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Table 1. Physico- chemical soil properties of experimental field
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Table 2. Analysis of variance (MSS) for some agronomic traits of chickpea affected by different levels of nitrogen,
irrigation and defoliation
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Harvest index Lo Seed yield Stem weight weight 100seed . Seeds/plan o S.o.v
Bio. Yield ) Pods/plant d.f
weight t
ns
51.85 " 9703.6 ™ 109.9 4194.7" 5.86 " 30.83 ™ 557" 12,94 2 Sk
Block
841.39 160139.6™ 4453™ 41311 1667.2* 20210 185.55" 379.25™ 2 0397
Nitrogen
34.02 3201.3 147.7 1035 6.97 62.86 17.47 16.12 4 b=
error
. s o - o . - ()
937.26 311099.5 59953.3 58612 3461.6 173.39 ™ 891.80 996.34 2 S
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- *ox * o~ . Tst -oq s
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ns :Non-significant, *and **: Significant at « = 0.05 & « = 0.01, respectively.
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Table 3. Mean comparison of chickpea agronomic traits affected by nitrogen, irrigation and defoliation
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Means within each column with a letter in common are not significantly different at a= 0.05 using Dancan Multiple Range Test.
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Table 4. Mean comparison of chickpea agronomic traits affected by nitrogen and irrigation
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Means within each column with a letter in common are not significantly different at « = 0.05 probability level using Dancan Multiple Range Test.
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Table 5. Mean comparison of chickpea agronomic traits affected by nitrogen and defoliation
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Table 6. Mean comparison of chickpea agronomic traits affected by irrigation and defoliation
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Table 7. Correlation between traits in chickpea under nitrogen, irrigation and defoliation
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Introduction

Chickpea (Cicer arietinum L.), an annual with indeterminate growth habit, is one of the most important
food legumes. Loss of foliage due to leaf diseases or environmental hazards are prevalent for many crops.
Such loss of foliage affects the yield and also the carbohydrate and protein status of leaves and seeds. The
source-sink relationship change during growth stages. Few factors including nitrogen fertilizer and water
influence this relationship. This experiment was conducted in order to study the effects of nitrogen fertilizer,
supplementary irrigation and defoliation on yield and yield components of chickpea.

Materials & Methods

The experiment was conducted as split-split plot based on randomized complete block design with three
replications in research farm of Faculty of Agriculture, Ferdowsi University of Mashhad, Iran in 2012. Main
plot was nitrogen fertilizer including 30, 75 and 150 kg N/ha and sub-plot was irrigation regimes including
full irrigation, supplemental irrigation at flowering and supplemental irrigation at flowering and seed filling
stages. Defoliation including 0, 25%, 50%, 75% and 100% was considered as sub-sub plot. Leaf and stem
dry weight, seed yield, biological yield, pod number per plant, grain number per plant, 100 grain weight and
harvest index were all recorded.

Results & Discussion

The results indicated that all traits excluding harvest index were higher in 150 kg N.ha treatment
compared to other levels of nitrogen. Nitrogen rate of 150 kg.ha produced the highest grain yield (135.7
g.m?). The highest harvest index (40.7%) was obtained at 30 kg.ha N treatment. Full irrigation and
supplemental irrigation at flowering and poding stages with average grain yield of 146 g.m? were higher
than supplemental irrigation at flowering (83 g.m). Supplemental irrigation at flowering and poding stages
showed the highest harvest index (41.2 %). The highest biological yield was obtained from 150 kg N.ha'
(413 g.m™) and full irrigation (415 g.m™). Nitrogen rate 75 kg.ha™* at 0% defoliation (control), resulted in the
highest seed yield (177 g.m?). The lowest seed yield (58 g.m?) was obtained from 75 kg.ha? nitrogen
treatment and complete defoliation. By increasing of N fertilizer application, the negative effects of
defoliation in some traits such as pod number and seed and leaf weight decreased. In 30 and 75 kg.ha*
nitrogen treatment, 100% defoliation decreased pod number to 50%, but this was 20% in 150 kg.ha?
nitrogen treatment. Full irrigation with 0% defoliation produced the highest (196 g.m) and supplemental
irrigation at flowering stage with complete defoliation the lowest (56 g.m?) grain yield. Defoliation
decreased the most of mentioned traits significantly. Complete defoliation decreased grain and biological
yield to 46% and 56%, respectively compared to the control. The lowest harvest index (29%) was obtained in
complete defoliation. All of traits including pod number, seed number, harvest index and biological yield had
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positive and significant correlation with seed yield. Biological yield (83%) had highest correlation with
yield.

