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Table 1. Soil properties of experimental field

ey S RSTTCI RS- SOt POV S S sole
Potasium  Phosphorus  Nijtrogen Sand  Silt  Clay ACidity  Organic matter
(mg/kg) (mg/kg) (%) (%) (%) () (pH) (%)
266 5.6 0.07 42 27 31 8.18 1.31
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Table 2. Mean of squares of measured traits for different treatments

LA™ S ySlos S ySlos 4ils o ySlos | PHERIRS e slowy -
. . . . aloYee 39 . R 2 . T
s S 5edem &l Wg S 100 Seed G o ag 50 &l Ol i il
Harvest Biological yield  Seed yield Seed yield of  \yejght (g) Seed no. Pod per df S.0.v
index (%) (kg/ha) (kg/ha) each plant (g) per pod plant
75.498 54111 33532 0.212 8.078 0.272 0.585 2 Replication ,I,55
0.297 323419 59959 0.374 3.325 0.299 1.914 1 Date of planting (A) coblS & ,G
17.683 1694928 354266 2.219° 1188.7" 7.178" 39.127° 2 Cultivar (B) 3,
77.660 2443399™ 177463 1.105 3.108 0.099 3.094 (A)XB)easlS &,b x o,
12.967 230665 80720 0.504 9.921 0.196 4397 10 Error s
0.060 39966418"" 4873056"" 30.489" 12.203 1.505" 592.922"" 1 Weed control (C) ; pcile J yiis
17.098 61322 32688 0.204 5.601 0.0001 0.967 1 (O)X(A) <udls )b x ) ypcide ] oS
83.388 43566717 158413 0.992 9.066 0.299 14.616° 2 (C)X(B) 3, xj ol J yiu5
47.209 1465863 73746 0.459 3.38 0.057 7.174 22 B xS g ,x; pcdle d s
(C)x(A)*(B)
226.035 2344499 61991 0.386 34.753 0.218 3.118 12 Error (s
14.83 13.95 22.95 22.93 20.94 14.61 24.71 CV Ol g i

0= 0.01 50=0.05 s 1o )0 o cxe o i 4y F* g ¥

*and **: Significant at o= 0.05 & o= 0.01, respectively.
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Table 3. Mean comparison of the effect of planting date and weed control on yield and yield components of bean cultivars

Cubdy el S elgw o Slos ails o Slos ST ailo o Slos ailoYes 39 G ol dlawy dig ol

) Harvest Biological yield Seed yield Seed yield of each 100 Seed weight Seed no. per Pod per Tre):l‘;:lent
index (%) (kg/ha) (kg/ha) plant (g) (g pod plant

:(planting date) <5 &y )G
345a 3263.8a 11255a 2813 a 28.46 a 326a 7.4 a* May 21 caiagas sl ¥
343 a 30743 a 10439 a 2.609 a 27.85a 3.10a 69a Jun 3 sl 5 Y
:(Cultivar) o8,
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343 a 2115.4b 716.7b 1.791b 28.74a 2.99b 3.1b No control J yuS sus

S K305 b (g s B 0= 0,05 gelans 45 o )s o5 e Gym Ky JHi oy 0 4 85 olaonSile ¥

*Means within each column with a letter in common are not significantly different at o= 0.05.
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Fig. 1. Interaction between cultivar and weed control on the number of pods per plant
* Columns with the same letter have not significant differences based on Duncan test at 5%.
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Fig. 2a. Interactions between cultivars and planting date on biological yield of bean
* Columns with the same letter have not significant differences based on Duncan test at 5%.
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Table 4. A simple correlation between yield and yield components of bean

4ildYee 39 e bl

by el Syialgm o Slos Ails o Sloc g 3> B Slowi Wl
H.arvest Biological yield Seed yield 100 S eed Seed no. per Pod per plant Traits
index weight pod
1 Pod per plant ai g jo BME dlawy
1 0.338" Seed no. per pod GME ;o &ld slaxy
1 -0.70" -0.073™ 100 Seed weight ailsY+s 39
1 0.898 ™ 0.392" 0.790" Seed yield 4sls o ,Slos
1 0.909" 0.057 0.396" 0.758" Biological yield <S5 j¢!gw o, Sloc
1 -0.081™ 0.313 -0.101™ 0.355" 0.153™ Harvest index <iolo p a5l

0=0.01 50=10.05 mhaw ;0 ;0 o cixe g 40 cire i 4 K g * s
ns :Non-significant, *and **: Significant at o= 0.05 & o= 0.01, respectively.
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Fig. 2b. Interaction between cultivars and weed control on the biological yield of bean
*Columns with the same letter have not significant differences based on Duncan test at 5%.
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Table 5. Anova results for total density and dry weight of weeds at the end of growth season

sechle JS S o5 sechle JS oS5 @ol3l a0 Ol i golio
Total dry weight of weed Total density of weed df S.0.V
7235.298 338.389 2 Replication | S5
388089.1 " 21980.056 1 planting date (A) coblS & )6
298382.9 " 1749.556 Cultivar (B) 43,
8285242 " 8288.556 " (A)x(B)pdy x cobls )b
59196.769 410.122 10 Error (s
34.69 17.72 SIJove Jurgw)

*and **: Significant at o= 0.05 & o= 0.01, respectively.

0=0.01 50=0.05 gmhaws o ;0 o Jme o 5 4y ¥ o *

wdy ad sl 5o 5,0 o dile S5 SLS (59 9 0515 el Al -F Jgu
Table 6. Mean comparisons of total density and dry weight of weeds at the end of growth season

jpdide J5 SS9
Total dry weight of weed

sopcide JS oS,

S.0.V ol pusi b
Total density of weed

planting date cubls’ & ,U

848.147 a 149.222 a May 21 ol 5, ¥
554.477b 49.333b Jun 3 slo,5 1Y
Cultivar 3,
555b 94.83 b Sayyad sbwo
595.4b 1222 a Derakhshan ;yLis s
957.5a 126.8 a Goli 15

Wl 0SS b (sl sre BB 0= 0.05 o 50wl St B S BBz g jo 0 a5 ol Sk
*Means within each column with a letter in common are not significantly different at o= 0.05.
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Fig. 3. Interaction between cultivar and sowing date on total weed density at the end of growth season
* Columns with the same letter have not significant differences based on Duncan test at 5%.
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Fig. 4. Interaction between cultivar and sowing date on total dry weight of weeds at the end of growth season
* Columns with the same letter have not significant differences based on Duncan test at 5%.
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Table 7. Anova results for total density and dry weight of grass and broadleaved weeds at the end of growth season

S Sl pdle S (e jpp ile 4y o
. Ol s 2ol
j . . ; L . L o , L . 3l
Sl jpdle SUS (39 Sl pdle o515 S pong jbdile S (s S oy Rl (51 ‘fl f’ S.0.v
1319.195 48.667 5500.71 247.722 2 A
Replication
50959.215 11045 197407.66 1323022 1 i @b
planting date (A)
19239.892"" 162.667 188069.81 1286.89 2 ™)
cultivar (B)
1590723 56 696087.45 " 744956 2 oy Sl )b
(A)(B)
s
566.130 46.533 54945.50 507.456 10
Error
20.77 38.98 40.72 2328 CoV ol s

.0=0.01 50=0.05 mhaws 15 )0 lo gre o5 4y F* g *
*and **: Significant at o= 0.05 & o= 0.01, respectively.
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Table 8. Mean comparisons of total density and dry weight of grass and broadleaved weeds at the end of growth season

S xSyl jpdile SR (e s ppcide .
Treatment Lo
jppcide S 059 il o515 jppide SUAS 059 jppide o1y
Planting date <5 & )G
167.772 a 25333 a 680.37 a 123.89 a May 21 culgen o, ¥9
61.357b 9.667 b 57093 a 69.67 b Jun 3 5185 VY
Cultivar 3,
49.182 b 14.833a 501.78 a 90 a Sayyad sluo
147.940 a 14.167 a 447.502 a 107 a Derakhshan (,Lis ;s
147.572a 235a 577.67a 103.33 a Goli 15

Al 0S5 b g s e B 0= 0.05 mhas ;o i ls S pie By S Plas (g 0 50 a5 ola o Lt
*Means within each column with a letter in common are not significantly different at o= 0.05.
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Fig. 5. Interaction between sowing date and cultivar on broadleaved weed density at the end of growth season
* Columns with the same letter have not significant differences based on Duncan test at 5%.
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Fig. 6. Interactions between sowing date and cultivar on dry weight of gress weeds density at the end of growth season
* Columns with the same letter have not significant differences based on Duncan test at 5%.
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Fig. 7. Interactions between sowing date and cultivar on dry weight of grass weeds at the end of growth season
* Columns with the same letter have not significant differences based on Duncan test at 5%.
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Abstract

Sowing date is the most important factor in physiological and morphological characteristics with
positive effects on plants. To evaluate the effect of sowing date and weed interference on yield and yield
components of red beans cultivars a factorial split plot experiment in randomized complete block design with
three replications was carried out in the Research Field of Zanjan University. Main plots included
combinations of three levels of red bean cultivars (standing cultivar, Derakhshan; semi standing cultivar,
Sayyad; prostrate cultivar, Goli) with sowing dates at two levels (30th of May and 13th of June). Subplots
included weed interference at tow levels (weed infested and weedy check). Analysis of variance showed that
the difference of cultivars in most traits were significant. The weed interference had a significant effect on all
traits except for seed weight and harvest index. Sowing date was not significantly different in all traits. Goli
and Derakhshan cultivars had the highest grain yield and total dry matter per hectare with quantities of 1188
and 3462 kg per ha, respectively. Weed decreased grain yield and dry matter to half. Goli cultivar in the first
sowing date had the highest weed density and dry weight at the end of season. The highest weed density and
dry weight also contributed to broadleaved weeds. It was concluded that the Goli cultivar, due to higher
performance in both sowing dates and weed interference condition was the best candidate for cultivating in
Zanjan.

Key words: Common bean (Phaseolus vulgaris L.), Cultivar, Planting date, Weed
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Abstract

Seed loss at harvesting time is one of the factors reducing seed yield in at farms. This study was carried
out within a Research Farm in Karaj to evaluate and select a proper pinto bean line for mechanized
harvesting at two moisture contents during harvesting and their effect on seed yield and yield loss among
three lines of pinto bean. The experiment was split-plot based on randomized complete block design with
three replications. The main plot included pinto bean lines with three levels (KID-31, 118116 and Cos16)
and the sub plot included seed moisture content during harvesting with two levels (%17+2 and %12+2).
These lines were evaluated and compared for seed loss at farm. Results showed that there was a significant
difference between lines in seed yield. The highest amount of seed yield belonged to Cos16 with 1612.9
kg.ha'. Also this line had the lowest loss during harvesting when the moisture content of seeds was %12+2.
There was a positive correlation between seeds moisture content and amount of seed loss showing the best
moisture content for mechanized harvesting as %12+2. In addition, there were no significant differences
among lines for this trait.

