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ABSTRACT 

The present investigatIon was alrl1cd at deletlt'lillulg lhe eReCI of kinetin and 

Abscisic acid (AIlA) 011 leaf und nod ule senescence JO chickpea (Cin!r ammlllllll 

(L» cV CM88. Tht! changes in the endogenolls level of ABA and indole-3-acetic 

acid (IAA) have also been determined The seeds were soaked in aqueous solution of 

ki net in and J\bscisic acid each al 1 0'~M ror 6h prior to sowing. Bolh the ho rmones 

were also applied du rillg the vegetat ive phase between 1000 h- 1200 h as foliar spray 

at 1O.('M. The plants were allowed to grow under natural conditions and the 

experi men ts were repenled for three consecutive years. T he effects of the hormo nes 

were studied (,.111 young expanded leaves and rli lly expanded mature leaves at four 

developll1cll lHI stages. vegetative stage. flowering stage, early pod filling stage and 

lale pod tilling stage Increase in protein content in plant leaves coincided with tile 

intl'ease in nodlll~ activity at both the nowering and early pod IWing stages, after 

which senescence of the leaves became more evident. Degradation of chlorophyll and 

protein contcnt becomc more pronounced in o ld leaves as compared to young leaves 

Killctin fi t 1O'~M was more clTcc tivc treat ment than kinetin at IO·6 M in delaying leur 

und nodule senescence by its stimulatory cObc! on chlorophyll. protein and sugar 

C()llleni or young leaves and hy increasing diameter of pink bacteroid tissue, nodule 

weigh I ilnd nitrogenase act ivi ty per mill pink bacteroid tissue oC the nodLlles at both 

the Ilowcring and early pod lilling stages. Both of the concentrations of ABA ( IO.JM 

uml IO'!>M) were cn'ccl ive in enhanci ng leaf and nodule senescence by degradat ion of 

chlorophyll. P'-Oleil1 and sligar content of young leaves, and by decreasing diameter of 

I' 



pink bacleroid lis~ue, nodule v.eight and nit rogenase act ivity or ihe nodules at both 

the !luwering aml ead v pod fi ll ing stages. BOlh Ihe treatment s of ADA caused earl>' 

malUnly resul ting in signilicalll decrease in pi am growth and yield as compared to Iht.: 

control fhe endogellous lcvd uf ABA was higher ti l late pod fil lLng stage than that of 

t he vegetative stage. whereas exogen()lI~ applica ti o n of kinetin decreased tile 

endogenoll s level o f' AIlA in the treated plant s. The IAA content orllle 1'001. increased 

sig ninc8nt ly to llowing kinctin treatmcnts at the ea rly pod filling stage. The effect o r 

ARA ill enhancement o r leaf and nodule senescence is possibly mediated by the 

increased proline content o f leaves as well as the an tagonistic eOe cl o r ABA on the 

co nt ent o f growth promot ing hormones as IAA and ki netin. Nodule senescence 

nppcarcd to be associated with leaf senescence and the fonner is appears to be 

correlated with the di ameter o f pink bacteroids tissue 

v, 
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yo ung and old leaves of Cieer arielillum L. cv. CM88 and 
the effect of plant growth rcgulstors (year 1999). Verlic.1I1 
bars showed the standard error. 

Figure 6: The effed of interactiolls between treatments. stages of 54 
plant growth and leafage on protein content (Ilg g . t rW) jll 
young and old leaves of Cicer arietillum L. ev. CMR8 lwd 
the effect of plant growth regulntors (yenr 1999). Vertica l 
bars showed thc standard error. 

Figure 7: The effect of interaetioll s between treatments, stagt.'S (If 57 
plant growth and leaf age 011 proline content (Ilg g' l FW) ill 
young :lnd old leaves of Cicer arietilllllll L. ev. CM88 and 
the effect of plant growth regula tors (year 1999). Vert ica l 
bars showed the stand1lfd error. 

Figure 8: The effect of interactions between treutmellcs. stages of 60 
plant growth and Icaf age on sugur content (Ilg g.1 FW) in 
yo ung and old leaves of Cicer arietillum L. tv. CM88 and 
the effect of plant growth regu lators (yea.- 1999). Ve rtiC,ll 
bllrs sbowed the stUDdard error . 
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Figure 9: 

Figure 10: 

Figure t I: 

IAA contcnt (mg g"lfW) in the rouls of Cker IIrlelhtlllll L. 61 
cv. CM88 at different growth ~Iagcs ;wd the effcct of plant 
growth regu lators (ycar 1999). Vertical bars sho\\cd the 
standard errOr. Each value rel.resents the mellil of thn .. 'e 

replicates from different plants. 

Fresh weight of nodule per plant (g) in Cicer {lrielillum L. 69 
cv. CM88 at differ-ent growtl1 stages and the effeci nf plant 
growth regulators (year 2000). Vert ical bars showed the 
standard error. Each value rCllreo;cnts the mcall of three 
replicates from diffel'ent plants. 

Dry weight of nodule per plant (g) in Geer arleO""", L .. c\. 69 
CM88 Itt different growth stnges :md the effect of fllnn! 
growth regulators (year 2000). Vel'tical Imrs showcd the 
standard error. Each va lue represcnts thc lIIellll of three 
rcpliclItes from different plants. 

Figu re 12: The diameter of pink bacteroid tissue (Ulm plane' 11 " ) in 12 
Nodu les of Cicer arieli""", L. cv. CM88 nl different 

growth stages and the effeef of plant growth regulators 
(year 1999). Verticlll barsshowcd thestand:lrd error. Each 
value reprcscnts Ihe mean of three replicates from 
different plants. 

Figure 13: Nitrogenase activity (nmole}H" plan(1 h") in Geer 76 
arielitilim L. cv. CM88 at different growth stages and the 
effect of plant growth regu lators (year 1999). Vertical bars 
showed the standard error. Each value represents the 
mean of three replicates from different plants. 

Figure 14: Nitrogenase activity/lJllu or I)iuk bacteroid tissue in 76 
Nodules of Cici!1' ul'ielinunt L. cv. CM88 at different 

growth stages and the effect of plant growth regulntors 
(year 1999). Vertical bars showed the standard error, Each 
value represcnts the mean of threc replicates from 
different phlots, 

APPENDIX-m 

Figure 15: T he shoot hiomass of CiccI' (lr;4!litmm L. cv. CM88 as 165 
affected by kinctin applied as seed soaking and foliar sprlly 
at early pod filling stage. 

Figure 16 : The effect of ABA applied as seed soaking and foli'lr sl,ruy 166 
011 shoot biomass of Cicer llrielifwm L. cv. CM88 at early 
IlOd filling Shtge where ABA (lO,sM) shows yellow leavcs 
as compared to eontl'o l, and the height orthe Illnnt was less 
at both COllcentrations. 
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Figure 17: The effect of kinet in lind ABA on grains of Geer (Iriel;II,m, 167 
L. ev. CM88 where kinetin treated plants ~howed htrgcr 
pods and pods were sti ll grecnish. where'IS ABA (rellted 
plants shnw early maturity of pods. 

"~igure 18: Nodules or untreated eker ariel;""", L. C\. C1\188:a1 168 
nowering stage. Nod ules grown busicllily on taproot. 
Irregular shal)es of nodule tops and united at their bU.!IoL'!'o 
which makes nodules counting difficult. 

Figure 19: The effect of AIlA applicd assecd soak ing lind fol iar sllruy 169 
on nodules of Ciccr ariel;,ltim L. c\'. CM88 al flowering 
stagc. ABA decreased nodule number us compared 10 
cont rol. Nodu les were restricted to the main rflot . 

Figure 20 : A disscction of nodule of unt rcah'd eker lIrielillllm L. cv. 170 
CM88 .. t early pod filling stllgc where scneSl'cuce of 

Figure 21: 

nodulc startcd from the ccnter of bacteroid tissue which 
became green while meristim:ttic tips of nodule were still 
,link. 

A dissection of nodule of Ciccr (lriel;,,"m L. CV. CM88 17 1 
trcatoo with ABA (IO ...... M) at early pod fillin g sta ge "here 
Bactcroid tissue became grecn ish. 
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CHAPTER· ) 

INTRODUCTION 

1.1 Chickpea: 

Legumes h .. vc played a crucial role in dgricultural proJudion thft)ughl.lut 

history. These maintain soil fertility, particularly in dry lund due 10 the ir ca pac it)' 10 

fix nitrogen in association with Rhizobia by using so lar energy co llected th ro ugh plant 

photosynthesis (Suzuki and Konno, 1982). A key st rategy for improving productiun 

and maintaining soil fertil ity in the region of West Asia and North Ar.·ic a (WAN") 

has been to encourage farmers to retain the traditiona l pulse legumes. chickpea and 

lentil as a basis for rotational c ropping systems. Strategies aimed 1.11 conserving Nand 

P involve internal rcmobilizalion orN and P. dec reased gro\vth rah! (Schac lman ('f al .. 

1998; Ragothama, 1999). morc growth pcr unit N or P taken up. and modified carbonI 

nitrogen mctabolism (Plaxtoll and C.arswell. 1999). Legumes are idcal for crop 

management schemes Ihat aim at enhancing suslainabi lilV and buflering again,a 

dependencc on N lind P fertilizcs (Vance. 200)}. 

Ch ickpea is all annual winlcr legume Ihal belongs 10 the Hunily 

Lcguminoceac. tribe c ice raca. It is a very good source of protein .lInd curbohyd rate. 

which const itute 80% of the total seed dry weight. The ~rudc pro tein varies frum 17-

24%. It is a lso rich in l11inemls liJ...e ca lcium. iron and vi tamins. that arc essent ia l 

clements of human diet. Moreover. the ava ilabi lity of iroll as an essential clement of 

human diet is 90 % (Crown el al. . 1967). Being o ne or th e most important pulse crop 

in Pakistan , it is annually grown on an ac reage of about 1.1 million hectares with a 

production of 0 .7 million tonnes (Agric. Stat. of Pak .. 1998/ 1999). Chickpea is a lso 

the most important pulse crops of dry land agriculture of the world and is widely 



grown in Asia, Middle East. Africa and SOllih and Ccntrill Anh:I'i";3 (Nelle. 1982; 

FAO, 1987). In tht: world. it is cultivated on an acreage 01 more thall lOA million and 

is mainly grown in trupica l rcgitms of the world such as Turkey. Syria. Bangladesh. 

Pakistan, India . Sudan, and l3urma und partly in regiuns or \ .. e~tcrn .... odd weh 11' 

Austrulia and CrH13da In Alii3 I J countries grow ehickpca, which newllnt lor 9 1 % 01 

the global areu and 96% of world production. 

In addi tion to providing high prOlein food lind feed. Chickpcl:1 as a legume is 

reported to imp rove so il structure and stability, by im; rt.!asing the con tent o f so il 

organic mailer (Green lund . 1971; Soon and Arsllod. 1996). It also innucnces 

exchangeable N. P. and K in the soil. Exc hangeab le K decreases by cr('p ping system 

that is rich in legume crop (Soon and Arshad. 1996). Leafand nodule scncscence is 

the basic fac tor Ihnl affects the productivity of plants and soi l ferti li ty. leaf 

senescence of leaves of chickpea is of basic physiological interesl Ilnd provides 

insight into such correlative conlrob, that govern the terminal pha~e ,,1" the plant 

develupment tn retain the photosynthetically active leaves Ihroughollt Iruit 

devc::lo pment . It is va luable in rt.!ducing the C dclicic::nc)' Ihlll nccompunics senescence. 

Plant responses to environmen{al stimuli arc in leg rated in the endogenous 

deve lopmental programmes by a complex nclwork. which is ChllfacteriLet! by 

extensive ram ification and redundancy (Hare el al., 1999). Also plUll1 horm ones arc 

critical factors in a complex mo lecular process responsible for directing the carly 

development and fate of nOr3! tissues (Metzger, 1987: Noodcli 1988n). Where the 

concentration of hormones may be regu lated by translocation, synthesis lind release 

from bound forms and/or inact ivat ion occurs through conjugation (Cohen and 

l3andurski. 1982). 



The regulation of planl morphogenesis depends on c n vironm~ntil l fac lors such 

as light. temperature ~lnd nutrient supp ly, the concentra tion 0111.1 interaction of 

endogenous planl hormones and upon changing sensitivity of the tissue to these 

substances (Grossmann el ul., 1987). Grossmann and coworkers u"sumcu thut the 

strong manipul::ltion of vegetative growth reflects a Ji::.linct elfect on phytohormone 

leve l in the various parts of plant::. possibly as a ca use for the growth regulation or as a 

side e ffect of the action of the growth retardants. 

1.2 Aims and Objectives: 

T he present investigation was aimed at studying (I ) the ro le of kine tin and Abscisic 

acid in leafscneseence, and in causing physio logica l a nd biochemica l ctUl nges ifany. 

during growth and maturation phases of chickpea plants. (2) physio log ical 

relationshi p between leaf und nodu le senescence, as nodu le growth and functioning is 

dependent on assimilates de rived from leaves, and (3) changes in endogenous level of 

ABA in plant leaves; ABA be ing an importont horm one in leal nnd nodule 

!;Cnescence. 
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1.3 Leur Senescence: 

In common Will! all mll\li M \'!cl1ulnr organisms. higher plants arc mortal <llId the: 

hie of the individual plant s is uhinlllldy IcnllimHed by dCH lh However. it 1:-. 

considered likely lila! prtor 10 the death of the whule plant may have been earlier 

death oreelle; , tis:\ues und II number of its organs (Thimanll , 1980; Smal1. 1994) As a 

result of the activity or the apical meristem. the upper part of the shoot show!> 

prolonged embryonic condilions while at the same time senescence and death is 

occurring in the older lateral organs, notably in the leaves of Phaseo/lls I'IdKOl'is 

(Hensel ef ct!, 1993), parts ofOowers and fnills (Miyoji, 1986), 

Greening and senescence nomlalty occur at opposite ends of the life span of 

the plant tissue (Sinclair, 1989: Chory cf aI, 1994; Kusnetsov el aI. , 1994). The 

combined action of severa l intemal and ex ternal signals may be inVOlved in the 

induction of senescence (Wollaston. 1997). 

According to Samet and Sinclair (1980) leaf senescence is defined as the 

period after full expansion when decli nes III physiological activit)' can be observed 

IhlLS. the decline in photosynthesis that comes with advancing of leaves age should be 

considered a part of the leaf senescence process, especially as this reduction might 

influence ultimate yield Leaf area is reduced during leaf senescence and abscission 

(Turk eI (II. , 1<)80) accompanied by reduction of protein and chloro phyll cont~nt 

(Atkins d al., 19~4) 

Avai lable cvidence suggests that leafsenesccnce is initiated at the l ime of nil!· 

lenr expansion find Ihal subsequent course of senescence may be regulated by variolls 

Illclabolic and cnvirolllllenllli conditions imposed on the plant measured as the rate of 

nct c;>o;rhange in dry matter accumulat ion (Brandner e{ (II ., 1984a; Ticha el al .• 1985). 
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Bilsed un the seasonal pro file, chlo rophyll and acetylene reduction activity are 

the limitations of orenescence Senescence seems 10 occur at the IIpprOX II113te time 

when chlorophyll concentration IS higher III the UPI' t:1 I,;i:lnopy than 111 the lower 

canupy of Icaves {Brantluc.r ('I aI., 1984a). In addit ion a rcduction in C assimilation 

rate occurs at a tlmc when seed sink requirements arc greatest as has been 

demonstrated for soybean (Whittenbach el al., 1980, Okaton eta! . 1981 , Teaney and 

Fuhrmann , 1992), Fe.\loCa protel/s;s (Thomas, 1983) and red clover (Jacquard etal . 

1987), 

1,4 The Signals of Senescence: 

In many annual crops, leaf senescence during reproductive development leads 

to death or Ihe parent plant rollowing a single reproductive phase, and this has beCl'l 

termed as monocarpic senescence (Nooden, 1980; Nooden, 1988a: Nooden and 

Guiamet , 1989) The number of leaves tnat senesce during the reproductive phase is 

related 10 the number of fru il left to matuJ'c on the plant (UndaD and Nooden, 1977) 

This relationship suggests thai changes in the rut io of photosynthetic source size to 

reproductive sink may influence the course of mOllocHrpic senescence (Sinclair and 

DeWi" 1975). 

Senescence has been judged by changes in metabolites, levels of dry matter 

accumulation and by visual observation (Whittenback el aI. , 1980, Okaton el al .. 

198 1, Steven el til, 1984). It involves degradation of proteins, cltlotOphyll , nucleic 

acid and subsequentlransport of some of the degradation products to other parts of the 

plant (Nooden. 1988a and Wollaston, 1997). There is also proteolysis and nucleic acid 

hydrolysis leading to redistribution of nitrogen and phosphorus from the degraded 

products to the developing organs (Wollaston, 1997 and Gan and Amasino. 1997). In 
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the bean plant. it hll~ beel1 suggestl!d thut senc<;ccncc signal.;; arc lnll\~ported 

basipctally (Imre f!1 til .• 1981). In Vigna Imguiclllaia L. carbohydrates urro! dep icted in 

the stems 01 senescenl plnnts. willie sl urch nnd stlerO~c ilccul11ulole 10 <; I C /ll ~ Ordeluy 

leaf senescence (OLS) plants. and tolnl seed ),icld I:' higher tis compared 10 the leaf 

senescent genotypes (Gwathmey el 01 .. I 992a). 

I.S Factors Affecting Plant Growth: 

ScnescCJ\ce can be induced by environmenta l st resses. End oge nous Ibetnrs. 

inc lud ing leaf age and reproductive deve/opmcnt, also trigger scncscclICC (Smart. 

1994 and Gan and Amasino, 1997). Partitioning or assimilated carbon among si nk 

organs is a crit ica l raetor that cont ro ls the rate and pattern or plant growlh (Ge iger t!1 

01., 1996). The differences in lota l proteins recovered at maturity in the seed. pod and 

stcm. in general. reflect the ditlCrenees in tOla l plant dry matter. Where N demand ror 

seed produclion in severallegul1les can not be mel by N uptake ulolle, the remaining N 

has to be ob laineLl rrom vegcto.tive tissues (Sinclair unLl DeWit. 197.5 and Sanctrn (11 

01., 1998). 

Minera l nutrients taken up by the root are, os a rule, transported through the 

KYleR) 10 the shoot, and pholoassimilatcs arc transported in the ph loem to the roo ts. 

Accord ing to the Thornby model or photosynthetic partitioning. nutrient deficiencies 

shou ld ravor photosynthet ic partitioning to the rools (Marschner el a/ .• 1996). 

However, a stage is reached whell the growth rate orthc pods exactly equals thnt of 

the total lOpS. At this stuge aU of the increase dry maUer in the lOPS is accounted for 

by Ihe increase in pod dry mailer. and there is no net storage of the ossim ;Iale in the 

vcgetntive components of tile lOps. Subsequent to this stage, pod growth rate exceeds 

the growt h rate of the total tops. thus indicating l1lobilil.utioll und trunslocntion or 
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prCVi{1Usly stored assimi lates from other plant parts into the pods (Lawn and Brun, 

1974 and Grover d al 1985) Wollaston (1997) has rcporlt:d that senescence IS a 

complex and highly regulated development phase in the life of a leaf that rcsulls in the 

cOOldLlIaled degladatitlll of macromolecules and the subsequent lllobili/.Rl ion of 

components to othcr parts of the plant Leaf dry maller rcaches a maximum at early 

pod development and then decreases rapidly due to leaf abscission and carbon 

translocation as has been noted in pigeon pea (Snnetra el a/., 1998). 

1.5.1 Protein Content: 

Staswick ( 1989) has reported that protein slored in soybean leaves can be 

rapid ly sYluhesized or degraded according to the need for nutrients by other plant 

tissues. However, the mobilization of nitrogen involves degradation of proteins, since 

most of the nitrogen in leaves is in the form of soluble proteins (Grover.:l al .• 1985). 

The leaf senescence is assessed on the basis of loss in chlo rophyll and protein as iI 

rcsu lt of drainage of leaf nitrogen and, perhaps, other nutrients that begin before leaf 

yell owing (Samet and Sinclair el ttl., 1980) Proteins decline during senescence and 

rccover during fe-greening, most strongly in cytokinin application (Mancera el al., 

1999). Gcnes encoding degradative enzymes such as prot eases and nudeases enzymes 

involved in lipid and carhohydrate metabolism and nitrogen mobilizm ion have all 

been amonK the most detectable senescence-induced genes (Smart. 1994 and 

Wollaston, 1997). and during re-greening, protease activit y declines and total protein 

level recovers (Mancera e/ al., 1999). Where ABA has been shown to inhibit protein 

synthesis (Fam el 01 , 1973 and Rock and Quatrano, 1996), regardless of the 

mechanisms through wh ich plant growth regulators act . changes in cell wall 

extensib ility might rCAsonahly be expected to involve changes in protein synthesis 
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(Uellsen ('la' , 1 l)~8), In .\pirodcl(l po/y,.fh;zo L. ABA rapidly indlJCCS cley'fll ed levels 

uf IIIR NA uanscnpt CJlcodillg a novel ha~ ic peroxidase (Chalollp"ova and 501ftrl, 

11)1)4 ) 

1.5.2 Prolinc Contcnt: 

Proline is one of Ihe rree amino acids that shows Ihe largesl increase under 

Siress (Qadar 111 al. . 1980 and Badapati el al., 1992). The level of proline in the plant 

is regulated by proli ne synthesis. Proline is synthesized from L-glutamic acid as a 

precursor (Chauhan e/ al . 1980 and Hare and Cress, 1997) via 6'-pyrroline-5-

ca rboxylate (P)C) by two enzymes. PsC synthetase (PjCs) and PjC reductase (PjCR). 

The other pathway is from ornithine, which predominates at high levels of available 

nitrogen (Delauney (111£1 Verma, 1993) Another important factor fhat controls the 

level of proline in plants during degradat ion or metaboli sm of proline is that it is 

oxidized to l)sC in plan l mi tochondria by proline dehyd rogenase (Oxidase) and PsC is 

convened to L..-Gl u hy PjC dehydrogenase (Elthon and Stewart . J 98 J) Such 

oxidation of proline is inhibited during the accumulntioll of proline under water st ress 

and is activated in rehydraled plants (Stewart and Voelberg, 1985. Stewart el al., 

1986) 

The ro les of proli ne synthetic and degradation enzymes in stress-related 

responses must be superim posed upon the continuous requirements of plants for 

protein synthesis du ring growt h (Zhang et aI. , 1997a). The accumulation of proline in 

dehyd rated plants is caused both by activation of biosynthesis of proli ne and by 

inacti va tion of the degradation of proteins. Traditionally, stress physiologists have 

cOJlsidcred proline to be a compatible solute, which stabilizes subcellular structures 

and altC/luatcs waler loss under hyperosmotic conditions everl in the absence of stress 
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(Hare and Cress, 1997). Proline i.s thought to play all Iffil)onant protective role In 

plants subjected to severa l stresses (liure el al., 1999), including fro't (D6rt1ling el 

al., 1990 and Oclauncy and Verma. 1993), drought and sa lt stress (K islltlr t'l til .. I C}95. 

I-Iore and Cress, 1997 and I lurc et a/.. 1(98). Sc"er31 environmental .. tresses IIrc tll'"-' 

assoc illtcd wilh wolinc-accumulation (ilare 111 "I.. 1997). Moreover, II has been 

demonstrated that proline acts as an osmoprolectant Hnd that overproduction of 

proline results in tran sgenic tobacco plan ts in increased to lcronce to osmotic stress 

(Yoshiba cl tli" 1997) through rehydration of protoplasm (ell,wh,m ef (II .. 1980). It 

a lso acts as a sto rage compound for carbo n and nitrogc n during moisture stress when 

starch and protcin synthesis arc inhibited. It has al so becn odvacated that pro line may 

function as a source of so lute far intracel lula r osmo tic adju stments (F lowers el 01 .• 

1977). Considerable ci rc umstantial evidence supports un important ro le for proline 

syothes is in regulating severa l pl1ysinlngicat responses, inc luding rlevelnpm~llta l 

trans itions, even in the absence of st ress (ilare and Cress. 1997), It has been 'iuggestl!d 

that sucrose positively aOects proline acCumu l<lliol1. High leve l of sugar in leaves 

keeps proline high (Beeve rs, 1976h and Zhang ef (1/. 11J95). Muc h c ircuTllstantiul 

ev idence implicates the importanct! o f integrating pro linc !;yuthc sis with the energy 

nssimilot ing capacity of the plont. A primary limitation to tou t eluc idation of Ihe 

process that regulates free proline leve ls under both optil11al amI stressful conditions: 

is the rea lization that, the multitude o f signals whic h regulate plant growth and 

developme nt arc not transduced via linear pathway operatin g in parall cl. 

1.5.3 Sugar Content: 

Photoassirnilates are tra nspo rted 1T0m the sieve e lement to the rec ipient sink 

ce ll s principally in the form o f sucrose (Patrick and Otllcr, 1996). Sucrose is the 



major export am.l storage form of phOloassim il(ltcs ill leaves (Shccm. 19Q4 nnd Koch. 

1996). Several lines of ev id ence indicate that part itioning of photosynthesis be tween 

starch and sucrose IS inllucnccLl by [he relative concentration of inorganic phosphal~ 

(pi) in the cytosol and chloropla:'1 (Stevell and lJrillltlller. 1992). I he protluction and 

accumulat ion ofsucrosc within lea ves dctcrm ines the availability ofcu rhon ror exporl 

from the lea f (Foyer and Ga llier. 1996 and Priou l. 1996). The rate o l' slH.:rose synthesis 

can a lso nOcct the rate of photosymhcsis (Stitt, 1986). 

In Arabidop.I'is ,/wliana. glucose is more cOcc tivc ill stimulnlillg NO) uptake 

by intact soybean plullts (Dclholl et al., 1996). rholosynthctic clIl'bon fi xn lion acts liS II 

precursor required for am ino acid biosynthesis or respiration to provide energy (Lewis 

et al .. 2000) . The mob ilization of nitrogen invo lves degrndlltion o f carbon in the form 

of sugars from leaves and it is a common feature IIm.l is nOI assoc iated with 

senescence (Grover el al., 1985). In G. II/(I;C. carbohydra te supply to the nodu les and 

the capaci ty orthe plant tops to act as a sin k for combined nitroge n; is simultaneousl), 

reduced at pod fi lling stage. whi le depletion of carbohydrates from stems is nlID 

occurrinG during pod fill (Streeter, I C)n. Jcllrey (" {II .. 1984 Il ud Orundrtcr (II ClI .• 

1984a). Most of the NI141 excretcd from mature bacteroids is a~sim ilatcd il1to amino 

acids or ure ides and is ex ported to thc other rmrls o flhe plant resu lting in increase in 

N level in [he nodu le and plant sap (Streeter, 1992). 