Conclusion

Generally, defoliation decreased grain yield. However, application of nitrogen fertilizer at low levels
could decrease the negative effects of defoliation. High N application improved the ability of plant to
compensate the leaves that removed grain yield in treatments of full irrigation and supplementary irrigation
at flowering and depoding stages was equivalent, therefore under water deficit condition, supplementary
irrigation at flowering and podding stages recommend.

Keywords: Defoliation, Drought stress, Nitrogen fertilizer, Supplemental irrigation
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' Trade name: Treflan. Generic name: a,a.a-trifluoro-2,6-dinitro-
N,N-dipropyl-p-toluidine

" Trade name: Stamp. Generic name: 3,4-Dimethyl-2,6-dinitro-N-
pentan-3-yl-aniline
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Table 1. Weed composition of the experiments and their density

s pb solgis ke b ( ”’“fk "’ﬂf
Name Family The Scientific name Erorie ) g
Weed density (plants m?)

o jdoles Chenopodiaceae Chenopodium album 31
Hg Sgd Brassicaceae Malcolmia behboudiana 18
A Cas Polygonaceae Polygonum aviculare 2
by Jo > Brassicaceae Sinapsis arvensis 2
ool Fumariaceae Fumaria officinalis 3
sl 5 Sile Fabaceae Vicia villosa 2
Sz Caryophyllaceae Vacaria pyramidata 2
(g iR Chenopodiaceae Beta maritima 1
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Table 2. Effect of management treatments on weed control (plant No. per m?) at chickpea pod stage

aolw

(g (G

: ) ipsbdile ple ipsldle J5
Chenopodium Malcolmia
. Other weeds Total weeds
o oy louis album behboudiana
Treatment ;Lo Treatments Loy o,y oy oy
No. Sloxs J s Sloxy J s Sy J s Sy Js
Number  control Number  control  Number  contrg]  Number  coptro)
(%) (%) (%) (%)
T1 oellyels 5 Trifluralin 24 ¢ 238 f l4c 23.3h 9bc 189¢ 47 ¢ 22.7k
LS + oyl sl 5 i i
T2 Aferodoles o Trifluralintonce 0 g0 of 50.6 f 8d 205f  31f  48.7h
JICI Ry cultivation
bos sl ool 5 . . .
T3 perrodles o Trifluralins twice g gh g, 5h 726¢ 4f 659d  15h 7564
S9latlsS cultivation
i 5 . .
T4 ollslie? Trifluralin+ 20e  444e  1le  384g 9c 233g  37e  386i
R Couen Pendimetalin
+orlhglie 5 Trifluralin+
T5 S ol sy Pendimetalin+once 11h 64.4d 5h 71.2d 4f 61.54 d 21f 65.8 f
N, cultivation
*oelglie Trifluralin+Pendim
T6 g +odlesasy etalin+ twice 4i 87.29b 1j 91.8b 1h 87.32b 7i 88.8Db
lpsidsS cultivation
T7 olbieyasy Pendimetalin 20d 349e 12d 315¢9 9c 2319 42d 316]
LSs +opedliag o i i
T8 psorodions o Pendimetalintonce o g oy 69 644 e 5e s51e  27f 5609
9ilonslyS cultivation
Lo +padlioy i i i
T9 hovrodioss o Pendimetalinttwic o, 76.2b 3i 849¢ 3g 765¢  13i  788¢
S9lgslsS e cultivation
T10 5915:sS LSy Once cultivation 25b 19.0f 16b 10.9i 10b 14.7h 52 b 1581
T11 55515205 Jbgo Twice cultivation 9i 714c 5h 725¢c 4f 65.9d 18 f 70.7 e
T12 J=s usfew Without weed 31a ) 18a ) 12a ) 61a )
;e control
T13 s J’; = Weedy control - 100 a - 100 a - 100 a - 100 a
5 ile
LSD (%) 1 32 1 4.0 0.72 6.9 11 1.9

