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This thesis describes t h8 r.enotics c.nd physioloe,ica l cons equences 

of a 11 netted yellow virescent" s eoulinc charncteristic i n tho tomo.to. In 

t he first ex periment, t hr ee to".lo.to lines ( Potontut e, G. commercia l vari e ty; 

Yellow s eodlinf, , a close ly reJ..'..l.t 3d lin0 c3.I'ryil1f..:: the 1'yel l01.i1 c ik:n tcteristi c; 

o.nd t ht1ir F1 hybrid ) \ver e gr own ct three l1Jvels of applied nitrogen and 

s r..i.mpled s equent ially for 7 we...,[.:s . J~ second ex,;eri·1ent ex.u1ined charact e rs 

such <l.S photosynthesis, respir _tion ,rnd •• n::;.to.:iy of the s 1.118 lines under a 

r .:i.:1ge of nitrogen l eve ls .ind licht infonsities , 1-. fimtl exp'--riment exo.r.1.ined 

the inheritance of the 11 yellow11 c:1ar· c:t1..;r, ·1.nd the vo.rir.:.tion in r elative 

gr owth r ate (RGR), in F3 fo.nilies derived f r om the cr oss Potentate x Yellow 

seedling . 

Yellow so0dlin1?, wo.s in l'orior to both Potentate n.nd F1 hybrid in most 

of the ch..u":J.c t er s studied. 'l'hose liffor encos frw1uently intensified as the 

pl2.nts adva nced in age. :'he inferior RGR of Yellow si,odling was due mainly 

t on l ow NAR, in turn duo to low photosynthetic and hi gh r espiration r a tes . 

It wo.s o.lso observed th.:.t :icllow Aeodling had o. low specific leaf 

weir,ht , low "!lesophyll cell nw:ibcrs :[)J r unit l eaf area and a low chlorophyll 

content par unit l ea.f area. , and thesu f~c t ors probably accounted for its low 

photosynt hetic r ate, and explained the pale gr een appear ance of its l eaves. 

This hypothesis w.·J.s furt her supported by the findings thc,t, when photo­

synthesis, r espiration and chlorophyll content wor e expressed on dry weight 

bas is, t he differences between varietie s wor e di minishod frequently to non-

s i gnil'icrmce . In addition, Yellow Reedling 113.d n low r .1te of nitr ogen 

utiliz.1.tion. This may have been C'lURed by linited supply of carbohydr a tes 

prod ucod by photosynthetic proces sus . 

Unlike Pot entate and F ~ hybrid , ::ellow s eodlin£, was noted for i t s 
I 

u .. '1r csponsive behavior to ":'ari -::.tions o:· nitrogen concentration. L Lttle 

e f fect of nitr ogen l eve l ( f r om 57 to 340 ~Jpm l: ) wo.s found i n ex periment one . 

By extending the r a nge of nitrogen concent ration to include stressfully low 

levels ( 28 to 280 ppm N) signi fic:.:.nt effects wer e noted for characters such 

as r espir&t ion r ate , c:hlorophylJ. conc,)ntration ( oxperimeut two) and RGR 

(experiment throe ). 

In the t ~ird experiment it was s hown that t he FJ family v~rio.t ion 

in RGR was entirely associ:J.t cd with the 11 ycllow11 trait . From this and the 

earlier ex periments it was concluded that J. r ecessive r:mtation involving a 

single gene or o. block of tightly linked genes could have caused a gener al 

reduction in pl o.nt size , with adverse effects on vitn.1 phys iologica l processes 

such as NAR, photosynthesis a nd nitro~en assimila tion. 
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Du'RODUCTION 

Tomato plants, boco.us e of t he ir economic i m(:Jortance o.nd their 

wide adaptability, c.rc gr o\-m w1der diver se climatic conditions in bot h 

Temperat e and Tr opi cal r egions . Bei ng hie,hl y inbred, tomato plants 

exhibit eyt ensivo vn.rintion i n , c1.mo:1g other chc1r act2ris ·0ics , growth 

par;:unot ers (To.bk I. 7 ) ; r,rowth h.::i.bits (sec ::larby 1963) and other characters 

as r eviewed by Rick (1956). 

The obj ectives of the t hr ee ~~ jor experime nt s reported in this 

t hesis were, r espectively: 

(1) to compare t he veget ative growth of two t omato lines , namely 

Potent at e and Ye lJ.ow seedline,, and their F1 hybrid gr own under 

thre e nitrogen l evels . Que.ntit ntive gr owth anal ys is using the 

orthogonal polynomial t echni que was empl oyed to examine the 

following growth par ame t er s: dr y weight of entire pl ant and plant 

parts; shoot/root r atio; specific l eaf weight and leaf area; 

relative growth r at e , net e.ssimilation r at e and l eaf area r atio; 

r el ative growth r ate and 11 net assimilation rate 11 of plant parts. 

In add ition, the chlorophyll concentration, nitrogen percentage, 

nitrogen yield and rate of nitrogen utilization were also deter­

mined to gain a bettor understanding of the dif ferences in growth 

between the parents and their F1 of fspring ; 

(2) to examine the contribution made by a nurnber of physiological and 

l eaf charact eristics to t he observed di fferences in growth of the 

t hree tomato lines gr own under two nitrogen regimes over various 

periods of time . These measurement s included the photosynthetic 

r at e of leafl ets, the respiration r ates of r oots and leafl ets, and 

various leaf characteristics such a.s s pecific l eaf weight, l eaf 

thickness index, stom;0.t al l ength and dens ity, mesophyll cell number 

and chlorophyll concentration. Further more, the rates of cumulative 

stem elongation and l e~f production, n.nd other r eproductive character ­

istics wer e also det er mined; and 

(3) to examine the effect of t he 11 yellow seedling 11 phenot ypic condition 

on the genet ic v:1riation i n r el ative gr owth r at e of segr egating F
3 

f cmilies grown under two contrasting nitrogen concentrations. 



Origin of the parent varieties (1 968 D.S . I .R. Lincoln) . 

(1) Pot entat e/1 sps as recordP-d by H. Giesen is a commer c ial gl asshouse 

tomato varie t y . 

( 2) Yellow s eedling ex Maia sps 3 ( '68 ) . The uyellow1t ( = "'netted 

virescence" gene Tm2- nv) seedling character is d8rived f r om a parent 

line C5'7'·-WN2 The following init inl s equence of cros s ings wer e made 
I.) • 

by !1r . Dong Yen, at otara, Auckland: 

C57~NN
2 

x Potent ate 
- I 

F1 x V - 548 
Potentate II F h 

/\. .1 ' ,,.:.--

~ Crosses made by Mr . Doug Yen 

- - - - - --· "'. - - - -- - -
l 
! 

,L, 

1 Sel ection made by Mr . Gi2sen 
r 

~ I 
),;, j 
\ ' . 

11 ~ ', ~12 
The sielection was carr i ed on over some 5 gener ations by }tr . Gi esen 

until 2 lines (11 and 12 ) of commer c i al value wer e obtained . Fr om these two 

TMV - toler ant lines, uHira" and 11 Ha.ia11 were eventually obtained. Both lines 

produce up to 25% of 11 yellow11 (= 11 netted virescent" ) seedlings which are slow­

gr owing and possess comparatively small narrow and pointed pale gr een 

cotyledons ru1d t r ue l eaves (Giesen 1970). 

I 

Plate 1 . The general appearance of Potentate (top) Yellow 
seedlinb (bottom) and their F1 hyhrid (middle) . 



CHAPTER 1 

Rey).ew of . Literc..ture. 

1 . 1 Growth Anc.lys is. 

The pcrforr.12.nce of c, t om:::.~-o vn.t' ie t y can be ev aluat ed in various ways. 

One method thut has been commo.nly us ed is quantita tive e rowth analysis, 

typico.lly r equiring measu:t ement of r el c,t5.ve gI·m-rt.h r :1t e (RGR) and its compon­

ents ne t assimilutioa :.·a.t o ( JITAR) 2.nd loaf c.r 0ct ratio (LAH) of the plant parts 

or whole plant . The s e growth i nd ices , Hhich Vfil7 with time and environmental 

r.onditions may a lso differ with species , varieties a..."ld strains in absolute 

terms and forms of pattern. 

Steiner (1967) using vater nnd gravel cultures has obta ined growth 

curves of various ports of t omn.to :;:,la nt (Var. Emocross B) . He reported that 

plant height, and number and area of lenves increased in a rectilinear fashion 

while dry weight of the leave3, stem, l'Oots and f ruit increased in a parabolic 

pattern. This informn.tion on the s t ages and patterns of both vegetative and 

gener ative development of the plant is useful for the study on the influence of 

the miner al elements on the growth of the tomato plant and also for comparing 

varietal differences . 

Genetic analyses of growth in tomato plants has been carried out by 

Kheie ~l l a and Whittington (1962 ), nnd Peat and Whittington (1965). The 

former workers used t he F1 gener:ation while the l atter used segregating 

gener ations. 

Using F1 hybrids obtained f~om all possible crosses between four 

vo.rieties of Lycopers icon es culentl!!.1! (vo.r . Potent ate, Amateur, Radio and 

Outdoor Wonder) and one of .b_pimj)inellifolium (var. R~d_Q_~-r._tf111.t) Khe h•e.llo. 

o.nd Whittington ( 1962 ) found s i gnif'iccnt differences in growth r ates between 

varieties QYld between the recip:>:'ocal inter-speci fic hybrids . The growth 

rates of the hybrids were cJ03er to t hose of tlle pa-r-ents having higher growth 

rates . The heterotic initial RGR i n the inter ~-specific F1 hybrids was most 

marked where L.__12j.ll£_,tTielli foli um was used as the female parent and appeared to 

be influenced by the sizo of the hybrids at emergence . The size of hybrid~ · 

at emergence in turn was deter mined by the initi~l embryo s ize, the F
1 

with 

smaller seed size h:-:.ving tho f nster FDR. However, plant:3 with higher RGR 

also had & higher rate of fal l in RGR. The parenta l vnrieties responded 

differently in t erms of eroF~,h r ate t-o r emoval or retention of side shoot s. 

Using the s ame three vD.r::.eties of I"' esculentum and one of 

L. pirnpinellifoJJ .um, Peo.t and Whittington (1 965) confirmed the observation of 

Khei•:,~ t.lla o.nd Whittington ( 1962) thn-0 t:1e d:r~r weight RGR of the tomato plant 

wns inherited additively with 11 l o.r ge dominence co1Y1ponent. 
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The forms of nitrogen can affect the RGR of tomato plants . Wool­

house and Hardwick (1966) showed that nitrate- f ed tomato seedlings had a 

higher RGR than plants grown with ammonium nitrogen. 

RGR is the product of NAR and IAR. Therefore voriations of RGR can 

be attributed either to changes in NAR or LAR or both. 

The NAR of tomato plants is closely related to the dai]y radiation 

(Goodall 1945; Khei~~lla and Whittington 1962; Cooper 1966). This linear 

relationship between NAR and radiation mQy be disturbed by changes in plant 

gro;rth and development, since changes in gro;rth may affect the photosynthetic 

rate and utilization of the photos~Tithate of the plant (Sweet and Wa.re:'ing 

1967) . 

Variations in photosynthetic 11size11 can be expressed, for example, 

in terms of leaf urea ratio ( IAR) or l eaf area index (LAI) . The ~otal leaf 

area of a plant is ~ function of leaf nunber and leaf size. Thus the effect 

of varieties or mineral nutrition on leaf area mayo.rise f rom changes in 
either leaf number or leaf size. Variations. in leaf size may in turn a.rise 

from effects of treatments on cell number and cell size . 

It is generally held that within-species variation in dry matter 

production is more closely associat ed with variation in leaf area than with 

variation in NAR, e . g. increase of nitrogen supply increases dry matter 
production of sugarbeet mainly by increasing leaf area through increase in 

both cell number nnd cell size (r ~".'ton and Watson 1948) . 

Although these gro;rth plrruneters are widely used to assess and 

compare the performance of plant species, varieties and genotypes in an 

endeavour to improve crop production, it is important that reliable growth 

index is used. For example , in the t omato ( which exhibits indeterminate 

growth), NAR vari es widely with the stage of pln.nt development. This index 

is unlikely to be used in Lycopersicon as a selection index in breeding for 

better genotypes as pointed out by Khei.iio.lla and Whittington (1962). 

1 . 2 Nutritional and other environment.u effects on to:nato growth. 

Environmental factors which depress tlle vegetative growth ma.y 

stimulate reproductive developnent Md vice versn. (Salter 1958; Knavel 1969 ). 

Based on the r esults of a nTh~ber of investig~tions by other workers, Deinum 

(1966) stated that the effects of N f ertilization on dry weight production 
vo:ry with: 

(a) the r11te of N application. Increased rates give increased production 

with diminishing returns at very high rates of N supply; 
(b) the duration of growth; 

(c) the time of the year, e. g. better r esponse of tomato plants to a N 

increment is obtained in surlll00il7 than in winter (Bunt 1969 ) . This is 
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obviously related to other environrnental factors, particularly light 

which is closely linked with N ::issirnilation and photosynthesis; 

(d) root aeration; and 

( e) t he water supply. Poor drnin,,3e and wat er shortage both r educe the 

N response . . 

The rate of tom::..to ste,1. e:xtcns ion increases r apidly until fruiting 

begins . .M,J.ny f actors nffect t he shcot growth of tome.to plant. Shading 

before the fruiting stage either r educ es or h~s no effect on the mean stem 

extension r at e or plant heie,ht depending on time of the yecJ..r (Cooper 1969 ). 

Davis and Lingle (1961) found t h::-,t increasing the nutrient solution from 1/5 
strength to nor~al level promoted shoot growth in the war m-rooted (27°C) but 

not in the cool-rooted tomnto pl ants . Increased atmospheric relative 

humidit y also promotes shoot gro-wth. Low night t emperatures (e.g . 15.6 and 

9.2°c) reduce stem extension and total dr y weight of shoots. 

The number of leaves an<l the total leaf nr ec. of t omato pl ants 

increase in a r ectilinear fashion with time (Steiner 1967 ). A number of 

factors affect tomato leaf charact eristics, and led production mid growth. 

Photoperiod aff ects mc.ture leQf size (the lQr gest be:ing varied from leaf 7 to 

18 depending on sow:ing dat e) by o.ffecting t he duration of leaf growth (Cooper 

1961 ) . Both the leaf number and r at e of leaf production are affected by 

light intensity and temperature (Calvert 195S ; Whatanabe 1959) . Consequent­

ly, at any given time , the total l eaf area and the r at e of leaf area product­

ion of a pl ~nt can be affected by any of these factors and their interactions . 

Nutrition, especio..lly N- nutrition, has o. marked effect on leaf 

cha.racteristics, affecting (for example) , cell siz e and number (Abbott 1968), 

chlorophyll content (Mccants and Waltz 1967) and general leaf appearance and 

structure. In ndd ition the for m of N applied can be important; N0
3

-N is 

superior to NH
4

- i'J ns a nitrogen s ource es pecially at high N l evels where 

NI14-N is detrimental to tomato l ec,.f r.nd root growth (Woolhouse and Hardwick 

1966; Kirkby 1968; H2ro.de et al 1968) . 

Unlike sweet pepper the shoot/root r atios of tomato plants fluctuute 

with time, reaching a high vcJ.ue during the period of fruit growth (Van Der 

Pos t 1968 ). Nitrogen levels muy nffec t t he dis tribution of dry weight of 

different parts of tomato plant , nnd thus inf luence shoot/root ratios . While 

such information appenrs to be lacking ; information der ived from the experi­

mental datn. of Woolhouse and Hardwick ( 191.-J;_) indico.t es that N0
3

- fed tomato 

plants had higher shoot/root ratios than .NH
4 

- fed pln.nts . Al though NH
4 

- N 

reduced the dry weight of both shoot and root, it r educed shoot more than root, 

resulting :in lower shoot/root r atios . 

N-nutrition is one of t he f ::ictors which affects the dry weight and 
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fresh weight of tomato plants . Increo.sed N l evels increases f r es h we ight of 

tomato pl::mts (Bi er h1µ:zsn 1959; Howl ett et o.l 1966 ). In add ition the sources 

of N or the relative c.mm.mts of forms of N a lso nffect the plant fresh weight 

a.'1d dry weight. The fresh weight or moisture content of r:m:4- N f ed tomat o 

pl1;.nts is lower t l-u:m N0
3
- u or ureo.- N fed pl ants . ( Har ada et al 1968; White 

1969). This could be due to the inhibition of wa ter uptake by Qmmonium ions 

~s observed in sugarbeet r oot s (Stu~~t ~nd Ruddock 1968 ) . 

Environmenk:.l f a ctors which r.:. ffect vegeta t ive growth o.lso influence 

r epr oductive development . In particulo.r ; light, t eBper ~ture and photoperiod 

(C alvert 1959; Vorlrnrk 1964; Howlett a nd Kr ctchr:11:'. n 1()66; Abdell a and Ver kerk 

1970) are involved . 

It is generclly held t ha t t oo high or t oo low N suppl y ho.s a detri­

ment al effect on reproductive g:-01,,rth and f r uit quality (Howlett and Kretchman 

1966) . Hi gh rx suppl y usunlly promotes vege t a tive gr owth while r etarding 

r e productive gr owth end develop~1ent (Friis- i'!iel sen 1969 ) . :-Iowever, ii.bdell n 

and Ver ker k (1 970 ) h-:id s hown thc.t under certa in envir onment<1.l conditions , 

porticulo.rly o.t hi gh tempor n.turo (35°c d,,J- ~:n:1 25°c night) hi gh N t ended to 

enhance good f ruiting. 

Final ly, it is inter esting to note t hnt bi g cl i ffor ence s exist 

between plant species, with r egur d to t he ir r ecction to differ ent forms of N, 

while N"rt4- N promot ed vigor ous growt h in highbush and lowbush blueberries, low 

l evel of N03- N could co.us e extremely poor gr m,rth in these pl nnts ( Ca in 19 51 ; 

Towns end 1966 ). Oerti ( 1963 ) J.ttributed t hi s c iffer ence t o t he abs enc e of a 

bi ochemical sys t em to utilize I'J0
3
- rI. 

abs ence of nitr,:i.te r educinr, systerri in 

blueberry (Townsend nnd Bl n.tt 1966) . 

Thi s expl nnation was supported by the 

lGnves and r oot of the lowbush 

1.3 The ~:ts of nitro_g§_:t}_.ll..u~:i;-iti on on ,J?hotosynthesis agd r espirat ion. 

Phot os,:;:athesis ;:nd r es pirc.tion ,S.l'e two of t he most i mportant physio-

logi cr..l pr ocesses inf l uenc inc plant gr ovrth. ,S t ud ies of t hese two pro• esses , 

br i efly reviewed here in turn, a.re potentiD. lly valooblo t o :;n understc..'7.~ding 

of be tween - u..nd within - v,triety cUffer ences i n respons e to c,pplied nitrogen . 

1 • 3 . 1 Photosynthesis . 

Genetic Wlr i&bili t;1 i n both photosynthe tic intensit y and patterns of 

fluctw:i.tions within .1Y,copers_.1£..2D s pecies hM been demonstrc,t ed by Br ezhne t and 

co- wor kers (1969 ). While t he photosinthetic potentic.l of a plant is limited 

by genetic fa ctors , many onvironmonta.1 :~nd pl ant physiological f actors 

i nt er act to de t ermine the l evel of photosynthesis at any given time . S ince 

such effects :::,nd interactions a r e well documented (e . g . Her.th 1969 ) , only 
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those mos t r elevant to the exper vnents in this thesis will be sununarised here. 

Photosynthetic r ates of individual tomato leaves decline with age 

and vary with leaf position (Jakuskina 1962; Peat 1970) . They also va:ry with 

t emperature and light intensity. ~.ccording to FeITy and Ward ( 1959) the 

photosynthetic r ate of to~at o leaves has a compensation poi nt at 150 ft .-C 

and a light saturation poL~t at 2500 ft. -c. While partial defoliation 

r esulting in increased photosynthetic rate of the remaining l eaves has been 

r eported i n many pl ants , e . g. Pinus ::.·adiata (S,,1eot and Wareing 1966) beans , 

dwarf maize and willows (Wareing et al 1968) , no such wor k has been r eported 

for tomato plants. 

The chlorophyll concentration exerts a surprisingly we-!'.~{ quantitative 

influence on the photosynthetic r at e of n. l eaf is well known. ,Gabrielsen 

(1948) s uggested that only at extremely low chlorophyll concentr ation below 

1 mg/dm
2 

will ther e be a direct correlation between photosynthetic rate and 

chl orophyll concentration. In addition a nunbcr of chlor ophyll-deficient 
plants or 1ru:g:1~J)ts:.,.:e~i: •tobacco au-ren ::iutants Su/su (Schmid 1967 ) and the 

chlorophyll-deficient Lespedezsl:__p_rocumbens (Clewell and Schmid 1969 ) ar e known 

t o exhibit higher photosynthetic r ate/mg chlorophylls under high light 

intensities t han their correspondfog gr een counterparts. 

The nutritional effects on photosynthesis may be i nmediate by affect­

ing the photosynt hetic pr ocesses or delayed by cnhancL~g senescence of leaves . 

Although nitrogen deficiency depresses photosynthetic rates of tobacco leaves 

(Mf)ncakova 1966 cited by Avratovscukova 1968; Ander son 1967) and sugar beet 

( Nevi ns D..11d Loomis 1970), also decreases chlorophyll concentration, it is 

unlikoly t!1at reduced chlorophyll concentration caused by N defici ency has a 

major effect on photosynthetic r &t e. ?-Jitrogen supply is mor e likely to affect 

photosynthesis by its effects on sink size, leaf longevity, leaf area ratio 

and metabolic 11 balnnce11 (e.g. the balance between carbohydrate and N metabolism) 

whereas r educed nutrient level r educes maxi~um r ate of photosynthesis in 

tomato l eaves has been reported (Peat 1970) no published infor mation concern­

ing the differ ent N levels on photosynthetic rate of tomato l eaves is avail­

able. 

However, the N ( rra
4

-~ and N0J'~N) forms c.ppli cd have different 

effects on photosynthesis of to:nato leaves. In comparison with N03- N, 

NH
4

- N depr esses the photosynthetic rate , reduces chlorophyll concentration 

and simultaneously causes mor phological modifications of tomato leaves . 

(Puritch n.nd. 3arker 1967 ; l·hrot-.Vesk et al 1966) . 
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1. 3.1.1 . The effects of N- nutrition on so~e mor phological and microscopic 

features of tomatoes, 

The studies of some selected effects of the level of nitr ogen 

nutrition on the morphologicol and •1icroscopi c features of t he tomato plant 

form part of these investigations. Such effects of N on cell division and 

general leaf morphology could be intimately r el ated to variation in growth 

r c:.tes and phot osynthesis. Relevunt dnta on the tomato plant appear to be 

lacking in the liter ature but so~:ie r esults are availabl e f r om studies on 
other s peci es . 

We have seen that varietal differences in growth may be due to 

effici ency of photosynthetic processes or size of photosynt hetic area. 

Differences in leaf size between and within varieti es could be due to varia­

tions in either cell size or cell number. Cooper and co-workers (1 96.3) found 

that in both Lol iu11 and Phn.lar~~ an increase in temperature from 1 o0 to 25°c 
increases cell size but decreases cell division. An increase in light 
intensity has an opposite effect. Deficiencies of both P and N in strawberry 

plants decrease leaf area by r educing cell number and to a lesser extent by 

reducing cell size (Abbott 1968). 

N-nutrition may also aff ect photosynthesis by affecting the general 
properties of the leuf, including the stomatal density. Thus the reduced 

photosynthetic r ute of N-deficient l eaves may be pirtly due to increased 

r esistance to co2 dif fusion as a r esult of such an influence. 

Environmental factors such as wa.t er supply, light intensity, 

temperature n.nd nutrition ar e known to &ffect stomatal differentiation in a 

nllr.lber of plants (Zucher 1963) . Although infor mation concerning the effect of 

N supply on the density and length of to:no.to stoma.ta appears to be lacking, the 

number and size of tomato stomata had been r eported as follows : (Eckerson 1908) . 

Surface 

The nurnber minimum, 

mean and maximuy cri 

s ize in ;u 
length and breadth. 

