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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 
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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) . 