The source-limited cond ition may lead to insufficient carbohydrutt: supply for 

maintenance of vegetative systems and to senescence of the who le pJant. 

rhOlosYlithesis is inhibited when the production o fpholo",ynthcsis e.'(ceeds the 

rate ofu tiJiza tion and carbohyd rates accumu late in the leaves ofArahidop.\·;s I/WIiWUl 

(Kral>P .",1_. 199 1. 1993)_ 

10 



DUllcan cl til ( 198 1) have found that non~scncscent sorghulI1 maintains 

cCHlsi stenlly higher basal stenl sugar concentration from anthcsis to mutllrit y than the 

Menu of delay leaf senescence (DLS) genotype of cowpea that exhibIt delayed leaf 

senescence, while these carbohydrates are depleted from stems of senescence 

genotype «(jwathmey II I ai , 1992h) A source-limited condition due io depictIon 01 

carbohydrate and sugar ITom stem of intact soybean during pod fill may lead to 

insufficient carbohydrate supply for maintenance of vegetative system and to 

senescence of the whole plant during mid pod set, which suggests that the supply of 

photoassimilate exceeds the combined demand during process of growth and 

maintenance of soybean (Brandner .:1 01., 1984a and Gwathmey el al., I 992b). It ;s 

reasonable to expect that , delay in senescence andlor promotion in leaf production at 

the expense of flower production will increase yield perhaps by increasing crop 

longevity in cowpea (Gwathmey f! l aI., 1992a). This provided that the retained leaves 

do not lose more carbon by resp iration than they gain by photosynthesis (Wilson. 

198 1) 

1.5.4 Nutrients: 

Even though N is among the most abundant elements on earth. it is the critical 

limiting element for the growth of most of the plants due to its unava ilability (SmH, 

1999, Socolow, 1999 and Garham and Vance, 2000). Production of high quality, 

protein. rich food is extremely dependent upon availability of sufficient N Phosphorus 

h; second only to N as the most limiting element for plant growth (Bieleski, 1973 and 

Vance .:1 01 , 2000) The net photosynthesis, nitrogen assimi lation, and phosphorous 

uptake cease at the sallle approximate time in soybean (Brandner ttl aJ., 1984b), which 

))uggests thai a specific stagl.! of pod development is a prerequisite for triggering leaf 
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scnescence, and simple nutricn! drain hyp()!hcsb would have to include an interaction 

mechanism depending upon the developing pod find seeds (Grover c'l a/.. 1985). In 

annua l grain I~gum~s. monocarp ic ~cncsccll(:C results in the lus:-, or (ulletil.mul ku r 

area uuring pou prouuction. which may limit tht;: nvailnbility 01 ti..,cu (' 10 "upp~Hl 

seed filling. Theoretical evidence indicHte<; that carbon and nitrogen ~imuluII1COlJs l )' 

limit increase in soybean yie ld (S inc lai r, 1989). 

Leafsenescence is accomranicd by the rcmobiJization oramino~N from leaf 

proteins and it's expol1 to the filling seed, which rurther impai rs C assimilation 

(S inclair and DeWit. 1976). Thc rapid loss of assim ilatory capac ity during fruiting has 

been suggested as a yield-limiting factor in soybean (Witten bach (;'1 al .. 1980). The 

withdrawa l of nutrients (particularly nitrogen) from leaves during reproductive 

development plays an important ro lc in the process of leaf senescence amI has been 

studied intensively in several legumes-crops in relation to seed nutrient cumU lation, 

biochemical changes in the leaves. or whole plant budgeting in soybean (Molisch. 

1928, Sinclair and DeWit, 1975, Lindoo and Nooden 1976. Sesay and Shibles, 1980 

and Mauk and Noollcl1. 1992) aull in Chickpea (Hooda e( a/., [986 and Iloouu. 1990). 

In particular, Nand P arc also remobilized from the leaves during reproductive 

growth (Hanway and Weber 1971 a, 1971 b, Brandner ct al., 1984a and Dalling. 1985), 

Remob ilization eOicicncy represents an important featllre during the lime or 

decreasing N2 fixation (Sinclair and DeWit 1975, Noodcn et 01., 1978 and Rao el al., 

1996). Plants dependent on N2 require more r than plants using mineral N (France, 

1977). This need renects the vita l role ofr in energy transrer and the large quantity or 

energy required for the reduction orN:! to NI-IJ (Cassman et 01., 1981 and Frcine. 

1982). Phosphorus and reduced N have a similar remobilization pattern from leaves to 

pods in soybean (Brandner at 01. , 1984b). 

11 



1.6 Role or Growth Regulators in Plant Development: 

Plant growth amJ dev~ lopme llt arc reguluted by hurltlone:'>. ofwhidl au:'dn~ are 

one of the fivc clllssical types !.hal inc lude ethylene. gibberc llins. (-+-)- absch ic acid 

(A BA), and cytok inins (Kencdc and ZeevlIsrt , (997). Phytohormone:,> nre implicated 

nol only in the corrc lnt ivc contro l o f plant development but also in environmental 

e m:cts that arc mediated through modu lat ion o f interna l growth substance levels and 

distribution wit hin the p lant body (Naqvi, el aI. , 1982). T he corrc lnti ve development 

o r individual plant parts o r organs depends on exchange o f ho rm onal signals that may 

be common for both growth and senescence (Noodcn, 1988b), 

Phys io logica l events occurring within the planl may init iate changes in the 

growth regulato rs, which then may control the speed of deve lopme nt. Evidence 

suggests th at it may not be the concentration or a single hormone that is important in 

delaying or init iating the senescence process but, ral her. the concentration of 

horm ones re lative to each other (Samct and Sincla ir. 1980). In the soybean , sueh 

change is impo rtant in Icaf senescence ( Raschkc. 1979 and Jewcr and Inco ll. 1980). 

Env ironmental stress a lso imbalances tlte endogeno us hormonnl leve l o r plnnts 

(Azcon el al., 1978). 

Cytok inins and auxins genera lly promote growth processes. ABA has most 

often been conside red as an inhi bitory substance ( Wa lton. 1980). Corre lations 

between rales or ABA accumulat io n in major sinks have been found in pea 

( Browning, 1980) and bean (Quebedeaux el al., 1976 and I-ISII , 1979) . 

In the soybean, C)'tokinins affect seed growth hy attracting nutrients to the 

developing [ru it or ind irectly thro ugh pro te in synthesis by regula tio n o f' sccd growt h 

or they could stimulate seed growth by triggering cell d ivision (Davey and Va n 
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Staden, 1978, Ncsling and Morris 1979 and IIcill ei al., 1986). Jeschke "llIl. (1997) 

have reported that it is possible Ihal ABA is a shoot to rool s ignal. rherclhrc shoo l dr) 

weight is slightly decreased by ABA application (Cho and IInrper. 1993). ABA~ 

trealed plants show reductions in rool and shoot dry wciy,hl and in Icafarea per plant 

in Faba beans (Bano el al., 1983). The fresh weight of rool incrca5iC!lo significanlly 

fo llowing kinetin treatment. While kinetin increases the shoot and rOO I length of 

lentil, no significant elfeet of phytohormone is obse rved on shoot dry we ighl (Bano 

and Raza, 1990). 

1.6.1 Role of Growth Regulators in Leaf Senescence: 

All five known plant hormones or groups o f horm ones ha ve been implica ted in 

foliar senescence; eylok inins de lay senescence in exc ised leaves o f XfUllhill1ll and 

mnny other species (Woolhouse, 1978). Exogenously ~pplied AJ]A aceelera les 

senescence in leaves of many species and excised leaves of oa t, wh ich Illay be 

invo lved in promoting rup id scnco;ccnce (Gepstein and Thlmann. 1980). Gepstein and 

Thimann have reponed that ABA appears to block the translnl ion of the GA~induced 

message- in vivo. Chang and Jacobs ( 1973) have reporteLi that the reduction in tht! 

amount of extractable free IAA from ABA~treated petio les ofC(jlelis nHI)' pIn )' n ro le 

in lea f senescence . A wide variety o f studies have shown that ICHf senescence is 

usually corre lated with a decrease in cytokinin activity leve ls in Ihe leaves and have 

implica ted roots as the majo r source ofcytokin ins in mature leaves (Van Sladen el a l .. 

1988). Evidence suggests that planl hormones are involved in leaf senescence, and 

that changes in hormonal concentrat ions might regu late Ihe speed o f thl! leaf aging 

process (Beevers, 1976a). Auxins. gibberellins. CKs, e thylene and ABA have a ll been 

shown to be capable of affecti ng ce ll wa ll extensib ility (C le land. 1986). 
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A decline in cyokinin produc tion by Ille rOOlS em) accolml lor thc deCre(be i,l 

foliar cytokinin levels (Noodcn ant.! Le thtlm. 1986 and Singh (" al.. Ifl88 ). a ract that 

re flects that CK plays all important ro le in monoca rpic senescence tl r !>nyhcu n Till', 

decl inc appears m he indul!cd by thc prnh. \\h\.'rc the l'od~ supprc .... ~ l!yluklntn 

production in Inc roots :md inhibit root growth (Noodc n. 1988u and Noodcn <md 

Guinmct 1989). This occur~ quile early at rull leaf extens ion or carlier. I his signal 

mayor mny not be the same as the senescence-s ignal which is cxcrctell on till: It!avcs 

(Noodcn ('I fll ., 1 Q<)(I) . 

Sencscing muskmelon ovaries probably imparl ABA and exportl AA because 

tree ABA accumu lates only in detached ovaries (Dunlop and Rodbackcr, 1990) that 

lead to suppression of IAA synthesis and stimulation of the esterilicatiol1 ur both 

ABA and 1M. 

1.6.2 Effect of Growth Regulators on Proline Content: 

Pro line accumulates in response to thc applied ABA. Iinre anll Cress (1997) 

and Hare ct al. ( 1999 ) h:.wc obse rved tha t exoBenous upplicll iion ('If ArJ A 10 

unstressed plants CM Induce biochemical changes similar Lo those obse rved under 

stress. Such results have a lso been observed lor burlcy (Stewart 1<)80. Stcwart nud 

Voctberg, 1985 and McDonnell e( al .. 1995), j)ca (I·lassoll and Maybcr. 1983) and Zell 

mays (Dallmier and Stcwart, 1992). Treating plants wi th ABA Irequcntly hardens 

them against stress. This suggests that AIJ/\ may normally bc useJ to control at least 

certa in aspects of acclimation to stress. It plays a role in conserving water. facilitating 

recovery of plants and its metabolism rollowing stress relief (Naidu el a/., 1990). It is 

possible that ABA is involved in the redistribution of proline in mai.lc root (Kenncth 

and Stewart, 1992). Such a causal link betwccn ADA and proline accumulation has 
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bee!! suggested l"or soml.! but not lor tIll plant species investigated (X in nnd Li, 1993 

amI Savoure el n/., 1(97). AOA ncts by triggering the principal I..'117yme ( r~Cs) 

involved in proline b iosynthesis (S,IVOUI'C ef al., 1997) or by com'erging on the 

promoters of stresSMrclatcd gt.:nc'i fhr pril linl." synthesis (Xi" and BrowM!. I ~\)M). h LS 

reduced by CK whcn apl'lJied simultaneoLlsly in ':nhu bean (tn:u tcd with kinetin alone) 

and result s in the maximum increase in shoot frl!sh weight and dec reased proline 

content of the seed ling (Bnno. 1986). 

Con flicting evidence regarding a role for exogenously applicJ cytokinin in 

inducing prol ine accumu lation has been rev iewed by Iinre el a/. (1997). A recent 

report by Peters el al. (1997) may contribute to the resolution of the seemingly 

paradoxica l effects of enhanced cytokinin levels in stress response pathway in the 

leaves of Mesf!mbry afllliemum and Cry,.1 a/iiI/lim. CK induces increases in free 

proline. 

1.6.3 Cytokinin (CK): 

Cytokinin cun act as a powcrli.J1 loca l promoter for transport ofussimillllions in 

stems (Takagi el al .• 1985) and can a lso augment the longer-di stance e lTt:cts orIAA 

(Garrisoll, 1984). Cytokinins arc known to inhibit the activity of IAA oxidase and 

other perox idases (Dilworth and Kenuc. 1974, Minchin and Pate , 1975, Bekki e/ ,d., 

1987. Gnrg, 1992 nnd Gnrg el 01 .. 1995). 

The possible ro le of roots on cytokinin InmslocHtion from roots to Sh OOI has 

been demonstrated by Sitton el al. ( 1967). Cytokinins are synthesized in the root 

(Skene. 1975), and have been implicated as root-Io-shoot signals (Dav ies and Zhang. 

1991 and LethaJl1, 1994). High concent ration of kinetin is needed to contro l the low 

receptor concentration in the IlHlture tissue (Trewavas. 1982). CYlOkinins arc 
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genera lly considered to be an tagon ists of ABA. Kinetin not (ull) totall) inhibits the 

induction of' turions by AOA but a lso a lleviates A13A ~ indu eed growth inhibition 

(Chaloupkovu and Smart. 1994). Carmi and Koller (t97Q) h(we rl'llilld Iha! Ihe 

photosynthesis of h.:nves and the rule 01 leur growth are regulated hy t1i<;triuution or 

fac tors thai arc carr ied rrom the roo t to the leuves in the transp iration streUin Seth and 

Warei ng (1965) have suggestetl that th e reg ulation ofpholOSY!lIhctic capaci ty and the 

de Jay in lea f senescence arc controlled by an increased nvai lability of cytok ini n, 

wh ich is transported from root to shoot when the plant reaches its maximum s ize . It 

has been reported that CKs can be synthesized in leaves (Carmi and Van Staden, 

1983). In mungbenn. kinetin~induccd hypertrophied growth of the root and arrested 

leaf senescence, reproductive deve lopment and embryogenesis are belil!ved 10 be 

regulated by cytok inin . Further more, it has been accepted that because cytokinins 

stimulate ce ll division Ihey define in some way the "sink strength" o f act ive meristem 

and establish re lation in the plam (Syono el a/., 1976 and Jacqmand c l a/., 1994). 

Cytokinins play II major ro le in the ce llular ditTerelltiution or the moss protonema 

becallse they induce the formation Orbllds (Cove, 1992 and Rcski. J I)I)~) . 

Chory et al. ( 1994) nnd Kusnetsov el al. (1994. 1998) have reported thai a 

common feature of green ing and senescence is the influence of cYlo kinin s, which 

promotes dc-etiolating . Since in Pha.l'eo/lis vlllgaris. the stem has a hi gher CK content 

than both the leaves and th e roots. this suggests that the stern cou ld be an alterna tive 

source ofCK to the leaves (Canni and Van Staden. /983). 
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1.6.3.1 Cytokinin and Selleseneee 

rreviously, dinerent theories attempted to iUustrnlc the role of CK effect 10 

plant senescence. It ai .md VR.Rdial (1')65) reported thai spraying with CK prevents 

symptoms of senescence CylU\.;lnin lilso ocCurS 10 beaJl culllllgs where a leaf trealed 

wuh kille! !!1 attracts metabolites from other plant parts Its deficiency. result in loss of 

soybean potential 10 retain nutrients during pod development and leads to senescence 

(Naoden el al. , 1(90) , High concentration of cytokinin in the developing fn!it s may 

similarly direct I he now of assimi lates from the leaves to IilJits which may have lost 

some or Illost of their retention potential (Leopold and Kawase. 1964 and Sitton el 

al ., 1967) . 

In <J/ycillC! max. fo liar application of cytokinin and auxill are almost fully 

efTecti ve against leaf senescence. The total nitrogen and carbohydrate content of the 

leaves increases signi fican tly during the sprayi ng, which suggest that photosynthesis 

and Nl fixati on continue al unusually high rates in the plants (Nooden and Guiamel, 

1(89) Soijima c!I al (1995) have reponed that the conjugated Z IS Iransponed fi'om 

the 1001 to the shoot and causes slowdowll of leaf senescence during the ripening 

stage of rice where, chlorophyll cOlllent is significantly correlated with the nux ~)f 

total cytokinin per plant or per unit leaf area. Other theories have been proposed 

which would implicate cytokinins directly in the processes of regulation of 

tranSCription and translation (Crowell and Amasino, 1994). possibly by cytokimll 

binding proteins (Brinegar, 1994). 

CytokllllO. transgenic technology is available for senescence au toregulat ion. 

cytok inin attenuates the promotion of senescence-induced prot eases (Gan and 

1\1118::-'1110, 1(95) . Cytokinin can induce re·greening in a range of plant species (Marek 

and Stewarl. I ()92) It has, therefore, b~en proposed lhaj the senescence delaying 
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cOccts of Ihis trealment may be due to increased availability of endogenous 

cYlol\ imns, rather than 10 changed $ource-sink rel ation$h ips (Colhcn and Beever. 

1981 ) 

Although lIpphClIllon or exogenous cytokillll1S alle\,la l e~ 'illmc or all 01 the 

absw.sion mducing (actors (Carlson e/ al.. 1987), applicatIOn ot cylOkulms to the 

foliage ror the I)UlPOSC or prcvcl1ting abscission has been ineilectivc (Kinet el aI. , 

1985 and Ca rl son i!I aI. , 1987). Foliar-applied cytokinin analogs may have the 

potential to increase the number of pod and nodu les subtendi ng. the treated leaves 

(Dyer cl 01., 1987). Abscission of late nowers and pods in the mid to upper part of the 

canopy can depress cytokinin production by the roots al an early stage (Heindl and 

Brun, 1984). and Ihis decrease in cytokinin production is required for monocarpic 

senescence and may then be explained by a decrease in the concentration of CKs in 

the xylem sap (Carlson (,/ aI., 1987 and Nooden ei 01. , 1990) 

Cytokinins playa major role in the regulation of pod set in legumes (Crosby cI 

tt/.. 1981 Hnd Clifforci, 1981) The probability that a nower would mitiate a pod is 

direct ly related 10 the concentration of total cytokinins present in the exudates when 

the nower opens in soybean (Nesling and Morris, 1979 and Carlson e/ 01., 1987) and 

in Phas(!olu,\' (Michael and Ketbitsch. 1972). Application of ex age nO LIS cytokinins has 

been shown to alter reproductive development in ways that could significantly 

enhance the harvest index of these already commercially valuable pulses (Atkins and 

Pigeaire, 190 3). 

Cytokinin appears to be a major senescence-retarding homlOne in plants, and 

its role. particularly in leaves, is important (Van Staden el aI, 1988). II has been 

suggested that the effect of partial defoliation on the remaining leaves is mediated by 

ru\ accllmulation and greater availability ofCKs (Skene, 1975. Wang /1 1 o/.. 1977 and 
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Van Staden and rallll;, 1982) produced in the roots that delays senescence 

(Woolhouse. 1967). with accumulation of protein and chlorophyll (Carmi and Koller 

1978 and Carmi and VanStaden. I(83). In badey, il has been found that killetin C(l1l 

retard the cilaracierisl ie loss of prOlein and pigment during leaf senescence (Cohen /:1 

(II. 1979) 

1.6.4 Abscisic Acid (ABA): 

The plant hormone ABA mediates many vital processes in plant growth and 

development . including seed dormancy, cell division, water use efficiency, and 

adaptation to drought. salinity and others (Hagenbeek et al. , 2000). Despite the 

complex mu ltitude of data that implicate ABA in stress responses, the pathways that 

tflgger them are largely unknown (Hetherington cI al., 1998), ABA signal in xylem 

st ream of plants rel1ects the water status of the soil in the root lone (Zhang e( al. 

1997b) . It is well documented that ABA is not only svnthesized in leaves but also in 

roolS, and rOOl~sourccd ABA may play an important role in shoot groWlil and shoot 

physiology (Nea les el al .• 1989). Although ABA is transported basipitally towards the 

elo ngati on zone (Chanson and Pilet,. 1982), Zhang and Davies., (1990) and Hartung 

and Davies (1991) have reported that, ABA could act as a root~shool signal in the 

regulation of stomatal transpiration and cause reduction in growth rate and other 

mechanisms (Hartung and Davies 1991 and Davies and Z hang, 1991). The mature 

leaves of X~lIIlhilll1l produce ABA that is transported and accumulated in the younger 

leaves, whereas the youngest leaves are least capable of synthesizing ABA (Zeevart 

(1Ili.l Boyer. [984) The combined effect of ABA and leaf senescence defoliates the 

crop Illorc rapid ly and terminally because of the pattern of acropetal leaf senescence. 

ABA has a potential to antagonize other growth hormones, 
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includ ing IAA (Greg I.!I al.. 1991) and cytokinin (Chaloupkova and Smart, 1994) It 

appears (0 be Inlllspnrtec! into the st!nescil\g ovary froll1 an extefllal source and alters 

the IAA metabolism In slich a manner as to suppress the level of free IA.'\, while 

slimuhlllllg nccUI1IUlal lOI1 or the ester 1M m CUCIUIIf\ melfl l. COunlor and 

Rodbacker. 1990) 

ABA plays a dual role in plant embryo developmenl Exogenous application 

of ABA on caftan, soybean and wheat, increases or maintains the expression or 

specific protein and characteristics of embryo maturation, while it suppresses 

precocious germination (Eisenberg and Mascarenbas, 1985), enhances water flux 

through roots (Glinka, 1980) and increases root/shoot ratios (Watis el 01., 198 1). 

Applied ABA has been shown to result in stomatal closure (Jones et al., 1984 and 

Trejo el al t 1993) In soybean, it causes slower growth rates by decreasing \VP and/or 

by increasing cellu lar resistance to expansion (Bensen el aI., 1988) by reduced leaf 

growth, decreased hypocotyls growu\ (Quarrie and Jones, 1977 and Ray and Latoraya, 

198-'1) and dry wClght accumulation (Watis cl aI., 1981 and Biddington and Dearmon, 

1982) 

ABA appears to be capable of influencing sink strength and photosynthetic 

acclllllu lation in reproductive structures (Ackerson 1985 and Brenner, 1995).11 is well 

documented that trel\tmcnt of leaves and whole plants with ABA inhibits 

photosynthesis (Mawson el til . 1981) Imre and Carol. (198 1) have reported that ABA 

enhanced leaf sellt!scence in bean. The suggestion that ABA may serve as the 

correlative siglml of senescence is based on the rise in endogenous ABA level in 

senescing leaves (Lindoo and Nooden. 1978). In soybean, Samet and Sinclair (1980) 

have suggested that AOA concentrations increase significantly at the end of the 

season when the leaves had start to furn yellow, and after total soluble protein and 
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chlorophyll hud started LO decline Older lenves al lower nodt:s abscised first show 

significantly higher ABA levels than leaves from !lodes further up on Ibe plants 

(Samet and Sinclair, lc)80) and the concentration of AnA tends to be higher with 

Ii,Irthcr advanced degree of leafycllowing. 

Phillips (1971) was the first to demonstrate the II1hibitory eflect of exogenous 

ABA on the development of nitrogen fixing 1'001 nodules in PiSlI1II .rlalilil/nt. The lower 

leaves of ABA-treated plants show early senescence because the lower leaves are 

regarded as the active donor of photosynthetic products to the nodules 

1.7 Root Nodulation: 

1.7.1 Nodule Initiation and Development: 

Under condition of nitrogen limitat ion, rhi zobium bactcroids infect 

leguminous plants then form 1'001 nodules, which is governed by both internal and 

environmental taelors Howcvcr. Ihe most economically significant advantage is Ihe 

symbiotic assimilation with Nl fixing rhizobia, which provides the crop with Nand 

precludes the need for costly additions ofN ferti lizer (McNei ll e ( 01., 1990). 

Organogenesis of symbiotic root nodules involves the induction of multiple 

developmental processes thaI are initiated by nost-endosymbiont interaction and thaI 

result s in fUllc tional exchange of nitrogen and carbon that supports both the host and 

the endosymbionl. Both legume and actinorhizal, hosts share common aspects of 

nodule development , including the infection process and nitrogen assimilatory 

pathways (Hi rsch and LaRue, 1997 and Pawlowski, 1997). In this symbiot ic activity, 

which is a speci lic process, the bacteria present in the nodu les (as bacteroids 

difTerentiated form or the bacteria) fix atmospheric N and provide more than 80 kg N 

hn
o

' (SUIIOI), 1983, Poi et aI, 1989 and Sindhu el aI. , 1992) and convert it into 
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ammonia which is used in tum as a nitrogen source by the plant The early events in 

nodulat ion. such as host recognition and specific adsorption of rhizobia to the root 

hairs, have been reviewtd by many researchers (Carlson, I C)81) The rhizobi um­

legume illieraclion usually leads to the development of highly organized root nodule 

lis!-.u ~ (Va llct:, 1983) 

Soil microbial population, plays a key role in grassland ecosystems by 

regtllating the dynamics of organic matter decomposition and plant nutrient 

avai lability (Bnlssarci el al .. 1990 and Ragland and Theil , 1993). Mycorrhizal 

association helps the plant to withstand stress (Hirrel and Gerdemann. 197') and Levy 

and Krikuhan, (980). There is a close relationship between legume and Rhizobium. 

and the environment governs N2-fixation by the symbiotic association. If the 

requirements of the host and of bacteria are not satisfied , the extent of fixation and 

productivity of the plant arc reduced (Frcine, 1982). 

Nodule carn e~ out at least three major functi ons The first of these is glucose 

catabolism, giving energy reducing- power and carboll skelelon ror thr.: planl cell 

cytoplasm The second is lhe mel3bolism of the bacteroid compartment, nitrogen 

fi xation . ammonia excretion and respiration. The third is ammonia assimilation in the 

plant cytoplasm, giving a net conversion of carbon skeletons and ammonia to the 

amillO acids andlor ureides, which are then exported from the nodules. 

