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Fig. 1. Mean monthly precipitation and relative humidity in cropping year of 2016-17

\YY



WI-VAS amivo AP+ Jlo 16 Lo 1Y (0,90) Jlo / 3 331 U a0 GBIB 3 /... o5 1 (0 Lslgy (oo 2 2031y 50 g 599 a0

WAF Jlo 50 Ghalesl slyal Jore S (olnonid 9 (S 508 455 b= ) Jgoz
Table 1. Soil physical and chemical properties of experimental location
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Table 2. Characteristics of studied chickpea genotypes

Entry Name Entry Name
o ylous ol 0y lols ol
1 Sel.spl.k18-87 a1 FLIP09-229C S00794(30 KR)-13/FLIP
2 SAR80J78k2-87 42 FLIP09-285C X04TH143/FLIP00-6C//FLIP97-205C
3 Flip-05-104 C 43 FLIP09-289C X04TH145/FLIP00-14//FLIP98-137C
4 Flip-06-31 C 44 FLIP09-297C X04TH149/S00547//FLIP98-233C
5 Flip-09-14 C 45 ADEL
6 Flip09-21 C 47 ILC 484 ACC no 26783-68
7 Flip-09-24 C 48 FLIP03-26C/3/98 TH70/4/(FLIP93-210C/ FLIPS7-8C)//S96086
8 Bivanij*Sel.95 TH1716K1 49 FLIP06-17C//2002TH 18/3/FLIP98-130C / FLIP98-120C
9 Bivanij*Sel.95TH1716K3 50 FLIP06-39C//2002TH 37/3/599520 / FLIP98-048C
10 Azad*HashemK3 51 FLIP06-43C//2002TH 40/3/FLIP98-28C/ FLIP98-079C
. FLIP06-97C/4/2002TH 119/5/[(FLIP98-64C/ FLIP98-
1 Flip-07-33C 52 47C)//Sel99ter85488] /3/ FLIP98-022C
13 Bivani FLIP06-120C/3/2002TH 131/4/(ILWC 141/S85581)//FLIP98-
ivanij 53 130C
14 Flip-05-42 C 54 FLIP07-201C/3/03TH-20/4/(S00784/FLIP97-28C)//ICCV2
15 Flip-05-43 C 55 FLIP88-85C//85 TH143/3/ILC 629 / FLIP 82-144C
16 Flip-05-47 C 56 FLIP06-59C//2002TH 76/3/S99858/FLIP 97-026C
17 Flip-07-40 C 57 FLIP03-141C/3/00TH 51//FLIP98-52C/FLIP98-47C
18 Flip-06-151 C 58 FLIP05-44C/3/2000TH 39//FLIP98-29C/S99001
19 Flip-07-234 C 59 FLIP05-46C/3/2000TH 39//FLIP98-29C/S99001
20 Flip-07-242 C 60 FLIP07-11C/3/03TH-138/FLIP98-130C//FLIP99-34C.
21 Flip-07-244 C 61 FLIP07-33C/3/03TH-153/FLIP98-133C//FLIP98-117C
22 Flip-07-313 C 62 FLIP08-14C/4/00THO5//(FLIP84-182C/FLIP91-138C)/3/ S99075
23 Flip-07-327 C 63 FLIP08-58C/3/02TH3/FLIP 98- 28C // FLIP 97-102C
24 Flip-08-198 C 64 FLIP03-31C/3/98TH18//S96114/FLIP 92-148C
25 ILC 8617 66 AZAD
26 Flip-02-51 C 67 ILC 72
27 Flip-98-130 C* Flip-97-23 C 68 ILC 484
28 Saral 69 ILC 482
29 ILC 484 ACC no 26783-68 70 FLIP 84-182C
30 FLIP84-48C X81THSS5/ILC 1920//ILC 2956 71 FLIP 85-01C
31 FLIP84-79C X80THL76/ILC 72//ILC 215 72 FLIP 86-06C
32 FLIP86-6C X81TH203//(ILC 3279(WH)/ILC 3355) 73 FLIP 87-45C
33 FLIP90-96C X87TH26/ILC 5342//FLIP 84-93C 74 FLIP 88-85C
FLIP93-93C X89TH258//FLIP 85-122C/FLIP 82-
34 150C/3/FLIP 86-7C 8 FLIP 93-58C
35 FLIP97-281C X94TH75/FLIP 87-58C//UC 15 76 FLIP 98-121C
36 FLIP97-503C X94TH8/FLIP 86-6C//FLIP 90-109C 77 FLIP 01-29C
FLIP97-530C X94TH103//FLIP 91-186C/FLIP 91-
37 96C/3/FLIP 90-109C 8 FLIP 02-51C
FLIP98-121C X95TH42/FLIP 90-15C/ILC 5362/3
8 IELIP 9390 79 FLIP 03-8C
FLIP09-37C X04THT73/FLIP97-195C/FLIP98-
39 108C/3/FLIP96-154C78 80 FLIP 03-123C
20 FLIP09-58C X04TH176/FLIP95-768C//FLIPI7-