Jo e B! Jslas LSD

LSD: Least significant difference

FIVY olimnts s it 5 oalplis 5 jlast 31 s elyshits 5
Ol mScale a5 au; o i g a0 YA
Hlew cdls S s i B wle opudlyelay 5 e
IS db Gl dbieas GiSdle (YL 6,5k
99 3l 15 ore oolaiwl slo,les 31 s 1) 5 slacale (S cale
sty S 5 38 S ey 5 oallysliy 5 2 e
o955 jaglacide oS o LaaSile (S p (ow)p b

Yo

2 a9 L S gam wald e o S jsbay

o (Vgaz) 9= L)l 1) 5 acile olaws o fien @0 e
Silys LS a590Y L 951928 )Lacs jled jlod 0
HSe lens ST S 0o, ATND i | 50 slacile
=8 4Ll LSt al> e 4 olS 39 9 5 k3 ilenidsS
IS (29 sled (nl 5o jelacile Tl jo ad Jlocl
i ach, 5 Sl cdedy Yzl Soe jl e Lol o
S Sl gl S 500 STL 0 05290 5, aslacile
3 Bl (o, ol gl Gragladale 7S o 95ledsS
do,s (Zareii & Modhej, 2012) el ;Lo al> 0 90
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Table 3. Analysis of variance for grain yield and yield components

Slaypo (aSilao
Mean of squares
- 4ild 8 Sloc S 59l 0 ySlos
‘;"}“’"" ab.o 60|j‘ 4> 0 . _ (p)f) &ls oo 39 . _ ‘59)3 as L olowy
Source of variations Df (‘?”’_w 2 e 100- grain weight (g) . (‘?‘,‘w’” _’° £ Lateral branches
Grain yield (g m?) Biological yield (g m?)
e
S 3 14 2.63 9.81 0.61
Replication
S 12 10651.26** 22.08** 5050.14** 70.97**
Treatment
o> 36 2.77 0.33 6.38 0.44
Error
CV (%) 1.09 2.65 0.77 6.75

**: Significantly difference at 1% level

oy S Jletim e jo lo e s

S5 4ild 3 Slos (1521 5 0 Shas 1 cdlojl byl 1-F Jgux
Table 4. Effect of experimental treatments on chickpea yield and yield components

. . . o Kb
o 0 ylouit o 4l o Shoc  ild wo )9 3 8 A5LE Slasi
Treatment Treatments Grain 100- grain o 9» Lateral branches
No. yield weight Biological
yield
Tl ollyelay 5 Trifluralin 104.5j 19.8 hi 29751 6.0 gh
- . - Trifluralin+ once
T2 y95leadeS LS + oyl yglay 5 cultivation 141.2¢g 21.2fg 317.7¢g 85f
o . - Trifluralin+ twice
T3 595192dsS JLgo + yudlyolay 3 cultivation 180.2d 23.4cd 341.5d 130¢c
R T - Trifluralin+
T4 Olbiasasy + oyl jolay 3 pendimetalin 125.2h 20.7 gh 311.7h 709
LSs +pdlios iy + oyl glis 5 Trifluralin+
T5 eerod o Olbslaes Pendimetalin+once 1535 f 22.1 ¢f 326.2 f 10.0e
91555 cultivation
Lg +pedlogy + ol sl 5 P ; ;
T6 o vy odsles TrifluralinePendimetalin o0 ¢ 24.7b 383.7b 16.2b
JCIIRY + twice cultivation
T7 Oliesasy Pendimetalin 117.71i 20.6 gh 309.0 h 6.79
A e Pendimetalin+once
T8 595laud oS LS + ydliagaiy cultivation 1435¢g 21.8f 318.2¢g 95e
. e Pendimetalin+twice
T9 5951505 Jlgo + plliesasy cultivation 1935¢c 23.8¢c 354.2¢ 13.7¢
T10 s9ledsS LSy Once cultivation 101.7 k 19.2i 296.0 i 55h
T11 ,95lsadsS Lo Twice cultivation 166.0 e 22.7 de 3355e 12.0d
T12 spachle JuS g dals Without weed control 71.2k 17.3] 268.5] 3.7i
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Fig. 1. Effect of different experimental treatments on chickpea yield reduction compared to weed-free treatment
(Abbreviations are provided in Table 2)
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Table 5. Analysis of variance for grain number related traits in chickpea