Nodule developmenl commences when the initial rulizobial infection of plant 

epidermal cell has been completed, Maturation may be regarded as complete when the 

ra te or nitrogen fi xation per weight of nodule tissue reaches its maximum level 

(Sutton, 1983) In most chickpea growing areas light pink nodules can clearly be seen 

ill 15 days. Initially. the nodules are spherical but later their tips become brallched 10 

give ri se to muhi-Ioupcd stmclurcs. An indi vidual nodule can grow to 2 to 3 cm. 
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Variable sil..e of lhe nodules can be secn on a given plal1t, suggesting that they a.re of 

dinerenl ages The lobes on a.l individual nodule in a well nodulated plant can be 

fused together making nodule counting difficult (Saxena, 1988) In many legumes, the 

nodule mass IS bener correlated with biological nitrogen tixation than with nodule 

number per plant (Pate, 1958). After onset of flowering, the ARA decreases and IS 

generally associated wi th reduced nodule mass. 

1. 7.2 Nodule Activity : 

Root nodules are the site of a beneficial symbiotic association between legume 

plants and certain so il bacteria of the Rhizobium and 8radyrhizobilllll genera. 1n 

determinant symbiosis, an assessment of the requirements for a particular enzyme for 

the support of symbiotic nitrogen fixation can be inferred by the correlation of that 

enzyme activity which induces wide variat ion in N2 fixat ion (Bano and Raza, 1990 

and Smith e/ (1/ . 1994) (lnd is related to the growth of plants (Guor el a/" 1991) N2 

fixation is enhanced with enhanced Ilodule occupancy (Champion et a/., 1992) 

wherein a di rect incorporat ion of fixation products by bacteroids may be a criti cal 

realure in Ihe establishment and cont inued growth of effective symbiosis in cowpea 

seedling (Atkins", <11 .. 1984). 

All substances entering the nodule must pass through either the nodule cortex 

or the plant vascular system. In addition, all substances entering the maturing 

bacteroids must pass through the host cell membrane and the peribacteroid membrane. 

In chi ckpea the amount of njtrogen fixed could be predicted from the 

knowledge of plant dlY matter production alone (Pilbeam el (.f /. , 1997), where N 

supply increases in proport ion 10 dry matter production of shoot. The plant host 

provides the major source or nitrogen ror the biosphere (Waters 01 (fl., 1998). 
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Wherein, whcn the wl1Ply of nitrogen from the rhi.l.osphcrc hl ll :-. below the critica l 

Icve l required to meet the demand of young tissue, 'iCncscence i~ in<.luccd and N is 

lIlobi liL.cll rrom Imllurc lea ve.;; IIf 111/i1l1ll/t'IIII1II!IIUIIII (Thomas. I (81) In 'iO) bean. Ic .. <\ 

thall ~O Kg N ho:' is takcn up by carly pod filling stuge (1orrcs l't I'll. 11188). 

Total acety lene rcdllclioll Ilctivity per plant incrcliscs in so)'bcun <.luring the 

nowering period. reaches a maximum near the end of nowering period and then 

decl ines markedly d uring the early pod lilling stage . 

1.7.3 Nodule Metabolism : 

Although the metabolism of nodules is far from being fully undcrslOod. 

nitrogen fixatio n increases in symbiosis durin g carly pod IiIling as u result of 

inadequate assimilnte supply 10 the nodules. The inc rease in total nitrogenase acti vity 

per plant during flowering is associated with an increase in specific activity. nodule 

number and nodule frcsh weight pcr plant (Evans, 1975). 

The onset of reproducti vc growt h is clearly a major faclor in n.'Slrk ting !he 

nodule's oCljvity (ARA) in P .. mlivulIJ and G. max an<.l other legumes (LaRue and 

Kurz. 1973, Thomas and SlOddurt.1 980 and Bcthlcnlfilvay el (1/., 1(78). r he red uctioll 

in nodule dry we ight results in a net redu ction of46 percell! ill nodu lc"l1o l1 ·struclural'· 

carbohydrate per plmlt (Schwei tzer and Harper. 1980). A possib le explanation of 

ac ti vity loss by nodules during early pod filling is that tht.: supply of photosynthetic 

assim ilates to thc roots is limited by com pctition from the developing pod and seed 

(Thomas and Stoddart, I 980). Wheelcr (J 97 1) has reported a marked diurnal variation 

in nitrogcn li xnl ion in scve ra l species. indicating that the proccss is quite sensitive to 

the supply o fpholosynthetic ass imilalc. 
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Soybean nodules ur~ certa inly all active potential sink. Thl! nmJulcs appear to 

have low 'priority' for C (Vesscy el (II .• 1988). However. the rL!quircment of the 

measurement methall for tracer nllW to be unillircctional from the ~Ollrec to the -;;111.: i .. 

in principle not true for soybean nodulc:). since there is expon of cnrhon from Ihe 

noou le to the shoot. othcr as amino acids or organic acids fo rm ed from the imported 

carbon, or as organic acids synthesized from carbon dioxide releascd by respiration 

(WHish. 1995). 

1.7.4 Nodule Longevity: 

The longevity of nodules may be defined as the lime Ihul c lupses bctweenlhe 

first appearance of e21 h-reduction act ivity and the final d isintegration or symbiotic 

tissue (Sutton. 1983). In a number of annual legumes, nodule senescence has been 

reported to coincide with the pod-filling stage of reprodu ctive grO\vt h (Lawn and 

Brun, J 974). This suggest s that the ontogeny of the host plant will also control nod ule 

longevity (Wagner, 1987), as well as, a sudden reduction in the supply o f 

photosynthate to the nodules may also induce prematurc nodule senescence. 

There arc undoubted ly mnny regulatory factors that ope rate din:ctly o( 

indirectly to infiuenec nodule maturation (Vincct, 1980). Development may be slowed 

down or terminated by environmental changes such as variation in temperature, 

combined nitrogen, or light intensity ( Phillips, 1971). 

1.7.5 The Role of Growth Regulators on Nodule Development and 

Senescence: 

Atkins el al. ( 1984) have suggested that in cowpea, a possi ble role for plant 

growth regulators produced by either symhiotic pArtner in prolllC'lting or reta rding 
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nodule senescence ,annol be overlooked. Libbenga and Ilogers ( 1974) have found 

Iha l nuring noilulatioll. chemicals such as IAA decrease following subsequent 

Increase 10 the -.:ndogel1ous level of growth-retarding chemicals Phylollormoncs are 

also implicated in morphogenesis, and the nodule is known 10 conlam much higher 

levels of CKs than the root tissue (Jones tJl aI. , 1987) It has been reponed that rool 

nodules or legumes (1lenso l1 & Wheeler, 1977) contain levels of CK which are higher 

relative 10 the parent root. Syono cl al. ( 1976) found that CK or P. salil'lllJl root 

nodule declined wilh age. In the legume-RhizobiulII symbiosis, there is well­

documented evidence for bacterial production orCK and it 's transrer to the host plant 

in certain strains of Pigeon pen (Upadhyaya el 01., 199 1), where kinetin induces 

increase in net improvement in nodule dry weight, as well as nitrogenase activity 

(Dayal and Sharli , 1991 and Garselal" 1995), 

ABA content , on the other hand, increases in parallel with growth of soybean 

nodule (Mizukami t'l (II , 1991). Mizukami e l til. (1991) have also proposed that 

autoregulation of the nodules is related 10 an alteration of ABA level in the shoot In 

add itio n, Phillips ( 1971) and Cho and Harper (1993) have reported that exogenous 

ABA application into root medium decreases nodulation in pea by inhibiting the 

cortical cell divisions required ror root nodu le formation and by inducing root 

dormancy. nodule senescence or premature senescence (More cU 01., 1992), thereby, 

ABA temporarily reduces specific nitrogenase activity in Faba bean (Bano el al., 

1983). Thus, there may be a common response among the legumes in respect to the 

cll'ecI of ABA on nodu lation. ABA appli cation affects the plant response directly and 

rh}{ through the bacteria (Cho and Harper, 1993). Cho and Harper have reported Ihat 

the degree of inhibit ioo by ABA is concentration-dependent whereby nodule number 
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is inhibited. 110dule weight ;s reduced but dry we ight o r mol I ~ 1101 .signiticantly 

aflCCled. 

IllIl ialion of senescence is accompanied by il l.lecrc83C in tOlal protein ~nd 

progressive degradation of the nodules at th e subce llular level {Alk i!! .s ('f aI., (984). 

Root nodules o f the ADA-treated p l~nts orc :.hotlt 50% smaller thun those of Ihe 

controls, and Ihis is I'cnl.:cted in similar reductions in the vo lume of bacte ria l tissue per 

nodule in raba bean (l3ano el,II .. 1983). The identity. source and fale ofcytokinins in 

the nodules and the contribution of lhe nodulcs to the cylok inin economy of the \\ hole 

plant is not known. Nodule CK may accumulate in excess of the quantities in the 

parent rool and move from the nodule to the root and then to the shoot from where it 

is carried through the xylem into the leaves a long the transpiratio n stream (Jones t! / 

01., 1984 and Van Staden etol .. 1988). 

1.7.5.1 Cytokinin: 

Legume nodules contain high eoneentrmion of all three major Broups Orpl:Ult ~ 
.;::.....=:P' 

growth promoting hormones; they pia)' important ru les in early nodu le dl'vclopment 

(Libbenga and Bogers, 1974). Dangors and Basu ( 1987) have reported that hi gher 

amount of plant growth substan ces such as IAA. CK. CiA and ABA Me otnained from 

mature root nodules in the leguminous tree, P{croC:(ll'plf.~ 1II111'.l lll'illlll . 

I-Ienson and Wheeler (1977) and Jones C{ (II. (1987) have reported positive 

presence of CK and auxins in the nodules of legu minolls plants where they arc 

involved in infection , initiation and nodule development. 

In mungbean, high concentrat ion ofk inct in has two di stinct effects on nodule 

diftercntialion. Kinetin stimulates the size of the nodule, augments the baelcroids 

tissue production and its pigmcillation. and induces branching of the nodules. 
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Moreover. it also produces indeterminate elongated nodu les having distinct epidermal 

and meristim81ic zones of the ti ssue with favorable eft-bet on the cfliciency and the 

longevity of the nodu les (llano, 1986) 

I.ibbcngu and (logers (1974) and Torres ef al. ( 1988) have suggested that 

shins in endogenous hormone balance occur in developed nodu les and act as a major 

factor for nodule senescence. Richard el al . (1982) have reported that U1C translocation 

of C to the tota l root system is slightly increased by increasing N incorporation in the 

shoo l. A role or C K in nodule senescence has been supported by the work of Syono r:1 

al. (1976). It is possible that the prefe rential survi val of the nodule meristem and the 

earl y senescence of the ti ssue at the nodule base are caused by CK-directed 

translocation As soon as older nodules cease to produce cytoki nin , they become 

vulnerab le to competition for photosynthate from younger nodules and ITom other 

meristi malic tissue (Sulton , 1983). 

I. 7.6 Nodule Senescence: 

The host plant prov ides the bacterium with carDon (Luglenberg. 1992), Thh 

symbiosis ends wi th nodule senescence (Hodgson and Stacey, 1986). Nodule 

senescence has three tb ld practical importance. Firstly, the amount of fixed nitrogen 

made available to the host plant obviously depends on the duration as well as the 

volume of activity of the symbiotic tissue (Pate, J 977). Secondly, nodule degeneration 

may allow the release of at least some host-specific rhizobia back into the rhizosphere 

and the microsymbionts up to a threshold level due to bacteroid degradation during 

nodule senescence (Jimenez and Casedesus, 1989 and Mizukami I!I al., 199 1). 

Thirdly, nodule decay may result in an underground transfer of combined nitrogen 

from legumes to other plal1ls in the ecosystem whether they are pa!>lUre grasses or a 
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followillg ClOp (Butter a.nd Bathurst. 1956). So delay of nodule ~enescence IS one of 

the factors that contrihute significantly to nitrogen fixation in legumcs (liardy, 1977) 

The benefits of nodule senescence. generally. are Ihal Ihe host legumes can enrich 

'heir immediate soil environment with fUuzohmlhrough 1I1I/.osphelc elTcets 

II is repolled Ihat IllRNA. protein concenlfation and cytokinin (';ontenl or (he: 

nodule is high in ea rly nodule ontogeny and decreases as the nodules grow and total 

nodule activity develops (Heindl and Brun, 1984 and Cho and Harper, 1993). Nodule 

senescence includes a general loss in cytosolic protein (Sutton, 1983) especially the 

leghaemoglobins (Pfeiffer el al., 1983) whose function is to mediate oxygen transpon 

to the nitrogcn fix ing symbiotic bacteroids (Appleby. 1984). 

Chickpea nodules start greening at the proximal end and about three weeks 

after flowering Here the green port ion increases in the nodules when the supply of 

photosynt hatc to the roots is known to be limited (Lawn and Brun. 1974), and due to 

dest ruction of the haeme porphyrin ring and denaturation of pro teins, which increase 

with lime u11l11 the late podfill stage when nodule is fully green (Pfeilfer c/ al. , J 983). 

This structural breakdown seen during nodule senescence has often been described as 

'autolytic' (Bergcrsen el al ., 1985). Nodule senescence of soybeall is characterized by 

a decline in the N2 fix ing activity and in the content of cytosolic proteins due 10 

enhanced proteolytic aCli vity (Wagner and Sarath, 1987), 

Wi th the senescence of the leaves of the plants, the nodule shrivels and dries but 

generally remains attached to the roots. Dark brown and bright pink nodu les have 

occasionall y been secil in some regions but not in others. 
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1.8 Nodulation and Plant Growth 

General relutionship between photosynthesis and symbiot,c nitrogen flxatioll 

have been developed at length 111 the 19305, and later by l:3ethlenfalvay and Phillips 

(1978) , Hardy and "avelk. (1975) and Scsay and Shibles (1980) It ha. been reponed 

that the over all effects on nodulation are a function of carbohydrate-ni trogen 

relationship Whereas the increased level of carbohydrate may deJay nodule 

senescence, it docs not prevent it. as suggested by Wilsoll el 01. (1978) Most of the 

assimilate rcaching the rools appears 10 come from the lower leaves on the plant 

The pivotal role of photosynthesis in nitrogen fixation is well established in 

soybean, The decrease in nitrogenase activity is closely related to the decrease in 

photosynlhate. which in turn decreases the energy charge of the nodules (Patterson (!I 

al., 1979) and changes the pholosynthetic pool size (Finn and Brun, 1980, Vessey el 

01.. 1988, Denison el al., 1992 and DeLima el al., 1994). such results found in 

('aja,,/ls cajan (Grover c!1 al.. 1985) and chickpea (Sinha, 1974). 

Thc shoal development in cowpea plants relying solely on symbiotically fixed 

N is probably li mited by N supply (Atkins el 01., 1984). and there is a greater 

proportional contribution of cotyledon N to protein synthesis of plHll1 cell s and higher 

proportional investment of newly fixed N bactcroids. "Carbohydrate supply" or 

"Carbohydrate-nitrogcn rc lationship~ as being essential determinants of nodule 

senescence (Sulton, 1983). Nitrogen left in the canopy at harvest is considered to be 

not fully utilized by the plant, unless the assimilate supply of such leaves with delayed 

leaf senesccnce suppons the maintenance of nodule Nrfixat ion (Abu-Shakra ef aI., 

197M). which can indeed lead to significantly higher yields as reported for soybean. 

I It the senescent nodule stage, the supply of carbohydrate to the nodule 

reduces, Ililrogcllasc activity and the leghaemoglobin con tcnt also declines (Sutton 
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,1983) In soybean, N~ fixation is enhanced with increased nodule occupancy by 

superior variants due 10 more effective Inleraction of strain cullivars (Champion el 01., 

1992). The crop ' s mtrogen metabolism has also been found to improve leaf protein 

yield (Imsande, 1989). In white clover (Trifolillm repens), N content of rool and 

slolon are remobilized to support the re.growth of leaves. Nitrogen In regrowing 

leaves comes mainly from N reserves of the organs remaining after defoliation (Carre 

"",I., 1996). 

1.9 The Correlation Between Leaf and Nodule Development: 

N· fixation is an ext remely important process since next to water, nitrogen is 

the second most important compound that limi ts world crop production (Lugtenburg, 

1992) GresshofT (1988) has proposed that outregulation of nodulation involves the 

synthesis of shoot-derived inhibitors in response to initial nodule formation, which are 

translocated to the root and function to arrest the development of the infected 

subepidermal cells into nodules, The plant supplies the bacteria with an energy source 

und, 111 ret u,,". the bllcteria reduce (fix) the atmospheric N2 gas to NH4· providing it to 

the plant for assimilation into amino acids, proteins and other essential nitrogenous 

compounds (IIunl and Layzell . 1993). According to this structural relationship, the 

plant can inOuence the development of bacteroids by selecti ve transport of substrates 

and contrOll ing tactors (Sutton, 1983). N-fi xation req uires about 10 kg of 

carbohydrates fo r each I kg af fixed Nl and the equivalent of25-28 molecule of ATP 

for each molecules of N2 fixed (Havelka el ClI., 1982). In the soybean, there is a 

parallel increase seed protein with the greater N accumulation resu lt ing from N­

tixation (Leffel (!/ al.. 1992). Nitrogen fixation generally rcaches a peak at early pod 

fill and declines during the lafe reproductive phases (lmsande, 1989). The nodulation. 
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nitrogen~ fixntion process may consume about 10 to 20% o fthe photosynthetic uutput 

o r a tropica l grain legume. Enhanced N-fixation during pod fill inert:a~>.!s the sup ply of 

usable plant nitrogen. This. in turn. stimulates the photosYl1lhctic ou tput and 

accordingly increases the seed sizc. These result~ suggest that enhanced nitrogen 

fixation during pod fi ll significant ly increases seed yield ( Imsandc. 1988). 

Senescence o r soybean roO! nodules is functionally defi ned as UI1 irrcvcrsiblt: 

decline in who le plant N2~ fi :(arion that sets at about the time o f pod devc lo prnenl. 

Ontologiea !!y, senescence is the linal stage or plalll growth fo llowing 3nl hcsis and the 

onset of reproductive deve lopment (Atk ins, t 980). In limc, the seeds dcvdop and 

eventually the nodules s lough from the roOl. 
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CIIAPTER- 2 

MATERJALS AND METHODS 

2.1 Plant Material and Growing Conditions: 

Seeds of chickpea, Cicer arienlilllll1l (L.) CV. (,M88. were obtained frolll 

Nat ional Agricultural Research Centre (NARC), Islamabad. Pakistan. Unilorm seeds 

were surface steri lized with coJorox and sown in pOlS measuring 25x 18 em:.', Every 

pOI was tilled with 10 Kg orso il and organic matter in the rolio as 2: I . The seeds were 

sown by mid November and harvested in the first week of May. Five plants per POl. 

twenty pots per treatment per year were maintained during the course o r expcrimcnl s. 

The experiments had a completely randomized design. Standard agronomic 

and irrigation practices were followed throughout the course of thc study. Half 

strength Hoagland's nutrient so lution (Hoag land and Arnon, 1950) was app lied to the 

plants once a week. The pots were kept under natural conditions. Seven ty days aOer 

sowing, the control plants were sprayed with d istilled water and the cxperimental 

plants with ABA (I O-tlM) and kinet in ( I O-tlM), using a plastic hand sprayer. The 

hormone treated plants were sprayed oncc. 

The climatic data , including the minimum and maximum te mperature, 

monthly rainfall and re lati ve humid ity were co llected from the Meteorologica l 

Department, Islamabad (Tab lc I). 

34 



Table I: The climatic conditions according to the Meteorological Department, 

Islamabad. 

~ Max. Temp. Min. Temp. R.H.( %) Rain fall 
Year eC) eC) 0800-1400h (mm) 

1997-1998 

November 22.2 7.70 91.80 49.30 22. 10 
December 16.10 4.60 92.50 61.] 0 23.50 
January 16.80 2.60 91.60 51.00 43.50 
February 18.80 5.50 88.10 54.10 236.50 
March 22.20 M.20 84.30 45.10 85.90 
April 30.00 14.90 73.10 44.60 12 1.10 
May 35.60 19.20 60.60 35.70 24.90 -

1998-1999 

November 26.45 6.68 85.37 45.37 0.00 
December 20.64 1.75 86.35 39.52 0.00 
January 16.10 4.16 88.81 62.00 108.80 

-----
February 20.30 6.90 86.21 51.21 28.20 
March 23 .80 9.20 81.65 49.00 59.60 --
April 33.10 13.40 63.10 42.2 \.30 
May 37.40 19.08 62.94 32.84 13.30 

1999-2000 

November 24 .60 8.40 90.70 42.3 22 .50 
December 22.00 2.20 87.00 38.0 0.00 
January 16.90 3.20 91.00 56.00 135.90 
February 18.40 3.60 91 .00 52.00 51.00 
March 24 .10 12.70 75.00 52.00 18.80 
April 33.20 14.00 55.50 31.50 4.50 
May 39.50 21.80 48.00 25.50 8.30 -.. 
Each value represents monthly average of maximum and mInimum temperature, 
rainfall and relative humidity. 

2.2 Preparation of Growth Regulators: 

The solutions of abscisic acid (ABA) and kinetin were prepared by dissolving 

the requisite amount of ABA-mixed synthetic isomer (Sigma) in I ml methanol and 

that of kinetin in 0.1 % HCL. Finally, the volume of all these solution was made up to 

100 ml with distilled water. From these stock solutions further dilutions were made as 

required. 
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2.3 Application of Growth Regulators: 

Aqueous solutions of kinetin and Absc isic acid were app lied separate I)" each 

at 1O~5 M for seed soaking. while 10 6 M was applied as foliar spray. I he percentage 

of uptake ofapplicd horm one from the soaked seeds, and the percentage of honnone 

accum ulated by the seeds for use during plant growth may aOcc l the actual 

conccntratioll of the hormones necessary for aclion. Hence, the hormones mayor may 

not be available in their original concentration to ex hib it the ir c lTeel, wh ile tbe planl 

has ach ieved a certain age. For this reason higher concentrations were applied for seed 

soaking and ten fold lower concentrations were applied as foliar spray. The seeds 

were soaked for 6 hours in 10-5 M so lution of eithe r hormone. Contro l seeds were 

soaked in distilled water. Fo liar spray of each hormone was carried OU I 70 days after 

sowing at the vegetative stage. The control plants were sprayed with distilled waler. 

2.4 Methods of Inoculation: 

Before sowing, the seeds ( I kg) were moistened in sugar solution (48%). 

Thereafter carrier-based inocu lums of Rhizobium, strain leguminosaruln TAL 620. 

(obtained from Soil Biology ofBiochemislry section of NARC, Islamabad) was 

spread over the seeds at 16g IKg seeds. and mixed thoroughly 10 a uniform coat ing 

prior to sowing. (inoculant's density used was at least 104 Rhizobia per secd ). 

2.4 The Following Treatments Were Used: 

Kinetin ( I 0·5 M), seed soaking 

Kinetin (I O.(,M), foliar spray 

ABA (lO,sM), seed soaking 

ABA (IO·'M), foliarspray 

2.6 Parameters Investigated: 

Prior to sowing and after the harvest, compos ite soil samp les (lOg) from 3-4 

pots per treatment were taken to determine their N conlent. Six plants from different 

pots per treatment, per experiment were (poo led [issues) tested for each analysis. 
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2.6.1 Nitrate-Nitrogen Content of Soil: 

A sample o f 109 soi l and 20 m l ofthc AO~OTrA. (ammonium hicarDon:llc 

di-ethylene tria rnine Penta acetic acid) extracting '!'ohllion were taken in fI 250 ml 

Erlenmeyer flask and shak en in a reciprocating shaker fbr 15 min. The suspension 

was filtered through filter plIper (whatman No. 42) along with a blank, To I Ill! o f the 

above filtrate. 3 m 1 Cu S04 (1 .5 N) and 2 ml of hydra zinc sulfate were added care fully 

and placed in a water buth for 20 minutes ut 3S·C . Later, 3 tnl co lo r rea ge nt was 

added to each sample . The conte nts we re mixed aga in a nd left for 20 minute s for full 

co lor development. The readings standards and samples were read al 540nm using 

spectronic 21 (Winkle man et (II .. 1985) . 

Color reagent: 

Co lor reagent comprised 5 g su lfani lamide O.25g NC. I-ncphthyl-ethyle ndiam ine 

dihydrochloride in 300ml distilled waler and was pre pared by stirring and addi ng to 

50 ml H)PO". The reagenl was diluted to 500 ml volume. 

Standard for N03-N: 

The stock solution was prepared by disso lving 3 .609 g dried KNOJ (F. W. I 01 . 1 08) in 

about 800 ml d ist illed water. It was m ixed well and tht! volume was mad e 10 I lite r. 

2.6.2 Plant Growth Parameters Investigated: 

I. Fresh weight o f shoo 1 and ruot 

2. Fresh weight ofnodules 

3. Dry weight of shoot and roo t 

4. Dry weighl ofnodulcs 

5. Diameter of pink bacteriod tissllc 

6. Number of pods per p lant 

7. Weight of I 00 seeds 

8. G rain weight 

Dry weight was determined after 48 hours of drying in all oven at 80°C. The 

number of pods plane' , we ight of 100 seeds. and grain yie ld were recorded at hurves! 

(140 days after sowing, at edible pod stage). 
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2.6.3 Determination of Chlorophyll Content of Leaves: 

The chlorophyll CO lllcnt of young and old Icaves (II four different ~rowth 

stnges was determined by the method (If Amon (1949) as modified by Kirk (1968). 

Crude preparation of leaves (Iml) was mixed with 4ml of 80% (1,1/1,1) acetone and 

allowed 10 stand in the dark at room temperature for 10 min. II was thcn centrifuged at 

2000 rpm for 5 minutes. Supernatant, which contained solub le pigments, was used for 

the determination of chlo rophyl l. Absorbance of the so lution was reud at 645nm 

(chlorophyll -A) and 663 0m (c hlorophyll-B) on spectrophotometer (Mode l UV- 120-0 1 

Shimndzu) against 80% (1,1/1,1) acetone blank. Tolal chlorop hyll COlltent was 

determined accordin g 10 the formula of Arnon (1949). 