Key words: Bean, Erected line, Seed loss, Seed moisture
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Table 2. Seed yield, days to flowering and resistance, sensitivity and response to drought indices in 30 genotypes
of chickpea in Neyshabour (2005-2006)
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<22 Genotype  Seed yield (Kg/ha) Days from planting Resistance, sensitivity and response to drought indices

Row name to flowering

number - MoofMCO) G Sos G Gosy g SsI MP STI HM GMP
Stress No stress Stress No stress

1 312 0 218.6 0 63.94 2185.57 1.72 1092.78 0.00 0.00 0.00
2 380 489.7 1856.9 42.19 47.22 1367.18 1.27 1173.27 1.43 774.99 953.56
3 304 456.6 1819.9 47.6 49.94 1363.33 1.29 1138.27 1.31 730.04 911.58
4 50 609.2 1636.3 48.75 52.83 1027.13 1.08 1122.72 1.57 887.80 998.38
5 117 336.7 1622.3 51.06 57.94 1285.66 1.37 979.50 0.38 557.62 739.05
6 427 905.4 1567.4  45.19 50.22 662.08 0.73 1236.40 2.23 1147.76 1191.26
7 301 249.9 1520.1 48.06 57.94 1270.12 1.44 885.00 0.60 429.29 616.38
8 311 425.1 1513.7 48.06 57.94 1088.57 1.24 969.37 1.01 663.76 802.14
9 108 0 1468.4 47.06 49.94 1468.41 1.72 734.21 0.00 0.00 0.00
10 308 166.2 1455.7 51.06 56.94 1289.56 1.53 810.95 0.38 298.29 491.83
11 57 224.4 1419.6 48.75 51.83 1195.24 1.45 822.03 0.50 387.56 564.43
12 446 379.2 1354.2 46.19 50.22 975.02 1.24 866.68 0.81 592.45 716.57
13 109 346.6 1345.5 48.06 57.94 998.85 1.28 846.03 0.73 551.21 682.89
14 106 171.4 1341.3 50.06 51.94 1169.92 1.50 756.38 0.36 303.99 479.51
15 378 495.7 1328.5 48.19 50.22 832.78 1.08 912.06 1.04 721.96 811.46
16 305 396.5 1273.9 46.06 56.94 877.45 1.19 835.20 0.79 604.74 710.69
17 317 363.2 1266.6 48.06 52.94 903.35 1.23 814.92 0.27 564.58 678.30
18 352 639 1255 39.06 41.94 616.03 0.85 947.01 1.26 846.83 895.52
19 102 402.2 1252.7 47.06 50.94 850.48 1.17 827.45 0.79 608.91 709.82
20 306 246.6 1220.1 49.06 59.94 973.43 1.37 733.34 0.47 410.31 548.54
21 375 408.2 1142.5 48.06 49.94 734.31 1.11 775.33 0.73 601.46 682.88
22 342 203 1121.4 44.06 43.94 918.41 1.41 662.23 0.36 343.81 477.16
23 392 493.5 1118.1 42.19 47.22 624.57 0.96 805.82 0.87 684.79 742.85
24 444 283.1 1117 49.19 51.22 833.88 1.29 700.06 0.50 451.74 562.35
25 302 960.1 1116 53.06 57.94 155.91 0.24 1038.04 1.69 1032.19 1035.11
26 6 498.9 1107.9 49.75 47.83 608.99 0.95 803.35 0.87 687.94 743.41
27 343 474.1 1097.1 49.06 52.94 623.07 0.98 785.59 0.82 662.05 721.18
28 463 357.7 1096.7 50.19 51.22 738.98 1.16 727.19 0.62 539.45 626.32
29 470 252.7 1088.5 50.19 50.22 835.88 1.32 670.60 0.43 410.12 524.43
30 324 305 1082 51.06 56.94 771.05 1.24 693.51 0.52 475.84 574.46
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Fig. 3. Dimensional plot between yield under no stress (Yp), yield under stress (Ys) and (A) GMP, (B) HM, (C) MP and
(D) STI indices in 30 chickpea genotypes in Neyshabour (2005-2006)
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Abstract

In order to evaluate and selection of drought tolerant chickpea (Cicer arietinum L.) genotypes and to
identify the best indices for drought tolerance, an experiment was conducted at Agricultural Research Station
of Neyshabour during 2005-2006 growing season. In this study, 150 Kabuli chickpea genotypes from
Mashhad Chickpea Collection of Ferdowsi University of Mashhad, were evaluated in Augmented Design for
Preliminary Yield Trials with 6 controls (including drought-sensitive variety, current cultivars and local
check). Quantitative drought tolerance and susceptibility indices such as stress tolerance index (STI), stress
susceptibility index (SSI), mean productivity (MP), geometric mean productivity (GMP), tolerance index
(TOL) and harmonic mean (HM) were estimated based on seed yield in stress and non stress conditions.
There were significant differences among genotypes for drought tolerance indices except for TOL and SSI.
The highest seed yield in stress condition was found in genotypes MCC302, MCC427, MCC352, MCCl1,
MCC50, MCC62, MCC118 and MCC423 with 960, 905, 638, 625, 609, 602, 592, and 581 kg/ha,
respectively. The highest seed yield in non-stress condition was observed in genotypes MCC312, MCC380,
MCC304, MCC50, MCC117, MCC427, MCC301 and MCC311 with 2185, 1856, 1820, 1636, 1622, 1567,
1520 and 1514 kg/ha, respectively. According to the results of regression analysis, MP, STI, GMP and HM
indices in chickpea were the best indices for selection drought tolerant genotypes of chickpea. Based on
these results, genotype numbers of MCC50, MCC352 and MCC427 are recommended as drought tolerant
chickpea genotypes.
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Table 1. (a) Results of the analysis of variance for the main effects and interactions on studied morphophysiological traits
(b) Pairwise comparisons of the means based on tukey's test in a = 0.05

(a) MS(adjusted)
. . A A Ay 5 S5 Sl 59 _ Al y SUS 39
e g Lol L ﬁmfp T):)T&:M i: td . lgp slaall SrFe JF K 39 4
Main effects / interactions 00 otairoo OO. ry aa Total leaf area oI
volume length weight Shoot dry weight Root/Total
o 21.989 * 91290675 * 03451 * 03192 * 1683 ns 0.0051 ns
Stress (main plot)
w9 113.913 #* 182893398 **  0.1249 ns* 0.6671 ** 14140 ** 0.0277 #*
Genotype
o) >y 346.005** 1512151780 **  0.8306 ** 1.1349 #* 32860 ** 0.0131 ns
Time stages
0o} X sl 41.664 %% 86679369 ** 0.1367 ns 0.2063 ** 2933 * 0.0045 ns
Gen. XTime
ORI X oS 6.304 ns 8594370 ns 0.0817 ns 0.006 ns 321 ns 0.0020
Stress x Gen.
oley X A 27.468 * 38268399 ns 0.0982 ns 0.1472 * 311 ns 0.0001 ns
Stress XxTime
Ole3 X gy X A 9.882 ns 7567633 ns 0.2451 * 0.0457 ns 527 ns 0.0093 ns

Stress xGen. xTime

.0=0.01 50=0.05 xhaws )5 )5 5 gins g )l cre e o 5 4 F F s
ns, *and **: Not Significant, significant at a=0.05 & a=0.01, respectively.
0391 Sglite FF B FY o cyg03] o (sUbplot) ialej] o3 slas (gol5] 30 3,190 (S y0 aid) Cawsd | lolalS sgane g5 Jdots ol (55900b 4 p3Y —

20,5 Wy iolesl o8 sllas b o)lo pimepud ol 10 il Jilie 31 dojlans polos 3151 5380 pnd &8l Cag (pizead ol

)
Qo 5 Lol il 51 Al y o> Al y S (39 "Sm’:j" ; ado) Job ggorme Syl A J‘“’ 0¥
Main effects / interactions Root Root dry IR B w Total root Total leaf F Sl pig
volume weight Shoot dry weight length area Root/Total
Genotype <o
1. MCCT759 ((wlus slasils) 10.738 c* 0.8146 b 1.1819b 19941 b 127.66 b 0.3809 a
2. MCC361 (= walis — bl dous) 10.528 ¢ 0.5753 ab 1.0057 b 19974 b 89.27a 0.3559a
3. MCC696 (( o3 Jozxsio (slag ails) 7.908 b 0.6977 ab 0.8150 a 17080 ab 6430a 0.4459 b
4. MCC877 ( Modl cyus Joxio) 5.389a 0.5393 a 0.7360 a 13445 a 68.27 a 04151 a
Stress levels o5 zglaw
1. Non stress (aals - i ;9u) 9.271b 0.6987 a 1.0042 b 18682 b 9237a 0.4096 a
2. Stress (isd) 8.010a 0.6148 a 0.8651 a 16538 a 82.38 a 0.3894 a
Time stages Sl al> o
1. Pre-stress (L) 6.160 a 0.4843 a 0.7159 a 26788 ¢ 61.63a 0.3975a
2. Stress (i) 6.646 a 0.5724 a 0.9251b 11188 a 69.55a 0.3846 a
3. Recovery (2L 3b) 13.116 b 0.9135b 1.1629 ¢ 14854 b 130.95b 04164 a
*Means with a letter in common are not significantly different. W K085 b (6l sire BB s S e B> S Jlas a5 ol yeSilee *

Y
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Fig. 1. Comparison of root volume among some of the studied treatments:
a) In recovery stage among stress treated samples (down) and control (up) in ICC4958
b) Among the genotypes (MCC696, MCC361, MCC758 and ICC4958, respectively) in recovery stage of stress treated samples
¢) Between MCC696 (left) and ICC4958 in non-stress condition (control)
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Fig. 2. Total root length variation in different studied genotypes in pre-stress, stress
and recovery stages
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Fig. 3. Root dry weight variation in different studied genotypes in pre-stress, stress
and recovery stages
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Fig. 4. Shoot dry weight variation in different studied genotypes in pre-stress, stress
and recovery stages
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Fig. 5. Total leaf area variation in different studied genotypes in pre-stress, stress
and recovery stages
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Fig. 6. Root dry weight/total dry weight (R/T) variation in different studied genotypes in pre-stress, stress
and recovery stages
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Abstract

Drought is the main constraint limiting chickpea productivity which makes a considerable difference
between the potential and actual yield. In order to evaluate the effect of drought stress on different morpho-
physiological characteristics of chickpea, four distinct genotypes were studied in three sampling times (pre-
stress, stress and recovery) with three replications. As the results implicated, it is supposed that the tolerance
or the sensitivity to drought is determined by the devotion of photosynthetic assimilates to different organs of
plant during stress period and the misappropriation of plant assimilate to shoot parts is a reason of
sensitiveness e.g. in MCC759. It assumed that increasing the ratio of root dry weight to total dry weight
(R/T) under stress condition leads to drought tolerance in ICC4958 and MCC696 due to reduction of water
loss through aerial parts.
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Table 1. Effect of salicylic acid priming on yield and yield components of cowpea (Vigna unguiculata) under water
deficit at reproductive stage

MS ol e 2 Sike
a0 B Job OB Job 5 B slasy PRREIERIR B o wls slaws B o il slass
sl dolasls e sbasls ol asls b sbasls ol asls o slaasls
df Length of pod Length of pod number of pods number of pods number of seed  number of seeds
S.0.vV e gilie in stem in branches in stem in branches in pod of stem  in pod of branches
Replication (S'sb) IS5 2 4.19%* 0.508™ 2.56* 6.73™ 113" 0.47
Irrigation (A) (ALt 2 6.77%* 7.12% 6.72%* 100.14%* 136.7%* 52.5%
Error(a) Y ool ol 4 0.22 0.43 0.21 1.46 1.17 0.309
Salicylic acid priming (B)ow! Sledle 4 8.99%* 11.51%* 5. 15%* 13.44%* 9.6%* 6.67%*
Error(b) Y otolojlolal 8 0.35 0.80 0.24 0.711 0.90 0.48
AxB AXB Jlize il 8 032"™ 0.24"™ 0.27* 7.54%%* 1.08™ 0302 ™
Error (c) Y oilosloloal 16 0.16 0.41 0.11 0.77 0.52 0.195
C.V (%) (02,0) &l ysi g po 2.20 3.95 9.22 14.4 6.08 5.6
a0 ol Voo g pals Ve 5 oobos als o Slas csls y el
5ol ol asls ke b slaasls e
df Number of seeds Number of seeds Biomass Seed yield harvest index
S.0.V oS aolie in pod of stem in pod of branches
Replication (S'sh) S5 2 14.86* 12.78 ™ 2581404.9™  108098.03** 18.44™
Irrigation (A) (ALt 2 125.76** 96.12%* 51743781.2%*  8617609.7** 107.8*
Error(a) V siolosl olal 4 1.608 3.85 985550.14 3569.86 11.58
Salicylic acid priming (B)aw! Gl Jl 4 10.79** 19.62** 48901364.5%*  5695219.43** 27.76%*
Error(b) Yoombololasl 8 0.21 1.59 352825.6 16194.8 2.17
AxB AXB Jlize I 8 0.38** 0.22™ 1968280.2** 205668.2%* 245™
Error (¢) Yootboylolaal 16 0.09 1.18 204558.8 19013.4 1.85
C.V (%) (30 y3) Sl yurdS g > 1.29 4.61 5.35 5.81 4.98

ns :Non-significant, *and **: Significant at a= 0.05 & a= 0.01, respectively.
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Fig. 1. Interaction between irrigation and salicylic acid on biomass
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Abstract

