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Table 1. Descriptive statistics for traits in 568 Kabuli chickpea genotypes

Traits T oo oSl oeSle Lo Sl Ol ce b aeys (N (SudS

Min. Max. Mean STDEV C.V. Skewness  Kurtosis
Day to 50% flowering — »a5 ao,00+ b 55,  71.00 94.00 78.90 2.65 3.36 2.08 7.01
Plant height (cm) oS gyl 11.76  116.17  37.66 8.38 22.26 -2.51 18.74
Pods/plant We o Dleolas 888  217.38  85.73 34.45 40.18 0.56 0.84
Seeds/plant Wgr ,0 ,dy olasy 1.00 2.00 1.10 0.30 27.27 2.67 5.13
100-seed weight (g) wlYee 59 425 35.85 18.38 4.95 26.94 0.13 -0.25
Branches/plant ol slaazls olass 1.00 6.00 2.93 0.62 20.94 0.40 1.88
Yield/plant (g) aboSlee 513 364.63 104.62 42.61 40.72 1.05 3.58

O D956 i gi5T AL 40 oy 3590 Ol (o gi Hlol -Y Jguz
Table 2. Descriptive statistics for traits in 390 Desi chickpea genotypes

Traits T o o035l Nl Lo Syl Olpedi o b sy (Nex (S S

Min. Max. Mean STDEV C.V. Skewness  Kurtosis
Day to 50% flowering 2415 0w )00+ b 35,  73.60 83.60 76.78 1.53 1.99 1.43 2.77
Plant height (cm) oS g, 17.75 47.25 34.13 4.79 14.04 -0.28 0.04
Pods/plant Gg o BDleslas 360 27485 76.30 39.54 51.83 1.04 2.31
Seeds/plant gy 4o 0 olaws 1.00 2.00 1.79 0.41 22.67 -1.45 0.09
100-seed weight (g) aloY e 059 7.44 28.34 12.34 2.79 22.62 2.33 8.01
Branches/plant ol slaazls slass 1.15 7.65 2.97 0.87 29.38 0.69 2.01
Yield/plant (g) als o Slae 5.20 234.20 70.35 38.36 54.53 1.02 1.53
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Table 3. Simple correlation coefficients between traits and yield in 568 Kabuli chickpea genotypes

Traits les 1 2 3 4 5 6 7
1. Day to 50% flowering 235 0o )00+ U 34, 1
2. Plant height oS glis,l  -0.1407 1
3. Pods/plant Gor p e DSl 0.015™  -0.101" 1
4. Seeds/plant e o 0 dslas 0.023™ 0 -0.077™  0.043™ 1
5. 100-seed weight wlsY++ o5 -0.183"  0.083°  0.046™  -0.146" 1
6. Branches/plant ol sl asla slaws -0.052™  0.059™  0.252"°  0.055™  0.068™ 1
7. Yield/plant oSle  -0.042™  0.1437  0.6717  -0.036™ 0.1927 0.1137 1

¥ % ns

0= 0.01 5 0= 0.05 mlaw ;o ;0 )l frs g I8 Smnyud Sy 5
ns :Non-significant, *and **: Significant at o= 0.05 & o= 0.01, respectively.
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Table 4. Simple correlation coefficients between traits and yield in 390 Desi chickpea genotypes

Traits wlas 1 2 3 4 5 6 7
1. Day to 50% flowering ~ »al5 0o 30+ b 3, 1
2. Plant height oS elis,)  -0.170™ 1
3. Pods/plant Gg 0 > sl 0.095™  0.3757 1
4. Seeds/plant G e e ,dusles <0162 0.1407  -0.064™ 1
5. 100-seed weight alYee o5 01147 -0.067°  0.040™  -0.396" 1
6. Branches/plant Glolgle asls oo 0.072™ 03327 04977 -0.030™  0.075™ 1
7. Yield/plant oSles  0.006™ 03257 04787 0.000™ 02467 0.095™ 1

Rk Ok ns

0= 0.01 5 0= 0.05 mhaws ;o )5 o pne 5 lo cimnyud o5 gy F*
ns :Non-significant, ¥*and **: Significant at o= 0.05 & o= 0.01, respectively.
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Table 5. Stepwise regression analysis for seed yield per plant and other studied traits
in 568 Kabuli type chickpea genotypes

g Traits Slis a b1 b2 b3 K P-value
Step N Jo
1 Pods/plant G 0 B olaws 30.785" 0.861" - - 0.486 <0.001
2 100-seed weight als) e o3 0.580™ 0.858" 1.667" - 0.526 <0.001
3 Plant height G lis) -28.503" 0.885" 1.572" 0.771" 0.555 <0.001
WS 9955 i 95 YA )5 (uwy 5 9590 Slho ylw g &l 3 ;Slos paplS (ygamw )5y 4 5225 -7 Jgu
Table 6. Stepwise regression analysis for seed yield per plant and other studied traits
in 390 Desi type chickpea genotypes
g Traits Slis a b1 b2 b3 K P-value
Step 04 Zaal Jo
1 Pods/plant Wgy ,d B olass 35.448" 0.455" - - 0.227 <0.001
2 Plant height Gy glis )| -6.411™ 0.395™ 1.361" - 0.249 <0.001
3 100-seed weight alsh e+ o5 -23.759"™ 0.388" 1.431™ 1.256" 0.256 <0.001
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O i 000955 1 slaui g g cudls aalgs ails o Slae
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Table 7. Principal component analysis in 568 Kabuli chickpea genotypes

Traits o Jolddge  pgd Ailie  pow All3e
(First)  (Second)  (Third)
Day to 50% flowering 2 as b b, 0.062 -0.281 0.782
Plant height olS glas )| 0.010 0.521 -0.347
Pods/plant e 0 e sl -0.627 -0.115 0.020
Seeds/plant dgr ,o A olaws -0.033 -0.561 -0.287
100-seed weight aloVee 59 -0.133 0.513 0.403
Branches/plant ol sbasls slaws -0.461 -0.184 -0.128
Yield/plant b o See  -0.610 0.156 0.078
Proportion of Variance JUEOWERWE] PR FIRWRRS 28.6 18.4 14.3
Cumulative of Variance =  sxo25 uiby)ly 2oy 28.6 47.0 61.3

S 0950 i 3T 5o Lol glaadlge 4 455 —A Jgux
Table 8. Principal component analysis in 390 Desi chickpea genotypes

Traits o Jslddlge  pgo dlge  pgws AdlGe
(First)  (Second)  (Third)
Day to 50% flowering 25 asy0be e, -0.023 0.413 -0.804
Plant height oS elas,l  -0.454 -0.283 0.225
Pods/plant e 0 e sl -0.567 0.055 -0.148
Seeds/plant Wgr ,0 ,dy olasy 0.018 -0.629 -0.258
100-seed weight aloVe- 59 -0.073 0.589 0.424
Branches/plant ol sbasls slaws -0.488 0.055 -0.164
Yield/plant alb s See -0.478 0.013 0.094
Proportion of Variance JUEOWERWE] PR PRWERRS 30.6 22.1 13.8
Cumulative of Variance o025 uiby)lg 2oy 30.6 52.7 66.5
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Table 9. Path analysis for grain yield in 568 Kabuli chickpea genotypes

- 6 Indirect effect & b ;| pudisownn o i1
. i e s 31 .
Trait wlie Correlation Direct effect gy yo B Sl 4ildYee 39 aig elai
Coff. Pods/plant 100-seed weight  Plant height
Pods/plant Loy ;> Ble slaws 0.671 0.731 - -0.042 -0.020
100-seed weight aloY e+ 39 0.192 0.282 -0.107 - 0.160
Plant height Gy el )| 0.143 0.193 -0.074 0.143 -
O 085 i g5 0 dild 5 Slos (gl Cude & 3T —Ye Jgo
Table 10. Path analysis for grain yield in 390 Desi chickpea genotypes
_ ) ) ’ Indirect effect 5 ,b ;| puisiwmo i i1
Trait T S 9 g oo 5 - N (e R
Correlation Coff.  Direct effect = %2° S ol Sy e Rl
Pods/plant Plant height  100-seed weight
Pods/plant &g o B sl 0.478 0.395 - 0.072 0.009
Plant height g glas ) 0.325 0.192 0.148 - -0.017
100-seed weight als) 05 0.246 0.243 0.015 -0.013 -
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Table 11. Cluster analysis results in 568 Kabuli chickpea genotypes

LU 55 S0P 53 S By 3 s W) Jgar

Traits wlao Eaaded \Eanied B anted F s
Cluster 1 Cluster II Cluster 111 Cluster IV
No. of genotype g olass 232 18 156 162
Day to 50% flowering 235 ao,00- U j, 78.53+£3.08 79.74+2.41 78.84+2.36 79.39+£2.16
Plant height olS glas,))  37.76+4.92 33.12+3.57 35.52+15.48  38.74+5.49
Pods/plant Ggy e sl 91.17433.62  99.16+20.89  82.71+33.27  79.38+36.53
Seeds/plant Gy )0 Hdy olaws 1.08+0.27 1.2840.46 1.14+0.35 1.07+0.25
100-seed weight alsYee 55 20.10+4.67 13.94+5.59 17.17+2.89 17.39+4.89
Branches/plant bl lasls slass 3.02+0.52 2.89+0.32 2.74+0.60 3.01+0.73
Yield/plant also,Sles 109.66+36.00 114.07+42.04  103.71+45.18  97.22+47.73
O 0950 i 93T A 50 S & poi s IV Jgu
Table 12. Cluster analysis results in 390 Desi chickpea genotypes
Traits T ) S Y s Y yds F s
Cluster 1 Cluster 11 Cluster 111 Cluster 1V

No. of genotype g5 ol 173 142 38 37
Day to 50% flowering — »o5 as)00- b 55,  76.72+1.45 76.74+1.51 76.97+2.01 76.99+1.38
Plant height ol gl 32.1444.76  35.18+4.01 36.29+4.54 37.17+4.24
Pods/plant Gy o Dl sl 45.02+18.15  89.75+£17.94  86.67+25.43  158.51+£33.25
Seeds/plant Gg o ol 1.77£0.42 1.80+0.40 1.84+0.37 1.81+0.40
100-seed weight alsVe- 59 12.2042.82 12.47+2.70 12.43£3.23 12.44+2.60
Branches/plant ol gasls slaws 2.59+0.70 3.18+0.88 3.10+0.78 3.81+0.81
Yield/plant als o Slee 44.32421.72  73.08+£18.31 143.75+£31.14  106.19+32.14
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Abstract

Knowledge of the relation between agronomical traits with economical yield is very important in crop
improvement and breeding. In order to study of genetic diversity and identifying yield components, 568
Kabuli type germplasm and 390 Desi type chickpea germplasm that were available in pulses collection of
Faculty of Agriculture, University of Tehran, was investigated in this research in 2009 in two separate
experiments based on Augmented design. The traits were included data to 50% flowering, 100 mature seeds
weight, plant height, no. of pods/plant, no. of seeds/pod, no. of branches/plant and seed yield. The results of
the phenotypic correlation and stepwise regression showed that in both Kabuli and Desi chickpea types, no.
of pods per plant, 100 seed weight and plant height are important and effective traits on yield. Also, results
of path analysis showed that in both chickpea types, the number of pods per plant imposed the largest direct
effects on yield. According to principal component analysis using seven agronomic traits in both chickpea
types, three main components were selected that in total, they explained %61.3 of variation in Kabuli type
and %066.5 in Desi chickpea type genotypes, respectively. In both chickpea types, first and second
component were introduced as components of yield and yield components and third component was
introduced as a phonological component. Genotypes grouping in both Kabuli and Desi chickpea types were
conducted based on studying traits with Ward's method and the square Euclidean distance and in both types
studying genotypes were grouped in four clusters.