205C
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* Genotype number 12, 46 and 65 were deleted because of poor seedling emergence.
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Table 3. ANOVA results of phonotypic traits in 77 chick pea genotypes under field conditions

Mean Squares-csle yo il

T e i
Variation of o eyt S ool nummerof  Hunrtof e
D?lys ©050%  Lhysiological  CTaIN filling pods/plant unfertile first pod from
owering : period
maturity pods ground
Replication ,| s 2 15.614 6.004 33.818" 377.484* 0.432 149.233*
Genotype 76 25.544™ 6.296™ 21.595™ 282.796** 5.405** 122.697**
Error W= 152 12.176 3.837 10.870 26.291 0.283 42.553
Coefficient of variation (%) 2.834 1.257 10.195 16.414 27.045 24.466
¥ Jgus aldl
Table 3- Countinue
Mean Squares- iz yo il
s el ol azy0 Wgy glis oSS M ol iygs OME ol 310 33 i oo 5 o
Sources of d 9 el GINST L dlass G090 e oluxs 4ildes y39 4o o ,Slos [Cata 3]
variation df Plant Number of single  Number of two seed  100-Grain Grain Glons ey
height seed pods pods weight yield AUDPC
Replication |5 2 81.264 152.939* 0.186 0.835 1022.416* 687134.1*
Genotype w5 76 110.658** 166.959%* 28.460** 33.660** 1423.358** 138100.5**
Error W= 152 61.158 19.978 0.878 11.455 176.171 102875.0
Coefficient of variation (%) 12.103 20.812 18.428 9.586 21.124 13.387

** and *: Significant at the 0.05 and 0.01 probability level, respectively
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Table 4. Comparison of means of phenotypic traits in 77 genotypes of chickpea under field conditions

o
Traits

Yo 55k 5 0 i i3 )
10 Genotype with more value

RETRESP ST P AT t
10 Genotypes with less value

2L 59, 5SSk

-26(127.33)-33(128.67)-71(129)-27(131.33)

-29(118.67)-38(119)-77(119)-22(119)-75(119)

