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ABSTRACT 
Modulation of radiosensitivity with gibberellic acid (GA3) for cytogenetical , biochemical, 

seedling physiology and genetic variation was carried out in three chickpea (Cicer ariefil1l1nl L) 

gcnotypcs having different seed coat colours. DIy seeds of three genotypes namely Noor 91, 

Punjab 91 , and C 141 , were irradiated at dose level of 10, 20, 30, 40, 50, 60, 70, 90, and I 10 Kr. 

A part of the irradiated seeds were treated with 0.5 mM solution of GA3 for 16 hours prior of 

various experiments. Mitotic index decreased, while chromosomal anomalies increased with an 

increase of irradiation level. The chromosomal aberrations recorded were fragments, bridges, 

and laggards at anaphase. However, these anomalies were not observed uptil 30 Kr in the three 

varieties . Post mutagenic application of GA3 increased the mitotic index and decreased the 

chromosomal anomalies and it was more pronounced at higher doses. Irradiation level of 10, 60 

and 110 Kr was used to determine the effect on nucleolar volume and structure. Frequency of 

cells having greater nucleolar volume increased with an increase of irradiation, while the effect 

was reduced with the application of GA3. 

Gamma irradiation decreased the fresh weight, protein, RNA and DNA contents with an 

increase of irradiation dosages except at lower doses where simulation as compared to control 

was observed. Application of GA3 modulated the radiosensitivity and fi-esh weight, protein, 

RNA and DNA contents increased at various irradiation dosages. Peroxidase and catalase 

activity increased over the control uptil 3rd and 5th day, respectively and then decreased for the 

following days at various doses of irradiation. Exogenous application of GA3 increased the 

catalase and peroxidase activity at various doses throughout the developmental period . lAI\. 

oxidase activity stimulated at lower doses of irradiation, while at higher doses it was decreased 

regularly with irradiation intensity. GA3 treatment increased this activity across various doses . 

Germination was inhibited regularly with an increase of gamma irradiation except at lower 

doses, while with GA3 treatment inhibitory effect was recorded only at higher doses of 60, 70, 

90 and 110 Kr. Shoot length, root length and number of rools decreased consistently with an 

increase of gamma irradiatioll. Application of GA) restored the growth and an increase was 

observed at varioLls doses. Prom this study doses of 40, 50 and 60 Kr were considered as 

appropriate for induction of genetic variability. 

Irradiated seeds at 40, 50 and 60 Kr of three genotypes along with the application of GA3 were 

sown at Barani Agriculture Research Institute (BAIU), ChakwaI. A wide range of genotypic 
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variation was induced with gamma irradiation for all the characters like plant height, number of 

primary and secot'l.dary branches, pods per plant, seeds per pod, 100-seed weight, biological 

yield, grain yield, harvest index, . days to 50% flowering and days to maturity. Application of 

GA3 changed the spectrum of induced variation either in positive or negative direction at 

various intensities of irradiation. Genotype-treatment revealed significant and highly significant 

interaction for all the characters under study in one or the other generation. Stimulating effect 

with GA3 were observed for seeds per pod, 100-seed weight, grain yield and harvest index in M2 

and M3 population. It was, therefore, suggested that post mutagenic application of GA3 might be 

beneficial if utili zed for grain yield enhancement. 

Albina, xantha, chlorina and viridis chlorophyll mutants along with other morphological i.e., 

stem, branching, leaf, pod, seed, flowering and maturity mutants were obtained in M2 generation. 

Chlorophyll Illulanls dt:crt:Hst:d, while lIIorphological illcreast:d with applicatioll of' G!\l 

The results regarding correlation coefficients revealed a high magnitude of genotypic than 

phenotypic for most of the characters in M I , M2 and M3 generation. However, the association of 

grain yield with other characters changed in succeeding generations independently among the 

genotypes. Grain yield was positively correlated with pods per p' I O{lt seed per pod, and 100-seed 
J1 

weight in different populations of the three genotypes, while the association of other characters 

with grain yield was inconsistent. 

Harvest index and biological yield in variety Noor 91 had positive direct effect on grain yield in 

M I, M2 and M3 population. In Punjab 91, harvest index and biological yield in MI generation, 

whi Ie in M2 and M3 generation pods per plant, seeds per pod and 100-seed weight had strong 

positive direct effect on grain yield. In case of variety C 141, 100-seed weight and pods per plant 

had direct positive effect on grain yield · in MI, M2 and M3 generation. So harvest index and 

biological yield would be a reliable criterioll ill. Noor 91 and pods per plallt and 100-seed weight 

in variety Punjab 91 and C 141, in the selection of best genotypes of chickpea. 
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GLOSSARY OF TERMS AND ABBREVIATIONS 

anaphase stage uf mitosis or meiosis at which chromosomes of a homologous pair or 

chromatids of a chromosome separate and move towards opposite poles of a 

dividing cell 

breeding genetic modifications of living organisms 

cleistugalllY pollillation and fertilization occur in all unopened flower 

chromatid one of two identical sister strands of a replicated chromosome held together 

by a centromere 

chromosome structural unit in the nucleus that carries genes in a linear order 

DMRT Duncan's new multiple range test, used for specific treatment comparisons; it 

permits to make decision as to which differences are significant and which 

are not 

enzyme 

family 

genotype 

heritability 

metaphase 

mitosis 

mutation 

pH 

phenotype 

population 

polygenic 

olle of a group of proteins produced by livillg cell~ which act as a cataly~t ill 

specific biochemical reactions 

group of individuals directly related to a commoll ancestor 

the sum-total of the genes affecting the expression of a character; also 

employ for a variety 

portion of the phenotypic variation among individuals that is due to genetic 

di tferellces among them 

stage of mitosis or meiosis at which the chromosomes or homologous pair are 

arranged in a linear manner at the centre of the cell, immediately before the 

chromatids or homologous chromosomes separate and pass to the two poles 

during anaphase 

process by which the nucleus of a cell IS divided into two genetically 

identical nuclei 

heritable variation in a gene or in chromosome structure 

a term used to describe the acidity or alkalinity of a system 

a sum-total of the expression of a character 

community of individuals with a common origin 

controlled by a number of genes 
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probability 

protein 

variation 

likelihood that an event will or will not occur 

a high molecular weight compound composed of a range or amino acids; they 

are the product of genes 

differences among individuals due to differences in their genetic constitution, 

their response to the environment, genotypic-environment interaction and 

experimental error 
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INTRODUCTION 

Mutation breeding is now widely used for inducing genetic changes and creation of 

new genetic resources, particularly in crops that are not easily amenable to improvement 

through conventional techniques (Awan, 1991). It is well established that mutagenic agents 

are elTective for inducing genetical changes in treated population (Kasim et aI. , 1977; 

Shakoor et aI., 1978 a and b; Kalia and Gupta, 1988; 1989). Radio sensitivity of a plant is 

influenced by biological, environmental and radiological factors (Gunckel and Sparrow, 

1961 ). 

The ex tent or genetic variabili ty is more important than the tota l var iab il ity. Si nce, 

greater the genetic diversity in the base population, wider would be the scope of selection. 

Ilowever, owi ng, lo the c1eistogamic nature of the flower in chickpea (Cicer arietilll1l11 L), 

there is a little availability of the basic germ plasm for crop improvement. 

The frequency and severity of induced genetic changes depend on the dose applied as 

well as age and type of tissues irradi ated. On exposure to ionizing radiation a plant may die, 

or may show in hi bited or stimulated growth pattern, which may exhi bit morp hogenetic 

abnormalit ies or accelerate differentiation of cells. 

Inheritance is a conservative process and is responsibl e fo r continuity between 

generations through a remarkably precise replication of chromosomes and genes . The 

inheritance of important econoll)ic traits such as yield, quality, adaptation, pest and stress 

resistance, upon which rests much of the future of plant improvement can be understood 

through the alla lysis or a w ide rullge ur induced lIIututiulIS . These Illallilcs talioll s ,lie usua lly 

due to a) chromosomal rearrangements or b) gene mutation or c) both (Gustaffson, 1947 and 

Gaul, 1965). 

Certain features are commonly seen in irrad iated plants, which in themselves may not 

be useful unless co mbined with other useful traits . Notwithstand ing, little natural variability in 

chickpea for conspicuous morphological and physiological characters, several workers have 

attempted for induction of mutation using either physical or chemical mutagens for evolving 

new genotypes . (Bravo, 1988; lIassan and Khan, 1991 a and b; Shall1 suzza nla ll and Shaikh, 

1991; Kharkwal, 1983; Kharkwal et aI., 1988; Haq et aI., 1988; Haq et aI., 1989). 



Radiation, therefore, appears to be a useful tool in plant breeding and genetics. The 

primary objectives of mutation are to enhance mutation frequency, widen the mutation 

spectrum and realize directed mutagenesis. Practical application of mutagenesis rests largely 

on the efficiency and effectiveness of the mutagenic agent (Singh, 1988 a). The frequency of 

mutant recovery depends on the methods both induction and selectioll . To obtain desirable 

mutations at maximal rates, choice of the best mutagen and optimal dose are evidently of 

prime consideration. 

Mutation breeding has been used in recent years as a valuable supplement to the 

method of plant breeding in the development of better crop cultivars. Seedling studies are 

considered as early manifestation of various mutagenic treatments. These early studies are 

used to Illanipulate the palliclIlnr dosc of galllllla irradiatioll II sl:d to enhancc Ihl: 1>I"l:l:<iinl-', 

program. 

Induced mutations have been recognized as an important tool for crop improvement 

and are believed to have sufficient scope in pulses. Several types of chlorophyll deficiencies 

and morphological mutants occur in mutagenically treated plant material. These are 

considered an appropriate measure for determining the effectiveness of a mutagen. 

Grain yield is the product of several contributing traits. However, yield could be 

estimated on the basis of direct and indirect expression of yield components. For any varietal 

improvemellt, it is necessary to have a thorough comprehension of the information regarding 

the inter-relationship of various yield components. Correlation analysis provides the 

information on the interdependent response either on positive or negative direction of the 

important plant characters and hence, leads to directional model for the yield. 

UlInllllll radiation in combination with other chcrllical III1Itagclls IS applkd I(JI 

widening the n·equency and mutation spectrum for extra genetic variability. In experi mental 

mutagenesis, mutagenic efficiency or the ratio of gene mutation to physiological damage is of 

both theoretical and practical importance (Gaul et aI., 1972). The radiation interferes with a 

number of biochemical processes especially those concerned with protein and nucleic acid 

synthesis. Gamma radiation damages the biological system by producing fh02 and organic 

peroxy radicals. Catalase and peroxidase are internal mechanisms for the removal of these 

radicals. Effect of gamma radiation is changed with the radio protective effect of gibberellic 
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acid. It has been established that the impaired growth due to gamma irradiation can be 

restored by exogenous application of gibberellic acid . Gibberellic acid serves manifold 

growth related functions in plants by enhancing replication, transcription and different 

enzymatic systems. (Callebaut et aI., 1980; Uppal and Maherchandani, 1988; Zhebrak, 1989; 

Ali and Ansari , 1989; Arora et aI. , 1989). 

Van-Rheenan et al. (1993) determined that chickpea has shown little polymorphism in 

isozyme and restriction fragment length polymorphism (RFLP), which may be an indication 

of limited genetic variability. For obtaining a wide genetic spectrum in chickpea, studies for a 

suitable radiation dose is of primary importance. High doses produce drastic effects, which 

may lead to death of the organism. For breeding purposes, mutagenic treatments with low 

physiological and strong genetic effects are desirable. Gibberellic acid treatment, does not 

interfere with gene mutation and restore growth by reducing physiological damage caused by 

galllllla irradiation . IL brightens the scope for increasing both the lieqllency and spectrulll of 

mutation. But how far a specific genotype modulates radio sensitivity is a matter of systematic 

research. It was, therefore, planned to manipulate the mutation response along with 

cytogenetical and biochemical studies in three commercial genotypes of chickpea (Cicer 

arietinum L.). The main objective of the studies were to determine the effectiveness of 

gamma irradiation and efliciency of gibberellic acid to modulate the radio sensitivity for: 

I. Cytogenetical effects like: 

a . Mitotic index. 

b . Chromosomal abnormalities. 

c. Nucleolar size and structure. 

II. Modulate the biological effects of gamma irradiation with gibberellic acid for: 

a. Germination 

b. Seedling growth 

c. Determination of protein, ribonucleic acid (RNA) and deoxyribonucleic 
acid (DNA) contents in chickpea seedlings. 

d. Changes induced in the activities of catalase, peroxidase and indole-3-
acetic acid (IAA) oxidase enzymes. 

111. Evaluate optimal dose of gamma irradiation for inducing useful mutations. 

IV. Study the effects of treatments on biological responses in MJ generation. 

v. Study the effects of treatments on mutation frequency and spectrum in M2 
generation. 
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vi. Manipulate the genetic variations in M2 and M3 generations. 

V1t. Estimation of heritability and genetic advance. 

VIII. Unidirectional and alternate pathway influences on grain yield and yield 
components. 
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REVIEW OF LITERATURE 

The illl(mllatioll on the subject is not lacking but the inferellces of varlOIlS 

investigations are not consistent and differ greatly according to the materials used. However, 

the results of studies having some relevance to the subject are reviewed here briefly. 

I: GENETIC EFFECTS OF IONIZING RADIATION 
The chromosomes are composed of deoxyribonucleic acid and basic proteins known 

as 'histones' which are rich in lysine and arginine. Growth and differentiation of a plant 

depend upon their precise replication and transcription, respectively. The integrity of the 

chromosomes is very essential for their proper function and ultimately the survival of the cell 

or organism. Gamma irradiation is known to interfere with a number of biochemical 

processes, especially those concerned with protein and nucleic acid synthesis. 

The genetic effects of ionizing radiation have been established primarily through the 

work of B.J . Muller (1928), Altenberg (1928) and Stadler (1928). Genetic effects of gamma 

irradiation had been studied by Haber et a!. (1961), Haber and Foard (1964) and Kuzin et a!. 

(1981). They found that gamma irradiation inhibited the synthesis of DNA and consequently 

cell division. The inhibition of DNA synthesis resulted in the delay or altogether inhibition of 

mitotic cycle. This delay in mitosis as a result of gamma irradiation could be attributed to two 

distinct pathways (Rowley et a!., 1992). They determined that gamma irradiation induced 

mitotic delay requires functional weel protein kinase but does not seem to involve cdc25 

pathway. Mitotic delay in respect to DNA damage is thus distinct n'om the delay induced by 

illhibitioll of ONA synthesis, which involves cdc25 but is not derendellt 011 wec!. 

Gamma irradiation is also known to cause breakage and depolymerization of DNA 

(Oleinick et aI., 1994). DNA protein cross link (dpc) formation and induction of double 

stranded breaks occur at specific sites in the chromatin by gamma irradiation. Xue et a!. 

(ll)l) /l) investigated the illfluence or chromatin proteills on the illductioll of DNA double 

stranded breaks (dsb) and DNA protein crosslinks (dpc) by gamma irradiation. By gradual 

removal of low molecular weight nonhistone proteins and classes of histone proteins with 
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increasing concentration ofNaCl resulted in gradual increase of double stranded breaks. Datta 

et al. (1993) studied that ionizing radiation inhibited growth and DNA repair. They 

demonstrated that exposure to ionizing radiation is associated with a dose dependant decrease 

in histone HI gene expression. 

Uagi alld Hidvegi (1983) noticed decrease of HI histone and changes of chromatin 

structure and transcription in pea seedlings after gamma irradiation. Their data suggested that 

irradiation of either seeds or seedlings resulted in loosenillg of the seedling chromatin 

structure. This speci fic degradation or dissociation of histone H I localized in the 

internucleosomal region may be responsible for the easier accessibility of chromatin to 

DNAase 11 after irradiation. 

Now it is becoming quite clear that gamma irradiation not only affect the synthesis 

and structure of DNA, however its effects on biological system are manifold. Synthesis of 

adenine-7-oxide, a radiolytic product was determined by an aqueous irradiation of adenine . 

The noncovalent binding of this radiolytic product with cysteine has been confirmed 

(Yamamoto, 1980). These results support an interaction structure greater than or equal to N-

0 .. . H-S-, for non-covalent binding, which may be applied to biological system as a radiation 

induced damage. Izvorska and Bak "Rdzhieva (1975) as a consequence to gamma irradiation 

determined depletion in protein and RNA content. There was a delay of mitotic cycle, 

ribonuclease activity, DNA content of embryo axis and cotyledons and RNA content of 

cotyledons as an effect of gamma irradiation in chickpea seedlings (Khanna, 1988). 

Damayanti and Sharma (1990) studied that depletion of protein increased with all illcrease of 

gamma irradiation dose in pea. 

I: CII ROMOSOMAL AIJERRATIONS 

Chromosomal changes resulting from radiation have been of particular interest to 

cytologists. Differences in both quantity and kind of chromosomal aberrations provide 

excellent data for the study of differential sensitivity and variation in chromosome 

organization. These chromosomal aberrations give direct evidence of the mutagenic efficacy 

or radial ion . 
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Rahman and Mia (1970) studied various types of chromosomal abnormaliti es in 

Corchorus capsu!aris due to gamma irradiation. The abnormalities observed in mitosis were 

bridges and breakages at anaphase. Chromosomal aberrations in mitotic system as influenced 

by gamma rays 'in Pis1IIJ1 were determined by Kalloo (1972). Analysis of root tip cells 

revealed that at anaphase, single bridge, double bridge, bridges with fragments and lagging of 

chromosollles were observed. 

Mujeeb and Greig (1973) developed seedling performances and cytological criteria for 

determining radio sensitivity in Pisu11l . They studied that in root tip cells, the proportion of 

abnormal anaphases increased significantly with higher doses or gamma irradiation. 

Fragments decreased with increasing doses, while bridges and bridges plus fl'agments 

increased. 

A higher rate of chromosomal aberration was also observed in mitosis with gamma 

irradiation in PiS1l11l sativu11l L. by Vo-Hung (1989). Khanna (1990) observed various types of 

chromosomal abnormalities during mitosis in bread wheat and dunlln wheat due to gamma 

irradiation. Lagging of chromosomes, bridges and chromatin stickiness was observed in 

mitosis. 

Chromosomal aberrations in root tip cells of pea as an effect of gamma irradiation 

were determined by Tan et at. (1990 and 1991). Rukmanski and Rodridges (1990) reported a 

parallel response between the dose rate of gamma irradiation and stlUctural rearrangement of 

chromosomes during the first mitosis in root tip cells. 

Chromosome breakage, dicentric chromosomes and ring chromosomes in root tip cells 

were observed with higher doses of gamma irradiation in Secale cel'eale L. by Savaskan and 

TokeI' (1991). Vandana (1993) studied mitotic anomalies in Vida labo with the mutagenic 

treatment of EMS and DES. The anomalies were chromosomal fraglllentation, chromatic 

bridges, laggards, fragments and unequal distribution at anaphase. He observed that the 

percentage of mitotic anomalies at various stages was directly correlated to the amollnt of 

mutagen used . 
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II: NUCLEOLUS STRUCTURE 

The nucleolus structure is an intranuclear organelle which has the important function 

of producing the vast bulk (80.-90%) of cellular RNA and probably serves as a site of 

organization of ribonucleo-proteins which are subsequently transported to the remainder of 

the nucleus and to the cytoplasm (Busch and Smetana, 1970). Swift (\963) by llsing 

enzymatic digestion and radioautography has shown the presence of ribonucleoproteins and 

deoxy ribonucleo-proteins in the nucleolus. Under the electron microscope it appears to be a 

large granular mass like structure, containing DNA chromatin and ribonucleo-protein particles 

as well as other structural components (Ashraf and Sharif, 1990; Ashraf et.al., 1992). These 

constitute three components generally in every nucleolus, dark fibrillar region, pale fibrillar 

region and granular regions (Bernhard, 1969; Chouinard, 1971 ; Lord and Lafontaine, 1973; 

Lafotaine and Lord, 1974; Chouinard, 1975). 

The nucleolus is believed to .serve as a cytological indicator of structural and 

molecular changes that take place normally in response to various stresses. Nucleolar vo lume 

appears to be regulated by many factors. The fine structure and size of the nucleolus are very 

sensitive to changes ill ribosomal synthesis (Knowland and Miller, 1970). 

II: PEROXIDASE ENZYMES SYSTEM 

Plant exposure to gamma irradiation bring about changes in biochemical activity 

through various mctabolit cs produced as a function of gamma irradiation. The Illost important 

of these metabolites are peroxy radicals. The accumulation of organic peroxides and oxidation 

of membrane lipid place a stress on cellular activity (Mead, 1976). In plants the physiological 

effects of gamma irradiation were recognized by Motoji and Sergio (1989) and Voisine et al. 

(1991) caused the production of free peroxy radicals through the peroxidation of unsaturated 

fatty acids . Mutagenic potential of thymine hydroperoxides was repolted in 1976 by Thomas 

et aI. , when it was found that addition of ThyOOH produced mutations in transforming DNA. 

Previously in 1974 Teole et al. reported that gamma irradiation of DNA in aqueolls aerated 

solution gave rise to pyrimidine hydroperoxide and thymine hydroperoxides. Formation of 

hydroperox ide has been observed in Micrococcus radiodu1'11s, after exposure to gamma 

irradiation (Harihorn and Cerutti, 1972). 
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These hydro peroxides interact with transition metal ions forming free radicals, which 

react with and modify neighboring or other bases of cell genome. These base damages were 

being introduced by the combine action of hydroxyl radicals and superoxide anion radicals. In 

addition to this the nucleotide damage was introduced into DNA by an enzymatic super oxide 

generating system (I'eldberg and Carew, 1981). In 1981 Sokolov et at. confirmed that gamma 

radiation were effective in producing stable macroradicals in DNA. 

Enzymes which are reported to counteract the peroxidation damage to lipid or DNA 

include catalase and peroxidases. Peroxidase is also known to exhibit indole-:l-ncetic I1cid 

(11\1\) oxidase activity (Shinshi and Noguchi, 1975). 

I: CATALASI( (1.11.1.6) 

Catalase is widely distributed in nature. It is fOUlld ill all aerobic organisms, ill plant 

ancl animal cetts. It has long been considered to be the major enzyme responsible for reducing 

the H20 2 (Donny et at., 1976). Low levels of gamma irradiation have been shown to influence 

the composition of multiple forms of catalase (Romodonova and Lvova, 1993) and specific 

changes in catalase activity (Stajkov et aI. , 1985). Catalase is enzyme showing unusual 

features and has received increased attention owing to its role in oxidative metabolism (e.g. 

peroxi<lnl iOIl of ll1el 1101101, formic acid and phenol: ROOIl .,. AI h Cnlalnsc ~ I hO , ROil , A) 

as well as its protective function by acting as a H20 2 scavenger = 2H20 2 Calab sc ~2l-hO+02. 

U: PEROXIDASE (1.11.1.7) 

Peroxidase (donor:I-hOz oxidoreductase) is a nonspecific enzyme known to oxidize 

substrates as phenols, aromatic amitles, cytochrome C and indole-3-acetic acid (IAA). The 

general equal iOIl for peroxidase activity is : 

l-h02 + Dl-h pcroxidnse~ 21-hO +0 

Increase i!l peroxidase activity was determined to be one of the biochemical changes 

involved with low doses of gamma irradiation (Croci et at. , 1987 and 1991) and specific 

changes in peroxidase activity (Stajkov et aI. , 1985). Peroxidase is known to be involved in 

growth and cellular differentiation (Amison and Boll, 1976, Huystee and Cairns, 1982) and an 

inverse relationship had been established between the growth rate and peroxidase activity in 

dwarf plants (Galston and Davies, 1969; Birecka and Galston, 1970: Gardi ner and Cleland, 
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1974). It was suggested that H20 2 is probably the most important of the peroxide involved in 

radiation induced lethality. The radiation protective effect of peroxidase is due to the removal 

of H20 2, other peroxides and especially lipid hydroperoxides. This accounts for the greater 

effectiveness of peroxidase than catalase (Croute et aI. , 1982). Khanna and Maherchandani 

(1981) observed stimulated growth and an increase in peroxidase activity at low doses of 

gamma irradiation in chickpea. Since gamma radiation can innuence the isozYll1atic 

composition of peroxidase, as demonstrated by various authors in other species (Endo, 1976; 

Ogawa and Uritani , 1970; Shen et aI. , 1991). The study of peroxidase activity will contribute 

to as understanding of the mechanism involved in radiation induccd inhibitioll or plnnt 

growth. The peroxidase isozyme pattern was related to the damage caused by irradiation 

(Shen ct aI., 1<)<) I) Gamma irradiation of the callus cultures of noll1m ill1lOXio resllited in 

stimulatioll of peroxidase activity and particularly increased the pcroxidase enzymes with 

high electrophoretic mobilities (Jain et aI. , 1990). 

Ill: lNDOLE-3-ACETIC ACID (IAA) OXIDASE 

The abi li ty of peroxidase to catalyse the oxidation of indole-l -acetic acid (IAA) has 

been of particular interest. It is .generally accepted that peroxidase is responsible for some 

LAA oxidase activity, but it has not yet been clearly established whether all sllch activity call 

be ascribed to peroxidase (Shinshi and Noguchi, 1975). According to the Iitreature some 

isoperoxidases are able to oxidize IAA in the presence or in the absence of H20 2 (Lee, 1974; 

Stonier et aI. , 1979; Klisurska and Dencheva, t 983; Rokicka, 1980; and t 985). 1;\;\ oxidase 

activity is thought to be connected with IAA metabolism and regulation of plant growth. A 

Iclntivcly simple action to explain the inhibitory effects of va rio liS phenoli cs Oil plnnt growth, 

is thc activation or 1;\;\ oxidase. Thc oxidative decarboxylation or illliole-l -acclic acid by the 

enzyme require a phenolic cofactor as an oxidant of the metallic oxidizer Mn2+; the net effect 

of these phenolic would presumably a depression of growth. If the action of a growth inhibitor 

were simply this, one would hope that its addition would restore growth when auxin 

concentration were excessive but it does not indicate a simple relationship (Machackova et aI., 

1975). 
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III: SEEDLING STUDIES 
Important parameters of mutagen sensitivity are their effects on germination and 

seedling growth because these are the direct manifestations of biological effects of the 

mutagen used . The biological effects on seedling growth provide the criteria of optimal doses 

for inducing useful mutations. The determination of an efficient radiation dose for obtaining 

maximum number of useful mutations is of utmost importance in a breeding program. The 

differences in radio sensitivity among different varieties and various crops have been reported 

in di fferent studies. 

Effect of ' different doses of gamma radiation on two specIes of Corehof1(s was 

reported by Rahman and Mia (1970). A differential response of two species towards radio 

sensitiv ity lur germi natioll alld seedlillg height was studied . Germinatioll alld seedlillg height 

were decreased with an increase of radiation dose. In soybean effect on germination was 

irregular, while at lower dose stimulation fo r seedling height was observed (Vasti and Keer io, 

1974). 

To assess the effects of ionizing radiation on Cieer arietil111l11, Rajput (1977) irradiated 

the seeds at various level s of gamma rays. Trends towards seedli ng emergence were erratic, 

but generally the emergence was depressed by radiation treatment. Aslam and Siddiqui (1979) 

found a significant differential varietal response towards gamma irradiation for germination in 

four vari eti es of Pelll1isetlll1l amel'iCalll1m. The radiation doses showed significant negative 

correlation with germination in all the four varieties. 

Khanna (1981) reported radiation effect on morphological characters in three varieties 

of chickpea with different seed coat colors. He studied that there was a progressive reduction 

in gel'lllill Hti on percent age wi th on increase of rad iati on dose. Blwtnagar ( I<JR!I) ~ t lld i ed the 

combined effect of physical and chemical mutagens in kabuli chickpea. Seed germination was 

reduced and the negative effects were more pronounced at higher doses. 

Effect of physical mutagens, gamma radiation and fast neutrons were studied in three 

varieties of soyabean by Hassan et al. (1985). Seedling growth was found to decrease with 

increasing radiation doses. The effects on germination were observed only at higher doses. 
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Among early assessable Ml parents for radio sensitivity, epicotyl length proved to be most 

sl:llsitivl:, alld hl:IlCl: Illoslusdi.d . 

Stajkov et al. (1985) investigated the mechanism of stimulating effects of gamma 

irradiation on peas. Results showed that gamma irradiation enhanced the level and activity of 

indolyl auxines and gibberellins and also raise the contents of crude proteins and essential 

amino acids. Sinha and Chaudhry (1987) determine the proper dose of gamma irradiation, and 

its effect on Ml generation in three lentil genotypes. Genotypic variation in sensitivity was 

detected . Plant characteristics like germination, seedling height, root and shoot length were 

signi lic<lnlly decreased with an increase of radiation dose. 

Rao (1988) stuuied that low doses of gamma rauiation increased, while higher doses 

decreased the seedling height in chickpea. Asghar and Khan (1988) studied the effect of 

irradiation on germination and growth of Sorghum bieolor. They found that seedling 

germinability in the laboratory was not generally affected by irradiation treatments. However, 

seedling height decreascd 1l1easurably wilh increasing treatmcllts of irradialioll. 

Sarkar and Sharma (1989) reported effects of gamma radiation on lentil. The reduction 

in germination percentage was positively correlated with dose. Mahto et al. (1989) evaluated 

the biological effects of gamma rays on chickpea. They found that germination percentage 

was not affected with irradiation at 15 Kr, but decreased progressively with further increase in 

irradiation dose. 

Radio sens~tivity in common bean was evaluated by Colaco et al. (1995). They found 

that shoot and root length was sIgnificantly reduced at higher doses of gamma irradiation in 

relation to conlrol. Ahmad and Godward (1990) studied the radio sensitivity in Cicer 

arietil1U111. They determined that at lower doses up to 20 Kr there was no reduction in 

germination. However, at higher doses there was a consistent reduction in germinalion with 

increasing dose. 

Khan ct d. (1990) cvnluated the eflects of irnldiatioll Oil f(JUI' pea varieties . 

Germination was decreased with an increase of radiation dose and maximum reduction in 

germination was noted at the highest dose. Mehetre et al. (1990) repolted continuous decrense 

in germination in two cultivars of mungbean after gamma irradiation. 
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Savaskan and Toker (1991) studied that gamma irradiation had no efTect on 

gelllti lIat iolt ill lye Bul seed Ii ng hcight and root lengl h was I educed as dose i nClcascd . ;\ 

continuous reduction in germination with increasing dose in lentil was determined by Shaikh 

and Begum (1990) . E ser et at. (1991) investigated the effects of gamma rays in lentil. They 

found that seedling height and root length decreased with increasing radiation dose and the 

varietal response to gamma irradiation was also varied. 

Hassan and Javed (1991) reported radio sensitivity in six varieties of kabuli chickpea. 

A differential response of varieties at lower dose of gamma radiation for germination was 

observed, while at higher doses a significant reduction in germina tion was noticed . Ua nl ll1 a 

radiation caused a significant reduction in seedling height and root length at all the treatments . 

Gamma irradiation had no appreciable reduction in the number of roots at lower doses 

whereas a marked reduction occurred with an increase in radiation dose. 

Tripathi and Dubey (1992 b) studied the effect of gamma radiation 111 two lentil 

varicties. The varieties differed in response regarding germination and seed ling growth . 

Germination was decreased while seedling height was promoted by the application of gamma 

radiation . Svetleva and Petko va (1992) studied that germination was reduced with gamma 

irradiation in french bean. 

Haq et al. (1992) studied the mutagenic sensitivity in three kabuli chickpea genotypes . 

At lower doses of gamma irradiation, stimulatory effect on shoot and root length was 

observed in all the genotypes, but adversely affected at higher doses of gamma irradiation . 

Genl1ination was not anected lip to 60. Kr but flom 70-110 Kr germination decreased wit h 

increasing dose. They suggested that three gamma irradiation doses (40, 50, 60 Kr) which 

cause reduction in shoot and root length around 20-40% could be chosen for larger scale 

mutagenic treatments. 

Veeresh et at. (1995) demonstrated the effects of gamma radiation in winged bean. 

The resulls showed Ihalthcrc was more reduction in germination, shoot Icngth and rootlcngth 

at higher doses as compared to lower doses. Mehetre and Mahajan (1996) reported the effects 

of different doses of gamma rays on germination in soyabean. Seed germination was reduced 

with increasing tlie irradiation dosage. They also found that the varieties varied in their 

response to irradiation. 
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Rabie et al. (1996) studied the effect of gamma radiation on germination and seedling 

height in faba bean. They reported that gamma irradiation at lower doses increased seed 

germination and seedling height as compared with control. Mallick et al. (I997) found the 

elfect or galllma radiation on germination in green gram. They studied that the seed 

germination was decreased with an increase in radiation dose. A differential response of 

varieties towards irradiation was also reported. 

IV: MUTATION STUDIES IN M1 GENERATION 

Chickpea (Oeer arietil11111l L.) is an autogamous plant, which result In lack of 

sufficient genetic variability in germplasm. Induced mutation can be employed as an 

additional tool for creation of additional genetic variability. Gamma radiation is intensively 

used in various crops to widen their genetic spectrum. Treatment with gamma irradiation 

alters the physiology of plants. Plants show differential response towards different gamma 

irradiation doses in different characters. Various studies with gamma irradiation had been 

condllcted on diffcrcnt crop~ to indicate their rc~pon~c to ga Il1 II HI radiation. SOIl1C or thc~c 
reports are reviewed here: 

Rajput (1977) studied the effects of gamma radiation on yield attributes in five 

varieties of Gee,. arietinu11l in M, generation. Pods and yield per plant were significantly 

reduced at higher doses. Irregular response to radiation treatments was observed for 100-grain 

weight. However, mostly seed size was reduced in treated populations. In addition numerous 

morphological abnormalities and chlorophyll deficient chimeras were also observed. 

Kasim et al. (1977) reported the effectiveness of gamma radiation for the induction of 

quantitative variation in three broad bean varieties. They found that all varieties exhibited 

earliness of !lowering and increase in stem length in M I population, although response to 

different doses was different in the three varieties. 

Khanna (1981) reported radiation effects on morphological characters and yield 

parameters in three chickpea varieties having different seed coat colors. Number of pods per 

plant, J OO-seed weight and grain yield per plant was reduced at higher doses. For number of 

fruiting branches the cultivars responded differently and plant height was reduced only by the 
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highest dose. Only the 100-seed weight gave consistent positive response to the lower rates of 

irradiation (5 and 10 Kr). The number of primary branches and the number of seeds per pod 

were remained unaffected. 

Aslam et at. (1985) studied the effect of gamma rays on growth and seed index in four 

va.-iet ics of "(,lIl1iscflll11 lTmericoll1l11l. Varieties responded signi fica ntly di Ifcrcnt for planl 

height to gamma radiation. Significant, decrease in plant height was observed in Cv. Awn 

selected, where as in Cv. Ex-Bornu plant height significantly increases in the irradiated 

population . Genotypic differences as well as the differences due to various radiation 

treatments were highly significant with respect to seed index. Hassan (1986) studied highly 

significant effects of radiation doses on two mungbean varieties . Magnitude of variation was 

different in both the varieties. Highest treatment of gamma radiation induced wide variations 

towards negative direction for pods per plant and seeds per pod, except for 100 seed weight. 

Increased number of pods per plant and seeds per pod were generally obtained in the dose 

range of 10 to 40 Kr. 

Sinha and Chaudhry (1987) determined that yield characters, number of branches per 

plant, number of pods per plant and seed yield per plant were significantly decreased in M \ 

population of lentil following gamma irradiation. Hassan et at. (1988) repofted that higher 

doses of gamma radiation in wheat decreased plant height, tillers per plant, number of 

spikelets per spike and delay in time to maturity. Rao (1988) investigated that low doses of 

gamma radiation increased, while higher doses decreased the plant height and yield attributes 

in chickpea in M\ and M2 generation. 

Din et al. (1988) observed significant inhibitory effects on yield characters in three 

varieties of sunflower following gamma irradiation . Significant decrease for 1000-gra in 

weight and grain yield per plant was noticed. Maximum inhibitory efrecls of radiation were 

noticed at highest dose. Mahto' et al. (1989) observed in two variet ies of chickpea that 

irradiation delayed flowering, maturity and reduce growth . Number of pods, seed yield and 

seeds per plant were also decreased. 

Kumar and Sinha (1989) reported the differential response of two varieties of 

CG1?janlls cajon following gamma irradiation. It was found that plant attributes like plant 

height , Ilumber or primary branches, tillers per plant, pods and seecls per plant showed 
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decreasing trend with an increase in dosage in M\ generation. Khan et al. (1990) evaluated the 

cOcct of gal11ma irradiation on morphological characters in pea. The radiation adversely 

affected plant height, number of pods and flowering . The highest dose of 25 Kr had the 

maximum effect on the above characters . Mehetre et al. (1 990) studied the morphological 

attributes in M \ generation following gamma irradiation in mungbean . Plant height and 

Illll11hcr of pods pCI' plnnt dccrca~ed significantly in both vari ctics, whilc the IllIl11hcr or 
branches per plant behave differently to gamma radiation in two varieties. Hassan et al. 

(1990) studied variability induced through gamma radiation in two varieties of mung bean . All 

the doses of radiation caused a significant reduction in grains per pod. The IHllllber of pods 

per plant had shown an obvious increase at lower doses, while the higher doses had produced 

categorically inhibitory effects. 

Svetleva and Dimeva (1991) reported adverse elTect of gamma radiation in F/taseollls 

lIl1/Karis. Number of pods per plant, grain per plant were decreased as compared to control. 

Eser et at. (1991) reported a significant decrease in yield characters following gamma 

irradiation in lentil. Varying response of varieties was noted towards the treatment. Number of 

pods and seeds and plant height were decreased with increasing radiation dose. Statistical 

analysis showed that differences due to doses were significant. 

Yousaf et a l. ( 1991) investigated that gamma irradi ati on Tn lentil produced highly 

significant differences for maturity and number of seeds per pod. While non-signifi cant 

inhibitory effects on flowering, plant height, secondary branches per plant, pods per plant, 

seed yield per plant, harvest index and 1000 grain weight were noticed . Svetleva and Petkova 

(1992) repOlted adverse effects of gamma irradiation in French bean. Gamma irradiation 

prolonged the growth period and retarded the plant height. 

Tripathi and Dubey (J 992 b) studied effect of gamma irradiation in two lentil 

varieties. The varieties differed in response regarding plant height and seeds per pod, but had 

a similar depressive response for branching, maturity, pods per plant, seeds per plant and seed 

yield . Allljad et al. (1993) studied the variability for growth characters in Ml generation, 

following gamma irradiation in ' pea. Higher radiation doses resulted in increase in plant 

height, number of branches, bio logical yield and extended vegetative period as compared to 

control. 
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Kumar et a!. (1993) reported reduction in plant height, number of branches, pods, 

seeds per pod and delay in maturity in fababean, following gamma irradiation in M I 

population. John (1995) studied the effect of gamma irradiation on grain yield in black gram. 

There was a highly significant negative relationship between seed yield and the gamma ray 

doses. All the genotypes responded similarly towards the radiosensitivity for grain yield. 

Sarkar et at. (1996) reported the effects of gamma rays on yield characters in 

mungbean. They found that plant height showed a linear reduction with increasing gamma ray 

dosage. Pods per plallt illcreased with increased dosage, while tile seeds per pod showed a 

corresponding decrease . On the whole, yield of seed per plant was approximately equal to that 

of control except that at the 30 Kr treatment, where yield surpassed that of control. Plants 

subjected to tlus dosage exhibited more pods per plant but loss seeds per pod. Dosages above 

40 Kr caused deleterious effects on these characters. 

V: GENETIC VARIABILITY STUDIES 
Crop improvement by conventional plant breeding depends to a large extent, on the 

amount and levels of genetic variability found in gene pool. Mutation induction is now a 

proven mean of creating or increasing genetic variability that differs from the kind obtainable 

through gene recombination, existing genes can be changed into difTerent alleles, linkage 

groups can be separated, single' gene or gene groups can change their position or can be 

eliminated. Different mutagens are used to understand the nature and magnitude of induced 

variation under different doses for various polygenic traits. Some of tile studies 011 creation of 

genetic variability with mutagens in different crops is reviewed here: 

Kasim et al. (1977) tested the effectiveness of gamma radiation for induction of 

quantitative variation in three varieties of broad bean. Analysis ofM2 generation revealed that 

there was no relationship between the magnitude of irradiation and the amount of induced 

genetic variance. The ranges of predicted heritability estimates for stem length and days to 

!lowering also varied at dilTerent doses in the three varieties. 

Shakoor ct al. (1978 a) a studied lhe induced variation due to galllllla irradiation in 

three cultivars of mung bean (Vigna radiata (L) Wilczek). They found that irradiation 

exposure generally had a depressing effect for plant height, number of pods per plant, number 

of grains per pod, pod length and yield per plant, number of grains per pod, pod length and 
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yield per plant. The magnitude of broadsense heritability estimates for plant height appeared 

to be related to the radiation exposure and was usually of a high order indicating the 

possibility of effective selection ofM2 generation. 

Varietal differences regarding effect of irradiation in mungbean on plant height and 

pod number were studied in 1978 b by Shakoor et al. They also observed that I he pla nl height, 

number of pods and grain yield per plant decreased in the M2 population as compared to 

control. They found that there was a little relationship between the level of irradiation 

exposure and the magnitude of genetic variability in all the varieties. 

Larik et al. (1980) critically examined the effects of various doses of gamma 

irradiation and fil st ncu trons ill six cllltivnrs of hrend wheal fllr different cl'l<lntilalivc 

characters i.e ., spike length, spikelets per spike, grains per spike and grain yield . They found 

that genotypes varied significantly for all the characters. Irradiation treatments were 

instrumental in creating significant variability for all the characters, indicating that the 

varieties did not perform uniformly across different gamma rays. In M2 generation there was a 

considerable increase in the variance for all the four metrical traits. Mutagen treatments 

shifted the mean values mostly towards the negative direction, but the shift was neither 

unidirectional nor equally effective for all the characters. They further observed that the 

estimates of genetic variability and heritability (b.s) increased with increasing doses of 

gamma rays. Genetic advance also exhibited a similar trend. 

Majid et al. (1982) studied the genetic variability and correlation in 40 germ plasm of 

black gram and obtained highest correlation value between seed yield and number of pods per 

plant (0.827). Coefficient of genotypic variation ranged from 6.02% for days to maturity to 

il /l.()C)% for 1111111her of pods per plallL. Ileritability was higher for llul11bcr or pods per plal1L 

Maximum genetic advance was obtained for number of pods per plant followed by SOO-seed 

weight and seed yield per plant. 

Khan et al. (1983) reported the data on 30 strains of gram (Ocer a,.ie(il1l1l11 L) 

including black, brown and white type for estimation of heritability and correlations. They 

observed that number of seeds per pod had lowest heritability of 30.62%, while rest of the six 

characters including seed yield had moderate to high heritability values ranging from 44.49% 

for number of secondary branches to95 .55% for number of pods per plant. Seed yield per 
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plant had significant positive correlation with plant height, number of primary branches and 

secondary branches number of pods per plant, 1000-seed weight and number of seeds per pod. 

The association between primary branches, secondary branches and number of pods per plant 

was also positive. The direct effect of secondary branches on yield was strong. 

Khan (1984) studied induced variability in quantitative characters of l11ungbean aner 

treatment with gamma rays in M I , M2 and M3 generations. He reported that variability 

increased in almost all the characters in MJ generation. The mean number of seeds per pod 

and lOO-seed weight decreased while plant yield did not show any particular trend . There was 

an increase in mean value aller gamma irradiation in M2 generation and the maximulll value 

obtained in M3 generation . The estimates of heritability were higher for 100-seed weight 

followed by plant yield and seeds per pod in M~ generation . CoefTicient of genotypic variation 

alld gelid ic advallce werc higher luI' plant yield ill M2 alld M.I gcneration. Ucncl ally, 

genotypic coefficient of variation, heritability and genetic advance observed more in M3 as 

compared with M2 indicating that significant gain could be possibly achieved through 

selection in M3 generation. 

Malik et at. ( 1987 b) studied the correlation and path coefficient analysis in 40 elite 

genotypes of Vigna radiata. Yield was significantly and positively correlated with plant 

height, primary branches per plant, pods per plant and biological yield. Path analysis revealed 

that plant hcight and biological yield had highest direct positive effect on seed yield per plant. 

The direct effect of days to flowering, days to maturity and seeds per pod on seed yield was 

high and negative. 

Ramana an? Singh (1987) studied the yield and yield related characters in 37 Vigna 

radiata varieties. Number of pods with relatively high values for heritability and genotypic 

codlicicllt or vnriati(lll alit! signilicHnt positivc corrclation with yield arc rccollllllcnded as 

selection criterion for the improvement of yield. 

Wadud and Yaqoob (1988) studied the phenotypic and genotypic correlation of some 

important characters in chickpea. The results revealed that the magnitude of GCV were higher 

than PCV for all the characters. The grain yield showed highly significant and positive 

association with number of branches and number of pods per plant. A negative and significant 

association was only observed between grain yield and days to maturity. 

19 



Rao cl HI. ( I ()88 ) characterized the induced po lygenic va l iabil ity ill pigeon pea with 

gamma radiation. Increase in means and estimates of genotypic coefficient of variation, 

heritabil ity and genetic advance were observed for plant heig ht, pods beari ng branches, seed 

yield per plant and earliness in M2 generation. 

Vadher et al. (1988) reported earliness and reduction in plant height in M2 generation 

of sorghum. Malik et al. (1988 b) irradiated the seeds of three local cultivars of mungbean. 

The results of M4 generation revealed that seed yield was positively and significantly 

correlated with number of pods and branches in all the treatments . 

Kumar and Sinha (1989) reported that gamma radiation induced genetic variability in 

M2 population of Cajalll1s c~jall and Moghania for yield characters. It was reported that these 

characters reach towards normal values at lower doses while at higher doses the effects were 

still present. Khan et al. (1989) studied the radiation induced variation of some genetic 

paralllCt crs ill ,'-t'OlX/1II111 cllitivars in M2 generation . They fOllnd highly sig nificallt diffel c ll ce ill 

mean values due to cultivars for tillers per plant and days to 50% flo wering except plant 

height for which the mean value ·were non-significant. The maximum increase was computed 

at the highest dose (45 Kr) for ti ll ers per plant and plant height in both the cu ltivars. The delay 

in 50% flowering was observed at the highest dose. 

IIIhamudclin et a l. (1989) studied 22 mungbean cultivars ror 8 quantitative characters. 

They reported that the cultivars differed significantly for all the characters studied. Iligher 

genoypic and phenotypic variance, heritability and genetic advance were recorded for plant 

height and 1000-seed weight, which indicated the additive gene effect on these characters. 

Miah and Bhadra (1989) reported higher estimates of phenotypic coefficient of 

variability than the corresponding genotypic coetlicient of variability for all the characters 

studied. High broadsense heritability with high genetic advance was observed for days to 

flowering, pods per plant, plant height and seeds per pod. Number of branches, seeds per pod 

and 1000-seed weight showed high heritability but low genetic advance suggested non­

additive gene effect. They fhrther reported that most of the characters were highly inOuenced 

by environment as the environmental variance was high than their corresponding genetic part. 

Kalia and Gupta (1989) studied the induced polygenic variation in lentils. Sufficient 

genetic variabi lity due to gamma radiation was induced in seed yield, biological yield, harvest 
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index, number of pods per plant, 100-seed weight, plant height, time to 50% flowering and 

days to maturity of polygenic traits . 

Sinha and Bharati (1990) studied the effect of gamma radiation in urdbeall with a view 

to enlarge the genetic base. In ~ yield characters were studied and maxi mum mean value for 

pods per plant was observed. Coefficient of variability followed the same pattern as that of 

characters, for pods per plant and pod length. Heritability (b.s) was 79% for plant height and 

minimum 41 % for seeds per pod. 

Kamala (1990) studied the gamma ray effects on polygenically controlled characters 

in sesame. They noted highest levels of genotypic and phenotypic variance for seed yield 

followed by capsule per plant, branches per plant, plant height and seeds per pod. 1000-seed 

weight had low value. High levels of heritability and expected genetic advance were found for 

branches per plant. 1000-seed weight and seed yield in M2 and M3 generation. 

Ghafoor et al. (1990) reported from correlation and path coenicient studies in 48 local 

genotypes of mash (Vigna mungo L) that days to maturity, plant height, branches per plant, 

pods per plant seeds per pod, 100-seed weight, biological yield and harvest index had positive 

con-elation with grain yield. Path analysis revealed that branches per plant, harvest index and 

biological yield had positive effect on grain yield. Biological yield and harvest index may be 

exp loi ted in selecting high yield cultivars in mash bean improvement. 

Yaqoob et al. (1990) studied 12 genotypes of chickpea for estimation of genoolypic 

and phenotypic correlation coefficients for some important traits. The results indicated that 

grain yield was positively correlated with number of branches, number of pods, plant height 

and 100 gain weight. While relation of grain yield with days to maturity were found negative. 

The genotypic coefficients of variation were higher in magnitude than their respect ive 

phenotypic coefficient for number of pod, plant height and 1000 grain weight. 

Rall1l\lIi alld Jadull (1991) studied induced variability in groundllut ill M2 generation. 

They recorded that plant height was reduced while flowering was delayed in treated 

populations. Moderate to high levels of heritability accompanied by high levels of genetic 

advance was recorded for pod weight per plant, pods per plant and seeds per plant. 

Alexieva and Nikolov (1991) studied the radiosensitivity and mutability due to gamma 

21 



irradiation in six cultivars of soybean. The cultivars tested manifested differential response to 

radiosensitivity. Various types of chlorophyll, morphological, physiological and sterile plants 

Wt:1 t: nbst:1 vt:d . 

Bhatnagar (1991) isolated a large number of macro and microlllutations with gamma 

irradiation in M2 population of chickpea. He observed a high genotypic and phenotypic 

coefficient of variability as well as heritability with moderate to low genetic advance in 

different metrical traits. The studies revealed the possibility of isolating desirable mutants for 

traits such as earliness, tallness, high branching and an increase number of pods per pod . 

Sarma et at. (1991) studied the effects of gamma radiation in green gram. They observed an 
! 

enormous genctic variability in M2 and M3 generations for various yield characters. 

Jayamanne and Jayasuriya (\ 991) obtained highly divergent mutants in green gram 

with various doses of gamma radiation. They found a highest genetic variation and genetic 

advance for 100 seeds weight and also a fairly high genetic variation and genetic advance for 

number of pods per plant and days to flowering. 

Ignacillllltllll and Babu (1992) evaluated the induced gcnct ic variation by gamma 

radiation in yield traits of wild and cultivated urd and mungbean. They found that there was a 

broad spectrum of induced variability in most of the yield traits. Genetic variance, heritability 

and genetic advance were high in most yield traits. Their results demonstrated that induced 

mutations were random, polydirectional and quantitative in nature. 

Aslam et at. (1992) estimated the phenotypic and genotypic correlation and path 

coefficient analysis in 10 genotypes of soybean. It was observed that grain yield had positive 

and significant genotypic correlation with plant height and 100-seed weight. It was generally 

observed that phenotypic coefficient of variation were larger than the genotypic coefficient of 

variation. The genotypic coefficient of variation ranged f!'om 5.99 for days to maturity to 

16.15 for pod length Number of pods per plant, IOO-seed weight and plant height also 

indicated high degree of genetic variability with a coefficient of variation 13 .73, 8.19 and 

8.06% respectively. Heritability estimates varied from 26 .20% for grain yield to 84. 10% for 

days tll llIaturity . Path cocllicicnt indicated that plant height had a vcry high direct palh 

followed by lOO-seed weight. 

Charumathi et at. (1992) obtained a high amount of variation in black gram, induced 
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by various doses of gamma radiation in M2 and M3 generations for number of branches, 

number of pods per plant, pod length, seeds per pod, seed yield per plant and IOO-seed 

weight, plant height, days to 50% flowering and days to maturity. 

19naci muthu and Babu (1993) studied some quantitative characters in M2 generation 

of wild nnd cllltivntcd IInl Clnc1 1l11lllghean for the rClnge of vClriahility and genctic Cldvancc. 

Their results indicated that induced mutations are random, polydirectional and quantitative in 

nature. They also were about heritable changes in polygenic system. From the pattern of 

induced variability, it was clear that the threshold action of celiain proportion of mutant loci 

was the basis for phenotypic modifications. 

Baruah and Talukdar (1994) studied the variability and pattern of association for yield 

and other yield contributing physiological traits in micromutants of. green gram. They found 

high genetic variations for harvest index and biological yield per plant. Among these high 

heritability coupled with high genetic advance was observed for biological yield per plant 

which also exhibited a strong association with seed yield per plant. A strong negative 

association of seed yield per plant with harvest index coupled high genotypic coefficients of 

variation, heritability and low genetic advance was indicated. 

Mehetre et at. (1994) studied the genetic variability, heritability and yield correlation 

on '7 yield related trails in M2 and M3 generation of four gamma irradiated soyabean varieties. 

The characters viz, plant height, 100-grain weight, pods per plant, branches per plant and 

grain yield per plant exerted higher variability indicating better scope in genetic improvement. 

High heritability associated with genetic gain and genotypic coefficient of variation was 

observed for 100-grain weight, plant height, branches per plant and pods per plant suggesting 

intensive selection for these characters to achieve increase in yield. On the basis of correlation 

and path analysis studies, it is revealed that the characters pods per plant, 1 DO-grain weight 

and branches per plant are most important yield contributing c1Hlracters and should be given 

due importance during process of selection . 

John (1995) studied the effect of gamma rays on yield in black gram. He found that 

the grain yield was decreased in MI generation while there was a positive shift for the M2 and 
, . 

MJ generation. Seed yield increased at higher doses in the M2 and at lower doses in the M3 

genera l ion Kumari (1995) studied the effect of gamma radiation in Vicia sativa and Vicia 
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hirsuta. The MI and M3 generations were evaluated for 5 yield components . In V Sativa the 

GKR resulted in an increase in all characters compared to control. While 12 Kr resulted in an 

increase in shoot length, number of flowers per plant and number of seeds per plant only. In 

V hirst/fa, the 6 and 12 Kr doses resulted in increase in the number of primary branches per 

plant, number of flowers per plant and number of pods per plant. Higher doses resulted in a 

decrease in all ch~racters. 

Gupta and Sharma (1996) repolted the radiation induced variation for yield and its 

cOIllPonents ill horscgram. Seeds of llPK2 and l-U)K4 horsegralll irradiated with 10, 20 and 30 

Kr gamma rays showed that change in mean was independent of variety, radiation dose and 

character in M3 generation. Increased mean was observed for seed yield per plant, biological 

yield per plant and pods per plant for both the varieties under 10, 20 and 30 Kr doses. 

Sufficient genetic variability was observed in both the varieties under 10, 20 and 30 Kr doses 

for seed yield per plant, biological yield per plant, pods per plant, pod length, seeds per pod 

and 100- seed weight. 

Kumari (1996) repOlted the induced variability, heritability and genetic advance due to 

galllma irradiation for yield and 8 yield related attributing characters of two cultivars of 

fababean in M2 generation. The mean values shifted bidirectionally for most of the characters 

studied. Both phenotypic coefficient of variation (PCV) and genotypic coefficient of variation 

(GCV) were higher for seeds/plant, seed yield per plant, pods per plant and branches per 

plant. rev was, ill general, higher than GCV, but the gap betwccn them was narrow. Iligh 

hiritability coupled with high genetic advance were observed for 7 characters, including seed 

yield, indicating the presence of additive gene action for these traits. 

Dev and Gupta (1997) studied the effects of gamma radiation on two varieties of 

Kidney bean in M I , M2 and M3 generation. Phenotypic and genotypic coeflicient of variability 

were generally over 20% after radiation treatment for seed yield/ plant, number of seeds / pod 

and harvest index. Estimates of heritability were high for most tracts in both varieties (24 .74 

to 97.44%) 

Fahmy et al. (1997) studied the effect of gamma rays (7.5, 10 and 15 Kr) 011 three 

cultivars of soyabean. The studies were carried out upto M3 generation . Increasing doses of 

gamma rays were negatively associated with plant height and days to maturity. Pods/plant 
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showed little variabi lity among cultivars, generations and treatments except at 15 Kr in the 

M3, making it suitable and predictable treatment for isolating mutants in later generations. 

Branches / plant, seeds / plant and seed weight/ plant varied with dose and generation . 

VI: CHLOROPHYLL AND MORPHOLOGICAL MUTATION 

SPECTRUM IN M2 GENERATION 

Mutation breeding is rapidly becoming a significant method of modern plant breeding. 

Induced Illutations have been recognized as an important tool for crop improvelllent and are 

believed to have sufficient scope in pulses. Several types of chlorophyll deficiencies and 

morphological mutants occur in mutagenically treated plant material. The frequency of 

occurrence of chlorophyll deficient seedlings and other morphological mutants in the treated 

population is generally considered an appropriate measure for determining the effectiveness 

of a mutagen. A review of chlorophyll deficiencies and other morphological mutations 

reported in different crops is given here: 

Athwal et at. (1970) reported that alb ilia constituted the largest single category or 

mutants observed in gamma rays treated M2 generation of one desi and one Kabuli type of 

chickpea variety. Nerker and Mote (1978) studied in Bengal gram di fferent type of 

chlorophyll mutations that were specific to genotypes and a relationship was noted between 

mutagen dose and the frequency of morphological mutations. 

Kalia et al. (1981) treated five improved selections of chickpea with different doses of 

gamma rays and observed predominant occurrence of xantha mutants irrespective of the 

variety. On the overall basis of these genotypes the mutants can be arranged in the following 

order; xantha-chlol'ina-vil'idis-albina. 

Filippetti et at. (1982) with gamma radiation III M2 generation of Vicia faba L. 

observed xantha, chlorina and chlorotica chlorophyll mutants . Other variations regarding 

morphological , short stature, leaf shape, seed coat colour, pod dimension, and semi sterility 

were noticed . One of the mutants showed greatly enlarged foliage. flowers , stem and pods. 

The leaves and stipules were two to three times larger than the normal type. 
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Dixit and Dubey (1983) recorded several plant height and chloromutations, leaf 

mutants, flower mutants in lentil with gamma irradiation. Kharkwal (1983) reported different 

types of morphological mutants with gamma irradiation on cu linary and desi varieti es of 

ch ickpea wi th good genetic make up and yield performance. Dixit and Dubey ( 1986) studied 

the chloromutations and morphological mutants in lentil induced by gamma rays. They 

reported various categories of chlorophyll mutations including xal1tha, viridis, alboxantha, 

vil'idoxantha, striata and tigrina: A mllnber of seedling mutants were also found like curled 

apex, stunted, barren apex, and giant seedlings. The chlorophyll mutants produced were 

ranked according the frequency of occurrence; xantha> tigrina>viridis>striafa>alboxantha> 

viridoxantha. 

Yadav and Singh (1988) determined that chlorophyll mutation frequency with gamma 

rays in M2 generation of mungbean increased in a linear fashion up to medium doses and was 

erratic at higher doses . The chlorophyll mutation spectrum included albina, xantha, chlorilla, 

virescence, viridis and maclllata. 

Si ngh et at. (1 989) reported effect o f gamma radiation on type and frequency of 

chlorophyll mutations in lentil. The spectrum of chlorophyll mutations was quite narrow as 

only two kinds namely, xantha aild viridis occurred in different treatments. Xantha were more 

frequent as to viridis. 

Svetleva and Petko va (1991) reported the different chlorophyll mutants. Viridissima, 

chlorovirtdis, jlavovirids, viridocostata, and xantho111G1gillata with gamma rays in Phase ollis 

vulgaris. Tyagi and Gupta (1991) reported induced macromutations in lentil with gamma 

rays . A number of mutations screened for a variety of morphological and agronomic 

characters were stunted dwarf, bushy dwarf, open flower, partial sterile, complete sterile and 

large leaved plants, 

Tripathi and Dubey (1992 a) studied frequency and spectrum of mutation induced by 

gamma rays in two microsperma varieties of lentils. Mutants isolated in the M2 generation 

were grouped into chlorophyll, vital mutations and sterile mutations . The iso lated 

chloromutants included xantha, viridis and viridoxantha types . Vital mutations which 

produced viable seeds included the mutations for plant height, branching, leaf characteristics, 

plant colour and texture, maturity and floral arrangement. 
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Singh and Yadav (1993) studied chlorophyll mutations in Illungbean wi th rad iat ion 

and obtained albina, xantha, chlorina and viridis mutants in M2 generation. 

Haq et at. (1994) reported the frequency and spectrum of chlorophyll and other 

morpholog ical mutations with gamma rays in three Kabuli Chickpea genotypes. An inverse 

relationship between radio sensitivity in MI and mutability in M2 was observed. The 

mutagenic treatments induced mutations affecting plant height, growth habit, branching and 

stem structure, stem and foliage colour, leaf type, flowering and maturity, seed and pod type. 

There were differences in mutation spectmm between the genotypes. A wide spectmm of 

chlorophyll mutations was observed which included xalllha, viridis, ehlorilla. and alhina. 

VII : GIBBERELLIC ACID (GA3) 

The gibberellins (GAs) are a large family of diterpene acids . They were originally 

isolated as metabolites of the fungus Fusarium monilijol'me, the imperfact stage of Gihberella 

fi4ikuroi , and were shown to cause a wide range of often spectacular growth responses when 

applied to intact plants. The GAs are now known to be of wide spread and probably 

universal, occurrence in higher plants where they are genera ll y accepted to funct ion as 

hormones. More than 60 individual GAs are now known to exist having different structural 

types and the various functions in plant growth and development may be ascribed due to those 

structural types. 

The effect of GA3 on growth, development and metabolism is to involve the action of 

GA.3 at several biochemical levels . It has been established that GA) can promote growth of 

plallts by affeelillg either cell expansion or cell division or both . Ccll division can cOlltributc 

to growth only by producing more cells, which can undergo expansion. GA3 increases the size 

of the meristematic regions and also increases the proportion of cells undergoing division 

(Loy, 1977). These effects of GA3 on cell division can be readily accounted for by an efTect 

on cell cycle. GA3 reduced the duration of cell cycle primarily by reducing the length of G I 

and S phase of cell cycle (Liu and Loy, 1976). 

It is well established that GA3 have been involved in the synthesis of RNA and 

proteins in the treated plants (Bewley and Black, 1978; Jacobsen, 1977 ; Jacobsen et aI. , 1979). 

An increase of reaction rate for the formation of rapid starting complex shows that GA3 
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affects the chromatin in a way which resul ts in binding of enzyme to chromatin more easi ly 

for the enhancement of template activity of chromatin in pea (Tomi et aI., 1983). They also 

found that the quantity of enzyme binding to chromatin was also increased ) -4 fo ld by GA3 

treatment. Martin et al. (1984) studied that GA3 in castor beans stimulate nonspecifically the 

rate of transcription and in turn protein synthesis. Martin and NOIthcote (1983) determined the 

amount of protein synthesis in germinating castor bean seeds by qualitative and quantitative 

examination of polysomes from the seeds in the presence and absence of gibberellic acid . 

Ribonuclease activity and polysome formation in seeds extracts increased by about two fold . 

It also stimulated the amount of mRNA associated with polysomes by two fold during 

germination. Berty and Sachar (1981) repOlted the hormonal control of Poly(A) polymerase 

activity in wheat seeds by the exogenous application of GA3. Martin and Northcote (1982) 

determined that GA3 stimulates isocitrate lyase activity of the endosperm during germination 

of castor bean seeds. The stimulation of isocitrate lyase activity by exogenous GA3 may be 

accounted for the action of the growth substance in advancing the over all production of 

rRNA and mRNA which accelerate the rate of total protein synthes is during germination. 

Narsinghani and Kumar ( 1976), Uppal and Maherchandani (1988) and Khan na (1992) 

investigated the radioprotective effect of gibberellic acid in different crops. The results 

revealed that the frequency of chromosomal aberrations decreased with post mutageni c 

treatment of GAJ and this reduction was more pronounced at higher radiation doses . Arora et 

al. (1989) suggested that OA3 probably reduced the cytological damage by preventing the 

potential damage from becoming actual detectable cytological damage and promoting the 

repCliring process. Post l11utClgenic applicCltion ofG!\:J increClsed the pel'OxidClsc activity IllaY he 

as a radio protective measure (Khanna, 1992). 