1 . 3 . 2 Res_Qiration 

Uj}per _epide:::-mis 

0 - 1 2 - 87 

27 x 20 (guard cell closed) 

1 0 :x 5 ( pore open ) 

Lower epidermis 

79 - 1 .30 - 202 

3.3 x 23(guard cell 
clos~d) 

1.3 x 6 (pore open) 

The r ate of r espiration varies vdth t he ext er nal arrl internal 

conditions of the living ceJ.ls , and differ between plant species, between the 

organs of the plant, between t he tissues of the s ame or gan und by the age of 
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the organ. As different. parts of the plant respire at different rat es and 

vary with time, the respiration rate of the whole pl ant i s e ssentially the 

resulta~1t rates of the respiration of all the plant parts . 

Respiration as a d0ter!nin :nt of dry we i ght production is an 

L~portant physiolog i cal process . It provides ener gy fo r the biochemical and 

physiological process3S o:f the whole plant , e . g . t ranslocation and absorption 

of wate r and nutrienL There ar8 two types of respiration, namely the photo-

r espiration and tho do.:d: r c1 pi:c,•r~io~1. '._he processes of photor espiration and the 

da.rk respiration c:1.re differon~~ and is shown by t he fact that the f ormer has a 

higher optimrnn tempe:c~atu:ce tk,11 the 12.. tter ( Hofstr u and Hesketh 1969 ) . The 

presence of phcto:.:·espiration in th2 Calvi n t ype plants and the absen ce of it 

in the C 
4 

type p1nnt3 m5.y par ~ly acc01 .. mt for the differences in photosynthet:i.c 

capacity and efficiency bet1.,!::l ~D the two groups of plants (Downes and Hesketh 

( 1968 ). The efficien8y of l'.:3ing the photosynthat es ru1d its derivat:i.ves by 

r espira t or y processGs in gen8:':'"l.ting energy for me t a bolic processes may also 

partly explain t he ve.rieta l d5_fferences in performance. 

Nutrition is one of the many e11vironmental fac tors which affect 

r espiration . Deficiency or excess of different nutrient elements is .known to 

have different effects on the r espiration rates of plants, but here we will 

consider only t he role of nitrogen . I t needs to be noted in passing t hat 

respiration , esr,ec i o.lly r oot r espil-ation, is involved in water and nutrient 

uptake by roots (Cannon 1932_; Kelly 19/4.7; ifon Over beek 19/4:t. Jennings 1963) . 

Thus nitrogen nutri tion may i nfluence the plant water e conomy by affecting 

water uptake through the effect of nUrogen on r oot respiration. Shimshi 

(1970 ) found that the t:c-ansp;_ration r ates of nitr ogen- supplied bean plants 

were highe r th.".n those of 1'.J•··clcficient plants and t hat transpiration rates were 

varied by plant hydrc-.t:Lon r::.ther th.0.n b,r the stomatal movement. In tomato 

phmts increc.8ed nit:rogen rcsuJ.tc: in increased plant wat er content but hi gher 

N03-N does not aff'J ct. t·w1~:ip:i.:;.• __ Gion :;:atG (Bierhuizen et ?,l 1959 ) . The effect 

of N on r espiration is complicated b;.- the possibl e combined effect of the con-

centration of N and the, relc1.tivo 2.rn:::i1.1.'1"ts of ammoni um and nitrate . While it 

is commonly a ccepted th:,.t low nit:i:ogen love ls lead to low respiration r ates, a 

reduced respiration rcts could be co.used by the inhibitory action of NH4 + 

on the r es piratory ch2.in. Hi gi1 fl-ILi+ c.c cumulation in tomato pl ants resulting 

in r oot injury, r educed vee,et2tiv,:, €;rowth and eo.rly yield has been reported 

(Ulj ee 1964). In addition H hes bec:m shm,m that wnter uptake by sugar beet 

roots can be i.rih:Lbited by nmmoniD. (S tw1rt c.nd Haddock 1963 ). 

1 .4 lh~~ct§_oj.' __ th~LAP~t_ake_ ., ;"11d ... c.o_nc~qt;rp~-i_trogen by plants. 

Spec i es and vo.rieties differ in their efficiencies of nutrient 
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absorption and utilization, and susceptibility to salt toxicity (e.g . Vose 

1963 and Gerloff 1963) . The efficiency of rJ utilization may be related to the 

enzyme system responsible for N assimilation. Hageman et al (1961) and Croy 

(1970) found that the 1'li.tro.tereduct1Se activity of maize o.nd wheat was 

positivel y correlated with water soluble leaf protein and negatively with 

nitrate content. Thus the differential gro,rth response of tomato varieties 

to di fferent N l evels mi ght be due to differences in the capacity of the 

nitrate r educing systems. War d I s ( 1969) suggestion that a KN0
3

- absorption 

r egulating system existed in tomato plants seems to support such a possibility. 

However the situation is compl icated by the relative nmount of nitrate and 

ammonium in the growth med i um. e.nd by the di fferentfal sensitivity of different 

ple.nt varieties or species to NI\- concentr o.tion . 

The sou-rec of nitror,en not only D.ffects nitrate reductase activity 

and t heref ore the nitrate reducing c;,_pac ity but also alters the N metabolism 

of the plant (Mulder _et a l 1959 ). It has been shown that mr
4 
-treated tomato 

plants cont::i.ined a hie,her level of amide, free NII
4

- N and free basic amino 

acids than N0
3
-treat ed plants. The content of mal ic ac id in the NH4-plants 

was t en t imes lower than that in the H0
3

-pio.nts (Margolis 1960; Harada et al 

1968) . The detoxication of NII
4 

+ by trico.rboxylic ac i d intermediates by 

ass i milating NH
4 

+ into harmless nitroe;enons const ituents lead to lower con­

tent of or ganic acids (Bonner 1950) , a general deplet ion of carbohydrates and 

reduced uptake of cations Ca, Hg , K o.nd Na (Woolhouse and Hardwick 1966; 

Montoya and Williams 1967 and Kirk b;y- 1968 ) . While Har ada e t al ( 1968 ) 

attributed the r educed growth of NI14-treated tomato plants to the toxic effect 

of high r-m
4 

concentration, and to the abnormal metabolism of organic acids, 

Woolhouse and Hardwi ck (1966) believed that it was caused by the effect of 

NH
4 

on t he potassium ru1d phosphoi·us me t abolism. Kirkby (1 968 ) in a study of 

the i nfluence of the form of 1\f,.:rntrition on the inorganic cations in the 

leaves of various plant species he ./1 00 g . dry wt) has obtained the following 

results for tomato pl ants. 

---------· _N~source Ca i1R. JC N8. Total 

NOJ 161 30 r. r:1 
..,hj 19 268 

NH
4 

62 25 20 -, 15 131 

In addition Montoya fLnd Willie.ms ( 1967) have shown t hat the growth 

of celery and the plant concentration of the major cations (Ca , Kand Mg ) were 
-1- + 

bot h r educed by IftI
4 

• The foter action be tween Nl1/4 and Mg prevented an 

adequate uptake of Mg by the celery plants and resulted in leaf chlorosis. 
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Differences in the cation contents of l eaves supplied with NH
4

- N as compared 

with N0
3

- i,I may be reduced if t he :rw
3 

.. r eduction is taking place in the root 

instead of in t he l eaf . Thus the site (leaf or root) where N0
3

- reduction 

occurs may be to some extent accounts for the different res ponse of different 

plant species to variations in the form of N-nutrition . The monocots (rye 

and oats) were comparatively much less sens itive to N}\- nut rition (as com­

pared to N0
3

- nutrition) than tomat o, cheno,eoc.1 ium album , Buckwheat and Mustard 

in dry matter leaf yi elds is p:robabl y because of this difference in the site 

of uo
3

- r eduction . 

The pH value pl ays cm important r ole in t he utilization of N"tI4- N. 
+ 

At optimum pH bean pl ant can effectively convert the abs orbed NH
4 

t o organic 

nitrogen compounds in the roots . Thus the movement of .NH
4
+ to shoot is 

+ 
restricted, a.rid the detrimental effect of hi gh NH11 concentra tion in the 

leave s is pr event ed or l essened. Sheat and co-worker-$,··. (1959 ) reported 
+ 

that NH
4 

could be used effectively for gr owth of exised t omato roots only 

when pH was maint ained be t ween 6. 8 t o 7.4. Incidentelly t his pH range is 

paralled t o the optimum pH of 7.5 for t he a c t ivity of the tomato enzyme 

nitrat e reductase. 

The i mportant r ole of potassium on ammonium utiliza t ion in tomatoes 

has been shown by Maynard ( 1967). He found that t he appearance of d i stinctive 

lesions on tomato stem and t he poor growth of tomato plants grown under high 

ammonium salt conditions were relat ed to high NH
4 

- K r atios in the plant 

mat e rial. Thes e stem l esions were pr evented and normal plant growth restored 

by the add ition of potassium, 

1 .4.1 Vari ation of l~ conter:.t o(_t he toma.t o....12l ants with~ 

2.nunvironment a l ___ cg_p_q_t_~_j,011!~ , 

The N-content of the to,nato plant varies with pl ant parts and time, 

and can be eas ily alter·ed by environm2ntal conclit,ions . According to Ward 

(1964) the t ot al per cent age nitrogen in l arninnr tis s ue i ncr eases gradually 

f r om the bottom t o the top of the plunt while the reverse occurs with the 

percentage nitrogen LD the pe tiol es , 

The N-content of tomnto pl ants decr em,es with the age of the plant 

(Ward 1967_; Anon 1969 ). Cad~,hin 1.cnd Her no.nds (1 965 ) reported that the 

nitrate content of tom8.t o pl ants began t o decline at t he time when the flower 

buds wer e formed. Two periods of massive uptake of nutrie nts ( N, Ca, Mg, P 

and K) were observed fallowing the (~ppear ance of macroscopic floral buds, and 

during anthes is . A port fro in the long t e r m influence of the plo.nt growth on 

the total pe rcentage nitrogen the short ter~ r e spons e of t he tota l percentage 

nitrogen in to~ato plnnts t o t he environmenta l cond itions is sensitive, result-
!,..,,,' "Y 

MASS!: i' L .. :. '..'.:S ITY 



10 

ing in considerable fluctuations. Thus conditions s uch as the withdrawal of 

N supply, aer ation or wat er supply for n short duration which curtailed 

nitrat e uptake will result j n sti r.mlated r ate of nitrate absorption when 

normal conditions had been restored (Gates 1857; Alberda~~ al 1964; 

Ward 1969) . 

The form of nitrogen also affects the N-content of tomato plants. 

Although both t he NH
4 

and nitrat e nutTition had little effect on the contents 

of pr ote in-i'J, the soluble N- content was higher .in NH
4

- treat ed than N03-fed 

plants (Harada et ~l 1968 ). 
The effects of source, concentration and pH on percentage nitrogen 

i n the tomato leaves had been studied by White (1 969 ). When nitrogen was 

provided as No
3 

or urea increased l evels of N-nutrition caused an increase in 

l eaf nitrogen r eaching 5% to 6.1 % r espectively at 1000 p.p. m. The pH had 

little effect on percent age nitrogen. However when nitrogen was supplied as 

:r:m
4

- N the pH had a marked effect en percentage nitrogen in the leaves; at pH5 

a curve similar to those for urea and nitrate was obtained, at pH? the leaf 

nitrogen was increased t o 7. 5% c.t 1000 p. p. m., and at pH3 an increase in 

NH4-N concentration caused l eD.f nitrogen to decrease to about 2%. 

1.5 Genetics of growth and nitrogen metabolism in the tomato. 

The a im of the plant breeder is to produce better genotypes. To 

accomplish this, he must know the magnitude and nature of the genetic 

vatiation that exists in the breeding population. In addition a knowledge of 

the magnitud e of the genotype-environmental interaction var iance and genetic 

correlations among plant che.racters is also essent ial in devising and 

increasing the effici ency of the breeding progr run . 

Hanson (1 963 ) and Robinson (1963) have discussed t he concept of 

heritability and its uses . Hhile he.rito.bility of q:uo.ntitative characters 

varies markedl y between chor c:.cters a.'1d popul.s.tions, its det er mination 

( particularly if determined ovei· c. wi de r o.n2,e of environmental conditions) 

is a powerful genetic tool for the plant breeder. 

Tomato plants ar e lrnoi,m to exhibit gr eat genetic vario.bility and 

genotype-environment al i nteractions (Rick 1956). Whereas inheritance of 

various quantitative chnracter3 concer ning f ruit yield and quality has been 

ext ens ively s t udied , few exper.iJrents have examined the in'.:eritance of 

growth indices of tomato plants . '.:'o date there appears to be no published 

work on the heritQbility of RGR of po.rents and crosses of tomato plants grown 

under differ ent l evels of nitrogen . 
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1 .6 Inheritance of chlorophyll. 

The segregation of gr een and yellow plants in o. .-fendelian r atio 

of 3 G = 1 Yin F2 and F-:, heter ozygotes obt )ined by crossing green and 

chlor ophyU deficient pl;nts had been observed in bengn.l pr an (Sandha and 

Ch:.1ndr a 1969) and soya beans (Wilcox and Pr obst 1969) . 



CHAPI'ER 2. 

2. Haterials and :-1ethods. 

2.1 Experiment One . 

2.1.1 Introduction. 

This experiment was designed t o study: 

(a) differences in RGR between two tomato varieties and their F1 hybrid 

grown under three levels of :Jitrogen; 

(b) whether any differences were due to vn.:r i ation in NAR, LAR, or both; 

( c) the time period over which any RGR differences occurred; 

(d) the effect of three N leveln on gr owth at specific developmental 

stages occurring during the entire 7-week growth period, and t he 

differences in ef ficiency of N-utilization among parents and hybrid 

as measured by dr y matter production per unit of N uptake; 

(e) any changes in chlorophyll concentration of a specific leaf of the 

tvfo panmt varieties and their F 
1 

hybrid as influenced by time and 

n supply . 

2.1 . 2 ExperimentQl materials and layout. 

Seeds of each of the two parent varieties potentate/1 sps and 

yellow seedling ex Maia sps 3 ( 16b) and their F1 hybrid wer e germinated on 

3/6/69 in a medium consisting of 50% peat and 50% river sand at temperatures 

of 65-7o0c. Nine days from sowing, the seedlings were transplanted into 

6- inch square plastic pots containing local fine- medium river sand . The 

seedlings were gr ouped into 4 complete r andomised blocks, arranged on two 

8 by 4 ft . wooden benches on one side of a 20 by 26 ft . glasshouse. The 

combination 0f J tomato lines, J nitrogen treatments and 7 harvest times with­

in each replication gave a total of 252 plants . The temperature of the 

glasshouse was not al.lo-wed to dr op below 60°F. The experiment extended over 

a 7- week period commencing on 12/6/69. 

E,qual amount s of Hewitt ' s (1966) nutrient solution containing one 

of three N l evels (57 ,170 and 340 ppm) were supplied to the tomato plants 

every altern~tive day throughout the experiment. 

the solution is given in Appendix I . 

The exuct composit ion of 

The amount of nutrient solution added to the tomato plants was 

increased with the growth of the plruits to ensure that adequate nutrients 

(other than N) wer e available . Accumulation of salts in the pots r esulting 

from transpiration and evaporation of wr.ter was prevented by flushing each 

pot ever y week with water prior to ~pplication of nutr ient solution. 
Lateral shoot s were r emoved as soon as they appeared. 
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2.1 ,3 Sampling technique. 

A total of 36 plants, (one plant from each treatment/line combin­

ation from each replicate) was harvested every week and the plants were 

separated into leaves, stems and roots . After each harvest, the position 

of the remaining plants within each r eplicate were re-randomised. 

The separated stem, 100.ves und roots were oven-dried at 8o0 c to 

constant weight and before weighing were allowed to cool in a desicator 

containing anhydrous Cacl2• The dry weights of the leaflets from harvest 

5 to harvest 7 thnt were used in determination of chlorophyll concentrations 

were estimated separately, using leaf-area weight relationships determined 

at each harvest . 

Leaf areas were deter1:iined initially by the blue-print method, 

and l at er by an airflow planimeter. The choice of these methods was based 

on their accuracy and practicability. 

2.1 ,4 Nitrogen de t er mination. 

The total N content of the oven-dried tomato plants was determined 

by the Kj eldahl method using selenium as a catalyst. At the first harvest, 

all the 4 replicates of each variety/treatment combination had to be pooled 

to give enough dry weight for N determinations . For the same reason, in 

the second and third harvests the first and second, and the third and fourth 

replicates were pooled respectively. From harvest 3 onwards, the stems, 

leaves and roots of a plant were ground together in a mortar and pestle. 

Results are e:xpressed ns % N on a dry-weight basis. 

2. 1. 5 Phlorophyll determination . 

The deter mination of chlorophyll concentration of tomato leaflets 

was carried out on 5-, 6- ,md 7- week-old plants . Each week, terminal 

leaflets from the 7th. leaf of each t omato plant were removed. As each 

leaflet was sampled, its outline was traced on to a standard paper (for 

subsequent determination of the le::.,flet area), aft er which it was tempor­

arily stored in a refrigerator until all plants had been s ampled. Each 

sample was then treated in the following sequence: 

(n) The l eaflet was i mmersed in boiling water for a few minutes to kill 

the enzymes that might cause the chlorophylls to brealc down and also 

to f acilitate chlorophyll extraction. 

(b) The leaflet was ground in a mortar and the chlorophyll was extr acted 

with absolute ac cetone. 

(c) The extract was then centrifuged using a Bench Centrifuge B.T.L. 

(Type M202) at 3000 r pm for 3-5 minutes to remove the leaflet debris. 



(d) The supernatant was tr811sferred to a volumetric flask and made up 

with absolute acetone to 25 ml. 

14 

(e) The extract was shaken, an e:.liquot transferred to o.n absorption cell, 

and its absorbance determined at wavelengths 649 o.nJ 665 with an 

Hitachi spectrophotomet er (,:1odel 101 uv-vis). 

The r~omponents of the chlorophylls v.1ere determined by equations 

of Vernon ( 1 960). 

Total 

Chlorophyll o. (mg/litre) 

Chlorophyll b (mg/litre) 

Chlorophylls (mg/litre) 

= 

= 

= 

11 . 63 (A665) 

20 . 11 (A649) 

6. 45 (A665) 

2. 39 (_A,£49) 

5. 18 (A665) 

+ 1 7. 72 (A649) 

The chlorophyll concentration wo.s expr essed on lenf area and dry 

weight basis . The dry weight of the leaflets was estimated from the leaflet 

area: weight relationship. 

2 . 1 .6 Calculation o(_ v-.rious growth correlations and indices . 

The percentage of stems , l eaves and roots, shoot/root ratio, 

specific l eaf weight, specific l eo.r area were all calculated on dry weight 

basis, using the experimental figures . Estimat ed figures of log dry 
e 

weight of entire plant G.nd plant parts , ::ind l eaf ar ea were obtained from 

derived quadratic equations, in t he fo llowing forms: 

log w = a + bt = ct2 
e 

log A = a + ft+ gt2 
e 

where w = dry weicht (mg ) of entire plRnt or plant parts . 

A 2 and = l eaf area (cm ) 

t = time in weeks. 

These estimat ed f i gures wer e used in calculc:.ting the various 

growth parruneters following t he method used by Hughes and Freeman (1967) . 

Instantaneous r el ative growth r ates of the entire plant and plant 

pm'ts of each plant were obtained by differentiation of the respective 

quadratic equations to give 

RGR = d (loge W) = 1 _gy/ = b + 2 ct 

dt W dt 

The l eaf area r atio of each plant was obtained using the formula, 

antilog (log A - log W), while the instantaneous net assimilation rates for e e e 
the entire plant and plant parts were derived as follow: 



NAR ::: RGR ::: d (log W) - "..:.1tilog (log A - log W) __ e___ e e e 
LA.R dt 

NAR = d (log W) - c.ntilon (log A - loe W ) s e '-•e e e s 
dt 

NfJ1. ::: d (log W) - ,,ntilog (log A - log w1 ) 
-- e e e e 

dt 

NAR ::: d (log W) - .~::itiJ.og (log A - log W) r e r 'e e e r 
dt 

where W = clry weight (mg) of org2.ns s pee if ied by the 

subscripts . 
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In addit ion, correlations between vcrious gr owth parameters were 

c iil..culated. Electronic calculators were us ed for nll calculations . 



2.2 Experiment two. 

2.2.1 Introduction. 

The s econd experiment was set up to study:-

( a ) The effect s of 2 N l evels ( 28 re1d 280 ppm) on various plant 

character s such as ownulettive increments of fr esh weight, stem, 

l enf production c..nd side shoot production of t he 2 pnrent 

vnrieties and their F1 hybrid . 

(b) The effect s of N l evels, l eaf age and leaf position on the r ates 
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of apparent leaflet phot osynthesis and r espiration of the varieties . 

(c) The var i et al differ ences in r oot respiration r at es and the effect 

of N l evels. 

(d) The varietal differences in certain l ea.f characteristics (specific 

l ea.f weight, leaf t hi ckness index , stomat al density and l ength, 

'"lnd mes ophyll cell nwnber) which might be r el c.ted to the efficiency 

of photosynthesis; and the response of t hese leaf characters to 

two N l evels. 

(e) The effect of N l evels on the reproductive habits of the varieties. 

(f) The effect of N levels on chlorophyll concentration of the varieties, 

2. 2. 2 Experimental mat erials and layout. 

For this experiment, plants of each parent variety and of their 

F1 hybrid were gr own individually in 75 ml t est-tubes in solution eulture. 
There were thus two nutrient solutions (see Appendix I I ) containing 28 and 

280 ppm nitrogen , r espectively and 3 vu.rieties, these with 4 re plicat es, 

provided n tot al of 24 plants. The exper irnent, 1 des i gn is sho"Wn 

diagrammatically in Fi g. II .t 



Rep. 1 

Rep.2 
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------------------Nutrient solution 

- -- -----· 1-· --- -- -✓ ,--i-----Ca.pillary tube . 
·. -~ ·- --':.:~ ,____ . .i . o __ c-'...\ I 

·' - -___ - ' R -::i 

-
·_ , _____ ..,_:·.~-.:~ .. ~---1- __ ,. -i-"-j r .. - , ,,ep • ./ 
,. .,:;I- -;- -. ---:!.- -· I 

~' I ' - I , .....1.-~--- .... -· _........- .~, '° ·1 -l---·---Test tube 
... ---- . ~ .. --f.:;;·{ ..... :-~~ ~.: - .: _ .. t . .;' --· ···- . . I 

' ··- ~---- -··' 

.fig. II. 1. Aerial View of the Exper imental Layout. 

Ea.ch tube wns supplied continuousl~ with nutrient solution 

siphoned f r om a reaGent bottle ( containing either high or low N nutrient 

solution) by means of plastic cc:,pillary tubes . The nutrient solution was 

topped every morning and the nutrient solution was completely r enewed every 

week. The bottles containing the nutrient solution were cover ed with tin 

foil to minimise eve.por ati on and algal gr owth. 

The plants wer e gr o-wn in nutrient culture over a per iod of 3 weeks, 

during whi ch severn.l measurement s ( see 2. 2. 3) were made before they were 

transplanted to 6-inch pots cont aining r iver sand. Aft er this, the plants 

wer e allowed to adjust t o their new growth medium for 14 days before further 

observations nnd measurements of various plan~ chn.racters wer e ma.de. 

2. 2. J Sampling t echnique . 

Cumulat ive fresh weight increments of whole pl ants wer e measured 

at weekly intervals for 3 weeks, while the cumulative increments of l eaf 

production and side shoot production were measured throughout the experiment, 
which last ed for 15 weeks . 

When measuring fresh weight , t he plant was superficially dried 

with blotting paper befor e weighing to the nearest mg. The length of stem 

was measured to the nell!'est cm. The plants c:nd t he capillary tubes wer e 

r andomised aft er each weekly mei~urements, care being exer cised to avoid 
damaging the pl ants . 

2. 2 .4 Gener al observations and measurements. 
2. 2. 4. 1 :-rea:::urement of net photosynthesis . 

