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Table 1. Results of soil physical and chemical properties of experimental location
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Table 2. Results of climatic properties of experimental location in 2008-2009
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Table 3. Analysis of variance and mean square of planting date, plant density and varieties on chickpea yield and its

components in climatic condition of Ilam (in 2008-2009)
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Fig. 1. Triple interaction effect of planting date, density and variety on pods per plant of chickpea
in llam climate condition (in 2008-2009)
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Table 4. Comparison of effects of planting date, plant density and varieties on chickpea characteristics
in climatic condition of Ilam (in 2008-2009)

&1 (pig g Clild g el SYeew o Sdlos 4l o ySlos aildYee (439 ML ol s
(225 (22,) GESe 9 05k (S 50 p,55LS) ) G50 o
Gralrzoz)roteln Harv?;:)mdex yl?é?éo(gklg/ahl) Gr?&glﬁl)eld \}v%?g%:ilgr; Pods/Plant Treatment
Planting Date cbls fuad
21.89% 44.4a 3536a 1587a 28.1a 15.2a Autumn 3%
22.88a 38.9b 2269b 891b 22.6b 8.7b Winter PHEIWY
Plant density snL.S m{‘:’"
(plants/m?) Foyddg
&
22.81a 41.4b 2842a 1201b 24.9b 12.5b 40
22.67a 42.0a 2963a 1268b 27.7a 15.4a 20
Variety o)
22.6b 39.0c 2491b 993bc 24.3b 10.8a Arman ooyl
24.3a 42.0b 2841b 1208b 24.6b 11.2a Hashem ol
21.3c 44.0a 3376a 1501a 27.1a 13.9a Azad sl
W, K0S b gl s B 0= 0.05 mhas jo il S ie By S JBlas (gt o 0 a5 ole Sl
Means within each column with a letter in common are not significantly different at o= 0.05.
W@g35 dy90 5 alejl b o .(Pezeshkpour, 2006 als o ,Slos

alo 0,8les (g0, oY ol 4 pmmie 0950 ClS o J.o-sb
Ay by90 Sus Liwbeyl o (Auld et al., 2009) o
olawi jalS 55 g Sid bole pesd ialS 4 i SolisS
e oS o Slae pals ] Jlss 4 g olS j0 0,5 9 M
(Mahmoudi, 2006) o

F Sty Jele 5 o olis by wps @l
S5 eOm ol 0 Y Jgaz) clls ails o ,Slas (5,0 gine
LIS e > w5 T @15 4 S qye e po a5 Ve
ol 58 95Skes I3l (¥ J5az) gy 6yt B o Shes
oS5 al3al b oS wilools L Lo, 5 s 0o ,30/F 1550
Ot Al )5 aS (g 5y 295 o0 ALulS dils o Slas 5l iy,
Sbes (n i e ;0 A ¥roog Yo Ve slagSl s
Bagheri ) og a0 yie ;0 a0 Yo o515 & bogy e 3955 &ils
Solazl Lo & cauyeyio jo aig Yo ST (et al., 2000
s s Ske cudly wd, e Jolse I olS i
O el obml ok slapSTy e Ll asles g (6 i
@ o alls 3 Shae ol o (o) 5 sty lapla]
(Imam & Niknejad, 2004) s5i oo S slopSys

\Y

sobar dils o Slee a5 ol las b ly aies ol

s (¥ Jsoz) 8,5 18 cuils Jas 5b cou o,y 2
Ogr ypd CilS p Sog) CblS (6,5 bauss lis ol
2o VY cilives) CuilS fad dy G 05l collS fad
5O F0g3 Ay g il a5 o) oo Sl a ol lad ol
ssbas Lylos 5l iy soliiy) e wd, ad glo
Cos S oS 5 Shee gliml GKs bl g oad  lassee
w55 )5 by Jad Byl o Sl g sk, G b
5 obiey o byl jo 0956 &ils o Slee (uSibee ol
5 VoEY CPAY (g A oyl s o et gl slacess
(Mousavi et al., 2009) o5 LS o 5,55LS VY
4O ).:.>Ls Sy als o Slae gals 10 lidze Ko Glaass
Raymar & Bernard, 1988; ) ol lis |, cusls &b
als o ,Slee Koo adss o (Pepper & Walker, 1988
oy o se5u &l adgi g 8,5 L5 culs mb Wb cos
Sgr ailians) iS5 o1l 90 Lo, ojmly cuiS o mlhau
oS cle ol Kimgn S (Mousavi et al., 2009)
SialS g oS £l ws o3l slacaaS o 1) wls o Sles
039 9 sy 8599 Jsb (el g caims e (slao S slas
Mousavi & ) wlbs,S S5 aslres  Sas



1WAl oF 0ylois ¥ alr /st tt DU gud SRR 9 3 & i /... cuslS o )b T )0 5 (6 o

™ -
-
Ty
3
3 e |
o=
s ™
Wy N
5
= AN-] -
S
=
= v
=2
(<]
= AR T
=
@©
= va o |
()]
= W
\E-]
A Q'_a)i H ik AZ ;'."J ;)'..,)T H ik AZ ;'.".T ;;La)i H ik AZ ;‘.j ;:'.a)i H ek AZ ;'.ji
Ar Ar Ar
Ly Do WSty T e WSS Ly Do WSl T e WSS
plants/mv plants/my plants/mv plants/my
Autumn Planting Date . . 25 = |Winter Planting Date <. czls =

H=Hashem

Az=Azad

A=Arman

OYAY=AA 21,5 JLo 53) 3] (slgngl Ll ph 53 3555 BloVer (339 3 B 9 g2 o515 EeblS )b GSTod 0 =¥ JSCb
Fig. 2. Triple interaction effect of planting date, density and variety on 100 grain weight of chickpea
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Abstract

In order to study the effects of planting date and plant density on yield and its components in three
chickpea (Cicer arietinum L.) cultivars in rainfed conditions of llam, a field experiment was carried out
using split plot design as factorial by complete randomized block design with three replications at Shirvan-
Chardavol Agriculture Research Station during 2008-2009. Sowing dates were assigned to main plots at two
seasons planting (autumn and spring), plant density (20 and 40 plants/m®) and three cultivars (Arman,
Hashem and Azad) were arranged as randomized in sub-plots. Results indicated that grain yield and yield
components were affected by planting date and autumn planting produced the highest grain yield (1578
kg/ha). Number of pods per plant, grain yield, 100-grain weight and harvest index were affected by planting
density. The highest grain yield obtained from plant density of 20 plants/m?. In this experiment, all traits
were affected by cultivars and Azad cultivar showed the highest grain yield and its components. Interaction
effects of planting date x plant density x cultivars had a significant effect on grain yield. The highest grain
yield (1940kg/ha) obtained from Azad cultivar in autumn sowing date at the rate of 20 plant/m?. Using soil
and environmental factors in autumn planting of Azad cultivar resulted in produce of maximum yield and
yield components. Complementary researches were recommended for achieving applied results.

Key words: Chickpea, Grain yield, Plant density, Rainfed condition, Season planting
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Fig. 1. Interaction between cultivar and sowing density on total weed density
Means with a letter in common are not significantly different at o= 0.05.
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Fig. 2. Total weed density trend during growth season in Goli (..e..), Sayyad (--0--) and Derakhshan (- V¥ ) cultivars

at a: 40 Plant.m™ sowing density, b: 66 Plant.m™ sowing density
Error bars equal to standard error (SE).
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Table 3. Mean comparisons for total weed density and dry weight in different red bean cultivars and sowing density
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(garere 3 £5) (oo 3 S92 Slesd
Total weed dry weight Total weed density Treatment
(g.m?) (Plant.m)

152.00° 28.67° Goli <K

316.20° 39.33" Sayyad oluo Cultivar o)
491.10° 56.67° Derakhshan  Lis s

359.52° 48.55* 40 (70550 3 &5 92) CudlS oS5
279.98° 32.89° 66 Sowing density (Plant.m)
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Means within each column with a letter in common are not significantly different at a= 0.05.
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Fig. 3. Total weed dry matter trend during growth season in Goli (..e..), Sayyad (- —0- -) and Derakhshan (V¥ _)
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cultivars at a: 40 Plant.m™ sowing density, b: 66 Plant.m” sowing density
Error bars equal to standard error (SE).
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Table 4. ANOVA results for yield and yield components affected by red bean cultivar, sowing density and weed control

MS
Olry yo (uSSla
‘ . 039 &ls olaws AL slaws ayo
el et G g whp o re i SOV s
Harvest index Biological yield Grain yield 100Grain Number of Number of
weight seeds/pod” pods/plant” df
36.84 " 236455.47" 1336.01™ 41.18™ 6.38" 0.17" 2 ok
Block
4.89™ 265462.58 " 586596.32" 73277 6.38" 3.04" 2 =)
Cultivar
25.78™ 63001.00™  215280.48°  24.28™ 148" 3.12° | el
Sowing density
72.97™ 10244033™  4439936™  1.80™ 0.61" 1230 2 Sl o1 X3
Cultivarxsowing density
38.85 98156.06 30466.33 36.46 0.09 0.34 10 hol gtz
Error a
852.54" 2888414.217  2631911.44"  509.48" 1.56™ 22.09* 1 Somcdle J s
Weed control
44.07™ 7042.45™ 19714.41™  188.17°  0.64" 071™ 2 R e
CultivarxWeed control
34.04™ 693.45™ 229968217 6.89™ 0.02™ 361" 1 3o Rle J S culls o815
Sowing densityxWeed control
40.12™ 9434.60™ 19007.00™  5.41™ 021™ 177 2 3pp e J Skl o8 ixeds
CultivarxSowing densityxWeed control
11.69 31860.73 18944.05 35.55 0.10 0.30 12 g
Error b
C.V.
17.01 13.56 10.91 17.04 10.56 14.95 - s

0= 0.01 5 0=0.05 zhaw ;5 o ce g jlo Sme juf i 5 a4 g

* ns

ns :Non-significant, *and **: Significant at a= 0.05 & o= 0.01, respectively.
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Fig. 4. Interaction between weed control and sowing density on red bean's pod numbers per plant
Means with a letter in common are not significantly different at o= 0.05.
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Fig. 5. Interaction between cultivar and sowing density on red bean’s seed number per pod
Means with a letter in common are not significantly different at o= 0.05.
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Fig. 6. Interaction between cultivar and weed control on red bean's seed number per pod
Means with a letter in common are not significantly different at o= 0.05.
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Table 5. Mean comparisons for yield and yield components affected by red bean cultivar, sowing density and weed control
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Means within each column with a letter in common are not significantly different at a=0.05.
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Fig. 7. Interaction between cultivar and weed control on red bean's 100seed weight
Means with a letter in common are not significantly different at o= 0.05.
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Fig. 8. Interaction between sowing density and weed control on red bean's seed yield
Means with a letter in common are not significantly different at o= 0.05.
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Table 6. Correlation coefficients between yield and yield components of red bean
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Biological yield Grain yield 100 seed weight Seed/pod Pod/plant Variable
1 017 GBE 50 dilo dlawy
Seed/pod
1 -0.38° 027 ailolee 1339
100 seed weight
1 011 0.55* 0.54* ailo o ySlos
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1 0.64° 0.20 0.42° 0.58* Sl 9 yKes
Biological yield
0.39° 0.67* 013 021 0.31° oy L

Harvest index

0=0.01 50=10.05 mlaw ;5 o cxe i ay F* 4 ¥
*and **: Significant at a= 0.05 & a= 0.01, respectively.
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Abstract

To investigate the effect of sowing density and growth habit on yield, yield components and weed
community of red bean an experiment was conducted at Research Farm of Zanjan University, during 2009.
The experiment carried out using factorial-split plot design in completely randomized block arrangement
with three replications. The main plots, included three red bean cultivars (Goli, Sayyad and Derakhshan) and
plant density at two levels (40 and 66 plants.m™) as a factorial and sub plots included weed competition at
two levels (weed control and without control), respectively. Goli and Derakhshan cultivars produced 12 and
10%more grain yield than Sayyad cultivar, respectively. Also, results showed that the effect of sowing
density on the number of pods per plant (15% reduction), number of seeds per pod (8% reduction) and grain
yield (5% increasing) was significant and on other traits were not significant. According to the results weed
infestation reduced red bean grain yield about 35% compared to control. Goli cultivar caused a reduction in
total weed density (2 times more reduction than Derakhshan cultivar) and dry weight (about 3 times more
reduction than Derakhshan cultivar) compared to other cultivars; also increasing sowing density decreased
total weed density (32%) and weed dry weight (22%), significantly.