Effects of seed priming by salicylic acid on yield and yield components of cowpea (Vigna unguiculata)
cultivar “Parastou” were investigated under water deficit conditions. Experiment was carried out as a split
block design with three replications in 2008-2009 at research station of Zanjan University. Factors included
drought stress as main factor with three levels (normal irrigation, application of water deficit at flowering
and podding stages) and priming with salicylic acid as a sub factor with five levels (0, 900, 1800, 2700, 3600
uM). Irrigation and salicylic acid had significant effects on yield and yield components. Interaction between
irrigation and salicylic acid was significant only for number of pods in stem, number of pods in branches,
100 seed weight, biomass and yield. Mean comparison showed that yield and yield components decreased in
water deficit compared to irrigated treatment. Seed priming with salicylic acid increased pods length, number
of pods, number of seeds, 100 seed weight, biomass, yield and harvest index in both irrigated and water
deficit conditions. Seed priming with 2700 puM salicylic acid increased yield and yield components
compared to other treatments in irrigated and water deficit conditions where 4424, 3437 and 2475 kg.ha™
yield achieved in regular irrigation, water stress at flowering stage and at podding stage, respectively.

Key words: Cowpea, salicylic acid, seed priming, water deficit, yield

* Corresponding Author: E-mail: ArashPakmehr@gmail.com

4



Iranian Journal of Pulses Research
Vol. 2, No. 1, 2011, p. 65-80

995 w399 SWewigh ) K 55891 o) 190 Oluogad g 8 JShos Sy
Swud> i & (Cicer arietinum L.)

Y . . Y - *) e
AL Ll g Loy (pus & (aS (e
Seien (w38, oINS (pgle oUSLLSNS cwlindiCan § 09,5 oode il guae -
Ao (g0 y8 LIS ( BLS pole cuaSid gy WY gy Mgy 09,5 alyl Wb, -Y
Medan (g0 yd oSS (LS pole cuSid gy diwgn A 9 (559l cuSiils ol u;Lo.d: guas Y

VARV Y il o
VRV iy gl

oS

(Jad ol (Sias mas glhle Gble 4 6,85k 0 olS adgl oal) loe 4 Sis gl 18 L sw o)

35 ool Gl 3588 o ol S A 80 Sl 5 Sl e o] b 3] LS ol e
Ry S 0958 595095 Sl Sl sededyon Slao g o Slae STy o)y Soam b alSlaz ioles]
O Ll il 9 0 (S polie slacas s olyends (yd9) gy Vo 3 Shee g (23 S B 59, i plowl ( Sas
25 VPAAY ey JLo o S5 4 b oo s b ol o o) (i s 5 () (S5
Slao pgd Golej] j0 08 S 13 wyp 5,50 S cwgd B olKiils (65,5laS goaSiisly Slads gas) e
G5 o8, olyendy (a2 4y oo (sl 9500 )05 Gt mh (S JooS st 50 e Suislsnsedsd e
@ gialesl s 5 )15 addllas 5590 (2l); Cdyb) walis g (o)) cod )b wo o YO) (Sas s Lyl yd 99 50 o
o oS ol s b b plawl 4, BB o S5 dw b ol JlS slacSsh b (B o i &
arals ol 52l o ol I usb) Lulid s dame Jelse 3l 5 00y (S Bes (23 J5 b 5,
2ol 5 iy plos opmse SV 555 geains LS (s AP 5 ¥F) (S5 25§ 2b o Khas 2alS g
o pal; 3Ll we ils 3 ,Shos g (2SS L j9) oo Jlogine g (ke (Shared (i Larzme j0 09 (Sl T &
MCC537 3 MCC552 MCCT8 MCC392 MCC80 (slaasisi aunl o3 IS 09 slonsisif s St 5 5
ol 50 38 (S 4 Jeos jaslls a5 Ll Sl aiog Jloye5 p A5 90 g GRS Lame 90 52 50 (oYL 5 SLee |
S @ oo glcudsis Glae 4 by ol I wg JYL cw)p 0550 lacadsis (:Sle I s
ol e slacais o Jad 6L€r-‘| S35l L8 0 el Sl g w095 Cople 4 azgi b gl o Sleiiey
IS IS sl U 0308, ol Yol iy ol 5 Sy 45 Jaod (sl oy o it el
oo Slio Clil Com Sl 5)locme Slaglis wald g 9 i )35 lacis) Gl crlple el aisls

g odalive bl Sis 4y Jood 3940 50

2950 slid (g lul el o wj0g o Sis i guadS glaojlg

ol 2 Slig> S g 3 4 i
IWAe Ul Ao FO-Ae amiuo ) oylacs ¥ al

Gailio o .Coul dz gl 0,90 o Lyl il 0 0e5u agl Sgups
ohle Jmad bl yo (i &y 4 el 3g5u Ll >
S ,0 00l 0,050 Caghy bl 5 d((20,9,8 b auawl)
L oloyed oL mo s oy c3blis cpl )0 098 c0 S
CendS L loanlid jgba S cogh,y oS sl glad> 10
ST T 5 ke % b 3wl 8IS ol
)\) ’YB_MA ul_QL.f 9 005_3 wLuola )l—MMJ u.\..il) J..aS J5.‘o )\)
o beS g Sas o b (aaly g sty 08 slee o

0

doddo

2 Sasb) ool L (559538 uls J>1ye LI
955 saz wilgn o GalS 6lp An S ey S
eSS Joad bl sle S g (St g9-3g 5l L3 1) 09>
Sl e sl Olsie 4 o(Sas 518 5 (o y055) Sl

09,5 pole oSy ¢ owgd B olEails (sol;T ylone cgeine 1 gamnd SN g3
ganjeali@um.ac.ir : S mSUl Gl o+ AVOY - OYFFD 0l pors ¢ cwnliiiCon



1A Jlo ) oylods ¥ aler /ot Wlgad (S g 1 @3 [... Sluoguas g 5 yShas (ST £y S0n g ArxiS

Slio plyie a9l oo Tyl Slao can (i
Bz 090 (Sid 5 Laulh 50 0 Sles (souind S
Parameshwarappa & Salimath, 2008; )o_,5
Sl Slio cpl a5 coul molg (Cattivell et al., 2008
sl ye 5 Al o Ysano o8~ S5 25 i 31, ol
Jlie job an ales coles —adl oo last oy 5l omse
&l Ao (ol o mbl) ST y05; 5l Sere saz 0
S ol il Gl e gblie o o Shee ls il
o L ekl uae 5 0950 (52 ipaS wiile (Y gane
(Cattivell et al., 2008) wisis o axlge ol Sz

Ol pmess Slom] Gapb Sl oS 0l ( (Sis s
JUS S U RV E VPRI gy CPH NI A N JW
iyt aile daaie (Siels sl 9 pleedon slaanl
slabis bl wwie g e polie paddglio (iss
I3 8l e ot 5 (ol il ol gl 5 Jokos
Slao ol s Sy (Jaleel et al., 2009) a_as
St s ey 5o oL Syl 5 Seiglsd e
(olwlis (ol 0 0kiws a5 0,5l pal 8 1) By Wilg oo
oiid syl daors (o aS el LS slaan g adg g Lol
e 13555 2 65V 0y 5l (Sas

ol ohml je ead plasl wladon 4y Jlexl oSS
oz D9 9590 50 LeBus g e Dlddsd 45 A o
39 5093 Jobo AalS g (o y09) L) (Sis 4
Oelpls il oais ploul g5 05940 Cawgole juo Dlgu
Slr o5l ladgzu padhe s byl Saa b pol> saslllas
Lo Bbloe sl 5995 Glogiss sl g ()09
oo SOl sadedsee Slio slerin 5 Jad ol (S
alyd ol al po as lacoisy (Sis 4 Jood 5 (ouy09) 50

b9y 9 olse

L ooy JuS 5 slae 3o Gialojl 90 (Guios 5o
) 9530 w095 sl (SiS 4 Jeod b))l Saa
2 S Sisle i 5 Sisledyse Dlao ) 5 5 (LI
d Cnglite (glym 93500 (o )09) slacadsis o, les d9te
el ol sal> o 4y o Sis
Jal sl

Slocaisiy ol yamay oy095 ceisiy Yo e ialojl cnl 5o

! Adaptive

F5

(Ganjeali & Nezami, 2008) wg—i o 4550 plys & 90
Eori 3l JuB olS 0l (50,80 JuoSS glime 4y Sz 5l I8
Gadds) 3yl Hlsie 4 el a8 wsl s Jad sl Sos
A 2>g3 Oy50 ¢ SUS i shls gble 4 5,550 0 ol
Loss & Siddique, 1994; Turner et al., ) 5,.5 - |,8
LLs,l ol o La s, .(2003; Anbessa et al., 2006
2 s 4050 o (25 Clhae e 45 wlosges 0l
Sl Sl Cio SO g a4 oS 5 )55l
ails ol bl pre SO 4 oS s 55l
,o (Subbarao et al., 1995; Bonato & Vello, 1999)
S O gy DL Sl g 20 S (Sas bl
5 woe g (Turner et al., 2003) YBL 55,3 0950 o ,Slas
51,18 el 5l as” (Thomson & Siddique, 1997) sg50
| 009 )J§A GML’GA )‘0)551.3 u;i.».}
39 9958 dgdomeli aly plB | aS cewl ools lis o )
5 5 adg) el 0d; 4 (e Ilpl (05 ool 8 O j50
.(Khanna-Chopra & Sinha, 1987) wws o aslsl (O
Leisas a5 098 o0 (@95 9ol w08 o Ll ()
3 Pl 3ol 3l ash cend abe o Slae ili8l 6l
ils dalgs o, Sles jo oo ).,.;L, (S uwgid lge 368
9y by 03,5 dgame (sl p pladl 465 sa plowl (nl e
Sy 0 2305l e selated ((Lhly 0l 9,8 5l
Van Rheenen ) o4, oo jloisas cuslio pladl G ol b 4
oooliw Shamsuzzaman et al, 2002 .(et al., 1994
4 Ca—ws (Hypersola) 0556 w095 cslige a5 0s,S
v sasls jlad; sl aes we iS5l e e pally
(S Cnl S0 55 n 6 S Al S (5l 9 S
czge |y olS (o y055 5 2ol ) ol (gad) sgammal 4z
d_>).lo )‘ “e)°9) aS cewl oals QL..MJ l_b‘;w)); ‘59-‘-“‘5"
5055 (slo, S s gl old (g i, dgame gl uw-’)f
Sl pin Bl o0 (el Slio (Fp g S 235
Jsb §lym (orwy S5 £455 (Anbessa et al., 2006)
oooe 9iile GlalS I gl ;o ass L)l 5 0,5 Lo
(Reid & Ross, 1993) 8545 ¢ (Ladizinsky, 1997)
odalie «di)ls 0g5 dn ook Cul B LwliiolS a5l as
9 uj)_» C.E_w uﬂ.a:l_f eOLQS ‘50)‘\.\.5‘ OO &?55 S 00
(5093 58 daxie Dlalllas jo aS wiiis Slao (w3
Ui slyls gblae an plals o5 50w o Loy coeal
Karamanos & Papatheohari, ) ol oo oSG A S
Sads g Gloy) Bas (gsadlaie o S ) i 4 ates (1999