Mean days to -55(126.33)-31(127.33)-30(127.33)-32(127.33) -41(116.67)-28(116.67)-15(118.67)-20(118.67) 15.926°*
flowering 48(126.33)-14(126.33) 9(116.67)
S3slsered Esb B 5o, -31(159.67)-33(159.67)-49(159.67)-27(162) 7
7S -#7(155)-75(155)-74(155)-73(155)-72(155)-4(155)
Days to physiological -71(157.33)-44(157.33)-34(157.33)-30(157.33) . . K 7.099
mgturity 35(157 33).42(157 33) 80(155)-79(155)-78(155)-77(155)
s iy ayg ~20(36.33)-41(38.33)-9(38.33)-29(38.33)-28(40.33) -30(28.67)-25(30)-78(30)-2(30)-74(30)-79(30) 12 083w+
Grain filling period 8(36)-22(36)-77(36)-38(36)-15(36.33) 71(26)-14(28.67)-55(28.67)-48(28.67)
Sy el -69(72.66)-36(74)-15(74.33)-7(74.33)-20(76)-73(78) -25(55.33)-54(57)-37(57.33)-45(57.33)-35(58) 13,4840
Plant height (cm) 30(70.33)-2(71.66)-10(71.66)-41(71.66) 29(46.33)-33(48.67)-60(51.67)-55(52.67)-13(53) :
Oy s 1 DI (gl Al ol 36(17.33)-44(17.67)-31 (19)-35(19)-58(19.33)
: . 24(41.33)-17(42)-73(44)-10(44.33)-77(34)-
Height of the first pod 41(71.66)-74(36.67)-23(40)-18(32)-2(32.67) 29(15)-38(116)-60(16)-33(16.33)-61(17) 13.831**
from ground
a3 Shes 207(321;)3321?6%;)01‘%(;%%%‘3(78)7?94(3?&335)9) 33(33.67)-71(17.67)-28(34.41)-32(35)-29(2267)- ¢ (oo
Grain yield kg/h) : S e7(69.75) : 27(25.33)-34(29.67)-37(33.39)-55(14.81)-13(20.67)
JERTRS 21(40)-18(40)-20(40.67)-75(44.33)-68(39.33)- 41(30.67)-77(31)-35(31.33)-52(31.33)-66(29)- 4480+
100-Grain weight (g) 13(39.67)-7(39.67)-6(39)-51(39)-43(39.33) 55(29.33)-61(30)-40(30)-45(30.33)-39(26) :
iy o e ol ggggggggigfgggggggg(ﬁ(ﬁ)ﬁ%(g‘j(ii; 63(19.33)-80(19.67)-14(20)-75(20.67)-23(1267)- 1, o .,
Pod per plant : s 33 : 19(1633)-27(17.67)-24(18.67)-18(11)-71(12) :
LG e slows
oM e sl 41(5)-45(5.66)-35(6)-11(6.33)-56(3.67)-30(3.67)- 71(0.67)-72(0.67)-73(0.67)-18(0.67)-67(0.67)- 12,1045
Number OLU”fef“'e 61(4)-44(4.67)-60(3.67)-16(3.67) 80(0.67)-25(0.67)-53(0.67)-9(0.67)-27(0.67) :
poas
NCN
St B Sl 45(35.67)-31(39)-52(39.33)-29(40)-34(30.67)- 27(8.67)-24(10)-33(12)-16(13 67)-14(13.67)-63(7) ;¢ pgous
Numbeg of 3'”9'6 42(33.67)-44(35)-2(29.33)-51(30.33)-36(30.67) 18(7.33)-19(8)-71(8.67)-23(8.67) :
Seed poas
RES
Syips S olas 50(11)-11(12)-39(12)-7(12.33)-20(9.33)-9(9.67)-  30(1)-29(1)-59(1)-28(1)-71(L.33)-55(1.33)- 32(0.67)-  ; 77 ys
Number OLtWO seed 52(10.33)-5(10.33)-8(8.67)-17(9) 23(0.67)-74(0)-27(0) :
poas
Sty Govie ) ek 13(3966.7)-29(3988.9)-27(4044.4)-55(3500)- 74(1459.3)-41(1477.8)-16(1503.7)-48(1525.9)-
o 31(3616.7)-35(3681.5)-64(3255.6)-60(3333.3)- 44(1381.5)-23(1381.5)-68(1381.5)-80(1451.9)-  20.813**
AUDPC 34(3340.7)-54(3177.8) 6(1329.6)-72(1381.5)

**: Significant at the 0.01 probability level

A2 e olis 1y ey S il s jo (g5l gme

Al eShee e il S5-I slael 5 g ojlads 3l g slucl

Numbers out of the parentheses are the genotype number and numbers are in the parentheses show the means.

