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s > SO g (DNAG, 53 slaiel (gl,— 4 a.80Y Sasds
0y olos olasel (gl a3 B Cokay ol 5 il 4z oYY
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RAPD-PCR

balas o dsge a5 aiiudlyy TN T (sgame o
5 YYY oudol] AShais glaasl S slawy oo olas |
Sl g FYYE L5 Y s o0 pitSS lalad 85l0]
S5kel 5 (asbYd) (ISsaz ol o iy VBC228
ass,S ader 1) (asb) +) (ISbas wib o S OPKI19
el 1 (S s e oy AT 5 ) S5 ) J3o)
50 Sy s,V 5l S wlis oyl balas 5SS
wlis co o (eliw 5l 90 ,2) FOC84 3 FOC40 4la>
Ll o o (S5 Aol iy g allls ds oY e
(Y USS) o baslaz plo b (ol= 68 5 FOC6

ploml el Sty 9 AD 5By S 5,989 58Ul 5 w0 8
e (el S 0u S (g, illas o5 e 5 S5
L5 V0 ol yamasy PCR STy Jpame 51yl ,Sao) « o
s Rsal BsuRI (Haelll) &5 slap ;5 5l ids KoY
883 pan 3,50 ol S 0 ST, ilkae EcORI
Soeay A7 5Ly b oo 0V 10 5, J5 (55, 03,553 lakad
oSlolas sl Vkb Sl ol 5lg s S bl el o

Al oolaiwl lawily  JoSJge 55lusl

PCR-RFLP Sl 31 Jol> ooty Judexi g &y 33
Comnd 50 005,53 hg,y 3llae Wools Jud=xi g a5
28,5 plowl J3

lizeo ol )5 5LET 31 oolisw! gulis -V Jou
Table 1. The results of application of different primers

bz Wb olas Sy S5l
Number of polymorphic bands Sequence Primer

18 AAGCCTCCCC VDC6
22 GGGCTCGTGG VBC83
24 CCTGGGCCTA OPKI15
23 GCTCCCCCAC VBC199
10 CTCCTGCCAC OPK19
25 GCTGGGCCGA VB(C228
24 GGGCCCGAGG VDC82
22 AAGCCTCCCC VB(C222
18 CTCCCTGACC VBC53
13 GGCTAGGGCG VBC300
15 GGATGTCGAA RCO8
19 GATAACGCAC RCO9
23 TGCCGAGCTG OPA-02
15 GTAGACCCGT OPB-11

5 14 12 11 10 9 B

VBC228,5 ;&1 bawgs Fusarium oxysporum f. sp. ciceri g )i glaasloz DNA ;| suls yuiSS il g1 -) S

Ll S le il Brre M ,> 5 alas 6l baseo )lis «Sal> ,o 6l

Fig. 1. RAPD profiles of Fusarium oxysporum f. sp. ciceri isolates obtained by VBC228 primer
M, Marker. Lanes 1-20, Fusarium oxysporum f. sp. ciceri isolates
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s j0 pdIS SIUT S e sdelcasod ol 59,050

4505 s B g A &0 g0 an |y Laa o < /0 alis
IO e LT wlis oo aS 09,5V ) el Adiws (Y JS)
S5 09,5 90 au fF Calld maw 0wl (ploe YV U
l3x0 09,5 10 (Llzs8 ;N FOCI0 alos o fsa s o
DFOCI4 dlas o /PA alis oo jo Lol 8,518
NFOC32 alazr 5 (S sl anlaz 93 Lol e (3,50
B eg,S So e el jlanlaa )l olenas (0,900
a5l (olesd H FOC6 dilos o Baws (00,5
Ll g0 o /FF alis mhaw )5 09,5 (pl j0 00,8 pleis
gh 0 5 488 809, 5 S 0 S 9 3,5
i 09, S0 (S g Gl sladlaz s VY alis
Lo bl o 1) Laaylas cdilss RAPD Silis ol by
ol e Ghlia ;o fiins 05 S o 5l i
09,5 RAPD jloslinl L1, S5UsS slaz,B Comax
L obdhis Late polol 5 baglas o) (olul g ilos S

(Zaker Tavallaee, 2003; wos SS&5 w2 51 2506, ow
Singh et al., 2006)
4 B RAPD Silis (gados ol j0 aS oy 0 Hhai 4
— Fusarium oxysporum f.sp. ciceri slaalo> SSs
o A JS8) e 2lliz Lo 5 ol loms ol
Loasloe (goies,S 5o il 9 28l Lo Jral
Silmlaz 53 (oot HeS B Jole (pl 4z 5 a5 was oo (i
WDyt A4S dw ) ol Lol ol (> B Gl slaaslas
Lo sar 5 Oliime B! a8 Jre Jalse b cos
sloalos 83 13 55 sdnlcawsds gwli jo.abl Jlsl

0 23 21 15 14 12

1 10 9 8B T 6

OPK19,5 ;T Lawgs Fusarium oxysporum f. sp. ciceri g8 slaslasx DNA ;1 oo piSS sl o8I -Y S
Sl S ke il Brre M8 > g il 6leds bamoylis «Sal> 12 5,led
Fig. 2. RAPD profiles of Fusarium oxysporum f. sp. ciceri isolates obtained by OPK19 primer
M, Marker. Lanes 1-20, Fusarium oxysporum f. sp. ciceri isolates
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RAPD 3JUT 31 ool cawdas (a5 &uold wlw! y Fusarium oxysporum f.sp. ciceri g )3 gldaslos gaiglin o5 Lulgy jloges —¥ IS

Fig. 3. Dendrogram of Fusarium oxysporum f.sp. ciceri isolates based on genetic distance obtained by RAPD analysis

Jolis Bog, 5 5 (s 51) FOC86 4 FOC85 FOC84 Al Ao pl T 000 SO e WS & gl
FOC31 FOC8 FOC35 «(s,5:2w ;) FOC37 slaaslos 8B g A oy, 5 90 0 Laaslas ol 59,008 ol bl
sH FOC6 4 FOCY (S ws s 5l) FOC23 4 FOC30 5h FOCI1 g FOCI0 slaaslos Jolis Ay S 05,5 o
RV PP EEE (S——ws 5 FOC12 4 FOC21 FOC15 o(ol—=>48
FOC7 FOC40 (s, = ;) FOC32 4 FOC14

CLNy; 5IGS; gl ;531 Yawgs Fusarium oxysporum f. sp. ciceri g 8 sbasloaz DNA Jguazo 3l oo iS5 (il 5o51-F S
o (IKD.P) S Ls 5ol e M 5>

Fig. 4. Profile of DNA amplification products of Fusarium oxysporum f. sp. ciceri isolates by IGS, and CLN, primers
M, Marker (1Kb.p ladder)
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Fig. 5. The restricted profile from PCR product of Fusarium oxysporum f. sp. ciceri isolates by EcoRI enzyme
M, Marker. Lanes 1-20, Fusarium oxysporum f. sp. ciceri isolates
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Haelll 31 bawgs Fusarium oxysporum f. sp. ciceri g ;8 saslaz> PCR Jgaxo jl oosquad il 5951 -F JSi
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Fig. 6. The restricted profile from PCR product of Fusarium oxysporum {. sp. ciceri isolates by Haelll enzyme
M, Marker. Lanes 1-20, Fusarium oxysporum f. sp. ciceri isolates
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Ul i ol o IGS 46 Loy PCR-RFLP pleie lraslaz Koo 5l 506 e e Lloz Ll oS SS& o0
S92 4>l ool Jlgi s g Fusarium oxysporum &= o—lie g, PCR-RFLP oS5l o
(Kim et al., 2001) s Fusarium oxysporum _S.:55 lasly, e olwlls

S5 g b 5l o] ol lap, 3 L ulis

M 86 85 84 40 37 35 !

Rsal s 31 awgs Fusarium oxysporum f. sp. ciceri g ,8 sbaslaz PCR Jgazo 3l codbpad il o5 -Y JSi
ool (IKD.P) 5 Lo 3ol Ghrae M G > 5 ayla 5,Leds Bamoylis «Sals 2 8 Lo

Fig. 7. The restricted profile from PCR product of Fusarium oxysporum {. sp. ciceri isolates by Rsal enzyme
M, Marker. Lanes 1-20, Fusarium oxysporum f. sp. ciceri isolates
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Fig. 8. Dendrogram of Fusarium oxysporum f.sp. ciceri isolates based on genetic distance obtained by IGS region analysis
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Abstract

In order to study the genetic diversity of the causal agent of Fusarium wilting in chickpea, two
techniques including RAPD and PCR-RFLP were used. In RAPD-PCR technique, all 14 primers could show
the diversity among the isolates. After studding the banding patterns of 14 primers, a dendrogram based on
similarity matrix was constructed. The RAPD dendrogram analysis could not separate isolates based on their
geographical origins. In PCR-RFLP technique, two primers, IGS, and CLN,,, were used which made the
same band pattern (2.5 kb) in all isolates. Totally, 22 polymorphic bands obtained through digestion with
three digestive enzymes. The digestive enzyme Rsal produced the highest number of polymorphic bands (12
bands) and EcoRI produced the lowest number (3 bands). The genetic calculation results of the isolates
showed that FOC85, FOC86 and FOC40 isolates (from Neyshabour), FOC32 (from Bojnord), FOC21 and
FOCI15 (from Bardaskan) and FOC11 (from Ghochan) showed the lowest genetic distance and the highest
genetic similarity. The most genetic distance observed among FOC6 isolates (from Ghochan) compared to
other isolates. Analysis of clusters in this method showed that there are not any specific relation between
genotypic grouping and their geographical origins.

Key words: Fusarium oxysporum f.sp. ciceri, Genetic variation, PCR-RFLP, RAPD
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3- Total Root Length (TRL)
4- Root Area (RA)

5- Root Dry Weight (RDW)
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Table 1. Data Analysis of variance showing the effect of genotype and stress levels on morphological characteristics of chickpea
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0.399 ns 53249597* 24762590 ns 1264.257* 0.118 ns 243.101* 3 Genotype cuisij

0.132%* 282456344* 43110037.3* 2385.326* 0.724* 55.672 ns 3 Stress s

0.128 ns 87749070.6* 53676949* 192,99+ 0.023 ns 1.928 ns 9 AL

GenotypexStress
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ns, * and **: no significant and significant at 5 and 1% levels of probability, respectively.
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Table 2. Effect of genotypes and drought stress on root and shoot mean characteristics of chickpea
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27036 a-d 28309 a-c 0.611 a-c 1024 a 1.10 bc 21d-g 100 MCC776
31844 a-d 32697 a-c 0.707 ab 91.4 ab 1.180 a-c 19.8 e-g 75
33467 a-c 33084 a-c 0.715 ab 93.4 ab 1.200 a-c 17.9 fg 50

18378 cd 19538 be 0.418 be 73.9bc 0.590 d 155¢ 25

2169 a-d 30477 a-c 0.658 abc 65.2 cd 1.450 ab 32a-c 100 MCC877
31454 a-d 33602 a-c 0.727 ab 79 be 1.610a 30 a-c 75
26356 a-c 28475 a-c 0.614 abc 62.3 cd 1.140 be 27 a-e 50
20028 b-d 22602 be 0.486 be 44.7 de 0.840 cd 24.8 c-f 25

42239 a 44734 a 0971 a 54 de 1.290 a-c 28.5 a-d 100 MCC696
28456 a-d 30144 a-c 0.651 abc 62.8 cd 1.200 a-c 27 a-e 75
28720 a-d 34447 ab 0.745 ab 53.1 de 0.970 cd 25.5b-f 50

18005 cd 19262 be 0412 cd 36 0.650 d 24.3 c-f 25

36763 ab 44152 a 0.958a 624 cd 1.290 ac 34a 100 MCC588
29491 a-d 32201 a-c 0.696 abc 777 be 1.260 a-c 33 ab 75
26516 a-d 28657 a-c 0.618a-c 62.6 cd 0.920 cd 323 a-c 50

15580 d 17290 ¢ 0.369d 362 0.520d 26.5 af 25
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Similar letters in each column indicate no significant difference according to Duncan Multiple Range Test (p< 0.05) between treatments.
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Table 3. Data Analysis of variance showing the effect of genotype and stress levels
on biochemical characteristics of chickpea

w3l called il called alie
oSy 35 o S 3 guw & S ToT oan ol ol a0 et @b
Peroxidase Super oxide dismutase Hydrogen Proline daf §.0.V)
activity enzyme activity peroxide
2.982% 43.458* 0.00024* 18.158% 3 Genotype e
0.87 ns 7.949% 0.00012* 29.907* 3 Stress s
0.0715 ns 26.823* 0.0023* 10.622% 9 X S
Genotype x Stress
0.302887 0.1515 0.000072 0.8337 32 Error s

Ailge dopd ) 50 gl Jlisl mhaw 10 5o sxe 5 & l0 e pas Silo i ja FF g *F s
ns, * and ** indicating non significant and significant at 5 and 1% levels of probability, respectively.
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Table 4. Main and interaction effects of drought stress and genotypes on
leaf proline content of chickpea

(135 S 31 o 3) i3 b
Stress levels (percent of field capacity)

(‘;{"i‘ ::) 25% 50% 75% (Clggff’ol) “(”;“e’: ify::’
324D  266efg  2.18fe  1.74g  638bc MCC776
432C 6.18b 493b-d 3.83d-g 1.73 ¢ MCC877
6.78 A 11.73a 4.99b-d 4.3 c-f 6.13 bc MCC696
531B 9.96a 423cf 4.55cde 2.5e-g MCC588

7.79 A 4.08B 3.61B 4.18 B (Mean)  Slw

3l K0S b gl sire B (p<0.05) (Sils glaraloaiz 5051 Gllas il co i) 5 gt 2 50 ailine Bgy> slls a5 Lla . Sile
bl (SiS A sk § badsis Aalie sl wd e alilaz jsbay whdy 5 Gste 8 50 S5 B>
Similar letters in each column and row indicate no significant difference according to Duncan Multiple Range Test (P<0.05) between means.
Capital letters in row and column are for comparing genotypes and drought stress, respectively, and they should be comparing separately.