1A Jlo ) o los ¥ aler /ot lgad (S 9 1 @3 [... Sluoguas g 5 yShas (WSTg £y Son g e

) dolzo
DSI= 1-(Ys/Yp))/SL SI= 1-(Ys/YP)
S 8ee YP o2 Il il o Goligis sals o See :Ys
3yShoe aSloe VP (55 9 Julyd 5o iy sl
5 o ans SE s Ggan Ll b 5 Lacadssy sails
G il 5 o sadlS sl o Slae ool Vs

(S5 pgd i los

5 S2igldyse Dlio oy Sue Ly bl ]
bl )9 0ad (Bpme 095 9958 lacad sl Siels
&l 03eb 295 i mhy alejl Gl yo ol el (LS
MCC361) oz 5,0 o3, o jad 4y Sid 4 Ceoglie
59 50 Lacggy s 5 )18 adllas 990 vald (lgice,
G 099 9 (o) Sud sl o )3V 0) (Sas s Ll pl
S dw Cod L aS olaglals (o (ol)5 oo b)) Sas
A eSS 99 9 4 Egeme ;0 Al 5 ) S L i e
SELT) oo J a8 ol jo ollS Woged o) g oo
Sloal pimed g ol g g, Oylmas 0 o] o a8 (0,
L) azae) s Saeds (V Jguz) 09 ool (gjlwand el >
T8 Gt e Gl A Noged w (B al>
o by ol JolS (sloSol 2, B o 93516 oles]
W8S 13 s 3590 LSS

Jsb 15 SLs Csb e o Sei i e o
S ol IS (o)) Syl 00,0V ey (iales]
Swloe g Lag s saslys) e Bosb 5l Cugb, (i
Csgby oo, Vo/F) (ely; o, b 5ls 0,90 Ol (5 yuS
Lol (o Cmgby 0o p0 B11) (T 0o oV 55 5 (02
w75 5l B g Laddile JSas gad> e ol jo o
¥ sadsles Lolul p SMSD sled sl asls daglols
(Shanahan et al., 1990) o.&s -y
(F) dolzo

MSI=[1-(C1/C2)].100

2 el GamS 0 3 sl Sy ol ey
Joe) Sy O Sl (g u50 sl olKitws 5l ool b oLS
gy Sl o s (5 0] 95 el AM 1000
hedoa (lls (alse plal s 4ty (S59lsd 50 Cloosas

> Membrane Stability Index (MSI)

Y

Lyl 5 50 o (Ganjeali et al., 2009) S_iz 4y Joxio
Tk «IB o (Sl i g 5 () (SaS
S8 )S 158 ey 8590 ST e boad 3,3 sla S
Gas,yim 0 VAR Jlw acaul o o) (gilwoslel @ldos
el b aguine swgo,8 oKisls (55,5laS (goaSlisls Slidss
Slelos gz 5l gy 2855 plonil o il YO Gos 4y o5l
Je i Sliwd w50yl (2SS Gd flw SS9 b
g 9=d plonl LS 0 @ SslS Vor g Ve e Oline 0 ol Sy
30,8 L VYA ol atid (3lgl o i8S lilas g

ez Jsb @ e, gy b oS S5l ptalesl axls o
A jede 9 0D eSS e Ule B0 ) e sabold g ke
ST+ 515 L ks, (53, Reas el 1+ (salold
GBS )0 (Sowd D50 Ay ey S WAl ST mpeyte )
Ceals Sldes iy Jad Job )3 ab ploxl (g e sUle &y
&35 (039, + Jmelgh L) Ob )l cns Jlas jo s lel Juli
&5 Hskaite 4008 12l 2o a5 palacile S 5 bl
PO S b 03l (S0 5k 3l sl 03194 DI
S dw ()0 Swd O ygody i slacale ol oolaiul e
Cmgh S gd Gl plebl jslaie 480D iz
o 5l a3 ples (gl CedlS I Gy alolidly 4z e (512!
O 5 ot Ll a2 ploil (S5 55 o & g e sl
st sl S sl ol Al e sy Jad (UL U
3 aley sled 5 (SN pliee Hloges (850 plonl (i
el 0o ools ol Y S 0 YWAP-AY el )5 L

2 23S L ) deaadsis (o095 (2b)) sk 4
om ey Jad bl joad ool piabejl glaaxly ooles
72 sl e e 9 )LS aws,) 99) Laail> S
3o 9 9008 bl S gonilendl sladie (s,
A e 55 a3 4l 3 Sk s

o3liiwl b o S & Jood )l 5l lacasis (2l sl
o Ls 5l s g 9 S Ll pd 50 e o Sles
Sl a3 Ls o () dolas) (ST S 4 oo
s amgi b Cales ,o 9 o eolinul (V alsles) (DS Sas
Coglie sl 950b )09) Slocuis silrane sl o)
Wl bl gos asllas gl (Sis 4

(V) aloles
STI= (YS.YP)/(YP)

3 Stress Tolerance Index (STI)
* Drought Susceptibility Index (DSI)



1A Jlo ) oylods ¥ aler /ot Wlgad (S g 1 @3 [... Sluoguas g 5 yShas (ST £y S0n g ArxiS

L 59y o Ol )0 dinged slpidey it olel (Sis
8 (St s pe g ) Jaumo 5l o5 (RS
(V' J592) 090 Gl charme 90 & lacadgis (2STy 5 8,55
Pundir & 4Silim et al., 1993 ¢laasl s
025y 4 Cammnd caigi) yidu 23U b abal, o 1, reddy, 1998
ok o WS (o0 RSN B3 @b e Susb)
g Sl Ol a0 5l (ol (25U 59, w0958 lacadsi
gt (205 B 59, dacadsi; 5l (gogame slasi ;o Lo
Kumar & (2001) ol,lebl gillas 0gd o J S 055 g2
2z galsgas g sl (L5 Cho S (2o 56 5, Abbo
S Jore 05 Oleds S o5 S bl gl oo J S 05
0959 slacdsi) Ol o Sdo (nl sl 99290 VL £95

SO PRE N[

ails o yShos

5 w9 Jolie Sl g cde) casoe il bl
(Y Jgoz) acils adils o, Sles 5 (55l sixs ).,.;L, Jae
Jea=) ol el S 1) Laceissy wsled o,Slas ( Sz s
St 355 ol A5 39,5 o (5 5kgih Slse iy Sl
e JLal Bl 5 loatls ] 5e (50,9 Jsbo 5 e
Gaegazme 0,10 Jlisa |, badils a4y ool odgs (g 5iwssd slgo
20,5 a yomie dils o ,Sles ioli8l 4 ol jo 5 Jelee ol
sl Y Oloj (omyd9) Sl G )b 5l (Sbs 15 puSe
Loails &y (g5mgid wladgs (gange JUiul 5 oS yiien 00,
Al o LS asle o, Slee Jodls 1 g 00ged dgazea |
.Kumar & Abbo, 2001)

Ogom bl -t )3 Gy VY gl )0 qmls bl
S 3l @ayoyin 10 0 S YEV/E L MCCO8 (55 o s
alo o Slae o yidon S Jao j0 Lol 0gs 0,95 5 0 Slas
welaB! am e e y0 0,5 VA L MCC392 g5 an
sobie iy (lalajl 9550 laceisy plee po cuils
MCCO8 sy 5l oy (A5 gy Ll oy ails o Shoe
L) MCCT774 5 (a0 50 4o 0,5 Y+ /0 L) MCCRB78
o=l i Lol 50 Lol sl oy (o pe e 40 0,5 YA4/4
20 o, Sles saiin pl beadess

A

Lol 2lye gloplail 5 aty) (i 5 oaye 5 )5 lapluls
s3ban oS jo sladis ) (sacgemme o 00,5 (Silulas
solare d g oud sols gt ( Sasdcam] JBlos b g JalS
5 it itk JUaiu b alolidh Sacdl 3l 5,55k
Loaiy ) Job goome Juld a iy, au by Slao sl
O lmariy, ,bd laugie J(RA) basy, ghaw J(TRL)
Ao Lad iy, Sis )59 Camd 5A(RDW) lass, S
Al 5 S o3Il (RoOt/Shoot) glse slaplasl Sas 3
skj)_> C.'a_..u c4_|5) &Lﬂ.s)‘ k)ALw Slao Q"‘ ..\JQ; 6)50)‘..\."
aly, hw g Job aivg olee alal iz 59 5 sl slass
SIUT 6l gl & fate Sl olKitws S5 5l ool b
S oolial U Sy ghaws il oot | (5 Wo 5,18 asy,
S =S50l (ADC &S ,8) S o mhaws (6,503l oKt
s, Lel sla,l8le 15 Jawgi Laosls uils)lg (g o0 0y )5
5l Sle auslie gl g <85 plxil Excel 3 Mstat-C

A oolatwl Sl (glasalosis ygejl

Jol e
235U 39,

5 sy Jaliie Sl 5 (G5 (g 5 1) aeome 5l
o9 Lol Log Jlo cime ( 2O S U 59, Slawd Cao p laxe
ol 0 Y Jgoz) ctle (205 B 39, 2 (s loisime 3l
20,5 edalive loeuisl (m (k25 I (59 £95 Ll
39 59, VIV 5l 20 |5 L 59, olasy (gaals (Y Jguz)
Lyl s o MCCT774 g5 40 359, #Y L MCCS52 555
Sl sl SlaSgls (F Jguz) 0g Sgliie (25 oo
Wl o9 b o) sl Gl (295 B g, Ll 5
G 35 e 45 Cuils 092 g (dihate g, 18,) MCC361
035 B Slaiales] o (235055 sl ozl cume
L 55 Slm s 2B (s g95 il ol jo e
Sliie s (sels gy 3555 (slowsisi) olos > B0
Singh & Saxena, 1993; Anbessa ef ) cewl oo 5,155
ly =235 L 59, 09— oS ¢y Lidxe ol (al., 2006
o sl as dblis gl wiesgn chao S laica

8 Total Root Length (TRL)

" Root Area (RA)

¥ Root Dry Weight (RDW)

° Root Dry Weight/Shoot Dry Weight (Root/Shoot)
' AT Scan



1A Jlo ) o los ¥ aler /ot lgad (S 9 1 @3 [... Sluoguas g 5 yShas (WSTg £y Son g e

_
= N
£ 2

= @
= =
2 £

= =
] &

h-1 )
2 =%

= g
1> i 7
£ ¥ =

~

2T - -15
- 20
o ’ A 25
Sep23  Oct23 Nov22 Dec22 Jan 21 Feb 20 Mar21  Apr2l May 22 Jun 22 Jul 23 Aug23
2007 2007 2007 2007 2008 2008 2008 2008 2008 2008 2008 2008

Mo JOVVAZ-AY cly5 Jlu j0 ailjgy yiSTas g JBlus slod g (Fui )b o Hloged - JSC&
Fig. 1. Daily precipitation and daily maximum & minimum temperature during growth season of
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Table 1. Temperature and light-dark period in germinator for chickpea genotypes

@yl a0 (o) S0 3 ol m
“ 5 s U l> &
(015 silas 42 y0) ) S N4 5).‘5 )9 oy 50380
o Light & Dark period (h) .
Temperature (C) (axan)
] 39, ] 39) Growth period (week)
Night Day Night Day
8 21 11.5 12.5 1-5
12 27 11 13 6-10

0955 (GWiigi§ calils o3l )3 ouds (650 il o ilzy yo (ruRilno (5510 Shx0 hanw 9 O3] Wil yo ki @bio - Jourr

OYAF=AY )5 Jw) seinn 30 (g1a y30 (o3l 30 (Sl i (y9e 9 pid byl 90 50
Table 2. Source of variances, degree of freedom and levels of significance of mean squares for measured traits of
chickpea genotypes in stress and non-stress condition at Mashhad (2008)