Now it is well established that higher doses of gamma radiation resulted in the 

impaired cellular activity and consequently the retarded growth of the plant. Treatment with 

GA3 again restored the growth of the plants by minimizing the potential toxic effects of 

gamma irradiation at different metabolic processes (Call ebaut et aI., 1980, Pak et aI., 1982, 

Khanna, 1992). 

EfTect of growth regulators IAA and Kinetin on germination, seedling gro wth and 

some biochemical constituents in gamma irradiated seeds of chickpea was studied by Ali and 
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Ansari (1989). Seed treatment with both growth regulators reduced the inhibition of 

germination, shoot and root length caused by irradiation. Uppal and Maherchandani (1988) 

studied the radioprotective effect of GA3 in wheat. Seedling height was increased by the GA3 

treatment but there was no relationship between the concentration of growth regulator and 

seedling height. Arora et at. (1989) studied the modulation of gamma radiation effects in 

wheat by growth regulators. Post mutagenic treatment with GA3 treatment resulted in higher 

germination and significantly higher seedling height. 

Modulation of radio sensitivity was also observed with other radio protective 

compounds. Protective effect of N.allyl and Phenyl-N,2-pyridyl thiourea in PiSlIIl1 sativlIl11 

and Glycine max against gamma radiation were studied by Vasilev and Mekhandzhiev (1991) . 

On the basis of germination pei'centage they determined that the application of chemicals 

increased the resistance against radiation. It was thought that treatment with them in the 

course of Illutation breeding would increase the {j'equency of indu ced Illutant survival. 

Babaev et at. (1989) studied the protective effect of hydroquinone following gamma 

irradiation of wheat seeds. They observed that hydroquinone treatment increased seedling 

survival and plant height, normalized yield component values and significantly reduced the 

frequency of dominant mutations in Ml generation. 

Narsinghani and Kumar (1978) reported that EMS and MMS induced various types of 

ch lorophyll mutations in M2 and M3 generation of pea. Post mutagenic treatment with GA3 

reduced the frequency and modified the mutational spectrum in both generations. 
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MATERIALS AND METHODS 

This project was initiated to evaluate the effect of gamma irradiation and 

consequently the modulation of radiosensitivity with gibberellic acid at cytogenetical, 

biochemical and genetic spectrum in chickpea. In this experiment three chickpea varieties 

with different seed coat colors namely Noar 91 (white), Punjab 91 (brown) and CI41 (white) 

were used. Seed samples of the genotypes were collected from the genuine seed stock 

maintained at Pulses Programme, National Agriculture Research Centre (NARC). The details 

of the various experiments is given here: 

I: SEED TREATMENT 

Moisture content in seed at the time of mutagenic treatment was brought to II % by 

keeping them in a dessicater containing calcium chloride. Seeds were exposed to gamma 

irradiation at doses of 10, 20, 30, 40, 50, 60, 70, 90 and 110 Kr to 1000 seeds for each 

treatment ill three genotypes. Gamma irradiation was carried out at Nuclear Institute for food 

and Agri culture (NI r A), Peshawar at room temperature (22-25 °C) in Cobolt(iO gamma cell 

delivering 198 .926 Kr lu- I at the time of irradiation. 

For different studies prior to gibberellic acid (GA3) treatment, irradiated seeds were 

pre-soaked in distilled water. After one hour of soaking under continuous aeration excess 

water was drained and the swollen irradiated seeds were subjected to O.S mM aqueous 

solution of gibberellic acid for 16 hours with constant shaking. The volume of GA3 lIsed was 

three times more than that of seed volume. Non irradiated seeds soaked in water were kept as 

control in the case. Afier treatment seeds were washed in running tap water and then were 

dried on blotting paper. All these opei-atiolls were caJ'ried out at room temperature (22-

2SoC). 

II: LABORATORY EXPERIVIENTS 
To appraise the modulation of radiosensitivity with gibberellic acid for cytogenetical, 

biochemical, seedling physiology and also to determine the appropriate close for inducing 
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genetic variability different laboratory experiments were conducted. Methodology of these 

experiments is presented below; 

i: CYTOGENETICAL STUDIES 

i: MITOSIS IN ROOT TIP CELLS 

Twenty seeds of irradiated and post mutagenically treated with gibberellic acid (GA3) 

along with control (soaked and dry) were grown ill the Inborntory, Quni<l -i-AzllIlI University, 

Islamabad in peti-i plates having moistened what mann filter paper. The petri plates were 

placcd at room tcmperature (22-250C). Root tips 10-15 mm length were excised and fixed in 

Carnoy's solution (ethanol 3: 1 glacial acetic acid) for 12 hours, washed with distilled water 

and stored in 70% ethanol. Root tips were hydrolyzed with 1.0 N HCI at 60°C for 8 minutes, 

washed with distilled water thoroughly and left in aceto orcein stain for about an hour. 

Stained root tips were squashed on a glass slide in 45 percent acetic acid. A cover 

glass was placed gently over tissues and was tapped to get a monolayer of cells. The slides 

were then scrutinized alld data of all normal and abnormal stages were recorded. For each 

slide five fields at random were studied and the whole process was repeated for ten samples 

of each treatment. In all the experiments, the parameters used for the identification of 

potentially cytotoxie/genotoxic treatment were: 

Mitotic index = Calculated as percentage of mitotic stages to the total number of cells 

observed. 

Mito(ic anomalies encountered were expressed as percentage to the (otal number of dividing 

cells . The data were subjected to the analysis of variance. 

ii: LIGHT AND TRANSMISSION ELECTRON MICROSCOPY OF NUCLEOLUS 

About 0 .5 mm long root tips of 10, 60 and 110 Kr and post Illutagenically treated 

with gibberellic acid along with control (untreated) seedlings were excised and fixed 

immediately in fresh ly prepared 2.5 % phosphate buffered glutaraldehyde (pH = 7,2) for 4-5 
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hours. Post fixation was carried out in . 1 % cold aqueous osmium tetraoxide (Os04) for 2 

hours at room temperature. The tissues were dehydrated in ascending series of acetone, 

cleared in propylene oxide and embedded in Spurr resin (Sigma Chemical Co., St. Louis, 

MO, USA). For polymerization the moulds were placed in an incubator at 60°C for 48 hours. 

Semithin and ultrathin sections were made using glass knives on a LKB 2088 

ultramicrotome V. The semithin sections were stained with 1 % toluidine blue and were 

studied under a Nikoll Optiphot research microscope (Type- I 04) . Two diameter (D and d) of 

each nucleolus were measured at right angle with the help of micrometer. The volume of 

nucleoli was calculated according to Martini and Flavell (1985) . 

V=:: (4 /\ / 3) (D + d) / 64 

For electron microscopy ultra thin sections of silver to pale gold color colleeled 011 

copper grids and then contrasted with Reynold's (1963) lead citrate and uranyl acetate. The 

observations were carried out under 100 SX Joel Transmission E lectron Microscope. 

ii: BIOCHEMICAL STUDIES 
Forty seeds of treated and untreated were grown in laboratory at Quaid-i-Azam 

University, Islamabad at room temperature (22-25 °C) in petri plates having sand with four 

replications. Following studies were carried out from 3 to 8 days ailer sowing. 

i: FRESH WEIGHT 

Whole shoots were excised at the point of emergence from the seed from 3, 4, 5, 6, 

7, and 81h days after sowing and weighed. It was expressed as mg per shoot. 

SAMPLE PREPARATION - ENZYME ASSAY 

The excised shoots were thoroughly homogenized with a pestle in an ice cold motor 

containing cold 5.0 III I of cold 0.1 M phosphate buffer (pH 7.5) and acid washed sand . Phase 

microscopy of the homogenate showed complete disruption of cells and organelles. The 

slurry so obtained was filtered through eight layers of muslin and the filterate centrifuged at 

4000 xg for 20 minutes at 5°C. The supernatant solution was decanted and immediately used 

for the estimation of the enzyme activities and soluble protein. 
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ii: DETERMINATION OF CATALASE ACTIVITY (1.11.1.6) 

The catalase activity was determined by the method described by Cohen et al. (1970). First 

order velocity constants were determined for each sample at 2-3 time intervals upto 60 

seconds. Crudc enzyme extract 0.5 ml was mixed with 2.0 ml or 0.2 M phosphate buffer (pi I 

7.0) and 1.0 ml of 30 mM / litre of hydrogen peroxide in 1.0 cm wide silica cell, the latter 

solution being absent from the reference cell . The experiment was conducted at room 

temperature 20-22 Dc. The catalase activity was measured at 240 nm and expressed as milli 

mole (mM) mg- I protein minute-I. 

iii: DETERMINATION OF PEROXIDASE ACTIVITY (1.11.1.7) 

Peroxidase activity was estimated quantitatively by the method of David and Murray 

(1965). Crude enzyme extract 0.2 ml was mixed with 2.5 ml of 0.1 M phosphate buffer (pH 

7.0) and 0.2 1111 of 1.0% (W/V) guaiacol aqueous solution in a I cm wide silica cell, the latter 

solution being absent from the reference cell. The cells were left for several minutes to 

equilibrate the temperature of 30nC and then 0.1 1111 of 0.3 % I hOl solution was added and 

stirred quickly. Absorption was noted at 470 nm. The specific activity of the enzymes was 

measured as the increase in optical density (0.0) at 470 nm per mg protein per 30 seconds. 

iv: DETERMINATION OF INDOLE-3-ACETIC ACID (lAA) OXIDASE ACTIVITY 

lAA oxidase activity was determined by the method of Shinshi and Noguchi (1975) 

by using salkowski's reagent (Gordon and Weber, 1951; 0.5M FeCI3 and 35% perchloric acid 

in the ratio of 1 :50). The reaction mixture was prepared by adding; 1.0 ml IAA solution (10 

mg lAA in 1001111 containing 0.5 mM MnCh), 0.25ml of 0.1 mM 2,4 dichlorophenol, 3.5 ml 

ofO.05M phosphate buffer pH 6.5 and 1.0 ml of plant tissue extract. It was incubated at 30° 

C for one hour in the dark. Then 2 ml of this reaction mixture was taken in a test tube having 

2 ml of Salkowski's regent. After 30 minutes of incubation absorbance was recorded at 530 

nlll. For controls, samples were drawn at zero time while, adding Salkowski's reagcnt. 

Absorbance values obtained in the reaction tubes subtracted from that of control tubes. This 
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gave the measure of indole-3-acetic acid oxidized by the enzyme action and the activity was 

recorded in terms of Ilg lAA oxidized per mg protein per hour. 

v: DETERMINATION OF SOLUBLE PROTEINS 

Soluble protein contents were estimated quantitatively by the method of Lowry et at. 

(1955). 0.5 ml of the tissue extract was taken in a test tube containing 1.0 ml of 10% cold 

trichloroacetic acid. Centrifuged at 5000 xg for 10 minutes and decant the supernatant. 

Precipitate was dissolved in 5.0 ml of 0.1 N NaOH solution and 0.1 ml was used for protein 

estimation. 0 .1 ml of protein suspension was taken in a test tube having 5.0 ml of fresh ly 

prepared reagent (c) by mixing reagents (a) and (b) (50: 1) shortly before use and incubated 

for 10 minutes (Reagent a; 2.0% Na2 C03 in 0 .2% NaOH, and reagent b; 0.3% CUS04 in 

1.0% sodium potassium tartarate). Finally, 1: 1 diluted 0. 1 ml Folin phenol reagent was 

added. Mixed and incubated for 30 minutes again. The absorbance of each tube was read at 

650 nm using the water blank to zero the spectrophotometer. Standard curve was prepared 

by using 0.05 1111 to 0.5 ml solution of Bovine Serum Albumin (BSA) in a test tube (BSA was 

prepared at 0.2 mg/ml in 0 .1 N NaOH). Absorbance was plotted against protein content for 

the standard BSA protein. And from the final calibrated BSA curve, soluble protein contents 

were determined and expressed as mg per shoot. 

NUCLEIC ACID CONTENTS 

Preparation of samples 

10.0 ml of boiled ethanol was poured on the tissue placed in a centrifuge tube. The 

tissue was crushed with the help of a glass rod and the contents of the centrifuge tube 

allowed to boil for 5 minutes with occasional shaking. The tubes were cooled, centrifuged 

and the residue was washed 3-4 times with cold ethanol and dried over CaCh under vacuum. 

The dried tissue ~as treated with l.0 ml of 10 % perchloric acid at 4()C overnight. The cold 

extract was used for the estimation of RNA. 

To cach ccntrifi.lgc tube was added 5.0 1111 of 10 % perchloric acid alld the suspellsioll 

was heated at 60°C for 25 minutes. The hot extract was used for the estimation of DNA 
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vi: ESTIMATION OF RIBONUCLEIC ACID (RNA) CONTENTS 

0 .1 mJ of perchloric acid (PCA) extract was suitably diluted with distill ed water and 

its optical density was determined at 260 nm. The amount of RNA was calculated from the 

relationship. 

E 'I ' S lcm (260 11m) = 0.03 (Ogur et at. 1952) and was expressed as ~lg per shoot. 

vii: ESTIMATION OF DEOXYRIBONUCLEIC ACID (DNA) CONTENTS 

Estimation of DNA was made by an improved diphenylamine method of Giles and 

Myers (1965) . To 2 ml PCA hot extract DNA -I- 2.0 ml of 4% diphenylamine solution in 

glacial acetic acid and then was added 0.1 ml of acetaldehyde (1.6 mg Iml water), The 

reaction mixture was shaken and incubated at 37°C for 18 hours. The optical density 595 nm 

was determined and the amount of DNA was calculated by comparing optical density to 

those obtained from standard solution prepared from calf thymus DNA. 

iii: SEEDLING STUDIES 
T he treated and control seeds were grown at Quaid-i-Azam University, Is lamabad in 

petri plates having sand in four replications each comprising of ten seeds. The petri plates 

were placed at room temperature 22-25 °c. The following parameters were studied. 

i: GERMINATION PERCENTAGE 

Data on germination percentage was recorded on ten day after sowing by counting 

to tal Ilumber of plants germinated in each treatment. The emergellce o f radical was taken as 

the criteria for germination. 

ii: SHOOT LENGTH 

Shoot length of seedling was recorded in centimeters on 5 randomly selected plants 

from each treatment on 1 alit day after sowing. 

iii: (lOOT LENGTH 

Data 011 primary root length was recorded in centimeters all 5 randomly select ed 

plants frol11 each treatment on 1 alit day after sowing. 
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iv: NUMBER OF SECONDARY ROOTS 
Data on number of secondary roots was recorded on 5 randomly selected plants from 

each treatment on 10lh day after sowing. 

III: FIELD EXPERIMENTS 
Seedling physiology studies provided that dose range of 40 to 60 Kr was the best for 

inducing genetic variability in the three genotypes of chickpea. This criterion was based on 

the relative decrease in lengths of shoots and roots with gamma irradiation as compared to 

control. 

I: M1 GENERATION 

i: SOWING AND HANDLING OF TRIAL 

450 seed5 exposed at 40, 50 and 60 Kr and with post mutagenic treatment of 

gibberellic acid along with controls were sown at Barani Agriculture Research Institute 

(BARI), Chakwal on 26- 10-1995 . The trial was laid out according to split plot arrangement 

in a complete block design replicated three times of 150 seeds with a plot size of 5.0 x 1.0 

meter. Row to row distance of 33 cm was kept. Varieties were assigned to main plots, while 

radiation doses including check were kept in sub plots. For obtaining unbiased data, the crop 

was grown under normal field conditions. Data on plant height, number of primary and 

secondary branches and number of pods were recorded in the field of 20 consecutive plants in 

the middle row of each treatment. However, other characters like number of seeds per pod, 

lOO-seed weight, biological yield, grain yield, harvest index, flowering and maturity days 

were recorded by dillcrent methods clepending upon the requirement of the study. After 

recording the field clata plant samples were harvested, packed in plastic bags and brought to 

laboratory for measuring yield characters. 

ii: CHARACTERS STUDIED 

The important yield and agronol11ic characters were recorded for each genotype over 

all treatment. All the characters were observed at appropriate growth and developmental 

stages of plants. The characters included in the study were; plant height, number of primary 
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and secondary branches, number of pods per plant, seeds per pod, IOO-seed weight, 

biological yield, grain yield, harvest index, flowering and maturity days . 

i: PLANT HEIGHT 

l-leight of tagged plants was measured in centimeters fi'om ground level to top of the 

plant in the field at physiological maturity. 

ii: NUMBER OF PIUMARY BRANCHES PER PLANT 

Number of primary branches were counted and expressed as number of primary 

branches per plant. 

iii: NUMBER OF SECONDARY BRANCHES PER PLANT 

Data Oil Iltllllher of secolldary branches was recorded alld ex pressed CIS 1lI1111hcr of 

secondary branches per plant. 

iv: NUMBER OF PODS PER PLANT 

Number of pods were counted on each plant and expressed as number of pods per 

plant. 

v: SEEDS PER POD 

Number of seeds on each plant was counted and divided by Ilumber of pods to get the 

number of seeds per pod. 

vi: tOO-SEED WEIGHT 

lOO-seeds from each plant were taken and weighed. In case of seeds obtained less 

than 100, the weight was converted to 100-seed. It was expressed as 100-seed weight (g) per 

pllllli . 

vii: BIOLOGICAL YIELD PER PLANT 

Whole plant along with grain was weighed of each plant for recording biological 

yield . It was expressed as biological yield (g) per plant. 
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viii: GRAIN YIELD PER PLANT 
(intill yield per plallt (g) WIHI cnlculnted hy thrcflhillg 20 C()Il~cclllive platll~ from cach 

plot manually and grains were weighed on electric balance for each plant. 

ix: HARVEST INDEX PERCENTAGE 
The harvest index is the ratio of grain yield and biological yield and is calculated by 

the following formula: 

Harvest Index percentage = Grain yield x 100 / Biological yield 

x: FLOWERING DAYS 
Data was recorded on plot basis in each treatment in number of days starting (i'01ll 

planting date to when 50 percent plants had at least one fully opened flower. 

xi: MATURITY DAYS 

The t1l:1ll11ity days were counted from the sowing date to the physiological Illaturity of 

the plants. The physiological maturity was considered when 90 percent plants become straw 

coloured. 

II: M2 GENERATION 

i: SOWING AND HANDLING OF TRIAL 

Seeds of 250 plants fi'om treated populations were harvested separately, while from 

control population the seeds were bulked. The trial was conducted in a split plot design with 

three replications having 15 seeds in plot size of 1.5 x 0.33 meter at BARI, Chakwal in last 

week of September 1996. Data on various characters were recorded on 40 randomly selected 

plants. 

ii: MUTATION SPECTRUM 
Chlorophyll Illutations were recorded in the 10-20 days old seedlings. All the viable 

morphological mutants were scored throughout growth period of plants. Variations in 

branching and stem structure, leaf type, flower type, flowering and maturity, pod and seed 

size were recorded. The mutation fj-equency was computed on M2 family basis (% of mutated 
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progenies) and M2 plant basis (% of mutants). 

III: M3 GERERATION 

i: SOWING AND HANDLING OF TRIAL 

The seeds obtained from 40 randomly selected plants of M2 generation were bulked 

to produce M3 population. The trial was laid out in a randomized complete block design with 

a split plot arnlllgemcnt in last week of September 1997. Ontll on 20 consccutive plnnts \Vere 

recorded for each treatment as detailed in M\ experiment. 

IV: STATISTICAL ANALYSIS 

The data collected on the above mentioned characters were statistica lly analyzed 

using analysis of variance and co-variance, phenotypic and genotypic coefficient of variation, 

heritability and genetic advance, correlation coefficient and path coefficient for all the 

characters. 

i: ANALYSIS OF VARIANCE 

The variance components of genotypes, treatments and their interaction were determined by 

the analysis of variance using the methodology given by Steel and Torrie (1960). The 

significance of variance components was determined by an F-test. Individual comparison of 

varietal and treatment means were accomplished by placing them in descending order and 

applying Duncan 's Multiple Range Test (DMRT). 

ii: PHENOTYPIC AND GENOTYPIC CORRELATION COEFFICIENT 

Phenotypic and genotypic correlation coefficient were calculated using the procedure 

described by Kwon and Torrie (1964) as under: 
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rp = Mij / (Mi i) ( Mjj) 

Where: 

rp = The estimate of phenotypic correlation coefficient. 

Mij = The mean product of varieties for ith and jth traits . 

Mii & Mjj = Variety mean squares for ith and jth traits, respectively. 

rg = cov. gij / (var. gi) (var. gj) 

Where: 

rg = The estimate of genotypic correlation coenicienl. 

cov. gij; var. gi and var. gj are the estimate oflines are varieties components of covariance for 

ijth traits, variance of ith trait and jth trait, respectively. 

iii: PATH COEFFICIENT ANALYSIS 

Path coefficient yvas studied according to the method prescribed by Dewey and Lu (1959), by 

solving simultaneous equations, using genotypic correlations where seed yield per plant was 

kept as a resul tant variable and other contributing characters as casual variables. 

1. ray 

2. rby 

3. rcy 

4. rdy 

5. rey 

6. rfy 

= Pay + rab Pby + rac Pcy + rad Pdy + rae Pey + raf pry + Pgy + rah Phy 

-I- rai Piy + raj Pjy 

= Pby + rab Pay + rbc Pcy + rbd Pdy + rbe Pey + rbf Pfy + rbg Pgy 

-I-rbh Phy -I- rbi Piy + rbi Pjy 

= Pcy + rac Pay -I- rbc Pby + rcd Pdy -I- fce Pey -I- rcf pry -I- rcg Pgy 

-I- rch Phy + rei Piy -I- rej Pjy. 

= Pely -I- mel Pay ·i- rbd Pby -I- rcd Pcy -I- rde Pey -I- nlr pry -I- rdg Pgy 

-I- rdh Phy + rdi Piy + rdj Pjy 

= Pey + rae Pay + rbe Pby + rce Pcy -I- rde Pdy + ref pry + reg Pgy 

-I- reh Phy + rei Piy -I- rej Pjy. 

= Pfy + rafPay + rbfPby + rcfPcy + rdfPdy + refPey + rfg Pgy 
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7. rgy 

H. rhy 

9. ny 

10. I] 

+ rfh Phy + rfi Piy +rfj Pjy 

= Pgy + rag Pay + rbg Pby + reg Pcy + rdg Pdy + reg Pey + rfg PfY 

+ rgh Phy + rgi Piy + rgj Pjy 

= Phy -I- rah Pay -I- rbh Pby + rclt Pcy + rdh Pdy -I- reh Pey -I- rfh Pfy 

+ rgh Pgy + rhi P iy + rhj Pjy. 

= Piy + rai Pay + rbi Pby + rei Pcy + rdi Pdy + rei Pey -I- rfi PfY + rgi Pgy 

+ rhi Phy + rij Pjy 

= Pjy + raj Pay + rbj Pby + rcj Pcy + rclj Pely -I- rej Pcyl rlj P(y -I- rgi Pgy 

+ rhj Phy + rij Piy 

Where: r is the genetic correlation coefficient and Pay, Pby Pcy, Pdy, Pey, pry, Pgy, Phy, Piy 

and Pjy are standard regression coefficients. 

iv: ESTIMATION OF VARIABILITY 

Genetic vnrinhility estimates of different characters were computed 011 the data 

recorded earlier for each treatment. The genetic parameters determined were: 

PHENOTYPIC VARIANCE (0
2 p) 

Total phenotypic variance was calculated for each treated population by analysis of 

vanance. 

Phenotypic variance = L (X; -x)/n 

GENOTYPIC VARIANCE (02g) 

It was the induced genetic variance in radiated population for difrerent treatment and 

was calculated by the formula: 

Genotypic variance = Phenotypic variance - Environmental variance 

COEFFICIENT OF VARIABILITY 

Coe11icient of variability was determined by computing the standard deviation and 
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mean of the respective treatments . It was calculated by the following formula: 

Phenotypic coefficient of variability (C. V% p)= ..J( a 2p/Mean) 100 

Genotypic coefi1cient of variability (C. V% g) = "'( a 2g1Mean) 100 

HERITABILITY (~ROADSENSE) 

The broad sense heritability (h2
) of a character was estimated according to the method 

of Burt on (1952) 

Where h2 is broadsense heritability, and a 2p and a2g are phenotypic and genetypic 

variances repectively. 

GENETIC ADVANCE 
The statistical approach proposed by Singh and Chaudhry (1985) was used to 

estimate genetic advance (G.A.) at 5% selection intensity and computed by the following 

formula: 

G .A. = (k) (ap) (H) 

where ap = phenotypic standard deviation of the mean performance of radiated 

population H= heritability coefficient aild K= 2.06 constant for selection differential. The 

U. A. was cxprcsscu as percentage or the mean for the purpose of cOlllparison. 

v: CORRELATION ANALYSIS 

Simple correlation of chlorophyll mutations with morphological mutations was 

determined by calculating correlation co-efficient (r) by using the standard formula, 

r = 2:xy / '" 2:x2 
. 2:l as mentioned by Gomez and Gomez (1976). 
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EXPERIMENTAL RESULTS 

The present studies were carried out on three commercially grown genotypes having different 

seed coat colors. Gamma irradiation separately and in combination with gibberellic acid was 

applied to estimate the modulation of radiosensitivity for cytogenetical, biochemical and 

genetic spectrum induced in chickpea and also to evaluate the appropriate dose for inducing 

mutations. Field trials were conducted for three successive years to determine the variability, 

establish the correlation of grain yield with various yield contributing characters and to find 

out direct and indirect effects of yield characters on yield itself through path coeflicient 

allalysis ill three chickpea gel1otypes. 

I: CYTOGENETICAL STUDIES 

Growth of a plant or any organ depends upon the cell division and increase in volume 

of cclls. It is n vcry cOlllplcx phcnomcna; rcquire enicicnt mctabolic 1)( occss and duplicnl ion 

of the chromosomes in a very precise manner. Any deformity in the biological steps, structure 

or in the replication of chromosomes leads to decrease in mitotic activity and consequently 

reduces the growth. Gamma irradiation is known to interfere with a number of biochemical 

processes and also directly disintegrates the structures involved in cell division and 

biosynthesis of variolls metabolites . Gibberellic acid on the other hand regulates the growth 

of plants by acting directly at various biochemical and cellular levels. In this study seeds of 

three chickpea genotypes were treated with gamma irradiation and post mutagenically with 

GA3 to determine their efiects on mitotic activity, chromosomal abnorlllalities and nucleolus 

size and structure. The results obtained were presented here . 
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i: MITOTIC INDEX 

Table I presents analysis of variance for mitotic index. The results show significant 

differences (p<O.OI) among treatments and genotypes . The treatment-genotype interaction 

was also highly significant. The results Cfable 2) revealed that gamma irradiation decreased 

the mitotic index in root tip cells as compared to control in Noor 91 and C 141 at all the 

treatments, while an increase in mitotic index was observed in Punjab 91 at 20, 30 and 40 Kr 

doses. This decrease in mitotic index was dose dependent. Higher doses of irradiation 70, 90 

and 110 Kr was intensively mitodepressive. Noar 91 exhibited a maximum decrease of 19.82 

% in mitotic index followed by 17.76 and 16.67 % in C 141 and Punjab 91 at 110 Kr of 

gamma irradiation as compared to their respective controls. 

Sensitivity of mitotic index in all the genotypes changed and an increase was recorded 

al all Ihe Irealilleills wilh Ihc posl llIutagellic applkatioll or gibbcI c lli c adJ . Thc rcsults also 

revealed that mitotic index increased over their respective controls in all the genotypes up to 

40 Kr of gamma irradiation except at 30 Kr in C 141 genotype. 

From table 2, it is clear that gamma irradiation altered the movement of cells through 

the huclear cycle. In all the three genotypes at lower doses up to 50 Kr prophase frequency 

was higher as compared to metaphase and anaphase frequencies, while at higher intensities, 

reverse was the case. Treatment with GA3 reduced this difference by modulating the effects 

of gamll1a irradiatioll. 
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Table I : Analysis of v:lI'iunce (01' mitotic indcx in r oof tip cells of thl'ce 
chickpea genotypes under different radiation doses separately and 
with GA3. 

Source of variation D.F. Sum of squares 
Varieties (V) 2 190.33 
Treatments (D) 18 18725.44 
(VxD) interaction 36 414.82 
Error 513 737.70 
Total 569 20068,29 
* * Indicates significance at 1 % level of probability 
S.E.for variety means=0.0867 
S.E. for treatment means=0.2183 
S.E. (Vx..D) interaction means=0.3 781 

Mean of squares F. value 
95.16 66 .54** 

1040.30 727.48** 
11.52 8.05** 
1.43 

Table 2: EO'ect of gamma radiation on mitotic index in I'oot tip cells of three 
chickpea genotypes. 

N 0(11' 91 
Tl'catmcnt Total mitotic % of Iu'ollhascs % of IIIctallhascs 'l!o of lmllilhascs 'v., of 

indcx tclollhascs 
Control 26.55 ± 0.30 8.68 ± 0.28 6.47 ± 0.31 5.70 ± 0.22 5.66 + 0.34 
10 Kr 25.96 ± 0.38 7.53 ± 0. 27 6.60 ± 0.21 5.91 ± 0.24 6.02 ± 0.34 
20 Kr 26.00 ± 0.36 7.45 ± 0,24 6.30 ± 0.27 6.24 ± 0.21 6.00 ± 0.27 
30 Kr 25.50 ± 0.36 7.00 ± 0.30 6.45 ± 0.19 5.98 ± 0.23 6.03 ± 0.27 
40 Kr 25 .81 ± 0.35 7.34 ± 0.28 6.69 ± 0.24 G.41 ± 0.24 5.34 ± (UI 
50 Kr 23.14 ± 0.40 G.95 ± 0.23 5.46 ± 0.26 5.82 ± 0.23 4.88 ± 0.12 
GO Kr 21.23 ± 0.34 4.64 ± 0.23 5.85 ± 0.22 5.80 ± 0.24 4.91 ± O.2G 
70 Kr 16.27 ± 0.34 3.09 ± 0.21 4.89 ± 0.21 5.22 ± 020 3.40 ± n.22 
90 Kr IO.GO ± 0.37 2.40 ± 0.20 3.14 ± 0.22 3.20 ± 0.23 1.83 ± 0.21 
110 Kr G.73 ± 0.33 1.17 ± 0.14 2.09 ± 0.21 2.12 ± 0. 18 1.31 ± 0.19 
10 Kr+GA3 27.25 ± 0.33 8.09 ± 0.25 6.77 ± 0.26 7.10 ± 0.26 5.26 ± 0.38 
20 Kr+GA) 27.07 ± 0.33 7.63 ± 0.27 7,06 ± 0.28 7.15 ± 0.19 5.21 ± 0.32 
30 Kr+GA3 26.90 ± 0.31 7.95 ± 0.27 6.54 ± 0.26 7.14 ± 0.25 5.25 ± 0.32 
40 Kr+GAJ 27.40 ± 0.34 8.00 ± n.34 7.47 ± 0.32 7.0n ± n.28 4.83 ± 0.27 
50 Kr+GA3 25.10 ± 0.28 6.39 ± 0.25 7.67 ± 0.33 6.85 ± 0.28 4.16 ± 0.34 
60 Kr+GA~ 23 .24 :I: 0.33 5.98 ± n.23 6.92 ± n.22 6.G3 :.1: 0 .20 4.26 :I: O.3() 
70 Kr+GA} 20.11 ± 0.34 4.78 ± 0.23 5.96 ± 0.23 5.78 ± 0.22 4. 14 ± O.4 n 
90 Kr+GA3 15.48 ± 0.3 7 3.58 ± 0.24 4.24 ± 0.22 4.31 ± D.18 3.32 ± 0.27 
110Kr+GA) 9.33 ± 0.31 2.23 ± 0.17 2.71 ± 0.18 2.80 ± 0.16 1.56 ± 0.18 

::I:' S· E: , 
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P . b 91 ullJ a 
Treatment Total mitotic % of Jl roJlhases % of metaJlhases % of anaJlhascs % of 

index tcloJlhascs 
COlltrol 20.55 ± 0.27 R.OR ± 0.30 7.46 ± 0.2R 6.79 :I: 0.25 4.19 ± 0.24 

10 Kr 26.33 ± 0.29 7.62 ± 0.32 6.97 ± 0.29 6.99 ± 0.27 4.72 ± 0.26 
20 Kr 26 .63 ± 0.33 7.88 ± 0.16 6.59 ± 0.20 7.05 ± 0.28 5.09 ± 0.25 
30 Kr 26.56 ± 0.29 7.89 ± 0.25 6.82 ± 0.25 7.10 ± 0.21 4.72 ± 0.28 
40 Kr 26.79 ± 0.41 7.65 ± 0.31 6.98 ± 0.26 7.18 ± 0.24 4.95 ± 0.34 
50 KJ 24.14 ± 0.35 6.21 ± 0.25 6.37 ± 0.19 6.61 ± 0.26 4.92 ± 0.23 
60 Kr 21.34 ± 0.40 5.03 ± 0.26 5.77 ± 0.19 6.05 ± 0.30 4.46 ± 0.28 
70 Kr 17.58 ± 0.34 6.02 ± 0.18 4.72 ± 0.20 5.24 ± 0.21 3.97 ± 0.28 
1)0 Kr Il.G I ± 0.15 2.86 . ± 0.17 3.75 ± 0.17 l.R7 :1: O.D 3.(1) ± 0.22 
110 Kr 9.88 ± 0.3 4 2.21 ± 0.14 2.64 ± 0.13 2.90 ± 0.15 2.19 ± 0.24 
10 Kr+GA3 26.90 ± 0.37 8.04 ± 0.18 7.04 ± 0.21 7.17 ± 0.24 4.62 ± 0.28 
20 Kr+GA3 26.74 ± 0.35 7.64 ± 0.25 7.13 ± 0.23 7.37 ± 0.25 4.57 ± 0.30 
30 Kr+GA3 27 .19 ± 0.35 7.92 ± 0.26 7.28 ± 0.24 7.37 ± 0.23 4.67 ± 0.28 
40 Kr+GA3 27.51 ± 0.38 7.62 ± 0.25 7.40 ± 0.26 7.76 ± 0.25 4.70 ± 0.28 
50 Kr+GA) 25.30 ± 0.41 6.03 ± 0.31 6.85 ± 0.19 7.24 ± 0.28 5.46 ± 0.36 
60 Kr+GA3 23 .54 ± 0.37 5.25 ± 0.21 5.90 ± 0.17 6.47 ± 0.21 5.77 ± 0.29 
70 Kr+GA3 20.84 ± 0.38 4.65 ± 0.23 5.29 ± 0.24 6.12 ± 0.27 4.73 ± 0.30 
90 Kr+GA3 16.44 ± 0.40 3.90 ± 0.26 3.97 ± 0.25 4.36 ± 0.22 3.96 ± 0.31 
IIOKr+GA3 13 .21 ± 0.36 3.09 ± 0.19 3.40 ± 0.22 3.75 ± 0.23 2.93 ± 0.23 

:t 50 E· 

C141 

Treatment Total mitotic % of IlrOllhases % of metal)hases % of lUlallhases % of 
index tcloJ)hases 

Control 26.88 ± 0.29 7.69 ± 0.27 7.03 ± 0.22 7.24 ± 0.23 4.89 ± 0.24 
10 Kr 26.50 ± 0.35 7.40 ± 0.30 6.87 ± 0.21 7.42 ± 0.19 4.77 ± 0.27 
20 Kr 26.82 ± 0.34 7.98 ± 0.25 7.23 ± 0.21 7.53 ± 0.21 4.06 ± 0.25 
30 Kr 25.06 ± 0.37 6.98 ± 0.27 6.72 ± 0.18 7.23 ± 0.21 5.12 ± 0.28 
40 Kr 25 .53 ± 0.39 6.88 ± 0.31 6.75 ± 0.23 7.12 ± 0.18 4.89 ± 0.26 
50 Kr 23.07 ± 0.32 5.74 ± 0.20 6.22 ± 0.20 6.43 ± 0.22 4.39 ± 0.24 
60 Kr 21.32 ± 0.41 5.23 ± 0.19 6.10 ± 0.24 6.17 ± 0.17 3.79 ± 0.20 
70 Kr 19.43 ± 0.33 4.55 ± 0.21 5.12 ± 0.17 5.38 ± 0.20 4.34 ± 0.23 
I)() Kr 12.01 ± OJ7 2.R2 ± 0.18 3.14 ± 0.21 3.41 ± 0.22 2.(j I ± ().J() 
110 Kr 9.12 ± 0.39 2.24 ± 0.21 2.47 ± 0.23 2.56 ± 0.20 1.82 ± 0.22 
10 Kr+GA, 27.09 ± 0.38 7.39 ± 0.29 6.73 ± 0.24 o.R5 ± O.2() () .J5 ± 0.28 
20 Kr+GA3 26.91 ± 0.37 7.76 ± 0.32 6.72 ± 0.24 6.94 ± 0.23 5.46 ± 0.32 
30 Kr+GA3 26.54 ± 0.27 7.85 ± 0.29 6.79 ± 0.18 6.70 ± 0.22 5.84 ± 0.32 
40 Kr+GA3 27.49 ± 0.42 7.27 ± 0.25 7.68 ± 0.20 7.43 ± 0.22 5.09 ± 0.31 
50 Kr+GA3 25 .79 ± 0.40 6.79 ± 0.29 7.00 ± 0.24 7.05 ± 0.28 4.90 ± 0.30 
60 Kr+GA3 26.11 ± 0.31 6.52 ± 0.21 6.89 ± 0.17 7.04 ± 0.23 5.62 ± 0.27 
70 Kr+GAJ 24 .02 ± 0.41 6.10 ± 0.22 5.44 ± 0.20 6.56 ± 0.18 4.97 ± 0.32 
90 I<r-' G/\l 20.7') :I- 0.50 5.00 . ± tl.J 0 5.37 ± (UG 5.59 :t (U8 4.011 -I: 0 .14 
I 10 KI" UA3 14 .76 ± 0.43 3.45 ± 0.20 3.83 ± 0.22 3.91 ± 0.28 3.53 ± 0.2 1 

-i' S E-
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ii: CHROMOSOMAL ABERRATIONS 

Analysis of variance for the percentage of chromosomal aberrations induced by 

gamma irradiation is presented in table 3. The results show highly significant (p<O.O L) within 

treatments and genotypes. The interaction between genotype-treatment interaction was also 

highly signific~nt. This indic~tes that the genotypes differed in their response to various 

treatmellts. The chromosomal aberrations were not recorded in controls and up to 30 Kr of 

gamma irradiation. Above this intensity frequency of chromosomal aberrations increased with 

an increase of gamma irradiation (Table 4). A drastic increase in the fi'equency of 

chromosomal aberrations was ob.servedat 90 and 110 Kr of gamma irradiation in all the 

genotypes. Noor 91 showed the maximum abnormal frequency of 39.14 at 110 Kr followed 

by 16.75 and 13.11 in C 141 and PUI~ab 91 , respectively . 

GA3 treatment of seeds decreased the frequency of chromosomal aberrations in the 

three genotypes by minimizing the potential damaging effects of gamma irradiation. The 

protective effects were more pronounced at higher doses of 90 and I 10 Kr as compared to 

lower doses of gamma irradiation (Table 4). 

Various abnormalities in root tip cells of the three genotypes encountered were 

fragments, bridges, and laggards at anaphase stage of the mitotic cycle (Fig I and 2). 

Chromusomal aberrations were not observed at other stages of the mitotic cycle. Bridge 

formation was the most frequent 'abnormality followed by lagging and fragmentation of the 

chromosomes. These abnormalities increased with an increase in gamma irradiation. 

Seed treatment with GA3 reduced the occurrence of various abnormalities in the root 

tip cells in the three genotypes. Fragments and laggards were not recorded at 40 Kr in Punjab 

91 and C 141 wi th GA3. 
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Table 3: Analysis of variance for percentage of chromosomal aberrations in 
l'Oot tip cclls of thl'cc chicl(pcll gcnotypcs undcr difTcl'cnt nldilltion 
doses separately and with ·GAJ. 

SOUl'ce of vnl'intion D.F. Sum of squares 
Varieties (V) 2 1938.76 

Treatments (D) 12 14307.13 
(YxD) illteractioll 24 3970.95 
Error 351 1297.58 
Total 389 21514.42 

* * Indicates significance at 1 % level of probability 
S .E. for variety means=0.1687 

S .E.for treatment means=0.3511 
S.E. for (VxD) interaction means=0.6082 

Mean of squaI'es F. value 
969 .38 262.72* * 

1192.26 323. 10** 
165 .45 44.83** 

3.70 

Table 4: Chromosomal aberrations induced by difTerent gamma radiation 
doses in root tip cells of three chickpea ~ellotYfles. 

Treatment No. of Fragmentation Bridges % Laggards % Total 
dividing % chromosomal 
cells aberrations 

NOOR 91 
Control 194 .0 0.00 ± o. ()() () . on ± 0.00 0.00 1 0.00 0.00 

40 Kr 189.0 0.10 ± 0.07 2.11 ± 0.20 0.10 ± 0.06 2.31 
50 I( r I (,H.O O.l(i :I- 0.11 2.'14 :1: 0.22 0 .21 I O. Of) 1 .01 

()() Kr 155 .0 U.57 ± 0.14 3.66 ± 0.17 0.52 ± 0.16 4.75 
70 Kr 118.0 0.84 ± 0.22 5.18 ± 0.23 1.12 ± 0.27 7.14 
90 Kr 77.0 2.02 ± 0.38 14.16 ± 0.90 4.01 ± 0.32 20.19 
110 Kr 49.0 4.26 ± 0.81 25.23 ± 1.28 9.65 ± 0.61 39.14 

40 Kr+GA3 200.0 0.05 ± 0.05 1.09 ± 0.13 0.05 ± 0.05 1.19 

50 Kr+GA3 183.0 0.15 ±. 0.08 . 1.58 ± 0.17 0.11 ± 0.07 1.84 

60 Kr+GA) 171.0 0.28 ± 0.12 2.63 ± 0.10 0.29 ± o.n 3.20 

70 Kr+GA) 148.0 (lAO ± 0.14 2.28 ± 0.27 0.45 ± 0.16 3.13 

90 Kr+GA3 113 .0 0.68 ± 0.17 5.01 ± 0.37 0.91 ± 0.19 6.60 

110 Kr+GA3 68.0 1.50 ± 0.39 9.77 ± 0.95 2.80 ± 0.47 14.07 

'± S E , 
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PUNJAB 
91 
Control 193.0 0.00 ± 0.00 0.00 ± 0.00 0 .00 ± 0.00 0.00 
40Kr 195.0 0.05 ± 0.04 0.91 ± 0.18 0.05 ± 0.05 0.09 
)0 Kr 170.0 0. 17 ± O.OR 1.20 ± 0.19 0.17 + O.OR 1.54 
(,n Kr 1:>:> .0 0.11 l: (). 1 () 1.(;(, :I: 0.25 0 .1') o. 11 2.1(, 
70 Kr 129.0 0.54 ± 0.12 2.68 ± 0.31 0.69 ± 0. 13 3.91 
90 Kr 99.0 0.78 ± 0.23 3.99 ± 0.37 1.11 ± 0.18 5.88 
110 Kr 73.0 2.33 ± 0.35 8.59 ± 0.56 2.19 ± 0.48 13. 11 
40 Kr+GA3 201.0 0.00 ± 0.00 0.50 ± 0.18 0.00 ± 0.00 0.50 
50 Kr+GA3 185.0 0.05 ± 0.05 0 .81 ± 0.16 0.05 ± 0.05 0 .91 
60 Kr+GA3 172.0 0.11 ± 0.07 1.15 ± 0.18 0.11 ± 0.07 1.37 
70 Kr+GA3 152.0 0.32 ± 0.10 1.69 ± 0.18 0.32 ± 0.10 2.33 
90 Kr+GA3 119.0 0.33 ± 0.16 2.51 ± 0.41 0.58 ± 0.17 3.42 
110 Kr+GA3 96 .0 1.07 ± 0.34 . 3.98 ± 0.32 1.05 ± 0.28 6.10 

C 141 
Control 186.0 0 .00 ± 0.00 0 .00 ± 0.00 0.00 ± 0.00 0.00 
40 Kr I Ro .O 0.10 ± 0.00 1.11 ± 0. 15 0.00 ± 0.00 1.21 
so Kr 1(,') .() 0. 1 H ± 0.12 1.41 ± o. 1 ~ o. I H -L o. J] 1.77 
60 Kr 156.0 0.44 ± 0.13 2.12 ± 0.23 0.39 ± 0.14 2.95 
70 Kr 142.0 0 .70 ± 0.14 3.52 ± 0.28 0.48 ± 0.14 4.70 
90 Kr 88.0 1.37 ± 0.22 6.60 ± 0.48 1.19 ± 0.28 9.16 
110 Kr 67.0 3.30 ± 0.40 10.54 ± 0.72 2.91 ± 0.39 16.75 
40 Kr+GA3 201.0 0 .00 ± 0.00 0.84 ± 0.11 0.00 ± 0.00 0.84 
50 Kr+GA3 190.0 0 .00 ± 0.00 1.05 ± 0.13 0.05 ± 0.05 1.10 
60 Kr+GA3 190.0 0.11 ± 0.07 0.95 ± 0.13 0.10 ± 0.07 1.16 
70 Kr+GA3 176.0 0.28 ± 0.09 1.11 ± 0.17 0.29 ± 0.13 1.68 
90 Kr+GA3 152.0 0.51 ± 0.13 1.65 ± 0.26 0 .34 ± 0.15 2.50 
110 Kr+GA3 108.0 0 .76 ± 0.24 2.53 ± 0.40 0.65 ± 0.24 3.94 

~ S-.~ . 
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A 

B 

Fig. 1: Root tip cell showing A) single bridge (b) and B) multiple bridges (mb) 
with a fragment (t) at ~ntlrh~~e in Noor 91 (X 2400) 



A 

B 

Fig. 2 Root tip cell showing A) laggards (I) at anaphase in Punjab 91 
and B) laggard (I) fi-agment (f) with broken bridge (b) at anaphase 
inC141 (X 2400) 
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iii: CYTOLOGY AND NUCLEOLUS VOLUME 

The root tips of untreated along with irradiated samples of Noor 91, PUl~ab 91 and 

C 141 after being fixed in gluteraldehyde and osmic acid were cut in semi thin sections. The 

cells depicted in Fig. 3 show an organized nucleus, nucleolus and cytoplasm. Treatment with 

gamma irradiation at 10 Kr separately and with GA3 increased the size and vacuolation of 

cells (Fig. 4) . Ilowever, at 60 Kr of gamma irradiation had not an appreciable alTect on cell 

wall, while the cells were seen with considerable vacuolation. Application of GA3 increased 

the elasticity of cell wall along with the increase in vesiculation (Fig. 5). At highest dose of 

110 Kr these effects became more pronounced (Fig. 6-7). Cell size increased and large 

vacuoles were fUlillCd UII collapsing the smaller ones with gamllla irradiation. (3A) application 

increased the cell size and vacuolation appreciably by diminishing the damaging effects of 

gamma irradiation. 

The results of frequency distribution of nucleolus volume in Noar 91, Put~ab 91 and 

C 141 following seed treatment with various doses of gamma radiation and with post 

mutagenic treatment of GA3 are summarized in table 5-7. 

In Noor 91 minimum and maximum nucleolus volumes were 4-19 Jlm3 and 33-52 
\ 

~llll, respectively. Gamma irradiation increased the n·equency or cells having greater 

nucleolar volume, while the application of GA3 increased the fioequency of cells having 

smaller nucleolar volume and these effects were more pronounced at higher doses (Table 5). 

Minimum and maximum nucleolar volumes in Punjab 91 were 4-19 and 41-64 Ilm3
, 

respectively. In control the nucleolus volume was up to 33-52 11m3, while the rad iation 

IreallllclII incrcased Ihc vol ullle up to 41-64 11111'. With an increase or irradiatiun Ihe 

frequency of cells having greater nucleolar volume increased, however, the application of 

GA3 altered this situation and the cells with smaller nucleolar volume became more frequent 

(Table 6). 

In C 141 mllumum and maXJnlUm nucleolar volumes were 4-19 and 38-80 Ilm,3 

respectively. Various gamma irradiation doses increased the frequency of cells having greater 

nucleolar volume, while GA3 decreased this frequency (Table 7). 
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Table 5: 

Nucleolus 
volume 

4.19 
4.85 
5.20 
5.57 
5.96 
6.37 
7.24 
8.18 
9.20 
10.30 
10.89 
11.49 
12.77 
:n .52 

Table 6: 

Nucleolus 
volume 
4.19 
4.85 
5.57 
6.37 
7.24 
8.18 
9.20 
HUO 
11.49 
12.77 
33 .52 
36.09 
38.80 
41.64 

Frequency distribution of nucleolus volume in Noor 91 treated with 
gamma ra dO ° d t t t °tl GA latlon an pos mutagel1lc trea men WI 1 3. 

Control 10 Kr 10 Kr+GAJ 60 Kr 60 KI+GAJ ltO KI' 110 KI-f·GA, 

26 0 24 0 6 6 0 

\6 10 0 0 24 4 4 
0 0 0 0 0 4 0 
16 0 4 18 14 8 12 
0 0 0 0 0 10 0 
16 4 10 4 4 8 0 
0 6 8 6 16 0 26 
0 0 0 0 18 12 10 
0 6 4 10 0 0 12 
0 0 6 6 14 0 6 
0 () 0 0 II 6 0 
8 20 8 14 0 4 0 
12 28 16 20 0 4 18 
G 26 20 22 " J4 12 

FI-equency distdbution of nucleolus volume in Punjab 91 treated with 
gamma radiation and post mutagenic treatment with GA30 

Contn)1 10 Kr 10 Kr+GAJ 60 Kr 60 Kr+GAJ 110 K,- 110 KI-+GA, 

8 0 0 0 0 0 0 
0 0 () 0 0 4 0 
6 0 0 0 4 0 4 
8 0 0 0 8 6 0 
12 0 10 0 0 0 IG 
16 8 26 8 16 14 14 
20 0 \2 0 14 0 0 
14 IG 8 16 0 12 12 
8 22 0 12 18 0 0 
4 0 0 8 0 10 14 
4 14 8 14 12 0 0 
0 8 10 0 8 16 12 
0 10 12 16 4 18 12 
0 20 14 26 16 20 16 
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T:lblc 7: 

Nucleolus 
volume 
4.19 
4.85 
5.57 
6.37 
7.24 
8.18 
9.20 
10 .3 0 
11.49 
12.77 
35 .52 
36.09 
38.80 

li'."cqucIlCY distdbution of nucleolus volume in C 141 ta"eated with 
gamma .-adiatioll and post mutagenic treatment with GAJ _ 

Control 10 Kr 10 Kt+GAJ GO Kr 60 Kt+GAJ 110 Kr 

18 0 0 0 0 6 
12 0 16 4 4 0 
6 0 20 0 0 8 
0 18 0 14 10 0 
14 0 14 0 12 10 
0 14 0 8 12 8 
20 0 0 10 0 0 
0 10 10 0 12 4 
18 0 8 4 0 12 
0 0 0 0 8 16 
12 16 8 18 14 6 
0 24 14 20 12 10 
0 18 10 22 16 20 

iv: NUCLEOLUS STRUCTURE 

110 K,+GAl 

0 
14 
0 
14 
0 
12 
14 
0 
4 
10 
8 
8 
16 

At ultrastructural level, the nucleolus of untreated sample of Noor 91, was seen as a 

compact structure of three components (i) pale fibrillar (ii) dark fibrillar and (iii) granular 

(Fig.7). The rest of nucleus is filled with patches of chromatin. At 10 Kr of gamma irradiation 

separately and with GA3 the nucleolus structure had the similar organization as that of 

control samples except that granular region was increased (Fig. 8-9). Nucleolus was faintly 

stained. (n samples treated at GO Kr separately and with GA3 nucleolar associated bodies 

were seen on one side of nucleolus (Fig. 10-11). The dark clumps in the form of big and small 

patches are distributed along the periphery of the nucleolus. However, with GA3 dark clumps 

are scattered throughout the nucleolus (Fig. 11). The highest dose of 110 Kr had deformed 

the nucleolus and clumps of dark patches were seen evenly distributed in the nucleolus. 

Ilowcver, with the application of GJ\3 dark clumps were located towards the celltral side. 

Nucleolar associated bodies were seen with both types of treatments (Fig. 12-13). 
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Fig. 3: Photograph of non-irradiated (Control) root tip cells of No or 91 
showing nucleoli (X 960) 
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A 

B 

Fig. 4: Photograph of irradiated A) 10 Kr and B) 10 Kr + GA3 in root tip cells 
of Punjab 91 showing nucleoli (X 960) 
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A 

B 

Fig. 5: Photograph of irradiated A) 60 Kr and B) 60 Kr + GA3 in root tip cells 
of C 141 showing nucleoli (X 960) 
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A 

B 

Fig. 6: Photograph of irradiated A) 110 Kr and B) B) 110 Kr + GA3 in root tip 
cells of No or 91 showing nucleoli (X 960) 
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Fig. 7: Electron micrograph of an interphase cell of Noar 91 untreated material 

after classical staining with uranyl acetate and lead citrate. Nucleolus present in the 

centre of the nucleus showing Pale fibrillar (PF) regions irregularly scattered, 

encircled by Dark fibrillar (DF) regions, while Granular (G) region is at the 

periphery of the nucleolus. Chromatin material (Ch) is also spread evenly 

throughout the nucleus (X. 10,000) 
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Fig. 8: Electron micrograph of an interphase cell of Punjab 91 following seed 

treatment with 10 Kr of gamma irradiation after classical staining with uranyl 

acetate and lead citrate. Nucleolus present in the centre of the nucleus showing 

Pale fibrillar (PF) regions irregularly scattered, encircled by Dark fibrillar (DF) 

regions, while Granular (G) region is at the periphery of the nucleolus. Nucleolus 

is faintly stained. Chromatin material (Ch) is also spread evenly throughout the 

nucleus (X. 1 0,000) 
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Fig. 9: Electron micrograph of an interphase cell of Punjab 91 following seed 

treatment with 10 Kr + GA3 of gamma irradiation after classical staining with 

uranyl acetate and lead citrate. Nucleolus present in the centre of the nucleus 

showing Pale fibrillar (PF) regions irregularly scattered, encircled by Dark fibrillar 

(DF) regions, while Granular (G) region is at the periphery of the nucleolus. 

Nucleolus is faintly stained. Chromatin material (Ch) is also spread evenly 

throughout the nucleus (X. 10,000) 
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Fig. 10: Electron micrograph of an interphase cell of C141 following seed 

treatment with 60 Kr of gamma irradiation after classical staining with uranyl 

acetate and lead citrate. Nucleolus present in the centre of the nucleus showing 

Pale fibrillar (PF) regions irregularly scattered, encircled by Dark fibrillar (DF) 

regions, while Granular (G) region is at the periphery of the nucleolus. A nucleolus 

associated body (NAB) is also seen at one side of the nucleolus. Chromatin 

material (Ch) is also spread evenly throughout the nucleus (X. 10,000) 
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Fig. 11 : Electron micrograph of an interphase cell of C 141 following seed 

treatment with 60 Kr + GA3 of gamma irradiation after classical staining with 

uranyl acetate and lead citrate. Nucleolus present in the centre of the nucleus 

showing Pale fibrillar (PF) regions irregularly scattered, encircled by Dark fibrillar 

(DF) regions, while Granular (G) region is at the periphery of the nucleolus. A 

nucleolus associated body (NAB) is also seen at one side of the nucleolus. 

Chromatin material (Ch) is also spread evenly throughout the nucleus (X. 13,000) 
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._-.... ...... .. ........ -......... _ ....................... . 

Fig.12: Electron micrograph of an interphase cell of Noor 91 following seed 

treatment with 60 Kr of gamma irradiation after classical staining with uranyl 

acetate and lead citrate. Nucleolus is present in the centre of the nucleus and is 

greatly deformed showing mixture of Pale fibrillar (PF) Dark fibrillar (DF) and 

Granular (G) regions. A nucleolus associated body (NAB) is also seen at one side 

of the nucleolus. Chromatin material (Ch) is also spread evenly throughout the 

nucleus (X. 10,000) 
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Fig. 13 : Electron micrograph of an interphase cell of Noor 91 following seed 

treatment with 110 Kr + GA3 of gamma irradiation after classical staining with 

uranyl acetate and lead citrate. Nucleolus present in the centre of the nucleus 

showing Pale fibrillar (PF) regions irregularly scattered, encircled by Dark fibrillar 

(DF) regions, while Granular (G) region is at the periphery of the nucleolus. A 

nucleolus associated body (NAB) is also seen at one side of the nucleolus . 

Chromatin material (Ch) is also spread evenly throughout the nucleus (X. 13,000) 
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II: BIOCHEMICAL STUDIES 
Growth is a very in tricate phenomenon controlled at several biochemical levels . 

Gamma irradiation plays a stress on metabolic activi ties, resulting in a differential response 

at various doses . To determine the physiological activities of the enzymes and chemicals, 

which are directly related to growth, are of utmost important. Growth regulators like GA3 

express their physiological role at different levels of cellular activities . It is very essential 

to determine the modulatory effects of GA3 created through the use of gamma irradiation. 

The results obtained in this context are described below: 

i: FRESH WEIGHT PER SHOOT (mg) 

Effects of gamma irradiation and the modulation of radio sensitivity with GA3 on 

fresh weight are shown in fig 14-16. It is apparent from the results that fl'esh weight 

reduced with an increase in gamma irradiation in all the three chickpea genotypes. 

Maximum fi'esh weight per shoot was observed at 10 Kr with GAl. whil e mi nimum fresh 

weight was recorded at the highest dose 110 Kr of gamma irradiation on various days in 

the three chickpea genotypes . Stimulation in fresh weight was observed at 10 Kr of 

gamma irradiation in all the genotypes. At higher doses of gamma irradiati on Noar 91 

appeared to be more radio sensitive, while PUI~ab 91 more radio resistant as the increase 

in fresh weight at 90 and 110 Kr at different days was more pronounced (Fig. 14- 15) . 

Post mutageni c treatment with GA3 increased the fresh weight per shoot at all the 

irradiation doses in the three genotypes. However, mare pronounced increase in fresh 

weight per shoot with GAl was observed after six and seven days in the three genotypes <It 

50, 60, and 70 Kr of gamma irradiation doses. 
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ii: CATALASE ACTIVITY (mM) 

Effects of gamma irradiation separately and with the post mutagenic treatment of 

GA3 on catalase activity was depicted in Fig 17-19. It is seen from the results that the 

three chickpea genotypes responded similarly to both mutagenic treatments. Catalase 

activity, a microbody marker, at 10 and 20 Kr of gamma irradiation decreased except on 

51h growth day where, an increase in activity was observed. A gradual decrease in catalase 

activity with an increase in gamma irradiation higher than 20 Kr was observed on third 

developmental day as compared to control. However, an increase in catalase activity was 

found at doses of 30 and 40 Kr on 41h and Slh day of seedling growth, while u grad uul 

decrease in catalase activity was observed following the 5th day. 

Post 1l11ltagellil: treatlllCllt ofOA1 illcrcased thc calalase aClivily with (Ill illcrease of 

irradiation dosages except in Punjab 91 at 10 and 20 Kr doses as compared to the 

respective control. 
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iii: PEROXIDASE ACTIVITY (O.D.) 

Effects of gamma irradiation separately and with post mutagenic treatment of GA3 

on peroxidase activity at different days of seedling developmental is shown in Fig 20-22. 

Peroxidase activity in Noar 91 increased regularly with gamma irradiation from 10 to 60 

Kr until 5th day, while, with 70 to 110 Kr until 6th seedling developmental day, and 

following this a decrease in peroxidase activity was observed (Fig 20) . Application of GA3 

increased the peroxidase activity at various doses by modulating the effects of gamma 

irradiatiun. 

In PUI~ab 91 10 and 20 Kr of gamma irradiation did not had much etTect on 

peroxidas activity. However, at higher doses peroxidase activity increased until 5th and 6th 

day after sowing and then decrease gradually for the following days. At 50 and 60 Kr of 

gamma irradiation peroxidase activity increased throughout the developmental period. 

Application of GA3 increased the peroxidase activity throughout the developmental study 

at 70 Kr, while at 90 and 110 Kr this increase was until 6th and 5th day, respectively (Fig 

2 1 ). 

C 141 exhibited an erratic behaviour at 10, 20 and 30 Kr with both mutagenic 

treatments. Peroxidase activity increased throughout the developmental period from 40 to 

70 Kr doses with both mutagenic treatments . However, this increase in peroxidase 

activity at 90 and 110 Kr with both mutagenic treatments was until 6th developmental day 

(Fig 22) . 
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iv: INDOLE-3-ACETIC ACID (IAA) OXIDASE ACTIVITY (Jl.g) 

Effect of gamma irradiation separately and with postmutagenetic treatment of 

gibberellic acid on Indole Acetic Acid (IAA) oxidase activity are shown in Fig 23-25. It is 

evident fi'om the results that the three genotypes responded similarly for fAA oxidase 

activity ill shoot towards the both mutagenic treatments. lAA oxidase activity stimulated 

at 10 and 20 Kr doses of gamma irradiation and it was further increased with the treatment 

of GA3 in all the three genotypes. From 30 Kr dose of gamma irradiation lAA oxidase 

activity decreased gradually with an increase in irradiation dosages and minimulll activity 

was recorded at 110 Kr. However, application of GA3 increased the lAA oxidase activity 

at different doses . In all the genotypes IAA oxidase activity increased throughout the 

developmental period at 10 and 20 Kr of gamma irradiation. However, from 30-110 Kr 

with both mutagenic treatments lAA oxidase activity decreased throughout the seedling 

growth. 
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v: .,nOTI~IN ( :ONTI~NTS (mg) 

Effect of gamma irradiation with and without the post mutagenic treatment of 

gibberellic acid on protein contents in shoot are shown in Fig 26-28. It is seen fi-om the 

results that the three genotypes responded similarly to both lIlutagenic treatments. Protein 

contents decreased gradually with an increase in gamma irradiation except at 10 Kr 

treatment where stimulation as compared to control was noticed. Application of GA3 

increased the protein contents at different irradiation dosages. 
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vi: IUBONUCLEIC ACID (RNA) CONTENTS (fig) 

Effect of gamma irradiation separately and with the post mutagenic treatment of 

gibberell ic acid on RNA contents in shoot is shown in Fig 29-31 . It is evident from the 

results that RNA contents in three genotypes responded similarly towards the both 

mutagenic treatments. RNA contents decreased regularly with an increase in gamma 

irradiation except at 10 Kr in Noor 9 1 and C 141 , while at 10 and 20 Kr in Punjab 9 1. 

Treatment w ith GA3 increased the RNA contents as compared to control at 10, 20 and 30 

Kr in Noor 91 , at 10 and 20 Kr in Punjab 91 and at 10 Kr in C 141 . More RNA contents 

were observed with GA3 at variolls irradiation treatments. 
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vii: DEOXYRI80NUCLEIC ACID (DNA) CONTENTS (pig) 

Effect of gamma irradiation alone and with the post mutagenic treatment of 

gibbcrcllic acid 011 DNA contcllts ( pg shoor' ) is shown ill Fig 32-.H . It is cvidcllt 110111 

the results that all the genotypes responded similarly for DNA contents towards the both 

mutagenic treatments. Treatment of gamma irradiation decreased the DNA contents 

except at 10 Kr dose, gradually with an increase in gamma irradiation dosage. 011 the 

other hand application of GA3 at 10 and 20 Kr doses increased the DNA contents as 

compared to contro\. However, at higher doses more DNA contents were observed with 

GA3 treatment 
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III: SEEDLING STUDIES 

Seedling studies are considered as early manifestation of various mutagenic 

treatments. Gamma radiation are acknowledged to interfere with the biological system of 

an organism. A particular plant may die, or show altered pattern of growth in response to 

a particular treatment. These early studies are used to manipulate the particular dose of 

gamma radiation used to enhance the breeding programme by creating extra genetic 

variability. 111 lIlulal,ioll breeding, doses with low physiological eflccts and higher genetic 

effects are desirable. Gibberellic acid modulates the radio sensitivity by acting 011 variOlls 

biochemical processes. So in this seedling study seeds of three chickpea genotypes were 

subjected to gamma irradiation to manipulate the proper dose. 

