

can be limited sinultanecusly by lack of both sink: nnd source strength.



CHAPTER SIX

AFFECTS OF LU LEVIL, POLLIKVTICN LIVEL

AFD TRUSS NRIBER ON GROWIH AND DEVELOMMENT,

6.1 introduction
The results reported in Chapter Five falled to dercnstrate any

effects of inter-truss competition an the yield of truss 1, It was
suggested that this may have been due to natursl pollination warying
from plant to plaat such that ony treatment effocts were msked, Also
if pollination wrs generclly at o low level in truss 1 thon competition
effocts would be small and hard to detect cdue to the totel ecanamic sink
( trusses) strength being low, An zlternative explznotion was that
truss 1 wsg such n dominant sink that it vas uwnaffected by the presence
of other trusses,

It wos congidered that this problem could be exardned by using a
low ang high level of pollin-ticn of truss 1 and study how this effected
the response of this truse to the presence of other truasos, Cnca the
deciglian wees made to use 2 pollinntion levels und 3 truss mumbers it became
logicnl to combine these trectments in factoriul camidnotion with 3 leaf
levels to gain further informatiom on the relationship betweon source (lent

levol) and sink (truss mmder and pollination level) in the tomato plant.

6.2 Ea als nnd met
Seed of cv, Burocross BB wns sowvn oa 23rd February 1073 in a U,C, compost
(Appandix 21) and germincoted at 21°C, At cotyledon expensicn the seedlings

were pricked ocut into 13 cm plagtic pots caonteining U,C, campost and grown



on in o Om x Om glesshouse vhere a minimm tempersturc of 16°C wis
nmaintained via the heating system and fan ventili:tion came into
operation at 22°C, These tomperature settings were maintoined
throughout the experinent,

On 20th March 1872 72 plants were selscted rnd planted into 9 litre
lack polythene bars and then allocated at random to the 18 treztwments
and to the 4 blocks, A rendomized block desicgr w=s used consisting of
single plant plots, The treatments consisted of 3 lenf levels, 2
pollination lovels snd 3 truss murbers combined torother in factorial
combination,

The plonts vere stopped 2 lesves nbhove truss 3 and the lenves of the
plonts were divided into groups of three successive lenves. The lenf
lovels were obtainad by removing lesves a8 reauired from enrh group of
3 starting from the base upwards, Thus loef level 3 hnad no leaves
removed and levels 2 and 1 had 1 and 2 lesves raioved respectively fron
each group of lenves, The leaves up to truss 1 wero rimoved where
nocessary ot anthesgis of truss 1, those up to truss 2 at antheseis of truss
2 and the remaining lenves at anthesis of truss 3,

Tho pollinztion levels cansisted of natural pollinntion (=), vwhere
pollinstion took place without any form of assistance, snd extrz pollination
(+) where daily treatment with a battery opernted truss vibrantor took place
of all trusses that had flovers open, Damping down was not carried out as
it would have sided the naturally pollinated plants.

The three truss nurhers were achieved by lecving o1l the inflorescences
on Ta plants, reroving inflorescence 3 on T, plants and infloremcences

2
3 and 2 on 'I‘1 plants. All the trusses remeining an tle plonts had flowersa



removed to ensure thnt only G fruit developed per truss, becruse it
was consicered thrt each truss should have potentionlly the same sink
gize, This meant that data were not produced ob the effects of the
treatments an fruit mmber and effects on fruit sizeo were not reported
as thecy would not have differed from effects omr fruit yield.

The spacing provided an area of O, 25132 per plant and the plants were
trained up strings according to standard camoercial practice, The 9 litre
bapgs contained s cumplete fertilize mixture (Appendix 43) which reauired
hose wutering omly.

The hurvosting of fruit commenced aon Z5th Hay 1973 andd finished omn
8th July, The fresh veight of fruit from esch truss wng recorded and on
the fin~l harvest date the plant tops were divided into leaves and stems

and dried ut 00°C snd their dry veights determined,

F"A
(2}

Results and d 88

9

8.3.1 Introduction

The relevint datc werc analysed as 3 x 3 x 2 factorial experimant,
The rosults of the analyses of veriance carried out on these data are
presented in Tables G,1-3, 6,5=C (Appendices 44-45). The t test wzs
used to calculete significant differences where two neans were compared

and Tukey's w procedure was used where more than two meang were involved,
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G.3,2 Yield truss 1 (Table G.1)
Fruit yiold increased as the amount of lezf tilssuo incrensed, altbough

the difference between tie L2 and 1.3 levels was not significant,

Table 6,1 Trentnont effects on yleld truss 1,
Prestmont viedd (g) Sienificant differcnces
0.08 o.a
leaf level L1 L2 LS
544 644 877 60,9 76,9
Truss murbor x Tl T2 '1‘3
pollination
interaction - 547 501 508 106,.6 127.0

+ &30 722 646

There was a significant interaction between truss number and pollination
level on yield, £xtra pollination increesed yield at exch lasvel of truss
number, hHut the presence of trusses above truss 1 oaly produced significant
reductions in yleld of this truss with extra pollination, Here the yleld
of truss 1 of plents with 2 or 3 trusses was sicnificontly lower than with
plants with anly 1 truass, This indicates thut competition between truss 1
and the trusses above will only occur when the sink sgtrength of truss 1 has
reoched a high enough level, If this is low then the yield of this truss
will not be grostly affected by the presence of other trusses, In this

exporiment the truss vibrator was used on all trucaes of zn extra pollinsted



plent so that the corpetitian effects hotween tiuss 1 ond trusses 2 and
3 would have been intensified noct only by the pollinstion of truss 1,
but also by the rollination of the later trusses,

This offers an explinaticn ag to why in Chopter Tive (5.3.2,1) no
such effects were observed with truss 1, It is concicderod likely that
the naturasl pollinciion and hence sink strengt!: of trugss 1 in thaet
experinment voried from plsnt to plent independant of trontrment, such that
it wns not possible to establish the existence of any inter truss competition,
The ahove result emphasizes the need for adecuste poilinution of truss 1 to
enpure aderuate early yields,

The date preasented in tiis section sugpests th t the yield of »
merticulsr truss crn be restricted due to luchk of ot source ind sink
strength simulteonecusly, 7The folloving example using troctrent neans

(truss 1) deronsir:tes this rosponse,

L S . LT+

(]

491 strength 762

source l strangth

LZTI -

549 Yield of truss 1 in grems,
source strength

-

601

This subject is discussed with respect to totel yield in section €.3.85,



6.3.3 Yiold truss 2 (Table 6.2)
Table 8.2 Troatment effects truss 2.
Si;nificant differoncos
Treatment Yield (g) 0.03 .01
Truss mrber T2 1'3
810 420 32,1 70, 2
leaf x pollination L1 Lz I..3
interactiam - 481 444 387 133,6 163.3
4+ 332 833 582

The campetitive effect of truss 3 was apparent as the yield of truss 2
of plantz carrying 3 trusses was significantly less then with plants where
only 2 trusses were carried, This was true of both pollination levels,
Thus given time gind: strength will build up smuch thnt compotition occurs
between trusses at the lower pollinntion level, The existence of
cocpetition Letieen truss 2 uxi later trusses wos dorometrated in Chopter
Five (5.3.2.2).