Key words: Cluster analysis, Correlation, Principal component analysis, Stepwise regression
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Fig. 1. Frequency distribution of phenological characteristics of the Kabuli chickpeas including the range of days from
emergence to flowering (a), flowering to podding (b) and flowering to maturity (c) in Mashhad (2007)
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Table 1. Maximum, minimum and mean traits for chickpea genotypes tested during the experiment in Mashhad, 2007
(numbers in parentheses indicate number of genotypes)

Average Maximum Minimum Parameters
oSl ST il o ysol
37.5 45 (87) 31 (590,706,802,823, 946,50,81,337,352,392) DEF (day)
7.7 12 (802) 6 (669,715,781,787) DFP (day)
35.7 42 (352,397) 31 (669,715,781,787) DFM (day)
12.7 15 (760,787, 823,715,727) 0(712) NLL (No)
63.0 76 (544,693) 48 (427) LL (mm)
13.0 38 (701) 7 (427) LEL (mm)
9.2 20 (712) 5 (427,626,853,875) LW (mm)
339 47 (361) 22 (669) NNPS (No)
42.8 67 (705) 17 (669) PH (cm)
7.5 30 (951) 0(950,703,704,825,849, 50,87,427,573,696,700) FPDS (cm)
34 8 (849) 1 (787,854) NFB (No)
20.5 50 (875) 4(392) NSB (No)
12.5 57 (704) 0 (946) NTB (No)
142.0 371 (823) 29 (316) NPPP (No)
289.2 448 (712) 133 (626) SW (g)
18.13 7737 (392) 49 (81) SY (g.m?)

@S p,e LW xSy Jsb (LEL «S 5y Job :LL o5, )0 455 5 olasi :NLL ¢ Saws, b (20I5 51 55, DFM. p0dle b 208 5l 55, :DFP « 20l8 b aiison 51 55, :DF
wtli o3 sloasls NTB waygli o3 sloasls NSB sl o3 sloasls NFB (S mlaw 5l 35 olsl ¢lis | FPDS wol5 glis,| PH o Lol 88Ls 3 6,5 slass NNPS
ails o Slae Y iloY e v+ 159 SW bS5 8le slass NPPP
DEF: Days from emergence to flowering, DFP: Days from flowering to podding, DFM: Days from flowering to maturity, NLL: Number of leaflet
per leaf, LL: Leaf length, LEL: Leaflet length, LW: Leaflet width, NNPS: Number of nodes per stem, PH: Plant height, FPDS: First pod distance to

soil surface, NFB: Number of first branches, NSB: Number of second branches, NTB: Number of third branches, NPPP: Number of pod per plant,
SW: 1000 seed weight, SY: Seed yield.

OYAP agelio) LIS G 9956 (slrcuigif o o 9 5,5hos gl32] S 58198590 Glio (o (Swrod cul b Y Jgur
Table 2. The correlation coefficients between morphological traits, yield components and seed yield of
Kabuli chickpeas (Mashhad, 2007)

13 12 11 10 9 7 6 5 4 3 2 1
1 1
1 -0.14 2
1 -0.14 -0.44%* 3
1 -0.28%* 0.11 0.11 4
1 0.04 0.04 0.18 0.18 5
1 0.44%** 0.13 0.04 0.31%** 0.11 6
1 0.51%* 0.11 -0.03 -0.06 0.15 -0.01 7
-0.45%* -0.16 0.04 0.02 0.14 -0.17 -0.06 8
1 0.64** -0.28* -0.09 0.08 0.21* 0.08 -0.09 -0.08 9
1 0.48%* 0.24* -0.02 0.08 0.08 0.14 0.29 -0.03 -0.28%* 10
1 0.45%* 0.58%* 0.37** -0.08 -0.03 -0.26* 0.02 -0.13 0.12 -0.18 11
1 0.04 0.07 0.07 0.01 0.13 0.12 -0.2%* 0.38%** -0.03 0.11 -0.12 12
1 -0.10 0.09 -0.15 0.04 0.20* -0.06 0.08 0.26* -0.16 -0.02 -0.07 0.12 13

sl ob laasls olaws A WSB gl B sl glin)) -V gy gl <F Lol Blu o o8 slawi -0 xSy o - ¥ xSy Job T oSy Jsb Y oSy 0 anS,y ol o)

als o Slae - VY wloy e -

Aoy g a0 Jleisl mhaw jo s sixe ol 54 -

059 VY g j0 e slawy VY il o glaasli olasy =) e gl o glaasls slaay -9

#

1- number of leaflet per leaf, 2- leaf length, 3- leaflet length, 4- leaflet wide, 5- number of node per main stem, 6- plant height, 7- first pod distance to soil surface,
8- number of first branches, 9- number of second branches, 10- number of third branches, 11- number of pod per plant, 12- 1000 seed weight, 13- seed yield.

* and **: Significant at p<0.05 & p<0.01, respectively.

Yo



(=R

—

3 ¢/ JO SULIIsn[d

"S)TRI) UOTIBN[BAD U0 paseq eadydryd adA) rnqey Jo sadLjoua

(C‘ II({'('.I;R

-~

¢ T E

(A ncfo 75 2

-

= ST A

,
=t

ey RIPE

I Jlo o oyleds ¥ aler /ol ot Db gad SR g 3 & pdi /... &0 gomo I Sidy S 3l 10y] 550 g (sollis

Similarity

-€9'18
-SC'E9

- 88t

Y8




I Jlo o oyleds ¥ aler /ol ot Db gad (SR g 3 & yii /.. &0 gome I oidy SU 3l 10y] 550 g (sollis

94yl (€8 (ALl sluwi ( Sy U (IS g (a5 U clls’ 3l 59, dloawi Slio Jlai 1 U oo 9955 i 935V Y (guiualios — Y Jguor
413 3 ,Sos 9 &looee (39 ool A8l 5 6,5 olasy (S gebans 3 BME oyl Aol ol £l )l canll g )il

Table 3. clustering of 73 genotypes of Kabuli chickpea based on traits including days from planting to flowering and flowering
to maturity, number of first branchs, second branches and third branches, plant height, first pod distance to soil surface,
number of node per main stem, 1000 seed weight and seed yield

Genotypes Number of genotypes Cluster number
Wouigi WLoaigij olasy adrgs o yloud
50,427,582,950,776,760,875,81,87,729,700, 21 1
853,811,337,951,573,715,802,693,702,712
80,851,837,378,390,701,627,358,878,879,
787,392,597,723,705,727,823,835,907,854, 28 2
397,691,874,283,696,590,706,88 1
252,848,849,581,361,946,544,669,352,537, 18 3
843,841,850,840,833,781,715,703
316,825 2 4
626,915,669,941 4 5

Oezer g olS 0 & 0 Slas olS o 4Bl slass LS
5 Fadgs oS Jlo o 0g Lo |y Jlade o yiian & o,Slas
Srp &loVee5s 9 palS woobe b ojg, olaay i
Oy D Sty £935 oy b Nezami et al. 2010) .cuisls
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Table 4. Average of each cluster for evaluated traits

Cluster Cluster Cluster  Cluster 2 Cluster 1 L ol

54) 4(2) 3198 (28) @n* Parameters

49 48 48 47 48 Days from planting to flowering _asl5 b c.ils 5l 5,
34 34 36 35 36 Days from flowering to maturity Sa.w, b a5 3l 59,
3 4 4 4 4 Number of first branches «Jl slaasLs slaxs
11 25 21 26 23 Number of second branches 4,4 slaasLs sloss
7 7 11 16 16 Number of third branches 4.4l slaasLls olows
33 51 45 58 41 Plant height oL5 ¢lis )|
8 3 7 12 6 First pod distance to soil surface S5zl 51 SMe sl alols
35 28 36 44 33 Number of node per main stem Lol 43l ;o 0,5 sloss
121 324 296 365 316 1000 seed weight «ils 132 ¢34

629 784 485 389 102 Seed yield ails 5 Slos

* Numbers in parentheses indicate the number of genotypes in each cluster.
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Abstract

Identification of morphological, phenological and yield characteristics of genotypes is important in order
to collect necessary information for available varieties and as a result selection of one or more specific traits.
In this study, 73 Kabuli chickpea genotypes from Pulses Seed Bank of Research Center for Plant Sciences,
Ferdowsi University of Mashhad, were planted in irrigated conditions at Research Farm of Agricultural
Faculty of Ferdowsi University of Mashhad. Some characteristics were measured for each accession based
on Chickpea Descriptors, including the days from emerging to flowering, flowering to podding, flowering to
maturity, plant height, leaflet length and width, number of leaflet per leaf, leaf length, leaf area, number of
node per main stem, number of primary, secondary and tertiary branches, flower length, pod length, number
of pod per plant, number of seeds per pod, seed color and shape, 1000 seed weight, and seed yield. The
results showed that there was not difference among the genotypes for the days from flowering to maturity, so
that the difference between the lowest and the highest number of days from flowering to maturity was
11 days. According to period of flowering to maturity, the majority of genotypes (64.4%) were laid in group
34-37 days and the lowest number of the genotypes (15%) was put in group of lower than 34 days. Based on
plant height, there was difference among the genotypes, so that the difference between the lowest height and
the highest one was about 50cm and MCC706 with 67cm was the tallest genotype. Seed yield in 32.8% of
genotypes was more than 400 g/m* and MCC216 with 885 g/m” produced the highest seed yield. Results of
Cluster test showed that genotypes fallen in five distinct clusters, that clusters four and one had the highest
and lowest seed yield, respectively. In general, there was considerable diversity among Kabuli chickpea
genotypes regarding to assessed characteristics, so it may be possible to exploit this variation in breeding
programs for improving yield of chickpea.

Key words: 1000 seed weight, Cluster test, Number of branch, Vegetative period

* Corresponding Author: College of Agriculture, Ferdowsi University of Mashhad, Iran
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Table 2. Mean square of analysis of variance of traits in two lentil cultivars under effect of different levels of K and N
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Seed yield Number Number of Maturity 50% 50% ) e
of seed total pod per . Source of variance
Flowering  Emergency
per plant plant
78273.42™ 0.008™ 0.011™ 51.16%* 1.40™ 22.05%* 2 Replication By
0.036™ 0.380** 0.0005™ 2.66™ 0.66™ 4.16™ 1 Cultivar (V) V) 3,
35329.97™ 0.003™ 0.011™ 8.66™ 0.29"™ 2.05™ 2 Potassium (K) &) sl
334954.26* 0.093* 0.087* 35.16%* 7.62%* 11.72% 2 Nitrogen (N) N (359555
47998.30™ 0.027™ 0.033™ 12.66™ 0.88™ 0.38™ 2 Interaction (V*K) VK Ll 5l
6797.42"™ 0.017™ 0.006™ 7.16™ 1.55™ 0.72™ 2 Interaction (V*N) VXN Llis 5l
26449.79" 0.009™ 0.008™ 14.91* 0.74™ 1.77% 4 Interaction (KxN) KXN il il
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78090.78 0.021 0.016 5.81 0.85 3.89 34 Experimental error bl ol
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ns, * and **: no significant and significant at levels of 1% and 5%, respectively
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Table 3. Comparison of means simple effect of cultivars, K and N on traits in two lentil cultivars

PHERIRYS

pls JS olaxs

als o ,Slos S S P RV CRRVERY. O RYE WS VWY,
(ES®  p55kS) 9 50 959 (CoilS 5 o 39)) (B 5w 59y)  (CedlS 51 ma 39) o sLowss
Seed yield T)lf";leléfir 1\2::;}) ;z&)f Maturity 50% Flowering  50% Emergency Treatments