Ol po (u&ibeo
Mean of squares

Ol ot 29bo 8937 4z yo 50 a5l 50 ML dlaxy shol asli ;o ML dlaxi Ay yo BME S olowi gy 50 Al dlasy
Source of variations Df Pod No. per lateral branch  Pod No. per main branch Pod No. per plant Grain No. per plant
)'_’55_ 3 7.02 4.94 2.74 458

Replication
o 12 205.74%* 647.60"* 647.60%* 697.89**
Treatment
> 36 1.63 2.15 1.34 0.65
Error
CV (%) 5.00 10.40 2.92 1.85

**: Significantly difference at 1% level
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Table 6. Effect of weed management treatments on grain number effective traits in chickpea
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Treatment Treatments Pod No. per Pod No. per Pod No. per  Grain No.
No. lateral branches main branch plant per plant
T1 el slay 3 Trifluralin 18.75 g 8.25 f 27 hi 31k

ol - . - Trifluralin+ once
T2 B FOCTIX S K SR FINF A cultivation 245 ¢ 13.25d 37.75 40.75 h
o . - Trifluralin+ twice
T3 55l5alsS Jlgo + ol ol 5 cultivation 29 cd 17¢ 47¢ 50.5d
e - Trifluralin+ )
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Introduction

Chickpea is a poor competitor to weeds because of slow growth rate and limited leaf area development
at early stages of crop growth and establishment. Crop yield loss could be be in high extent due to increasing
of weed biomass, weed density and weed species. Chickpea yield losses due to weed competition have been
estimated to range between 40 and 87% depending on weed species and density. Herbicides play a key role
in weed control and are used extensively today. The current tendency in chickpea weed control in the
Mediterranean region is to shift from the costly manual mechanical energy to the chemical energy through
more usage of effective herbicides particularly with the increased adoption of winter sowing. Several
herbicides with different mode of action such as Trifloralin (Treflan) and Pendimetalin (Prowl) are used for
weed control in chickpea farms. Nevertheless herbicide application may have several important
environmental issues. These include unintended damage occurring both on the sprayed site, and offsite.
Herbicide use also injures the human and animals. Integrated weed management (IWM) is the most
important strategies to avoid herbicide environmental issue and increasing inputs productivity. Furthermore,
integrated weed management strategies attempt to limit the deleterious effects of weed growing on crop
plants. The present report describes the effect of integrated methods on weed density and grain yield of
chickpea under Shoushtar conditions.

Materials & Methods

In order to study the effects of integrated weed management (chemical and mechanical) in chickpea
(Cicer arietinum L.) a field experiment was conducted during 2009-2010 at IAU Shooshtar Branch. The
experiment was designed as a randomized complete block with four replications. Treatments were consisted
of eleven combinations of once and twice mechanical control (using cultivator) with Trifloralin and
Pendimetalin herbicides (pre-plant) and two control treatments, consisted weedy and weed-free plots.
Herbicides where mixed with soil one week before planting. Weed samples were taken by randomly
throwing a quadrate of 0.25 m? area. Analysis of variance was performed using the SAS Ver 9.1 software
and treatment means were compared using LSD (Least significant difference) at 5% of probability.