Therc was an interaction betveen leaf level and pollin:t cn level on
yield, Ixtra pollination increased yiold at the high leaf level (1‘3)
only, indicating that adecquate 2ssimilatory tissuc was neceesary in thisg
truse to bring cut the effect of extra pollination., This is in cantrast

to truss 1 where extra pollination inecrensed yiclcd at all leaf levels,



This indicates that ns the sink strength increeses the response to extra
pollination will be doterminod by the source strength, Yield increased
as tho armunt of leaf tissue increased from L1 with extrn pollin~tion.
Here the converse of the above is impliod. That is the response to
additions1 leafl <111 be deterrmdned by the sinkc gtrength, There wi8 no
indication in this truss th:t yleld wuos linitod by saurce -nd sink
considerations sirmltnanecusly.

fn umsuzl trend (not significant) was oy parent in the naturally
pollincted series where yield appesred to fcll with increasing leaf lewvel,
It is hard to find a scotisfactory explanstion, but it co:ld posszibly
daonstrate again that vhere pollination is not cantrolled in an experimceat

then plant tc plant variation increases,

8.3.4 Yield truss 3,

No significant treatment effects on the yield of truss 3 were obtained,

G,3.8 Total yield (Table 6,3)

Thero was a gsignificant interaction betweon leaf level, truss number
and pollinntion level on totel yield, The anly significant increcse in
total yield in response to an incre=mse in loaf levol occurred with the
plants having the highest sink strength, That 18 3 trusses and extra
pollin:tion, Herc levels "3 and L2 produced significently gre:nter yields
than the Ll level, s similar internction occurred vit:» respect to the
yield of truss 2 (6.3.3). This result is in agreement with the .ork of
Verkerk {(1983) who found that intanse pollinztion was nocesgary if a marked

regpanso wrs to be obteined fram additiom~l leaves,



1.

Table 3.3 Treatoont effects an total yield,
Yiele (g)
Trues mamber mxmiion Teaf level
1 2 3
1 - 401 549 601
+ 762 848 881
2 - 0056 1055 849
+ 1107 1324 1394
3 - 1313 1339 1338
+ 1195 1332 1830
Significoent differences P 0.085 = 336.2, r 0,01 = 388,1

¥ith respect to total yileld, increases in sink strength were brought
about by the addition of trusses and by extra pollination, There wvas no
gignifiocant difference in ylold betweem the '1'1 and T2 plants of the
naturally pollinnsted scries at the high lecaf level (1.3). Cthervisco all
the differences betwee:n tho approprinte comparisons (pollinction level)
in the 'rl and T2 geries were significant as were tho differences between
the T, and 7, series at the high leat level (L,). Dbiffervnces in yleld
betweon the 'S‘l and Ts sorics were all significant end this wes anly to be
expocted as the ‘I‘3 series ropresented a further incrense in sink strength

ol the ’1‘2 series, Significant incmeases due to extra pollinstion occurred

and T, series,

only nt the high leaf level (La) with the Tz a3



2.

These results imply thut total yield will bo increcsged due to
increnses in sink strength wherc there 1s sufficlesnt assinilatory tissue
present, Thiz wns true of corpariscns at tho hich leaf level (1.3) or
compariscns inwlving truass 1 where tho sink sirength vould be relatively
low,

thite (1970) reported results which could be intarpreted in a
sirdlar way. He found no significant effect of pollinstion on total yleld
with ~n autumm crop "nd reported raw dnta for a spring crop which indicnte
that totsl yleld was increased. In the first instance scurce strength
would have bhoon decreasing with time, whereasg in the latter cnse it would
ve beon on the incroszss during the time thot fruit load was building up.
The dote of Cooper's (1961a) on secson:l effects on leaf length and fruit
volune production are in accordence with such a varintion in source strength,

The data for truss 1 ahoved a significart incrasse in yleld occurred
both due to extra pollinntion and to incrosses in leaf lovel z2bove the
lovest level (4,3,2), Thus the trends apparent in Table 6,3 with respect
to trusa 1 are rezxl, If this 18 so than it cauld be expected that at
higher levels of sink strength ('I‘3 or Ts) increcses in yiold due to increzses
in leaf level would be even more likely, This trend is apparemnt in every
instance vhere leaf levoel is increaged from L1 to !‘2' but is not apporent
with naturally pollinated plants as leaf lovel is increased fram Ls to 1‘3
This could be due to the vegaries of maturzl pollimantiom, with respsct to
extra pollination there weos only one compariscn (!.3'1‘3- versus L3T3+) whare

the trend did not imply an increase in yield,



The resgults of the present study with truss 1 (5,3,2), of the
single~truss plants of Chapter Four (4,3.1) and with the unstopped
geries of the investigotion lnto corpetition effects betieex trusges
all demonstrated thnt source and sink comsiderctiions could limit
yicld simult-ncously. Sinilar trends were apnarant with respect to
totrl yield here (Tablo $.3), but the response we.s not srect, This
may indicnte th:t in the tomto thls type of respamse iz cnly marked
where sink strength 1s lov, The lird ting of yield simultanecusly by
gource md gink consider~tions has been reported with potato
(Ndseberger and Numphries, 1965) and wheat (Thorne, Ford =nd ¥=ztson,
1938),