©la po (Sl 5)l0 e gebaw
Levels of significance of mean squares

PG g, olosy

(230 Fia 30 0 5) dils o Slos @l ey et 2l
Seed yield (g.m?) ﬂ]())jv};sritl(:g Degree of freedom Source of variance

ns ns 2 Replication) ,I 55
* ns 1 (Stress factor) (1 5 mo) jis 551
ns ns 2 (Error a) U
ok o 26 (Genotype) cusg) a5k
ok ns 26 (GenotypexStress) iuxcwiss
ns ns 104 (Error b) Uas

0=0.01 50=0.05 zhaos ;o ;0 o e 5 0 Sme s o i 4 *F ¥ s
ns :Non-significant; *and **: Significant at a= 0.05 & a= 0.01, respectively.
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Table 3. Days to flowering, seed yield, Drought Susceptibility Index (DSI) and Stress Tolerance Index
(STI) of chickpea genotypes in stress and non-stress conditions at Mashhad (2008)

S5 & ol 5 gl sla 5L G oSk o sy
Drought Resistance & Susceptibility Indices (@ f* s ) ) BASL MU')'I Chickpea s,
Seed Yield (g.m™) Days to Flowering Genotype Row
I s Swes  Nemwes  Sws e 7)™
0.189 0.302 55.4 184.3 58.0 59.7 60 1
0.261 1.829 65.3 185.2 52.0 51.7 65 2
0.434 2.824 55.1 342.6 50.3 50.7 68 3
0.365 2.384 65.3 2332 51.0 50.3 69 4
0.492 1.953 86.5 246.9 50.3 51.3 78 5
0.545 2.787 63.9 320.3 53.0 53.0 80 6
0.161 1.854 47.1 159.2 56.3 58.0 252 7
0.123 1.752 45.7 116.4 51.0 51.3 342 8
0.258 2.606 472 216.3 51.7 533 344 9
0.152 2.304 44.1 142.9 60.3 61.7 361 10
0.306 2.752 44.6 206.4 533 533 378 11
0.524 1.970 91.9 233.0 50.0 51.7 392 12
0.094 1.794 41.2 105.0 59.7 61.3 427 13
0.326 1.087 78.9 159.2 55.3 60.3 537 14
0.252 2.232 59.0 170.9 58.7 60.7 543 15
0.161 1.486 58.9 119.1 57.0 58.0 546 16
0.254 2.520 S1.5 185.7 49.3 52.0 550 17
0.320 2.678 533 247.9 51.0 51.7 551 18
0.351 2.057 68.9 236.9 47.7 50.0 552 19
0.233 -0.160 85.3 110.9 56.3 58.0 674 20
0.158 2.430 41.3 166.4 50.0 51.0 685 21
0.144 2.590 349 1943 59.0 60.7 693 22
0.251 1.710 65.5 172.8 51.0 56.7 696 23
0.244 1.990 63.9 155.4 51.7 55.7 760 24
0.277 2.990 38.4 290.9 61.7 62.0 774 25
0.300 2.250 57.8 198.9 60.0 57.0 823 26
0.429 2.740 57.6 309.5 54.0 57.0 878 27
0.282 2.063 58.1 200.4 54.1 55.5 (Mean) (,Ske
0.276 2.071 118.4 32 LSD g5,

Y.
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Table 4. Correlation among days to flowering, seed yield, Drought Susceptibility Index (DSI) and Stress Tolerance
Index (STI) of chickpea genotypes in stress and non-stress conditions at Mashhad (2008)

ks 0 ,Sdos ( ) v ) o
S nas) o [E 6 S 5) s o o
DSI (G5 cy90) o 09N (P ‘JS 39y oW ‘ Mas (Gii5) 5205 6 39,
Days to flowering (non Seed yield .
Seed yield stress) (stress) Days to flowering (stress)
(non stress)
(-)* Seed yield (stress) (_yuid) 4il> & Ko
s s Days to flowering (non (i oy99) 255U 39,
stress)
ns ns ns Seed yield (non stress) (i cyguv) 4ils o ,Slos
HE ns (-)* ns DSI
ns ek (_) & sk (_) & STI

ns :Non-significant, *and **: Significant at a=0.05 & a=0.01, respectively.
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Fig. 2. Classification of 27 earliness chickpea genotypes according to mean yield evaluated in non-stressed

and drought environments
Numbers inside the figure refers to MCC codes of genotypes.
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Table 5. Source of variances, degree of freedom and levels of significance of mean squares for measured traits of selected
chickpea genotypes in stress and non-stress conditions
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ns :Non-significant, *and **: Significant at a= 0.05 & a= 0.01, respectively.
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Table 6. Comparasion of mean traits of selected chickpea genotypes in the second experiment

s

03 S i Job ggeme Sl )9 sl oo L” gL Sy g el
S [ : %) 0 bady, 30 ddy ol S gl 59 ‘5’.|? el gy e 535 g}
d o . : 3 ) L T
D L Sy e0Se e ot e Wy (el G Chickpea
silgp plasl (@) ol root Root dry stability water Shoot dry Leaf area Plant Genotype
Root/shoot 1;:::)?;3? length per wellght per index potential weight per per plant h(eclqu)‘t
dry weight o) plant (m) plant (g) (bar) plant (g) (cm?)
1.11 56.2 11.1 1.56 0.64 15.8 1.55 48.7 25.1 MCC78
0.88 62.8 12.4 1.75 0.56 17.1 2.06 101.7 32.8 MCC392
0.72 38.7 7.6 1.05 0.74 16.6 1.70 93.9 253 MCC552
1.01 435 8.6 1.19 0.86 14.8 1.21 75.9 21.5 MCC537
1.36 37.4 7.4 1.01 0.72 14.2 1.01 69.3 20.5 MCC80
091 30.5 6.0 0.81 0.62 17.2 1.29 47.2 22.8 MCC361
0.32 24.2 5.9 0.57 0.32 39 0.62 27.5 9.6 LSD(g05)
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Table 7. Comparasion of some measured traits of selected chickpea genotypes in stress and non-stress conditions

. . cj).»uTUL\MLu ﬁ‘ﬁ“-ﬁ&-"’ojs 4554‘5).3(_:.&«:
sl gl el ’ . o i) aigy gl |
Membrane oL ) &g ‘5’"9'“ (@ Fosil) s . # €% s e e
stability index Leaf water Shoot dry weight Leaf area per Plant height (cm) 0% G )
potential (bar) per plant (g) plant (sz) Chickpea Genotype
o S g o SR g o SR g o SR (g o O g
Stress Non-Stress Stress Non-Stress Stress Non-Stress Stress Non-Stress Stress Non-Stress
0.58 0.71 18.5 13.2 0.40 2.70 28.3 69.2 12.3 37.9 MCC78
0.52 0.59 17.5 16.8 0.87 3.24 52.3 151.0 22.0 43.7 MCC392
0.67 0.81 19.7 13.4 0.41 2.99 31.7 150.2 12.0 38.6 MCCS552
0.83 0.88 17.1 12.5 0.84 1.59 51.6 100.2 18.5 24 .4 MCC537
0.62 0.80 16.5 11.2 0.32 1.69 25.4 113.0 9.8 31.2 MCC80
0.54 0.80 18.3 16.2 0.46 2.13 29.6 64.7 12.5 33.1 MCC361
0.44 45 0.87 40.3 12.4 LSD g0,

\A



1A Jlo ) o los ¥ aler /ot lgad (S 9 1 @3 [... Sluoguas g 5 yShas (WSTg £y Son g e

Lyl 30 50 (Sl 4 Cungliin (g1 095 (3395 i (S g5 Lol 50 ouid (6 S 03Il Silho (puRilso dunns o —A Jgurr

SIS inlesT 5 SSdS A g 5 S
Table 8. Comparasion of some measured traits of selected chickpea genotypes in stress and non-stress conditions

b0 iy K (39 o &g laaiy ) pdaw 2o ady, Job £gooxe Agr yo ddy ) S ()39
sils el X Roéf;e:é;:l)ant Total l(':;t) l:nZth per Root dr;f;j;ght per 297 55
Root/shoot dry weight (em®) plant (m) plant (g) Chickpea Genotype
o O 9 o O 9 o O 9 o O g
Stress Non-Stress Stress Non-Stress Stress Non-Stress Stress Non-Stress
1.26 0.96 20.2 92.3 4.0 18.3 0.51 2.61 MCC78
0.96 0.81 329 92.6 6.5 18.4 0.88 2.62 MCC392
0.85 0.59 14.7 62.8 2.9 12.4 0.35 1.75 MCC552
1.14 0.89 35.0 514 6.9 10.2 0.94 1.42 MCC537
1.87 0.85 22.9 51.1 4.5 10.1 0.59 1.41 MCC80
1.05 0.77 18.8 41.8 3.7 8.3 0.47 1.14 MCC361
0.46 34.1 8.0 0.77 LSD g5
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Abstract

Earliness and drought escape are as a primary strategy for plant adaptation in regions that plants are
subjected to terminal drought stress. Plants react to drought through morphological changes and alteration in
physiological behavior. Accordingly, two separate experiments to assess the response of yield and
morphophysiological characteristics of earliness chickpea genotypes to drought stress were carried out. In
the field experiment, days to flowering and yield of 30 earliness chickpea genotypes with drought tolerant
genotypes were evaluated in drought stress (Rain fed) and non stress (Irrigated) conditions as a split plot
design with three replications, during 2007-8. In the second experiment, five candidate’s chickpea genotypes
with commercially Jam cultivars in stress conditions (25 percent field capacity) and control (field capacity)
were studied in a factorial experiment based on randomized complete block design with three replications.
Results showed that days to flowering is mainly controlled genetically and the effect of environmental
factors, especially soil moisture condition was negligible. Wide range of yield reduction due to drought stress
(23 to 86 percent) approved a high variation among the genotypes in response to drought stress. In stress
environment, significant and negative correlation between days to flowering and seed yield, confirmed
drought escape strategy in early flowering genotypes. MCC80, MCC392, MCC78, MCC552 and MCC537
genotypes produced high yield in stress and non stress environments. Also, the stress tolerance index in these
genotypes was higher than that of average genotypes studied, therefore mentioned genotypes are suggested
as drought tolerant genotypes. It seems that in the screened genotypes in this experiment due to their nature
of earliness and drought escape strategy, the tolerance mechanisms to drought stress have not been created or
not fully evolved. Therfore there weren’t significant differences among screened earliness genotypes and
control in respect to most traits for drought tolerance.