Suitable l eaflets from young fully expanded leaves of t he 2 

tomato varieties and their F1 hybrid , were removed nt a specific time 

(8 .30 am.) and their net phot osynthetic r ates , as indicated by their 

app:u-ent rates of oxygen evolution, ·were determined using a Gilson differ­

ential r espirometer accor ding to the method of Wilson fil al (1969) . 
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2 ml ef _a buffer solution, consisting of 0. 2 M Na26o
3 

and Q.2 M 

~nH so3 (1/9 v/v at '). 2 M) (Wilson et al 1969) , and O. 5 ml of distilled 

water was placed in the reaction vessel and central well of the Gilson flaak 

r espectively. The tomato leaflet was carefully placed into the central 

well in such a positi~~,that the blade of the leaflet lay horizontally with 
I 

the lower epidermis f acing the light source while the stalk of leaflet was 

immersed in the distilled water. The gas evolved during photosynthesis was 

measured at 10-minute intervals over 2 period of 6 hours a t 3 light inten­

sities ( 590, 970 and 1300 lumens/ft. 2) as meo.sured by a light meter ('.fodel : 

70113). Different light intens ities wer e obtained by interchanging screens 

of sarlon netting. with differ ent mesh sizes . The Gilson flasks containing 

the photosynthesing systems were immersed and shaken in a water bath at 

25°c and illumination from below was provided by 14 30W incandescent lamps . 

During changes of light intensity, the whole system was allowed to equili- · 
brate for half an hour before the r eadings were r ecorded . 

The appar ent photosynthetic r ates of a total of 24 leaflets of 

similcr size and physiological age wer e determined in 2 successive days . 

This procedure was repea ted weekly, using leaflets from different positions 

with comparable physiological age, so that during the 3- week experimental 

period the effect of increasing physiological age and l eaf position could be 
examined. 

The apparent photosynthetic r ates of the tomato leaflets were 

expressed as ;ulO/min/ cm
2

, ;uio/~in/mg fresh -weight, and ;uie>/min/mg dr y 

weight. In leaflet five, the photosynthetic rates were also expressed as 

;ulo/min/mg of chlorophylls. The l eaflet area -was determined using a 
planirneter. 

2. 2.4.2 Measurements of respiration r ates_Qf.__~~aflets and roots . 
Leaflet respiration. 

The r espiration r ates of leaflets and roots were deter mined using 
a Gilson respirometer. 

2 ml 20% KOH (W/V) and 0.2 ml of distilled water was introduced 
into the r eaction vessel and central well respectively. As before, leaflets 

were removed in the morning at 8. 30 a. m, , and each was placed in the central 

well of u separate Gilson flask with the stalk in close contact with the 

distilled water, while the blade of the leaflet was exposed to the atmos­
phere inside the flask. The srune procedure, used in the determination of 

photosynthetic r ates, was followed except that r espiration was measured in 

very dim light. The o2 consumed dur ing respiration was measured at 10-

minute intervals over 3- hour period at a t emperature of 25°c. 



The r espiration r ates of 6-week old tomato l eaflets from the 

fifth leaf, and of 3-week old l eaflets f rom leaves 9 t o 14 were determined 

on 15-16/4/70 and 22- 23/4/70 r es pectively. 

~oot respiration. 

In order to obtain roots at n similar physiological age , a 6-
inch plastic pot containine, perlite w::1.s placed underneath each of the 24 
pots housing the experimental pl <'lnts . After enough roots had grown into 

the perlite (approximat ely one week ) they wer e r emoved 3.Ild their r espiration 

r ~tes wer e deter mined. Jensen (1 962) has stat ed that t hs determination of 

tomato root respiration by me ~suring. ~2 consu~ption is mor e r eliable than 

measuring CO2 evolution. The s ame proc edure used in det er mining leaflet 

respiration was therefor e us ed t o det er mi ne root r espiration, except that 

measurements wer e made in complet e darkness, achi eved by covering each of 

the Gilson fl asks with tin foil. 

2. 2.4.3 Chlorophyll deter mination. 

The procedure us ed in exper iment one (2.1.5) to measure chloro-

phyll concentration of leaflets from leaves 4 and 5 was followed, except 

that 80% acetone was used as the extrnctant instead of ~bsolute acetone. 

In order to increase the precision of leaf area measurements us ed in express­

ing chlorophyll concentrations, 3 r andom l eaf discs from each leaflet 

(s runpled by means of a cork borer of known diameter) were used for the deter­

minations~ An additional 3 l eaf di scs from each leaflet were used to estab­

lish a l eaf weight: ar ea relationship, in order to express the chlorophyll 

concentrations in t erms of dry we ight. 

2.2 .4.4 Measurements of stomat nl l ength and density. 

2 or 3 fully-matured l enflets from leaf 9 fro m each of the 24 

plants were r emoved and kept moi s t ened in s epar ate containers. Pieces of 

the lower epidermis of the l eaflets were r emoved using n r azor blade, 

placed in n drop of water on a slide, and covered with a cover slip. The 

length and density of stomata were meas ured using a microscope fitted with 

an ocular micrometer (obj ective X40 and eyepiece X10; one division of 

ocular micrometer= 0.00318 mm). 
In determinations of stomatal density, whole and more than half 

stomat a falling within half the f ield of vision were counted. For each 

plant, a total of 5 r andomly sampled fields were examined, and the mean of 

these 5 s amples was used for subsequent statistical analysis. The cellulose 

acet at e technique ( North 1956 ) was attempted, but was abandoned becuuaE> of . 



the difficulty in re moving the film from the epidermis. 

2. 2.4. 5 ~e_4§._~re~nt . of r:iesophyl3:._.~ell nwnber:. 

A method somewhat similn:.' to that used by Brown and Rickless 

(1950) was employed . 
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From each plant, J l enf discs from fully- matured tomato leaflets 

from leaf 9 were macerat ed in 2 ml of 0. 5% chromic acid in a 50 ml test tube. 

The tubes were l eft for 2/4 hours to allow the chromic acid to dismember the 

tissue before the lenf discs we r e further disi.11.tegrated by sucking the cell 

suspension vigor ous ly in nnd out of a pipette until no aggr egat e of cells was 

visible . Then , by means of a o. 2 ml pipette , a sampl e of the cell suspension 
2 was transferred to a haemacytomet er (Mod-Fuch area= 1/16 mm ; depth= 0.2 mm; 

and total squ.e.res = 144). A cover slip was applied and the mes ophyll cells 

were counted under a microscope . Two measurements were made for each 

r eplicate . The cell suspens ion was shaken before each sampling, and the 

pipette containing the cell suspension was held horizontally while moving 

from the test tubes to the haemacytomet er. 

The cell numbers wer e expr essed in t erms of leaf area , and leaf 

dry weight. 

2.2.4.6 M~isurements of other___p~c!..~L~haracteristics. 

Ve@tative character s . 
The following measurements were t aken: 

Leaf : Specific leaf wei ght= l en.f dry weight (mg)/leaf area (cm2 ). 

Leaf thickness index = (freJh weight - dry weight)/lell.f area, 

assuming the water content to be a function of volume (Hurd 1968). 

Number of l eaflets in the s eventh leaf; number of leaves before 

first inflorescence ; number of l eaves between the first and seco~d 
inflorescences , and be tween the second and third inflorescences; 

and cumulative weekly l eaf production (number/week). 

Shoot: Cumulative weekly stem ext ens ion; and side-shoot production 
before the first inflores cence. 

Reproductive cho..--r a'." +,er s .. 

Number of days to anthesis ; the position or height of the first 

truss; nwnber of flowers and primordia in the first, second and third trusses. 

Det ermi.~ations of fruit quality (pH and sugar content) were aban­

doned because of the appearance of mineral-induced foliar symptoms, leaf 

mould and botrytis diseases during fruit ripening. 



2. 3 Experiment Three 

2. J .1. Introduction 
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The aim of this experiment was to examine the heritability of whole­

plant r elative growth rate amone F
3 

flli~ilies der ived from the cross Potentate · 

X Yellow seedling. In particular, the contribution of the 11yellow" 

characteristic to the total genetic vu.riation in relative growth r ate was 

investigr>.ted . The parents , F1 , F 
2

, and both backcrosses ( using the original 

parents as females) were included in the experi ment for comparison, but not in 

the genetic analysis; these are subsequently r eferred to as ancillary groups , 

and famil i es refers to F3 f a~ilies. 

2.3 . 2.Ma.terials and methods 
Seeds of the various f amilies and ancillary groups were obtained as 

indicated in Fig. III .1 . The yellow seAdling characteri3tic segregated in a 
2 

1 : 3 ratio in the F 2 (e. g. 7 yellow plants : 26 green plants; 1' = P= 0. 252 N.S.) 

Because of poor flowering and f r uiting in F2
1s carrying the yellow character, 

r elatively small numbers of F3 seeds were obtained (by acid extraction) from 

these plants . 

p 

I 

Ys 
i 

tx' : ....... 

Ye 

Fig. ri:. 1. Methods of producing seeds of F3 families and ancillary 
gr oups used in exper iment 3. 

Of t he 33 F3 families initially produced, 2 were rejected because of 

insufficient seeds , and a further 14 were rejected because of poor (non-uniform) 

germination. The final analysis was therefor e based on 17 families, and of 

these, 5 were found to be homozygous for t he yellow character, 6 were heter-
, 

ozygous and 6 were homozygous green. 

Seeds of t he 31 families and 6 ancillary groups were germinated in 

sand covered with perlite in 6-inch pots in the glasshouse on two occasions 

(8/9/70 and 18/9/70), and transplanted to 4- inch pots (also cont aining sand) 

on 19/9/70 and J/10/70 respectively. Because of the number of s eedlings 

involved, it was necessary to use a separate glasshouse (controlled to allow 

maximum and minimum t emperatures of 75°c and 65°c respectively) for each 
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planting date. On each occ c:1.sion , sufficient seedlings of each family, and 

ancillary gr oup vJere s01.m t o allow for 2 r eplicat es , 2 harvest dates and 2 

nitrogen treat ments (28 p.p . m. and 280 p . p . m. Nin nutrient solutions 

applied daily; see appendix II . for details) . The exact nurnber of seedlings 

in each family varied due to lu1equa l ger mination, occasional deaths etc., 

but as fur as possiole the 1L.1it of measlL~ement for each family/harvest/ 

N treat ment/replicate combine.tion was 6 seedlings . 1'.,or convenience of 

application of nutrient solution, seedlings of a measurement unit were 

grouped together, and the units were randomised within replicates. Although 

initially there were thu9 4 replicat es (1 and 2 in one glasshouse, 3 and 4 in 

the other), it was subs equently decided to pool r eplicat es (1 and 4, 2 and 3) 

in order to increase the size of the measurement unit; this was necessary to 

avoid extreme variation i n the r atio of yellow: green seedlings in families 

and anc illary groups exhibiting segregation for the 11 yellovf' character. (It 

was not always possible at t~a.nsplantinG to distinguish between yellow and 

green seedline.s ). 

Harve:=its were me.de 3 and 5 weeks after transplanting. At each 

harvest, the 6 plants of a unit were vJashed free of sand, bulked together, 

dried at 8o0 c for 48 hours and we i ghed as a unit; wher e the number of plants 

was less than 6, t h i s also was r ecorded. In the case of families and groups 

segregating for t he yel l ow character, the s eedlings in each category in each 

unit wer e weighed s eparately, t he number a l so being recorded . From the 

r esulting whole-plant dry weight data, r e l ative growth r ates between the 3rd 

and 5th weeks were calculat ed as described below. 

2.J .3. Statistical Ann.l_ysis ofY,.t a . 

Calculation of Relative Grouth Rat e :=i . 

Prior to calcula·~•ing r elative growth r ntes , the dr y weights of the 

measurement units of famili es and groups s egregating for the yellow character 

wer e adjusted to avoid err ors due to tu1equal r atios of yellow : green 

s eedlings . In making thi::i ad justment , the mean weights of the yellow and 

green seedlings in each unit were obtained (after pooling the original 

replicates as described ), and natur&l logarithms of these means were taken. 

For each unit the l ogemean weight of green s e edlings wo.s then multiplied by 3, 
the logemean weight of yellow seedlings was added , and the total was divided 

by 4. In this way a merui loied:ty we ight of individual plants in these 

famil i es (or groups) was obtained for each family (group) / N treatment 

combination at each harves t. For f amilies and groups not segregating for 

the yellow character, mean logeweights were obtained by simply taking lot?:es. 

of the mean weights. Relative growth rates of all families and grouP3 
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between the .3rd and 5th weeks were then calculated using the conventional 

formula 

RGR (mg/mg/week) = loge W2 - loge w, 
t2 ~ t1 

Where w1 and w2 are mean dry weights of single plants (rng) at times 

t 1 ( 3 weeks ) n.nd t 2 ( 5 weeks ) respectively. 

These (:crived data wer e then n.nulysed in two ways . First an 

analysis of variance of RGR of all 23 f::milies CU1d groups was curried out to 

compare the perfor mance of t:.10 purents, F1 - F
3 

hybrids and backcr osses . 

Second, r;.11 <l!lalysis of varic.nce of RGR of F
3 

f~nilles alone was performed , 

and t he broc.d-sense heritc.bility (il) of RGR was derived from the expected 

mean squares as shown in Table III.1 . 

TABLE III . 1 . 

GE~\JETIC ANALl'SIS OF RELATIVE GROWTH RATE AHONG FJ FAMILIES 

DERIVED FROM THE CRCSS POTKJTATE X -:iELLOW SEEDLING. 

Replicates 

N levels (N) 

Families (F) 

F X ~ 

Error 

Total 

-~ 

d . f . 

R - 1 

N - 1 

F - 1 

(F- 1 )(N- 1) 

( R-1 ) ( FN- 1 ) 

RNF - 1 

+- Herite.bility (H) = 

Expected Mean Square 

4" 
2
E + Rd' 2 

FN + RN ~ 2 F 

a~+ R<f' 2 
FN 

<12E 

6 2i,, + u ¼JL. + c¾_ 
N RrJ 

· His the herit2bility of a f&~ily mean RGR, based on a unit of 

average size 8 . 5 individuals, (usine formul:1 'fl. = 1 ( N _ .tn. 2 ) 
o ( a- 1 ) N 

from Snedecor and Cochro.n (1968) p, 290) . 

In order to exrunine the genetic variation in RGR nfter eliminating 

individuals homoz.vgou.s for the 11yellow11 cha.racter , u third analysis was 

undertaken. For this purpose, all yellow s eedlings were excluded from the 

analysis, and means were bnsed on weights of green seedlings only. After 

calculating relative growth rates, a genetic analys is was again carried out 

using the 12 families cont~ining green seedlings . This allowed a crude 

comparison of the genetic (family) variance in RGR before and after elimin­

atmg the effects of the 11yellow seedling 11 phenotypic condition. 



CHAPTER 3 

J. Experimental results. 

The details of the environmental conditions in the glasshouse during 

the first experiment are given in Appendi:x I I I. The mean temperature and 

relative humidity were obtained with a Uermohydrograph. Mean light inten­

sities outside the glasshouse, am] bright sunshine hours were obtained from 

Plant Physiology Division, and Gras sland Division, D.S. I.R., PaJ.rnerston North 

respectively. Details of the anal ys es of variance are given in the appendix .. 

3 .1 Dry weight of entire plant. 

As shown in Table I.~, there were significant differences between 

the two parent varieties and their F1 hybrid in loge weight per plant averaged 

over all harvests, with F1 hybrid exceeding both parents. However, loge dry 

wBight per plant increased very significantly with time in a curvilinear 

fashion as demonstrated in Fig. I.1. Thus, though there was no significant 

difference between F1 hybrid and Yellow seedling, and between the two parents 

at the first harvest, the difference in loge dry weight became increasingly 

significant with time until at the final harvest the loge dry wight per plant 

of Yellow seedling was 69% of that of Potentate and F 1 hybrid. As shown in 

Fig. I.1 the log
8 

dry weight per plant of F1 hybrid had an initial heterotic 

increase over the two parent varieties up to the fifth harvest; after which 

there was no significant difference between Potentate and F1 hybrid. 

The influence of nitrogen conesntration on loge dry weight per plant 
is shown in Table I.2. While no significant effects between the low (N1 ) and 

high (N3 ) nitrogen concentrations, and between the low and medium (N2) nitrogen 

levels on l~ge dry weight per plant over a 7-we ek period were detected, there 

was a signifieant difference between N
3 

and N2, with N2 being the apparently 

optimal concentration. 

J.2 DrY weight of plant parts, and leaf area. 

Table I.1 shows the varietal differences in mean log dry weight of 
e 

plant parts . In agreement with loge dry weight per plant, the average loge 

dry weight of all plant parts of F1 hybrid outyielded that of Potentate and 

Yellow seedling. 

The influence of nitrogen l evels on mean log dry weight of plant, 
e 

parts is shown in Table I.2. While weight of the roots did not r eact 

significantly to the nitrogen concentration t here were effects of nitrogen 

concentration on the loge dry weight of stems and leaves. In both cases, N2 
exerted a more favourable influence on the dry matter production of stems and 

roots than did N1 and ~ . Thus the effect of nitrogen concentration on log
0 
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dry weight per plant (J.1) was due to the influence of nitrogen concentration 

on dry weight yield of s tems and leaves. 

The interactions of variety x nitrogen on log dry weight of plant 
e 

parts ( Table I.3) were significant for log dry weight of stems and leaves. 
e 

Although N2 produced the highest loge dry weight of leaves (except Yellow 

seedling) and stems of all varieties, Yellow seedling did not respond 

significantly to the applied nitrogen concentrations. 

The changes of log dry weight of plant parts with time are shown in 
e 

Fig. I.2. In all cases, the di f f er ences in log dr y weight of stems, leaves 
e 

and roots between Potentate and F1 hybrid tended to diminish with time, while 

t he di ffe rences between Yellow seedling and Potentate, and between Yellow 

seedling and F1 hybrid became increasingly significant as the plants advanced 

in age. 

other interactions of f actors on log dry weight of plant parts were 
e 

not significant except for log leaf dry weight, where significant time x 
e 

nitrogen, and time x variety x nitrogen interactions were detected (Appendix IV). 

The influence of nitrogen concentration over time became significant 

from fifth week onwards where the differences be tween N2 and 1~, and between 

N2 and N3 became increasingly significant as the plants advanced in age. 

Fig. I.J shows changes in log leaf dry weight with time of Potentate, 
e 

Yellow seedling and F1 hybrid as influenced by nitrogen concentrations. It is 
apparent t hat within Potentate and Yellow seedling there was no significant 

res ponse of log leaf dry weight t o variations of nitrogen concentrations over 
e 

a ?-week growth period. But within F1 hybrid significant differences between 

N2 and N3 , and between N2 and N1 on loge leaf dry weight became apparent at 

harvest four, and five respectively and continued t o increase with time. In 

the case of N1 and N3 , a significant difference between them was detected only 

during the final harvest for the hybrid. 

Under high nitrogen concentration, t he log leaf dry weight of 
e 

Potentate and F1 hybrid did not differ significantly from each other but that 

of Yellow seedling became steadily lower in comparison with the other two lines. 

Under medium and low nitrogen regimes, si,"1ilar results were obtained, but at 
medium N there were also increasing significant differences between Potentate 

and F1 hybrid from fourth week onwards. 

Leaf area. 

The mean loge leaf area (cm2) of Potentate, Yel low seedling and F1 
hybrid differed significantly from each other ( Table I. 1 ) • However, the 

significant time x variety interaction (Appendix VI; Fig. 1.4) indicates 

that this overall superiority of the hybrid was due only to its larger leaf 



area during the first 4 weeks of growth. 

The inf luence of nitrogen concentrations on log leaf area is shown 
e 

in Table I. 2. Although the N2- and N3- tre~ted plants had higher loge leaf 

area than that of}½- plants , the differences were not significant as indic­

ated by the analysis of varia11ce (Appendix VI). 

J.J Shoot/root r atio and percentage dry weight of plant parts . 

Yellow seedling differed significantly from Potentate and F1 hybrid 

in mean loge shoot/root r atios, with F1 hybr id being intermediate between the 

two purents (Table I.1 ). Thus, by proportion, Yellow seedling had a compara­

tively smaller root system than that of Potentate and F1 hybrid to give it a 

higher log shoot/root ratio. 
e 
The shoot/root ratio of the tomato plant has been reported (Van Der 

Post, 1968) to fluctuate with time . In this experiment the changes of shoot/ 

root r atios of each variety with time are shown in Fig. I.5. As shown in the 

figure, a big increase in shoot/root r atios occurrod in Yellow seedling after 

the third harvest but this petered out with time to give just significant 

differences between Yellow seedling and the other lines in 4-week old plants, 

and between Yellow seedling and F1 hybrid in 5-week old plants . 

It has been known that the shoot/root ratio is influenced by 

reciprocal correlative influences between the aerial parts of a plant and its 

roots. Table I.2 shows the effect of three nitrogen levels on the shoot/root 

r a t ios. While N1 and N2 did not differ significantly in their influence on 

shoot/root ratios, NJ exerted a significant depressive effect on shoot/root 

ratios by decreasing the dry weight of stem and leaves (see 3.2). 

Percentage dry weight of plant parts. 

Tables I.1, I.2 and I.J show the ef fects of variety, nitrogen 

concentration, and variety x nitrogen interaction on percentage dry weight of 

various plant parts respectively. Overall varietal differences in loge 

percentages of stems, leaves -wd roots were significant between the two 

parents, and between the Yellow seedling and F1 hybrid (except loge percent­

age of leaf), but there was no significant difference between Potentate and 

F1 hybrid. 

Regarding the influence of nitrogen concentration, NJ tended to 

depross loge percentage of stems and leaves but to increase loge percentage 

of roots. Hence high nitrogen concentration appeared to inhibit the dry 

weight distribution to the aerial parts of the plants . 

The interaction of variety x nitrogen was significant only on 

loge percentage of leaf which occurred only in the case of Yellow seedling 

between~- and N2- plants (Table I.J). 



The changes in dry weight distribut i on 

fica.nt (Fig. I.6). Similar time trends of log 
e 

with time were very signi­

percentage dry weight of 

plant parts were found for Potentat a and the F1 hybrid, which did not differ 

in percentage composition. Initially Yellow seedling was proportionately 

higher in stem and lower in leaf than the other lines, but after approximately 

4 weeks these differences disappeared. hft er the 3rd week, the proportion of 

root was bwer in Yellow seedling. 

other interactions of factors on log percentage of plant parts were 
e 

not significant except for a minor interaction of time x nitrogen on loge 

percentage of stem. 

J.4 Growth parameters: relative growth rate (RGR), leaf area r at io (LAR) 

a.nd net assimilation rate (NAR). 

RGR and NAR ')fall varieties increased with time (Fig. I.?), while 

IAR reached a maxi.mum before declining. Similar time trends in these para­

met ers have been reported in tomato plants (Goodall 1945; Cooper 1965; Newton 

1966) and other plant species, examples wheat (Watson 1947) and Callistephus 

chinensis (Hughes Md Freeman 1967). A complex time x nitrogen level x 

variety interaction for NAR occurred (Fig. I .8), but this did not seriously 

affect a basic pattern of varietal differences . 

Yellow seedling had a consistently lower R.GR than the other 
varieties (Fig. I.7), due to its low NAR. On the other hand, the LAR of 

Yellow seedling was ultimately higher than that of the other varieties, which 
did not di ffer in LAR. The F1 hybrid initially had a higher R.GR and NAR 

than Potentate, but this heterotic advantage did not persist. 

The effect of nitrogen concentration depended on the variety 

(Table I .6) and varied with time (Fig . I . 8) . Initially, NAR of Yellow 

seedling and F1 hybrid increased with nitr ogen level, while that of Potentate 

decreased . RGR of Potentate and Yellow seedling reached a maximum at the 

intermediate nitrogen level, while that of F1 was greatest at the highest 

level. LAR showed no nitrogen effects . With time, there was a tendency 

for the nitrogen level at maximum NAR took place to fall (Fig. I . 8) . 

J .4.1 Relative growth rate , leaf area r at io and net assimilat ion rate 

as a function of total plo.nt dry weight. 

From the changes of growth parameters against time it was not 

possible to draw direct conclusions concerning the changes of growth para­

meters with plant size. For this r eason the changes of RGR, IAR and NAR 

were plotted against log dry weight. 
e 

As shown in Fig . I.9 the r elationship between RGR and log W was 
e 
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not linear. Since the F1 hybrid with a hiBher initial RGR (determined by 

coefficient b) increased at a slower rate (det er mined by coefficient c) than 

that of Potentate , the RGR of Potentate eventut>J.ly overtook and surpassed that 

of F1 hybrid after reaching the totnl pl ant dry weight of 3. 5 (mg, loge scale) ~ 

When IAR was plotted ag&inst total plant dry wei ght (Fig. I.10), i t 

was evident that LARs increased and then declined with incr easing plant size. 