(kg/ha) per plant per plant (day after planting)  (day after planting)  (day after planting)
1310.87 a 52.46b 68.57 a 103.44 a 72.25a 16.22 a (Local) o Cultivar (V) V) o,
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Means with similar letter have no significant difference with using of Duncan test in 5% level of probability
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Table 4. Mean square of analysis of variance of traits in two lentil cultivars under effect of different levels of K and N
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Shoot Seed Seed Shoot nitrogen Seed Seed Seed sl Source of variance
potassium potassium potassium percent protein nitrogen nitrogen Df
percent uptake percent percent uptake percent
0.392%* 0.005™ 0.0006™ 0.087* 1.33™ 0.006™ 0.034™ 2 Replication WSS
0.887** 0.053* 0.129%* 0.010™ 0.007™ 0.00003™ 0.0002"™ 1 Cultivar (V) V) 3,
0.163* 0.002™ 0.003™ 0.090* 8.082* 0.008™ 0.206* 2 Potassium (K) K ly
0.247* 0.035* 0.0008 ™ 0.116** 11.77* 0.052%* 0.301* 2 Nitrogen (N) N) 39,5
0.271* 0.022™ 0.008* 0.022™ 0.64™ 0.009™ 0.016™ 2 Interaction (VxK) VXK i 5
0.080™ 0.001™ 0.002™ 0.037™ 0.018™ 0.0002™ 0.0004 ™ 2 Interaction (VXN) VXN i il
0.019™ 0.006™ 0.005™ 0.047* 0.91™ 0.002™ 0.023™ 4 Interaction (KxN) KXN bl 3l
0.010™ 0.006™ 0.004™ 0.004™ 0.78"™ 0.004™ 0.020™ 4 Interaction (VXKxN)  VXKXN Ll 5l
0.063 0.010 0.003 0.021 2.23 0.008 0.057 34  Experimental error sl ol
14.19 11.08 8.01 0.90 5.52 5.42 5.52 - CV% (1) &5 g o
R TS P A N PONP R NS POSUP U PR L Pl i
ns, ¥ and **: no significant and significant at levels of 1% and 5%, respectively
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Table 5. Comparison of means simple effect of cultivars, K and N on traits in two lentil cultivars
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po tasos‘i)ltlm Seed potassium pota:ium ni tr(())gtttn pr(ffein Seed nitrogen  Seed nitrogen
percent uptake (kg/ha) percent percent percent uptake (kg/ha) percent
1.64 b 9.71a 0.74a 145a  27.09a 56.83a 433a (Local) ==  Cultivar W)
1.89a 8.45b 0.64b 148a  27.06a 56.74 a 433a ILL1180 V) ’
1.74 ab 9.13 a 0.70 a 140b  2635b 5447a 421b 0 Potassium K
1.87a 8.87a 0.69 a 147ab  27.19ab 55.57a 4.35ab 30 (K) DR
1.68 b 9.23a 0.67 a 1542 27.68a 6031 a 442 a 60 (kgha) G255k
1.64 b 8.65b 0.68a 140b  2620b 52.80 b 4.19b 0 Nitrogen Ny 39
1.87a 8.42b 0.69 a 145b  2724a 52.55b 435a 25 N) < el
1.78 ab 10.17a 0.69 a 1.56a  27.79a 65.00 a 444 50 (kg/ha) G52 ek
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Means with similar letter have no significant difference with using of Duncan test in 5% level of probability.
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Fig. 1. Interaction effect of potassium in nitrogen on shoot nitrogen percent lentil plant
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Abstract

In order to study the effects of potassium application on uptake and allocation of nitrogen and seed
protein on two lentil cultivars in rain-fed condition a factorial experiment based on randomized complete
block design with three replications was conducted at Ardabil Research Center for Agriculture and Natural
Resources, in 2008. Three potassium levels (0, 30 and 60 kg.ha™), three nitrogen levels (0, 25 and 50 kg.ha™)
and two lentil cultivars (local and ILL1180) were applied. Results showed that the highest seed nitrogen
content, seed protein content (27.68%) and shoot nitrogen content was obtained by application of 60 kg.ha™
potassium. In terms of phenological traits, aspects of time to 50% emergency, time to 50% flowering and
date of maturity as affected by 50 kg.ha™ nitrogen was significantly higher than other nitrogen levels. Days
to maturity, number of total pods and number of seed per plant also in such a treatment were placed in the
superior group with significant difference caused production highest seed yield production (1465.06 kg.ha™)
by using 50 kg.ha' N. Such a trend was observed for seed nitrogen content, seed nitrogen uptake, seed
protein content, shoot nitrogen content and seed potassium uptake was found in using 50 kg.ha™ N. In main
cultivar effect, local cultivar was superior in seed potassium concentration and seed potassium uptake than
ILL1180, but ILL1180 cultivar had the higher seeds per plant and shoot potassium content than local
cultivar. Therefore, it seems that high positive effect of nitrogen on most traits was due to application of 60
kg.ha! potassium.

Key words: Fertilizer, Maturity period, Phenological traits, Pods, Yield
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SY: Seed yield; SBL: Sum of branches length; NBP: Number of branches per plant; PH: Plant height; FM: Flowering to maturity; PM: Podding to maturity;

FP: Flowering to podding; EM: Emerging to flowering; SE: Sowing to emerging
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Abstract

In order to evaluate phenological and morphological responses of cold tolerant chickpea genotypes to
Entezary culture in Mashhad conditions, 81 cold tolerant chickpea accessions were cultured during growing
year 2006-2007 in Research Farm of Faculty of Agriculture, Ferdowsi University of Mashhad. The
experiment was carried out in lattice design with three replications including 9 blocks per replication and 9
plots per block. Results showed that there were significant differences among genotypes in terms of
developmental traits including: sowing to emerging, emerging to flowering, flowering to podding and
podding to maturity; and morphological traits including: plant height, number of branches per plant and sum
of branches length per plant. Survival percentage (ratio of remaining plants at harvest date to the number of
sowed seeds) in the 73% of samples was more than 75%. Furthermore, seed yield for 32% of tested
genotypes was more than 40 g/m” Vegetative growth duration, reproductive growth duration and plant
height were the most important characteristics in seed yield determination. Based on these results and
regarding to the remarkable yield of some studied accessions, it appears that some of the chickpea genotypes
in collection of Mashhad with suitable agronomical characteristics, have appropriate potential for Entezary
culture.

Key words: Chickpea, Cold tolerant, Entezary culture, Phenological and morphological characteristics
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Fig.2. Interaction effect of drought stress and
nitrogen fertilizer starter on soluble sugar
in chickpea
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Fig. 4. Interaction effect of drought stress and cultivar
on total chlorophyll in chickpea leaves
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Fig. 3. Interaction effect of drought stress and cultivar
on chlorophyll-b in chickpea leaves
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Fig. 6. Interaction effect of drought stress and cultivar

on excised-leaf water loss in chickpea
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on membrane stability index in chickpea leaves
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Table 2. Mean comparisons for relative water content (RWC) and chlorophyll-a in chickpea cultivars
under drought stress and nitrogen fertilizer starter
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Abstract

Drought stress is the most important factor that reduces yield in crops including chickpea and causes
some changes in seed composition. This study was performed in order to evaluate the effects of drought
stress and starter nitrogen fertilizer on four cultivars of chickpea. Experiment was performed in a split-
factorial using randomized complete block design with three replications. Drought stress treatment stand as
main plots in three levels consist of no drought stress (complete irrigation), moderate drought stress
(irrigation at planting and early flowering) and severe drought stress (no irrigation). Nitrogen fertilizer in two
levels (0 and 25kg N/ha) and cultivar treatment (four cultivars Azad, Bivanij, Hashem and ILC482) allocated
in sub plots. The results showed that effects of drought stress treatments were significant on proline content,
amount of soluble sugar, membrane stability index (MSI), relative water content (RWC), chlorophyll-a,
chlorophyll-b, total chlorophyll and excised-leaf water loss (RWL). Application of nitrogen fertilizer
treatment only significantly increased membrane stability index (MSI). Effect of cultivar treatment was
significant on proline, soluble sugar, membrane stability index (MSI), chlorophyll-a, total chlorophyll,
relative water content (RWC) and excised-leaf water loss (RWL). Results showed that with increase of
drought stress level amounts of chlorophyll-a, chlorophyll-b, total chlorophyll, relative water content (RWC)
and membrane stability index (MSI) decreased while proline content and soluble sugar increased by three
and two-fold compared to control, respectively. This osmoprotectant accumulation probably explains
increase in plant tolerance to drought stress.
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Table 1. Used chickpea genotypes and their origin

& B J cansg S 4 Ewly sLice 2SS e awlid @3y

Reference Flowering situation  Response to drought Origin Seed bank ID No.
Sedaghatkhahi, 2007 MF - Luly o> T- Joxto ICARDA-Is,IG1 - (Flip87-84c) MCC333 1
Ganjeali et al.,2009 EF - 5 o5 T- Joxto Iran- | | MCC537 2
Ganjeali et al.,2009 EF - 5 o5 T- Joxto Iran- | | MCC544 3
Ganjeali et al.,2009 EF - 5 o5 S- olus Iran- | | MCC674 4
Sedaghatkhahi, 2007 MF - Luly o> S- olus ICARDA-Is I, (Sel96TH11439) MCC753 5
Ganjeali et al.,2009 LF - 5 o S- olus ICARDA-Is ;) (Flip97-41c) MCC759 6
Ganjeali et al.,2009 EF - J§ s T- Joxto ICARDA-Is ;) (Flip97-43c) MCC760 7
Ganjeali et al.,2009 MF - Luly o> T- Joxto ICARDA-Is ) (Flip97-91¢) MCC770 8
Sedaghatkhahi, 2007 EF - J5 s S- yolus ICARDA-Is,I51 (Flip97-97¢) MCC773 9
Ganjeali et al.,2009 LF - 5 o S- ol ICARDA-Is,I51 Flip97-120c) MCC783 10
Ganjeali et al.,2009 LF - 5 o S- yolus ICARDA-Is,I51 - (Flip97-196¢) MCC806 11
Saxena et al.,1993 EF - J5 s T- Joxto ICRISAT-cws )51 (ICC4958)  MCC877 12

Abb.: MCC: Mashhad Chickpea Collection, T: Drought tolerant, S: Drought susceptible. EF: Early flowering,
MF: Mid flowering, LF: Late flowering
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Table 2. Effect of drought stress on plant height, main root length and branch number

in 12 chickpea genotypes

gy yo as L olasy

(ol (ol 4l Jobo

(ot iy €

o=Nbe Branch number Xl Main root length (cm) (il Plant height (cm)
Mean ,b-# ,b-¥ aallé  Mean L% ,0-Y  wald  Mean ,L-7,L-Y wallh ool
-6bar-3barControl -6bar -3bar Control -6bar-3barControl Genotype
80b 80 6.0 10.0 31.3abc 213 417 30.8 22.9cd 203 20.0 283  MCC333
64c 57 70 6.7 26.6abc 18.3 32.0 29.3 28.4a 243 283 327 MCC537
58¢ 63 53 57 32.6ab 233 38.0 36.3 27.0ab 26.0 253 29.7 MCC544
63bc 57 63 7.0 28.0abc 20.7 383 25.0 259abc 20.3 28.7 287 MCC674
I1.1a 113 103 11.7 27.dabc 17.7 36.7 27.0 14.0e 13.0 13.0 160 MCC753
52¢ 33 63 6.0 286abc 23.0 39.7 23.0 25.3abc 22.0 26.0 28.0 MCC759
63bc 40 85 63 287abc 36.0 26.0 24.0 28.4a 26.7 273 313  MCC760
6.6bc 70 50 7.7 33.5a  30.7 395 30.3 19.2d 16.7 18.0 23.0 MCC770
72bc 57 87 73 288abc 193 38.7 28.3 20.4d 18.7 20.3 223  MCC773
88b 10.0 87 7.7 25.8abc 20.7 35.0 21.7 21.3d 203 19.0 247 MCC783
6.6bc 57 63 77 24.6bc  31.7 213 20.7 20.6d 17.0 19.7 25.0 MCC806
52¢ 43 3.0 83 23.1c 263 16.7 263  23.2bcd 21.3 19.0 293  MCC877
LSD=1.8 6.4a 6.8a 7.7a LSD=10.2 24.1b 33.6a 26.9b LSD=6.820.6b22.1b 26.6a Mean 15lw

o0 e 5o lite OIS Ske duglie 51 LSD Jlade +/+ 0 mhaw 10 (Sils slaraloaiz xSl duslie 5031 Golusl ool &l 31 Kilo dnnlio
Simple effect mean comparison based on Duncan's multiple-range test, significant difference at 5% level of probability.

