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ABSTRACT

In order to identify a biotype (s) which could withstand drought as well as blight stress, twenty genotypes of chickpea (CMC211S,
NCS 9917, CMC5 99S, CMC186M, AZC-06, SL-01-13, SL-02-23, SL-03-64, 3CC113, 3CC116, 96A4504, 96A4580, BRC-61,
CH23/00, CH24/00, 01032, 01067, 93127, 98154, and Bittal-98) developed by different research institutes of Pakistan, were evaluated
against the prevalent biotic and abiotic stresses at 13 different locations, for various agronomic traits. In this study, 20 different lines
developed by various institutes at federal as well as provincial level were evaluated against the said abiotic and biotic stresses and then
statistical tools were applied in order to assess their stability. One genotype (AZC-06) developed at Arid Zone Research Institute,
Bahawalpur, and another genotype (CH23/00), from Nuclear Institute for Agricultural and Biology (NIAB), Faisalabad have shown
considerable potential by producing average grain yield of 2061 and 2116 Kg ha™ respectively.
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INTRODUCTION

Chickpea is widely cultivated as a post-monsoon winter crop in Pakistan. Pakistan ranks second to India in
terms of area occupied by chickpea (FAO, 2005) and its production has increased from 7.3 to 8.4 million tonnes
during last 30 years because of per hectare increase in productivity from 693 to 786 kg (Anon., 2008). According to
FAO statistics (FAOSTAT, 2004), chickpea yields vary mainly due to biotic and abiotic stresses. Among all abiotic
stress drought is one of the major productivity reducers which causes fluctuation in the world production of
chickpea. Smithson et al., 1985 reported that it completes its life cycle in water stress environments coupled with
high temperatures and desiccating winds. Although, chickpea is considered relatively drought-tolerant species
compared to other cool-season grain legumes (Sharma et al., 1974), but grain yield is severely affected by drought
stress during the post flowering period (Silim and Saxena, 1993).The gradual depletion of stored soil moisture and
coincident increase in potential evapo-transpiration generally leads to the progressive development of drought.
Terminal drought stress in chickpea is common but more critical for crops growing during the post-rainy season and
relying on stored soil moisture (Subbarao et al., 1995). The crop often suffers from water stress during reproductive
growth stage because rainfall declines and evapo-transpiration increases. Naturally plants depend on reserved soil
moisture for sustaining growth and development during the critical reproductive stage (Singh and Sri Rama, 1989).
Reports of large responses of chickpea grain yield to supplemental irrigation at flowering stage have been
documented (Sheldrake and Saxena, 1979, Saxena et al., 1991), which indicated that water deficit at flowering was
major constraints for achieving potential yields. Adaptive mechanisms that were related to the ability of crops to
improve drought resistance could be classified as drought avoidance and drought tolerance (Levitt, 1980).
Avoidance related to the maintenance of high tissue water potential and consists of mechanism that reduced water
loss from plants and also maintains water uptake. Drought tolerance refers to the ability of the plants to withstand
low tissue water potential. Clarke and Townley-Smith (1984) suggested that a combination of both avoidance and
tolerance mechanisms was required. The best drought avoiding genotypes require tolerance because some reduction
in plant water potential is unavoidable during drought. The second major production constraint is Ascochyta blight
disease (Nene 1980, 1982). This disease is not of major concern at the present but is potentially dangerous.

The assessment of yield stability under the stressed environments can be approached in two ways: 1. According
to Finlay and Wilkinson (1963), if the regression coefficient is less than one, it means the genotype has greater
resistance to environmental changes having above average stability; 2. Eberhart and Russell (1966) defined a stable
variety as one with a regression coefficient (b=1) and a minimum deviation from regression line (S°d; =0).
Therefore, a variety with high mean yield over the environments, regression coefficient and deviation from
regression line as small as possible i.e. (S°d=0) will be a better choice for a stable variety.

MATERIALS AND METHODS
National Uniform Yield Trial -Desi was conducted during 2007-08 at 13 different locations throughout the
country (Table-2). The trial comprised of 20 entries (Table-1) including one check. The candidate lines were planted
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in Randomized Complete Block Design with three replications at 13 different locations. Each replication contained
six rows (4m long) of each entry. The row spacing and plant spacing were maintained as 30 cm and 10 cm,
respectively. The sowing dates were different at different locations. The data recorded included: Days to flowering,
Plant height, Dry matter yield, Grain yield which statistically analyzed using Statistical Package “Mstat 4 C*.

Appendix 1. Temperature and rainfall data for the reporting year 2007-08 at NARC, Islamabad.