Key words: Half standing cultivar, Interference, Optimum density, Prostrate cultivar, Standing cultivar
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Table 1. Visual rating injury (%) of common bean and different weed species 1 day after herbicide application

W s ety S e -l 8 S Sl e
Treatment Common Flower-of-an- Common . s adile
Ground cherry Bindweed  Pepperweed 33 )
bean Hour purslane
Mean of
weeds
Fomesafen 0.5 L.ha™ 0.00 ¢ 33.75 cde 35.00 cd 2625 cd 1250d  13.75abc  2425cd
Fomesafen 1 L.ha™ 0.00 ¢ 48.75 ab 42.50 abc 28.75 abe Z)‘Csé) 17.50 a 31.00 ab
Fomesafen 1.5 L.ha™ 025¢ 52.50 ab 45.00 abc 35.00 abc 25.00ab  16.25ab 3475a
Storm 0.5 L.ha’ 0.75 de 2125 f 18.75 ¢ 7.00 £ 5250 ¢ 125 10.70 £
Storm 1 L.ha™* 0.00 ¢ 26.25 ef 2625 d 11.25 ef 14.32 cd 3.75 de 16.65 ¢
Storm 1.5 L.ha'* 1.00 cde 35.00 de 30.00 d 16.67 de 14.50 bed 3.25¢f 20.55 de
-1
+ Fomesafen 0.5 L.ha 0.00 ¢ 41.25 bed 36.25 bed 2375bed  15.00bed  7.50 ¢d 24.75 bed
Storm 0.5
1
+ Fomesafen 0.5 L.ha 425a 55.00 ab 5075 a 31.25 abe 18.75 7.50 be 32.65 ab
Storm 1 abcd
1
+ Fomesafen 0.5 L.ha 525a 47.50 abc 42.50 abc 31.67 abc 2500ab  8.75abc 30.83 ab
Storm 1.5
1
Storm +Fomesafen1L.ha™ ) 5 47.50 abc 46.25 abc 30.00 abed 20.00 12.50abc  32.58ab
05 abed
1
ftorm +Fomesafen 1 L.ha™ 5 ) he 51.25ab 47.50 abc 4125a 22.50abc  10.00 abc 3450 a
1
ftsorm +Fomesafen 1 L.ha™ ) 5y e 55.00 ab 48.75 ab 42.50a 2500ab  10.00 abc 36.25a
' 1
+ Fomesafen 1.5 L.ha 2.00 abed 40.00 bed 42.50 abc 32.50 abc 21.25 13.75abc  30.00 abc
Storm 0.5 abcd
-1
+ Fomesafen 1.5 L.ha 475 ab 53.75 ab 52504 35.00 ab 20.00 13.75 abe 3495a
Storm 1 abcd
1
+Fomesafen 15 Lha 4.50 ab 58.75a 52504 40.00 ab 3000a  13.75abc 39.00 a
Storm 1.5

a0 50055 b gl e B 0= 0.05 gehas 5 il S e By Sy JBlam g 0 40 4T alanSils
Means within each column with a letter in common are not significantly different at o= 0.05.
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Table 2. Visual rating injury (%) of common bean and different weed species three days after herbicide application

ol 00yl Sy - o S Sl aad
Treatment Common Flower-of-an- Common . s adile
Ground cherry Bindweed  Pepperweed i
bean Hour Purslane
Mean of
weeds
Fomesafen 0.5 L.ha™ 0.00d 66.25 be 45.00 de 17.50 de 1250 ¢ 2750 cd 33.75 fe
Fomesafen 1 L.ha* 0.00d 80.00 abc 57.50 abcde 28.75 bede 33.75¢cd 35.00 abc 4513 ¢
Fomesafen 1.5 L.ha'l 0.00 d 8332 abe 51.25 cde 45.00 abe ‘i’!j 4125ab  50.70 cde
Storm 0.5 L.ha'* 0.25 cd 4250 37.50 ef 1833 ¢ 13.00 ¢ 20.00 ¢ 26.60 ¢
Storm 1 L.ha™* 2.00 be 53.75 de 28.75 f 22.50 de 26.25d 16.25 ¢ 2950 ¢
Storm 1.5 L.ha™* 475 ab 76.25 abc 43.25 de 2750cde  35.00bed  22.50 de 40.90 of
1
Fomesafen 0.5 L.ha™ + 2.00 cd 68.75 cd 52.50 cde 31.25 cde 3000cd  30.00 bed 42.50 ef
Storm 0.5
1
Fomesafen 0.5 Lha™ + 5.25ab 75.00 abc 62.50 abed 42.50 abe 3625¢d  33.75abc  50.00 cde
Storm 1
1
Fomesafen 0.5 Lha™ + 8.00a 86.25 ab 76.25 abe 5933 a 55.00abc  35.00abc  62.72 abed
Storm 1.5
1
Fomesafen 1 Lha™ + 175 ¢ 72.50 abc 53.75 bede 36.25 abed 25.00d 42.50 ab 46.00 de
Storm 0.5
-1
Fomesafen 1 Lha™ + 550a 85.00 abc 68.75 abc 52.50 ab 6250a  3625abc  61.00 abed
Storm 1
1
Fomesafen 1 Lha™ + 750a 88.25a 67.50 abc 6250 a 65.00a  4125abc  64.90 abc
Storm 1.5
1
Fomesafen 1.5 Lha™ + 0.50 cd 81.25 abe 70.00 abe 4125 abe 3750 3ga5abe 53.75 bede
Storm 0.5 abed
1
Fomesafen 1.5 Lha™ + 575a 88.50 a 76.25 ab 5833a 63.75 ab 50.00 a 67.65 ab
Storm 1
1
Fomesafen 1.5 Lha™ + 1025 a 92.75a 81.25a 63.75a 68.75a 50.00 a 7130 a
Storm 1.5

Wl K0S b (gl pme BB 0= 0.05 mhaws [0 il S itie By S Blas g o 0 a5 ol Kl
Means within each column with a letter in common are not significantly different at o= 0.05.
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(Soltani et al. 2005)
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1. Cranberry beans
2. Lima beans
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Table 3. Visual rating injury (%) of common bean and different weed species 7 days after herbicide application

Ly N @S 4,5 . o>
Treatment 7 03 P el S 5 - S el
Common Ground cherr Flower-of-an- Common Bindweed Pepperweed jppdle
bean y Hour Purslane PP
Mean of
weeds
Fomesafen 0.5 L.ha* 0.00d 12.50 f 13.25¢ 7.75fF 6.75¢ 25.00 ef 13.051
Fomesafen 1 L.ha™ 0.00d 22.50 ef 22.50 de 21.25 bed 1667d  4625abed 2695 defgh
Fomesafen 1.5 Lha 0.00d 30.00 cde 28.75 cd 2375bed  25.00bed  35.00 cdef C%Z?g%
Storm 0.5 L ha™ 0.00d 26.25 de 23.75d 11.25 def 15.00d 16.25 18.50 hi
Storm 1 L.ha* 0.00d 23.75 de 20.00 de 1250def  21.67cd  20.00ef 19.13 ghi
Storm 1.5 L.ha™ 1250 cd 21.67 of 22.50 de 1332cdef  2375cd  21.25ef 2125 gh
1
Sthrr“n‘fIngg” 05L.ha™+ 0.00d 33.75 bede 30.00 bed 15.00cdef  18.75d  33.75def  26.25efgh
1
SthTnis‘l"‘fe” 05 Lha™ + 0.00d 40.00 bede 36.25 bed 30.00abe  22.50cd  35.00bede  34.63 cdefe
1
S':tgrr"n‘flsffg” 0.5 L.ha™ + 1.50 be 52.50 abc 55.00 abc 20.00 bed 56.67a  4625abcd  46.90 abc
-1
S':tgrr”nisgf;” LLha+ 0.00d 23.75 ef 25.00 de 8.75 ef 2125c¢d  40.00bcde  23.75 fgh
1
Sthrr"rf]sffe” 1Lha”+ 1.00 cd 47.50 bed 40.00 bed 28.75 ab 5125ab  50.00abed  43.50 bede
1
S':tgrr”nfsffg” 1Lha”+ 350a 31.25 cde 38.75 bed 31.25 abe 5875a  6375ab  44.75abcd
1
Sthrr“n‘fIngsen 15 Lha”+ 0.00d 37.50 bede 35.00 bed 1625bcde  42.50abc 60.00abc 3825 bedef
1
Sﬁg:”rﬁsffe” 15Lha+ 1.00 cd 60.00 ab 57.50 ab 46.76 a 60.00a  66.25ab 58.45 ab
-1
Fomesafen 1.5 L.ha™ + 3.5 ab 92.50 a 8125 46.25a 58.75a 80.00a 6878 a

Storm 1.5

Al K0S b gl pme BB 0= 0.05 mhas (o i ls S tie By S PBlas g o 0 a5 ol Kl
Means within each column with a letter in common are not significantly different at o= 0.05.
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Table 4. Visual rating injury (%) of common bean and different weed species 14 days after herbicide application

Treatment 2 03 ey Sy = S ot o
Common G Flower-of-an- Common . L oadile
round cherry Bindweed  Pepperweed ®
bean Hour Purslane
Mean of
weeds
Fomesafen 0.5 L.ha™ 0.00 a 875f 10.00 f 8.750 def 5.00 gh 13.32 cd 9.70 g
Fomesafen 1 L.ha™ 0.00a 18.75 cde 10.75 ef 10.00 cdef 7.50 fgh 40.00 ab 17.40 ef
Fomesafen 1.5 L.ha* 0.00a 30.00 abed 17.50 cdef 15.00 abcde 21.25 bed 55.00 ab 27.50 bede
Storm 0.5 L.ha™ 0.00a 16.25 def 8.75f 5.00f 6.25 gh 7.50d 8750 g
Storm 1 L.ha 0.00a 1375 of 1125 of 6.250 f 550h 750 d 8.850 g
Storm 1.5 L.ha 0.00a 17.50 def 12.50 def 6.68 ef lcsdgg 13.75 cd 13.25 fg
F fen 0.5 L.ha*
+ romesaten a 0.75a 20.00 bede 1750 cdef  11.25bedef  875efgh  35.00ab 1850 def
Storm 0.5
F fen 0.5 L.ha*
+romesaten a 0.00a 31.25 abed 23.75 bede 21.25 abe 175cde  2750bc  25.70 cde
Storm 1
F fen 0.5 L.ha*
+romesaten a 0.00a 42.50 ab 33.75 abed 2000abc  22.50abc  40.00ab  34.38 abed
Storm 1.5
F fen1L.hat
+romesaten £ L-ha 0.00a 30.00 bede 26.25 def 15.00 bedef cdef 35.00ab  24.58 def
Storm 0.5 15.00
F fen1L.hat
;t omelsa enttha 0.00a 40.00 abc 40.00 ab 1750abed  32.50ab  48.33ab  34.63 abed
orm
F fen1L.ha
+romesaten £ L-ha 0.00a 40.00 abc 4750a 22.50 abc 45.00a  46.00ab  40.20 abc
Storm 1.5
F fen 1.5 L.ha* .
+romesaten a 0.75a 15.00 def 10.00 ef 13.75 bedef 11.68 35.00 ab 17.58 of
Storm 0.5 defg
F fen 1.5 L.ha*
+romesaten a 0.00a 42.50 abc 40.00 abc 30.00 ab 3750ab  6250a 42.50 ab
Storm 1
F fen 1.5 L.ha*
+romesaten a 0.00a 61.25a 515a 36.25a 46.67a  55.00ab 50.00a
Storm 1.5

Wl 0SS b gl pme WS 0= 0.05 has (o il S i By S Blas g o 0 a5 ola 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 of weed density reduction 10 days after treatment, visual rating control level 14 days

after herbicide application, and grain yield of common bean

Treatment

Ipsldde Sy als we )
Weed density reduction (%)

Lugd &ils o ,Slos

(LS 55 0,55LS)
Grain yield (kg/ha)

JrES wey0

Visual control level (%)

Fomesafen 0.5 L.ha™ 87¢e
Fomesafen 1 L.ha™ 34.8 abed
Fomesafen 1.5 L.ha™ 33.1 abed
Storm 0.5 L.ha™ 24.4 bede
Storm 1 L.ha™ 16.2 cde
Storm 1.5 L.ha* 38.5 abed
Storm 0.5 L.ha™ +Fomesafen 0.5 28.4 abed
Storm 1 L.ha™ +Fomesafen 0.5 29.9 abed
Storm 1.5 L.ha™*+Fomesafen 0.5 42.6 abe
Storm 0.5 L.ha™+Fomesafen 1 13.2 de
Storm 1 L.ha*+Fomesafen 1 42.6 abe
Storm 1.5 L.ha™+Fomesafen 1 63.8 ab
Storm 0.5 L.ha +Fomesafen 1.5 33.1 abed
Storm 1 L.ha™ +Fomesafen 1.5 63.8 ab
Storm 1.5 L.ha! +Fomesafen 1.5 78.0 a

Hand weeding -

Weedy check -

23.75¢ 1311 a
31.25de 1245 a
61.25 abed 1086 ab
2250 ¢ 1135a
27.50 e 1052 ab
51.25 abcde 1441 a
48.75 cde 1153 a
58.75 abcd 1178 a
73.75 abc 1054 ab
42.50 de 1273 a
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Means within each column with a letter in common are not significantly different at a= 0.05.
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Abstract

Efficacy of fomesafen and storm (bentazone+aciflorfen) herbicides on common bean (phaseolus
vulgaris L.) weed control were evaluated in a randomized complete block design with four replications
during 2008 in Lorestan Province. Herbicides were applied postemergence at three trifoliate growth stage of
common bean. Herbicide injury on weeds reached maximum three days after treatments and common bean
was recovered from initial injury of herbicides especially their combinations with high dose at 14 days after
treatments, so that treatments had no persistent injury effect on crop. Tank mixture of fomesafen (1.5 L.ha™)
and storm (1.5 L.ha") treatment controlled weeds by 71.3% and based on visual injury monitoring, this
mixtures controlled Physalis divaricata, Hibiscus trionum, and Portulaca oleracea 92.8, 81.3, and 63.8%,
respectively. In general, visual evaluation 14 days after treatments, fomesafen (1.5 L.ha™) mix with storm
(1 or 1.5 L.ha™") controlled weeds by 80% and it was not significantly differed from hand weeding. Results of
this research indicated that fomesafen and storm herbicides, and their combinations at proposed doses may
apply postemergence for weed control in common bean.

