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Abstract

Thirty genotypes of chickpea were evaluated for 10 quantitative traits using nmiltivariate
techniques. The first three PCs with eigen values >1 contributed 83.38% of the variability arnongst
genotypes. Populations with high PC; values were high yielding and characterized by high yield
potential, 100-seed weight and harvest index. The populations with high PC; values were early in
flowering and maturity, high in biological yield and pods but low in seed weighl and harvest index,
Seven characters were posilive o PC; and five contributed maximum, thus this principal
component is a weighted average of the characters. The scattered diagram on the basis of tirst 3
factors gave separation of two groups. One group in the left half consisted six accessions and of
these five originated from the District Khushab, whereas other group in the right half of the graph
consisted accessjons from the Districts of Bhakkar and Layyah alongwith two checks. Cluster
analysis al3o confirmed the findings of principal component analysis. The promising accessions
may be chosen from particulsr groups or cluster for hybridization programs. Clusters with superior
agronomic types identified, may be exploited for genetic potential to transter the desirable genes to
improve yield potential of the crop.

Introduction

Chickpea is an important grain legume in the Indian Subcontinent, West Asia, North
Affica, South Europe, North and Central America. It is one of the most important legume
crops lhroughout the world and is cullivated under a wide range of agro-ecological
condifions mainly of rainfed nature (Singh, 1997). It is economical under rainfed
conditions and gives good grain yield wilh excellent source of protein. Ils great
popularity as a human food is due to its mild, acceptable flavour and to the unique ability
of its principal proleins to form a good combination with cereals. Although it is adapted
to dry areas but several biotic and abiotic stresses are serious threats to this crop. Among
these, diseases and water deficit have adverse effects on its productivity (Singh et al.,
1997a). Among the diseases, Ascochyfa blight is the most devastating worldwide, causing
up to 100% yield losses in the severely affected fields. Ascochyta blight resistance
sources have been identified and many resistant cultivars have been developed (Singh er
al., 1997b).

The green revolution has drawn attention of the scientists on cereals, therefore,
legumes remained relatively neglected. Sound breeding programune in any field crop
depends mainly upon the availability of genetic variability either existing and/or created
{Ghafoor er al., 2001). Variance of relatively highly heritable quantitative traits provides an
estimate of genetic diversity. Various numerical taxonomic techniques have been
successfully used to classify and meagure the pattemn of genetic diversity in bean germplasm,
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as in chickpea (Filippetti & Margano 1983, Singh et al., 1989, Singh ef af., 1990), blackgram
(Shantugam & Shreerangaswamy, 1982; Dasgupta & Das, 1984 & 1985), mungbean
(Singh, 1988}, pea (Armrrio ef al., 1995); soybean (Perry & Mcintosh, 1991); alfalfa (Soith
et al., 1995), and lentil (Ahmad, ez al., 1997). Unlike cereals, pulses have been grown for
centuries under marginal conditions of moisture and soil fertility. Keeping in view the
importance of the crap, chickpea germplasm collected from (Layyah, Bhakkar and Khushab)
districts of the Punjab province was evaluated under field conditions for various quantitative
traits for further utilization by the breeders. These districts cantriteite more than 70% to the
total production. The objective of this study was to deterfnine the genetic diversity of
chickpea landraces being cultivated in these districts and their utilization in the ongoing
breeding programmes.

Materials and Methods

Thirty genotypes of chickpea including two checks (C 44 and Paidar 91) were
evaluated for agronomic traits under field conditions at the National Agricultural
Research Centre (NARC), Islamabad, Pakistan (33.40° N and 73.07° E). The experiment
was conducted during winter season (1999) in a randomised complete block design
(RCBD) with four replications. Two rows of 4 meter length for each genotype were planted
in each replication with 10 cm intra-row spacing, whereas inter-row distance was kept at 50
cm. Pesticides and fungicides were sprayed to save the crop from infestation of pests and’
Ascochyta rabiei. For evaluation, data were recorded following chickpea descriptors (Anon.,
1985). The data for days to flowering and maturity were recorded on line basis at 50% of
flowering and 90% pod maturity and each genotype was represented by a single value. Other
quantitative data i.e., plant height, primary and secondary branches, pods, grain yield (g) and
biological yield (g) were recarded on 10 plants sampled randomly. Seed weight was
recorded after counting 100 seeds in grams from bulk samples and harvest index was
determined as economic yield expressed in percentage over total hiomass.

The data recorded were analyzed for mean, standard deviation, variance, troad sense
heritability and genetic advance. Broad sense heritability was estimated as a ratio between
genotypic and phenotypic variance (Singh & Chaudhry, 1985). The averaged data were
analyzed by numerical taxonomic techniques using the procedure of cluster and principal
component analyses (Sneath & Sokal 1973) with the help of computer software “Statistica”
and “SPSS” for Windows.