(5039 £ 55100 33 £55) 85emSI0T lime (Silao 1 (SiS Gid 3 i 935 Jlisio 9 Shol 131 -0 Jour
095 plLS Sy o

Table 5. Main and interaction effects of drought stress and genotypes on H,0, amount
(g per 100 g leaf fresh weight)

(8155 <adsb 5l o) (s gk
Stress levels (percent of field capacity)

oSl 25% 50% 75% 100% i #95 Tol
(Mean) (Control) Genotype
0.176 A 0.135d-g 0.151cd  0.107a 0.211a MCC776
0.149B  0.172b 0.137d-g 0.123g  0.165bc MCC877
0.134C  0.177b 0.127fg 0.148cde  0.085h MCC696
0.157B  0.183b  0.146 c-f 0.17b 0.129 efg MCC588

0.167A  0.14B  0.102B  0.147B  (Mean) Sl

3l K080 b 6l sre B (p<0.05) Sils glaraloaiz 5051 Gillas il co i) g gt 2 10 alie Bgy slls a5 Lo Sl
Wl ge (S S ol 5 boadgs dlie sln oo S Allaz jsboay (s 5 Oy o 50 S Sy
Similar letters in each column and row indicate no significant difference according to Duncan Multiple Range Test (P<0.05) between means.
Capital letters in row and column are for comparing genotypes and drought stress, respectively, and they should be comparing separately.

\id



ITAY 090 o (V5 Lot il /sl 31 L g (SR g 3 43 /... Slho gy 0 03]y LS0B 9 (22 peite

30 gmmng 3hotmunsS Ty gm0 0 3T 8309 Cardlad (puRilen 0 (SS9 0950 i 935 Jillin 9 Shol I 31 -7 Jgur

0955 Sy 3 (g oS oo S 30 oo 3T w>ly)
Table 6. Main and interaction effects of drought stress and chickpea genotypes on special activity
of super oxide dismutase (enzyme per mg protein)

(58135 b b 51 o) i 5o
Stress levels (percent of field capacity)

il 25% 50% 75% 100% i #5 Tol
(Mean) (Control) Genotype
856C  11.59e 721  899gh  644i MCC776
11.6AB  994f  1408a 128lcd 9.56cd MCC877
1194B  11.66e  826h  119b  11.9de MCC696
1339A  130lc 1848a 94lfg 12.67cd MCC588

11.55AB 1326 A 10.78B 10.1C (Mean) (Sl

)l 55085 b (gl sire B (p<0.05) (Sils glaraloniz g05] Bllas il co i) g gt 2 50 ailie gy slls a5 Lo Sile
dlge (S G ol 5 gl daalie lp oo e allaz jsbay (s, 5 g 2 50 S5 By~
Similar letters in each column and row indicate no significant difference according to Duncan Multiple Range Test (P<0.05) between means.
Capital letters in row and column are for comparing genotypes and drought stress, respectively, and they should be comparing separately.

Ty o2 35T 8509 Cedllad (puilno g1 (SSlis (AT 9 e 935 il 5 ol ST -V Jgur

9955 Syt 33 (9 25 oo sl Alds )0 Qi Ol i)
Table 7. Main and interaction effects of drought stress and chickpea genotypes on special activity of peroxides
(absorption per minute per mg protein)

oSy 2 357 8509 callad (puSilo

Special activity of peroxides (absorption per minute per mg protein)

m‘-"‘i; : 25% 50% 75% (égr‘::f'ol) ‘(‘}:: i;::’
1.154B  1217ad 1.217 ad 1.527 ad 0.655 cd MCC776
0.655B  0.952bed 0.706 cd 0.645 cd 03574 MCC877
1256B  1.64lad 1.099 bed 1.669 a-d 0.617 cd MCC696
2131 A 2516 2.134 ab 2.134 ab 1.742 abe MCC588
1.582 A 1.289 A 1.493 A 0.842 A (Mean) xSl

35l K085 b (gl ire B (p<0.05) (Sils glaraloaiz fg0;] Gllas il co i) 5 gt 2 0 ailiie Bgy slls a5 Lla . Sile
Sl on (S S ol 5 e dlie ln i e Allaz jsbar (i3 5 g p 50 Sy B9
Similar letters in each column and row indicate no significant difference according to Duncan Multiple Range Test (P<0.05) between means.
Capital letters in row and column are for comparing genotypes and drought stress, respectively, and they should be comparing separately.
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Abstract

This study aimed to assess the response of chickpea genotypes to drought stress in terms of
morphological traits and subsequent biochemical changes to further understanding of drought resistance
mechanisms in plants and access to better genetic resources. The chickpea genotypes including MCC776,
MCC877, MCC696 and MCC588 evaluated at four soil moisture regimes with field capacity (control), 75%,
50% and 25% of field capacity through a factorial experiment in a completely randomized design with three
replications at physiology laboratory in Research Center for Plant Science, during 2009. The results showed
that most of the morphological traits such as plant height, shoot and root biomass, total root length and leaf
area, were mainly affected by severe drought stress. Moderate drought stress (50% FC moisture and above)
had no significant effect on these traits. Reduced soil moisture increased the stem proline content in all
genotypes. The highest proline obtained in native genotype candidate (MCC696) at severe drought stress.
Enzymes activity of super oxide dismutase and peroxidase increased in drought- sensitive genotype MCC588
than other genotypes. Absence or poor performance of drought tolerance or avoidance mechanisms in
MCC588 genotype possibly caused induction of oxidative stress and produced antioxidant enzymes.

Key words: Antioxidant enzymes, Chickpea genotypes, Drought stress, Proline, Root & shoot traits
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Table 1. Precipitation in seasons of 2008 and 2009
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Table 2. Analysis of variance of some morphological traits of chickpea
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Table 3. Mean comparison of some morphological traits of chickpea affected by irrigation, compost and cultivar
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* Means by the common letter in each column and treatment are not significantly different according Duncan's multiple range test (p<0.05)
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Table 4. Interaction of cultivar and irrigation on some morphological traits of chickpea

. - ) 057 S 57 38 Gy gy palusas S
) bl o &0 Fo 5 &0y 5 Plant height No. of RV
Cultivar Irrigation Treatment No. Rhizobiuzm Node Wsight (em) shoot/plant No.pmi/plant
node per m (g.m’)
o ) oy okl v Grit xControl 246.6° 69.47° 34.56% 3.55° 22.77%
B A 50 53 5, (V1)x (I1) 328.7° 89.92° 36.22° 3.89° 32.73°
@15 oy f Ao yo 30 55keT V) (12) - - 37.12° 3.89° 34.02°
’ @w:: :: ;é - (VC1)x (I)+H(12) - - 39.44° 3.91° 40.36°
Gkl 3w Philip xControl 241.9° 67.25° 32.56° 3.11° 19.37¢
B A 50 53 5,k (V2)x (I1) 310.1° 86.72° 33.78¢ 3.11° 25.11°
4o (s i Al yo 50 (55l (V2)x (12) - - 34.89° 3.22° 30.64°
s iepp el ) - - 36.67° 335° 33.01°

&l gy

Al go 70 ozl mhaws 50 Sils fygel Gulsl 1 (g)lo cime pae Bouas Hlid (i o 40 asline NN
el 00 (55Tl 0955 oS alS o o b iy, sloo S Slasi g 59 F T

* Means by the common letter in each column and treatment are not significantly different according Duncan's multiple range test (p<0.05)
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Table 5. Analysis of variance of yield and yield components of chickpea as affected by irrigation, compost and cultivar

Ol FHORIREY PHERIREY . Sy et (3Yoos -t S oels
i 2olie 7)) A 40 Ald 39 ailoYers 439 i
SOV ! B o dg 4o Seed 1000 Seed Seed vield L
- d.f No.pod/plant  No. seed/plant weight/plant weight ceaie Biological Harvest
. - seedp yield index
SIS Replication (R) 2 0.037™ 30463 ™ 1.044™ 44.168™ 4530.68"™ 150787.2™ 2454™
Skl Irrigation (A) 3 0.003 ™ 924.239* 112.116* 8864.259* 1917350 17192035.1*" 7.706*
shol gllas Error a 6 0.012 14.762 1243 5.829 5405.53 50312.59 1.263
ComggaS Compost (B) 2 0.036™ *270.429 40.234% 4853.211% 48883.3 3524347 13.474%
CewguoSx (6 )bl AxB 6 0.010™ 10.084™ 1.620™ 775.148* 464312™ 263957™ 7.844%
£ sl Errorb 16 0.035 28.697 2.721 5.346 1094213 4219532 1.441
) Cultivars (C) 1 0.001™ 565.651% 57.067* 1828.109* 48883.2°  10358076.2%  2.420™
b6kl AxC 3 0.028™ 3219™ 0.384™ 156431 203033 * 2008132 ° 1.378™
o8 X CawgneS’ BxC 2 0.008™ 27.009™ 2.646™ 116.918" 10919.76™ 16721029 ™ 2.882™
o8 X CawgneS x5, bl AXBxC 6 0.024™ 7.053™ 0.498™ 70.925™ 11087.4™ 102985.3™ 1.372™
(S50 £ 58 slas Error ab 24 0.032 18.32 1.399 19.613 222384 184685.86 1.926

oy ) g0 glas Jlasl mhaw 5o (g ls o g (5,0 ixe pae o gy K * s

ns, * and **: no significant and significant at 5 and 1% levels of probability, respectively.
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Table 6. Mean comparison of yield and yield components of chickpea as affected by limited irrigation

Slaas SUTTST aloo,Sdas Syfglemo,Shos  cudley pasld
Slos &gr ydils (o, &l GESa 5o o FslS) (LS o p,55hs) (209)

Treatments No. seed per 1000 Seed Seed yield Biological yield  Harvest index

plant weight (g) (Kg/ha) (Kg/ha) (%)

Gkl g No Irrigation (Control) 22.84°* 238.7¢ 900.1¢ 2546¢ 35.66
LR TP | Trrigation at flowering (I1) 31.63° 261.1° 1283¢ 3720°¢ 34.49°
&l o f Al o 43 5,kaT Trrigation at grain filling (12) 36.28" 273.6° 1401° 4088° 34.24°
als i g PS> 0 93 55 5, Irrigation at (I1)+(12) 39.26° 291.5° 1688" 4898° 34.36°
(Hho ) CawgaoS pus Compost (0) 30.11¢ 269.4° 1151° 3399°¢ 34.08°
GUSD 30 (55 1+ ) CowgaeS Compost (10) 33.23° 270.1° 1329° 38850 34.45°
(US55 10 ) CawguaS Compost (15) 36.14° 273.3" 1411° 4125° 35.53°
o5 b, Grit 35.30° 271.31° 1441° 4192° 34.5°
) Fillip 29.70° 261.52° 1194° 3433° 34.8°

b e 70 Jlexal gedans 50 S5l g3l Lulul (63 cae pac aumolis (gm0 alie By >"
* Means by the common letter in each column and treatment are not significantly different according Duncan's multiple range test (p<0.05)