Month Maximum Minimum Rainfall
Temperature Temperature (mm)
(%) )
Nov. 2007 25.23 7.20 13.35
Dec. 2007 18.93 2.58 Nil
Jan.2008 145 1.8 122.06
Feb.2008 19.34 451 45.37
March 2008 28.08 11.2 24.35
April, 2008 28.83 14.26 80.88
May, 2008 35.74 19.3 10.14
Total - - 296.15

Source: Land and Water Programme, NARC, Islamabad

Table 1. Parameters of Chickpea National Uniform Yield Trial (Desi) 07-08 (National Agricultural Research Centre,

Islamabad).
S.No.  Genotypes Plant Height Days to Bio.Yield Grain Yield Harvest
(cm) Flowering (kg/ha) (kg/ha) Index (%)

1 CMC211S 47 133 4583 2166 46

2 NCS 9917 46 136 694 274 39

3 CMC5 99S 43 135 3703 1754 47

4 CMC186M 50 134 3935 1834 45

5 AZC-06 47 133 5925* 2898** 48*

6 SL-01-13 48 136 4861 2142 43

7 SL-02-23 47 137* 4537 2097 46

8 SL-03-64 48 133 6388** 2722 42

9 3CC113 49 135 5092 2444 49

10 3CC116 51 133 5092 2180 43

11 96A4504 45 135 4490 2342 52

12 96A4580 48 132 3935 1833 46

13 BRC-61 47 132 4074 1828 44

14 CH23/00 45 134 5324 2518 46

15 CH24/00 45 133 5555 2587 46

16 01032 44 133 5000 2217 44

17 01067 51* 133 6018* 2754* 45

18 93127 45 134 5324 2661 49

19 98154 50 135 5092 2405 47

20 Bittal-98 50 132 5231 2362 44
Mean squares 10.394 2.218 318659.2 117764.3 39.87
LSDy 05 551 2.54 964.7 586.5 10.79

RESULTS AND DISSUSIONS

Twenty genotypes (Table 1) were tested against biotic and abiotic stresses in comparison with improved check
(Bittlal-98) during growth season 2007-08. During the season, the rainfall (296.15 mm) was normal with even
distribution through all important growth stages of plant up to anthesis. But at maturity stage, the crop had to
experience terminal drought. Under these drought conditions, several genotypes shattered the seed. There was no
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incidence of fungal diseases because of dry climate (see temperature & rainfall distribution in appendix 1).
Genotype # 5 (AZC-06) from AZRI, Bahawalpur and # 8 (SL-03-64) AZS from Karak were little earlier in
flowering and maturity at NARC (Table 1). Genotype 5 (AZRI, Bahawalpur) produced significantly (P<0.05) more
grain yield (2898 kg ha™) than the check, Bittal-98 (2361kg ha™) at NARC location (Table 1) as well as at other
thirteen locations (2060 kg ha™) (Table 5) and is judged as the most stable one for both stress and stress free
environment (Table 3). Another genotype 17 (AARI, Faisalabad) was also outyielded 2754 kg ha™ as compared to
check Bittal-98 (2361kg ha™) at NARC location (Table 1) but across the locations, it did not perform well (Table 5).
Genotype 14 (CH23/00) from NIAB, Faisalabad proved significantly out yielded (2116Kg ha™) than check 1842Kg
ha) at all locations (Table 5). One of the main reasons for growing genotypes in a wide range of environments is to
estimate their stability; Wricke (1962) considered ecovalence, that it is the contribution of a genotype to the GE
interaction sum of squares. Shukla (1972a) also partitioned the GE interaction sum of squares into components for
each genotype separately by considering the stability variance of the specific genotype.

Table 2. Locations of Pakistan where genotypes were tested.

S/No.  Locations Research Institutes

1. Northern Punjab National Agricultural Research Centre, Islamabad

2. Northern Punjab Ayub Agricultural Research Institute, Faisalabad.

3. Southern Punjab Gram Research Station, Kaloor Kot

4. Southern Punjab Regional Agricultural Research Institute, Bahawalpur
5. Southern Punjab Arid Zone Research Institute, Bahawalpur

6. Southern Punjab Arid Zone Research Institute, Bahakar

7. Upper Sindh Quaid- Awan Agricultural Research Institute, Larkana.
8. Northern Punjab Barani Agricultural Research Station, Fateh Jang

9. Plains of NWFP Nuclear Institute for Food and Agriculture, Peshawer.
10. Northern Punjab Barani Agricultural Research Institute, Kohat.