Key words: Broadleaf weeds, Herbicides tank mixture
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Table 2. Analysis of variance for some phenological and morphological traits in lentil genotypes

Olao
Traits 3
o A . . & . 2 )
o) Slass slas b cudls 5l ¥ udi, S50z, ¥ 5
Growing degree day from planting to = 1
§ L Aol Al o bleddl Ews)! 3 = '
Sy o °f;’ - Lo oyl o S Sy RWILE o yobe KW 3 S
nternodes 5 N . e e o y
Leaf area length No. of No. of r': '?’;}t 258092 8 P B (O g o
node in primary elght v siologic 90% 50% 50% 23
main stem branches al maturity flowering flowering emergence
61255.30 025" 208" 093" 2269 15432437 18169.64 14003.60 115.17 9 o)
Variety
15624.09™ 0.0007 ™ 227 015" 16.24' 128.55° 41.07™ 36.714™ 0 2 ol
Block
8258.13 0.008 0.40 0.51 3.25 33.48 18.50 16.39 0 18 s
Error
17.48 4.15 4.52 10.69 5.99 0.59 0.67 0.69 0 cv
0= 0.01 5 0= 0.05 zhaws )5 o gixe 5 )l sirepué o 5 4 F* g * s
ns :Non-significant, *and **: Significant at a= 0.05 & a= 0.01, respectively.
v suiel) o Slos slil 9 0, oe il )lg 4 5o Y Jgua
Table 3. Analysis of variance for yield and yield components in lentil genotypes
Traits X —?b >
s olge 5 Slac 5 ,Sdos &l slass aloslass déslaw 4 o o7
. - 8 Slos ailsYee 39 _ L . = T i (@]
Sl oilondly [ERTIpo Sls 100 seeds oS 5o M 5o Aigy 40 —?9 RY%
Harvest Residual Biological Seed vield weight No. of No. of No. of ]
Index yield yield Y seeds/plant seeds/pod pods/plant
0.0008™  23056322™  560664.02° 34455997 194" 367.77" 0.12” 220.12" 9 o)
Variety
0.007" 84416342 1026643.92°  92031.78"  0.015" 69.71" 0.021™ 66.63" 2 Sol
Block
0.0004 344265.50 429125.25 17593.10 0.054 13.23 0.008 14.88 18 s
Error
8.20 12.99 10.88 8.82 7.49 9.45 7.26 12.004 cv

0= 0.01 5 0= 0.05 mhaws )5 s gixe 5 )5 fre e o 5 4 F* 5 * s
ns :Non-significant, *and **: Significant at o= 0.05 & a= 0.01, respectively.
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Fig. 1. Mean comparison of some phenological traits in lentil genotypes

5,5 (gl gire gl duo yoziy Jleiml gmhans 53 5 SGIs ge3l 5l el b il s Jloged o 0 S pie By glyls aS slaSile
Means followed by the same letter in each graph are not significantly different (DMRT, P< 0.05)
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Table 4. Mean comparison of some phenological and morphological traits in lentil genotypes

= 0¥ oo Aols o5 sl ol Sy £l .
Lejf?:; Internodes bt <L 55 gl ltatl Plaftﬁeig’ht i)
(mm?) length No. of node in No. of primary (cm) Genotype
(cm) main stem branches
34331d 1.82 f 14.13 abed 3.8 abc 26.7 ¢ L830
691.4 ab 2.34 be 14.33 abc 44a 335a Flip97-7L
568.92 bc 1.83 f 14.8 ab 3.5bc 28.7 ¢ Precoz
359.05d 245D 13.07 ed 3.4bc 32 ab L236
798.79 a 247a 12.5 cde 3.6 bc 343a Flip98-10L
441.99 cd 1.97e¢ 13.43 cde 3.2cd 26.8 ¢ Lc74-1-5-1
493.04 cd 1.95 ef 15.17 a 44 a 29.7 be Sehor74
577.56 be 2.02¢ 13.97 bed 2.6d 282 ¢ Fars
448.27 cd 2.06 ed 13.87 be 3.3 bc 28.5¢ Kermanshah
476.64 cd 2.17 be 14.08 ab 4.7 ab 32.2ab L3685

W5 gl sme Dol ws yopy Jleis | mhaw (o g (STls O9y) 5l eolal b Wil oo Hlages o 50 S ie B> gl a5 ole Sl
Means followed by the same letter in each graph are not significantly different (DMRT, P< 0.05)

adgl Cllalil sl S2iled 90 s S g
S cao ol Ll gl adlas 0,50 slacSgs Wy el
(FJ592) oSl dglie 4 ax g5 b iols las 5l sne as ol plad (F Jouz) @ gl nS0he dulie
s w8y 5 cpyie FIFe .XLe L Sehor74 (i 9 i o il YEIYY .Sl U Flip98-10L 5435
Hlo 1) adel cblecsl slaws o 2eS V/F- (Sl L L),.J)lé Jake (peS e le VPV 0 S0Le L L830 i
o= @=2/YY) )l s [ PRRUNCORE COWON- SR b bd 5 Cuie (Sean 0 Ll |y gy glas)l
oy 5 b odsliv adgl olblesil slass ¢ ails O)S.l.o.c Al oy als o Sles g ol A8l gl )| s (r=+/YA)

5l adel o3 slasls g Erskin & Goodrich (1991)
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Table 5. Mean comparisons of yield and yield components in lentil genotypes

4ilsVee 39 4o dlasy &ild dlaxy SMeslass
B T e b (5 NI SBUE o aig 5o L]
Protein (%) Harv?g/z)lndex 100 sheeds No. of No. of No. of Genotype
weight (g)  seeds/plant  seeds/pod pods/plant
23.89 be 0.27bc 2/47d 43.93¢ 1.35b 32.47cd L830
24.67b 0.25¢ 3.92b 33.27d 1.03d 32.53cd Flip97-7L
24.77b 0.33a 4.56a 32.73d 1.01d 32.27cd Precoz
24.69b 0.26¢ 2.51d 51.13ab 1.07d 48.07a L236
22.17bc 0.19¢ 3.88b 23.33e 1.06d 21.93ef Flip98-10L
25.51ab 0.20ed 3.19¢ 23.07e 1.24bc 18.60f Lc74-1-5-1
23.55be 0.24cd 3.36¢ 32.47d 1.23bc 26.33 ed Sehor74
28.17a 0.18¢ 2.19d 45.16bc 1.12cd 40.73b Fars
20.95¢ 0.27 be 2 .53d 45.07bc 1.28bc 35.40bc Kermanshah
25.15ab 0.30 ab 2.46d 54.67a 1.66a 33.00cd L3685

Al gl g gl woyomy Jleisl mhaw jo g 5SSl 9931 51 eolitul b caisl S i By o sl s JBlas 4 Sl Hgiw 2 0
Means fallowed by the same letter in each column are not significantly different (DMRT, p< 0.05).
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Fig. 2. Mean comparison of seed, biological and residual yield in lentil genotypes
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Means followed by the same letter in each trait are not significantly different (DMRT, p< 0.05).
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Abstract

In order to study the phenological and morphological characteristics, comparison of yield and yield
components, correlation between traits and determination of the parameters affecting seed yield, a field
experiment was carried out at the Research Farm of Shahrekord University in 2007. Ten lentil genotypes
were compared by a randomized complete block design with three replications. The analysis of variance
indicated that there was a significant difference among genotypes for all evaluated traits. Considering
significant negative correlation between growing degree days to physiological maturity and seed yield, early
maturing genotypes such as genotypes Precoz and L3685, which could grow well before coinciding with
high temperature will be produced high yield at Shahrekord climatic condition. Seed weight showed
significant negative correlation with number of seeds per plant, number of seeds per pod and number of pods
per plant. Since, correlation of number of seeds per plant and number of pods per plant with seed yield were
positive, it is expected that the genotypes with lower seed weight could compensate the reduction in their
yield by producing either more number of pods or seeds per plant. The results of standard multiple regression
analysis between seed yield and its components and also the effects of morphological traits on seed yield
showed 100 seeds weight, number of seeds per pod and number of pods per plant highly affected seed yield.
Among yield component, 100 seeds weight showed high correlation with seed yield and also showed the
maximum positive direct effect on it. Therefore, this component of yield may be considered as the best
criteria for indirect selection to increase seed yield. Cluster analysis indicated that the genotypes were
different for all studied characteristics and were grouped into high and low yielding genotypes and the high
yielding genotypes were early maturing ones.

Key words: Cluster analysis, Morphological characteristics, Phenological characteristics, Regression
analysis, Seed yield, Yield component
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Table 1. Weight analysis of variance for investigated generations in eight Kabuli chickpeas cross

ol b SW Sols 1 Jod 51 byl sl o Bl il
Traits Cross  Block effect Generation effect Experimental Error Coefficient of variation (CV %)
a C 167.3" 21259 36.4 2.4
A G, 892 48416’: 46.9 25
23 G 238.2 42168” 39.9 1.5
AT G 35.9 60673 45.6 35
sz G 28 27913” 64.9 2.5
Y g= G 16.3 9469" 58.7 3.5
4, C; 152.6 70551" 50.77 2
G 57.2 61539 65.4 3
. C, 80.7 267557 53.7 1.8
3z o 8.2 60295 63.04 18
N E G 112.9 186500™ 653 1.4
o C, 102.7 119578:: 33 1.7
~ o Cs 5.4 239793 69.5 13
} % Cs 29.5 228651: 53.6 1.4
W & C; 125.7 36006 58.4 1.8
Cs 120.8 182105 203 33
C 107.7" 43637 12.34 6
- G, 4.2 1928" 7.8 3.6
=5 C; 63.9” 2407.5" 6.3 32
3 o 15.4 2400 7.4 45
% = Cs 24.5 1504 12.4 5.1
TE Cs 1.9 804.3" 13.4 6.9
C, 3.7 1619.6™ 8.3 3.5
Cs 11 2165 8.9 4.7
- C 52 9.2% 9.4 16.8
3 C, 18.2 626" 3 7.9
a & C; 329" 165.6” 4.4 11
22 12.2 12747 3.6 10
e G 243 164" 73 11
- g Cs 9 121*** 3.04 8
2 3 C, 0.22 24™ 5.5 9.5
“ Cy 23 282" 1.8 6
B C 49.7 887.2" 14.8 6.7
= C 3 3633.5" 11.7 33
AN G, 4.8 3022 27.3 5.8
22 G 1.7 65417 10.3 35
5 8 Cs 22.6 2374.5" 10.6 10.6
2 2 Cs 3.6 10024 10 2.5
= G 142 23817 15.4 4.7
Cq 22 4492" 6.4 2.2
= C 3.05 12.7% 9.6 20
:2 - C, 322" 5447 0.99 5.6
N s Cs 26.8" 178.6: 3.4 10.04
a2 = C, 6.7 51.1 3.03 11.5
23 Cs 4.1 81" 6.9 15.9
a Cs 2.4 138" 3.4 10
o B o 42 516 5.9 13
% Cy 5.5 166 2.5 10