At the beginning of the experiment, I.AR of Yellow seedling was lower than t hose 

of Potentate and F1 hybrid but increased at a f aster rate and subsequently 

exceeded those of Potentate and F1 hybrid at ~ total plant dry weight of 3 (mg , 
log scale) . The mn:xi rnum LhR of Yellow seedling was r eached at a total 

e 
plant dry weight of 3.8, that of Potentat e at 4 . 1 and that of F1 hybrid at 

3. 5. 

S imiln.r trends of Niill to tho time trends of NAR for the two parent s 

and their F1 hybrid (Fig . I. 7) wer e observed when NAR was plotted against the 

total plru1t dry weight (Fig. I.11) . Comparable increases in NAR with plant 

size have been observed in potatoes and cauliflower by a number of workers 

(see Hughes and Corkshul l 1969). 

Finally, the relationship between RGR and NAR and between RGR and 

I.AR for the two parents und their F1 hybrid are shown in Fig. I .12. In 

gener al, the relations were positive between RGR am. NAR, and negligible 
between RGR and I.AR. 

3. 5 Instantaneous relative growth rates ~nd net assimilation rates 

of plant parts . 

In general, relative growth rates of individual plant parts (Figs . 

I.13, I . 14, I.15) and 11ass imilation r ntes n of plant parts (Figs . I . 16, I.17) 

showed the same trends as thos e of whole plants (Fig. I.7) . Thus , Yellow 

seedling hnd consistently low growth and 11 ass.imilation r at es 11 , while the F1 
hybrid showed an initial heterotic advant age which was not maintained. The 

nitrogen r egime usually had relatively small effects on RGR and "assimilat ion" 

rates (Tables I.5, I . 6) and, where differences were significant, the inter-

mediate nitrogen level gB.ve the fastest growth r ates . These nitrogen 

effects were pr~narily due to the r es pons e of the F1 hybrid; the parents 

showed little evidence of nitrogen effects . Thus , significant variety x 

nitrogen inter action terms were frequently observed in the analyses of 

variance (A;1pendices VIII, IX). The only remaining significant int eraction, 

a time x nitrogen effect on 11assimilation11 r at es of stems, was of negligible 

importance (see Appendix Fig. 1~. 

Yellow seedling had, over all, ~ relatively low specific l eaf waight 
(Table I .4), but this effect t ook several weeks to appear (Fig. I .1 9; see also 
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the significant time x variety inter action in Appendix VI). Yellow seedling 

also hru:i the l owest r ate of leaf area expansion (RIJ,GR; Tabl e r .4). The 

other varieties did not differ in either of these characters, nor was there 

any effect of nitrogen l evel on SP3cific l ec.f weight. However, there was an 

inter esting time x nitrogen interaction for RL\GR (Appendix VI ; Fi g. 1 .18); 

the intermediate nitrogen l evel was consist ently better th~n the lowest level, 

but the high l evel sec!Tied initially to inhibit RIJ..DR and l at er to pr omote it. 

J .6 Chlor ophyll concentration. 

Yellow seedling had a chlorophyll cancentration l ess than half those 

of the ot her varieties (which did not differ significantly), irrespective of 

whether concentr ation was expressed on a. len.f !lI'ea or l eaf weight basis 

(Appendix XI; Table I.4) . The effect was consistent over all harvests . 

The nitr ogen level hnd no effect on chlorophyll concentration per 

unit leaf nren, but ench increase in the nitrogen l evel caused a signi ficant 

increase in chlorophyll per unit lea.f ,might (Table I.6; Appendix XI) in the 

varieties Potent at e and F1 hybr id . However, chlorophyll concentration of 

Yellow seedling did not increase with nitrogen l evel. 

3.7 Per cent nitrogen cont ent . 

As shown i n Appendix X analysis of variance of per cent ni t rogen 

content indicat ed the.t all mnin effects md int er action terms wer e very signi-

ficant for this char acter. The dat a is gr aphed in Fig. I . 20. The figure 

indicates the complex interr elationships between vari eties, nitrogen levels and 

time for % N. Over all , nitrogen regime had a surprisingly low effect on % N, 

suggesting (as is borne out by earlier r esults, e . g . dry weight accumulation 

o.nd RGR) that the lowest r egime in fa.ct provided sufficient nitrogen for plant 

needs during the early weeks of growth. Lat er, the low nitror,en r egime was 

clearly inadequate for Potentate and F1 hybrid, but not for Yellow seedling. 

In fuct , the ability of Yellow seedling to mc.intnin % N l evels (especio.lly in 

low N regime) ut a time when % N of the other varieties (not ably r1 hybrid) 

was falling guve it an overc.11 superiority whi ch accounts for the significant 

vnrietJ, effect in the unalys is of vari-mce table (Appendix X) . A logical 

interpretation of these r es ults is that either t he total amount or availabilit y 

of nitrogen in the r oot environment been.me limiting in the low N r egime as 

plants r eached a certain size (or RGR) --- a s ize or gr owth r ate t hat, during 

t he seven weeks of this exper iment, was attnined first by F1 hybrid , then by 

Potentate, and not at all by Yellow seedling . If this explnnution is 

~j.cepted then i t can be stated thnt, where nitrogen was nonlimiting (e .g. the 
high N regime until week 6) v:rriek.l differ ences in % N were unstable und 
probabl y negligibl e . 
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3.8 Nitrogen yield . 

Log N yield of each plant was obtQined by tnlcing the natural 
e 

logarithm of the product of toto.l dry weight and per cent N content. In 

gener al, the analysis of v&riunce of nitrogen yield (Appendix X) showed the 

same trends as that of plMt dry weight, indic::i.ting that plc.nt weight was a 

more important cause of N yield v:·.:ri;1tion than was % N. 

Thus, s ignif icnnt d iffercnces between vnr i eti es and nitrogen regimes 

for log N yi eld (Tnbles I ./4, I . 5) followed the same order ~s those for loge 
e 

total dry weight per plant ( sarre t o.bles ) • 

Simil arly, the significant time x variety (Fi g. I.21) und time x 

nitrogen r egime (Fig. I . 22) interactions for nitrogen yield are similar to 

those previously described for dr y weight (Figs. I .1 and I . 3 r espectively), 

and simply indic~t e that the ma.in effects of varieties and nitrogen levels 

took some time t o r each signif.'icE'.nce . 

Ignoring tirre trends, ther efore , the dQta indicates that Yellow 

s eedling had~ relatively low nitrogen yield, due to its low growth r ate , and 

t hut the intermedicte nitrogen roe ime was optiml for N yield of all vm-ieties . 

3.9 Rnt e of nitrogen utilization, 

The r at e of nitrogen utilization was obtained by a formula similar 

to that used by Clements (1 970): 

An = loge N2 - log0 N, 

where An= rate of N-utilization = average rate of dry 

weight increase per week per mg nitrogen 

absorbed between times t., and t 2. 

N1' N2 = N yield :J.t times t1 and t 2• 

w1, W2 = dry weight in mg of whole plant at times 

t1 and "t:z• 
Analysis of variance (1,ppendix X) indict.:t ed highly significant 

effects due to varieties, nitrogen concentrations, time , and interactions 

of time x v~riety and of time x nitrogen concentration on r ate of nitrogen 

utilization. 

The medium nitrogen r eeime :nroduced the highest r ate of nitrogen 
utiliz c·.tion ( Table I. 5 and Fig. I.24) with significant differ ences between 

nitrogen concentrations a.t the end of the experimental p.3riod . 

Yellow s eedling had a lower r at e than the other varieti es (To.ble 
I .4 and Fig. I . 23) , the r at es of which increased with time very much f aster 

than thn~ of Yellow s eedling. Initial ly, F1 hybrid had a rate superior to 



(but l ater only equal to) that of Potent &te . 

3. 10 Summary of r esults , e~peri~ent one. 

Essentially, t he results of this exp:3riment were as follows : 

(1) Yellow seedling h~d a low RGR, which was in turn due mainly to a 

low N/1-.R. For this r eason, at any given nitrogen level plants of 

other varieti es became pr ogr essively superior in dry wei ght to 

Yellow seedling wi th time. All plant pnrts showed essentially the 

same trend . 

( 2) Yellow seedling had a l ow chlorophyll concentration and a low specific 

leaf weieht , but its nitrogen concentr ation was similar to those of the 

other varieties . It had a high shoot/root ratio, due primarily to a 

high% stem; thus, its LliR W-a.S only marginally higher than those of 
the other varieties . 

(3) F1 hybrid closely r esernbled Potentate nlthough it did show some initial 

het er osis (in the first 6 weeks) for dry weight, l eaf area (6 weeks) , 

RGR (4 weeks), NAR (6 we ccks) , nitrogen yield (7 weeka) and r ate of 

nitr ogen utilization (7 wevks) . Gener ally, F1 hybrid showed a 

great er ability to r espond to the highest level of solution nitrogen, 

although this was significant only for a few clIB.r act ers (RGR, NAR) . 

(4) The nitrogen r egime had A. surprisingly s mall effect on mauy characters. 

The charact ers which were more sensitive to changes of nitrogen 

concentration, include dry weight of entire plant , of stem and of root; 

shoot/r oot r at io; relative growth r at es of shoot; 11 net assimilation 

rates 11 of shoot , of stem and of leaf; chlorophyll concentrati~n (mg/gm ); 

per cent nitrogen content; nitrogen yi eld and r at e of nitrogen utiliz­

ation. In addition, there were indications thnt high nitrogen level 

was detrimental to a number of charact ers, namely shoot/root ratio, 

and 11net assimilation r ates 11 of s t em and leaf. 



TABLE I. 1 !... 

Mean vnriot2.l d i fferences in. several plant char2cters 

measured in experime nt one. 
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plant /4 . 025 4. ·1 01 

Lo ri ~e 

le&f 

r oo·i:, 
2 

l eaf nren (cm) 

2 026) 2 . /400 

J . Y+·l 3 . 634 

2.:, 21 ?..L,37 

2.7,h ?..820 

N 340ppm N LSD 
501 ,o 1% 

4 , 003 o.oso IJ . 1 05 

2 . 201 0 . 087 0 .11 6 

3 .L185 0,082 o. 103 

?. . /466 N.S . 

2.?F38 N.S. 

., ~;seem 2.822 2 .. 8/.6 ?. . 777 N.S. 
I 

l 
l 

I 11 % l ec.f L:., r::33 L,,O?l 3,[/)S N.S, ~ 
I " % r oot J . 025 2,q2J 3.0.':-,3 0 ,120 0 .1 59 L II shooJ.:,/root :rat io 1,1.',9 1 ,43.3 1.2'19 C.1 38 0.1 82 

--------~--~---. ·------·- -----~ .. -· ..,. . . -~ ··-·----·· ....... .__ ... _____ .... _ , .... ---- - -- --



TABLE I. .,2. 

The mean variety X nitrogen concentration interactions on log dry e 
weight ( mg) of entire plant and plant parts, log leaf' area ( cm

2
), 

e 
log percentage of dry weight of plant parts and log shoot/root r atio. 

e e 
---
Potentate Yellow seedling F1 hybrid 

Characters 
57ppm N 170ppm N 340ppm N 57 ppm N 170ppm N 34uppm N 57ppm N 170ppm N 

Entire plant 4.2.67 4 . 356 4. 246 ) .. 2S 5 3 . 31 9 3 . 334 4. 514 4 . 629 

Stem 2.462 2. 581 2. 351 1 . 692 1 . 720 1 . 689 2. 6 54 2. 899 

Leaf 3. 795 3. 831 3. 811 2. 835 2. 817 2. 802 3. 994 4 . 255 

Root 2,719 2.709 2. 748 1. 519 1 . 61 9 1. 630 3. 023 2. 984 

Leaf area 3. 002 3. 116 3. 059 2. 183 2.129 2. 185 3. 167 3 . 216 

% stem 2. 771 2. 785 2.672 2. 9 51 2. 916 2.960 2.744 2. 838 

% leaf 4 . 099 4. 107 4. 11 6 4. CA O 3 . 993 4 . 066 4 . o6o 4 .11 4 

% root 3.06 5 3 . 008 3.045 2. 884 2. 812 2. 924 3. 127 2. 950 

Shoot/root 1.336 1.369 1. 261 1. 505 1 .497 1 .463 1. 208 1.433 
ratio 

340ppm N 5% 

4 .430 

2 . 564 0 .152 

3 . 841 0 .1 42 

3 . 020 

3 .1 19 

2. 698 

4. 059 o. CA2 

3.162 

1. 114 

ISD 

N.S. 

N.S. 

N .S. 

N.S. 

N.S. 

N.S . 

1% 

0 . 200 

0.1 88 

0.122 

I..,) 
I..,) 



34 
TABLE I. 4. 

\foan variet al differ ences in various growth 

char acteristics (over 2 7-wuek period ). 

Chur2cters Potentat e Yellow F1 hybrid ISD 
SeGdling 5% 1% 

RGR( mg/ mg/ week) 0. 935 0. 556 0. 961 O. CX:>6 0. 087 

2 LAR(cm / mg ) 0.307 ().327 0.282 0. 031 0. 04.1 

NAR(mg/c:n2/week) 3 .389 1 . 792 3 . 747 0. 347 0. 459 

RSGR(me/mg/week) 0. 969 0. 54n 0. 944 o. 051 0. 068 

R3hGR(mg/me/week) 0. 940 o. 571 0. 920 0. 034 0.044 

RIDR ( u ) () . 961 o. 597 0.905 0. 083 0. 030 

2 2; RLAGR(cm /cm week) 0. 859 o . 617 0. 816 0. 053 0. 070 

RRGR(mr/mg/week) 0. 913 0. 467 0. 870 0. 077 0.1 02 

NAR
8

(rng/cm2/week) o. 695 0. 335 0.768 0 .1 30 0. 172 

NAR l ( ll ) 2. 734 1. 488 2. 815 0. 301 0. 398 S 1 

NJ~ ( " ) 2. 11 6 1.190 2.421 0. 413 o. 545 

NAR ( II ) o.685 0 . 243 0. 780 0.103 0.1 36 r 
2 SLW ( mg/cm ) 2. 165 1 .946 2. 261 0. 172 0. 271 

ch- content(mg/dm2) 2. 641 1 . ()23 2.61 9 o. 523 0. 654 

ch-content (mg/gm) 8,536 3.772 8. 278 1 . 074 1 .419 

% N content 3 . 930 4. 001 3-749 0 . 169 0. 223 

Log N yield e 5. 652 4. 717 5. 860 o. 132 0.174 

Rate of N-tttilization 3 . 269 0. 502 3 . 516 o. 687 0. 907 
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TA D.LE I. 5. 

The mean effect of N l evels on v,1rious r;rowth paramet ers 

of two tomnt o vnri~t i os and the ir F1 hybrid 

grown over a ?-week period. 

Characters 57ppm N lfJ)ppm N 340ppm N LSD 
~ )..:,: .1 % 

RGR(mg/mg/week) o. 790 o. 834 0. 829 N .S. 
2 

UiR(cm /mg) 0 ,300 0.308 0.306 N .S . 

.NAR( mg/ cm 
2 
/week) 3. 038 2. 928 2. 963 N.S. 

ffiG R( mg/ mg/ week) o. 803 o. 838 o. 811 N.S. 

RI.GR( u ) 0 . 831 o. 851 o. 781 N.S. 

RLAGR(cm2/cm2/we ak) 0.730 0 .797 0.765 0.053 a.mo 
RR.GR( mg/mg/ week) o. 715 o. 791 o. 744 N.S . 

NAR
8 

(mg/ cm2/week) 0 .578 0.705 o. 515 0.130 0.172 

NAR._i ( \I ) 1. 873 2.1 95 1.658 0.413 0.545 

NAR ( " ) 0.560 0.585 o. 564 N.S • 
r 2 

SLW (mg/ cm ) 2.179 .2~ 095 2.1 00 N.S • 
2 ch-content(mg/dm) 2.035 2. 078 2.169 N.S. 

ch-content(mg/gm) 5,647 6 .789 8. 150 1.074 1.419 

% N content J.472 J . 921 4. 286 0.169 o. 223 

Log N yield 
e 5. 268 5.484 5.477 0.132 0.174 

Rate of N-utilization 2. 027 2. 878 2.382 o.687 0.907 



TABLE I . 6, 

The ,11ean variety x nitrogen l evel inter actions on various gr owth _l)u.r a:not ers 

of two tomato Vb.rieties and their F1 hybrid grown over n 7-week per iod. 
----

. j Potent ate Yellow s eedling F1 hybrid LSD 
Charucters ·---· 

~-- f 57pp~ N 170P:Jm N 340ppm N 57pp:n ~'J 170ppm 1'; 340pprn I{ 57pp :i }: 170ppm N J40ppm N 5c1 f',' 

--- ·-----.~-- .. 
RGR : o. 938 0. 969 0. 900 0. 545 o.564 0 . 559 o. ;337 0 .. 969 1. 027 o. 113 

LAR I O. 29) 0. 315 0.305 0 .335 0.313 0. 333 0. 268 o. 216 0. 280 ?~ .s . 
NAR 3 . 860 3 . 212 3 . 095 1 . 673 1. 8 -:F) 1 . 874 3. 580 J . 744 3. 918 0. 602 

RSGR 0. 955 0. 99 5 0. 957 0 . 5~ 0. 527 0. 563 0. 9 25 0. 993 0. S-1 L1 f{ .s . 
RLGR 1 . 024 0. 939 o. 921 0. 570 o. 619 0. 603 o. 900 0. 996 o. 81·~ o. 144 

RLAGR 0. 834 0. 903 0. 840 0. 583 o. 61 8 0. 650 0. 773 0. 870 0. 805 1\ .s . 
RRGR 0. 890 0. 954 0. 895 0. 415 0.470 o. 517 o. 340 0. 949 CJ . 821 ,.., ( ' 

_; .... ; . 
L'IAR o. 729 0.775 o. 581 0. 307 0. 330 0. 368 o. 699 1. 0(19 0, 575 0. 226 

s 
NA~ 2.339 2 . C09 2. 001 1 . 173 1. 256 1. 140 2. 107 3. 321 1 . 334 o. 71 8 

l-iAR 0 .714 o. 685 c . 655 0.201 0. 253 o. 276 0 , 765 o. 816 0. 759 
, ,. ,., 
:J .o • 

r 2 
1,961 1. 958 2. 316 SLW( meJ cm ) 2. 300 2. 073 2.1 23 1.920 2. 249 2. 219 ,,., C 

- • oU • 

.zch-cont ent( m~/ 2. 778 2. 501 2, 643 0.993 1 . 021 1 . 055 2. 335 2,711 2. 810 N.S. 
dm ) 

ch-cont ent ( mp/ I 7. 017 
gm) 

8 . 175 10 . Lf17 3 . 858 3 , 333 4.125 6 . ch7 8. 858 9. 908 1. 518 

% N I 3. 364 
4 . 034 4 , 391 3 . 889 4 . 386 4 . 293 3 . 324 J . 340 4, 082 o. 293 

Log N yield 5. 461 5. 743 5, 751 4 . 650 4 , 7('4 /4 . 798 5. 693 6. 004 5. 884 IJ .S . e 
Rate of N- 2. 736 3 . 857 3. 213 0.469 o. 551 0.485 2. 875 4 . 225 3 .448 N.S . 
utilization 

1% 

0 .1 50 

0. 796 

0.1 90 

0. 298 

0. 049 

2. oo6 

0 . 387 

vJ 
O'-
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TA3LE I. 7, 

Growt h pnrnrnet er s of tomato plants obt ., inod by v:irious workers 

(All the duta originally reported were ,1d justed to give 

s t undardis ed units fo r comparison) 

37 

TrE.:11tments RCR Lli.R NAR Refer ences 

Winter 

Sum'iler 

( fllfl~g/wcek )( cm
2
/~) 

----- ·- - ---
---- --- ---~----

2 (mg/cm /week) 
§ 0 . 819 

i . 0 . 813 Goodall( 1945) 
1---- ------ ___ ,_ -
1 
i Shortes t day 

I Longest dny 

CO2 3CJO pp:n 

1000 ppm 

Sowi ne dat e 31 Oct. 

19 Feb. 

CO2 1000·f ;irn,low lig 

From sowing date 

32- 39 days : 1,4,66 

23 .1.67 

:v[id- winter Pot ent at e 

Yellow se 

F 1 hybrid 

ht intensity 

edling 

Jm N Earl y summer, 280 pr 

Pot entat e 

Yellow s e 

F hybrid 

edling 

·-· 1- ,.,, .. -~-· .•. 
I 28 ppm N ' ·- ,,,.. 

-····--·-
-----

1. 561 

1, 792 

-----
·-----

1.1 34 

1 . 260 

o . •)35 

0 . 556 

0 . 961 

1 . 314 

o. 528 

1. 297 

.. ----·- 1. 077 

---- 9 . 695 Cooper( 1965) 

0 . 300 4 , 970 

0 . 270 6. :70 Witter(1 965) 
-

---- 1. 127 

--- 3.598 Newton( 1966) 

0 . 55,; 2.048 

0 .565 2. 2;3 Hurd(1968 ) 
-

0 .307 3 . 389 

0.327 1 . 792 Experi ment 

0 . 282 3, 747 
one, pr es ent 
work (1 969 ) 

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

. :.:."":-·~~ ... -~~-~·---~ 
~"""' 

1

1 

Pot entate 1 • 1 "24 

Yellow seedling •J, G63 Experiment 

l.. 
three, present 

______ F1_h_y_br_i_a _______ 1_._08_9 ___________ w~o.;:.rk;.;:._:(~1.:.97.:..0::..:):...-...... , 

§ Thi s char acter was computed in t er m of dry we ight 

( rrQ,/ mp/ -week) 

~ 
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The increases of loge leaf area with time. 

I ISD = 0.05 

2 3 4 5 6 7 

Age of plants in weeks 

Changes in shoot/root ratios with time. 
Symbols as the above figure. 
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Fig.I.6 Cha.~ges in log
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percentage of dry weight of (a) 
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Yellow seedling ( 0 ) and their F1 hybrid (><) with 
time . 
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43 



10 

9 

8 
,-.. 
~ 
Q) 

~ 7 
N'-.. 

e 
C) 

) ' 6 
'-" 

Q) 

-+-> 5 a:! 
H 
c 
0 

•r-f 
4 -+-> 

a:! 
.-I ·g 
•r-f 

.3 tll 
tll 
'1l 

-+-> 
:& 2 

1 

--- Potentate 
~o--~o Yellow seedling 

~~--~M F1 hybrid 

ee.::::.. --c- --o-- --o--___ .o,.,,,. 
o------..o--- ---o---· _...o--
1 2 3 4 5 

I 
I 

' 

T 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 

I 
I 

/ /, ,'II I I ' ,' I I 

6 7 

Time for planting (weeks) 

l ISD = 0.05 

ISD = o.01 

Fig.I. 8 The time trends of net assimilation rates 
of Potentate, Yellow seedling and F1 hybrid 
as influenced by nitrogen concentrations. 

44 



1. 3 

1 . 2 

1 • 1 

1 . 0 

0.9 ..--. 
~ 
(j) 
Q) 
~ o.8 
~ 

E 

~ 
E 0. 7 .._,, 

0:: 

~ 
o.6 

0.5 

0. 4 

0.3 

Potentate 

0 o Yellow seedling 

" K F1 hybrid 

1 2 3 4 5 6 7 8 

Total plant weight (mg, loge scale) 

Fig.I. 9 Rel ationship between RGR derived from quadratic 
curves fitted to log t ot al dry weight aiid log 

e e 
total dry weight for Potentate, Yellow seedling 
and their F1 hybrid• 

/45 



o.J 

0 
1 

Fig. I . 10 

• 0 

---Potentate 

~o--~oYellow seedling 

2 3 4 5 6 7 8 
Total plant dry wei~ht 
Leaf-area r atio (cm /mg) as a function 
of total plant dry weight (mg, loge scale) 

46 



3.0 

2.3 

2.6 

2.L, 

.,..---. ,_ 
C) 2. 2 
Cl 
;;: 0c; 
0 2.0 
~ 

2 ..__,,. 