11. Northern Punjab Barani Agricultural Research Institute, Chakwal.

12. Southern Punjab Agricultural Research Institute, Dera Ismail Khan.

13. Northern Punjab Nuclear Institute for Agricultural and Biology, Faisalabad

Table 3. Stability Parameters for Grain Yield (kg ha™) of Chickpea Genotypes.

Genotypes MS bi Means
1 792084 0.467 1702
2 784695 -0.273 749
3 986669 0.188 1271
4 537214 0.497 1557
5 846130 1.106 2060*
6 698587 2.291 1610
7 609983 0.747 1621
8 614592 -0.272 1649
9 850058 -0.195 1764
10 677613 1.801 1713
11 826989 1.297 1648
12 1020801 0.208 1705
13 714558 1.737 1449
14 939780 1.241 2116*
15 1091335 0.620 1994
16 337500 1.470 1923
17 690736 -0.106 1874
18 584646 1.726 1715
19 404453 3.222 2039

20 821475 1.227 1842
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Table 4. Pooled Analysis of Variance for grain yield.

Sources df M.S.
Total 259 732472.562
Environments 12 1074627.125
Varieties 19 146401.687
Var.x Env. 228 763303.750
Env.+ Var.x Env. 240 778869.875
Env. (Lin.) 1 12895496.000
Var.x Env.(Lin) 19 573908.625
Pooled Dev. 220 741495.500
Pooled error 494 107840.883

: Deviation from Regression = Pooled Dev.MS / Pooled Error MS
: Var.x Env.(Lin) = Var. x Env.(Lin) MS / Pooled Dev.MS
: Varieties = Varieties / Pooled Dev. MS

According to Finlay and Wilkinson (1963), used two parameters a) mean performance over environments, and
b) regression of performance in different environments over the respective environmental mean. A variety which is
the lowest yielding in all environments shall necessarily show b value of less than one. According to stability table
3, varieties no 5 and 14 having b=1 and a high mean would be considered as the most widely adapted, while b value
of 1 and low mean yield (over the environments) would indicate a poorly adapted genotype. In nut shell, genotype
5 (AZC-06) from AZRI, Bahawalpur along with genotype 14 (CH23/00) from NIAB, Faisalabad performed as per
our goals in terms of drought, cold (Fig 1) Considering the three parameters of stability in (Table 3) the genotypes 5
(AZC-06) from AZRI, Bahawalpur and genotype 14 (CH23/00) from NIAB, Faisalabad showed regression closer to
unity, grain above the average and low deviation from regression. Hence these genotypes can be considered as stable
genotypes. The disease aspect of entry 5 and 14 with special reference to Ascochyta blight needs to be looked into
because during the reporting year, this stress did not occur in nature at the test sites. Pooled analysis of variance
showed highly significant difference among the genotypes and environments for grain yield.

REFERENCES

Anonymous, (2008). Economic Survey of Pakistan. Govt. of Pakistan, Islamabad, Pakistan

Clarke, J.M. and T.F. Townley-Smith (1984). Screening and selection techniques for improving drought resistance.
In: Crop Breeding, a Contemporary Basis (Eds P.B. Vose and S.G. Blixt. ) pp. 137-162. (Pergamon Press:
Oxford, UK.).

Eberhart, S.A. and W. A. Russell (1966). Stability parameters for comparing varieties. Crop Sci., 6: 36-40.

FAO (2005). FAO Production Year book. Rome, Italy.

FAOSTAT (2004). FAOSTAT Agriculture. Data download 19, March 2004.

Finlay, KW. and G.N. Wilkinson (1963). The analysis of adaptation in a plant breeding programme. Aust. J. Agric.
Res., 14: 742-754.

Levitt, J. (1980). Responses of Plants to Environmental Stresses. Vol 2. Water, Radiation, Salt and Other Stresses.
(Academic Press: New York, USA.)

Nene, Y.L. (1980). Diseases of chickpea. Pp. 171-178 In: Proceedings, International Workshop on Chickpea
Improvement. ICRISAT, 28 February-2 March, 1979, Patancheru, India.

Nene, Y.L. (1982). A review of ascochyta blight of chickpeas. Tropical Pest Management, 28 (1): 61-70.

Saxena, M.C., S.N. Silim and K.B. Singh (1991). Effect of supplementary irrigation during reproductive growth on
winter and spring chickpea in Mediterranean environment. J. Agric. Sci., 114: 285-293.

Sharma, H. C., T. Singh and D.S.R. Mohan (1974). Response of chickpea (gram) varieties to irrigation. Haryana
Agricultural University Journal of Research, 4: 255-260.