C: (ILC3279xILC588); C: (wisle xILC588); C3: (ILC3279XICCV2); Cy: (pisle xICCV3); Cs: (aila xyle,1); Co: (ICCVXILC588);
C7: ICCV, XQL«)]); Cs: (ILC3297><QLQ)1)
*and **: Significant at o= 0.05 & o= 0.01, respectively. 0= 0.01 5 0= 0.05 mhaws o Jlo gine 5 ay F* o *

0



1A Jho oY o)lous ¥ o 51 U ga> S 9 3 415 [ ... (S & j25 031K g (0,5

Sh o 995 (W il 55 4 3590 Slhuo (gl 0ia sl 1 (SuS Slil 5 eSilen ¥ Jgur
Table 2. Estimated means and genetic components for interested traits in eight chickpeas cross

olao SN eSileo 51 s 581 431 cadle SI X"M‘"': ‘ xf:f‘ Codl xeadle g0 5 cadlé as o
Trait Cross [m] [d] [h] i 1 7 [h/d]
[i] il
- C 70.6+0.6" 92+02" 10+£0.9” 8.8+0.7" - ) 2.05 1.08
[ 5 C, 78.6 0.6 -6.2+02" 47+08" 29+07" -11.6+13™ ) 0.18 -0.76
T £ Cs 80.5+0.3" 55+0.24" 0.77 0.4 29+05" -12.1£0.97" ) 1.09 0.14
=G 58.4+0.2" 33+02" -0.65 +0.3™ - 8.9+0.8" i 2.15 -0.195
S PN Cs 47.9+0.9" 1.9+0.14" 298+25" 13.4£09™ - l68+16" 285 15.7
3 g Cs 36.9+ 1.07:* -12+ 0.2*; 36.3 + 2.9:* 178+ 1.0{* - 1894 19" 1.93 -29.8
4 = C, 47.5£09" -1.8+0.11" 28+23" 11.3+097 23077 183415" 0.00 -15.3
a Cs 48.9+1.8 43+0.19 414453 227+18 -127+£1.7 olaiist 0.00 9.6
] Ci 97 +0.46" 93+0.21" 122+0.6" 148+0.5" -8.1+£0.95" - 3.42 1.3
3z G, 933+£1.7" -53+0.15" 403 +4.6" 18.7+1.7" 8+15" 233+3" 0.00 -7.6
2 5 C; 913+13™ 8+0.18" 456+3.6" 246+13" 22+1.2" 28.6+24" 0.00 5.7
_ff g Cs 70.6 + 1.9*; 44+ 0.15*:* 39.7 + 5.03: 20.04 £ 1.3:* - -26.1+ 3.2*; 0.54 9.2
S e Cs 69.5+ 0.98 42+0.1 482 +2.61 20.7+ 0.1 3.7+0.8 303+1.7 0.00 11.6
} = G 572+ 117 -0.83+0.117 49.8+2.9" 26+1.07" 24+0867  -243+187  0.00 -60
Y, a C; 76.4+0.9" -0.67£0.17" 16.6+2.4" 12+£0.9" -53+0.727 -8+ 1.54" 0.00 -24.8
Cg 793+04™ 5.8+0.14" 10.8+0.6™ 13.9+04" -3.7+0.95" - 421 1.85
C, 444 +05" 75+05" 34+08" - - - 3.20 -0.45
- C, 45704 -57+£04" 0.7+£0.7" - - - 7.9" -0.12
= 5 G 32.9+£08" 6.5+0.4" 122+1.17 10.7+ 0.9 - - 13 1.9
3F o 377:0357  89+0427 - 35406 - - 6.5 -
® g Cs 478+0.5" 23+046" -8.7+2.14" - - 7.9+22" 52 3.8
? n—‘j Cs 35.1£0.5" -0.07 £ 0.5™ S12+2.127 - - 132+27 1.5 166
C, 37.8+£0.9 42+£04" 63+12" 1.9+0.9" 72+£18" - 6.3" -1.52
Cs 475+04" 45+04" 162+22" - - 14.1£2.3" 5.9 -3.6
- C - - - - - - - -
3 5 C, 33.6+5.17 34+15 26.7+6.8" 2294547 - - 7.6 7.82
3 &G 381+12" -123+1.27 9.6+ 2.04” - - - 7.22 -0.78
22 C, 215+4.6" 207 +1.5" 31+ 617 283+48" - - 5.53 -1.5
2 Cs 204+2.9" 4.6+0.7" 326+ 42" 7.5+3.02° -33.1£7.98" - 6.07" -7.13
&2 G 79+111™ 2.1£21" 120+ 308"  76.6+10.8" - -632+202" 08 57.7
2 3 C 31.8+94" 11.9+1.35" 173.5+ 25 84.9+94™ - -84.2+16.2"  0.149 14.6
& Cs -363+23" -6.4+1.32" 208.8 + 35" 77.9+£217 - -114-+23.2" 2.47 32.7
N Ci 33.1£0.9” 38+05" S52+117 54+1.17 72+1.6" - 59° 1.39
s G 228+0.6" 3.4+0.16" 7.05+0.8" 43067 52+0.99" - 1.54 2.08
3 ; C; 27.2+ 0.14: 0.44 + 0.2; - 2.5+ 0.27: - - 6.16 -
13 C, 21.9+0.44" -0.8+0.26" 5.9+ 0.63 240517 3.7+09 - 3.33 -7.6
33 Cs 25.8+0.2 -0.64+0.15 - 144024 - - 5.43 -
KR Cs 25.7+0.177 29+02" 3.5+£023" - 37409 - 9" 1.21
S (e 27+0.29" 0.94+0.29™ -1.1£043" - - - 2.15 -1.16
Cs 23.9+0.12" -0.55+0.13" 0.82+0.23" - 3.1£0.93" - 1.87 -1.51
E Ci - - - - - - - -
C‘i = C, -30.7+ 5.8*:* 118+ 1.4:* 122.5116.5:: 542+5.7" 375 15.7:* -71.9+10.8™ 0.00 10.42
% 5 Cs 69+1.1 34+ 0.4; 9.02+1.42° 293+ 1.2:* 7.6+28" - 6.3 -2.63
a2 = C, 21+15™ -72+0.7 157+2.1 122+1.6 - - 7.9 22
232 Cs 7.240.29" -12+03" 57+0.67" - 6.6 +2.9" - 6.52" -4.88
. > Cs 3.6+17 3.9+08" 134+15" 14.6+13" - - 5.05 3.45
2 § C, -6.8+297" 74+09" 39.5+7.99" 243+3" - -147+53™ 2.25 5.34
% Cg 24+13™ 224044 15.03 2.1 8.4 +1.34" - - 1.97 -6.75

C;: (ILC3279xILC588); Cy: (wasle xILC588); Cs: (ILC3279XICCV2); Cy: (misle xICCV,); Cs: (ol x ke, T); Co: (ICCVXILC588); Cr: (ICCV, x ke, ); Cs: (ILC3297x s 1)
Mean effect [m], additive effect [d], dominant effect [h], additivexadditive [i], dominantxadditive [j], dominantxdominant [1], chi-square [¥2], dominant degree [h/d]

*and **: Significant at o= 0.05 & o= 0.01, respectively. 0=0.01 50=0.05 gl ;o o oo o ay F* 5 *
5, Slos 55, 52 b 1 ogdle a5 Cewl S950 4o i ax g3 g elas )l gl ([m],[d],[h]) (s el baw Jow o3lp
AT, 050 ol ).ub 8 Jaaze pl (gasun 5L o wils M el cas opl soln & lgs bamsylis da B el jo
o [i] siml33l o simlidl lie ol 5l jea > Lo 83 iyl Lo s o Slio iz (sl Dbl coibge Jlozs!
[d] 253l 51 Y s laie (35,0 L[] candle 5o (ol 390 5 e Slio alaz 5l als) e+ 550V ( B 5 am

55
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Abstract

This experiment was conducted to determine gene action for different traits of chickpea including days
to 50% flowering, days to maturity, plant height, 100-seeds weight, number of pods per plant and seed yield.
Five genotypes including Arman, Hashem, ILC588, ICCV2 and ILC3279 were selected and crossed with
each other. Four generations of each cross along with parents were evaluated in a randomized complete
block design with three replications. In each replication 15 plants for Py, P, and F;, 30 plants for BC; and
BC,, and 60 plants for F, were evaluated for all traits. Joint scaling test and chi-square test were used to
estimate the gene action. The Chi-square of simple three parametric models was significant for all traits
except for plant height, indicating the presence of non allelic-interactions in the inheritance of these traits in
chickpea. Both additive and dominant genetic effects were significant for days to 50% flowering, days to
maturity, number of pods per plant and seed yield. In addition, presence of high amount of dominant effect
and dominant x dominant interactions suggests the importance of non-additive genetic effects for these traits
in chickpea. Therefore, selection for these traits in early generations could not be effectively successful.
However, additive genetic effects play an important role in the inheritance of plant height and 100-seed
weight, promising selection for these traits in early generations during the process of chickpea breeding.

Key words: Additive effects, Chickpea, Dominant effects, Generation mean analysis
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oo ol mle rals cel bos jrals ¢ ouddl ,os5 o5 Lol
o 5l el Glal (65)9laST Plase 0 St 5 (S0 e
@ azg b alide bl o ol Jame S ol 5l S0
A gz lply el Oglite Sl SB 2l 5 08
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Golal 03y e clis (ialesl cnl 5l Gus el Caenl
iliile (ow)p 35 g (S 4 oy ieglie 5L
L og5s ol (slp 5588 ol i po soysln 2l s oos
el 039 s olspg] Loyl i o axlllas 850 a8 | o Slos

L sigy 9 dlge
5 08kee p ikl Dglite zsliw Jl ) jshite 4
=y b o cilesl g 03, kx o Slee 32
s Jlods (6 50glSY e jo aBly cased dcjie ;0 VYAV-AA
sl bl 5o bl @zl e oy s 2] g

Ne smith & ) 5,5 ;> caslio pB) 51 oolail 4 =i
4 cal bl 5 (S olals bl (Richie, 1992
Dby (SES A ohigh mee oot (ol bl ST
Fo b bl ax 31 .ol ools ol 1) Jeass cpl o, Slas
Dt omde alS ) (Sas 45 A el
Widlge (y09) Ygore & (SaS a Jooxio pB)| b v
ol » (Keating & Cooper, 1984) sgi o Jol>
G banSalnl il Jelse e 5l ot alol lallae
el oy 5 ()98 (S o pglacile (DT g logy wiile
Q3 co uals wo  oFO B 1) olS (pl o Slee olpasd 4 Sis
5956 oy &S Lxl I (Pezeshkpur & Khademi, 2004)
5)9% b 10 Leyat 4 Cush; 998 Sl s (bl iy o
Syt 0 Wlgioe lal plxl wadioo dgaze (Lily 0,
(Saxena & Singh, 1987) ail jse ol wld 56 5 o Slee
b Gl dor I oS5 sl & weoie lis bopm
o) olS 0l Slow Al ye o Cusb) 5 @8 jokiie
S fbes Gall o (e Ao 5 a5 Al e Sl
alal, cpen ,o (Saxena, 1984) col atils ol b
&kl )-‘-'L’ O ysbiie 4 dyjem b e sialel]
el 0jmly 9 ojlee <l Gl g0 )3 9956 0 Sles p (LeeSS
o)ler SiS 55 50 ;0 (SN Gliee ggezme a5 mlyd yo 0l
C S A eaS 9 ol gl o Shes (e g pln oiml s
Gola! el el cews 4 LSe jo 0 54LS VIOY 4 OOF
(@D oy ;5 bS5 (2alS Gl o LS o (eSS
VIRV 5 VFFA 4y i 4y 0l 5 0l S ey, 0,5k
(Saxena, 1984) sls 158l |LSe o 0,5 oLS

anTd 5l b By0d 0lS K oolaidl o Slhee
O SNg o8 B85t 9o 9 D) Byed (b y0 oS Caul al)
1o Slas an 3l GRS 56 3k Wgisr (F4>
G5 g8y Oloj & a3l (e Ll ms I3 36 o
Thomas et al., ) ol cglite ol (Koo o] o §  Sas
(2003