Interaction compare with LSD, significant difference at 5% level of probability.
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Table 3. Effect of drought stress on shoot dry weight, root dry weight and root per shoot ratio
in 12 chickpea genotypes

lgp plail d ) Cound

g el A (33

(69 0 p,5) ally y Sl (439

e . . . (G 2 p,5)
il Root per shoot ratio o Silw Root dry weight (g/plant) ko .
Mean RS Mean Shoot dry weight (g/plant)
b= LY el -7 SL-¥ aals =F Y el Lt
-6bar -3bar _ Control -6bar -3bar Control -6bar -3bar  Control Genotype
0.61ab 0.62 0.65 0.56 0.86abc  0.76 0.83 0.99 1.50abed 1.44 1.27 1.79 MCC333
0.54b 0.48 0.43 0.73 1.05ab 0.64 0.84 1.67 1.86a 1.24 2.02 2.32 MCC537
0.64ab 0.58 0.78 0.57 0.66bc 0.52 0.68 0.78 1.12defg 1.03 0.86 1.47 MCC544
0.67ab 0.81 0.53 0.66 0.90abc  0.82 0.83 1.03 1.37bcdef 0.94 1.63 1.55 MCC674
0.84a 0.73 0.93 0.84 0.82abc  0.59 0.76 1.12 0.99fg 0.81 0.86 1.32 MCC753
0.87a 0.84 0.71 1.06 0.88abc  0.39 1.07 1.18 1.03efg 0.46 1.40 1.21 MCC759
0.53b 0.63 0.58 0.36 0.74bc 0.42 0.99 0.82 1.60abc 0.68 1.85 227 MCC760
0.83a 0.95 0.77 0.79 0.70bc 0.58 0.57 0.95 0.85g 0.65 0.69 1.20 MCC770
0.68ab 0.64 0.80 0.60 0.86abc  0.45 1.00 1.12 1.28cdef 0.72 1.25 1.87 MCC773
0.69ab 0.55 0.81 0.71 1.14a 0.84 1.17 1.41 1.73ab 1.60 1.62 1.98 MCC783
0.66ab 0.77 0.65 0.57 0.89abc  0.59 0.95 1.11 1.43bcde 0.81 1.53 1.96 MCC806
0.64ab 0.56 0.81 0.56 0.58¢ 0.19 0.44 1.12 0.96fg 0.35 0.61 1.91 MCC877
- 0.68 0.70 0.67 LSD=0.56 0.57 0.84 1.11  LSD=0.59 0.89¢ 1.30b 1.74a ";u
ean

10 s ys Blite SIS Sk dunlie g1 LSD jladie /-0 alaw 10 Sils glasals siz (uSlos duglia (5051 (wlel 5 ooles &3 S5l dulie
Simple effect mean comparison base on Duncan's multiple-range test, significant difference at 5% level of probability.
Interaction compare with LSD, significant difference at 5% level of probability.
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S 53 e Sugb) > 4 Soogas (pl g Col e
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saalie LF 25 e o wals 4y o Lol &y, Jsb
Gy = oddplonl Olallhae 55T )0 4o STV Jgux) 0
Ceel Sl i« Sdgg,aad bl il o Glise LS
o=l 0 = 0 (Wu et al ,2008) ouls aiy, Job ialS
2 ol o slatad o g Bl 5l (S yo Ll s
S Jlasl a5 oy oo Hl5a .1996; Wang et al., 2005)
13 Jb ol Lol s aciy) Jsb o, slall o i
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Slaw plo b Can opl G )b dre (Ko dajlos
Slowd jo Jlo ol b (0 Jguz) aiid sowlice ouuis g S0 jluil
i) Jsb o b 5 Sude (Son LT 5
Slowd 0 odleds .l samline Ay S bole e b Lol
(St gy ;0 a2l olawi b (ol diy ) Jobo )P s
Cte (Sharod ¢ Jlio ;5 (F Jgoz) Slls o gne 5 (e
5 e plasl iz bole b ady ) Sis sole o Hlo Jxo g
S0 slojles 5l Sy 0 g g p3 J5 Sas sle
RN -2 3 SR WG S FC PRI W V. W W |1 =99
Aoy S B9 9 2l plail SAS (e e Vb (Ko
(Krishnamurthy wsgs 00,5 5,155 0550 slacuisis o 1,
et al., 2003; Ganjeali & Kafi, 2007)

S 09 (am SR 9 S (Sares 4z 5]
Sl o e 5 gl plasl SCaS 59 Ly aia
O S (Siarod 4gSgen (0 g92) b osaliv
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Table 4. Effect of drought stress on relative water
content (RWC) in 12 chickpea genotypes

(30,0) S g3 O (camud o
o=55le  Relative water content (%)

Mean  ,b-%#  ,L-¥ aali o 95
-6bar  -3bar _ Control Genotype
63ab 56 59 75 MCC333
67a 49 77 75 MCC537
47d 23 51 66 MCC544
53bed 33 59 67 MCC674
64ab 50 69 72 MCC753
50cd 32 44 75 MCC759
50cd 29 52 69 MCC760
50cd 39 38 72 MCC770
58abc 30 71 74 MCC773
63ab 42 72 76 MCC783
0.68a 60 61 84 MCC806
48cd 39 40 65 MCC877

LSD=16  40c 58b 73a Mean ¢yl

5SSl glaalosis Sk dunlie fyge3l bl ool &l 31 LKl dslie
s > el dslie gesl bl 5 Pl 5eSbe 4

10 s s Blie S Sile avglin gl LSD Juie +/+0 elaw
Simple effect mean comparison based on Duncan's multiple-range test,
significant difference at 5% level of probability. Interaction compare with
LSD, significant difference at 5% level of probability.
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N Olseds il B slass ax ST .canl ool 5155 @g
o dslllas 3,90 51 los Egazme ;o 0, Sles sl
Ol adg ;o Sid bole wdgi (e b (55l sre 5 St
e ¢y 98 ) e dal e jo Ll wls
loles jo Ko B,k 510 Jguz) aid canlin )b Sxe
Sl sz Ll 5l gl gire 5 St (e (S
adg cwals bl b o aS aw e laian (F Jsoz)



TFRY gl o) oo ¥ il sttt ligad SR 93 &5 .. G35 &1 (i35 (51t 3 6952 0 313

: MCCS37
- MCC806
MC ‘('78{[ Q

MCC753 (333
Q O

1CC773
(o]

/o) DN

[UAMT Y

b)

MCCS37

!\I('(.‘iiﬁ.\l( 783
{} O

MCA333
- o

NMCCT773

_.
=
3

MCCT760

< MCCTT

MCCS44 T

MC(877

19950 )0 Sy Ol (oo Hlikdio g Agy yo ALl Slowi (Aigy L] (paSilio Ol ki (G IS 903 (A —) S

2955 50 Sy o (g jlalo g Ay ) S (159 g lep Il S ()39 aSilen Ol (Gmsans 1003 (b
Fig. 1. a) 3D scatter plots of plant height, branch number per plant and RWC in chickpea genotypes;
b) 3D scatter plots of shoot dry weight, root dry weight and RWC in chickpea genotypes
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S>3 3 Jamshidi-Moghadam et al. (2007) .cils Lias a S au, o, laia oopl pogdle ain S Syme S
GS 1 S O oo e 5 (S5 4y o oo abad e b Vb (Soan o S25 sl o o 5 Cush,
Adgy 00,5 i i byl s 0 0956 sle g Cawglin 9 0l

(Sl yad) wall g (oYU ad) & gommo ;0 D950 50l g S0 Il Wlho (Kwod Culps -0 Jgo
Table 5. Correlation matrix of chickpea morphological properties in total (above diagonal) and control (lower diamond)

@) @ (€] (C) () Q) )
1 0.11 L0.25% 0.33%* 0.57%% 0.50%* 0.22 Sy gl (1
Plant height
0.19 1 -0.04 0.14 0.01 0.07 0.07 iy, sk (2
Main root length
-0.45%* 0.01 1 0.38%%* 0.35%* 0.4]1%% 0.30%* a3l slaws (3
Branch number
0.12 0.11 0.19 1 0.68** 0.88** 0.49%% kg, Sz aale (4
Root dry weight
0.56%* 0.07 -0.08 0.41%* 1 0.94%% 0.56%* sl plul Sas ‘S._sLa 5
Shoot dry weight
0.42%* 0.11 0.05 0.82%* 0.86** 1 0.58%% 5 Sz 8ol (6
Total dry mater
5ol ARV
-0.19 -0.14 0.07 0.24 0.03 0.15 1 S ol s e (7

Relative water content

0= 0.01 50=0.05 mhas 15 )0 o Jre o5 a4y F* g *
*and **: Significant at a= 0.05 & a= 0.01, respectively.

(2l /b8) )17 9 (YL ) )b-F )0 9950 Bunds g oIl Wlo (Swnod al b -7 Jgux
Table 6. Correlation matrix of chickpea properties in -3 bar (above diagonal) and -6 bar (below diagonal)

1 2 (3) “4) ®) (6) (@)
1 0.05 -0.25 0.21 0.54%* 0.44%+ 0.00 sy gyl
Plant height
0.15 1 0.12 0.28* -0.09 0.07 0.10 o Jk 2
Main root length
L0.43% 0.33* 1 0.36* 0.32% 0.43% 0.30% i olas 3
Branch number
0.13 -0.18 0.51%* 1 0.50%* 0.78%* 0.19 Ay, S a..»'La 4
Root dry weight
lon Al S 5
0.26 022 0.58%* 0.82%* 1 0.92%* 0.44% s ol Sas 8oL (3
Shoot dry weight
0.22 2021 0.58%* 0.92%* 0.98%* 1 0.40%* J5 Sz asle (6
Total dry mater
& k_J’ . l -
-0.13 0.16 0.26 0.19 0.28* 0.26 1 Sl ol ke (7

Relative water content

0= 0.01 5 0= 0.05 mhas 15 )0 Jlo Jre o i a4y F* g *
*and **: Significant at a= 0.05 & a= 0.01, respectively.