5955 5 Sdos (51521 9 0,5hos 1 (5)bul 9 o8y iSan -V Joux

Table 7. Interaction of cultivar and irrigation on yield and yield components of chickpea

) i ) FULIST ils 5 .S 55800 Slos Cuils y pas L

~) skl o (o,5) &ils (S 15 15l LS o p,55kS) (3059)
Cultivar Irrigation Treatments 1000 Seed Y fr s Biological yield Harvest index

. Seed yield (Kg/ha) o
weight (g) (Kg/ha) ()

o5 o) ok e Grit xControl 240.98° 996.2¢ 2866 35.26°

VL TP | VIx(I1) 265.58° 1451° 4213 34.39°

@1y yf Al po 50 65k (VIx(12) 282.84° 1499° 43520 34.41°

A1yl i g B A 10 93 53 (5Ll (VDx(1)+12) 295.68° 1820° 5338° 33.96°

uld o3, 6okl g FillipxControl 36.42°F 804° 2227° 35.06"

B A y0 50 55kl (V2)x(I1) 265.61¢ 1116 3226¢ 34.59°

@15 oyt yf Aoy 53 (55Lal (V2)x(12) 264.42° 1303° 3823° 34.07°

A1 (i i g B A 10 93 53 (5Ll (V2)x(I1)+(12) 287.31° 1556° 4458° 34.77°

Al go 70 ozl mhaw 50 Sils (ygel Gulsl 1 (g)lo cime pae Boias Hlid (g o 40 aslie NN
* Means by the common letter in each column and treatment are not significantly different according Duncan's multiple range test (p<0.05)
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Table 8. Interaction of compost and irrigation on 1000 grain weight and harvest index of chickpea

CawgpaS okl Sl (p5) lo)eee (339 (3o,9) Cudls py (a5 Lo
Compost Irrigation Treatments 1000 Seed weight (g) Harvest index (%)
(yu0) CowgoS ol e Compost 0 x Control ¥229.5¢ 32.8°
AME A po 50 5,k (COXx (1 250.7° 33.8%
&15 (o yf Al yo 30 5 ykel (CO)x (12) 271.8° 33.9"
&S Gy g PS> o 90 50 (g bl (COyx (1) H12) 265.3¢ 34.4°
GUSB 45 o10) CamggeS Sl g Compost 10 xControl 228.1¢ 33.4%
PLS Al o 10 (55T (C10)x (1) 259.9¢ 34.1%
&1 (o f Ao yo 53 g5LaT (C10)x (12) 273.2¢ 34.03"
&1 Gyl y] 9 RS Al yo 95 30 65kl (C10)x (1)+(12) 288.3 35.11°
(SR 55 10) Camggal &bl e Compost 15 xControl 258.1° 34.6°
2ol5 Al> po 43 65LaT (C15x () 272.8° 34.9"
A0 s 5 Al po 40 g5kl (C15)x (12) 282.8" 34.7%
&15 (il ) 9 (RS A w0 90 30 (5 )bl (C15> AN)+(12) 291.8° 35.14°

il oo 70 Jleil mhaw 53 Sils 03T el 2 (5,18 dae pae oaimd Gl (gt 8 40 dlie By,

* Means by the common letter in each column and treatment are not significantly different according Duncan's multiple range test (p<0.05)

395 ailo)eer (139 p2 08y 9 ComgneS (S -1 Jguxr
Table 9. Interaction of compost and variety on 1000 seed weight of chickpea

CowgpoS kel BN (p5) 4iloNeer (39

Compost Irrigation Treatments 1000 Seed weight (g)
(o) CowgpoS o5 Compost 0 x Variety *229.5¢
S ) (CO)x (V1) 257.1¢
elid 3, (CO)x (V2) 251.5°
(LSS 55 o5 1e) CawgpoS o) Compost 10 x Variety 228.18
oS od) (C10)x (V1) 267.5¢
Grkd o3, (C10)x (V2) 257.2¢
OLS2 53 (5 18) Cuwgnes’ o) Compost 15 x Variety 258.1°
oS o, (C15)x (V1) 289.45°
ulid o, (C15)x (V2) 274.7°

il oo 70 Jleizl mhaw 13 Sils 03] Gelal 2 (5,ls dae pae oaimd Gl (gt B 40 dlie by,

* Means by the common letter in each column and treatment are not significantly different according Duncan's multiple range test (p<0.05)
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Popelka & Higgings, ) 5,5 ,1,3 gy b cov [ERS Oy (D Jg92) 39 I3 dne o) § CemgraS LiiSied
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Abstract

To investigate the effects of supplementary irrigation and application of different compost levels on
morphological traits, yield and yield components of two chickpea cultivars under dry land conditions, a field
experiment was conducted at the research field in Khoramabad, Iran in 2009-2010. The experiment was split
split plot based on randomized complete block design with four levels of irrigation (no irrigation as control,
supplementary irrigation at flowering, at grain filling, and at flowering + grain filling stages along) with
three levels of compost (0, 10 and 15 t.ha™ as sub factors) and two chickpea cultivars (Greet and Filip93-93)
as sub-sub factors. Results indicated that the highest number of main shoot (3.63), branches (14.61),
pod/plant (36.68), seed/plant (39.26), plant height (38.6 cm), 1000 seed weight (291.5 g), grain yield (1688
kg/ha) and biological yield (4898 kg/ha) were obtained from supplementary irrigation at flowering + grain
filling stages from Greet cultivar. The maximum grain yield was obtained from interaction of supplementary
irrigation and application of 15 tha' compost. Due to increase of chickpea cultivar yield under
supplementary irrigation and compost in dry farming conditions, therefore such plant is recommended for
dry farming at Khoramabad region.

Key words: Chickpea, Dry land farming, Supplementary irrigation, Yield
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Table 1. Correlation coefficient between Yp, Ys and tolerance indices in 238 cowpea genotypes

Yp Ys MP GMP HARM STI TOL SSI Yr
Yp 1
Ys 0.446%** 1
MP 0.903**  0.787** 1
GMP | 0.800**  0.891**  (0.979** 1
HARM | 0.687**  0.950%*  0.929**  (0.985%* 1
STI 0.784**  0.877**  0.961**  0.983**  0.969%* 1
TOL 0.743%* -0.268 0.384%* 0.195 0.028 0.189 1
SSI 0.325%  -0.672**  -0.098 -0.277  -0.421*%*  -0.252  0.852%* 1
Yr 0.325%  -0.672**  -0.098 -0.277  -0.421**  -0.252  0.852**  1.000%* 1
Lol gl maw )8 s pire ol Sy Fa
™ & ": significant at 0.01 and 0.05 levels, respectively
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Fig. 1. 3D plot for determination tolerance genotypes to drought stress based on Yp, Ys and MP index

sleasli LYS 5 YD goman ¢l jloged (o) 2

o lacaiss )l plaSze aSenl b as ols las sad ol
aSml e azg L Jle alb (Jy eyl 18 A oy S
S YL o, Shee L gliaml ,o VA« 5 VFR F slacasss
Olyedn (nlpla wsilasd s 15 jlak 5 bawgte Cooglie

S S g Jeene Lulyd g 5 0 lacae) G e
et 6l e layloges 5l eolanul asal ol
Fernandez (1992) Lo Loy ;0 eg,S plw 51 Asy,S
5 oolatwl 5,90 Ganjeali ef al. (2005) Lwgs 9955 ,0 5

RO PUERC SN IR

A



1T'AY 090 Ao ¥5 Loy s /311 @0 g (SRR G 3 4 5k /... (6l iy 35 £y Ko 5 (oxid

9303l D18 (o oot (SAS 5 4 g 009 (YL
oS & Jeod g 0 Sles il Adl5e (lgrea cadlle ()l
IS Ol 5l oo ,oV /oYY pgo Adie 0l (B pee Si>
S o, Sles L i (Ko 90,5 azgi | eools
SUCINE USRI I SRR N
oelpls ols Las SSI 3 TOL sl jaslis 5 Jgore byl s
5 Sha slyls 45 Locnisss ey il 3l o3 ailye 3]
S Ll o ly 3 Skae 5 Jpana byl o Y
Iy peo ddie cplplay 0o 3w ool e Sis
4S5 0,5 6,156l (B 4 Comlu i lgteds ol oo
e 5 s byl o oy ke | sl iy
A dle 90 ol Gwlwly .auS oo la> 1) SSI g TOL oYL
3 A5 4 Jeod g ol Slas (:Slee (wlul 2 oS

S o0 )8 ateie slaog,S (9,0

1500
1200

800
GMP

S00

1250

Yp

Gomdw Hlogai jloolainl b les oo 1) jusie aus dlayl,
w5l Gl aal) oy S (S 50 05 o
S09—ed d pomge b piediz jloged 5l adl Hlai s ptie
O bly) loSor Do iy 39 oo ool S L
S ]y Senglie sl sl ples 5 lacas ey o ,Ses
D9 g alax>de ¥ Joaz j0 a5 joblen ol las S
90 Jawgd 0o ,0qY sgum b ools o Sl o in
Ol bl Ol e 5 (lpls ad g gl 4d5e
Qe 0P YIY gl aadso cquwyp ol j0 .85 g0 adlhe 40
Ll @V (Ker 505 a5 [ baosls JS' ol s )
Lo 3L o iman 5 (St5 05 Ll o Shae
sloazxli as ol oLus STI s HARM .GMP MP
PR Brbly oS oep yo ], adls o, Shee Ly s e
sl Lz SSI g TOL slo mslis b cnl Swon
Lo misiy sl VU gl dilge olie ST ool ol
o, Slos ghyls Sis s Lylpd (o a5 Wisd oo ol

10
149

6147 180

2400

1200

Ys
25000

GMP 25U g (YS) p20 9,5dos «(YP) o 8 5 Slos (lwly Sl a1 Jozxsio o8] oyt (gmsdan iS5y 510 g0 =Y S
Fig. 2. 3D plot for determination tolerance genotypes to drought stress based on Yp, Ys and GMP index



1YY 090 Ao V6 Loy Yol [l ! OQP 6‘“&32 Qg [ Gl i 35 1), K0 g (b

1500
85

1200

900
HARM

300 2400

1200

Ys

Yp 25000

HARM _o5-Li g (YS) 030 8 yShos (YD) (2T 8 y5hos wluly Siad a4y Jozxio o8 )] el (gihmsdaw S y 510900 T IS
Fig. 3. 3D plot for determination tolerance genotypes to drought stress based on Yp, Ys and HARM index

65

3 180 4 149

8Tl

2400

1200

Ys

25000

STI oL g (Ys) o 8 y5dos «(YP) 2 8 y5hos bl Sitd 4 Jozxio o8y cpunti (Gomsduw (ST p 510905 —F S5l
Fig 4. 3D plot for determination tolerance genotypes to drought stress based on Yp, Ys and STI index

A



1T'AY 090 Ao ¥5 Loy s /311 @0 g (SRR G 3 4 5k /... (6l iy 35 £y Ko 5 (oxid

kit Lagd i gi3TYA 5o (Sl (45 g Jlog dasl s 53 0 Shos 9 Cuoglio (gl oL (20205 oo 9 0329 (S )10 32 0329 1 3lio—Y Jour
Table 2. Eigen values, vector values and cumulative variance of tolerance indices, Yp and Ys in 238 cowpea genotypes

adlgo o9 polie LT N IR WS

Yp Ys MP GMP HARM STI TOL  SSI
Component Eigen values Cumulative of variance (%)
1 4.986 62.321 0.673  0.752  0.940 0.988 0958  0.962 0.192 0.022
2 2.398 92.299 0.701 -0.633 0265 0.125 0.016  0.147 0.953 0.845

250 ol o Shee b slacassy (lyiea wilad 515 Ses
W JEPRU

Lyl cod adly o, Slae slie 1 bagadssl (oo S
L (s Sy90 slopadld (mizeod g (Sl (15 9 Jgone
iy gl amgi b s plodl (Ward) o)y s, 5l esliceal
A F BT O 5 VA 3TN F el cgladiss
X Slris 5 wiilign (a5 5 & oo ol plos &5
L5, Jlam 45 03 S BT LS 0 VAT 5 150 YD VY
ladg> A by, S esliiwl sy (Sas 5 4 pules
Ganjeali et al. (2005) 4 L.y ,o Fernandez (1992) l_..g
4 el asd; LSan 0555 slacnY (gai 09 )F Sz 955 )
CBAogS oz sl &5 055 o 095 Jlozr 1, bagnY
Wdg ol slaadlye 4y 4325 0 D g