Totol chlorophyll (mgll)~ (20.2 x A645)+ (8.02 x B663) 

2.6.4 Estimation of Protein Content of Leaves: 

Prote in content of young and o ld leaves of chickpea was assayed at lour 

different growth stages according to the methods o f Peterson ( 1977), which is a 

modification of the protein assay method of Lowry el al. (195 1). Pro lein samples 

(containing approx imate ly 5· 100 j..lg of protein) were brought up 101m I with disti lled 

water. An aliquot of 100 J..l1 of 0.15% (w/v) sodium deoxycholate (DOC) was added. 

mixed and allowed to sland lor 10 minutes at room temperature. Anolher aliquot of 

100 J.l1 of 72% (w/v) trich loroacetic acid (TeA) was then added, mixed and the 

mixture was centri fuged at 3,OOOg for 15 minutes using a bench m icrofuge. The pe liet 

was disso lved in Iml of reagent A (equa l parts of copper tartarate ca rbonate (0.1% 

w/v). copper sulpha te (pe nta hydrate), 0.2% (w/v) potassium tartoratc; 10% (w/v) 

sodium carbonate ; 0 .8M sod ium hyd rox ide; 10% (w/v) SOS and water), mixed and 

a llowed to stand for 10 minutes at room tem perature. A 500 ~I volume af reagent B ( I 

vo lume offa lin-c ioca lteu pheno l reagent and 5 vol umes of distil ted water) was added, 

m ixed immediate ly and left for 30 minutes at room temperature. Absorba nce was read 

at 750 nm using a spectrophotomete r. A standard curve was plotted using triplicate 

samples of the known concentrat ions ofBSA versus the ir average absorba nce at 750 

nm . This was used to determine the concentrat ion of prote in in the sample. 
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2.6.5 Determination of Proline Content of Leaves: 

Proline content of the young and old leaves of chickpea was determ tned at 

four different growth stages according to the method of Bates el al. (1973). A 0.5 g 

sample of fresh plant material was ground in 10011 of 3% su lphocalicycl ic acid and 

the homogenate was filtered through glass wool. The filtrate (2 011) was mixed with 

2ml of reagent A (1.25 g ninhydrinc. 20 1111 glacial acetic acid and 20ml 

orthophosphoric acid (6M) and 2 ml of acetic acid) in a propylene tube. The mixture 

was then incubated in a water bath for one hour at >90°C. The wbc.!s were then 

transferred to an ice bath and cooled. Toluene (4 ml) was then added and proline 

concentration was measured at 520 nm. A ca libration series of I 0,20.30.40.50,60. 

70,80.90 and 100 j.lg of proline (DL) was also run and a standard curve wns plotted. 

2.6.6 Determination of Sugar Content in Leaves: 

Estimat ion of sugar content of the fresh young and o ld leaves of chickpea was 

made at four d ifferent growth stages fo llowing the method of Dub a ef al. (1956) as 

modified by Johnson el 01. (1966). Fresh leaf material (0.5g) was homogenized in 

10 ml of distilled water in a clean mortar and was centrifuged at 3000 rpm for 3 

minutes. To the supernatant was added D. I ml concentrated H2SO". After I hour of 

incubation, the absorbance of each sample was recorded at 420 nm.The concentration 

of the unknown sample was ca lculated with reference to the standard curve made by 

using glucose. 
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2.6.7 Extraction and Purification of ABA From Leaves: 

Extraction and purification of the endogenous ABA al the vegetative stage 

(SWAS) and laic pod filling stage (20WAS) was made from fully expanded leavcsof 

the control and the treated plants accordi ng to the method of Kettner und DBrming 

(1995). The leaves were freeze dried (Virtis. Gardiner. N.Y. 12525; UNDP, Model 

No. IO· 145MR·BA). 

Leaves ( Ig) were homogenized in 80% methanol wi th IOmg J - I butylaled 

hydroxy toluene (BHT) used at as antioxidant. The extraction was over a 72 h period. 

The extract was filtered through a Buchner funnel, and reduced to aqueous phase 

using a rotary thin film evaporator at 35 ·C. The aqueous phase was adjusted to pI-! 9 

with 0.1 N (NaOH) and partitioned 3x with 113 volu me o f ethyl acetate (0 remove 

basic and neutral compounds. The organic phase was d isca rded . The aqueous phase 

was readjusted to pH 2.5-3 using O.IN HCL and partitioned 31' with 1/3 volume of 

ethyl acetate. The sample was dried on RFE at 35 ·C, the residue was disso lved ill 

methanol (100%), dried under oxygen-free nitrogen, and then re-disso lved in 100 % 

methanol. Each stl mple received during crush in g 10J.l1 of 2000 cpm ABA (DL c is 

trans - [ Il' ] ABA); specific activity 237 TBq/mmol .1; ( Kadio chemical Centre, 

Amersham International Buckinghamshine UK) as interna l standarci to maintain the 

extraction of leaves. ABA analysis was carried out by mobile gradient HPLC (Model 

UNICAM 200, England) using a Partici l-5 (P5-4659) co lumn, Acetonitrile and 

methanol (70:30) solvent system, at a flow rate of 0.8 mllminute and read at 254 nm, 

with a UV detector. The remaining samples were counted for radioactivity by liquid 

scintillation spectrometry (Beckman LS ISOI ,U.S.A.). Results were expressed as % 

of radioactivity in each treatment relative to the total activity applied to the p lants at 

the time of extraction. The purification efficiency was between 60-70%. 
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2.6.8 IAA Content of Roofs: 

lAA contcn! of rooLS was measured al fo ur dilTerent growth stages by 

e~1imating residual lAA with Sa lkowskis's reagent ( Malik and Singh. 1980) . For Ihis 

pu rpose, the renction mixture was prepared by addi ng I In I u r SOIUl icl ll co ntaining 

10mg fAA I 100011 distilled walcr. a .S IUM of MnCh. O.25ml of Q, I01M :!..4, 

d ichlorophenol, 4rn l ofO.OSmM phospha te bulle r (pH 6.S) and I ml roul extract. The 

reaction mixture was incubated aI 28·30°C for I ho ur in dark and 2ml of lhis reaction 

mixture was separated in a lest lube conta ining 2ml o f Sa lk ow sk i' s reagent ( I rn ! O.5M 

ferric ch loride + 50ml 35% pcrehloric ac id) in I :50 ratio. Afte r 20 minutes o f 

incubation when co lo r had deve loped, absorba nce was mcasureJ 

spcc trophotometrically at 530 nm . 

The fAA le ft after ox idation by the enzyme was calculated us ing the standard 

curve that was plotted using triplicate samples of known co ncentra tio ns of lAA. 

2.6.9 Dia meter of Pink Bacteroid Tissue: 

Fresh nodules were collec ted at fo ur diffe rent growth stages. T hin sections of 

the Hud ules (5Jl) were made with the he lp ofa razor blad e lind diameter of the pink 

bactero id tissues conta ining leghaemog lobin in the nod ule cortex was m~J!:>ured umJ er 

n light microsco pe (N iko n research Microscope, opliphaL with I IFX- II Camera) under 

4X object ive lens (G retchen. 19t17). 

2.6.10 Nitrogenase Activity: 

The absorbance for acetylene redu ction activ ity o f the plant roots was 

measured at four diffe rent growth stages following the method o f LaRue ,lOd KurL 

(1973) by incubat in g nodules ( I g) in 30 m I McCart iny's stoppered via ls. Two ml o f 

a ir was removed from the vial s with a syringe and 2ml o f C2 i-12 was injected . T he 

plant nodules were incubated with 7% C21-h for90 minutes at 22°C. Therefore. 2ml o f 

the gas phase was n:moved and inj~led in McCartiny' s via ls, which contai ned 1.5 ml 

o f ox idant solutio n (40 ml ofO,05M NaJO", 5 ml o f 0.005 M KM n0 4, pll adju sted to 

7.5 with KO I-I and diluted to 100 ml). The via ls were ag ita ted vigorously on a rota tory 

shake r (OS K 6439 un iversa l shaker. OGA MA Sciki Co. Ltd .• Model V-SN. frequency 
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200·290 - 340 S. P. M .. amplitude 40,"m, 100 V 200W .10/60 11, MOTOR, CMFG 

No. 126 1006) at 300 rpm for 90 minu tes at 22uC. The mixture received 4N NaAs02 

(1/4 ml). 4N H2S0 4 (1/4 01 1), 1.6011 Nash reagent (75g ofalllllloniul11 acetate. I.Sml 

o f acetate ac ids, I ml oracety l aceto ne diluted to 500101) and absorbi.ltlCc fur C,! I b was 

deteml incd at 412 nm aHer 60 minutes using a spectrophotometer (UV-120.0 I, Ca t. 

No, 204-0001-01 , serial No. 129223. Shimadzu). A blank was prepared taking all the 

reagents, incubated and mixed for the same period and absorbance value of the 

sample was subtracted from that o f the blank. A ca libration series of different 

volumes of ethylene gas was a lso run and standard curve was plotted. 

2.7 Statistical Analysis: 

Data were ana lyzed statistically by Anulysis of Variance (completely 

Randomized factorial Design) and Ireatment means were compured using Duncan's 

Multiple Range test (DMRT) using MSTAT·C version 1.4.2. 
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CHA PTER-) 

RESULTS 

Alilhe pa rameters were conducted at fou r sInges; vegetative singe tH WAS). 

nowering stage ( 16 WAS). carly pod filling siage ( t 8 WAS) lind latc pod filling stage 

(20 WAS). Symptoms of leaf senescence appeared after flowering. became 

conspiclious at early pod filling stage and persisted until laic pod filling stage when all 

the old leaves abscised , The second o ld leaves from the botlOIll we re then used for 

ti.lrthcr studies. The readings lor sugar content in leaves, trcsh weight nnd biomass of 

shoot, root, and nodules were taken in the la st year of the research work. 

3.1 Shoot Fresh Weight and Dry Weight: 

Data presented in figure 1 and 2 reveal thaI fresh and dry we ight of shool 

was maximum at early pod filling stage ( 18 WAS) followed by a significant decrease 

at lale pod filling slage (20 WAS). The fresh weight and dry weight of shoot were 

laken without pods. The increase in fresh shoot weight and dry weight was linenr unlil 

early pod filling stage. Fresh shoot we ighl and dry weight decreased by 50% ut the 

late pod filling stage. 

The interact ion between the tr..:atments and growth slages was highly 

s ignificant (P< 0.00 I , sec appendix II , Table 2 1). Application of kinetin showed a 

significant increase in fresh weight and dry weighl of shOal as compared to the 

contro ls at all growth stages. Kinetin at 10·sM (applied as seed soaking) was more 

effective in increasing fresh weight of shoots as compared to 1000M kinetin at all 

growt h stages, whi le ils effect on the shoot dry weight was signi licanl o nly al laler 

stages as compared 10 JO.6M kinetin (applied as foliar spray). Kinetin ( IO·sM) 

increased fresh weight of shoot at the vegetative stage and dry we ight at flowering 
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stage by 300%. A Illrthcl 50% Increase occurred up to maturity (211W I\S) During the 

plant growth, 15% and 8% in increase in fresh weight und dry weisht or shoot was 

caused respectively in kinetin (I O·ti M) trented and control groups. 

ABA treatments showed a slight but nOli siguificanl dcclea~e in fresh shoot 

weight und dry weight tiS compared 10 the control at all growth singes except at the 

la te pod filling stage. The most sign ificant decrease caused by ABA on rresh shoot 

weight lind dry we ight was at the early pod filling stage. Higher concentration of 

ABA (IO" M) was more (non significan t) efT~clive in decreasing fresh nnd dry shoot 

weight as compared 10 the lower concentration (IO.f!M). The ma ximu m decrease in 

fresh shoal weight and dry weight caused by 1O,.'i M ABA (app lied as seed soak ing) 

was 30% and 28%, respectively (sec appendix I, Tab les 8, 9). 
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Figure 1: Fresh shoot weight (g) in Cicer arietinum L. cv. CM88 at different 
growth stages and the effect of growth regulators (year 2000). Vertical 
bars showed the standard error. 
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Figure 2: Dry shoot weight (g) in Cicer arietinum L. cv. CM88 at different 
growth stages and the effect of growth regulators (year 2000). Vertical 
bars showed the standard error. 

Where: 

Kinetin5 =Tt= Kinetin to-5M (applied as seed soaking) 

Kinetin6=T2= Kinetin 10~M (applied as foliar spray) 
ABA6= T3= ABA 10~M (applied as foliar spray) 
ABA5= T4= ABA 10-5M (applied as seed soaking) 
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3.2 Root Fresh Weight and Dry Weight: 

The interaction between treatments and plant growth 'ilagcs was high!) 

sign ificant (P<: 0.001. sec uppcndis II. Tables 33. 34). The results :showed an increase 

in fresh root weight and dry weighll.luring differelll !>Iagcs. AI the flowering '\I;I;&e and 

allhe early pod filling ~1agc (16&18 WA~), fresh root weighl und dry weighl WD::, 

significantly higher aner which a signi l1cnnt decrease was noted a lthc laIc pod fi lliilg 

stage, Figure 3 and 4. 

Kinetin significantly increased fresh rool weight and dry weight us compared 

to the control. During the growing season and irrespect ive of the slagt!s of plant 

growth. lO-sM kinetin increased fresh root weight and dry weight over the contrul by 

52% and 34%, respective ly. Kinetin at IO·5M concentration showed significan t 

increase in fresh root we ight and dry weight at the nowering stage and at the earl) 

pod filling stage but, I O~M kinetin was less effective in increasing the fresh root 

weight and dry weight during the growi ng season. Kinetin at IO..()M showed 

insignificant increase in fresh root weight over the control at all growth stages, whi le 

it significantly increased dry root weight by 40%. only at IIle early and late pod filling 

stage. 

ABA decreased fresh and dry weight ofroot as compared to the co ntrol at all 

growth stages. At IO·5 M, it decreased the rre:.h rool weight and dry weight during the 

growing seaso n by 15% and I H%, respective ly. ABA at IO..(jM, applied as foliar spray, 

was more effective in decreasing fresh and dry weight of rool by 22% nod 27%. 

respectively. The highest decrease caused by ABA in root fresh weight and dry 

weight (50%), was at the laic pod filling stage (20WAS). The ABA at 10.,j M non 

significantly decreased Ihe fresh root weight as compared to th e conlrol at all growth 

stages, whereas ils effect on dry rool weight was significa nt as compared to the 
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control at almost all grO\vth stnge.s. With 1 O,sM ABA, fresh root weight was slightly 

higher but not significantly different as compared to the effect of IO·6M. The later 

decreased the dry root weight significantly at all growth stages as compared to IO,sM 

ABA (sec appendix I. Tables 10. II). 
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Figure 3: Fresh root weight (g) in Cicer arietinum L. cv. CM88 at different growth 
stages and the effect of growth regulators (year 2000). Vertical bars 
showed the standard error. 
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Figure 4: Dry root weight in Cicer arietinum L. cv. CM88 at different growth 
stages and the effect of growth regulators (year 2000). Vertical bars 
showed the standard error. 
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3.3 Chlorophyll Contenl: 

T he results presented ill ligurc 5 show thut (.;hlorophyli cont\!nt of chickpea 

decreased during plant growth in both young and old leaves. 1I0WC\lCI . the young 

leaves showed higher chlomphyli contcnL as cOlllparcJ to tile old leaves, Subsequent 

to vegetative stage, a significant decrease in chlorophy ll content was noted at the 

nowcring and early pod filling stages in hOlh the yo ung and the o ld leaves. Young 

leaves had higher chlo rophyll content as compared 10 the o ld leaves 111 aJl growth 

slages. The decrease in chlorophyl l content in the o ld leaves was greater as compared 

to the young leaves in 1998 and 2000. 

The stages of plant growth, treatments flnu leaf age, interacted s igni ficant ly 

(P<O.OOI. sec append ix II . Tables 36-37) and affecl~d the chlorophyll con tent. 

whereas the interactions between the previous three factors were non significant. 

Kinetin increased thc chlorophyll content in the yo ung lind the o ld leaves at a ir 

stages ofp Jant growth during a lllh rec years. At IO'~M concentration it ifll.:r\!ast:d the 

chlorophyll content over the control by 10%, 20% and 5%, respect ively. in the three 

consecutive years. However, the increase in ch lorop hyll content at IOoOM 

concentration was 4%. J 4% and I %, respectively, in the three consecutive years. 

At the flowering stage, 1O.sM kinetin showed the lowest dec rease in 

ch lorop hyll content but the dec rea se in the young leaves at the early pod filling siage 

was minimum wit h kinetin treatm ents. The decrease in c hlorop hyll con tent in the old 

leaves at the same mentioned stages was several times higher than ill the yo ung 

Ictlvcs. 

ABA decreased the c hlorophyll content non-sign ificantly in both Ihe young 

and the o ld leaves at all growth stages. ABA at IO·5M co ncentration was more 
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effective in decreasing the ch lorophy ll content as compared to the control. It showed 

10%, 11 %, and 3% decrease. respect ively, in the three consecutive yeurs. On the other 

hand, I O.6M ABA decrcased the chlorophyll content by 3%, 9% and 2%. respec tively. 

in the three consecutive years. The highest signHicant dccrea!>C in ch lorophyll content 

was noted with ABA ( IO" M) treatment at the early pod lilling stage and in old leaves 

us compared to the young leaves. 

The panern o f changes in the chlorophyll content of thc leaves due to 

app licat ion of growth regulators was similar during the three consecuti ve years (see 

appendix I, Tables 12- 14). 
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Figure 5: The effect of interactions between treatments, plant growth stages and leaf age on chlorophyll 
content (mg/l) in young and old leaves of Cicer arietinum L. cv. CM88 (year 1999). 
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3.4 Protein Content; 

rhe resuiu. prcscllled ill ligllre 6 indicate lhat the protein t.:{)nlcnl ()flcartb~ue:, 

increased during the plant growth. being highest 81 the nowcring stage (16 WAS) in 

the )'oullg as well as in the old leaves during 1998, Subsequent 10 the Ilowe ring stage. 

a significant decrease in protein conten t was noted in Ihe young as well ns the old 

leaves. During 1998 and 2000. [he decrease was signi fi !;!ultly higher a[ th e end)' pod 

filling stage os compared to the tlowering stage, whereas the decrease was higher in 

the o ld leaves at the latc pod filling siage during in 1999. 

The protein con tent in both the young and the old leaves was nlmost similar 111 

the first two stages (Le., 8WAS and t6WAS), wh ile it was significantly higher in the 

young leaves as compared to the o ld leaves at later stages (Le .. /8 WAS and 20WAS). 

In the young leaves. the protein CClIltcnt was higher at 18 WAS (50%) than in the latc 

pod filling stage (20WAS). II is noted that the increase in protein content ill the young 

leaves at Ihe late pod filling stage was almost equul to Ihe decrease in prOiein con tent 

in the old Icaves at sn me stage. The results showed thaI al the latc pod filling stage 

(20WAS). the o ld leaves and the young leaves had almosllhc same prolein content. 

The stages of plant growth and leaf age had sign ificant effect on protein 

content in plant leaves; their interaction with d liferent treatme/1ls was highly 

sign ificant at P<O.OO I (sec appendix II , Tables 38-40). 

The app lication of kinetin showed slight but non significant increase in th e 

protein con lent in the young and the old leaves of chickpea at aimosl all growth 

stages. During the course of plant growth, lO,sM kinetin caused Significan tl y higher 

protein content as compared to the contro l (10%.34%. 14%. respcclivcly) in (he three 
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consecutive years. Kinctin·trcatcd (lOoOM) had non·signilicanl1y higher protein 

content than in the contro l (6%. 15%.6%. respectively) in the three consecutive years. 

The highest increase in protein contenl allhc flowering siage in the yu ung tim! tht.! l)ld 

leaves was caused by kinetin. whcrc3s it wus higher In the young h:avcs al the late 

pod filling stage in 1999 and :2000. Kinetin also increased the protein content in Ihl! 

o ld leaves as compared to the contro l 01' the late pod fi lling stage. On the average, thl! 

effect of kinetin (I O·jM) wus higher but non significantly difTerenl as comrarcd to the 

e ffect of IO·6M kinet in in incrcusing the protein content in the yOllllg and the old 

leaves. 

ABA treatment dec reased th e protein conte nt in th e young and the o ld leaves 

as compared to the control. The higher concentration of ABA (to·j M) was more 

s ignificant in decreasing the protein content over the control (20%, 25%, 16%. 

respective ly) in the three consecutive years as compared to a non·signi/icant decrease 

caused by IO·6M ABA (8%, 14%,7%, respect ively) in the three consecutive years. 

The e ffect of ABA was more pronounced in the old leaves and at the lale I)od 

filling stage. The ABA treatments ':ihowed decrease in prote in con tent by 60% in the 

old leaves al 20 WAS, whereas the young leaves had higher prote in conlent with the 

same treatment (80%) as compared to the o ld leaves (~ec appendix I. Tables 15·17). 
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Figure 6: The effect of interactions between treatments, plant growth stages and leaf age on protein 
content (lJg/g F W) in young and old leaves of Cicer arietinum L. cv. CM88 (year1999). 
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3.5 !'roline Content: 

The results presentcu ill figure 7 Indicate Ihut proline conlent conti nu ousl) 

Increased starling from vegetAtive siage li p to early pod filting stage (IS WAS) nner 

wh ich it decreased significantly. Pro line conlent was higher in the old leaves a.s 

compared to the you ng leaves at all growth stages exccpllhc latc pod filling stuge. At 

the vegetative stage, all the treatmcnts were non significant ly different from each 

other for the young as well us the o ld leaves. The effect of treatments became 

s ignificant at the flowering and at the early pud filling stages. The reducti on in proline 

content at the late pod filling stage was greater in the old leaves as compared to the 

young leaves. 

T he inte raction of plant growth stages and leaf age with d ifTeren t treallnents 

was highly significa nt (P<O.OO I), whereas the interaction of the three factors was non 

significa nt (see appendix II . Tables 41.42). 

The app licat ion of kinetin reduced the proline content in th e yo ung and the old 

leaves a l a ll growth stages. With kinelin (10.5 M) trealment, the decrease in pro line 

content was 27% and 22%. respectively. in the twO consec utive yea rs, whereas at 

10.6 M kinetin the decrease in proline content was 13% in both years. The dTecl (i f 

kinetin in decreasing the pro line content was more obvious at the early pod fi lli ng 

stage (18 WAS) in the young leaves as compared to the o ld leaves. whereas it was 

greater in the young leaves as co mpared to the old leaves at the late pod fil ling stage . 

The decrease in proline content in kinetin treated plants at the late pod filling stage 

was greater as compared to the control and was greater in the o ld leave than in the 

young leaves. 

ABA increased the proline content in the young and the old leaves at aJi 

growth stages. With 1O-5M ABA. pro line content increased by 43% alld 42%. 
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respectively. in the two consecutive years, whereas with 10 II M tile prolme content 

incrcased by 22% and 9%, respectively, in the two consecutive ycar!>. The clTcet of 

ABA was more obvious in o ld leaves as compared to young Icaves, 

AI the nowcring stage. the proline content was significantly increased in the 

ABA treated plants. The o ld Icaves at this siage had higher pro line cOlUent. whic h was 

nonsignificantl), different from that in the young leaves. At the ea rly pod filling stage. 

the proline content WIIS increased s ignificantly in the ABA treulcd plants, where the 

o ld leavcs showcd significant higher proline content than did the young leaves. ABA 

treatments also showed a dec rease in proline conten t at the late pod fi lling stage in the 

young and the old leaves but the yo ung leaves had non-significant ly higher pro line as 

compared to the o ld leaves. The pattern of changes due to hormone app lications was 

same in the two years and even, th e magnitude oflhe effect was almost similar (sl!e 

append ix I, Tables 18,19). 
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Figure 7: The effect of interactions between treatments, plant growth stages and leaf age on proline 
content < ... g/g F W) in young and old leaves of Cicer arietinum L. cv. CM88 (year 1999). 
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3.6 Sugar Content: 

The results presc nlcJ in ligu re 8 indicate that in both the you ng and Ihe olt! 

Icaves the sugar conlent was decreased from the vegcllltive 10 the l10vvc ring stage. 

increased slightly a t ea rly pod fi lling stage and then sharply incrcu!.Cd III the talC pod 

filli ng st agc. At the vegetative stage (8 WAS), the young und the u ld IC.l\ cs had 

almost similar sugar conte nt. lIowever. the reduction in sugar co nte nt was greate r al 

the flowering stage in th e old Icaves as compared to the young leaves. At the latc pod 

filling stage. the sugar content was the highest thun tit all othe r stages.. bo th in thc..Qld 
, 

and the young leaves. Treatments and stages o f plant growth interacted at highly 

significant level (P< 0.00 I) in affectin g the sugar content in chickpea Icuves. whereas 

th e effect of lea f age was non s igniricant (see a ppendix H, Tab le 43). 

Kinetin treatm ents significantly inc reased the sugar content orchickpea leaves 

at a ll grm.vth stages. Kinetin was more effective at IO,s M in increasing the sugar 

eontcnt (19%) over thc control as compared to IO-6M ki net in, thu t inc reased the sugar 

content by 8%. lIowever, the effect of both conccnlrut lon .. of ki ndin v.ere nOli 

significantly diffe ren t rrom each olher. r he effec t o f kinetin WitS more r rn lo und in the 

young leaves as compa"cd to the old Icaves. The dec rease in sugar content noted in 

kine ti n lrculments at nowering stage was grcntfJ r in thc o ld leaves as compared to the 

young leaves. and also the increase in sugar content at late r slages waS greater in th e 

o ld leaves as compared to Ihc young leaves. Kinetin ( I O,sM) increased suga r co ntent 

significantly a t the la te pod fi lling stage. 

The application o f ABA reduced the sugar eo ntcnt in thc treated plant leaves 

non~significantly as compared 10 the control at a ll growth stages. Although the re was 

no significant difference be tween the ABA treatm ents. IO,sM ABA was more 

e lTective in decreasing th e sugar content of the Icaves (2 1%). At the la iC pod fi lli ng 

, 
I 
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stage, IO-5M ABA was highly signilicant in decreasing the sugar content in the old 

leaves., whereas its effect on the young leaves was nOll signilicant (see appendix L 

Table 20). 

59 



eLL 
CIl g, 
ct;, 
o :1. 
u -
... 1/1 
<II CIl 
g,> 
:::I <II 
(/)oS! ~:I n , 0 , n , n , n 

... ;;> 1UUU 
CLL 
.2l g, 800 
c-
8 ~ 600 

:u i 400 
g' 10 200 
(/)oS! o 

Kinetin5 Kinetin6 ABA6 ABA5 control 8 16 18 20 

~ 660 
> 
<II 

oS! 640 

~ ~ 620 
~g, 
§ OJ 600 
u':: 
~ 580 
g, 
:::I (/) 560 

.5 §' 1000 

e LL 800 
CIl g, 
c ~a, 600 
o :1. u- 400 ... 1/1 
<II CIl 
g,> 200 
:::I <II 
(/)oS! 