Locsiy 5l (P n &5 &b (el SSI 5 TOL (slaasla Lacisiy cads slil 4 Sas sole adg ol s
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i S Gl MOCBTT i Sas e 0 Mhe  ooliaidl sy 4| 51 33 K2 8ol sy oline e
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Ol 3 e Lls Lacisiy plo dy S (535 (g o0
MCC783 3 MCC333 MCC674 claeiss « inlo]
Slacsis) bl ol oo ool (S sllo
o Jg il 5 MCC753 3 MCC770 MCC544
b sadog 18,95 n A e lalyd g A5 laald 5o 650k
Lcaiel ol 5o Gi 1 )0 eagilans; odgi il Jl> ()
oS JIMCCETT o5y dacadsis (m 5o 09 (b 50
adg e 45lel>{.> Og1 0,95 5 Sl 4 Cuglie Hlade
smlie ;0 390 Yo L s (g Lalpd ) G 0
g IS ool (m 5o 1) s (i MCCS3T o)
S 0095 So B s asllae 390 slacSes e
Ol Sl a (Sl g diog 00,5 oy gead loges

(Y JS2) wivgr 519,93 p 3, Shos Joily 5 (i3 4 Jood

Lacedsll 5o Cuaglite slo oLl (o (Ko (o) 2

L 00y ol O ()10 Sre (Siaadr a5 0lo LS
Sy aali g 15 e 0 STI g GMP MP slo oL
oy 3dgi b 55 SSI g TOL sl jaslis cpizmen o)ls
(Adgaz) asols i Jlo e (Ko yiad L]l o
s GMP MP sla a3ls (o )l s 5 Cotie (SKon
(Jolie jocily 55 >9 L-F o =Y Lo g0 ,» ,0 STI
5 e Kinas 535y L 53 SST 5 TOL (sla sl
wslllas 8,90 sl Gl ;o (A Jgaz) il o s
5% 09950y Hladie Ly (6 iy (Ko I MP a3l
S92 18,05 Laasld plo 4 Cosd vals y s Lyl
ool o Ol 555 5l saalcawsa s (A Jgo)
odloanlin Sued Mio N v Jgoz o ol ola s
slodilye & 4520 )0 09 (S 4 Jood slaasls o
Sl Ui &l ) 0o ,00AT+ sl 4z (PCA) Lo
sl g b7 5 =Y S ke 0 0,Sles  GMP STI MP
SLogilyS L lbe gulss ol (1 Jpa2) oo s
Jsl o ¥ IS yo .ol Ganjeali et al. (2005; 2009)
P (S—as a4 Snglie 9 0y Jonnily wnd Glgs o0 ) Jloged

D955 i gif 003190 (SS Ay Cuoglin sl el g di g 0 SiS s0bo udgi Hlado p SiS S1-VY Jgus
Table 7. Effect of drought stress on biomass and drought resistance indexes in 12 chickpea genotypes

(St a4 Cawglin glapsls (g 5 p,5) J§ Sl 20k

drought resistance indexes Total dry mater (g/plant)  <wigi)

GMP GMP STI STI TOL TOL MP MP SSI SSI oSl L7 HL-Y sall  Genotype
(-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) pfean -6bar -3bar Control

2.47 2.41 0.76 0.72 0.58 0.69 2.49 2.44 0.43 0.98 2.36ab 2.20 2.09 2.78 MCC333
2.74 3.38 0.93 1.41 2.10 1.13 2.93 3.42 1.08 1.12 291a 1.88 2.86 3.99 MCC537
1.87 1.87 0.43 0.43 0.70 0.70 1.90 1.90 0.64 1.24 1.78bc 1.55 1.55 225 MCC544
2.13 2.52 0.56 0.78 0.82 0.12 2.17 2.52 0.65 0.19 2.27ab 1.76 2.46 2.58 MCC674
1.85 1.99 0.42 0.49 1.03 0.81 1.92 2.03 0.87 1.32 1.82bc 1.40 1.62 243 MCC753
1.42 2.43 0.25 0.73 1.55 -0.08 1.62 243 1.33 -0.13 1.90bc 0.85 2.47 239 MCC759
1.85 2.85 0.42 1.00 1.98 0.45 2.09 2.86 1.32 0.58 2.27ab 1.10 2.63 3.08 MCC760
1.63 1.65 0.33 0.34 0.92 0.89 1.69 1.71 0.88 1.64 1.55¢ 1.23 1.26 2.15 MCC770
1.87 2.60 0.43 0.83 1.82 0.74 2.08 2.62 1.25 0.97 2.14bc 1.17 2.26 299 MCC773
2.88 3.08 1.02 1.17 0.95 0.60 291 3.09 0.58 0.70 2.87a 2.44 2.79 339 MCC783
2.07 2.76 0.53 0.94 1.67 0.60 2.24 2.77 1.12 0.77 2.32ab 1.40 2.48 3.07 MCC806
1.28 1.78 0.20 0.39 2.48 1.98 1.78 2.04 1.68 2.59 1.54c 0.55 1.05 3.02 MCC877

LSD=1.1 1.46c 2.13b 2.84a oSl

Mean

10 a5 Jlite Sl Sk dunlie g1p LSD jladie .o/+ 0 mhaw 48 oS3l (glaislosiz (Sl amlie (yg03] (wlol s ooles 31 (pSiloo dulie
Simple effect mean comparison based on Duncan's multiple-range test, significant difference at 5% level of probability.
Interaction compare with LSD, significant difference at 5% level of probability.
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ool a5 (Slalllas ;5 ol pslie 5l wbas oS98 (s
55 sl gl i 4 il o gl
5 3995 U S it (S 4 pylie lacass
aalllas bl o assed Gloreds 005 0 )18 18 pasle
s MCC544 o545 Ganjeali et al. (2009)
Ay Comud (5,50695 20 J5 U il 5, olass MCCT770

sl MCC753 s

S dn Jole glocis olye 4 (A8 Dldlas
(Saxena et al.,1993; Ganjeali et sSog oo olulils
L L ol slacsss g3 Gilesl ool o al., 2009)
Sloies 5l (B s Wad el (ol g Ul
e ol il Olyear a8 MCCT83 osgiy asibe 1500

yoi A L‘>"9_> MB[&A 6‘)“) g 03l b.)L.uL».w >_§M.> >
Sl alg oo il o Cglay cpl o Boes Laing S

2955 35 il gL yland 10 (RWC) S 3y ol (s yliadio 3 (Sulid 4y Cuoglio (o oL oyt (Swmnod iy —A Jgor
Table 8. Correlation matrix of drought tolerance indexes and RWC in drought treatments in chickpea

@ ()] 3 ) ) (6) Y ® &) 10) an a2 a3)
SSI SSI MP MP TOL TOL STI STI GMP GMP RWC RWC RWC
(-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (Control) (-3bar) (-6bar)
1 0.27 -0.45 -0.17  0.95* 0.8 -0.48 -0.24 -0.54 -0.28 -0.35 -0.24 0.14  (GL-MSSI
1 0.03 -0.41 0.37 0.92%%* -0.03 -0.58* -0.04 -0.63* -0.09 -0.32 -0.18 L-#)SSI(2
1 0.81%* -0.19 0.35 0.99%*%  0.72%*  0.99**  0.71%* 0.46 0.69%* 0.23 OL-Y)MP (3
1 0.03 -0.04 0.83**  0.97**  0.80**  0.96%* 0.38 0.78%* 0.42 OL-#)MP (4
1 0.47 -0.23 -0.09 -0.29 -0.14 -0.27 -0.09 0.21 OL-Y)TOL (5
1 0.28 -0.25 0.26 -0.29 0.01 -0.03 -0.03 (L -#) TOL (6
1 0.75%*%  0.99%*  0.74%* 0.48 0.70%* 0.22 OL-Y)STI(7
1 0.73%%  0.99%%* 0.38 0.75%* 0.40 GL-#)STI(8
1 0.73%* 0.50  0.70%* 022  (L-¥)GMP (9
1 0.40 0.78%%* 0.40  (L-#)GMP (10
1 0.43 0.67** (sals) RWC (11
1 035 (L-Y)RWC (12

1 GL-»RWC (I3

.0=0.01 5 0= 0.05 mhaws )5 )5 o gire i iy HH 5 *
*and **: Significant at a= 0.05 & a= 0.01, respectively.

8950 30 (i Gl jloud HO 03T mn ) dlgi Hladie 9 (SlS 4y Caaglio SRS LD (pa (Swsod alps -1 Jgua
Table 9. Correlation matrix of drought tolerance indexes and biomass in drought treatments in chickpea

GMP GMP STI STI TOL TOL MP MP SSI SSI 3 o
(-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) Yield
0.61* 0.82%* 0.65* 0.85%* 0.56* 030 0.80** 0.87** 021 0.02  (control) (asls)
0.64* 0.94%* 0.63* 0.92%* 0.09 -0.57* 0.66** 0.91** -0.13 -0.77%* (-3 bar) (L-")
0.93%* 049 0.91*%* 0.49* -0.60* -024 0.81** 044 -0.85%* 029  (-6bar) (L-%)

0= 0.01 5 0= 0.05 mhas 15 )0 Jlo Jre i a4y F* g *
*and **: Significant at a= 0.05 & a= 0.01, respectively.
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Table 10. Principal component loading for the measured trait of chickpea genotypes

3l e
L
GMP GMP STI STI TOL TOL MP MP SSI SSI Y Y l‘,JS W‘:’ aidje
(-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (Control) “;lf"t’;;l“’" Factor
variation
(%)
|
092 093 092 -093 004 030 -093 -091 037 050 -0.77 -0.89 -0.74 58.01 Js
PCAl
022 028 017 031 099 054 004 037 088 034 -054 009  0.63 25.11 £9°
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4
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<
3
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- i
s 1 MCC806
(o] o :
N MCC759
© O [ &
9
®
£ MCC783 MCC753
-1 ¢ = MCC770
<
MCC674 -
2 MCC333 MCCs44
[+]
-3
-6 -4 -2 0 2 4 6

Factor 1: 58.01%
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Fig. 2. Biplot based on two major principal component factors
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Abstract

Late-season drought is the major constraint reducing the productivity of chickpea. This experiment was
carried out to study response of root and shoot characteristics in 12 chickpea genotypes to drought stress.
Two-drought stress levels (-3 and -6 Bar) induced by PEG 6000 and control in hydroponic condition at green
house was performed. Leaf relative water content (RWC), plant height, number of branches, root length,
shoot and root biomass measured two weeks after drought imposition. In addition, drought susceptibility and
resistance indices based on biomass calculated and correlation matrix was obtained among the traits studied.
Result showed that leaf relative water content (RWC), plant height, branch number and shoot and root
biomass significantly reduced by water stress and root length increased in -3 bar compare with control
condition. Biplot analysis on drought resistance indices showed that MCC783 and MCC877 genotypes with
2.87 and 1.54 g/plant had the highest and lowest dry matter production, respectively. It seems that selection
for drought tolerance of chickpea genotypes in hydroponic condition is not applicable to soil condition.
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1. Stress Susceptible Index (SSI)

2. Tolerance Index (TOL)

3. Mean Productivity (MP)

4. Geometric Mean Productivity (GMP)
5. Harmonic Index (HAR)

6. Stress Tolerance Index (STI)
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Table 1. Mean squares sources of variance for traits of chickpea genotypes under field conditions

(Mean squares) e po (Kb

i polin ool amys  ails s Shas Sis ol jbal sl B pabolas HpSS Ay e
S.0V daf Seed yield Total dry Number of Number of Seed weight Seed protein
matter seeded pod seed per pod per plant
Replication 1,5 3 405.24 5949.03 6.60 0.24 1.15 5.06
Irrigation (I) (sl 3 17594.03" 153982317 695.00" 6.13" 68.44" 11.82™
Ea Gl slhs 9 36.93 4825.93 6.20 0.10 0.51 4.65
Genotype (G) iy 6 6457.49" 20656.59" 61.68" 454" 433" 0.18"
G sy x (5 k] 18 595.91" 2537.63™ 40.79"" 1.00" 229" 0.12"
Eb o sl 72 87.87 2793.32 9.70 0.17 0.63 0.07
C. V(%) (3o )2) Sy gy 9.19 21.95 20.71 23.76 18.84 1.22