94 



i: GERMINATION PERCENTAGE 

Analysis of variance fo r germination percentage is presented in table 8. The results 

show signilicant (p<O.05) and highly significant (p<O.O I) differences among the genolypes 

and treatments, respectively. The interaction between genotype-treatment was non­

signif1cant (p>0.05) . This reflects that the genotypes responded consistently across the 

vnriolls doses for Ihi s chnraclcr. 

Punjab () I cxhibitcu the highest gerlllination percelltage of" <JH .2S% as COlli pared to 

97.62 and 95.25% ofC 141 and Noor 91 , respectively Crable 9). Germination percentage 

was not affected in Punjab 91 upto 30 Kr. The effect of radiation was gradual and with an 

increase in irradiation doses, germination percentage decreased with minimum at 110 Kr, 

82.50,90.00 ancl90.00% in Noor 91, PUI~ab 91 and C141, respectively. 

Germination percentage increased in irradiated seeds with gibberellic acid at 

vflrious levels of irradiation. Germillation was not affected uplo 50, GO and 70 Kr in Nom 

91 , C 141 and Punjab 91, respectively. Maximum recovery of 12.5% was observed in 

Noor 91 at 110 Kr treatment. 

Table: 8 Analysis of v:lriance fOl' genninntioll pCl'ccntngc undcr labonltol'Y 
conditions in three chickpea genotYl1es with different doses of ga nlllla 
r a d iation sepa ra tely a nd with GAJ (1 995-96), 

SCHIIT(' of va .-iacioll I). Ii'. Sli m of SqUltl'cs M(~llll of S(luan~s 

Replicates 3 12.80 4.26 

Varieties (V) 2 40 .08 20.04 

Error (a) 6 3.58 0.59 

Treatments (D) 19 314.12 16.53 

(VxO) interaction 38 53.24 1.40 

Erro r (b) 171 356.18 2 .08 

Tot:.1 239 780.00 

* ** , indicate significance at 5% and 1 % level of probability, respectively. 
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2.04 

9.63 * 

7.94** 
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Table: 9 Ell'ect of dill'erent d oses of gallllllll ntdiation sepanttcl)1 lllld with GAJ 
on ge."mination percentage in three genotypes of chiclq)ea 

T."catment Noor 91 

Control 

Unsoaked 100.00 A 

Sonk cc\ 100.00 A 

(; 1111111111 nlliial iOIl 

10 Kr 100.00 A 

20 Kr 97.50 AB 

30 Kr 97 .50 AB 

40 Kr 87.50 EF 

50 Kr 92.50 CO 

60 Kr 90.00 DE 

70 Kr 90.00 DE 

90 Kr 85.00 FG 

110 Kr 82.50 G 

Gmnma ."adiation+GA3(O.5 111M) 

10 Kr + GA3 100.00 A 

20 Kr+ GA3 100.00 A 

\() K .. I (i!\\ 1 OO .()() !\ 

40 Kr+GA3 100.00 A 

50 Kr -I- GA:! 100.00 A 

60 Kr + GA3 97.50 AB 

70 Kr + GA3 95.00 BC 

90 Kr + GAl 95 .00 BC 

110 Kr+ GA~ 95.00 BC 

Means 95.25 C 

S.E. for variety llIeCIII =0.0858 
S.E. for treatment mean=0.4163 
S.E. for (VxD) interaction mean=0.8326 

PunJab 91 C 141 

100.00 A 100.00 A 

100.00 A 100.00 A 

100.00 A 100.00 A 

100.00 A 100.00 A 

100.00 A 97.50 AB 

97.50 AB 97.50 AB 

97.50 AB 97.50 AB 

97.50 AB 97.50 AB 

95.00 BC 92.50 CD 

92.50 CD 92.50 CD 

90.00 D 90.000 

100.00 A 100.00 A 

100.00 A 100.00 A 

100.00 !\ 1 OU .OO !\ 

100.00 A 100.00 A 

100.00 A 100.00 A 

100.00 A 100.00 A 

100.00 A 97.50 AB 

97.50 AI3 97.50 AB 

97.50 AB 95.00 IJC 

98.25 A 97.62 n 

T."eahncnt mean 

100.00 A 

100.00 !\ 

100.00 A 

99.16 AB 

98.33 B 

94.16 E 

95.83 0 

94.16 E 

92.50 F 

90.00 G 

87 .50 I-I 

100.00 A 

100.00 A 

I()O .OO!\ 

100.00 A 

10000 A 

99 . 16A B 

97.50 C 

96 .66 CD 

95.83 D 

Means 1I0t followed by the same letter are statistically significant by DMRT at 1% level of 
probability. 
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ii) SIIOOT LENGTH 

Analysis of variance for the etTect of different doses of gamma it rad iation on shoot 

length (table 10) revealed highly significant (p<O.O I) differences among genotypes and 

treatments . Varieties x treatment interaction was also highly significant (p<O. 0 I). It 

indicates highly inconsistent performance of genotypes for this character across dillc rent 

doses. 

Punjab 91 exhibited the highest overall shoot length of 13 .88 cm as compared to 

10.30 and 973 cm of Noor 91 and C 141, respectively (Tablell) . At lower doses of 

gamma irradiation stimulation in shoot growth was observed in all the genotypes. In 

Plll~ab 91, stimulating effect was observed at 10, 20,30 Kr, while in Noor 91 and C 141 

at 10 Kr dose. The shoot length decreased at higher doses with an increasing dose of 

gamma irradiatioh and maximum decrease in shoot length was observed at t 10 Kr dose. 

In case of post mutagenic treatment of gibberellic acid stimulation in shoot growth 

was recorded at all treatments in the three varieties. Maximum stimulating effect with an 

increase of 5.65 Clll was observed in Noor 91 at 20 Kr treatment. 

Table 10: Analysis of variance for' shoot length in ten days old seedlings under 
laborntOl)' conditions in three chickpea genotypes with difTer'ent doses 
of gamma radiation separately and with GA3 (1995-96). 

SOUl'ce of val'ia ti Ol~ D.F. Sum of squa res M ean of squna'cs F-vaillc 

Replicates 3 3.71 1. 23 2.5 1 

V:II id ies (V) 2 8 13. 17 t1 06.,) R R29. 7S ** 

Error (a) 6 0.83 0. 13 

Treatments (D) 19 3556.08 187.16 381 .95** 

(YxO) interaction 38 278 .75 7. 33 t 4.95** 

Error (b) 171 85 .21 0.49 

T otal 239 4737.75 

** Indicate significance at 1% level of probability. 
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Table 11: 

Treatment 

Control 

~Unsoaked 

pSoaked , 

Effect of diffe."eDt doses of gamma radiation separ"ately and with GA3 
on shoot length of ten days old seedlings in th."ee genotypes of 
chicl{pea. 

Noor 91 Punjab 91 C 141 Treatment mealls 

12.92 C 15.35 CDE 14.95 B 14.40 DE 

13.02 CD 15.60 CD 15 .55 B 14 .72 0 

G t, d" " ~' :Ulima I'a aatlOll 
o I r-

IO Kr 14.25 BC 17.92 B 15.87 B 16.00 C 

20 Kr 11.62 DE 17.70 B 11 .70 C 13 .67 E 

I 30 Kr 10.50 EF 15.45 CDE 9.62 DE 11.85 G 

40 Kr 6 .92 G 15 .00 CDEF 8.20 F 10.00 H 

)() Kr u.67 U 13.67 FU 8.32 EF ()55 II 

60 Kr 6 .55 G 12.65 GH 6.40 H 8.531 

70 Kr 5.02 HI 9.75 JK 3.821 6.20 KL 

90 Kr 4.5711 9.15 K 3.521 5.75 L 

110 Kr 3.52 J 6.42 L 2.951 4 .30M , 
Gamma ~'adiatiol1 + GA3 (0.5 111M) 

(, t-i I~ 
10 Kr + G 3 18.15 A 19.52 A 16.15 A 17.94 A 

20 Kr + GA3 17.27 A 18.22 B \5.37 B 16.96 B 

30 Kr+ GA3 14.57 B 16.17 C 12.27 C 14.34 DE 

40 Kr+ GA~ 13 .97 BC 16. 10 C 10.3 7 [) 13 .48 EF 

50 Kr + GA3 12.470 14.55 DEF 9.60 DE 12.20 G 

60 Kr + GA3 11.82 DE 14.37 EF 9 .52 DE 11.90 G 

70 Kr + GA3 10.22 F 11.45 HI 7.82 FG 9.83 H 

!)() K r I (J A.I (,.27 (II I 10.65 IJ (i,(i2 (II' 7.R) .I 

110 Kr + GA3 5.72 GHI 8.00 K 5.82 H 6.50 KL 

Means 10.30 B 13.88 A 9.73 C 

S.E. for variety mean =0.0403 
S.E. for treatment mean=0.2020 
S.E. for (VxD) interaction means=0.3500 
Means not followed by the same letter are statistically significant by DMRT at 1% level of 
probability . 
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iii: ROOT LF..NGTII 

Table 12 shows the analysis of variance for the effect of mutagenic treatmell ts on 

root length. The results revealed highly significant differences (p<O.Ol) among the 

genotypes and treatments. The interaction between genotype-treatment was also highly 

significant (p<O.Ol). This indicates high variation in their performance across the various 

treatments for thi s character. 

011 the average, maximum root length of 11. 72 em was observed in Punjab 91 as 

compared Lo 10.82 a11l19.20 CIlI ol' C I41 nlld Nom 91 , respectively (Tahle IJ) . The ellcct 

of gamma irradiation was gradual and with an increase in irradiation dose, the root length 

decreased with minimum at 110 Kr, 4 .92,5.05 and 3.27 em in Noor 91 , Punjab 91 and C 

141 , respectively . In Punjab 91 a buffering action for root length was noticed at 20, 30, 

50, 60 and 70 Kr and then a very sharp decrease of 4 .65 em was observed from 70 Kr to 

90 Kr. 

Gibberellic acid treatment stimulated the root growth at different levels of gamma 

irradiatio ll ill all genotypes. Maximum increase of 4. 15 em was noticed at 10 Kr in Punjab 

91. 

Tahle 12 An alysis of variance fOl' root length in ten days old seedlings under 
labOl'atol'Y conditions in thl'ee chiclq)ea genotypes with difTel'ent doses 
of gamma mdiation separately and with GA3 (1 995-96). 

Source of variation D.F. Sum of squares 

Replicates 3 1.64 

Varieties (V) 2 261.28 

Error (a) 6 8.25 

Treatments (D) 19 2687 .55 

(VxD) interaction 3R 648 .62 

Error (b) 171 85.10 

T otal 239 3692.44 

** lndicate significance at 1 % level of probability. 
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Mean of squa res 

0 .54 

130.64 

1.37 

141.45 

17 .00 

0.49 

If-value 

1.10 

266 .61 ** 

288.67** 

14 .8 J ** 



Table 13: Efl'ect of difl'erent doses of gamma rndintion separaCely ami wiCh GA3 
on I'oot length of ten dnys old seedlings in three genotypes of chickpea. 

TI'('afllu'llf N C)(II' 91 Punjah 91 C 141 Tn'aCllu'u! 1II('a1iS 

Conh'ol 

Unsoaked 13.72A 15 .87B 17.52 AB 15.70 B 

Soaked 13 .60 A 15 .92 B 17.77 A 15. 76 B 

Gamma I"adiatioll 

10 Kr 12.17 BC 15.60 B 15.30 C 14.35 C 

20 Kr 12.20 BC ] 1.55 FG 12.70 DE 12.15 E 

30 Kr 10.15 D 10.85 GH 12.17 Er 11.05 r 
40 Kr 8.37 E 9.65 HI 10.37 G 9.46 H 

50 Kr 8.07 E 10.05 H 7.171 8.431 

60 Kr 6 . 17 FG 10.05 H 6.071 7.43 J 

70 Kr 5.25 GH 10.12H 6.35 I 7.24 J 

90 Kr 5.72 FG 5.47 K 4.62 J 5.27 K 

110 Kr 4.92 H 5.05 K 3 .27 K 4.4 0L 

Gamma radiation + GA3 ( 0.5 111M) 

10 Kr + GA3 12.80 AB 19.75 A 16.42 BC 16.32A 

20 Kr + GA3 10.85 CD 14.97 BC 15.57 C 13.80 C 

30Kr+ GA3 10.75 D 14.22 CD 13.900 12.950 

40Kr+GA3 13.75 A 13.05 DE 12.05 EF 12.95 0 

50 Kr + GA3 10.020 12.10 ErG 12.07 EF 11.40 r 
60 Kr + GA3 7.05 EF 12.37 EF 11.27 FG 10.23 G 

70 Kr + GA3 7.10 EF 12.27 EF 8.70 H 7.70 U 

90 Kr + GA3 6.02 F 8.621 7.07 I 7.24 J 

110 Kr+ GA3 5.32 GH 7.07 J 6.02 I 6.14 K 

Menns 9.20 C ll.72 A 10.82 D 

S.E. for variety mean =0.1308 
S, E. for treatment mean=0.2020 
s.n. for (YxD) intcraction Illcans=0.3500 
Means not followed by the same letter are statistically significant by DMRT at 1 % level of 
probability. 
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iv: NUMBER OF ROOTS 

The results of analysis of variance for the effect of different doses of gamma 

irradiation separately and with the application of gibberellic acid on the number of roots 

(Table 14) revealed indicates highly significant (p<O.OI) differences within the treatments 

and genotypes. The interaction between genotype-treatment was also highly significant 

(p<O 1). It indicates highly inconsistent performance of genotypes across the various doses . 

The results regarding the number of roots in the varieties indicated a maximum of 

I ).77 per plant ill Punjab 91 followed by II .RR ulld IOj7 pCI' plnnl in Nom 91 nnt! r. 1/11, 

respectively Crable 15). There was a gradual decrease in number of roots with an increase 

in the radiation doses . The llumber of roots decreased with minimum at 110 Kr, 2.05, 2.95 

and 6.80 in C 141 , Noor 91 and Punjab 91, respectively. 

In case of gibberellic acid treatment, a profound increase in the number of roots 

was observed at all the levels of gamma irradiation. PUI~ab 91 appears to be more 

responsive towards the gibberellic acid treatment and a maximum illcrease of 5.55 in the 

number of roots was observed at 10 Kr treatment. 

Table 14: Analysis of variance for number of roots in ten days old secdlings 
undcl' laboratol'Y conditions in tlnce chicl<pea genotypes with 
difTerent doses of gamma I'adiation separately and with GA3 (1995-96) 

Source of val'iatioll D. F. SUIll of squal'es 

Replicates 3 88.77 

Varieties (V) 2. 1169.05 

Error (a) 6 32.15 

Treatments (0) 19 6154.86 

(YxD) interaction 38 1195.65 

Error (b) 171 159.98 

Total 239 8800.46 

** illdic<1le sigllilk<1llce <11 I 'Yo level of probability. 
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Mean of squares 

29.59 

584.52 

5.}) 

323.94 

31.46 

0 .93 

F-value 

31.81 

628.51 ** 

348.32** 

33.82** 



Table 15: Effect of different doses of gamma radiation scparatcly and with GAJ 
on number of I'oots of ten days old secdlings in th.'ce genotypes of 
chici{pea. 

T.'eatment Noo.· 91 

Control 

Unsoaked 18.40 B 

Soaked 16.90 B 

( ; lIl11l11n I'llll inl io .. 

10 Kr 18.60 B 

20 Kr 16.90 B 

30 Kr 13.30 C 

40 Kr 9 .70E FG 

50 Kr 9.80 EF 

60 Kr 7.80 G 

70 Kr 3 .55 I.J 

90 Kr 5.00 HI 

110 Kr 2.95 J 

Gamma radiation+ GA3 (0.5 111M) 

10 Kr + GA3 21 .25 A 

20 Kr + GA3 14.95 C 

.10K,i (iA \ 17.'15 B 

40 Kr + GA3 16.90 B 

50 Kr + GA3 13 .80 C 

60 Kr + GA3 11.15 DE 

70 Kr + GA3 8.75 FG 

90 Kr + GA3 5. 11 HI 

110 Kr -/- GA3 5.50 H 

Means 11.88 B 

S.E. for variety mean =0.2586 
S.E. for treatment mean=0.2783 
S.E. for (YxD) interaction means=0.4821 

Punjab 91 

24.85 A 

25. 75 A 

20.60 B 

17.70 CD 

15.95 D 

13 .00 E 

12.55 E 

12.55 E 

10. 15 r 

9.35 FG 

6.80 H 

26.15 A 

22.05 B 

2 1. t15 B 

18.35 C 

14.00 E 

13.25 E 

13.25 E 

10.00 F 

7.750H 

15.77 A 

C 141 Treatment mcans 

18 .25 A 20.50 AB 

I R.SS A 20.40 IJ 

17.35 A 18 .85 CO 

13.10 BC 13.40 01-1 

11.70 C 13.65 G 

10.25 D 10.98 I 

7.05 EF 9.80 J 

6.15 EFG 8.83.J 

S.45 rG (dR KI. 

2.65 H 5.66 L 

2.05 H 3.93 M 

16.90 A 21.43 A 

17.20 A 18. 06 DE 

Itl .20 B 17.70 EF 

11 .65 C 15.63 F 

10.800 12. 86 H 

9.75 D 11.38 I 

7.40 E 9.80 J 

6.45 EFG 7.18 K 

4.65 G 5.96 L 

10.57 n 

Means not followed by the same letter are statistically significant by DMRT at I % level of 
probability. 
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IV: MUTATION STUDIES IN M1 GENERATION 

Gamma irradiation is used extensively to induce extra-genetic variability. Plants H1 M 1 

generation showed altered patterns of growth for various characters depending upon the extent of 

biological damage. To reduce the extensive physiological damage, gibberellic acid was used in this 

study. Change in radio sensitivity with gibberellic acid expressed in various plant characters is 

presented here. 

i: PLANT HEIGHT (em) 

The analysis of variance for the effect of different doses of gamma irradiation separately and 

with the application of gibberellic acid on plant height in M 1 population of chickpea (Table 16) 

indicates highly significant (p<O.Ol) variation within treatments and genotypes. The genotype­

treatment interaction was also highly significant (p<O. 01) . It reflects highly inconsistency in 

sensitivity of genotypes for this character across variolls treatments. On the average, maximulIl 

plant height of97.00 cm was observed in C141 as compared to 93.91 and 86.87 cm in Punjab 91 

and Noor 9 1, respectively. The results (Table 17) revealed that the irradiation treatments 

significantly decreased the plant height as compared to control. However, the effect of gamma 

irradiation changed with the application of gibberellic acid and plant height increased significantly at 

40 Kr, while decreased at 60 Kr. 

A differential response of plant height among genotypes towards the mutagenic treatments 

was observed . Significa nt (p<O.OI) increase in plant height at 60 Kr was noticed in Noor 91 as 

compared to control. However, at 40 and 50 Kr increase in plant height as compared to control 

was non-significant. With the application of gibberellic acid plant height increased significantly at all 

doses as compared to control. Punjab 91 exhibited an almost similar response to both mutagenic 

treatments . The control plants had the maximum plant height and was significantly (p<O.O I) 

different from all other doses. In C 141 plant height decreased significantly (p<O.OI) with both 

mutagenic treatments except at 40 Kr with gibberellic acid where non-significant difference as 

compared to control was recorded. Application of GA3 changed the effect of irradiation and plant 

height decreased signilicanlly at 50 and 60 Kr treatments. 
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Table 16: Annlysis of variance for plant height in M I populations of three chici<l1ea 
genotypes under different radiation doses separately and with GA3 

SOUl"ce of vat"iation D.F SUIll of squares Mean of squa."es F-value 
Replicates 2 0"31 0.15 0.38 
Varieties (V) 2 1293 .03 646 .51 1624.41** 
Error (a) 4 1.59 0 .3 9 
Treatments (D) 7 382.59 54.65 96.39** 
(VxD) interaction 14 671.40 95.91 169 .16 ** 
Frl"(lr (h) tl2 23.81 0 .50 

Total 71 2372.75 
** Indicate significance at 1 (Yo level of probability. 

Table 17: Effect of different doses of gamma radiation separately and with GA3 on 
plant height in M, population of three chickpea genotypes. 

T."eatment NoOl' 91 Punjab 91 C 141 Mean 
Control 
Unsoaked 84.78C 98.43A 102.46 A 95.22 A 
Soaked 84.85C 98.03A 102.81 A 95 .23 A 
Gamma nldiatioJl 

40 Kr 85.53 BC 90.75 CD 96 .33 A 90.87 F 
50 Kr 85.08 BC 95 .81 B 98.81 B 93.23 CD 
60 Kr 90.23 A 90.060 95.20 CO 91.83 E 
(;:unma nuliation+GA:l (0.5 mM) 
110 Kr I UA.l H() .UU A 91.UUCD 101 .2 1 A 93 .75 Be 
50 Kr + GA3 88.95 A 95.85 B 93.73 D 92.84 CD 
60 Kr + GA3 86 .55 B 91.33 C 85.43 E 87.77 G 
Mean 86.87 C 93.91 B 97.00 A 
S.E. for variety mean = 0.1274 
S. E. for treatment mean = 0.2494 
S.E. for (VxD) interaction means 0.4320 
Means not followed by the same letter are statistically significant by OMRT at 1% level of 
probability. 



ii: NUMBER OF PRIMARY BRA~CHES PER PLANT 

Table 18 presents analysis of variance for the effect of different doses of gamma irradiation 

and with post mutagenic application of gibberellic acid on the number of primary branches in M I 

population of chickpea. The results show non-significant (p>0.05) differences wit.hin genotypes, 

while highly significant (p<O. 01 ) differences among the treatments. The interaction bet ween 

genotype-treatment was al so highly significant. It refl ects high variation in the performance of 

gellutypes acruss tlte treatments . C141 exhibited maximulll number or primary branches 6.62 per 

plant followed by 6.61 and 6.53 per plant in Punjab 91 and Noor 9 1, respectively (Table 19). It is 

evident from the results that the application of GA3 had changed the ellccl or gamllla irradiation 

and number of primary branches significantly (p<O.O I) increased at 40 Kr and decrease at 00 Kr. 

Nlllllber ur pi illlary 1.)\(1I1ches per plant decreased significantly at ()U Kr with bOlh lllutagenic 

treatments as compared with their respective controls. 

In Noor 91 number of primary branches decreased at 40 Kr, while increased non­

significantly at 50 and 60 Kr as compared wi th control. Application of GJ\J modulated the eOccl of 

gamma irradiation and number of primary branches increased and decreased significantly at 40 Kr 

and 50 and 60 Kr respecti vely. Number of primary branches in Punj ab 91 increased 11 0 11 -

significant ly at 40 Kr and decreased significantly at 60 Kr as compared to control. In case of 

gibberellic acid appl ication the number of primary branches decreased significantly (p<O.O I) at 40 

Kr. In C 14 1 the nllnlher or prinHlry brallches decreased signifi cantly (p r-O.O I ) at GO Kr with their 

respective controls in both mutagenic treatments. However, number of primary branches increased 

signi ficantly at 60 Kr as compared to control. 

i ii : N tJMBF:R OF SI~CON ()ARY BRANCHES PER I)LANT 

It is obvious from the analysis of variance for the effect of different doses of gamma 

irradiation separately and with the application of gibberellic acid on the number of secondary 

branches (Table 20) in M I population of chickpea that differences among treatments and genotypes 

were highly significant. The interaction between genotype-treatments was also highly significant 

(p<O.O 1). The results indicate high fluctuation in the sensitivity of genotypes for this character 

across the treatments . Maximum number of secondary branches 20.68 were observed in C 141 as 

compared with I G. 87 and 15 .92 in Nom 91 alld Put~ab 9 1, respectively (Table 21). 
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Table 18: Analysis of variance. for number of primal")' branches pe.· plant in M t 

populations of three chickpea genotypes unde.· diffe.·ent .·adiation doses 
separately and with GAJ • 

Som'ce of variation D.F Sum of squares Mean of squares F-value 
Replicates 2 0.0008 0.0004 0.0085 
Varieties (V) 2 0.1292 O. OM (i 1.17'1 
Errol' (a) 4 0.1880 0 .047 
Treatments (D) 7 7.3966 1.0566 14.2977** 
(VXO) interaction 14 14.0166 1.0011 13.5466** 
Error (b) 42 3.1053 0.0739 
Total 71 24.8366 
* * lndicate significance at I % level of probability. 

'I'alll(' 19: rcm~d of lIilferent doses of gamma radiation se.,lll·lltcly and with GA.] 011 

number' of primal")' branches per plant in MI population of th ree chicl<pea 
geno types. 

T reatment Noor 91 P unjab 91 C 141 Mean 
C ontrol 
Unsoaked 6.45BC 6. 88 AB 6. 78 BC 6. 70 AB 
Soaked 6.53 BC 7.08 A 6.56 BC 6.72 AB 
Gamma J'adiation 
40 Kr 6. 00 C 7.00 A 6.38 CD 6.46 BC 
50 Kr 6.83 AB 6.88 AB 7.08 B 6. 93 A 
60 Kr 7.06 AB 6.03 C 5.63 () 6.24 C 
Gamma radiation+GAJ (0.5 ruM) 
40 Kr + GA3 7.26 A 5.96 C 7.80 I\. 7.01 A 
50 Kr + GA3 6.00 C 6.76 AB 7.16 B 6.65 ABC 
60 Kr + GA3 6.08 C 6.31 BC 5.580 5.990 
Menn 6.53 A 6.61 A 6.62 A 
S.E. for variety Illean 0.0442 
S.E. for treatment mean = 0.0906 
SE. ror (VxD) illtcractioll1l1eallS 0. 1569 
Means not followed by the same letter are statistically significant by IJMRT at I % level of 
probability. 

lOG 



Both two mutagenic treatments alTected the number of secondary branches in a difrerent way. 

(1:\111111<1 irradiatioll sigllificalltly (p ..... O.OI) reduced the number of secolldillY brallches as cOlllparcd 

to control and maximum reduction was observed at 40 Kr. Application of gibberellic acid increased 

the number of secondary branches significantly (p<O.OI) at 40 Kr, while at 50 and 60 Kr the 

number of secondary branches decreased significantly. 

Varieties exhibited differential response towards mutagenic treatments. In Noor 91 the 

number of secondary branches decreased significantly at 40 and 50 Kr with gamma irradiation . 

Application of GA3 markedly changed the biological effects of gamma irradiation. Number of 

secondary branches illcrcased significantly at 40 Kr, while decreased al )() nnd (iO Kr. The Illll1l11('r 

of secondary branches in PUl~ab 91 decreased significantly with both mutagenic treatments except 

at 50 Kr of gamma irradiation as compared with their respective untreated checks. C 141 exhibited 

a significant (p<O.O I) decrease in the number of secondaty branches with gamma irradiation at 40 

alld 60 Kr . The treatment of gibberellic acid significantly (p<O.O I) increased the number of 

secondary branches at 40 Kr, while decreased at 50 and 60 Kr as compared with control. 

iv: NUMBER OF PODS PER PLANT 
The analysis of variance for the effect of different doses of gamma radiation separately and 

with the application of gibberellic acid on number of pods per plant (Table 22) in MI population of 

chickpea reveals highly significant (p<O.O 1) differences within treatments and genotypes. The 

interaction between genotype-treatment interaction was also highly significant. It indicates that 

sensitivity of genotypes for this character was highly inconsistent across the treatl1lents . On the 

average, maximum number of pods per plant 72.37 were obtained in C 141, followed by 62.58 and 

52.28 in PUI~ab 91 and Noor 91, respectively (Table 23). The results show that the mutagenic 

treatments significantly (p<O,O J) decreased the number of pods per plant as compared to their 

respective controls and minimum number of pods were obtained at 60 Kr with both treatments. 

However, significantly higher number of pods per plant obtained with the application of GA3 at 40 

and 60 Kr. 

A differential respunse or varieties to the two mutagenic treatments was nuticed . In Noor 

91 number of pods per plant decreased significalltly (p<O.Ol) at 40 ancl50 Kr, while increased at 60 

Kr with gamma irradiation as compared to control. Application of gibberellic acid modulated 
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Table 20: Analysis of va.'iance fo.' number of secondary branches pc.' plant in M I 
populations of three chickpea genotypes under diffe.'ent radiation doses 
separately and with GAJ • 

SOUl'ce of vadation D.F Sum of squares Mean of squares If-value 
Replicates 2 4.45 2.22 4.62 
Varieties (V) 2 304.20 152.10 316.87** 
Error (a) 4 1.92 0.48 
Treatments (D) 7 754.68 lO7 .81 207 .32** 
(VxD) interaction 14 754.74 53.91 103.67** 
Error (b) 42 22.21 0.52 
Total 71 1842.205 
* * Indicate significance at 1 % level of probability. 

T able 21: Effect of different doses of gamma .-adiation sepa.'ately and with GA3 on 
number of secondal'Y branches per plant in M I popUlation of th.·ec 
chickpea gcnotypes. 

Trea tmen t Noor 9 1 Punjab 91 C 141 Mean 
Control 
l JnsoClked 1 R.l) Be 21.36 A 21.10 R 2 1.00 R 
Soalu.:d 17 .LlC) Be 22.36 A. 22 .06 Be 20.63 B 
Gamma radiation 
40 Kr 11.56 E 12.90 BC 17.63 0 14.03 E 
50 Kr 13.3 0 D 21.50 A 22.40 BC 19.06 C 
60 Kr 18.61 B 1l.58 C 20.80 C 17.00 D 
Gamma radiation-l-GAJ (0,5 111M) 
40 Kr -I- GA3 28.58 A 11.16D 26.66 A 22.13 A 
50 Kr -I- GA3 16.70 C 12.88 BC 19.000 16.200 
60 Kr -I- GA~ 10.40 E 13 .63 B 13.56 E 12.53 r 
Mean 16.87 B 15.92 C 20.68 A 
S. E. for variety mcall = 0.1414 
S. E. for lrealmClIl 111eall = 0.2403 
S.E. for (VxD) interaction means = 0.4163 
Means not followed by the same letter are statistically significant by DMR T at 1% level of 
probability. 
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the effects of gamma irradiation and the number of pods per plant increased at 40 and 50 Kr, while 

decreased significantly at 60 Kr. Punjab 91 exhibited a gradual and significant (p<O.O I) decrease in 

Ilumber of poels per plant with an increase of gamma irradiation and minimum were obtained at 

60 Kr. The application of gibberellic acid further decreased the number of pods per plant at 40 and 

50 Kr, while increased at 60 Kr. In C 141 number of pods per plant decreased significantly at 40 

and 60 Kr with gamma irradiation. However, the application of gibberellic acid markedly changed 

the biological effects of gamma irradiation and number of pods increased significantly (p<O. 0 I) at 

40 and 50 Kr as compared with their respective control. 

v) NUMBER OF SEEDS PER POD 
Table 24 exhibits highly significant (p<O.O I) differences for the effect of different doses of 

gamma irradiation separately and with the application of gibberellic acid on number of seeds per 

pod in M l population of chickpea among the treatments and genotypes. The interaction between 

genotype-treatment was also highly significant. It reveals high variation in the sensitivity among 

genotypes for this character across the treatments. Punjab 91 exhibited the maximul11 number of 

seeds per pod 1.31 followed by 1.26 and 1.11 per pod in C 14 J and Noor 9 J, respectively (Table 

25) . It is evident rro11l the results that the number of seeds per pod affected with the t.wo mutagenic 

II eatments. Gamma radiation signiiicantly (p<O. 01) decreased the number of seeds per pod at all 

doses while, with gibberellic acid treatment significant (p<O. 0 I) reduction occurred at 60 Kr as 

compared to control. 

A differential response of varieties to the mutagenic treatments was observed . In Noor 91, 

the number of seeds per pod reduced significantly (p<O. 0 I) at 40 anel 50 Kr with gamma 

irradiation, while with the application of gibberellic acid non-significant (p>O.Ol) decrease at all 

levels of irradiation was observed as compared to their respective controls. Pl1l~iab 91 exhibit ed 

significant (p<O.O I) decrease at all gamma irradiation doses, however with GA3 at 60 Kr as 

compared to their controls . In C 141 the increase or decrease in number of seeds per pod was non­

significant (p>O.O I) among the different mutagenic treatments as compared to their respective 

controls. 

vi: IOO-SEED WEIGHT PER PLANT (g) 

Tile :lllalysis of varial1ce fur .the efrect or diflerent doses oj" ga l1l1l1(l radiatio1l with and 

without the application of gibberellic acid on 100-seed weight in MJ population of chickpea Crable 

26) indicates highly significant variation (p<O. 01) within the treatments and genotypes. 
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Table 22: Analysis of v a 1"i:1Ilce for numbel' of pods pCI' phlllt in M 1 populations of 
three chickpea genotypes under different mdiation doses separately and 
with GA". 

Source of variation D.I? SUlll of squares Mean of squares Ii'-value 
Replicate!': 2 19.60 9.RO 1.1R 
\1: 11 id ies (\I) 2 t1 Ht1.l . IJ 2t121 .)() .1/(2) 1 H 

EtTor (a) 4 28.27 7.07 
Treatments (D) 7 2659.60 379.94 55.80** 
(YxD) interaction 14 9757.67 696.97 102.34** 
Error (b) 42 286.30 6.81 
Total 71 17595.09 
* * Indicate significance at 1 % level of probability. 

Tahle 23: Effect of diffe.-ent doses of gamma radiation separately and with GAJ on 
Humber of pods per plant in Ml population of three chicl<pea genotypes. 

Tl'eatment NoOl' 91 Punjab 91 C 141 Mean 
Control 
Unsoaked 60.10 B 84.15 A 70.43 C 71.76 A 
Soaked 57.00 BC 85.71 A 69.75 CO 70.82 A 
Gamma radiation 
40 Kr 34.86 r 74.61 B 57 .11 r 55.53 0 
)() Kr 111.7] E 66.58 C 6<J.HO CD 60.01 C 
60 Kr 66.45 A 47.56 DE 63 .35 E 59.12 C 
Gamma mdiation+GA3 (0.5 111M) 
40 Kr + GA3 55.26 BC 46.90 DE 82.40 B 61.52 C 
50 Kr + GA3 52.50 CD 44.46 E 101.68 A 66.21 B 
60 Kr + GA3 48.40 DE 50.71 D 64.48 DE 54.530 
Mean 52.28 C 62.588 72.37 A 
S.E. for variety mean = 0.5427 
S.E. for treatment mean 0.8698 
S.E. for (YxD) interaction means 1.5066 

Means 110t followed by the same letter are statistically signiHcant at by OMRT I % level of 
probability. 
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Tahk 2,.. : An alys is uf va .-ia n('c I'm' numhcl' of s(~cd s P(' I' p od in M I p opulations of 
tlu'ee chickpea genotypes undel' difl"erent radiation doses separately and 
with GAJ . 

Source of variation D.F Sum of squares Mean of squares F-value 
Replicates 2 0 .0048 0.0024 2.00 
Varieties (V) 2 0.5497 0 .2748 274.00** 
Error (a) 4 0.0045 0.0011 
Treatments (D) 7 0 .7656 0.1091 7.26** 
(VxD) interaction 14 0.7683 0 ,0548 3.60** 
Error (b) 42 0.6336 0.01 )7 

T()t:.1 71 2.1565 
* * Indicate significance at I % level of probability. 

Table 25: En-ect of diffel'ent doses of gamma radiation separately and with GAJ 011 

number of seeds per pod in M, population of three chicl{pea genotypes. 

Trcatmcnt NoOl' 91 Punjab 91 C 141 Mean 
Control 
Unsoaked 1.27 A 1.70 A 1.29 A 1.42 A 
Soaked 1. 24 A 1.49 AS 1.24 A 1.32 AB 
Gamma I'adiation 
40 Kr 0 .95 BC 1.25 BC 1.23 A 1. 14 CD 
50 Kr 0 .82 C 1.29 BC 1.28 A 1. 13 CD 
60 Kr I.I0AB 1.07 C 1.32 A 1.16 BCD 
Gamma ,'ad iation+GA;l (0.5 mM) 
40 Kr + GA3 1.18 AS 1.38 B 1.31 A 1. 29 AB 
50 Kr + GA3 1.1 5 AB 1.30BC 1.29 i\ 1.25 BC 
60 Kr + GA3 l.16AB 1.05 C 1.11 A 1.110 
Mean 1.11 C 1.31 A 1.26 B 
S.E . for variety mean 0 .0067 
S.E. for treatment mean = 0.0417 
S.E. for (VxO) interaction means 0.0723 
Means not followed by the same letter are statistically significant by DMRT at I % level of 
probability. 
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The interaction between genotype-treatment was also highly signiricant. It renects highly 

inconsistency in the. performance of genotypes for this character among the treatments. On the 

average, maximum 100-seed weight 25.24g ~as obtained in C141 followed by 25.00 and 24.37g in 

Punjab l) I and Nom l) I, respectively (Table 27) . I (JO-seed weight decreased gl adua lly ami 

significantly (p<O.Ol) with an lI1crease of irradiation dosages with both mutagenic treatments. 

However, significantly heavier seeds were produced with the application of GA3 at various 

irradiation doses. 

It is apparent from the results that the varieties show a varied response of 100-seed weight 

towards the mutagenic treatments. In Noar 91 IOU-seed weight decreased gradually and 

significantly (p<O.O I) with an increase of gamma irradiation at 50 and 60 Kr with both mutagenic 

treatments as compared with their respective controls. PUl~ab 91 exhibited significant (p<O. 0 I) 

decrease with an increase of gamma irradiation. Application of gibberellic acid modulated the 

erTects of gamma irradiation and 100-'seed weight increased signiricantly (p<O.O I) at 50 e1l1d 60 Kr. 

111 C 141 100-seed weight decreased significantly (p<O.O I) at various irradiation dosages except at 

40 Kr with application of gibberellic acid as compared to controls . However, heavier seeds were 

produced with the applic(ltioll ofOA). 

vii: BIOLOGICAL YIELD PER PLANT ( g) 
The (lllalysis of variance for the effect of different doses of galllma irradiation separately and 

with the application of gibberellic acid on biological yield per plant in M I population of chickpea 

(Table 28) indicates highly significant differences (p<O.Ol) among treatments and genotypes. The 

interaction between genotype-treatment interaction was also highly significant. It shows 

considerable amount of variability in. the performance of genotypes across the treatments. C 14 I 

exhibited maxilllUl1I biological yield of 105 . 13 g per plant followed by 95.54 alld 93.54 g in Punjab 

91 and Noar 91, respectively (Table 29). It is also seen from the results that the effects of two 

mutagenic treatments on the biological yield were different frolll each other. Biological yield 

decreased significantly (p<O.O I) with both mutagenic treatments as compared w ith their respective 

controls. The application of GA3 increased the biological yield significantly at 40 Kr and decreased 

at 'iO alld o() Kr. (~ell()types varied ill their response of biologic(l1 yield towards the hoth ll1utagellic 

treatments . 
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Table 26: Analysis of variance for I OO-seed weight pel' plant in 1\1 \ populations of 
tlll'ee chiclq)ea genotypes undel' different .-adiation doses sepat'ately and 
with GAJ • 

SOUl'ce of variation D.F. Sum of squal'es Mean of squRl'cs F-vlllue 
Replicates 2 0.109 0.054 l.459 
Varieties (V) 2 9.80 4.90 132.43** 
Error (n) 4 0.14R 0.017 
Treatments (I)) 7 30.420 4.J!J5 18!( () 1** 
(VxD) interaction 14 l.700 0 . 121 5.26** 
Error (b) 42 0,987 0.023 
T otal 71 43.171 
* * Indicate significance at I % level of probability. 

T able 27: Effect of diffel'ent doses of gamma ~adiation sepal'alely and with GAJ on 
lOO-se~d weight per plant in M\ population of thl'ee chickpea genotypes. 

Treatment Noor 91 Punjab 91 C 141 Mean 
Contl'Ol 
Unsoaked 25.10 A 25.79 A 26.07 A 25.65 A 
Soaked 25 .02 A 25 .84 A 26 .04 A 25.63 A 
G amma I'adintion 

40 Kr 24.77 A 25.16 B 25.00 C 24 .98 C 
50 Kr 23.7 1 C 24.58 C 24.59 D 24.290 
(if) K r 21.!J) n 21.!J7 D 2!J . I I F 21 .(iX F 
(;amma I'luliafion-t-GA] (0.5 111M) 

40 Kr + GA3 24.80 A 25.43 B 25.77 A 25.33 B 
50 Kr + GA3 24.38 B 25.13 B 25.39 B 24.97 C 
60 Kr + GA3 23.70 C 24.66 C 24.94 CD 24.43 D 
Mean 24.37 B 25.00 A 25.24 A 
S.E. for variety mean 0.0392 
S.E. for treatment mean = 0.0505 
S.E. for (VxD) interaction means = 0.0875 
Means not followed by the same letter are statistically significant by DMRT at J% level of 
probability. 
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Table 28: Analysis of val"iance for biological yield per plant in M t populations of 
th.·ee chici{pea genotypes under' difTerent radiation doses separately and 
with GA3• 

Source of variation n.F Sum of squares Mean of squares F-value 
Replicates 2 18.11 9.05 4.43 
Varieties (V) 2 1840.27 920.13 451 .04** 
Error (a) 4 8.17 2.04 
Treatments (D) 7 2809.00 401.28 1 )257** 
(Yxl)) illteractioll 14 2559 .07 182.80 (j<) .50* * 
Error (b) 42 110.697 2.63 
Total 71 7345.33 
* * Indicate significance at I % level of probability. 

I 

Table 29: EfTect of difTerent doses of ganllna~'adiafion sep1l1'atcly and wiCh GAJ on 
biological yield pel' plant in Ml population of thr'ee chickpea genotypes. 

Treatment NoOl' 91 Punjab 91 C 141 Melln 
Control 
Unsoaked 96.54 C 106.96 A 112.93 AB 105.48 A 
Soaked 96.03 C 108.45 A 110.20 B 104.89 A 
Gamma radiation 

40 Kr 83 .95 E 90.71 B 101.08 C 91.91 D 
50 Kr 89.23 D 105.98 A 110.35B 101.85B 
60 Kr 101.36 B 84.43 C 101.03 C 95 .60 C 
G1lInma I'fHliation+GA;l (0.5 Mill) 
IIU Kr I U/\.1 IU5.75/\ 84.11 C 115 .6U /\ 101 .82 U 
50 Kr + GA3 93.71 C 93.18 B 102.96 C 96.62 C 
60 Kr + GA3 81.80 F 90.51 B 86.88 D 86.40 E 
Mean 93.54 B 95.54 B 105.13 A 
S.E. for variety mean 0.29] 5 
S.E. for treatment mean 0.5405 
S.E. for (VxD) interaction means 0.9363 
Means not followed by the same letter are statistically significant by DMRT at 1% level of 
probabi lity. 
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In Noor 91 biological yield decreased significantly (P<O.O 1) at 40 and 50 Kr with gamma 

irradiation as compared to control. Biological yield increased significantly at 40 Kr and decreased at 

60 Kr with the treatment of gibberellic acid as compared to control. In PUl~ab 91 biological yield 

decreased significantly (p<O.O 1) at various doses of both mutagenic treatments except at 50 Kr of 

gamma irradiation. Effects of mutagens on the biological yield in C 141 were found to be different . 

l3iological yield decreased significantly (p<O.O 1) at 40 and 60 Kr with gamma irradiation as 

compared to control. Application of gibberellic acid increased the biological yield at 40 Kr, while 

decreased at 50 and 60 Kr I reatrllcnl. 

viii: GRAIN YIELD PER I)LANT ( g) 
Table 30 indicates highly significant (p<O.Ol) differences among the treatments and 

genotypes for the effect of different doses of gamma irradiation separately and with the application 

of gibberellic acid on grain yield per plant in M\ population. The interaction between genotype­

treatment was also highly significant. It shows high fluctuation in the performance of genotypes for 

this character across the treatments. C 141 exhibited the maximulll grain yield of 2] . II g per plant 

followed by 20.95 and 14.45g in PUI~ab 91 and Noor 91,respectively (Table 31). The results show 

that the grain yield responded differently towards the mutagenic treatment s. Grain yield decreased 

significantly (p<O.O I) with gamma irradiation as compared to control. However, grain yield 

increased significantly at 40 and 50 Kr and decreased at 60 Kr with the application of GA3 . 

A dilTerential response of varieties for grain yield was observed towards the two Illutagenic 

Irl'alillenis . III NOllr 91grain yield decrcascd significanLly (p<O.OI) at 40 and 50 Kr with ganlllla 

irradiation as compared to control. Application of GA3 changed the effects of gamma irradiation 

and biological yield increased significantly at 40 and 50 Kr, while decreased at 60 Kr. Punjab 91 

exhibited a gradual and significant (p<O.O 1) decrease ill grain yield with an increase of gamma 

radiation doses with both mutagenic treatments. However, more grain yield was obtained with 

gamma irradiation at 40 and 50 Kr. In C14l grain yield decreased significantly (p<O.OI) at 40 Kr 

with gamma irradiation as compared to control. The treatment of gibberellic acid increased the 

grain yield siglli (kalltiy (p<O. 0 I) at 40 and 50 Kr, while sigllificallt (p<O. 0 I ) decrcase was obscrved 

at 60 Kr treatment as compared to control. 
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Table 30: Analysis of variance for grain yield per plant in M t pop1llations of three 
chickpea genotypes under different radiation doses separately and with 
GAJ • 

Source of variation D.F Sum of squares Mean of sq1lares F-value 

Replicates 2 1.85 0.92 0.578 
V m'ieties (V) 2 975.05 487.52 308 .55** 
FrlOr (n) 4 6 .3 5 1. 58 
Treatments (D) 7 1005.41 143.63 J 07 .02** 
(Vx.O) interaction 14 1532.69 109.47 7.81** 
Error (b) 42 56.40 1.342 

Total 7 l 3577.7815 
* * 1 ndicate significance at I % level of probability. 

Table31: Effect of diffe.-ent doses of gamma radiation separately and with GAJ on 
grain yield per plant in M t population of t1l1'ee chickpea genotypes. 

T.-eatment Noor 91 Pun.iab 91 C 141 Mean 
Control 
Unsoaked 19.60 A 35.31 A 23.62 C 26.03 A 
Soaked 17.66 AB 32.46 B 22.41 C 24.18 B 
Gamma radiation 

40 Kr 8.47 E 23.25 C 17.64 () 16.45 lJ 
50 Kr 8.84 E 20.540 21.34 C 16.9 10 
()() Kr 17.m All 12.07 r 20.97 C 16.6<))) 
Gamma radiation+GAJ (0_5 111M) 
40 Kr + GA3 16.37 BC 16.32 E 27.59 B 20.09 C 
50 Kr + GA3 14.79 CD 14.32 EF 33.30 A ~ 20.80 C 
60 Kr + GA3 13 .31 0 13 .3 4 F 18 .03 0 14.89 E 
Mean 14.45 C 20.95 B 23.11 A 
S. E. for varicty Illcan 0.2565 
S.E. for treatment mean 0.3861 
S.E. for (VxD) interaction meatls 0.6688 
Means not followed by the same letter are statistically significant by DMRT at I % level of 
probability. 
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ix: HARVEST INDEX (%) 

The analysis of variance of the data on harvest index (Table 32) indicates highly significant 

(p<O.O I) variation among the treatments and genotypes for the effect of different doses of gamma 

radiation with and without the application of gibberellic acid in MJ population of chickpea. The 

interaction between genotype-treatment was also highly significant. It reflects marked variationin 

the performance of genotype across the various doses. Maximum harvest index of 21. 97 per plant 

was observed in C ILl I as cOlllpared to 21.43 and 15.32 per plallt in l'uJ~ab 91 and Noor 91 , 

respectively (Table 33). It is apparent from the results that harvest index decreased significantly 

(p<O.O I) at various closes of the two mutagenic treatments as compared to controls. However, 

significantly higher harvest index was obtained at 40 and 50 Kr with the application of GAl. 

The bcllilviour of harvest index of the genotypes was found to be different towards the two 

mutagenic treatments. Noor 91 exhibited a significant (p<O.OI) decrease in harvest index at all the 

gamma irradiation treatments as comrlared to control. However, the application of gibberellic acid 

changed the effects of gamma irradiation and significantly (P<O.O I) higher harvest index was 

observed at 40 and 50 Kr. In Pur~ab 91 harvest index gradually and significantly decreased with an 

increase in gamma irradiation. With the application of GA3 harvest index decreased signiticantly at 

40 and 50 Kr. CI41 exhibited significant (p<O.Ol) decrease in harvest index at 40 Kr with gamma 

irradiation. r lowever, harvest index illcreased sigllificalltly (p>O.O I) at 40 and 50 Kr with gibberellic 

acid treatment as compared to control. 

x: FLOWERING DAYS 
The analysis of variance for the effect of different doses of gamma irradiation separately and 

with the application of gibberellic aci.d on number of days to 50% flowering in M t populatioll of 

chickpea Crable 34) indicates highly significant (p<O. 0 I) differences among the treatments and 

genotypes. The interaction between genotype-treatment was also highly significant for this 

character. It reveals high variation of flowering across the various treatments. Maximum time to 

50% flowering 124.41 days taken by C 141 followed by 123.45 and 120.16 days in Noor 91 and 

Punjab 91, respectively (Table 35). It is evident from the results that the time taken to 50% 

flowering was changed with the type of mutagen. In both types of mutagenic treatments number of 

days to 50 % flowering increased gradually and significantly (p<O.O I) with an increase in 
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Tahle 32: Analysis of variance for harvest index per plant in M 1 populations of three 
dlid{pt'll gt'.wlyp('s mulc.· dinc.·cnl nHlillCioll dust'S sepanlCcly IlIIeI wich 
GAJ • 

Source of variation D.F SUIIl of squares Mean of squares F-value 
Replicates 2 1.09 0 .5 4 0.07 
Varieties (V) 2 631.69 315.84 41.97** 
Error (a) 4 30.10 7.52 
Treatments (D) 7 574.62 82.08 186.54** 
(VxD) interaction 14 1248.83 89.20 202.72** 
Error (b) 42 18 .62 0.44 
Total 71 2504.98 
** Indicate sigllificance at I % level of probability. 

, 

Table 33: Enect of difTe.·ent doses of gamma "'radiation sepamlely and wHh GA3 011 

hat·vest index pcr plant in M I population of three chickpea gcnotypes. 

Treatment Noor 91 Puniab 91 C 141 Mean 
Contl·ol 
Unsoaked 19.84 A 33.00 A 20.92 C 24.59 A 
Soaked 18 .38 AB 29 .89 B 20.34 C 22.87 B 
Gamma radiation 
40 Kr 10.08 D 25.63 C 17.46 0 17.72 E 
50 Kr 9.89 D 19.37 D 19.36 e 16.21 F 
60 Kr 16.86 Be 14.29 E 20.76 e 17.30 E 
Gamma .·adiation+GAJ (0.5 mM) 
40 Kr -1- GA, 15.47 C 19.390 23 .86 B 19.57 D 
50 Kr -I- GA3 15 .78 C 15.36 E 32.33 A 21.16 C 
60 Kr -I- GA3 16.26 e 14.72 E 20.75 e 17.24 E 

Mean 15.32 n 21.43 A 21.97 A 
S.E. for variety mean 0.5597 
S.E. for treatment mean 0.2211 
S.E. for (VxO) interaction means - 0.3829 
Means not followed by the same letter are statistically significant by DMRT at I % level of 
probability. 
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TlIh'" 34: Alllllysi . ., nf vlI.-illll("(' I'm' S() 'Y., now('dll~ IH'I' pl uill ill M I p o pululiolls of 
thl'ee chickpea genotypes under different radiation doses separately and 
with GA3. 

SOUl'ce of variation' n.F Sum of squares Mean of squares F-value 
Replicates 2 0.57 0.28 6.67 
Varieties (V) 2 238.57 119.28 2773.95** 
Error (a) 4 . 0.17 0.04 
Treatments (D) 7 1225.70 175 .10 486.38** 
(VxD) interaction 14 61.42 4 .38 12.16** 
Error (b) 42 15.25 0.36 
Total 71 1541.70 
* * Indicate significance at 1 % level of probability. 

, 

T able 35: Efl'ect of diffel'ent doses of gamma " 'adiation separately and with GA3 on 
days to 50 C% flowering in M I population of three chiclq)ea genotypes. 

Tn~aflllcilf Nool' 9 1 Pun.iab 91 C 141 Mean 

Control 
Unsoaked 119.33E 114.33 F 119.66 E 117.77 G 
Soaked 119.33 E 114.33 F 119.66 E 117.78 G 
Gamma mdiation 
40 Kr 124.33 C 123.66 C 125.33 C 124.44 C 
50 Kr 127.33 B 126.66 B 128.33 B 127.44 B 
60 Kr 129.33 A 128.66 A 131.66 A 129.88 A 
Gamma radiation-l-GA3 (0.5 111M) 
40 Kr -I- GAJ 120.66 E 116.33 E 122.33 D 119.77 F 
50 Kr -I- GA3 122.66 D 117.66 E 123.66 CD 12 1.33 E 
60 Kr -I- GA3 124.66 C 119.66 D 124.66 C 123 .00 D 
Mean 123.45 B 120. 16 C 124.41 A 
S.E . for variety mean 0.0408 
S.E. for treatment llIean 0.2000 
S. E. for (VxD) interaction means 0.3464 
Means not followed by the same letter are statistically significant by DM RT at 1 % level of 
probability. 
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irradiation dosages. Application of gibberellic acid, however decreased the number of days to 

50% flowering significantly (p<O.O 1) at various doses of gamma irradiation . 

The three varieties responded differently for time to 50% flowering to oath mutagenic 

Ilealilleilis . III NOlll 1)1 IIl1l11ber of days to 50% 110werillg incleased gladually alld sigllilkantly with 

an increase of irradiation with the two mutagenic treatments. Number of days to 50% flowering 

decreased significantly at different doses with the application of GA3 . In Punjab 91 and C I41 

similar response of number of days. to 50% flowering was observed with the two mutagenic 

treatments. 

xi: MATURJTY DAYS 
The analysis of variance for the effect of different doses of gamma radiation with and 

without the application of gibberellic acid on maturity days Cfable 36) indicated highly significant 

(p<O.O 1) dilTerences among the treatments and genotypes. The genotype-treatment interaction was 

also highly significant. It shows high inconsistency in the performance of genotypes across th e 

treatments. C 141 had taken the maximum time 173 .91 days to maturity followed oy 171. 50 and 

169.83 days in Punjab 91 and Noar 91, respectively (table 37). It is evident from the results that the 

Illallll ily days inci eased significantly (p>O.O I) and regularly with increasing galllnl(\ irradiation 

doses and maximum maturity days were recorded at 60 Kr treatment. Post mutagenic treatment 

with GA, decreased thc number of days maturity significantly (p<O.O I) at variOliS levels of gamma 

irradiation. 

The three genotypes responded in a different way to the both mutagenic treatments. In 

Noar 91 maturity days increased significantly (p<O.OI) at various levels of gamma irradiation while, 

in Punjab 91 and C 141 the increase in number of days maturity were significant (p<O.O I) at 40 Kr 

and non-significant (p>O.O I) at 50 and GO Kr treatments . Application of UA3 decreased the IlLlIllber 

of days to maturity significantly «(1<0.01) at different irradiation treatmcnts in the three gcnotypcs. 
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Table 36: Analysis of vadance for days to matul'ity in MI populations of thl'ee 
chickpea genotypes under ditTerent radiation doses separately and with 
GA3, 

Source of variation D.F Sum of squar'es Mean of squares F-value 
Replicates 2 2.58 1.29 6.14 
Varieties (V) 2 202.33 J 0 1.16 481.70*'" 
Error (a) 4 0 .83 0.2 1 
Treatments (0) 7 653.05 91.29 :3 I 0.9G** 
(VxD) illlcrnc iioll Itl 02. I I tI .tll Itl7(j** 

Error (b) 42 12.58 0.30 
Total 71 933.50 
* * Indicate significance at 1 % level of probability. 

\ 

Table 37: EtTect of different doses of gammal adiatioll separately and with GA3 on 
days to matUl'ity in M I population of thl'ee chich.pea genotypes, 

Tl'eatment Noor 91 Punjab 91 C 141 MClin 
Control 
Unsoaked 166.66 EF 169.33 C 170.66 D 168.88 F 
Soaked 166.33 r 168.66 C 171.000 168.66 r 
Gamma radiation 

40 Kr 170.33 C 171.66 B 174.:13 B 172.11 C 
50 Kr 171.66 B 175 .33 A 179.66 A 175.55 B 
60 Kr 177.66 A 176.33 A 178.66 A 177.55 A 
Gamma nHli:lfion-1 (;A., (U,S 111M) 
,10 1<.1 I ti!\, I (J'l . ()(J DE I GlJ.JJ C l'll .()() » 1<>()55Jo: 
50 Kr + GA3 168.00 D 169.66 C 172.00 C 171.00 D 
60Kr+ GA3 170.33 C 171.66 B 173.33 B 170.66 D 
Mean 169.83 C 171.50n 173.91 A 
S.E. for variety mean 0.0935 
S.E. for treatment mean 0.1825 
S.E. for (VxD) interaction means = 0.3162 
Means not followed by the same letter are statistically significallt by DMRT at I % level of 
probability. 
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V: MUTATION STUDIES IN M2 GENERATION 

In this generation various variations were obtained due to the genetical changes preserved ill 

the plants of M f generation and lasting throughout the developmental period . These genetic 

variations are manifested as induced variants, which provides the raw material for selection of 

desirable genotypes Cor crop improvement and also to widen the germ plasm pool. Oata 011 

various plant characters were recorded and expressed as follows. 

i: PLA NT HEIGHT (em) 

The analysis of variance for the effects of different doses of gamma irradiation separately and 

with the application of gibberellic acid on plant height in M2 population of chickpea (Table 

38) revealed highl y significant (p<O.O 1) differences among treatments and genotypes . The 

genotype-treatment interaction was also highly signiticant (p<O.OI) . It indicates high 

fluctuation of induced variability in genotypes across different treatments . Maximum height 

per plant 96.09 cm was produced by C 141 as against 94.33 and 84.42 cm in Punjab 91 and 

Noar 91 respectively, Crable 39). The data regarding the main treatments on plant height 

revealed non-significant (p>O.Ol) decrease at 40 and 50 Kr and significant (p<O.OI) increase 

at 60 Kr with both mutagenic treatments as compared to control. 

With regard to genotype-treatment interaction, a differential behaviour was noted among 

varieties for this character. In Noar 91 gamma irradiation increased the plant height non­

significantly (p>O.O I) at various doses as compared to control. However, with the application 

or g ibberelli c acid Iloll-sigllifi cant decrease was noticed at 110 and ) 0 I(r treatllleflts, wh ile at 

60 Kr significant (p<O.OI) increase as compared to control was observed. There was a 

progressive decrease of plant height in Punjab 91 and significant (p<O.O 1) decrease at 60 Kr 

as compared to control was observed. The application of gibberellic acid decreased the plant 

height non-s igni ticantly (p>O.O 1) as compared to control. However, by comparing the two 

mutagenic treatments plant height increased significantly at 60 Kr with GAJ . In C 14 1 both 

mutagenic treatments decreased the plant height significantly (p<O.OI) except at 50 Kr with 

the treatment of gibberellic acid. GAl decreased the pClnt height significantly CIt flO Kr by 

modulating the effects of gamma irradiation . 
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Table 38: Analysis of varianc~ for plant height in M 2 populations of three c11icl{pea 
genotypes under different radiation doses separately and with GA3. 

SOUl'ce of variation D.F. Sum of squares Mean of squaJ'es F-value 
Repli cates 2 0 .05 0. 02 0.07 

Varieties (V) 2 1661.72 830.86 J 195. 61 "'* 
Error (a) 4 1.05 0 .26 -

TrcallllclIl (I) 6 18 .62 J . 1 () J O(j '" 

(VxD) interaction 12 131.58 10.96 10.85 ** 
Error {b} 36 36.49 1.01 
Total 62 1849.51 
*, ** indicate signilicance at 5 and 1% level of probabi lity respect Ively . 

\ 

Table 39: Effect of different doses of gamma "radiation sepamtely and with GA3 on 
plant height in M2 population of three chicl{pea genotypes. 

Treatments Mean Noor 91 Punjab 91 C 141 
83.48 B 95.30 A 99 .74 A Control 92.84 A 

Gamma I'adiation 
40 Kr 
50 Kr 
60 Kr 
G ll mma l'lu liaHon +GA.I(O.5mM) 
40 Kr+GA3 
50 Kr+GA3 
60 Kr+G A3 
Mean 
S.E for variety mean=O. J 112 
S.E for treCltmellt llleCln=O.3349 

84.40 AB 
85.60 AB 
84.80 AB 

83.30 B 
83.40 B 
86.00 A 
84.42 C 

S.E for (VxD) interaction mean=0.5802 

94. 74 A 
94 .20 An 
92. 05 B 

95 .20 A 
93.67 AB 
95. 16 A 
94.33 B 

95.43 BC 
96.70 ne 
95. 05 C 

96 .56 BC 
97.60 AB 
91. 580 
96.09 A 

9 1. 53 ABC 
92. 17 AB 
90.63 C 

9 1.70 ABC 
91.55 ABC 
90.91 BC 

Means not followed by the same letter are statistically significant by DMRT at I % level of 
probability. 
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ii: NUMBER OF PRIMARY BRANCHES PER PLANT 

Table 40 presents analysis of variance for the effect of different doses of gamma 

irradiation separately and with the application of gibberellic acid on number of primary 

branches per plant in M2 population of chickpea. The results show that the differences among 

genotypes, treatments and their interaction was highly significant (p<O.OI). It renects high 

inconsistency in the performance of genotypes for this character across the various doses. On 

the average, maximum number of primary branches 9.36 per plant was observed in Punjab 91, 

followed by 8. 10 alld 7.26 per plant in Noar 91 and C 14 t , respectively (Table 4 t) . The data 

regarding the effects or maill treatments 011 Ilumber of primary branches per plant revealed 

that both mutagenic treatments increased the number of primary branches. Number of primary 

branches per plant decreased significantly (p<O.O 1) at 50 and 60 Kr with the treatment of 

gihherelli c acid . Maxilllllill IIl1111ber or prilllary branches per plallt observed at I\() Kr with 

gamma irradiation, while with the application ofGA3 at 60 Kr dose. 

Different response of the varieties was observed with respect to different type of 

mutagenic application. In Noor 91 number of primary branches increased significantly 

(p<O.Ol) with both mutagenic treatments except at 60 Kr with GA) the increase was non­

significant as compared to control. Application of GA) significantly decreased the number of 

primary branches at 50 and 60 Kr by changing the effects of radio sensitivity. Punjab 91 

exhibited significant (p<O.O I) increase in number of primary branches with different 

mutagenic treatments as compared to control. Maximum number of primary branches 10.86 

and 1 J. 95 per plant were recorded at 50 Kr treatment with gamma irradiation and gibberellic 

acid, respectively. In C141 the number of primary branches responded similarly and 

significant (p<O.OI) increase was observed at 40 Kr with both mutagenic treatments . 

iii: NUMBER OF SECONUARY BRANCHES PER PLANT 

It is obvious from the analY$is of variance for the effect of difTerent doses of gamma 

irradiation separately and with the application of gibberellic acid on the number of secondary 

branches per plant in M2 population of chickpea (Table 42) that differences among genotypes 

and treatments were highly significant (p<O.O I). The interaction between genotype-treatment 

was also highly significant (p<O.Ol). It reflects highly inconsistent performance of genotypes 

at dilferent doses. Main genotypic effects revealed that C 141 exhibited maximum number of 
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Table 40: Analysis of variance fOl' numher of primal'y b.-anches in M2 populations of 
three chickpea genotypes undel' different .-adiation doses sepamtely and 
with GA3, 

Soune of val'iatioll n.r, Sum of sqmu'es Mean of squares F-Vllluc 
Replicates 2 0.63 0.31 15.50 
Varieties (V) 2 46 .80 23.40 1170.00** 
Enor (a) 4 0. 11 0 .02 -

Treatment (lJ) 6 55.87 9.3 1 71 .6 1 ** 
(VxD) interacti on 12 60.81 5.06 38 .92** 
Error (b) 36 4. 80 0 .13 
Total 62 169.02 

------~.-- .--- -- - '--. -----.~.----.-. - . 