Key words: Chickpea, Drought stress, Earliness, Membrane stability index
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Table 1. Combined analysis of variance for recorded traits in 4 Vicia panonica genotypes

- 39 Slaws 39 Slaws (o) S Slos
. P WIVTVRR VN . AiloYee o) X
¥ gl G T P Sy U g gl 09 s s Slas S3glem
S.0.V el Stand Plantheight 2050 Seed yield L
.O. df percentage Day to Day to g weight y Biological
flowering maturity yield
ol 1 0.5% 166.0%* 140.0%* 1582%* 0.4 ns 2021055%%  9318244*
Location
' sles 0.6 5.1 1.5 17 03 16331 92427
Error(1)
w9 3 3. 7%% 45.0%% 11.1%% 43* 1.2%% 439805%%  355773%*
Genotype
Ol #oadsl] 3 3.9 25ns 17.0%% 60%* 0.4% 430405%%  793775%*
Genotype* Location
g 18 0.7 7.7 15 13 02 16655 96381
Error(2)
C.V.% 23 15 13 14 95 23 24

0=0.01 50=0.05 mhaw 15 ;3 o gixe g 5l repud o 3 4 F* g F s
ns :Non-significant, *and **: Significant at a= 0.05 & a= 0.01, respectively.
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Table 2. Mean comparison of recorded traits in 4 Vicia panonica genotypes

i olects Gbmaer  AASE o Samgyelay  SREE T Sushea e A, Ms
No. of Stand " Day to fl . Day to maturi Plant height Biological yield Seed yield
o. of genotypes and percentage ay to flowering y urity (cm) (kg/ha) (kg/ha)

1- VP o)l o590 2.9ab 192a 222a 26b 1324ab 594a
2- VP2670 2b 192a 223a 31la 1112b 308b
3-VP2677 2.5b 188b 220b 29ab 1039b 164c

4-VP Maraghe 3.6a 193a 223a 27b 1504a 658a

W a8 b (6l siee B A= 0.05 grhans 5 w15 5 e By Ky B cygis o 4 45 loieSils ¥

*Means within each column with a letter in common are not significantly different at a= 0.05.
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Table 3. Mean comparison of recorded traits in Genotype X Location interaction

E Fe3t 01losd 4 s B sd o ) B ) ) wie el st > ails & Slos
o TP O 2 PG gy olan (Suwy U 59, Slass 2& . ’ ”]5“ )ﬂo& Seed vield
Location ' No. of Stand Day to flowering Day to maturity Plant height Biological yield y
| genotypes percentage Y Y (cm) (kg/ha) (kg/ha)
1 2.5b 189bc 218b 21c 776de 202c
" 2 3ab 189bc 220b 21c 670e 187¢c
9
? 3 2bc 186¢ 220b 20c 831de 167¢c
4 4a 191b 220b 2lc 542e 163c
1 3ab 195a 225a 30b 1872b 986a
2 lc 195a 225a 40a 1554bc 430b
2,95
3 3ab 190bc 220b 38a 1246cd 160c
4 3ab 195a 225a 31b 2465a 1154a

55 K085 L g s sire DS 0= 0.05 e 10 (s S i By S Blas gt o 0 a5 e Sl *
*Means within each column with a letter in common are not significantly different at o= 0.05.
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Table 4. Correlation of seed yield with recorded traits

[ TORWR PN 39, olaay Sy U 39, ooy Gy el AldYes 439 SO 59lgw 0 ySdos aild & Slos
Stand percentage Day to flowering Day to maturity Plant height 100 seed weight  Biological yield Seed yield
oy B0y 1
Stand percentage
PG 59 slass 0.22% 1
Day to flowering
Sy 6 gy oot 0.09 ns 0.61%* 1
Day to maturity
“ €5 0.15ns 0.54%* 0.54% 1
Plant height
wlo e 0g 0.49%* -0.13 ns -0.23ns -0.26* 1
100 seed weight
Sa3glget o ylos 0.03 ns 0.54%* 0.81%* 0.56%* 027 1
Biological yield
4l 0 yidos 0.06 ns 0.61%* 0.77%* 0.39%* -0.25% 0.83%x 1
Seed yield

0=0.01 50=0.05 glaws )5 ;3 o ginn g I giroyud o 3 4 5 ¥ s
ns :Non-significant, *and **: Significant at a=0.05 & a= 0.01, respectively.
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Abstract

This experiment contained four vetch lines (Vicia panonica ) that conducted in two locations (Faruj and
Bojnourd) in 2005-2006 in RCBD design with four replications under dryland conditions. Analysis of
variance indicated that there were significant differences among lines in different locations about all traits,
except 100-seed weight. The interaction of genotypexlocation was significant on all traits, except days to
flowering. The line no. 4 with 1154 kg/ha seed yield and 2465 kg/ha biological yield was the best line in
Bojnord. According to the results, line no. 4 as a cold stress tolerant could be cultivated as fall season in cold
drylands.

Key words: Development stages, Dryland, Seed yield, Vetch
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Table 1. Phenotypic correlation coefficients between traits in mung bean (non-stress condition)
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Table 2. Phenotypic correlation coefficients between traits in mung bean (stress cindition)
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Table 3. Stepwise regression analysis of yield (dependent) and other traits (independent) in mung bean
(non-stress condition)

Jow a3 00 0,1y wilie O 55 5 o &

5 o] glas

prob
ariable entere egression coefficient td. Error of the Estimate uste uare
Variabl d Regressi ffici Std. E f the Esti Adj d R Sq
Wgt yd DML olusi 0224 0.008 0.643 29272 0.000
Number of pod per plant
Clolo g oL 78274 6.051 0.733 12936  0.000
Harvest index
e Jsb 4.169 0872 0752 4782 0000
Pod length
ok gl 0.009 0027 0760 3615 0.000
Plant height
wloter ¢339 2812 1.048 0763 2682 0008
100 seed weight
lowo 31 oy -53.036 5423 -978  0.000

Intercept elevation
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Table 4. Stepwise regression analysis of yield (dependent) and other traits (independent) in mung bean
(stress condition)
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Prob
Variable entered Regression coefficient  Std. Error of the Estimate  Adjusted R Square
Wy o S sl 0.26 0.008 0.658 34.527  0.000
Number of pod per plant
cedlon asls 58.935 6.856 0.716 8.596  0.000
Harvest index
S Jsbo 2.823 0.701 0.729 4029 0.000
Pod length
obS gl 0227 0.05 0.735 4544 0.000
Plant height
Wl y3 0,53l -0.845 0.184 0.744 458 0.000
Number of nods per stem
it i 3.351 0.884 0.75 3789 0.000
100 seed weight
Sy w033 A0 B 5, 0.009 0.046 0.751 2,011 0.045
Day to 90% maturity
fowe 31 ¢
w0 e -48.733 7.780 - -6.193  0.000

Intercept elevation
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Table 5. Path analysis for yield on correlation between traits in mung bean
(non-stress condition)

& 3 390 Wlho Aigr 0 BME oluxi o g s Ll BME Job ol el a1dYer 39 o=
Analyzed traits Number of pod per Harvestindex Pod length  Plant height 100 seed weight Total
Wy > D olasi 0.678 0.092 0.011 0.019 -0.001 0.801
Number of pod per plant
eblo g sl 0211 0.796 0.021 -0.017 0.012 0.536
Harvest index
U sk 0.068 0.066 0.112 0.001 0.027 0.266
Pod length
oL el 0.166 -0.023 0.002 0.08 0.007 0233
Plant height
&lsYes o359 -0.003 0.058 0.047 0.008 0.064 0.177
100 seed weight
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Table 6- Path analysis for yield on correlation between traits in mung bean (stress condition)

S Lo Wl a0y e G )
s o, S T Jst e Wl o oSslasi aildles i o
a3 090 il NS oLs S &
. Number of pod : Number of nods 100 seed
Analyzed traits per plant Harvest Pod Plant per stem weight Day to 90% Total
index length height maturity
Agy 40 OWE Slows
Number of pod 0.788 0/045 -0/001 0/007 -0/02 -0/017 0/004 0/81
per plant
cedloy asls 0.168 0.213 0.014 -0.36 0.041 0.023 0.019 0.409
Harvest index
S Jsbo 0.001 0.034 -0.09 -0.005 0.011 0.03 0.09 0.153
Pod length
obs el 0.053 -0.064 -0.004 0.117 0.062 20015 0.024 0.052
Plant height
adlw jo 0 Foloi
Number of nods 0.127 -0.075 -0.009 0.06 -0.12 -0.02 0.02 0.014
per stem
wlter i 0.147 0.055 0.03 -0.02 0.026 0.09 0.016 0.02
100 seed weight
EW LR R UETS)
) 0.071 -0.076 0.015 0.055 -0.049 -0.027 0.015 0.014
Day to 90%
maturity

Veluswamy,1997; Joseph et al., 1999; Sabaghpoor
(et al., 1995
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Jol Jsle (¥ Jgaz) (i o Jasme 40 000 5 amgi |
Sy plaizlog = a ) ol, s |5 5las,0 YO/FY
0,5 olasi 5 ol S glisyl a4y bgrpe ol (ole o 0555
o=l Gl ele oo g YU 4 a5 Ly ogy adle o
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5 O 5 S e L 99 )0 Sl 4525 Sl ead a5
S 3 Oge S ) s )l Jmol @l e
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Yagoob ef al.1997; Svaithramma ) ¢l osss 55 i)l
et al., 1999; Singh & Singh, 1995; Santha &
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Table 7. Eigen value, variance and cumulative percentage of eigen value in mung bean (non-stress condition)

Jole o9 polie (0bylg Ol 30) 0329 y20le oo oy polie (oremi o yd
Factor Eigen value % of Eigen value (% of Variance) % of Cumulative Eigen value
1 2.796 25.417 25.417
2 2.074 18.856 44.274
3 1.386 12.589 56.871
4 1.337 12.153 69.024
w35 ISt p9d Jole (A Jgaz) (25 g (A5 g Laze 90 50 50

Slyass IS 51 auo,0 YEIYY Jele pdol o i ams (o
Slio oasyloy o Jale (l Sl @ azg b oS g
Jsle plye o |y ol oy S5leid o Su5alss
)tz 5 po— Jolse maoel S39l528 - S 39053 50
asisges IS8T 1) Slio Ol eais JS 51 amys YAV V/AY
5 OOLE Jobo 5 M2 o ails slow Slio el pgm Jole
Ol 18T 0gei duzrgi 1) ailol e (59 o Lol o) ler Jule
Pl aslol « = 539 9y 0y Jslye plgte oo | Jalge
w95 (5,15

o=lole plaizl ogs s |y Oluss JS 51 as,0 YA 1 i
el g golaidl o Slos ig o B slawy Slas ¢ Jole
Slp shle coro (on Vb @ 4 LS9l 4z |) cllo
gl NS ol o Shee ol Jsle 1) Jole cnl colio ()l
VYD ple Jale 5 VYIAP oy Jale < 55 g Lm0
Jole asisly plaizl o> 1) Slaw Slpss IS 5l as )y
dole 5 @il e (55 ao ogdle 4 |) Su3eled Clio pge
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Table 8. Factor analysis for traits in mung bean (non-stress condition)

(hole calp 0 o) Jole
Factor (component matrix)

(o) yui . ) 3 4 J|j&&|¢|}¢a
Variable Communalities
alter 9 0.164 -0.065 0.547" 0436 0.52
100 seed weight
U 3 4l slad -0.247 0.155 0.173 0.785" 0.67
Number of seeds per pod
Wy po S sl 0226 0.873" 0212 0.033 0.826
Number of pod per plant
S gk -0.005 0.088 0.204 0.891° 0.844
Pod length
obs gl 0.919" 0.086 0.076 0.007 0.859
Plant height
Sl 53 0,5 Slad 0.818" 0.042 -0.196 0.012 0.71
Number of nods per stem
B 18+ 6 59, 0.009 -0.0189 -0.768" 0.001 0.634
Day to 50% flowering
Sy 22378+ U 59, 0.401 0.009 -0.463" 0.005 0.387
Day to 90% maturity
3Ladl s Klos 0.182 0.902" 0.094 0.184 0.889
Economic yield
Sedlon aSls -0.237 0.661" 0389 0.078 0.651

Harvest index

af
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Table 9. Eigen value, variance and cumulative percentage of eigen value in mung bean (stress condition)

Jole o319 polio (bl Ol5me) 0519 yolio sy 0519 polio (roxd b o
Factor Eigen value % of Eigen value (% of variance) % of Cumulative eigen value
1 2825 26.31 26.31
2 2.082 18.93 4524
3 1.41 12.82 56.03
4 1.09 9.97 68.04
(o bazmo) ol po il Wlio gl ole 4 4 o Ve Jgur
Table 10. Factor analysis for traits in mung bean (stress condition)
(Sole ] pb i yilo) Jole
Factor (component matrix)
(Cdo) ik 1 3 4 STyl ol
Variable Communalities
ot b -0.176 -0.048 -0.037 0917 0.875
100 seed weight
S, il olasd 0.003 0.007 0.906" 0222 0.87
Number of seeds per pod
Gy 2 B olas 0.107 0.911" 0.000 0.175 0.872
Number of pod per plant
S gk -0.050 0.058 0.744" 0.501 0.811
Pod length
oLS el 0.783" 0.012 0.068 0.021 0.618
Plant height
Sl p30)5 olaad 0.766" 0.049 -0.076 -0.060 0.598
Number of nods per stem
S T0: U 59, 0.785" -0.035 0.009 20029 0.618
Day to 50% flowering
Iy 2053 12+ U 59, 0.740° 0.027 20011 -0.238 0.605
Day to 90% maturity
3basl 2 Shos 0.009 0.942" 0.109 0.06 0.903
Economic yield
cedloy asls 0.489 0.512" 0.041 031 0.599

Harvest index

0
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Abstract
In order to study the correlation between morphophenological and quantitative traits with yield and to

determine the most important traits for yield, 600 ecotypes of mung bean were evaluated in normal and
limited irrigation conditions through Augmented design. Computation of correlation coefficients showed that
in two conditions, number of pods per plant, harvest index and biological yield had the most positive and
significant correlation coefficient with economical yield. The stepwise regression analysis showed that in
non-stress condition number of pods per plant, harvest index, pod length, plant height, 100- weight seed and
in stress condition, number of pods per plant, harvest index, pod length, 100 seed weight, number of nods per
stem, days to 90% maturity, were more important traits. Path analysis showed that in stress and in non- stress
conditions number of pods per plant and harvest index had the most effect on yield. Also factor analysis
showed that in stress and in non- stress conditions, four factors illustrated the most of variation that factor 2
was more important than other factors. This factor contains number of pods per plant, harvest index and
economical yield traits.