Results & Discussion

Results showed that the highest weed controls was related to the treatments with twice cultivation+
Trifloralin+ Pendimetalin. Malcolmia behboudiana and Chenopodium album control in this treatment was
87.2 and 91.8%, respectively. The highest weed control with 75.6, 78.85 and 88.86% was in Trifloralin+
twice cultivation, Pendimetalin+ twice cultivation and twice cultivation+ Pendimetalin+ Trifloralin
treatments, respectively.

*Corresponding Author: z.alikhani64@yahoo.com; Mobile: 09163801477
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The lowest grain yield was observed in weedy plots without weed control. Grain yield reduction under
weedy treatment was 72% lower than weed free plots. There was no significant difference between control
treatment without weed control and once cultivation treatment. Integrating weed control had higher
controlling impact on weed growth compared with individual use of cultivation and herbicides. Twice
cultivation+ Pendimetalin+ Trifloralin treatment had the highest grain yield. Higher grain yield in these
treatments was due to increase in lateral branches, the number of pods per plant, and accordingly, the number
of grains per plant. The effect of treatments on number of pods per main and lateral branches and also the
number of pods per plant was significant. Integrated weed control treatment with twice cultivation plus both
herbicides had the highest pod number per plant.

Chickpea biological yield in weedy control showed a significant reduction of 32.4% compared with
weed free treatment. The highest chickpea biological yield was belonged to weed free and twice cultivation+
Pendimetalin+ Trifloralin treatments. The effect of weed control treatments on the number of pods per plant
was significant.

Conclusion

In general, the results of this study showed that chickpea plants are not poor competitor to weeds only
at its early stages, but at later stages of growth had a low ability to compete with weeds. Thereby, treatments
such as pre-plant herbicides and once cultivation that control weeds only in the earlier stages of the crop
growth are less effective than the combination of herbicide and twice cultivation.

Key words: Chickpea, Cultivation, Trifloralin, Pendimetalin
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Table 1. The results of mean comparison of some physical properties of lentil seeds and Euphorbia helioscopia weed

Syl 3 e e b eles
Euphorbia helioscopia weed Lentil Physical properties
9.70(0.13) b 57.03(0.11) a () &l Jm e
Mass of 1000 seeds (g)
1.03(0.036) b 1.21(0.004)a (e a2 ) i JBr
True density (g.cm®)
0.81(0.015) a 0.78(0.003) b (e agBla p 05) 039 JBr
Bulk density (g.cm™)
20.96(0.37) b 35.59(0.34) a (o)) b
Porosity (%)
0.30(0.010) b 0.39(0.01) a () (5l ol 5y9) Sl Sl oy 2
Coefficient of static friction (Galvanized iron sheet (degrees))
(4 )@Yz wss) Ssbnl SKlasl oy 5
0.445(0.005) a 0.37(0.003) b Coefficient of static friction

(Plywood (degrees))

*Different letters show significant differences at probability level of 1%.

Values in parentheses are standard deviations.
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Table 2. The results of variance analysis of second experiment

Sl o 5aSiloa 8w Oy ailio
Mean square ffegerggr?] Source of variance
462.9% 3 e o e
longitudinal slope
995.1% 2 3o g2 e
latitudinal slope
longitudinal slope and latitudinal slope
1221.6%* 2 o Hlugs (e,
frequency of oscillation
9.3m 6 oo Olwgs ouilS 8 g5ee (Jobo s
longitudinal slope and frequency of oscillation
110.8** 4 o Ologs (558 9 e (9258
' latitudinal slope and frequency of oscillation
25 9% 12 o Ol el 58 5 e (2208 Gl e (Job o
longitudinal slope, latitudinal slope and frequency of oscillation
Uas
142.4 144
Error
179 5
Total

CV=13.63% .00 ,0 iy gl ;0 o dre” o, o mhans 50 s dme” L lo e B pac™

**Significant at less than 1% probability level; *Significant at less than 0.5% probability level; ns: Not significant; CV=13.63%
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Table 3. The results of the mean comparison of mutual triplet effect longitudinal slope, frequency of oscillation and

latitudinal slope (LSD=1.24)