** imlicale signifI cance at 1% level o f probability . 

T able 41: Effect of difTel'ent doses of gamma I'ad iation scparntcly nnd with GA3 on 
numbcl' of primal"y b ranches in M2 population of thr ee chich.pea 
genotypes, 

Treatmen ts 
C ontrol 
Gamma nlCli:lfioll 
40 Kr 
50 Kr 
60 Kr 
G amma n ld ialion +GA3(O,5mM) 
40 Kr+GA3 
50 Kr+GA3 
60 Kr+GA3 
Mean 

Noor 91 
6.47 E 

9.00 AB 
9.25 A 
9.67 A 

Pun.iab 91 
6.58 E 

7. 77 D 
10.86 B 
10.80 B 

8.05 BC 8.80 C 
7.45 CD 11 .95 A 

C 141 
6.45 CD 

8. 15 B 
7.95 B 

6.3 0 CO 

9.07 A 
6.90 C 

6.80 DE 8.80 C 6 .060 
8.10 B 9.36 A 7.26 C 

Mean 
6.50 E 

8.30 C 
9.35 A 

8.92 ;\8 

8.64 BC 
8.76 BC 
7.220 

----------------
S.E for variety l11ean=0.0308 
S. E for treatment mean=O .1201 
S.E for (VxO) int eracti on mean=0.208 1 
Means not fo llowed by the same letter are statisti call y sigllifl cant by IJM RT at 
probability. 
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secondary bra nches 20.09 per plall t fo llowed by 19.60 and 16.17 per plant ill Nuor l) I ami 

Punj ab 91, respecti vely (Table 43) . It is apparent from the resu lts that number of secondary 

branches reduced signi ficantly (p< 0.0 I) at various mutageni c treatments except at 40 K r 

treatment with gibberellic acid as compared to control. Significantly higher Ilumber of 

secondary branches were obtained at 40 and 50 Kr with GA3 treatment. 

III N(l(ll "I tlte 1I11111hl~ r or secolld lllY 11IulH.: l!es ill c l casl'd si" ,lIifi calltly (p () Of) at 110 

Kr with both mutagenic treatments as compared to control (Table 43) . Application of GAJ 

significantly increased the number of secondary branches at all levels of irradiation. In Punjab 

91 significant (p<O.O I) decrease in the number of secondary branches was noticed at all 

mutagenic treatments as compared to control. However, 11lInllnum number of secondary 

branches obtained at 60 Kr with gamma irradiation and at 40 Kr with the treatment of 

gibberellic acid . Number of secondary branches in C 141 responded differentially to difTerent 

mutagenic treatments . The number of secondary branches decreased significantly (p<O.O I) 

with gamma radiation as compared to control. However, with gibb erellic acid these were first 

illcreased significantly (p<O.Ol) at 40 Kr treatment and then decreased signifi cantly at 50 and 

60 Kr as compared to control. 

iv: NUMBER OF PODS PER PLANT 

Tltl~ <l1I<ll ys is or Vl ll iallce ror llle e IH.:cl ()r dif'f'el e lll d() ses or g <llllllill ill <ldial iOIl 

separately and with the treatment of gibberellic acid on number of pods per plant (Table 44) 

in M2 population of chickpea reveals highly signi ficant (p<O.O I) differences among 

genotypes and treatments . The genotype-treatment interaction was also highly significant. It 

indicates highly inconsistent performance of genotypes across variolls treatments . Punjab 9 I 

exhibited maximllm number of pods 83 .87 per plant followed by 75.41 and 72 .86 per plant in 

Noor 91 and C 14 I, respectively Crable 45). It is evident fj'om the results that number of pods 

respondcd dillercnlially to the two 1Il1ltngcnic trentlllclltS. Nutllhcr or pods illcrcnscd 

significantly (p<O.O I) with two mutagenic treatments as compared to control. GA3 treatment 

increased the number of pods significantly (p<O.OI) at 50 Kr, while decreased at 40 and 60 

Kr. Varietal response towards the two mutagenic treatments was fOl'lI1d to be different. In 
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Table 42: Analysis of variance for number of seconda."y branches in M2 populations 
of three chicl<pea genotypes under diITerent .-adiation doses separately 
llnd wit.h GA3 • 

Source of variation D.F. Sum of squares Mean of squares F-value 
Replicates 2 1.97 0.98 1.12 
Varieties (V) 2 191.20 95.60 109.88** 
Error (a) 4 3 .51 0.87 -
Treatment (D) 6 258 .81 43 .13 139. 12** 
(VxD) interaction 12 324.85 27.07 87.32** 
Error (b) 36 11.43 0.31 -
Total 62 791.77 ---:- .----:-- : - . --'---. , . . ----_ . -.. _---
** IlIlll calc sIg nIfI cance al 1% [evel o f probabIlIty . 

Table 43: Effect of diITe."ent doses of gamma .-adiation scparatcly and with GA3 on 
number of secondal"y b.-anches in M2 population of three chic~q)ca 

gcnotypes. 

T."catmcllts Noor 91 PUII.jab 9 1 C 141 Mean 
Contl'ol 19 .10 C 22.02 A 23.00 B 21.J7 A 
Gamma nldiation 
40 Kr 20.95 B [6.32 B 19.00 C [8 .75 B 
50 Kr 17.36 DE 17.27 B 17.32 D 17.32 C 
60 Kr 16.67 E 13.72 CD 20.20 C 16.86 C 
Gamma .-adiatioll +GA3(O.5mM) 
40 Kr+GA3 26 .20 A 12.85 D 26.11 A 21.72 A 
50 Kr+GA3 18.77 C 16.17 B 19.92 C 18.29 B 
60 Kr+GA:1 18. 12 CD 14.87 C 15 .12 E 16.04 D 
Mt'lIll 19.(jO A 16.17 B 20.09 A --------
S.E for variety mean=0 .2035 
S.E for treatment mean=0.1855 
S.E for (VxD) interaction mean=0.3214 
Means not fo llowed by the same leller are statistica ll y sig ll ifi cant by DMRT at I % level of 
probabil ity. 
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Noor 91 mutagenic treatments increased the number of pods per plant significantly (p<O.O I) 

as against the respective control. However, the number of pods increased significantly at 40 

Kr and decreased at 60 Kr with the application of gibberellic acid (Table 45) . In PUI~ab 91 

number of pods per plant decreased significantly with gamma irradiation at 40 and 60 Kr, 

while with gibberellic acid significantly (p<O.O 1) decreased at 40 Kr and increased at 50 Kr as 

compared to control. GA 3 treatment modulated the effects of gamma irradiation and number 

of pods decreased significantly at 40 Kr and increased at 50 and 60 Kr. In C 141 number of 

puds per plallt increased significantly (p<O.O 1) at all irradiation treatments except at 40 Kr 

with GAJ treallllent. Number of pods decreased significanlly wilh UAJ al 40 and uO Kr, while 

increased at 50 Kr. 

v: NUMBF:n OF SEI~nS PI~R POI) 

Table 46 exhibits highly significant (p<O.O I) ditferences within genotypes and 

treatments for the efTect of diffe,:ent doses of gamma irradiation with and without the 

application of gibberellic acid on the number of seeds per pod in M2 population of chickpea. 

The genotype-treatment interaction was also highly significant (p<O.O I). It reveals that 

sufficient variability induced in genotypes for this character across the various treatments. 

Maximum number of seeds 1.70 per pod were observed in Punjab 91 followed by 1.32 and 

1.31 per pod in Noor 91 and C 141, respectively (Table 47) . It is apparent from the results that 

the number of seeds responded differentially to both mutagenic treatments. There was found 

not any increase or decrease in the number of seeds with gamma irradiation as compared with 

control. However, the number of seeds per pod increased significantly (p<O.O I) at all 

treatments with gibberellic acid and maxImum seeds per pod were obtained at 50 Kr 

treatment. 

Varieties did nut perforlll unilorlllly to the two mutagenic treatments. In Noor 91 number of 

seeds increased non-significantly (p>O.Ol) as compared to control with gamma irradiation. 

While, the application of gibberellic acid increased the seeds per pod significantly (p<O.O I) as 

compared to control at all irradiation dosages and maximum were found at 50 Kr treatment. In 

PUl~ab 91 gamma irradiation decreased the seeds per pod significantly (P<O.O I) as compared 

to control at 50 and 60 Kr treatments. The application of gibberellic acid increased the seeds 

per pod non-significantly (p>O.O I) as compared to control. C 141 was responded differently 
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Table 44: Analysis of va.-iance for number of pods/phmt in M2 populations of tlnee 
chich.pea genotypes under different mdiation doses sepamtely and with 
GA3 • 

Source of variation D.F. Sum of squ3l'es Mean of squares F-v;Ilue 
Replicates 2 0 .06 0.03 0.01 
Varieties (V) 2 1397.0 698.50 232 .83** 
Error (a) 4 12.03 3.00 -
TrcallllCll1 (I) 6 719.41 I 19. ()O IltI . IC)** 
(YxD) interactioll 12 1109.58 92.46 88.05* * 
Error {!U ' 36 38.13 1.05 
- --- ------- ----- ---------- - -

Total 62 3276.21 
** indicate significance at 1% level of probability . 

. 
Table 45: Effect of different doses of gamma ~'adiation separafely and with GA3 on 

numbel' of pods pel' plant in M2 population of three chicl<pea genotypes. 

Treatments Noor 91 C 141 Mean 
--------------------~--------------------------~ 

Contl'ol 60.52 E 
Pun.jab 91 

Gamma nHli:llion 
40 Kr 
50 Kr 
60 Kr 
Gamma mdiation +GA3(O.SmM) 
40 Kr IG/\] 
50 KI'+GA] 
60 Kr+GA:l 
Mean 
S.E for variety mean=0.3779 
S.E for treatmellt meall=0.3415 

79.25 B 
76.95 e 

8l.27 AB 

82.07 A 
76.62 C 
71.22 D 
75.41 B 

S.E for (VxD) interaction mean=0.5916 

84.67 B 68.710 71.30 D 

81.57 e 73.47 Be 78.10 B 
85.85 D 71.60 e 78. \3 B 
80.87 e 74. 17 B 78.77 B 

76 . 12 IJ 68.30 D 7S .S() C 
91.17 A 82.26 A 83 .35 /\ 
86.87 B 71.45 e 76.51 C 
83.87 A 72.86 C 

--------------~ 

Mealls Ilotlbllowed by the same letter are statistically sigllificallt by DMRT at I % level of 
probabi I it y . 
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Table 46: Analysis of variance for number of seeds/pod in Mz populations of three 
chiclqlea genotypes under different radiation doses separafely aJld with 
(;/\.1. 

SOUl'ce of variation D.F. Sum of squares Mean of squares F-value 
Replicates 2 0.0003 0.0001 1.00 
Varieties (V) 2 2.1405 1.0702 10702.00** 
Error (a) 4 0.0004 0.0001 -
Treatment (D) 6 0.0556 0.0092 23.00** 
(VxO) interaction 12 0 .0182 0.00] 5 3.75** 
E rror (b) 36 0 .0 149 0.0004 
Total 62 . 2.2299 
** indicate significance at 1% level of probability . 

t-

Table 47: Effect of difl"erent doses of gamma radiation separately nnd with GAJ OJI 

numbel' of seeds pel' pod in Ml population of Oll'ee chickpea gellofypes. 

Treatments 

Gamma ntdiatioll 
40 Kr 
50 Kr 
60 Kr 
Gamma I'adintion +GA3(0.5mM) 
40 Kr+GAJ 
50 Kr+GA3 
60 Kr+GA3 

].29 C 
1.28 C 
l.29 C 

1.35 B 
1.39 A 
].37 A 

C 141 -- - -
1.2H B 

1.71 A 1.27 B 
l.68 B 1.3 1 B 
l.69 B 1.27 B 

1.73 A 1.35 A 
1.73 A 1.35 A 
1.70 A 1.34 A 

Mean 1.32 B 1. 70 A 1.31 B 
S.E for variety mean=0 .0021 
S. E ror lrcatlllcllt IIIC'II\O . 0066 
S.E for (Vill) interaction mean=0.0115 

Mean - - - -
1.1\2 C 

1.42 C 
1.42 C 
1.42 C 

1.47 B 
1.49 A 
1.47 B 

MeClI1S 110t followed by the same letter are stat isti ca ll y sig lli ricallL by DMRT at 1 % level of 
probability. 
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to the two mutagenic treatments . Any appreciable change with gamma irradiation in number 

of seeds per pod significantly (p<O.O I) at all irradiation dosages. 

vi: 1(I()-sl;:l;:n WEIGHT (~) 

The analysis of variance for the effect of different doses of gamma irradiation with 

and without the application of gibberellic acid on 100-seed weight per plant in M2 population 

of chickpea (Table 48) indicates highly significant (p<O.O 1) variation within genotypes and 

treatments . Variety-treatment interaction was also highly significant (p<O.O I). It reflects that a 

marked variahility is il1duced for this character across the dillcrcn l Irealnlc nl s. Mnxilllllni IO()­

seed weight 26.19 g per plant was observed in C141, followed by 25 .72 and 25.37 g per plant 

in Punjab 91 and Noor 91, respectively (Table 49). 

It is evident from the results that the 100-seed weight was differentially responded to the both 

mutagen treatments. Gamma irradiation decreased the 100-seed weight significantly (p<O.O I) 

at 60 Kr as compared to control. Application of gibberellic acid increased the 100-seed weig ht 

at all irradiation dosages . There was significant (p<O.Ol) increase in 100-seed weight at 40 

Kr, whil e at 50 :lnt! (-i0 Kr closes the increase in 100-seed weig ht was lion-sig nifi ca nt (p>O.O I) 

as compared to COlltrol. 

The varieties responded differentially for 100-seed weight to the two mutagenic treatments. In 

Noor 91 the 100-seed weight decreased non-significantly (p>O.OI) at all gamma irradiation 

dosages as compared to control. However, with the application of GA3 100-seed weight 

increased significantly (p<O.O I) at 40 Kr treatment. 100-seed weight in Pur~ab 91 increased 

non-significantly (p>O.O I) at 40 and 50 Kr while, it was decreased significantly (p<O.O I) at 60 

Kr with gamma irradiation as compared to control. Application of gibberellic acid decreased 

the 100-seed weight al 40 and 60 Kr doses, while at 50 Kr treatlllent it was increased as 

compared to control. However, the decrease or increase in 100-seed weight was non­

significant (p>O.OI) as compared to control. Gamma irradiation in C I41 decreased the 100-

seed weight at 40 and 60 Kr but signi ficantly (p<O. 0 I) at 60 Kr treatment. However, the 

increase in 100-seed weight at 50 Kr treatment was non-significant (p<O.O I) as compared to 

control. 100-seed weight increased significalltly (p<O.OI) with GAl at 40 and (i0 Kr treatment, 

while the increase at 50 Kr was non:significant as compared to control. 
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Table 48: Analysis of v:u-iance for 100-seed weight in M2 populations of(hree 
chici<pea genotypes under different .-adiation doses sepa.-ately and with 
GA3. 

Sou."ce of variation D.F. Sum of squares Mean of sgua rcs F-value 
Replicates 2 0.03 0.01 0.25 
Varieti es (V) 2 7.11 3.55 88.75 ** 
Frror (n) t1 0. 17 O.Ot1 -
'1'1 e alill e lli ( \) () 5.00 O. H3 2 ()' 7 .S *'" 
(VXO) interaction 12 3.54 0.29 7.25** 
Error (b) 36 1. 70 0.04 
Total 62 17.55 .. 
** indicate sigl1lficance at 1% level ofprobablllty. 

Table 49: Effect of diffe."ent doses of gamma ntdiation sepanttely and with GA3 on 
1 OO-s{~ed weight in M2 population of three chicl{pea ~en()typcs. 

T ."cahncnts Noor 91 Punjab 9 1 C 141 Mcan _ .. _----- ---
Control 25 .22 B 25 .82 AB 26 .03 B 25 .70 B 
Gamma ntdiation 
40 Kr 25 ,10 B 25. 95 AB 25,97 B 25,67 B 
50 Kr 25.20 B 25.86 AB 26. 07 B 25.7 1 B 
60 Kr 25 .07 B 25,1 7 C 25.42 C 25.22 C 
Gamma I':lIliajioll +GA:I(O.~mM) 
-I() 1<. 1 I (j/\ I 2 (J,]O !\ 2S. 7() /\11 2() ()7 /\ 2() n !\ 

50 Kr+GA3 25.36 B 26 .00 A 26.40 AB 25 .92 B 
60 Kr+GA3 25 .32 B 25.52 BC 26.75 A 25.86 B 
Mcan 25.37 C 25.71. n 26. 19 A 
S.E fo r variety mean=0. 0436 
S.E for treatment mean=0,0666 
S.E for (VxD) interaction mean=0. 11 54 
Mealls not follo wed by the sallie lelter are statisticall y sigllifi callt by DM RT at I % level or 
probability. 
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vii: BIOLOGICAL YIELD PER PLANT ( g) 

The analysis of variance for the . effect of different doses of galllllJa irradiation 

separately and with the application of gibberellic acid on biological yield per plant in M2 

population of chickpea (Table 50) indicates highly significant (p< 0.01) difTerences among 

genotypes and treatments. The genotype-treatment interaction was also highly significant 

(p<O.O I). It indicates highly inconsistent performance of genotypes across variolls treatments. 

GCllotypc PUlljah 91 exhibited the IllaxilllullI biological yield 99.()O g per plant as coillparcd 

wilh 97.94 and 89 .21 g per plant in C 141 and Noor 91, respectively (Table 51). It is apparent 

from the results that the different mutagenic treatments decreased the biological yield 

significantly (P<O.O 1) as compared to control. Application of gibberellic acid decreased the 

biological yield gradually with an increase in gamma irradiation dosages, however, with 

gamma irradiation the response was inconsistent. 

A differential response of genotypes for biological yield (Table 51) was observed 

across the different mutagenic treatments. In Noor 91 the biological yield decreased non­

significantly with gamma irradiation, while significant (p<O.Ol) decrease was observed with 

gibberellic acid at 50 and 60 Kr treatments as compared to contro\. Punjab 91 exhibited 

significant decrease in biological yield with gamma radiation at 40 and 60 Kr treatments. 

Whereas, a regular and non-significant (p>O.OI) decrease in biological yield was observed 

across the variolls treatments with gibberellic acid as compared to control. GAl treatment 

changed the effects or galllllHI irradiation and biological yield illcr cased at t10 Kr . III C II1I 

biological yield decreased significantly (p<O.Ol) and consistently across the two mutagenic 

treatments as compared to control. 

viii: GRAIN YIELD PER PLANT ( g) 

Table 52 indicates highly significant differences within treatments and genotypes for 

the effect of different doses of gamma irradiation separately and with the application of 

gibberellic acid on grain yield per plant in M2 population of chickpea. The interaction 

between genotype and treatment was also highly significant (p<O.O I). It reflects the highly 

inconsistent performance of genotypes for this character. Maximum grain yield of 37.00 g per 

plant was observed in Punjab 91 followed by 25.42 and 25.21 g per plant in Noor 91 and C 

141 , respectively (Table 53) . 
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Table 50: Analysis of variance for biological yield in M2 populations of three 
chiclqJea genotypes under different radiation doses sep:uoately and with 
GA.l. 

Source of variation D.F. Sum of squares Mean of squa.oes F-value 
Replicates 2 3.61 1.80 1.87 
Varieties (V) 2 1213.04 606.52 631.80** 
Error (a) 4 3.85 0.96 -
Treatment (D) 6 1203.80 200.63 163.11 ** 
(VxD) interaction 12 562.32 46.86 38.09** 
Error (b) 36 44.60 1.23 -
Total 62 3031.22 
* * indicate significance at 1% level of probability. 

Table 51: Effect of different doses of gamma mdiation separately and with GA3 Oil 
biologicnl yield in Ml populntioll of tluoee chich.pen genotypes. 

Treatments 
COlltrol 
Gamllla mdiation 
40 Kr 
50 Kr 
60 Kr 
Gamma nldiation +GA3(0.5mM) 
40 Kr+GAJ 
50 Kr+GAJ 
60 Kr+GA3 
Mean 
S.E for variety mean=0.2 138 
S. E for treCltmen t mea n=O. 3 696 

Noor 91 
94.71 A 

89.22 AB 
88.37 AB 
88.87 AB 

93.02 AB 
84.90 B 
85.37 B 
89.21 B 

S.E for (YxD) interaction mean=0.6403 

.Punjab 91 
105.48 A 

91.30 C 
101.60 A 
93.75 BC 

102.88 A 
100.57 AB 
97.45 ABC 

99.00 A 

C 141 Mean 
112.57 A 104.25 A 

98.77 B 93t10 CD 
96.15 B 95 .37 BC 

92.75 BC 91.80 C 

99.20 B 98.37 B 
98.57 B 94.68 BCD 
87.58 C 90.130 
97.94 A 

Means not followed by the same letter are statistically significant by DMRT at 1 % level of 
probability. 
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It is seen from the results that the grain yield increased significantly (p<O.Ol) across the 

different mutagenic treatments of gamma irradiation and with gibberell ic acid as compared to 

control. Maximum increase in grain yield was observed at 50 Kr treatment with gibberellic 

acid. 

A differential response of varieties across the vanous mutagenic treatments was 

observed. In Noor 91 grain yield per plant increased significantly (p<O.Ol) with both 

mutagenic treatments . However, with the application of gi bberellic acid significantly more 

grain yield was recorded at 40 and 50 Kr. Grain yield in Punjab 91 decreased significantly 

(p<O.Ol) with gamma irradiation at 60 Kr treatment as compared to control. Application of 

gibberellic acid changed the effect of gamma irradiation and significant (p<O.Ol) decrease and 

increase in grain yield was observed at 40 Kr and 50 Kr treatment, respectively as compared 

to control. In C141 gamma irradiation had non-significant (p>O.Ol) effects on grain yield, 

while with gibberelli c acid at 50 and 60 Kr significant (p<O.Ol) increase was qbserved as 

compared to control. 

ix: HARVEST INDEX (%) 

The analysis of variance for the effect of different doses of gamma radiation separately 

and with the treatment of gibberellic acid on harvest index per plant in M2 population of 

chickpea (Table 54) indicates highly significant (p<O.Ol) variation among the treatments and 

genotypes. Genotype-treatment interaction was also highly sign ificant (p<O.Ol). This 

indicates that genotypes responded differently for this character across the various treatments . 

Punjab 91 exhibited a maximum harvest index of37.43 per plant followed by 25.94 and 25.57 

per plant in C141 and Noor 91 , respectively (Table 55). It is evident from the results that the 

mutagenic treatment increased the harvest index significantly (p<O.Ol) as compared to 

control, but the effects were inconsistent in the two treatments. Maximum harvest index of 

34. 15 per plant was observed with gibberellic acid at 50 Kr treatment against 25 .86 per plant 

in control. 

Varieties varied in their response to various treatments. In Noor 91 harvest index 

increased significantly (p<O.O 1) across all the mutagenic treatments as compared to control. 

However, significantly more harvest index was observed at 40 and 50 Kr with the app li cation 

of gibber~llic acid. In Punjab 91 harvest index increased non-significantly (p>O.Ol) with 
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Table 52: Analysis of variance for grain yield in M2 populations of three chici<pea 
genotypes undel' difTel'ellt radiation doses separately and with GA3. 

Source of variation D.F. Sum of squares Mean of squares F-value 
Replicates 2 1.17 0.58 7.25 
Varieties (V) 2 1912.95 956.47 11955 .87** 
Error (a) 4 0.35 0.08 -
Treatment (D) 6 154.45 25.74 59.86** 
(VxD) interaction 12 175.44 4.87 11.32** 
Error {b} 36 15 .58 0.43 -
Total 62 2259.94 .. 
** IIldlcate Significance at 1% level of probability. 

Table53: Effect of dilTerent doses· of gumma nuliution separately and with GA3 on 
grain yield in M2 popUlation of three chici<pea genotypes. 

T.'eatments Noor 91 Punjab 91 C 141 Mean 
C ontl'ol 19.80 D 37.56 BC 23.35 C 26.90 D 
Gamma I'adiatioll 
40 Kr 25 .96 BC 36.27 C 24.42 BC 28.85 Be 
50 Kr 24.93 C 37.50 BC 24.63 BC 29. 02 BC 
60 Kr 26.45 B 34.600 24. 04 BC 28 .. 36 C 
Gamma radiation +GA3(O.5mM) . 
40 Kr-I-GA, 29.27 I\. 33.92 D 24.75 Be 29.) I B 
50 Kr+GA3 26.76 B 41.26 A 29.50 A 32.50 A 
60 Kr+GA3 24.88 C 37.91 B 25.77 B 29.52 B 
Mean 25.42 B 37.00 A 25.21 n 
S.E for variety mean=0.0617 
S. E for treatment mean=0.2185 
S.E ror (VxD) internction menn=0.)785 
Means not lullowed by the sallie letter are statistically significant by lJMRT at I % level of 
probability. 
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gamma radiation except at 40 Kr. Appli cation of g ibberellic acid decreased the harvest index 

signi ficantly (p<O.O I) at 40 Kr, while increased signi ficantly (p<O.O I) at 50 and 60 Kr 

treatment as compared to control. C 141 exhibited a significant (p < 0 .01) increase with both 

mutagenic treatments . However, significantly more harvest index was obtained at 50 and 60 

Kr w ith the treatment of gibberellic acid . 

x: FLOWERI NG nAYS 

The analysis or variance lor the elfect of different doses or gamma ilTHllintion with 

and without the application of gibberellic acid on days to 50% flowering ill M2 population of 

chickpea Crable 56) indicates highly significant (p<O.OI) differences wilhinlhe genotypes and 

treatments . The interaction between genotype-treatment was also highly significant (p<O.O I). 

It reflects highly inconsistent performance of genotypes for this character. Maximum time 

taken to 50% flowering was 119.85 days in C141 followed by 119.35 and 114.00 days in 

Noor 91 and PUI~ab 91 , respectively (Table 57) . It is apparent from the results that the 

mutageni c effect on time to 50% flowering was di ffe rent across the two mutageni c treatments. 

A significant (p<O.O 1) increase in number of days to 50% flower ing was observed w ith 

gamma irradiation at 40 and 60 Kr treatment as compared to control. However, the time taken 

to 50% flowering wi th g ibberell ic acid treatments was sig nificantly (£1<0.01) less as compared 

to control at 40 and 50 Kr treatments. 

T he response of varieties towards the two mutagenic treatments vari ed. In Noor 91 the 

effect of gamma irradiation on time to 50% fl owering was erratic and less time to 50% 

flowering was observed at 50 Kr treatment as compared to control. The application of 

g ibberelli c acid signifi cantly decreased the time to 50% flowerin g as compared to control at 

40 and 50 Kr treatments. In Punjab 91 similar response to the two mutagenic treatments was 

observed . Days taken to 50% flowering were affected non-significantly (p>O.O I) across the 

various mutagenic treatments except at 60 Kr with GA3 treatment a significant (p<O.O I) 

decrease as compared to control was observed. In C 141 the days to 50% flowering were 

significantly (p<O.OI) increased at 40 and 60 Kr treatments with gamma irradiation as 

cOlllpared to control. However, the appli cation of g ibberelli c acid decreased the time to 50% 

nowering at 40 and 50 Kr treatments as compared to control. 
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Table 54: Analysis of va."iance for harvest index in M2 populations of three chicl<pea 
genotypes under different radiation doses separately and with GA3" 

Source of variation D.F. Sum of squares Mean of squar"es F-value 
Rep licates 2 0 .27 0 . 13 0.30 

Varieties (V) 2 152 1.85 760.92 18 11.71 ** 
Error (a) 4 1.70 0 .42 -
Treatment (D) 6 358.23 59.70 87. 79** 

(VxD) interaction 12 171.1 2 14.26 20 .97 ** 

Error {b} 36 24.63 0.68 

Total 62 2077.80 --------- - - -
** illdicnlc Sigllific(1I1CC al 1% level ufprobability . 

Table 55: E ffect of differ ent doses of gamma ~.-adiation separ"ately and with GA3 on 
harvest index in M2 population of th ree chicl<pea genotypes. 

Treatments 
Control 
Gamma .-adiation 
40 Kr 
50 Kr 
60 Kr 
Gamma radiation +GA3(0.5mM) 
40 Kr+GA3 
50 Kr+GA3 
60 Kr+GAJ 

Noor 91 
20.90 C 

29.00 B 
28 .22 B 

29.80 AB 

31.46 A 
31.50 A 

Pun.iab 91 
35 .61 C 

39.72 AB 
36.90 C 
36.91 C 

32.97 D 
4l.02 A 

C 141 
2 1.06 C 

24.72 B 
25.60 B 
25.9 1 B 

24. 95 B 
29 .93 A 

29.14 B 38.90 B 29.43 A 

Mean 
25. 86 E 

31.15 C 
30.24 CO 
30.87 CD 

29.800 
34.1 5 A 
32.50 B 

Mean 25.57 B 37.43 A 25.94 B 
~----------------------------~---------~~~----~--~----------~ 

S.E for variety mean=O. 1414 
S.E for treatment mean=0.2748 
S.E for (VxO) interaction mean=0.4760 

Means not followed by the same letter are slatistically sigllificant by DMRT at 1 % level of 
probability . 
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xi: MATURITY DAYS 

Table 58 indicates highly significant differences within treatments and genotypes. The 

genotype-treatment interaction was also highly significant (p<O.O 1). Maximum time taken to 

maturity was 168.92 days in C141 followed by 167.07 and 165.14 days in Punjab 91 and 

Noor 91, respectively (Table 59). It is apparent from the results that the maturity was 

responded difTerentially to the two mutagenic treatments. The efTects of gamma radiation at 

all levels on maturity was non-significant, while the number of days to maturity with 

gibberellic acid at 40 and 50 Kr treatment were significantly (p<O.OI) less as compared to 

control. 

A differential response of maturity among various treatments was observed for the varieties. 

In Noor 91 the time taken to crop maturity was non-significant (p>O.OI) at various mutagenic 

treatments except at 40 Kr treatment with gibberellic acid where a significant (p<O.Ol) 

decrease was observed as compared to control. In Punjab 91 significant (p<O.O I) decrease in 

time taken to maturity was observed at 40 Kr treatment with gamma irradiation, while with 

gibberellic acid at 40 and 50 Kr treatment as compared to control. C 14 t exhibited significant 

(p<O.O 1) decrease in time to maturity at 50 Kr treatment with gamma irradiation, whi Ie with 

gibberellic acid significant (p<O.OI) decrease in days to maturity was found at 40 and GO Kr 

treatment as compared to control. 
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Table 56: Annlysis of val'iullce fo.' dnys to 50 '% nowering in M2 p opulati()ns of three 
chiciqlea genotypes under different radiation doses separately and with 
GA3, 

Source of variation Sum of squares Mean of squa."es F-value 
Replicates 2 2.88 1.44 144.00** 
Varieties (V) 2 442 .78 221.39 22139.00** 
Error (a) 4 0.04 0.01 -

Treatment (D) 6 68.43 11.40 23.75** 
(VxD) interaction 12 85 .21 7.10 14.79** 
Error (b) 36 17.58 0.48 ----_. -----
Total 62 616.92 
** indicate significance at 1% level of probability. 

Table 57: Effect of different doses of gamma radiation separately and with GA3 on 
days to 50'% flowering in M2 popUlation of three chici<pea genotypes. 

Noor 91 Punjab 91 C 141 
Control 118.00 B 120.00 A 114.50 A 119.50 B 
ClIIlIlIIll nlCliation 
40 Kr 
50 Kr 
60 Kr 
G:Ullllla ."adiation +GA3(0.5mM) 
40 Kr+GAJ 
50 Kr+GAJ 
60 Kr+GAJ 
Mean 
S.E for variety mean=0.0218 
S.E for treatment mean=0.2309 
S.E for (VxD) interaction mec1n=0.4000 

120.50 A 
118.50 B 
120.00 A 

118.00B 
118.50B 
120.00 A 
119.35 B 

114.00 A 
115.00 A 
114.50 A 

114.00 A 
114.50 A 
111.50 B 
114.00 C 

122.50 A 
119.50 B 
123.50 A 

117.50 C 
116.50C 
120.00 B 
119.85 A 

119.00 J\ 
117.66 B 
119.33A 

116.50 C 
116.50 C 
117.168 

Means not followed by the same letter are statistically significant by DMRT at I % level of 
probability . 

140 



Table 58: Analysis of variance for days to maturity in M2 populations of three 
chicll;.pen genotypes unde.' ditTe.'ent radintion doses sepn.'ately and with 
GA3. 

Source of val"iation Sum of squares Mean of squa.-es F-value 
Replicates 2 1.56 0.78 0.72 
Varieties (V) 2 150.54 75 .27 70.34** 
Error (a) 4 4.29 1.07 -

Trcatlllcnt (D) G 106.90 17.81 27.82** 
(VxD) interaction 12 . 220.95 18.41 28 .76** 
Error (b) 36 23.11 0.64 
Total 62 507.35 ------. - --------- -- ----_._- _._--
** illdicale sigllilicallce al J% level ofprobabililY. 

Table 59: Effect of difTe.-ent doses of gamma mdiatioll sepa"ately and with GA3 on 
days to maturity in M2 population of three chicl<pea genotypes, 

T" eatments 
Contl'ol 
Gamma radiation 
40 Kr 
50 Kr 
60 Kr 
Gamma .-adiation +GA3(0,5mM) 
40 Kr+GA.1 
50 Kr+GAJ 
60 Kr+GAJ 
Mean 
S.E for variety mean=0.2257 
S.E for treatment mean=0.2666 
S.E for (VxD) interaction mean=0.4618 

NoOl' 91 
166.50 A 

\65.00 A 
167.50 A 
164.00 A 

161.50 B 
164.00 A 
167.50 A 
165,14 C 

Pun.iab 91 
169.50 A 

165.50 Be 
168 .50 AB 
169.50 A 

164.50 BC 
164.00 C 

168.00 AB 
167,07 B 

C 141 
170.50 A 

172.50 A 
166.50 BC 
169.50AB 

167.00 BC 
171.50 A 
165 .00 C 
168,92 A 

Mean 
168 .83 A 

167.66 /\13 
167.50 AB 
167.66 AB 

164 .33 C 
166.50 B 

166.83 AB 

Means not followed by the same leller are statistically significant by DMRT at 1 % level of 
probability. 
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VI: MUTATION STUDIES IN M3 GENERATION 

i: PLA NT II EIGIIT (em) 
The analysis of variance for the effect of different doses of gamma irradiation 

separately and with the application of gibberellic acid on plant height in M3 population of 

chickpea (Table 60) indicates highly significant (p<O.OI) differences among the treatments 

and genotypes. The interaction between genotype-treatment was also highl y significant 

(p<.O.O I). It indicates that a sunicient variability is induced across the various doses . 

Maximum plant height 87.25 cm was produced by C141 as against 84.60 and 83.60 cm in 

Noor 91 and Punjab 91 , respectively (Table 61). The data regarding the various irradiation 

doses on plant height revealed that there was a significant (P<O.O 1) decrease in plant height 

with both mutagenic treatments, however, the effects at different levels varied . Minimum 

plant height was noticed at 40 Kr with gamma irradiation, whi le with gibberellic acid 

treatment at 60 Kr dosage. 

The three varieties responded difrerentially to the two mutagenic treatments. In Noar 

91 plant height decreased non-significantly (p<O.OI) at various levels ofirradiatioll with both 

Illutagenic treatments. In Punjab 91 and C 141 plant height decreased significantly (p<O.O I) 

as compared to control with various llIutagenic treatments. 111 Nom 91 and Punjab 91 the 

differences within the both treatments were non-significant, while in C 141 plant height 

decreased sigllifi c.alltly wi th (1;\, at t1 0 nlld SO Kr. 

ii: NUMBER OF PRIMARY BRANCHES PER PLANT 
The analysis of variance for the effect of different doses of gamma radiation with and 

without the application of gibberellic acid on number of primary branches per plant in Ml 

population of chickpea Crable 62) indicated highly significant (p < 0.0 I) variation within 

the treatments . The interaction between genotype-treatment was also highl y significant 

(p<O.O I) . It reflects highly inconsistent performance of genotypes across the various 

treatments . IIowcvcr, thc difTcrencc duc to gcnotypcs was not cnough to reach tlte level or 
significance (p>0.05). On the average, maximum numb er of primary branches 7.19 per plant 

was observed in Punjab 91 , followed by 6.98 and 6.96 per plant in C14! and Noor 91 , 

respectively (Table 63). The data regarding the number of primary branches per plant 
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Table 60: Analysis of variance for the effect of different doses of gamma radiation 
separately and with the application of gibber'ellic acid on plnllt height in 
M3 generation of tlH"ee chicl{pea genotypes. 

Source of variation D.F. Sum of squares Mean squares F-value 
Replication 2 49.24 24.62 36.74** 
Variety (V) 2 149.76 74.88 111.76* * 
Error I 4 2.70 0.67 
Treatment (D) 6 739.49 123.24 43.24** 

(VxD) 12 479.23 39.93 14.01 ** 
Error II 36 102.94 2.85 
Total 62 1523.38 

** indicate significance at 1% level of probability . 

Table 61: Effect of difTer"ent doses of gamma ntdiation sep3l"ately and with GA3 on 
plant height in M3 population of three chicl{pra gCJlotypcs. 

Treatments Noor 91 PUIl.iab 91 
Conh'ol 85.16 A 94.33 A 
Gamma radiation 
40 Kr 85 .52 A 77.930 
50 Kr 84.18 A 83.64 BC 
60 Kr 82.53 A 83.56 BC 
Gamllla radiation + GA3 (0.5 111M) 
40 Kr 1-0;\] 83.20 A 80.25 CD 
50 Kr+GA3 85.25 A 85 .22 B 
60 Kr+GA3 86.37 A 80.25 CD 
M(,lln 84.60 n 83.60 n ¥ • __ • _______ 0 ___ __ • _____ • __ _ _ __ 

S.E lor variety lllean=O.1786 
S.E for treatment mean=0.5627 
S.E for (VxD) interaction mean=0.9746 

C 141 Mean 
99.83 A 93.11 A 

88.15 B 83.87 BCD 
88.58 B 85.46 B 
83.08 C 83.06 CD 

81.90 C 81.780 
83.64 C 84.70 BC 
85.58 C 84.06 BCD 
87.25 A 

Means not followed by the same letter are statistically significant by DMRT at I % level of 
probability. 
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Table 62 Analysis of variance for the effect of different doses of gamma radiation 
separately and with the application of gibberellic acid on number of 
p.-imal1' branches in M3 generation of t1nee chickpea genotypes. 

Source of variation D.F. Sum of sgml1'es Mean squares F-valuc 

Replication 2 0 .0445 0.0222 0.1742 
Variety (V) 2 0.7082 0 .1)41 2.7790 
Error I 4 0.5108 0.1274 
Treatment (D) 6 4.1240 0 .6873 5.6707** 

(VxD) 12 6.0331 0.5694 4.6980** 
Error II 36 4.3632 0. 1212 

Total 62 16.5839 
** indicate significance at 1% level of probability. 

Table 63: Effect of different doses of gamma radiation separately and with GA3 Oil 

number of primary branches M3 population of thl'cc chickpca genotypcs. 

Treatments 
Control 
G am ma '-;ldiatioll 
40 Kr 
50 Kr 
60 Kr 
G amma Radiatiooll +GAJ (O.SmM) 
40 Kr+GA3 
50 Kr+GA3 
60 Kr-1-GA3 
Mean 

S.E for variety mean=0.0778 
S.E for treatment mean=0.1160 
S.E for (VxD) interaction mean=0.2009 

Noor 91 
7.17 AB 

6.37 B 
7.24 A 

6.67 AB 

6.72 AS 
7.08 AS 
7.48 A 
6.96 A 

Punjab 91 
7.20 A 

7. 15 A 
7.31 A 
7.92 A 

7.17 A 
6.43 B 
7.19 A 
7. 19 A 

C 141 
7.33 AB 

6.89 BC 
7. IS13C 
6.54 C 

6.40 C 
6.96 BC 
7.95 A 
6.98 A 

Mcan 
7.23 AB 

6.80 B 
7.1 2 AU 
7.04 B 

6.76 B 
6.82 B 
7.54 A 

Means not followed by the same letter are ~latistically signiticant by DMRT at 1 % level of 
probabi lity. . 
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revealed that both mutagenic treatments decreased the number of primary branches except at 

60 Kr with GA3 treatment where the number of primary branches increased as compared to 

control. However, this decrease or increase in number of primary branches was non-

significant (p>O.OI). 

It is apparent from the table 63 that the three varieties responded differentially to the 

two nllltageni(.; treatmellts. III Noor 91 behaviour of the Illllllher or prilllary branchcs with 

various gamma irradiation was inconsistent and a non-significant decrease or increase was 

observed with both mutagenic treatments. The number of primary branches in PUI~ab 91 

decreased significantly (p<O.O I) at 50 Kr with GAJ treallncnt, while at other doses the 

incre<lse or decle<lse W<lS nOIl-signincalll (p>O.OI) as cOllllHIICd 10 control. III Cltll the 

number of primary branches decreased significantly (p<O.Ol) at 60 Kr of gamma irradiation 

and at 40 Kr with the application of GA3 as compared to control. The number of primary 

branches increased significantly (p<0.01) at 60 Kr with the application ofGA1. 

iii: NUMBER OF SECONDARY BRANCHES PER I)LANT 
Table 64 presents analysis of variance for the effect of different doses of gamma 

radiation with alld without the application of gibberellic acid on the Ilumber of secondary 

branches per pl<ll1t is Ml population of chickpea. The rcsults indic,ltc significant (p<O.O)) 

difference among the genotypes and treatments. However, genotype-treatment interaction was 

highly significant (p<O.O I). It shows that a sufficient variability is created across various 

doses in the three genotypes. Noor 91 exhibited maximum number of secondary branches 

19.19 per plant followed by 18.84 and 17.88 per plant in Punjab 91 and C141, respectively 

(Table 65). It is seen from the results that the two mutagenic treatments affected the number 

or secondary branches per plant in a different way. Gamma irradiation reduced the number of 

secondary branches significantly (p<O. 0 I) at 40 and 60 Kr dosages and Iloll-signi ficantly 

(p>O.Ol) at 50 Kr as compared to control. Application of gibberellic acid decreased the 

number of secondary bra nches per pl<ll1t non-s igni fic<lntly (p>O. 0 I) as campa rcd to COllt 1'01. 

It is seen from table 65 that the genotypes Noor 91 and Punjab 91 responded 

indentically towards the two mutagenic treatments and the increase or decrease in the number 

of secondary branches was non-significant as compared to the untreated check (p<O.O I). 

However, in C 141 significant (p<O.O I) decrease in the number of secondary branches was 
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Table 64: Analysis of val"iance fOl' the effect of different doses of gamma radiation 
separately and with the application of gibberellic acid on number of 
secondary branches in M3 generation of three chickpea genotypes, 

Source of variation D.F. Sum of squares Mean squares F-value 
Replication 2 7.20 3.60 1. 23 
Variety (V) 2 43 .04 21.52 7.36* 
Error I 4 11.70 2.92 
Treatment (D) 6 66.76 11.12 4 .29** 
(VxD) 12· 70.69 5.89 2 .27* 
E rror II 36 93 .56 2.54 
Total 62 292.98 

"',** indicate significance at 5 and 1% level of probability. 

Table 65: Effect of different doses of gamma I'adiation separately and with GA3 on 
number of secondaa-y branches in M3 population of three chiclq)ea 
genotypes. 

Treatments NoOl' 91 PUll,jab 91 C 141 Mean 
Contl'ol 2 1.33 A 18.37 A 22.13 A 20.61 A 
Gamma I'adiation 
40 Kr ] 8.73 A 17.94 A 15.04 C 17.24 C 
50 Kr 21.71 A 18.45 A 19.70 AB 19.95 AB 
60 Kr 19.51 A 18.04 A 17.08 BC 18.2 1 BC 
Gamma radiation +GA3 (0,5 111M) 
4'0 Kr+GA) 19.81 A 19.11 A 16.63 BC 18.52 ABC 
50 Kr+GA) 18 .86 A 19.60 A 17.79 BC 18.75 ABC 
60 Kr+GA3 19.42 A 20.40 A 16.83 BC 18.88 ABC 
Mean 19.19 A 18.84 A 17.88 A 
S.E tor variety mean=0.3728 
S.B for treatment mean=O.5312 
S.E for (VxD) interaction mean=O.9201 
Mealls not followed by the same letter are statistically significant. by OMR'!' at I % leve l of 
probability. 
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observed with the two treatments except at 50 Kr of gamma irradiation where the decrease 

was non-significant (p<O.O 1) as compared to control. 

i\': N t IMBEH. OF puns P.~H. .-LAN'" 

Table 66 exhibits highly significant differences (p<O.O 1) for the effect of different 

doses of gamma radiation separately and with the application of gibberellic acid on number of 

pods per plant in M3 population of chickpea within the treatments and genotypes. The 

interaction between genotype-treatment was also highly significant. It reflects highl y 

significant variation among genotypes for this character. Maximum number of pods 86 .58 per 

plant was produced by variety Punjab 91 as against 82.91 and 76 .78 per plant in Noor 91 and 

C 141, respectively Crable 67). T he data regarding the pods per plant revealed that the elTccts 

at various closes of two mutagenic treatments were inconsistent and non-significant increase 

or decrease (p>O. 01) was observed as compared to control. However, the number of pods per 

plant decreased significantly (p<O.Ol) at 50 Kr with the application of gibberellic acid. 

The response of three varieties with regards to pods per plant was differential with the 

two mutagenic treatments. In Noar 91 the number of pods increased sign ificantly (p<O.O I) at 

all levels or inadiat ion in both tl catlllcnts. Application or UAJ significantly (p<O.O I) 

increased the number of pods per at 60 Kr dose. In Punjab 91 the number of pods decreased 

significantly at 40 a,nd 50 Kr, while increased non-significantly at 60 Kr dose of gamma 

irradiation as compared to contro!' Application of GA3 significantly decreased the number of 

pods at 50 Kr. C 141 exhibited a decrease in the number of pods per plant at all levels of 

irradiation in two mutagenic treatments. However, number of pods per plant decreased 

significantly (p<O.Ol) at 60 Kr of gamma irradiation and at 40 Kr with the application of 

gibberellic acid as cOll1pared to control. Ilowever, significantly more IllIl11ber of pods per 

plant obtained at 60 Kr with the treatment of GA3 . 

v: NUM BER OF SEEDS I-En. POD 

The analysis of variance for the effect of different doses of gamma irradiation 

separately ancl with the application of gibberellic acid on number of seeds per pods in M:J 

population 0[' chickpea (Table 68) .reveals highly significantly (p<O.O I) difrerences among 

treatments and genotypes. The interaction between genotype-treatment was also highly 

147 



Table 66: Analysis of variance for the effect of different doses of gamma radiation 
separately and with the application of gibberellic acid on number of pods 
11(,1· plant in MJ ~enel·ation of three chicl<pea ~enofypes. 

Source of variation D.F. Sum of sguares Mean sqmues F-value 
Replication 2 4.09 2.04 0.82 
Variety (V) 2 1029.96 514.98 208.49** 
Error 1 4 9.89 2.47 
Treatment (D) 6 216.26 36.04 3.86** 
(Vx.D) 12 775.69 64 .64 6.92** 
Error 11 36 335.90 9.33 
Total 62 2371.82 

** indicate significance at 1% level of probability. 

Table 67: Effect of different doses of gamma nldintion separately and with GAj Oil 

number· of pods per plant in M3 populntion of thHe chici'llCa genotypcs. 

TrC:lhncnts Noor 91 PUIl1"b 91 C 141 Mean ------ ---- -- ---- - - - -- ---
Cunll'ol 74.67 C 89.46 J\. 82.46 J\. 82.20 AB 
G~llllllla nldiation 
40 Kr 83.08 AB 86.05 AB 74 .60 BC 81.24 AB 
50 Kr 89.66 A 89.41 A 77.10 AB 85.39 A 
60 Kr 77.56 BC 90.48 A 72.94 C 80.33 B 
Gamma .-adiation +GA3 (O.SmM) 
40 Kr+GA3 86.07 A 86.58 AB 73.38 C 82.01 AB 
50 Kr+GA3 82.44 AB 80.77 B 75.61 ABC 79 .61 B 
60 Kr+GA3 86.93 A 83.31 AB 81.39 AB 83 .87 AB 
Mean 82.91 B 86.58 A 76.78 C 

----~~~----------~ 
S.E for variety mean=0.3 429 
S.C for treatlllCl1t IlIcCln= l.0181 
S.E for (VxO) interaction mean= \ .7635 
Means not followed by the same letter are statistically significant by DMRT at 1 % level of 
probability. 
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significant (p<O.OI) . It indicates highly inconsistent performance of genotypes across the 

different doses. On the average, maximum number of seeds 1.63 per plant were observed in 

Punjab 91 , followed by 1.49 and 1.44 per pod in Cl41 and Noar 91, respectively Crable 69). 

The data regarding the number of seeds per pod revea led that hath mutagenic treatments 

increased the lIumber of seeds per pod significantly (p<O.O I) at various levels of irradiatioll as 

compared to control. However, significantly more number of seeds per pod obtained at 40 and 

50 Kr with the application of gibberellic acid. 

Generally, the three varieties responded differently at various levels of irradiation with 

the two mutagenic treatments. In Noor 91 the number of seeds per pod increased significantly 

(p<O.O I) with both mutagenic treatments as compared to control. Treatment of GAJ 

significantly increased the number of seeds per pod at 50 Kr by changing the effects of 

gamma irradiation. In Punjab 91 , the number of seeds per pod decreased significantly 

(p<O.OI) at 40 and 60 Kr of gamma irradiation, while with gibberellic acid the increase or 

decrease in number of seeds per . pod at various doses was non-s ignifi ca nt (p>O.O I) as 

compared to control. Application of GA3 increased the number of seeds per pod sign ificantly 

(p<O.O 1) at 40 and 60 Kr. C141 exhib ited significant (p<O.OI) increase in the number of seeds 

per pod at varioll s levels of gamma irradiation as compared to contro l. Ilowever, sign ifi ca ntly 

(p<O.OI) more number of seeds per pod were recorded with gibberellic acid at 60 Kr dose. 

vi: 100 SEI~I) WKIGIIT PER PLANT (g) 
Table 70 presents analysis of variance for the effect of different doses of gamma 

irradiation with and without the application of gibberellic acid on 100-seed weight in M3 

population of ch ickpea. The results show highly significant (p<O.OI) differences wi thin 

treatments, while for genotypes it was non-significant (p>0.05). The interaction between 

genotype-treatment was also high.ly significant (p<O.O I) . It reveals highly inconsistent 

performance of genotypes for this character. Maximum 100-seed weight of 26 .07 g was 

produced by C I41 as against 25 .97 and 25.58 g in Punjab 91 and Noor 91, respectively (Table 

71). It is seen fi 'om the results Cfable 71) that 100-seed weight increased at various levels of 

irradiation in two mutagenic treatments. However, heavier seeds were produced with the 

application of gibberellic acid at all levels of irradiation and significant increase was noticed 

at flO Kr tle:ltlllellt as cOlllpared to COlltrol. 
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Table 68: Analysis of variance for the effect of different doses of gamma radiation 
st.'panlfcly and with thc application of gibbct'cHic acid on IlIl1uhCl' of sccds 
pel' pod in MJ generation of three chicl<llea genotypes, 

Source of vna-intion D.F. Sum of SQunl'es Menn SQunl'es F-vnlue 
Replication 2 0.0048 0.0024 4.00 
Variety (V) 2 0.4181 0.2090 148.11** 
Frrm I tI 0.0027 () ()()()(j 

'1'1 ealll \(,: 111 (I) 6 ' U.2UU4 U.UJJ /I 3U.36 ** 
(VxD) 12 0.1688 0.0140 12.72** 
Error II 36 0.0396 0.00 II 
Total 62 0.8346 

** indicate significance at 1% level of probability. 

Table 69: Effect of difTel'ent doses of gamma I'Ildiation separately and with GA3 011 

IIl1l11hrl' of scrds prl' pod M.I population of fhrrr rhirl{I'('a g('lwf)'IH'S. 

Treatments 
Contl'ol 
Gamma I'adiation 
40 Kr 
50 Kr 
60 Kr 
Gamma 1':HliatioJl +GA., (O,5I11M) 
·I() 1(11(jl\, 

50 Kr+GA3 
60 Kr+GA3 
Mean 
S.E for variety mean=O.0053 
S.E for treatment mean=O.OIIO 
S.E for (VxD) interaction mean=O.O 191 

Noor 91 
1.270 

1.44 BC 
1.39 C 
1.54 A 

1+1 Be 
1.53 A 

1.49 AB 
1.44 C 

Punjab 91 
1.65 A 

1.56 C 
1.66 A 

1.58 BC 

I .(,H 1\ 

1.64 AB 
1.67 A 
1.63 A 

C 141 Mean 
1.290 1.40 E 

1.51 C 1.500 
1.50 C 1.51 CD 
1.52 C 1.55 AB 

I .SI C I . ) /1 II(' 

1.54 BC 1.57 AB 
1.60 A 1.58 A 
1.49 8 

Means not followed by the same letter are statistically significant by DMRT at I % level of 
probability. 

150 



Modulation of radio sensitivity with gibberellic acid was observed in 100-seed weight 

in the three genotypes. 100-seed weight increased at various levels o f gamma irradi ation in 

Noor 91 and Punjab 91 except at 60 Kr dose in Noar 91, where smaller seeds were produced 

as compared to control. T his increase in 100-seed weight was irregular and also non­

signifi cant (p>O.OI ) as compared to control. However, the application of gibberellic acid 

increased the 100-seed weight non-signi ficantly (p>O. 01) at various irrad iation dosages . In 

C 141 weight or IOO-seeds decreased at 40 and 50 Kr, while increased at 60 Kr dose non­

significantly as compared to control. Application of gibberellic acid increased the weight of 

100-seeds significantly (p<O.O I) at 40 Kr dose, while the increase at other doses was non­

significant (P<O.O I) as compared to control. 

vii: BIOLOGICAL YIELD PER PLANT ( g) 

it is obvious from the analysis of variance for the effect of different doses of gamma 

irradiation separately and with the application of gibberellic acid on biological yield per plant 

Cfable 72) in M3 population of chickpea that differences within treatments were highly 

significant. The results show that the variability due to genotypes was non-significant 

(p>0.05). T he interaction between g~notype-treatment was hi ghl y signi fica nt (p<O.O I). On the 

average, maximum amount of biological yiel d 37.64 g per plant was produced by C 141 , 

fo llowed by 86. :13 amI 86.29 g. in Noar 9 I and Punjab 91, respectively (Table 73 ). It is 

evident from table 73 that the biological yield decreased signi ficantly (p<O. 0 I) at various 

levels of gamma irradiation across the two mutagenic treatments as compared to control. 

The main effect of genotype-dose was highly significant (p<O.O I) . In Noar 91, gamma 

irradiation decreased the biological yield per plant non-significantly (p>O.O I) at 40 and 50 Kr, 

while significantly at 60 Kr as compared to control. However, this decrease with gibberellic 

acid was significant (p<O.OI) at all the treatments . Biological yield per plant decreased 

significantly (p<O.OI) with both mutagenic treatments in Punjab 91 and C 141 as compared to 

control. However, non-significant differences were recorded at various doses in both 

mutagenic treatments .. 
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T a hk 70: Ana lysis or va.-ia nce f (II' fh e effect or different d os('s or g:lIl1l11a nulia fi oll 
separately and with the application of gibberellic acid on 100-seed weight 
in M3 generation of three chici<pea genotypes. 

Source of varia tion D.F. Sum of squares M ean sq uares F-value 
Replication 2 0.35 0.17 0.68 
Variety (V) 2 2.84 1.42 5.68 
Error I 4 1.02 0.25 
Trcatmcnt (D) 6 2.74 0.45 5.00** 
(VxD) 12 2.91 0.24 2.66 ** 
Error II 36 3.35 0.09 

Total 62 13.23 
** indicate significance at 1% level of probability. 

Table7l: Effect of different doses of gamma nuliatioll separately and with GAJ on 
tOO-seed weight in MJ population of three chici<pea genotypes. 

T reatments 
Contl'ol 
G amma I'llidafion 
40 Kr 
50 Kr 
60 Kr 
Gamma radiation +GA3 (O.SmM) 
40 Kr+GA] 
50 Kr+GAJ 
60 Kr+GA3 

Noor 91 
25.42 AB 

25.49 AB 
25.55 AB 
25 . 19 B 

25 .81 AB 
26. 1 I A 

25 .50 AD 
Mean 25.58 A 
~--~--~----------------------

S.E for variety mean=O. 1091 
S.E for treatment mean=O.lOOO 
S.E for (VxD) interaction mean=0.1732 

Punjab 91 
25.53 B 

25 .96 AB 
26. 18 AB 
25.56 B 

26.24 AB 
26.33 A 

26.00 AB 
25.97 A 

C 141 
25.97 BC 

25. 90 BC 
25. 83 BC 

26.06 ABC 

26.68 A 
25.65 C 

26.42 AB 
26.07 A 

Mean 
25.64 BC 

25 .78 BC 
25 .85 ABC 

25. 60 C 

26.24 A 
26.03 AB 

25.97 ABC 

Means not followed by the same letter are statistically signitlcant by DMRT at 1 % level or 
probability . 

152 



Table 72: Analysis of vaJ'iance for the effect of diffcl'cnt doses of galllma ,'ndintiol1 
sepamtely and with the application of gibberellic acid on biological yield 
in MJ generation of three chickpea genotypes. 

- - - ------- -
SOUl'CC of val'illtion I).F. Sum of SqUlIl'CS MClin squal'cs F-valuc 
Replication 2 9,86 4 ,93 1.74 
Variety (V) 2 24.83 12.41 4.38 
Error I 4 11.32 2.83 
Treatment (D) 6 2382.07 397.01 30.44** 
(VxD) 12 567 .20 47.26 3.62** 
Error II 36 469.45 13 .04 
Total 62 3464.75 

** indicate significance at 1 % level of probability. 

Table 73: Effect of diffel'ent doses of gamma radiation sepanltely and with GA3 on 
biological yield in MJ population of three chicl<pea genotypes. 

Tl'eahnents 
Control 
G:IIIIIII:I nHlialioll 
40 Kr 

50 Kr 
60 Kr 
G amma radiation +GA3 (O,5mM) 
40 KrlliA,l 
50 Kr+GAJ 
60 Kr+GAJ 
Mean 
S.E for variety mean=0.3670 
S.E for treatment mean=I.2036 

Noor 91 
93.40 A 

85.25 AB 
88.48 AB 
85.10 B 

84.12 B 
83 .33 B 
84.62 B 
86.33 A 

S.E for (VxD) interaction mean=2.0848 

Pun.jab 91 
99.70 A 

82.85 B 
84.55 B 
84.14 B 

83.88 13 
85 .12 B 
83.82 B 
86.29 A 

C 141 
111.60 A 

84.46 B 
86.72 B 
81.00 B 

82 .36 B 
83.76 B 
82 .60 B 
87.64 A 

Mean 
101 .56 A 

84.19 B 
86.92 B 
83.41B 

83.45 U 
84.07 B 
83.68 B 

Means not followed by tile same letter are statistically significant by OMit,}, at I % level of 
probability. 
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viii: GRAIN YIELD PER PLANT ( g ) 

The analysis of variance for the effect of different doses of gamllla irradiation with 

and without the application of gibberellic acid on grain yield per plant (Table 74) in MJ 

population chickpea reveals highly significant (p<O.O I) differences among the treatments and 

genotypes. The interaction between genotype-treatment was also highly significant for this 

character. It reflects highly inconsistent pelformance of genotypes across the various 

trea tmellts . Maxillllllll gmill yield l(i .Rl g per fllnllt was PlOdllccd ill gellotype PlInjah () I. 

followed by 30.63 and 29.95 g in Noor 91 and C141, respectively Crable 75). It is apparent 

fi'om the results that grain yield per plant increased significantly at variolls levels of 

irradiation in two mutagenic treatments except at 40 Kr with gamma irradiation as compared 

to control. However, significantly (p<O.OI) more grain yield was obtained at 60 Kr with 

gibberellic acid. 

In Noar 91 grain yield per plant increased significantly (p<O.O I) at variolls levels of 

gamma irradiation in the two mutagenic treatments. In Punjab 91 grain yield per plant 

decreased at 40 and 60 Kr, while iIicreased at 50 Kr non-significantly (p>O.O I) as compared 

to control. Application of gibberellic acid decreased the grain yield significantly at 50 Kr 

dose. In C 141 grain yield per plant increased at various levels of gamma irradiation non­

signi ficantly (p<O.O I) as compared to control. Application of gibbel'ell ic acid increased the 

grain yield significantly (p<O.Ol) at 60 Kr as compared to control. 

ix: HARVEST INDEX (,Yo) 

Table 76 exhibits highly significant (p<O.O 1) differences for the effect of different 

doses of gamma irradiation separately and with the application of gibberellic acid on harvest 

index percentage in M:J population of chickpea. However, the interaction between genotype­

treatment was non-significant (p>O.05). On the average, maximum harvest index 42.68 

percent exhibited by PUl~ab 91 as against the 35.68 and 34.70 percent in Noor 91 and CI41 , 

respectively Crable 77). It is seen from the results that harvest index increased significantly 

(p<O.O 1) as compared to untreated check at various level of irradiation in two mutagenic 

treatments. However, more percentage of harvest index was observed with the treatment of 

gibberellic acid . 
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Table 74: Analysis of varia nce fo.· the effect of d ifferent doses of gamma radiation 
separately and with the application of gibberellic acid on grain yield in MJ 
gene.·ation of three chici{pea genotypes. 

SOUl'ce of va.-iation D.Il'. Sum of squa res Mea n squa res F-value 

Replication 2' 8.90 4.45 4.15 
Variety (V) 2 604 .87 302.43 282.64** 
Error 1 4 4 .31 1.07 
Treatment (D) 6 128.15 21.35 9.04** 
(VxD) 12 164.70 \3.72 5.S!*'" 
Error II 36 85.24 2.36 

Total 62 996.18 
** indicate significance atl% level of probabil ity. 

Table 75: Effect of different doses of gamma radiation separately and with GAJ on 
grain yield in MJ population of three chickpea genotypes. 

Treatments 
Control 
G amma .-adia tion 
40 Kr 
50 Kr 
60 Kr 
G amma "adiatioll +GA j (O.SIl1 M ) 
40 Kr+GA] 
50 Kr+GA3 
60 Kr+GA3 
Mean 
S.E for variety mean=0.2257 
S.E for treatment mean=0.5120 
S.E for (VxD) interaction mean=0.8869 

Noor 91 
24.10 B 

30.53 A 
3 1.82 A 
30.1 5 A 

31.97 A 
32.80 A 
33 .03 A 
30.63 B 

Pun.iab 91 
37.92 AB 

34 .97 B 
38.95 A 

36.66 AB 

38. 16 AB 
35.20 B 

36.18 AB 
36.83 A 

C 141 
27 .58 B 

29.33 B 
29.85 13 
29.02 B 

29.54 B 
29.87 B 
34.46 A 
29.95 B 

Mean 
29.80 C 

31.61 BC 
33.54 AB 
3 1.94 B 

33 .22 AB 
32 .62 AB 
34.56 A 

Means not fo llowed by the same letter are st.atistically significant by DMRT at I % level of 
probabil ity. 
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Table 76: Analysis of variance for the effect of different doses of gamma radiation 
separately and with the application of gibberellic acid on h:uvest index in 
M3 generation of three chickpea genotypes. 

Source of variation D.F. Sum of sguares Mean sguares F-value 
Replication 2 18 .48 9.24 2.67 
Variety (V) 2 838 .81 419.40 121 .21 ** 
Error I 4 13 .86 3.46 
Treatment (D) 6 796.07 132.67 17.05** 
(VxD) 12 192.13 16.01 2.05 
Error II 36 280.18 7 .78 
Total 62 2139.56 

.,. indicate significance at I % level of probabiltty. 

Table 77: Effect of difIerent doses of gamma radiation separately and with GAJ on 
harvest index in M3 population of th ree chicl{pea genotypes. 