If it 1s assured that significant increnses in tot2l yiolcé occurred
in the present experiment vwhere yield was being limited to a mnrked
extent by lack of source or sinii strength, and th:t the trends apparent
in Table §,3 were ganera2lly recl =nd indicstive that anly sncll increases
in yield were likely os source and sink strengths were cloce to brlance,
then the following offers a possible explanetian of the results, It is
supnoasted thot total yield can only be incrensed substantielly by
inercuses in source strength vhere simk styrength is relatively strong ond
vice versa, TDetween these two situatioms both source axi sink are close
to balance for those particular envirommentnl conditions and small
incresses in yield muy occur due to increnses in either source or sink
strangth, Presumnily in thdis siturticn significant ircrecses in yield

vould only occur vhere hoth source and sink atrongth zre raised together,



Source stre::th would be lirited by lenf ares and the level of such
fuctors as light intensity and carbon dioxide concentration and sink
strength by the mumber of trusses present, thelr size :ud the lsvel
of pollination,

Once & sufficient mumber of trusses are carried on a plant and
provided fruit set is satisfactory it 1s most likely that sink gtremngth
is not markedly limdting yield but rather source strength., Thus
attorpts te incresse totzl yilecld are most likely to he successful 1if

hased on irproving conditions for photosynthesis,

6,3.6 Seed number per fruit (Table 5,4),

The seed number per fruit from a sample of similar sized fruit
(10 from eanch pollinaticm level) harvested from truss 1 (18th June)
shwwed that the mumber wes greater in the vibrnted than in paturally
pollincted fruit, Verkerk (19G3) reported & similar finding with
the difference being grenter in higher trusses and was less when the
plants had more leaves, The available evidence sugpests that
incresses in yield dus to additional pollinatiocm iz related to the

increase in seed mrber per fruit,

Table G.4 Effect of pollinatiaon level on seced nurber per fruit

Pollination level

p:s +
moan weight of fruit (g) 110 112
welight of seed/fruit (g) 0,40 0.50

tumbor of seed/fruit 1156 153
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5,37 vy welght of plent top (Table ¢,5)

The increase in dry weight of plant top with increzsing leef
level wos only to be exjected, The 3 trues serice had 2 significantly
lower dry welght th:n the 1 truss series, while extirc pollineation
significantly reduced the dry weight of plant top, Thus incrensces
in sink strength brouht about decrezses in wvoget tive grosth, This
1238 heen reported proviously by Salter (1958) -~nd Cooper (1964c),

The decrense in dry weight of nlont top must heve beon due to the
diversion of assimilates to fruit production,

It is sugzested thoat in the 1 truss series thet the net assimilation
r:te had heen depressed cdue to lack of sink streagth, The evidence
preosentad to support this is that the dry weight of plant top decrersed
by sn averzge of 9 grams per plant from the 1 truss to the 3 truss
serios, while the dry weight of fruit increacsed by an estinctes 38 groms
per plnnt, This 1s un averuge increansae in totsl plnnt dry weight of
31 grroms due to the addition of sinks 'I'2 and 'I‘g. It woa assuned that
any chnge in dry veipht of root wes small and as only fresh weights of
fruit were recorded the above figure for dry weight of fruit was calculated
on the basis that the fruits aversged & dry metter contont, The results
of the previcus investigotion with the unstopped seriss also indicated tmt
net 2gsimilation rates can be depressed by lack of sirk strength (5.3.4),
In both those experiments the evidence was gr:inod from plants sooe of

which were trnined to = form not grown coreercially,
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Table $,5 Trectment effects ao dry weipht of plont tor,

Simificaent differences

Trectment Lry weight (g) 0.05 0.01
leni level I..l L3 I‘S
53,9 83.8 112,72 g,5a 10,82
russ nunber Y T2 T 3
a8.8 84,2 7.8 tiiats) 10,82
Follinaticn levol - +
39,4 79.2 382 7.76
6.3.8 Ratio of dry veipht of lenf to dry -eight of pl nt top (Table 3,6)

The rntic cf. dry weipht of lecf to dry weight of pl:'nt top w8
rem rikably comstunt over the wide range of trectoments spplied. Cnly one
simnificant difference wie observed ond thiz took the form of =m inter—
action hetween leaf level and pollinstion level, This interacticon was
brought about by the plants a2t the high leaf level (L:Zt) and low pollinm: tion
level having o lower ratio, A possible explonction of this is tht of
the G combinaticns in Table 6,5 this comdination would hove the largest
surplus of assimilates due to the amount of leaf tisste present end the
lov: sink strength, Thus rore assimilates caild have been used for stem
grovth or stored in the stem, The constancy of thia rotio demonetrates
the ahility of the tomnto plant to maintain a belanco betveen lenf and

shoot growth despite the leaf and truss removil treatmonts,
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Table G,8 Intercaction of leaf level and pollination level
on rotio of dry weight of leaf to dry weight of

plant top,

tio —Sry wt loof
Ratlo Gry wt plant top

Pollination level Lenf level S5irnificant difforences
L1 L2 I.3 0,06 0,01
- 0.63 0.63 0, 8¢ C.(85 0,042
+ 0. G2 0, 63 0.83
5.4 Summery

The effects of 3 le-f levels, 3 truss mumbers and 2 pollinttion
lovels in factorial combinntion om the yleld end growth of tom:to plants
atopped 2 lenves rbove truss 3 were investigoted. The leaf and truss
trentmerts wero achieved by removing leaves or trusues and the pollinetion
levels by the use of a2 truss vibrator,

The yleld of truss 1 was increased by an increase in leaf level =nd
by extra pollinntion, Thus yield was limited eirmltaneously by lack of
source and sink strength, It vas considored th:t if this type of
response occurrad in later trusses or im total yield them it wns only of
= minor nature, The yield of the extra pollinated level in truss 1 and
both pollinestion levels in truss 2 was reduced by the presence of subsequont

trusses, This suggosted that the degree of cagpetition betveen trusses



was inaflucnceod by the level of sink atrength. Ixtro pollin~ tion incrensed
the ylold of truss 2 only at the high leaf level,

Totsl yield was incressed by increnses in leo:f level when ginlk: strongth
ves high cnd by addition:zl trusses or extra pollinstion hen the amount
af leaf tissue wnsg adecuate, The dry weight of plant top decreansed as
sink strength incroased ~nd evidence iz presented thet sugprests thet the
net asgimilation rate in the tamsto may be depressed vhon the sink strength
ia low, The ratio of dry weight of leaf to dry weight of plant top veried

very little with the trentments used,



THE SOURCE 3SCONOMIC SIMK RELATICNZHIP

The following discussicn attenmpts to use the reosults of the last
twn experimets nnd published data to examine certrin nspects of the
source economic gink relationship in the tomnto,