GMP MP cla a3l 45 ols lis mbs (IS 5 &
Lol 55 55 & Jooie slacsigsy Sl (sl STI s HARM
VA 5 VELE clacaiss) dopasls ol 5l ool b g wlalis
o plalid oo slacasss; Glpie

9205 e 5 ML Joges g 9 Jl (sloadlse ula

el |y Lo Lt a8 g b slls) s 45 b 0 JS2)
iwusa SSI g TOL (glo jazlis a5 09 oo alax>Do cins oo
3§ St i Ll S s 3 Shac | 8 stne 5 s
Sl o s Jgere Lulys jo aily o Slae b cudte (Ko
Sian (] STT s HARM GMP MP (sla jaslss 4§
Sogai ulwlp diil oo Lasl i 90 5 o alls o Slae b YL
Ldool 0 a5 VA 9 VTR slacads) coad w5 OBk
Dyghome 50 9 (SiS 85 4 by Sl 9 Vb wdg il
Olgmedn wiyls 1138 | asd ppe o jasld 4y b e slalo
T slacss g Wgbos (Byme Vb o Sloe L polie (slacassi)
Lyl 5 omls 0,8kae b 4,50 40 a5 VY 5 1 ¥4 0158 VY XY
e sboasld Sjglome 10 9 Vb Cuilis g (St 15
Olgeds wilazs § | §SST g TOL Jolds s ay ol
S G5 e Ll a4 gogat )5 b Glacads
gAY Vo AAY AVY AVY slacig o wiod aslis
S 5 Jpmane Ll G (0 lee b Aol o o5 1T

8
ssl TOL
Yp
151
™ 210 4 "’ 7 150 180 449
c !.r; - LN
= 0 K W25 6147
= - 1w MP
E Jn STl
3 95 . GMP
i o e HARM
206 . -
. $ 202
*183
188
Ys
55
-8
-9 0 9

Component 1

p9% 9 Jol Alge 93 ol p (Sis @ Jooxi (Ll ol 5o (Ll Lol cudigiSTYA Ol aled -0 S
Fig. 5. Biplot for 238 cowpea genotypes at 8 tolerance to drought index on the basis of first and second components

A



2 [l i 35 0o g (2eih

192 SR W ¢

1ol

WY 090 Aoy oY 6 ylas Vs> /o

POPSUL §,PIEAY Aq SUISN S9ITUI dduedafoe) pue sx ‘dx uo paseq sadi)ouss eadumod g7 Jo SISAIUUE I9)SN]Y Aq POUIEI(O UIEISOIPUI(] "9 ‘m_wm

[ g- e f65he e € sTorre S y L4 o (8 < VT H el opx o mem ol mg w060 e (dx) € om0 (sX) € e S s prmes | C 60 paegy

Al e ddd Ne deddd 4 d Ne 4 ddd A b e W e NN s dddd  NNddd NNl & 4 N W W Nelddd & dall Ne N d o oo ddd ddddd & - - @ e o odd A N ddd ddd ddd ddd d odd
HOONALRESNALUCHNANEOLSREOA O AOLENENUNUONUANARNGL DANGAOWY NNED b nm PHENSANLAONNS0UEAY oo-io..ttfob.ritv:nfhts z»zxo-fiifm 9:;8?....39...2.5.623.:-.6.szoa!s!-’ezizitsos;zog”%ﬁm?!gz:ot-
Ne S ERN

Salll) NS A0S

NBANARRSNEEC

]

osuelsIc

1 oy




10.
11.

12.

13.
14.

15.

16.

17.
18.
19.

20.
21.
22.

1T'AY 090 Ao ¥5 Loy s /311 @0 g (SRR G 3 4 5k /... (6l iy 35 £y Ko 5 (oxid

&Ll

Alavi, R., and Shoaie Deilami, M. 2004. Selection of different tobacco cultivars for resistance to drought
in Rasht regions. Proceedings of the 8th Agronomy and Plant Breeding of Iran. College of Agricultural
Sciences of Guilan, Rasht. p. 78. (In Persian).

Blum, A. 1996. Crop response to drought and the interpretation of adaptation. J. Plant. Growth. Regul.
20: 135-148.

Blum, A. 1988. Plant Breeding for Stress Environments. CRC Press. Boca Raton, FL. pp. 38-78.
Bidinger, F.R., Mahalakshmi, V., and Rao, G.D.P. 1987. Assessment of drought resistance in pearl
millet. II. Estimation of drought response to stress. Australian Journal of Agricultural Research 38: 49-
59.

Debacke, P., and Abdellah, A. 2004. Adaptation of crop management to water limited environments.
Eur. J. Agron. 21: 433-446.

Ebrahimi, M., Bihamta, M.R., Hossein zadeh, A.H., Khiyalparast, F., and Golpashi, M. 2010. Evaluation
of reaction yield and yield components of white bean genotypes under water stress. Iranian Journal of
Field Crops Research 8: 347-358. (In Persian).

Fernandez, G.C.J. 1992. Effective selection criteria for assessing plant stress tolerance. In: C.G. Kuo
(Ed). Proceedings of the International Symposium on Adaptation of Vegetables and other Food Crops in
Temperature and Water Stress. Publication, Tainan, Taiwan. p. 257-270.

Fischer, R.A., and Maurer, R. 1978. Drought resistance in spring wheat cultivars. Part 1: grain yield
response. Aust. J. Agr. Res. 29 :897-912.

Ganjeali, A., Kafi, A., Bageri, A., and Shahriyari, F. 2005. Screening for drought tolerance in chickpea
genotypes (Cicer arietinum L.). Iranian Journal of Agricultural Sciences 3: 103-122. (In Persian with
English Summary).

Golestani, S.A., and Assad, M.T. 1998. Evaluation of four screening techniques for drought resistance
and their relationship to yield reduction ratio in wheat. Euphytica 103: 293-299.

Habibi, Gh.M., Ganadha, M.R., Sohani, A.R., and Dory, H.R. 2006. Evaluation of relation of seed yield
with important agronomic traits of Red bean by different analysis methods in stress water condition. J.
Agric. Sci. Natur. Resour. 13: 1-13. (In Persian with English Summary).

Koocheki, A.R., Yazdansepas, A., and Nikkhah, H.R. 2006. Effect of terminal drought on grain yield
and some morphological traits in wheat (Triticum aestivum L.) genotypes. Iran. J. Crop. Sci. 8: 14-29.
(In Persian with English Summary).

Kristin, A.S., Senra, R.R., Perez, F.I., Enriques, B.C., Gallegos, J.A.A., Vallego, P.R., Wassimi, N. and
Kelley, J.D. 1997. Improving common bean performance under drought stress. Crop Sci. 37: 43-50.
Naroui Rad. M.R., Ghasemi, A., and Arjmandinejad, A.R. 2010. Study of limit irrigation on yield of
lentil genotypes of national plant gene bank of Iran by drought resistance indices. American-Eurasian J.
Agric. and Environ. Sci. 7: 238-241. (In Persian with English Summary).

Panthuwan, G., Fokai, S., Cooper, M., Rajatasereekul, S., and O,Toole, J.C. 2002. Yield response of rice
genotypes to different types of drought under rainfed lowlands. Part 1: grain yield and yield components.
Field Crop Res. 41: 45-54.

Rizza, F., Badeck, F.W., Cattivelli, L., Lidestri, O., Fozo, N.D., and Stanca, A.M. 2004. Use of a water
stress index to identify barely genotypes adapted to rain fed and irrigated conditions. Crop Sci. 44:
2127-2137.

Rosielle, A.A., and Hamblin, J. 1984. Theoretical aspects of selection for yield in stress and non-stress
environment. Crop Sci. 21: 943-946.

Samieezadeh, H.A. 1996. Evaluation of phenotypic and genotypic variation of quantitative traits and
their correlation with the yield of Kabuli type chickpea. MSc. Thesis. Islamic Azad University of Karaj.
Schneider, K.A., Rosales-Serna, R., Ibarra-Perez, F., Cazares-Enriquez, B., Acosta-Gallegos, J.A.,
Ramirez-Vallejo, P., Wassimi, N., and Kelly, J.D. 2004. Improving common bean performance under
drought stress. Crop Sci. 37: 43-50.

Silveira J.A.G., Costa, R.C.L., and Oliveira J.T.A. 2001. Drought-induced effects and recovery of nitrate
assimilation and nodule activity in cowpea plants. Braz. J. Microbiology 32: 187-194.

Singh, B.B, Mohar, D.R., and Dashiell, K.E. 1997. Advances in Cowpea Researches. IITA-JIRCAS,
Ibadan, Nigeria.

Sio-Se Mardeh, A., Ahmadi, A., Poustini, K., and Mohammadi, V. 2006. Evaluation of drought
resistance indices under various environmental conditioning. Field Crop Res. 98: 222-229.

oY



Iranian Journal of Pulses Research
Vol. 3, No. 2, 2012, p. 45-54

Screening for terminal drought stress tolerance in cowpea genotypes
(Vigna unguiculata 1..)

Fathil*, M., Bihamtaz, M.R., Majnoon Hosseiniz, N., Shah Nejat Boushehryz, A.A.
& Mohammad Ali Pour Yamchil, H.

1- MSc. Student of Plant Breeding, Agronomy and Plant Breeding Department, University of Tehran
2- Professor, Agronomy and Plant Breeding Department, University of Tehran

Received: 21 May 2011
Accepted: 10 December 2011

Abstract

In order to study and determine the most effective traits, drought tolerance indices and identify tolerant
genotypes in terminal drought stress on the cowpea, an experiment was carried out based on an augment
design in two separate conditions in the Karaj Farm, Faculty of Agriculture, Tehran University in 2009.
Drought stress was imposed by cutting irrigation after flowering against normal irrigation on 238 cowpea
genotypes. Evaluation of studying genotypes under drought conditions was conducted using nine indices,
including mean productivity (MP), Harmonic Mean (HARM), Tolerance Index (TOL), Stress Susceptibility
index (SSI), Stress Tolerance index (STI), Geometric Mean productivity (GMP), Yield Index (YI), Yield
Stability Index (YSI) and Yield Reduction percent (Yr). To determine the relationship between grain yield
and indices, Pearson correlation coefficient was calculated. The MP, GMP, HARM and STI indices which
have the most significant correlation with yield in stress and non-stress conditions were introduced as the
best indices for screening tolerant genotypes to drought and high-yielding in both environmental conditions.
Using Biplot scatter graph in 238 cowpea genotypes and according to genotypes status in Biplot scatter
graph, 4, 149, 180, 6, 147, 151, 160, 55, 9 and 189 genotypes were identified as tolerant genotypes with
high-yield. Cluster analysis based on investigating indices and yield under drought stress and non-stress
conditions showed that genotypes was grouped in four clusters and most of drought tolerant genotypes with
high yield were grouped in third cluster, while most of sensitive genotypes to drought stress were grouped in
the second cluster.