Treatments 
Control 
Gamma radiationl 
40 Kr 
50 Kr 
60 Kr 
Gamma r adiation +GAJ (O.SmM) 
40 Kr+GA~ 
50 Kr+GJ\~ 
60 Kr+GAJ 

Noor 91 
25. 85 B 

35.78 A 
36.01 A 
35.5 1 A 

38.06 A 
39.40 A 
39.1 2 A 

~M~e_a_n __ ~ ____________________ 3~5~.68 n 
S.E for variety mean=0.4059 
S.E for treatment mean=0.9297 
S .E for (VxO) interaction mean=1.6103 

PUIl.iab 91 
37.88 B 

42.25 AB 
46.21 A 

43.72 AB 

45 .57 A 
41.371\.8 
43.16AB 
42.88 A 

C 141 
24.71 C 

34.83 B 
34.07 B 

35.8 1 AB 

35.94 AB 
35 .74 AB 
41.79 A 
34.70 B 

M ean 
29.488 

37.62 A 
38. 76 A 
38.35 i\ 

39.86 A 
38 .83 I\. 
41.36 A 

Means nol followed by the same letter are statistically significant by DMRT at 1 % level of 
probability. 
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In Noor 91 and C 141 harvest index increased significantly (p<O.O 1) at variolls levels 

of irradiation in two mutagenic treatments. Whereas, in Punjab 9 1 harvest index increased 

significantly (p<O.OI) at 50 Kr of gamma irradiation and at 40 Kr with gibberellic acid as 

compared to control. 

x: FLOWERING DAYS 

The allalysis or variallc.e (()I th e efl'ec.l of' diflel ellt <lo St'S of' galllilla illadiatiull 

separately and with the application of gibberellic acid on days to 50% flowering in M3 

population of chickpea (Table 78) indicates highly significant (p<O.O I) differences within 

genotypes and treatments. The interaction between genotype-treatillent was also highly 

significant (p<O.O I). It reveals that sufficient variability exists among the genotypes for this 

character. On the average, maximum time 119.43 days to 50% flowering were taken by Noar 

91, followed by 118 .78 and 113 .77 days in CI41 and Punjab 91, respectively (Table 79). It is 

seen from the tabl e 79 that time taken to 50% flowering decreased at 1\0 Kr, while increased at 

50 and 60 Kr of gamma irradiation significantly (p<O.O 1) as compared to control. Application 

of gibberelli c acid at various levels of irradiation delayed 50% flowering days non­

significantly (p>O.OI) as compared to control. 

Modulation of radio sensitivity with gibberellic acid was observed either in positive or 

negal ive direction at various levels of irradiation in all the genotypes. In Noor 91 days to 50% 

fluwelillg illcleascd at Vali OLIS levels or illadiaLiun ill the two Illlitagelli c tl e;IIIlH.: lll s excepl al 

60 Kr of gibberellic acid as compared to control. In Punjab 91, days to 50% flowering 

increased at various levels of irradiation except at 40 Kr dose of gamma irradiation and with 

gibberellic acid treatment as compared to control. By comparing the various intensities of 

irradiation in the two mutagenic treatments on days to 50% flowering, significant (p<O.O I) 

difTerences were observed at 40 and 60 Kr doses. C 141 exhibited a linear increase in number 

of days to 50% flowering with an increase of gamma irradiation dosages . However, 

significant (p·,O.O I) dilferellce as cUlllparcu to cuntrol was IULIlld af 50 alld GO Kr duses or 
gamma irradiation. Application of gibberellic acid changed the efTect of gamma irradiation 

and significant (p<O.O I) earliness in50% flowering was observed at 50 Kr. 
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Table 78: An ~"'y is of variance fOl' the effect of diffel'ent doses of gamma mdiatioll 
sepanltely and with the application of gibbel'eHic acid on days to 50'Yc, 
flowering in M3 generation of tluee chickpea genotypes. 

Source of vadation D.F. Sum of squares Mean squm'es If-value 
Replication 2 1.25 0.62 7.75 
Variety (V) 2 402 .95 201.47 25 18 .3 7*'" 
E rror 1 4 0.35 0 .08 
Treatment (D) 6 28.67 4 .77 59 .62** 
(VxD) 12 2J .60 I . c)6 2tl')() ** 
Enor II 36 5.22 0 . 14 
Total 62 462.05 

*it indicate signiticance at 1 % level of probability . 

Table 79: Effcct of difl'cl'cn t doses of gamma rndiation separatcly and with GA3 on 
days to 50'Yo flowering in M3 population of three chici{pea genotypes. 

Treatments 
Control 
G amma radiation 
40 Kr 
50 Kr 
60 Kr 
Gamma I'adiation +GA3 (O,5mM) 
40 Kr+GA3 
50 Kr+GA1 
(,0 K r I (; A.I 
M ean 
S.E for variety mean=0.0617 
S .E for treatment mean=0 . 1247 

Noor 9 1 
118 .67D 

11 8.97 CO 
120.03 AB 
120.46 AB 

120.60 A 
119.71 BC 
117.60 E 
119.43 A 

S .E for (VxD) interaction mean=0.2160 

Punjab 9 1 
113.50 BC 

112.060 
114.22 B 
115.33 A 

112.94 C 
114.33 B 
114 .0tl U 
113.77 C 

C 141 
118 .3 3 D 

11 8.1 7 D 
11 9.20 BC 
120. 12A 

118.41 CD 
117.94 D 

I I <).l 3 AB 

118.78 B 

Mean 
116.83 C 

11 6.40 l) 
11 7.82 D 
11 8.64 A 

11 7.32 C 
117.J 2 (' 
I I () <)<) C 

Means not followed by the same leLter are statistically signilicant by DMRT at 1 % level of 
probability. 
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xi: MA TURlTY DAYS 

The analysis of variance for the effect of different doses of gamma irradiation 

separately and w ith the application of gibberellic acid on days to maturity (T able 80) in M.1 

generation of chickpea indicates highly significant differences among genotypes and 

treatments. The interaction between genotype-treatment treatment was also highly significant 

(p<O.OI). Noor 91 exhibited earliness in maturity with minimum 166.67 days, followed by 

168.63 and 169.75 days in Punjab 91 and C14 I, respectively (Table 8\). Main mutagenic 

treatments indicated that gamma irradiation decreased the number of days to maturity 

significantly (p<O.O I) at 40 Kr as compared to control. However, the application of 

g ibberellic acid decreased the days to maturity significantly (p<O.O I) at 40 and 50 Kr doses as 

compared to control. 

The interaction of varieties and the treatments revealed that sufficient variability was 

induced for this character. In Noor 91, all levels of gamma irradiation significantly (p<O.O I) 

increased the days to maturity as compared to control. However, the gibberellic acid treatment 

increased the days to maturity at 60 Kr, while at 40 and 50 Kr doses statistically no difference 

in days to maturity was observed as compared to control. In Punjab 91 days to maturity 

decreased signifi cantly (p<O.O I) at various levels of irradiation except at 50 Kr of gamma 

irradiation and at 60 Kr with gibberellic acid where it was non-signi ficant as compared to 

contro\. On comparing the two mutagenic treatments, significant (p<O.O I) difference in days 

to maturity was found at 50 Kr where earliness in maturity was noted with GA3 . Days to 

maturity decreased at all levels of irradiation significantly (p<O.O I) in C 141 as compared to 

control. 
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Table 80: Analysis of variance for the effect of different d oses of gamma I'adiation 
separately and with the application of gibberellic acid 011 days to matnrity 
in MJ gellel'ation of three chickpea genotypes. 

SOUl'ce of variation D.F. S ... m of squares Mean squares F-value 
Replication 2 1.17 0.58 3.41 
Variety (V) 2 101.80 50 .90 299.41** 
Error I 4 0.68 0. 17 
Treatment (D) 6 35.54 5.92 25.73** 
(VxD) 12 39.50 3.29 14.30** 
Error Jl 36 8.38 0.23 
Total 62 187.10 

** indicate significance at 1% level of probability. 

, 

Table 81: Effect of different doses of gamma ~adiation separately and with GAJ on 
days to maturity in MJ popUlation or three chicl<pea genotypes. 

Treatments 
Contl'o l 
(; :l1l1l11a I"luliafioll 
40 Kr 
50 Kr 
60 Kr 
Gamma J'adiation +GAl (O.SmM) 
40 Kr+GA;l 
50 Kr+GA3 
60 Kr+GA3 
Mean 
S.E for variety mean=0.0899 
S.E for trcatlllcllt Illcall-=O.1598 
S.E for (VxD) interaction mean=0 .2768 

Noor 91 
165.33 C 

166.89B 
166.93 B 
167.87 B 

165.33 C 
165 .32C 
169.05 A 
166.67 C 

Pun.iab 91 
170.33 A 

167.83 C 
169.20 AI3 
168.67 BC 

168.44BC 
166.49 D 

169.45 AB 
168.63 B 

C 141 
171.00 A 

168 .75 C 
170.]] 13 

169.75 BC 

169.75 BC 
\69.22 BC 
169.64 Be 
169.75 A 

Mean 
168.89 A 

167.82 13 
168.82 A 
168.76A 

167.84 B 
167.01 C 
169.32 A 

Means not followed by the same letter are statistically significant by DMRT at t % level of 
probability. 
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VII: CHLOROPHYLL AND MORPHOLOGICAL 
MUTATION SPECTRUM IN M2 GENERATION 

Several types of chlorophyll and morphological mutants arised in M2 population. 

The frequency of occurrence of these mutations in treated population is considered an 

appropriate measure for determining the effectiveness of a mutagen. DitTerent types of 

chlorophyll and morphological mutants obtained through the seed treatment with gamma 

irradiation and post mutagenic application ofGA] are described bclow: 

A: CHLOROPHYLL MUTATIONS 

i: MUTATION FREQUENCY 

The fI 'eqllcllcies of chlorophy II Illut at iOlls ill t crllls 0 f percellt age of M2 poplII<l t iOI1 

basis as well as on M2 family basis are presented in table 82. The trend of the mutation 

frequency was different in the two methods of mutagenic treatment. The frequency of 

chlorophyll mutations on the family basis decreased with an increase of gamma irradiation 

in the three genotypes. However, with the post mutagenic treatment of GAJ such trend was 

not observed . Noor 91 exhibited the · highest mutation fl-equency on M2 family basis 

(21.20%) and M2 population basis (1.22%). The effective dose of gamma irradiation to 

achieve the saturation effect i.e. the highest mutation fi'equency varied among t he genotypes. 

The highest mutation fi'equencies were obtained following 40 Kr dose in Noor 91 and C 141 

genotype, however, in Punjab 91 saturation effect was attained at 40 Kr with GA] treatment. 

ii: SINGLE AND MULTIPLE MUTATIONS 

Relativc rreq tlcllcies of families segrcgating for single nnd Illldtipic chlorophyll 

mutation type are presented in table 84. Most of the progenies segregated for one 

chlorophyll mutation type. The proportion of segregation families ranged fi'om 97.22 to 

100% for one type and from 2.23 to 78% for two types. Induction of multiple chlorophyll 

mutations appeared independent of higher or lower side effect of mutagen. 
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Table 82: 

-

Genotype 

Noor 91 

Punjab 91 

<.' I , I I 

Frequency of chlol'ophyll mutants in M2 generation of three chickpea 
genotypes planted at BARI, Chal{wal, 1996-97. 

4 ___ -- ----- - - -
Fn'qucilcy on M2 fsunily h:lSis 1i" 'C(IUCllcy Oil M2 poplilaCion 

basis 
Treatment Total Segregating oft, T otal Mutants %, 

fa milies families plants 
Control 10 0 0 265 0 0 
40Kr 250 53 21.20 5438 57 104 
50 Kr 250 47 18.80 56 13 69 1.22 
60 Kr 250 36 14.40 5140 45 0.87 
40 Kr+GA3 250 48 19.20 5529 54 0.97 
50 Kr+GA3 250 51 20.40 543 0 43 0.79 
60 Kr+GA3 250 45 18.00 5260 53 1.00 

Control 10 0 0 274 0 00 
40 Kr 250 45 18 .00 5181 33 O.GI 
50 Kr 250 43 17.20 5470 41 0.74 
60 Kr 250 34 13.60 5290 28 0.52 
40 Kr+GA~ 250 47 18 .80 5476 30 0.54 
50 Kr+GA3 250 42 16.80 53 10 36 0.67 
60 Kr+GAJ 250 43 17.20 5332 35 0.65 

l'ulil iul IU 0 () 2()H () ()(J 

40 Kr 250 25 10.00 5511 22 0.39 
50 Kr 250 21 8.40 5476 28 0.51 
60 Kr 250 17 6.80 5380 27 0.50 
40 Kr+GA3 25 0 23 9.20 5490 20 0.36 
50 Kr+GA3 250 20 8.00 5481 24 0 .43 
60 Kr+GA3 250 22 8.80 5415 34 0.62 

iii: SPECTRUM OF CHLOROPHYLL MUTANTS 

A wide spectrum of chlorophyll mutations was observed which included albina, 

xal1fha, eMotina and viridis Crable 86). The different characteristics of these mutants were 

as follow : 

I. Albina: These were characterized by yellowish leaves with white tips. The yellow 

piglllclIl hCC:lIIIC Illme illtellse ill cu lor thllli the lip to Ihe base. These Illulalli s Sill vived 

for 15-25 days and were found in all treatments of gamma radiation and also in post 

irradialion wilh GAl population . 
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2. Xantha: These mutants were light yellowish-green, carotenoids predominate, while 

chlorophyll did not form. Although these were the most frequent types of Illutants in 

almost all the treatments yet they failed to survive for long. 

3. Chlorina: These were characterized by greenish-yellow leaves. Most of these seedlings 

died w il hill I ) days alld ill lew cases ell/orillCl Illulallis did SlIl vive btlt WCI C lal e ill 

flowering . 

4. Viridis: ~rhis type was light green to yellowish-green in color. All the viridis mutants 

survived and grew vigorously, but had few branches, very weClk stems and a low number 

of seeds and pods per plant. 

All these chlorophyll mutation did not show any association with a specific gCllotypc. On 

the overClIl basis of three genotypes, the mutant can be arranged in the following order: 

Xantha 'chlorillaalbilla . viridis. 

8: MORPHOLOGICAL MUTATIONS 

i: MUTATION FREQUENCY 

Besides the chlorophyll mutation, many morphological Illutations were observed in 

all the treatments. Table 83 shows the fi'equency of these mutants. The data show that such 

mutations occurred more frequently in the simultaneous application of gamma radiation and 

GA3 than in gamma irradiation separately except in Punjab 91, where more morphological 

mutations occurred with gamma irradiation. A dose dependent increase in the fi'equency of 

morphological mutations was observed with gamma irradiation and with simultaneous 

application of GA], both on the percentage of segregation of M2 families and population 

basis. Viable llmtalion frequency ranged from 4.80 to 17.60% on progeny basis and 0.36 to 

I.021yo on pupuiatiull basis . 
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Table 83: 

Genotype 

Nom C) I 

Punjab 91 

C 141 

Frequency of morphological mutants in !Vb generation of three chickpea 
genotypes planted at BARr, Chal{wal, 1996-97. 

F.·equency on M2 family basis F.·equency 011 M2 population 
bnsis 

Treatment Total Segregating IYt, Total Mutants IYt, 
famili es families plants 

Control 10 0 0.00 2(jS 0 .00 o 00 
1\ () \( r 2S0 17 (dW 'i1J3H 23 O.1J 2 
50 Kr 250 20 8.00 5613 27 0.48 
60 Kr 250 29 11.60 5140 40 0.77 
40 Kr+GAJ 250 21 8.40 5529 28 0.50 
50 Kr+GA:J 250 25 10.00 54)0 )0 0.55 
60 «r iGA) 250 27 10.80 5260 29 0.55 

Control 10 0 0.00 274 0 0.00 
40 Kr 250 41 16.40 538 1 55 1.02 
50 Kr 250 37 14.80 5470 56 1.02 
60 Kr 250 44 17.60 5290 55 1.03 
40 Kr+G A3 250 35 14.00 5476 47 0.85 
50 Kr+GA3 250 39 15.60 5310 54 1.0 I 
60 Kr+GAJ 250 42 16.80 5332 54 1.01 

Control 10 0 0.00 268 a 0.00 
40 Kr 250 12 4.80 55 11 20 0.36 
50 Kr 250 17 6.80 5476 28 0.5 t 
60 Kr 250 22 8.80 5380 37 0.68 
1\0 K r I (J A.I 2S0 16 (j.IJO SIJ <)0 25 O.IJ.'i 
50 Kr+GJ\3 250 21 8.40 5481 34 0.62 
60 Kr+GAJ 250 22 8.80 5415 33 0.60 
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Table 84: 

a) 

T.'catmcnt 

Control 
40 Kr 
50 Kr 
(iO K r 

40 Kr+GA:J 
50 Kr+GJ\:J 
60 Kr+GA3 

b) 

Treatmcnt 

Control 
40 Kr 
50 Kr 
60 Kr 
40 KrlGAl 
50 Kr+GA3 
60 Kr-I GJ\3 

-

Table 85: 

Albina 
2 Xantha 
3 Chlorina 
4 Viridis 

Relative f.'equency of M2 families segregating fOl' varying number of 
lIlutation types 

Chlm'ophyll Illut ations 

Genot,Yl)Cs 
Noor 91 Punjab 91 C 141 

Type 1 Type 2 Type 1 Type 2 T~pc 2 T~pe 2 
0.00 0 .00 0.00 0.00 0.00 0.00 

100.00 0.00 97.77 2.23 100.00 0.00 
100.00 0.00 100.00 0.00 100.00 000 
(n .22 2.7R 100.00 0.00 100.00 () 00 
100 .00 10.00 100.00 0.00 100.00 0.00 
100 .00 0.00 100.00 0.00 100.00 0.00 
100.00 0.00 97.67 2.33 100.00 0.00 

Moq)hologicalmutations 

Genot~pes 

Noor 91 Pun.jab 91 C 141 -- -- - ---
Type I Type 2 Type 3 Type I Type 2 Type 3 Type I Type 2 Type 3 

0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
94.33 3.77 1.88 97.77 2.23 0.00 100.00 000 0.00 
95 .74 4.26 0.00 90.69 6.97 2.32 95.23 4.77 0.00 
94.44 2.77 2.77 88.23 8.82 2.94 88 .23 11 .77 0.00 
tJ7 .91 2.09 0.00 100.00 0.00 0.00 86.95 8.69 4.34 
94.11 3.92 1.96 95.23 4.77 0.00 100.00 0.00 0.00 
93.33 6.67 0.00 100.00 0.00 0.00 100.00 0.00 0.00 

-

Correlation between appearance of different types of chlorophyll 
1U1ItlllleS llll£l morphological mutants in M2 gellcnlHoll of Once chicl<I)(':' 
g(,lIolypes. 

1.000 
0.740 1.000 
0.836* . 0 .922** 1.000 
0.482 -0.331 0.644 1.000 

5 Total chlorophyll 0.918** 0.945** 0.947** -0.423 1.000 
6 Tota l morphologica l -0.034 -0.388- -0.285 0.237 -0.0 13 1.000 

I 2 3 11 5 G ----- -~----.- --_.-
d.r 4 
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From the table 86 it could be concluded that the proportion of morphological mutations were 

lesser than that of chlorophyll mutation (645:709) . The correlation worked out between the 

appearances of different types of chlorophyll mutants and morphological mutants in M2 

population are presented in table 85. A non-significant negative correlation between 

appearance of alhilla, xOlltha, viridis, chloril1Cl Illutant ami of tnorphological mutants was 

observed . The correlation has shown that the appearance of morphological mutants is less 

than the chlorophyll mutants appeared i~ the M2 population. 

ii: SINGLE AND MULTIPLE MUTATIONS 

Relative frequencies of families segregating for single and multiple morp hological 

mutation types are presented in tab le 84. Most of the families segregated for one type of 

mutation . The propOltion of segregating families ranged from 86.95 to 100% for one type, 

2.09 to 11.77 % for two types of morphological mutants, respectively . Noor 91 variety 

segregated for two and three types with both types of treatment while in C 141 and Punjab 

91 genotype progenies segregated only for two types. Gamma irradiation of 60 Kr treatment 

was most effective to induce multiple mutations in all the genotypes. Ilowever, no 

relationship was observed between fj·equency of families segregating for two or more types 

with an increase in Illutagen treatment. 

iii: SPECTRUM OF MORPHOLOGICAL MUTANTS 

The mutagenic treatments induced mutations affecting plant height, growth habit, 

branching and stem structure, stem and foliage color, leaf type, nowering and maturity, seed 

and pod type Crable 86). There were differences in mutation spectrum between the 

genotypes. 

A: PLANT HEIGHT MUTANTS 

These could be further categorized into stunted, dwarf, semi-dwarf, compact and tall. 

I. Stunted: Several miniature plants having reduced height with sholter internodes were 

grouped under this category. All these mutants produced flowers and fhlits and set seeds 

also. Most of these mutants were segregated in Noor 91 and only a few were noticed in 

Punjab <) I . In C 141 IlU such mutants were segregated. Gamma irradiation of 60 Kr 
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ploduced the Illost stunted seedling llIutants, followed by the combillcd trcallll cllllll" C)O 

Kr with G A). 

2. Dwal"fs: Dwarf mutants were observed in M2 population of various mutagenic 

treatments. Dwarfs were more frequently induced by combi ned treatments of gamma 

irradiat ion with GA3 than by gamma irradiation alone. In some of these mutants, the 

leaves had small and narrow leaflets while others had normal leaves . Seed yield in the 

dwarfs was reduced . These dwarf mutants were found in all the three genotypes. 

3. Semi-dwar fs: The internodal. length. in the semi-dwarfs was greater than the dwarfs, but 

it was conspicuously shorter than the control. There was no apparent reduction in seed 

yield among the semi-dwarfs. These were more frequent in the combined treatment of 

gamma irradiation followed by GA3 . 

4 . Compacts: A simple bushy mutant was noticed in Punjab 91. This mutant had similar 

morphology to the dwarf plants but it had dense growth with increased secondary and 

tertiary branches, which resulted in a bushy appearance. 

B: GROWTH HABIT MUTANTS 

These mutants were grouped into erect, spreading, bushy and prostrate type of branchi ng 

system: 

I . Erect: These mutants were characterized by the emergence of primary branching in 

almost vertical direction . These mutants had more primary branches as compared to their 

respective controls . These mutants were recorded fo r all the treatments and genotypes, 

but they were more frequent in Punjab 9l. 

2. Spreading: Reduced number of primary branches in combination with large number of 

secondary branches were the mutant characters for this group of plants . No spreading 

mutants were segregated in C 141 with gamma irradiation, however, they did appeared 

in combined treatment of gamma radiation and GA3 . 

3. Bushy: These mutants were characterized by having large number of primary branches 

with a small number of secondary branches. These branches were stiff and stout in 

texture. 

4 . Prosh"a te: Only a single prostrate mutant was recorded in Noar 91 with 50 Kr treatment 

of gamma irradiation. 
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Tahle 86 : SIl<'ctnlln of chlo."Oflhy~1 a nd mo."phologica l mutation in M2 genet"a'ion 
or th."ee chickpeu genotypes h"eated with different dosed of gnmm:l 
inudiution alone nnd with gibberellic ncid (GA3) plunted nt BARf, 
Chnkwnl, 1996-97. 

M utational classes 
Gamma irmdiation G amma irmdiation +GA3 

M utational ~rOUI) Noor 91 I P un.iab 91 I C 141 I T otal Noor91 I Punjah91 I C 141 I Total 

C hlo."ophyll 
Illhilln 46 35 10 91 51 21 J] H5 
Xan tlta 61 21 23 105 43 30 22 95 
r hlorinn 3S IS 15 91 37 2(, 19 92 
Viridis 2(, 28 29 83 19 2'~ 24 (i7 
T otal 171 102 77 370 150 101 78 339 

Plant height 
Miniature 5 4 0 9 4 6 0 10 
Dwarf 3 7 4 14 7 5 S 20 
Semi-dwarf 1 ·3 1 5 3 2 4 9 
Compact 0 1 0 1 0 0 0 () 

Tall 0 13 0 13 2 19 2 23 
Others 0 4 0 4 0 3 0 3 

Gnlwth habit 
Erect IJ 30 19 50 13 26 IS 54 
Spreading 7 3 0 10 6 7 3 16 
Bushy 3 2 8 13 1 3 II IS 
Prostrate I 0 0 I 0 () 0 () 

Branching and 
stem structure 
Basal 0 5 0 5 0 :I () :I 
Umbrella 0 21 1 22 0 17 4 2 1 
Fasciated 7 0 0 7 5 0 1 (, 
Others 3 0 0 3 I 2 0 :I 
Plallt and foliage 
culOl" 
Light greell II 0 0 II 8 I () I) 

Dark green 2 0 0 2 3 0 1l 14 
Violet green 0 3 17 20 0 I 20 21 

Leaf 
Tiny 0 4 0 4 0 2 0 2 
Narrow 7 20 I 28 4 25 0 29 
Small 2 6 3 II 3 to I 14 
Large 0 4 0 4 0 0 0 0 
Long lax 4 2 1 7 3 0 0 3 

Flower 
Male sterile () 3 0 3 () () () 0 
Pink () 3 0 3 () () (J (J 

Openlype 0 3 0 3 0 0 0 0 
Gynoeciull1 slender 0 3 0 3 0 0 0 0 
Flowedng alld 
maturity 
Early 2 7 1 10 7 10 4 21 
Late 10 5 0 15 7 10 0 17 
NoL flowering 0 2 15 17 0 0 9 9 
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Mutational cla!lscs 
Gamma irradiation Gamma irradiation +GA3 

Mutational groull Noor 91 I Punjab 91 I C 141 I Total Noor 91 I Punjab 91 I C 141 I Total 

Pull 111111 Sl' l'II 

Large pod 0 4 0 4 0 J 0 J 
Long pod 1 0 0 I 4 0 0 4 
Variegated seed 0 0 15 15 0 0 0 0 
ROllnd seed 10 0 0 10 6 0 () 6 
Bold seed 0 4 0 4 0 0 0 0 
Total 261 268 162 691 237 256 170 663 

C: BRANCHING AND STEM STRUCTURE MUTANTS 

Based on branching and stem structure, the following types of mutants were 

observed: 

I. Basal: Basal mutants were recorded only in Punjab 91 in treatment of gamma irradiation 

and also with GA3 . III these mutants all the primary branches were originated at the most 

basal area of the stem. 

2 ' 1IIlhn·lI:t: These 1l1lltants were characterized hy the originat ion of prilllary hranches at a 

distance in the air. Such mutants were recorded more frequently in PUI~ab 91 and these 

were not segregated in Noor 91 at all levels oftreatments. 

3. Fasciated: These mutants were observed in Noor 91 with treatments of gamma 

irradiation and a single plant was also noticed in C 141 at a dose of 60 Kr with GAl. 

Such mutants were characterized by the origination of a number of peduncles ft'OIll each 

node as against s single peduncle in case of the control. 

D: PLANT COLOR AND OTHER MUTANTS 

Besides lethal chlorophy ll mutants of various categories, some plants markedly different 

ft·om the normal green color were obtained: 

I. Light g.'cell: These otherwise normal looking plants had a light green color and were 

markedly different nom the normal bright green color plants. Light green mutants were 

rccordcd in Nom!) I at all Ievcls <if gnllllllll irradiatioll treatlllciit separately and with 

GAJ . They had not been observed in C 141 with both types of treatments. However, a 

single Illutant for light green color was observed at 40 Kr with GA) in Punjab 91. 
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2. Darl" g"een: These mutants were segregated in Noor 91 with gamma irradiation alone 

and with GA). In C 141, such mutants were observed only in combined treatment of 

gamma irradiation and GA3. However, in Punjab 91 these mutants were not recorded. 

3. Purple pigmented : A varying degree of anthocyanin pigmentation was observed In 

some plants. Such mutants were frequently observed in C 141 with the treatment of 

gamma irradiation alone and with GA3 . These were characterized by having a few 

numbers or primary branches and low in grain and pod selling. These Illutants were not 

observed in Punjab 91 in both types of treatments . 

4. Leaf mutants: Mutants showing alterations in leaf characteristics were induced. rive 

types of leaf mutants were found, namely tiny, narrow, small, large (Fig. 38) and long 

lax. IL becomes evident from the data that the genotype Punjab 91 was sensitive towards 

leaf mutants. Tiny and large leafed mutants were only recorded in Punjab 91 and also the 

narrow leafed mutants were. more ·fi·equent in this genotype. The small-leaf mutants 

characterized by either reduction in the number and size of leaflets or reduction in both 

of these. 

5. Flower: Three mutants with modification in flower parts were recorded in Punjab 91 at a 

do!'>c of 50 Kr. Thc!'>c mutant!'> wcre characterized hy having polyandrou!'> whilc !'>tcrilc 

stamens, flower open and pink, gynoecium was malformed with protruding beak. The 

ovary was also protruded out of the flower (Fig 39). Such type of mutants were not 

recorded ill other two genotypes. 

6. Maturity Illutants: The number of days from sowing to first flower in variety Noor 9) 

ranged from 115-122; in variety Punjab 91 from 110-117 and from 115-123 in genotype 

C 141. Early and late flowering plants flowering outside the range in respective controls 

were included in their respective groups. Late flowering had not been recorded ill 

genotype C 141 . 

7. Sterile mutants: Sterile mutants were scored in individual treatment of gamma radiation 

and with cOITlbination of GA3 in variety C 141 and two mutants were recorded at the 

highest dose of 60 Kr individually in genotype Punjab 91. Sterile mutants were not 

observed in genotype Noor 91. 

8. Pod mulllnls: Two categories of pod mutant!'> were recorded . Thc thrce seeded long 

pods (instead of normal two seeded ones) were induced by the 40 Kr individually and in 
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combination with GA3 in genotype Noor 91, while the large pods of one seeded were 

recorded in 40 Kr with GA3.dose in variety Punjab 91. Variant in pod size is shown in 

rig 15-17. 

9. Seed mutants: Among the different seed mutants, variation in color, shape and size of 

the seed were noticed . A variegated .seed mutant which was recorded in genotype C 141 

of M, generation at a dose of 40 Kr gamma irradiation individually was bred true in M2 

gCllcratioll (Fig. LIO). Four mutClllls of bold seeds were segrcgated ill gellotypc PUlljah 91 

at a dose of 40 Kr with GA3 (Fig. 38). Round seeded mutants were only recorded ill 

genotype Noor 91. Variation in seed size induced through gamma irradiation is showll ill 

Fig 39-41. 
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A 

B 

Fig. 35: Photograph showing variation in A) pod size and B) seed size in Noor 
91 induced through gamma irradiation. 
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A 

B 

Fig. 36: Photograph showing variation in A) pod size and B) seed SIze In 

Punjab 91 induced through gamma irradiation. 
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A 

B 

Fig. 37: Photograph showing variation in A) pod size and B) seed size in C141 
induced through gamma irradiation. 
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Fig. 38 : Photograph showing i) normal ii) enlarged A) leaf B) pods and C) 
seed, induced through gamma irradiation in Punjab 91 
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Fig. 39: Photograph showing protruded ovary with development stages 
induced through gamma irradiation in Punjab 91 . 
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A 

B 

Fig. 40: Photograph showing variation in A) non-irradiated seeds and 
B) variegated seeds induced through gamma irradiation in C141. 
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VIII: HERITABILITY AND GENETIC ADVANCE 
I: M1 GENERATION 

The estimates of phenotypic and genotypic coefficient of variability (Table 87) 

revealed that the magnitude of phenotypic coefficient of variability (peV) were higher than 

genotypic coefficient of variability (GeV) for all the characters except for seeds per pod 

with the combined treatment in Noor 91 which was higher and negative. 

It is revealed from the results that the application of gibberellic acid modulated the 

effects of gamma irradiation to a considerable extent in the three genotypes. Coefficient of 

variability of plant height decreased with gibberellic acid in Noor 91 and Punjab 91. 

However, in e 141 genotype more variations were recorded with the combined treatment. 

Gibberellic acid induced more variations for number of primary and secondary branches in 

genotypes Noar 91 and C141, while in Punjab 91 the case was reversed. Variability 

decreased with the post mutagenic application of gibberellic acid for rest of the characters in 

Noor 91 and Punjab 9 1. However, more variations were recorded for biological yield in Noor 

91 with the combined treatment. In e 141 GA3 treatment increased the coefficient of 

variability for pods per plant, seeds per pod, biological yield, grain yield and harvest illdex 

while, for IOO-seed weight, days to flowering and maturity the variability decreased. 

III the present studies all the characters in M\ population showed high heritability 

values in the three varieties. Grain yield in Noar 91 had the lowest heritability (24.44%) 

with thc cOlllhincd treatment. It was flllther observed Crable 87) that low genetic advance 

was associated with low genotypic coefficient of variability as in plant height, IOO-seed 

weight and days to flowering and maturity . Heritability and genetic advance were 

considered as zero for the negative genetic variance. 

II: M2 GENERATION 

The estimates of coefficient of variability (Table 88) revealed that magnitude of rev 

was higher than GCV for all the characters in the three genotypes. Ilowever, negative GCV 

values obtained for seeds per pod, lOO-seed weight, biological yield grain yield and harvest 

index wilh gall1ll1a irradiation in Nom 91. In C 141 negative GeV values observed lor plant 

height, seeds per pod, grain yield and harvest index with gamma irradiation and for seeds 
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Tnbk 89: Estimatcs of phcnotypic cocllicicn( of va ri abili ty (I'CV), gcnotypic 
coefficient of variability (GCV) heritability (h2

) and genetic advance in 
M3 generation of three chickpea genotypes (Cicer arietinum) after 
gamma irradiation separately and with the application of gibberellic acid 
(Parenthesis). 

Noor 91 
Characte.·s PCV GCV h2% G.A 'Yo of mean 

Plant height 2.06 (2 .50) 0.54 (-3.17) 34.70 (-185.81) 1.44 (0 .00) 

Primary branches 5 .79 (7 .07) 5.40 (2.58) 86 .96 (60.47) 10 .39 (IUO) 

Secondary branches 7 .03 (7 .09) -40.4 (-5.36) -202.25 (-88.62) 0 .00 (0 .00) 

Pods per plant 6.58 (3.61 ) 5 .30 (3.48) 64.91 (93.03) 8.80 (6.92) 

Seeds! pod 4.76 (3 .14) 4.06 (I. 98) 72 .34 (40 .95) 10.30 (0 .98) 

lOa-seed weight 1.21 (1.50) 1.20 (1.48) 98.84 (99.12) 2.47 (3.04) 

Biological yield 3.77 (3.48) -2 .66 (-3 .91) -49.68 (-83 .69) 0.00 (0 .00) 

Grain yield 4 .38 (3 .00) -2 .61 (1 .28) -35.51 (18.43) 0.00 ( 1.1 3) 

Harvest index 4.80 (5.48) -5.15 (-4 .74) - J 14.75 (-74 ,80) 0,00 (0 ,00) 

Days to flowering 0.64 (1.09) 0.18 (-2.49) 90.49 (-518.26) 1.12 (0.00) 

Days to maturity 0.37 ( 1.07) -0.42 (1.05) -2.39 (95.94) 0,00 (2 . 12) 

_._-- -- - - - - --- ------_.-_. --
l)un.iab 91 

Characters PCV GCV h2 % G.A % of mean 
Plant height 3 .65 (3 .52) 3,36 (3 .19) 84 .72 (81.92) 6. 38 (5.95) 

Primary branche~ 4.93 (7 .37) 0 .17 (- 1.18) 85 .25 (-2 .45) 8. 66 (0 .00) 

Secondary branches 6.83 (7 .93) -5,37 (-7,63) -61.8 8 (-92.95 ) 0.00 (0.00) 

Pods per plant 3.80 (3 .68) -2.33 (3.39) -37.72 (84.39) 0. 00 (6.44) 

Seeds! pod 3 ,26 (1.84) 2 .19 (-0,76) 44.44 (- 17.20) 3.00 (0.00) 

lOa-seed weight 1.37 (1.27) 0 ,64 (-0 ,93) 21.56 (-53 .98) 0 .6 1 (0.00) 

Biological yield 3.45 (2.96) -3.36 (-2 .18) -94. 92 (-54 .29) 0.00 (0 .00) 
Grain yield 6 .48 (5.03) -2, 66 (4 .41) - 16 .91 (76.89) 0.00 (7 .97) 
Harvest index 8.64 (5 ,96) 7 .66 (4 ,63) 78,61 (60.27) 14 ,00 (7.40) 

Days to flowering 1.22 (0 .59) 1.18 (0 .55) 93 .84 (86 .9 1) 2,3 7 ( 1.06) 

Days to maturity 0.41 (0 .75) 0.33 (0 .70) 66 ,60 (88 .11) 0.56 ( 1.36) 

C 141 
Chamcte.·s l)CV GCV h2 ,yo G.A %. of menn 
Plant height 3.35 (2.72) 2.38 (1.24) 50.82 (20,66) 3.50 ( 1.16) 
Primary branches 3.57 (9 ,88) 2,00 (8,00) 31,27 (65.48) 2.30 (13.33) 

Secondary branches 13.24 (7.11) 8.23 (-6 . 12) 38 .67 (-74.02) 10.55 (000) 
Pods per plant 3.90 (5 .20) -2.37 (3.26) -37.05 (39.22) 0.00 (4 .20) 

Seeds! pod 2.07 (3.03) - 1.88 ( 1.94) -82.65 (40 .90) 0.00 (3.96) 
laO-seed weight 1.17 (2 ,00) 1.16 ( 1.04) 98.07 (99 .52) 12 .37 (4.00) 
Biological yield 4.49 (3 .30) -0,53 (-3.00) - 1.42 (-82. 77) 0.00 (0 .00) 
Grain yield 4.46 (7.71) -4 ,58 (6.55) -105 .61 (72.20) 0.00 (11.47) 

Harvest index 6.29 (9 .53) -6.00 (4,13) -90 ,81 (18 .78) 0.00 (3 68) 
D<lYs to flowering 0.72 (0 .51 ) -0.74 (0 ,49) -107,07 (92 .0S) 000 (O .9R) 

Days to maturi ty 0.4 1 (0 ,24) 0.38 (-0 .1 4) 86.04 (-34.52) 0.74 (0.00) 
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IX:CqRR~LATION STUDIES 

Phenotypic and genotyp ic correlations between yield and it components as well as 

Hll lO llg I he CO llllHlI1Cnl s IltcllIse l yes were worked out ill M I, M2 alld MI gcncration of threc 

chickpea genotypes on the variability created through the use of gamma irradiation 

separately and with gibberellic acid and are presented in Table 90-98 . The genotypic 

correlations in most of the cases were higher than the corresponding phenotypic correlations. 

The higher magnitude of genotypic correlation than that of phenotypic, indicated the 

masking effect of environment (Asawa et at. 1981) 

I: M1 GENERATION 

CORRELATION BETWEEN YIELD AND ITS COMPONENTS 

1. Plant height Vs grain yield pet· plant 

Plant height was found to be positively correlated with grain yield at genotypic and 

phenotypic levels in the three genotypes, however, this association was significant in the 

case of Punjab 91 but non-significant in genotypes NoOl' 91 and C 141 . The Association of 

pllllll heigh I wilh gillill yi eld wn~ f()ulld to he higher ill C ItJ I liS C()lIljl,IICd III N()lII ()I . 

2. Primary bl'anches Vs gmill yield pel' plant 

The correlation between primary branches and gram yield at the genotypic and 

phenotypic levels in the three genotypes was positive. This association was significant at the 

genotypic levels in Punjab 91 (0.7595) and in C 141 (0.7821), but non-significant in the case 

of No or 91 (0.3299). 

3. Sccondal'y hnll1ches Vs gmin yield per phmt 

Secondary branches and grain yield was positively correlated at the genotypic and 

phenotypic levels in three genotypes. The association was significant in Punjab 91, but non­

significant for Noor 91 and C 141. However, more association was observed in Noor 91 than 

withC 141. 
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4. Numbel· of pods Vs grain yield per plant 

Number of pods and grain yield was positively and highly significantly correlated 

both at genotypic and phenotypic levels in the three genotypes . However, maximum 

association was observed in C 141, followed by Punjab 91 and Noor 91. 

5. Seeds per pod Vs grain yield per plant 

Seeds per pod were positively and highly significantly correlated with grain yield per 

plant at genotypic and phenotypic levels in Noor 91 and Punjab 91, however, in case of 

genotype C 141, this association was non-significant. 

6. lOO-Seed weight Vs grain yield per plant 

100-seeds weight was positively correlated with gram yield at genotypic and 

phenotypic levels in the three genotypes. This association was significant in Punjab 91, but 

non-significant in Noor 91 and C 141. However, association of 100-seed weight with grain 

yield was greater in C 141 as compared to Noor 91. 

7. Biological yield Vs grain yield per plant 

Biological yield was positively correlated with gram yield at genotypic and 

phenotypic levels in the three genotypes . This association was significant at genotypic 

(0.8068) and phenotypic (0.8009) levels in Punjab 91, while only significant association was 

found at the genotypic (0.715) level in Noor 91.Whereas, non-significant association was 

observed in C 141 at both the genotypic and phenotypic levels. 

8. Harvest index Vs grain yield per plant 

The correlation between harvest index and gram yield was positive in the three 

genotypes. This association was highly significant both at the genotypic and phenotypic 

levels in the genotypes Noor 91 and Punjab 91, whereas, it was highly significant at the 

genotypic and only significant at the phenotypic levels in C 141. 

9. Days to SOu;;) flowel·ing Vs grain yield per plant 

Days to 50% flowering were negatively associated with gram yield in the three 

genotypes. However, this association was non-significant and maximum was exhibited by 

Punjab 91, followed by Noor 91 and C 141 genotype. 
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10. Days to maturity Vs grain yield per plant 

The correlation between days to maturity and grain yield was negative at both the 

genotypic and phenotypic levels in all the genotypes. However, this association was non­

significant and maximum was found in Punjab 91 followed by Noor 9] and C!4! genotype. 
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Tnble 90: 

V:nlnhles I'lnnl 1'1'1. 

Genotypic (rg) nnd phenotypic (rp) cOl'relntioll coefficient nmong 

yield and yield components in Ml generation of chicl<pea variety 

Noor 91. 

Ser. 1'0I1s1 Seeds! 100-seed mol. G 1"11 In IIn."Vcs Flow. 1\111111. 

.. !!.~._., ... !.I.!!.~!~.~! ___ Dl"nllch flnnt fod \Velllht l'leld _._ .. l'~, Index .... J)n~, .. _ ...... !!~_ ..... 
il. ~/,·p "I!/,'p ' ·~/.·p "~/I"J' ' ·~/.·p rg/,'p "2"'" "2/ •. 1' "g/rp "g/.,p l ~g/']l 

1'111111 I 
hclghl 1 
1" 'hl1aJ), .3933 1 
bl'Onchcs .3420 1 
Secondn.), .4911 .8051 1 
hnll1chcs .4G06 .6228 I 
Pods pCI' ... 482 .56711 .5760 1 
1'111111 A!'i,16 ...... 111 .5 .... 6 I 
S(·(·,," JlCI' . 1467 -.11,11 II ... 4115 .6834 1 
II(HI .\4111 -.0089 A307 .6319 t 
IOO-scc(1 -.4588 -.2189 .3454 -.079() .4542 1 
weight -.4004 -.1302 .3195 -.0884 .4547 1 
Blologlclll .5301 .8206' .9456" .7764' ,4556 .1856 1 
ylcld .5323 .73111 .9151" .7586' .4354 .1654 I 
C,'"III)'I<'I,I .H~<) .:12 1) <) .61169 .91193" .9lUt" .1%11 .7155' I 

.2610 .211 ·16 .51132 .91l511', .87113" .28411 .7043 t 
lInl"Vesl .J230 .0905 .3858 .8315' .9523" .2633 .4946 .%Oz'· J 
illdex .1454 .0815 .3637 .8261' ,9187" .2564 .4790 .9588" 1 
J)nys to .3793 .1855 -.3938 -.1148 -.6971 -.9319" -.2342 -.5055 -.5210 1 
Downing .3384 .1195 -.3889 -.1250 -.6659 -,8829" -.2443 -.4969 -.5040 t 
J)ays to .4909 .3470 -.2109 .1437 -.4795 .8692" -.0079 -.2419 -.2868 .9470" t 
mntm'lty .4695 .2455 -.2034 .1413 -.4580 .8325' -.OJ04 -.2310 -.2745 .9259" J 
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Table 91: Genotypic (rg) and phenotypic (rp) correlation coefficient among 

yidll nllcl yi('lcI (,CIlIlPOIll"1l1s in M, ~(·II(·nllic ... of ('hidq)('" Vll.-i('ly 

Punjab 91 

Voliobles !'IOllt I'd. Sec. l'OIlsl See.lsl 100-seed lJIol. Gmlll nOI"Vcs Flow. Mn'". 
heIght Ilt"allch Ilnmc plnnt pod weIght yIeld yield t Illdex Dnys Doys 

h 

. i:':C/I'1! I'g/rl! I'C/I'1! I'g/rl! J'G/J'I! rG/I'1! J'C/I'1! J'g/l'l! rc/a! rg/l'l! rg/l'l! 
1'111111 I 
heIght I 
!'l'Im, ... y .7555' I 
".-allches .6233 t 
SccolldllJ'y .8655" .7483' I 
bmllchcs .8365" .6236 I 
I'I"I~ 111"1" .(,228 . R:I !i7" .8t1W' I 
1IIIIIIt .('II~ .6'117 .797")' , I 
Sceds (ICI' .7781' .5330 .6446 .6849 t 
pC1I1 .7655' .4544 .6396 .6784 1 
IUO-scI'd .61119 .5755 "'506 .5848 .8273' I 
weight .5969 .4742 .4444 .5772 .8026' I 
lJIologlclll .9182" .8412" .9843" .7990' .6699 .5197 1 
yield .8997" .7316' .9768" .7945' .6635 .5112 I 
Gmlll yield .7414' .7595' .7986' .952'" .8666" .7340' .8068' I 

.7304' .6270 .7965' .9474" .8659" .7182' .8009' I 
" : .. "Vcst .6224 .70116' .6797 .9348" .8579" .7558' .611119 .91121" I 
Index .6154 .5691 .6793 .9293" .8568" .7393' .6824 .9821 

.. 
t 

DRYS 10 -.5512 -.2335 -.2830 -.3100 -.7036 -.8866" -.3396 -.5329 -.5356 1 
l1owt'rlllJ! -.~'1 · 19 -.2137 -.2796 -.3 11l' -.697(, -.8684" -.3398 -. ~]1l8 -.53211 1 
DII)'" III -A.f.I7 -.29111 -. 1522 -.2949 -.65111 -.9160" -.2373 -.4'121 -.5211!1 .9709" 1 
mlllurlly -.4284 -.2590 -.1388 -.2825 -.6270 -.8998" -,2235 -.4696 -.5062 .9460" 1 
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Table 92: Genotypic (rg) and phenotypic (rp) correlation coefficient among 

yield and yield components in M 1 genel'ation of chicl<pea vadety 

C 141. 

Varlabks I'lallt 1'1'1. Scc, I'olls! Secds! lUO-sccd nIol. Gmln llarvcs Flow, 1\ laftl. 

" !!.~!!!!. ,., .. -!!!~!-~-Bl1IlIch llllllt I!oll wc!lili.L._~!L,_" ,~~.".,_.!!~~._ ... P.!'l! .... _ .. l!!'1~ ........ 
.. !:~!" ... ___ .. ~·l,;!..!:£_........!1.I!I·1! I'g/'"!, 110"f "g/l'l! I . .G!!:r._._ .... !:g(!]! ........ _!~~~!:I! ......... ! ·B!!:r. .... _._!J:!.!:l! ..•.. _ .. 

I'lune I 
h.' I~hl I 
I'dlll"I'), .6146 1 
I"',,nch,'s .5848 1 
SI·c ... 1I1 II I)' .811l1' 

.. 
.7317' 1 

bmllches .8644" .7U99' 1 
I'od~ PCI' .0572 .6469 .2572 
1,IIIIIt .U653 .6213 .2596 
SI'clls 1"'1' .7,1116 .5791 .S49U" .4U65 1 
pud ,59U9 .51 61 .7322' .31S4 1 
10U-sced .5415 .5329 ,3989 .3491 .0451 
weight .5378 .5119 ,3939 .3433 .0225 
Biological .9563" .7976' .960S" .2666 .8306' .5167 
yield .9420" .7640 .9429 

,. 
.2773 .6657 .5068 

O .... ln ylo· loI .35IJ8 ,782t' .5768 .9834" .639IJ .4792 .5509 
.3094 , .6799 .4941 .8688" .5393 AltO 04928 

IIlll·VI·.t ·. 1435 .4205 .0559 .96!17" .271l7 .2192 .!l99!1" .USIIS 
hillel -.14611 .4155 .0513 .9437" .2768 .2148 .7995' .mllll 
Uays to -.4181 -.4290 -.2430 -.2851 .1341 -.9862" -.3717 -.3790 -.1 720 
flowc.-lng -04145 -.4033 -.2278 -.2727 .1397 -.9788" -.2884 .3585 -.1689 1 
UIlY' to -.2119 -.31196 -.1031 -.3744 .1747 -.9175" -.4314 -. 1864 -.3463 .9333" 
lIIatndty -.2111 -.2927 -.0902 -.3571 .1520 -.8963" -.3668 -.1655 -.3382 .9157" 
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II: M2 GENERATION 
CORRELATION BETWEEN YIELD AND ITS COMPONENTS 

1. Plant height Vs grain yield per plant 
Plant height and grain yield per plant was negatively and non-significantly correlated at the 

genotypic and phenotypic levels in the varieties Noor 91 and C 141, while it was positively 

and non-significantly associated at both the levels ill the case of Punjab 91 . 

2. Primal-Y branches Vs grain yield per plant 
Grain yield per plant was positively and non-significantly correlated at thc genotypic and 

phenotypic levels in case of Noar 91 and Punjab 91 , while in C 141, it was negative and non­

sign ificant at both the levels. 

3. Second:n"y bnlllches Vs gmin yield per plant 
Secondary branches and grain yield per plant was positively and non-s ignificantly correlated 

in Noor 91 at the genotypic and phenotypic levels, while it was negatively and non­

signi licant1y correlated at both the level~ in PUI~ab 91 and C 14 I genotypes. 

4. Numbel' of pods Vs grain yield per plant 
Grain yield per plant was positively correlated with number of pods at the genotypic and 

phenotypic levels in the three varieties. However, this correlation was highly significant at 

the gellotypic alld phenotypic levels in Noor 91. III case of PUlljab 91, it was lIoll-sigllificallt 

at both levels, but in the case of C 141 the correlation at both the levels was signi lican!. 

5. Seeds pel" pod Vs gmin yield per plnnt 

Seeds per pod and grain yield per plant was positively but non-significantly correlated at 

gcnotypic and phenotypic levels in the three varieties. Ilowever, l1Iaxil1lul1I correlal iOI1 was 

found in C141, followed by Noar 91 and Punjab 91 genotype. 

6. t OO-seed weight Vs grain yield per plant 

IOO-seed weight and grain yield .per plant was positively but non-significantly correlated at 

both the levels in the case of variety Noar 91 and C141, whi le in the case of Punjab 91, the 

correlation was negative and non-significant at the genotypic and phenotypic level. 

7. Biological yield Vs grain yield per plant 

Grain yield per plant was negatively but non-significantly correlated with biological yield at 

the genotypic and phenotypic levels in the case of Noor 91 and C 141 , while in the case of 

Punjab 91 it was positive and non-significant at both the levels. 

8. Harvest index Vs grain yield per plant 
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Harvest index and grain yield per plant was positively but highly significantly correlated at 

the genotypic and phenotypic level in Noar 91, while in Punjab 91 it was positive and 110n­

signficant, however a positive and significant correlation was observed in C 141 at both 

levels. 

9. Days to 50 4Yo l1owel"ing Vs grain yield per plant 

Grain yie ld pel' plant and days to 50% flowering was negatively and non-signifi cantly 

correlated in the case of No or 91 and C141 at the genotypic and phenotypic levels, while in 

the case o('Punjab <)1 the correlation was positive and l1on-sig nillcant at both the levels . 

10. Days to maturity Vs grain yield per plant 

Days to maturity and grain yield per plant were negatively and non-significantly correlated 

in Noor 91, while a positive and non-significant correlation was fOllnd in Punjab 91 and 

C 141 at both the levels. 
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Table 93: 

.-~---. 

Val"lablcs )'111111 
helghl 

1'1'1. 

Genotypic (rg) and phenotypic (rp) correlation coefficient among 

yield and yield components in M2 generation of chickpea variety 

Nooa' 9 1 

Sec. Pods/ Seedsl lUU- Illol. U .. ain lIal'Vcsl Flow. I\lalll . 
bmllch IJrnnch plnnt pod see,1 yield yield index Days Days 

weight 

.. t:!:!!:I! ... _....!'.Ii!'l' __ I.:g!.!.l' .. g/l·1! I'C/I'1! l ·g/l·l!..-!.:&!.!:l!........-!:g!!.:L~ __ I:g~ I'glrl! 
1'11111'. 1 
heigh' 1 
I'dm" .. y .3n31 1 
h"I1IH.'h"N .2111;1 I 
Secollli III')' -.671U -.1273 1 
branches -.4591 -.1227 1 
Pods pel' .0703 .7685' .2916 t 
pia lit .0237 .7581' .2727 1 
Sccd. PCI' -.0369 -.4non .2339 .2261 1 
pOll -.1393 -.3816 .1995 .2406 1 
100-seell -.6068 -.2102 .9076" .2888 .4354 1 
weight -.2758 -.2006 .8165' .2886 .4050 1 
Biological -.6229 -.1226 .4960 -.3037 -.6128 .3824 1 
yield -.3728 -.0679 .4889 -.2924 -.5904 .2804 1 
Grain yield -.0624 .4760 .4922 .9281" .5238 .5600 -.3177 1 

-.1071 .4646 .4486 .9237" .5397 .5452 -.3137 1 
I/,,,'Vest .1235 .4399 .2680 .8875" .6464 .3604 .9550" -.5838 1 
bHlcx .0137 .4088 .2193 .8752' .6569 .3711 .9499" -.5937 1 
Days 10 .3951 -.0499 -.4651 -.3653 -.3736 -.7406 -.5397 -.0569 -.4457 1 
nowerlng .2156 .0106 -.3430 -.3275 -.3416 -.6145 -.4699 .0986 -.4348 1 
Days to .7683' .2247' -.7034 -.6091 -.2899 -.6975 -.7161 -.2750 -.5381 -.4410 1 
maltll'ily .61911 .2012 -.6771 -.59110 -.3010 -.60117 -.69112 -.2 J 111 -.5233 -.3776 1 
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Table 94: Genotypic (I'g) and phenotypic (I'p) con'elation coefficient among 

yield and yield components in M2 gcnc.-ation of chicl<pca variety Punjab 91 

YIlIiables Plant I'li. Sec. Podsl Seedsl 100·see,1 llIol. Gmlu lIancs Flow. Maill. 
height III'auch Bnmch plant pod wel2ht yIeld yIeld t Index Days Days 
~, I 

l'g/l'l! l'Il/I'~ I'g/rl! rg/l·t. ..,,:/rl! ~:r. rg/l'~ l'g/l'l! rchl!...... ~ __ r.!l.rl!. 
1'111111 I 
h"ll:hl I 
1·I'hnnl 'Y · .20611 I 
branchcs · .2054 1 
SecolHIllI'Y .4709 ·.1791 1 
bmnchc. .3832 · .1471 1 
I'ods PCI' .2105 .7145 · .4560 1 
Jllnlll .2130 .6945 • ... 616 1 
SI'C'," I"''' .2165 ·.2421 .5476 ·.4467 1 
1, .. ,1 .2215 · .23112 .:1547 ·.4039 1 
IUO·seed · .4385 · .6300 · .1479 · .7160 .4265 1 
w"lllht -... 317 ·.6149 · .1657 · .6935 .4JOO 1 
1II .. loglcnl .9215" · .1563 .3910 .2893 .1614 · .5355 1 
yield .9203" · .15U9 .3236 .2876 .1617 · .5308 I 
(~J'IIln )'Icltl .1692 .40116 · .2067 .5411 .4434 ·.0659 .2075 I 

.1 75(1 .3646 · .:1554 .5473 .4785 ·.U2115 .2U(I6 1 
Iln"",·,1 .116711 .. 1219 · ... 666 ' . fIllIl 5 .UJJ3 .5IUG • . ~)J ·19" .20.n I 
h ...... · .11577 .J129 · ... 442 ·.0642 .0518 .5/27 · .9lJ83 

.. 
.22119 I 

Days to ·.23114 .U569 · .5324 ·.0485 .6964 .4153 ·.1304 .68U9 .4 (137 I 
n .. wel'i1l2 · .1462 .0529 -.0672 · .1223 .3323 .2333 ·.U814 .2304 .IN53 1 
Days to .2584 .51H .1380 .5994 .2086 ·.5272 .4609 .7105 ·.1485 ·.0624 1 
lIIatul'ity .2321 .5065 .1455 .5322 .1669 -.5070 .4383 .5589 ·.1576 ·.0049 1 
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Table 95: Genotypic (rg) and phenotypic (rp) correlation coefficient among 

yield and yield components in M2 generation of chicl{pea va riety C t 4 t 

_ ........ _ ..................... .. _ ....... ........................................................... • _____ ............... __ ..-__ • • __ --.. .... _ .... _ ... A 

Val"iab les I'la llt I'li. Sec. I'odsl Seed sl 100-sccd BIoI. Gmlll lIal'Vcst Flow. Matti. 
heIght bm llch Dmnch I!lant I!0d weIght ~Ield ~le"l Indes On;}:! Da~s 

I/,g/rl! rg~ I'C/rl! I'C/I'1! r c/l'l! r c/l'l! l:.g/rl! r g/r l!. I·g/r.!!. I'g/rl! I'lir)! 
1'111111 I 
heIght 1 
1'l"IlIIal)' .2240 1 
bmnches ,1902 1 
SeeOl"""), .6280 .5035 1 
brunches ,6387 .4190 1 
rod. " er -.0093 -.2534 -.3281 1 
"Iallt .0409 -.2606 -.2712 1 
Secds " c.' -.1827 .2128 .0484 .1652 1 
"od -.12 04 .2186 .03R2 .1955 1 
100-seed -.2906 .3090 -.0144 -.1446 1.0699 1 
weight -.IROR .1081 .0461 -.0441 .6434 1 
1II010gicai .9294" .1335 .6362 -.2348 -.3044 -.1618 1 
yield .8689' .1418 .6184 -.2251 -.2037 -.1693 1 
Gm ln yldd -.0809 -.I 03R -.2383 .8407' .6811 .4328 -.2722 1 

-,II ISI -.125H -. 16114 .8424' .6572 .4310 -.24IR I 
IIRI'Vcst -.6419 -.228n -.5750 .6644 .6332 .4084 .8077 -.7792 1 
h"lex -,531 2 -.2400 -.5038 .6R44 .5793 .4233 .8197 -.7440 1 
Days to -.3962 -.2762 -.3224 -.1808 -.9131"' -.7794' -.6287 -.2423 -.2679 I 
n"wCJ"llI~ -.3HI -.2204 -.29U i -.1799 -.7748' -.6482 -.593J -.2422 -.2644 I 
Days to .5459 -.0195 .2593 .5131 -.5069 -.4845 .1 770 .5312 -.23 74 .1659 1 
1Il1ltUl"ity .4679 .0294 .2184 .4190 -.4440 -.5038 .0695 .4998 -.2795 .1803 1 
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III: M3 GENERATION' 
CORRELATION BETWEEN YIELD AND ITS COMPONENTS 

I, Plan. lH'i~h' Vs ~n,in yield Ilel' .. llUlt 

Plant height and grain yield per plant was negatively and non-significantly correlated at 

genotypic level and positively at phenotypic level in Noor 91, while in case of Punjab 91, it 

was positive and non-significant. A negative and nOli-significant correlation was seen in the 

variety C141. 

2, Pl"imal-Y bl'anches Vs grain yield pel' plant 

Grain yield per plant was negatively and non-significantly correlated with prill1ary branches 

at the genotypic level and positively correlated at phenotypic level in the case of Noor 91 , 

while in 

the case ofPUI~ab 91 and C141, a positive and non-significant correlation was observed at 

both levels. 

3, Secondat-y bl'3nches Vs gl'3in yield pel' plant 

Secondary bratkhes were negatively and non-significantly correlated with grain yield per 

plant at thc gcnotypic and phenotypic level ill Nom 91 and C 141, while in case of Punjah 

s> I , it was positive at genotyp ic level and negative at phenotypic level. 

4. Numbel' of pods Vs gl'3in yield pel' plant 

Number o f pods and grain yield per plant were positively and significantly correlated at the 

genotypic and phenotypic level in variety Noor 91 , while a non-significant correlation was 

found in Punjab 91 and C141. 

5. Seeds pel' pod Vs gl'3in yield pel' plant 

Grain yield per plant was positively and non-significantly correlated with seeds per pod at 

the phenotypic and genotypic level in the case of varieties Noor 91 and Punjab 91, while in 

the case of C 141, positive and significant correlation was seen at the genotypic level. 

6. lOO-seed weight Vs gl'3in yield pel' plant 

IOO-seed weight and grain yield per plant was positively and non-significantly correlated at 

the genotypic and phenotypic level in varieties Noor 91 and C 141 , while in case of PUI~ab 

91, negative and non-signiflcant at genotypic and positive and lIotHiignilicant correlation 

was seen at lhe phenotypic level. 
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7. Biological yield Vs grain yield per plant 

Biological yield was negatively and non-significantly correlated with grain yield per plant at 

t hc gcnotypic <lI1e1 phenotypic level in the case of Noar 91 and C 141, however, it was 

positi ve and hig hl y sig niJicall l l\t gCllotypic alld non-significa llt at phellutypic level ill the 

vari ety Punjab 9 1. 

8. llaa-vest index Vs gmin yield pc.' plant 

H arvest index and grain yield per plant was positively and non-significantly correlated at the 

genotypic, while highly significant at the phenotypic level in the case of Noor 91. It was 

significant at genotypic alld phellotypic level in variety C141 , but ill the case of PUlljab 91, 

negative and signi ficant at the genotyp ic level and non-sign ificant at phenotypic level 

correlation was observed. 

9. Days to 50% flowering Vs gmin yield per plant 

Days to 50% flowering were positively and non-significantly correlated with grain yie ld per 

plant at genotypic and phenotypic level in the three genotypes. 
. . 