Q) 1 .8 -;..:> 
c'J 
H 
,.,. 
0 1.6 

·r! 
+' 
cJ 
,-\ 
·rl 

1.4 ,::: 
.;:, 
Cl.l 
(I; 
c-C 

+' 1.2 
~ 

1.0 

o.s 

o.6 

Pot,3ntc.te 

o>----o Yellow seedling 

x F1 hybrid 

1 

Fie. I. 11 

0 

0 
0 C, C, 

2 .3 4 5 6 7 8 

Total plant. dry weight 

Het assi:nilation r ate (mg/ cm2/week) 
as a fu.~ction of total plant dry 
weight (mg, log scale) 

e 

47 



........ 
~ 
Q) 

~ 
~ 

E: 

) 
.....,.. 

Q) 
+:> 

C'J 
H 

..d 

~ 
0 
H 
Q!) 

~) 

:> 
•rl 
+:> 

<"$ 
r-! 

Q) 

~ 

1.3 

1.2 

1. 1 

1. 0 

0.9 

o.8 

o,7 
0 

I • 
o.6 0 

0 

0. 5 r 
0.4 

0.3 

o. 2,. 0 0.1 

o.6 1.0 

., 
' ' ' ' ' ' .. 

' 

' '1- "- • \ 
\. \ 

✓ 

a✓✓--

\ \ 

\ ' 
\ ~ 
\·.it I 
I 

,cl 
I 
I 

,: 

I 
I­
I 

I 
I .,, 

( 
;' ' 

/ ' 
/ \ 

,,, C\ 
• 

.,. 
.,..J>"'' 

/ , 
cl' 

I 
/ 

I 
p 

I 

/~ 

48 

Potentate 

o--""" Yellow seedling 

,.._ _ _.. F1 hybr id 

RGR vs NAR 

RGR vs LAR 

Leaf area r atio (cm
2/ mg ) 

0.2 

1.4 

0.3 
1.8 

0.4 

2.2 

Net assimilation r ate (mg/cm2/ week) 

0.5 
2.6 

o.6 
3.0 

Fig. I. 12 Relationships between relative growth rates and net assimilation 
rates, and leaf area r atios of Potentate, Yellow seedling and 
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Age of plants in weeks 

The time trends of relative shoot 
growth rates of Potentate ( • ) , 
Yellow seedling ( 0 ) and their F

1 hybrid ( )(). 

• 

I LSD = 0.05 

I LSD= 
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Age of plants in weeks 

Progressive lines of relative stem growth 
rates of Potentate(•), Yellow seedling ( 0 ) 

and their F1 hybrid (x), derived from· 
quadratic equation by differentiation as a 
function of time. 

0.01 



(l) 

+' 
aj 
H 

..d 

~-----0~ 
H (l) 

00 ~ 
,> 

g~ 
H~ 
(l) E: > ..__, 

•r-l 

~ 
,-; 
Q) 

ix: 

E: 
(i) 

+' 
Cl) 

l'+-1 
0 

Q) 

~ H ,...._ 

c '@ 
0 (l) 

•ri ::: 
+' '-.. 
C'J(\I 

,-; E: 
•r-l C) 

-~~ 
(/) E: 
U) ..__, 

ro 
+' 
~ 

1 . 2 

1.0 

o.8 

o.6 

0.4 

0.2 

0 

Fig. I. 

3 

2 

1 

0 

1 

15 

50 

I !SD = 0. 05 

I ISD = 0. 01 

2 J 4 5 6 7 

Age of plants in weeks 
Progres sive lines of relative root growth rates for 
Potentate( • ), Yellow seedling ( 0 ) and their F1 
hybrid (x), derived from quadratic equation by 
differentiation as a £'unction of time. 

--- Potentate 

o---o Yellow seedling 

*~---K F1 hybrid 

1 2 J 4 5 

Age of plants in weeks 

I !SD = 0. 05 

( I !SD = Oo01 

6 7 

Fig.I. 16 Progressive curves of NAR for Potentate , Yellow 
seedling and their F1 hybfid, derived fromfitted 
quadratics of log stem dry weight and log leaf 
area by differentiat ion and division. e 



6 

5 
......... 
~ 

Q.) 

~ 
N'-.. 

s 
C) 4 ) 

___. 

+> 
0 
0 

..c: 
II) 

4-l 3 0 

Q.) 

+> ro 
H 

~ 
0 

•r-i 
.µ 
ro 2 ,...., 

-,-! 

s 
•r-i 

CD 
CD 
cd 

+> 
Q.) z 

1 

Potentate 

0 o Yellow seedling 

" )( F1 hybrid I !SD = 0.05 

ISD = 0.01 

1 2 3 4 5 6 7 

Age of plant in weeks 

Fig.I.17 Progressive curves of NARsh' derived from 
fitted quadratics of log shoot dry weight 
and log leaf area by differentiation and 
divisio~. 

51 



0.9 

0.8 

0.7 

o.6 
1 

Fig.I.18 

,3 . 0 

~ .c 
0.0 .,; 

~ 
CH 
t1l 
Q) ........ 

,-IN 2. 0 
E 

() () 

c;j~ 
.,; E 
o ----
8. 

Cl) 

1 . 0 
1 

Fig. I.19 

2 3 4 5 6 7 
Age ·of plants in weeks 

52 

I !SD = 0.05 

IISD = 0.01 

The time trends of r el ative leaf area growth r ate 
derived from fitted quadratics of log leaf area 
by differentiation as influenced by n!trogen 
concentrations. 

IISD = 0.05 

IISD = 0.01 

2 3 4 5 6 7 
Age of plants in weeks 

Specific leaf weight of Potentate( •), Yellow 
seedling ( 0 ) and their F1 hybrid (x) a~ a 
function of time. 
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as influenced by nitrogen 
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3.11 Dis cussion. 

The results ef ex periment one showed th2.t Yellow seedling was 

inferior to both Po t entate n.nd F1 hybrid in ~os t of the chgrQ.cters investi­

gZ:t ed except inenn percent .2r e of ste,n , shoot/roo t r atio, LAR and per +ent 

nitrogen content . The low growth r c.t e of Yello-w seedling was assocfiA.ted 

milinly with its low NAR (Fie,.I.12). This, in turn, m::.y have partly resuted 

f rom its low S UJ. The obvious dif'f0 r enc0s be tween vCTicti es in • l1lorq:phyll 

conc ,mtrations will be discussed i n uxperimunt two. 

It is interesting to note th.~t, though Yellow s eedling had o. simila r 

n itrogen content ( per cent of dry weir,ht), it hr..d r, low nitrogen y ield and l ow 

r at e of nitrogen utiliz ation co:np:··.red with the other vcrieties . The l atter 

m3.y be one of the r easons for the ,Jlow ero wth rnte of Yellow s eedling . This 

low ro.to of nitr ogen utilization could be c a.used by low activity or concen­

tration of nitrogen as simile.ting enzymes , a..'1d/ or short supply of carbohydrates 

r equired for assimilating nitrogen co:npounds into a:nino ,:1,cids and proteins 

(s ee Louwerse 1967; Mi notti :rnd J ackson 1970 ). 

Assuming that SL\,J is proportiono.l to l eaf t hicknesses, the l a ck of 

change in SLW with time in Yellow s eedli nf, sugges ts tha t there was little 

increase in leaf thickness with time in this vuriety. On the other hand, 

the gr adually increasing S LW of Potentate and F1 hybrid (Fig . I .1 9) indicated 

t h.:1t their l eaves were probably increasing in l eaf thickness up to the end of 

the experimental period . 

Othe r contrasting time trends b0tween Yel low s eedling and the other 

varfoties were found for percente.go nitrogen content. In general, and 

irrespective of nitrogen concentration, the purcent 2ge nitrogen of Yellow 

seedling re mained fo.irly consto.nt wlliJ.8 th~tt of Potent:1te and F1 hybrid tended 

to decline with time aft er r eQching ,.,_ m::..xi mum of about 4. 5%. The l a tter 

result is in agr eement with the findings by W~rds (1967) and Anon (1 969) that 

nitrogen content of tomato plants de c lined with the ae,e of the plant . 

The s mall effect of nitrogen concentration on many cho.rac t ers 

reported in this experiment could be the r esult of a complex inte r ac t ion of 

f actors . The low light intensity of the winter months could hnve infl uenced 

nitrogen assL~ilntion dire ctly by affecting the activity of the nitrat e 

r eductas e or indirectly by affe ctine, photosynthesis \il.hi ch provides the nitrogen 

ass i milation process with ener gy and carbon skeleton (Ha.gernan .§l.:!t al 1960; 

S ·.nderson and Cockinc 1964) . The conce ntration and form of nitrogen could be 

another important factor . It appears thcit the lowes t nitrogen r eg ime 

( 57 ppm N) wns, i n fact, high enough to support the growth of the plants 

without any obvious sign of nitrogen shortage . This is supported by the f ac t 

th.:1t tho per cent nitrogen cont en t in t he entir e plant l ay between the mean 
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min i.num ( 1.35%) and maximum (3. 5%) V-'.-:lues suggeste d by Friis -Ni e lsen ( 1969) 

for tomato pl ants . Ifar n.ch :md his o.ssocic:.tes (1 968) gr ew tomo.to plants in 

nutrient :c: olutions contninil1J 3, 15 ,:nd 50 ppm of nitrat e nitrop,, en for 28 days, 

producing loe, dry we i ght of entire pl .. nt s of 5. 99 (400 mg) , 6.82 (920 mg) 
e 

::.:.nd ?. Cf) (1200 mg) r espectively. Fr o:n the ir ex poriment c,l r esults it s eems 

t h ,:.t the critically low nitrogen l eve l f or t om::i.to plo.nts mu.y oe l ess than 

15 ppm. Of course, this figure m~ty de pend on other f:1ctors , such as 

e rowth period, v r,rie ty 2.nd light . 

The f act th&t plant s cultured under a high nitrogen concentra tion 

( 3/4 0 ppm N) cU tl not grow better 2.n<l i n soue cas es shm.ied inferior performance 

indic c:.ted tha t the 85 ppm nmmoni w,1 nitrogen ( whic l1 vJcts not pr es ent in the other 

solutions) may h:::.ve been r espons ible . This woul d ~0.gr ee with many reports of 

,::tdv0rs e effects of nmmoniwn nitrogen on tom,'.lt o pL.:.nts , f or exa;nple a reduced 

nitrnte-reducing cc:. p7.city ( Mulder e ~ itl 1959 ); root injury and reduced 

vee,e t a tive gr owt h ( Ulj ee 1964) ; nor phologic,:l modif ications of chloroplasts, 

loss of chlorophyll content a nd decre:,s e in net phot osynthes .Ls ( Puritch and 

Darker 1967); r educ8d dry mn.tte r l e:1.f y i el d , am.] a lter ed ion uptake and ionic 

bo.l~mce (Kirkby 1968) . In addition , :Li.r2.d'.l e t _?Ll (1968 ) ho.ve shown that 

50 ppm of '.:',~mnon i um nitroe,en r,l one (i. e . ; no nitrat e) r educed the growth and 

totc .. l dry matte r y i el d , and r.:.ltcr 0d the chemical compos ition of tomato plants . 

White (1 969 ) r e ported that to?'K;.to pl ·rnts wer e killed by n concentration of 

;-irnmonium nitrogen etbove 500 ppm , ,1 l e vel ;:o.r in e:xcess of that used here. 

Thus, it s eems likely th '.lt 2.ny henefici ::,.l 0ffe ct of incr,ms ed nitrogen 

concentration in the hi gh nitroeen r og ime :nuy have been offset by the inclusion 

of nmr:ionium nitr ogen. Howevor, the poss i bility tlnt the di ffe r ence between 

nitrogen l evels Wc"..S not Hi de onough to produce a si1:,;ni f icnnt di fference cannot 

be ruled out. 



CHAPTER 4. 

4.1 Photosynthesis. 

Photosynthetic r at es of tomat o l eafl et s of various ages (3, 6 and 
. ; , . 

7 weeks old) which corresponded to various l eaf positions (9-1/4, 5 and 1) were 

det er mined on the plnnt s when they were 8, 9 and 10 weeks old respectively. 

4.1.1 The influence of some f actors on photosynthetic r ates. J2§..!: 

unit l eaf area of tomato l ec,flets. 

The net photosynthetic r at e of F1 hybrid was i nt er mediat e between 

t hose of Potent ate and Yellow seedling (T~bl e 11.1 ) with both Potentate and 

F1 hybrid significantly hi gher th~n thnt of Yellow seedling. 

Table II.2 pr esents t he influence of nitroeen concentrations on net 

photosynthetic r J.tes. Ther e wns no significant differ ence between the 

nitrogen concentr ations though hi gh nitrogen gave a non-significantly higher 

photosynthetic r at e . 

The effect of ve.r i ety x nitr ogen inter actions on net photosynthetic 

r a t e i s shown i n Table II .3. While t he net photosynthetic r ate of Potentate 

was not af fec t ed by the applied nitroge n levels it is inter es ting to note 

that F1 hybrid und Yellow seedlinG r esponded in opposite way to high nitrogen 

concentration. Wher eas high nitrogen concentration depr essed the net photo­

synthetic r .:::. t e of YelluvJ seedling by 9 . 7% it i ncreased th:.1t of F1 hybrid by 

about 15. 5%. In other words 1 the v.1riet al di ffe r ences in net photosynthetic 

rates wer e significant only at high nitrogen concent r := ttion . 

The photosynthetic activities of l eafl e ts declined with age from .3-
to 6-to ?-week old l eafl ets, nlthough the diffe r ence in net photosynthetic 

r at es between 6-and 7-week old l eaflets was not sir,n i f icnnt. In this 

e:xperiment, because l eaflets wer e t ·tken f rom di f fe r ent positions on the plants, 

the effects of age wer e confounded with :rny possibl e effects of l eaf positions. 

Peat ( 1970) h3.s also shown th ::i.t the m::i.:ximul phot osynthetic r,, t e of tomato leaf 

varied with l eaf position. 

the light intensities. 

There were highly signi f icant differ enc es between 

The effects of time x light intens ity and t ime :x variety inter­

actions on net photosynt hetic r at e wer e hi ghly significant (Appendix XII). 

Fig. II . 2 shows that t he r e were highly significant di ffer ences between 

l i ght intensities on net photosynthetic n .t es of l e::i.fle ts within each age 

gr oup. Ho\.Jever within e.:1.ch light intensity signi f i cant differ ences be tween 

3-week nnd 6-week, and between 3-nnd ?-week old l eafle ts wer e found only for 

light intensities of 970 and 1JOC ft.-c . 
Concerning the time x vari ety inter actions on net photosynthetic 

r o.t es , Fig. II. 2 s hows the. t within 6-week old l eaflets ther e wer e significant 
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differences between those of Potentate and Yellow seedling . Within J - week 

old leaflets the net photosynthetic r ates of Pote nt a te and F1 hybrid were 

signif icantly ( P ( 0.01) higher than t ho.t 'of Yellow seedling. Within each 

va.riety the net phot osynthetic rates of Potent at-3, Yellow seedline and F1 
hybrid were highly significantly d i ffe r ent be twe en the age groups except 

thos e between 6-and 7-week old leafle t s of Yellow seedling and F1 hybrid. 

The 3-week old leaflet of F1 hybrid had a heterot ic r a t e of net photosynthesis 

over the two parents r ang i ng from 0. 681 throuph 0 .726 t o 0.941 with Yellow 

seedling havi ng the lowest r n.t e . However F1 hybrid also had a faster r a te of 

fall i n ne t photosynthe tic r at e with age . "~s a r esult, the net photosynthetic 

rat e of F1 hybri d became in t.er rned i at e be t ween t hose of t he two parents when the 

leaflets wer e 6-week old and continued to ?-week ol d leaflets . 

Reg~rding the e ffec t of time x nitroeen in t eractions on net photo­

synthetic r ate, though there wer~ hi ghly s i gnificant differences between ages 

of l eaflets within euch nitrogen level except those betwe en 6 -and ?--week old 

l eafl ets, the net photosynthetic r a t es of l edflets of' plants growing under low 

nitrogen reg ime declined at a f as ter r a t e than t hose of high nitrogen plants 

ae t he pl ants advanced i n age . 

Fig . II.3 presents the effect of t ime x variety :x nit.roe,en inter-

ac tions on net photosynthe tic r ate. It is obvious that within high nitrogen 

concentration, F1 hybrid l eafl e t s mainta i ned a higher photosynthetic r ate 

( t hough declined at a fas ter r a te with time) tL.i·1 t hose of the parents . 

Signi f icant differences in photosynthetic r a t e of J --week old l e aflets were 

found be tween the parents und their F1 hybrid , and also between 6 -week old 

l eaflets of F1 hybrid and Ye llow seedling . However at low nitrogen concen-

tration F 1 hybrid had the lowest phot osynt hetic r a te than those- •f the parents 

with the e:xce ption of 6 ~ ek ol d l eaflets wher e it was sl i ghtly higher than 

that of Yellow seedling. During t h i s t i me the net photosynthetic r a te of 

Potentat e was sign i f icantly hi ghe r t h,:m those of F1 hybrid and Ye l low seedling. 

Within each varie ty and at hi gh nitrogen concentration the fall in 

pJ.ttosynthetic rates of Potentate ,;.nd F1 hybrid f ro:n ),-to 7--week old leaflets 

was highly significant. The r Ctte of decline in photos nthetic r ate of F1 
hybrid were also significant f r om J.-to &-week old leaflets. On the contrary 

no significant changes in photosynthetic r at e with age wer e detected for 

Ye llow s eedling. The net photosynthetic r at e of Yellow s eedling was very 

much depressed by hi gh nitrogen supply during early stage of leaf growth . 

Within each variety t he r a t es of f all in photosynthe tic r ate with 

age were increased by reduced nitrogen su ppl y . Fro rn J- to 6-week old leaflets 

the r a t es of fall were comparative ly h i gher than those of the ir counterparts 

grown under hi gh nitrogen concentration . However the changes in net photo-
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synthetic r ate from 6-to 7-week old leaflets were not significant irrespective 

of nitrogen concentra tions and varietal differences. 

Fig. II . 4 shows the effect of time x variety x light intensity on net 

photosynthesis of tomato l eaflets. Within light intensity L, and within each 

variety the effect of uge on net photosynthetic r at e was not significant. At 

the intermediate light intensity 12 significant effects of age on net photo­

synthetic r ate were found between .3-and 7-week old leaflets for Potentate, and 

between .3-and 6-,,, and between }-a11d 7-- weck old leaflets for F1 hybrid. In 

Yellow seedling the changes of ne t photosynt hetic r ate of l eaflets between 3-

to 7-week old were not significant. !,t the highest light intensity 13 net 

photosynthetic rate varied very markedly with age. Thus highly significant 

differences betwecm .3-·o.nd ~, a.vid between 3-and ?-week old leaflets wer e found 

for the two parents and their F1 hybrid . 1',t all light intensities, the 

differ ences in net photosynthetic r cte between 6 - and 7-WGek old leaflets of 

Potentate, Yellow seedling and F1 hybrid wer e not sign:i.ficant. 

Within .3-- week old l eaflets of ench line signifie .1nt differences in 

photosynthetic rate wer e found between ::i.11 light intensH·ies. The effect of 

light intensities declined ns the leaflets advanced in age . Thus when the 

le&flets were 7-week old signific .1nt differ ences in net photosynthetic r ate as 

affected by light intensity wer e foun,__ only between light intensities 1
3 

and 

L2, unu between 1
3 

anu 11 for the parents and their F
1 

hybrid. 

4.1 . 2 The influence of some f ac tors on photosynt.beti q r ate per 

mg dry weight of togiato leaflets. 
\ 

No significant differ ence between varieties, nitrogen concentrations, 

and variety x nitrogen interactions on net photosynthetic rate of tomato leaf­

lets was detected when photosynthetic r ute w::.s expressed in t er m of leaf dry 

weight (Appendix VII). However, the significctnt levels of other f actors or 

f actor-factor interactions on net phot osynthetic rate were exactly the same as 

those in analys i s of variance of photosynthetic r ate computed in ter m of leaf 

nrea. The net photosynthetic r at e of to~ato leaflets varied significantly 

with the age of the leaflets and light intensity; the interactions of time x 

light intensity, of tirne x variety, and of time x nitrogen on photosynthetic 

r ate were all highly signific~nt. 

The interactions of time x v~riety x nitrogen on photosynthetic rate 

(Fig. II, 5) wer e s i gnificQnt, complex ~nd exhibited no definite pattern. It 

is apparent that 6-a.nd 7-week olJ leaflets from low nitrogen plants of 

Potentate and F1 hybrid had lower photosynthetic rate than those of high 

nitrogen-leaflets . This could be due p-'.:i.rtly to the effect of nitrogen con­

centrations on ageing processes o~ the l eaflets , In Yellow seedling the same 
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variations of nitrogen l eve l s had no ef fe ct on the photosylithutic ra1-3 of 6-

and 7- week ol d l eaflets. The f act that the influe nce of nltrogen concen­

trat ions on photosynthe tic r at es of J.-week old l eafl e ts of the parents and 

their F
1 

hybrid produced just the opposite r esults as compared to those of 

older leaflets is difficult to e:xpl a in. 

The chnnees of photosynthetic rate wi th age of the leaflets as 

affected by light intens ity wer e e.lsc co:nplex (Fig . II . 6) . Within 3 --week old 

l eaflets of ea ch vnriety t her e wer e sirnificant effects bet ween light inten-

s ities on ne t photosynthetic r 2.t e . Whhin 6-week ol d l eafl ets the response of 

each v~riety to variations of light intensity was erratic in significant levels. 

Within ? •-week old leaflets hi ghly significant J iffer ence s be tween light inten­

sitie s 13 mid 11 , n.nd be tween 1
3 

o.nd 1
2 

wer e folllld for all varieties . In all 

cases, the net photosynthe tic r a t e s wer e increased by increased light intensity. 

Within light intensitie s 11 ru1d 12 , highes t photosynthe tic r at e was 

folllld for 6-week old l eaflets of Pot ent a t e and F1 hybrid . Within light 

intensity 13 the photosynthetic r at e of 3 --week old leaflets wo.s highest for 

?ot ent a t e a nd F1 hybr i d . But in Ye llow seedling the 6-week old leaflets 

r e tained the hi ghest phot osynthetic r a t e wit hin each light intensity. 

There were no significant d ifferen~es in photosynthetic r ates 

between the parents and their F1 hybrid of a ll ages withi..ri light intensity 11 , 

and within 1 2 for 6-and ? ·-week old l eafl ets. Within }-week old leaf l ets, 

differences between Pot ent at e ancl. Yellow s eedling, and between F 1 hybrid and 

Yellow s eedling in photosynthe tic r a t e war e hiBhly sienificant. Within light 

intensity 13, signi f icant diffe r ences wer e fo lllld between Ye llow s eedling and 

F 1 hybrid for the 6-a.nd ? - we ek old l ec.tfl e ts. 

A differ ential response of ench variety to increas ed light int ens ity 

was noted . For Yellow s eedlL1g t he r esponse increased with age . On the 

contrary the r esponsivenes s of Potent a te -md F1 hybrid to increased light 

intensity decreased as the l eafl e t s ad v:.111ced in age . 

4, 1 .3 The influence of some f 2ct or s on photo.synthetic r 2..t e of tom~ 

).eaflet.s expr essed in term of unit chlor_o_Qhyll concentration. 

If the effic i ency of photosynthe tic pr ocesses wer e judged by the 

amount of enseous exchang0s pe r mg . chlorophyll, then Yellow seedling was 

significantly (P ( 0. 01) mor e efficient t hc1n those of Potent a te and F1 hybrid 

(Table II.1 ) . Similar r esults hQve been reported in a number of chlorophyll 

deficient plants or mutants as des cribed in s e ction 1 .J.1. 

J~s present ed in Table I I. 2 t he effect of nitrogen concentra tions on 

photosynthe tic r at e s comput ed in t er m of chlorophyll concentration was h i ghly 

significant. Leafle ts grown llllder low nitrogen concentration had higher 
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photosynthetic rates than t hose of l eaflets supplied with high nitrogen con­

centration. 

Simil ar r esponses of photosynthe tic r ates to variations of nitrogen 

conce ntrations 'Were observed in each va.rie ty irrespective of nitr ogen l evels, 

with photosynthetic r a t es of Yellow seedling higher t h.:.n those of gr een 

nor ,nal plants . 

