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Table 1. Name and code of 112 studied chickpea genotypes under spring/autumn -planting conditions

B R R e R L I Co B
g Genotype g Genotype Code Genotype Code Genotype Code Genotype  Code Genotype
1 FLIP97-121C 21 FLIP02-51C 42 FLIP05-39C 61 FLIP06-166C 82 FLIP08-76C 106 FLIP 0075
2  FLIP99-26C 22 FLIP02-52C 43 FLIP05-45C 62 FLIP06-167C 83 FLIP08-77C 107 Sel95 th1716
3 FLIP00-39C 23 FLIP02-55C 44 FLIP05-49C 63 FLIP06-168C 94 FLIP08-78C 108 ILC 72
4 FLIPO1-40C 24 ILC8262 45 FLIP05-77C 64 FLIP06-170C 85 FLIP08-80C 109 ILC 1799
5 FLIP02-59C 25 ILC8617 46 FLIP03-3C 65 FLIP06-173C 86 Cakir 110 FLIP 0078
6 FLIP02-61C 27 FLIP03-2C 47 FLIP05-36C 67 FLIP07-83C 87 Azkan 112 FLIP 03-70C
7 FLIP02-67C 28 FLIPO7-4C 48 FLIP05-37C 68 FLIP07-84C 88 Akca 113 FLIP 03-128C
8 FLIP02-69C 29 FLIP03-5C 49 FLIP05-42C 69 FLIP07-96C 89 Gokece 115 FLIP 05-19C
9 FLIP02-80C 30 FLIP03-6C 50 FLIP05-43C 70 FLIPO8-3C 91 Seckin 116  FLIP 05-147C

10 FLIP02-81C 31 FLIP03-8C 51 FLIP05-47C 71 FLIP08-18C 94 Aziziye-94 117 FLIP 05-157C
11 FLIP03-1C 32 FLIP03-9C 52 FLIP05-93C 73 FLIP08-45C 97 Sezenbey 118  FLIP 05-162C
12 FLIP98-16C 33 FLIP03-14C 53 FLIP05-137C 74 FLIP08-52C 98 Cagatay 119 FLIP 06-37C
13 FLIP99-45C 34 FLIP04-2C 54 FLIP05-137C 75 FLIP08-62C 99 Inci 120 FLIP 06-52C
14 FLIP01-5C 35 FLIP04-33C 55 FLIP06-70C 76 FLIP08-63C 100 FLIP98-108C 121  Arman (Check)
15 FLIP01-7C 37 FLIP04-35C 56 FLIP06-79C 77 FLIP08-66C 101 FLIP97-118C 122 Jam (Check)
16 FLIPO01-36C 38 FLIP04-37C 57 FLIP06-149C 78 FLIP08-70C 102  FLIP 02-84 123 Saral (Check)
17 FLIPO01-57C 39 FLIP04-38C 58 FLIP06-151C 79 FLIP08-71C 103 ILC 482 124 ILC533 (Check)
18 FLIP02-3C 40 FLIP05-13C 59 FLIP06-154C 80 FLIP08-73C 104 ILC 3279

20 FLIP02-50C 41 FLIP05-38C 60 FLIP06-163C 81 FLIP08-74C 105 Sel96 11439

ALl po 130 (6)9biS Wl ol | 1FAF-A0 9 IFAY-AF col,) bl wlilgn jlof - Jgux
Table 2. Meteorological details for Maragheh DARI Station (2014-15 and 20115-16).