10. Days to maturity Vs grain yield per plant 

Gra in yield per plant and days to maturity were positively and non-s ignifi cantl y correlated at 

gellotypic a mi phe llo typ ic Icvel in Nom 91 but signifi cantl y at genotyp ic level ill Punjab <J I, 

however, it was negative and non-significant at both levels in C 141 . 
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Table 96 : Genotypic (I'g) and phenotypic (rp) co .... elation coeflicicnt among 

yield and yield components in M3 genemtion of chickpea variety 

Noor 91 

Vru'lnhles Plant 1'.-1. Sec. , Podsl Seedsl 100- JIIol. Grain Hnrvest Flow. Matti. 
11I·I!!hf I,,'nnch nl'nlll'h plnnt 1'".1 see.1 ylrl.1 yll'l.1 In.lr x Bny. J)ny. 

w"'l!hf 

_~g!!:J!_ I'g/ll~ I'g/l'l! I'g/ll~ r~1!. 1'g!ll~ I 'g~----.!:&/I'I? 1'l1.'1·!! l'g/l'l! I 'g~ 
I'lanl 1 
hel!!ht t 
"rhnnl11 .463!! I 
hl"\I,chcR .4257 I 
Secondnl,), -.2075 .7120 
hl"llnches -.1575 .3405 

""d. JlCI ' . 1275 .2346 .MIlH 1 
plnnt .1606 .2443 -.1464 1 
Seeds pCI' .1922 -.4438 -1.3070 -.1276 
1'0.1 -.0446 -.OH21 -.1002 .1681 
InO-sccd .2691 .21 66 -.6782 .5122 -.0551 
wdl!ht .176() .0441 -.fl295 .1645 -.n658 
IIInlnlllc,,1 .31131 .6,1115 1.14111 -.57111 -1.1187 -.5625 I 
ylcld -.055!! .11144 .6536 -.3265 .0262 -.2926 t 
(; .. "1,, yl .... 1 -.1l6f1f1 -.fl290 -.7014 .790z' .379H .5728 -1.I 01lS 1 

.11116 .1455 -.3770 .7949' .2331 .3031 -.6656 1 
lIat'vcst -.1126 -.1590 -.7830' .7223 .5666 .5845 -1.0502 1.0084 
Index .1166 .1176 -.5201 .6841 .1365 .3323 -.8475' .9582" 
Days 10 -1.2151 -.5549 .1 575 .0126 -.0635 .1313 -.3459 .1539 .1889 I 
ttowcl'i.JIJ! -.5906 -.42U .0333 , .0551 -.0304 .1961 -.1092 .1522 .1355 I 
Dnys 10 .2704 .2996 -.1979 .2546 .4581 -.6233 -.3698 .3566 .3451 -.4653 
matlllity .0764 .1159 -.1 846 .2935 .2090 -.5245 -.1324 .3506 .2930 -.3567 
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Tablc 97 : Gcnotypic (rg) and phenotypic (rp) COlTcilltion cocfficicnt lllllong 

yield and yield components in M3 generation of chickpe:. va.-iety Punjab 91 

._----- ~.-.. --............ ----.. _-----_. 
1\1911;.-Variabl"s Plnnt Pd, Sec. Podsl Seedsl 100··seed Dlol. Gmlll IInn'est Flow, 

helsht bl'9l1ch IlI'9Jlch elant e o,1 wels ht ~Ield ylel,1 Inde ll DIIYs DIIYs 

~ l'g/l'l! rlllrl! I'S/ll! l'g/l'l! I:&.!'I! I'~"'I! !'G/ll! r!l/l'l! rs!rp rg/l'p 
I'lallt 1 
ht'lJ:hf 1 
1'1'111"",)' .Il')SII 
hl"lllld"'"4 .UII,') 

St·tOUI .. '''.)' . 21o~ · 1 I .UUI..I 
h!'llllchcs -. 15115 -.3673 
Pod. "CI' .3586 1.1051 -1.5312 
"Illnt .2835 .5270 -.5534 
Seeds "CI' .2784 -.5320 1.6716 -.3975 
"od .2572 • -.3814 .3637 -.1907 
100-seed -.6911 -.8638' 2.3805' -1.0225' .5633 
weight -.2796 -.5139 -.0121 -.3495 .4369 1 
Dlologlcal .7374 1.5428 -2.5710 1.3575 -.0104 -1.8497 
yield .3121 .0458 .0146 .4224 -.0952 -.1910 
Gl'lllnyleld .3740 .6921 .2259 .5546 .5474 -.4450 .9385" 

.21H2 .lt67 -.2519 .706U .5043 .2137 .3622 
lIal'Vcst -.1431 -.6.1545 9.2949 -4.0503 1.1926 5.3186 -.11052' -1.91 05' I 
Index -.0262 -.0511 -.0763 -.34JO .2023 .1181 .94113" -.2674 I 
Days to .2948 .3316 .5389 .2532 .1282 -.3061 -.3293 .2837 1.411U7 I 
fI mn rill I: .2535 .21169 .0113 .0445 .0669 -.1261 -.1261l .1l27<1 .1362 1 
1)lIy~ to .HIU .7 otH -.0770 .7088 .20ll .11,1111' .. <In·19· .799·.- -3.7357 .0·1·16 
maturity .4113 .3637 -.1440 .5318 .1064 -.3728 .7112 .4818 -.5818 .0531 
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Table 98: Genotypic (rg) and phenotypic (rp) correlation coefficient among 

yield and yield components in M3 generation of chici{pea variety C 141 

Vn';"bles l'l"nl 1" '1. Sec. I'odsl SCCII.I lUO-scc" Rlol. G,·"I .. 1I1l''Vcs Flow. l\Illt ... 

~Ilht "milch bmllch ~Iant cod weight llcld ;rlcld t Index Da;rs Day's 

.!:,g.!.!:J!~_ •.. .!:g!!:r..............:g!.!'l! "S/"1! l'Il/"1! "&~.!g(!I! __ .• _.!II!.!:J!~ __ "i!.!.'l' __ --!g!..!l'_ .. 
l'lunl I 
hcight 1 
I· ... nllll')' .4329 
h .. llnrhes .3325 
SI·I·lIndll.)· .112111,' .3510 
hl 'lI llt·ht·~ .6775 .U17·1 I 
I' .. cls pCI' .7929 1.(1234 .7519 1 
plllllt .6451 .6789 .4875 1 
Seeds pel' -.11947" .0214 -.2923 -.OUOI 

1''''' -.H2HI .11256 -.7390 -.31132 
IIIU·sccd -.31155 •. 11299 -.2923 -.IIUUI .2U19 
weight -.\773 .0695 -.2311 -.0005 .1209 
lIIological 1.0006 .31 06 .9634" .8135' -.9770" -.1234 
yll'lll .111115" .3247 .6664 .5643 -.11573' -.25119 
(: ... ,111),1"'11 .·17.11 .71Ll -... 27,1 .1 ,157 .7697 .3RII'i -.513,1 

-.J "1I9 .5·102 -.3654 .<1429 .6949 .3 174 -.4 137 
1I111'Vcst -.9\69" .1372 -.8757' -.4909 t.0277 .2657 -.9146" .8166' 
Inllcx -.72111 .0633 -.6U57 -.1272 .9U34" .3814 -.8764' .7913' I 
Days 10 -.2760 .0191 -.0878 -.0610 .3475 .2832 -.3657 .3597 .4429 
flowering -.2003 -.11247 .U167 -.1136 .2352 .2394 -.3283 . .1749 .3379 
Days to .7607' .1407 1.1017 .7228 -.8426' .1517 .8489' -.3938 -.7524 .2437 
maturity .5264 -.0114 .6906 .2881 -.6224 -.0330 .6032 -.3703 -.5868 .0838 
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X: PATH COEFFICIENT STUDIES 

When calise and ellcct relationship in a system of variables is established, path analysis call be 

applied to partit'ion correlations into direct and indirect effects through alternate pathwClYs by 

using genotypic correlations and substituting them on the path equations. Simultaneous 

solutioll of these equations give path values, when the grain yield per plant is considered as 

resultant variable alld plant height, primary branches, secondary branches, number of pods, 

seeds per pod, 100-seed weight, biological yield, harvest index, days to 50% flowering and 

days to maturity as causal variables. The results of path analysis of MI , M2 and M3 

generation are given in tables 99-107. The overall results obtained are discussed as follows : 

I: M1 GENERATION 

I. Plant height Vs gmin yield pel' plant 

The direct effect of plant height on grain yield per plant was negative (-0.0139) in Noor 91 

genotype. The influence of plant height via primary branches, secondary branches, 100-seed 

weight and days to 50% flowering were observed to be also negative. The indirect effect of 

remaining characters were positive (Table 99) . 

In the case of Punjab 91 variety, the direct effect of plant height on grain yield was 

negative (-0.0308). The indirect effect of plant height via primaty branches, secondaty 

branches, number of pods, seeds per pod and 100-seed weight were observed to be also 

negative but low. The indirect inlluence of plant height via biological yield (0.3464), days to 

50% flowering (0 .0732) and days to maturity (0.0008) were low and positive. However, a 

lIloderate positive (O .)<)21) cllcct ofharvcst illdex 011 grain yield was recorded (Tahle 1(0) 

In the case of C 141 genotype, the direct effect of plant height on grain yield was 

positive (0.4946) . It has also positive genotypic correlation with grain yield. The high positive 

association of plant height with grain yield was mainly due to its indirect positive influence 

via primaty branches (0 .0078), secondary branches (0 .6 123) number of pods (0.0703),100-

seed weight (1.1772) and harvest index (0.0387) (Table 101). The indirect effects through 

rest of the characters were negative. 
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2. Primary b.·anches Vs grain yield per plant 

A negative direct effect (-0 .0136) of number of primary branches on the grain yield of 

chickpea genotype Noor 9 1 was recorded. It occurred owing to its negative indirect effect 

via plant height (-O.OOSS), secondary branches (-0 .0003) , seeds per pod (-0 .0017), 100-seed 

weight (-0 .0169) and days to flowering (-0.0 111). But it has positive genotypic association 

with grain yield The positive indirect effect of number of pods (0 . IOS8), biological yield 

(0.1943), harvest index (0.OS61) and days to maturity (0 .0228) shifted the genotypic 

correlation towards positive direction (Table 99) . 

In the case of variety Punjab 91, the direct effect of number of primary branches on 

the grain yield was negative (-O.OOSO) and low, but it has strong positive genotypic 

association with grain yield . The direct negative effect of primary branches could be 

attributed by the indirect effects via plant height (-0.0233), secondary branches (-0 .0469), 

number of pods (-0.0729), seeds per pod (-0.0091) and 100-seed weight (-0.1067). 

However, the positive indirect effect of biological yield (0.3174), harvest index (0.6742), 

days t(} SO% flowering (0.0310) and days to maturity (O.OOOS) which shifted the genotypic 

correlation towards the positive direction (Table 100). 

A positive direct effect (0 .01 27) of number of primary branches on the grain yield of 

chickpea genotype C 141 was recorded. The magnitude of direct effect was however, lower 

than the genotypic co rrelation value (0 .7821). The positive indirect effect of primary 

branches via plant height (0.3040), secondary branches (0 .S08S), number of pods (0.794S), 

and 100-seed weight (1 .1S8S) had shifted the genotypic correlation towards the positive 

trend . But negative indirect effect via seeds per pod (-0.0266), biological yield (-1.0363), 

harvest index (-0.1134), days to SO% flowering (-0.7319) and days to maturity (-0.0878) had 

reduced the direct effect of number of primary branches on the grain yield (Table 101). 

3. Secondary branches Vs grain yield per plant 

The direct effect of number of secondary branches on the grain yield in variety Noor 

91 was low and negative (-0 .0003) but it has strong positive genotypic association (0.6069) 

with grain yield . This negative direct effect of secondaIY branches could be due to the indirect 

effect via plant height (-0.0068) primary branches (-0.0109) and days to maturity (-0 .0138). 

However, the positive indirect effect of number of pods (0 . 1073), seeds per pod (0 .0183), 
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100-seed weight (0 .0267), biological yield (0.2238), harvest index (0.2392) and days to 50% 

flowering (0.0235) had shifted the genotypic correlation towards the positive direction (Table 

99). 

The results showed that number of pnmary branches had positive and strong 

association with grain yield in variety Punjab 91 at genotypic level (0.7986). T he partitioning 

or genotypic correlation revealed a negative direct elTect of secondary branches (-0 .0626) on 

the grain yield. The higher genotypic correlation value of number of seconclaty branches with 

grain yield was due to its positive indirect effect via biological yield (0.3713), harvest index 

(0.6467), following clays (0.0367) and maturity days (0.0003). The influence of secondary 

branches via plant height (-0.0267), primary branches (-0.0037), number of pods (-0.0699), 

seeds per pod (-0.0110) and 100-seed weight (-0.0836) were observed to be negative which 

contributed in the negative direct effect of secondary branches on grain yield (Table 100). 

The pat h cucllit.:icnt analysis in C 141 gcnotype rcvealed lhat secundary h. anches had 

positive relationship (0.5768) with grain yield at genotypic level. This positive association 

had also exerted positive direct eflect on the grain yield (0.69S0). The positive indirect eflect 

of secondary branches via plant height (0.43S7), primary branches (0.0093), number of pods 

(0 .3158) and 100-seed weight (0 .8672) had shifted the genotypic correlation towards the 

positive direction. But negative indirect effect via seeds per pod (-0.0391), biological yield (-

1.2483), harvest index (-O.OISI), days to SO% flowering (-0.4146) and days to maturity (-

0.0292) had reduced the direct effect of number of secondary branches 011 the grain yield 

(Table 101). 

4. Number of pods pCI' plant Vs grain yield per plant 

The results showed that number of poels in genotype Noor 91 had positive and strong 

association (0.9093) with grain yield at genotypic level. The partitioning of genotypic 

correlation revealed a positive direct effect of pods (0.1862) on the grain yield. The 

magnitude of direct etl'ect was however, lower than the genotypic correlation . The positive 

indirect effect of number of pods via seeds per pod (0.0279), biological yield (0.1838), 

harvest index (0 .SIS4), days to SO% tlowering (0 .0069) and days to maturity (0.0094) had 

shifted the positive genotypic correlation towards the more positive direction. But negative 

indirect effect via plant height (-0 .0062), primary branches (-0.0077), secondary branches (-
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0.0002) and 100-seed weight (-0.0061) had decreased the direct effect of number of pods on 

the grain yield Crable 99). 

The results showed that number of pods in genotype PUI~ab 91 had positive and 

strong association (0.9521) with grain yield. However, the direct effect of number of pods on 

grain yield was low and negative (-0.0872). The higher positive genotypic correlation value 

of number of pods with grain yield was due to its positive indirect effect via biological yield 

(0.3015), harvest index (0.8894), days to 50% flowering (0 .0412) and days to maturity 

(0 .0005) . The influence of number of pods via plant height (-0.0192), primary branches (-

0.0041), secondary branches (-0.0502), seeds per pod (-0.0117) and 100-seed weight (-

0.1084) were observed to be negative which contributed in the negative direct effect of 

number of pods on grain yield (Table 100). 

The path coefficient analysis revealed in variety C 141, that number of pods had strong 

direct influence (1.2282) on seed yield . The genotypic correlation between this pair of 

characters was also positive and high (0 .9834). A positive indirect effect of number of pods 

on grain yield was observed via plant height (0.0283), primary branches (0.0082), secondary 

branches (0 1787) and 100-seed weight (0.7589) which had promoted the genotypic 

relationship towards positive direction (Table 10 I). 

5. Seeds Ile.· pod Vs gmin yield IJer plant 

The genotypic correlation coefficient in variety Noor 91 between seeds per pod and 

grain yield was strongly positive (0.9101) . The direct effect of this character 011 grain yield 

was also positive (0.0408), while indirect effect via plant height (-0.0020), secondary 

branches (-0.0002) and days to maturity (-0.0312) was negative. These indirect negative 

effects were counter balanced by positive indirect effects via primary branches (0 .0006), pods 

per pod (0 . 1273), 100-seed weight (0 .0351), biological yield (0.1079), harvest index 

(0.5903) and days to 50% flowering (0 .0416) and by virtue of these positive indirect effects a 

strong positive genotypic correlation between this pair of character was established (Table 

99) . 

In the case of Punjab 91, the direct effect of number of seeds per pod on grain yield 

was negative (-0.0170), but it was masked by indirect positive effect via rest of component 

characters like biological yield (0.2528), harvest index (0.8162), days to 50% flowering 
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(0.0934) and days to maturity (0.0012) . Positive and strong genotypic correlation between 

this pair of characters (0.8666) was due to the largest indirect effect via biological yield and 

harvest index Crable 100). 

The direct effect of seeds per pod in C 141 on grain yield was negative but low (-

0.0460), while the genotypic correlation obtained between this pair of characters was positive 

and higher order value (0.6390) . The influence of seeds per pod via biological yield (-1.0792) 

IIl1d hlllv('si illlit-x ( 007') I) WII~ (lh~erved 10 he lIegnlivll IIlId 11(11111)1, which ~lhifled Ihe dil(:cI 

effect of seeds per pod on grain yield in negative direction . The higher positive genotypic 

correlation between this pair of characters was due to its positive indirect effect via plant 

height (0 .3663), primary branches (0.0073), secondary branches (0 .S900), pods per plant 

(0.4992), 100-seed weight (0.0980), days to SO% flowering (0.2288) and days to maturity 

(0.049S) (Table 10 I). 

6. tOO-seed weight Vs gmin yield pel" plnnt 

100-seed weight had positive direct effect on gram yield (0.0773) and genotypic 

correlation between this pair of characters was also positive (0.2960) in variety Noor-91 . The 

reduction in direct effect was mainly due to negative indirect effect via secondary branches (-

0.0001), pods per plant (-0.0147) and days to maturity (-0 .OS70). Other characters like plant 

height (0.0064), primary branches (0.0030), seeds per pod (0.0186), biological yield 

(0.0419), harvest index (0.1632) and days to 50% flowering (0.05%) cOl1trihllted positively 

towards the improvement of grain yield Crable 99). 

In the case of Put~ab 91 genotype the path coefficient revealed that 100-seed weight 

had negative direct effect (-0.18S4) on grain yield. But the J OO-seed weight showed a 

positive and strong association with yield at genotypic level (0 .73 40). Virtually positive 

genotypic association was due to the largest positive indirect influence via harvest index 

(0.7191), biological yield (0.1961) and days to SO% flowering (0.1177). The negative direct 

effect of 100-seed weight on grain yield obtained due to the negative indirect effect via plant 

height (-0.0191), primary branches (-0.0029), secondary branches (-0.0282), number of pods 

(-O.OSIO) and seeds per pod (-0.0141) (Table 100). 

The path coefficient analysis in C 141 genotype revealed that 100-seed weight had 

highest positive direct effect (2.1739) on grain yield and the association between this pair of 
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characters was moderate and positive (0.4792) at the genotypic level. The moderate 

genotypic correlatioll between IOO-seed weight and grain yield was due to it~ higher indirect 

negative effects via days to 50% flowering (-1.6827), biological yield (-0.6713), days to 

maturity (-0.2600) and harvest index (-0.0591) inspite of highest positive direct elTect of 100-

seed weight on grain yield (Table 10 I). 

7. Hi C) l fI~kal yit'lcl Vs ~n, i .. yidcl .,('1' pin ... 

Path coellicient analysis in genotype Noor 91 revealed that biological yield had 

positive direct effect on grain yield (0.2367) and correlation between this pair of characters 

was positive and of higher value at genotypic level (0.7155). The reduction in direct effect 

was mainly due to negative indirect effect via plant height (-0 .0074), primary branches (-

0.0111), secondary branches (-0.0003) and days to maturity (-0.0005). Others characters 

like pods per plant (0. 1446, seeds per pod (0.0186), 100-seed weight (0 .0143) harvest index 

(0.3065) and days to 50% flowering (0.0140) contributed posit ive1y towards the 

improvement of grain yield (Table 99). 

In variety Punjab 91 biological yield had positive direct eflecl on grain yield (0 .3 773) 

and a strong positive correlation between this pair was also observed (0.8068) at the 

genotypic level. This strong positive association was due to the largest indirect effect via 

harvest index (0.6555) and days to 50% flowering (0.0451). The reduction in direct effect 

occurred via rest of component characters like plant height (-0.0283), primary branches (-

0.0042) secondary branches (-0.0617), pods per plant (-0.0697), seeds per pod (-0.0114) and 

100-seed weight,(-0 .0964) (Table 100). 

In the case of genotype C 141, biological yield had strong negative effect (-1.2992) on 

grain yield. It occurred owing to the higher indirect effect via days to 50% flowering (-

0.6467), days to maturity (-0.0528), seeds per pod (-0.0382) and harvest index (-0.0136). 

Positive and moderate genotypic (0.5509) correlation was observed between this pair of 

characters . This positive correlation was due to the largest indirect effect via secondary 

branches (0 .6677), plant height (0.4730) and pods per plant (0.3274) (Table 101). 

8. Harvest index Vs grain yield per plant 

Path coemcient analysis in variety Noor 91 revealed that harvest index ranked first in 

respect of highest direct positive effect (0 .6198) on grain yield . Its utility is more beneficial 
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because of its strong genotypic positive association (0.9602) with grain yield . The indirect 

effect via pods per plant (0.1548) seeds per pod (0.0389), 100-seed weight (0.0203), 

biological yield (0.117 t) and days to 50% floweri ng (0 .03 I I ) was also positive, whil e plant 

height (-0 .0017), primary branches (-0.001 2), secondary branches (-0 .0001) and days to 

maturity (-0 .0188) had a negative indirect effect on grain yi eld (Table 99) . 

In variety Punjab 91, the results of path coefficient revealed a strong positive direct 

elled (()())Itl) or harvest index on grain yield and also a stlOng positive genotypic 

correlation (0 .9822) was recorded between this pair of characters. The indirect effect via 

biological yield (0 .2599), days to 50% flowering (0.0711) and days to maturity (0.0010) was 

positive while the rest of the component characters had a negative indirect effect (Table 100). 

Harvest index had negative direct effect (-0.2697) on grain yield, which was 

contributed by indirect effect via plant height (-0.0710), seeds per pod (-0 .0128), biological 

yield (-0.0656), days to 50% flowering (-0.2934) and days to maturity (-0 .0982). A strong 

positive genotypic association (0 .8998) was recorded between harvest index and grain yield. 

The highest indirect positive effect was reflected via pods per plant (1.1897) followed by 

I ~O-seed weight (0 .4765) Crable 101). 

9. Days to 50'Yc, nowedng Vs grain yield pel' plant 

The genotyp ic correlation coefficient in genotype Noor 91 was negative between days 

to 50% flow ering and grain yield (-0 .5055) . The direct effect of this character 011 grain yield 

was also negative (-0 .0597), while indirect eifect via secondary branches (0 .0001) and days 

to maturity (0 .0621) was positive. However, the indirect effect of the rest of the component 

characters was negative which nullified the positive indirect effect (Table 99) . In the case of 

Punjab 91 , days to 50% flowering had negative direct effect (-0.1328) on grain yield and the 

genotypic correlation coefficient between this pair was also negative (-0 .5329). The influence 

of days to 50% flowering via biological yield (-0.1281), harvest index (-0.5095) and days to 

maturity (-O. 0018) was also found to be negative and contributed in the genotypic 

correlation. However, rest of all the characters had positive indirect ellect which had reduced 

the negative direct effect of days to 50% flowering on grain yield (Table 100). Days to 50% 

flowering in C 141 genotype had a strong positive direct effect (t .7063) on grain yield, while 

the association between this pair of characters was negative (-0 .3 717) at the genotypic level. 
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This negative correlation was due to the highest indirect negative effect via 100-seed weight 

(-2.1438) followed by pods per plant (-0.3502) and plant height (-0.2068) irrespective of the 

higher positive direct effect between this pair of characters (Table 101). The positive direct 

effect was enhanced due to the indirect effect via biological yield (0.4924), days to maturity 

(0 .2645) and harvest index (0.0464) . 

10. Days to maturity Vs grain yield per plant 

The results or path coell1cient allalysis of variety Noor 91 (Table 99) revealed that 

days to maturity had a positive direct effect (0.0656) on grain yield while the genotypic 

correlation between these two characters was negative (-0 .2419). The illdirect illnuellce of 

days to maturity via secondary branches (0.0001) and poels per plant (0026R) was positive, 

while the rest orall the CllllllwnclIl charactcrs had ncgativc illdircct cflccl by viltllC orwhich 

negative genotypic correlation was recorded between these two characters. In the case of 

variety Punjab 91, the genotypic correlation coefficient between days to maturity and grain 

yield was negative (-0.4921). The direct effect of this character on grain yield was also 

negative (-0.0018), while the indirect effect via plant height (0.0137), primary branches 

(0.0015), secondary branches (0 .0095), pods per plant (0.0257), seed per pod (0 .0111) and 

100-seed weight (0.1699) was positive. The indirect positive effect of most of the characters 

was counter balanced by negative indirect effect via harvest index (-0.5032), days to 50% 

flowering (-0.12R9) and biological yield (-0.0895) (Table 100). 

The direct effect of days to maturity in C 141 genotype was positive (0.2834) on grain 

yield while the genotypic association between these two characters was negative (-0.43 Ill). 

The negative association was attributed due to the indirect negative effects via plant height (­

O.I04R), prinwry branches (-0.0039), secondary branches (-00717), pods pcr plant (-

0.4599), seeds per pod (-0.0080) and 100-seed weight (-1.9945) . Virtually, direct positive 

effect was due to the larger positive indirect influence via days to 50% flowering (1.5924), 

biological yield (0.2421) and harvest index (0.0934). (Table 101) 
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Table 99: Noor 91 M, Gene.-ation; Direct (parenthesis) and indit'ect eITcct 
matrix (non-depcndent variable is grain yield). The last colullln shows genotype 
cotTclation of independent variables with g.-ain yield. 

i" ··v;;· .. .j;;I;i~··T · ·rj;~ ;t ···· · ····· i;· .. ·i:· ·· ········· ···s~·~:·· .. ···········j;~· .. i~T·······s~~;i·~/ ········iiiii~i; ········· iii~i: ··············il;;;~:· ····· ·Fi~~~:· ··· ····· ·~I;i;;:······G;··~i;; · · · 

'I' lIel hi n .... "c!1 D .... "ch l'lnlll 1'011 Wel,ht Ylcld III<lex Dnys UnY~.--..i!IL_ 

'
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Hcleht 

; r.... ! -.01155 

II'. f:j~~;:::: II' ~: :::::: 
~ccils/ -.IlU2 

! I)od I 
Iloll-sec,,1 I'! .111164 
! WeI!!hf 

BlIlI. -.lIl174 

I" g... 1" ~: :::::: 
Days 
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-.OIO') 

-.OU77 

.1111116 

.11113 
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.0561 ... 11111 

-.01102 (.IR62) .0279 -.11061 

.223R -. III3H .61169 

-.(Hln2 .1273 (.1141111) .11] 5 1 
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-.onlll -.nI47 .n1R6 (.0773) 
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-.OIH)3 .1 446 .0143 

.11069 

.III?? .11.116 -.(13 12 .9 1111 
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.U389 

.(lUOI -.0214 -.0270 

.n439 -.IIS7 .2%11 

-.1I28S 

. 1632 
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T ahlc 100: Punjab 91 MI Generation; Direct (pat'enthesis) and indil'Cct cITect matl'ix 
(llon-dcpcndcnt val'iablc is grnin yicld. Thc Illst column shows gcnotypc cOlTciation of 

,}~~~.~J~~I.~~~.~.~~~ .. y~~·.~.~.~I.~.~ .. ~~J~.~ .. g~~.i.~~.y.~.~~~l.. ............................................................................................................................. .. 
! Vndahlu 1'ln,,1 I'd. Sec. Plllls/ S('rds/ 100-S 0101. IInl'v('s Flow. I\lnlll. (~\'IIIII 
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:.on-ll 

-. (HI26 

-.11t129 

-.00-12 

-.IHl35 

.11012 
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Table 101: C 141 MJ Generation; Direct (parenthesis) and indirect efi"ect matl"ix 
(non-dependent vnl'inble is grnin yield). The Inst colullIn shows genotype co .... elntion of 
independent variables with grain yield. 
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II: M2 GENERATION 

1. Plant height Vs g.·ain yield pc.' plant 

In varie ty Noor 91 the genotypic correlation cocflicicnt or plant height with grain 

yield was negative (-0 .0624), while the direct effect of plant height on grain yield was positve 

(0 .0167). It also indirectly affected the grain yield via secondary branches (0 .0127), pods per 

plant (0.0113), harvest index (0.1292), days to 50% flowering (0 .0019) and days to maturity 

(0.0330). The ncga ti ve indirect path via other traits had shilled the genotypic correlation 

towards negative direction. The highest negative effect was found through biological yield (-

0.0015) (Table 102) 

Plant height had a negative direct effect (-1.5219) in PUI~ab 9 1 genotype on the grain 

yield. However, the genotypic correlation between these two characters was positive 

(0 .1692) and was low in value. The indirect positive influence of plant height via harvest 

index (4 .6831), pods per plant (0 .8498), seeds per pod (0.4533), secondary branch (0 .2498), 

days to maturity (0.0266), and day to 50% flowering (0.0200) had shifted the genotypic 

correlation towards thc positive value. The positive indirect ellccts of the above said 

characters were counter balanced by the strong negative efTects via biological yield (-3.2952), 

100-seed weight (-1.168 I) and primary branches (-0.1282). (Table 103) 

In the case of C 141 variety, the genotypic correlation coemcient of plant height with 

grain yield was negative (-0 .0809). The direct eflect of plant height on the gl ain yield was 

also negative (-0 .0472) . Yet it had positive indirect effect via biological yield (0.4033), days 

to 50% flowering (0.0267), secondary branches (0 .0129) and primary branches (9.0107). The 

negative indirect path via other traits had shified the genotypic correlation towards the 

negative direction . The highest negative indirect effect was found through harvest index (-

0 .0129), IOO-seed weight (-0 .0270) seeds per pod (-0.0214), days to maturity (-0 .02 10) and 

pods per plant ( -U.UU50) (Table 104). 
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2. Primal), branches Vs grain yield per plant 

Number of primary branches in Noar 91, had positive and strong genotypic 

correlation (0.4760) with a direct negative path towards grain yield (-0.0363) . Although 

direct contribution of primary branches towards yield was negative, but its high and positive 

indirect path via harvest index (0.4600) and pods per plant (0. 1232) had promoted the 

genotypic relationship on positive trend (Table 102) . 

In the case of Punjab 9 1, the primalY branches, which had high positive genot.ypic 

correlation (0.4086) also exerted positive direct effect (0 .6199) on the grain yield. The 

maximum positive indirect eO'ect of primary branches was observed via pods per plant 

(2. 8845), fu ll uwed by biological yield (0.5590), plant height (0 .3147) alld days to matu rity 

(0.0527) shifting the correlation towards positive direction. While indirect effect via harvest 

index (- 1.7374), 100-seed weight (- 1.6783), seeds per pod (-0 .5069), secondalY branches (-

0 .0950) and days to 50% flowering (-0 .0048) reduced the direct effect (Table 103). 

In variety C 141 , primary branches had positive direct effect on grain yi eld (0 .0478), 

while the genotypic correlation between the two characters was negative (-0. 1038). Negati ve 

indirect path via harvest index (-0.1467), pods per plant (-0.1357) and plant height (-0.0106) 

had promoledlhe genolypic association towards the negative direction . The indirect influence 

of primary bra nches via secondary branches (0.0 I 03), seeds per pod (0.0250), 100-seed 

weight (0.0287), biological yield (0 .0579), days to flowering (0.01 86) and days to maturity 

(0 .0008) was found to be positive (Table 104). 

3. Secondary branches Vs grain yield per plant 

Path coetlicient analysis is genotype Noor 91 revealed that secondary branches had 

positive genotypic correlation (0 .4922) with grain yield. But it had negative direct 

contribution towards grain yield (-0.0189) . The positive indirect path via harvest index 

(0 .2803), biological yield (0 . 1902), pods per plant (0 .0468) had shifted the genotypic 

correlation towards the positive direction . The indirect influence of secondary branches via 

plant height (-0. 1 12), days to 50% flowering (-0.0023) and days to maturity (-0.0302) was 

observed to be negative Crable 102). 
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The results given in table 103 revealed that secondary branches in genotype Punjab 91 

had negative genotypic correlation (-0.2067) with a direct positive path (0.5306) towards 

grain yield. The highest indirect effect (2.5179) was computed through harvest index 

followed by seeds per pod (1.1464), days to 50% flowering (0.0446) and days to maturity 

(0.0142). Where as indirect negative effect observed via rest of the traits. The highest 

negative effect was found via pods per plant (-I. 8407) followed by biological yield (-I .3980), 

plant height (-0 .7 166), 100-seed weight (-0.3940) and primary branches (-0.1110) . 

In the case of C 141 variety, the secondary branches had direct positive influence 

(0.0205) towards the grain yield. While it had negative genotypic correlation (-0.2383) with 

grain yield. Although direct contribution of secondary branches towards yield was positive, 

but its high and negative indirect path via harvest index (-0.3699), pods per plant (-0 .1756), 

plant height (-0.0296), days to maturity (-0.0100) and 100-seed weight (-0.0013) had 

proillot<.:d th<.: g<':lIotypic association on ncgative direction (Tabk I ()II). 

4. Numbel' of pods per plant via grain yield per plant 

Path coetlicient analysis in the variety Noor 91 revealed that the genotypic correlation 

was strongly positive (0.9281) between the number of pods per plant and grain yield. It also 

exerted a positive dircct elTect (0.1603) of pods per plant on grain yield. The highest positive 

indirect influence via harvest index strongly promoted the genotypic association towards the 

positive value. The indirect negative influence of pods per plant via biological yield (-0 . 1164), 

primary branches (-0.0279), days to maturity (-0 .0262) and secondary branches (-0.0055) 

reduced the direct effect of pods per plant on grain yield (Table 102). 

In variety Pl ll1jab 91, pods per plant had strongest positive direct (4.0370) 

contribution to grain yield, while the genotypic correlation was moderately positive (0.5411) 

between this pair of characters. The highest negative indirect elTect via 100-seed weight (-

1.9074) followed by hiological yield (-1.0346), seeds per pod (-0 .9351), plant height (-

0.3204) and scc()(HI(1 ry branches (-0.2419) had decreased the genotypic correlation 

irrespective of the highest direct path influence (Table 103). 

Pods per plcllll ill v(1riety C 141 had positive direct influence (0.5353) on grain yield. 

The genotypic associ<11iol1 between these two characters was also strongly positive (0.8407). 
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The indirect negative influence ' via pdmary branches (-0 .01 2 1), secondary branches (-

0..0.0.67), laa-seed weight (-0. .0.134), biological yield (-0..10.19) and days to maturity (-0. .0.197) 

had reduced the direct ellcct or pods pCI' plant on grain yield. The indirect ellcct via the rcst 

of all the characters like plant height (0..0.0.0.4), seeds per pod (0..0. 194), harvest index 

(0..4273) and days to 50.% flowering (0..0.122) was found to be positive (Table 10.4). 

5. Seeds pel· pod Vs gmin yield per plant 

The results of path coefficient analysis shown in Table 10.2 indicated that in variety 

Noar 91 , seeds per pod had direct positive path (0..0.40.1) with the grain yield . The association 

between the two characters was positive (0..5238) at the genotypic level. The highest positive 

indirect contribution via harvest index (0..6759) followed by pods per plant (0. .0.362), prilllaty 

branches (0. .0. 145) and IDD-seed weight (0 .0. 113) had shilled the genotypic association 

towards the positive direction. However, the indirect negative effect via the rest of the traits 

decreased the direct positive path of seeds per plant on grain yield 

In vcll'iety Punjab 91 , seeds per pod had the strongest positive direct effect (2 .0.935) 

(Ill g illill yi<: ld alld it had !11~o exci ted !1 positivc gcnotypic Iclation~hip (O.t\t\Jt\) wilh grain 

yield. The highest negative indirect influence via pods per plant (-1.80.3 I), followed the 

biological yield (-0. .5770.), plant height (-0..3296), harvest index (-0..1797), primary branches 

(-0..150.1) and days to 50.% flowering (-0..0.584) had reduced the genotypic correlation 

between these two characters. However, the rest of all the component characters had the 

positive indirect contribution to the grain yield (Table-I 0.3) . 

Path coefficient analysis in variety C 141 , a strong genotypic correlation was found 

(0. .6811) between seeds per pod and the grain yield. It had also exerted a positive direct 

effect (0. . 1173) 011 grain yield. Only the biological yield had negative indirect contribution (-

0..1321) to grain yield while the rest of all yield contributing traits had indirect positive 

influence which shifted the genotypic association towards the positive trend (Table-l 04). 
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6. tOO-seed weight Vs gmin yield pel' plant 

100-seed weight in variety Noor 91, had direct positive innuence (0 .0260) towards the 

grain yield It had also positive and strong genotypic association (0 .5600) with gl ain yield . 

The highest indirect efTect (0 .3769) was computed through harvest index followed by 

biological yield (0.1466), pods per plant (0.0463), seeds per pod (0.0174) and primary 

branches (0.0076). Whereas, negative indirect effects was observed via rest of the traits 

(Table 102). 

In case of variety Punjab 91 , 100-seed weight had strong positive (2.6638) effect on grain 

yield, while the relationship between the two characters was negative (-0 .0659) at the 

genotypic level. The highest negative indirect effect via pods per plant (-2 .8906), harvest 

index (2.7556), primary branches (-0 .3906), secondary branches (-0 .0785), days to maturity 

(-0.543) and days to 50% flowering (-0.0348) had shifted the genotypic correlation towards 

the negative trend. Whereas, indirect positive effects was observed via rest, of the characters. 

The highest positive indirect effect was found via biological yield (1.9148) followed by seeds 

per pod (O .R<)2R) nlld plnll! height (O/io7l) (Table IOJ) 

In Cl41 genotype, 100-seed weight had positive genotypic correlation (0.4328) and 

also exerted positive direct path effect on the grain yield. However, the magnitude of direct 

effect (0.0929) was very low than correlation value. The indirect influence of 100-seed 

weight via pods per plant (-0.0774), biological yield (-0 ,0702) and secondary branches (-

0.0003) was found to be negative, whereas, rest of the traits had positive indirect influence of 

100-seed weight on grain yield (Table 1(4). 

7. Biological yield Vs grain yield pel' plant 

Biological yield in Noor 91 genotype, had negative genotype correlation (-0 .3 177) 

with a direct positive path (0 .3834) towards grain yield. The indirect influence via 100-seed 

weight (0.0099) and primary branches (0 .0045) was found to be positive. Whereas rest of 

the characters had negative indirect contribution towards the negative trend (Table 102). 

Path coellicicllt analysis in genotype Punjab 91 revealed that biologica l yield had 

strong negative effect (3.5758) on grain yield, whereas the genotypic correlation was low but 
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positive (0.2033). T he highest positive indirect effect (4.9375) was computed via harvest 

index fol lowed by pods per plant (1.1680), seeds per pod (0.3378), secondary branches 

(0.274) days to maturity (0.0475) and days to 50% flowering (0.0109) and had shifted the 

genotypic correlation towards the positive trend inspite of highest negative direct effect and 

indirect effect (- 1 .4265) via 100-seed weight (Table 103) 

In case or variety C 141 , biological yield had positive direct effect (0 .4340) on grain 

yield, while a negative relationship was obtained between the two characters at the genotypic 

(-0. 2722) level. The negative genotypic association was shifted by indirect negative effect via 

harvest index (-0 .5012) followed by pods per plant (-0 . 1257), plant height, (-0.0439), seeds 

per pod (-0 .0357), days to maturity (-0.0204) and 100 seed weight (-0 .0150) . Whereas, rest 

of the component characters had positive indirect effects (Table] 04) . 

8. Ha l"Vest index Vs gl"a in yield per plant 

In variety Noor 91 , path coefficient analysis revealed that harvest index had positive 

and strong genotypic association (0 .9550) and also exerted a highly positi ve direct effect 

( I. 045 7) on g rain yield. By partitioning the genotypic correlation positive indirect path was 

computed via plant height (0 .0021), pods per plant (0 .1423) seeds per pod (-0 .259) and 100-

seed weight (0 .0094), whereas the rest of the characters had negative indirect effect (Table 

102). 

Path coeffici ent analysis in variety Punjab 91 revealed that biological yield had strong 

negative direct effect (-5. 3967) on grain yield . However, a positive genotypic association 

was found (0 .2033) between these two characters . The highest indirect positive effect was 

computed by biological yield (3.2716) followed by 100-seed weight (I. 3 602), plant height 

(1 .3602), primary branches (0.1996) and seeds per pod (0.0697) which had shifled the 

genotypic association towards the positive direction. The indirect effect of rest of the trai ts 

was negative (Table 103) . 

In the case of C I 41 , harvest index had high positive direct efTect on grain yield and it 

had also strong positive genotypic association with grain yield . However, the magnitude of 

direct effect (0 .64'32) was lower than the genotypic correlation (0 .8077) . The positive direct 

effect was reduced by the indi rect negative effects via bio logica l yield (-0 .]382), secondary 

215 



branches (-0.0118) and primary branches (-0.0109) . While rest of the characters exerted 

positive influence towards the grain yield (Table 104). 

8. Days to 50%, flowering Vs gmin yield per plant 

Days to flowering in Noor 91 had negative genotypic correlation (-0.5397) with yield 

but it had positive direct effect (0.0048) on seed yield. Indirect effect of days to flowering 

through harvest index (-0.4661), number of pods (-0.0586), biological yield (-0.0218), 100-

seed weight (-0.0193) and seeds per pod (-0.0150) on grain yield was negative and 

contributed towards the negative genotypic association. While the rest of all the characters 

had positive indirect effect upon grain yield (Table 102). 

In contrary to Noor 91 genotype, days to flowering 111 PUJ~ab 91 had positive 

genotypic correlation (0.6809) with yield but it had negative direct effect (-0.0838) on seed 

yield. The results further indicated that indirect effect via harvest index (-2.1787), secondary 

branches (-0 .2825), pods per plant (-0.1959) and clays to maturity (-0.0064) was also 

negative (Table 103). The indirect effect of days to flowering through seeds per pod 

(1.4578), 100-seed weight (1 .1062), biological yield (0.4662), plant height (0 .3628) and 

primary branches (0.0352) was positive on grain yield and shifted the genotypic correlation 

towards the positive direction. 

In the case of variety C141, days to flowering had negative direct effect (-0.0673) on 

grain yield Bnd t he genotypic correlation between these two characters was also negative (-

0.6287). The indirect influence of days to flowering via plant height (0 .0187) was positive but 

rest of all the characters had negative indirect influence on grain yield (Table 104). 

10. Days to maturity Vs grain yield per plant. 

In variety Noor 91 , days to maturity had negative genotypic association (-0.7161) on 

grain yield. while the direct path was positive (0.0430) on grain yield. The highest Ilegative 

indirect elrect was computed by harvest index (-0.5627) followed by biological yield (-

0. 1055), pods per plant (-0.0977), seeds per pod (-0.0116) and 100-seed weight (-0 .0181) 
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had shifted the genotypic correlation towards the negative trend (Table 102). The rest of the 

traits had positive indirect contribution to the grain yield . 

In the case of Punjab 91, days to maturity had positive genotypic correlation (0.7105) 

with grain yield and also exerted a positive direct effect (0.1030) on grain yield. Virtually the 

positive genotypic association occurred due to the highest positive indirect effect (2.4198), 

computed via pods per plant followed by harvest index (0.8013), seeds per pod (0.4367), 

primary branches (0 .3 169), secondaty branches (0.0732) and days to flowering (0.0052). The 

negative indirect influence of days to maturity via biological yield (-1.6481), 100-seed weight 

(-1.4045) and plant height (-0.3932) had reduced the direct positve effect of days to maturity 

on grain yield (Table 103). 

Days to maturity in C 141 genotype, had negative direct effect (-0 .0385) on yield 

while it had positive genotypic correlation (0.1700) with grain yield. Days to maturity had 

negatively contributed indirectly through various traits including plant height (-0.0258), seeds 

per pod (-0 .0595), 100-seed weight (-0.0450), harvest index (-0.1527) and days to flowering 

(-0.0112). The other traits like secondaty branches (0.0053), pods per plant (0.2747) and 

biological yield (0 .2305) had positive indirect effect on grain yield (Table 104). 
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Table 102: Noor 91 Ml Generation; Direct (pal'enthesis) and indirect effect mah'ix 
(non-dependent variable is grain yield), The last column shows genotype correlation of 
independent variables with grain yield. 

I 
.~ -- ,- .. -.... ---. - ----_._---_ .... _----_ .... - ---.. ' ... _-----

\'n. 'lul.lt'!ri PlulI' I· .... S,·,·, 1'",1,/ Se~,I~/ WtlS IlInl. Ilnl 'v('~f 101", •. Mllin. (;I'uln 

... !.~!,!g!!.~ ....... ~!:~~!!!O!I ...... ..!~.~,,!I.~~~.' ......... . !~I~!!.~ .. ......... r.?~ ........ ... ~.~!.g~~t ........ 'y'~.~!.~I ......... . J '!.'~.,:,~ ......... !?'~!y'~ .. .... ..... y'!!Y.~ ......... (!'J.L ...... 

I PloJlt (.OJ67) -.OIlO .Oll7 ,01 13 -.001 5 -.11158 -.2389 1.2920 .0090 .0330 -.11620 
IIcigM 

I I· .... .tltl51 (-.11363) .1I()24 .1232 -.0160 -.0055 -.1147 .461111 -.lItlI)2 -.01)97 .47(1) 

I lll'Anrhu 

I 
Scc. -.OJll .0046 (-.OJ89) .0468 ,0094 .0236 .1902 .2803 -.0023 -.0302 .4922 
Brallchcs 
I'ods/ .001l -.0279 -.0055 (.1603) .0091 .0075 -.11064 .9272 -.00111 -.0262 .9281 

! Plalll 
i Secds/ -.IHHl6 .n145 -.On44 .n362 (.0401) .0113 -.235 .6759 -.lInlll -.nI25 .5238 

I 1'0,1 
JOO-Sccd -.0102 .0076 -.0171 .0463 .OJ74 (.0260) .1466 .3769 -.On36 -.n3 .S60n 

I 
Weight 
11101. -.OJ04 .0045 -.0094 -.0487 -.0245 .0099 (.31134) -.6 IUS -.11003 -.01l8 -.3177 
Ylcld 

1 Ho.'V~st .0021 -.0160 -.0051 .J423 .0259 0094 -.2239 (1.0457) -.0022 -.0231 .95S() 

i 1II,Icx 
! Flowedll!! .111166 .1111111 .(1111111 -.11586 -.0150 -.0193 -.112111 -.4/i/i1 (.tl0411) .111119 -.5397 

lUll)" 
MIIII .... ly .O1l8 .Ofl1l2 .0133 -.977 -.01l6 -.0181 -.1055 -.5627 .0021 (.M3) -.7161 

,-~s -_ .. _-- ------_ ... _--- _._-----_ .. _. __ ._. __ ... _. 
Table 103: Punjab 91 Ml Generation; Direct (pal'enthesis) and indirect effect 

matrix (non-dependent variable is grain yield). The last column shows genotype 
corrclaHon of indrl)Cndcnt vnrinhle~ with ~I'nin yi('lcl. 

•• _____ .• ____ ~. ___ _ __ ._ ••• _ _ _ • - ••••• o. 

j Vlldll""" 1'111111 I·.... S'·C. Purls/ Secrl./ HJ() S 1l1,,1. lIal'Vcst Flow. Mill... G"o lll 

i ............................. .u.,,!g!I~ .. ...... ~!:~!!O!I ...... I1.!~.~~.I~ .. .. .. ..!~ !~!!.~ ............ r!?~ .......... .. ~.~.I,g!!L ........ .Y.!.': I.'L .............. !~!.~.x ........ .. !?~Y... ........... J!.~.Y. .......... J!:GL .... .. 
i 1'llIlIt (-1.5219) -.1282 .2498 .8498 .4533 -1 .1681 3.2952 4.61131 .1I21l0 .0266 .1692 
i Hclght 
i PliI",,,,), .3147 (.6J99) -.9500 2.8845 -.5069 -1.6783 .5590 -1.7374 -.0048 .0527 .41l86 
i B .... lld,cs 
! SccolHla.')' -.7166 -.HIO (.5306) -1.8407 1.1464 -.3940 -1.389 2.5197 .0446 .0142 -.21l67 
i B"ollchcs 

I ~~~~~:::.: ~::: -:::: '::::: ,;::::) -::::,; -~::7~::37:::;:~.:::::::: 
, 100-S~ed .6673 -.3906 -.0785 -2.8906 .8928 (2.66311) 1.9148 -2.7556 -.1l3411 -.1l543 -.1l/i59 

il' WelRht 
Blul. -1.41125 -.11969 .2074 1.1611 .3378 -1.4265 (3.57511) 4.9375 .1I11l9 .()-t75 .21l75 

I, 

VII'l,I 
1II1I'V"'( 1.3 2() 6 .1996 -.2476 -.3250 .0697 1.3602 J.2716 (-5.3967) -.OJ3!! -.0153 .W33 

i Index 
i Flowc.illR .36211 .0352 -.2825 -.1959 1.4578 1.1f162 .4662 -2.1787 (-.flII3!!) -.0064 .611fl9 
, Dill'S 
i Mntudty -.3932 .3169 .0732 2.4198 .4367 -1.4045 -1.64111 .11013 .0052 (.103) .7105 
i Dny.;:.s __ --L __ 
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Tablc 104: C141 M2 Generation; DiI'cct (parenthesis) and indirect cffect matrix 
(non-dependent vadable is g.·ain yield. The last colullln shows gcnotype correlation of 
independent val'iablcs with gmin yicld) 

VRl'lnbles 

Plalll 
Height 
Primary 
IInlll~hrs 

S"('''II''''' 'Y 
1'.'nnt'It" N 
1',,",1 
I'lallt 
Secdsl 
Pod 
100-Secd 
Wel~hl 

BIoi. 
Yield 
Hal'V('st 
h"Iu 
FI()wcJ"lIl~ 

Days 
Malnl'lly 
Days 

i Plnnt Pri. Sec. I'ollsl SeNlsl 100-S lJIol. 'UaI'Vest Flow. I\lnlu. Gml" i 
1 .. ·t:~Wi\ ...... ·~ij~~~!'''''''~~ii~!!''''''''~WJ·~''''''''·~:~ii4''''''·~:~:j~!""""}~~~"""""!:~!l-i~""""~~~~""""""~im""""""'~:;~ii9' ''' i 
! 
, -.0106 (.0478) 

i,1 -.002% 

.01111,£ 

i 
1 .IH)H6 
i , i .0137 

i -.0.£39 

'.1 .0303 

.01H7 
i 
i ! -.025H , 

.112 .11 

-.0121 

.0102 

.01 48 

. Ilil 6<1 

-.0109 

-.0132 

-.!H109 

.0103 

(.11205) 

-.0067 

.001 

-0003 

.0131 

-.011S 

-.0066 

.0053 

-.1357 .025 

-. 175(, .0057 

(.5353) .0194 

.8H4 (.1173) 

-.0774 .1255 

-.1257 -.0357 

.3557 .0743 

-.09611 -.1071 

.2747 -.0595 
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.0287 .0579 -.1467 -OIH6 .OOOR -.1 0311 

-.111113 .2761 -.3699 .11217 -.11 ifill -.23K3 

-.0134 -. 11119 .4273 .Ol ll -.(lI97 .H407 

.0994 -.1321 .4073 .0615 .0195 .6111 I 

(.0929) -.0702 .2627 .0525 .01 86 .432H 

-.01 5 (.<134) -.501l .11163 -.02I1.j -.2 722 

.0379 -.33112 (.6432) .1111111 .111191 .111177 

-.0724 -.1052 -.1723 (-.0673) -.0064 -.62117 

-.045 .23 05 -. 1527 -.0112 (-.03RS) .177(l 



III: M3 GENERATION 

1: Plant height Vs gmin yield per plant 

T he results of path coefficient analysis 111 Noor 91 variety, revealed that direct 

contribution of plant height to grain yield was negative (-0 .0288). The indirect effect of plant 

height via most of the traits like primary branches (-0.0581), pods per plant (-0.014:1), seeds 

per pod (-0 .283), 100-seed weight (-0.0146) . harvest index (-. 1878) and days to maturity (-

0 .000 I) 011 grain yield was also negative. While through secondary branches (0.0004) . 

biological yield (0.1341) and days to 50% flowering (0 . 1374) it had positive indirect effect on 

yield. A negative genotypic correlation of plant height with yield was mostly due to its 

indirect negative indirect effects through variolls traits (Table 105). 

In the case or genotype Punjab 91, genotypic correlation bel ween plant height and 

grain yield was positive direct effect (0.3740) and it had also exerted a positive direct effect 

(0 .3075) on grain yield . However, the magnitude of direct effect was lower than the 

genotypic correlation. This decrease in indirect path occurred through the indirect path of 

various characters like primary branches (-0.0073), secondary branches (-0.0481), 100-seed 

weight (-0. 5670), biological yield (-0 .05 16), harvest index (-0.0025) and days to 50% 

floweri ng (-0 .0615). The remaining characters like pods per plant (0.6009), seeds per pod 

(0.10 II) and clays to maturi ty (0.1025) had contributed to gra in yield through posi tive 

indireCt" path (Tablc 106) . 

Path coefficient analysis 111 variety C 141 revealed that plant height had negative 

genotypic correlation (-0.4 7:~ I) with yield, while it had positive direct effect (0 .0049) on 

yield . indirect effects of pi (lilt height via primary branches (0 .0281), secondary branches 

(0.0311), pods per plant (0 .5756), harvest index (0 .2457) and days to 50% flowering 

(0 .0064) was also positive. While indirect negative contribution o/'plant height was observed 

via seeds per pod (-0.9973) , I OO-seed weight (-0.0660, biological yield (-0.2880) and days to 

maturity (-0.0137) (Table 107) . 

2: Primal), bnlllches v~ grain yield per plant 

Path coefficie l1t ClI1 ;d "' is in Noor 91 genotype revealed that primary branches had 

negative and lowcr ~"' llot YI ic correlation (-0.0290) with grain yield Partitio11i11g of total 

genotypic correlati on revea l",1 that primary branches had negative direct effect (-0.1253) on 
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gra1l1 yield. It had also negative indirect erTect of grain yield vIa plant height (-0.0 I J4 ), 

secondary branches (-0 .0015), pods per plant (-0 .0269), 100-seed weight (-0.0 I 18), harvest 

index (-0.265 1) and days to maturity (-0 .0001). While remaining contributing variables like, 

seeds per pod (0 .0653), biological yield (0.2870) and days to 50% flowering (0 .0628) had 

positive indirect effect on grain yield (Table 105). 

In the case of variety Punjab 91, primary branches had positive genotypic correlation 

(0.6921) with grain yield and it had also exerted a direct positive effect (0 .0766) on grain 

yield. The highest positive indirect effect (1.8520) was computed via pods per plant, 

contributed towards the positive genotypic correlation. Most of the remaining traits had 

indirect negative el1'ect like plant height (-0.0295), secondary branches (-0 .1 824), seeds per 

pod (-0.1931), 100-seed weight (-0.7087), biological yield (-0.1079), harvest index (-0. 1058) 

and days to 50% flowering (-0.0692) on grain yield and also reduced the direct path of 

primary branches (Table 106). 

Genotype C 11\ I, had exhibited a strung positive gellotypic association (U. 71 I J) 

between primary branches and seed yield. It had also a positive direct effect (0.0649) on grain 

yield . The indirect positive influence of primary branches via plant height (0.0021), secondary 

branches (0 .132), pods per plant (0.7430) and seeds per pod (0 .0238) contributed towards 

the positive genotypic correlation. Wltile the remaining characters through the negative 

indirect path via 100-seed weight (-0.0065), biological yield (-0 .0894), harvest index (-

0.0368), days to 50% flowering (-0.0004) and days to maturity (-0.0025) had reduced the 

direct path (Table 107). 

3: Secondal1' branches Vs Grain yield per plant 

1t is evident from the results Cfable 105) that in variety Noar 91, secondary branches 

had strong negative genotypic association (-0.7014) with grain yield and it had also exerted a 

negative direct path (-0.0020) on grain yield. The highest negative indirect path via harvest 

index (-1 .30').!) f(lilowed hy prilllary branches (-0.0892), rods per plant (-()027t1) and days 

to 50% flowering (-0.0178) contributed towards the negative genotypic correlation. 

Secondary branches had positively coritributed indirectly through various traits including 

plant height (0.0060), seed per pod (0.1922), 100-seed weight (0.0368), biological yield 
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(0.5053) and days to maturity (0.0001) were nullified by negative indirect effects and the 

negative direct ellect (-0 .0020) or sccomJary branches was decl eased (Taule lOS) . 

In the case of Punjab 91, both the genotypic correlation and direct path due to 

secondary branches on grain yield was positive. However, the magnitude of direct path 

(0.\8\3) was lower than the genotypic correlation (0.2259). Various traits had positively but 

indirectly contributed to the grain yield like seeds per pod (0.6068), 100-seed weight 

(1.953 J), biological yield (0.1797) and harvest index (0.1598). However, these positive 

indirect paths were counter balanced by .the highest negative indirect path via pods per plant 

(-2.5661) (rable 106). 

Path codl1cicnt analysis in CI4 1 genotype revenled that secondary branches had 

negative genotypic correlation (-0.4274) with grain yield. While it had positive direct effect 

(0.0375) on grain yield. The highest negative indirect effect was computed by the seeds per 

pod (-0.9141) followed by biological yield (-0.2773), 100-seed weight (-0.0631) and days to 

Illaturity (-0 .0 I 1)<)) and shilled the genotypic correlation towards thc ncgativc trclld . Whilc 

the rest of the characters like plant height (0.0041), primary branches (0.0228), pods per 

plant (0.5459), harvest index (0.2347) and days to flowering (0.0020) had positive indirect 

contribution to the grain yield (Table 107). 

4: Numbcl" of pods per plant Vs gmin yield per plant 

Path coefficient analysis Cfable 105) in variety Noor 91 revealed that pods per plant 

had positive genotypic correlation (0 .7902) with grain yield . It had negative direct effect (-

0.1138) on grain yield. It had negative direct effect (0.1138) on grain yield. The partitioning 

of genotypic correlation revealed that characters like harvest index (1.2040) and seeds per 

pod had positive indirect path. While, rest of the component characters had negative indirect 

path. 

[n the case of variety Punjab 91 that pods per plant had highest positive direct effects 

on grain yield . II baei also a positive genotypic correlation with grain yield . I fowever, the 

Ilwg/litude ur gellulypic correlation (0 .5546) was lower than Ihe direct path (1 .()75H) . '1 he 

indirect influence of pods per plant via plant height (0.1103), primary branches (0 .0847) and 

days to maturity (0.1620) had positive indirect effect on grain yield . The indirect effect via 

secondary branches (-0.2776), seeds per pod (-0 . 1443), 100-seed weight (-0.8389), 
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biological yield (-0.0949), harvest index (-0 .0696) and days to 50% flowering (-0.0528) were 

negative and had reduced the genotypic correlation (Table 106). 

I tl t he valid y c 14 I, pods per platlt had posi live direct ellecl (U . 726U) on grain yield . It 

had also the positive genotypic correlation (0.1457) with yield . the indirect effect via plant 

height (0 .0039), primaty branches (0.0664), secondary branches (0.0282), harvest index 

(0 .1316) and days to 50% flowering (0.0014) were found also positive. however, only the 

two characters seeds per pod (-0.5645) and biological yield (-0 .23 41) had negative indirect 

elfect (table J 07). 

5: Seeds pel' pod Vs gntin yield pel' plant 

Path coefficient analysis in variety Noar 91, the seeds per pod had positive genotypic 

correlation (0 .3798) with grain yield. Yet it had slightly negative direct effect on the grain 

yield. The negative indirect effect of seeds per pod via plant height (-0.0055), biological yield 

(-0.4950) and days to maturity (-0 .0001) were recorded. Whereas, the positive indirect eO'ect 

of seeds per pod on grain yield was contributed via primalY branches (0 .0556), secondaty 

branches (0.0027), pods per plant (0.0145), 100-seed weight (0 .0030), harvest index 

(0.9446) and days to 50% tlowering (0.0072) shifling the genotypic correlation towards the 

negative side (Table 105). 

In variety Punjab 91, the seeds per pod had positive genotypic correlation (0.5474) 

with grain yield and it had also exerted a positive direct effect on grain yield (0 .3630). 

However, the magnitude of direct path was lower than the genotypic correlation. T he indirect 

effect via primary branches (-0 .0408), pods per plant (0.6661) and days to 50% flowering (-

0.0267) was negative which minimized the direct effect of seeds per pod . The indirect effect 

via plant height (0.0856), secondary branches (0.3030), 1 aO-seed weight (0.4622), biological 

yield. (0.0070), harvest index (0.0205) and days to maturity (0.0460) was positive (Table 

106). 

In the case of variety C141, the path coefficient analysis revealed that seeds per pod 

had positive direct effect (1.1147) on grain yield yet it has negative indirect eHeet via plant 

height (-0. nOIl ;I), secondary hranches (-0 .0308), pods pcr plant (-0.3 (77), harvest index (-

0.2754) and days to 50% flowering (-0.0080), while the positive effect of this character on 
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grain yield was I hrough primary branches (0.0014), 100-seed weight (0. 04JG), biological 

yield (0 .2812) and days to maturity (0 .0512) (Table 107). 

6: tOO-seed weight Vs grnin yield per plnnt 

Path coefficient analysis in variety Noor 91 revealed that 100-seed weight had 

positive genotypic cOllclalion (O.)72R) wilh glllill yield yet il had slight lIegalive dircet clreet 

(-0.0543) on grain yield. 100-seed weight also exerted the negative indirect effect via plant 

height (-0 .0078, primary branches (-0.0271), pods per plant (-0.0583), biological yield (-

0.2489) and days to 50% flowering (-0.0148). While positive indirect influence on yield was 

observed via secondary branches (0.0014), seeds per pod (0.0081), harvest index (0.9744) 

and days to maturity (0. 0002) Crable 105). 

100-seed weight in variety PUl~ab 91, had positive direct effect (0.8204) on grain 

yield, while the correlation betwe~n thes~ two characters was negative (-0.4450) . The highest 

indirect effects via pods per plant (-1.7136) followed by plant height (-0.2125), days to 

maturity (-0 .1938) and primary branches (-0 .0662), shifted the genotypic correlation towards 

the negative direction whereas the remaining characters contributed towards the grain yield 

via secondary branches (0.4316), seecls per pod (0.2045), biological yield (0.1293), harvest 

index (0.0914) and days to 50% (lowering (0 .0638) indirectly and positively (Table 106). 

In variety C141, the IOO-seed weight had positive genotypic correlation (0.3816) with 

grain yield and it had also exerted a positive direct effect (0.2159) on grain yield. However, 

the magnitude of.direct path was lower than the genotypic correlation. The negative indirect 

effect via plant height (-0.0015), primary branches (-0.0019), secondaty branches (-0.0110), 

pods per pod (-0.0001), harvest ~ndex (:-0.0712), days to 50% flowering (-0.0066) and days 

to maturity (-0.0027). The remaining traits had positively contributed towards the yield via 

seeds per pod (0.2251) and biological yield (0.0355) (Table 107). 

7: Biological yield vs grain yield per plant 

In variety Noor 9 1, the path coefficient analysis revealed that biological yield had 

negative genotypic correlation (-1.1005) with grain yield. It had positive indirect effect 

(0.4425) on grain yield. The negative association of biological yield with grain yield was 

mainly due to high indirect negative effect via harvest index (-1.7508) . The positive indirect 

dlecl vin pods (lcr planl (0 .0658), seeds per pod (0 . 1645), IOO-seed weight (o.mOG), days to 
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SOlyo flowering (0. OJ 91) and days to maturity (0.000 I) contributed towards the grain yield 

(Table 105). 

In the variety Punjab 91, the genotypic correlation between biological yield and seed 

yield was positive (0.9385), whereas biological yield had negative direct path (-0 .0699) on 

grain yield. The results nlrther in~icated ~hat indirect effect via secondary branches (-0.4661), 

seeds per pod (-0 .0038), 100-seed weight (-1.5176) and harvest index (-0.0138) was also 

negative. The positive association of biological yield with grain yield was mainly due to 

highest indirect etfect via pods per plant (2.2750) Cfable 106) 

In variety C 141, biological yield exhibited a negative genotypic correlation (-0.5134) 

with grain yield and also had a negative direct path (-0.2878) on grain yield . Biological yield 

had negatively contributed indirectly through various traits including seeds per pod (-1. 0891) 

100-seed weight (-0 .0266) and days to maturity (-0 .0153) on grain yield. Biological yield had 

positively affected seed yield through plant height (0 .0049), primary branches (0.0201), 

secondary branches (0.361), pods per plant (0.5906), harvest index (0.2451) and days to 50% 

flowering (0.0085) (,rable 107). 

R: lIal'v('sl indn Vs gnlin yield pCI' plant 

In variety Punjab 91, harvest index exerted a positive direct effect (0 .0172) on seed 

yield yet it had negative genotypic correlation (-1.9105) with grain yield. The strong negative 

genotypic association was obtained through the highest indirect negative path via pods per 

plant (- Ci .7R7Ci) folluwed hy dnys to maturity (-0.8517), prinwry hntnch c~ ( -0 .'1717), day~ tll 

50% flowering (-0.3088) and plant height (-0.0440), while the strong positive indirect path 

through 100-seed weight (4.3637), secondary branches (1.6850), seeds per pod (0.4329) and 

biological yield (0.0563) had counter balanced the negative indirect path and shifted the 

directed path towards positive direction (Table 106). 