The difference betwe-:m light intensities on photosynthetic r ates per 

mg chlorophyll was hic hly sie.nificant . The photosynthetic r a tes increased 

with increasing li:-,ht i ntensity. 

4.2 Res pira t i on. 

The r e s piration r a t es of 6 -c.nd 3 -week old t omato l eaflets which 

corresponded to l eaf position 5 ;:;n<l 9 t o 14 r es pectively were determined and 

expr essed in t er m of l eaf dry we i cht. In the L :.tter suitable l eafl ets as 

j udge<l by the do.t e of the ir <1ppea.r :nee which corresponded to leaf position 9 

.1.nc 14 of low a r:d high nitrogen t r<::afad pl ants r e s pectively we re selected. 

The r es pir -:i.tion r at es of t omato r oot \•Jer e :"le,rn urec: on 12-WElek old plants . 

4. 2 . 1 The influence of some fr ct or s on the r e s pirntion r at e 

_of tomato l eaflets • 

. !onn vnrie t a l d i ffer ences in l e.:,f r cs piro.tion r c1te are shown in 

TQbl e II.1 . The meru1 l eaf r espira t ion r at e of F1 was inter mediat e between 

thos e of the parents with Yellow socdl ,?l.t having the ld.r,hest r 'lte. The differ-

ences between Yellm1 s eedling ..md "Pot ent a t e , a.nd between Yellow s e edline und 

F1 hybrid ,.,ere highly sie,nificant. 

Th~ increase of nitrogen concentration f r om 28 t o 280 ppm N 

produced a significant incren.s e in leaf r espiration r ,..:t e (TEible II.2) . Ther e 

was no significant v.::irie ty x nitrogen i nt er :.ction on lu,.f r espira t ion r ate. 

·The differ ence in r espirc.tion r a te between J-and 6-week old l eaflets 

was h i ghly signi f icn.nt . The r es pir:~t i on r 0 ·te of th.::: 3- week old leaflets was 

about 1.8 ti;nes higher t han th"..t of 6 week old l e~fle t s . Like photosynthetic 

r,:ite the effect of are on r es pi rat ion r ate could be conf ounded by the possible 

effect of l eaf posit ion . 

Fig . I I. 7 s hows t ho v ::1.rie t .1.l d iffe r ences in chanees of r espiration 

r a t es of l eaflets with age. It is obvious t hc1.t the r :tte of fall in the 

r es pirntion rate of Potentate ,md F1 was hi fh2 r than t hat of Yellow seedling , 

As~ r esult, while there was no s~:nificGnt d iffe rence in r espiration r ates 

be t ween 3-;reek old l eaflets of the t'Wo pnr onts ~nd t he ir F1 hybrid , the 

diffe r ence be tween thos e of Yellow s eedling and ?otentat e , and between those 

of Yellow seedling and F1 hybrid became increasingly sir,nificant as the 

l eaflets advanced in age. When t ho l e2fle ts were 6-week old the r espiration 
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r ates of Potentate and F1 hybrid wer e about two-thirds t hat :_o! Yellow seedling . 

The ti!l10 trends in l eaf respiration r at es are presented in Fig . II. 8 . 

The differences in respiration rates between }-and 6-week old leaflets of the 

parents and their F1 hybrid irrespective of nitrogen treatment s were highly 

significarit . At the high nitrogen concentration the F1 hybrid followed 

Potentate, havine. a high r at e of f o.11 in respiration while tha.t of Yellow 

seedling declined co,nparatively slm1ly. 

Within .3-week old l eafl e ts, r educed nitrogen supply depressed 

res pirati on r ate of Potentate and F1 hybrid but had no significant effect on 

the respiration rate of Yellow seedling , There was no significant difference 

in respiration r ate between the pnrents {-•nd their F1 hybrid at h igh nitrogen 

level, but at low nitrogen concentration the differences between Yellow seed­

ling and Potentate , and behJeen Yellow s eedling arrl F1 hybrid were significant. 

Within 6-week old leaflets while the effect of nitrogen concentrat­

i ons on r espiration r ut e of Yel low s eedline had incr eased , the effect on those 

of Potent ate and F1 hybrid had di .ninished to be non- significant when compared 

to that of 3-week old leaflet:3 . As :-i. result the v::i.rintions of nitrogen supply 

did not pr oduce signi f icc..nt d i ffer ences in r es pir a tion rate within ench parent 

and their F1 hybrid . Furt her mor e whore..is the !.'espiration r nt es of Potentate 

:md F1 hybrid , irrespective of nitroc.en tre&tments, were not significantly 

different f rom each other, they wer e significantly 10\,er than those of Yellow 

s eedling. 

4 . 2 . 2 The influence of some f ~ctors on the yespir~tion r o.te of tomato r oots . 

Analysis of variance (AppendiJ< XIV) indicates tha t only nitr ogen 

concentr :::.tion had a significant effect on t he r e:, pir 'ltion rate of tomato roots . 

?abl e II . 2 shows that increcsed nitrogen concentration increased the respir ­

ation r ,1te of roots by 17%. 

4 . 3 Chlorophyll concentration. 

Chlorophyll concentration det er min~tions were made on fifth leaf on 

two occasions namely when the leaflets wer e 5 and C)---wee!< old. Analyses of 

variance on cnlorophyll concentrotion ,,r e shown in Appendix XIII and X:v . In 

addition the chlor ophylls ;Vb r a tios of the 9 -week old l euflets were also 

calcul..1ted. 

4 . J . 1 The influence of some factors on the chlorophyll concentration 

over time . 

The eff ects of v~rietnl differences , nitrogen coneentrutions, and 

interactions of v,,riety x nitrogen on chlorophyll concentr~tions (rng/am2 ) as 

shown r espeetively in T~bl es II.1, II . 2 and II .3 were highly significant . 
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Although the mean chlorophyll concentration of F1 hybrid was 

slightly higher than that of Potenta t e , ther e was no significant diffe r ence 

between them. But differ ences in mean chlorophyll concentration between 

Yellow s eedling und the other two varieties were highl y significant, with 

Yellow s eedling having the lowes t value. 

Regard inc, the varie ty x nitr ogen interactions, w.ithin Potentate and 

F
1 

hybrid the decrease of chlor ophyll concentr ation by r educed nitrogen supply 

( from 280 to 28 ppm N) wns hii:,hly signific::mt as compared t o that of Yello,1 

seedling which was just signific~mt a t 5% level. As a result, the differences 

between the Yellow s eedling e;.rd Potent. :t e , and between Yellow seedling and F1 
hybrid tended t o decrease as the nitr oeen s upply wus r educed . 

Fi g . II.9 presents t he c hanges with time in chlor ophyll concentrat-

ions of the parents and their F1 hybr i d . Tho changes in chlorophyll concen-

trations over a 4-week peri od were highly significant for Potentate but not 

significant for Yellow s eedli ng. The chlorophyll concentra t ions of F1 hybrid, 

being intermediat e between the two p:,rents declined over the same period at a 

5r~ significant l evel. Within the 5- ~tnd 9- \Jeek old l eJ.flets, there was no 

significant differences in chlorophyll concentr Rtions between Potentate and 

F1 hybrid. However highly sicnificant d i fferences in chlorophyll conti:.)n-

trutions between Yellow s eedling and Potentate , and between Yellow seedling 

and F1 hybrid were found within 5- 1rnd 9- week old l eafl e ts, though the s i gni­

ficant l e vel tended to decre .:ise :.1s the l et,.fl ets 1.dvanced in age . 

The effect of nitrogen concentration on the chlorophyll concentration 

of 5- nnd 9 - week old leaflets from l e a f 5 was highly significant within and 

betwel,;n the two ages of leaflets . 

Fig. II .1 0. 

This is gr aphicc1lly illustrated in 

4 , 3 . 2 The influence of some f actors on th::: chlorophyll concentration 

arrl the chlorophyll _db_ r .:.tio of 9- weok ol<l leaflets . 

Analyses of variance on chlorophyll concentration and chlorophyll 

a/b r ,,tio (Append ix XV) indic,.t e thit there were significant differ ences 

between varieties, nitroecn concentrations and inte r actions of variety x 

nitr ogen on chlorophyll concentration when it was expressed in t e r m of leaf 

ar ea. HO\,ever when chlorophyll concentration was computed in term of dry 

wei6ht only the effect of nitrogen concentrations on chlorophyll concentration 

was s ignificant. The only signi fic ant f ~tctor on chlorophyll a/b r a tio was 

nitrogen conce ntra tion. 

Varietal d i ffer e nces in chlorophyl l concentration and chlorophyll 

u/b ratio ore s hown in Table II.1 . When chlorophyll concentration was 

expressed in term of l eaf area the chlorophyll concentration of Yellow seedling 
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was h ighly significantly lower tha.n those of Potentate and F1 hybrid . 

Table II . 2 shows tho effec t of nitrogen l evels on chlorophyll concen-

tration and chlorophyll a/b r F..1.tio. I rrespGctive of unit expr ession r educed 

nitrogen supply r educe d the chlorophyll concentration express ed i n terira of 

l eaf crea Gnd dry weight by 44% [U1d 54% r espective ly. In the case of chloro-

phyll 2/ b r ~~tio, low nitrogen tr.s 3,t ed- plrints had a s i gnificant hi gher chloro­

phyll 8/b r atio tht:.n tha t of hi gh nitrogen- pl ants. 

T.::i.ble II . 3 shows t hat vt::rie.ty-ni trogen i ntGr action on chlorophyll 

concentrati ons anc1 chlorophyll ,yb ratio wns significmt only for chlorophyll 

concentration expre ssed in t er m of leaf ar ea. I t is clear tha t while r e duced 

n i t r ogen suppl y r educed chlorophyll concentr a tion of Potent ate and F1 hybrid 

VE!r y s ignificantly, it had no signific:int effe ct on thc.t of Yellow seedling . 

In other words while th · chlorophyll concentration differ ed very signif icantly 

between Yellow s eedling ~nd Pote.nt:,to , and be tween Yellow s eedling and F1 
hybrid rtt high nitr ogen concent.cati on , t ho diffe r ences between the parents and 

the ir F1 hybr id gr own under low nitrog ---n regi me wer e not significa nt . 

4.4 Specif ic l e d we ight. 

Specific l e:lf weight was det e r mined on l enfle ts us ed in measuring 

photosynthe tic r a t es. Ann.lysis of v ariunce (Ap pendix XIV) shows tha t ther e 

wer e s i e,ni f ic :::u,t d i ffe r e nces between vc:.rieties, times, time :x variety inter­

actions ~-:.nd time x nitrogen i nt er uctions. 

4,4. 1 The influence of some f actors on the S LW of tomu.t o l eaflets. 

Table I I. 1 s hows tl1at F1 hybrid had P.. highe r mean SLW than its two 

parents . Ther e was no significcmt differ ence be t ween the t wo p'lrents but the 

mean S LW of F1 was s i gnific2.n tly h i gher th~~n that of Ye llow s eedling. 

Fig . II . 12 pr es ents the changes with age in SLW of each tomato line . 

Her e 2,gain the effect of o.ge w:is confoW1dcd with t he poss ible e f fe ct of leaf 

position. Within the b- and 7-week ol d l eaflets, hi ghly significant difference 

bet ween Yellow s eedling ::md F1 hybrid WJ.S found . However the diffe r ences 

between Pot enta t e o.nd Yellow seeJl i ng , ond between Pote ntate and F1 hybrid 

wer e not significant . The differ ences in S LW of 3-week old l eaflets between 

t he par ents and t he ir F 1 hybrid \Je r e o.l so not s i gnific:mt , 

The SLW of tho parents --~'1d t he ir F1 hybrid exhibited the s ame 

patterns of changes with age but differ ed in magnitude . Thus within Potentate 

and F1 hybrid significant difference s in SLW were found betwe en .3-and 6"'!', and 

be t ween 6-and 7-we ek old leafl ets. In Yellow seedling the SLW changed signi-

ficantly be tween c:.~ges of the s ampled l eaflets. 

The effect of time x nitrogen inter actions on SLW is gr aphically 
i llustrated in Fig . II.1 3, It is obvious within high nitrogen concentration 
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highly significant dif ferences in SLW occurred between the three measured ages 

of the l eafle ts. At low nitrogen l eve l the effect of age was lessened so that 

only differ e nce s betwe en 3-and 6::- and be tween 6 -and 7-week old leaflet s were 

still highly significant . 

Within each time the r e wo.s no significant dif f erence betwe en 

nitroge n l eve ls on SUJ. However the e f fe ct of nitrogen concentro.tion de ~• 

creased as the l eaflets aged . 

4 . 5 180.f thickness index. 

Usinf, the formula. (leaf fres h we i ght-dry we ight/ar ea , ( mg/cm
2

) used 

by Hurd (1 968) de t er minations of t h2 l e .::tf thickness indices wer e made on 3-and 

6--week old l eaflets \✓hich wer e us ed in me o.suring photosynthe tic r a tes . 

The e f fe cts of va.rioto.l d i ffer unces, nitroge n concentrations and 

their inter ,~ctions on l eaf thicknos s index c.r e shown in Ta bles II. 1, II. 2 and 

II.3 r e s pectively. All of t hes e we r e ve r y significn.nt (Appendix XIII). 

The lec,f thickness indo:x of Ye llow s eedling wo.s signifii, 3.r1tly higher 

tho.n thos e of Pote ntat e and F1 hybrid . I ncreased nitrogen conce ntration f r om 

28 to 280 ppm H increas ed l eaf thickness index very significantly. 

V:1rietd respons e to nitroge n concentrations v:i.rie d very signific-

antly (T a ble II.3 ). Whereas voria tions of nitrogen concentration had no 

signif icnnt e ffe ct on the t hickness i ndex of Yellow s eedling, r educed nitrogen 

concentration decreased the thicknes s inde:xes of Pote nb.te nnd F1 hybrid very 

significantly. AB a r esult t here was no significant diffe r ence between the 

l e :.:..f thickness indexes of Potentate :1nd F1 hybrid a t both high nnd low nitrogen 

conce ntrations. In ad.di tion ther o wer e no s i gnifice.nt difference s be t ween 

par e nts and their F1 hybrid a t high nitrogen conce ntration but, at low nitr ogen 

regime differenc os be tween Yello\✓ s e-2d ling c.nd Potentate, nnd between Yellow 

s eedling end F1 hybrid were significant. 

The effect of time x vnrioty inter c:~ctions on l eaf t h i ckness index was 

not significa nt but thrtt of time x nitrogen inter action was highly significant 

(Appendix XIII) . As shown in Fig . II . 14 within eG.ch nitrogen concentration 

there was no significant differ ence between 3-and 6 --w0ek old l c., aflets but 

within e8.ch age t her e wer e significant c1 iffor ence s in nitroge n concentrations 

on l eaf thickness index . 

The cl1:.:,nge s with timo of l e, ,f t h ickness index of Potentat e, Yellow 

seedling and F1 hybrid as influe nced by nitrogen concentrat ions were highl y 

significant . As presented in Fig ,II.15 within 3 - we ek old l eaflets there wer e 

no significant diffe rences in l enf thicknuss index es between the parents and 

the ir F1 hybrid grown under high nitrogen regime . However a t reduced 

nitroge n supply the l e.'.l.f thicklwss indexes of Potentate and F1 hybr id wer e 
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reduced very significnntly than thQt of Yellow s eedling. Within 6-week old 

l eafl e ts grown under high nitrogen concentration the leaf-thickness index of 

Yellow seedling was significantly h i ghe r than those of Potentate and F1 hybrid. 

Simil ar d ifferences b8 tween varieties were observed in l eafl e ts raised at 

r educed nitrogen concentr ati on but the differences wer e more marked. Thus 

it appeared tha t the l euf-thickn\:)ss index of Yellow seodling was comparatively 

1 8SS s ens itive to chunges of nitrogen concentrations . 

Within each variety significc.nt ch2.nt;es in leo.f-thickness index with 

age were obs erved in Yellow s Gudling grown J.t high nitroge n concentration, and 

F1 hybrid grown a t low nitrogen lev(._;l. Fina lly in contrc;st to Yellow s eedling 

t he l eJ.f-thickness indexes of Potentate nnd F
1 

hybrid grown at high nitrogen 

r eg i me increased as the l eafle ts advo.nc0d in :ige . Howev1::r, o.t low nitrogen 

l evel all the leaflets irrespective of vnriety d0creased with ~ge . 

4.6 }'Iesophyll cell number. 

In complemont .'.ll'y to m8,-..suremonts of SLW and t hickness index mesophyll 

ce ll counts compute d in terms of both dry we i ght a.nd l er.:.f ar ea were made to 

discove r how far differ ences in l oaf c..rea cmd t h ickness between varieties and 

treatments could be o.ttributod to diffo r ences in cell number. 

4.6.1 The influence of some f actors on ~~9Qhyll cell number. 

Va riet a l d iffe r ences in mesophyll cell number e:xpr essed on leaf area 

and dry we i ght bases n.r e shown in T~hl e II . 1. The r e were highly significant 

diffe r ences be t ween vr;rieties with F1 hybr id h:1ving thu highest ce ll number 

and Ye llow s eedling the lowest when the cell number was expr essed on l eaf area 

bo.sis . However, when mosophyll cell number wo.s computed in t erm of dry 

weight t he differ ences be tween Ye llow se8dling and Pot ent r~te , nnd be tween 

Yellow S8 edling and F1 hybrid ,1e r e highly s i gnificant but ther e was no signi­

ficant difference betwee n PotGnta.t o '.ll1d F1 hybrid. 

'l'&bl e II. 2 shows tho effec t of nitrogen concentra tion on mesophyll 

cell number. Ho significant influence of nitrogen concentrations on cell 

number was found when tho cell number w2.s express ed on dry we i ght basis . But , 

when it was computed in t erm of le,,f ar ea , l eaflets f rom low nitrogen-plants 

had a significant higher cell numb0r thrm those of high nitrogen-pl ants. 

This marked differ ence coul d not be due to diffc,rences il1 leaf thickness c.s 

s i milfil' nitrogen conce ntration had no significant effect on SLW. Therefore 

l eaflets grown under low nitrogen r eg i me must have smo.ller cell size than 

t hose lu nfluts grO\m at high nitroeen supply. 

Significa nt inter action of var i e ty x nitrogen on mesophyll cell 

numbei· is shown in Tabl e II .3. 'vJhon mesophyll cell number wer e computed in 
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t erm of dry wei ght no significant difference in mesophyll cell number was 

found between varieties grown under high nitrogen l evel, and within varieties 

r c.ised under both nitrogen concentra tions. ~Iowever under low nitrogen supply 

the dif'forenc.:3S in mosophyll coll numbers between Yellow s e'3dling and Pot entate , 

n.nd between Yellow s0edling and F1 hybrid wer e highly significant. But the 

differ ence between Potentate m1c1 F1 hybri d was not significant. Hence the 

significant variE:ty x nitr ogen intor:iction on mesophyll cell numbers was 

attributed to t he good :;espons0 of Pot8nt.:::.te cnd F1 hybrid on one hand and the 

unresponsive nature of Yellow s~edling on the other to ch~nges of externa l 

nitr ogen concentr~tions. 

IIi[.hly significa.nt effects of nitr ogen concentrations on mes ophyll 

cell number e:xprc:ssed on lec,f nruc. b.:::.sis w(;,re found for Potentat e and F1 hybr id 

but not Yellow seedling. Within high nitr ogen conc"ntr ation the differ ences 

in cell number between Yello1,1 seodlinc ll!ld Potent nte, and between Yellow s eed­

ling r.:.nd F1 hybrid were highly s i gnifica.nt. But th\;r e was no significant 

difference bet ween Potentate and F1 hybrid. Whereas highly significant 

di f f erences in mesophyll cell number w~re found between Yellow seedling and 

Potentat e, and betwden Yellow seedling end F1 hybrid grown under low nitrogen 

rer,ime, the di fference between Pot entate nnd F1 hybrid WQS only just r eached 

5% significant level. Here thu differ ential r esponse of Yellow s eedling to 

vari Qtions of nitrog8n concentr ations as compared to those of Pot ent at e and F
1 

hybrid was even mor e marked . Rcduc0d nitrogen supply increased the cell 

number per cm
2 

of Potentate and F1 hybrid significantly ( P < 0. 01 ) probably by 

r estricting cell enlargement but not cell division. Such a r ange of nitr ogen 

concentrations had no significant effect on these two processes in Yellow 
seedline,. 

4 . 7 Stomat al leng,ih and den9:..it_y. 

Measurements of s t omatal length and density were made on fullj~­

matured leaflets of leaf position 9 on 12/5/70. Stomatal s i ze and density as 

factors controlline gaseous exchange of photosynthesis can be important f actors 
i n controlling photosynthetic rate. 

4 . 7. 1 The influence of sorre factor s on stomatal length e..nd density. 

Analyses of variance (Appen~i:x XVI) indicat e that among all the 

treatments on stomatal lengt h and density only the nitrogen concentrations 

had significant effect on s t omntal length. Perhaps low nitrogen supply 

r esult ed significantly in smaller stomntal l ength by restricting the enl arge­
ment of stomntal cells . 
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TABLE II. 1 . 

V.:1rietal differences in !l number of phys i ological 

anc:1 l eaf charact eristics. 

Char ::. ct er ist ics 

Photosynthesis ( 1u10/ min/ c:n2) 

Photosynthesis(;ulO/hr/mg dry wt) 

Photosynthesis(;u.10/min/mg chloro-
phyll) 

Respiration (leaflets) 
(;ulO/hr/ rng dr y wt.) 

Respiration (roots) 
(;u.102/hr/ rng dry wt . ) 

Chloro phyll concentration with 
time ( mg/ am2) 

Chlorophyll conc entrRtion(mg/am2
) 

Chlorophyll concentr~tion 
(mg/gm dry weight) 

Chlorophylls a/b r atio 

Specific l eaf weight(mg/ cm
2

) 

Leaf thickness index( me/ cm2
) 

(Mesophyl l cell numbe1/mg dry 
weight) x 10 

(Mesophyll cell numoor/crn2 

leaf area) x 107 

St omat al l engt h (;u) x 10 

Stomatel density(number/m~ 2) x 10 

Potentate Ye 1J ow F1 hybridS%L .S .Dl. o1,IO s eecJiing a 

o. 792 

16. 821 

3. 03 5 

2.990 

8. 474 

3, 341 

2.855 

1 o. 120 

1. 185 
• 

2. 736 

14 . 89 

3. 896 

9 .979 

3. 236 

22. 352 

o.698 

16. 311 

3. 415 

3 . 607 

9 . 336 

1 .984 

1. 873 

8. 243 

1. 194 

2.539 

17. 70 
3. 116 

0. 783 

16, 344 

2. 91 O 

3. 042 

8. 422 

3. 159 

11.478 

1.1 97 

2. 923 

14.41 

4. 072 

0. 082 0. 114 

N .S. 

o. 271 o. 375 

o. 529 o. 733 

N.S . 

0. 375 0.519 

0.557 0. 772 

N.S . 

N,S. 

0. 355 0.492 

1. 593 2. 205 

0.452 0.626 

6.128 11.219 0. 828 1.147 

J. 093 J.093 N.S. 
23 . 991 22,090 N.S. 
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TABLE II . 2. 

The influence of nitrogen concentrations on a number 

of physiologicul and leaf characteristics. 

Characteristics 28ppm :'.\"J 280ppm N F t est 
----------------------- -----------------6 

Photosynthesis (;u10/rrrin/cm2
) o. 751 

Phot osynthes is (;ulo2/hr/mg dry weight) 16. 622 

Phot osynt hes is (;ulO/min/mg chlorophyll) 3 . 309 

Respiration(Leaflets )(;ulD/hr/mg dr y wt ) 2.997 

Res pir ation( r oots )( / u10/hr/mg dr y wt .) 3 .955 

Chlorophyll concentration(rng/dm2
) 2. 132 

with t ime 

Chlorophyll concentrat ion(mg/dm2) 1. 876 

Chlor ophyl l concentration(mg/gm dr y wt) 

Chlor ophylls a/ b r atio 

2 Specific l eaf wei ght (m€'/cm) 

2 Leuf t hicknes s index (me/cm) 

(Mesophyl l cell number/mg dr y wt)x 107 

2 (Mesophyll cell nurr.ber/ cm Leaf
7
arec.. ) 

X 10 

St omat al length (;u) x 10 

Stomatal density (number/rnrn2) x 1 n 

6. 273 

1 . 265 

2. 682 

14 . 200 

3.765 

1 o. 048 

3. 000 

22 . 592 

0.765 

16. 362 

2. 932 

3.482 

4 . 788 

3. r;o4 

3.382 

13. 620 

1. 167 

2.783 

1 7. 122 

3 . 624 

8.170 

3. 281 

23 . 029 

N.S. 