Oemizad Bl oS dils o Slas idgs (5 les 4wl
aslo o Shoe Jlai 5l 5 p cuigis Vo g5 a5 TV o)led ool
g polie (5 ko 4y (ASTy Sl g,

S35 & ke a5 a8l 0 Kimurto et al, (2013)
el boges 5 ool ails o Shoe s e 2alS el
adils o, Slee sl Hlid (gl d (6 yiion Cuaglie oS
o ASgs ;0 BME Slasd pioren AL j (g i
le plas aileY e e 359 b gl g g shin

\Nid

Obas (0 Jgo2) (Sied calpo Jolov I Jolo gl

9 = (Soimad als 8, Slos o Ly (5 Lo a5 0l
Gl Jole aS ol @y azgs L .(P<-/+)) casls jlo me
w250 90 O 3l 1) 9958 ol Sl slodee A (S350
oealS cpl b (Kimurto et al., 2013) s4i 0 oL S 1o
S55n dezs S ons il W+ i 5 s 5 Shae e
eS8 V5 aS TV WY VXY slacdss
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Table 5. Simple correlation coefficients between phenotypic traits in 77 chickpea genotypes
Traiteds 1 2 3 4 5 6 7 8 9 10 1 12
1 1
2 0.516%* 1
3 0.857**  0.318** 1
4 0.439%* 0.159 0.067 1
5 -0.032 -0.039  -0.103  -0.201 1
6 -0.270*  -0.281*  -0.234*  0.043 0.472% 1
7 -0.391**  -0.375**  -0.218  -0.148  -0.371**  0.347* 1
8 0.226* -0.044 0135  0.409**  0525*  0.272**  0.103 1
9 -0.056 0.038 -0.010  -0.195 -0.159 0.098 -0.054  -0.290* 1
10 -0.028 0.050 0.028  -0.268*  -0.351**  -0.249*  -0.088 -0.415** -0.458** 1
11 0.034 0019  0.024  0.083 -0.030 -0.266*  -0.029 0119  -0.854**  -0.018 1
12 0.074 -0.023  0.087  -0.008  -0.425%*  -0.336** -0.277* -0.391**  0.246®  0.417** -0.066 1

Aoy S s (o (gl sme M o )0 iy b 40 (5,0 Sxe

ails o Slac A ilo) e 50 Y e rhan 51 BME ol Alols P g £lis D iy j0 (5 g0 BN Slaws :F g ;0 (6,00CT BN slaw Y g ;o 55,0 DL Y gy o B sl ;)

Golor Gy (Gomin ) haw Y alls (ol 0,50 VY« Sofalan st (S, U 5g, 1) e malS a0 y000 b,

1: Pod/plant, 2: Number of unfertile pods, 3: Number of single seed pods, 4: Number of two seed pods, 5: Plant height, 6: Height of the
first pod from ground, 7: 100-Grain weight, 8: Grain yield, 9: Days to 50% flowering, 10: Days to physiological maturity, 11: Grain

filling period, 12: AUDPC

OF AY & Y slacuiss) b o goas g shin do )0 SO
Sobo a Comalas Bl 5l 50 Gudgdy Ve 552 45 00
i Bls Lacig) plo o )3 |) Gy il 0 a8 civg:
Solom 4o S 45 70 5 VA NF 5 YO o)led slacedsss
e s 51 O gl alols Co Ll 5l cings sl
VE 9 TV lacds) abog 158 (35, b slacass) 95>
Aot cio Llad jlieS 5)lom 420 b slocadss) 552
aiogy Yo (35,1 b slacadsil 552 (oo haws 51 104l
)ly oS am (5038 )ber 45 Sl 5l (S
OF Lo a5 (e ) (smsd (5 41 ol 05 (o0
Dokken-Bouchard et ) aib o oLS jiwgd mlaw ials
al> oy Ji 50 oL iiwgid u“’*’“iu*-’l’ L .@l., 2010
li8l @l 5o ) daleS SG3gle 8 (Sonw) 5 A5
395 9 B 0o 300 B 59, 0590 (ud S GYeb Sl 6 len
ilal) Ghegim =l )0t wale: SSeln it (S, U
L il (37 (foie ) gl G )3P0 9 Sde
LS 595 9 P</01) Sojslsnsed (Soe—w, LS 59, Slio
9 YO lacis .ol oanlive (P<+/+0) 2ul5 ao 00+
Sy U gy o ;1 5 cdgiy Ve g5z &S YF
R Golem 4 ol GlagaTei 09, )0 wNog Sujsls s
Golows Olime a5 Ae g VY VT slacwiess blae o .asils
Sy 090 Jobo g 5iaS S0 Sleaisi) o 5o o]
TV 9TV o)l slocadsy aiidls 55 (s %eS Sojgln b