Key words: Biplot, Cluster analysis, Correlation, Cowpea, Drought stress, Tolerance indices
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Table 1. Identification of biovars of Pseudomonas fluorescens

Bacteria isolates Fl ll'mrecent Grar.n Nitrate Grow'}ch Grovzcth Levan Tobacco Argmm Catalsse  Oxidase Gr owt'h on Gr;)l\;vth

pigmant  Reaction toN, at41 at4 HR dihyrolase L-arabinose sorbitol
Pzﬂuore;rci(l)zs bv.IV * - + - + + - + + i 4 N
P, ﬂuorezjgns bl + - + - + - - + + + + n
P.ﬂuoli\”g;js byl * - - - + + - + + + i "
Pﬂuo;’[;z:r‘zs bv.l * B - - + + - + + + n i
P.ﬂuorg-cleis bv.Ill + - + - + - - + + + n "
P.ﬂuore;rcseis bv.IV + - + - + + - + + + i "
P:fluorZssje-;s bvdll + - + - + . ; + N . . .
P.ﬂuore‘;{’ens bv1 * - - - + + - + + + + n
Pﬂuo;:l;ésiis bv.1 * . - - + + - + + + n i
Pﬂuorestns bv.IV * - + - + + - + + n 4 N
P.ﬂuorgv}clgl;z bv.IV * - + - + + - + + i n +
Pﬂuorgiii bv.IlV + - + - + + - + + + i "
T12-2 + - + - + + - + + + n "

P fluorescens bv.IV

KB g PDA buzxo ;5 (Sui)lojlb Al jlad wlul p b)low' (guduog )5 =Y Jguar

Table 2. Classification of Pseudomonas flourescens isolates based on inhibition zone diameter in PDA and KB culture media

Inhibition zone diameter Inhibition zone diameter

in KB (cm) in PDA (cm) Treat
0.96a 1.06 bede T90
0.1cd 0.6¢ T40
0.43 abed 1.66 ab M2-15
0.1 cd 1.5 abc T17-4
0.76 ab 0.86 cde K15
0.46 abcd 1.43 abc T59
0.73 abc 1.83a Pf-5
0.1cd 0.53 ef T55-1
0.43 abcd 1.5 abc T
0.86 ab 1.33 abed T68-3
0.83 ab 0.76 de T3
la 1.06 bede CH2-7
0.86 a 1.36 abcd M2-21
0. 4 abed 1.03 bede T12-2
0d of QoL

(p>0.05) 55,105 (5 ,ls cme B KouSG b oSl (glareloaiz (ygesl olal p cdijls S piiie B o G JBlas (w50 50 a5 SlanSile ol o )55 dw Sk S0 12
Values are mean of three replications. Different letters in table indicate significant differences at a P value of 0.01, as determined by Duncan statistical test.
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009l Slmogsu Ay 59,50 (adld g i) 5 (2lso
Olyeds iz sla,les o F. oxysporum f. sp. ciceris

R 2 T Soidlen S8 2l sl slesasls
-

lgp el iz g 5 059 el
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gl gy SLaplll K 5 5 syt ComisSLST ]

2,18 0429 Ao 0 S o H3 (5,0 e

L T26 4 PES sladslaz culis olol 5 i (s 5ol
Ao, 30V L T59 dlas g oy s sy Jals suo o) - e
T8 segedans 0l rals o |, 50 S s, ol

(Y Jgaz) asils

2889y Sl g (o

P89 Sy ke (polaiBl O jgos ) cnl 5
Ol 3 edeliwaan bl cwl ol BB po,eb g4
ot 5l ooliinl b jagil¥e e zge Jsbo 1o (029; lo i
b b 230k Jges e 4 palls (23)0L (Joe

348 Cndg Ll ol mSL Al T gy oz S
o8 LT oles w5 15 soliial o 50 calEiylo)] Slalllas
oo gt a3l nl 5l ol gl ings 585 )0 Sdgi 4
BUS| ()99 00 0y ju8 Ll Laaslon oy oS
Lo (o Sls duslin 20,10 0929 o 0 S s ;o (5 o Jxe
Jsog Sea¥VIYD a_Jgs Ly CH2-7 & oz oS sl oL

2999y 9 S g3 KT i polasl sy 5l ulige 93gus (sloasluzr (guisog ST Jgur
Table 3. Classification of Pseudomonas flourescens isolates based on antibiotic and sidrophore production

Sidrophore production  Antibiotic production Antagonist
(nm/ 1) (inhibition percentage) isolates
16.05¢ 44.4 cde T90
1573 ¢ 544c¢ T40

43¢ 81.07b M2-15
21.7¢ 49.4 cd T17-4
22.05¢ 37.73 de K15
25b 32.73 ¢ T59
2545b 100 a Pf-5
13.8f 36.63 de T55-1
17.55d 37.2de T
1595 40 cde T68-3
17.85d 5497 ¢ T3
27.25a 44.43 cde CH2-7
2.85h 49.97 cd M2-21
425h 49.4 cd T12-2
0i 0f bl

(p>0.01) w5, Gl g B! K0S, b oSSl (glarslssis 05051 ol elo S e By o JBlas gt e p0 aS PELEYCE PR PP I C WL ¢ WK Y
Values are mean of three replications. Different letters in table indicate significant differences at a P value of 0.01, as determined by Duncan statistical test.
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T17-4 T55-1 T90 sladslax 5,50 ,0 09 i g Clslo
L Lawlas ool o din, 5 059 45 ob osslie 1o M2-21,

dwslio 0 M2-15 &lax 0 olS 5 (59 bl ululy
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cJé b P. fluorescens slaalos «pol> b jo
Lyl 8 5| F. oxysporum f. sp. ciceris ade uwssSsl
Silwlaz as ol bloa, wias gilwle  Slplog s
a ol jshaieds (Jaame S Ay )8 dibie ) o ST
A4 65970 6yol b 7S5 U5 b CnisS ST Llge
2 ke ande Laaslaz ol (oS LSl (Ulgs oy o0
23,5y &S g aBisley] Ll

(Nirad (G ol (o eabplxil sla o) jo
gloaslir (> Bas glac dalo s (o)l sne
b esalie g len 2ol L 5 SL

Sy disslen Jlse (So9Tom J S el o
L ;584 000 9 (Howell & Stipanovic, 1979) 54 1
el Sl ol b S ) by

S5 oy y Cadilad (64l S Dglis ‘005” sl oS
oylas K-15 g P15 M2-15 slaaslos ol olis baass,
g M2-21 slaaslas acils Ly vals olS L (5,ls sme
Salt ol A S (68 Ay SES (59 55 TSS-1
39 Sglae osgd] amls L oo lel jlas 5l a8 asiils osgl]

(F Jso2)

Ay 5959 Wy (ol

Ot 45 0l ot (el ol e ) Sl b
i) 59,55 0m0yd (59 » CemadgS LT S a5l el
ol 05 D52y B0 S v o (g)ls Sxe Dglas
S5 e ol 5 5l ol aals oLS b M2-15 &lax il
s CH2-7 T17-4 T sloaslaz g olas lis (gl e
aoolad s (g ls me glas 0o T wals olS L T55-1
(¥ Jgo2)

b el 51 oy (5xloms oo g oy i 5L ygiS 1 1 ConnsigS T saaslaz 5T -F Jouz

GBS byl 4o F. oxysporum f. sp. ciceris a3 o3¢)1 S

Table 4. Effect of antagonist isolates on different growth factors and severity of disease after inoculation with infected
soils with F. oxysporum f. sp. ciceris in greenhouse condition

Fresh total Root Necrosis Dry shoot Fresh shoot Dry root Fresh root Treat
weight (g) weight (g) weight (g) weight (g) weight (g)
4.682 c 1.977 gh 0.315cd 241c 0.306 ab 2272a T90
3.349 ef 2.588 cde 0.241 fg 1.85d 0.201 cdef 1.525 bede T40
6.581a 1.3554 0.563 a 4244 a 0.309 ab 2337a M2-15
2.156 h 3.043 be 0.175 hi 0.892 fg 0.15 efg 1.263 def T17-4
52120 1.668 hi 0.382b 2.877b 0.309 ab 2335a K15
3.612¢ 2.475 defg 0.249 efg 1.878 d 0.229 cd 1.735 be T59
4331 cd 2.043 fgh 0.308 cde 2.685b 0.265 be 1.898 b Pf-5
1.561 3.555a 0.091] 0.689 f 0.116 gh 0.869 g T55-1
2.352h 332a 0.14 hi 1.059 f 0.171 defg 1.443 bed T
3372 ef 2.688 cd 0.232 gh 1.755 de 0.215 cde 1.618 bed T68-3
3434 ef 2.538 cdef 0.246 efg 1.857d 0.208 cde 1.578 bed T3
2.966 fg 2.963 bed 0.203 gh 1.535e 0.189 def 1.431 cde CH2-7
2.806 g 2.142 efgh 0.303 cdef 1.949d 0.075 h 0.857¢g M2-21
4.108d 2.043 fgh 0.298 def 2242 ¢ 0.246 bed 1.856b T12-2
5.521b 1j 0.578 a 4362a 0.153 efg 1.159 efg ol sl
2.01h 3.375 ab 0.127 ij 0.959 f 0.139 fg 1.05 fg oogll salis

(p>0.01) 55)ls5 (5 s dime B! KoaSs b ,Silo (glasaloaiz yg03] (bl cd)ls i By G JBla (gt 0 10 a5 o Sile il oo )5 oz (pSilo S0 0
Values are mean of four replications. Different letters in table indicate significant differences at a P value of 0.01, as determined by Duncan statistical test.
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Abstract

Fusarium wilt of chickpea, caused by Fusarium oxysporum f. sp. ciceris, is one of the most important
diseases of this plant in Iran. In order to control this disease biologically, fluorescent pseudomonas were
isolated from the rhizosphere of chickpea plants and enumerated using King’S medium B (KB). Antifungal
activity of 80 bacterial isolates against Fusarium oxysporum f. sp. ciceris was evaluated on KB and potato
dextrose agar (PDA) media. Results revealed that from 80 isolates tested, 81.25% of isolates in KB and
94.37% in PDA showed the ability to inhibit fungal growth. There was a correlation between production of
antifungal metabolites and disease reduction, however, no correlation was observed between Siderophore
production and metabolite production. Under greenhouse conditions, results showed that only M2-15 isolate
reduced Fusarium wilt of chickpea significantly, with the rest having positive effects on chickpea growth
factors. In greenhouse experiment, M2-15 . Pf-5 and K-15 isolates caused a significant increase in growth

factors including dry and fresh root and shoot weights compared to control plants. Among isolates studied in
this research, M2-15 decreased the severity of chickpea wilt under greenhouse conditions, significantly.
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Table 1. Analysis of variance for grain yield and related traits of chickpea cv. Arman
under rainfed condition of Hamedan (2009-2010)

Olay po (SSlbeo
= S - “oleoiy s cuilo y asld
S.0.V Sl sol3T aigy yo B SUE o ails 100-‘Seed See d);::: HarV:: tfljlex
df Pod/plant Seed/pod weight
Replication B 3 32.46 ns 0.001 ns 12.30 ns 26325.70°" 6.67 ns
Sowing date Cbls g, U 2 589.8" 0.001 ns 72.97* 228675 82.0 ns
Ea Lol sl 6 33.30 0.0012 9.87 5912.90 8.40
Plant density g oSy 2 167.20*" 0.0012 ns 1.73 ns 183220.50* 59.60™
S. datexP. density w1 ixels g b 4 16.92 ns 0.001 ns 2.37ns 67351.10% 5.40 ns
Eb 8 sl 18 19.06 0.001 1.24 1873.70 6.30
G Js 35 - - - - -
Cv(%) (VAR pove ovgw:} - 20.80 3.40 14.30 14.90 6.50

** and ns: Significant at 1% and no significant, respectively

osirapd g ao,0) Jlaisl mhaw )0 o e o ja NS 57
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Table 2. Mean comparison of different date of sowing on seed yield and the related traits of chickpea cv. Arman
under rainfed condition in Hamedan (2009-2010)

cabls g b °“"5‘ . Slasi wloher 39 wlooSles  Coblop asld
. aigy yo AW S o wild 100-Seed Seed yield Harvest index
Sowing date . o
Pod/plant Seed/pod weight (g) (Kg/ha) (%)
¢yl els Entezari planting 22.8a 1.00 a 30.30 a 1041.20 a 39.06 a
o;ke pgy <is’  Spring planting 11.86 b 1.00 a 26.96 b 861.6b 3921a
o)lye pCo o wls  Late spring planting 8.70 b 098 a 25.50¢ 769.80 ¢ 38.86a

555 00,00 Lol mhas 48 (5,l0 gime glas (SSls (g05] bl s il so S pie B gl A gt o 0 b Sile
Means in each column followed by similar letter are not significantly different at 5% probability using Duncan Multiple Range Test (DMRT).
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Table 3. Mean comparison of plant densities on seed yield and related traits of chickpea cv. Arman
under rainfed condition of Hamedan (2009-2010)

st oSl olaxi olaxi @lshes (39 also,Sles cublop sy
Plant. density age yo S S o il 100-Seed Seed yield Harvest index
Pod/plant Seed/pod weight (g) (Kg/ha) (%)
&0y yd aigrVe
15.82a 1.00 a 27.96 a 848.8b 39.26 a
20 plants/m’
&0y yd aigr¥e
16.84 a 1.00 a 27.66 a 1029.9 a 41.16 a
30 plants/m’
&0 f yd aigefe
9.94b 0.98 a 2721 a 793.8 C 36.78 b

40 plants/m’
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Means in each column followed by similar letter are not significantly different at 5% probability using Duncan

Multiple Range Test (DMRT).
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Fig. 1. Mean comparison interaction of sowing datexplant density of seed yield of chickpea cv. Arman
under rainfed condition in Hamedan (2009-2010)
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Abstract