Here the term economic sink strength is used to refeor to the
individual fruita of = truss nnd trussos of a plant. Varren ¥ilson (1972)
has defined sink strongth as ecusl to sink size x sink octivity, or in
terns of totel dry matter,

abgolute growth rite = dry wt x relativeo gro.th rate

(g day™D) (&) (e e v ™D

The totrl economic sink strength (TESS) at any one point in timoe will
be determined iy the sum of the sink gtrongths 2t thit point in time for
each truss, The existence of compoetition between trusses deronstratoe
thet these trusses are operating below their potentirl, It is suggested
that their potentinl is determined by tho mmdber of flowera present
(potential sink size) and the level of pollination (potmtial sink asctivity),
Tho factor causing the TESS to be below its potential rast be the strength
of the source, Source strength has been definecd by ¥erren ¥ilson (1972) as
emuel to source siro x gsource activity or,

rate of vssirdlation per plant (g plant-l day-l) = leaf nren

per plont (‘2 plant™1) x rate of assimdlation per unit leaf

-, -1
apes (gnzday ).
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The growth of fruit hes been: studied by Salter (1558) and
Cooper (1959). They reported that most fruits hove o maturity period
of J0=TO dnys so that the moturity period of 2 truss wvorld be somewhat
longer, The maturity period would of course be influenced by the
environmentel canditions, particulsrly the tomper-ture regime, This
would roprosent the period when the truss was an active sink and
thorefore competing with other trussee for assinmilnrtes, The above
workers reported that the grosth rate of individual £x:it reached a pesk
and then f£ell, <Cooper (1988) found thnt with most fruit 50=-G0% of the
growth occurred in the first heslfi of the mmturity period,

Thus the chscluta growth rate of a truss rust rise to a peck ~nd
thon fall, As sink strength « absolute growth rate (irron i'ilson, 1972)
the variction in sink strongth of the truss will be the some, A pattern
encrges therefore vhero the sink gstrength of ench truss rises to a peck
end then falls in secuence up the stem, Thenever the mturity periods of
these trusses overlap thon campetition for assinilc tos mny occur,
Inform:tion an the nature of the absolute grovth rates for individual
trusses and what their absolute growth rates are a2t any point in time
would aid in the understonding of assimilate distribution in the tomato
plant,

The fact that the competitive effect of extro trusses an tho yield of
an individunl truss wes explained satisfactorily by a linear relationship
(Figs 8.4-8) suggests that the trusses compete on a fairly equal basgis when
considering the whole growth period of the truss under astudy, ‘1t a

perticular point however, tho cottribution that the trusses higher up the
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plant meke towards the competition for mssimilates will presumably

depend on at what point they are at an their respoctive growth curves,

The data presented in Chupters Five and 5ix on compotiticn for cssimilates
betveen trusses (5,3.2.2; 6.3.2=5) reforred anly to the effect of trusses
above rather than below the truss under examinatiom, That the yield of
a truss is affocted by the presence of trusses below 13 demmnstrated by
tho rosults of the nitrogen experiment, Hore the plents that produced

a heavy yleld early did not produce a heavy yield late (2,4.3).

In the study of campetition effects betwveen trusses the yield of
truss 2 wze linitod by the prosence of trusses 3-8 (Fig, 5.4), while in
the final experircent compotition for assimilates reduced the yield of
truss 1 when pollinntion wns adecunte (86,3.2), 7The ovidence suggests
therefore th:t competiticn for assimilateg can start to limit fruit yleld
it a very early steage in the 1life of the teemto crop. Data on ebsolute
T gro-th rates of trusses would agsin hrnve been useful to estnblish whean
competition became important in the growth of truss 2 in §5.2.2.2 ond truss 1
in 6.3.2,

Progumrbly agsinilates will be spporticned to trusses with regpect to
the armount available and thelr individuzl sink strengths at that point in
tinc, The transport system and the source muy rodify this concept by
giving some preferontinl treatmant to certain trusses, Thas lecves nay
favour trusses nearast them (Khan and Sagar, 19G6), It i3 also possible
that the positian of the truss with respect to the area of rost active
assinilation moy affect itg competitive status, Thus leaves higher up the

plant arc often more active photosynthetically (Wiebe, 1000) so that the
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lover trusses, which at any point in time will be the more mature,
will 2lweys be further reroved from the site of cctive photosynthesis,
This ny affact their competitive stetus,

It 13 cansidered that the evidence avail:zble on the scurce economic
sink relationship is not at variance with the proposzl of Jooper (1984c)
“"$hat the amount of fruit a given tomato plant is sble to produce in n
given environnant 18 a fixed quantity,” In essence this means that for
a given variety grown under a given set of enviramatal canditicns that
the source ecanomic sink reolationship is fixed such that total yicld
will not vary, There mny be plant to plant veriastions in the yleld of a
particular truss, but campetition effects between trusses operate such
that an incrensgse in yield of a particuler truss will be campensatoed for
by ©~ rediction in yield in other trusses, Thus the TESS at eny point
in tirme 18 uncffected, The results of the nitrogen oxperimont with
regpoct to 2 total yield ere in accordance with this possibility (2,.4.3).

Cooper's (1961a, 19G3) datz on secsonal effocts om fruit volume
productian per week msat slso indicate the varictica in mxisum TESS per
wock brought about by ser-sonal chinges in 1light conditions, These
cgervations plus the rclationships reported botween thw pattern of lesf
and fruit growth (Cooper, 1961a) throughocut the secson cre in accardance
with Cooper's (1064c) fixed fruit load concept, They are es such a
description of the effect of changing light condditions on the scurce
eccnomic g8ink relaticnship and although thia informntion is of cons iderable

value 1t Goes not offer an explenation of the mochsnism of control,
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It scems rocsannble to conclude thnat fruit yicld in the tomnto is
initi:1ly limited by lack of cconomic sink strength, However the results
presented in Chapters Four (4.3.1), Five (5,3,4) cnd 5ix (G.3.2) indicete
tint yleld in the tomato caon be 1limited simultencously by lack of saurce and
sink strength, It wos sugrested in Chepter Six {6,3,.5) that this type of
response appeared to be of significance with plants carrying few trusses
such as gingle truss plants or the yield of truss 1 rather then of total
yield of multitruss plants, After this initisl stage tlw plant entors a
phage vhere source and sink strength are near bnlonce and anrensea. in
either will produce smell increases in yleld »nd it is suggested that the
rost likely way to increcse yield during this phese would be to increase
both source and sink strength together (G6.3,5). As sinh: strencth builds
up then scurce strength will gtart to limit yleld ond the provisian of
candi tiong favouring improved photosynthesis should incrense yield (4.3,5),

It 18 important to note thnt the results from the 18t two experiments,
upon which the sbove postulations are besed, werc ohtained from plants
which hrd leaf and truss reoval trentments applied =:nd were therefore not
typical of 2 commercial type of plant., Also in some instances conclusions
wore brosed cn trends wher: the differences were snall and it could therefore
be cuestioned as to whether the evidence was strangz enough to estadlish
thom as recl trends with any degree of certainty.