0= 0.01 5 0=0.05 mhaws o 50 jlo cmo g o gixe e ol jay ¥ 5 * s
ns :Non-significant, *and **: Significant at o= 0.05 & o= 0.01, respectively.
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Fig 4. Interactions of genotype by irrigation levels for seed weight in chickpea genotypes
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Table 2. Values of drought tolerance indices at different growth stages in chickpea genotypes

Stress i Genotype wwig;  STI MP GMP SSI TOL HAR
< Af’ e Ghazvin 0.70 111.3 109.6 1.81 37.7 107.9
Branching stage
FLIP97-111C 0.45 88.5 88.3 0.54 7.5 88.2
FLIP98-134C 0.83 119.6 119.2 0.88 17.7 118.9
FLIP98-143C 1.24 146.3 145.8 0.94 23.2 145.2
FLIP99-1C 1.43 157.7 157.1 1.01 27.5 156.4
Bivanich 1.05 134.0 133.8 0.64 13.5 133.6
ILC3279 0.45 88.3 88.0 0.99 14.7 87.7
B e Ghazvin 062 1066 1038 145 472 1012
Flowering stage
FLIP97-111C 0.42 85.6 85.2 0.53 13.2 84.8
FLIP98-134C 0.74 113.7 112.7 0.81 29.5 117.7
FLIP98-143C 1.08 137.7 136.1 0.92 40.5 134.6
FLIP99-1C 1.00 136.2 131.3 1.46 70.5 126.6
Bivanich 0.93 126.8 126.0 0.71 27.7 125.3
ILC3279 0.39 83.1 82.1 0.95 25.2 81.1
oD A e Ghazvin 0.53 100.7 96.1 1.14 59.0 91.8
Podding stage
FLIP97-111C 0.36 80.1 79.0 0.58 242 78.0
FLIP98-134C 0.58 103.2 100.0 0.84 50.5 96.7
FLIP98-143C 0.88 127.0 122.9 0.84 62.0 119.0
FLIP99-1C 0.81 126.7 118.3 1.12 89.5 110.4
Bivanich 0.45 98.2 88.3 1.32 85.0 79.4
ILC3279 0.28 73.5 70.0 1.11 445 66.7
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Table 3. Correlation coefficient between drought tolerance indices and seed yield in normal and drought stress at
branching, flowering and podding stages conditions

STI MP GMP SSI TOL  HAR Y

Stress Drought tolerance index
SR 0-FA>
Branching stage MP 0.99"

GMP 0.99" 0.99"

SSI -0.02"™  0.02™  0.003™

TOL 0.38™ 0.41™ 0.40™ 0.91™

HAR 0.99" 0.99" 0.99" -0.01™ 0.38™

Yy 0.97" 0.98" 0.98" 0.17™ 0.55™ 098"

Ys 0.98" 0.98" 0.98" -0.15™ 0.24™ 099" 094"
2l Al e
Flowering stage MP 0.99"

GMP 0.99" 0.99"

SSI 0.25™ 0.33™ 0.28™

TOL 0.60™ 0.66™ 0.61™ 0.89"

HAR 0.99" 0.99™ 0.99" 0.22"™ 0.56™

Yy 0.94" 0.97" 0.95" 0.53™ 0.82° 093"

Ys 0.94" 0.92" 0.94" -0.04™ 031™ 096 0.80
G Al s
Podding stage MP 0.98"

GMP 0.99" 0.99™

SSI 0.05™ 0.20™ 0.07™

TOL 0.54"™ 0.67™ 0.56™ 0.81"

HAR 0.99" 0.96" 0.99" -0.04™ 0.44™

Yp 0.89" 0.95" 0.90" 0.45"™ 085"  0.84"

Ys 091" 0.83" 0.90" -0.33™ 0.16™ 095"  0.64™

gk ok ns

0= 0.01 5 0= 0.05 mhaws o 55 lo sme g )l gine ué i jay ¥
ns :Non-significant, ¥*and **: Significant at o= 0.05 & o= 0.01, respectively.
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Table 4. Eigen values, cumulative proportion and eigen vectors of drought tolerance indices at branching stage

5o o3 nolie e e ST MP GMP SSI  TOL HAR
Component Eigen values Cumulative proportion

1 6.12 76.58% 0.401 0.403 0.403 0.035 0.192 0.402

2 1.86 99.87% -0.080  -0.047  -0.061 0.729 0.644 -0.076

MP ooy Stz 4 Jod slo ol 4 bgyye slajls
09,5 ;o dacigy &d Jg o)l 1,8 STI g HAR .GMP
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Fig 5. The biplot display of chickpea genotypes yield in eight drought tolerance indices based on the first and second
main components under drought stress at branching stage
1) Ghazvin, 2) FLIP97-111C, 3) FLIP98-134C, 4) FLIP98-143C, 5) FLIP99-1C, 6) Bivanich, 7) ILC3279
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Fig. 6. Coefficients of direction between yield and main parts of that with use correlations under drought stress
at branching stage (U is residual effects)
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Abstract

In order to investigate the effects of water deficit at different growth stages of chickpea genotypes,
determining the best drought tolerance index and genotypes, an experiment carried out in the Saatlu
Agricultural Research Station of Uromia in 2008-2009. The experiment was split plot based on the
randomized complete blocks design with four replications, in which, four levels of irrigation as the main
plots based on water withholding at branching, flowering and podding stages and normal irrigation, and
genotypes including Ghazvin, Bivanich, FLIP97-111C, FLIP99-1C, FLIP98-134C, ILC3279 and
FLIP98-143C as subplots. Results showed that water deficit decreased number of seeded pods, seeds per
pod, seed weight per plant, seed yield and total dry matter, significantly. There were significant differences
among varieties in all measured traits. Indices of stress tolerance (STI), mean productivity (MP), geometric
mean productivity (GMP) and harmonic mean (HAR) showed that chickpea in branching stage and
FLIP99-1C and FLIP98-143C lines were the most tolerant to water deficit. Correlation coefficients between
indices and seed yield indicated that for screening chickpea genotypes, STI, MP, GMP and HAR indices
were suitable. Principal component analysis showed that with the base of two factors, withholding irrigation
at branching stage in Ghazvin cultivar was in desired area of biplot. Withholding irrigation at branching
stage, seeds per pod resulted as the most important component in determining of seed yield.

Key words: Chickpea genotypes, Drought tolerance indices, Yield component
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Table 1. Effect of drought stress on some traits of common bean under normal and water deficit condition

wlae Oyt o0 $obels b kel Jglute bz
(Traits) Variation (%) (Water deficit condition) (Normal condition)
(Plant height) gy glis | 58" 63.45 67.4
(Pod no. per plant) ag ,o M slows 5.0" 17.10 18.01
(Pod weight) bl (3 2617 24.18 32.74
(Pod length) B3 Jsb 7.7 9.59 10.40
(Pod width) s e 0™ 8.55 8.55
(Seed no. per pod) e ;o ails slass 29" 5.28 5.44
(Seed length) ils Jsb 1.3" 11.64 11.80
(Seed width) wls o ,e 0™ 7.06 7.06
(Seed diameter) als L3 0.1™ 5.10 5.11
(No. of node) Lol &ls ;5 0, Sike slass 0" 10.53 10.53
(Internode length) o Sike Jsb 6.4" 6.71 7.17
(Day to 50% maturity) Sosw, dwo o8- b cusls 5l 59, sl 1.2 84.07 85.13
(Day to 50% podding) ascide susy0d« b cuils 5l 55, slaas o® 63.68 63.68
(Canopy width) 5l 5, 8.9™ 41.85 45.96
(100 seed weight) «ls) « - 556 8.1" 29.57 32.18
(Seed yield) ails s ,Slos 282" 16.66 23.23
(Harvest index) culs , jasls 42" 0.67 070
&bl Jglate fauzmo 33 30 ,8lug! i 935YY (sl Conle & 5205 -Y Jgux
Table 2. Path analysis in 32 genotypes of common bean under normal condition
Residual effect=0.644
cho s 1 S8 GBSl 2 S 15 3 SKhas U (S5 Rhened 55
Trait Direct effect h;dlre“ eﬂ;“ by tl'i;lt Genetic correlation coefficient with seed yield
(1) iz 2 e slass 0.697 - 0026 -0.004 0.72
No. pods per plant (1)
M) ool wop0 Bodljlig, ohid 117 o161 - 0.063 -0.341
Day to 50% podding (2)
M) e sk 0.196  -0014 0037 - 0219
Pod length (3)
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Table 3. Path analysis in 32 genotypes of common bean under water deficit condition
Residual effect=0.534

Co § 5k 3l pdlimmo 51

O s 51 ‘ , 10 3Rt U (K5 oS o8
Trait Direct effect II ndirect ef;ect by tral; Genetic correlation coefficient with seed yield
V) &g 0 B olass
(1) 552 )3 S ol 0.699 . 0.083  -0.074 0.709
No. pods per plant (1)
S s wils Sl
(1) e 2 4l ol 0.286 0.202 - 0.19 0.3
Seed no. per plant (2)
oY e e -t
R 0.486 0105 -0.112 . 0.27

100 seed weight (3)
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Table 4. Factor analysis for quantitative traits in 32 common bean genotypes under normal condition

EXTI V Jole Y Jole 3dele f Jole dJele

(Traits) (Factorl) (Factor2) (Factor3) (Factor4)  (Factor5)

(No. of node) Lol ails)s 6,5 slass -0.907 -5.977x10* 0.172 1.830£107  6.624%107

(Seed length) wls Jsb 0.893 8.28:107 -0.100 0.154 -1.442+102

(Plant height) «s, £l 0810 | -2.445+107 0.124 0.441 1.141x107

(Plant habit) a3, cole -0.801 -9.361x107 0.226 0.297 6.837%107

(Internode length) ;Sils Jsb 0.781 -5.433%107 -0.229 0.357 -4.982:10°
(Seed no. per pod) B3 s ails sluss -0.719 7.811%107  -6.449:107  -0.159 -0.263
(100 seed weight) ailsV -+ 56 0.712 0.123 0.445 0.227 -0.125
(Pod length) Gde Jsb 0.631 0.308 -0.118 6.736%107 -0.393
(Harvest index) cuslo p jasls -0.433 8.0922107 0.395 0.368 -0.425
(Pod weight) lacidke 35 6.536%107 0.936 -1.353%10%  0.204 0.174

(Seed yield) ails 5 Slos -7.952#107 0.910 0.120 0.292 5.897%107
(Pod no. per plant) asg ,o e slaws -0.238 0.838 -0.176 5.969:107 0.284

(Day to 50% podding) ascideé b 54, olows -0.217 -0.498 -0.412 0.478 5.957x107

(Seed width) «ls ¢ 0.395 -1.4705107 0.791 3.644x107  -9.307x107
(Seed diameter) als L 0.189 -0.118 0.670 0.396 0.111
(Pod width) &3 e 0.324 -0.247 0.639 -0.177 0.104
(Day to 50% maturity) Saps, b 35, s 0.480 -0.162 -0.350 0.637 -0.189
(Canopy width) sl5 5,e -0.422 -0.111 1.353107 0.594 -0.130
(Color of flower) J§ s, 0.166 -0.226 0.161 8.874x107 0.562
(Color of seed) «ils 5, 0.160 -0.243 -0.205 0.394 0.434
(Variation %) ol s auo o 30.064 15.093 12.102 10.609 5.627
(Cumulative variation%) sezs (ib,ls oo ys 30.064 45.157 57.259 67.868 73.496