0 

Young 
Leaf age 

Hormone treatment 

1400 

.:: ~ 1200 
i: LL 1000 
CIl g ~ 800 
CJ':: 600 
... 1/1 

~ ~ 400 
~ ~ 200 

o 

.Young 

Kinetin5 

OOld 

.8 016 018 020 

Kinetin6 AB~~ . . A~~~ . .. 
Hormone treatement x Time after sowing 

~ 1500 1 
::§' 
CLL 
~ g, 1000 
1:-o g, 
u':: 
... 1/1 500 
<II CIl 
g,> 
:::I <II 
(/)oS! 

0 

Time after sowing (week) 

control 

.Young OOld 

Old 
Leaf age 

660 ~ > 
640 ~ 

1:;::::: 

620 :: :!i: 
ai LL 

600 e .l2' o g, 
580 u .:: 

~ 
560 g' 

(/) 

Kinetin5 Kinetin6 ABA6 ABA5 control 8 16 18 20 

1600 
~ 1400 
~ 1200 
:5 §' 1000 
e LL 800 CIl g, 

e OJ 600 o :1. 
CJ - 400 ... 
<II 
g, 
:::I 
(/) 

200 
o 

Hormone treatment x Leaf age Time after sowing x Leaf age 

.8 Young 218 Old f!l16 Young 

Kinetin5 KinetinS 

016 Old 018 Young 018 Old 020 Young 

~~~.Q ABA5 
Hormone treatement x Time after sowing x Leaf age 

EB20 Old 

control 

Figure 8: The effect of interactions between treatments, plant growth stages and leaf age on sugar 
60 content (lJg/g F W) in young and old leaves of Cicer arietinum L. cv. CM88 (year 1999). 



3.7 The Errect of Interactions Between Treatments, Plant Growth 

Stages aod Leaf Age 00 Chlorophyll, Protein, Proline and Sugar 

Content: 

The possible intera.ctions prescnteu ill Figure 5 show that J..itll:lin (irrCSI)Cclivt! 

10 growth stages) increased the chlorophy ll content while ABA decreased it as 

compared to the control. Regarding growth stages. the vegetative siage (RWAS) hall 

the highest ch lorophyll content but showed a decrease at the nowcring sta ge and the 

lute pod filling stage. The interac tion between hormone treatment s :II1J leaf rlSC 

showed highe r chlorophyll content in the young as compared La the old leaves in all 

the treatments being higher with kinetin treatment. 

The possib le interactions presented in Figure 6 showed that kinetin 

(irrespective to growth stages) was st imulatory to protein content while ABA 

decrcased it as compared to the CO!ltrol. Rcgard ing growth stages, thc nowering stnge 

(16WAS) had the maximum protcin content followed by a decrease atlhe early pod 

filling siage. The interaction between hormone treatments and leafage showed higher 

protein conlent in the young leafas compared to the old leaf in alllrc:tlnlt.!nts, whereas 

it was highest with kinetin treatment. ABA decreased the protein con lent inlhe young 

and the old Icaves as compared to the co ntrol . Prote in COlltent in yo ungnnd old Icnves 

was almost similar with AOA treatment. The interaction belween time after sowing 

and leaf age showed that there was no significant difference in Ihe rrolein content in 

the young and the old leaves at all stages of plant growlh, excepllhe laic pod fillin g 

stage, where the you ng leaves showed significant higher protein content as compared 

to the o ld leaves. 

T he interactions prese nted in Figure 7 show thai applied hormones affecled 

proline content irrespective of growt h stages. Kinetin decreased the proline conIc nt, 
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while ABA sign ificantly increased it uS compared to the contro l. This etlcc i was 

conccntration-dc[)endent Rega rding the growth stages. a linear increase in the proline 

content was noted from the vegetative stage to the curly pod filling stage followed by 

n sharp decrease at the latc pod lillillg stage. The inll..:raclioll bc!\\ccn hormone 

treatments and leafage showed higher prolinc content in the old leaves as compared 

10 the young leaves in nlllrealmcnts; being higher in ABA treatmen\. 

The interactions presented in Figure 8 show that kinetin (irrespective of 

growth stages) increased the sugar conlent. while AIlA dec reased il as compared 10 

the con trol. Rega rding the growth stages, a linear increase in the suga r contcnl was 

noted from the flowering to the matu rity stage (20WAS). The interac tion be twee n the 

hormone treatments and leaf age showed thai the app lied hormones affected the 

you ng and the o ld leaves to the same extent. The inte raction betwee n time after 

sowing and leafage showed Ihat the sugar content Significan tly increased only at the 

late pod filling stage. where the o ld I~aves had higher suga r con ten t as compured to 

the yO llng leaves. 

Chlorophyll con tent was higher at tht: vegctalivt! stage in the you ng Icaves. 

and maximulll protein content <II the flowering slage reflects the higher activity o flbe 

plant at these stages. The proline con tent decreased in the old leaves al Ihe Jatc pod 

filling stage \vhen the ir was 110 further need for osmoprotectant. The high sugar 

content in the old leaves at the laIC pod filling stage was perhaps, not as~ocia ted wi th 

senescence. 



3.8 Endogenous level of ABA: 

Only two stages were scJec-tcd to detect the endogenous level or AOA in pl;)lH 

leaves. namely the vegetatIve (~WAS) und the lale pod filling stages (20WA~) IIllh\! 

yc~u 2000 

The results Crab le I) show Ihal a signi ficant increase in ABA in the control 

treatment was noted at the late pod nlling !)!Hgc (20 WAS) as compared to lhe 

vegetative stage (8WAS). The interaction between treatments and plant growth stages 

was highly s ignificant in atTccting the endogenoll s level of ABA (sec appendi>: II. 

Table 44). 

Kinetin at I O·5M co nccntrut ion decreased the endogenolLs le ve l or ABA (t 6%) 

as compared to the control at both growth stages of l)lant, where it was more efTeclivc 

at the vegetative as compared [0 the latc pod filling slage. Kinetin al I O-~M did not 

significantly decrease the endogcnoll s level of AOA at the vege tative stage. However 

ABA concentration in plant leaves at the late pod filling stage was higher as compared 

to the contro l Exogenous IIpp licntion of ABA at lO-sM increa<:ed fhe endogenous 

level of ABA by 89% ut the vegetative stage :IS compared to 8 J % at the late stage. 

whereas the application of ABA (IO-6 M) was less cflcctive in inc rea sing the 

endogenolls level of 1\ IlA. 

63 



Table 1: DMRT of means showing the endogenous level of ABA (J..lg g-I freeze 
dried leaves) in Cicer arietinum L.ev. CM88 at different 
plant growth stages and the effect of plant growth regulators 
(year 2000). 

Treatments -Weeks After Sowing-

8 20 Mean 

Control 92.0 g 236.7 cd 164.4 D 

Kinetin 
50.7 h 225.2 d \38.0 E (10-5 M) 

Kinetin 
89.3 g 354.4 b 22 1.9 B (10-6 M) 

ABA 
174.3 e 429.1 a 30 I. 7 A (10-5 M) 

ABA 
127.2 f 242.7 c 184.9 C (10-6 M) 

Mean 106.7 B 297.6 A 

All such means which share a common Engli sh lettcr are statistically simi lar otherwise 
are different at a = 0.05. 
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3.9 IAA Content: 

The results in fi gure 9 indicat\! a slight d c c n:il SC in 11\1\ I.:Olltent at the 

nowering sIU~C (16 WAS) lol1oweJ by 3 shm p increase a l lhc carly pud fi lling stage 

(1 8 WAS) und subsequent sharp decrease al the latc I)od filli ng Slage (2 0 WAS). A ll 

the treatments showed a non s ignificant difTen:nce in the IAA co nt ent 01 Ill \! 

vegetative stage. the flowering and la ic pod filling stages, 

The results indicate the s igni ficant effect of treatments and growth stages on 

the IAA content (sec appendix II . Tab les 45-46). 

The application of kinetin increased the 11\1\ conl ent in ptant roots as 

compared to the contro l at the cad y pod tilling sta ge. K inelin increased accumulation 

of the IAA con tent during planl growth , During 1999, IO')M kine tin was the most 

effective in increasing the fA A content as compared to the control (44%). whereas 

10-OM kinetin was more effective in increasing the IAA content (hav ing 37% inc.rease 

over contro l) duri ng the ye~lr 2000 . 

At the early poJ fillin g stage ( 18WAS). IA A con ten I inc-reased signi liculltly in 

kinetin treatments as compa red to lite contro l. The higher kinetil, ( IO'5M) 

concentration had significant ly higher IAA content than noted with the lower kinetin 

(IO·6M) concentrat ion , 

ABA decreased (non signi fican tly) the accu mula tio n of IAA during different 

stages as compared to the contro l. Only at the car ly pod fittin g stagc. ADA trcatments 

s ignificantly decreased the IAA con tent as compared to the contro l. T he effect of 

A BA at both concentrations was non significantly dilTerent from each other in 

decreasing the IAA content. lO,sM concentration ABA decreased the IAA content as 

com pared 10 the control by 83% and 60%, respective ly, in the two consecut ive years. 
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whereas IOoOM ABA decreased the IAA conte nt by 84% ami 52%, respectively. The 

IAA con tent was many fold higher at the early pod filling stage than at a II other stages 

in both years. Also. the changes due to ABA 11pplication were significant at Ihis slage. 

Both years showed same trend of changes regarding the application of hormones a1 

dilTerent concentrations (see append ix I. Tab les 21-22). 
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.8WAS D16WAS 11!18WAS IJ20WAS 

Control T1 T2 T3 

;Jure 9: 1M content in roots (mg/g FW) of Cicer arietinum L. CV. CM88 
at different growth stages and the effect of plant growth regulators 
(year 1999). Vertical bars showed the standard error. 

T4 
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3.10 Fresh Weight. Dry Weight of Nodules : 

The result!> prescntcLi in Jigurl! 10 and II show '-\11 jnc .. e.a 1!~ in rresh Rnd Jr) 

weight o f nodules during plant g rowth lI/lIi l the early [lod tillin g slage . rhis inc rease 

was more clear and signific:lnt allhc flowering siage (16 WAS) and the curly poJ 

fi ll ing stage (18WAS). which w as fo llowed by dccrc8'C" in fj'csh we ight oflhe no(jlllc~ 

at the lale pod filling stage (20WAS). Dry we ight or lhe nodules was the highest at the 

early pod fitling stage and decreased at the latc pod fil ling siage (20WAS). Th is d ry 

we ight was maximulll at the early pod tilling stage, Ib llowcu by the flowering stug!.! in 

all treatments. 

The interaction between the treatments and the gmwth stages was non 

significant However. the cOCCI () r growth Si nges was signilicallt on the fresh weight 

o f the nodules (P< 0.00 I), w hile it was not signilicunt on the dry weight or thc 

nodules (P>0.05 . see appendix II. Ta bles 47A8). 

Kinetin (I O·5 M) increased the fresh weight and dry weight or the 1I0dlilcs. On 

the uverage, the inc rease over the contro l was 11 %. However. I O·tlM killctin J id not 

aftCcI the nodules we ight Kinc tin al lO-sM concclilrutioll increased the fresh weight 

or lhe nodules at the /lowering stage and th e carly pod filling stage by 50%. whereas 

its e ffect on the dry weight o ft he nodu les was h ighest at the early pod filling stuge. 

ABA applied as Ib liar sp ray decreased the fresh we ight of the noclldes as 

compared to the contro l during the growing season by 8% and the d ry we ight orlhe 

nodules by 22%. It is notewort hy that the fresh weight and dry weight of the nod ules 

was higher with I O'~M ABA as compared to IO-QM ABA at all growt h stages (sec 

appendix I, Tables 23 ~24 ). 
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Figure 10: Weight of fresh nodules (g/palnt) in Cicer arietinum L. cv. CM88 at different 
growth stages and the effect of growth regulators (year 2000). Vertical 
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Figure 11: Weight of dry nodules (g/palnt) in Cicer arietinum L. cv. CM88 at different 
growth stages and the effect of growth regulators (year 2000). Vertical bars 

showed the standard error. 
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3. t 1 Diameter of Pink Bacte.roids Tissue: 

The results in ligurc 12 indicate an increase III the diameter o f the pink 

bacteroid tissue during the diOerent growth stages. with its maximum al the early pm! 

filling stage (18 WAS) fo llowed by significant dccrease at the late pod lilling stnge . 

The increase in the diameter of the pink bacteroid tissue was greater at the nowering 

stage as compared to the increase noted at the early pod filling stage. The c/lcc t of 

treatments and plant growth stages and their interaction were highly significant (sec 

appendix 1[ , Tables 49-5 1). 

Kinetin signilicantly increased the diameter of the bacteroids tissue as 

compared to the control at difTerent stages or p lant growth except at the vegctative 

stage. At al l stages of plant growth, kinetin treatmcnts were non significant ly different 

from each other. The effect of kinetin was s ignilican lly the highest at the Ilowering 

stage and at the early pod filling stagc. Kinetin-treated plants showed the minimum 

decrease (as compared to control) in the diameter orthe pink hactero id tissue at the 

fate pod lilling stage. Kinetin (IO,sM) treatment was more effective in inc reasing the 

diameter o f bacteroid ti ssue in Ihe three consec llti ve years (10%, 30% and 18%. 

respective ly) us comparcd to the lower concen trat ion in the three consccutive years 

(6%, 2 1 % and 7%, respec ti ve ly). 

App lication of ABA non-.. ign ificuntly (as compared to contro l) dec reased the 

diameter of the bactcroids tissue of the nodules of treated plants in all st.ages of 

growth . ABA was more effective at 10.(,M in dec reasing the diamcter of the bactero id 

tissue in three consecutive years (f 8%16% and 19%. respecti ve ly) as compared to 
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IO·5M concentration l6%. g%,12%). The effect o f AilA (IO-()M) treatment was nOI1-

significantly greater than thai of 1O.5M ABA in decreasing the diameter of the 

bacteroid tissue. ABA treatmen ts showed higher decrease ill the bllcteroiJ lis:' lIc as 

compared to the control at the laIc pod lilling stage 

The data of the three years wcre sligh tly different from each other bllt trend of 

changes was almost similar due to appJi(~ation of the hormones in the threc years. The 

diameter of the pink bacteroid tissue was larger in 1999 than in the o thcr two years 

(see appendix I, Tables 25-27). 

) 
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Figure 12: Diameter of pink bacteroid tissue (mm/plantlh) at different growth 
stages in Cicer arietinum L. Cv. CM88 and the effect of plant growth 

regulators (year 1999). Vertical bars showed the standard error. 
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3.12 Nitrogenase Activity: 

The rc~u lts in figure 13 i Jldi~alc that the ch1.lngcs in nilrogcno<a: ilClivil) Jue to 

the hormones were similar 10 those: or the pink bacteroid tissue. lhc nitrogcrw:c 

act ivity increased during plant growlh. A significant increase in I1jtrogcna~ artivil) 

was noted at the Oowcrins stage (16 WAS), the increase be ing highest :H the cady pod 

filling stage ( 18 WAS) rollowed by a signi ficnnt decrease at the late pod fi ll ing stage 

(20 WAS). At the vegetati ve siage and the late pod filling. siage. a ll tile treatments 

were non signi fi cant ly different fronl the con trol, wherein al the Ilite pod (i/ling stuge 

were lower than the in ifial readings at the vegetat ive stage. The nitrogenase acti vity in 

k inetin treatment wus the highest as com pared to the co nt rol (sec appendix I. Tub les 

28·30). 

N itrogenase activity was Significan tly a fleeted by the treu!tl1erllS Ml P< 0.00 I 

(sec appendix II . Tables 52-54). Among the diflerclllircatrncllts, kinetin .. pplication 

showed a significant increu sc in nitrogenase activity a s compared to the control. 111C 

highest effect of kinetin ;H both conccn trati orlS was noted at the l1o\\crilll:; anll the 

early pod filling stages. whereas at the laic pod filling slage the nitrogl.:nasc activity 

was non sign ificantly different from the control. K inetin tn:atrnents showed increase 

by 100% at the early pod filling stage. Kineti n trenlment at IO,sM. increased the 

nitrogenase activity by 196%.84% and 80%. respecti vely. in the three co nsec utive 

years. whereas 1O·6M kinet in showed Jesser increase (82%, 30% and 38%. increase 

over the conlrol). The effec t of JO,sM kinetin was slight ly non·significatlily diiTcrem 

fi'om the cOCCI of I 0·6M kinetin except at the nowcring ami the early pod filling stage. 

AnA decreased the n itrogenase activity significantly as compared 10 th e 

con tro l at a ll growth stages except ::.t the laIc pod IiIl ing stage. where the e flec l or 
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ABA was non signilicanlly dillerent from the control. AllA treatmcnb had greater 

eflect at the early pod filling stage. which wus signi ficantly lower than Ihe control. 

The two concentratio ns olAllA used were nOI s ignificn nlly clill'i::rcnllhllll each utlll!r 

in decreasing th~ nillogcna. ... c activity. However. IO'~M AllA W<I!I \lighll) Ic::..'i 

effective in decreasing the nitrogenase activity us compared to IO ·tlM AOA The ABA 

IO,sM decreased nitrogenase ac ti vity over the control by 32%. 46% and 2 1 %. 

respectively. in the three consecutive years, whereas J O-t.M ABA dl!creascd it over the 

control by 41 %. 43% ami 31%. n:spcct ivcly. The smnc trend or chan ge!> was noted 

rollowing the treatmelus during the three years. 11owevcr. in 1991) ull treatments 

showed higher level or nitrogenase activity as compared to 1998 and 2000. 

Figure 14 show that the nitrogenase activity per 111111 pink bacteroid tissue 

increased during plant growth. A significant increase in nitrogenase activity per mm 

pink bacteroid tissue was noted at the nowering !ltage (16WAS) and at the early pod 

filling slage (18 WAS) followed by a signilicant decrease at the late pod filling stage 

(20 WAS). At the latc pod filling stage. all the treatments were no n significant 

different. 

Among the dilTcrcnt treatments. IO,sM kinetin application showed a highest 

significant increase in nitrogcnase activir;y per mm pink bacte roid tissuc as compared 

to the control. The highest efleet o r kinetin at both concentrations wa~ noted at the 

flowering and the early pod filling slages, whereas at the lale pod tilling slage the 

nitrogenase activity per mm pink bacteroid was non significantly ditTer":lll from the 

conlrol. 

ABA decreased the nitrogenase activity per mm pink baCleroid tissue 

significantly us compared to the control at a ll growth stages except at the latc pod 

filling siage, where the effect o r ABA was non sign ificant ly diflcrenl from the 
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control. ABA trealm(!l1ls had greater etlect at the nm",ering and ut the eady pod nllillg 

stages, wh ich was significantly lower than the control. The two concentrations of 

ADA used were nol signilicantly diflercnt /i'om each o ther in decreasing the 

nitrogenase activity pet IIlIn pin!.. bach.:r(lid tisslie except tlllhe curly pod tilling sln~e 

where IO·t)M ABA was sign iliclH11 higher thun IO,sM ABA. 
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igure 13. Nitrogenase activity of nodules (nmol C2H4/plantlh) in Cicer arietinum 
L.cv. CM88 at different growth stages and the effect of plant growth 
regulators (year 1999). Vertical bars showed the standard error. 
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igure 14: Nitrogenase activityl mm of pink bacteroid tissue in Nodules of Cicer arietinum 
L. cV.CM88 at different growth stages and the effect of plant growth regulators 

(year 1999). Vertical bars showed the standard error. 
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3.13 Available Nitrogen Contellt (NO,-N) in Soil: 

The resulb show that (rCUlmen!:; illicracl illl\ revealed 3i,l!.nilicant effects on N 

in the soi l (sec appendix II . 'Iahle 55) Kinetin npplic:lllun incrcasl!d IhciI\ailahlc N '" 

compared to !..hl.! cOlllrol in the three con~cutive years Crable 1) Kinetin trcalment ul 

a conce ntration or I a-3M showed the highest soil NOJ-N a mong the treatments (790% 

(lnd 249%. respectively). which was significantly higher limn Iht.: c lrce l 01 IO-t.M 

kinetin during years 1998 and 2000 (458% and 39%. respectively) . 

ABA treatment a lso increased the a vai lable soil N con lent as compared to the 

control. The IO·jM ABA increased the N content by 178%, 28% and 75%, 

respecti vely, in the three consecuti ve years. Tht! I O-liM ABA on th l.! other hand did not 

affect the available soi l N cun tent during Ihe year 1998 but (no ll sign ifica ntly) 

decreased the soil N content slightly during the fo llowing two years. 
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Table 2: DMRT of means showing the available N content (mg/ kg) of soil 
planted with Cicer arietillum L. cv. CM88 and the effect of plant growth 
regulators in three consecutive years. 

------ -- -- --- ----
tl N03-N c .. 
~ 
~ .. 

1998 1999 2000 .. r-

Control 0.600 1.53 1.070 

Kinetin 
5.34 A 2.07 3.73 A (10-5 M) 

Kinetin 
3.35 B 2.12 2.66 B (10-6 M) 

ABA 
1.67 C 1.96 1.87 C (10-5 M) 

ABA 
0.630 1.29 0.960 (10-6 M) 

All such means which share a common English letter are statistically similar otherwise are diflcrent at 
a = 0.05. 
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3.14 Yield: 

The results show thai thc In:atrncnls had highly ~igllificmlt clrcel ull chid,pco 

yield in respccllO gr:lin weight, number of pods per plant and \"cighl of 100 gruin~ 

per 11"(:811neni in the three consecutive years (sec uppcndix II, Table 58-66) , In Ihrl!c 

consec utive years (Tab le 4), kinetin app lication increased the yie ld significa ntly as 

compared to the co ntro l. Ki netin a pplied as seed soaking ( I O'~M) inc reased th e grai n 

we ight by 45%. 42% and 68%, we ight of 100 grains by 17%. 33% and 15% and 

number o f pods per plant by 50%. 12% and 77%, respecti vely. in the three 

consec utive years. Kine tin at a concentration o f 10 5M had a significantly greate r 

effec t in increasing yie ld as compared to IO-6M kine tin that was applied as fo li'lr 

spray. 

While ABA significantly dec reased the yie ld as compared 10 the conlrol. but 

when applied as seed-soak ing at 10-5M concentration it was morc c flcc ti ve in 

decreasi ng the yield as compared to 1 0~M AllA applied as foliar spray. T he higher 

concentration of AllA (I0')M) decreased tile grain weight by 58%.34% and 2:'i%. 

weight of 100 grain by 18%. t 6% and 19%. and number of pods per plan t by t 7%. 

50%. and 17%, respec ti vely. in the three co nsecutive years. Ge nerally, thc re was no 

significa nt diffe rence a l the two co ncentratio ns of ABA. 

In 1999, the g ra in weight a nd number o f pods pe r plant increased 2- fo td, 

whe reas the we ight of 100 gra ins inc reased by 40% as compared 10 the year 1998 and 

2000. In 1998 and 2000 the yie ld was almost simila r. 
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Table 3: DMRT of means showing yield of Cicer arietiltllnt L.cv. CM88 
harvested at edible pod stage (22 weeks after sowing) and the effect of 
plant growth regulato~_in tl..-ee conse~utive years. 

Grain Weight Weight of 100grains N fP d I t -I 
Treatments ( g ) ( g ) o. 0 0 span 

Control 

Kinetin 
(10-5 M) 

Kinetin 
(10-6 M) 

ABA 
(10.5 M) 

ABA 
(10-6 M) 

1998 1999 2000 1998 1999 2000 1998 1999 2000 

3.18 6.7C 3.18 76.2896.0877.28 3.0C 7.48 3.08C 

4.5 A 9.5 A 5.2 A 88.9 A 128. 0 A 88.9 A 4.5 A 8.3 A 5.3 A 

3.3 B 8.0 B 4.3 B 79.2 B 117.0 B 80.2 B 3.8 B 8.3 A 4 .3 B 

1.3 D 4.4 D 2.3 D 62.4 C 81.0 C 61.8 C 2.5 D 4.0 D 3.5 D 

2.3 C 4.7 D 3.5 C 60.0 C 81.0 C 64.2 C 2.7 D 4.7 D 2.6 E 

All such means which share a common English lettcr are statisticall y s imilar otherwise are differcnt at 
a = 0.05. 