Finally it is suggested that the source ecomomic sink rel-tionship
in the tomnto i8 an nrea of research worthy of greater attention es it
should aid our understanding of the relationship between vegetative and
reproductive grosth and development and help to highlicht factor(s) that
aro limiting yield, Such studies should include at lezst some vork with

plants tyrical of the commercial situation,
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Lppendix 1

Analysis of vorionce of flower nusber truss 1,

Source 83 ar us ¥ Result
Blocks 3.0 8 0.25 0.46 n.g.
After 11,1 1 11.10 20.86 Aoy
Before 0.1 1 0.10 0.19 n.s,
Ax8 0.1 1 0.10 0.19 n.s,
orror 12,7 24 0,54
Total 26,0 35

Appendix 2

mnlysis of wvariance of flower number truss =,

Source 386 af M3 F Result
Blocks 28.1 8 3.26 0.45 n.s,
After 38,0 1 38.00 5,20 %
3efore 0.2 1 Q.20 G.08 n.s,
AxD 6.3 1 6,30 0.86 n.s,
Error 175,4 24 7.31

Totel 246,0 35




Appendix 3

Anslysis of varisnce of days to flowering truss 1

Cource Ss at MS T Recult
Jlocks 87 8 8.3¢e 4,28 B2
After 187 1 187.00 05.41 kel
Refore 196 1 196,00 100,00 AR
AxB o3 1 63,00 27,45 kel
Error 47 24 1.08
Total 800 33
Appendix 4

Anelysis of varionce of days to flowering truss 2,
Source 88 ar MS T Nesult
Nlocks 70 8 8.76 .18 n.s.
After 100 1 100, GO 28,01 e
Before 2 1 2,00 0.49 n.s,
Ax3 2 1 2,00 0.49 n,s.
Error 28 24 4.08

Total 272 35




Appendix 8

Annlysis of varience of days to flowering truss 3,

Source 88 dt MS ¥ Result
Blocis 11 8 1,37 0,62 n.s,
Hfter 21 1 21,00 0,80 Bk
Beforo 3 1 3,00 1.38 n s,
Ax3 13 1 13.00 5.88 %
zrroe 53 2.321
Total 101
Appendix ©

Analysis of variance of days to flowering truss 4.
source 365 daf Ms F Result
Blocks 8 8 0,78 0.33 n.s,
After 4 1 4,00 1.76 n.s,
Beforo 9 1 0.00 3.93 n.s,
Ax3B 4 1 4.00 1.75 n.s
ErTor 655 24 2.29
Total 78 33

]



Appendix 7

Analysis of variance of days to flowering truss 3,

Source (5] dr MS ¥ Result
Zlocks 21,7 8 2.7 1,78 n.s,
LAfter 18,8 1 18.80 12,13 n.s.
Before C.1 1 0.10 0. 06 n.s
A x3 G.4 1 0.4C 0.20 n.s
xror 37.2 24 1.85
Total 78.2

inalysis of variance of shoot dry weight (8 weecks)
Source 85 daz MS F Result
Blocks 13.6 8 1,7 4,08 %t
Aftor 138,0 1 138,00 328,57 T
Before 11.0 1 11,00 25,13 sirmars
A xB 5.1 1 8.10 12.11 s
Error 10,1 24 0.42
Total 177.8 35




Appendix 9

fnalysis of viriance of final dry weight,

source 85 ar 38 F Result
Blocks 12 ,570 8 1,57 2,01 E
After 54 1 54 0.09 n.s,
Before 1,067 1 1,067 1.78 n.s,
A D 502 1 802 1.33 n.s
Zeror 14,423 24 501
Totnl 28,916 395
Appendix 10

Anelysis of varicnce of yield truss 1,
Source 35 ar M5 F Result
Nlocks 187,048 8 23,381 1.11 n.s,
rftor 33, 560 1 33, 860 1.50 n.s,
Betore 208, 642 1 205,662 ©.72 L0
AxB 1,822 1 1,022 C,06 n.s,
Error 807,783 4 21,138
Total 835, 967 35




Appendix 11

Analysis of voriance of enrly crop.

Source 88 ar 1S F Result
Blocks 1,271,684 8 1588, 951 2.08 n,s.
~fter 3,054,021 1 3,064,021 40 0OG RS
Nofore 979,110 1 87,110 2.84 B
2 mB 572,707 1 572,797 7.51 £
Lrror 1,830,109 24 7c, 255
Total 7,708, G:1 35

Appendix 12

/n~lysie of variance of final crop.

Jource 58 af M5 r Result
2locks 2,438,402 8 304, 80C 1.53 n.s.
iftor 72,000 1 72,003 0.39 n.s.
Before 363, 809 1 363, Goo 1,585 n.s,
AxB 3,600 1 3, 600 0.02 n.s,
Error 4,483,058 24 186, 704

Total 7,360, 672




Appendix 13

finalysis of vnriznce of mecn fruit weight truzss 1,

; 58 ar S F Result
3locks DRG: 8 115 0,28 n.g,
Lftor 7E 1 T8 ¢ n.s.
3ofore 3,000 1 3,006 7.71

x B 118 1 1186 .20 . 8.
Jrror 10,003 24 417
Total 14,134 35

Appendix 14
Annlysie of varismnce of mean fruit weight truss 2,

fource a3 ae uS F Result
Dlocks 1,538 8 193 1,06 n,s.
After 1,272 1 1,272 6,01 =
Zefore 878 1 676 3.57 n.s
Ax3 439 1 427 232 n.s
Error 4,420 24 184
Total 8,333 35




Appendix 18

Anelysis of variunce of mean fruit weight truss 3.