Tomar et al. (1999) 4 Ravi et al. (1998) )55 «
O |y Gl oy yiiis gz ol o ails yald s Al e
el Sl s dl> e cpl o g lol g Al Sas
Olye 4 ly als pady g (palS A 90 e 5 alie
Malhotra et ) wlesges (8 yme 3955 oLS wlus (5o, &l o
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Table 1. Data which used for estimating of water requirement of chickpea in Mashhad

s ] PR L AT s
. ol 3% g yudedd s s ) Jdogyias 2 5l 0550 .
ol S o she) A . 23O PG 2
. Gsy 5° Fooshe) 2 sk 2 sk (LS o 4l o =3 N -
390\ Gl G ot
Gsy) e Gs) Gy 5=
v Crop Eff_ective irri’;;:ion _ 'I_'ota_l Tota_l water T(_)tal water
onth 10 days evapotranspiration rainfall requirement irrigation Haydromodel  required for  required for each
intervals (mmvday) (mm/10 days (MM/10 days requirement (lit/s/ha) ea_ch plot plotin irrigat_ion
) ) (mm/day) (lit/day) frequency (lit)
. 1 1 0 10 2 0.23 12 84
022957 2 15 10 5 1 0.12 6 42
Mar 21 -Apr 20 3 2 8 12 2.4 0.28 14.4 100
. 1 25 10 15 3 0.35 18 126
) 2 26 10 16 32 0.37 19.2 134
Apr 21 - May 20 3 45 5 40 8 0.93 48 336
. 1 5.4 9 45 9 1.04 54 378
oy 2 6.4 0 64 128 148 76.8 537
May 21 - Jun 20 3 7.8 0 78 15.6 1.81 93.6 655
. 1 7.7 0 77 15.4 1.78 92.4 646
7 2 78 0 78 156 1.81 93.6 655
Jun21-Jul20 3 7.9 0 79 15.8 1.83 9.8 663
N 1 3.3 0 33 6.6 0.76 39.6 277
Jul 21 - 10Aug 2 3 0 30 6 0.69 36 252

2948 T s oliol 31 (o) 5B Bilao 33 3955 T 3L (5w0505) Sluslono =Y Jgaz
wi3lo — cyaiy b9, b s (NETWAT f381e 55 31 esliceus! L)

Table 2. Estimation of water requirement of chickpea based on national water document (using NETWAT software)
and by the method of Penman-Monteith in the region of the experiment (Mashhad)

Mashhad  agieo : youis
Chickpea sz :olS

Soil texture: Clay-lome  ow)pq :Sl> cdl

(%) a5 Gos
(50 3 yioskee) S T (510455 cugd 5
(5o 39 yhoiclso) jlmo aplss' yiSla>
(30 30 yio o) ool B o yislos
(o)) jluilaslw
FEIPS b
JU! oo
(o)) OLo.\.iI)
(39399 yaisken) (T 5 ST
(59 3lmo okl 190 yiSTa
(59) Sl g kal y30 ST
() @) (p,e
ol o

(5o 2 it jismd) (63l O (S0 sl colan
(e 32 i) 15 gl o uas (153 2501 Colan

Root depth (m)

Water holding capacity (mm/m)
Maximum allowable depletion (mm/m)
Maximum usable water (mm/m)
Shading (%)

Uniformity factor
Transmission ratio
Efficiency (%)

Peak of irrigation requirement (mm/day)
Peak of irrigation frequency (days)
Peak of the selected irrigation frequency (days)
Basin (plot) width (m)
Reducing index

Electrical conductivity of soil (EC,), (dS/m)

7.8
6.92
7
2
1

Electrical conductivity of irrigation water (dS/m)  0.89

3.22

oads il o owlidlsn o lol 5l (andllas dilais 1) olo y2 )0 59,1 ¢ Silojy Alold & bgyye Syl jlel s, Lol 5 b s

sl 00 039381 T 4 b anlS (g,lol o Jlae 5l el @y b Jaaz 50 i (s Sk GialS b Gioliél 4 azg b g

* Before irrigation, daily readings of rainfall (in the region of experiment) for each 10 days intervals, obtained from

weather station and in regard to 10 days intervals readings the calculations of the table is done. Regarding to data
and according to meteorological estimation, in table, the rates (figures) of irrigation water in 10 days intervals
decreased or increased.

\Al



WA Jlo oY oylouds ¥ o /! a0 SUIB H 435 [ glisio alaw 3110y ) Sad g & laidppans]

poc 1y ol cnl Jds LT g oo yiaS Cdl> cpl )5 5
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Slld el 4 pmie w9 pl g oS Ly Sas
31 ogbon ol e mhaw JhalS il g ond (g rtiugid
2 S Gl a5 WSl bagl o%s sy
b oS oo |y ol conl Sow S mhaw sloasy
S S e sba¥ 5l 0ex 5L 900 Cugb,
IR JEE S RN I PO ISP SO KV 7S
Dybee (@l polie A s ol e S
seals g olS 3l pals cel (Julse opl dcgese
5 oad LM (3,5 Cuz wyzge Gitimgd pld
Benjamin & ) sas o ials 1) als oSk colys

.(Nielsen, 2006; Jalota et al,. 2006

S5l g o o

Sslite ok S| (uil)ly 4 @bl b
b 50 Sjgdan oSlee a5l el 55 5 Ll
Ot Sgpsba (V) Jsoz) og g ao)0)
s B skl Gl je Sojglan o Sles Sl
S leleS slosd 53 o1 (e 5 S jo 0 S5l 1OV Y
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b Sladles S pgasa ol 850 Jsb 2als 4 ol oo
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8,5 alil MSTAT-C 4 SAS 5Ll

(ai15) solad! & Slos

i a ails 9 ,Slas Sl 518, 5 kel Ssline sk
(¥ Jgoz) 0g Hlodme v 0) g do 00 mhw o
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il g oaaLw

g a8l sl olge ol sasmolas cils ezl

Olyes 4o ead adel dlae IS 4 Cand wils o oo s

Aleoslyls L mls Gob cul caly 5 (s, 03,

(Y J9uz) 090 Hlo cme ao o)

(Auld et al., 1988) coul oo ol il liiss
A Sislan o Slee oge gl 15 b
sk 5 il b, b sly wb,y ol Slojes
a0 8y90 Job GRIBl L w0 Sl 4ol ol
Simgid U Qa2 (09l Fhe jee Bl g (oiuy,
lse plal a5 alidl 4 e a5 b e RIS

055 0

kel il Zolaw )3 3955 U1 5 ;Shos (51321 § 0 yKhos (ilxy po (uSileo) (il g 43265 - Jgur
Table 3. Analysis of variance (mean squares) of yield and yield components of chickpea cultivars in different

T o3l 4z o Wl s Soielom cetlo L dlasi Ald ol Al Yoo L,'),
SOV df Grain yield ] ; Number of Number of seeds 100 Grain
il Biological Harvest pods per pod weight
yield index
Replication B 2 427.27 3024.63 0.32 23.25 57.27 25.91
Irrigation el 3 18397.29°  461961.09 18314~  627.13" 2272.8" 94.54"
Error s 6 3902.38 17470.49 0.8 16.44 4.07 19
Cultivar 5 3 71118137 259289.117  11.37 1435.41" 2774.75" 94.77"
Irrigation xCultivar  s3,x (st 9 5753.76  15117.27 7.68" 41.72" 121.69" 22,55
Error s 24 825.1 2669.85 0.12 7.56 10.79 1.04
cv O g g g 941 9.4 6.8 7.73 6.54 1.77
a=0.01 5 0= 0.05 zhaws ;o jlo cme g 0 gme b ol 3 4 *F 5> NS
ns :Non-significant, *and **: Significant at o= 0.05 & a= 0.01, respectively
0,Sdos gl3l g 8,5 dos p (6 slel ilike Tobow ol Ol J1 Sl auslio -F Jouo
Table 4. Mean comparisons of main effects of different irrigation levels on yield and yield components
ko alo & Slos S 9lgmd Slos il y asls i alo olass als ": 39
Treatments (LS o p55kS) (LS oS5k (4o N“”; a ) ,\T""’ ‘;" ’°f 1032”_
Lo 1, . . . 1 . umber of umber o rain
Grain yield (kg.ha™) Biological yield (kg.ha™) Harvest index (%) pods.m? seeds.m? weight (g)
S okl 677a 1514 a 57a 131a 193a 71a
Full irrigation
i 576a 1274 53b 116 ab 173D 62b
90% ETc
w2t sl 397b 802 b 50 be 99 be 136 ¢ 55¢
80% ETc
w228 @ lele? 247 ¢ 486 ¢ 48¢ 74c 100 d 50 d
50% ETc

W, K0S b gl s B 0= 0.05 mhass jo )l S ie By S Jilas (gt o 0 a5 ole 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 comparisons of main effects of chickpea cultivars on yield and yield components

oo s o Slos S 5glgm Sos wli‘: :’:’u » f‘m e f‘"‘t (0,5 413 V++ o539
Treatm;nts ()L?ib .)b P75k 1 . ()l.:&é)o .hfjl;) 1 Harves': index Nuér:;:of l\?l’,l::)t::r) of . (F?-]rain
Grain yield (kg.ha™) Biological yield (kg.ha™) ) pods i seodsm? weight (g)
Jam 436 b 876 ¢c 53 ab 103 ¢ 142 b 58 ¢
Karaj 12-60-31 z 5 335¢ 711d 53a 66 d 102 ¢ 64 a
1LC482 448 b 982 b 51b 110 b 144 b 61b
Kakat's 614 a 1265a 52 ab 141a 213a 55d

W, K0S b gl s B 0= 0.05 mhas jo 5l S ie By S JBlas (gt o 0 a5 ole Sl

Means within each column with a letter in common are not significantly different at o= 0.05.

S8 das (sl3erl g 0 yKhas 0955 ol 5 (5 )bl Zotamw Jiliio I 1 (yaSilen dmasliin -5 Jguir
Table 6. Mean comparison of interaction effects between chickpea cultivars and different levels irrigation

on yield and yield components

aild & ;Slos SO el gud ySilos Sl yy a Ll 30 ML olusy ailo ol &ls Yer 39
e ) OESe 2 pSokS) (a0 p55kS) Q) &0y &0 iny )
Irrigation levels Cultivar Grain yield Biological yield Harvest index Number of Number of 100 Grain
(kg.ha®) (kg.ha®) (%) pods.m™ seeds.m? weight (g)
Jam > 674b 1536b 55¢c 129c 195¢ 69b
Jol5 sk Karaj 12-60-31 ¢z, 443f 989fg 59 90i 117g 76a
Fullirrigation 1LC482 660b 1497b 56¢ 135¢c 175d 75a
Kakatss 930a 2039a 58b 189a 284a 65¢c
Jam > 534de 1290cd 52e 109de 168de 63d
a0t 5 kel S Karaj 12-60-31 z,5 464ef 1075ef 55d 79gh 139f 67c
90% ETc 1LC482 504def 1217de 52e 152b 159ef 63d
Kakatss 613bc 1512b 51f 120cd 228b 54¢g
Jam a> 333gh 723ghi 52e 96efg 117g 55¢
woyo¥e gilles  Karaj 12-60-31 ¢ 5 265hi 5450 49i 65i 93h 58¢
80% ETc 1LC482 3579 720fgh 50h 103ef 139f 55f
Kakatss' 559cd 1108bc 51g 131c 196¢ 53gh
Jam > 202ij 390jk 49i 78hi 90h 48i
aoyode glsleS  Karaj 12-60-31 g5 167j 302k 50h 43 59i 57ef
50% ETc 1LC482 269hi 600hi 45k 83fgh 105gh 51h
Kakalsts 351g 636fgh 48j 93de 145f 45)

W, K0S b gyl e S 0= 0.05 mhaw jo )l S ie B> SO JBlas (st 2 0 a5 ole Sl
Means within each column with a letter in common are not significantly different at a.= 0.05.