\YY

«Sgy> s&_ijc;g 0.39.” slals g len Sl pas o] 3
CarheS Az )0 9 Ngd oo FSgS g s S pali i3
«Dokken-Bouchard et al., 2010) oL o  ials asls
I adls o, Sles (59555 g)lem &5 28,5 Azl (i oo
Singh et al, (1990) .5,41 co b als ojlasl zals & ,b
Wi 0 AE olasy oli 8l L a s s sl jlgbl 5
PPCRURRINSE
1 ol Jale 28 slasosS 655,18 Jore
5o LagaaS cpl iyl 18 laps (59, a5 Cunl gloasSy
9 WS oo I (Al g 0 JBI0 5l osbo e Ll
Ol 00g 1 sladdlu g Laa =S b gy, 5l rainsplash ;i ,
g 0dl oo Slbl sl Sy g ol 4 g oul Jor by guuS
e ol oS as 035 T oLS Sl Lo jgel jg0 ol &
4> ,» Lol (Dokken-Bouchard et al., 2010) sy o
Sl 0ol S ey 5l e sl ha ¢ 4y £l
s 98l e oS (g4, rainsplash , 51 a5 sl gl
8,5 aales 18 gy (Sogll (oyme 50 5 09 aalss
Solom 4 yeS )l s lalS Comlis Glie aziys
S emre g e adaly D49 090 daleS i (( S955,
1530 olalllas o asgy glis | g AUDPC oy (F=—/55%)
alal) 55 iegh ol o (Kiprop, 2016) el sads oLl
L oben 2led Ol 9 Solom 2508 (sovie )
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3 (0—0,0FY) gyl 9 (0o, 0FY) aSe ;2 30 (5,00 90

W230,S amgr | o Slee &l o

395 099% Job wssls (lad 992 1) eobj (s )lew Gl &5
5 Gy SS9l 58 (Sare, B gy 9 (BAlS 9o )000 b
(ol 4 Vb Suoglio b oogss Ve 952 T Gussiy oy
Sl 935 @Y (2adS aop3be L 55, (nSles sl
ol g ol do las gy V0 932 45 00 S
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Aryamanesh et L g s,lew 4 Cwglie g a5 6 54,

Lol 00l y,155 Daba et al, (2016) 4 al, (2010)

3955 i g YV 5o ditunly yuito plgie a1 dils 8 )Sloe gl p5 @ o5 (ygam )55 4 3205 -7 Jgur
Table 6. Stepwise regression of grain yield as the dependent variable in 77 chickpea genotypes

o 05 yS ) iy R2) sl y4F 3 libow! glas
Traits Regression coefficient (F) Parameter Standard Error
5o £lis )|
“n e 1.285 0.276 28553 0.364
Plant height
522 Sy Dl Sl 2.352 0.372 21915 0.642
Number of two seed pods
Solast G e ) gl -0.008 0.417 17.438 0.003

AUDPC

L ase sl Ciao 09—/ 2 Y g 12 ;0 (5,090 DD
(o s 51 g 0, Slee U o dae  Sicen oiiils
Sl 5 005 jmrie 99 (il (e (558 Bl ool

CJL..: LJ as J._....;L) J..\.m)?_m ;).)‘9.:‘50 Clo U‘J‘ o‘) )‘ (oo
3l cdllas Salimi et al, (2017)

<y Clao wlul p boaisi] gladbss 4 5o
3 o=y Slico bl o Lacdsis (gases S sl
95 5 Lacsgsy aS o oolawl Ward iy, 4 (gomaigs
G209, A Jgozr (Y JS8) Wig go (S 09,5
aes o lis ol)y Slae bl p 1) bacaigs

asly o Sloe Cio ode a5 3l ol b bl 5

Syhgs N slaw g el Slao 5 dtly e Glyicas
a8 S 5l 5o it oyt lyiear ilow 5 S 2 50
adils o Sleae p puiine Hil o yidon ¥ ooz b sllae 050l
Sl o ol 5l ae acsls (IYOV) Wy glas )| i |,
CoIYTY) oloms § 950 (I¥TE) gy, 10 (g g0 D
potie et 31l wils o Slae 1) e 51 o S
Sl gt g NN Gl 4 low Gk 5l g el
b5l 0g [PV Sy e 10 (5,090 L Blaw C o
S PEU PENUNSP NN S
reincs il 319 oo 0 Y g )lo Gk 5l g o/ YY) i
Shass 3oyl 5l g (e 5 N0V W gl sk Sl s Lo