The results given in table 107 revealed that in genotype C 141, harvest index had 

positive genot yp ic correlation (0 .8166) with grain yield . Yet it had slightly negative direct 

effect on the grain yield (-0.2680) . The strong positive genotyp ic association between harvest 

index and seed yield was observed via seed per pod (1.1456) 
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9: Days to 50% flowedng Vs grain yield per plant 

Pa th coefl1cient analysis Crab le 105) in variety Nom 91 revealed that direct 

contribution of days to 50% flowering to grain yield was negative. The indirect effect of clays 

to flowering via secondary branches (-0.0003), pods per plant (-0.0014), 100-seed weight (-

0.0071 and biological yield (-0.1531) was also negative. While through plant height 

(0.0350), pril1latY branches (0.0695), seeds per pod (0 .0093), harvest index (0 .3 149) and 

days to maturity (.0001) had positive indirect effect on yield. The genotypic correlation 

between these two characters was low and positive. 

In genotype Punjab 91 , days to 50% flowering had positive genotypic correlation (-

0.2837) with yield. Yet is had negative direct effect (-0 .2086) on grain yield. Bifurcation of 

genotypic correlation revealed a negative indirect etIect only through 100-seed weight (-

0 .25 11), while the rest of all the component characters positively contributed to grain yield 

(Table 106). 

In variety C 141, a positive correlation between days to 50% nowering and grain yield 

(0.3597) was recorded at the genotypic level. Biturcation of genotypic correlation revealed a 

negative direct effect of days to .flowering on grain yield. Indirect effect via plant height (-

0.0014), secondaty branches (-0.0033), pods per plant (-0.0043), harvest index (-0.1187) 

and days to maturity (-0.0044) showed also negative indirect effect on grain yield (Table 107) 

to: Days to mnc.udty Vs gmin yield pe.· plant 

In genotype Noor 91, path coefficient analysis (Table 105) revealed that days to 

llIaturity had negative direct effect (-0.0003) on grain yield, yet it had positive indirect ellect 

via secondary branches (0.0004), 100-seed weight (0 .0339), harvest index (0. 5756) and days 

to 50% flowering (0 .0526), while the negative effect of this character on grain yield was 

through plant height (-0.0078), primary branches (-0.0375), pods per plant (-0.0290), seeds 

per pod (-0.0674) and biological yield (-0.1636). These negative effects were mostly smaller 

in magnitude but in combination they effect the determination of yield by direct forces . 

Path coefficient analysis in variety Punjab 9 J, showed that correlation between days 

to maturity and grain yield was strongly positive (.7794) at the genotypic level and it also 

exerted a positive direct effect (0 .2285) on seed yield. The positive genotypic correlation was 

exerted mainly through pods per plant (I. J 878). The negative illdirect eflect via laO-seed 

226 



weight (-0.6958), biological yield (-0 .0982), harvest index (-0 .0642), secondary branches (-

0.0140) and days to 50% flowerin g (-0 .0093 had reduced the direct effect of days to maturity 

Crable 106). 

In variety C 141, genotypic correlation between days to Illatlllity and seed yield was 

negative and the direct path (-0 .0180) on grain yield was also negative. It was further 

observed that negative indirect effect via the seeds per pod (-0.9392), biological yield (-

0.2243) and days to flowering (-0.0056) shifted the genotypic correlation more towards the 

negative direction . Positive indirect influence was, however, observed via plant height 

(0 .0037), primary branches (0.00.91), secondary branches (0.0143), pods per plant (0.5247), 

100-seed weight (0.0328) and harvest index (0.2016). This indirect positive impression was 

less important (Table 107). 
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Tnble 105: Noor 91 MJ Generatioll; Direct (parcnthesis) and indit'ect eITect 
matrix (non-dependent val"iable is grain yield). The las t column shows genotype 
cOlTelation of indepcndent vadables with gmin yield. 

V".-I"blc. I'l ant 1'.... Scc. l' od81 See,I. 1 100-S 81 .. 1. IIIll'VC8 Flow. Mnlu. Grnln 
l. .......... ____ .... _ ........ __ ~_~!:!g!_,.t .. .. .... _~~E!!!~.C!I .. __ .... ~!:!!!!E!~ .......... f!!!!!~ .. .......... _f!!~ ........ .. __ ':Y.!!_lg!!~ .... ____ _ X!.c!_~ __ ...... _ .!1_1_~~~~. ___________ ~~_~1·'! ...... .... ___ I?~l'!i ___________ JI1'J. .. __ 
I I'lnnt I (-.0211 11) -.0581 .0004 -.01 43 -.02113 -.01 46 .1341 -.11178 .1374 -.oonl -.U6tH) 
I Height ! 
i I'dlll"l1' i -.U134 
i IInlllchcs i 
! Sec", .. lnl·" I .11116 
' Untnchcs I 

iii E:r~ Ii! ~:~~:: 
Pod 

ill IIH1-Sec.1 Ii -. IHl711 
Wdght 

ii' 11101. I' -.OUII7 
Ylchl 
1I,"·ve.1. .0032 

iii laulcx i.: 

FlowCI'lng .tI350 

li_ nays _ ·I
i
. I\ln'"d.y - .1II17H 

J)"y,~ __ ___ _ 

(-.1253) -.0269 -.0118 -.2651 -.IIIJOI -.0290 -.0015 .0653 .2117 .06211 

-.111192 -.0274 .5053 -1.31153 .1111111 -. 71114 -.0178 .1922 .11368 (-.002) 

-.0296 -.0005 -.0278 1.204 -.nIlOI .791l2 (-.1138) .0188 -.2558 -.0014 

.0556 .0145 -.495 -.111101 .39711 .9446 .0072 (-.1471) .OU3 .0027 

-.U271 .0014 (-.U543) -.24119 .97<14 .57211 .fItIU2 -.U5113 .OUIII 

-.UII13 -.U023 .1645 - 1.75UII - 1.11105 .0391 .000 1 .0306 (.4·U5) .0658 

.0199 .01)J6 -.03111 -.4647 -.0214 1.00114 (1.667) -.0001 -.0822 -.UII33 

.0695 -.0017 (-.1131) .1539 .0001 -.1531 .3149 -.0003 -.0014 .0093 

-.n375 .n.w·t .5753 .3566 .n526 ( .n'HIJ) -.067<f .flJJ9 -.16:16 -.n29 

---_ . __ .. _-- ----------- --------- -----------------_._._._---------------

Tnble lOG: Punjab 91 M3 Genemtionj Oil'ect (parenthesis) and indirect elIect 
mah'ix (non-dependent variable is gmin yield). T he last column shows genotype 
correlation of independent variables with grain yield. 

, V,"-iablcs Plaut 1'.... Scc. 1' ..... 1 Sccdsl 100-S Dlol. I1:II·vc. Flow. Mnlu. G .... i" 
: Height Umnch Bm nch Plant Pod Weight Yield Indcx Days Days (rg) i 

I [~t.1i1:~ (::::' ( :::~ (::::, 1:::61 :::.: I:::: :I::~::::' : :::: :1:~:6:::: 1 

! Ilmllches 1.' i I'odsl .1103 .01147 -.2776 (1.6758) -.1443 -.113119 -.0949 -.0696 -.05211 .16211 .5546 

.~. Plant. ! 
Seedsl .01156 -.04011 .303 -.6661 (.363) .4622 .0007 .0205 -.0267 .0460 .5474 II 

I ~~~-S~C'I -.2125 -.0662 .4316 -1.7136 .2045 (.H204) .1293 .0914 .116311 -.19311 -.44511 I 

, WelJ(ht I 
,

i, ~:~:;I .22611 .11112 -.4661 2.275 -.00311 -1.5176 (-.U699) -.UUII .116117 .321 I .93115 I. 

nlll'Vest -.1l44 -.4717 1.685 -6.7876 .4329 4.3637 .0563 (.0172) -.3UIIII -.!l537 - l.9tu5 

! Index I' 

i Flmvcrln~ .0907 .0254 .0977 .4244 .0465 -.2511 .0230 .0255 (-.20!l6) .ot02 .2H37 

I ___ ~~.:;;::·: ~·:~·_ ..... ___ __ ·-':I_~ ~.) .. _____ ~fl.~-_~~ .. ________ ___ ~:~ .. _~ ________ ___ ._ :_._~_~_~ __ __ __ . __ ::~~~_(.' __ .. __ .. __ ::~_f~_~~ .. ______ ~::~:~~.~ ___ .. _ .. .. .. : fI~: ~_~ .. _ .. __ .. _:::II·):' ...... _ .. ____ (:~ .2.H_~~ .. __ .. ___ :~f':': ._ .. __ .. ...I 
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Table t07: C 141 IVh Generation; Direct (parenthesis) and indirect effect matrix 
(1IOn-d('IH'nd('nf vadahlc is gl'nin yield). The Ins. column shows ~enofYlle (·o .... elafion of 
independent v:u-iahles with gmin yield. 

! Variables I'lant I'li. Sec. Podsl Seed.1 100-S Ulol. Harve.t Flow. Mat u. Gnlln 

~ ............................. !.~!:!gl!.t ...... !J.!:a.!!c.II ...... n..!·!!J!.~.I.I ....... r!!!!!~ ........... r~.~I ........... ~~!!\.I.lt ........ y !,,!!! .......... }.!!!I!!~ .......... p.!!y.1! .......... p.I1.Y. •.......... {rgL .. 
! l' IIU1t ! (.0049), .0281 .0311 .5756 -.9973 -.066 -.288 .2457 .0664 -.0137 -.4731 
i Height i 
i Primal")' i .0021 
i Br'anches '1' 

I Secondar")' .0041 
i Bmnchc. i 
i )'011.1 i .0039 , i I I'llInt i 
, Seedsl ' -.0044 
, I'od I' 

IOO-SI'cd I. -.0015 
Wde"t 
IIll1l. .0049 
Yield , i -.1)1)45 IIIII"VC'" 

Inclcx 
! -.0014 
! 

i .0037 

(.0649) .0132 

.0228 (.0375) 

.0664 .0282 

.t)l)J4 -.03011 

-.0019 -.011 

.0201 .tl361 

.f)()II? -.11328 

.0012 -.0033 

.0091 .0413 

.743 .0238 

.5459 -.9141 

(.726) -.5645 

-.3 677 (1.1147) 

-.OOtll .2251 

.5906 -1.tlS91 

·.356,. 1.1456 

-.443 .3873 

.5247 -.9392 
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-.0065 -.0894 -.0368 -.0004 -.0025 .7113 

-.0631 -.2773 .2347 .002 -.0199 -.4274 

0.0000 -.2341 .131 6 .0014 -.013 .1457 

.0436 .21112 -.275,. -.008 .0152 .7697 

(.2159) .0355 -.0712 -.0066 -.OOl7 .3816 

-.0266 (-.28711) .2<151 .00115 -.11513 -.5134 

.OS7'. .2632 ( -.26H) -.lIlfl3 .flOr. .HHjr. 

.0611 .1052 -.1187 (-.0231) -.11044 .3597 

.0328 -.2443 .2016 -.0056 ( •. 11111) -.39311 



DISCUSSION 



DISCUSSION 

This project was conducted to study the modulation of radiosensitivity with post mutagenic 

application of gibberellic acid for various characters in three chickpea genotypes having 

different seed coat colours. Dry seeds of genotype Noor 91, Punjab 91 and C141 were 

irradiated at various intensities of 10, 20, 30, 40, 50, 60, 70, 90 and 110 Kr treatments. These 

gamma irradiated seeds along with control and post mutagenic treatment of gibberellic acid 

were used for cytogenetical, biochemical and seedling studies. The experiment was further 

extended to manipulate the variabi,lity induced in three successive generations of chickpea with 

two mutagenic treatments i.e., gamma irradiated separately and with gibberellic acid; and also 

to determine the correlation and path coefficient analysis among the yield and other yield 

contributing characters. Results obtained for different parameters are discussed below. 

I: CYTOGENETICAL STUDIES 

i: MITOTIC INDEX 

The mitotic cycle is a complex phenomena consisting of many cyclic events which are 

mutually dependent. The integrity of these events is very essential for their precise functioni ng 

and ultimately the growth and survival of the cell or organism. An experiment was conducted 
(> 

to evaluate the cytotoxic effect of gamma irradiation and the recover . of the physiological 

phenomena by decreasing the potentially damaging effects of irradiation by the application of 

gibberell ic acid. 

It is evident from table 2 that mitotic index decreased with an increase of gamma 

irradiation treatments in the three genotypes except at 20, 30 and 40 Kr doses in Punjab 91 

genotype. Higher doses of gamma irradiation were found intensively mitodepressive, while 

lower doses were less mitoinhibitory. This reduction in mitotic index was dose dependent. In 

the previous research similar observations for mitotic index were recorded by Savage and 

Worth (1970) in Hordeum vulgare, Khanna (1988) in Cicer arietinum, Khanum (1994) in 

Pisum sativum and Khan (1995) in Gossypium hirsutum. In this study a differential response of 

varieties towards the gamma irraqiation was observed (Table 1). Similar differential response 
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of varieties towards gamma irradiation has been reported by Khanum (1994) in Pisum sativum 

and Khan (1995) in Gossypium hirsutum. 

In a number of studies it has been visualized that gamma irradiation interferes with a 

number of biochemical processes especially those concerned with nucleic acid and protein 

synthesis. Genetic effects of gamma irradiation are of very diverse nature. These are known to 

cause breakage, depolymerization, formation of cross links of DNA with other molecules, 

production of site specific hydroxyl radicals (Oleinick et aI., 1994), depletion of RNA and 

protein (Izvorska and Bak"Rdzhieva, 1975; Khanna, 1988), decrease in HI histone and changes 

in chromatin structure and transcription (Bagi and Hidvegi, 1983). The reduction in mitotic 

index by the gamma irradiation has been attributed mainly to the inhibition of DNA synthesis 

(Haber et aI., 1961; Haber and FQard, 1964) or delay in mitotic cycle (Rowley et aI. , 1992). 

Khanna (1988) determined that with gamma irradiation mitotic index decreased with the 

decrease of ribonuclease activity and reduction in DNA content of chickpea seedlings. 

Callebaut et al. (1980) determined that the delay in the mitotic cycle was due to the reduction in 

the GA3 content and endomitotic DNA synthesis. A slight increase in mitotic index at 20, 30 

and 40 Kr of gamma irradiation in variety Punjab 91 may be due to different genetic 

constitution. Low doses of gamma irradiation are reported to increase the auxin, gibberellin and 

cytokinin contents (Stajkov et al.,1985; Rabie et aI. , 1996). Khanna and Maherchandani (1981) 

noted higher peroxidase activity with gamma irradiation, which might increase the mitotic 

activity in chickpea seedlings. 

The treatment of gamma irradiation probably arrests the cells at a stage of cell cycle 

preceding mitosis resulting in a decrease in the proportion of dividing cells observed in mitosis. 

The results of the present mitotic index study in the three genotypes showed that gamma 

irradiation may have altered the movement of cells through the nuclear cycle. Gamma 

irradiation of 50 Kr and above resulted in a decrease of prophase frequency and an increase in 

metaphase and anaphase frequency, suggesting the presence of two transition points; i) before 

entering the nuclear cycle and ii) movement of chromosomes at metaphase and anaphase stage 

of the mitotic cycle. The first transition point may be due to the reduction in DNA synthesis, 

while the second transition point could be due to the effect of gamma irradiation on 

microtubule propagation and movement of chromosomes. 
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From the results of table 2 it is obvious that seed treatment with GA3 increased the 

mitotic index in the three genotypes. This protective effect of GA3 against the gamma 

irradiation may be due to its action at several biochemical and cellular levels. Tomi et a!. 

(1983) determined that GA3 treatment resulted in binding of enzyme to chromatin more easily 

for the enhancement of template activity. Increase in rate of transcription and protein synthesis 

was noted by Martin et a!. (1984). An increase in ribonuclease activity and microtubule 

synthesis and orientation was observed by Martin and Northcote, (1983) and Duckett and Lloyd 

(1994), respectively. Application of GA3 increased the size of meristematic region and 

proportion of cells undergoing division (Loy, 1977). An increase in the synthesis of 

endomitotic DNA (CaIIebaut et a!. , 1980), and peroxidase activity (Khanna, 1992) was 

recorded with post mutagenic treatment of GA3. It can, therefore, be concluded that the 

exogenous application of gibberellic acid may have increased the mitotic index by i) 

minimizing the potential toxic effect of peroxy radicals; ii) increasing the synthesis of DNA 

and proteins; iii) promoting th~ frequency of cells entering the mitotic cycle and iv) 

propagating the microtubule assembly and thereby the movement of chromosomes, which 

might contributed an increase in the mitotic index. 

ii: CHROMOSOMAL ABERRATIONS 

In all the genotypes of chickpea viz. Noor 91, Punjab 91 and C141 similar chromosomal 

abnormalities were observed which included fragments, bridges and laggards at anaphase. 

These anomalies tended to increase with an increase of gamma irradiation treatment. Bridge 

formation was the most common abnormality, followed by laggards and fragments . Laggards 

and fragments decreased while bridges increased with an increase in irradiation dosages. 

Similar trends with gamma irradiation have also been observed in Pisum sativum (Kalloo, 

1972; Mujeeb and Greig, 1973; Tan et a!. , 1990; 1991), in bread and durum wheat (Khanna, 

1990), in Secale cereale (Savaskan and Toker, 1991), in Vicia faba (Vandana, 1993). 

Rukmanski and Rodridges (1990) reported a parallel response between the dose rate of gamma 

irradiation and the chromosomal anomalies in root tip cells of french bean. Khanum (1994) 

observed a similar increase in mitotic anomalies with an increase of gamma irradiation in 

Pisum sativum and Khan (1995) in Gossypium hirsutum. 
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In this study a differential response of varieties towards the gamma irradiation was 

observed (Table 3). Similar differential response of varieties towards gamma irradiation has 

been reported by Ahmad and Godward (1981) in Cicer arietinum; Khanum (1994) in Pisum 

sativum and Khan (1995) in Gossypium hirsutum. It is known that gamma irradiation interferes 

with chromosome condensation, breakages, movement and organization (Khanna, 1988; 

Oleinick et aI. , 1994). Variants associated with such changes were increased. In the present 

studies mitotic abnormalities induced by gamma irradiation were of two types; i) caused by 

partial or complete failure of the spindle mechanism resulting in lagging of chromosomes and 

ii) induced chromosomal aberrations which results in stickiness at metaphase, bridges and 

fragmentation of chromosomes at anaphase. Differences in both quality and kind of 

chromosomal aberrations provided excellent criteria for the study of differential sensitivity. 

In the present investigation, application of gibberellic acid reduced the mitotic 

anomalies in all the three genotypes. Fragments and laggards were not observed at 40 Kr with 

GA3 in Punjab 91 and C141. The decrease in mitotic anomalies were more pronounced with 

GA3 at higher doses of gamma irradiation in all the genotypes (Table 4). In previous studies, 

similar radio protective effects of GA3 were reported by Uppal and Maherchandani, (1988); 

Arora et aI. , (1989), Khanna (1990) in wheat and Khanna (1992) in triticale. Arora et ai. (1989) 

suggested that GA3 probably reduces the potential damage from becoming actual detectable 

cytological damage and promotes the repairing process. It has been investigated that gamma 

irradiation produces hydroperoxides of pyrimidines, hydroxyl radicals and superoxide anion 

radicals in DNA or metabolic pool of the cells (Thomas et aI., 1976; Feldberg and Carew, 

1981; Sokolov et aI., 1981). Accumulation of these radicals in the living system is very 

injurious in minute quantities and place a stress on cellular activity. Application of GA3 

enhance the peroxidase activity which probably decrease these free radicals and consequently 

the radiation potential damage (Khanna, 1992). 

iii: CYTOLOGY AND NUCLEOLUS VOLUME 

Considerable changes in cell volume and vacuolation with gamma irradiation separately 

and with GA3 have been demonstrated in the present investigation. At lower dose of 10 Kr with 

both treatments i.e., gamma irradiation and post mutagenic treatment of GA3, there was not any 

appreciable change in cell volume, however, vacuolation was increased. This increase in 

vacuolation may be due to the greater metabolic and mitotic activity (Sax, 1963). Higher dose 
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60 Kr of gamma irradiation demonstrated considerable changes in cell volume and vacuolation. 

Post mutagenic treatment of GA3 reverses this affect resulting an increase in cell volume and 

vacuolation. At 110 Kr of gamma irradiation cell volume was increased and vacuoles appeared 

to be collapsed forming large vacuoles, suggesting the drastic effects of irradiation. There may 

still be some cell enlargement due to wall elongation, which is more resistant to radiation. This 

effect is comparable with known radiation effects (Haber and Foard, 1964; Allen and Haigh, 

1973). Application of GA3 considerably modulated the effects of gamma irradiation leading to 

increase in wall extensibility and vesiculation. The results therefore provide additional evidence 

ofa change in cell wall extensibility with GA3 (Jupe and Scott, 1992). 

Size of nucleolus is taken for cytomorphological markers related to transcription and 

post transcription processes in eukaryotic cells, in particular to rDNA amplification. The rDNA 

strand protrudes from the chromosome axis in the form of loop and form the nucleolar 

organizer (NOR), in which most of rRNA is synthesized. NOR binds with nuclear proteins to 

form the nucleolus. These processes make part to the genetic activity of the nuclei. Nucleolus 

contains DNA, chromatin and ribonucleo-protein particles as well as other structural 

components (Ashraf and Sharif, 1990; Ashraf et aI., 1992). Nucleolar volume appears to be 

regulated by many factors. The demonstration of increase in nucleolar volume with an increase 

of gamma irradiation is in agreement with the observation of pea roots (Khanum, 1994). The 

size of the nucleolus is very sensitive to the change in ribosomal synthesis (Knowland and 

Miller, 1970). The nucleolus is also believed to serve as a cytological indicator of structural and 

molecular changes that takes place normally in response to environmental stresses. This 

increase in nucleolar volume may be due to the response of the nucleolar organizing region to 

the treatments. This increase in nucleolar volume at 10 Kr may be due to the stimulation of 

metabolic activity and consequently the ribosomal precursor (granular region). However, at 

higher doses of 60 and 110 Kr, size of nucleoli may be increased due to the deformity of the 

nucleolar components. On the other hand application of GA3 modulated the effects of gamma 

irradiation quite convincingly and nucleolar size was decreased. This may account for the 

influence of GA3 at various biochemical and structural levels to reduce the potential damaging 

effects of gamma irradiation. 
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iv: NUCLEOLUS STRUCTURE 

The present study provides additional information on the ultrastructural changes of the 

nucleolar morphology induced through gamma irradiation separately and with GA3. The 

foregoing results indicate that in interphase nuclei of untreated material, the nucleolus consist 

of three structural components. These constitute dark fibrillar, pale fibrillar and granular 

regions (Bernhard, 1969; Chouinard, 1971 ; Lord and Lafontaine, 1973; Lafontaine and Lord, 

1974; Chouinard, 1975; Ashraf and Sharif, 1990; Ashraf et aI., 1992). Exposure of seeds at 10 

Kr of gamma irradiation separately and with GA3, there are no significant modifications in the 

structure of nucleolus except that nucleoli faintly stained. The following morphological 

observations have been made after 60 Kr of gamma irradiation. At this treatment nucleolus 

appear amorphous except some dark patches surrounding the periphery of the nucleolus. A 

nucleolus associated body is also seen toward the periphery of the nuclear membrane. Similar 

nucleolus associated body with gamma irradiation has also been observed in pea (Khanum, 

1994). Drastic effects of gamma irradiation on the structural components are recorded at 110 

Kr treatment. Nucleolus appears to be deformed having dark patches scattered throughout the 

nucleoloplasm. Nucleolus associated body is also seen attatching the main nucleolus. Granular 

components appears to be scattered in the nucleoplasm. These deformities of the nucleolar 

components could arise as an effe~t of gamma irradiation on the NOR. Application of GA3 has 

changed these drastic effects to some extent and nucleolus appears to be reformed. A nucleolus 

associated body is still attached to the main nucleolus. 

II: BIOCHEMICAL STUDIES 

i: FRESH WEIGHT PER SHOOT (mg) 
The results shown in Fig. 14-16 revealed a stimulatory response of fresh weight at 

lower dose of 10 Kr of gamma irradiation in all the three genotypes as compared to their 

respective checks throughout the developmental period. This increase in fresh weight might be 

due to higher contents of auxin, gibberellins and cytokinin at lower dose of gamma irradiation 

(Stajkov et aI. , 1985; Rabie et aI. ,. 1996) .. These growth regulators enhance the mitotic activity 

in the meristematic region by increasing the number of dividing cells (Sax, 1963). In the 

present investigation fresh weight decreased linearly with an increase in irradiation doses. The 

effects of gamma irradiation in a biological system are manifold; inhibit the synthesis of DNA 
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(Oleinick et aI. , 1994), induces DNA double stranded breaks and DNA protein crosslinks (Xue 

et aI., 1994), decrease in HI histone and changes in chromatin structure (Bagi and Hidvegi, 

1983). Besides these direct effects of gamma irradiation on the genetic material, these are also 

known to enhance the production of hydroperoxide radicals (Harihorn and Cerutti, 1972; 

Feldberg and Carew, 1981; Sokolov et aI., 1981; Voisine et aI. , 1991). These placed a stress on 

cellular activity and metabolism was grossly impaired at higher gamma irradiation doses. 

Maximum decrease in fresh weight was noticed at the highest gamma irradiation dose of 110 

Kr in all the three genotypes. The genotypes also varied in the repairing process. In this case 

Noor 91 appeared to be more radio sensitive, because the increase in fresh weight at higher 

doses of 90 and 110 Kr was smaller when we compared to Punjab 91 and C 141 genotype. The 

daily increase in fresh weight at. higher doses was smaller as compared to lower doses of 

gamma irradiation. This small increase in fresh weight at higher doses may account for the 

excessive damage and impaired cellular activity. 

Our observations (Fig. 14-16) showed that post mutagenic application of gibberellic 

acid modulated the effect of gamma irradiation and fresh weight increased. This increase in 

fresh weight at various levels of irradiation may account for the action of GA3 at various 

biochemical and cellular levels. The effects of GA3 in a biological system are of diverse nature, 

especially in relation to plant growth and development. It has been observed that GA3 can 

promote growth of plants by affecting either cell division (Loy, 1977) and in reducing the 

duration of cell cycle (Liu and Loy, 1976). GA3 is known to be involved in the synthesis of 

RNA and protein in the treated plants (Bewley and Black, 1978; Jacobsen, 1977; Jacobsen et 

aI. , 1979; Martin and Northcote, 1"983). Callebaut et ai. (1980) studied that application of GA3 

restores the endomitotic DNA synthesis and cell elongation in epicotyls of irradiated seeds of 

pea. 

ii: CATALASE ACTIVITY (mM) 
It is evident from the results (Fig. 17-19) that catalase activity was similar in all the 

three genotypes. In the present study it was observed that lower doses of 10 and 20 Kr of 

gamma irradiation did not have much effect on catalase activity. However, stimulation in 

activity at doses above 20 Kr was recorded on the 4th and 5th day and then a sharp decrease was 

observed gradually with increasing doses on the following day of the developmental period. 
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Specific changes in catalase activity were reported by Stajkov et aI. (1985) at lower does of 

gamma irradiation in pea. Following gamma irradiation production of various peroxy radicals 

have been reported (Mead, 1976; Thomas et aI. , 1976; Teole et a!. , 1974; Harihorn and Cerutti, 

1972; Voisine et aI. , 1991). The radiation protection affects of catalase is due to the removal of 

H20 2 (Donny et aI., 1976). At higher doses of gamma irradiation a decrease in catalase activity 

may be due to the chain reaction of organic hydroperoxides after 5th day of the developmental 

period. Accumulation of these hydroperoxides place a stress on cellular activities and 

consequently the rate of catalase activity decreased. 

From the results of Fig. 17-19, it is obvious that the post mutagenic application of 

gibberellic acid changed the radiosensitivity and a stimulation in catalase activity was recorded. 

Catalase activity increased gradually with an increase of gamma irradiation and also throughout 

the development period. This increase in catalase activity with application of GA3 may be 

accounted for the removal and inhibition of chain reaction of hydroperoxides. 

iii: PEROXIDASE ACTIVITY (o.d.) 
It is seen from the results (Fig. 20-22) that response of three genotypes towards the 

peroxidase activity was found almost similar in all the three genotypes. Peroxidase activity 

increased with an increase of gamma irradiation during the early developmental days at 

irradiation doses of 10, 20, 30, 40, 50 and 60 Kr from 3rd to 5th day and then decreased 

gradually from 6th to 8th development day. Stajkov et aI. (1985) also reported specific 

peroxidase activity at lower doses of gamma irradiation. However, at higher doses the increase 

was upto 6th developmental day. In previous studies it has been investigated that gamma 

irradiation causes damage to the tissues by producing H20 2 and organic peroxy radicals (Mead, 

1976; Thomas et aI. , 1976; Teole et aI. , 1974; Harihorn and Cerutti, 1972; Motoji and Sergio, 

1989; Sokolov et aI. , 1981; Izvorska and Bak "Rdzhieva, 1975; Voisine et aI. , 1991 ; Oleinick 

et aI. , 1994). The increase in peroxidase activity may be due to the production of organic 

peroxy radicals ( Jain et aI., 1990). These results are similar to Khanna and Maherchandani, 

(1981) in chickpea seedlings, where they also observed stimulation in peroxidase activity as a 

stimulus of the peroxy radicals. Peroxidase activity decreased on the later developmental days 

at higher doses of irradiation. This decrease in peroxidase activity may be due to the extensive 

radiation damage resulting in impaired cellular activity. 
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Post mutagenic application of gibberellic acid enhanced the peroxidase activity at 

various irradiation doses. The results obtained in this study are in line with those of Khanna, 

(1992) that peroxidase activity increased after the post irradiation treatment with gibberellic 

acid. Treatment with GA3 restored the cellular activity by minimizing the potential toxic effects 

of gamma irradiation. Similar findings have also been reported in other studies (Callebaut et aI. , 

1980; Pak et aI., 1982; Khanna, 1992). 

iv: INDOLE-3-ACETIC ACID (IAA) OXIDASE ACTIVITY (Jl.g) 
It is evident from the results (Fig.23 -25) that lAA oxidase activity was stimulated at 

lower doses of 10 and 20 Kr of gamma irradiation throughout the developmental period in all 

the three genotypes. This increase in lAA oxidase activity at lower doses may be due to the 

stimulation of auxin contents in seedlings (Stajkov et aI. , 1985; Rabie et aI. , 1996). It is also 

seen from the present results (Fig. 23-25) that lAA oxidase activity decreased with increasing 

irradiation dosages and also the activity decreased across the developmental period. This 

decrease in IAA oxidase activity may be due to the production of higher amounts of peroxy 

radicals including phenols or the reduction in auxin content (Rabie et aI., 1996). The inhibitory 

effects of various peroxy radicals as a damaging action of gamma irradiation is the activation of 

either peroxidase or lAA oxidase activity. Whether peroxy radicals or lAA are oxidized would 

depended upon the nature of peroxy radicals and concentration of peroxy radicals/lAA. Post 

mutagenic application of GA3 increased the activity of lAA oxidase at all the levels of gamma 

irradiation and also across the various days of the developmental period. Application of GA3 

may stimulate the production of lAA and elimination of peroxy radicals, which ensure the 

stimulation ofIAA oxidase activity. 

v: PROTEIN CONTENTS (mg) 
Results presented in Fig. 26-28 revealed that protein contents decreased progressively 

with an increase in gamma irradiation dosages. However, at 10 Kr treatment stimulation in 

protein contents was observed. In the previous research, similar results have been reported by 

Stajkov et ai. (1 985). The response of protein contents was found to be similar in all the three 

genotypes. Stimulation at lower doses may be due to the increase in auxin contents as a 

response to gamma irradiation (Rabie et a\., 1996). Our results of higher doses of gamma 
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irradiation are also in line with previous studies where gamma irradiation decreased the protein 

content (Izvorska and Bak"Rdzhieva 1975; Damayanti and Sharma, 1990). 

It is obvious from the results (Fig.26-28) that the application of GA3 increased the 

synthesis of proteins (Bewley and Black, 1978; Jacobsen, 1977; Jacobsen et al. , 1979; Martin et 

al., 1984). GA3 is also known to stimulate the formation of polysomes (Martin and Northcote, 

1983), advancing the production ofrRNA and mRNA and consequently accelerating the rate of 

total protein synthesis during germination (Martin and Northcote, 1982). 

vi: RIBONUCLEIC ACID (RNA) CONTENTS (J.1g) 
It is evident from the results shown in Fig. 29-31 that all the three genotypes responded 

similarly to both mutagenic treatments i.e. gamma irradiation separately and with GA3. RNA 

contents decreased regularly with an increase in gamma irradiation doses. Similar results on the 

depletion of RNA with increasing doses of gamma irradiation have also been reported in wheat 

(Haber and Foard, 1964), chickpea seedlings (Khanna, 1988), pea (Damayanti and Sharma, 

1990). However, at lower doses of irradiation, stimulation in RNA contents was observed in all 

the three genotypes. This could be due to an effect of the peroxy radicals (Khanna and 

Maherchandani, 1981; Jain et al., 1990) or the increase in growth regulators (Rabie et al., 

1996). Post mutagenic treatment of GA3 reduced the effects of gamma irradiation and increases 

the RNA contents. This increase in RNA contents may be due to the enhancement of template 

activity of chromatin (Tomi et al., 1983), and the rate of transcription ( Jacobsen, 1977; 

Jacobsen et al., 1979; Martin and Northcote, 1982). 

vii: DEOXYRIBONUCLEIC ACID (DNA) CONTENTS (J.1g) 
It is seen from the results presented in Fig. 32-34 that DNA contents decreased 

gradually with an increase in gamma irradiation dosages except at 10 Kr where stimulation 

over control was observed in all the three genotypes. Genetic effects of gamma irradiation on 

the inhibition of DNA synthesis was noted in wheat (Haber et a1. , 1961 ; Haber and Foard, 

1964; Rowley et al. , 1992; Bagi and Hidvegi, 1983; Kuzin et al., 1981; Khanna, 1988). Besides 

this gamma irradiation . is known to cause breakage and depolymerization of DNA, 

degradation and dissociation of histone HI (Bagi and Hidvegi, 1983), double stranded breaks 

and DNA protein crosslinks (Oleinick et al., 1994; Xue et a1., 1994). Radiolytic products, 
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adenine-7-oxide (Yamamoto, 1980), thymine hydroperoxide (Thomas et aI. , 1976), pyrimidine 

and thymine hydroperoxide (Teole et aI. , 1974), hydroperoxides (Harihorn and Cerutti, 1972), 

stable macroradicals in DNA (Sokolov et aI. , 1981) are also produced which may be applied to 

biological system as a radiation induced damage. Stimulation in DNA contents at lower doses 

may be due to an increase in auxin, gibberell in and cytokinin contents (Stajkov et aI., 1985; 

Rabie et aI. , 1996), or the increase in peroxidase activity as a stimulus of the peroxy radicals 

(Khanna, 1992). 

From this study it becomes apparent that there was an appreciable increase in DNA 

contents with the post mutagenic application of GA3. Its application restored the endomitotic 

DNA synthesis (Callebuat et aI. , 1980), reduced chromosomal damage (Narsinghani and 

Kumar, 1976; Uppal and Maherchandani, 1988; Arora et aI. , 1989) by preventing the potential 

damage and promoting the repairing process. 

III: SEEDLING STUDIES 

Mutation breeding has been used in recent years as a valuab le supplement to the method 

of plant breeding in the development of better crop cultivars. The gamma irradiation treatments 

have been used more frequently. Determination of a suitable radiation dose for a particular 

cultivar is of primary importance in mutation breeding. In mutation breeding treatments with 

low physiological damage and high genetic effects are desirable. Physiological effects of 

gamma irradiation are changed with the treatment of gibberelli c acid without much interference 

in the genetic changes. An experiment was, therefore, conducted to determine the proper dose 

for obtaining maximum genetic variation and also to evaluate the modulation of radiosensitivity 

with gibberell ic acid. 

i: GERMINATION PERCENTAGE 

Our observations showed (Table 9) a minor difference of germination percentage in the 

three varieties under study. Punjab 91 exhibited the highest overall seed germination of 98 .25 

as compared to 97.62 and 95.25% of C141 and Noar 91, respectively. Germination was found 

not to be affected upto 30 Kr in Punjab 91 as compared to 20 Kr and 10 Kr doses in C141 and 

Noor 91, respectively. Noar 91 exhibited a drastic decrease in germination % at 40 Kr 
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treatment and again an increase in germination percentage at 50 and 60 Kr doses of gamma 

irradiation. However, this type of behaviour was not seen in the other two varieties. A buffering 

action was observed at 40, 50 and 60 Kr treatments in Punjab 91 and C141. At higher doses 

decrease in germination percentage was gradual and minimum germination percentage was 

observed at 110 Kr dose of gamma irradiation. Hassan and Javed (1991) and Haq et aI. , (1992) 

while treating dry seeds of different chickpea genotypes and Veeresh et aI. , (1995) winged been 

genotypes with gamma irradiation showed that there was more reduction in germination at 

higher doses as compared to lower doses. Reduction in germination percentage with gamma 

irradiation have been reported In Corchorus (Rahman and Mia, 1970), chickpea Cicer 

arietinum (Raj put, 1977; Khanna, 1981 ; Bhatnagar, 1984; Mahto et aI. , 1989; Ahmad and 

Godward, 1990; Hassan and Javed, 1991), Pennisetum americanum (Aslam and Siddiqui, 

1979), lentil Lens culinaris (Sinha and Chaudhry, 1987; Sarkar and Sharma, 1989;), Soybean 

(Mehetre and Mahajan, 1996), common bean (Colaco et aI. , 1995), pea (Khan et ai. , 1990), 

french bean (Svetleva and Petkova, 1992), faba bean (Rabie et aI. , 1996 and Kumar et aI. , 

1993) and in green gram (Mallick et aI. , 1997). The results obtained in this study are also in 

line with Mahto et aI. , (1989) and Ahmad and Godward (1990) where, they found that the 

germination percentage in chickpea was not affected with irradiation at lower doses. 

Germination percentage increased with the post mutagenic treatment of gibberellic acid 

at various levels of irradiation. Treatment of gibberellic acid modulated the behaviour of the 

three varieties of chickpea more or less in an equal manner. Germination was not affected in 

Punjab 91, C141 and Noor 91 , upto 70 Kr, 60 Kr and 50 Kr dosages of gamma irradiation , 

respectively (Table 9). Maximum recovery of 12.50% was observed in Noor 91 at 110 Kr 

treatment. These results are in line with those of Arora et al. (1989), where studying the post­

mutagenic effects of GA3 in wheat resulted in higher germination percentage. Similarly higher 

germination percentage by modulating effects of growth regulators IAA and Kinetin is 

reported in chickpea by Ali and Ansari (1989). Vasilev and Mekhandzhiev (1991) determined 

the radio protective effect of N.allyl and Phenyl-N.2-pyridyl thiourea in Pisum sativum and 

Glycine max. On the basis of germination percentage they determined that the appplication of 

chemicals increased the resistance against radiation. On account of these studies it was thought 

that treatment with radio protective compounds in the course of mutation breeding would 

increase the frequency of induced mutant survival. 
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Germination was highly significantly (p<O.Ol) affected by gamma irradiation treatment 

(Table 8) while genotype-treatment interaction was non-significant (p>0.05). However, the 

difference between genotypes was significant (p<0.05). The differential response of varieties 

towards the gamma irradiation have also been reported in various studies, Aslam and Siddiqui, 

(1979) in Pennisetum americanum, Sinha and Chaudhry, (1987), Tripathi and Dubey, (1992 b), 

in lens culinaris, Ahmad and Godward, (1990) and Hassan and Javed (1991), Haq et aI. , (1992) 

in chickpea, Mehetre and Mahajan, (1996) in soybean and Mal lick et aI. , (1997) in green gram. 

Reduction in germination with gamma irradiation might be due to an increase in the production 

of active radicals responsible for seed lethality while the protective effect of GA3 could be due 

to the removal of these potential dangerous radicals. 

ii: SHOOT LENGTH (em) . 

A marked effect of gamma irradiation on shoot length in three genotypes has been 

observed in our study. Punjab 91 exhibited the highest overall shoot length of 13 .88 cm as 

compared to 10.30 and 9.73 cm of No or 91 and C141, respectively (Table 11). At lower doses 

of gamma irradiation a stimulating effect on shoot growth was observed in all the genotypes. In 

Punjab 91 the stimulating effect was observed at 10,20 and 30 Kr, while in Noar 91 and C141 

it was observed at 10 Kr dose. Stimulating effects of low doses of ionizing irradiation have also 

been reported in chickpea (Khanna and Maherchandani , 1981 ; Rao, 1988; Haq et aI. , 1992), in 

soybean (Vasti and Keerio , 1974) and in lentil (Tripathi and Dubey, 1992 b). Stajkov et aI. 

(1985) and Rabie et ai. (1996) attributing stimulating effect of low doses of gamma irradiation 

on auxin, gibberellin and cytokin1n balance in irradiated seedlings. A similar observation on 

auxin balance in chickpea seedlings was observed by Sax, (1963) . This stimulation in growth 

could be due to the increased cell expansion and greater mitotic activity in chickpea seedlings 

raised after low gamma irradiation treatment. 

Shoot length decreased gradually with an increase in doses of gamma irradiation (Table 

11). Gamma irradiation causes damage to the tissues by producing H20 2 and organic peroxy 

radicals (Mead, 1976; Thomas et aI. , 1976; Teole et aI. , 1974; Harihorn and Cerutti, 1972 and 

Voisine et aI. , 1991) and peroxidases are the internal mechanism for removal of these radicals. 

The increase in enzyme activity at lower doses could be a response of the tissues to the increase 

in peroxides (Khanna and Maherchandani, 1981; Croci et aI., 1987; Croci et aI., 1991; Shen et 
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aI., 1991). At higher doses the entire cellular metabolism is grossly impaired resulting in lower 

enzyme activity. Reduction in shoot length with increasing doses of gamma irradiation have 

also been reported in soybean (Hassan et aI., 1985) lentil Lens Gulinaris (Sinha and Chaudhry, 

1987; Shaikh and Begum, 1990), chickpea Cicer arietinum (Hassan and Javed, 1991 ; Haq et 

aI. , 1992), sorghum (Asghar and Khan, 1988), bean (Colaco et aI. , 1995), winged bean 

(Veeresh et aI. , 1995), faba bean (Rabie et aI. , 1996). 

In the present research application of gibberellic acid decreased the intensity of 

radiation damage resulting in an increase in the seedling height at various levels of irradiation. 

Maximum stimulating effect of GA3 with an increase of 5.65 cm in height was observed at 20 

Kr dose in Noor 91. Stimulation in the seedling growth with the post mutagenic treatment GA3 

have also been reported in Triticale (Khanna, 1992), wheat (Uppal and Maherchandani, 1988; 

Arora et aI., 1989). Ali and Ansari (1989) reported that the post mutagenic treatment of lAA 

and kinetin in chickpea seedlings reduced the inhibition of shoot growth caused by irradiation. 

The effect of GA3 on growth, development and metabolism is due to the action of GA3 

at several biochemical levels. It has been established that GA3 can promote growth of plants by 

affecting either ceIi division (Loy, 1977) and also reduces the duration of cell cycle (Liu and 

Loy 1976). GA3 has also been known to be involved in the synthesis of RNA and protein 

(Bewley and Black, 1978; Jacobsen, 1977; Jacobsen et aI. , 1979; Maltin and Northcote, 1983). 

Callebaut et at. (1980) noted that application of gibberellic acid elongates the cells in epicotyls 

of irradiated seeds of pea. Due to multiple physiological functions, therefore, GA3 treatment 

restores the growth of plant by minimizing the potential toxic effects of gamma irradiation at 

different metabolic processes. 

Analysis of variance for the effect of different doses of gamma irradiation and with GA3 

on shoot length (Table. 10) revealed that varieties, treatments and genotypes x treatment varied 

highly significantly (p<O.Ol) for shoot length. This indicated that the genotypes did not 

perform uniformly at different doses of mutagenic treatments. The results obtained in this study 

are closely related to those of Hassan and Javed, (1991) and Haq et aI. , (1992) in chickpea and 

Eser et aI. , (1991) and Tripathi and Dubey (1992 b) in lentil. 
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iii: ROOT LENGTH (em) 

Punjab 91 exhibited the highest overalI root length of 11.72 cm compared to 10.82 and 

9.20 cm of C141 and Noor 91, respectively. In this parameter contrary to shoot length 

stimulation was not observed at lower doses in the three genotypes (Table 13). Root length 

decreased gradualIy with an incre.ase in gamma irradiation dosages. Maximum reduction was 

observed in C 141 (10.10 cm) folIowed by Noor 91 (9.40 cm) and Punjab 91 (8 .93 cm). The 

reduction in root length with increasing doses of gamma irradiation have also been reported in 

lentil (Sinha and Chaudhry, 1987), in rye (Savaskan and Toker, 1991), in chickpea (Hassan and 

Javed, 1991). Most pronounced reduction in root length was observed at higher doses as 

compared to lower doses similar to those reported by Veeresh et aI. , (1995) in winged bean. 

Seeds when treated with GA3 root length increased differentially in the three genotypes 

at various irradiation doses. Stimulation in root length with post mutagenic treatment of growth 

regulators has been reported by Ali and Ansari, (1989) in chickpea. Analysis of variance for the 

effect of different doses of gamma irradiation and with GA3 on root length is presented in table 

12. ANaVA shows that the genotypic, mutagenic and genotypes x mutagen interaction was 

highly significant (p<O.Ol) which' indicates that the varieties did not perform uniformly at the 

different mutagenic treatments. Genotypic variation in sensitivity have been detected in lentil 

(Sinha and Chaudhry, 1987) in chickpea (Hassan and Javed, 1991 and Hag et ai., 1992). 

iv: NUMBER OF ROOTS 

Punjab 91 exhibited the highest number of roots 15.77 per plant folIowed by 11.88 and 

10.57 per plant in Noor 91 and C141 , respectively. From the results (Table 15) it is revealed 

that the number of roots decreased with an increase of gamma irradiation in all the three 

genotypes. Maximum reduction in number of roots was observed at 110 Kr treatment of 

gamma irradiation. The reduction in number of roots with increasing doses of gamma 

irradiation has been reported in chickpea by Hassan and Javed, (1991) . 

Application of gibberelIic acid after gamma irradiation of seeds had increased the 

number of roots in the three genotypes. Stimulation in the number of root over the respective 

control was recorded at 10 Kr in Noor 91 and Punjab 91 genotype. Analysis of variance for the 

effect of different doses of gamma irradiation and with GAJ on number of roots (Table 14) 

revealed that the genotypic, mutagenic and genotype x mutagen interaction was highly 
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significant (p<O.Ol) indicating that differences exist among the varieties regarding sensitivity to 

mutagenic treatments. 

From the above mentioned results, it appeared that out of four parameters studied, shoot 

and root length can be used with equal reliabi lity for estimating the appropriate doses of 

gamma irradiation on a large scale in a breeding programme. The higher doses of gamma 

irradiation showed an overall reduction in all the parameters studied . This may be partly due 

the fact that the cells, which had relatively more chromosomal damage and grossly impaired 

cellular activity due to injurious a~tive compounds could not compete with the normal cells and 

thus prevented from making any further contribution. Mutagenic treatments with low 

physiological effects and strong genetic effects are, therefore, desirable. From the results, it 

appeared appropriate to use a dose range of 40-60 Kr of gamma irradiation, which were 

effective to reduce about 20-40% shoot and lor root length . These doses have also been 

determined suitable by Haq et al. (1992) for inducing variability in chickpea. Post mutagenic 

application of gibberellic acid changed the physiological effects of gamma irradiation by 

restoring the growth, so as to enhance the mutants survival fo r breeding program. 
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IV: MUTATION STUDIES IN M1 GENERATION 
i: PLANT HEIGHT (em) 

It is revealed from the results (Table 16) that plant height in chickpea was highly 

significantly effected (p<O.Ol) by varieties, treatments as well as by the genotypes- treatment 

interaction. It indicates that varieties did not perform uniformly across the various doses of 

irradiation. It is also obvious from table 17 that plant height was significantly reduced with both 

mutagenic treatments as compared to their respective controls. Decrease in plant height with 

gamma irradiation have also been reported in chickpea (Khanna, 1981 ; Rao, 1988; Mahto et a!. , 

1989), lentil (Eser et a!., 1991; Tripathi and Dubey, 1992 b), faba bean (Kumar et a!. , 1993), 

mungbean (Sarkar et a!. , 1996), wheat (Hassan et a!. , 1988), pea (Khan et a!. , 1990) and french 

bean (Svetleva and Petkova, 1992). 

It is concluded from the results (Table 17) that the three genotypes responded differentially 

to both mutagenic treatments. In Noor 91 , both mutagenic treatments increased the plant height. 

However, application of GA3 significantly increased the plant height at 40 and 50 Kr, while 

decreased at 60 Kr. In genotypes Punjab 91 and C141 plant height decreased with both mutagenic 

treatments. Plant height decreased signifi cantly with GA3 at 50 and 60 Kr in C 141 . It suggests that 

post mutagenic application of GA3 modulated the effects of gamma irradiation. Differential 

response of varieties have also been reported in various crops; broad bean (Kasim et a!. , 1977), 

chickpea (Khanna, 1981), lentil (Tripathi and Dubey, 1992 b; Eser et a!. , 1991), Pennisetum 

(Aslam et a!. , 1985) and in Cajanus cajan (Kumar and Sinha, 1989). 

ii: NUMBER OF PRIMARY BRANCHES PER PLANT 

Highly significantly (p<O.OI) variance components of treatments and genotype-treatment 

interaction (Table 18) indicate that relative performance of genotypes for number of primary 

branches per plant is highly inconsistent across the different treatments. It is similar to the findings 

of Khanna (1981) in chickpea and Mehetre et a!. (1990) in mung bean. A marked change in radio 

sensitivity with GA3 is revealed in this study and number of primary branches per plant increased 

significantly at 40 Kr, while decreased at 60 Kr. The present results implies that radio sensitivity is 

changed with the treatment of GA3. Stimulation in the number of primary branches was recorded at 

50 Kr of gamma irradiation and at 40 Kr with GA3 treatment as compared to their respective 
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controls. In the previous research, similar results have been reported by Khanna (1981) in chickpea. 

In this experiment maximum inhibitory effects of irradiation were noticed at highest dose. Our 

results are also in line to those of Sinha and Chaudhry (1987); Tripathi and Dubey (1992 b) in 

lentil, Kumar and Sinha (1989) in Cajanus cajan, Hassan et al. (1988) in wheat where tillers per 

plant were decreased with gamma irradiation. 

An obvious change in the effects of gamma irradiation with gibberellic acid has been 

visualized in present findings. Number of primary branches per plant decreased at 40 Kr and 

increased at 50 and 60 Kr in Noor 91 , while reverse was true for Punjab 9l. Application of GA3 

significantly increased the number of primary branches at 40 Kr and decreased at 50 and 60 Kr in 

Noor 91, while decreased at 40 Kr in Punjab 9l. In C141 both mutagenic treatments significantly 

decreased the number of primary branches at 60 Kr, while increased at 40 Kr with the post 

mutagenic treatment of GA3. A differential response of the number of primary branches per plant 

has also been recorded in mung bean by Mehetre et al. (1990) and in chickpea (Khanna, 1981). 

iii: NUMBER OF SECONDARY BRANCHES PER PLANT 

The presence of highly significant (Table 20) differences due to genotypes, treatments and 

genotype-treatment interaction for number of secondary branches per plant can be attributed to high 

variation in response of genotypes to the different doses. The present results reveal that the number 

of secondary branches per plant were significantly (p<O.Ol) decreased at various levels of 

irradiation. Application of GA3 modulated the effects of irradiation and significant increase at 40 

Kr and decrease at 50 and 60 Kr was noticed. The interaction effect revealed that the response of 

the genotypes (Table 21) at various doses in the two treatments was also varied. Post mutagenic 

application of GA3 either increased or decreased the number of secondary branches per plant in the 

three genotypes. It implies that the application of GA3 modulates the genetic effects of gamma 

irradiation to create extra genetic variability for this character. 

iv: NUMBER OF PODS PER PLANT 

It is obvious from the highly significant variance components of genotypes, treatments and 

also their interaction (Table 22) that performance of genotypes is highly inconsistent at the various 

irradiation dosages . Table 23 shows that number of pods per plant decreased significantly (p<O.Ol) 

at various levels of irradiation in both mutagenic treatments as compared to controls. An 
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appreciable change with the post mutagenic application of GA3 for this character was noted. The 

number of pods per plant significantly increased (p<O.OI) at 40 and 50 Kr while, a negative effect 

was recorded at 60 Kr treatment. These results are in agreement with those of Rajput (1977) and 

Khanna (1981), Mahto et al. (1989) in chickpea; Sinha and Chaudhry (1987), Eser et al. (1991), 

Tripathi and Dubey (1992 b) in lentil; Hassan (1986), Mehetre et al. (1990), Hassan et al. (1990) in 

mungbean; Kumar and Sinha (1989) in Cajanus cajan; Hassan et al. (1988) number of spikelets in 

wheat; Khan et al. (1990) in pea and Kumar et al. (1993) in faba bean ; Svetleva and Dimeva 

(1991) in Phaseolus vulgaris where number of pods per plant were decreased with irradiation as 

compared to control. However, Hassan (1986); Hassan et al. (1990) and Sarkar et al. (1996) 

obtained higher number of pods per plant in mung bean at lower doses . Yousaf et al. (1991) 

investigated the non-significant inhibitory effect with gamma irradiation on pods per plant in lentil. 

This confliction in the results might be due to the different breeding material and environmental 

conditions. 

The interaction effect revealed a varying response of varieties towards the both mutagenic 

treatments. Number of pods per plant decreased in Noor 91, Punjab 91 and C141 as compared to 

control with gamma irradiation except at 60 Kr in Noor 91. Similar observation have been noticed 

by Hassan (1986), Eser et al. (1991) and Tripathi and Dubey (1992 b). Application of GA3 had 

changed the irradiation response in the three genotypes. Number of pods per plant decreased at 40 

and 50 Kr doses in Noor 91 and Punjab 91, however, in C141 a stimulation in pods per plant even 

over the control was recorded at 40 and 50 Kr treatment. 

v: NUMBER OF SEEDS PER POD 

The highly significant differences due to genotypes, mutagen treatment and the interaction 

of varieties with treatments (Table 24) indicate highly inconsistent response of genotypes for this 

character across the various doses. It is evident from the results of table 25 that number of seeds per 

pod decreased at various levels of irradiation as compared to control. Decrease in seeds per pod at 

higher doses was also noted in chickpea (Rajput, 1977), in mungbean (Khan, 1984; Hassan, 1986; 

Sarkar et al. 1996), lentil (Yousaf et aI., 1991; Tripathi and Dubey, 1992 b). Post mutagenic 

application of GA3 reduced the inhibitory effects of irradiation and increased the seeds per pod at 

40 and 50 Kr. 

Highly significantly genotypic-treatment interaction indicated a differential response of 
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different chickpea varieties to vanous mutagenic treatments. In Noor 91 and Punjab 91 , less 

number of seeds per pod was obtained with gamma irradiation. However, in C141 a stimulation 

over control was recorded at 50 and 60 Kr. Varietal differences for seeds per pod towards the 

gamma irradiation was also reported by Tripathi and Dubey (1992 b) in two lentil varieties . 

Application of GA3 increased the seeds per pod at all levels of irradiation in Noor 91 and at 40 and 

50 Kr in Punjab 91 and C141 genotype. This increase in the number of seeds per pod may be 

accounted for the radio protective effects of gibberellic acid which may increase the fertility and 

survival of pollen grains and ovules .. 

vi: tOO-SEED WEIGHT (g) 

From the results table 26 it is obvious that performance of genotypes is highly inconsistent 

at various irradiation levels. 100-seed weight decreased significantly (p<O.OI) with an increase in 

gamma irradiation. However, heavier seeds were produced with the application of GA3 (Table 27). 

In the previous research, similar observations for this character was recorded by Rajput, (1977); 

Khanna, (1981) and Rao, (1988) in chickpea, Khan, (1984) in mungbean, Aslam et al. (1985) in 

Pennisetum and Din et al. (1988) in sunflower. 100-seed weight reduced variably at various 

irradiation dosages in all the three varieties. However, the application of GA3 produced heavier 

seeds. This increase in 100-seed weight may be due to the radio protective effects of GA3 and 

enhancement of template activity. 

vii: BIOLOGICAL YIELD PER PLANT ( g ) 

Highly significant variance components of varieties, mutagenic treatments and also by their 

interaction indicate that relative performance of genotypes was markedly inconsistent across the 

various doses (Table 28). Both the mutagenic treatments decreased the biological yield 

significantly as compared to their respective controls. The irregular response of biological yield 

with gamma irradiation may be due to the kind and extent of biological damage, while the 

consistent decrease in biological yield may be accounted for the protective and repairing activity of 

GA3. Table 29 showed that in the three genotypes biological yield decreased inconsistently at 

various gamma irradiation dosages. Post mutagenic application of GA3 significantly changed the 
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biological effects of gamma irradiation either in positive or negative direction. This suggests that 

the treatment of GA3 could be useful for inducing extra variability. 

viii: GRAIN YIELD PER PLANT ( g ) 

It is concluded from the highly significantly variability (Table 30) of genotypes, mutagenic 

treatment and the interaction between varieties and treatments that performance of genotypes was 

highly inconsistent across the different treatments. It is evident from the results (Table 31) that 

grain yield reduced significantly at various levels of irradiation. However, with the application of 

GA3 grain yield increased significantly at 40 and 50 Kr and decreased at 60 Kr. Rajput (1977); 

Khanna, (1981); Rao, (1988) and :tyIahto et aI. (1989) have also observed the same trend in 

ckickpea. Similar results for this character were obtained in various crops; in lentil (Sinha and 

Chaudhry, 1987; Eser et aI., 1991 ; Tripathi and Dubey, 1992 b), in Pennisetum (Aslam et aI. , 

1985), in sunflower (Din et aI., 1988), in Cajanus cajan (Kumar and Sinha, 1989), in mungbean 

(Hassan et aI., 1990) and in Phaseolus vulgaris (Svetleva and Dimeva, 1991). 

The genotype-treatment interaction (Table 31) indicate a wide range in the performance of 

genotypes for this character. Grain yield decreased significantly or non-significantly with gamma 

irradiation in the three genotypes as compared to their respective controls. However, the response 

of genotypes varied greatly at different doses. Genotypic differences due to various gamma 

irradiation were also observed by Rajput (1977) and Mahto et aI. (1989) in chickpea and Aslam et 

al. (1985) in Pennisetum. Application of GA3 had changed the effects of gamma irradiation 

significantly in the three genotypes· except at 60 Kr in Punjab 91 indicating the possibility of 

increasing the variability for grain yield in chickpea. 

ix: HARVEST INDEX (%) 

Statistically highly significant differences (p<O.Ol) for genotypes, treatments and also for 

interaction (Table 32) indicate that response of this character is highly variable at various doses. 

Gamma irradiation decreased the harvest index significantly with both treatments as compared to 

their respective controls. However, application of GA3 significantly increased the harvest index 

percent at 40 and 50 Kr by modulating the effects of gamma irradiation. Contrary to this, Y ousaf et 

aI. (1991) have recorded little variation in harvest index percentage under different gamma 

irradiation in lentil. The change in the results might be due to different genotypes and places of 

experi mentation. 
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Highly significant interaction between genotype and treatment indicate varied response of 

harvest index towards the various doses of gamma irradiation. Gamma irradiation decreased the 

harvest index differently at all the treatments in the three genotypes as compared to control. 

However, with the application of GA3 stimulation in harvest index over control was recorded in 

C1 41 genotype. The results of the present study further reveal that the application of GA3 has 

changed the effects of gamma irradiation, which might increase the variability for this character in 

chickpea. 

x: FLOWERING DAYS 

It is obvious from the highly significant variance components (Table 34) of genotypes, 

treatment and genotype-treatment interaction that performance of genotypes is highly inconsistent 

across the various treatments. Table 35 shows that gamma irradiation significantly and 

progressively increased the number of days to 50% flowering at various levels of irradiation as 

compared to control. However, post mutagenic treatment with GA3 decreased the time to 50% 

flowering . Late flowering in Ml generation as compared to control have also been reported in pea 

(Khan et aI. , 1990; Amjad et aI. , 1993), french bean (Svetleva and Petkova, 1992). However, a non­

significant delay in flowering with gamma irradiation was reported by Y ousaf et ai. (1991) in lentil. 

But Kasim et ai. (1977) did not agree with these results and reported earliness in flowering in broad 

bean. 

Highly significant interaction ·of varieties and doses indicate that the response of varieties to 

various levels of irradiation is quite variable. The results show a relative delay in 50% flowering 

over control in the three varieties. Application of GA3 reduced the number of days to 50% 

flowering at different intensities of gamma irradiation. This decrease in time could be due to the 

repamng process of GA3, which might bring the population to a physiological state for early 

flowering. 

xi: MATURITY DAYS 

It is concluded from the highly significant variation for genotypes, treatments and genotype­

treatment interaction that crop maturity of genotypes was highly inconsistent across the different 

doses (Table 36). The effect of gamma rays (Table 37) revealed a consistent delay in crop maturity 
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with an increase of radiation intensity as compared to control. Post mutagenic application of GA3 

decreased the time to crop maturity. The results obtained in this study are in line with those of 

Hassan et al. (1988) in wheat, Tripathi and Dubey (1992 b) in lentil and Kumar et al. (1993) in pea. 

Highly significant interaction between varieties and doses (Table 37) revealed a variable 

response of genotypes at various doses. A linear increase in time to crop maturity was recorded 

with gamma irradiation in the three genotypes as compared to control. However, with GA3 

treatment less number of days were taken to maturity at various levels of irradiation in the three 

genotypes. 

V: MUTATION STUDIES IN M2 GENERATION 

i: PLANT HEIGHT (em) 

It is revealed from the present study that plant height in M2 population of chickpea was 

significantly and highly significantly effected due to treatments and genotypes (p<O.Ol) as well as 

by genotype and treatment interaction (Table 38). It indicates that a differential genetic variability 

obtained in the genotypes at different doses. Variability in plant height with gamma irradiation 

have been reported by Charumathi et al. (1992) in black gram. The results regarding the main effect 

of gamma irradiation revealed that plant height decreased non-significant (p>O.Ol) at 40 and 50 Kr 

treatment, while at 60 Kr dose a significant reduction (p<0.01) was observed with the two 

mutagenic treatments. Present results are compatible with Rao, (1988) in chickpea, Shakoor et aI. 

(1978 a and b) in mungbean, Vadher et aI. (1988) in sorghum and Ramani and Jadon (1991) in 

groundnut who reported a decrease in plant height with gamma irradiation in M2 population. But 

findings of Rao et al. (1988) in pigeon pea and Khan et aI. (1989) in sorghum did not agree with 

these results. They observed that plant height increased with the application of gamma irradiation. 

The interaction between varieties and irradiation intensities was highly significant 

indicating that a differential pattern of mutants was obtained in three genotypes with the mutagenic 

treatments. Plant height increased non-significantly (p>O.Ol) in Noor 91 at all gamma irradiation 

dosages, while in Punjab 91 and C141 decreased as compared with untreated check. The 

application of gibberellic acid modulates the effects of gamma irradiation variably in the three 
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genotypes. Similar results were obtained by Shakoor et al. (1978 a & b) in mungbean, Kasim et al. 

(1977) in broad bean in M2 generation of mutants with gamma irradiation. 

ii: NUMBER OF PRIMARY BRANCHES PER PLANT 

Statistically highly significant variation of genotypes, treatment and their interaction (Table 

40) indicate a marked variation in genetic spectrum obtained at various doses in the three 

genotypes. The main effect of radiation frequencies, showed that primary branches per plant were 

stimulated at all levels of gamma irradiation with the two mutagenic treatments. Maximum number 

of primary branches was obtained at 50 Kr in the two mutagenic treatments. Charumathi et al. 

(1992) reported similar findings with gamma rays in blackgram. 