Y Jgoz) 09 )‘Q‘S;M
Oy e i SIS Sl ang o ml 4 ag b

oS slp S Skl Sles o wcsly oo Sk
Lg)l..,ﬂ oS sled jo ‘QT reS 5 (Mo )3 QA \Y-F- YNz S

Yo

iy 4 wdby erls Plas g aSle ol

FA) doy3d e 6 )letloS Lo 5 (doys BY) ol (bl e
ol i Geizmes (T Jgu2) wb Jol> (ae)e
o oty g (0oys DY) VY54 ¥\ 2,5 (3, ol el
UiSTy (0 Jgoz) sl Cawsdy (a0 0Y) ILCA8 o5, sl
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Siddique et al., ) asb ool jlel Sz s s 4
Lol Sas e Liuetal. 2003) js)l55 5.k (2000
5 ools pals | el wd, el ges bl e
Dl oo DU Bl faezme 4o glalaxdle LB alS 4 e
Loyl cow wgdu o, Sles oy g a5 020 oo L Slllae
S 5l ozl ably gl )3 v9doe Jol> b
JoSis b 2o Ao jo 10 ofugds (25 Al> o 5l o
1991) ;I J& « .Jalota et al., 2006) <ol (5,900 «asls
o Grashoff (1990) 4 Karamanos & Gimene
Slye alS @b 5l L bl pady g L o Sis
3 5l o Sgajsm Jolas o sl sleml b 5 (s 5timgid

.Mo‘f

Thw oy 4o dils slaws
el s b 51l y 40525 b5 ol
05 0 Fxe do )3 mhuw (0wl Slaw Cho 55, » ) s
OeSle (S g (e ) £95 51 S B pe (V) J9ux)
VAY) el glel Jlesd 50 i 4 caupeyie 5o by dlass
(F Jgaz) 0gr (s Ve o) aoy0de glolaS s g (ails
o s 9485 Sl it w5 el ol 1 S5 By
a5 055 50 0l DS s (@ YAY) B o5, 1o ayeyie
lie 510 Jsaz) el Caws 4 (ails 1+T) VY-$o-1)
woy3) e 3o 5 als Slawi Cho o) g 6okl sk
i eSilee (i Ssgbar (7 Jguz) og o s
YAE) KIS o8, 0 JolS kol les jo mhaw axlg jo &l
o) o ey laleS Jle 5o ol GaieS s (@l
Sawi (F Jsaz) el Cewsay (als DY) \Y-Fo-Y1g S
Wl s (el ey a8 Ol 16500
wgss oS (Goldani & Rezvani-moghaddam, 2004)
Sz 50 45 Casl (r e (Shagy 0y gl adls T
5 5 aly 9, 8595 Job o yiws BB Zusb; (09 ool
S 4 e (e i biee GRS Festd Glie
990k Sladle LS5 p oS 098 oe olS j0 i la S
Goldani & Rezvani-moghaddam, ) el j5e ails g
L] sl 5 O 0, okl T e Lial3él L (2004
e b S n g ogbise plnl S gVeb by S o
Ol aigy yo ally Slawi Al )0 Ngd g disl

ol e g L5)11.5] g,J Ole Lials ( blae ;o J.:L:Go
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J995) sl oy (auo,0 F0) ILCAB2 13, (sl couo 00+
g YL e glo ity jo clloy asls jialS (F
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Abstract

In order to study the effects of different irrigation levels on yield, yield components and drought
tolerance of four chickpea cultivars, a farm experiment was conducted in Mashhad climatic condition during
2008-2009 growing season. Four irrigation levels including: T,= 100% ETc (Full irrigation), T,= 90% ETc
(deficit irrigation), T;=80% ETc (deficit irrigation) and T,=50% ET¢ (deficit irrigation) and four chickpea
cultivars (Jam, Karaj 12-60-31, Kaka and 1LC482) were compared in a split plot layout based on
randomized complete block design with three replications. The irrigation levels were imposed as main plot
and chickpea cultivars as subplot. In each level of irrigation, based on national water document (using
NETWAT software) and by the method of Penman Monteith, water requirement was determined. The results
showed that different levels of irrigation had significant effects on grain yield, biological yield, harvest
index, number of pods per m? number of seeds per m? and weight of 100 chickpea seeds. By increasing the
rate of supplied water, number of pods and seeds per m? the weight of 100 chickpea seeds and consequently,
grain yield increased, significantly. In all irrigation levels, Kaka and Karaj 12-60-31 cultivars had the highest
(930 Kg/ha) and the lowest (166 Kg/ha) seed yield, respectively. In this study, the most drought tolerant
cultivars to drought were Kaka, 1LC482 and Jam, respectively. In full irrigation treatment, the yield of
ILC482 cultivar was lower than Jam cultivar, but in deficit irrigation treatments (Ts and T,4) the yield of Jam
cultivar was higher than 1LC482 cultivar, considerably and in comparison to the other cultivars, its measured
qualities less affected by deficit irrigation. Results of this experiment showed that 1LC482 cultivar may be
recommended as a high tolerant cultivar to drought stress.

Key words: Chickpea cultivars, Deficit irrigation, Drought stress, Grain yield
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Table 1. Used chickpea genotypes, their origin and their properties
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Reference Flowering Response to drought Origin Seed bank ID No.
Sedaghatkhahi, 2007 MF - lauly o> T- Jozxio ICARDA-Is, 5 (Flip87-84c) MCC333 1
Ganjeali et al., 2009  EF - JSo; T- Join Iran-;,l 1 MCC544 2
Ganjeali et al., 2009  EF - JSo; S- ol Iran-;,l ! MCC674 3
Sedaghatkhahi, 2007 MF - L.y o> S- ol ICARDA-Is,IS| (Sel96TH11439)MCC753 4
Ganjeali etal., 2009  LF- J5,» S- ol ICARDA-Is,I,!  (Flip97-41c) MCC759 5
Ganjeali et al., 2009  EF - JSo; T- Jozin ICARDA-Is, I (Flip97-43c) MCC760 6
Ganjeali et al.,2009 MF - Lulg o> T- Jozin ICARDA-Is,I!  (Flip97-91c) MCC770 7
Sedaghatkhahi, 2007  EF - J5ss; S- ol ICARDA-Is,II (Flip97-97c) MCC773 8
Ganjeali etal., 2009  LF- J5,» S- ol ICARDA-Is,I,!  Flip97-120c) MCC783 9
Ganjeali etal., 2009  LF- J5,» S- ol ICARDA-Is, ;! (Flip97-196c) MCC806 10
Saxena et al.,1993 EF - J5sq; T- Joxio ICRISAT-ces S5 (ICC4958) MCC877 11

Abb.: MCC: Mashhad Chickpea Collection, T: Drought Tolerant, S: Drought susceptible, EF: Early Flowering,
MF: Mid Flowering, LF: Late Flowering
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1. Stress tolerance

2. Mean productivity

3. Stress susceptibility index

4. Geometric mean productivity
5. Stress tolerance index
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Table 2. Effect of salt stress levels on plant height, main root length and branch number in 11 chickpea genotypes

il a2l olas Giegsile) ey Jobo Gresile) digy glad )

Branch number Main root length (cm) Plant height (cm) Gwigi
wXibe  WYASMT ASMT sali wXilo  YDSMT ADSMT sals (Kbe  WYDSmMT ADSmMT wals Genotype
Mean 12dSm®* 8dSm™ Control Mean  12dSm™ 8dSm™ Control Mean 12dSm™® 8dSm™ Control
4.4a 4.0 4.0 5.3 27.8a 22.0 32.3 29.0 12.8e 12.3 12.3 13.7 MCC333
3.6ab 3.3 2.7 4.7 31.8a 22.0 35.7 37.7 15.8bc 14.0 15.3 18.0 MCC544
3.9ab 2.7 4.3 4.7 32.1a 25.3 33.0 38.0 16.4ab 16.0 14.7 18.7 MCC674
3.9ab 3.0 4.3 4.3 30.4a 20.7 28.3 42.3 15.6bc 13.0 16.0 17.7 MCC696
3.9ab 2.7 4.0 5.0 33.6a 34.7 313 34.7 13.5de 13.3 13.0 14.2 MCC759
4.6a 4.0 4.3 5.3 33.4a 31.0 34.7 34.7 15.7bc 12.7 15.7 18.7 MCC760
4.4a 4.0 3.7 5.7 37.9a 36.7 41.7 35.3 14.6¢cd 14.0 13.7 16.0 MCC770
4.6a 3.7 5.0 5.0 29.1a 23.7 23.7 40.0 12.7e 12.3 12.3 13.3 MCC773
4.6a 2.7 4.3 6.7 31.7a 20.7 27.3 47.0 12.9de 11.3 12.3 15.0 MCC783
4.1ab 2.3 4.7 5.3 30.9a 27.7 35.3 29.7 13.2de 11.7 13.7 14.3 MCC806
3.0b 2.7 2.0 4.3 28.6a 24.3 29.7 317 17.8a 15.7 17.0 20.7 MCC877

LSD=1.7 3.2b 3.9ab 51a LSD=152 26.2b 32.1ab 36.4a LSD=2.6 13.3c 14.2b 16.4a Mean Sl

1o g 5 Jilie Sl (ySils dglie (5l LSD o

o1 gl )3 (By) SIS (slaaloaiz Sl duglio (o) bl s o0l ST eFiloo alin

Simple effect mean comparison: based on Duncan's multiple-range test; significant difference at 5% level of probability.
Interaction compare with LSD, significant difference at 5% level of probability.
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Table 3. Effect of salt stress on shoot dry weight, root dry weight and root to shoot ratio in 11 chickpea genotypes

plail 4 4y ) S Ay SAS 0)g lep plil Sl (59
stle (&5 2 p)5) (G52 5 p)5) sl
Root to shoot ratio Root dry weight (g.plant™) Shoot dry weight (g.plant™) G;r{;)type
oSl AYASM™T AdSMT wali 5o AYASMT ADSMT sals oibe YASmMT AdSm™ ol
Mean  12dSm® 8dSm™ Control =~ Mean 12dSm?* 8dsm® Control Mean 12dsm®*  8dSm?*  Control
0.35bc 0.43 0.33 0.30 0.15ab 0.16 0.13 0.17 0.44bcd 0.38 0.39 0.55 MCC333
0.47a 0.61 0.33 0.46 0.14ab 0.09 0.11 0.22 0.34d 0.21 0.32 0.49 MCC544
0.44ab 0.59 0.34 0.39 0.19ab 0.14 0.16 0.25 0.48abc 0.29 0.47 0.66 MCC674
0.38abc 0.37 0.31 0.46 0.13ab 0.09 0.11 0.19 0.34d 0.25 0.35 0.43 MCC696
0.37bc 0.42 0.31 0.37 0.17ab 0.13 0.15 0.23 0.48abc 0.30 0.50 0.64 MCC759
0.31c 0.34 0.28 0.30 0.18ab 0.14 0.15 0.24 0.59a 0.41 0.54 0.80 MCC760
0.38abc 0.37 0.33 0.44 0.17ab 0.14 0.12 0.26 0.44bcd 0.38 0.38 0.56 MCC770
0.36bc 0.39 0.32 0.36 0.16ab 0.14 0.13 0.22 0.47abc 0.35 0.44 0.61 MCC773
0.35bc 0.31 0.35 0.40 0.19a 0.09 0.15 0.32 0.51ab 0.30 0.43 0.81 MCC783
0.36bc 0.39 0.36 0.34 0.18ab 0.15 0.16 0.24 0.51ab 0.37 0.44 0.74 MCC806
0.34c 0.37 0.30 0.36 0.13b 0.11 0.09 0.19 0.38cd 0.31 0.30 0.54 MCC877
LSD=0.13 0.42a 0.32b 0.38a LSD=0.09 0.13b 0.13b 0.23a LSD=0.19 0.32¢ 0.41b 0.62a Mean Kitw

1o 0 gdan j3 lite Sl Silee dnlia sl LSD jlaiie .- /+0 grlaw 5o (Gg,m) (5SSl (slarelosiz Sl dumlio yg05T (ool 52 00les I3 (paSiles dunlie
Simple effect mean comparison: based on Duncan's multiple-range test; significant difference at 5% level of probability.
Interaction compare with LSD, significant difference at 5% level of probability.
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Table 4. Effect of salt stress on membrane stability index, green leaf area and green to total leaf area ratio
in 11 chickpea genotypes

Sy o S5 49 ww e Connnd

(&0 o s5l) oo b

(ao,0) sl (gylmly asls

Membrane stability index

Green to total leaf area ratio Green area (cm?) %) [evepeys
& 1 1 B e 1 1 N &: 1 1 . Genotype
oo \YASM AdSm aals ol IYASMT ADSMT sl ol YASM™ AdSmM aaly
Mean 12dSm?*  8dSm®  Control Mean  12dSm® 8dSm® Control  Mean 12dSm?*  8dSm™ Control
0.84ab 0.77 0.81 0.95 32.9a 23.8 27.3 47.6 54.1bc 26.0 41.3 95.1 MCC333
0.76¢cd 0.44 0.87 0.96 29.4a 13.9 24.5 49.8 46.9bc 16.8 26.5 97.4 MCC544
0.87a 0.76 0.90 0.96 40.9a 13.7 39.2 69.9 51.3bc 9.0 51.0 93.8 MCC674
0.78bcd 0.57 0.84 0.92 28.8a 134 29.3 43.8 52.0bc 19.6 49.1 87.4 MCC696
0.87a 0.82 0.82 0.97 36.9a 19.3 27.4 63.9 51.4bc 14.0 52.6 87.6 MCC759
0.88a 0.81 0.87 0.96 44.1a 25.9 37.0 69.4 54.3bc 19.1 62.1 81.6 MCC760
0.90a 0.87 0.86 0.96 33.7a 26.0 22.3 52.6 61.6ab 48.5 40.3 96.1 MCC770
0.89a 0.82 0.89 0.96 39.5a 20.4 37.1 61.1 74.9a 53.8 78.3 92.6 MCC773
0.77bcd 0.52 0.86 0.94 34.7a 7.4 25.5 71.3 51.9bc 17.9 47.3 90.5 MCC783
0.70d 0.26 0.87 0.96 39.2a 13.4 33.4 70.7 55.9ab 27.0 46.4 94.3 MCC806
0.80abc 0.64 0.80 0.96 37.6a 20.1 29.9 62.7 34.1c 8.5 20.0 73.7 MCC877
LSD=0.12 0.66¢ 0.85b 0.95a LSD=20.5 17.9c 30.3b 60.3a LSD=30 23.7c 46.8b 90.0a Mean ;u.Kitwo

e 0 gdan j3 lite Sl Silee dmslia sl LSD jlaiie /-0 grlaw 5o (Gg,m) (Sl (slatelosiz Sl dumlio 3051 Lol 52 00les Sl (paSilis dunlie
Simple effect mean comparison: based on Duncan's multiple-range test; significant difference at 5% level of probability.
Interaction compare with LSD, significant difference at 5% level of probability.
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Table 5. Effect of drought stress on leaf relative water content (RWC), shoot dry matter index and root dry mater index
in 11 chickpea genotypes