(A8 JSuw) o (slwgs (ils 13 a0 (058 s
frequency of oscillation (cycles/min) (42,3) (42)0) juo Job o
420 400 380 latitudinal longitudinal slope(°)
slope(9)
im 7 gh 7 gh 0.5
4k 10 de 8 g 1 1.25
Im 6 hi 21m 1.5
21m 9ef 9ef 0.5
5ij 12 be 11lcd 1 15
im 7 gh 3kl 15
5ij 12 be 11lcd 0.5
6 hi 13 ab 12 be 1 1.75
21Im 8 g 4k 15
6 hi 13 ab 12 be 0.5
10 de 142 a 13ab 1 2
21m 9 ef 5ij 1.5
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Table 4. The results of variance analysis of third

experiment
e peSilee ST s e
Degree of .
Mean square Source of variance
freedom
52.9%* 1 oo Olwgd azals
Amplitude of oscillation
344.9% 3 Iy e
Air Velocity
e Sl aels 5 Iga e s
159.3** 3 Air velocity and amplitude
of oscillation
28.8 32 >
Error
39 &
Total

CV=15.68% .ao,0 S s o jlo gna™
**Significant at less than 1% probability level, CV=15.68%.
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(LSD=1.65) jmo ;ylwgs

Table 5. The results of the mean comparison
of mutual binary effect air velocity and
amplitude of oscillation (LSD=1.65)

lg e yuw o olwgs aswld
Air velocity (m.s™?) Amplitude of oscillation
: (mm)
le 3.6
8.2b 45 5
14.2a 5.7
5.4 cd 6.6
48d 3.6
5.4 cd 45 .
6.8 bc 57
26e 6.6
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Table 6. The predicted mathematical models (longitudinal slope (X) latitudinal slope (Xr))

RZ 8l Joe Folily
Predicted mathematical models Parameter
vy =0122- 2177 5242x X — 2'9§4
X1 .
0.91 , X 180
—0.175% ¥, + 7.190 < 222
Xy
RPN
v — _3.869_ 0152, 0.397 8.051 (V / )
Xa Xz Xa am
0.9 0.122 8.213 1 dimensionless
- - number
Xo XXX
v =0.270- 2824 | 9 207 x i, + 2438
X .
0.95 162.85
—0.152 x x2+1.24x X2
1
Y =-13.01-2.17x ¥, +1.44x X_
0.93 3 4947.18 432330 0.5
—0.3x X, + —
X2
Y =-8.27+0.6 xIn(x,) —1.22xIn(x?) Sl
0.95 3 > 1 (4> )0)
+0.91x|N( X)) +0.24 > x,—0.145x x; latitudinal slope
Y — 1007 0857 675348 0.124 of the table ()
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Introduction

Lentil (Lens culinaris Medik) is an important and highly nutritious crop belonging to the family of
legumes. Lentil is cultivated worldwide but competition with weeds is a problem affecting production and
can reduce performance by more than 80%. Euphorbia helioscopia weed is a major weed in lentil cultivation.
In the first place, it is necessary to have a thorough and comprehensive knowledge about the characteristics
of the lentils and the accompanying impurities to mechanize the process of automatizing activities related to
lentils such as warehousing, sorting (grading), packaging, transportation and other activities. On the other
hand, physical and aerodynamic properties of agricultural products were always regarded as significant
because those are the basis for designing and construction of agricultural and machineries, transport
equipment, grading and processing of agricultural products. Designing agricultural machineries was
impossible without regarding these parameters, or it would lead to weak results. The study of physical
properties and separation of Euphorbia helioscopia weed from lentil by a gravity separator is of extreme
importance. Since no study has been done to date, in this work physical properties of lentil and Euphorbia
helioscopia weed are investigated. Moroever, the effects of different parameters of a gravity separator and
their influence on the separation of Euphorbia helioscopia weed from lentil seeds are evaluated.