N.S. 

* 

* 

*** 

* 
N.S . 

N .S. 

* 
N.S. 

,Hrn = p < Q • 001 JU< = P< 0. 01 1~= P< 0. 05 N.S. = not signi­
f icant. 
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The influence of v3.riE:ty x nitr ogen inter :ictions on %.rious physioloi;ic--i.l and l oc.f 

char acteristics of t om~to plant s. - -- ~-- ~-
Ghc.ract er is tics L Pot ent .'.:!.t e Yellow s eedline, F

1 
hybrid ISD 

-- - -
28ppm N 280p!Jm N 28ppm :J 280ppm N 28ppm N 280ppm N 5% 1% 

Photosynthesis(;u10/min/cm
2

) o . 792 o . 792 o . 73/, o . 663 0 . 726 0 . 839 o . 112 o . 162 

Photosynthesis (;ulO/hr/mg dr y wt.) 17 . 632 16. 010 16 . 69? 15 , 931 15. 542 17. 146 K .S. 

~hotosynthes is(;ulO/min/mg chlorophyll ) .3 , .332 2. 7.38 J . 573 3 . 258 3.022 2. 799 K .S . 

Respirat ion(lec.f10ts )(;ulO/hr/mg dr y wt.) 2. 661 .3 . .319 3. 547 3.828 2. 784 3 , 299 N.S . 

Respira t ion(r oots)(;ulO/hr/mg dr y wt . ) .3 . 85.3 4. 621 4,702 4 . 6.3 5 .3 , 311 5. 112 :; .s . 
Chlorophyll concentr._tion( 11~/d,/) with 2. 258 4 , 424 1 . 700 2. 269 2, 4.39 4 . 420 0 . 530 0 . 734 

tiine 

Chlor ophyll concentr .tion(-ng/a--n
2

) 1 . 829 3. 882 1. 646 2. a:J9 2. 154 4 . 164 0 . 788 1 . C:81 

Chlor ophyll c0nc,:rntn:t:;..on(rr,dgm --ir y wt . ) 6 . 0.30 14, 210 6 . 435 1 o. 000 •
1 6 . ,305 16 . 650 •• C 

4 • • 0 . 

Chl or ophyll n/b r :-..t io 1 . .31 2 1 . 056 1. 262 I. 274 1. 221 1 . 172 ,- ,,, 
11, . ;:, • 

Specific l eaf woi ght(:ng/ c~n2) 2.58<) 2.Jd.3 2.635 2 . /442 2. 823 3 . 02.3 -~ .s . 
Lc.:.i.f-t hickness inJex( mg/ cm

2
) 12 . 82 16 . 96 17. 61 17.78 12. 18 16. 6.3 2 . 253 J . 121 

(Aesophyll cell number/mg dr y wt . )x 1 o
7 3 . 964 3.828 2,942 .3 . 290 4-.390 3 , 755 o . 639 0 . 885 

2 1j .J90 ·Sc569 6. 04.3 ("1esophyll cell nu--nber /cm l ed' .:r ec..) 6 . 213 12. 709 9 . 728 1 . 172 1 . 622 
X 107 

Stom~t al l e ngt h (;u) x 10 3 . 101 3 , .371 2. 989 3 ,1 96 2. 910 3 . 276 N .S . 

Stomat al density(n~~bor/mm
2

) x 10 2.3 . 07.3 21 . 631 2.3 . 598 24 • .384 21 . 107 23 , 07.3 N .S . 

-..J 
~ 
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The influence of nitrogen concentr:,.tion on v:~rious vegetative 

chGr ,·:cteris tics of Potentat e , Yellow seedling '..-_nd the ir F 1 hybrid is shown 

in T::.tbl e s II ,4, II. 5 and II . 6 . F1 hybrid h.::icl 2. higher c umulc.tive fresh 

weight per pl ant thwi the two p.:i.rent s irres p0ctive of nitrogen supply. 

Under l ow nitrogen supply its sup-.criority be c :::ine appar ent oft er 2--..Jeeks . 

At hiGh nitrogen concentration, Yell o"J s eodling be cume increasingly inferior 

with time . After 3-w8eks, while t ho fr esh we i cht pe r plo.nt of Pote nte.t e and 

F 
1 

hybrid ,,Jer e r educed by low nit.roe,cm su_:)pl y by 83% '.illd 70% r e spective ly, 

thL.t of Yell ow s0edline, W.!S r educed by only 27'.-"f , c ompcTod with the high N 

trec.t rne nt. 

TABLE I.J.± 

'.i'he influence of nitrogen concentrations on cumulo.tive fr esh 

we i ght pe r plant ( mg/week ) of Pot ent at e , 

the ir F1 hy brid . 

Ye llow seedling and 

Time in weeks l . .. ·------ ------~- -----1--
--, - -------- l 

i O 1 2 3 
t~· · ., . . . ,,.·. :, · Pot-e-nt_o._t_e--l-·~ ·-5·.-0 _ __ 2_2_5 .-0--3- 0-2- .-5--1-0~2-2-.-5-

28 ppm N Yellow s e0dling 87,5 200 , 0 290, 0 827 , 5 

F1 hybrid 

Potc nt 2.t e 

280ppm N Yel low s eGdling 

F1 hybrid 

90 . 0 227.5 472,5 2150 .0 

87 . 5 

82 . 5 

9 0.0 

480.0 

250. 0 

500.0 

1945. O 

355 , 0 

2227.5 

6200.0 

1135.0 

7025.0 

The r esults for cumulc.t ed s t em extension r .1 t e were simila r to thos e 

for cumulut ed fr esh we i ght per pl a nt with res _pec t to var i e t ~l difference s and 

effects of nitrogen concentra tion. As shown i n T,1ble II. 5 the effect of 

v c::rie t ,· l differ ences ~md n itroge n concentration on stem extension r ate intensi­

fied with the pass,~ge of time . 

The effects of v&ri0ty x nitrogen i nt er actions on cumula t ed leaf 

e mer ge nce o.s influenced by ni trogon conc entration o.rG shown in Tc1ble II. 5. 

With r e spect to V~\rie t o.l d i ffe r ences 1 .:ig,1in the diffe r ences be t wee n Yellow 

s eed linG .'.lnd Pote nta t e , a nd between Ye llow s eedling illld F1 hybrid were mos t 

obvious esr;ecL.:lly whe n the plants wer e gr own under low nitrogen supply. 

Like most of the chnr ~iCt t)ristics measured the cumulat ed l eaf emer gence of 

Yellow s eedling which was higher t h::.n t hos e of Potentc.te end F1 hybrid, irres­

pective of nitrogen conce ntr 2tion wis cornpOI' c:..tively less s ensitive to changes 

of nitrogen concentrations . 



( 1 ) 

N-levels 

N1 

N2 

(2) 

N1 

N2 

* 

T ,rnLE IL.i: 

The effect of nitr ogen l evels ( }~ = 28 ppm, N2 = 280 ppm :-1) on curnul..1tive 

(1) weekly s t em elongation (cm/week) :ll1d (2) weekly l eaf emer gence of 

Pot entat e, Yell ow seedling and F1 hybrid over a 12- week period. 

Varieti es 1 2 3 4 * 7 8 9 10 

Potentat e 3 .13 J . 28 4. 90 6. oo 11. 75 26 . 00 40. 75 47. 38 

Yell ow seedling 3. 35 3. 63 5. 13 6. 63 7.75 13. 50 20.38 25. 1.3 

F1 hybrid 3. 43 3. 95 5. 80 8. 08 13 . 75 27. 00 36. 00 46. 25 

Potent at e 2. 68 4.1 8 7. 33 12. 30 29. 50 51. 38 69 . 13 83 . 25 

Yellow seedl ine 3 .60 4 .30 5. 70 6.98 11 . 38 16. 50 26. 38 32. 25 

F1 hybr id 3.45 4 . 55 8. 43 13! 10 27 . 25 47. 38 64. 50 78. 00 

Pot entat e 0 1 . 0 2. 8 4. 8 7. 3 9. 8 11. 5 13. 0 

Yellow s eedline 0 1. 0 3. 5 6. o 8.0 12. 5 14. 5 15. 5 

F1 hybrid 0 1 .o 3. 0 5. 5 7.0 9. 5 11 . J 12. 8 

Potentate 0 2. 0 4. 5 7. 3 1 o. 5 14. O 16. 5 18. 3 

Yellow seedling 0 2. 0 4.5 6. 5 1 o. 8 14. 8 16. 8 18. 5 

F1 hybrid 0 2.0 5. 0 7 • .3 10. 3 13. 8 16 . 0 17. 8 

Each figure is a mean of four r eplicat es. 

11 

60. 50 

31 . 75 

59 . 00 

96 . 75 

40 . 50 

87. 75 

14. 0 

17. 5 

13. 8 

19 . 5 

19 . 8 

18. 8 

The plants were transplanted to 6- inch pots containing sand medium after gr owing 

in nutrient solution in urea test t ubes f or 4- weeks . 

12 (weeks) 

67. 50 

38. 50 I 

66 .oo 

105. 25 

46, 00 

93. 75 

14. 8 

19. 0 

14. 8 

21. 8 

22. 8 

19 . 8 

~ 
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The effects of nitrogen concent r ution on other vege t ative 

char ctct er i stics ar e presented i n T:_1.ble II. 6. l:-ier e nw.,in 

Tc,ble II.6 . The effe ct of nitro[:,,<m L ,vels ( N1 = 28 ppm N, 

N -2 - 280 ppm F) on 

( 1 ) t h8 nurnber of l at er als to thtJ first t ru.ss (8-w..:ek old ) ; 

(2) t he nwnber of l eaves to the f irst t r u::i s ( 10- week old ) ; 

(J ) t he number of l eaves be tween the first n.nd se cond truss (8-weok old); 

( 4) the number of l e:.wes be tween the second .:rnd third truss ( 1 5 week old ); 
n.nd 

( 5) the mm1ber of l eafle t s of s eventh l eo.f of Potenk:t e , Yellow seedling 

r1nd their F1 hybrid. Each figur0.· is •!. me{:,ln of f our mec.surements. 

- .. - -- . 
N--1.avels V·.rrietics ( 1 ) ( 2 ) (J) (4) (5) 

H 
2 

--:· 

Pot ent at e nil 8, 0 4 . 5 14 • .3 

Yellow s eedling 7,4 6.7 6. o 1 o. 5 

F1 hybrid nil 7.0 4. 3 16. 8 

Potent at e J.O 7. 8 3.3 J . O 19,J 

Ye llow seedling 7. 5 7. 5 5. O J.o 10 . J 

F1 hybrid J . 5 7.0 2. 8 2.8 18.8 

The Third i nflor escenc~ of the low nitrogen-plants 

hnd not appear ed when the rne1.surem0nt s were made , 

the unrespons i ve nature of Yellow seedl i nrc to vur i o.tions of nitrogen concen­

trations wns noted . 
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4, 9 ]teproductive chn.r~ctcristics. 

T,-:.ble II.?. The of feet of N- conce ntr ':tions ( IJ1 = 2S ppm N, N2 = 280 ppm N) 

on n number of r e productive ch,1r .'.:'.ckristics of Potentate, 

Yellow St; (;.'Cllint :.nu thi:: ir F1 hybrid: 

( 1 ) the number of wt:k:ks fro:n sowin[ to mth'- sis; 

( 2) thu nurnbc r of flowers ,,n " pr i~rior dL. i'1 thG first truss; 

(3) the: numbe r of flowers ::nu ;:iri,nor di:-~ i n the s acond truss ; 

(4) thd nurn!1ur of flower s :.:.ml ;,r i mor c] i n. in th--- third truss, and 

( 5 ) the he i eht of thu first truss f rom the r. rowth medium in cm . 

N-Lvels Vr~ri1.-ti1Js ( 1 ) (2) ( J ) (4) ( 5) 
---

Potont:::ct e 1 o. 0 5.5 4.3 50. 5 

N1 Ye:llow s eedling 10.0 7. 5 6.3 18,3 

F1 hybrid 9. 5 5. 5 6. o 44.6 

Potent..te 7. 0 8. 0 12. 0 7.3 36. 8 

N2 Yellow s eedling <) . 0 7.5 7.3 8.0 19. 8 

F1 :1ybrid 7.5 9, o 1 o. 3 7.0 J6. 7 

Sr..m8 ~-s Trible II.6. 

Like vep,et:i.tive chrtl'·1cteristics the v··,ri:ltions of nitrogen 

conce ntra tions exerted n compara tively v0ry minor influence on the r e productive 

cln r actc ristics of Yellow s eedling . As shown in Table II . 7 the reproducti ve 

ch-'lracteristics of Pot c nt'.lte ::>..nd F1 hybrid in sharp contrast to thos e of 

follow s e;_:,dling vurfod markedly with nitror.en concentr.1.tion . 1,11 the 

me .sured r e productive char::;.cte l'is tics of F1 hybrid follo\.1ed those of the 

gr een p:irent ( ::1 )tent 1t e ) very clos0ly. 
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Essentially, the results of exp0riment two were as follows: 

(1) Yellow seedling had ,n low mean phot osynt he tic r a te per unit leaf area 

probably due to its low !nes ophyll cell nurriber per unit leaf area , 

and low SLW. But on a dry weight bas i s i ts ~ean photosynthetic rate 

was not inferior to thos e of Potent ~, t e and F1 hybr i d. On a chloro­

phyll weight basis, the -riean photosynthetic r ate of Yellow seedling 

was significantly higher th:rn those of Potent at e and F1 hybrid. 

(2) Yellow seedling had ~ low chl or ophyl l concentration but its 

chlorophyll a/b r atio was not different from those of Potentate and 

F, hybrid. 
' 

(3) Yellow seedling had a high l enflet r espiro.tion r 8t e but its root 

respiration r at e was not di ffer ent from those of Potentate and F1 
hybrid. In gener al, all the charact ers of Yellow seedling so far 

nentioned vari ed little with l eaf ege or position. 

(4) There were no varietal diff erences in stomatal l ength and density. 

(5) Effects of nitrogen concentration was noted f or a number of characters, 

for example photosynthetic r ~t e per mg chlorophyll; chlorophyll 

concentration; r espiration r Qte ; chlorophyll a/b r atio ; mesophyll cell 

number/mg dry wei ght; s tomat al l ength and sever al ot her vege t ative 

and reproductive characters . However, nitrogen effects were not 

observed for photosynthetic r at e pe r unit dry weight, or per unit 

l eaf area. 

(6) In contrast to Potentat e and F1 hybrid, Yellow seedling was very 

unresponsive t o increas ing nitrogen concentration. This was true 

for virtually all the chnructers studied. Though F1 hybrid resembled 

Potentate very closely, its photosynthetic r ate on a l eaf e.rea bas is 

responded positively to increasing nitrogen concentration in contrast 

to the two porents. 

(7) Increased light intensity within the r ange of ~to 1300 ft- c. gave 

higher photosynthetic r , .. t es of all v:rrieties, irrespective of ages of 

l eaflets. However, on a l eaf area bas is, photosynthe tic r ates of 

.3-week old leaflets respond~d mor e to increased light intensity than 

thos e of olde r l eaflets. 
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Fig. II. 2. The effects of (a ) time x ,light intensity (solid 
lines) and (b) time x variety (broken lines) 
interactions on photosynthetic rates of tomato 
leaflets. Potentate ( •), Y.ellow seedling ( o) 
and F1 hybrid (x). 
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Fig. II.1J. The effect of time x nitrogen 
interactions on l eaf thickness index. 
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4.11 Discussion. 

The above studies showed that in all the physiological and leaf 

cho.ractors studied, there were no significant differences between Potentate 

and F
1 

hybrid . However, 11arked di ':'forences between Yellow seedling and the 

other tw') v,u-ieties were found in more thc.n half of these characters. Apart 

from leaf thickness index which in fz..ct was an indc:: of le[.J moisture content, 

only fo:: tuo characters (i.e. pi1otosynthetic rate per unit chlorophyll and leaf­

let respirn.t0 rc:~e) was Yellow seedling significantly superior t.o Potentat e and 

F1 hybrid. 

Inspection of Tables II. 1 c· ... '1d II. 4 bdicutes complete agreement 

bet1,1een the results of this e-x!:>e:;.,·iment o.nd the previously observed differences 

in plc:mt g:·owt~:. h3t·,:0en the no::...m.:::.l g:ceen plants ( Potent.:ite and F 1 hybrid) and 

the chlo:.·0p:1yll defic:~ant Yollo,r seedling ( e:xperiment one) . The slow growing 

h" :Jit of Yellow seed2.ing togethe;:- with its low mesoph,rll cell number could be 

the result of iia lou p:1ot')s_ynthetfo and high respfratio.:-i rates. 

Photoryr/,hesis as :1 pi'irrury process ultimately delimiting pl ant 

growth is influenced by 1nany fo.ctors, both intern::i.l and externo.l either 

diroctl:f or indirectl:r. These arc well documented (see Heath 1969 ). In the 

present ~itudios, ::;el8ctod interno.l facto:-s which could contribute to the 

vo.riet'll differences in photosynthetic r,~tes uere studied. The results 

indicate thc.!.t Yellow s€edling had r elatively thin leaves . This effect 

probably contributed to tho signific,mt variations in photosynthetic r ates and 

chlorophyll concentr~tions computed in term of leaf area. This is supported 

by the L.ct thut when these ch.n·acte:.:s uere expressed OI'. leaf dry weight bases , 

the mean d i fferences between the p.:1ronts md their F1 hybrid became non-signi-

fic:mce, though YellO\·J seedling still had the lowest v.1luos . Thus, it is 

sw.rnestGd thcit tho relc.tively low photosynthetic r ate of Yellow seedling on an 

[U'en b,1sis was due to n. low ;_Jhotosynthetic cell number, ill1d not necessarily to 

:no.lformn.tion or i'!l:'llf1.1.nctioning of the !)hotosynthetic sys terns itself, as hos 

been pos·~ulated for similar mutants in various plants ( see Granick 1955; Von 

Wettstein nnd Eri_lrnson 196.3) . The la.ck nf significant differences in 

sto·.mtal si:e:;e .::i:1 density and chlo:..·ophyll composition further s'.1pports such 

an explc.nntion. Thus, if photosynthetic r~te per unit leaf weight is taken 

e.s a critc::.·ion , it seems tho.t the v:.1riekl differences in pln.nt growth could 

well be the result of differences in respiretion rates in at least one of the 

plant orgc-i.ns --- tho leaves. 

The hi gher photosynthetic rute i::er :ng. chlorophyll of Yellow seed-

ling indicuted that its chlorophyll was more efficiently used. Thi s effi-

ciency increased us the light intensity WilS increased . Similar r esults have 
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been obtained from a number of chlorophyll deficient mutants, such as the 

tobo.cco aurea mutant Su/su (Schmid 1967) , J.iespedeza procll~ (Clewell and 

S chmid 1970) and a virescent cotton mut GJ1t (Benedict and Kohel 1970) . In 

add ition, the t obacco mutant Su/su J.lso h,1d a low SLW . 

Many factors are known to affect the col our of a leaf (Starnes o.nd 

Hadl ey 1965). The l eaves of Yellow seedling wer e yellow-green in colour 

because (i) they contained e. low tot-11 chlorophyll content, (ii) t hey were 

thin, and (iii) their tissues wer e l ess compa ct . Other factors such as the 

amounts of carotemoid and x anthophylls may have also been involved . 

The influence of nitrogen concentr "J.tion on various charac t ers showed 

th:'lt high nitrogen concentration was more f avour c1 ble to plant growth. However, 

it should be pointed out th&t during the exper i mental period all the high 

nitrogen-treated plants ( except Yellow s eedling) developed brown stem lesions, 

and gr adUEJ.lly slowed down in growth. This WC!.S fo llowed by a darkening of 

leaf colour, o.nd l at er by the appear:::.nce of preswnably mineral-induced leaf 

s ymptoms which appeared first on young unfolded l enves . It s eems probabl9 

tha t barring fro m the unlikely possibility of pathogenic d isease, ammonium 

nitrogen which competes and int er acts with other ions was involved (Kirkby 

1968) . High ammonium concentrations ere known to induce toxicity symptoms 

and adversely , f.f e ct the growth of tome.to plants ( Barker !3..:t al 1967; 

Y!aynard 1967; Ajayi et al 1970) and barley plants (Suzuki o.nd MacLeod 1970) 

when as sociGted with a low potassium supply. Other adverse effect s of hi gh 

ammonium concentration have been ct iscussed in section (3 .11). In the above 

mentioned leaf symptoms were caused by high runmoni~~ ious e ither directly or 

indirectly, the n this is an interesting e:xarnpl e of varietal d ifferences in 

toler ance of a rnmoniwn nitrogen, since Yellow s eedling (in contr as t to 

Potentate and F1 hybrid) invariably shov1ed little respons e to changes of the 

applied nitrogen concentrations . 

other interactions of f ac tors vJer e of minor importance and do not 

warrant further discussion. 
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5. 

5 . 1 

Br eeding studies . 

Gr owth analysis . 

CHAPTER 5 

Analyses of variance (Tabl e III . 2) indic.1.t ed very significant 

differences in RGR among nll entries ,:md :1mong F
3 

families but not among 

gr een F3 f amilies alone . As indica t ed in T-bl es III. 2 and III. 3, this 

varfr.tion in RGR was due to tho presence of plants exhibiting the ye llow 

l eaf ch..ll"~cter. 

greer, plants. 

Tabl e III. 2 . 

( 1 ) 

( 2) 

(3) 

Source 

Replicates 

~ Families (F) 

N- lovels ( N) 
F X i'f 

Error 

,2 
.1 

Such pln.nt s ha.d RGR v~lucs onl y nbout half those of 

Analyses of variunce of r el ative gr owth r a t e of 

all entries, 

all F
3 

families, ~nd 

gr een F
3 

families, 

d . f . :•LS • ( 1 ) 

R - 1 0 . 017 N .S. 

F - 1 0. 274 :H:-* 

N - 1 0 . 520 • Hf* 

(F-1 )( N-1 ) 0 . 015 N.S . 

(R- 1 )(FN- 1) o. 011 

M.S . (2) 

0. 003 N .S . 

0 . 284 *** 
0. 389 *** 
0, 01 4 N.S . 

o. 012 

M.S . (3) 

o. 013 N .S . 

o. 01 1 N.S . 

0. 478 *** 
O. 01 2 N.S . 

0. 010 

----- 0. 950 -~~- o. 111 

*** 
in the case of M.S.( 1 ) , 11 families 11 includes the o.ncill ary gr ou.EX3 . 

p < o. 001 

N.S . = not s ignificant . 

The effect of nitr ogen conc,jntra tion on RGR wns hi ghly significant 

for t he F3 families um ancillary gr oufX:3 (Tabl e I I I . 2 and III .3 ; plat es 2 

and 3 ). 

The complete absence of any indication of ent r y x nitrogen leveJ .• : 

i nteractions (Tabl e III . 2) s uggest s that t he effec t of Yell ow seedling 

syndrome on RGR is independent of the nigr ogen r egime , a r esult compl etely 

i n agreement with t hose of experiment one . 



I , f 
1 

Low II (;\tr~\')· T.p1
, '-/~ 

o .... "" 't,/?.o 
lh.1~.,I (J.t•rr"') "Top , r,fa 

3111ulc.ol( t\...l• ,...._ ,F•/a. 

,Plate 2: Representatives of normal (F/30) and chlorophyll 

deficient (F
3
/23) F

3 
plants grown under two con­

trasting nitrogen regimes for a period of J weeks . 

Lt' N •.3.•• 

Plate 3: Representatives of normal (F/21 ) and chlorophyll 

deficient (F3/23) F
3 

plants grown under two con­

trasting nitrogen regimes for a period of 5 weeks . 

89 



5. 2 

TABLE III. 3. 
Comparison of relative gr owth rates a~ong F3 fa• ilies and 

ancillary gr oups grown under two contrecting nitrogen r egimes . 