Ave. Ave.Rel

t’ei" R.F. AbsT. AbsT. MeanT. MeanT. °0) ’\é% H. (%) Evap.
(mm)  Min. (°C) Max. (°C) Min. (°C) Max.(°C) ' (mm)
October . 201415 1317 05 234 53 13.7 95 0 695 107.8
2015-16  79.6 05 26 6.7 16 11.38 0 666 1145
- 2014-15 515 6.5 15 -0.6 6.3 2.8 16 713 45
November obl 5515-16 59 55 14 0.7 7 3.1 18 696 0
201415 629 -8 9.8 2.7 3.2 0.25 25 805 0
December,sl 501516 235 -16 10 73 22 47 28 768 0
January o 200415 215 -10 10.4 5.4 3.12 11 30 658 0
2015-16 30 175 106 48 0.7 ) 27 717 0
February ., 201415 273 125 124 -4 4.43 0.22 24 667 0
Y 201516 435  -115 156 2.6 5.4 13 20 657 0
March asy 201415 467 -105 16 1.4 8.2 3.4 18 63 0
2015-16 79 -7 16.4 .05 8.1 3.8 18 652 0
April s, 201415 243 35 24.6 2.6 135 8.1 6 576 205
097 9015.16 445 5 23.4 3.4 135 8.5 5 562 415
May coopns, 201415 45 1 27.4 8.4 20 14.2 0 463 241
=l o516 142 2 28 8 199 1397 0 47 2126
Junsss 2004415 1 8 35.6 135 27.9 20.7 0 323 3415
2015-16 614 6 33 1241 2446 1846 0 391 3048
[R.F.: Rain Fall, S, l5.4] [Abs.T.Min.: Minimum Absolute temperature, slao slos Jslo>]

[Abs.T.Max.: Maximum Absolute temperature, 3las sl zSlas]

[Ave.T.: Average Temperature,les lawgic] . .
[Mean.T.Min.: Mean Temperature Minimum, Jéla> sles awgie]

Mean.T.Max.: Mean Temperature Maximum, :Sla> (sles lawg:
[Evap.: Evaporation, .55 l5..] [ P A #
[N.D.B.0: Number of Days Below 0 °C,a> s jio 55 slaje, slos]

A
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Table 3. Mean and percentage of variation for agro-morphological traits in 112 chickpea genotypes under
spring/autumn -planting conditions

Mean .Sk iy 0 i g a0
. Trait variation Trait variation
Ol iz o o)l culs ojmly s value percent
Abbreviation of triats Trait Spring-planting  Autumn-planting
S olas -
TPN S5 B sl 17.2 25.7 -85 49.4
Total pods number
S e olass R
EPN 5 Dl slas 17 6 -43 252.9
Empty pods number
o S sl -
TSPN S > I ol 1 14 -0.4 40
Two-seed pods number
oS slas,| .
PH (€M) o5 £l 25 30.4 5.4 216
Plant height (cm)
FPH ©m) S ol glas)| 126 117 0.95™ 71
First pod height (cm)
505 B slass .
OSPN (S B ol 13.7 178 -4.2 29.9
One-seed pods number
s 51 35, olass "
DMI & ey €90 B g ol 82.9 251.2 -168.3 203
Days to maturity initiation
o, 10 b 5, olows .
DM90% Ty 1A B g, ol 917 2711 179.4 195.6
Days to 90% maturity
A . .
100KW @) &l 2o 05 26.1 35.1 9 345
100-kernel weight (g)
PD (mm) S k8 11 11.4 04" 36
Pod diameter (mm)
PL mm) S Jsb 213 222 09" 42
Pod length (mm)
B @) o055 Zn; 9.1 14.6 55" 60.4
Biomass (g)
:,‘..i',!o)., ua?L..; ke
HI 4 0.41 0.48 -0.07 17.1
Harvest index
0,
FP ) 5595t 220 83 753 78" 9.3
Fertility percent (%)
Y @ 6555 25ec 37 7 33" 80.2

Single plant yield (g)

dsgial T iyges] (bl o 7Y Jlotil mrlans o lo gine (5 ylel D] ¥

ok

oY

. Indicating statistically significant at 1% probability level based on student t-test.
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Correlation coefficients for agronomic traits of chickpea genotypes in spring-planting (below diameter) and

Table 4.

autumn-planting (above diameter)