Results

Genotypes included in the study differed significantly for all the traits under study
(Table 1). Medium to high genetic variance was observed far days to flowering, maturity,
secondary branches and 100-seed weight, whereas for other characters, low to medium
heritability (broad sense} alongwith low to medium genetic advance was observed.
Improvernent of these traits through simple selection might be limited from germplasm used
in the present study.
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Table 1. Analysis of variance and basic statisties for 30 genotypes of chickpea.
Mean squares

Genotypes Replicates Error SE o'g op h’ GA
Days to tlowering 15.30»* 15.44%* 1.67 0.64 341 5.08 0.67 2.62
Days to maturity 2763** 147 256 080 627 883 071  3.65
Plant height (cim) ‘242,45  [25.00 63.66 398 4470 108.36 041 7.43
Primary branches 0.69%* 1.23% 0.31 0.28 0.10 0.41 0.23 0.26
Secondary branches 7.07%* 18.83n% 1.17 0.89 1.48 2.65 0.56 1.57
Pods per plant 149.47* 899.01** 71.18 5.03 1957 90.75 0.22 3.55

100-seed weight (g) 9.14%* 0.01** 020 000 224 244 092 248
Biological yield (g) 186.98%* 208.68"™ 6146 527 3138 0284 034 563
Grain yield (g) 41,52+ 6927* 1026 225 7.82 1808 043 318
Harvest index (%) 47,77+  67.14** 11.19 279 915 2034 045 3.51
SE- standard error, o”g- genolypic variance, a*p- phenotypic variance, h*- heritability (broad sense),

GA- genctic advance at 10%  selection differential.

Principal component analyses

The first three components, with eigen values >1 contributed 83.38% of the
variability amongsl genotypes evaluated for 10 quantitative traits (Table 2). Other PCs (4
to 10) had eigen values less than 1. The first PC was more related to days to maturity,
plant height, primary branches, 100-seed weight, grain yield and harvest index, whereas
the second PC conlrasts variables that relate solely to phenology (flowering, maturity)
with those that are associated with reproductive development i.e., plant height, pads and
biological yield. The variation for plant height and biological yield was distributed
among all the components. Seven characlers contributed positively to PC;: thus this
component is a weighted average of the characlers. The characters with the greatest
weight on this component suggested thal this component reflects the yield potential of
each accession. The characters with the greatest positive weight on PC, were plant
height, pods and biological yield, whereas days to flowering and maturity had a
subslantial negative weight. These findings suggest thal this component reflects the
tendency of each accession to emphasize vegetative, as opposed to reproductive growth.
Although PC; exhibited positive effects for all the characters but the magnitude was low
except primary and secondary branches, pods and biological yield. This suggests that the
genotypes that emphasize vegetative growth tend to have low yield, whereas those that
emphasize reproductive growth tend to have many small ones. The first three principal
components contributed more than 80% of the variability, hence these were plotted to
observe relationships between the clusters (Fig. 1). In both the figures, PC,; (hat
contributed 54.97% of the variation was kept as in the X-axis, whereas PC, and PC; were
plotted simultaneously against Y-axis. Both of these figures gave similar results, although
PC, vs PC; gave clear separation of two groups. All the five accessions collected from
District Khushab were grouped in the left half and one accession from Bhakkar was
mixed with them. Group B in cluster anatysis was separated which clearly cecupied the
right half of the graph, This cluster consisted of accessions collected from the Districts of
Bhakkar and Layyah alongwith two checks included in the material.
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Tablec 2. Principal Componcnts (PCs) for 10 quantitative characters in 30

__genotypes of chickpea.

PC, PC, I'C;
Eigen value 5.49 1.58 1.27
Proportion of o 54.97 15.75 12.66
Cummulative ¢ 54.97 70.72 83.38

' Communality Eigen vectors

Days to flowering 0.915 -0.938 -0.065 0.178
Days to maturity 0.818 0.647 -0.584 0.243
Plant height (cm) 0.779 0.688 0.542 0.105
Primary branches 0.737 0.667 -0.446 0.305
Secondary branches 0.817 -0.291 -0.389 0.762
Pods/plant 0.608 -0.577 0.392 0.348
100-seed weight (g) 0.924 0.959 -0.029 -0.059
Biological yield/plant (g) 0.830 0.429 0.596 0.539
Grain yield/plant (g) 0.958 0927 0.253 0.185
Harvest index (%) 0.952 0.948 -0.114 -0.201

Table 3. Mean, standard error (SE) and standard deviation () for 3 clusters based on 10
quantitative characters in 30 accessions of chickpea.