Hource 50 af i3] flesult
Blocks 3,980 2 408 3,23
ffter 102 1 192 1,25 n.s,
Before 1,337 1 1,237 8.08 g
2 xn 12 1 12 ©,08 n, s,
Lrror 3,603 4 134
Total 9,114 3¢

Appencdix 16

nalysis of veriznce of mean fruit weight e-rly crop.

Zotree & ar 5 r Result
Nlocks 1,423 8 178 C.082 n.s,
Lfter 1,345 1 1,348 4,09 &
Defore 1,444 1 1,444 5.03 %
Ax B GO8 1 608 2.12 n.s.
Brror 6,878 24 287

Total 11,698 35




Appendix 17

Annlyels of variance of meesn frmiit welght finnl crop,

SOuUrce 5 af ¥S nesult
2lochks 795 8 158G 1.07 n.s
rLter a24 1 4 324 3.48 n.s.
Zefore 87 1 87 0. 94 n, 8.
L x 3 1 1 1 0.1 n.s.
lirror 2. 229 24 o3
Total 3,440 3%

Appendix 18

Annlysis of varinnce of fruit murber

early crop.

Jource 2 daf S r Result
Tlocks 144 8 1e 1.38 r.s,
After 280 1 289 32.3 skl
Safore 88 1 88 3,77 s
AxB 83 1 83 4.08 n.s
Irror 308 24 12

Total 883 35




Analysis of variance of leaf

Appendix 19

areca por unit shcot

dry weight,
jource as dar us F Result
3locks L0465 8 . 0087 1.08 n.s
After . 0032 1 . 0082 0.59 n.s,
Before . 1206 1 .1296 24.00 ook
fxn .1547 1 . 1547 28,065 yospas
Lrror 1298 24 . 0054
Total 4020 35
Appendix 20
Analysis of veriance of shoot dry matter content,
Source =8 az MS F Result
Blocks 2,10 8 0.2a3 4.24 ek
After 2,87 1 2,870 46,29 gk
Before 0,28 1 0. 280 4.82 %
AxD 1.38 1 1.380 22.26 Kk
Error 1.48 24 0.082
Total 8.11 38




Appaendix 21
U.C, Compost

Fertilirer mixture added to 80/5) peat sand compost,

TFertilizer g_g_::a__
Uranite 889
potagaslum nitrate 148
potassiunr sulphate 148
superphosphete 1483
dolomite lire 1483
ground lime 1480

The above 18 a mdification of the Ilc mixture

recamrended by the University of California,
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Appendix 22

B

Fertilizer rmixture added to 50/50 pest secnd compost and
then used for groving plants in the investigztion of temperature

effects during propagation on the yleld of single-truss tomatoes,

This fertilized compost was applied et the rate of 9,000 cn3
plunt™,

Tertilizer g m-a
osmocote 18, 3.9, 7.8 3.06
potagsium sulphate 1.33
superphosphate 1.48
dolanite lime 4.12
ground lime 1,48
chelated iran 0,04

g plz‘.nt-l 5.0 2.3 6.8



Analysis of variance of yield.

Appendix 23

Zcuree 88 dar ¥S B Result
Blocks 138,585 14 9,808 1,02 n.s,
After 133,871 3 133,671 13,77 du
Deofore 500,042 1 550, 040 3G, 8C s

5108 G 1 G - n.s8,
rror 4C7 347 42 9,704
Total 1,260,831 59

Appendix 24
Analysis of variance of fruit number,

Zource 58 ar s F Result
Blocks 40 14 2,86 1,20 n.s.
After 40 1 40,00 18,00 Kesfesh
Before 206 1 206,00 83,21 geadez
AxB 3 1 3.00 1,36
Zrror 03 42 a2.21
Total b4 89




Appendix 28

Analysis of variance of mean fruit weight.

sSource 58 af MG P Result
3lock:s 1,807 14 136 1,04 n,s,
After 3a03 1 33 £,19 5
Jefare 1,044 1 1,04 14,921 fungt
A %13 254 1 264 3.68 n.s,
Rryor 2,542 40 70
Totzl G, 800 59

Appendix 26

4Analysis of variance of yield (G treatnanta)

source 82 daf NS F Result

Dlock 80,266 14 6,376 0.34 n.s,
Treatrent 1,161,885 3 232,371 23,44 6%
Error 693,899 70 9,013

Total 1,045,020 89




Appenndix 27

Analysis of variesnce of dry weight plant top.

fource S ds MS F Result
3locks 218 14 10 1.14 n.s
After 870 1 870 07,14 o
Before 1 1 1 0.07 n. 8.

L x B 409 1 499 35.6¢ ot
Zrror 587 42 14
Total 2,170 859




Appendix 28

fertilizer mixture edded to 50/5C pect sapnd compost cnd
then used for growing plants in the study of conpetition effects
hetween trusses, This fortilized campoet wes opplied at the

rute of 9,000 cm3 plsmt-l.

<3

Fertilizer Egm
osmocote 18, 3.0, 10 8,82
ocgrocote 12, O, 34.8 1.48
superphosphute 1,48
dolomite lire 4,42
ground lire 1,48
cholated irem 0.0¢

N P K
g pantT 159 3.3 12,9
xKg  ha ) 588 121 405

% bosed on 37,000 plants ha™ >



fnalysic of variance of yleld truss 1,

Appendix 20

Cource i as us r Result
Blocks 80,338 5 12,007 0,85 n,s,
Treatments 185,038 11 16,821 0,00 n.s,
Unstopped:
linsar 1,180 1 1,180 0.08 n.s,
cuadratic 8,523 1 8,592 0,46 n.e
cubic ged 1 6806 0. 04 n.s
cquartic 44,851 1 44, 851 2.41 n.s.
aquintic 14,954 1 14,954 0.80 n.s
Stopped:
linesyr 82,00 1 a2, 001 3.33 n.s,
auadratic 24,598 1 24,598 1.32 n.s,
cubic 59 1 89 C. 008 n.8,
quartic 444 1 444 0.2 n.s.,
auintic 27,370 1 27,370 1,47 n.s,
Batveen 300 1
Zrror 1,024,511 85 18,027
Total 1,269,883 7




Analysis of variance of mean fruit weight truss 1,

Appendix 30

ource 88 ar s iy Result
Blocks 1,080 5 210 0.965 n.s,
Treatoments 4,34 11 355 1,79 n.s,
Unstopped:
linear 60 1 60 0.27 n.s
curdretic 875 1 075 4,41 £
cubic 300 1 300 1,38 n.s.
~uartic 3% 1 39 0.18 n,.s
ouintic 420 1 420 1,00 n.s
Stopped:
linear 1,831 1 1,531 3.03 "
cuadratice 2 1 72 3.22 n.s,
cubic 18 1 16 C.Qo7 n.s
quartic 2 1 2 G.01 n,s,
quintic 282 1 282 1.28 n.s
Betwveen (] 1
Error 12,142 85 221
Total 17,538 n