Trait TPN_EPN TSPN PH_FPH OSPN DMI DM90% 100KW PD __PL B HI__FP__Y
TPN 0.757 020" 0.175 -0.043 0.91” 0122 0071 -0.088 -0.088 -0.086 0.78” -0.029 -0.20° 0.74”
EPN  0.54** 0.19" 0.18" -0.077 051" 0.097 0.045 001 005 002 055" -0.35" -0.62" 0.40"
TSPN 0.35** -0.04 0.32” 0.158 -0.009 0.087 0062 0006 031" 029 032" -0.048 -0.39™ 0.29"
PH 034" 0,03 0.154 066" -0.004 022" 021" 033" 039" 030" 042" -0.21" -0.44" 0.33"
FPH 0049 -0.07 0.045 0.59** -0.142 0099 0175 033" 028" 037" 022" 005 -022° 019"
OSPN 0.98"* 0.42** 0.27** 0.38** 0,071 0057 0048 -0.124 -0.157 -0.146 071" 0134 019" 0.73"
DMI 0.176 0.007 0038 0.20° 0.31** 0.20° 060" 0.64 0119 014 027" -0.088 -0.118 0.20"
DM90% 0.186 -0.002 -0.009 0.24°% 0.29°* 0.21* 0.92** 021" 019" 021" 025" -0.20° -0.056 0.145
100KW -0.19* -0.06 -0.048 0.21° 0.20° -0.20° 0.011 -0.01 055" 057" 029" -0.021 -0.057 0.25™
PD  -0.147 0.007 0115 021° 0.14 -018 -0.01 -0.04 072" 035" -022" -0.20" 0.24
PL -0.021 -0.16 0.80 042** 0.23* 002 -003 -0.05 051** 0579* 0.37% -017° -0.139 027"
B 0.75° 0.44** 0.27°° 037°° 0.20° 0.73** 0.30** 030°* 0142 0087 0.019 -0.06 -0.133 0.92"
HI 031" 0007 0.34°° 0.149 -0.15 031** -019 -0.17 0078 0.083 0.269°° 0.010 0.47" 030"
FP 019° 0.29** 012 014 0036 -0.053 0.271° 0.172 0384 0.01
Y  0.83° 034 042°°043* 008 0.82* 015 017 0118 0.092 0.169 0.784°* 0.583° 0.351*

Sy axzlye ¥ Jgaz 4 ol laisl mesg 6l 10 5 1) Jlaxsl mlaw o o dae o p 4 g
“and ": significant at 1% and 5%, respectively. See Table 3 for abbreviations.
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Table 5. Path coefficients analysis of direct and indirect effects of evaluated traits on chicpea grain yield in spring-
planting and autumn-planting

o »! &b 3 eyl i1 Ol 3l g gozme B ouiladly
Trait s Indirect effects through oyl g5 Residual
Direct Sum of indirect effects  Total
effect effect
= TPN 100KW FP TSPN
v B TPN 0.829 -0.056 0.028 0.032 0.004 0.836
3 = 100KW 0.281 -0.165 - 0.005 -0.005 -0.165 0.118 0.426
_{ 8’ FP 0.148 0.162 0.01 - 0.03 0.202 0.351 '
° g TSPN 0.092 0.297 -0.014 0.049 - 0.332 0.425
wn
=2 TPN PL EPN 100KW TSPN
? 1= TPN 1.135 - -0.019 -0.366 -0.021 0.019 -0.387 0.748
J _g PL 0.220 -0.098 - -0.01 0.133 0.029 0.054 0.275
3 E EPN -0.483 0.859 0.004 - 0.002 0.019 0.884 0.402 0.444
° 2 100KW 0.234 -0.1 0.125 -0.005 - 0 0.020 0.254
< TSPN 0.098 0.226 0.064 -0.097 0.001 - 0.194 0.296

See Table 3 for abbreviations.
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Fig. 1. Biplot diagram for 112 chickpea genotypes by agromorphological traits in spring cultivation
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Fig. 2. Biplot diagram for 112 chickpea genotypes by agromorphological traits in autumn cultivation
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Introduction