In order to evaluate the effect of different levels of sowing dates and plant density on grain yield and its
components in chickpea var. Arman, a field study was conducted at Ekbatan Research Field Station of
Agricultural and Natural Resources Research Center of Hamedan province under rainfed condition during
2009-2010 cropping season. Treatments were arranged as split plot on the basis of randomized complete
block design with four replications. The main plots were date of sowing in three levels including Entezari
(16 December), spring planting (7 March) and late spring planting (4 April) and the sub-plots were plant
densities (20, 30 and 40 plants/m?). Results showed that pod number per plant, 100-seed weight and grain
yield were affected by sowing dates, significantly. The results also showed significant differences for pod
number per plant, grain yield and harvest index in different plant densities. The interaction of sowing
datexplant density was significant (p< 0.01) only for seed yield. Finally, the highest and the lowest seed
yield was achieved in Entezari planting with 30 plants/m” and late spring planting with 40 plants/m”.
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Table 1. Mean square related to crops survival, shoot and root dry weight (% of control)

o 4y . SS 039 SS 039

et @lo (i sl 2o : 9 sl

Source of variation &5 Survival ) i SelL

df Root dry weight Shoot dry weight
<<y oS Crop 7 24908.98** 21240.0** 30565.46**
oSdle clale Herbicide concentration 6 22148.80** 25760.97** 20274.08**
owddle cdalé x oely5 0L Cropx herbicide concentration 42 2590.2%* 1897.11%* 2405.26**
s Error 168 50.5 442.38 159.30
I JUUES TR (6)% 13.8 15.5 18.4

**; Significant at %1.
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Fig. 1. Mean comparison the simple effects of different concentrations of Metribuzin herbicide residue in soil
to different crops characteristics
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Fig. 2. Mean comparison the simple effects of crops response to Metribuzin simulated residue in soil

=i Lol Coles o Dglis 5l LAS (358 mls S sboa
5 ¥ Jguz) Wiyl S 50 piams e iScale sbla 4y calirs
2 0 (VS8
aS pScale ;| 5559 EDsy ol Lo pSale Ll
Ot S (9= e LalS o Ol oo )30 csly
5 Suide gLl 4o glals coulua bl slagazls

il oo bl (ol s Ll (goail

Ww) uLw.sLo |<U<Ia9.sfo Sladllao ‘6)

\A4

25 s 050 Slag o 5 e iulej] @l sl

3 OismS yw 0550 b0le )5 Lo NP 5l i 9 o NF L Loo
Jozd s 5 2lsa slaphil o o ian S Sels
g [ FF L og 5w b aslie ;o (pjoms e bl 4 (g i
3 S5 055 LS 3 i e e Sobe o, e YA
30 2398 o 8 550 83l 0,8 et/ AF g [ YY L Lo
ol a9 alee slaplasl o g (S 0 5oLS



1YY 590 daud (¥3 kol ¥ il [yt ! Qb,g’ ‘s‘b‘j@’}g &g [ Comwlns U350 <0y, g of ) 558

bl alizeo lacdalse jo (Al 49 Cam o yd) (1)) LS U duoyd g dlu y ( 21gp (eIl Sl 59 (Sl dug o - Jgu

S50 (rigms e
Table 2. Mean comparison of crops shoot, root dry weight and plants survival (% of control) in different Metribuzin
concentration residue in soil

) S dle cdalé ) SiS (59 Al ) SCiS (59
<=y oS o L _ sl do 0 )
Crops (S p,56LS 55 0550 bole p )5 L:J""“)l Survival (%) (22,0) lgd slaplul (22,)
Herbicide concentration (mg a.l. kg™ soil) Shoot dry weight (%) Root dry weight (%)
0 100.0° 100.0°° 100.0°
0.016 100.0° 76.3" 62.1°"
s 0.032 90.0" 550 41.7¢
i 0.064 27.5% 22.6%9 30.8™
Wheat 0.096 16.2' 24.5™ 11.8"
0.128 50.0° 17.4°F 9.9
0.16 0 0.0" 0.0'
0 100.0° 100.0°° 100.0°
0.016 100.0° 72.9¢ 43.0
0.032 67.5¢ 42.53° 15.4'
” 0.064 38.7°¢ 26.5™4 6.2
Barely 0.096 42.5°F 14.8 2.8
0.128 16.2' 14.9% 5.34
0.16 78.7cd 0.0" 0.0"
0 100.0° 100°° 103.2°
0.016 100.0° 85.0%¢ 103.2°
s 0.032 100.0°* 84.1¢¢ 98.9°
9 0.064 98.2 7358 84.1%°
Chickpea 0.096 82.5%° 59.0" 57.1°¢
0.128 33.0 47.6" 38.9°%
0.16 100.0° 38.6° 22.5%!
0 50.0° 100.0°° 100°
0.016 00 7.897 11.3"
Iyis 0.032 0.0’ 0.0" 0.0'
0.064 0.0/ 0.0 0.0'
Rape seed 0.096 0.0 0.0" 0.0'
0.128 0.0/ 0.0° 0.0'
0.16 0.0/ 0.0" 0.0'
0 100.0° 100.0°° 100.0°
0.016 100.0° 126.2° 100.2°
0.032 97.5° 104.0°¢ 89.9%¢
e 0.064 20.0" 184.0° 147.4°
Lentil 0.096 2.5 60.9™ 24.9¢
0.128 2.5 46.0™ 20.7™
0.16 0 43.0™ 9.5
0 100.0° 100.0°¢ 100.0°
0.016 100.0°* 113.7°¢ 81.3%°
Loy’ 0.032 100.0° 9441 89.2%¢
0.064 100.0° 94.6°" 78.1%¢
Common bean 0.096 95.7°® 125.7° 73.20
0.128 79.0 99.2¢¢ 82.0"%°
0.16 100.0° 61.5™ 62.65"
0 100° 100°° 79.0>4
0.016 0.0 36.07 57.50°
R 0.032 0.0’ 00" 0.0'
I 0.064 0.0/ 0.0 0.0'
Sugar beet 0.096 0.0’ 0.0 0.0'
0.128 0.0 0.0 0.0'
0.16 (0} 0.0" 0.0'
0 100.0° 100.0°° 100.0°
0.016 100.0° 90.24¢ 88.0%¢
@) 0.032 100.0°* 70.0¢ 87.2%¢
Corn 0.064 100.0° 79.0" 87.1%¢
0.096 100.0° 58.4Mk 4544
0.128 100.0°* 77.0™ 54.7¢
0.16 100.0° 32.8"
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Table 3. Parameters estimated of shoot, root dry weight and survival data fitted to 3 and 4 logistic equations

=oj ok S5 ojll wlhe c b d ED50 ED90 P value
Crop Measurement traits
s 835 = 1.4(0.44)** 95.72(5.45) 0.12(102) 0.59(0.27) 0.0002
Shoot dry weight
95 o - 2.8(0.38) 102.04(2.85)  0.10(4x107) 0.23(2.4x10?) 0.001
. Root dry weight
Chickpea G
Survival - 1.0(0.085) 99.91(0.1) 0.14(10) 0.185(4x10™) 0.006
s Bgicam; - 17.5 (20.12) 100.55(2.43)  0.16(5x107) 0.186(0.03) 0.0001
Shoot dry weight
Lol o - 0.5 (0.21) 91.16(4.67) 0.72(0.53) 44.67(104.92) 0.021
Root dry weight
Bean G
Survival - 8.0 (0.26) 100.00(0.10) 0.18(107) 0.24(3x'%) 0.001
s 8353 4.5 27.4(70.96 108.75(4.03 0.09 (0.009 0.10(0.014 0.0002
Shoot dry weight (5.71) A(7096) 15(4.03) 09 (0.009) -10(0.014) '
RS o - 6.9(3.64) 98.71(6.01)  0.085(0.005) 0.12(0.02) 0.002
. Root dry weight
Lentil G
Survival - 6.92(0.68) 100.02(0.89) 0.052(10%) 0.072(10%) 0.0001
s 8353 0.15(10%  10.5(4x107) 100(2.9x10%)  0.012(9x107) 0.015(5x107) 0.001
Shoot dry weight
|)1: 4"“") . _ _ — - - —
Rape Root er}; weight
Survival 0.1(0.25) 3.2(1.06) 99.99(0.46) 0.015(10% 0.029(6x10™) 0.0009
s Bgicn; - 12.5(7%10) 100.0(2x10%)  100(4x107%) 0.015(5x107) 0.0007
Shoot dry weight
NCEJRCERS o - 12.0(6x10%) 100(5%10-3)  149.1(5x10°) 0.017(10°) 0.0007
Root dry weight
Sugar beet "
&,
Survival - - - - - -
s Bgicam; - 0.8(0.29) 100.05(7.02) 0.19(0.06) 2.83(3.175) 0.0006
Shoot dry weight
@y o - 2.54(0.61) 94.74(4.40) 0.11(0.06) 0.26(0.05) 0.001
Root dry weight
Corn
i,
Survival - - - - - -
s Byt - 1.5(0.27) 99.93(7.03)  0.035(5x107) 0.14(0.03) 0.0002
Shoot dry weight
s i - 1.3(0.22) 99.41(6.76)  0.025(4x107) 0.13(0.032) 0.001
Root dry weight
Wheat G
Survival - 2.71(0.54) 102.87 0.05(0.056) 0.12(0.019) 0.008
s 8353 - 1.4(0.27) 101.19(7.01)  0.024(4x107%) 0.11(0.03) 0.001
Shoot dry weight
9 o - 2.6(1.26) 100.07(6.73) 0.1 (0.0002) 0.032(0.01) 0.001
Root dry weight
Barely G
Survival - 2.3(0.48) 102.2(5.34) 0.9(8x10% 0.23(4.3x107) 0.0006
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Abstract

To evaluate the sensitivity of different crops included some pulses to simulated metribuzin soil residues,
an experiment was conducted in completely randomized design with factorial arrangement and four
replications in Research Greenhouse of College of Agriculture, Ferdowsi University of Mashhad. Treatments
included of 8 crops (chickpea, common bean, lentil, corn, wheat, barley, rape seed and sugar beet) and
concentrations of metribuzin simulated residue in soil at 6 levels (0, 0.016, 0.032, 0.064, 0.128 and 0.160
mg a.i. kg' soil). Plants survival percentage and shoot and root biomass were measured 30 days after
emergence. Plants response to metribuzin soil residue fitted with 3 and 4 parameters logistic equations to the
shoot and root biomass data as a function of the herbicide soil residue concentrations and was used to
calculate the dose for 50% of measured traits (EDsg). Results showed that the survival and shoot and root
growth were affected by metribuzin soil residue, significantly (p<0.01), but crop emergence was not
affected. Increasing the metribuzin soil residue, reduced all above mentioned parameters, significantly
(p<0.01) in all crops. Crops showed different response (p<0.01) to metribuzin soil residue. The highest
(84.5%) and the lowest (1.6%) shoot dry weight lost were observed in rape seed and corn, respectively. The
highest (55.8%) and the lowest (19.1%) root biomass lost were observed in rape seed and sugar beet,
respectively. Based on EDs, parameter, corn (0.19 mg a.i. metribuzin kg™ soil) and rape seed (0.012 mg a.i.
metribuzin kg soil) appeared the most tolerant and the most sensitive crops to metribuzin soil residue,
respectively. The other crops sensitivity to metribuzin soil residue followed the following order: rape
seed>sugar beet>barley>wheat> lentil>chickpea>common bean>corn.
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Fig. 1. Absolute minimum and maximum temperature and daily rainfall in the 2007-2008 growing season
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Fig. 2. Absolute minimum and maximum temperature and daily rainfall in the 2008-2009 growing season
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Table 1. ANOVA of pod borers larvae population, grain yield and 100 seeds weight of chickpea
in 2007-2008 growing season

Olry po (uSSlo
Olyedd gl g0l Az Ms
S.0.v df Hlgtaly 9,Y Coumos 4ild o ySlos aildYee 39
Larvae of Heliothis spp  Grain yield 100 Seeds weight

Block 2 0.00103837™ 2507.7" 22.37%
Sowing date (S) 2 0.00028810™ 328210.73** 43,78
Crop density (C) 2 0.00015744" 3086.42™ 27.8)
SxC 4 0.00053608™ 6049.59C 47.6"