S Sl s wate Julo b g 0 Shee Jole candly oo VL
Ol dalddle 39 9 LA Jled LlEl L 1y w0ed
Eyerme ;o 5 LS wald (6l Giiwsd Slge 8pd
@ el Suigdnnd e b RIS S Shes
S 0285 ol Slao 5 (o) n )90 lacass
Sl 5l s ks dafele & 525 5 atily gob;
s ge ol | Slie Gl (wib)lss9) (Srmor e ile
oS 285 am Ol ohalesl Baslzl lulis s cnlnle
5 e o ool O3l (sl YU 5 Shee b Lugd adsi (sl
5l Poleie 9> a5 s iina ol vgzga Sujgls b auake
abaly )3 g o5le @al 2 1) 6t 3, Mes Wl oo (Shag; W,
L) Cogdglaslal llpd 50 5o 0 ogllae lalS b3S L
355 o)Ll Ol oo 4555 @ ggorme po 0l pgd 9 Jsl Jalse
5 eon S5 Sesiss 5 Olio 4 dafele 4 4y &S
(Seiler & Stafford, 1979) o)ls Sws Jaxe Lyl )i
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o i Slio gl Jale 3 s lal agzma 59 58 0
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35 55 p33 Jele o oo 10ls o Shae oy s Jule
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Table 5. Factor analysis for quantitative traits in 32 common bean genotypes under water deficit condition

olho Y ole Y Jole Y Jole f Jole O ele
(Traits) (Factorl) (Factor2) (Factor3) (Factor4) (FactorS)
(No. of node) Lol a3l o5 sluss -0.883 20.150  5.296x10° 0284 0.105
(Seed length) «ls Jsb 0.868 0271  9.094:107 -4.119%10> 4.117x107
(100 seed weight) ails) + 36 0.843 0.282 0.155 0.196  3.695: 107
(Internode length) ¢ Silos Jsb 0.787 |-3.578%107 0218 0342 -9.600%107
(Plant habit) w.i, ool -0.689 -0.271 0.399 0205  -2.181x107
(Seed no. per pod) M s ails slass -0.624 0.370 0265 -1.539x107  0.110
(Pod length) &k Jsb 0.589 0323  6.031%10°  _0.101 0.451
(Plant height) a5 lis | -0.571 -0.354 0.506 -7.228%107 0.144
(Seed yield) ails 5 Slos -0.158 0.850 0499  2.580x107 -1.149%107
(Pod weight) i 5 -0.103 0.836 0450  3.358x%107 3.103x107
(Harvest index) culs ; jasls -0.294 0.596 0.146  -4225x10°  -369
(Pod no. per plant) g o e slaws -0.395 0.572 0.463 3.097%107 0.144
(Canopy width) sl5 5, -5.322410°  -0.177 0.842 |-9.922410% -3.721%10°
(Day to 50% maturity) Soww, b j9, lass 0.439 -0.390 0.585 |-8.655x107  0.229
(Day to 50% podding) _essde b 55, sl -5.497%107 0520 0.573 -0.236 0.185
(Pod width) & s, 0.238 0207 -6.582#107] 0.735 0.436
(Seed width) als 5 ,e 0.425 0.128 0.101 0.632  |9.051x107
(Seed diameter) «ls ks 0.208 -0.169 0.285 0.553 -0.410
(Color of flower) J5& <, 0.121 4.022%10°  9.780%107 0.466 -0.307
(Color of seed) als X, 0.363 -0.401 0.255 -5.738107 -0.449 |
(Variation %) &l puss ooy 26.530 17.120 13.815 9.163 5.833
(Cumulative variation%) sexs b))y 2oy 26.530 43.650 57.465 66.628 72.461

Ui yS slee o Sl Fernandez (1992) ks 5.k »
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oSk (ST Sz 4 Jow sl aslis a5 05l o
Seigeyle 5:Ske 5 (GMP) - (25 Jgame  puwsia
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Table 6. Result of ranking genotypes based on drought resistance indices in 32 genotypes of common bean

. - ey 4y, Ml ag, el 4, Bl u oS a4, wded  oSike L ooke .
SR e Rank) sk (Rank) (Sise Rank) e Rank) ol (Rank) oS85 0 awa ) Sl
No- Genotype Yp Ys SSI TOL MP STI Rl GMP @) HM Rl

1 ks31103 26.00 9 16.11 16 2.01 9 9.89 9 4.95 9 0.98 12 2046 12 19.89 12
2 ks31144 20.56 16 13.95 21 1.70 15 6.61 14 3.31 14 0.67 19 16.94 19 16.62 19
3 ks31122 12.44 29 12.94 25 -0.21 24 -0.50 24 -0.25 24 0.38 28 12.69 28 12.69 27
4 ks31127 29.50 7 28.77 1 0.13 22 0.73 21 0.36 21 1.99 1 29.13 1 29.13 1
5 ks31150 32.28 4 17.99 13 2.34 8 14.29 4 7.15 4 1.36 5 24.10 5 23.10 5
6 ks31142 20.22 17 13.54 23 1.75 13 6.68 13 3.34 13 0.64 21 16.54 21 16.22 20
7 ks31143 14.68 26 12.63 26 0.74 18 2.05 20 1.02 20 0.44 25 13.62 25 13.58 25
8 ks31104 25.20 10 11.60 30 2.85 3 13.60 5 6.80 5 0.69 18 17.09 18 15.88 21
9 ks31134 21.16 13 18.40 12 0.69 19 2.76 18 1.38 18 091 14 19.73 14 19.68 13
10 ks31114 8.58 31 16.46 15 -4.85 31 -7.88 31 -3.94 31 0.33 31 11.89 31 11.28 30
11 ks31111 20.04 19 7.47 31 3.31 1 12.57 7 6.29 7 0.35 30 12.24 30 10.88 31
12 ks31137 19.10 21 23.29 4 -1.16 28 -4.19 28 -2.10 28 1.05 9 21.09 9 20.99 8
13 ks31138 32.68 2 25.11 2 1.22 16 7.57 11 3.79 11 1.93 2 28.64 2 28.40 2
14 ks31147 20.68 15 23.03 5 -0.60 26 -2.35 26 -1.17 26 1.12 8 21.82 8 21.79 7
15 ks31139 30.78 6 20.81 7 1.71 14 9.97 8 4.98 8 1.51 4 25.31 4 24.83 3
16 ks31123 21.50 12 24.76 3 -0.80 27 -3.26 27 -1.63 27 1.25 6 23.07 6 23.01 6
17 ks31107 32.32 3 12.32 27 3.27 2 20.00 1 10.0 1 0.94 13 19.95 13 17.84 16
18 ks31110 28.28 8 15.68 18 2.35 7 12.60 6 6.30 6 1.04 10 21.05 10 20.17 11
19 ks31112 37.50 1 18.53 11 2.67 6 18.97 2 9.49 2 1.63 3 26.36 3 24.80 4
20 ks31156 18.20 22 12.18 28 1.75 12 6.02 16 3.01 16 0.52 22 14.89 22 14.59 23
21 ks31141 21.12 14 20.73 8 0.10 23 0.39 23 0.20 23 1.03 11 20.92 11 20.92 9
22 ks31152 19.48 20 18.99 10 0.13 21 0.49 22 0.25 22 0.87 15 19.23 15 19.23 14
23 ks31157 21.62 11 13.63 22 1.95 10 7.99 10 4.00 10 0.69 17 17.16 17 16.72 18
24 ks31166 20.12 18 17.56 14 0.67 20 2.56 19 1.28 19 0.83 16 18.80 16 18.75 15
25 ks31161 16.56 24 13.18 24 1.08 17 3.38 17 1.69 17 0.51 23 14.77 23 14.68 22
26 ks31164 32.18 5 15.30 19 2.77 5 16.88 3 8.44 3 1.16 7 22.19 7 20.74 10
27 ks31167 7.98 32 20.82 6 -8.50 32 -12.84 32 -6.42 32 039 27 12.89 27 11.54 29
28 ks31168 12.86 28 14.29 20 -0.59 25 -1.43 25 -0.72 25 0.43 26 13.56 26 13.54 26
29 ks31169 14.78 25 19.35 9 -1.63 29 -4.57 29 -2.29 29 0.67 20 16.91 20 16.76 17
30 ks31221 9.94 30 15.80 17 -3.12 30 -5.86 30 -2.93 30 037 29 12.53 29 1220 28
31 L5J>’(GOH) 13.10 27 6.15 32 2.80 4 6.95 12 3.48 12 0.19 32 8.97 32 8.37 32
32 e (Akhtar) 18.16 23 11.81 29 1.85 11 6.35 15 3.17 15 0.50 24 14.65 24 14.31 24

Y,: Yield potential, Y,: Yield Stability, SSI: Stress Susceptibility Index, TOL: Stress Tolerance, MP: Mean Productivity, STI: Stress Tolerance Index,
GMP: Geometric Mean Productivity, HM: Harmonic Mean
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GMP 4 STI (sla_asLs ailflaz cla o o 55 (2001)
5 wlld S (S gl dlbise Lo oy )
GRS, 4 argl b wid)S Sl 0 bgaisl saes S
(A Jouz) azls o 5 p lacis) o (F Joox) lacass)
@ Jod glagarls bl p Sy gn slecds)
Seigeyle 5xSile 5 (B gaze cwdip (ke SiS
AY N Fobbowsys Jols a5 was bl e Jgas
KS- 5 KS31150 KS-3138 KS-31139 KS-31112) 6 4 Vo
auS e olgias Schneder et al. (1997) .oil o G1127
als YU ol bl baoassss ol dayl o a8
Slisabl Jyan joliiads s 5 3,5 plosl (K5 4 Joos



YA Jlo ) o leds F ol [l ! Qb,’ ‘slbh;&s}z & g [0 ySlos A Lo £y )02 9 (55808 ol

708kg Qi gTY 50 (S (I 4 Caaglilo ol () (Fwnod il ps -V Jguar
Table 7. correlation coefficients between drought resistance indices in 32 genotypes of common bean
e L
b asls Coslas T gl a e gwiis Siige s
Indicators é();:';'c S & (i‘(o:) Py i M Jeam (B0 Jgazo

(SSI) (MP) (STI) (GMP) (HM)
(Yp) Jboy bazes 1o 5,Skos 0.274  0.649%* 0.789** 0.789** 0.824** (0.839**  0.791**
(Ys) o,Sles (5,l0b -0.402% -0.375% -0.375* 0.746** 0.744*%*  (.778**

(SSI) Sz o ol a3l 0.883** (0.883**  0.243 0.262 0.237

(TOL) Jozs ozl 1.000** 0317 0.333 0.265

(MP) a5 gams slo (uSilia 0317 0333 0.265
(STI) St & Joss sl 0.989%*  0.983%*
(GMP) s Jyame it (5eSilsa 0.994%*

0= 0.01 50=0.05 mlaws 1o j0 o jxe i oy FF o *
*and **: Significant at o= 0.05 & o= 0.01, respectively.