Key words: correlation analysis, factor analysis, mung bean, path analysis, stepwise regression analysis
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Table 1. Analysis of variance for yield of faba bean genotypes

(Mean Squares) &l o (il

Sl gl @il ez 20002001 2001-2002 2002-2003
5.0V af
Replication |55 3 29938 32%* 40406.7%* 1184617+
Treatment Lo 8 520811.06** 185265.1%* 131073.99%*
Error las 2 46275.39 40213.7 17552.04

0= 0.01 glaw o lo ge **
**: Significant at o= 0.01

Jlo du j0 ML glacadi s o ,Sdos o8 po il )lg 42525 T Jgur
Table 2. Combined analysis of variance for yield of faba bean genotypes in three years

Ol o (uilo
Mean Squares
Ol i @il &3 az o Gy M Slaw O o alsolam PV 0d9 ails 5 S los
100 seed .
S.0.vV df Pod per plant Seed per pod weight Seed yield
Year Jlo 2 1305.20%* 7.63%* 2800.77** 135366194.8**
Errorl \ jilejl olocsl 9 41.04 0.09 57.36 27407.09
Genotype 5455 8 20.78%* 2.05%* 1644.18%* 324478.21%*
GenotypexYear Jlox cuigs 16 17.22%* 0.21 ns 167.32%* 247335.9%*
Error2 ¥ ol olocis! 72 7.8 0.166 37.26 34680.4

0= 0.01 mlaw ,o jlo oo g 0 dme pué i i 4 ** g1s
ns & **: Non-significant & significant at a=0.01, respectively

Lo w50 ML gldcas 93] il Wlio (ko dun o -Y Jgor
Table 3. Mean comparison of different traits of faba bean genotypes in three years

o louds i i} Wgryd M Slaxi  GME o il olaws 100“5“‘(‘1‘ o}sh :'é :;5-'-::
seed weight eed yie
No Genotype Pod per plant Seed per pod (@ (kg/ha)
1 Giza Blanca 20.1 ab 375b 1473 ¢ 3885.5¢cd
2 ILB 1814 19.0b 3450 1672 a 3688.2¢
3 ILB 1266 18.4b 3.75b 1652 a 3679.1¢
4 ILB 1270 20.5 ab 3.81b 151.5¢ 3795.5 de
5 Aquadolce 20.5 ab 3.57b 163.7a 42246 a
6 Giant 18.8b 3400 162.4 ab 3893.3 be
7 New mommoth 19.7 ab 3.62b 1574 3794.4 de
8 Giza 717 223 a 3.59b 130.6 d 4150.1 a
9 Barkat (test) 179b 479 a 162.6 ab 3708.4 ¢

W oSy b (gl gire BB il Syie B> S JBlas g o 0 a5 le il
Means within each column with a letter in common are not significantly different.
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Table 4. Parameters of stability for seed yield of Faba bean genotypes

als 5 )Slas oslyls Ol ok g u&u wli')‘s bl iyl
osles 93 (Lo s 52Siken) oo Cofficient ) 0 Standard sk
No Genotype Seed yield Environment Variability Mean of Mean of devmflon O.f S s
. CV% ranking ranking ranking Ri >
(Kg/ha) variance R Ri (Var) (S.D.R) o’
1 Giza Blanca 3885.45 3196364 46.01 5 7 2.6 37278
2 ILB 1814 3688.16 4930450 60.21 6.67 6.3 2.5 99523
3 ILB 1266 3679.06 3312220 49.47 6.67 6.3 2.5 47079.4
4 ILB 1270 3795.48 3769228 51.15 6 9 3 27733.5
5 Aquadolce 4224.63 3560412 44.66 1.33 3 1.7 2474.2
6 Giant 3893.33 4063067 51.77 4.33 43 2.1 27606.4
7 New mommoth 3754.38 4094186 53.89 6 1 1 28544.8
8 Giza 717 4150.12 2762047 40.05 2 1 1 104534.9
9 Barkat (test) 3708.38 4514253 57.29 7 3 1.7 42438.3
GizaBlanca T '
Giante 4 | |
ILB1814 - F— e
ILB1266 9 | i
Barkat -] !
ILB1270 ] !
Hewmommoth 4 |
BAquadclee 00— —
GizaTl7 - !

Al 8 ,8os (il (51 9,19 il lg Sl gy bl 2 L gl o pl 59,050 -1 JSb
Fig. 1. Faba bean genotypes dendrogram based on the minimum variance method for average grain yield

GizaBlanca 1 :
ILB12663 == === ==
ILB12704 A

Hewmommaot b —— B
Barkat A F— == o

Giant —— |_ _____
IILBigla 0 ——— 1
Amquadelce Y ———— T ——
Giza717 — e

Soll b el gl 951y il ylg JBlas gy wlwl 22 SBL Glacad g pl 59 )i -F JSb
Fig. 2. Faba bean genotypes dendrogram based on the minimum variance method for stability parameters
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Investigation of genotype and environment interaction and cluster
analysis for seed yield in different lines of faba bean (Vicia faba L.)
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Abstract

Eight faba bean genotypes and one local (Barkat) as control were evaluated for three successive years
(2000-2003) in a randomized complete block design (RCBD) with four replications at Gorgan Agricultural
Research Station. This study was carried out to determine the morphological traits, yield components and
yield stability to select the best genotypes. Simple and combined analysis of variance showed a significant
difference (P<0.01) for grain yield among genotypes and genotype X year interaction. In order to determine
the stable lines, stability analysis was done using parametric and non-parametric methods. Result of
environmental variance revealed that the genotype number 8 had the highest stability. Based on coefficient
of variation (CV) genotypes number 5 and 8 had the highest stability, respectively. Based on non-parametric
methods, average, variance and standard deviation of rank, genotypes number 5 and 8 had also the highest
stability. Results of variance and stability and also cluster analysis revealed that genotypes number 5 and §
had the highest stability and grain yield in different years. These genotypes performed better than local
control (Barkat). Results suggest that these genotypes are suitable for Gorgan region.

Key words: Cluster analysis, Combine analysis, Faba bean (Vicia faba L.), Genotype environment interaction
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Table 1. Characteristics of selected red bean lines in 2002

oy (59) oy es90 Mb‘“,‘b” " Q}S-LT: LY Gey)adyoesgs  (py5) wildNer 39 " A;\LT:
I:’i-ile Growth (%) (s "?;’L“‘S) Line or Growth 100 seed weight Lise 5 '7;91';)
duration (day) 100 seed Seed yield Cultivar duration (day) ((3) Seed yield
weight (g) (kg.ha™) (kg ha™)
A7 105 26.14 2211.7 G17 105 26.27 2235.7
A4 105 24.10 2762.5 B1 105 28.17 2119.5
A17 112 28.96 2145.2 B3 112 30.67 3140.0
Al3 105 24.73 3288.3 B2 105 25.59 3812.2
A23 112 22.87 24422 B9 105 25.16 3259.5
Al5 112 28.63 2486.9 B8 105 29.15 3407.2
Al4 105 26.24 2876.5 B14 105 24.13 2915.4
A29 105 27.17 2923.7 B18 105 28.83 2916.0
A28 112 27.39 2931.6 B19 105 23.74 34159
L9 112 26.11 3780.7 B17 105 29.61 37222
L16 105 26.13 2971.4 D3 105 29.12 2871.3
L12 105 24.13 2553.1 D32 98 27.94 2420.3
L11 105 27.63 2314.4 D10 112 27.96 3094.3
L5 105 28.96 3205.3 D28 105 27.13 2456.3
L1 105 27.30 2807.2 D16 105 30.30 2942.7
L21 105 32.68 2941.6 D17 105 25.24 2644.6
L20 105 27.14 3920.4 D12 105 25.28 3043.6
L2 105 29.91 31213 D23 105 26.88 34394
L22 105 30.74 3142.9 Naz 105 25.66 2475.2
G11 105 24.75 3569.6 Sayyad 98 26.42 1626.1
G5 105 28.09 2497.0 Lordegan 105 28.89 23333
G13 105 23.56 23243
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Table 2. Seed yield of selected red bean lines and percentage comparison with Sayyad (Control) in 2003

ailo o ,Slos ailo o Slos
oyl oY (LS )3 0,55ks)  Olee 4 Cumnd oo oyl oY LS o p,Sokss)  Oloo & Comd sy
Line or cultivar Seed yield Percentage to Sayyad Line or cultivar Seed yield Percentage to Sayyad
(kg.ha™) (kg.ha™)
A7 1303.4 37.9 G13 33324 96.2
A4 2067.9 59.7 G17 3945.4 113.9
A17 3115.8 89.9 B1 2970.3 85.5
Al3 2905.9 83.9 B3 1786.1 51.6
A23 2198.9 63.5 B2 1676.8 48.4
Al5 3943.9 113.9 B9 2281.3 65.8
Al4 1427.4 41.2 B8 2839.1 82.0
A29 2702.6 78.0 B14 3052.3 88.1
A28 3200.4 92.4 B18 3317.2 95.8
L9 3550.6 102.5 B19 2149.6 62.1
L16 35335 102.0 B17 1860.2 53.7
L12 3398.5 98.1 D3 3114.7 89.9
L11 1085.4 31.3 D32 3452.6 99.7
L5 2466.1 71.2 D10 3372.7 97.4
L1 4258.4 123.0 D28 3480.7 100.5
L21 2708.6 78.2 D16 990.2 28.6
L20 2931.5 84.6 D17 2880.9 83.2
L2 2936.5 84.8 D12 21554 62.2
L22 2119.3 61.2 D23 2963.2 85.6
Gl11 3189.9 92.1 Sayyad 3463.4 100.0
G5 2814.4 81.3 Naz 2306.3 66.6
LSD (0.01) = 2146.04 LSD (0.05) =1592.35