Error 18 0.00037767 8268.6 23.81

CV 2.72 12.18 17.45

®: Non Significant; **: Significant at 1%
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Table 2. The effect of sowing date on mean number of pod borers larvae per plant, grain yield and 100 seeds weight
of chickpea in 2007-2008 growing season

s &, g 5B 0 lgSaby 9)¥ olaxi (S 53 0,5 9kS) 4ilo 0 )Sdos (p55) 4il3)er (539
Sowing date Number of pod borers larvae/plant Grain yield (Kg/ha) 100 Seeds weight (g)
March 14 0.00+0 a 929.8+34.63 a 29.66+0.36 a
March 30 0.00+0 a 760£9.27 b 28.86+0.44 a

April 21 0.3497+17 a 548.6+32.31 ¢ 28.64+0.3 a

*Within columns means followed by the same letter are not significantly different (P< 0.01, Duncan’s multiple range test).
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Table 3. The effect of crop density on mean number of pod borers larvae per plant, grain yield and 100 seeds weight
of chickpea in 2007-2008 growing season

(gayore o &) S o515 g p 50 slgtaly 9y¥ Sluai (S 3 p 5ok il o,Shos (2)5) dilodes (39
Crop density(Plants/m?) Number of pod borers larvae/plant Grain yield (kg/ha) 100 Seeds weight (g)
75 0.3497+0.17 a 764.60+60.68 a 29.24+04 a
50 0.00+0a 746+68.76 a 28.59+0.48 a
25 0.00+0a 7274543 a 29.33 £0.24233a

*Within columns means followed by the same letter are not significantly different (P< 0.05, Duncan’s multiple range test).
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Fig. 3. Means of adults’ chickpea pod borers hunting by the light trap during in the 2007-2008 growing season
(The first week is 3/4/2008)
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Table 4. ANOVA of pod borers larvae population, infestation of pod borers, grain yield and 100 seeds weight of
chickpea in 2008-2009 growing season

Ol yo (ko
Ol s’ 2ulio solil az o Ms
S.0.V df Slogaly 9,Y Cares ool GUME wo s &l 8 Slos AloYes 39
Larvae of Heliothis spp Infestation of pod borers% Grain yield 100 Seeds weight
Block 2 0.01028™ 3.67™ 25639.7™ 1.66™
Sowing date (S) 2 0.0878** 174.35%* 215647.8%* 9.870
Crop density (C) 2 0.1878** 6.94%* 98281.92% 1.380
SxC 4 0.0014™ 0.32) 7997.47") 0.53™)
Error 18 0.0033 1.54 23678.5 1.95
cv 8.2 17.9 24.1 3.9

®): Non Significant; **: Significant at 1%; *: Significant at 5%

3955 ailaVes 439 9 Aild O ySKhos 08 )] GLUMNE duoyd Aigs B 43 ladaky 9, Sluwi il p cublS Zu )b S1-0 Jguz
\WWAY-AA ‘99')) JLw e

Table 5. The effect of sowing date on mean number of pod borers larvae per plant, infestation of pod borers,
grain yield and 100 seeds weight of chickpea in 2008-2009 growing season

Hlgsaly 9, olowy oy &ils o Slos o
bl g, i BTl S . - (p5) 4ilo)es (339
(<] g pp 5o sojudl sladddle (HLSe H0 p S glS) 100 Seeds
Sowing date Number of pod borers Infestation of Grain yield weight (g)
larvae/plant pod borers (%) (kg/ha)
March 14 0.78+0.045 a 10.7+0.39 a 745.894+48.95 a 34.42+0.33 a
March 30 0.73+0.056 a 8.04+0.53 a 709.22+48.37 a 34.94+0.53 a
April 21 0.58+0.045 b 2.1£0.46 b 461.33£66.4 b 36.43+0.46 a

Within columns, means followed by the same letter are not significantly different (P= 0.05, Duncan’s multiple range test)

WWAY-AA ely Jo 50 ouds (5 0 jluil i Wlas (e (Kwod =7 Jgo
Table 6. Correlation between different traits measured in 2008-2009 growing season
o5 gl vy 95Y Coro ailsYes 39 ATgy o ML Slaxy digr yo S olual Ails o Sles
Infestation of Number of pod borers 100 seeds Number of Number of Grain
pod borers% larvae per plant weight pods per plant flowers per plant yield
Grain yield 0.7339** 0.5864** -0.5349%* 0.3903* 0.1418 1
Number of flowers/plant 0.1118™ -0.3385™ 0.0158™ 0.7449%* 1
Number of pods/plant 0.5047%* -0.0505™ -0.3468™ 1
100 seeds weight -0.5746** -0.4336* 1
No. of pod borers larvae/plant 0.6324%* 1
Infestation of pod borers (%) 1

@): Non Significant; **: Significant at 1%; *: Significant at 5%
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Fig. 4. Population dynamics of adults chickpea pod borers during the growing season and match time of flowering in
different sowing dates with peak emergence of adults in 2008-2009
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Table 7. The effect of crop density on mean number of pod borers’ larvae per plant, infestation of pod borers, grain
yield and 100 seeds weight of chickpea in 2008-2009 growing season

ailo o ,Slos (p,5) G18Ver 39
(LS 50 p,53S) 100 Seeds weight

(g y0 550 35 digs) CblS o515 Ag B 0 ylgsaly g )Y oloai oojcdl GLANE vuo o

Crop density (Plants/m? Infestation of

No. of pod borers

larvae/plant pod borers (%) Grain yield (kg/ha) (€3)
75 0.85+0.033 a 7.9+1.37 a 752+84.79 a 34.92+0.4 a
50 0.7+£0.04 a 6.2+1.36 b 618.44+84.79 ab 35.15+0.48 a
25 0.5+0.028 b 6£1.27b 546+56.5 b 35.69+0.24 a

*Within columns, means followed by the same letter are not significantly different (P= 0.05, Duncan’s multiple range test)
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Abstract

The effects of sowing date and crop density of chickpea on population and infestation of pod borers
were studied in a randomized complete block design by factorial arrangement with three replications in the
chickpea growing region of Greet, Khorramabad in 2007 until 2009. Experimental factors comprised of
sowing dates (March 14, March 30, and April 21) and crop density (25, 50 and 75 plant.m™). Population of
larvae on plants during the growing season and final yield and 100 seeds weight at harvesting time were
determined. Pod borers low population in first year was attributed to the extremely cold winter (occurrence
of 14.6°C) during the growing season. The second year results showed that although pest population in early
date of planting was 1.35 times higher than other dates and infestation percentage was more than 5 times, but
the yield was 61.6% higher in early sowing treatment. Infestation percentage was 5 and 4 times higher in
plots sowed on March 14 and 30, respectively than those plots sowed on April 21. The average chickpea
yield in March 14 and 30 were 61.6 and 52.4% higher than April 21, respectively. Higher plant density
increased population and pod borers damage in chickpea. The hlghest seed yield was obtained from the
highest plant density. When plant density increased from 25 to 50 and 75 plant.m™ chickpea grain yield
increased 13.3% and 37.7%, respectively.

Key words: Cicer arietinum, Helicoverpa armigera, Heliothis spp., Plant density, Sowing date
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Table 1. Variance analysis of some morphological and physiological traits in lentil cultivars
under salt stress and foliar application by salicylic acid

s qolin Gl amys o8 asli slaw oS £l GO Jsb M‘ oo
S.0.V I;:eg:;sr‘;f 1‘:)‘;‘:{11‘;;‘5“ Plant height  Pod length “ﬂgiﬁ’” L Proline
e Replication 2 2.83 44.50 0.049 0.49 0.089
0 (obJgho Foliar application (A) 2 112 * 13.26™ 0.028 ™ 4.86 ** 93.85 **
N) &9 Salt (B) 2 14.16 ** 460.33 ** 0.009 ™ 44.54% 937.11 **
(¥) o8, Cultivars (C) 2 497 ** 43.16 * 0.22 ** 3.68* 6.66 **
Y x) AxB 4 0.83™ 5.03™ 0.059 ™ 0.58™ 44.58
¥ ) AXC 4 0.53™ 5.56™ 0.11* 3.68%* 89.03 **
¥ Y BxC 4 0.84™ 13.64™ 0.021™ 1.04™ 13.08 **
¥ ¥ x) AXBXC 8 0.98 17.01™ 0.046 ™ 231 %% 48.20%*
Gl slas Error 52 034 10.47 0.039 0.75 5.59
O kS cv 7 15.48 12.06 16.19 24.09 13.4

b e dopd) g 00,00 sllas Jleis] mhaw 40 (5,0 e g (5l ixe pae Kby i g4y FF 4 * s
ns, * and ** indicating non significant and significant at 5% and 1% levels of probability, respectively.
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Table 2. Mean comparison of plant height and seeds per pods in lentil under different levels of salt stress
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Means within each column with at least a same letter are not signification different at 0=0.05 in method LSD.
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Fig. 1. Effect of salt, foliar application and cultivars interactions on (a) number of branches (LSD=0.95, ¢=0.05) and
(b) pod length (LSD=0.19, 0=0.05)
SAO0, SA1 and SA2, foliar application by distilled water, salicylic acid (0.2, 0.5 mM), respectively.
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Fig. 2. Effect of salt, foliar application and cultivar interactions on proline content, LSD=3.87; and MDA, LSD=0.14, 0=0.05
SAO0, SA1 and SA2 foliar application by distilled water, salicylic acid (0.2, 0.5 mM), respectively.
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Table 3. Variance analysis of yield and yield components in lentil cultivars under salt stress and foliar application of salicylic acid
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ns, * and ** indicating non significant and significant at 5% and 1% levels of probability, respectively.
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Fig. 3. Effect of salt, foliar application and cultivars interactions on pods per plant (LSD=1.8, ¢=0.05)
SAO0, SA1 and SA2, foliar application by distilled water, salicylic acid (0.2, 0.5 mM), respectively.
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Abstract

Lentil is considered as salinity sensitive species and is adversely affected in response to the salt stress in
terms of growth and yield. This pot experiment was conducted to determine the effect of exogenous salicylic
acid (SA) application on physiology, growth, yield and yield components of lentil grown under salt stress in
greenhouse conditions, in a factorial arrangement based on Randomized Completely Block Design with three
replications. The first factor was cultivars of lens (Kimiya, Ghachsaran and Kermanshah) and the second
factor was three levels of salinity (0, 60 and 120 mM NaCl) and the last one was foliar application by
distilled water and two levels of salicylic acid (0.2, 0.5 mM). The results showed that seed yield of
Kermanshah cultivar in non-salt conditions and foliar application of 0.5 Mm salicylic acid was 168/88 g/m’
and in salinity condition (60 & 120 mM) Kermanshah cultivar produced more yield than two other cultivars
in both levels of salicylic acid foliar applications at 0.2 and 0.5 mM, respectively. The pod number per plant
and seed number per pod are two important yield components that were higher in Kermanshah cultivar than
that in two other cultivars. Also, the results of variance analysis showed that the interactions of all factor on
the number of branches, number of pods per plant, seed weight, seed yield, biological yield, harvest index,
malondialdehyde MDA and proline was significant. Salicylic acid effect on growth, seed yield and yield
components under salinity stress was due to significant increase in growth rate. In consequence, Kermanshah
cultivar in application of 0.2 and 0.5 mM of salicylic acid with 0.2 and 0.5 mM under salt conditions 60 and
120 Mm showed a better performance in most considerable traits rather than two other cultivars.
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Tablel- Analysis of variance of studied traits in common bean (Phaseolus vuigaris 1.) lines
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Table 2. Comparison of means of traits in different bean lines