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CHAPTER-4 

DISCUSSION 

4.1 Dry Weight of Root and Shoot: 

During vegetative stage. shoot and root dry weight showed a lincur increase 

until the flowering stage and reached its peak at the early pod filling sInge. AI the lale 

pod filling slage, dry weight of the ~h oot and the root decreased. This decrease, 

perhaps, was due to abscission o f old Icaves resulting in a decrease in net storage of 

the assi milates in the lOPS and translocation of assimilates to the pods. which may 

have Icd to decrease in dry weight of the root. In Pigeon pca, leaf dry matter rcached 

it 's maximum at early pod development and then decreased rapidly. pcrhops. due 10 

leaf abscission and carbon translocat ion to OIher plant parts (Sanclra e l al., 1998) or 

due to accumulation ofCK at this stage as reported by Emery el al. (2000). Kinetin 

treated plants showed maximum increase in dry weight of shoot and root Ht the carly 

pod filling stage. App lication or kinetin led 10 increased dry weight of the shoot. 

perhaps. by increosing shoot length and the number of Icaves per plllnt. Cytokinins arc 

know n to stimulate cell division and rcgulate cell difTcrentintion (Jacqumnnd e l al., 

1994. Morris, 1997 and D'Agostino and Kieber, 1999). However, ABA was found to 

decrease dry weight o r the shoot and the root at the vegetat ive stage and at rhe late 

pod filling stage. The increase in ABA correlated closely with inhibition or shoot 

growth us reported by I-Iunsen and Grossmann (2000). Cramer el (II. (1998) have 

reported that ABA reduces root elongation and inhibits shoot growth (Cree lman el al., 

1990). ABA reduces the plant grO\vth and enhances plant senescence (I-Ie el a/ .. 

200 1). It has been fou nd that ABA reduces dry weight of the shoot in soybean (Cho 
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nnd Harper, 19<)3). \\'hcrca~ Hano el al. (ICJ83) have reported that ABA reduces dry 

weight of the rool and the shoot in Faba bean. 

4.2 Chlorophyll COlltcnt: 

Woolhousc, (1984) and Grove et al .• ( 1986) have reported thot reduction lit' 

ch lorophyll is one of the initiul ~ym plOm!l of Jcafscm:scel1cc. In the present stud y. the 

decre3se in chlorop hyll content may have st3ned after the flowering stuge (16 WAS) 

and became Illorc cvident tit the early pod filling siage (18 WAS). Limloo and Noodcn 

(1977). Wittcnbach el al. (1980), Grover el al. (1985) and Cangming and 

Jianhuazhang, ( 1998) have reported that senescence of rcnves initiates and progresses 

after nowcring. Thc age of thc planls and senescence cuuld be the basic fac tors 

responsible for decrease in ch lorophyll content. 

As reported presently. chlorophyll content in ailireatmcnts waS higher in the 

young leaves as comparcd to the old leaves, whereas the process of Icaf senesccnt!.! 

was initiated in the old relives. This sequelltial senescenct! may ex plain tht! decrellse in 

1he chlorophyll content ill Ihe o ld leave~ at the latc pod tilling sluge. Imrc ('f til (1981 ) 

and Sanelra el al. ( 1998) have shnwn thill the senescence signal is trnnsp0rlcd 

basipetaly and accordingly the span o r the lear layer ill the canopy tends to be longer 

toward the top of the platH at /turvesl. In soybean. th e Icaves neur the bottom of the 

canopy have lower chlorophyll content as compared to the Lipper leaves (Congming 

and Jiunhuanzhang. 1998). 

Nooden el al. (1990) have reported that the decrease in cytokinins generally is 

rcquin::d for monoeurpic senescence . HajOlU el 01. (2000) have repon ed tlUlI CK 

delays the initiation of leaf senescencc. So. it is cxpected that exogenous application 
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of kinetin overcomes the decrease in CK level, which takes plm.:c ill lhe mmurc tbsuc 

and at later stages of growth. 

Kinetin-trealed plants showed increase in chlorophyll content ill {he young and 

the old leaves at all stnges or plallt growth. Kinetin possibly alleviate", and/o r inhibib 

some or all of the abscission inducing factors (Carlson el aJ .. 1987. Cha lollpkova and 

Smart, J 994 and Hare et aJ., (997). The effect ofk.inetin as seed soak ing had profound 

effect o n the o ld leaves. Perhaps, it delays lea f sencscencc by induc ing re-grecning in 

the leaves as has been shown by Marek and Stewart (1992). 

At the early and the late pod filling stages. when the o ld leaves abscised, 

cytokinin produced by the roots might have been transported o nly to th l' young leaves 

th at played role in increasing the chlo rophyll content in the yo ung leaves as compnred 

to the o ld leaves. It has been reported that application of cytokinins promotes 

photosyn thet ic activity mainly by mea ns of increase in chlorophyll contcnt (Caers and 

Vendring, 1986). Van Staden and Carmi ( 1982) have suggested that the effect of 

partia l defoliation on the re maining leaves results in accumu lation nf lll orc cytok inin. 

Cytokinins lire known to inhibif the activity of IAA oxillasc and other 

pcroxidascs (Garg 111 al .• 1995). Kinetin applied at IO,sM as seed soak ing wns more 

effective. The higher concentrat ion of kinetin is possibly req uired to antagonize the 

inhib iting effect o f plant growth retardants on the chlorophyll content and enh ances 

the effect of other growth promoters such as fA A. 

Application of ABA caused reductio n in the chlorophyll content in both the 

young and the old leaves at the a ll stages o f plant growth. The effect o f ABA was 

more ev ident at Ihe early pod lilling slage in the o ld lenves. Applicat ion of AUA and 

enhanced leaf senescence. It has been reported that ABA enhances leaf senescence in 

bean (Imre e/ al .. 198 1) and in oat (Gepstein and Thimann, 1980). ABA applica tion 

83 



greatly enhonccs senescence in the old leave:; as has hl.!en reported by Lind\lo ond 

Nuoden ( 1977). Samet and Sinclair (J 980) <lnd Imrc ('I al. (198 I) when.:i.ls thc yo ung 

leaves were affected less by A(3A. ABA IS synthesized In the young tissue 10 a It:~scr 

degree than in mature tissues (Chanson and I)ilct, r 982 and LeeVtlrl ilnd [layer. J 984) 

Exogenous application of ABA in fhe present study. enhanced the endogenuus level 

of ABA, which further augm entcd degradation o f chlorophyll in thc trcllted plm1l 

leaves. Greg et al. ( 199 J) and ChaloupKova and Smon. (1994) have demonstrated 

that the app lication of ABA significantly decreases the ch loroph yll con tent. 

".3 Protein Content: 

The present results showed that protein content increased il t the nowering 

stage in the young and the o ld leaves in a ll treatments. T his increasc reflecls that the 

plants store more protein in their leaves throughout the vegetative to flowering stages. 

The demand for protein for fruit sening and seed formation is en hanced at the early 

pod fi ll ing stage and this may exp lain the decrease in protein con ten t in chick pea 

leaves at this stage. Woolhousc ( 1982 ) has a lso reported llll.lt. the uell1um.l for pro tein 

is high at the flowering stage. He has shown that loss of protein (lnd chlorophyll 

begins before leaf yc llowing, indicat ing the onset of senescence process. T he 

sign ificant decrease of protein content noted at late pod-lilling stages in the o ld Icaves 

was concomitant with increase in protein content in the yo ung leaves. It is possible 

that d uring senescence transfer of stored protei n occurs from the o ld leaves to the 

young leaves. Wo llaston (1997) has suggested that fhe pro tei n content in the leaves 

can be rapid ly degraded according to the need by other plant tissues. 

Grover e l al. ( 1985) and Staswick (t 989) have reported thaI protein synthes is 

decreases in the old leaves. Sanelra el of. (1998) has shown that N demand fo r seed 
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production in several legumes cannot be met by N uptake alone. Therefore. the any 

remaining deficiency hU5 La be made up by the vegetalive li5sue. During the 

rcmobilization phase. leaves 51 art to behave as source organs, translocatins carbon and 

organic lnolc.."Cul~s to ensure the format ion of new developing tissues and/or storage 

such as seeds tissues involved in plant survlVal (Masclaux e l al., 2000). 

Remobilization of nitrogen has been shown to be dependent 0 11 leaf longevity (Rajan 

and Tollenaar, 1999a, 1999b). The nutrients are recycled from senescing cells [Q such 

other parts of the plants as merislem, young leaves and flowers (Nooden el aI., 1997). 

The mature protein (slowly matured to make soluble protease) accumulates in 

association with leaf senescence (Yamada el aI., 200 1). Increase in protein content 

was noted presently in kinetin treatments at all growth stages. Kinetin might have 

enhanced the activity of the young leaves for protein synthesis as compared to the old 

leaves. It has been proposed that kinetin may be involved directly in the process of 

regu lating protein transcription and translation (Crowell and Amasino, 1994 and 

Brinegar, 1994), lind it may alleviate Ihe promoters or senescence-indljced protease 

(Gan and Amasino, 1995). The increase in protein content in the o ld leaves at 

maturity (20WAS) due to kinetin treatment may be due to the fact that exogenous 

application of kinetin enhanced the endogenous level of CKs in the o ld leaves at 

maturity (20 WAS) and increased their protein content. Beck (1992) has reported that 

a higher nitrogen status of the plants is always correlated with higher endogenous 

level of cytokinin Exogenous application of benzyl adenine (BA) increases the 

avai lability of cytokinin in wheat (Rabie. 1996). It is possible that kinetin has the 

same effect. Kinetin may recover the decline of protein during senescence (Mancera 

('I al .• 1999). The nitrogen metabolism of crops has been considered to improve the 

yield leaf protein (1 Ill sande. 1988). Kinetm increased the nodule activity, which may 
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explain the increase in protcin in the plallt leaves Dayal and Bharti (199 1) and Garg 

.:1 ,,/, (1995) have reponed Ihal kinetin induces increase 111 N2-ase activity 

It is shown here Ihal ABA decreased the protein content In the you ng and the 

old leaves at all gl'owth stages; the decrease was greater in the old leaves at the late 

pod fi lling stage Perhaps ABA affects protein content by decreasing its synthesis 

and/or enhancing ils degradation (Rock and Quatrana, 1996), Thus ABA-induced 

protease production in plant leaves (Mortin and Thimann, 1972, Fam et al. 1973 and 

Rock and Quatrano. 1996). Exogenous appl ication of ABA increased the endogenous 

level of ABA at the vegetative stage as well as at the late pod filling stage. This 

increase may cause marc degradat ion of protein content in Ihe young leaves and the 

old leaves at both slages. In addition, leaf senescence as a factor combined with ABA­

treated plants to cause leaf abscission morc rapidly in the old leaves as compared to 

the young leaves, ABA has the potential to antagonize other growth homlOnes such as 

IAA (Greg "' <II.. 1991) and CKs (ChaloupKova and Smart, 1994) The above 

mentioned workers have suggested that ABA rapidly induces elevated level of mRNA 

transcript encoding basic peroxidase. 

4.4 Proline Content: 

Proline synthesis hfts a role in regulating several physiological responses, 

including developmental transitions as reported by Hare 1.11 01. (1997). Proline acts as 

osmoprotectant (Yoshiba ef al., 1997) and as a storage compound for nitrogen and carbon 

when starch and protein synthesis are inhibited (Flowers 1.11 01., 1977, Chauhan 1.11 al., 1980 

and Naidue 111 al .. 1990) The accumulation of proline is accompanied by increase in 

soluble sugar content (Chen el 0/., 1998 and Clifford ef a/., 1998). in Phseo/lis aureus, 

Huq and Larher (1983) has reported that the production of organic solutes such 
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as asparaglnes. proline, glyrillc, helaine and free aminu nellis Wrb lnc rea~cd in ~II 

stress. liuq c laimed that these organic soluII..'S are n characteristic o f strcs,"I conditions. 

The present results show Ihul al the initial vtgc(I}livl! singe. the old Icaves had 

higher proline eo nlent a:, compareiJ 10 thl.! )OlHlg IcOl\c:,. All irH.:h:l.b~ ill proline 

contem was noted in the o ld leaves Crom nowering !ill rnalllnilin l1. Pro lin~ 

accumulation may be rdated to lear senescence because SCr,cscence of tile pl.tnt ,lIld 

old leaves req uire more osmoregulation. Zhang ef al. ( 1995) have re ported that high 

leve l of sugar in leaves keeps pro line high. At the late pod fillin g stnge (20WAS) 

pro line content dccreased and switch o il' and start to decline in bo th thc young ~mlthc 

o ld leaves because SI!Tlcscence was al most comr lctc and no morc osmoprOlcctl.lnt was 

nceded. 

ABA is well known to re tard plant growth . accelerate leaf senescence and 

increase proline content. Exogenous app licat ion of ABA has becn shown 10 induce 

J,ccumu lat ion ofpro linc in plant leaves (Stewart and Voctberg, 1985, Hare el tJl .. 1997 

and Hare el 01 .• 1999). The increase in proline content duc 10 exogcnous application of 

AI3A may rencet the caU SlJl lill~ betwecn AOA and prohne.: aCCUII'IUlll t iu ll (Xin unJ LI, 

1993 and Savourc el 01., 1997). ABA might have enhanced proline synlhc~i:,. o r might 

have been involved in the redistribu tion of proline as has been reported by Dn tl lll ier 

and Stewart (1992). The increase ill proline content ill AHA treatment may act as n 

mechan ism to prov ide to lerance to the plants possibly due to reduction ill nutrients 

and assimilates. Chauhan el 01. ( 1980) and Naidu el lIl. ( 1990) ha ve reported that 

pro line accumu lation enhances the tolerance of plants to stress. 

Exogenous applicat ion o f kinetin appeared 10 rcduce proline conlent as 

compared to the contro l in the young and the o ld leaves at a ll growt h slages. Kinetin 

al 10·sM concentration was more effective in delaying lear senescence and it showed 
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less proline content in the plant leaves as compared to kinetin used at a 10 fold lower 

concentration. In f-aba bean, kinetin application reduces proline accumulation (8800, 

1986) 

4.5 Sugar Content: 

Sugar is the principal form and the major export and storage fonn of 

pholoassimilale in leaves (Sheem, 1994, Koch 1996 and Patrick and Orner, 1996). A 

decrease in sugar content was noted in the young and the old leaves at the flowering 

stage ( 16 WAS). This may be attributed to mobi lization ofC and N to reproductive 

parts at this critical stage as reported by Grover e( al. (1985). Sugar is possibly 

transported from the ru lly expanded mature leaves to the young developing leaves 

(Brandner eta!.. 1984b). The increase in sugar content in the young and the old leaves 

was linear from flowering to maturation. McCabe el 01 (2001) have reported that an 

increase in sucrose aner the onset of flowering in lettuce They have explained this 

possibly. result s from starch breakdown or reduction in sucrose consumption In the 

present study sugar increased in the young leaves as well as in the old leaves when the 

seed demand for nutricnt was maximum at the late pod filling stage (18 WAS). 

Delhon cl (II (1996) have found that sugar is effective in st imulating N product from 

chickpea roots an~r nowering. Senescence of whole soybean plant during mid pod set 

suggests that the supply of photoassimilate exceeds the accompanying demand by the 

process of growth and maintenance (Brandner el 01.. 1984b and Gwathmey el a! .• 

1992c). Photosynthetic assimilates detennine the availability of carbon in leaves and 

accordingly determines the production and accumulation of sugar (Stitt, 1986, Prioul. 

1996 and Foyer and Galtier, 1996). 
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Application of kinelin incrcSl"cd Sligar co ntent in the young leaves and the o ld 

leaves at al l growth stages. The increase was g reater in the young I cave~. perhaps. due 

to illcruased photosynthetic U::..~i01 i1uIcS in the Icavcs. II is well known that CK:. 

jtlcrea~e the intt:fnul product ion of rt.!duci ng sugars as rt.!po l'tcd by McCabe I" af 

(200 I). Pauik and Orner ( 1996) ha ve l"el,ortcd that killctin cilhance~ photosynthetic 

assimilates which arc transportcd to the recipient cells in the lorm uf sucrose. 

Gwathmey et al. ( 1992a) have found that starch and sucrose accumu late in stems of 

de lay leaf senescence (OLS) genotype of Vigna radia/a as comparcd to the leaf 

senescence genotype. Kinetin showed em:ct in de lay leaf senescence <lilt! the 

accumu lat ion of sugar may be unrib uted to the same rcason . Erwin (1996) has 

reported that cytokinin balancc of plants results in disproportionate distribution of the 

assimilatc in favor of the cytokinin·enriched shoot. 

App licat ion of ABA red uced sugar content in the yo un g and the o ld leaves at 

all growth stages but was more cv idcllt at the lloweri ng stage. The decrease is gremcr 

in the old leaves because o f increased ABA synthesis in the o ld leaves (Samct and 

Sinclair. 1980). Brandner ('/ (II. (J984u) have reported that sugar is depleted from th e 

stems of cowpea variety that shows leaf senescence, 

4.6 Nodule weight, Diameter of Pink Bacteroid Tissue, Nitrogenase 

Activity and Nitrogenase Activity per Pink Bacteroid Tissue: 

The period from the flowering slage to the early pod filling slage (16·18 

WAS) was the critical stage during which nod ule activity per mm pink bacteoid 

t issue, inc luding nodu le weight and diameter o f pink bacteroid tissue. \\13S the highest. 

The ARA per plunt increases with lime as the nodules g row (Pawlowski, 1997). 

Wo llaston ( 1997) has a lso found simi lar results. Bacteroid gives information about 
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physiological conditions of nitrogen fixation, it reflects the clfects of combined 

nitrogen and the appearance of nodule senescence (Rigaud, 1984) The decrease in 

these parameters noted presently at the late pod filling stage (20 WAS) may be due to 

degradation and decrease in the diameter of the pink bacteroid tissue. the active site of 

Nl-fix81lon Sm111iir findmgs have been reported by Lawn and Burn (1 974) and 

Grover c:I aI, (1985) Chlorophyll and ARA arc the limitation of sen~scence that 

coincides wit h the approximate time when chlorophyll concentrations are higher in 

the upper canopy thon in the lower canopy of leaves (Brandner el al.. 1984a). Roots 

die after the shoot has undergone other senescence processes, such as leaf drop and 

pod dry-down (Fisher </ 01., 2002). 

Kinetin treatment increased the fresh weight of the nodules and the diameter 

of the pink bacteroid tisslie and significantly enhanced the nodule activity per mm 

pink bacteoid tissue, Foliar spray of kinetin is known to bring about considerable 

increase in nodulation parameters (S ingh, 1993), Kinetin increased the Nl·fixation 

process and increased protein content in plant leaves during flowering and early pOd 

filling stages Roa (!/ nl. (1984) has reported that kinetin increases the ellicicncy or 

nitrogen fixation Dayal and Bharti ( 1991) and Garg el al. ( 1995) have also reported 

that kinetin induces inc rease in dry weight of the nodules as well as Nl~ase activity. It 

has been demonstrated that mRNA, protein concentrat ion and CK content of nodules 

increases early in nodules ontogeny and decreases as the nodule grow and total 

nodules acti vity develops (Cho and Harper, 1993). Singh (1993) has shown that 

kinetin causes increase in leghaemoglobin content and nodule bacteroidal region 

Kinetin applied as seed soaking in the present study was marc effective in increasing 

ni trogen fixa tion as compared 10 kinetin applied as foliar spray. Zarrin and Balla 
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(\998) provided similar results ftlu..l explained that this is perhaps, due 10 poor 

absorption and reduced mobi li ty on .inet in applied to the leaves. 

Abscisic acid reduced nodule weight und diameter of bacteroid tissue and 

accordingly nitrogenase activity per IOIIl pillk buctco id tissue was also reduced. Bano 

and Hillm:m (1986) have rcportcd that ABA trcatment results in delay in nodule 

in it iation and in hib its nodule growth ami development as well as the number ur 

nodu les per plant with red uction in ru nct ional bacteroids per nodule . e ho and Ilarper 

( 1993) have reported Ihat exogenous ap pl ication o f ABA resu lts in decreasc in nodu le 

we ight. 

App lication or exogenous ADA decreases nod ulation. perhaps. by inhibiting 

Ihe cort ical ce ll di visions req uired for rool nodule deve lopment and induces 

senescence (Moro el al., 1992). ABA decreases weight of nodules wilh reduction in 

th e volu me of pink bacteroid tissue and spec ific nitrogenase activity (BlJ/w (! i £iI. , 

1983). Sood (1996) has observell that the ABA-treated plants suppress nitrate 

reductase activi ty. AnA app lied as seed soaking (lO·5M) wa,> less cffective in [he 

present study in decreasing nodule weight and nodule nClivity as compflfcd 10 the 

effect of J O-oM ABA. 'l he early abscission of the old leaves treated with A 13A led to 

reduction in nodu le activity becau!)c the o ld leaves might supply th e nodules w ilh 

products of photosynthesis. 

4.7 lAA Content of Roots: 

T he present resu lts show that fAA con lent in the roots increased during the 

vcgetat ivc slage, wh ich reached its peak at the early pod filling stage. followed by 

decrease at the late pod filling slage. At maturity (20WAS), the IAA content 

decreased. perhaps. due to senescence. The dec rease in lAA may be either due to 
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decrease in its syntllcsi'i ,1r hy enhancement uf its degnldntkHI . (; rcg i'l "I. (1991) lltlJ 

Chaloup Kova find Smart ( 191)4) have reported that rcroxida~c act ivit> and 

e~terilication (\f IAA increase during :,encsccnce at a taler .. tage when thl! nUllulc~ 

become soft and fragile . rhe IAA ox idll.'iC Ilctivity increa.sc~ when <;Cll csccncc ,s 

almost complete. 

Kinetin increased JAA content at a ll growth stOlges. The increase was high at 

the early I)od IiIling stage and low at the lale pod fil lin g stftge. Kinetin seemed to be 

ctlt..~livc in increasing the content o f IAA perhaps by an increase ill IAA synthesis or 

by inhibition o f IAA oxidase act ivity. Garg ( 1992, 1995) have reported that cytok inins 

in hibit the act ivity of IAA ox idase. 

Presently. exogenous application oi'ADA decreased JAA CoJntcnl in the treated 

plants at all gro \\1h stages. Such application of ABA causes increase in endogenoll s 

level of ABA. which augmen ts the e lfect of ABA 011 inactivation of lAA . Dun lop and 

Rod backer (1990) have rcported thai ABA enhances csterification of IAA. 

4.8 Soil analysis: 

Nitrogen is aile of the nu trients that most Ihllits platH productivity maxilllally 

(Valverde CI a/ .• 2002). An ndvantage o f economic value of symbiotic ass imilation 

with N:z fixing rh izob ia is Ihllt it provides the crop w ith Nand prcc ltl des the need ro r 

costly addition of fertilizer (McNeil {:/ al .. 1996). The bacteria present in the nod ules 

fix atmospheric N and provide more than 80 kg N ha·1 (Sindhu 1.'1 (II .. 11)92). Aslum f!1 

al. (2000) have reported that chickpea crop enhances N le rti li ty level o f the soi l. 