WAY Jlo jo 30 0ol b o] wuoyo g 30,8 Lugl bl glacu¥ ails o ,Shos —F Jguo

Table 3. Seed yield of selected red bean lines and percentage comparison with Naz (Control) in 2004

ailo o ySlos 4ils o ySlos
w55k Y (S o o Faks) 3L 4 S dayd w55k Y (LS 55 p,5eks) U & Comd doyo
Line or cultivar Seed yield Percentage to Naz  Line or cultivar Seed yield Percentage to Naz
(kg.ha™) (kg.ha™)
A7 3304.2 103.3 G13 1434.6 44.9
A4 3231.0 101.0 G17 3359.7 105.1
A17 2458.1 76.9 B1 3023.2 94.5
A13 2167.7 67.8 B3 2059.3 64.4
A23 2655.3 83.0 B2 2306.2 72.1
Al5 2331.3 72.9 B9 2645.5 82.7
Al4 2349.6 73.5 B8 2110.1 66.0
A29 3510.8 109.8 B14 2044.7 63.9
A28 2675.4 83.7 B18 1970.8 61.6
L9 2322.4 72.6 B19 3096.9 96.9
L16 25225 78.9 B17 2506.2 78.4
L12 2536.1 79.3 D3 3370.5 105.4
L11 3134.5 98.0 D32 3697.7 115.6
L5 3381.3 105.7 D10 2969.7 92.9
L1 2935.2 91.8 D28 2620.8 82.0
L21 1394.8 43.6 D16 3249.6 101.6
L20 2294.9 71.8 D17 3533.9 110.5
L2 3358.4 105.0 D12 4310.8 134.8
L22 37743 118.0 D23 3975.4 1243
G11 4196.1 131.2 Sayyad 2459.9 76.9
G5 1697.9 53.1 Naz 3197.5 100.0
LSD (0.01) = 1554.9 LSD (0.05) =1153.8
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Table 4. Seed yield mean comparison of selected red bean lines in Lordegan region at 2003-2004

4ils o Slos &ils o Slos ailo o ySlos
oy b Y (LS 53 p,59lss) wb Y (LS 53 p,59kss) oy b Y (LS 0 0 )5 5lss)
Line or cultivar Seed yield Line or cultivar Seed yield Line or cultivar Seed yield
(kg.ha™) (kg.ha™) (kg ha™)
G11 3693.0 a B1 2996.8 abcdef Al13 2536.8 abcdef
G17 3652.5 a L12 2967.3 abcdef B8 2474.6 abcdef
L1 3596.8 ab Sayyad 2961.7 abedef B9 2463.4 abcdef
D32 3575.1 abc L22 2946.8 abcdef A23 2427.1 abcdef
D23 3469.3 abcd A28 2937.9 abcdef G13 2383.5 abcdef
D3 3242.6 abcde L9 2936.5 abcdef A7 2303.8 bedef
D12 3233.1 abcdef L5 2923.7 abcdef G5 2256.2 cdef
D17 3207.4 abcdef A17 2786.9 abcdef B17 2183.2 def
D10 3171.2 abedef Naz 2751.9 abcedef D16 21199 ef
Al5 3147.6 abcdef A4 2649.5 abcdef L11 2109.9 ef
L2 3137.5 abedef B18 2644.0 abcdef L21 2051.7 ef
A29 3106.7 abcdef B19 2623.2 abcdef B2 1991.5 ef
D28 3050.7 abedef L20 2613.2 abcdef B3 1922.7 ef
L16 3028.0 abcdef B14 2548.5 abcedef Al4 1888.5 f

W5l K0S b gl gime B 0= 0.05 e jo s ls St B> S Blas (gin o 0 a5 ola 1 Sl
Means within each column with a letter in common are not significantly different at o= 0.05.
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Table 5. Mean comparison of seed yield and yield components of cultivars and red bean lines in Boldaji region at 2005

&ls o Slos (gl32! 4ls 8 ySlos
PPN Seed yield components (LS 53 0,5 9lS)

Line or cultivar gy yo BE olawy M o Wil oluss (p55) 4ildYee 439 Seed yield
No. of pod per plant No. of seed per pod 100 seed weight (g) (kg.ha™)

Al5 13.60 ab 3.80 abc 27.60 a 1238.1 abc

D10 14.30 ab 4.27 ab 2597 a 1238.1 abc
D12 13.40 ab 4.10 ab 26.53 a 1381.0 a

D17 10.80 ab 3.67 abc 27.30 a 857.1 de
D23 743 b 3.53 be 26.57 a 690.5 e

D3 14.13 ab 3.70 abc 2623 a 1261.9 ab

D32 10.67 ab 333 ¢ 26.40 a 881.0 cde

G11 1647 a 4.20 ab 27.03 a 1047.6 abcde

G17 13.50 ab 4.07 abc 26.10 a 1190.5 abed
L1 16.07 a 4.17 ab 26.60 a 785.7 e
Sayyad 10.50 ab 430 a 26.77 a 809.5 e

Local variety of Boldaji 14.67 ab 4.00 abc 26.50 a 976.2 bcde

W5l K0S b gl gime B 0= 0.01 mhass jo wls St B> S Blas (gin 2 0 a5 ola 1 Sl
Means within each column with a letter in common are not significantly different at o= 0.01.
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Table 5. Mean comparison of seed yield and yield components of cultivars and lines of red bean in Lordegan region at 2005

Seed yield components 4l & Slos gl32! ails o Slos
3,L Y “ §
Li o o Wgr y0 BNE olass SME o Al oluss (p55) ailoVer 539 GBS 52 55kS)

ine or cultivar . Seed yield
No. of pod per plant No. of seed per pod 100 seed weight (g) (kg.ha)

Al5 28.53 ab 42 ab 27.60 abed 3907.0 ab

D10 26.40 abc 46 a 25.83 de 43519 a

D12 26.20 abc 4.07 ab 26.60 cde 43704 a
D17 20.33 be 3.83 ab 28.70 abc 2129.6 cdef

D23 17.13 ¢ 343 b 27.23 bed 1388.9 f

D3 36.20 a 393 ab 27.96 abed 43704 a

D32 21.00 be 343 b 29.63 a 3222.2 abc
Gl11 30.07 ab 483 a 28.67 abc 2907.4 bede

G17 29.07 ab 4.17 ab 25.00 e 3963.0 ab

L1 31.73 a 44 ab 26.70 cde 1777.8 ef
Sayyad 20.00 bc 47 a 26.57 cde 2055.6 def
Local variety of Lordegan 28.73 ab 4.0 ab 29.07 ab 3111.1 bed

5 K085 b gl sire D 0= 0.01 o jo s S i B S Blas (gt o 0 a5 e Sl
Means within each column with a letter in common are not significantly different at a= 0.01.
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Table 7. Mean comparison of seed yield and yield components of cultivars and lines of red bean in Boldaji and
Lordegan regions at 2005

4ils o Shos (1521 4ils o Slos
aibio Seed yield components (LS 55 p,55ls)
Region gy jo AL dlawy GME 5o il olasy (p5) ailoYer (439 Seed yield
No. of pod per plant No. of seed per pod 100 seed weight (g) (kg.ha™)
Boldaji =lads 12.96 b 393 a 26.63 a 1029.8 b
Lordegan 55 26.28 a 414 a 2746 a 3129.6 a

Bl K0S b gl gire IS 0= 0.01 mhaws po )by S piiie By S JBlos gt 2 50 a5 olo Kl
Means within each column with a letter in common are not significantly different at o= 0.01.
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Table 8. Mean comparison of seed yield and its components of red bean lines and cultivars in
Boldaji and Lordegan regions at 2005

Seed yield components 4l & Slos (gl32! ails o Slos

5,0 - . =
L o Gy yo IS ol GME 45 4ils slass (6,5) @loVer 338 (B2 52 p,55LS)

ine or cultivar . Seed yield

No. of pod per plant No. of seed per pod 100 seed weight (g) (kg.ha™)

Al5 21.07 ab 4.02 abcde 27.60 ab 2572.8 a

D10 20.35 ab 4.43 ab 25.90 cd 2795.0 a

D12 19.80 ab 4.08 abcd 26.57 bed 2875.7 a

D17 15.57 be 3.75 cde 28.00 a 14934 ¢

D23 12.28 ¢ 3.48 de 26.90 abc 1039.7 ¢

D3 25.17 a 3.82 bede 27.10 abc 2816.1 a

D32 15.83 be 338 e 28.02 a 2051.6 b

G11 2327 a 452 a 27.85 ab 19775 b

G17 21.28 ab 4.12 abcd 2555 d 2576.7 a

L1 2390 a 4.28 abc 26.65 bed 1281.7 ¢

Sayyad 15.25 be 4.50 a 26.67 bed 14325 ¢

W)l K085 b (gl gire IS 0= 0.01 mhans po )by S pidie By S JBlos gt 2 50 a5 olo Kl
Means within each column with a letter in common are not significantly different at o= 0.01.
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Coimbra et al, 1999; van Schoonhoven & )
.(Voysest, 1993
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3 Coimbra et al. (1999) vy asg ;0 B slass 4
eSeis sl s 098 oo odlive Ygone el 00 3,155
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Table 9. Simple coefficient regression between seed yield and its components in red bean lines and cultivars

31 MW Slaxi PHENIRS} 39 olasy 39y olasy
PHE PR g 4o MWL yo 4ilo 3 o XA Sy U
100 seed No. of pod per No. of seed Seed yield No. of days to No. of days to
weight plant per pod flowering maturity
gy 50 L sluwi 0.087 ns
No. of pod per plant
SHE 5 il olad -0.063 ns 0.417
No. of seed per pod
4o 2 Klos 0.066 ns 0.767 0.231 ns
Seed yield
o5 G 39, olas
No. of days to -0.155ns -0.718 ** -0.235 * -0.690 **
flowering
Ty U 39, olasd -0.249 * -0.755 ** -0.204 ns -0.730 ** 0.891 **
No. of days to maturity
W gl 0.167 ns 0.200 ns 0.095 ns 0.288 * -0.159 ns -0.183 ns
Plant height

ns :Non-significant, *and **: Significant at a=0.05 & a=0.01, respectively.

59 50 Silome b ol bl 4 a5 aies £95 )l (25
55 50 95 Gl Gm JFI 5 o0l (0,88 )0 gliie (g4l
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C8F i s LY g5 ol et b 0SS S
as’ wols Lzs Asfaw et al. (2009) .(Blair et al., 2009)
2)J3 05g Lngl slmensi )3 63b5 £33 ¢85 sl 3T 5o
= de la Cruz et al. (2005)s Gémez et al. (2004)
e an cnlpla o ,S 15 Legd po Sy ol een
bl )0 adlllas 3 )50 slacnY 5 Bl e (S5 Dol
Slass ails 8 Shee) Sglite adgid o OS2l 5 O
Sl (A=) 50,90 g 4V o ()39 dSgr o 0 BN

ARIA
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Sl 5 e Ll 5 5 il SuS Gl o
(S Sy 9 Ay e ejd o3l os , T el iS5 e
(van Schoonhoven & Voysest, 1993) o._il
slalog) nwdbp 5 aS wss S Lo Blair et al. (2009)
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Abstract

In order to select the suitable lines of red bean for Chahharmahal & Bakhtiari province, this experiment
was conducted in Lordegan & Boldaji regions at 2001-2005. At the first year, single plants of local red bean
(from Lordegan, Ardal, Boldaji, Dastgerd Emamzadeh and Gandoman regions) were selected at research
farm for phenotypic characters, yield and yield components. At the second year, selected plants were sowed
at lines with Naz, Sayyad and Lordegan local variety as controls and analyzed by histogram method. At the
third and fourth years, selected lines were sowed in rectangular lattice design and analyzed. At fifth year,
selected lines were sowed at randomized complete block design (RCBD) with three replications in two
regions (Lordegan and Boldaji). Results of third year showed that L1, G17 and A1S5 lines were better than
control Naz (p<0.05). Results of fourth year showed that D12, G11, D23, L22 and D32 lines were better than
control Sayyad (p<0.05). The results of fifth year showed that yield of D12, D3 & D10 lines were better
(4370.4, 4370.4, 4351.6 kg.ha' at Lordegan region and 1381, 1261.9, 1238.1 kg.ha" at Boldaji region,
respectively) than other lines and control (Sayyad). These lines were selected from Dastgerd Emamzadeh
local red bean and had adaptation to province climate conditions. Thus these lines can be introduced to
complementary experiments.

Keywords: New lines, Phaseolus vulgaris L., Seed yield, Seed yield components, Selection
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