Al y S oolo wo yo

lgp plasl SLis solo wusyo

(o,0) Jl‘f ui (s )|..\.ﬁ.a

Root dry mater index Shoot dry matter index Leaf relative water content (%) gy
Sibe  AYASMT ADSMT wals owSibe  IYASMT ADSMT sals il AYASM? AdSmM™ aally Genotype
Mean 12dSm™* 8dSm® Control Mean 12dSm®* 8dSm® Control  Mean 12dSm™  8dSm®  Control
4.4a 4.4 4.0 47 17.8a 155 19.4 18.6 74.3b 79.3 72.7 70.8 MCC333
3.4cde 3.6 3.0 3.6 13.1b 12.4 10.8 16.0 86.7ab 98.3 90.7 71.3 MCC544
3.7abcd 4.2 3.3 3.7 14.1ab 10.1 15.2 16.9 83.1ab 98.8 74.5 76.1 MCC674
3.5bcde 3.4 3.2 4.0 16.3ab 12.7 19.3 16.7 78.8ab 92.5 69.6 74.4 MCC696
4.2ab 3.6 44 45 17.2ab 14.1 204 17.0 75.5b 77.8 68.4 80.4 MCC759
3.6bcde 3.1 35 4.1 14.6ab 10.4 12.3 18.0 81.2ab 87.1 80.9 75.5 MCC760
3.1de 29 3.2 3.2 14.9ab 14.7 13.4 16.6 80.5ab 81.9 80.3 79.4 MCC770
3.8abc 3.6 3.6 43 15.3ab 14.3 14.2 17.3 71.6b 70.2 71.2 73.3 MCC773
3.8abc 35 3.6 44 16.6ab 111 21.3 17.4 81.9ab 98.5 69.9 77.3 MCC783
4.1a 4.0 4.2 39 16.4ab 14.9 15.0 19.3 81.5ab 84.0 86.1 74.4 MCCB806
3.0e 31 25 35 12.4b 12.4 8.6 16.3 90.5a 99.1 98.2 74.1 MCC877
LSD=10  36b 3.5b 40a LSD=6 13.0b  154ab  17.3a LSD=24  87.9a 78.4b 75.2b Mean uSibe
10 a0 Jlize I Sl duslie gl LSD jladie o/« 0 alaw [0 (Bgy>) (Sl glassloniz (pSiloe duslio 03] Lulul 4 ooles Ol i1 Silee auslis
Simple effect mean comparison: based on Duncan's multiple-range test; significant difference at 5% level of probability.
Interaction compare with LSD, significant difference at 5% level of probability.
(S90S 99555 5 okl s T3l Slho Ktusod clpd —F gz
Table 6. Correlation matrix of morphological properties in chickpea in the presence of salinity
@) (2 3 4) (5) (6) 0 (C)) (9 (10) (11) (12) (13)
1 0.19  0.47** 0.42** 0.01 0.35**  0.24* -0.06 -0.10 0.08 -0.13 0.53** 0.35** 4 éu_’“" 1)
Plant height
1 0.33**  0.34** 0.15 0.28**  0.22* 0.06 -0.07 0.00 0.00 0.35** 0.33** "Lf" ) Jgb ()
Main root length
1 0.83**  0.64** 0.95** 0.73** -0.07 -0.35**  0.34**  0.34**  0.94**  0.68** wilsn el SiS 05 3)
Shoot dry weight
1 0.55**  0.83** 0.61** 0.25* -0.28** 0.27* 0.11 0.79** 0.56** ) ‘;”"_ 4)
Root dry weight
1 0.62** 0.64** -0.03 -0.35** 0.38** 0.27* 0.54** 0.44** L slaas (5)
Branch number
1 0.66** -0.01 -0.31**  0.36**  0.46**  0.88**  0.58** 5SS 0 (6)
Total biomass
1 001  -047*%  042%*  026%  0.74%  0.67* L syl el ™
Membrane stability index
1 0.02 000 034 005 0.00 @l plilgady, cod (g
Root/shoot ratio
1 070  -015  -0.36**  -0.45% Sr ol o jlade ©)
Leaf relative water content
1 0.30%* 0.34%* 0.29%* 2lg plal Sis solo wuo o (10)
Shoot dry matter index
1 027 017 “hyySidsedloser gy
Root dry mater index
1 0.73%* St e el 12)
Green area
‘j . . .
n 2w 5 4w gl Cond 13)

Green to total leaf area ratio

0= 0.01 3 0=0.05 mhaw ;o o coe o g 4y FF o *

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

q.
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Table 7. Effect of salt stress on biomass and salt resistance indexes in 11 chickpea genotypes

(G52 5 p,5) J5 Slis (439

Biomass (g/plant) T3]

SSI SSI MP1 MP TOL TOL STI STI GMP  GMP ol AWYDSMT ADSM™T salis Genotype
12 8 2 8 12 8 12 8 12 8 Mean  12dSm™ 8dSm® Control
0.53 0.80 0.63 0.62 0.18 0.20 0.53 0.51 0.62 0.61 0.59bcd 0.54 0.51 0.72 MCC333
1.21 1.13 0.51 0.57 0.41 0.29 0.29 0.41 0.46 0.55 0.48d 0.30 0.42 0.71 MCC544
1.11 0.88 0.68 0.77 0.48 0.29 0.55 0.80 0.63 0.76 0.66abc 0.44 0.63 0.92 MCC674
0.96 0.76 0.48 0.54 0.29 0.17 0.29 0.39 0.46 0.53 0.47d 0.34 0.46 0.63 MCC696
1.08 0.69 0.65 0.77 0.45 0.22 0.52 0.79 0.61 0.76 0.65abc 0.43 0.66 0.88 MCC759
1.00 0.93 0.80 0.87 0.50 0.35 0.79 1.00 0.76 0.85 0.76a 0.55 0.70 1.05 MCC760
0.76 1.06 0.66 0.66 0.29 0.31 0.58 0.56 0.65 0.64 0.61abcd 0.52 0.50 0.81 MCC770
0.89 0.87 0.66 0.70 0.35 0.26 0.56 0.66 0.63 0.69 0.63abcd 0.48 0.57 0.84 MCC773
1.37 1.37 0.76 0.85 0.74 0.55 0.61 0.90 0.67 0.81 0.70ab 0.39 0.58 1.13 MCC783
0.99 1.09 0.75 0.79 0.46 0.38 0.70 0.81 0.71 0.76 0.70ab 0.52 0.60 0.98 MCC806
0.89 1.28 0.57 0.56 0.31 0.33 0.42 0.39 0.55 0.53 0.51cd 0.42 0.39 0.73 MCC877

LSD=0.24 045c 0.55b 0.85a oo

Mean

o0 a0 Jlite Sl Sils dslie gl LSD jlade /o0 mhaw ;0 (Bg,>) S glaelsaiz 5Kl duslio (g3l Lubol 5 ool &l 3l . Kiloe duglin
Simple effect mean comparison: based on Duncan's multiple-range test; significant difference at 5% level of probability.
Interaction compare with LSD, significant difference at 5% level of probability.
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Table 8. Principal component loading for the measured trait of chickpea genotypes

J5 il slg 3l ke

ailga
GMP12 GMP8 STI12 STI8 TOL12 TOL8 MP12 MP8 SSI12 SSI8 Y12 Y8 YO Proporation of total
- Factor
variation (%)
-091 -098 -091 -098 -0.74 -066 -097 -0.99 -036 -0.17 -052 -085 -0.98 65.9 J!
PCAl
-035 -005 -034 -003 064 060 -015 001 08 070 -0.76 -0.30 0.21 22.8 .
PCA2

Sl ol oy Jloyem i G 9 Ll oo g s
Ot it 092 mly Lmd 058 5eS3leo MCCB33 (oigi 5o
(Jlio ool calin Cuisi) (nl 10 (5 e 4 Cuaglie jlade
O Lt 0 YL a5 (e 9929 L MCCT83 (s
ool plo & Cod %S (5)9d 4 Saaglie jl s
MCC696 MCC544 (glasisis 55 15,55 axlllae 3,50
AJOBJOMSSJJAMUMLEA)QGK.O@JWBMQ
<JB ,o (Saxena et al.,1993; Ganjeali et al., 2009)
Sdg Jemiliy 5 (5558 S 4 Coplus dllate ;0 055 S
Sy oo S 4 a5 Wingy 8,5 18 I sl Hloged o by
0 iils clie 6,50 baylyd )0 citS ol bais ol
o oo sl S 655 2 45 Sl oo o bl
SSggee Lulpd o lecuiel cnl 5l ol 65, 2 (Sis

ol slaailie a4 izw 905l 5l ool oy s
FOAY | ailye 45 ol Lics S sls pammsys 5 (PCA)
3 0, Skae s STI GMP MP sla ozl &l s 5l ao o
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Sl3ged Jgl dar ) JSCS 5o calpl (VSS9 8 Jg02) wws o
2wl pls (5,00 a4 Cuaglio g oy il axd Glgi o0 1,
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dn ol 1) Sl 5 o SYYIAF o,
A Jood aar plsie 4 Gli oo 1) Jloged poo aad calnl
5 clorisy S Bl (b 5,5 yme (5,58 5
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Fig 1. Biplot based on two major principal component factors
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Fig 2. Three dimensional scatter plots of chickpea dry mater production in control, 8dSm™ with STI8 and SSI8

ay



¥R Jlo oY o Lol ¥ ol [l ! Qb,’ “slb&squ,&a [ew Jooxd oy g2 ¢35 9 (60 32 w0 &1

3955 33 wbll 5ldslow’ )0 oull g puSo 3l (Gl puiiko 9 (5598 41 Caoglilo (S RS LY (pm (Swod ] o -4 Jgu
Table 9. Correlation matrix of salt tolerance indexes and plant parameters in control in chickpea

SSI8 SSI12  MP8  MP12 TOL8 TOLI2 STI8  STI12 GMP8 GMPL2
030 020 -026 -029 003 -001 -024 -028 -028  -031 Gy gl
Plant height
019 066* 015 -006 032 055 013 -022 012 0.23 kol dda) Jsb
Main root length
040 021 063* 070 072~ 057 058 060* 059  061* >l slasi
Branch number
016 002 002 -001 -008 -002 -00l -003 003  -0.02 sLad sylul sls
Membrane stability index
015 038 -045 -0.62* -008 002  -047 -067* -047  -0.68* 5L 4 4y ) Copnd
Root/shoot ratio
004 028 048 039 022 040 047 032 048 035 S ol o lade
Leaf relative water content
015 -029 050 063* 018 008 050 070 051  0.69* tlo plail i Bolo w0y
Shoot dry matter index
044 006 029 020 -012 011 031 017 031 0.18 ) K 83le oy
Root dry mater index
025 040 097** 095% 072% 078 095 0.88** 095%*  0.87** o plail i 03
Shoot dry weight
048 072% 072  0.62* 0.80** 089** 068 046  0.68*  0.46 ) S 039
Root dry weight
033 051 096%* 093** 078 0.86%* 004%* 0.82%* 094%*  0.82%* S5 S 5
Total biomass
033 049 084** 080** 067* 0.75** 083* 071* 082**  0.72* S e el
Green leaf area
011 019 024 031 -009 009 025 037 027 039  SrThe S @i ghe e