Water status o f plants and so il has also been ro und to be am .. cted by 

phytohormones. Westgate el a/. ( 1996) have found that water uptake and water 

potential arc directly affected by A BA, cytokinin and auxin. ABA ma) be the 
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triggering Hgenl of cellular degradation process irutiatcd by water stress (Aloni and 

PreS!l1l18n, 198 1) 

Kinetin treatment showed increase in nodule activity over the control and 

JJ1crcascd the avai luble amount of nitrogen in soil as compared to the coru ml It is 

possible thai N accumulation is related to biomass accumulauon and seed growth. 

Zarrin e( (II. (1998) have demonstrated that soil nitrate is higher when kinetin is 

applied as seed soaking or fo liar spray. 

ABA app lied as seed soaking increased the nitrate content in the soil as 

compared to the control. Perhaps, ABA reduced the uptake and the relative 

contribution of both nitrogen (nitrate-nit rogen and total nitrogen) sources. mainly 

innuenced by the amount and availability of nitrogen in the soil as suggested by 

Zaron (200 I). The absolute amount of nitrogen fixed by chickpea is normally 

decreased with increased availability of mineral nitrogen (Kage. 1995). 

4.9 Yield: 

Plant hormones nrc considered as key regulators of seed development 

(Brenner and Cheikh, 1995). Application of kinetin increased the yield of chickpea by 

increasing plant growth and plant assimilates through its elrcci in decreasing 

retardants li ke ABA, and by increasing the number of pods per plant and weight of 

seeds per treatment. Hirel el al. (200 I) have reported that the increase in maize 

productivity is due to efficient remobilization of stored nitrogen during grain filling. 

Since kinetin increases the nitrogen fixation, it is possible that kinetin increases the 

yield ror the same reason , Grover el (II. ( 1985) have reported that the rate of pod 
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growth exceeds the growth rate of the 10lal tops, thus indicating mobilization and 

trallslocalion of previously stored assimilates from the other plant pans Into Ihe pods 

In soybean, cYlOkinlns affect seed growth positively by attracting lIulrients to the 

developing lI11il or lIldlreetly by protein synthesis and arc involved In regulation of 

seed growth by triggering cell divi sion (Hein el al .. 1986) BA Increases the number 

or pods plant I and seed Yield in Pigeonpea (Karan and Kakarlaya, 1997) and In 

soybean (Reinbott and Blevins, 1998). 

Hansen and Grossmann (2000) have reported that ABA are also involved in 

regulating grain development. In the present study, ABA decreased Ihe yield by 

increasing the endogenous level of ABA leading to decrease the plant growth and 

accumulation of dry matter. It also decreased the number of pods and partitioning of 

the assimilates to the pods. ABA has been found to be most associated with decrease 

ill grain yield of maize (Sanguineli el al. , 1999) 

94 



Table 5: Physiological ranking of the treatments effect in young and old leaves 
of Cicer arietinum L.cv CM88 as compared to control at four stages of 
plant growth. 

kinetin at 10-:;M 
Young leaves Old leaves 

Parameters --Weeks after sowing--- --Weeks after sowing---
8 16 18 20 8 16 18 20 

Chlorophyll higher 
higher higher higher higher higher higher higher 

increase 

Protein higher 
higher higher higher higher higher higher higher 
increase increase increase 

Proline lower lower lower lower lower lower lower lower 

Sugar higher higher higher higher higher higher higher 
higher 
increase 

kinetin at 1O-6 M 
Chlorophyll higher higher higher higher higher higher higher higher 
Protein higher higher higher higher higher higher higher higher 
Proline lower lower lower lower lower lower lower lower 

Sugar 
No 

higher higher higher higher higher higher higher 
difference 

ABA at 10-~M 

Chlorophyll lower lower lower lower lower lower lower lower 
Protein lower lower lower lower lower lower lower lower 

Proline higher higher 
higher 

higher higher higher 
higher 

higher 
increase increase 

Sugar lower lower lower lower lower lower lower 
higher 
decrease 

ABA at lO-bM 
Chlorophyll lower lower lower lower lower lower lower lower 

Protein lower lower lower 
higher 

lower lower lower lower 
decrease 

Proline higher higher higher higher higher higher 
higher 

higher 
increase 

Sugar lower lower lower lower lower lower lower lower 
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Table 6: Physiological ranking showing the effect of kinetin treatments on Cicer 
Arietinum L.cv. CM88 as compared to control at four stages of 

plant growth. 

kinetin at 1O-5 M kinetin a t IO-oM 
Parameters --W eeks after sowing--- --Weeks after sowing---

8 16 18 20 8 16 18 20 
Shoot fresh higher higher higher higher higher higher higher higher 
weight increase increase increase increase increase increase increase increase 
Shoot dry 

higher 
higher higher higher 

higher 
higher No 

higher weight increase increase increase increase difference 
Root fresh 

higher 
higher higher higher 

higher higher higher higher 
weight increase increase 
Root dry higher higher higher higher 

higher higher higher higher 
weight increase increase increase increase 
Nodule 

No No No fresh 
difference 

higher 
difference 

higher 
difference 

higher lower lower 
weight 
Nodule dry 

higher higher 
No 

higher lower higher 
No highc;r 

weight difference difference 
Diameter 
of pink 

higher 
higher higher higher 

higher 
higher higher higher 

bacteroid increase increase increase increase mcrease increase 
tissue 
Nitrogenase 

higher 
higher higher higher 

higher 
higher higher 

higher activity increase increase increase increase increase 
IAA higher No 

higher higher higher No higher 
higher content increase difference difference increase 

ABA 
higher content in lower lower higher 

leaves decrease 
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Table 7: Physiological ranking showing the effect of ABA treatments on Cicer. :-; _ .)' 
Arietinum L.ev. CM88 as compared to control at four stages of plant - ~::::-!'t':" •. . .. ..;;.l' 
growth. . .... ~:.... :~;.-:~-;.r 

ABA at 10'o M ABA at 10·b M 
Parameters --Weeks after sowing-- --Weeks after sowing--

8 16 18 20 8 16 18 20 
Shoot fresh higher 

--r---- -
higher higher 

weight lower lower 
decrease 

lower lower lower 
decrease decrease --

Shoot dry No 
lower 

higher higher No 
lower 

higher higher 
weight difference decrease decrease difference de.:rease decrease 
Root fresh 

lower 
No 

lower lower lower lower lower lower weight difference 
Root dry 

lower 
higher higher higher higher higher higher higher 

weight decrease decrease decrease decrease decrease decrease decrease 
Nodule 
fresh lower higher lower lower higher higher lower lower 
weight 
Nodule dry 

lower lower lower higher 
No 

lower lower 
No 

weight difference difference 
Diameter 
of pink 

lower lower lower lower lower 
higher higher 

lower 
bacteroid decrease decrease 
tissue 
Nitrogenase higher hig\ler higher 

lower 
higher higher higher 

lower activity decrease decrease decrease decrease decrease decrease 
lAA 

lower lower 
higher 

lower lower lower 
higher 

lower content decrease decrease 
ABA 

higher higher higher higher content in 
leaves 

increase increase increase 
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Conclusion 

Proline as an osmoprotectanl. increased with the age of the plants as well as 

with ABA treatment, while kinetin decreased it 

Application of kinetin ( 1O-5 M) as seed soaking can be implicated to delay 

senescence (in both leuves and nodules) a.nd consequently result in increase in the 

productivity of the plants. However, the cost benetit ratio does not permit kinetin to 

be used in commercial sca le, the alternative is to imply lhe plant growth promoter 

Rhizobateria (PGPR) that produce cytokinin (Alzo el al., \988; Basten It t aI., \998) as 

well as other growth promoting honnones in association with rates of plants to form 

biofert ilizcr production. 

The resea rch insight should also be made to detect the quantity and quality of 

protein and fatty acids in seeds. Study should be extended to monitor the translocatio n 

of assimilates from leaves 10 the developing pods and seeds as well as from the leaves 

to nodules 

The futu re work should include the soil physical conditio ns including soil 

moisture. pH, temperature. electron conduct ivity values etc. on the leaf and nodule 

senescence with particular emphasis 010 the changing level of endogenous 

phytohormones particularly ABA and cytokinin 
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APPENDIX I 

List or OMRT Tables, contain ing data orpurameters investi gated at four growth 

stages in CicCI' (lrielilllllJl L. cv. CM88 treated with plnn t growth regu [alors ~H1d grown 

under natura l conJi(ioll. Each figlll'c represent a mean of three replicCltes 



Table 8: DMRT of means showing the effect of plant growth regulators on 
fresh shoot weight (g) of Cicer arietinum L. cv. CM88 measured at 
d ifferent plant growth stages (year 2000). 

Weeks After Sowing 
Treatments 

8 16 18 20 Mean 

Control 2.091 9.33 e 14.70c 6.83 h 8.24 C 

Kinetin 4.32 j 13.77 c 20.93 a 9. 17 ef 12.05 A 
(10.5 M) 

K inetin 3.33 k 10.70 d 15.67 b 8.27 fg 9.49 B 
(10.6 M) 

ABA 2.001 8.90 ef 9.40e 5.50 i 6.45 D 
(10.5 M) 

ABA 1.72 I 7.60 gh 8.97 ef 4.60 ij 5.72 E 
(10-6 M) 

Mean 2.69 D 10.06 B 13.93 A 6.87 C 
--- --- ---

AIl such means wh ich sharc a common Engli sh lettcr are stati sti cally similar otherwise 
are different at a = 0.05. 

Table 9: DMRT of means showing the effect of plant growth regulators on dry 
shoot weight (g) of Cicer lIrietinum L.cv. CM88 measured at d ifferent 
(!Iant growth stages {~ear 2000}. 

Treatments 
Weeks After Sowing 

8 16 18 20 

Control 0.30 i 1.90 e-g 3.57 b 2.03 d- f 

Kinetin 0.43i 2.83 c 5.52 a 2. 77 c (10.5 M) 

Kinetin 0.42i 2.43 cd 3.30 b 2.33 d (10-6 M) 

ABA 0.30 i 1.67 f-h 2.43 cd 1.57 gh (10.5 M) 

ABA 0.31 i 1.63 f-h 2.23 de 1.43h (10.6 M) 

Mean 0.35 C 2.09 B 3.41 A 2.03 B 

All slich means which sharc a common Engli sh letter are stati stically similar otherwisc 
are different at a = 0.05. 

Mean 

1.95 B 

2. 89 A 

2. 12 B 

1.49 C 

1.40 C 
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Table 10: DMRT of means showing effect of plant growth regulators on root 
fresh weight (g) of Cicer arietinul1l L.cv. CM 88 measured at different 
I!lant growth stages (~ear 2000). 

Treatments 
Weeks After Sowing 
_._------

8 16 18 20 Mean 

Control 1.21 d-g 1.67 be 1.47 b-d 1.40 e-e 1.44 Be 

Kinetin 1.53 b-d 2.47 a 2.87 a 1.90 b 2. 19 A 
(10-5 M ) 

Kinetin 1.29 c-f I. 73 be 1.57 b-d 1.63 b-d 1.56 B 
(10-<1 M) 

ABA 0.85 fg 1.65 be J.40 c··e 0.97 e-g 1.22 CD 
(10-5 M) 

ABA 0.82 g 1.48 b-d 1.42 cd 0.73 g 1.1 1 0 
(10-<1 M) 

Mean 1.14 B 1.80 A 1.74 A 1.33 B 

All such means which share a common Engli sh letter are stati stically s imilar otherwi se 
are di tTerent at a = 0.05. 

Table 11: DMRT of means showing the effect of plant growth regu lators on 
dry root weight (g) of Cicer arie1inum L.cv. CM 88 measured at 
different I!lant growth stages {~ear 20001. 

Treatme Weeks After Sowing 

nts 8 16 18 20 Mean 

Control 0. 1401m 0.264 ef 0.292 d 0.279 de 0.244 C 

Kinetin 
0.208 gh 0.334 c 0.4 13 a 0.353 b 0.327 A (10-5 M ) 

Kinetin 0. 161 jk 0.280 de 0.326 c 0.3 30 c 0.274 B (10-6 M) 

ABA 0.1 35 m 0.220 g 0.266 ef 0. 178 ij 0.200 D (10-5 M ) 

ABA 0.106 n 0.194 hi 0.256 f 0.157 kl 0.178 E (10-6 M) 

Mea n 0. 150 C 0.25 8 B 0.310 A 0.259 B 

All such means which share a common English letter are stati sti cally simil ar otherwise 
are different at a = 0.05. 
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Table 12: D:MRT of means showing total chlorophyll content (mgl- I
) in young and old leaves of Cicer arietinum L.cv. CM88 at 

different plant growth stages and the effect of plant growth regulators (year 1998). 

'" Young Leaves Old Leaves 
Grand .... 

= Mean 
~ e 

Weeks After Sowing Weeks After Sowing .... 
co: 
~ 

"" Eo-; 8 16 18 20 Mean 8 16 18 20 Mean 

Control 249.6 ab 233.1 a-c 68 .0 fg 49.7 fg 150.1 AB 204.5 b-e 168.9 e 41.6 g 28.0 g 11 0.7 CD 130.4 A-C 

Kinetn 
268.0 a 249.5 ab 99.0 f 60.0 fg 169.1 A 210.6 b-e 178.9 de 49.8 fg 39.3 g 119.6CD 144.4 A (10-5 M) 

Kinetin 
268.4 a 243.5 ab 69.8 fg 53.9 fg 158.9 A 207.1 b-e 172.9 e 41.7 g 37 .2 g 114.7 CD 136.8 AB (10-6 M) 

ABA 
238.1 ab 212.3 b-e 48.8 fg 38.0 g 134.3 BC 182.1 c-e 162.0 e 32 .1 g 20.7 g 99.2 D 116.8 C (10-5 M) 

ABA 
247.1 ab 225.2a-d 61.5 fg 47.5 fg 145 .3 AB 201.6b-e 160.1 e 33.6 g 26.9 g 105.6D 125.5 BC (10-6 M) 

Mean 254.2 A 232.7 B 69.4 E 49.8 EF 201.2 C 168.6 D 39.8 F 30.4 F 

All such means which share a common English letter are statistically similar otherwise are different at a = 0.05. 
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Table 13: DMRT of means showing total chlorophyll content (mgl-I) in young and old leaves of Cicer arietinum L.cv. CM88 at 
different plant growth stages and the effect of plant growth regulators (year 1999). 

~ Young Leaves Old Leaves 
Grand -c Mean cu 

e 
Weeks After Sowing Weeks After Sowing -e= cu a.. 

Eo- 8 16 18 20 Mean 8 16 18 20 Mean 

Control 206.4 a-c 167.2 c-e 22 1.4 ab 78.7 h-I 168.4AB 107.3g-j 44.3 1m 43 .8 1m 33.2 1m 57.20 112.8 BC 

Kinetin 
232.5 ab 197.0 a-c 239.4 a 107.3g-j 194.0 A 117.2 e-h 62.3 i-m 82 .9 g-I 46.9 lm 77.3 CO 135.7 A (to-5 M) 

Kinetin 
232.7ab 185 .2b-d 237.4ab 107.1 g-j 190.6 A 112.4 f-i 57.2 j-m 59.7 i-m 44.5 1m 68.4 0 129.5 AB (10-6 M) 

ABA 
240.4 a 135.3 d-g 192.2 a-c 50.0 k-m 154.5 B 102.4 g-k 33.3 1m 24.4 m 20.1 m 45.040 99.8 C (10-5 M) 

ABA 
192.3 ab 160.8 c-f 197.5 a-c 51.8 k-m 150.6 B 105.4 g-j 38.7 1m 33.8 1m 32.6 1m 52 .640 101.6 C (10-6 M) 

Mean 220.9 A 169.1 B 217.6 A 79.0 CD 109.0C 47.2 E 48 .9 DE 35.5 E 

All such means which share a common English letter are statistically similar otherwise are different at a = 0.05. 
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Table 14: DMRT of means showing total chlorophyll content on total chlorophyll content (mgrl) in young and old leaves of 
Cicer arietinum L.cv. CM88 and the effect of plant growth regulators at different plant growth stages (year 2000). 

~ 
Young Leaves Old Leaves 

Grand -c Mean ~ 

S 
Weeks After Sowing - Weeks After Sowing eo: 

~ 
l-

f-. 8 16 18 20 Mean 8 16 18 20 Mean 

Control 302.3 a 299.5 a 23 1.3 b 44.2 fg 2 19.3 A 301.6 a 294.2 a 110.0 e 23.4 fg 154.8 CD 182.3 C 

Kinetin 
304.3 a 301.9 a 236.3 b 54.0 f 224.1 A 303.7 a 301.8 a 118.7de 41.4 fg 162.7 C 19 1.4 BC (10-5 M) 

Kinetin 
303.4 a 301.5 a 233 .3 b 45.3 fg 220.9 A 301.8 a 295.4 a 112. 1 e 30.6 fg 157.1 CD 185.0 C (10-6 M) 

ABA 
258.8 b 289.1 a 145 .7 d 27.9 fg 180.4 C 300.8 a 291.0 a 90.3 e 21.2 g 147.2 D 175.8 C (10-5 M) 

ABA 
301.9 a 293.4 a 195.0 c 34.2 fg 206.1 AB 301.3 a 298.5 a 90.7 e 21 .8 g 150.7 D 178.1 C (10-6 M) 

Mean 294.1 A 297.1 A 208.3 B 41. 1 D '301.8 A 296.2 A 104.3 C 27.7 D 

All such means which share a common English letter are statistically similar 'oJ&:rwise are different at a = 0.05: 
''''i . ~l 
~.) I 

. 1. .. ' 
/, . 

. /. /:! 
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Table 15: DMRT of means showing protein content (Jig g-I FW) in young and old leaves of Cicer arietinum L.cv. CM88 at different 
plant growth stages and the effect of plant growth regulators (year 1998). 

"J Young Leaves Old Leaves 
Grand -= Mean <U 

E 
Weeks After Sowing Weeks After Sowing -I:': <U 

~ 

Eo- 8 16 18 20 Mean 8 16 18 20 Mean 

Control 1220 h-m 7250 a-c 1458 h-k 3200 fg 3282 BC 1257 h-m 73 67 a-c 15 25 h-j 703 j-m 27 13 D 2997 BC 

Kinetin 
1355 h-m 7983 a 1791 h 3550 f 3670 A 1427 h-k 7800 ab 1616 h-i 100 1 h-m 296 1 CD 33 16 A (10-5 M) 

Kinetin 
1280 h-m 7533 ab 1601 h-i 3483 f 3475 AS 1358 h-m 76 17 ab 1650 h-i 903 i-m 28820 3178 AS (10-6 M) 

ABA 
97 1 h-m 6417 d 6 12 k-m 2583 g 26460 1100 h-m 5550 e 1292 h-m 514 m 21 14 E 2380 D (10-5 M) 

ABA 
1141 h-m 6700 cd' 1268 h-m 26 17 g 2931 CD 1240 h-m 7 167 bc 1383 h-1 552 1m 2586D 275 8 C (10-6 M) 

Mean 1193 C 7177 A 1346 C 3087 B 1276 C 7 100 A 1493 C 735 D 

All such means which share a common English letter are statistically similar otherwise are different at a = 0,05. 
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Table 16: DMRT of means showing protein content (Jig g-I FW) in young and old leaves of Cicer arietinum L.cv. CM88 
at different plant growth stages and the effect of plant growth regulators (year 1999). 

~ Young Leaves Old Leaves 
Grand - Mean = ~ e 

Weeks After Sowing Weeks A fter Sowing -~ 
~ 
l-

E- 8 16 18 20 Mean 8 16 18 20 Mean 

Control 1267 h-m 1650 c-k 1100 i-a 3017 b 1758 Be 1317 g-m 1767 c-i 9671-0 1341 [-m 1348 DE 15 53 BC 

Kinetin 
15 17 d-m 3200 ab 2000 c-f 3783 a 2625 A 1400 [-m 2133 cd 1200h-n 1508d-m 1560CD 2093 A (10.5 M) 

Kinetin 
1400 [-m 2 100 c-e 1750 c-i 32 17 ab 2117 B 1383 [-m 1950 c-g 1050 k-o 1452 e-m 1459 C-E 1788 B (10-6 M) 

ABA 
1150 h-o 1107 i-a 867 m-o 1817 c-h 1235 DE 1133 i-a 1633 c-I 5000 1108 i-a 1094 E 1164 D (10.5 M) 

ABA 
12 17 h-n 1350 [-m 1067 j-o 2250 c 1471 C-E 1233 h-n 1733 c-j 583 no 1202 h-n 1188 DE 13 29 CD (10-6 M) 

Mean 1310 C 1881 B 1357 C 2817 A 1293 C 1843 B 860 D 1322 C 

All such means which share a common English letter are statistically similar otherwise are different at a = 0.05. 
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Table 17: DMRT of means showing protein content (Jig g-I FW) in young and old leaves of Cicer arietinum L.cv. CM88 at 
different plant growth stages and the effect of plant growth regulators (year 2000). 

'" Young Leaves Old Leaves 
Grand -= Mean 

~ 

E 
Weeks After Sowing Weeks After Sowing -ell 

~ 
J. 

Eo- 8 16 18 20 Mean 8 16 18 20 Mean 

Control 1150 c-j 800 i-I 1267 b-h 1500 a-d 1179 A-D 1333 a-g 1100 e-k 1083 f-k 1350a-g 1217A-D 1198BC 

Kinetin 
1183 c-i 1033 g-k 1483 a-e 1717 a 1354 AB 1433 a-f 1400 a-g 1100 e-k 1600 ab ]383 A 1369 A (10-5 M) 

Kinetin 
1167 c-j 817 i-I 1450 a-f 1533a-c 1242A-D 1350a-g 1250 b-h 1100 e-k 1517a-c 1304A-C 1273AB (10-6 M) 

ABA 
783 j-l 633 I 1117 d-k 1267 b-h 950 E 1083 f-k 800 i-I 1017 g-I 1283 b-h 1046 DE 998 D (10-5 M) 

ABA 
1067 f-k 750 kl 1250 b-h 1283 b-h 1088 C-E 1267 b-h 933 h-I 1033 g-k 1300 b-h 1133 B-E 1110 CD (10-6 M) 

Mean 1070 C 807 D 1313 AB 1460 A 1293 A-C 1097 BC 1067 C 1410 A 

All such means which share a common English letter are statistically similar otherwise are different at a = 0.05 . 
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Table 18: DMRT of means showing proline content (Jig g-l FW) in young and old leaves of Cicer arietinum L.cv. CM88 at different 
plant growth stages and the effect of plant growth regulators (year 1999). 

'" Young Leaves Old Leaves 
Grand -= Mean QJ 

e 
Weeks After Sowing Weeks After Sowing -eo: 

QJ 
t.. 

r-< 8 16 18 20 Mean 8 16 18 20 Mean 

Control 645 n 6983 f-k 8200 e-i 4850 i-m 5170 D-F 75 7 n 8100 e-i 13633 bc 4017 j-n 6627 B-D 5898 BC 

Kinetin 
468 n 4917 i-m 5400 h-m 3703 k-m 3622 F 533 n 5483 h-m 10837 c-e 2867 I-m 4930 D-F 4276 D (10-5 M) 

Kinetin 
510 n 5933 h-m 7683 e-j 2567 mn 4173 EF 722 n 7100f-k 12550b-d 3950k-n 6080C-E 5127 CD (10-6 M) 

ABA 
808 n 10100 c-f 14500 b 6317g-17931A-C 845 n 10817c-e 18917 a 5133 h-m 8928 A 8430 A (10-5 M) 

ABA 
762 n 8817 e-h 9683 d-g 5267 h-m 6132 C-E 792 n 10217c-f 18017a 4133 j-n 8290 AB 72 11 AB (10-6 M) 

Mean 639 D 7350 B 9093 B 4541 C 730 D 8343 B 14791 A 4020 C 

All such means which share a common English letter are statistically similar otherwise are different at a = 0.05. 
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Table 19: DMRT of means showing proline content (Jig g-I FW) in young and old leaves of Cicer arietinum L.cv. CM88 
at different plant growth stages and the effect of plant growth regulators (year 2000). 

<Il 
Young Leaves Old Leaves 

Grand -c Mean ~ 

E 
Weeks After Sowing Weeks After Sowing--= ~ ... 

~ 8 16 18 20 Mean 8 16 18 20 Mean 

Control 550 mn 5200 h-k 7200 e-h 4500 h-k 4363 DE 10501-m 9000 c-f 11634 bc 3633 i- I 6329 BC 5346 BC 

Kinetin 
550 mn 4750 h-k 6400 f-i 3100 j-n 3700 E 650 mn 6767 e-h 8670 d-f 2300 k-n 4597 DE 4148 C (10-5 M) 

Kinetin 
250 n 4933 h-k 6683 e-h 2450 k-n 3579 E 8671-n 8283 d-g 10550 cd 3300 j-m 5750 B-D 4665 BC (10-6 M) 

ABA 
650 mn 7350 e-h 13506 b 6333 f-i 6960 AB 1500 I-n 9500 c-e 16917 a 5100 h-k 8254 A 7607 A (10-5 M) 

ABA 
600 mn 5267 h-k 8682 d-f 5583 g-j 5033 C-E 14001-n 9167 c-f 11217 b-d 4785 h-k 6642 A-C 5838 B (10-6 M) 

Mean 520 D 5500 C 8494 B 4393 C 1093 D 8543 B 11797 A 3824 C 

All such means which share a common English letter are statistically similar otherwise are different at a = 0.05. 
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Table 20: DMRT of means showing sugar content (J1g g-I FW) in young and old leaves of Cicer arietinum L.ev. CM88 
at different plant growth stages and the effect of plant growth regulators (year 2000). 

rIl Young Leaves Old Leaves 
Grand - Mean = ~ 

E 
Weeks After Sowing Weeks After Sowing--~ 

~ 
I-
~ 8 16 18 20 Mean 8 16 18 20 Mean 

Control 650 f-h 480 g-m 523 g-I 890 d-e 636 C 530 g-I 363 k-n 437 i-n 1100 bc 608 CD 622 B 

Kinetin 
740 ef 627 f-i 663 f-h 990 cd 755 A 673 fg 420 j-n 503 g-m 1347 a 736 AB 745 A (10-5 M) 

Kinetin 
650 f-h 563 f-k 650 f-h 923 c-e 697 A-C 587 f-j 370 k-n 463 h-n 1200 ab 655 BC 676 B (10-6 M) 

ABA 
403 j-n 397 j-n 487 g-m 737 ef 506 E 383 j-n 277 n 333 I-n 900 de 473 E 490 C (10-5 M) 

ABA 
487 g-m 420 j-n 507 g-m 760 ef 543 DE 410 j-n 310 mn 393 j-n 950 cd 516 E 530 C (10-6 M) 

Mean 586 C 497 DE 566 CD 860 B 517 CD 348 F 426 E 1099 A 

All such means which share a common English letter are statistically similar otherwise are different at (l = 0.05 . 
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Table 21: DMRT of means showing IAA content (mg g.- l root FW) of 
Cicer arietinum L.cv. CM88 at different plant growth stages 
and the effect of plant growth regulators (year 1999). 

8 16 18 20 Mean 

Treatments 

Weeks After Sowing 

Control 3.77 c 0.7 c 62.28 b Ll 4 c 16.99 A 

Kinetin 
5.1 c 0.79 c 91.Ia 1.3 c 24.62 A (10-5 M) 

Kinetin 
4.82 c 0.79 c 64.65 b 1.14 c 17.874 A 

(10-6 M) 

ABA 
1.93 c 0.06 c 6.66 c 1.12 c 2.54 B 

(10-5 M) 

ABA 
1.93 c 0.7 c 6.75 c 1.1 2 c 2.72 B (10.6 M) 

Mean 3.59 B 0.7 B 46.25 A 1.14 B 

All such means which share a common English letter are statistically similar otherwise 
are different at a = 0.05. 

Table 22: DMRT of means showing IAA content (mg g-l root FW) of /~-:~ 
Cicer arietinum L.cv. CM88 at different plant growth __ < -",?~ l'u-, y.~ 
stages and the effect of plant growth regulators (yea r 2000).' . . ~" ..;~\\ 

--------------------------------------------------------.--- c\\ 
Weeks After Sowing Mean ' : )) 

Treatments f 
./ 

8 16 18 20 " y 

Control 4.64 f 1.66 h 22. 16 c 0.96 h 

Kinetin 
5.96 e 1.66 h 23 .48b 1.3 1 h (10-5 M) 

Kinetin 
5.69 e 1.66h 31.97a IAOh (10.6 M) 

ABA 
2.80 g 1.49h 6.31e 1.05 h (10-5 M) 

ABA 
3.42 g 1.58 h 7.8 d 1.23h (10-6 M) 

Mean 4.47 B 1.58 C 18.3 1 A 1.23 C 

All such means which share a common Engli sh letter are statistically 
similar otherwise arc different at a = 0.05 

. .;~ ... 

7.36 C 

8. 15 B 

10. 16 A 

2.891) 

3.5 0 
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Table 23: DMRT of means showing fresh nodule weight per plaut (g) 
in Cicer arieli"um L.cv. CM88 at different plant growth 

stages and the effect of plant growth regulators (year 2000). 