2955 i 935 YV 30 il 3 Sl 513 ooty 9 poudions (U0 51 4y (Kismrad gl p> 43 325 =V Jguir
Table 7. Path analysis to direct and indirect effects for yield in 77 chickpea genotypes

Indirect effects through

Trz?uts D'teCt effef“Plant heightNumber of two seed pods AUDPC To"tal eff?Cf‘
- T Wl gy syigd I Sl (gxlewt bk (ke ) lans ”
iy )] 0.357 - 0.067 0.101 0.525%*
Plant height
. ST
Gy 50 S5 ydego I olass 0.336 0.071 - 0.002 0.409**
Number of two seed pods
Sl P78 e pighe g 5ag -0.151 -0.002 - -0.391%*

AUDPC

**: Significant at the 0.01 probability level
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Fig. 2. Dendrogram result from the cluster analysis method of 77 genotypes based on
agrological traits
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Table 8. Group mean and deviation of mean for phenotypic traits in 77 chickpea genotypes

Group 11 69,5

Group 2 ¥ 9,5

ko S5l Sl 3 Bl youl il il 31 Byl I oo
Traits RO RO 5 ‘_3;-’” ROSLY RS E ‘J)’” Total mean
Mean Deviation Mean Deviation
B NP
Sz g2 D ol 30.82° -0.24 32.7° -1.64 31.06
Pod per plant
S
s B slas 1.89° -0.08 252 -0.53 1.97
Number of unfertile pods
eSs SE sl
Sy B sl 21.05" -0.37 23.9° -2.48 21.42
Number of single seed pods
Srbep Bl Sl 4,952 0.27 2.9b 1.78 468
Number of two seed pods
5g £lis )|
R e 65.8° 0.99 58.2° 6.61 64.81
Plant height
eyl Sl B oy 22.67° -4.33 2250 45 27
Height of the first pod from ground
ol o o oy
Lok 35.62¢ 033 331 2.19 35.29
100-Grain weight
i1 o Sles
S 66.64° 3.63 38.6° 24.4 63
Grain yield
J.K . b . . /‘L.n
(Pl 22,207 6 g 0k 122.8° -0.23 124.6° 157 123.03
Days to 50% flowering
dnd e s 155.34° -0.3 157.7% 2.06 155.64
Days to physiological maturity
o bz 090 32.37° 007 329" 0.46 32.44

Grain filling period

S (G ) g bl g oaiei] lades s o
S8y Gl
Do gt S sl Ward g, 4 laools glasgs 4520
Adgaz (F JS8) 05 ol 09,5 ds | ey ool 579,000
Solbon (oS (G s bl ) i) (gones S
o) Jomio 09,5 clieds S 095 amd o0 holes (S35
Py 055 5 (G 10 Jolid) ol pg 09,5 deisi YV
Orize ids: polie (5953, 4 S iyl YO Jol)
952 09,5 4 Cuend (§ 5 mly 3, 8oe (Sl pgd 09,5 Sl
YL o Slos wwlls Jooxto 1Slg oS S 09,5 (Jg wivg: ds
e YL SIS g 05,5 ailo) + - (39 15 5l iags Lo
1§09, S ml 53 D LIS Ty Gl 2 yeS w95 09,5 5 (2 Se
(Jole) YO 955 el 09,5 932 (sl geiged) V¥ 935
sl 09,5 53 (Joxio i) 7 Cuigif ipslie 05,5 53 (pslie
8 S 8 b 09,5 g5 (oo (JL) TR oigif 5
dw 1 5 e wll p lacusgs Salimi et al, (2017) axlas
Ol ) 0l (gt 09,5 (g ke 4y b 5 Joxio pglie xlans
doie i oz e 05,5 15 iy 1) ol gt
@95 V) i8S 58 g jlen a4 el 09,5 50 g Vo g
aciie o woly Hlid 055 il (g lew 4 Cod 097 Cuglie A