Appendix 31

Annlyeis of varisnce of yleld truss 2,

Sonrce S5 af ¥ ¥ Result
Dlocks 2c,187 S 24,437 .82 n.s
Trectoends 1,194, 215 1) 132, 6901 4.45 SHES
Unstopped:
linenr 852,510 1 652,501 21,88 sy
ruadratic 51,257 1 51,2587 1.72 n.s
cublc 24,442 1 24,442 0.82 n.s.
suartic 1,644 1 1,044 0. 0G n.s
Stopped:
linear 293, 300 1 293,300 9.83 R
cuadratic 7, 586 1 70, 580 2.37 n,s
cubic 12,470 1 12,470 0.42 n.s
martic 7,300 1 7,200 Cc.74 n. s,
Jetween 80,813 1
Error 1,342,048 45 20,823
Total 2,658,450 89




Annlysis of varisnce

Appendix 32

of yleld truss 3,

Source 35 ar A F Result
Nlocks 01, 23C S 18,246 .49 n,.s
“Treo:stnents 023,009 7 75,286 L3 n.s
Unstopped:
linear 300G, 535 1 306,535 8.206 R
candro tic 15, G0 1 18, 060 0,41 n,s
cubice 16,173 1 10,175 0.27 n.s
Stopped:
linear 81,427 1 681,427 1,66 n.s,
quadr-tic 17,787 1 17,767 0.48 n,.s,
cubic 202 1 092 0.3 n.s,
Betwoon 115,082 1
Error 1,298,516 35 37,100
Total 1,916,745 47




Appendix 33

Anelysis of variance of ylold truse 4,

Source 88 af LS E Result
Dlocks 117,133 5 23,427 .06 n.s.
Trestnonts 398,200 5 79,180 2,23 n.s,
Unatonpod:
linenr 253,171 1 283,171 7.13 %
ruadrotic 3,548 1 3,048 0.11 n.s.
Stopped:
iinear 108, 045 1 102,045 2,00 n.s,
cuadr:tic 342 1 342 0.0z n,.s,
Between 35,004 1
Lrror 887, 745 25 35,510
Total 1,400,778 38

Appendix 34

Analysis of variance of yield truss 3,

Source 53 dar M3 F Result
Blocks 130,321 L) 26,0684 0.968 n.s,
Trecteents 359, 842 3 119,947 4.50 &
Error 400,129 15 28,575

Total £90, 292 23




Appondix 38

Analysis of wvarlance of fruit murber truss 2,

Source 85 MS F Result
Blocks 14,1 2.8 1,00 n,s.
Treatments 48.0 8.3 1,89 n.s,
Unstopped:
linear 13.1 13,1 4,08 %
azadratic 1.2 1.2 0.43 n.s.
cubic 0.3 0.3 0,11 n.s.
cauartic C.C 0.0 0,00 n.s.
Stopped:
linear 7.4 7.4 2,64 n.s.
auadratic 2,7 2.7 0,08 n.s.
cubic 8.8 8.8 3.14 n.s,
cucrtic 0.7 0.7 0,26 n.s.
Between 14,0
crror 125.1 2,8
Total 187.2




Appendix 26

Analyris of variance of fruit mmber truss 3.

Source 85 af Ms F Result
Blocks 4,80 S5 0.986 0.28 n.s.
Treatments 21,30 7 3,04 0.80C n.s.
Uns topped:
linear 14.01 1 14.01 4.16 i
azzdratic 0.38 1 0.38 0.11 n.s
cubic 0.08 1 0.C8 0. n, s,
Stopped:
lincar .21 1 0.21 0,06 n.s,
quadratic 1.04 1 1,04 0.31 n.s,
cubic §5.21 1 8.21 1,55 n.s,
Between 0.3 1
£xror 117,90 35 3.37
Totzl 144,00 47




Appendix 37

Analysis of variopce of mean fruit welpght truss 2,

Saurce &5 ar MS F Result
Blocks 1,107 5 K83 0,53 n.s,
Treatments 7,109 9 707 1.83 n,s.
Unstoppeq:
linesr 3,197 1 3,187 7.33 L2
cmadrmtic 220 1 920 2.11 n,s,
cubie 183 1 163 0,37 n.s.
cuartic GG 1 (3¢ Q.15 n.s.
Stopped:
linesgr 0G0 1 960 3.20 n.s,
awrdrtic 76 1 76 0.17 n.s,
cubic 882 1 882 2,02 n.s,
aquartic 800 1 600 1,38 n.s,
Between 304 1
Error 19,599 45 436
Total 27,9038 2]




Apperdix 38

Annlysis of varicnce of mean fruit velght truss 4.

Source 85 af MS F Result
3locks 4,659 ] 932 1,40 n,s,
Treatments 10,068 5 2,188 3.28
Uns topped:
linear 38,012 1 3,012 10,38 s
aucdratic 245 1 248 0,37 n.s.
Stopped:
linaar 1,344 1 1,344 2.01 n.s,
auadratic 51 1 51 0. 08 n.s.
Bet een 2,385 1
Errar 16, 866 23 687
Total 32,263 35




Appenitix 39

Anolyeis of veriance of total yield.

Source 55 at BS F Result
Blocks 152,196 5 30,43¢ 0,32 n.s.
Trectments 119,968, 620 11 10,005,066  115.13 s
Unstopped:
linear 61,172,007 1 61,172,007 648,92 22
madratic 1,823,060 1 1,833,080 190.25 s
cubic 22,596 1 202,598 2.14 n.s,
~uartic 300, 944 1 300,944 3,27 n.s.
aquintic 3,213 1 3,213 0.a n.s.
Stopped:
1lineoor 65,473, 783 1 58,472,283 585, 74 ket
cuzdratic 275,755 1 275,758 2,01 n.s
cuble 40,500 1 406,506 0.49 n.s.
auertic 47,700 1 47,700 0.50 n,.s.
cuintic 83,720 1 83, 720 0.88 n.s,
Between 818, 841 1
orror 5,208,727 &85 94,704
Total 125,316,543 7




Appendix 40

Anelyaeis of varliance of total f£ruit number.