Treatmnts Weeks After Sowing 
8 16 18 20 

Mean 
Control 0.5 0.57 0.85 0.50 0.61 

Kinetin 0.5 0.8 0.85 0.56 0.68 
(10-5M) 
Kinetin 0.46 0.73 0.75 0.46 0.61 
(l0-6M) 

ABA 0.47 0.70 0.80 0.47 0.61 
(10-5M) 

ABA 0.56 0.70 0.55 0.25 0.56 
(10-6M) 
Mean 0.49 B 0.70A 0.76 A 0.48 B 

-All such means which shan; a common bngllsh letter arc statistically similar othcrwlsc 
are different at a = 0.05. 

Table 24: DMRT of means showing dry nodule weight per plant (g) 
in Cicer arielillum L.cv. CM88 at different plant growth 
stages and the effect of plant growth regulators (year 2000). 

Treatments Weeks A fter Sowing 
8 16 18 20 Mean 

Control 0.058 0.087 0.14 0.058 0.09 

Kinetin 0.071 0.1 0.14 0.071 0.1 
(to-sM) 
Kinetin 0.047 0.105 0.13 0.06 0.09 
(lO-6M) 

ABA 0.066 0.083 0.12 0.066 0.07 
(10-5M) 

ABA 0.06 0.083 0.095 0.06 0.07 
(to-6M) 
Mean 0.06 0.09 0.13 0.061 

All such means which share a common English letter are statistically slInd ar otherWl~c 
are different at a = 0.05. 
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Table 25: DMRT of means showing diameter of pink bactcroid tissue 
(mm planC I h - I) in root nodules of Cicer arietillum L.cv. 
CM88 at different plant growth stages and the effect of 
plant growth regulators (year 1998). 

Weeks A fter Sowing Mean 

Treatments 

8 16 18 20 

Control 1.36 bog 1.56 a-d 1.74 ab 0.90 gh 1.4 1 1\8 

Kinetin 
1.48 b-e 1.70 ab 1.88 a 1.1 6 d-h 1.56 A (lO·s M) 

Kinetin 
1.4 1 b-f 1.63 a-c 1.88 a 1.03 I ~ h 1.49AI1 

(10·6 M) 

ABA 
1.26 c-h 1.46 b-e 1.56 a-d 1.00 gh 1.3 2 BC (10.5 M) 

ABA 
1.14 e-h 1.36 bog 1.22 d-h 0.88 h 1.1 5 C (10.6 M) 

Mean 1.33 B 1.54 A 1.66 A 1.01 C 

All such means which share a common Engli sh letter arc statisti cally s imilar otherwisc 
arc different at a = 0.05. 

Table 26: DMRT of means showing diameter of pink bacteroid tissue 
(mm planC' h- I

) in root nodules of Cicer arietinum L.cv. 

Treatments 

Control 

Kinetin 
(l0·5 M) 

Kinetin 
(10.6 M) 

ABA 
(l0·5 M) 

ABA 
(10.6 M) 

Mean 

CM88 at differcnt plant growth stages and the effect of 
plant growth regulators (year 1999). 

Weeks After Sowing 

8 16 18 20 Mean 

1.37 cd 1.63 b 1.63 h 1.00 e 1.41 C 

1.48 be 2.09 a 2.17 a 1.60 b 1.84 A 

1.46 bc 2.00 a 2 .04 a 1.35 cd 1.71 B 

1.3 1 cd 1.50 bc 1.50 be 0.87 e 1.30 D 

1.34 cd 1.36 cd 1.20 d 0 .85 c 1.1 9 E 

1.39 B 1.72 A 1.71 A 1.1 3 C 

A ll such means whi ch share a common English letter are statist ically simil ar oth erwise 
are different at a = 0.05. 
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Table 27: DMRT of means showing diameter of pink bacteroid tissue 
(mm planel h- l) in root nodule of Cicer arielillum L.cv. 
CM88 at different plant growth stages and the effect of 
plant growth regulators (year 2000). 

Weeks After Sowing 

Treatments -- --- ------ ----

8 16 18 20 Mean 

Control 1.05jk 1.77 c-c 1.88 b-d 1.25 hi 1.49 C 

Kinetin 
1.25 hi 2.04 ab 2.17 a 1.60 ef 1.76 A (10.5 M) 

Kinetin 
1.11 ij 1.92 bc 2.00 ab 1.38 gh 1.60 [3 

(10.6 M) 

ABA 
0.93 j-I 1.70 d-f 1.65 ef 0.95 j-I 1.3 1 0 (10.5 M) 

ABA 
0.85 I 1.57 r 1.52 fg 0.89 kl 1.2 1 E (1 0.6 M) 

Mean 1.04 C 1.80 A 1.84 A 1.2 1 B 

All such means whi ch share a common Engli sh letter are stati sti cally simil ar otherw ise 
are different at a = 0.05. 

Table 28: DMRT of means showing nitrogenase activity (nmol CZH4 
planel h- l) in root nodules of Cicer arietillum L.cv. CM88 
at different plant growth stages and the effect of plant 
growth regulators (year 1998). 

Weeks After Sowing Mean 

Treatments 

8 16 18 20 

Control 16.0jk 74.3 ef" 94.9 e 5. 1 k 47.7 C 

Kinetin 
30.2 ij 254.0 b 274.3 a 5.5 k 141.0 A (10.5 M) 

Kinetin 
23.4 i-k 149.3 d (1 0.6 M) 169.7 c 5. 1 k 86.9 R 

ABA 
6.7 k 49.8 gh 69.8 ef 4.1 k 32.60 (10.5 M) 

ABA 
3.7 k 42.6 hi 62.3 (g 3.9 k 28. 1 0 (10.6 M) 

Mean 16.0 C 114.0 B 134.9 A 4.7 D 

All such means which share a common Engli sh letter are statist ically simil ar otherwise 
are di fferent at a = 0.05. 
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Table 29: DMRT of means showing nitrogenase activity (nmol C2H4 

plant- J h-J
) in root nodules of Cicer arietillllm L.cv. CM88 

at different plant growth stages and the effect of plant 
growth regulators (year t 999). 

Weeks A fter Sowing Mean 

Treatments 

8 16 18 20 

Control 7.23 cf 14.73 d 18.90 c 0.56 ef 10.5 C 

Kinetin 
9.47e 34. 17 a 32.40 a 0.92 d 19.2 A 

(10.5 M) 

Kinetin 
8.23 c 20.43 c 24.07 b 0.73 h 13.6 B (10.6 M) 

ABA 
3.99 g 8.97 e 8.98 e 0.26 fg 5.5 D (10.5 M) 

ABA 
3.48 g 6.98 cf 12.47 g 0.52 fg 5.9 J) 

(10.6 M) 

Mean 6.48 C 17.06 B 19.6 A 0.63 C 

All such means wh ich share a common English letter are statistically similar otherwise 
are different at a = 0.05. 

Table 30: DMRT of means showing nitrogenase activity (nmol C2H4 

plane( h- J
) in root nodules of Cicer arietinum L.cv. CM88 

at different plant growth stages and the effect of plant 
growth regulators (year 2000). 

Weeks After Sowing 

Treatments 

8 16 18 20 Mean 

Control 2.53 jk 5.39 c-h 8.53 c 2.4 dog 4.7 C 

Kinetin 
4.3 I g-i 8.63 c 17.70 a 3.2 d-f 8.5 A (10.5 M) 

Kinetin 
3.32 ij 6.63 dc 13.26 b 2.7d-g 6.5 B (10.6 M) 

ABA 
J.86jk 4.06 hi 7.08 d 1. 7 t: i (10.5 M) 3.7 D 

ABA 
1.57 k 3. 14 i-k 6.28 d-f 1.6 f-i 3. 19 D (10.6 M) 

Mean 2.68 C 5.57 B 10.6 A 2.308 

All such means which share a common Engli sh letter are stati stically similar otherwise 
are different at a = 0.05. 
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APPENDIX II 

List of ANOVA Tables, containing data orparamcters investigated at lour growth 

siages in Cicer arielilllllll L. cv. CM88 treated with plant growth regulators and grown 

under natural condition. 

Where 

P ia Significant at P<O.OS 

P ia High .i9ni~icant at P<O.Ol 

P ia V.ry high significant at P<O.OOI 



Tabla 31: Analysis of variance (ANOVA) for fresh shoot weight with 
two facto rs (treatments and stages o f plant growth) year 2000 . 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

2 Factor A 4 305.965 76.491 269.4936 
4 Factor B 3 1022.907 340 . 969 1201.3004 
6 AB 12 111.02 9.252 32.5955 

-7 Error 40 11.353 0.284 
Total 59 1451.246 

Coefflclent of Varlatlon: 6.35% 

Table 32: Analysis of variance (ANOVA) for dry shoot weight with two 
factors (treatments and stages of plant growth) year 2000. 

K Degrees of Sum o f Mean F 
Value Source Freedom Squares Square Value 

2 Factor A 4 l7.006 4 .2 52 87.9124 
4 Factor B 3 70.577 23 . 526 486.4551 
6 AB 12 10 . 469 0.872 18 . 0387 

- 7 Error 40 1 . 934 0.04 8 
Total 59 99.9 87 

Coefflclent of Varlatlon: 11.15 % 

Table 33: Analysis of variance (ANOVA) for fresh root weight with two 
factors (treatments and stages of plant growth) year 2000 . 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

2 Factor A 4 8.362 2.091 40.0751 
4 Facto r B 3 4.657 1.552 29.7551 
6 AB 12 1. 7 48 0.146 2.7929 

-7 Error 40 2.087 0.052 
Total 59 16.854 

Coefflclent of Varlatlon: 15.13% 

Table 34: Analysis of variance (ANOVA) for dry root weight with two 
factors (treatments and stages of plant growth) year 2000. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Vdluc 

2 Factor A 4 0.169 0.042 89.8898 
4 Factor B 3 0.205 0.068 145.1693 
6 AB 12 0.025 0.002 4.5089 

-7 Error 40 0.019 0.000 
Total 59 0.418 

Coefflclent of Varlatlon: 8.86 % 
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Table 35: Analysis of variance (ANOVA) of chlorophyll content in 
chickpea leaves with three factors (treatments, plant 
growth stages and leaf age) year 1998. 

Sourse D.F. 5.5. M.S. F. P. 
Repllcatlo 2 4874.89 
n 

2437.445 3.5424 0.0337 

Treatment 4 10724.51 2681 .127 3.8965 0.0062 (T) 
Stage (S) 3 849014.5 283004.8 411 .298 0 
TxS 12 881.577 73.465 0.1068 
Leaf Age 

1 51850.26 51850.26 75.3553 0 (A) 
T xA 4 719.209 179.802 0.2613 
SxA 3 9567.317 3189.106 4.6348 0.0049 
TxSxA 12 899.234 74.936 0.1089 
Error 78 53670.03 688.077 
Total 119 982201.5 

Table 36: Ana lysis of variance (ANOVA) of chlorophyll content in 
chickpea leaves w ith three factors (treatments, plant 

growth stages and leaf age) year 1999. 

Source D.F. 5.5. M.S. F P 
Replicatio 

2 413.604 206.802 0.2818 n 
Treatment 

4 25228.8 6307.199 8.5934 0 (T) 
. Stage (5) 3 186157.6 62052.52 84.5449 0 
TxS 12 5982.895 498.575 0.6793 
Leaf Age 

1 373056.7 373056.7 508.2801 0 (A) 
TxA 4 1972.394 493.099 0.6718 
SxA 3 60027.92 20009.31 27.2622 0 
TxSxA 12 3904.011 325.334 0.4433 
Error 78 57248.8 733.959 
Total 119 713992.7 

Table 37: AnalYSis of variance (ANOVA) of chlorophyll content in 
chickpea leaves w ith three factors (treatments, plant 

I growth stages and leaf age) year 2000. 

Source D.F. 5.5. M.S. F p 
Repllcatio 

2 286.483 143.242 0.569 n 
Treatment 

4 13071 .6 3267.899 12.9809 0 (T) 
Stage (5 ) 3 1446647 482215.6 1915.484 0 
TxS 12 7273.6 606.133 2.4077 0.0104 
Leaf Age 

1 22924.62 22924.62 91.0625 0 (A) 
TxA 4 4293.065 1073.266 4.2633 0.0036 
SxA 3 59952.03 19984.01 79.3816 0 
T xSxA 12 2919.334 243.278 0.9664 
Error 78 19636.19 251.746 
Tota l 119 1577004 
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Table 38: Analysis of variance (ANOVA) of protein content in 
chickpea leaves w ith three factors (treatments, plant 
growth stages and leaf age) year 1998. 

Source D.F. 5.5. M.S. F p 

Repllcatio 2 920396.6 
n 

460198.3 2.5887 0.0816 

Treatment 
4 13124225 3281056 18.4566 0 

(T) 
Stage (5) 3 7.17E+08 2.39E+08 1344.629 0 

TxS 12 5143618 428634.8 2.4112 0.0103 

Leaf Age 1 9060706 9060706 50.9683 0 
(A) 
TxA 4 416785.3 104196.3 0.5861 
SxA 3 32684712 10894904 61 .286 0 
TxSxA 12 2099902 174991 .9 0.9844 
Error 78 13866172 177771.4 
Total 119 7.94E+08 

Table 39: Analysis of variance (ANOVA) of protein content in 
chickpea leaves with three factors (treatments, plant 
growth stages and leaf age) year 1999. 

Source D.F. 5.5. M.S. F P 
Replicatio 

2 n 
107708.2 53854.08 0.4731 

Treatment 
4 13011825 3252956 28.5796 0 (T) 

Stage (5 ) 3 18573294 6191098 54.3934 0 
TxS 12 2592650 216054.1 1.8982 0.0472 
Leaf Age 

1 7846922 7846922 68.941 0 (A) 
TxA 4 3161111 790277.7 6.9432 0.0001 
SxA 3 10765310 3588437 31 .5271 0 
TxSxA 12 1970297 164191.4 1.4425 0.1651 
Error 78 8878027 113820.9 
Total 119 66907144 

Table 40: Analysis of variance (ANOVA) of protein content in 
chickpea leaves with three factors (treatments, plant 
growth stages and leaf age) year 2000. 

Source D.F. 5 .5. M.S. F P 
Replicatlo 

2 541.667 270.833 0.0069 n 
Treatment 

4 1970833 492708.3 12.541 0 (T) 
Stage (5) 3 3506896 1168965 29.7538 0 
TxS 12 256333.3 21361 .11 0.5437 
Leaf Age 

1 88020.83 88020.83 2.2404 0.1385 (A) 
TxA 4 16666.67 4166.667 0.1061 
SxA 3 1391896 463965.3 11 .8094 0 
TxSxA 12 198833.3 16569.44 0.4217 
Error 78 3064458 39287.93 
Total 119 10494479 
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Tabl. 44: Analy sis of variance (ANOVA) f o r e ndo genous level of ABA 
i n chickp ea l eaves wi th t wo factors ( treatme n t s a nd stages o f p l a nt 
gro wth) y ear 2000 . 

------ ---
K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

2 Factor A 4 9688 2. 12 1 2422 0 . 530 67 4 . 14 02 
4 Factor B 1 273340.161 2 73340.161 7607. 99 12 
6 AB 4 26518.436 6629.609 184.52 47 

-7 Error 20 718.561 35.928 
Total 29 397459.280 

Coeff~c~ent of Var~at~on: 2.96 % 

Table 45: Analysis of variance (ANOVA) for 1AA content in root with 
two factors ( treatments and stages of plant growth ) year 1999. 

K De grees of Sum of Mean F 
Value Source Freedom Squares Square Value 

2 Factor A 4 60 . 850 15 . 213 4.9865 
4 Factor B 3 290. 754 96.918 31 . 7687 
6 AB 12 163. 767 13.647 4.4734 

-7 Error 40 122.030 3.051 
Total 59 637.402 

Coeff~c~ent of Var~at~on: 118 . 35% 

Table 46: Analysis of variance (ANOVA) for 1AA content in root with 
two factors (treatments and stages of plant growth) year 2000. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

2 Factor A 4 5 .01 8 1. 254 364.7911 
4 Factor B 4 42. 15 3 10 .538 3064 . 6265 
6 AB 16 1 4 .208 0.888 2 58 . 2477 

-7 Error 50 0.172 0.003 
Total 74 61. 551 

Coeff~c~ent of Var~at~on: 9.45 % 

Table 47: Analysis of variance (ANOVA) for fresh nodule weight with 
two facto rs ( treatments and stages o f plant growth) year 2000. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

2 Factor A 4 0.081 0.020 1. 2195 
4 Factor B 3 0.928 0.309 18.6459 
6 AB 12 0.327 0.027 1.642 2 

- 7 Error 40 0.664 0.017 
Total 59 2 .000 

Coefflc~ent of Var~at~on: 24.57 % 
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Table 48: Analysis of variance (ANOVA) f o r dry nodule weight with two 
factors (treatments and stages of plant growth) year 2000. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

2 Factor A 4 0.058 0.014 1.2254 
4 Factor B 3 0 .065 0 . 022 1 . 8392 
6 AB 12 0.155 0.013 1.0910 

--. 
- 7 Error 40 0 . 473 0.012 

Total 59 0.751 
Coefflclent of Varlatlon: 110.25% 

Table 49: Analysis of variance (ANOVA) for diameter of pink bacteroid 
tissue with two factors (treatments and stages of plant growth) year 
1998. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

2 Factor A 4 1.189 0.297 6.7048 
4 Factor B 3 3.662 1. 221 27.5319 
6 AB 12 0.286 0.024 0.53 8 0 

-7 Error 40 1. 773 0.044 
Total 59 6.910 

CoefflClent of Varlatlon: 15.21 % 

Table 50: Analysis of variance (ANOVA) for diameter of pink bacteroid 
tissue with two factors (treatments and stages of plant growth) year 
1999. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

2 Factor A 4 3 .654 0.914 64.9739 
4 Factor B 3 3.512 1.171 83.2683 
6 AB 12 0.798 0.067 4.7317 

- 7 Error 40 0.562 0.014 
Total 59 8.527 

CoefflClent of Varlatlon: 7.97 % 

Table 51: Analysis of variance (ANOVA) for diameter of pink bacteroid 
tissue with two factors (treatments and stages of plant growth) year 
2000. 

K Degrees of Sum of Mean F 
Value Source Freedo:n Squares Square Value 

Prob 

0 . 3:154 
0.1556 
0 . 3934 ----

Prob 

0.0003 
0.0000 

Prob 

0.0000 
0.0000 
0.0001 

Prob 

2 Factor A 4 2.406 0.601 56.6019 0.0000 
4 Factor B 3 7.492 2.497 234.9993 0.0000 
6 AB 12 0.181 0 .01 5 1.4191 0 . 1976 

-7 Error 40 0.425 0.011 
Total 59 10 . 504 

CoefflClent of Varlatlon: 7.00 % 
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Table 52: Analysis of variance (ANOVA) for nitrogenase activity with 
two factors (treatments and stages of plant growth) year 1998. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

2 Factor A 4 108836.489 27209.122 219 . 7131 
4 Factor B 3 193660.632 64553.544 521.2685 
6 AB 12 85842.511 7153.543 57.7647 

-7 Error 40 4953.573 123.839 
Total 59 393293.?05 

Coefficient of Variation: 16.70 % 

Table 53: Analysis of variance (ANOVA) for nitrogenase activity with 
two factors (treatments and stages of plant growth) year 1999. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

2 Factor A 4 186526.075 46631.519 237.2313 
4 Factor B 3 213156.971 71052.324 361.4686 
6 AB 12 90367.574 7530.631 38.3110 

-7 Error 40 7862.627 196.566 
Total 59 497913.246 

Coefficient of Vdriation: 11.39% 

Table 54: Analysis of variance (ANOVA) for nitrogenase activity with 
two factors (treatments and stages of plant growth) year 2000. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

2 Factor A 4 56838.210 14209.553 184.1140 
4 Factor B 3 125384.959 4l794.986 541 . 5401 
6 AB 12 70 314.768 5859.564 75.9227 

- 7 Error 40 3087.120 77.178 
Total 59 255625.058 

Coefflclent of Varlatlon: 12.36% 
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Table 55: Analysis of variance (ANOVA) for nitrate- nitrogen 
content in soil with two factors (treatments and replicates) year 
1998. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

1 Factor A 4 49.310 12.328 46.9155 
-3 Error 10 2 . 628 0. 2 63 

Total 14 5l. 938 

Coefficient of Variation : 22 .1 2% 

Table 56: Analysis of variance (ANOVA) for nitrate- nitrogen content 
in soil with two factors (treatments and replicates) year 1999. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

1 Factor A 4 1. 584 0.396 2.0738 
-3 Error 10 1. 910 0.191 

Total 14 3.494 

Coefficient of Variation: 24.38% 

Table 57: Analysis of variance (ANOVA) for nitrate- nitrogen content 
in soil with two factors (treatments and replicates) year 2000. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

1 Factor A 4 16 . 107 4 . 027 32.7901 
-3 Error 10 1. 228 0.123 

Total 14 17.335 

Coefficient of Variation: 17.03% 
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Table 58: Analysis of variance (ANOVA) for grain weight with two 
factors (treatments and replicates) year 1998. 

K Degrees of Sum of Mean F 
Value Sou rce Freedom Squares Square Value 

1 Replica t ion 2 0 . 124 0.062 1.1923 
2 Factor A 4 17.040 4 . 260 81.9231 

- 3 Error 8 0. 41 6 0 .0 52 
Total 1 4 17.580 -- -

Coefficient of Variation: 7.86% 

Table 59: Analysis of variance (ANOVA) for grain weight with two 
factors ( treatments and replicates) year 1999. 

K Degrees o f Sum o f Mean F 
Value Source Freedom Squa re s Square Value 

1 Replication 2 1. 036 0. 518 15 . 6970 
2 Fac t or A 4 56 . 436 14 . 109 427 . 5458 

-3 Erro r 8 0.264 0.033 
Total 14 57.736 

Coefflclent of Varlatlon: 2.73 % 

Table 60: Analysis of variance (ANOVA) for grain weight with two 
factors (treatments and replicates) year 2000. 

K Degrees of Sum of Mean F 
Va l ue Sou rce Freedom Squares Square Value 

1 Replication 2 0.048 0.024 0.4068 
2 Facto r A 4 13 . 824 3.456 58 . 5763 

-3 Error 8 0.4 72 0. 059 
Total 14 14.344 

, Coe f f iclent o f Va rlatlo n: 8 . 43% 

Prob 

0.3522 
0 . 0000 
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Prob 

0 . 0017 
0.0000 

Prob 
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Table 61: Analysis of variance (ANOVA) for weigh t of 1 00 grains with 
two factor s ( treatme nts a nd r epl i cate s) year 1998. 

K Degrees of Sum of Mean F 
Va l ue Source Freedom Squares Square Value 

1 Replication 2 2.764 1.382 0.0924 
2 Factor A 4 1746.816 436.704 29.1973 

-3 Error 8 11 9.656 14 . 957 

Proh 

0.0001 

.--_.-
Total 14 1869.236 

Coefflclent of Varlatlon: 5 . 27 % 

Table 62: Analysis of variance (ANOVA) for weight of 100 grains wi th 
two factors ( treatments and replicates) year 1999. 

K Degrees of Sum of Hea n F 
Value Source Freedom Squares Square Valuc 

1 Replication 2 32.716 16 . 358 2.4 5 9-' 
2 Factor A 4 1611.600 402.900 60. 58 1 9 

-3 Error 8 53.204 6.650 
Total 14 1697.52 0 

Coefflclent of Varlatlon: 3.55 % 

Table 63: Analysis of variance (ANOVA) for weight of 100 grains with 
two f actor s (treatments and replicates) year 2000. 

K De g rees of Sum of Mean F 
Value Sour ce Freedom Squares Square Value 

1 Replication 2 7.104 3.552 0.4560 
2 Factor A 4 1543.536 385.884 49.5390 

-3 Error 8 62.316 7.789 
Tot a l 1 4 1612.956 

CoefflCl ent of Varlatlon: 3. 7 5% 
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Table 64: Analysis of variance (ANOVA) f or number o f pods per plant 
with two factors ( treatments and replicates) year 1998. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

----- - -- --_.---
1 Replication 2 0 . 004 0.002 0.0123 
2 Factor A 4 4.164 1.041 6.4259 

- 3 Error 8 1. 296 0.162 
Total 14 5 .464 

Coeff~c~ent of Var~at~on: 5.24% 

Table 65: Analysis of variance (ANOVA) for number of pods per plant 
with two factors (treatments and replicates) year 1999. 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

1 Replication 2 0.364 0.182 15.1667 
2 Factor A 4 14.340 3.585 298.7500 

- 3 Error 8 0.096 0.012 
Total 14 14 .8 00 

Coeff~c~ent of Var~at~on: 3 . 53 % 

Table 66: Analysi s of variance (ANOVA) for number of pods per plant 
with two factors (treatments and replicates) year 2 000 . 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value 

1 Replication 2 0.228 0.114 1.0459 
2 Factor A 4 6.996 1. 749 16.0459 
3 Error 8 0. 872 0.109 

Total 14 8 .096 

Coefficient of Variation: 4.38 % 
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APPENDIX ill 

Photographs representing the ditTerent effects of plant growth regulators on difTcrcllI 

parts ofCicerarielinm L. CV. CM8& at nowcring stage and early pod IIlIing stage. 
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Figure 15: The shoot biomass of Cicer arie/inum L. cv. CM88 as affected by 
kinetin applied as seed soaking and foliar spray at early pod filling 
Stage. 
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Table 41: Analysis of variance (ANOVA) of pro line content in 
chickpea leaves w ith three factors (treatments, plant 
growth stages and leaf age) year 1999. 

Source D.F. S.S. M.S. F P 
Replleatlo 
n 

2 8692455 4346227 1.2967 0.2793 

Treabnent 4 2.62E+08 65619847 19.5773 0 
(T) 
Stage (5) 3 2.09E+09 3697911 1 208.2 1 0.0000 

TxS 12 1.47E+08 12240699 3.6519 0.0002 

Leaf Age 1 73501792 73501 792 21.9288 0 
(A) 
TxA 4 5212648 1303162 0.3888 
SxA 3 1.79E+08 59813462 17.845 0 
TxSxA 12 16604734 1383728 0.4128 
Error 78 2.61E+08 3351831 
Total 119 3.05E+09 7 

Table 42: Analysis of variance (ANOVA) of proline content in 
chickpea leaves with three factors (treatments, plant 
growth stages and leaf age) year 2000. 

Source D.F. 5.5. M.S. F P 
Replicatio 

2 5600442 
n 

2800221 1.2854 0.2823 

Treabnent 
4 1.7E+08 42599715 19.5542 0 

(T) 
Stage (S) 3 1.44E+09 5478614 2 219.6 1 00000 
TxS 12 1.09E+08 9114420 4.1837 0 
Leaf Age 1 75606275 75606275 34.705 0 
(A) 
TxA 4 6286608 1571652 0.7214 
SxA 3 80583913 26861304 12.3299 0 
TxSxA 12 8003731 666977.6 0.3062 
Error 78 1.7E+08 2178541 
Total 119 2.06E+09 5 

Table 43: Ana lysis of variance (ANOVA) of sugar content in 
chickpea leaves with three factors (treatments, plant 
growth stages and leaf age) year 2000. 

Source D.F. 5.5. M.S. F P 
Repllcatlo 

2 49806.67 24903.33 2.4243 0.0952 n 
Treabnent 

4 1049895 262473.8 25.5509 0 (T) 
Stage (5) 3 5644849 1881616 183.1691 0 
TxS 12 112171.7 9347.639 0.91 
Leaf Age 1 26700.83 26700.83 2.5992 0.111 (A) 
TxA 4 1611.667 402.917 0.0392 
SxA 3 753209.2 251 069.7 24.4408 0 
TxSxA 12 64895 5407.917 0.5264 
Error 78 801260 10272.56 
Total 119 8504399 
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Figure16: The effect of ABA applied as seed soaking and foliar spray on shoot biomass 
of Cicer (IrietinulII L. cv. CM88 at early pod filling stage where ABA (10-5 

M) shows yellow leaves as compared to control, and the height of the 
plant was less at both concentrations. 
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Figure 17: The effect of Kinetin and ABA on grains of Cicer arietinum L. cV. CM88 
where kinetin treated plants showed larger pods and pods were still 
greenish, whereas ABA treated plants show early maturity of pods. 
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Figure 18: Nodules of Cicer arietinum L. cv. eM were grown basically 
on tap root. Irregular shapes of nodule tops tbat united at 
their bases make nodule counting difficult. 
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Figure 19: The effect of ABA applied as seed soaking and foliar spray on nodules of 
C;cer ar;el;num L.cv. CM88 at flowering stage. ABA decreased nodule 
number as compared to control. Nodules were restricted to the main root. 
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Figure 20: A dissection of untreated nodule at early pod filling stage 
of Cicer arielillum L. cv. eM where senescence of nodule 
started from the center of bacteroid tissue which became 
green while meristematic tips of nodule were still pink. 
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Figure 21: A dissection of nodule of Cicer arietinum L.cv. CM88 treated with ABA 
(lO-5M) at early pod filling stage where bacteroid tissue became 
greenish. 
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