Wl Y 4 lawgie o Slas 50

72 8l sl Sl g Sl Cluglie 4 azgi
B gl Alols gy glis )| Slio [l 5l S5 oy, ¢S
A Caad AiloY 0 35 9 0, Shes (g, dug0 BME Slasd ¢y )]
AL slaws Slas Hhas 5l 50 g0 09,5 .Culls (5,5, 90 09,5
30 (6,A ST BILE slass igs jo ,g,LL BME slasi g 4o
5 (P 00,300 LS 5o, «Siele b (S, U ) i
Ol bl 6550 gl 09,5 7 als ad 090 Jobo
e %9 e cSe) lae 4 pgs 098 lacis)
Pillai's Trace s,Lal o\l5 o 05,5 53 |y .ty s
o,—ol «(+/FY0™) Wikks' Lambda o Ll (- /08A™)
Roy's Largest o,l.lq (\/YaA™) Hotelling’s Trace
slrcsg) gl ol G ol acwlxe (V/YAA™) ROOL
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d—og ol loasly ;008 Cgz i 85
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Fig. 3. Dendrogram result from the cluster analysis method of 77 genotypes based on AUDPC of chickpea
Ascochyta blight

AN



WI-VAS amivo AP+ Jlo 16 Lo 1Y (0,90) Jlo / 3 331 U a0 GBIB 3 /... o5 1 (0 Lslgy (oo 2 2031y 50 g 599 a0

SO38 2 Gl by (S ) b gl ladigS 4 (il 995 G g3 YV (ST9 -] Jau
Table 9. Reaction of 77 chickpea genotypes to Ascochyta blight based on cluster analysis of AUDPC

Group o9,

Genotype number i oyl

(o) Jsl 09,5

38-9-15-4-58-5-7-75-77-14-26-67-21-71-11-62-3-20-79-53-2-76-37-56-70-73-10-57-1-63-47-52-69-36-39-50-25

Group 1 (Tolerant)y
(le>) pos 09,5

29-13-54-8-61-33-59-55-49-35-64-31-60-27-34

Group 2 (Susceptible)
(p5lie) pos 09,5

42-80-74-40-48-30-24-16-17-45-78-43-66-22-19-51-6-18-44-32-23-28-72-41-68

Group 3¢ Resistance)

Slallas (Ahma et al., 2013) cewl 0436 sladiges oy
30 Golem Ol do Cglae (S elul 4 el ooy ol
57 3558 ladsged )3 Seglie Gliae 5 0392 (oS 3950
Lyl i g by, oeazen (Peveer et al., 2012) o_ib
)9 gl 6,5 el Dya8 g 95 lacads) 5 by
Slalllas ;5 (o) 2 890 Fblis o8l (rizmon 5 oslitul
J—ds as 0s 50 (6,5 e g Cl 009 iglate calize
50,5 oo (Sotise qulis & i aws Luly 3l 5 il
(Vafaei et al., 2017)
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3 OlgSer gy crl 5l 0)ls S92 g olS 5 Shes 5 (6 5le
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955 dyp 5 65 JUse Sz a5 goanie Slalllas o
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STy aalllas o il oo pled BB (g i B0 b olo
ols plis slazmals al> o 5o (gl 4 3956 <l (Y VO~
Sl 4 S ol 9 Vb Lo Caaglin sllo (¥ YA oS
w555 Y8 w0 LS o (Pande et al., 2011) asb o
939 (6 e d polie atged VY gl cont bl w5
,9kaie 4 Ashrafi et al, (2016) .(Kimurto et al., 2013)
i 0 (S35 4 S 0958 slacsi; STy (b))
bl g @I Gl jo 1, 1o, IG1 51 Jlo,l slacnY o Mol iy
ORY YA Glas aiols j13 cwy p 3550 (ogslSasS) oLl
ot =Y Ve epglie (Y VY el liwl 5o ¢ gy 0 950
dols las Coglie ey (sled (LendS o g polie
9556 gy YO o, L Salami et al, (2017)
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Introduction