Courcs s df 4 K Regult
3locks 43 5 9 0.6 n.8,
Treatrants 14,772 11 1,343 1CC.C ELEE
Uns toppad:
linear 7,367 1 7,307 566, 60 s
muadratic 38 1 38 2.02 n.s,
cubic 1 1 1 0,08 n,s,
quartic 4 1 24 1.85 n,s,
cauintic 17 1 17 1.31 n.s,
Etopped:
linour 7,367 1 7,267 559,00 sstag
cubic 5 1 8 0.38 n.s,
cuadratic 0 1 o (o] n,.s.
miartic 19 1 19 1,46 n.s,
quintic 2 1 2 0.15 n.s
Betwveen 32 1
Exror 688 86 13
Total 7

15,508




Appendix 41

Annlysis of varlance of dry welght plunt top.

lource 85 af M5 3 Resgult
Blocks 1,978 ] 396 1,20 n.s,
Treatments 174,041 11 15,876 50, 56 ks
Unstopped:
linear 12,410 1 12,410 39,52 sk
auadratic 210 1 210 0,87 n.s
cublc 74 1 T4 0.24 n.s,
muartic 780 1 7350 2.30 n.s.
aquintic 935 1 833 1,76 n.s
Stopped:
linonr 89, 737 1 69, 737 222,09 Frk
madr: tic o2m 1 2@ 0.65 n, s,
cubic 147 1 147 0.47 n.s.
quartic 7 1 7 0,038 n.s,
auintic 43 1 43 0.14 n.s,
Betwoen 80, 528 1
Exrror 17,268 868 314
Total 193,885 7




Appandix 42
Malysis of variance of totanl plant dry weight

(zbove ground parts) - unstopped series,

Source 335 qaf 58] F Result
T locks 6,122 L] 1,334 1,83 n.s.
Tresatments 85,423 8 17,088 25,50 sk
linear 78,201 1 78,201 116,72 hinap
auadratic 2,71 1 2,791 4,17 n.s,
cubic 052 1 952 1,42 n.s,
cuartic 3,052 1 3,062 4,50 &
quintic 428 1 428 0,34 n, s,
“rror 16,761 25 870

Total 108, 306 38




Appendix 43

Fertilizer rixture added to GQ/5C pent sund compost and
then used for growing plants in the study of the effocts of
lec:f level, polliastion level and truass nuohor on r_.;rowtﬁ snd
devolorment, This fertilized ccmpost was applied 2t the rate

of 9,000 P plant?,

Fertilizer Egm_
ognocote 18, 2.8, 10 5.88
aszocote 12,0, 34.8 1.18
potassium sulphate 1,48
superphosphate 1,48
dolomite lime 4.43
ground lime 1.48

e lemon g__ﬁ
borax 13.8
copper sulphate 25,2
iron sulphote 41.4
iran chelate 41.4
manganese sulphate 16,8
zinc sulphate 16.8
sodium molybdate 2.8
N P K
¢ plant™  10.8 2,6 14,2

Kg ha”l 399 o8 524



Appendix 44

Anelysis of vorience of yleld truss 1,

Source &S at MS F LResult

Blocks 21,811 3 7,270 0.85 n.s,
leaf 194,23 2 97,192 12,74 spa
Truss 182, 285 2 81,143 10,83 stakar
Follinntion 840, 004 1 840, 024 110,07 et
LT 35,706 4 G,442 0.84 n.s.
r 28,789 2 14,338 1.89 n.s,
™ 56,342 2 29,87 3.89 *
TP 24,690 4 8,173 0,81 n.s,
irror 389, 206 51 7,632

Total 1,746, 290 7




Appendix 48

Analysis of variance of yleld truss 2,

ss8 at 38 F Result
Blocks 9,907 3 3,322 0,43 n.s,
leaf 45,083 2 22,827 2.88 n.s,
Truss 97,360 1 87,860 12,49 %
Follination 36,300 1 36,300 4,65 ¢
LT 40,377 2 20,189 2.5¢ n.s
Ly 202, 767 2 101,384 12,908
TP 12,741 1 12,741 1,63 n.s,
LTP G, 804 2 3,432 0.44 n.s
Lrror 257,585 33 7,809
Total 705,314 47




Appendix 40

Apnlysis of verinnce of yleld truss 3,

Source 58 as RS F Result
Blocks 40, 981 3 5,660 3.27 n.s
lecft e, 706 2 4,853 1.1 n.s
Pollinntion 15,352 1 15,332 3.21 n.s
Lp 20,008 2 10,348 3.16 n, 8.
orror 71,730 18 4,782
Total 104,404 <

Appendix 47
Annlysis of variance of total yield,

Source S5a ar LIS by Result
Blocks 21,100 3 7,066 0.42 n.s,
Lent 421,564 2 210, 782 12,88 L
Truss 6, 900,111 2 3,454,356 206,11 oL
Follinntiom 1,306, 528 1 1,308, 526 77.95 222
T 176G, 229 4 44,087 2.8 %
ip 370, 364 2 185,102 11.08 ek
TP 27,358 3 13,848 0.82 n.s,
TP 205,354 4 51,339 3.00 %
Error 854, 707 61 16,731
Total 10,262, 829 71




Appendix 48
Analysis of variance of dry welght plant top.

souree 83 ar ¥s F Result
nlocks 5,343 3 1,781 11,79 woa
leaf 36,830 2 18,320 121,32 s
Truss 063 2 482 3.1¢ &
Pollination 1,860 1 1,860 12,32 %%
Lr 100 4 a5 0.17 n,.s,
¥ o857 2 329 2.18 n.a,
TP G664 2 332 2.20 n.s,
LTP 1,274 4 319 2,11 n.s.
Srror 7,719 51 151

Total 85,219 g




Appendix 49

dnalysis of varience of leaf dry weight to

dry weight of plant top,

Zource 55 af MS F Result
3locks L0015 3 . 000G3 0.74 n.s.
Leat . 0040 2 . Q0200 2.35 n.s,
Truss 0001 2 . 00005 0.038 n.s,
Pollination L0027 1 . 00270 3.17 n.s,
LT ., 0009 4 . 000225 0.26 n.s
Ly . 0074 2 .00870 4.35 4
TP . 0B 2 . 000150 0.18 n.s,
LT . 0044 4 .001100 1.29 n.s,
Exrror 0434 51 . 000851
Total . 0681 7
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