The interaction between genotypes and irradiation doses revealed that there exists 

differential response of genotypes at variable doses of the two mutagenic treatments regarding 

number of primary branches per pl~nt. Number of primary branches per plant increased with 

gamma irradiation except at 60 Kr with the two mutagenic treatments in C141 genotype. However, 

the response of the genotypes varied at different doses. It implies that mutational spectrum is 

changed at different doses in the two treatments. 

iii: NUMBER OF SECONDARY BRANCHES PER PLANT 

A highly significant variation in number of secondary branches per plant was noted in 

various chickpea genotypes, treatments (p<O.Ol) as well as for interaction between treatment and 

genotypes (Table 42) This indicates a different genetic spectrum obtained at various doses in M2 

generation. From table 43 it is revealed that secondary branches per plant decreased significantly 

except at 40 Kr treatment with gib~erellic acid where a non-significant (p>0.01) increase was 

observed when compared with untreated check. The interaction between genotype and treatment 

was highly significant for this character. It reveals a marked variation in mutants is obtained at 

different doses in three genotypes. Charumathi et al. (1992) also observed a marked variability in 

the number of branches in black gram with gamma irradiation. 

iv: NUMBER OF PODS PER PLANT 

The variation in number of pods per plant in chickpea was highly significantly effected 
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(p<O.Ol) by genotypes, treatments and their interaction (Table 44) indicating the existence of a 

sufficient variability among the population in the three genotypes at various doses. In the previous 

research similar results have been reported by Shakoor et al. (1978 a & b) in mungbean, Khan et al. 

(1989) in sorghum, Alexieva and Nikolov (1991) in soybean, Bhatnagar (1991) in chickpea, Sarma 

et al. (1991) in green gram and Charumathi et al. (1992) in black gram. The main irradiation effect 

(Table 45) on number of pods per plant in M2 population of chickpea showed that number of pods 

increased with both mutagenic treatments. 

Highly significant interaction between varieties and doses revealed that cultivars were 

found independent in their response to different irradiation intensities for this character. In Noor 91 

and C141 number of pods per plant at various irradiation dosages increased while, in Punjab 91 

increased at 50 Kr only. With the application of gibberellic acid a wide variation in number of pods 

per plant was observed at different doses. Present investigations are in line to those of Shakoor et 

al. (1978 a) in mungbean, Sinha and Bharati (1990) in Urdbean and Bhatnagar (1991) in chickpea 

where they observed that the number of pods per plant were increased at various irradiation 

dosages irrespective of the cultivars. 

v: NUMBER OF SEEDS PER POD 

Number of seeds per pod in M2 generation of chickpea was highly significantly effected 

(p<O.Ol) due to various genotypes, treatments and by their interaction (Table 46) indicating a 

marked variation in mutants obtained at different doses. Similar variability in seeds/pod have also 

been recorded by Sarma et al. (1991), Charumathi et al. (1992) and Gupta and Sharma (1996). It is 

obvious from the results (Table 47) that number of seeds per pod were not effected by gamma 

irradiation, while with gibberellic acid the number of seeds per pod increased significantly (p<O.Ol) 

as compared with control. The results of Khan (1984) were partially in line with these studies as 

that with the treatment of GA3. 

The interaction between varieties and doses showed that the genotype N oor 91 and C 141 

number of seeds by pod increased non-significantly with gamma irradiation while, significantly 

(p<O.O 1) with gibberellic acid as compared to control. In Punj ab 91 , number of seeds per pod 

decreased significantly (p<O.Ol) except at 40 Kr dose of gamma irradiation. Statistically non­

significant (p>O.Ol) increase as compared to control was recorded with GA3. Our results are 

partially compatible with Shakoor et al. (1978 a) in mungbean where the number of seeds per pod 
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were decreased with gamma irradiation in M2 population as in the genotype Punjab 91. Similarly 

Kumar and Sinha (1989) recorded a non-significant difference for number of seeds per pod in M2 

generation of Cajanus cajan and Moghania. These results are in agreement to present study in 

genotypes C141 and Noor 91 where the number of seeds obtained were statistically similar to their 

untreated control. 

vi: t OO-SEED WEIGHT ( g ) 

Highly significant variation in 100-seed weight by divergent genotypes, radiation doses and 

their interaction (Table 48) revealed a marked variation in genetic spectrum obtained at different 

doses. In the previous research, similar findings have also been reported by Sarma et al (1991) in 

green gram, Charumathi et al (1992) in black gram and Gupta and Sharma (1996) in horse gram. It 

is evident from the results (Table 49) that the size of seed responded differentially to the two 

mutagenic treatments. Gamma irradiation decreased the 100-seed weight at 40 and 60 Kr as 

compared to control. Application of gibberellic acid probably modulated the effects of gamma 

irradiation and 100-seed weight increased significantly (p<O.Ol) at 40 Kr dose as compared to 

control. Khan (1984) reported contrary findings to these results in mungbean. This could be due to 

the different breeding material and experimental conditions. 

The interaction between varieties and doses revealed that various genotypes responded 

differentially to different mutagenic treatments. Gamma irradiation in Noor 91 decreased while, 

gibberellic acid increased 100-seed weight as compared to control. In Punjab 91 the weight of 100-

seed weight increased non-significantly (p>O.Ol) at 40 and 50 Kr, while a significant decrease 

(p<O.Ol) was observed at 60 Kr treatment as compared to control. The weight of 100-seeds 

decreased except at 50 Kr with gibberell ic acid. In C141 100-seed weight decreased with gamma 

irradiation. However, the application of gibberell ic acid increased the weight of 100-seeds 

significantly (p<O.Ol) at all levels of irradiation when compared to untreated check. This increase 

in variability with the application of OA3 might widen the germ pool and enhance the selection for 

better genotypes. 
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vii: BIOLOGICAL YIELD PER PLANT ( g ) 

The variability in biological yield in M2 generation of chickpea (Table 50) was highly 

significantly effected (p<O.Ol) due to genotypes and treatments as well as by their interaction. This 

indicates that a sufficient variabil ity is induced at various doses in the three genotypes. The 

biological yield decreased with the two mutagenic treatments at all the levels. The decrease in 

biological yield with gamma irradiation was signi fi cant (p<O. 0 1) as compared to control. 

Application of gibberellic acid modulated the effects of gamma irradiation and at 40 Kr and 60 Kr 

dose a significant increase and decrease (p<O.Ol) in biological yield was observed. 

The interaction between varieties and the mutagenic treatments indicate a sufficient 

variability in the three genotypes. In Noor 91 the biological yield decreased non-significantly with 

gamma irradiation, while increased significantly with the application of gibberellic acid except at 

40 Kr as compared to control. Punjab 91 exhibited a marked decrease with gamma irradiation, 

however, the decrease in biological yield with gibberellic acid at all levels of irradiation was non­

significant (p>O.Ol) as compared to control. Behaviour of C14 1 towards the two mutagenic 

treatments was identical and biological yield decreased progressively with an increase in irradiation 

dosages. However, it was significantly decreased (p<O.Ol) as compared to control. 

viii: GRAIN YIELD PER PLANT ( g ) 

Highly significant variance components of genotypes, treatments as well as their interaction 

(Table 52) revealed that a marked variability is created at various doses in the three genotypes. In 

the previous research, similar observations have been rep'Ofted by Sarma et al. (1991) and 

Charumathi et al. (1992). Table 53 reveals that grain yield increased with gamma rays significantly 

(p<O.Ol) as compared to control. Application of gibberell ic acid changed the effect of irradiation 

and a marked increase in grain yield was observed. The present results are similar to those of John 

(1995). However, Rao (1988) had different results. He rep0l1ed that gamma irradiation had adverse 

affect on grain yield in chickpea. This confliction in the results may be due to the dissimilar 

material and environmental conditions of the experiment. 

The interaction between varieties and doses revealed that the varieties Noor 91 and C141 

showed a positive response to the mutagenic treatments. However, a marked increase in grain yield 
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with the application of gibberellic acid was observed. In Punjab 91, gamma irradiation decreased 

the grain yield, while with gibberellic acid the response of grain yield at various doses was 

inconsistent. The results advocated in present study are similar to those of Larik et al. (1980) in 

wheat, Charumathi et al. (1992) in black gram and Kalia and Gupta (1989) in lentil who reported 

that the genotypes varied for grain yield in M2 population. Results of Shakoor et al. (1978 a) are 

similar to genotype Punjab 91 , while the results ofRao et al. (1988) are partially in line with the 

genotypes Noar 91 and C141. 

ix: HARVEST INDEX (%) 

The variation in harvest ind~x was . highly significantly (p<O. 01) effected by genotypes, 

doses as well as by their interaction (Table 54) revealed that a marked variation is induced at 

various doses in the three genotypes. From the results (Table 55) it is revealed that harvest index 

responded differentially to the various doses. Harvest index increased significantly (p<O.Ol) with 

gamma irradiation while, the application of gibberellic acid modulated the effect of gamma 

irradiation and harvest index decreased significantly (p<O.Ol) at 40 Kr and then a significant 

increase was observed at 50 and 60 Kr. It reflects the induction of extra variability with the 

treatment ofGA3. 

Highly significant interaction between varieties-doses revealed that a marked genetic 

variation is induced at different doses in the three genotypes. In Noar 91 and C141 harvest index 

increased significantly (p<O.Ol) at all levels of gamma irradiation as compared to control. A 

marked increase in harvest index was recorded with the application of gibberellic acid . In Punjab 

91 the harvest index increased at various doses of gamma irradiation. Treatment of gibberellic acid 

altered the effects of irradiation and a marked variation in harvest index was observed at various 

levels of irradiation. Kalia and Gupta (1989) reported sufficient variation in harvest index induced 

due to gamma irradiation in M2 population oflentil. 

x: FLOWERING DAYS 

Highly significant differences in time to flowering for genotypes, treatments and their 

interaction (Table 56) revealed that there exists a sufficient variability for this character in the three 

genotypes. Variability for this character has also been reported by Charumathi et al. (1992). 
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Gamma irradiation delayed the 50% flowering, while with the application of gibberellic acid an 

earliness in 50% flowering was observed. 

Highly significant interaction of varieties to the mutagenic treatments (Table 57) 

indicated that a marked variation is present with regards to 50% flowering in the three 

genotypes. With gamma irradiation a non-significant change in 50% flowering was recorded in 

Punjab 91 , whereas, in Noor 91 an earliness was observed as compared to control. C141 

exhibited a significant delay in 50% flowering (p<0.01) at 40 and 50 Kr treatments. Application 

of gibberellic acid markedly decreased the days to 50% flowering in the three genotypes. The 

results obtained in present study are comparable to Khan et al. (1989), where the delay in 

flowering was observed in M2 generation of sorghum. Similarly Kasim et al. (1977) in broad 

bean, Jayamanne and Jayasuriya (1991) in green grain, Charumathi et al. (1992) in black gram 

and Kalia and Gupta (1989) in lentils obtained a high degree of variation in days to 50% 

flowering in M2 generation. Our results are in contrary with Vadher et al. (1988) who reported 

earliness in flowering of sorghum. 

xi: MATURITY DAYS 

The variation in days to maturity was highly significantly effected (p<O.Ol) due to various 

genotypes, doses and their interaction (Table 58). This indicates that an appreciable variability for 

crop maturity is present in the mutants obtained in M2 population. Charumathi et al. (1992) also 

observed high variation for this character with gamma irradiation in black gram. Gamma irradiation 

non-significant (p<0.01) decreased the crop maturity as compared to control. Treatment of 

gibberellic acid changed the crop maturity and it was significantly decreased (p<O.OI) at 40 and 50 

Kr doses as compared to control. 

Highly significant interaction ·of genotype-dose (Table 59) revealed an enormous variability 

for crop maturity in the mutants recovered at various doses in M2 population. An earliness in 

maturity was recorded in Noor 91 and Punjab 91 with both mutagenic treatments. Days to maturity 

in C141 increased at 40 Kr, while decreased at other doses of gamma irradiation. Application of 

gibberellic acid modulated the effects of gamma irradiation and an earliness in maturity was 

recorded. 
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VI: MUTATION STUDIES IN M3 GENERATION 

i: PLANT HEIGHT (em) 

The differences in plant height in M3 population of chickpea were highly significant 

(p<O.Ol) for genotypes, treatment as well as by their interaction (Table 60) indicating the presence 

of highly significant genetic variability in mutants obtained at different doses in the three 

genotypes. In the previous research, similar observations have been repol1ed by Charumathi et al. 

(1992) in black gram. It is revealed from table 61 that plant height of mutants significantly (p<O.Ol) 

decreased with both mutagenic treatments as compared to untreated check. Decrease in plant height 

at higher doses of gamma irradiation has also been repol1ed by Kumari (1995) in V. hirsuta. 

However, the plant height obtained at various levels of irradiation was statistically identical to each 

other in the two mutagenic treatments. 

It is obvious (Table 61) from the highly significant interaction of variety-treatment that 

a sufficient variability is present for t~is character among mutants. In Noor 91, statistically non­

significant variability in plant height was observed with both mutagenic treatments. Height of 

plants in Punjab 91 and C141 decreased significantly at various level s of irradiation in the two 

treatments as compared to control. However, a marked variability was recorded with GA3 at 

different doses. 

ii: NUMBER OF PRIMARY BRANCHES PER PLANT 

The variation in number of primary branches per plant was highly significantly (p<O.Ol ) 

effected by various treatments and the interaction between genotypes and treatments. However, the 

variation created due to chickpea genotypes was non-significant (Table 62) . This indicates that an 

appreciable genetic variability is present in mutants at various doses. It is revealed (Table 64) that 

number of primary branches decreased non-significantly at various level s of irradiation except at 60 

Kr with gibberellic acid. Similar results were also reported by Kumari (1995) in V. hirsuta. 

However, the application of gibberellic acid modulated the effects of gamma irradiation and 

sufficient variability was induced for this character. 

The effect of mutagen via varieties (Table 64) revealed that a marked genetic variability is 

induced at various intensities of irradiation in the three genotypes for this character. Noor 91 

exhibited a non-significant decrease or increase at different doses with the two mutagenic 
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treatments as compared to control. In Punjab 91, significant decrease in number of primary 

branches was recorded at 50 Kr with the application of gibberellic acid. However, in C141 

significant decrease in number of primary branches was recorded at 40 Kr with both mutagenic 

treatments as compared to control. Application of GA3 significantly increased the number of 

primary branches at 60 Kr by modulating the effects of gamma irradiation. 

iii: NUMBER OF SECONDARY BRANCHES PER PLANT 

The number of secondary branches per plant in M3 generation was highly significantly 

effected (p<O.Ol) due to treatments. While the genotypes and interaction between varieties and 

doses were effected significantly (p<0.05) (Table 64). This indicates that a marked genetic 

variability is existed in mutants in the three genotypes. These results are in line to the findings of 

Charumathi et al. (1992). From table 65 it is obvious that irradiation had a direct effect on number 

of secondary branches per plant and decreased at various levels of irradiation. Application of 

gibberellic acid modulated the effects of irradiation and a sufficient variability is induced at various 

treatments. 

The interaction between varieties and doses was significant (p<0.05) indicating that among 

genotypes an extra variability is induced at different does . In Noor 91 and Punjab 91 non­

significant increase in secondary branches per plant was observed at 50 Kr with gamma irradiation. 

Post mutagenic treatment of GA3 markedly induce genetic variabi lity at different doses. In C141 , 

number of secondary branches decreased significantly (p<O.Ol) at varioLis dosages of irradiation in 

two mutagenic treatments except at 50 Kr dose of gamma irradi ation as co mpared to control. 

nv: NUMBER OF PODS PER PLANT 

The analysis of variance showed that number of pods per plant in M3 generation of chickpea 

were highly significantly effected by (p<O.Ol) varieties, treatments as well as by their interaction 

(Table 66). This indicates that various mutagenic treatments had induced an appreciable genetic 

variability in the three genotypes. Sufficient variability in pods per plant have been reported by 

Sarma et al. (1991) and Charumathi et al. (1992). It is obvious from table 67 that the application of 

gibberellic acid had changed the effects of gamma irradiation at various doses. Maximum number 

of pods was obtained at 50 Kr with gamma irradiation while, the minimum number of pods was 
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noticed at the same treatment of gibberell ic acid. 

The interaction of varieties via mutagen (Table 67) revealed that in all the varieties a 

sufficient variability is induced at various mutagenic treatments . These results are similar to the 

findings of Gupta and Sharma (1996). Number of pods increased significantly (p<O.Ol) in Noar 91 

at various levels of irradiation in two mutagenic treatments except at 60 Kr with gamma irradiation. 

In Punjab 91 , pods per plant decreased across the various doses except at 60 Kr of gamma 

irradiation. In C 141, pods per plant decreased at all levels of irradiation as compared to untreated 

check. However, marked genetic variations were observed with GA3 in the three genotypes. 

v: NUMBER OF SEEDS PER POD 

Highly significantly variance components due to varieties, treatments as well as by their 

interaction (Table 68) revealed that an extra genetic variability is induced at various doses in the 

three genotypes. In the previous research, similar results were reported by Sarma et al. (1991), 

Charumathi et al. (1992) and Gupta and Sharma (1996) . From table 69 it is revealed that the 

application of gibberell ic acid modulated the effects of irradiation and more genetic variabil ity is 

induced. Gamma irradiation increased the number of seeds per pod, however, more seeds per pod 

were obtained with gibberellic acid. 

The interaction effect between varieties and treatments revealed that gamma irradiation 

in Noor 91 and C141 stimulated the number of seeds per pod. Modulation of radio sensitivity 

with gibberellic acid for this character was observed and more number of seeds per pod were 

recorded at various doses. In Punjab 91 number of seeds per pod decreased significantly 

(P<0.01) with gamma irradiation at 40 and 60 Kr, while with gibberellic acid no appreciable 

change was observed numerically as compared to control. 

iv: tOO-SEED WEIGHT (g) 

The variation in 100-seed weight was not affected by varieties (p>0.05). Whereas, 

irradiation doses and varieties-doses interaction had showed highly signifi cant (p<O.Ol) effect on 

the variation in 100-seed weight (Table 79) . This indicates that the mutants obtained in M3 

generation have sufficient variability. Variability in 100-seed weight have al so been reported by 

Sarma et al. (1991), Charumathi et aI. (1992) and Gupta and Sharma (1996). It is obvious from the 

table 71 that the application of gibberellic acid changed the genetic spectrum and increased the 
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weight of 100-seeds at various doses. 

The effect of interaction between varieties and doses revealed that in Noor 91 and Punjab 

91 mutagenic treatments increased the 100-seed weig ht except at 60 Kr dose of Noor 91 where a 

decrease was observed as compared to control. In C 141 the effect of irradiation on 100-seed weight 

was inconsistent at both mutagenic treatments. Post mutagenic application of GA3 induce 

variability in 100-seed weight in the three genotypes. 

vii: BIOLOGICAL YIELD PER PLANT ( g ) 

The variability in biological yield was statistically non-significant due to genotypes 

(p>0.05) while, it was highly significant (p>O.Ol) due to treatments and for the interaction of 

genotypes and treatments (Table 72): This shows that a marked variab ility is induced at different 

doses in the three genotypes. The mean data regarding the biological yield effected by various 

doses of irradiation revealed that the biological yield decreased significantly (p<O.Ol) in two 

mutagenic treatments as compared to control. However, the difference in biological yield was non­

significant among the different doses of irradiation (Tabl e 73). Gupta and Sharma (1996) had 

reported different results for this character where biological yield increased with gamma irradiation 

in horse gram. The confl iction in the results may be due to the dissi milar material and 

environmental conditions of the experiment. 

The interaction between chickpea genotypes and treatments (Table 73) revealed that a 

divergent response was observed at various doses in the three genotypes. It is similar to the findings 

of Gupta and Sharma (1996) . The ~iological yield decreased significantly (p<O.Ol ) in the three 

genotypes except at 40 and 50 Kr in Noor 91 as compared to control. Application of GA3 

modulated the effects of gamma irradiation non-significantly at various treatments of irradiation. 

viii: GRAIN YIELD PER PLANT ( g ) 

Highly significantly variance components (Table 79) due to genotypes (p<O.Ol), treatments 

as well as their interaction revealed that a sufficient variability was induced at different doses in the 

three genotypes. It is similar to the findings of Sarma et al. (J 99 1) and Charumathi et al. (1992). As 

regards the main effect of radiation doses (Table 75), the results revealed that grain yield increased 

significantly (p<O.Ol) at various irradiation doses except at 50 Kr dose of gamma irradiation, where 

the increase was non-significant (p>O.Ol ) as compared to contro l. However, more yield grain was 

recorded with gibberellic acid at various doses. In the previous research, similar results by Khan 
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(1984), Khan et al. (1989), John (1995), Kumari (1995) and Gupta and Sharma (1996) were 

reported. 

Highly significant interaction between varieties and gamma rays revealed that a marked variability 

is obtained at various doses in the three genotypes. Similar results were obtained by Gupta and 

Sharma (1996). The application of gibberellic acid modulated the effects of gamma rays and more 

grain yield was recorded in the three genotypes. In Noor 91 and C141 grain yield increased at 

various irradiation doses as compared to control. However, more grain yield was produced by 

gibberellic acid . In Punjab 91 , grain yield decreased at various doses except at 50 Kr dose of 

gamma irradiation and at 40 Kr dose of gibberellic acid, however, the change in mean from control 

was non-significant (p>O.Ol). 

ix: HARVEST INDEX (%) 

The variability in harvest index was found to be highly significant (p<O.Ol) due to 

genotypes and treatments. However, it was non-significant (p>0.05) for the interaction between 

genotypes and treatment (Table 76). This indicates that a similar variability is induced at different 

doses in the three genotypes. The main effect of gamma irradiation (Table 77) revealed that 

percentage of harvest index increased significantly (p<O.Ol) at various levels of irradiation in the 

two mutagenic treatments as compared to control. However, more percentage of harvest index was 

obtained with the application of gibberellic acid. 

The data regarding the interaction between genotypes and treatments revealed that harvest 

index percent increased significantly (p<O.Ol) at all the irradiation intensities in Noor 91 and C141 

as compared to control. However, in Punjab 91 significance as compared to control was found at 50 

Kr of gamma irradiation and at 40 Kr of gibberellic acid. 

x: FLOWERING DAYS 

Days to 50% flowering were highly significantly effected (p<O.Ol) by varieties, doses and 

their interaction (Table 78 ) indicating that a marked variation is induced at different doses in the 

three genotypes. The results are in line to the findings of Charumathi et al. (1992). It is obvious 

from the results (Table 79) that the application of gibberellic acid created extra genetic variability 

at different doses of gamma irradiation for this character. The flowering was found late at various 

levels of gamma irradiation except at 40 Kr. However, less days to 50% flowering was taken with 

the application of gibberellic acid . 
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The genotypes into doses interaction (Table 79) revealed that the varieties had responded 

independently to varying levels of mutagenic treatments for time to flowering. Modulation of radio 

sensitivity with gibberellic acid was observed in the three genotypes. In Noor 91 significant 

difference on days to 50% flowering was observed with GA3 except at 50 Kr dose. In Punjab 91 the 

days to 50% flowering decreased at 40 Kr, while a significant increase (p<O.O l) was observed at 50 

and 60 Kr doses of gamma irradiation as compared to control. While with gibberellic acid the 

decrease or increase to 50% flowering was non-significant (p>O.Ol) as compared to control. In 

C141 gamma irradiation increased the days to 50% flowering regularly with an increase of 

irradiation dosages, while with gibberellic acid the change was inconsistent. 

xi: MATURITY DAYS 

The statistical differences In days to maturity were highly significant (p<O.Ol) for 

genotypes, treatments and the interaction of doses and genotypes (Table 80). This indicates that the 

mutants varied in their genetic spectrum at various doses in the three genotypes. Variability in days 

to maturity with gamma irradiation was also observed by Charumathi et al. (1992) . From table 81 it 

is evident that maturity delayed with gamma irradiation. However, the application of gibberellic 

acid had changed this pattern and less number of days were taken to crop maturity at various levels 

of irradiation. 

Highly significant interaction between varieties and treatments (Table 81) revealed that a 

sufficient variability is present for this character in mutants of the three genotypes. In Noor 91 

maturity delayed significantly with gamma irradiation, while with gibberellic acid less number of 

days were taken to crop maturity. In Punjab 91 and C141 earliness in maturity was observed at all 

levels of irradiation with both mutagenic treatments. 
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VII: CHLOROPHYLL AND MORPHOLOGICAL MUTATION 

SPECTRUM IN M2 GENERATION 

1. CHLOROPHYLL MUTATIONS 

I: MUTATION FREQUENCY 

Several types of chlorophyll deficiencies occurred in mutagenically treated plant 

material. These mutants included albina, xantha, chlorina and viridis. The data on chlorophyll 

mutation frequency on M2 population basis as well as family basis are presented in table 82. 

There was an increase in the frequency of chlorophyll mutations with an increase in the dose of 

gamma irradiation in the three genotypes. However, this trend was not observed with the post 

mutagenic application of GA3. Dose dependent increase in the mutation frequency has been 

reported in mung bean (Yadav and Singh, 1988) and in one chickpea genotypes (Haq et aI., 

1994). Erratic effects with GA3 may be due to its radio protective effects with respect to the 

kind of the damage. The frequency of occurrence of mutations, however, indicated that gamma 

irradiation alone were more effective in inducing chlorophyll mutations. Comparing the 

mutability of different varieties, it was observed that Noor 91 produced the maximum number 

of chlorophyll mutations with both mutagenic treatments, followed by Punjab 91 and C141. 

The varieties also varied to achi~ve the saturation effect. Genotypic control of mutation 

frequencies has been reported in chickpea (Haq et aI. , 1994). 

II: SINGLE AND MULTIPLE MUTATIONS 

It is evident from the results presented in table 84, that most of the progemes 

segregated for one chlorophyll mutation type in genotypes Noor 91 and Punjab 91, while in 

C 141 segregation for the second mutant type was not recorded with both mutagenic treatments. 

Haq et al. (1994) has reported reduction in recovery of multiple mutations with an increase in 

gamma irradiation in chickpea. 
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III : SPECTRUM OF MUTATIONS 

The chlorophyll deficiencies in the seedlings were classified into four groups viz; 

albina, xantha, chlorina and viridis (Table 86). Some of these deficiencies like albina and 

xantha are lethal, while some of the seedlings with partial deficiencies like chlorina and viridis 

continue to survive. No chlorophyll mutation type was associated with a specific genotype as 

reported in chickpea by Nerkar and Mote, (1978). Application of GA3 modulated the 

chlorophyll deficiency spectrum irrespective of the varieties. On the overall basis of three 

genotypes, the highest frequency of mutations was that of xantha types, followed by chlorina, 

alba and viridis types. The results are in agreement with earlier reports in other studies, Kalia et 

al. (1981) in chickpea, Dixit and Dubey, (1986) and Singh et at. (1989) in lentil also reported 

the predominance of xantha among chlorophyll mutant types. The results are contrary to the 

findings of Athwal et al. (1970) and Haq et at. (1994) that albina constituted the largest single 

category of mutants in gamma rays treated M2 generation of chickpea genotypes. 

The frequency of chlorophyll mutations indicates the extent of genetic damage 

recorded in M2 generation in relation to the biological damage caused in MI. Differences were 

also observed in frequencies of chlorophyll mutations in different genotypes. Such differences 

in radiation response indicate that several physical and biological factors are involved in the 

mutational process and that makes it extremely difficult to predict the occurrence of mutations 

in different varieties of crop plants. Neverthless, it can be concluded that radiation doses used 

in the present studies were by and large, most appropriate for inducing mutations in chickpea. 

2. MORPHOLOGICAL MUTATIONS 

I: MUTATION FREQUENCY 

It is seen from the results given In table 83 , a dose dependent increase in 

morphological mutations with both mutagenic treatments i.e., gamma irradiation alone and with 

GA3 . More morphological mutants were obtained with the post mutagenic application of GA3 

except in Punjab 91 where more morphological mutations were obtained with gamma 

irradiation. The stimulation in mutation frequency with GA3 may be due to the elimination of 

gross chromosomal changes, while creating point mutations, which were being expressed. 
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Results of a similar nature have been reported in lentil (Dixit and Dubey, 1986; Tripathi and 

Dubey, 1992 a) where the simultaneous application of gamma rays, NMU and EMS increased 

the frequency of segregating families. 

From table 86, it could be concluded that the proportion of chlorophyll mutations was 

greater as compared to morphological mutations (709:645). Dixit and Dubey (1986) also 

reported similar results in lentil. The correlation studies (Table 85) between various chlorophyll 

mutants and the morphological mutants have also shown a negative relationship between them. 

These results are contrary to Haq et al. (1994), where a significant positive correlation was 

observed between chlorophyll and morphological mutants in chickpea. 

II: SINGLE AND MULTIPLE MUTATIONS 

Most of the families were segregated for one type in the three genotypes, although the 

genotypes varied in their response to the two mutagenic treatments (Table 84). Noor 91 

segregated for two and three types with both mutagenic treatments. A relationship was 

observed between frequency of families segregating for three types. Punjab 91 segregated for 

three types with gamma irradiation while, two types with GA3. In C141 three types were only 

observed with GA3. These segregating families increased with an increase in gamma irradiation 

in Punjab 91 and C141 as reported by Nerker and Mote (1978). The present results are contrary 

to the findings of Haq et al. (1994) where no such relationship was recorded in three Kabuli 

chickpea genotypes. 

III: SPECTRUM OF MUTATIONS 

The mutagenic treatments induced mutations affecting plant height, growth habit, 

branching and stem structure, stem and foliage colour, leaf size, flowering and maturity, seed 

and pod size (Table 86). There were differences in mutation spectrum between the genotypes 

and also between the mutagens. The results suggested that induced mutability is governed by 

the genetic architecture of the material used. Various morphological mutations have also been 

reported in lentil (Dixit and Dubey, 1983; Dixit and Dubey, 1986, Tyagi and Gupta, 1991; 

Tripathi and Dubey, 1992 a), chickpea (Haq et aI., 1994) bengal gram (Nerker and Mote, 1978) 
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and in Viciafaba (Filippetti et aI., 1982). The vital mutations recovered in the present study can 

provide a valuable germplasm, which could be released as new mutant varieties. The desirable 

induced mutations can be used in recombination breeding. Some mutations, such as tall, 

increased branching, large pod and seed size, can be used directly in developing a variety. 

Other mutations like early maturing, long pod, and various leaf mutants, show desirable 

characters from a breeder's point of view, and thus increase the wealth of germplasm for 

breeding program. The various beneficial mutants recovered in the present study suggest that 

mutation breeding can reasonably be expected to play a pivotal role in the evolution of new 

types suited to the new needs and niches. 

VIII : HERITABILITY AND GENETIC ADVANCE 

Response to selection for quantitative traits is directly proportional to the function of 

its heritability, genetic advance and its genotypic variance. Heritability enable the plant breeder 

to recognize the genetic differences among traits and the genotypic variance indicates the 

potential for the improvement of a particular trait. Mutation breeding provide us means for 

enhancing the genetic variation and extra genetic variability may also be created by modulating 

the effects of that very mutagen. 

I: M1 GENERATION 

The results depicted in table 87 displayed a wide range of genotypic (GCV) and 

phenotypic (PCV) coefficient of variability among the different characters in Ml generation. 

The values of PCV were higher than the GCV, which indicates that these may be easily 

influenced by the environment. It is also evident from the results that application of GA3 

proved as a useful tool in modulating the radiosensitivity resulted in new variability in the three 

genotypes. Heritability in broadsense indicates the effectiveness with which the selection of 

genotypes can be based on phenotypic performance. However, it has been suggested that 

heritability and genetic coefficient of variation provide no indication for the amount of genetic 

progress that can be achieved through selection (Sivasubramanian and Menon, 1973). 

However, when the estimates of heritability are used in conjuction with genetic advance it 

indicates the feasibil ity of improvement in different traits. High heritability values were 

obtained for all the characters. It was ranged from 60.16% for primary branches in Noor 91 to 
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98.66% for 100-seed weight in Cl41 genotype with gamma irradiation. However, with the 

application of GA3 minimum heritability of 25.74% for maturity days in C141 to highest 

99.65% for plant height were recorded in C141. These results are in line with those of Majid et 

aI., (1982), Malik et aI. (1987 b), Ramana and Singh, (1987), Ilhamuddin et aI. (1989), Miah 

and Bhadra, (1989) and Singh, (1988 b). While results of Malik et aI. (1988 b) and Aslam et aI. 

(1992) contradicted to these findings. Lower genetic advance values with gamma irradiation 

were obtained for plant height, 1 ~O-seed weight, flowering and maturity days in the three 

genotypes. Aslam et at. (1992) also reported low genetic advance for maturity in soybean. It is 

revealed from the results (Table 87) that considerable level of improvement can be achieved in 

traits like primary and secondary branches, biological yield, grain yield and harvest index in the 

three varieties. The high broad sense heritability with high genetic advance was observed for 

secondary branches, pods per plant, grain yield and harvest index in the three genotypes. This 

could be due to additive gene effects. However, seeds per pod with the combined treatments in 

Ml gave negative estimates of genotypic variance and are usually regarded as estimates of zero. 

This means that all genetic variance exhibited in connection with seeds per pod in Ml 

generation is dominance or envirom:nental variance. 

II: M2 GENERATION 

The estimation of coefficient of variability revealed that the magnitude of phenotypic 

coefficient of variability was greater than respective genotypic coefficient of variability for all 

the characters studied. Similar findings to these results where higher PCV than GCV have been 

reported by Kumari, (1996) and Dev and Gupta, (1997) in faba and kidney bean, respectively. 

Application of GA3 modulated the induced genetic variation due to gamma irradiation and an 

appreciable amount of variability was recorded for secondary branches, pods per plant, grain 

yield and harvest index in the three genotypes (Table 88). High levels of PCV and GCV due to 

irradiation were recorded by Bhatn.agar, (1991) in chickpea for branching per plant and pods 

per plant. Ignacimuthu and Babu (1992; 1993) also reported sufficient amount of variability for 

various yield characters. The results of other workers Charumathi et aI. (1992), Baruah and 

Talukdar (1994), Ramani and Jadon (1991) Kamala (1990), Mehetre et aI. (1994). Gupta and 

Sharma (1996) are in agreement with present observations. The results also revealed the 

negative values of GCV for seeds per pod, 1 ~O-seed weight, biological yield, grain yield and 
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harvest index in Noor 91 and of seeds per pod biological yield in Punjab 91 with gamma 

irradiation. However, negative GCV estimates were obtained for seeds per pod, grain yield and 

harvest index in C 141 genotype. The results are reflected from the fact that environmental 

variance for these characters is high. 

The estimation of broad sense heritability revealed that higher h2 (99.72%) was 

calculated for grain yield in C 141 followed by secondary branches (99.25%) in C 141 and pods 

per plant (98.82%) in Punjab 91 with gamma irradiation. Ignacimuthu and Babu (1992; 1993) 

obtained high heritability values for these characters in mungbean. Baruah and Talukdar (1994) 

also observed high heritability for biological yield in green gram. High level of heritability was 

recorded by Kamala (1990) for seed yield in sesame. Kumari (1996) and Dev and Gupta (1997) 

reported similar findings in faba bean and kidney bean, respectively. In present studies high 

heritability was associated with high genetic advance for secondary branches in Noor 91 , 

primary and secondary branches grain yield, biological yield and harvest index in Punjab 91 

while, for primary and secondary branches in C141 with gamma irradiation. This indicates that 

additive gene effects are important for determining these characters. Additive gene effects have 

also been reported by Kamala (1990); Baruah and Talukdar (1994); Mehetre et al. (1994); 

Kumari (1996) in various crops. 

It is evident from the results (Table 88) that for plant height, primary branches and 

days to maturity in Noor 91, pods per plant and days to flowering and maturity in Punjab 91 

while, lOO-seed weight, biological yield and days to flowering and maturity C141 with gamma 

irradiation high heritability was coupled with low genetic advance thereby, indicating the 

influence of non-additive gene action (dominanance or epistasis). Malik et al. (1 987 b) has 

reported the association of high heritability with low genetic advance for plant height in 

mungbean. 

It is evident from the results (Table 88) that the application of GA3 changed the 

genetic spectrum in the three genotypes. Prominent effects on heritability were recorded for 

plant height, pods per plant, seeds per pod, 100-seed weight, biological yield grain yield and 

harvest index in Noor 91 while, 100-seed weight, biological yield and days to flowering in 

Punjab 91. Similar effects were also recorded for plant height, pods per plant, 100-seed weight, 

grain yield and harvest index in C141 genotype. This provides an extra variability for the 

improvement and selection of desired traits in chickpea cultivars. 
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III: M3 GENERATION 

The results revealed (Table 89) that with the advancement of generation different characters 

stabalize themselves and genetic spectrum was changed. Phenotypic coefficient of variability 

ranged from 0.37% for maturity days in Noor 91 to 13 .24% for number of secondary branches 

in C141 with gamma irradiation. Similarly, GCV ranged from 0.002% for maturity days in 

Noor 91 to 8.23% for number of secondary branches in C141 with gamma irradiation. Higher 

PCV than GCV were obtained for all the characters indicating the influence of environment on 

these characters. Similar results were reported by Kamala (1990); Charumathi et ai. (1992); 

Mehetre et ai. (1994); Gupta and Sh.arma (1996); Dev and Gupta (1997) in different crops. 

It is also evident from the results (Table 89) that application of GA3 modulated the genetic 

variability induced through gamma irradiation for various characters in the three genotypes. 

This extra genetic variability may provide a scope for selection of better genotypes in chickpea. 

A lot of variation in broad sense heritability was found with both mutagenic treatments in the 

three genotypes ranging from 2.39% for days to maturity in Noor 91 to 98.84% for 100-seed 

weight in Noor 91 with gamma irradiation. Among the estimated heritability, high h2 was 

associated with high genetic advance for primary branches, pods per plant and seeds per pod 

with gamma irradiation and for number of primary and secondary branches and harvest index 

with GA3 in Noor 9l. Similarly, higher h2 was related with greater genetic advance for number 

of primary branches and harvest index with gamma irradiation and for number of pods per 

plant grain yield and harvest index with GA3 in Punjab 9l. However, high h2 was associated 

with higher genetic advance for number of secondary branches, 100-seed weight and harvest 

index with gamma irradiation and for number of primary branches and grain yield with GA3 in 

C14l. It could be due to additive gene action for these characters (Khan and Chowdhury, 

1975). Similar results have also been reported in various crops, branches per plant and grain 

yield per plant in soybean (Mehetre et aI. , 1994); grain yield per plant in faba bean (Kumari, 

1996); branches per plant and seed yield per plant in pigeon pea (Rao et aI. , 1988); in sesame 

(Kamala, 1990); biological yield in green gram (Baruah and Talukdar, 1994). High heritability 

coupled with moderate to low estimates of genetic advance for plant height, seeds per pod and 
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IOO-seed weight was probably due to non-additive gene (dominance and epistasis) effects 

(Singh et aI, 1977). 

The present study revealed that the selection based on biological yield, seed yield and harvest 

index could be exploited for the improvement of yield in chickpea cultivars and significant gain 

could be achieved through selection in early generations. On the basis of these studies it is 

suggested that GA3 could be used quite reliably as a post mutagenic agent to modulate the radio 

sensitivity and to widen the genetic spectrum in chickpea. 

IX: CORRELATION COEFFICIENT STUDIES 

Induced mutation breeding offers an effective alternate to conventional breeding for creating 

genetically variable genotypes with better yield potential and other desirable traits. Although 

breeders strive to improve all these characters which have economic importance, increase in 

yield has been their main objective. The availability of genetic variability is essential for 

genetic improvement of crop plants. The identification of plants with suitable combination of 

characters · from a population with genetic variability is dependent upon the knowledge of 

breeder on that population. 

Grain yield being polygenic trait is greatly influenced by its component characters. Therefore, 

direct plant selection on the basis of yield is often misleading. Studies on the genetic variation 

and character association are of great importance for improvement of chickpea crop. The 

estimates of coefficient of correlation analysis is of prime importance for better understanding 

of the relationship between yield components. In present studies eleven characters like plant 

height, number of primary branches per plant, number of secondary branches per plant, number 

of pods per plant, seeds per pod, 1 ~O-seed weight, biological yield, grain yield, harvest index, 

days to 50% flowering and days to maturity were subjected to correlation analysis. The results 

thus achieved are discussed in the following paragraphs. 
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I: M1 GENERATION 

The results regarding genotypic and phenotypic correlation coefficients for Ml population are 

given in tables 90-92 revealed that the genotypic correlations were higher than the phenotypic 

for most of the characters. The findings of Rani and Rao (1981), Singh et al. (1985), Sinha et 

at. (1 986), Malik et al. (1987 a), Malik et al. (1988 a), Ghafoor et al. (1990), Wadud and 

Yaqoob (1988), Hussain et al. (1991), Bakhsh et al. (1991) are in agreement with present 

results. The higher magnitude of genotypic correlation that of phenotypic, indicated the 

masking effect of environment (Asawa et al. 1981). 

In the case of Ml generation in the three varieties, the correlation of yield was positive with all 

characters except days to flowering and maturity where association was negative. In Noor 91 , 

the genotypic correlation was highly significant for pods per plant, seeds per pod and harvest 

index while a significant correlation was observed for biological yield. Majid et al. (1982) also 

recorded highest correlation value between seed yield and pods per plant. Malik et al. (1987 a) 

and Malik et al. (1988 a) observed that seed yield was positively and significantly correlated 

with pods per plant and biological yield. Positive and significant association of seed yield have 

been reported for pods per plant in chickpea (Wadud and Yaqoob, 1988; Yaqoob et aI., 1990), 

pods per plant and seeds per pod in chickpea (Khan et aI., 1983). The correlation between yield 

and other traits like plant height, primary branches, secondary branches and 100-seed weight 

was positive but non-significant. Ghafoor et al. (1990) also recorded positive correlation with 

these characters. 

Genotypic correlation in the case of variety Punjab 91 , was highly significant for pods per 

plant, seeds per pod and harvest index. Malik et al. (1987 a) also reported positive and 

significant association between yield and pods per plant. Whi le, a significant association 

between yield and other characters like plant height, primary branches, secondary branches, 

100-seed weight and biological yield was observed. Positive and significant correlation 

between seed yield and all these traits except biological yield has been observed by Khan et al. 

(1983) in chickpea, while in Vigna radiata (Malik et aI., 1987 b). However, in variety C141, 

highly significant correlation was observed for seed yield with pods per plant and harvest index 
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while a significant association was recorded for primary branches. Whereas, the remaining 

characters like plant height, secondary branches, seeds per pod, 100-seed weight and biological 

yield were positively and non-significantly associated with grain yield. 

The positive association between yield and these parameter in the three varieties revealed that 

any increase in the height, number of primary branches, number of secondary branches, number 

of pods per plant, seeds per pod, 100-seed weight, biological yield and increase in harvest 

index, would have direct and proportionate impact on the grain yield. These strong 

relationships between yield and other parameters would enhance the grain yield. The present 

results are in line with those of Singh et al. (1985), Ali (1985), Sinha et al. (1986), Malik et al. 

(1987 b), Singh (1988 b), Malik et al. (1988 a), Ghafoor et al. (1990) and Bakhsh et al. (1991). 

They also recorded a strong positive association of these characters with grain yield in various 

crops. Malik et al. (1988 b) also reported a positive and significant relationship in mutant 

population of mungbean for grain yield with number of pods and seeds per pod. The reports of 

Wadud and Yaqoob (1988) and Yaqoob et al. (1990) for days to maturity were similar to the 

present investigation, where they obtained a negative relationship between grain yield and days 

to maturity in chickpea. Baruah and Talukdar (1994) observed in green gram that biological 

yield was positively correlated with seed yield which is in line with the present findings, while 

contrary to our results for harvest index a negative relationship with seed yield was reported. 

Hussain et al. (1991) also reported a negative association between grain yield and harvest index 

in chickpea. Wadud and Yaqoob (1988) reported a negative and non-significant correlation 

between grain yield and plant height in chickpea. This deviation may be due to differences in 

genotypes used and different ecological conditions. 

II: M2 GENERATION 

Some modifications in association of various characters (Table 93-95) in M2 population of all 

the varieties with seed yield were observed as compared to their respective association in MJ 

generation. In the case of variety Noor 91, grain yield was highly positively and significantly 

associated with pods per plant and harvest index similar to MJ generation. Positive association 
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of pods per plant with grain yield has been reported by Mehetre et al. (1994), while contrary to 

our results a negative relationship of harvest index was also reported. However, a negative 

relationship was established for plant height and biological yield with seed yield in contrast to 

positive association in M l generation. Number of primary and secondary branches, seeds per 

pod and 100-seed weight had positive association with seed yield. Positive relationship for 

these characters with grain yield was also established by Mehetre et al. (1994) in soybean. 

Grain yield in variety Punjab 91 was negatively correlated with secondary branches and 100-

seed weight in M2 population whereas in Ml generation this relationship was positive. Harvest 

index was positively and highly significantly correlated with grain yield in Ml population while 

in M2 population this association was negative and highly significant. Baruah and Talukdar 

(1994) reported strong negative association between harvest index and grain yield in green 

gram, which is similar to our findings. Relationship between days to maturity and seed yield 

was modified from negative to positive direction in Ml and M2 population, respectively. Plant 

height, number of primary branches, pods per plant, seeds per plant and biological yield were 

positively correlated with seed yield. 

In the case of variety C141, the relationship between seed yield and plant height, pnmary 

branches, secondary branches and biological yield was changed from positive to negative 

direction in Ml and M2 population, respectively. While a reverse case also established with 

days to maturity in the respective generations. The seed yield was positively and significantly 

correlated with pods per plant. Seeds per pod and 100-seed weight were also positively 

correlated with seed yield. Similar positive association of grain yield with pods per plant and 

seeds per pod has also been reported by Malik et al. (1988 b) in mutants of mung bean. Wadud 

and Yaqoob (1988) also reported a positive and significant relationship between pods per plant 

and seed yield in chickpea. 
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III: M3 GENERATION 

Grain yield relationship in M3 population of variety Noor 91 with other characters was changed 

as in the case of M2 generation. A negative relationship for seed yield was obtained with plant 

height, primary branches, secondary branches and biological yield in M3 generation, while the 

association with these characters was positive in Ml generation. Days to 50% flowering and 

days to maturity were positively associated with grain yield in M3 generation, however, these 

were negatively associated with see~ yield in Ml generation. Pods per plant were positively and 

significantly associated with grain yield in M3 generation. However, a strong but non­

significant association was obtained between seed yield and harvest index. Seeds per pod and 

100-seed weight were positively correlated with seed yield (Table 90, 93 and 96). 

In case of Punjab 91 variety, the association of seed yield with 100-seed weight and harvest 

index was changed from positive to negative, while the association for days to 50% flowering 

and days to maturity was changed from negative to positive direction in Ml and M3 

generations, respectively. Plant height, number of primary and secondary branches, pods per 

plant and seeds per pod were positively correlated with grain yield. The seed yield was highly 

significantly and positively associated with biological yield (Table 97). 

The correlation of yield in variety C141 with plant height, secondary branches and biological 

yield was changed from positive to negative direction while days to 50% flowering was 

changed from negative to positive direction in Ml and M3 population, respectively. The seed 

yield was positively correlated with number of primary branches, pods per plant and 100-seed 

weight. Seeds per pod was positively and significantly associated with grain yield (Table 92, 

98). 

In above discussion it has been observed that the association of different characters with seed 

yield was modified in a different way in the three varieties in different generation. This change 
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in association may be attributed due to the differences in mutant genotypes, segregation pattern 

and different ecological conditions. As a result in most of the cases with the advance of the 

generations, the linkage of the grain yield with most of the characters became loose. For 

instance, in the case of Ml generation of variety Noor 91 , eight out of ten characters were 

strongly associated with grain yield, while in M2 generation only six characters had shown 

positive correlation with yield. Similarly, in M3 generation six characters were found positively 

correlated with grain yield. It was also observed that the M2 mutants did not follow Ml 

generation regarding genotypic correlation pattern. The genotypic correlation pattern in M2 

generation was almost similar to M3 generation in most of the cases. It was further observed 

that the characters showing positive correlation with grain yield in Ml generation did not 

necessarily had positive association with grain yield in advance generations. Similarly, the 

characters showing negative relationship in Ml mutants may change then correlation pattern in 

M2 and M3 generation stages. These results are in line with the findings of Awan (1995) who 

reported similar correlation patterns of grain yield with other characters in the irradiated 

populations of different generations of mungbean. 

In Ml population, plant height was positively correlated with all the characters except 100-seed 

weight in Noor-91, days to 50% flowering and days to maturity in Punjab 91 and also harvest 

index in addition to days to 50% flowering and days to maturity in C141 variety, where it was 

negative. These results are in close agreement with Gull (1995) and Malik et at. (1987 b), who 

found similar relationship of plant height with other characters. Number of primary branches 

were positively correlated with other characters except seeds/pod and 100-seed weight in Noor 

91 , while days to 50% flowering and days to maturity in Punjab 91 and C141 variety it was 

negative. Number of secondary branches were positively correlated with other characters 

except days to 50% flowering and days to maturity in the three varieties. The present findings 

are similar to Ali, (1985) and Bakhsh et at. (1991). Pods per plant had highly significant 

correlation with biological yield, grain yield and harvest index, which could be considered 

important yield contributing characters. The positive association of pods per plant with other 

yield components had been reported by Malhotra et at. (1974) and Khalid et at. (1984) except 

with 100-seed weight, where it was negative. 
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There was a strong and positive association between biological yield and plant height, primary 

branches, secondary branches, pods per plant and grain yield, 100-seed weight expressed either 

positive or negative but low correlation with pods per plant. Hussain et aI. (1991) also reported 

non-significant but negative correlation between 100-seed weight and pods per plant. 

It has also been observed that with the advance in generation, the association among various 

characters become loose. For example in variety Noor 91, plant height had positive correlation 

with nine out of ten characters, while in M2 generation positive relationship plant height was 

observed for only five characters. Similarly in M3 generation six characters were positively 

correlated with plant height. It was also observed that the characters showing either positive or 

negative correlation did not necessarily had the same trend in advance generations. These 

results are in close agreement with those reported by Awan (1995) in irradiated population of 

mungbean. 

In the above discussion it has been observed that grain yield had strong positive correlation 

with pods per plant, seeds per pod, 100-seed weight and harvest index, so yield can be 

increased by increasing pods per plant, seeds per pod, 100-seed weight and harvest index. It 

may be concluded that yield in chickpea can be increased by improving the above positive 

responsive parameters. 

X: PATH 'COEFFICIENT STUDIES 

Path coefficient analysis is simply a standardized partial regression coefficient and as such 

measures the direct and indirect effect for one variable upon an other and permits the separation 

of the correlation coefficient into components of direct and indirect effect (Dewey and Lu, 

1959). Path coefficient studies provide an opportunity to study the magnitude and direction of 

association of yield with its direct and indirect components and also among various 

components. To accumulate optimum combination of yield contributing characters in a single 

genotype, it is essential to know the implications of the inter relationship of various characters. 
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Using path coefficient analysis, it is easy to determine which yield component is influencing 

the yield substantially. Having this information, selection can then be based on that criterion 

thus making possible great progress through selection in limited time. Dewey and Lu (1959) 

demonstrated the validity of path analysis in effective plant selection that results in selection of 

desirable genotypes. 

I: M1 GENERATION 

A critical examination of the data (Table 99) showed that in Ml generation of variety Noor 91, 

harvest index had maximum direct contribution to grain yield. A glance over the path 

coefficient computed for various characters, would indicate that the pods per plant, seeds per 

pod, 1 ~O-seed weight, biological yield, harvest index and days to maturity had direct positive 

effect on grain yield per plant. Malik et aI. (1987 b) and Ghafoor et aI. (1990) have also found a 

positive direct effect of harvest index and biological yield on grain yield. However, the 

remaining characters plant height, primary branches, secondary branches and days to 50% 

flowering had negative direct effect on grain yield per plant. Malik et aI. (1987 b) also reported 

negative direct effect of days to flowering on grain yield. 

In case of variety Punjab 91 in Ml generation, harvest index had maximum direct contribution 

to grain yield followed by biological yield, however, the rest of all the characters had negative 

direct effect on grain yield (Table 100). Highly positive direct estimate for biological yield and 

harvest index were reported by Malik et aI. (1987 b) and Ghafoor et aI. (1990) in mungbean 

and mashbean, respectively. 

The contribution of different characters to gram yield in variety C 141 of Ml generation, 

revealed that 1 ~O-seed weight had maximum direct positive effect on grain yield per plant 

followed by days to 50% flowering (Table 101), while biological yield had strong negative 

direct effect on grain yield per plant. Harvest index and seeds per pod also had negative direct 

contribution to grain yield. 
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II : M2 GENERATION 

In M2 generation of variety Noor 91 , path analysis showed that harvest index and biological 

yield had direct positive effect on grain yield and harvest index had the maximum contribution 

to grain yield per plant. Primary branches and secondary branches had negative direct effect on 

grain yield in M2 generation, while all other characters had negative direct effect on grain yield 

per plant (Table 102 ). 

In case of variety Punjab 91 , large variations in path analysis were observed in M2 generation 

(Table 103). In contrary to Ml generation, strong negative direct effect of harvest index and 

biological yield on grain yield was observed in M2 generation. P lant height, and flowering days 

also had negative direct effect on grain yield . Pods per plant, seeds per pod and 100-seed 

weight had strong direct effects, however, these had positively contributed to the grain yield per 

plant. 

In the case of variety C141 (Table '104) harvest index had maximum direct positive effect on 

grain yield per plant fo llowed by pods per plant and biological yield . Plant height, flowering 

and maturity days had negatively contributed to grain yield. Rest of the characters had positive 

but low direct contribution to seed yield. 

III: M3 GENERATION 

In case of variety Noor 91 harvest index had maximum direct positive contribution to grain 

yield and its genotypic correlation to seed yield was also maximum and positive (Table 105). 

Direct effect of bio logical yield was positive but had negative genotypic correlation with grain 

yield . Rest of all the characters had negatively contributed to grain yield. 

In M3 generation of variety Punjab 91 pods per plant had the maximum direct contribution to 

grain yield followed by 100-seed weight, seeds per pod, plant height, maturity days, secondary 

branches, primary branches and harvest index. Biological yield and flowering days had 

negatively contributed to grain yield (Table 106). 
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Maximum direct contribution to grain yield in M3 generation of C 141 was exhibited by seeds 

per pod followed by pods per plant, 100-seed weight, primary branches, secondary branches 

and plant height (Table 107). However, the other characters had negatively contributed to grain 

yield. 

In case of path coefficient analysis, it was observed that the mutants in the three genotypes 

showed different pattern regarding the direct and indirect effect of various traits on the grain 

yield. The variability in the path response from generation to generation might be due to the 

differential response of the genotypes towards the two types of treatments i.e. gamma 

irradiation alone and with gibberellic acid, which might be lead to a different genotypic 

spectrum in the three genotypes. 

In improving the yield potential of chickpea varieties under the present investigation, harvest 

index and biological yield would be used a reliable criterion for selection in Noar 91, while 

pods per plant and 100-seed weight would be used in variety Punjab 91 and C141, as these 

showed highest direct effect on grain yield. These informations would ultimately lead to the 

determination of suitable ideotype in chickpea. 
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SUMMARY 

The investigation on the modulation of radio sensitivity with gibberell ic acid for 

cytogenetical, biochemical and genetic spectrum were carried out on three chickpea (Ocer 

arietinum L.) genotypes having different seed coat colours, namely Noor 91 (white), Punjab 

91 (brown) and C141 (black). Dry seeds were exposed to gamma irradiation at 10, 20, 30, 

40, 50, 60, 70, 90 and 110 Kr dosages. A part of the seeds were treated with 0.5mM solution 

of gibberellic acid for 16 hours prior to various studies. 

For cytogenetical studies seeds were sown in petri plates having moistened what mann filter 

paper. Mitotic index and chromosomal abnormalities were studied in root tip cells at the 

dose range of 10 to 110 Kr including control as check with acetocarmine stain, while the 

nucleolus size and structure were examined at 10, 60 and 110 Kr dosages along with the 

control after a standard method of fixation and staining. The results revealed wide variation 

in mean values for mitotic indices and chromosomal anomalies in three genotypes. 

Significant differences were recorded due to genotypes, treatments and their interaction. 

Mitotic indices decreased, while chromosomal aberrations increased with an increase of 

gamma irradiation. However, chromosomal anomalies were not recorded upto 30 Kr in the 

three genotypes. Post mutagenic .application of gibberell ic acid increased the number of cells 

entering the mitotic cycle, while the chromosomal aberrations decreased and maximum 

response was noticed at higher doses. Chromosomal aberrations included fragments, bridges 

and laggards at anaphase stage of the cell cycle. Frequency of cells having enlarged 

nucleolus volume increased progressively with an increase in gamma irradiation. However, 

the treatment of GA3 reverted this situation towards the normal values. 

For biochemical studies, treated seeds along with their respective checks were sown in 

plastic cups with four replications having ten seeds in each replication. Biochemical 

parameters included quantitative estimation of peroxidase, catalase and lAA oxidase enzyme 

activities, soluble proteins, ribonucleic acid (RNA) deoxyribonucleic acid (DNA) contents 

and fresh weight of the shoots. These studies were carried out from 3rd to 8th developmental 

days after sowing. From the results it is revealed that fresh weight, protein, RNA and DNA 

contents decreased with an increase in gamma irradiation except at lower doses of 10 or 20 
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Kr where a stimulation as compared to control was observed. Application of GA3 changed 

the effects of gamma irradiation showing an increase in fresh weight, protein, RNA and 

DNA contents. Catalase activity was stimulated on 4th and 5th day at higher doses of 

gamma irradiation and then a gradual decrease was recorded on the following days of the 

developmental period. Post mutgenic application of GA3 increased its activity throughout 

the developmental period. Peroxidase activity increased with an increase of gamma 

irradiation during the early developmental days and then a decrease was noted on the 

following days. This activity was further increased with application of GA3. Stimulation in 

IAA oxidase activity at lower doses was noted upto 30 Kr of gamma irradiation and it was 

enhanced with the application of GA3. However, at higher doses it was decreased 

progressively with the application ofGA3. 

For seedlings studies, ten seeds in each replication were sown in plastic cups having sand 

with four replications in a randomized complete block design. Data on germination 

percentage, shoot length, root length and number of roots per plant was recorded for various 

treatments ranging from 10 to 110 Kr including the respective checks. The mean values for 

germination percentage, shoot length, root length and number of roots were highly 

significantly effected due to genotypes, treatments and their interaction. However, this 

interaction was non-significant for germination percentage. These parameters decreased 

with an inrease in irradiation dosages and drastic effects were observed at the maximum 

dose in the three varieties. However, the application of GA3 restored the growth and their 

mean values increased. Gamma' irradiation decreased the shoot and root length from 20-

40%. Seeds exposed at these doses were selected for field studies. 

To evaluate the genetic variability created by mutagens i.e., gamma radiation separately and 

with GA3, field trials were conducted at the Barani Agriculture Research Institute (BARI), 

Chakwal under the natural conditions. The irradiated seeds of three genotypes along with 

their respective controls were sown in randomized complete block design with split plot 

arrangement having three replications to raise the Ml generation. The genotypes were 

assigned to the main plots, whi le the irradiation doses including control were kept in sub 

plots . Twenty plants from each treatment were marked for recording the data on plant 
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height, number of primary branches and secondary branches, number of pods, seeds per pod, 

100-seed weight, biological yield, grain yield, harvest index, days to flowering and days to 

maturity. Seeds of 250 plants from each treatment were harvested separately while, from the 

controls seeds were bulked. The seeds obtained from MI mutants including control were 

sown for M2 generation in the succeeding year. The data of chlorophyll deficiencies were 

recorded at the seedling stage while agronomic and yield characters were recorded as MI 

generation but on 40 plants. M3 generation was raised following the previous methodology 

of crop sowing and management. 

The data recorded on all the generations were statistically analyzed using appropriate 

procedure. Results revealed a wide range of variability induced in all the characters in 

different generations. Results in Ml generation showed that main genotypic effects were 

highly significant for all the characters except number of primary branches. The effect of 

gamma ray frequencies was highly significant for all the characters under study. The 

response of different characters in both mutagenic treatments also varied. Post mutagenic 

application of GA3 either increased or decreased the means of different characters at various 

levels of irradiation. Both mutagenic treatments decreased the mean of various characters 

except days to flowering and maturity were delayed. The interaction effect was highly 

significant for all the characters. Post mutagenic treatment of GA3 either increased or 

decreased the various characters in the three varieties. Very high magnitude of genetic 

variability for all the characters was recorded in M2 and M3 generation. Grain yield and 

harvest index increased in M2 a~d M3 generation, while seeds per pod and 100 seed weight 

increased with GA3 in M2 and M3 generation. Plant height secondary branches and 

biological yield decreased with both mutagenic treatments as compared to control. 

Albina, xantha, chlorina and viridis chlorophyll deficiencies were recorded in the M2 

generation of three genotypes at seedling stage. Gamma irradiation increased the chlorophyll 

frequencies while, the GA3 treatment changed the frequency of the chlorophyll mutants in 

the three genotypes. Most of the families were segregated for single chlorophyll deficiency. 

Various morphological mutations including stem, leaf, pod, seed, flowering and maturity 

were also reported. The frequency of these mutants increased with GA3. 
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Association analysis revealed higher magnitude of genotypic correlation than that of 

phenotypic for most of the characters. A strong positive correlation was observed for grain 

yield with pods per plant, 100-seed weight, harvest index and biological yield in MJ 

generation of three chickpea genotypes. However, the association of various characters was 

changed with the advancement in generation. Association of plant height and biological 

yield with grain yield was positive in Ml generation, while it became negative in M2 

generation of Noor 9l. Grain yield in Punjab 91 was negatively correlated with secondary 

branches and 100 seed weight in M2 population whereas in Ml generation this relationship 

was positive. In genotype C141 the relationship between seed yield and plant height number 

of primary and secondary branches and biological yield was changed from positive to 

negative direction in MJ and M2 population, respectively. Just like the change in association 

of seed yield with other characters in M2 population, grain yield in M3 generation of variety 

Noor 91 with plant height, number of primary and secondary branches and biological yield 

was negative, while it was positive in MJ generation. In case of variety Punjab 91, the 

association of seed yield with 100 seed weight and harvest index was changed from positive 

to negative direction in M\ and M3 generation, respectively. The correlation of yield in 

variety C141 with plant height, secondary branches and biological yield was changed from 

positive to negative direction in Ml and M3 generation, respectively. 

Path analysis reflected that in MJ population of Noor 91 and Punjab 91 had direct 

contribution to grain yield. However, in C141 genotype, 100-seed weight had maximum 

direct contribution to grain yield. In M2 and M3 population of variety Noor 91, harvest index 

and biological yield had direct positive effect on grain yield, while in variety Punjab 91 , 

these had negative direct effect on grain yield in M2 generation. However, in M3 generation 

a low but direct positive effect of harvest index on grain yield was observed. Pods per plant 

and 100 seed weight had strong positive direct effect in M2 and M3 generation of Punjab 9l. 

In case of variety C 141 , harvest index and biological yield had negative direct effect in MJ 

and M3 generation, while in M2 generation these had a direct positive effect on grain yield. 

Pods per plant and 100- seed weight had a moderate to strong positive direct effect on grain 

yield in the three generations. So harvest index and biological yield would be used as a 

reliable criterion in genotype Noor 91, while pods per plant and 100-seed weight in variety 

Punjab 91 and C14l. 
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CONCLUSIONS 

The conclusions drawn from the present studies with the present set of genotypes and 

treatments are presented here. 

Post mutagenic application of.gibberellic acid proves as a useful tool for modulating the 

effects of gamma irradiation. Mitotic indices increase while chromosomal aberrations 

decrease quite comprehensively as a modulating effect of gibberellic acid at the genetical 

level. 

Change in activity of various peroxidases with gibberellic acid, is an indication to reduce 

the irradiation damage at the biochemical level. 

Growth of seedlings increased as a protective measure of gibberellic acid, which increases 

the genetic recombination and the survival of mutants. 

Gamma irradiation decrease the shoot and root length values about 20-40% at 40-60 Kr, 

these doses are considered as appropriate for induction of genetic variability. 

Genotype-treatment interaction is highly significant (p<O.Ol) for all characters indicating 

that an appreciable genetic variability is induced at different doses in the three genotypes. 

Application of gibberellic acid widens the morphological spectrum, which could be 

helpful for future breeding programs in chickpea. 

In case of correlation analysis it was observed that with advancement of the generations, 

the genotypic linkage of the grain yield with most of the characters become loose. It is, 

therefore, suggested that the selection in MJ generation could be misleading. 

Selection should be made in the advanced generations when the mutants fully stabilize for 

yield contributing characters. 
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