&g gl sls RV SURWIN b 59 w2500+ G 39, w2 ,38+ U 59, s
Plant height OO Germination Jol5" Sy GBI XNy T o
reatment
(cm) Index of germination (%) Day to maturity Day to podding Day to flowering
42.9536¢def 1340bcde 86.39cdefgh 132.7ab 71abcde 59.67abc 1
46.4515¢cd 1501ab 97.08ab 135a 72abced 58.67abcde 2
44.157cde 1378abced 94.38abcd 135a 68.33abcde 60.33ab 3
53.7032ab 1392abed 87.78bcdefg 135a 73abc 60.33ab 4
44.6684cde 1392abced 92.71abede 135a 63bcde 58.33abcde 5
35.4813hi 1338bcde 91.04abcde 107d 63bcde 56.33bcdefg 6
40.9261defg 1225def 85.69cdefgh 127.7abcd 74.33ab 56cdefg 7
43.1519cdef 1354abcde 95.21abc 112.3bed 66.33abcde 54.67efg 8
39.1742efgh 1230def 90.21abedef 107.7d 60de 56.33bcdefg 9
35.0752hi 1306bcde 92.92abcde 108.7cd 65bcde 55.67cdefg 10
35.9749ghi 1365abed 91.04abcde 103.3abc 65bede 59.33abed 11
34.914hi 1477abc 94.44abcd 123abced 62cde 58.67abcde 12
36.2243gh 1244de 85.14defgh 135a 64bcde 59.33abced 13
31.4775j 1034ghi 79.38gh 132.7ab 64.33bcde 55.67cdefg 14
30.4789j 1041fghi 83.54efgh 125.3abed 65bcde 57.33bcdefg 15
37.8443fgh 1417abced 89.03bedef 115abed 59.33e S4fg 16
42.5598cdef 1291cde 84.58defgh 130.3abc 62cde 58abcdef 17
35.3183hi 1021Hi 79.17h 108d 62.67bcde 53.33g 18
28.9734jk 868.3i 64.381 125abced 65.33bcde 54.67efg 19
38.9942¢efgh 1550a 99.03a 135a 73.33abc 61.67a 20
43.2514cdef 1384abcd 93.54abcd 135a 73.33abc 58abcdef 21
42.1697cdef 1288cde 88.06bcdefgh 128abcd 63.33bcde 57.67abedef 22
45.1856¢d 1270cde 89.38abcdef 135a 74.33ab 59abced 23
48.1948bc 1239de 87.78bcdefg 135a 78a 59abced 24
58.6138a 1147efgh 81.04fgh 135a 74.33ab 57.67abcdef 25
53.7032ab 1247de 91.88abcde 135a 73.33abc 58.33abcde 26
48.3059bc 1258de 83.33efgh 132.7ab 67abcde 57.67abcdef 27
29.9916j 1403abcd 92.92abede 118abed 59 55.33defg 28
29.0402jk 1354abcede 87.50bcdefgh 117.3abcd 73.33abc 58.33abcde 29
25.6448k 1219defg 83.19efgh 106.3d 60de S56cdefg 30

il o 70 Jlozml gl 50 5Sils sl bl 1 (g)lo sime pae Bauao Ll (gt B 40 aline By,
Means by the common letter in each column are not significantly different according Duncan's multiple range test (p<0.05).
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Seed yield 100 seed weight e o digs yo Plants spread Plants spread on )
Treatment
(Kg/h) @® Seed no. per pod  Pod no. per plant between rows (cm) row (cm)
1816bcdefgh 44.15cdefg 2.699bcdef 10.33bcde 39.43defghi 31.7687cdefg 1
2419abcedef 49.54bcde 2.733bedef 8.800cdef 43.03cde 31.9154cdefg 2
2907abcd 49.15bcde 2.787bcdef 10.57bcde 41.40cdefg 32.7341cde 3
2346abcdef 45.41bcdef 2.824bcdef 6.467¢ef 44.47cd 33.9625bcd 4
3251ab 48bcde 2.974bcdef 11.73abede 43.80cde 32.6588cde 5
2787abced 40.21efgh 2.340defg 13.23abc 31.97k 26.0615jj 6
2230abcdefg 47.50bcde 2.625bcdefg 10.80bcde 37.63efghijk 29.4442defghi 7
2232abcdefg 45.04cdef 2.532cdefg 10.33bcde 38.13defghijk 28.3139fghij 8
1637cdefgh 33.30h 4.688a 10.13bcdef 36.43fghijk 27.7971ghij 9
1815bcdefgh 37.21fgh 3.606b 10.80bcde 34.27hijk 27.4157hij 10
2575abced 42.77defg 3.035bcde 12.27abed 33.30ijk 22.5944k 11
2714abced 44.97cdef 2.822bcdef 16.93a 32.37jk 25.7632ij 12
2427abedef 47.73bcde 2.730bcdef 12.83abc 35.30ghijk 28.3139fghij 13
1390defgh 40.21efgh 2.305defg 13.03abce 38.20defghijk 29.3765efghi 14
932.1fgh 35.73gh 1.977fg 10.33bcde 34.43hijk 25.9418ij 15
1480cdefgh 46.09bcdef 2.144efg 15ab 36fghijk 27.9898ghij 16
1807bcdefgh 35.73gh 2.863bcdef 14.50ab 38.70defghij 29.0402efghi 17
797gh 53.03abce 2.265defg 8.933cdef 40.10defgh 32.8852cde 18
391.6h 46.85bcde 1.649¢g 4.967f 37.43efghijk 30.903cdefgh 19
2750abced 40.33efgh 2.988bcdef 11.23bcde 40.47defgh 30.2691cdefgh 20
3177ab 52.65abc 3bcedef 12.90abe 50.53b 34.8337bc 21
2339abcdef 46.21bcdef 2.665bedef 11.27bcde 39.53defghi 33.1131cde 22
2518abcde 48.17bcde 2.788bcdef 12.80abc 37.90defghijk 27.1644hij 23
3539a 58.39a 3.233bcd 9.733bcdef 47.50bc 40.6443a 24
3291ab 51.28abced 3.420bc 8.867cdef 39.70defghi 32.8095cde 25
2970abc 54.45ab 3.096bcde Tdef 42.23cdef 33.037cde 26
2497abcde 48.40bcde 3.560bc 8.433cdef 42.40cdef 32.2849cdef 27
2497abcde 40.65efgh 3.568bc 12.50abe 33.37ijk 25.1768jk 28
1476cdefgh 46.74bcde 2.256defg 8.833cdef 56.40a 38.0189ab 29
1033efgh 46.79bcde 2.737bcdef 6.4ef 39.87defghi 33.037cde 30

il o 10 Jloimt mlas 45 Sils fygeT Golisl 1 (5,0 e pae Baias Ll (gt B 40 sl g,

Means by the common letter in each column are not significantly different according Duncan's multiple range test (p<0.05).
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Table 3. Coefficient correlation of studied traits in common bean (Phaseolus vulgaris L.) lines

‘3 sl o et G 39, G 39,
o Slos ‘:" alsolas g .Mse sy EW) Lo Wy oy s w0300 G 39,
&l ® ey digyy haloTec sy g D e O IS e BN
Seed 10 Seedno.  pod Pla"t(sl Plants  Plant  Indexof  Germination DJ" ‘5; > Day to
yield . perpod 0 spreaf d height  germination (2] ay to ay to flowering
weight . per spread on . .
2! plant between row maturity  podding
Trows
1 PO ool b 59,
Day to flowering
1 0.530%* (SPODIE o100+ U 39,
Day to podding
1 0596%F  0.712%* Jol8 Ty 6 39
Day to maturity
D e 0 5O
1 0055 0.123 0.419* oTE
(/.) Germination
1 0.887%+ 0.131 0.109 0.501%* et
Index of germination
1 0231 0237 0588** 0593 0432 Gy el
Plant height
1 0368*  -0052 0.124 0288 0563 0224 B0 59 iy by
Plants spread on row
1 0.883* 0294 0.125 0.047 0317 0.594%+ 0302 ) o g S
Plants spread between rows
1 0383 0499% 0161 0.406% 0.410% 0004 0326 0.041 Gy 9 Bl slasi
Pod no. per plant
1 0029 0026 0031 0355 0299 0.404* 0.001 0010 0202 U o alo slass
Seed no. per pod
1 0145 0309  0533F  0666%* 0450 0034 0.068 0376*  0.536%* 0.116 ke oo
100 seed weight
1 0389% 0454 0265  0.183 0.177  0649%*  0.577%* 0.617%* 0.521%% 0445+ 0.566+* :‘:;”_'L"‘ld
eed yiel

* and **: Significant at 5 and 1% levels, respectively
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Fig. 1. Dendrogram of quantitative traits of studied bean genotypes using Ward method
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Table 4. Specific values of the principal components studied traits of bean lines on the base of correlation matrix

(o w28 039 e wuay o9 slie 4ilge 0ylouds
Cumulative % Specific value % Specific value Component no.
37.761 37.761 4.531 1
63.131 25.370 3.044 2
72.687 9.556 1.147 3
81.342 8.655 1.039 4
87.929 6.587 0.790 5
91.799 3.870 0.464 6
94.441 2.642 0.317 7
96.769 2.328 0.279 8
97.929 1.161 0.139 9
98.872 0.943 0.113 10
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Table 5. Characteristic vectors and coefficient of determination of studied traits on the base of correlation matrix

Lol ailze
ek o £9° Jsl .
Slaw
O 4 Az 10y O g 0 dwasine 519 5 O g g0 Azl )10y O 4 Ao )15y
0.0119 0.107 0.0886 10278 0.0789 0.161 0.5269 0.341 (BT 22,30 6 35
Day to flowering
(POE oyl b 39,
0.0004 0.019 0.0171 0.122 0.0809 -0.163 0.6440 0377
Day to podding
0.0001 -0.009 03792 -0.575 0.0012 -0.02 0.5207 0.339 Jol Ty U 33
Day to maturity
RE RPNV R
0.0383 0.192 0.1053 0303 0.6001 0.444 0.1688 0.193 oS
(/) Germination
O s el
0.1077 0322 0.0752 0.256 0.5268 0416 0.1998 021
Index of germination
0.1807 -0.417 0.0139 0.1 0.0007 0.015 0.5970 0363 Sy el
Plant height
0.0184 0.133 0.1153 0317 03750 -0.351 03943 0.295 3) 59y iy S
Plants spread on row
) (o By by
0.0904 0.295 0.1389 0.348 0.2186 -0.268 0.4243 0306 Plants spread between
Trows
0.1038 0316 0.0586 -0.226 0.5217 0.414 0.0241 0.073 Sy > B slass
Pod no. per plant
0.4622 -0.667 0.1511 0363 0.2042 0.259 0.0719 0.126 SO 53 4l ol
Seed no. per pod
0.0102 0.099 0.0026 0.048 0.2219 0.27 0.3758 0.288 ke i
100 seed weight
0.0162 -0.125 0.0014 -0.035 02154 0.266 0.5872 036 o2, Shos
Seed yield
Gl 5380wy S 39 g0 Slgiiey ails a0 bl Olao e badlyy () )0 uizmen
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Table 6. Values of the first four components outcome of traits evaluated in studied bean lines

Lol slaailze "

ek g £9S Js!
230.992 224.606 1045.978 1093.29 1
209.616 204.214 1274.52 1350.245 2
109.756 199.059 1353.783 1497.517 3
178.457 220.646 1204.984 1303.18 4
71.293 192.019 1451.26 1621.853 5
111218 247916 1312.921 1421.697 6
142.966 183.102 1107.252 1214.381 7
184.732 228.73 1168.124 1235.511 8
216.665 248.63 961.73 985.861 9
221.656 231.181 1040.383 1066.982 10
145.831 203.904 1267.257 360.975 11
167.36 233212 1353.289 1432.006 12
126.114 176.053 1171.267 1286.224 13
189.261 160.095 805.867 863.274 14
247.524 180.645 691.444 695.444 15
300.841 267.041 994.847 972.351 16
216.12 212.466 1028.843 1070.168 17
258.455 245.105 636.307 644.353 18
257.141 154.526 458.908 465.519 19
186.559 218.932 1389.031 1475.159 20
81.99 194.875 1423.435 1601.084 21
150.462 198.407 1164.531 1265.849 22
120.758 179.355 1206.167 1333.311 23
-13.531 143.855 1452.264 1706.004 24
22.54 121.198 1352.269 1591.705 25
54.649 163.081 1310.839 1499.032 26
117.131 181.808 1189.36 1322.205 27
160.666 224.691 1283.241 1358.306 28
290.446 258.989 953.302 971.489 29
296.004 240.898 784.795 765.89 30
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Abstract

Assessment of different plant genetic resources clarifies genetic variation and makes it possible to apply
them in plant breeding programs. In this experiment, 27 selected lines of common bean (Phaseolus vulgaris
L.), one local landrace and two conventional bean cultivars (Talash and COS-16 as controls), sown using
randomized complete block design with three replications in the Research Farm of University of Zanjan in
2009. Results of analysis of variance showed significant differences among all tested genotypes (P< 0.01).
There was a close agreement in grouping results of cluster analysis and principle component analysis. The
principal component analysis showed that first four components explained 81% of the total variation. For the
first component, traits including days to 50% podding, plant height and grain yield justified the most
variation, and for the second component, emergence percentage and emergence index justified the maximum
justified coefficient of determination. For the third component, days to full maturity, and for the fourth
component, number of seed per pod showed the most variance. It was concluded that lines number 24, 21, 5
and 20 had higher values compared to other genotypes.

Key words: Diversity, Grouping, Line, Phaseolus vulgaris, Selection
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