Sheldrake, A. R. and N.P. Saxena (1979). Growth and development of chickpea under progressive moisture stress
In: Stress Physiology in Crop Plants (Eds H. Mussell and R.C. Staples). Pp. 445-483. (John Willey: New York,
USA))

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 7 (1-2): 97-102, 2010.




101

GENOTYPE X ENVIRONMENT INTERACTION AMONG CHICKPEA VARIETIES

Table 5, ¢

nsolidated Results of Desi € hickpea National Uniform Yield T

al 2007-08 across the country Grain Yield (kg'ha).

Eatry kot rame e VARG AARD GBRS CRARD MR VREQAMKE BARS  NIEN BAKS  BARL ARE NIWB L MEAN
No o Pabad kKot BPur Blur Ohakkar  Larkana Fdang  Pesh,  Kohat  Chakwal  DIN - Fabad
. :_:__, COMRC MW e M 18 T T T R S e .
NRC .. I 1 T 8 sk (9% 1™ (me e Y 8 [
CNARC IR 060 168 31T 36 02 163136 T a8 nm
$CMCISOM  NARC IS 1T 293 M3 G0 Ll R I T I I
5 ALC6 i 333
L S L [ G U N RO WM WM I6UA T30 ISR 0 333 W s We
€SO3 AR 1
. It KARAK 2042 1607 3010 1433 I8le 190 0% 1SS M6 WG 2883 U717 w9t | 16l
TS AR
e KARNK 209 1032 2639 ™3 w2 L1518 1S3 aMT o B a9 LS | e
§ SO ARN |
O KARXK M 1681 2893 667 149 176 (129 [ 1310 (105 (78T (340 2 s |16
9 3CCU3_ MARLChk N80 1968 2963 06T (e 133l 1S (308 M0 10 (764
__. CU3CCH6 BARLChR N80 1481 688 177 o8 e e i THRE e
96AMISH  V/RLBhak 2348 1303 3847 1233 883 36l | (386 [ I808 |31 1M (xw (w8 |
_N 96ALSS0  V/RLBhak 1830 1843 2212 1900 1065 1083 U0 T8 194 9% 35T M3 662
13 | BRC-6I  RARLBpur 1833 1412 M) 1567 1333 90 R TR T N 1689 289 9
14 CIR300 NIAR 1500 1 M
| NS 2606 WO 480 MR Adl6 DT 39 (%Rt ' | 38T 307|216
IS CHMI0 MAB W9 96 09188 oW e e ,.aw_.---. 667 W17 13 s |58 1994
16 003 AARI w76 s 1783 (05 IS8T L1810 |67 364 20 | e |19
T \ARI Y M6 310 04 160 0T 16 ] 98 % .g: 2068
18 931 AARI 206) (32 300 97 NI s s | LB 2
19 TORIE AARL . M0S NSL B NOY nT n% 1666 | W12 | 1908V ne
W BITTALSS  heh NG %9 91T (83 1% 6% 19 191 16 M8 184
[ Co.Varde: . . 156 169 686 132 MY 159 8.3 63 (105 42 ( JHY InE |
LSpoos - 70 W35 2% TR 185 668 6 W W W w |-

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 7 (1-2): 97-102, 2010.




102 IRSHAD BEGUM ET AL.,

Shukla, G.K. (1972). Some statistical aspect of partitioning genotype-environmental components of variability.
Heredity, 29: 237-245.

Silim, S. N. and M.C. Saxena (1993). Adaptation of spring-sown chickpea to the Mediterranean basin. Il. Factors
influencing yield under drought. Field Crop Research, 34: 137-146.

Singh, P. and Y.V. Sri Rama (1989). Influence of water deficit on transpiration and radiation use efficiency of
chickpea (Cicer arietinum L.). Agricultural and Forest Meteorology, 48: 317-330.

Smithson, J.B. and R.J. Summerfield (1985). Chickpea (Cicer arietinum L.) In: Grain Legume Crops (Eds R.J.
Summerfield and E. H. Roberts.) pp:312-390. (Collin: London, UK.).

Subbarao, G. V., C. Johansen, A.E. Slinkard, R.C. Nageswara Rao, N.P. Saxena and Y.S. Chauhan (1995).
Strategies for improving drought resistance in grain legumes. Critical Reviews in Plant Sciences, 14: 469-523.

Wricke, G. (1962). Uber eine Methode zur Erfassung der okologischen Streubreite in Feldversuchen. Z. Pflzucht,
47:92-93.

(Accepted for publication December 2009)

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 7 (1-2): 97-102, 2010.