Chickpea (Cicer arietinum) is an edible legume grown widely for its nutritious seed, which is rich in
protein, minerals, vitamins, and dietary fiber and is the third most important food legume of the world after
common bean and pea. Ascochyta blight, caused by Ascochyta rabiei, is one of the most important diseases
of chickpea that limits its cultivation and production in most parts of the world, including Iran. The use of
resistant cultivars is the most effective and economical strategy for management of Ascochyta blight.
Therefore, identifying the genetic resources of resistance in chickpea germplasms against Ascochyta blight is
very important in designing breeding programs. Furthermore genetic diversity in chickpea collection can be
used in breeding program for selection of genotype with desirable agronomic traits. Studying relationships
between agronomic traits under disease stress conditions would assist breeders to identify the effective traits
and use proper selection intensity in their breeding programs.

Materials and Methods

In order to assess the resistance to Ascochyta blight, and the relationship of some yield related traits and
relative resistance to Ascochyta blight disease, research was conducted with 77 advanced chickpea
genotypes received from ICARDA in a randomized complete block design with three replications at the
Agricultural Research Station of Gonbad-e-Kavous in 2017. Plants were inoculated by applying uniformly
scattered infected chickpea debris after seedling emergence. The degree of susceptibility and resistance to
disease of each line was determined using 1-9 rating scale and area under disease progress curve was also
calculated. Various phonological and morphological traits including yield and yield components were
measured.

Results and Discussion

According to the results of ANOVA, there was a significant difference among genotypes for all traits
(p< 0.01) which revealed genetic variation among them. Genotype of 76 and 55 with an average of 118.67
and 14.81 kilograms grain per hectare had the highest and lowest yield, respectively. The results of
phenotypic correlation under disease-stress condition showed that plant height had the highest correlation
(-0.586, p< 0.01) with Ascochyta blight progress. AUDPC was also correlated to grain yield negatively.
Genotypes 13, 27, 29, and 34 which belong to the most sensitive group to the disease, had the lowest grain
yield and the resistant genotype of 34, had the highest grain yield. AUDPC had also negative correlation
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(p< 0.01) with plant height and height of the first pod from ground. There was a positive correlation at 1%
probability level between AUDPC and days to 50% flowering and days to physiological maturity revealed
that as the disease progresses, those two factors become longer. Genotypes 34 and 35 which had the longest
days to physiological maturity were belonging to disease sensitive group. Stepwise regression analysis
introduced AUDPC, number of two seed pods and plant height with 42% justify changes as the most
effective traits. According to the results of stepwise regression, plant height had the highest effect on grain
yield. The results of Path analysis showed that plant height had the most direct effect on grain yield (0.357)
and the most indirect effect was related to AUDPC via plant height (-0.1151). Therefore, plant height can be
used as a superior trait in indirect selection programs. Based on agronomic traits under disease stress
conditions, cluster analysis set the genotypes into two groups using the square Euclidian distance and Ward
method. The genotypes of first cluster, had the highest average in plant height, height of the first pod from
ground, number of two seed pods, grain yield and 100-grain weight compared to the other one. The second
group was earliness and had higher days to 50% flowering, days to physiological maturity and grain filling
period. According to the results of cluster analysis for disease parameter based on the square Euclidian
distance and Ward method, the genotypes classified in three clusters including tolerant, sensitive, and
resistant where 25, 37, and 15 genotypes were placed in resistant, tolerant, and susceptible groups,
respectively. The sensitive group had less grain yield than the others. Genotype 26 was highly susceptible
and genotypes 6, 22, 43 and 65 were identified as highly resistant.

Conclusion

The findings of this study showed that management of Ascochyta blight is essential to provide increased
and stable yields where conditions are suitable for the disease. According to the results, the studied chickpea
germplasm, are valuable resources, in addition to possess new traits provide high diversity for breeders to
improve the new varieties and can be employed as resistant sources in chickpea breeding programs to
develop resistant cultivars to Ascochyta blight.
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