Green to total leaf area ratio

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

Jemie slacaisis 09,8 5o aPls (nl wlol 2 oadprn 3
S ;ST B98 Slais b 40 097y (nl Loy 485 13
Slocaisgs wlgi oo il ails o Sae (e olal 5 b))
2l Sl 208 g 5 Ll 8 o i o Shee 20k b
5 oobogz byl SOle oS oy Jg 1S SIS o)
5 e s 5 oS Canglie s allns 3] on
a L):;,,.l_a)’i ol el G{IJIS el 4 asls pladl
Gﬂ)u F Ml olul p bdiges SCS&5 aS )y oo A
ol Sboaais) SIS sl 398 Beed 59 4 Cad (652
ol )‘i)?ﬁ polie 5!
Gl asls b oas s Sl Gilises lio 3l oy
sl jazls as ol lad (5,0 calitrs slo,les [0 Cunglie
5 e St \YASM™ a5 o STI s GMP .MP
39 5 2lee plail i sols o yo g 4zl slawi b (g )lo ge
A Al ) S L:‘j)‘%;‘“jﬁ"-:i“ M/“ o ol les
s edhle 4y (A Jgao) aile die (Swon ¢ olen pladl
Sl (azli b ade, S35 (59 5 ada) Jsb lass 0l
@ (A saz) il o Sme g e Sion SSI s 4
pladl ay ainy ) o b a5 olacais) a5 au ) oo A

ay

0= 0.01 5 0=0.05 mhaws ;o o g o i 4y X% 5 *

ool o oLl as ol sliizel oLz 5l 5
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Abstract

Salinity is a major environmental problem in arid and semi-arid areas. Chickpea (Cicer arietinum L.),
like other legumes is sensitive to salinity. Therefore, selection of genotypes to grow on saline areas is
important. Eleven chickpea genotypes (as sub plots) were grown in the greenhouse conditions on a medium
containing different NaCl concentrations (8 and 12 dSm™) and control (Hoagland solution) as main plots.
The results showed that salinity reduced membrane stability index, green leaf area, the percentage of shoot
and root dry matter, plant height, number of branch and root to shoot dry weight, significantly and increased
leaf relative water content in all genotypes. Membrane stability index (0.61 and 0.73) and green leaf area to
total leaf area ratio (0.68 and 0.56) in genotypes showed a positive correlation with shoot and root dry
matter, respectively. Biplot on resistance index based on dry matter production showed that amomg drought
tolerant genotypes, MCC696, MCC544 and MCC877 are least and MCC760 is the highest salt tolerant
genotypes. In this study, except MCC873, other drought sensitive genotypes were categorized in the salt
tolerant group. Therefore, it seems that drought tolerant genotypes are not necessarily salt tolerant.
Generally, in order to achieve the drought and salinity tolerant chickpea varieties, the genotypes for both
traits should be selected.
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Abstract

Determination of cardinal temperatures during seed germination and emergence as well as the thermal
time requirement for each stage is essential in crop management and modeling of plant growth and
development. Two experiments were conducted to predict cardinal temperatures and thermal time
requirement for germination and emergence of chickpea genotypes. In the first experiment, seed germination
responses of six chickpea genotypes (MCC361, MCC951, MCC180, MCC873, MCC13 and MCC463) at
seven temperature regimes (3, 5, 10, 15, 20, 25, 30 and 35°C) in a controlled condition were evaluated. The
trial was carried out as split plot based on a completely randomized design with three replications using 10
seeds per Petri dish. Seed germination percentages and days to 50% germination (cumulative) were
determined. Cardinal germination temperatures using non-linear regression between germination rate and
temperature (R50 as y and T as x) were estimated. Temperature function, Dent like model was used to
determine seed germination rate. In the second experiment, traits mentioned in first experiment were studied
for emergence of chickpea genotypes, with nine planting dates considered as main plots. Therefore, the
experiment conducted as split plot based on a complete block design with three replications in the soil. Based
on the results, both base temperature for germination and emergence were stable traits and there were not
significant differences among genotypes in this respect. Average base temperature of genotypes for
germination and emergence were estimated 4.2°C and 6.1°C, respectively. Also, the average optimum
temperatures of genotypes for germination differed from 20.4°C to 26.5°C, respectively and for emergence
they were differed from 24.0°C to 26.8°C, respectively. There was no considerable genetic diversity for
physiological days and thermal time required for germination and emergence of chickpea genotypes. There
was a highly significant positive correlation between observed and predicted days to germination and
emergence of chickpea using Dent like model. Therefore, this model can be used for simulating germination
and emergence times of chickpea.
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Table 1. Results of soil analysis (0-40 cm) in 2006 and 2007

) ey Sod 0395 o 4o Slgo o 4o STy colan oy lasie
o ek oD Qde b Qi 55 T e e O . . -
Sand% Silt% Clay% K P Total £$J| U”)S O g 2 él-*-“' JS g;")"s'" éL""‘" g0l
o OC% T.N.V% pH ds/m? S.P%  Sample
ppm ppm N%
39 31 30 433 13 0.076 1.53 33 7.1 1.37 44.5 R1
41 30 29 445 10 0.090 1.38 34 7.2 1.03 46 R2
40 26 34 404 16 0.087 1.39 33 7.1 1.15 40.7 R3
ey oo 0395 KW Slgo wuo yo oSy [OPRV Sy wlasie
o s o) e B a8 T Y L (& . Lo
Swmdve sion Cgo o T e b eI S el g
° ° Y7o K P Total 2
o OC% T.N.V% pH ds/m S.P%  Sample
ppm ppm N%
31 38 32 418 12 0.086 1.43 3.6 7.4 1.5 40.5 R1
29 39 32 429 11.5 0.091 1.54 34 7.3 1.2 44 R2
27 40 33 414 153 0.079 1.71 3.46 7.1 1.1 41.2 R3
Sl T (2 leanogS b Slaseion =Y Jgur
Table 2. Results of water analysis
J SAR  NA (%) K" NA* CL Hco3™  4auswwl TDS Ec Class
Year (meq/l) (meq/l) (meq/l) (meq/l) pH (mg/l)  (ps/cm)
2006 1.486 37.76 0.02 1.8 0.6 32 8.07 308 488 C2-S1
2007 1.436 36.02 0.03 1.8 0.62 2.5 8.32 333 510 C2-S1
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Table 3. Combined analysis of variance for common bean characteristics under effect of different strains of Rhizobium

S 039

0,5 olusy

PESTIRE N JOWCS I PPCH 0 - o Sdoe g M) S
S.0.v sl s o o5 ‘;9-3 » Ry Y ails
df N fixation/ha NOd.e dry ode Protein yield Protein% Seed yield
weight number
Year(Y) Jlw 1 2086.2% 22594.0%* 877.2% 31476.0 ** 16.0™ 592889.0°*
e 4 4784.1 939.6 283.05 13147.7 0.657 303392.7
ReplicationxYear
Strains (A) (gL oI5 5 20892.5%* 413101.8%%  4063.97%%  273534/0%* 15.2%% 3651492.2%
Cultivars (B) o, 2 16374.4%* 10415.1%* 784.9% 12492.6 #* 0.17% 2737721.0%*
AXB slizo 1 10 762.4% 1307.24%* 74,1 18219 ** 4.06%* 437916.9%*
VXA Jslico i1 5 84.5" 1111.21%* 56.04™ 2792 0.1117" 50110.0™
YXB slizo 1 2 193.421 712.79* 22.420™ 17.57™ 0.53™ 190343
YXAXB yliza 1 10 6602.9™ 25635 83.48" 2467.0™ 0.44 1354377
(E) siblo] ol 68 275.7 187.15 126.7 3126.0 0.857 259717
(03) Sl o0& 12.17 133 30.08 7.7 3.9 53

C.V%

0=0.01 5 0= 0.05 zhaw ;o Jlo coe 5 )5 Soe uf o 4 F* g% s
ns :Non-significant, *and **: Significant at o= 0.05 & a= 0.01, respectively

Lol plB)l 30 (5 ,85L ool i calizio (b slow 5o Lugd (o5 Sliuo (Sl dumslio —F Jgu

Table 4. Mean comparison for some traits in Common Bean cultivars under different inoculants application

223 o, Sl (39 0,5 ol OF9F Gl Oline aligp o Slas Al 5 ySles
4ld w59, Node dry weight Node number N fixation Protein Yield Seed yield
Protein% (2) Per plant (Kg/ha) (Kg/ha) (Kg/ha)
Year Jlw
2006 23.6a 88.5b 346D 623D 706.7 b 2973.54 b
2007 23.7a 117.3a 403 a 71.1a 740.8 a 3121.7a
Inoculants g il
NO 21.9¢ 56.8¢ 26.65 ¢ 15.8¢ 500.0 e 2230.44 ¢
N100 23.8a 39.6f 13.5d 13.7¢ 751.5¢ 3198.8b
Rb117 24.2a 166.8 a 559a 115.8a 8643 a 3557.7a
Rb123 23.6b 99.5d 40.36 b 47.2d 694.4d 2947.4d
Rb136 24.4a 122.7¢ 42.97b 64.8 ¢ 742.0 ¢ 30743 ¢
Rhizobean 24.0ab 132.0b 45.0b 86.9b 789.0 b 32779b
Varieties 3,
COS16 23.7a 121.8 a 42.8a 91.2a 781.5a 3308.08 a
Akhtar 23.7a 88.9¢ 34.7b 52.9b 663.7¢ 2758.75 ¢
Derakhshan 23.6a 98.0 b 34.8b 56.0b 726.0 b 3076.06 b

Wl K0S b gl pme BMS 0= 0.05 mhas (o iyl S e By G JBlas gt 2 0 a5 ole . Sl
Means within each column with a letter in common are not significantly different at o= 0.05.
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Fig. 1. Effect of different strains on nitrogen fixation
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Fig. 2. Changes of N fixation in different varieties of Common Bean
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Fig. 4. Interaction effect of different varieties and strains on changes yield in Common Bean
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Fig. 5. Interaction effect of different varieties and strains on changes protein yield
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ns :Non-significant, *and **: Significant at o= 0.05 & o= 0.01, respectively.
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Abstract

In order to study the biological fixation efficiency of different strains of symbiosis bacteria in three
varieties of common bean (Phaseolus vulgaris L.) a factorial experiment based on randomized complete
block design was conducted in Zanjan province during 2006 and 2007. In this investigation three strains of
Rizobium including: Rb117 (extracted from the Zanjan soils), Rb123 (extracted from the Hamadan soils),
Rb136 (extracted from the Chahar Mahal Bakhtiyari soils) and a biological inoculants (Rhizobean), with two
nitrogen fertilizer treatments (application of 100 kg/ha N and no N application as control), and three bean
cultivars (erect type) (COS16, Akhtar and Derakhshan) arranged and data analysis preformed using SAS9.1
and means comparison were done with Duncan’s Multiple Range Test. Results showed that Rb117 strain
caused 59% increasing in seed yield compared with non inoculants treatments. The results showed that
significant difference in seed and protein yield, seed protein percentage, number and weight of nodules (50
day after emergence) were observed among seed inoculated and non-inoculated. The highest protein content
(about 24%) and protein yield (864 kg/ha) were achieved from 100 kg nitrogen, inoculated by Rb117 strain
and lowest protein yield was produced from control. Among of all inoculants Rhizobium
leguminosarum;bv.phaseoli, Rb117 strain was more effective than other strains, on common bean yield.
Among three cultivars, COS16 line was successful in compared with other cultivars. Among Rizobium
strains, Rb117 and among bean cultivars, COS16 produced the highest seed yield. Common bean production
using strains of Rizobium caused 43% yield increasing and Rb117 strain compatibility was more than other
strains and had the most influence on yield.

Key words: Common bean, Inoculants, Nitrogen fixation, Varieties, Yield
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Table 3. Mean comparison of characteristics related to bean root and shoot at different salinity levels
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Table 4. Mean comparison of characteristics related to bean root and shoot at different vermicompost extract concentrations
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Abstract
Organic compost can reduce various plant stresses, because of its porous structure, high water storage

capacity, and existence of some substances resembling hormones and plant growth regulators. This study
was performed to investigate interactions of different levels of vermicompost extract and salinity stress on
morphological characteristics of bean seedlings. The experiment was conducted in Completely Randomized
Design. Seeds were sown in Petri dishes at different concentrations of vermicompost extract (0, 0.5, 1, 1.5, 2,
2.5,5,7.5, 10 and 100 percent) and salinity levels (0, 30, 60, 90 and 120 mM NaCl) with three replications
of five seeds. The seedlings were sampled after a week. The results indicated that vermicompost extract
without salinity at concentrations of 1, 2, 7.5 and 10 percent, caused significant increase (p<0.05) in
hypocotyl length, dry weight and in root dry weight, whereas no significant effect was seen on diameter,
surface and total root length. The concentrations of 2 and 10 percent of vermicompost at 30 mM NaCl as
well as 7.5% vermicompost at 90 mM NaCl, improved the decrease of hypocotyl length compared to the
state without vermicompost control treatment. In this experiment, the concentrations of 2 and 5 percent of
vermicompost, significantly improved the decrease of root dry weight caused by salinity at 30 and 120 mM
NacCl, respectively.

Key words: Bean (Phaseolus vulgaris L.), Growth, Salinity stress, Vermicompost
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