Yp: Yield Potential, Ys: Yield Stability, SSI: Stress Susceptibility Index, TOL: Stress Tolerance, MP: Mean Productivity, STI: Stress Tolerance Index,
GMP: Geometric Mean Productivity, HM: Harmonic Mean

(i & Caglin 5l (S LE el 2 508 Lugd 0wy ¥ 5 S i —A o
Table 8. Selected genotypes of common bean based on drought resistance indices

(Genotype No.) g 6,lois

(Indicators) b asLs

19-13-17-5-26

4-13-16-12-14
11-17-8-31-26
17-19-26-5-8
17-19-26-5-8
4-13-19-15-5
4-13-19-15-5
4-13-15-19-5

(Y9) Jloy faomn 55 Shae
(Yp) 5 boams 55 5 Shac
(SSI) (K5 & ol 5L
(TOL) Jos o35
(MP) o0 Jsams o (:Seo
(STD) Sz a5 Joss ol

(GMP) 25 gams cwiin 5:Sile
(Harmonic .m) 2o Jgaxs Sige,lo Sileo

el FJgaz ol p lacassss 6 leds

Number of genotypes is based on table 6.
Yp: Yield Potential, Ys: Yield Stability, SSI: Stress Susceptibility Index, TOL: Stress Tolerance, MP: Mean Productivity, STI: Stress Tolerance Index,
GMP: Geometric Mean Productivity, HM: Harmonic Mean
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Fig. 1. Dendrogram for 32 genotypes based on all of measured traits by UPGMA method under normal condition
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Fig. 2. Dendrogram for 32 genotypes based on all of measured traits by UPGMA method under water deficit condition
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Abstract

The effect of water stress were studied on the agronomic traits related to yield of common bean by
planting 32 genotypes in normal and water deficit conditions. These genotypes were evaluated in randomized
complete block design with three replications in experimental field of Faculty of Agriculture, University of
Tehran, Karaj Campus in 2007. Analysis of variance showed that there were significant differences among

varieties in all traits, indicating the existence of genetic variation among varieties. Factor analysis were
accomplished in both conditions indicated that there were five factors that explained 73 and 72 percent of
total variations in normal and stress conditions, respectively. Path analysis for seed yield showed that number
of pods per plant had the highest positive effect, 0.697 and 0.699, respectively, on seed yield in normal and
stress conditions. Number of days to podding (0.026) and length of pod (-0.004) had indirect effects through
number of pods on seed yield. Also, in stress condition, number of seed per pods (0.083) and 100 seed
weight (-0.074) had indirect effects through number of pods on seed yield. Therefore, this trait could be used
as an indicator for improving of common bean seed yield. Phenotypic clustering of genotypes (UPGMA)
showed that all of the genotypes were classified in four separate groups in normal and stress conditions.
Evaluation of drought resistance in common bean genotypes showed that stress tolerance index (STI),
geometric mean productivity (GMP) and harmonic mean of yield were the best criteria for reorganization of
tolerant genotypes as detected as KS-31127, KS-31150, KS-3138, KS-31139, KS-31112 in this experiment.

Key word: Cluster analysis, Drought resistance indices, Factor analysis, Path analysis, Water deficit
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Table 1. Means of square (MS) of chickpea parameters, resulted from analysis of variances

Source of variation df %Su RDW ShDW R/Sh Nno NDW %N
T (Herbicide) 3 16657 245 1.617 1.137 25127 14059 0.72°
I (Inoculation) 1 31117 03" 0.82" 022" 176™ 446" 0.01"
S (soil strile) 1 1554 0.11" 0.01™ 022" 2919 27177 0.06~
T*I 3 363™ 0.09" 0.15" 032" 157" 2817 0.028"
T*S 3 665" 029" 0.55" 017" 1358" 4648” 0.13"”
I*S 1 276" 0.014™ 0.01™ 0.19° 218" 1064™ 0.01"
T*I*S 3 0.4™ 0.012"™ 0.008"™ 0.09" 1197 1056™ 035"
Error 48 219.8 0.025 0.038 0.027 10.5 24.1 0.001
C.V. 20.28 23.15 23.18 22.36 27.56 19.82 2.57

ShDW (p,3) asy, Sis 80558 ; RDW ¢ Slen slail (liy auo 0 28U <S5 il [lars =S 10y59 00 805 s (6581 b el Jloos o ¢ mSile Jlos T
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IS gre pae NS 1o 100 g wo,3) kol molaw 1o Iy gre S gt g

EIES

T: herbicide application; I: seed inoculation; S: soil sterile; %Su: plant survival; RDW: root dry weight (g); ShDW: shoot dry weight(g); R/Sh:
root/shoot ratio; Nno: nodule number; NDW: nodule dry weight (mg); %N: nitrogen fixation
ns, * and ** represent non-significant and significantly difference at 5 and 1% levels, respectively.
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Fig. 1. Effect of seed inoculation with nitrogen fixation bacteria on chickpea root dry weight, shoot dry weight
and root/shoot ratio
saBlo 4y ady ), Sis 59 Comd RISh ¢ Slon slaplasl s 8395y ; ShDW ¢ e 5 slaplail Sis sogicens ; RDW
todiizdls 594y mon inoculated seed ooizili ,9dy :dInoculated seed
(p<0.01) Wi )l (g lo smo B g b oS e B> S JSlo (gl)lo sl Sikeo
RDW: Root dry weight; ShDW: Shoot dry weight; R/Sh: Root/shoot ratio; Means by the uncommon letters are significantly different (p<0.01).
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Table 2. Effect of seed inoculation on nodule number, nodule dry weight and nitrogen percent in chickpea

03958 we s 0 5SS (39 0,5 sl il Cundg
Nitrogen percent Nodule dry weight (mg) Nodule number Inoculation
1.25a 27 a 134a oalizils I

1.22b 22b 10b odtizeals NI

(p<0.01) w5l (gl sixe IS (S i & > S o (gl slasl oygin o 30
I: Inoculated seeds; NI: Non inoculated seeds
Means by uncommon letter in each column are significantly different (p<0.01).
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Table 3. Effect of soil strilization on chickpea nodule dry weight, nodule number, nitrogen percent and root/shoot ratio

wlas
parameters S Cunsy
0397 do yd 0,5 SiS 38 0,5 Slaws Ay Sid 3s adw /a8l Soil condition
Nitrogen percent Nodule dry weight (mg) Nodule number Root dry weight R/Sh
Sterile
1.20b 18.1b 50b 0.72 a 0.80 a -
c..\...aJi)...ul
Non sterile
1.27a 31.4b 185a 0.64 b 0.68b PR
0aS s yim

(p<0.01) w,las (gl sixe IS (S i & > S o (gl slasl oygin o 30
Means by uncommon letter in each column are significantly different (p<0.01).
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Table 4. Interaction of seed inoculation and soil sterile on nodule number, nodule dry weight and nitrogen percent

parameters ol
. ¢ s e Jin S il 9% gl
039 22 i 09 o5 Sl Sterile Inoculation
Nitrogen percent (%) Nodule dry weight (mg) Nodule number
1.17 16.8 4.8 S oo syl
¢ ¢ ¢ ° JJ)W I a..\.uc.,.zl;
1.27a 38a 22a NS oazs Jy sl
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¢ ¢ JJM NI a_\...‘_‘Z'LmL
1.26 a 245D 15b NS ooz s il

(P<0.01) 5,05 (55 gine BS o5 e B> 5y JBlus (slls shasl g o 4o
I: Inoculated seeds; NI: Non inoculated seeds; S: Sterile soil; NS: Non sterile soil
Means by uncommon letter in each column are significantly different (p<0.01).
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Table 5. Effect of herbicides application (Pyridate, Bentazon and Imazethapyr) on chickpea measured parameters

wlaoparameters
o oy slplail 50 9T s ) lon el oluil 565 o ; Nno NDW(mg) Herbicide
5 O3g i ey . it SR A T RASh slag S 9 IR
%N <l 055 ShDW (g) Al ] a8l j )
%Su RDW (g) oy o
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%Su: Plant survival; RDW: Root dry weight; ShDW: Shoot dry weight; R/Sh: Root/shoot ratio; Nno: Nodule number; NDW: Nodule Dry Weight;
%N: Nitrogen fixation; Means by uncommon letter in each column are significantly different (p<0.01).
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Fig. 2. Interaction of herbicide application and inoculation on chickpea root and shoot dry weight
I: Inoculated seeds; NI: Non inoculated seeds; Means by the uncommon letters are significantly different (p<0.05).
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Table 6. Inteaction of herbicide application and seed inoculation on nodule number, nodule dry weight,
nitrogen content and root/shoot ratio in chickpea
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;1;(: |blw N :1;1 dew oj'sh N'Oj,ﬁ. ot e 4 i) e = e
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I: Inoculated seeds; NI: Non inoculated seeds; Means by uncommon letter in each column are significantly different (p<0.01).
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Fig. 3. Interaction of herbicides application and soil sterilization on chickpea root and shoot dry weight
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S: Sterile soil; NS: Non sterile soil; Means by the uncommon letters are significantly different (p<0.01).
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Table 7. Interaction of herbicide application and soil sterilization on chickpea nodule number, nodule dry weight
and nitrogen content
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S: sterile soil; NS: Non sterile soil; Means by uncommon letter in each column are significantly different (p<0.01).
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Abstract

In order to study the effect of Pyridate, Bentazon and Imazethapyr herbicides on chickpea growth,
nodulation and biological nitrogen fixation, a greenhouse experiment was conducted at Ferdowsi University
of Mashhad in 2010. Experimental type was completely randomized design with four replications. Treatments
included Pyridate, Bentazon and Imazethapyr herbicides application in 1200, 720 and 75 ga.i/ha’,
respectively. Chickpea seed inoculation with Mesorhizobium ciceri bacteria in two levels (inoculated and
non-inoculated) and two levels of soil sterile and non-sterile. Seeds planted in pots with 10 cm diameter.
Pyridate was applied as preplant and soil in corporation, but Bentazon and Imazethapyr were applied at third
pinnately leaf. At 40 days after herbicides application (flowering stages), plant survival, root and shoot
biomass, root/shoot ratio, nodule number, nodule dry weight and chickpea nitrogen fixing parameters were
determined. Results showed that seed inoculation with Mesorhizobium increased nodule number and its dry
weight, 20 and 25 percent, respectively. Soil sterilization decreased nodule number, nodule dry weight,
nitrogen fixing and root/shoot ratio, significantly (P< 0.01). Based on experimental results of all herbicides,
application decreased significantly (P< 0.01) in above mentioned parameters. Among herbicides, Bentazon
imposed the most negative effect on chickpea parameters, and decreased root and shoot biomass and nodule
number and weight as 80%, 73%, 93% and 97%, respectively. However, Pyridate herbicide had the lowest
effect on nodule number, nodule dry weight and nitrogen fixation, but it decreased chickpea root and shoot
biomass, significantly. Imazethapyr had lower effect on chickpea root and shoot biomass, but it imposed the
most negative effect on nodule number and nodule weight.
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Fig. 3. Symptoms of root and crown rot of common bean, caused by M. phaseolina compare to healthy plants
Tested varieties from left to right: Sayad, Akhtar, Naz, Azna, Sefid, Jamaran, Derakhshan, Goli and Khomein
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Identification of Charcoal rot disease of bean seedlings in Kohgiluyeh
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Abstract

Charcoal rot disease, caused by Macrophomina phaseolina has become a restrictive agent for annual
crops in Iran. The disease incidence reaches up to 90 percent in some infested areas. High air temperature
and drought stress associated with this disease, are the main factors for increasing the disease incidence and
severity. In order to isolate the pathogenic agents, pieces of infected root and crown of bean were washed
with tap water blotted dry and plated on potato dextrose agar (PDA). Twenty isolates of Macrophomina
phaseolina, the cause of charcoal rot, were isolated from different parts of Kohgiluyeh and Boyerahmad
province on bean. Phenotypic characteristics of the isolates were compared by growing on PDA at 35°C.
Colony appearance, growth rate, production and amount of sclerotia and also the relationship between
growth rate at 35°C and size of sclerotia were determined. Isolates were grouped in one phenotype that
named fluffy with abundant sclerotia. Pathogenicity test of M. Phaseolina on different cultivars of bean were
evaluated under greenhouse conditions. After two months root colonization was assessed by growing on
PDA. The data were analyzed using MSTAT software. Disease indices including colonization of root and
crown, and infected plants were measured. Comparative percentage of infected plants and root colonization
showed that Khomain and Azna cultivars were the most susceptible and the most resistant tested varieties in
reaction to M. phaseolina, respectively. The percentage of crown colonization showed that Khomain and Naz
cultivars were the most susceptible and Azna cultivar was the most resistant in reaction to it.

Key words: Charcoal rot, Bean, Macrophomina phaseolina, Phenotype
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