Gr oup 

Potent at e (P) 

Yellow seedl:ing (Ys) 

F1 

F2 
BC t o P 

BC t o Ys 

Gr een F
3 

See,regating F
3 

Yellow F
3 

Me:1..'1 

Genetic analysis 

RGR( ':lg/ mg/week) ;t,...:, S...:;•,;;;.E.;.... __ ____ 

Low N 

1.314 ± 0. 056 1 .1 24 .! 0. 216 

o. 528 .:t o. 011 o. 663 ~- o. 134 

1 • 'Z07 .! o. 07 4 1 • 089 .! O. 080 

1.313 ± 0. 037 1.163 .! 0. 017 

1.367 .! 0.1 05 1. 167 2". 0. 017 

1 • 400 ± 0. 1 24 1 • 1 28 ± 0. 003 ___________ ....,. 
1.3-z:) ±. 0. 006 1 .103.: 0. 048 

1 • 3 03 ±. 0 . 021 1 • 1 34 .! 0. 019 

o. 675 .! o. 088 o. 635 .! o. 1 00 

1 • 1 7 0 ± 0 . 058 1 • 023 .! o. 070 

90 

Genetic analyses were ,:i.ade on F
3 

f a:nilies and br oad sense heritabil­

ity estimat es for RGR wer e calculeted (Table I II . 2) . ~lhgn famil i es contain­

ing yellow plants wer e included in the analysis the heritability of RGR was 

95%, but when they were e:xcluded, the heritability es t imate was negative, 

i . e . essentially zero. This :indicates that the genetic variance of RGR 

among F
3 

families was entirely associated with the yellow charact er. 

The results of this experiment, p::trti cularly the facts that the 

yellow segregants wer e similar to the yellow parent in all observed 

characters and growth rates, and th~t the F2 heterozygotes segregated 

green o.nd yellow plants in a 3: 1 r atio (see 2. 3 . 2) show that a recessive 

gene or block of genes associated with the yellow charact er markedly 

affected RGR. It is unlil{ely thc:::.t cytoplasmic factors were involved. 



Cl-U.PTER 6 

Gener cil Discussi on 

Since t he effects of nitrogen level have been discussed in sect ions 

3 . 11 a.rd 4 . 11 , these concludi ng comment s will be r estricted t o 3. di s cuss ion 

of inferior performance of Yellow seedling. 

Yellow seedling was inferior t o Potentet e -2.11d F
1 

hybrid i n a l most 

all thG charnct ers s tudied . These included the growth paramet er s ( e . g. 

RGR, NAR and IAR); physiological pr ocess es (e.g . phot osynt hetic and r es pi r ­

ation r ates , and r at e of nitrogen utilizc.tion); and other plant characters 

such as chlorsphyll concentrnt ion, mesophyll cell number and specific l eaf 

weight. The low RGR of Yellow seedling was due to its l ow NAR, r eflecting 

e low photosynthetic r at e and a high r es pi.rat ion r at e. In .:i.ddition, 

inefficient nitrogen metabolism may also hnve contributed, as indicat ed by 

its low r at e of nitrogen utilizat ion. It is possi bl e that mutation of one 

or a number of genes , leading t o a ~ener al r eduction of plant s ize , could 

ho.ve caused all these eff ects, particularly the low photosynthetic r at e . 

This hypothesis is based on the theor y that the r at e of pl ant gr owth (or 

sink size) r egulat es phot osynt hetic r ates (Moss 1962; Sweet and Wareing 

1966; King et al (1967) . 

Attention is drawn to the findine by Scholz and Rudolph {1968) 

of '..1 Minhydrin- positive substance which occurs wi dely i n higher pl ants and 

which, when applied t o the tomato 1:mta.nt 11chlor onerva11 , could r es t ore i t s 

nor mal development. This chlor ophyll defic i ent mutant was slow gr owing, 

flowerless and unable to pr oduce t his substance . Thus, it is fel t that the 

low chlorophyll concentration of Yellow seedling, i. e . the ~-,3ll ow condition 

itself, is mer ely part of all overall effect associ nted with the r ecessive 

mutation, and is not r espons i ble for the syndrome . These experiments have 

provided a very complet e description of the syndrome, but have not indicat ed 

its underlying cause , It is felt that ,my f urther i nvestigation of Yellow 

seedling should be direct ed at i t s chr omosome s tructure, the ultrastructure 

of its chloroplasts, n.nd activity of t he key enzymes controlling its 

photosynthetic rate and nitrogen metabolism. 
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Salt 

I KN03 

I 
Ca( N03 )24H20 

. HgS O 4 ?Hi) 
I 
I ilJaH2PO 4• 2H20 
I 

N levels 

57 pprn 

~~ ppm 

APPE~IDI.X I 

The Composition of the nutrient solution 

used in experiment one . 

;,Jn9ro-nutrient(gm/100 litre) 

Weight mR equival~t/litre m 

40. 4 K+4 No
3
·-4 K156 

94. 4 Ca 8 No
3

- 8 Ca160 

36. 8 Mg 3 s0
4

-3 Mg36 

20. 8 + PO - 34 aa.31 Na 1 .3J 
4 

KN0
3 

Ca(NO".l )2. 4f:l2o 
.., ( NH4) NOJ 

--·-
57 ----- --
57 11 3 

57 11 3 170 

Micro- nutrient (gmL'.1 00 l itr e} 

stock solution 
m 21 

N57 202 . 2 

Nl 13 472 

S48 184 

P41 104 

CaC12 

+ 

Salt We ight(gm) Ppm Stock solut ion(gm/1) 

Fe Citrat e • 5820 3.35 5. 6 Fe 33.5 

§ MnS04-~0 0. 223 0. 55Mn 2. 23 

HJBOJ 0. 186 0. 33 1. 86 

CuS 04° 5H2o 0. 025 o. 016-o. 032 0. 25 

ZnS0
4

• ?H20 0. OZ;J 0. 13 0. 29 

I ( NH 4) 6Mo7024 • 4H;f) 0. 0088 0. 048Mo 0.088 

( j The last 5 minerals were made up with wat er t o 1 litre of solution) 



,- -· 
Salt 

i 

CaC12 

IUI
2
P04 

MgS047H20 

NaN0.3 

AP?EiIDIX II 

The Composition of the nutrient sol ution 

used in ex per i.:-na n ts two and three . 

'-1acr o- nutrient 

g.TI/litre molar stock solution 

0.167 0. 0015 11 o. 99 

0. 214 o. 001 5 1.36. 08 

0.514 0.0022 246 . 50 

0 • .34 0. 004 85. 00 

80. 00 

l 
1 Nutrient Solution I 

(ml 1) 

1.5 

1.5 

2. 2 

2.0 

9 .0(high 
N only) I NI\ N0.3 L ________________________________ --i 

Salt 

Fe Chelate 

H.3B0.3 

Mlia 2, 4H2 0 

ZnS0
4

•7H2o 

CuS 04· 4H20 

H2M
0

0
4

. 4H20 

N l evels 

23 ppm 

280 ppm 

Micro-nutrient 

stock solution(gm/1) 

16.42 
2. 86 

1 . 81 

0. 22 in one 

0 . 08 

0. 02 

2. 0 ml 

2. 0 ml 

litre 

Nutrient solution 

1.0 ml 

Tr ace el ements 1.0 ml 

9. 0 ml 



APPE i'IDIX III 

Mean meteorological i eadines on weekly bas is 

' Weeks Solar r adiation Bright sunshine 0 <1f R.H. I Temp.C /0 I 

! ( Langlcys/ week) (hour) - -
1 1 55 . 7 3,67 60 68 
2 132. 3 J . 34 57 76 

3 109. 0 1 • 97 58 74 
4 148. 0 3 .19 60 70 
5 138. 6 3 . 09 61 70 
6 1 53. 1 2. 44 60 67 
7 131. 7 1. 26 65 70 



APPENDIX DJ 

Analyses of variance of log dr y we ight(mg) of 
e 

(1) entire plant, 

(2) stem, 

(3) leaf and 

(4) root. 

Source d.f. 

Blocks 3 

Var. (V) 2 

N-levels ( N) 2 

V x N 4 

M.S .(1) M.S. ( 2) 

0. 526 ~HHc o. 282 ~:-~:- ~-

34.485 
..) • ~i '* ,, ,,,~- 23 . 141 1HHf 

o. 221 • <>< 0.859 .H.'.t...>t. 
",, l\ 

0.082 N.S. 0.182 ~} * 

Time(T) 6 1 CB. 881 ~}*1f 115.925 • i"1i" • f 

T x V 12 2.633 ')} -;:- {i" 3.445 *~-* 

T x N 12 0.056 N"S. 0 .027 N.S. 

T xVx N 24 0.022 N.S . 0.020 N.S. 

Error 186 0.034 o. 041 

* ::: P <. 0. 05 ** = Pc;: 0.01 *.lt.X ,~ ,, = P< 0. 001 

/!PPENDIX V. 

Analyses of variance of 

(1) log
8 

shoot/root ratio, 

and l~g
8 

per cent dry weight of 

(2) stem, 

(3) leaf and 

(4) root. 

Source a. r. M.S .(1) 

Blocks 3 0.156 N.S. 

Var. (V) 2 1 • 21+2 *** 
N-levels(N) ,"\ 2 0.497 *'rn 

V X N 4 0.178 N.S . 

Time ( T) 6 0.836 • :-{~')} 

TX V 12 0. 290 * lHf 

T X N 12 o. (B2 N .S. 

TxVxN 24 0.109 N.S .• 

Error 186 0.101 

i'1 .S .( 2) 

0. 157 lHH~ 

1 • 022 lH:-* 

0, 105 l~ 

0.079 N.S. 

2. 924 ,Hrn 

0.154 *n 
o. 050 {~ 

o. 036 N.S • 

0.027 

>I .S.(3) M.S .(4) 

1 • 11 5 ~t- 1i" ·?f o. 215 ** 
35.089 *1f* 47.426 *• f* 

0.481 • f ~Hi" 0.045 N.S. 

o. 382 )H<* 0.042 N.S. 

111.043 1}1i"* 95.073 **•~ 

1.935 1i"1!-* J.418 *-:rn 

0. 107 •H!- 0.069 N .S. 

o. 065 * o.o62 N.S. 

0.036 0.047 

N.S. = not significant. 

M.S. (3) M.S. (4) 

0.460 ~-,rn 0.023 N.S. 

0. 070 irn 1.Q0J -:Hrn 

0. 030 N .S. 0.353 * 
0.049 * 0.061 N.S. 

· 0.343 • rn* 0.411 i~it-1} 

0. 066 l<l<* 0.185 ** 
o. 014 N .S. 0.043 N.S. 

o. 017 N.S. 0.068 N.S. 

0.015 0.079 I· 



A,,PENDIX VI 

( 1 ) 

( 2) 

( 3) 

Analyses -f variance of 

log l eaf area ·(cm
2

) 

rel!tive leaf area growth r a t e (cm
2
/c://week), and 

) 

spe cific l eaf weight (mg/c,11 ·- ). 

Source d . f. 

1-·;l-ocks 3 

2 i Vo.r. (V) 

I
; N-levels (N) 2 

v x N 4 
I 

I Time ( 'i' ) 6 

I TxV 
i 
i T x N 

12 

12 
I 

Tx V xN 24 

Error 186 

'' LS .(1) 

0 .117 N.S . 

25 , 384 JH,< 

0. 034 N.S . 

0. 077 N .S . 

98 . 334 irn* 

1 • 059 'H J, 

0. 07 2 N . S . 

0.016 N.S . 

0.058 

-.1.s . (2) 

0. 040 l} 

1 .401 >H:-:: 

0 . C93 N .S . 

0 . 024 H .S . 

0 . 022 N.S . 

0 . 010 N.S. 

0, 038 *ll-

0 . 0{)9 N.S . 

0 . 015 

APPElJDIX VII 

Analyses of variance of 

(1) r e lative growth rate (mg/mg/week), 

(2) net assimilation rate (mg/cm
2
/week), and 

( 3 ) leaf-area ratio ( c rn2/ mg). 

Source d.f. :1.s. ( 1 ) '1 .S.(2) 

Blocks 3 o. 151 !f ~f 1} 2. 202 •} 

Var. (V) 2 4,31 6 -., ,.- -;(" 91. 028 i} {~{~ 

N-levels ( N) 2 o. 048 N .S . o. 264 N .S. 

V X N 4 0.063 1} 2 . 798 {i" 1~· 

Time ( T) 6 0, 880 -:HH, 4 2. 526 )f -;'. ~!-

TX V 12 0,033 N.S . 5. 849 1:· ')}-1~ 

T X N 12 0.022 J .S . 2.182 ~i" ::- ~:-

T XV X N 24 0 . 018 N.S . 1,536 ?~- -~:-

Error 186 •~ 023 o. 647 

:1.s.(3) 

1 • 676 -::-lHf 

2.1 90 * 'Hf 

0.185 N.S . 

0 .148 N.S . 

2. 777 •H,* 

0 . 728 lHH', 

0. 188 N .S . 

0. 137 N .S. 

0.158 

11.S .(3) 

o. 025 -'!* 

0. 043 l HH:-

0. 001 N.S. 

O. 006 N.S. 

Q, 043 lHH} 

o. 024 }t~~1} 

0. 009 N.S . 

0 . 003 N.S. 

0.005 
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AP0E:IDIX VIII 

Analyses of variance of instantaneous r elative growth 

r ates of 

( 1 ) shoot, 

(2) stern, 

( 3) leaf and 

(4) r oot. 

Source d. f. 

Blocks 3 

Var . (V) 2 

N-levels ( N) 2 

V X N 4 

Time (T) 6 

T x V 12 

T X N 12 

T xV X N 24 

Error 186 

Analyses 

rates of 

( 1) shoot, 

( 2 ) stem, 

(3) l eaf and 

(4) root. 

Source d.f. 

Blocks 3 

Var. (V) 2 

N-levels ( N) 2 

V x N 4 
Time (T) 6 

TxV 12 

T X N 12 

T XV X N 24 

Error 186 

A.S. ( 1 ) •·-1 .S . (2) ·1.S .(3) 

o. 171 ~f ~f ;~ o. 134 •:: ·':- )i" 0,343 ")f ·'~ 

3. 627 ~~· ~( ~} 4,874 :·H} )~ 3. 220 ")( ~f • ~ 

0. 052 'H~- 1:- 0.029 N,S . 0.111 N.S . 

o. 017 ~} 0. 024 N.S . o. 107 ¾f 

0.532 
•' .. H.J '. 

5. 743 1} : ~- ;:- 0. 048 N .S . 

0.025 ~} {~1} o . 124 ")}1:· • f 0. 020 N.S . 

0. 001 N.S . O. O(B N.S . 0. 012 N.S. 

0. 008 N.S . o. 011 N.S. 0.013 N.S . 

0. 006 0.014 0. 037 

AF0 El'IDIX IX 

of variance of instantaneous net ass imilation 

,1.S • ( 1 ) H.S .( 2) A.S . (3) 

2,746 * • f o. 224 1* 1. 220 N.S. 

46,486 tf 1~ • !- 4,51 2 7f ?~--;} 34,532 lHc c' f 

7. 011 *•~- •~ 0.785 lHH~ 6.136 1~* 

2,693 ~:- • !- -J; 0. 416 -;}~} 6 , 274 lrn* 

23 . 828 * ·!f • ~ 11. 34 7 -;~-~~* 6.056 • i" :H* 

3 . 751 -~- ;,.;,... 1. 278 {f -;}~~ 1.639 N.S. 

o.694 N .S. 0. 246 lH~ 1 . 281 N.S. 

0.321 N .S . 0.083 N .S . 0. 970 I:J .S . 

0,486 0. 091 o. 912 

·:-1 .s. (4) 

0.013 fJ oS . 

5,077 j~- ;~ 1:-

0.124 * 
o.o6o N .S. 

1.052 ")i"*{} 

o. 061 if 

o. 001 N.S. 

o. 021 N.S. 

0.032 

_\f .s . (4) 

0.099 N.S. 

6.885 ~}~! •~ 

o. 015 N.S. 

0.039 N .S . 

1.453 **•* 

0.1 02 N.S. 

0.034 N.S . 

0. 044 N .S. 

0.057 



( 1 ) 

( 2) 

( 3) 

Source 

Blocks 

Vo:r . (V) 

APPENDIX X 

Analyses of variance of 

per cent 'J.itrogen content in total dry weight, 

log nitrogen yield, and 
e 

rate of nitrogen utilization. 

d . f . i1 .s . ( 1 ) .vr .s . ( 2) d.f. 

3 O.rY+7 N.S . 0.456 ~~1f 3 

2 1 .424 *)He 31 • 1 22 • t {~•} 2 

N-levels ( N) 2 13 . 973 1~· H· i} 1. 265 1~1H~ 2 

V X N 4 o. 566 1~1} 0.171 N.S . 4 

Time ( T) 6 4,027 *• Hf 103. 967 1} 1~* 5 

T xv 12 o. 740 *1t-- 1f 1 • 9,23 * 1~~~ 10 

T X N 12 o. 659 U· ~ ~- ~( o. 269 -:H! 10 

T xVx N 24 0. 387 • ! lH:- 0.072 N .S . 20 

Error 141 0.1 53 o.an 159 

APPEi1JDIX XI 

~1.S • (3) 

2. 273 N.S. 

201.649 *** 
13.145 *1~ 

2. 752 N.S. 

340,868 *lrn 

63 , 878 -lHH! 

11 • 617 lHH! 

3. 528 N.S . 

2.1 65 

( 1 ) 

( 2) 

Analyses of variance of chlorophyll concentration 

2 on leaf area basis ( ,:1g/dm ) , and 

on leaf dry weight brrsis (mg/gm). 

Source d.f. M.S. ( 1 ) YI .S . ( 2) 

Blocks 3 1. 059 N .S. 21 . 161 * 1}1f 

Var. (V) 2 30, 976 , H H , 258. 369 ,!:rn 

N-levels (N) 2 o. 170 N.S. 56 , 520 *,H! 

V X N 4 0.413 N.S . 14, Z:)5 ,H! 

Time ( T) 2 0,496 N .S. 6.879 N.S. 

T x V 4 0,356 N.S . 2. 978 .N .s . 
T X N 4 0.467 N.S . 1. 285 N.S. 

TX V X N 8 0.392 N.S. 0.528 N .S. 

Error 78 0.627 2.646 



A:?PENDIX XII 

Analyses of variance f or photosynt hetic rates expressed in 

t erms of (1 ) leaf dry weight (;ul.O/hr/mg dry weight) and 

( 2) leaf area (;u10/min/cm
2

) . 

I Source 

Blocks 

Var . (V) 

N-levels ( N) 

V X N 

Er ror ( a ) 

d.f. 

3 

2 

1 

2 

15 

Time (T) 2 

Light int ensit- 2 
ies ( L) 

T x L 4 

T x V 4 

T x N 2 

TxVxN 4 

LxV 4 

L x N 2 

Lx V xN 4 

T x L x V 8 

TxLxN 4 

TxLxVxN 8 

Error (b) 144 

.-1.s . ( 1 ) 

12. 903 n .s. 
5. 864 ?~.s . 
3 . 647 N.S . 

50 . 206 ~j .s. 
34.707 

128 .488 * l H<-

1573 . 216 H l f 

72. 867 JHHf 

198. 73L1 ,Hrn 

12 .391 trn i: 

5. 870 n .s. 
2. 536 u.s. 
1 .421 N .S . 

11.061 * 
3. 678 N .S . 

2 . 591 N .S . 

5. 004 

:,1 .s . ( 2) 

0. 103 * 
0.192 irn 

0.011 N.S. 

o. 153 * 
0. 027 

0 . 663 *lH} 

.J o400 !HH:-

0. 257 * lH~ 

0 . 046 ,rn* 

o. 070 **:: 

O. 003 N .S . 

O. 014 N.S. 

O. OOJ N.S . 

0. 016 * 

O. 007 N.S. 

O. 004 N.S . 

0. 007 

l 
1 
t 



t 

L 

Analyses of variance on (1) photosyntheti c r ate per mg chlorophyll 

(;ulO/min/mg chlorophyll); (2) chlorophyll concentration(mg/dm2 ) 

and (3) leaf-thickness index (rng/cin2 ). 

Source d, f. 

Block 3 

Var. (V) 2 

N- levels ( N) 1 

V x N 2 

Error (a) 15 

Light i nLen- 2 
sities ( L) 

L x V 

L x N 

LxVxN 

Error (b) 

4 
2 

4 
36 

M.S . (1) 

0.401 * 
1. 661 * ~f;t, 

2. 561 *!::l­

o. 224 ii.S . 

o. CA? 

1, J15 lH~* 

Source 

Block 

Var (V) 

N-levels ( N) 

V x N 

Error (a) 

Time (T) 

0. 024 N.S . T x V 

0. 078 N.S . T x N 

0 . 058N .S . T x V xN 

0. 027 Error 

APP1;mr:x XIV 

Analyses of variance of : 

(1) specific leaf weight; 

d. f . M.S . (2) 

3 0. 249 N .S. 

2 10 ,492 *:~* 

1 2f} , 646 lrnl} 

2 3 • 056 -lrnl} 

1 5 o. 124 

1 4,008 H* 

M.S . (3) 

5. 367 N.S . 

50. 527 *** 

102.463 *** 

22,694 **lf 

2. 241 

10. 407 * 

2 

1 

2 

0. 564 * 5,1 61 N.S . 

1. 977 *** 17. 292 ** 
O. 054 N.S. 12. 590 ** 

18 0.1 00 1. 647 

(2) r espiration r ate of leaflets (;ul0/hr/mg dr y weight ) and 
(3) r espiration r ate of root~ul0/hr/mg dry '\Jeight) . 

Source d. f . x.s .(1) d. f . :1.S . (2) M.S . (3 ) 

Blocks 3 0 .421 N.S . 3 1,370 N.S . 1. 531 N.S . 
Var. (V) 2 o. 886 ·II- 2 2.417 * 0.528 N.S . 
N-levels ( N) 1 0. 181 N.S . 1 2. 815 >< 4,171 * 
V X N 2 0, 402 N .S. 2 0.145 N.S . 1. 751 N.S . 
Error (a) 15 0. 167 15 0. 495 o. 679 

Time (T) 2 3 , 539 *l}* 1 3 5. 521 ~f- !f-l:-

T x V 4 0, 280 l } 2 0, 630 H 

T x N 2 0,623 * 1
' 1 0.4 70 * 

TX V X N 4 o. 081 N.S . 2 0. 651 ** 
Error (b) 36 0. 083 18 o. 104 



t 
Source 

Blocks 

Vnr. (V) 

N-levels 

V x N 

Error 

Source 

Blocks 

Var . (V) 

N-levels 

V x N 

Error 

APPEl'ill IX XV 

Analyses of variance of : 
2 chlorophyll concentration (mg/dm ) ( 1 ) 

(2) 

( 3 ) 

chlorophyll concentrntion (mg/gm dry weight) and 

chlorophylls a/b r atio ( on l eaf area basis) . 

d.f . '1.S • ( 1 ) M.S. ( 2 ) M.S . (3) 

3 0 .1 84 N.S . 4 . 522 N.S . 0 . 033 N.S . 

2 3 . 617 lHrn 21 • 111 " C J.1J o 0 • C. 01 7 N.S . 

( N) 1 1 3 • 6 00 l< ;rn 323. 841 ~fl~• ~ o. 057 * 
2 1.66 2 lH} 24 . 366 i,T .So 0. 040 N.S. 

15 o. 137 11.042 o. 012 

APPEND IX XV I 

Analys es of varianc e of : 

(1) mesophyll cell number/mg dry weight x 107; 

(2 ) mesophyll cell number/cm2 of l eaf area x 107; 

(3) s toma·~-D. l engt h (;u) x 10 and 

(4) stomatal density (number/mrn
2 

l eaf area) x 10 

d. f. :1 .S.(1) M.S . ( 2) M.S .(3) 

3 0.1 67 N .S . 0 . 036 N.S . 0 . 025 N.S. 

2 56 . 370 * •:}* 2
0 
072 l}:rn 0. 055 N.S . 

(N) 1 21 • 1 52 *1'* o. 11 9 N.S . 0. 474 l} 

2 6. 302 *1:•* 0 . 482 * 0. 013 N.S. 

15 o. 303 0 . 090 0. 055 

M.S . (4) 

3. 513 N .S. 

8. 492 N.S. 

1. 145 N .S. 

5.993 N.S. 

4.733 
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