Cluster 1 Cluster 2 Cluster 3
Mean + SE o Mean + SE g [Mean + SE g
Days to flowering 140 £ 089 217 124+ 038 107 12241055 222
Days to maturity 170 £ 128 3.05| 177 +055 155 173 £055 2121
Plant height (crm) ) 492 4 1.66 407| 633 +1.17 332 626 £2.34 9.36
Primary branches per pland 24+ 0,12 030 35+0.10 029 3.0+009 034
Secondary branches per plant 103+ 007 Q16| 106+030 086 B7+017 068
Pods per plant 56.0 £ 11.4127.94) 361 £+ 1.53 434 33.0+ 145 580
100-seed weight (g) 1230 £ 0.07 0.17 (2245 £ 040 1.14|21.57 £ 041 1.62
Biological yield per plant (g) | 24.54 + 0.25 0.60 |30.46 + 1 46 4.14|26.83 + 1.58 6.31
Grain yield per plant (g) 543+ 011 028|16.78 £ 0.78 2221436 + 069 2.78
Harvest index (%) 20.33 + 0.57 1415518 + 070 1.99 (5500 + 0.74 297

Cluster analysis

Euclidean dissimilarity coefficients of 30 genotypes ranged between 1.83 and 11.50.
At the 25% linkage distance three clusters were observed, whereas clusters 11 and IlI
unite to form one group (B) and cluster I constituted group A (Fig. 2). Six accessions
were grouped together in the group A (cluster I) and out of these 5 accessions were
collected from the areas in District Khushab, whereas one accession (52935) was
collected from District Bhakkar (Fig. 2). The group B consisted 24 accessions including
two checks. These accessions were collected from the Districls of Layyah and Bhakkat.
Cluster 11 consisted of seven and cluster 111 fifteen accessions, whereas one check (C 44)
was in cluster 1J and other (Paidar 91) was in cluster II1.

Mean values alongwith standard deviation for each cluster presented in Table 3
revealed that accessions collected from the District Khushab (cluster I) were late in
flowering hut early in maturity, short statured, low in harvest index and low yielder. The
average performance of the accessions Talling in cluster 11 and 111 (group B) were similar,
as both of these were late in maturity and high yielding along with high seed weight and
harvest index.
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Fig. 1. Scattered diagram based on quantitative traits for first 3 {actors in chickpea._;"[he-;imrks
represent as O- District Layyah, B District Bhakkar, [0- District Khushab, and - approved -
varieties. ‘ .
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Fig. 2. Cluster diagram of 30 chickpea genotypes selected on the basis of better performance froma
broad based germplasm. The symbol Krepresents Khushab, B for Bhakkar, L for Layyah and V

represents varieties,
Discussion

High heritability coupled with high genetic advance for days to Howering, days to
maturily, secondary branches and 100-seed weight revealed additive type of gene effects,
hence simple selection could be practised for exploitation of genetic variation to improve
this crop. Partitioning of variance into its components assists genetic resources conservaticn
and their utilization. It enables planning for use of appropriate gene pools in crop
improvernent for specific plant attributes (Pecetti er al., 1996, Ghafoor ef al., 2001). Medium
to high variance was observed for days (o {lowering, maturity, secondary branches and 100-
seed weight, whereas for other characters, low to medium variance indicated the limited
scope of improvernent through the exploitation of present material. Genes for yield and yield
components should te explored from other sources through more collections from the areas
of maximum diversity or acquisition of germplasm from other sources. In chickpea, due to
breeding work and epidemics of Ascochyta blight, important landraces might have extinct
and hence acquisition of exotic germplasm seems to be more useful for developing broad
based gene-pocl. Laghetti ef al, (1998) advocated that maximum genetic conservation
would be achieved by sampling populations from as many environmenis as possible.
Superior accessions from distinct clusters are suggested to he utilized in breeding programme
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as such genotypes give befler hybrids (Ghafoor ef af., 2000). Elite accessions could also be
utilized directly because such cultivars gave better performance under wide range of
environments (Ghafoor er al., 1992). Cluster analysis grouped together accessions with
greater genetic similarity and the clusters include accessions from same origin in one group.
The group A consisted al} the accessions collected from the District Khushab excepl one
accession and group B consisted all the accessions originated from the Districts of Layysh
and Bhakkar. These two districts are adjoining and, traditionally, have similar geographic
and soi! feature. Hence, the grouping pattern could be related with geographic distribution of
the crop and both the statistics confirmed the results indicating the validity of these two
statistics for germplasm classification.

First PC was more related to days to maturity, plant height, primary branches, 100-
seed weight, biological yield, grain yield and harvest index, whereas the second PC
contrasts variables thal relate to vegetative growth. First PC was a weighted average of
the characters as seven characters were positive to this PC and out of these five
contributed maximum. The {indings suggest that this component reflects the tendency of
each accession to emphasize vegetative and reproductive growth. Although PC, exhibited
positive effects for all the characters but the magnitude was low except secondary
branches, pods and biological yield. This suggests that the genotypes that emphasize
vegetative growth tend to have low vield, whereas those that emphasise reproductive
growth tend to have lower vegetative growth. Results reperted by Falcinelli ef al., (1988
and Ghafoor et al., (2001) showed multivariate analyses to be a valid system to deal with
germplasm collections. The promising accessions may be chosen from particular groups for
hytridization programme. Clusters with superior agronomic types have been identified
which might be exploited for genetic potential to transfer the desirable genes to improve
yield potential of the crop (Singh, 1988; Clements & Cowling, 1994).
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