Legumes are the most economically important food source for humans due to their protein richness,
especially in developing and underdeveloped countries. Chickpea yield in spring-planting under dryland
cropping decreases due to increasing temperature and day length and the occurrence of end-season drought
and exposure to important pest's activity. In autumn-planting, early flowering, escaping from pests and
optimal use of annual rainfall help to significantly increase in grain yield. Increasing the growth period
during autumn planting has been found to result in taller plant height, making mechanical harvesting more
feasible. The success of a plant breeding program relies on implementing a suitable selection design that
takes into account both correlated and non-correlated relationships. Recently, a significant positive
correlation has been observed between grain yield and several traits such as the number of pods, number of
seeds, 100-kernel weight, and harvest index in chickpea. These traits were also found to have a direct and
significant effect on chickpea grain yield. Additionally, there was a high direct effect observed for pod
number, number of seeds, 100-kernel weight, and single-seed weight on chickpea grain yield.

Materials and Methods

This research was conducted on 112 chickpea genotypes in dryland spring-planting (non-cold stress
condition) and autumn-planting (cold stress) based on augmented design in Dryland Agricultural Research
Institute located in Maragheh. Total pods number, number of empty pods, number of tow-seed pods, plant
height, first pod height from soil level, number of pods with one seed, days to maturity initiation, days to
90% maturity, 100-kernel weight, pod diameter, pod length, biomass, harvest index, fertility percent and
single-plant yield were meassured. The correlation analysis, stepwise regression and path analysis, and
principal component analysis were used for identifying the relationships among agro-morphological traits.

Results and Discussion

In autumn-planting condition grain yield positively correlated with all traits except days to 90%
maturity, but in spring-planting condition the correlation between grain yield and first pod height, days to
maturity initiation, days to 90% maturity, 100-kernel weight, pod diameter and pod length were not
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significant. In spring-planting, 100-kernel weight and total pods number were negatively correlated. In both
spring and autumn-planting, the 100-kernel weight showed a significant positive correlation with pod
diameter and pod length. This indicates that genotypes with larger pods also tend to have larger seeds.
Furthermore, in autumn-planting, there was a significant positive correlation between pod diameter, pod
length, and grain yield. However, these correlations were not significant in spring-planting. Stepwise
regression analysis was performed to assess the factors influencing grain yield in both planting conditions. In
spring-planting, the number of total pods, 100-kernel weight, fertility percent, and the number of two-seed
pods were found to have direct and significant effects on grain yield. On the other hand, in autumn-planting,
the number of total pods, pod length, number of empty pods, 100-kernel weight, and the number of two-seed
pods were included in the final model as predictors of grain yield. These results suggest that these factors
play a crucial role in determining grain yield in their respective planting conditions. In spring-planting, the
genotypes 108, 63, 65 and 99 had the highest number of total pods, number of single pods, biomass and plant
yield and genotypes 55, 76, 81, 82, 84, 85 and 88 had the highest weight of 100-kernel, pod length and pod
diameter. In autumn-planting, the genotypes 87 and 22 had higher biomass and grain yield, genotypes 45 and
65 had higher total pods and number of single pods, genotype 89 had higher total pods and biomass and
genotype 94 had higher total pods, number of single pods, biomass and yield.

Conclusion

Correlation analysis results showed that in non cold stress condition (spring-planting), due to the short
growth period, the significant relationship of most important agronomic traits with grain yield were not
revealed and important components such as 100-kernel weight did not have enough opportunity to
significantly affect grain yield. In spring-planting, total pods number had a high direct effect and correlation
coefficient with grain yield, but the indirect effect of this trait through 100-kernel weight on grain yield was
negative because increasing the number of total pods causes decreasing the kernel weight. In autumn-
planting, despite the high direct effect of total pods number on grain yield, due to the indirect negative effect
through the number of empty pods, the correlation coefficient of total pod number with grain yield was not
very high. Finally in order to increase grain yield in chickpea genotypes in breeding programs it is
recommended that under cold stress and non-stress conditions, selection should be based on the number of
total pods per plant, which is a visible trait and easy to measure.

Keywords: Autumn-planting: Cold tolerance: Grain yield: Regression analysis

Y