Materials & Methods

In the present research, lentil samples were taken from farms in Ardebil province (Bileh-Savar cultivar)
and transferred to the seed technology laboratory at the University of Tehran. In addition, some physical
properties of lentil and weed of Euphorbia helioscopia including mass of 1000 seeds, volume, true and bulk
densities and porosity and static coefficient of friction (two types of friction surface: galvanized iron sheet
and particle board) were measured. In addition, in this research, a gravity separator apparatus was used for
separating weed of Euphorbia helioscopia from lentils. A Laboratory Gravity Separator Type LA-K
(Westrup A/S Denmark) was used to separate Euphorbia helioscopia weed from lentil seeds. Influence of
parameters of machine table (longitudinal and latitudinal slopes, oscillation frequency and amplitude and
velocity of air) have been studied for obtaining of maximum separation of weed of Euphorbia helioscopia
from lentils. Data analysis and comparison of means were done by using MSTAT-C software and Duncan's
Multiple Range Test.

Results & Discussion

The obtained results show the main effects oscillation of frequency, latitudinal slope, and longitudinal
slope, the mutual binary effect of latitudinal and longitudinal slope, the mutual binary effect of the latitudinal
slope and the frequency of oscillation were significant at a 1% and the mutual binary effect of the
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longitudinal slope and the frequency of oscillation significant at a 5%. However, the mutual triple effect of
oscillation frequency, longitudinal slope, and latitudinal slope was not significant. Furthermore, results
showed that increase of latitudinal slope of table and increase of longitudinal slope from 1.25 to 2 degrees
increased separation of weed of Euphorbia helioscopia from lentils. The results of the experiment showed
that the separation of Euphorbia helioscopia weed from lentils get to maximum 14.2 percent .After
determining most suitable amplitude and velocity of air, using data from the longitudinal slope, latitudinal

slope and dimensionless number (V/ aa)) was used to calculate mathematical relations of separation
percentage of Euphorbia helioscopia weed from lentil clumps using Datafit software.

Conclusion

1. Physical properties obtained for lentil were as weight of 1000 seeds (57.03 g), true density (1.214 g cm™3),
bulk density (0.782 g cm?), coefficient of static friction (galvanized iron sheet (0.394 degrees) and
particle board (0.37 degrees)), porosity (35.59 %), and the Euphorbia helioscopia weed including weight
of 1000 seeds (5.69 g), true density (0.857 g cm™), bulk density (0.538 g cm), coefficient of static
friction (galvanized iron sheet (0.32 degrees) and particle board (0.40 degrees)), porosity (37.2 %).

2. Increased latitudinal slope of the table from 0.5° to 1° and longitudinal slope of the table from 1.25° to 2°
result in increased separation percentage of wild oat weed from lentil seeds.

3. The results demonstrated that at settings of longitudinal slope of 2°, latitudinal slope 1°, and frequency of
oscillation 400 cycles min, the maximum separation was 14.2%. In this case, the output lentil seeds
contained the least amount of wild oat weeds.

Key words: Gravity separation, Lentil, Physical properties, Weed

¥F



Iranian Journal of Pulses Research
Vol. 8, No. 1, 2017, p. 45-59
DOI: 10.22067/ijpr.v8i1.47428

Gl Sl gy
FO-0 Ao IVAF Jal howi 16 )lois Aol

3 5Shos 51321 98 yShos 3 i ) § SHbow SRS 9 2o Ll Wil
SB Slwgas & 9 g (Vigna Sinensis) s Wgt
Feomig 1323 9" il asoge Fjguwlie (e M Sgmald cpalis
é,).lbu) ol&idls ‘5)’)5L&5 suSile (S p,.l.c 05; Gn.l.c clud ‘_gl.aé.ﬂ -y 3\

09, ol8UGIS (5,9l 0aiils (ULS Mol g cucly) 09,5 sode i guac -Y
09,0l olREI1S (55 ygLinS 0uSLiNS (S5 pale wid )l cwlivd IS saomiiils —F

VWAF/ /) il o )6
VWA 2IVD : oy )b

PR

31 85,8liS DY gmams adgi g alizie b S Fol jslaiedy oS lgiedy ple oo Dluls jleslatul
LS 0ty 5 S5 Slogas 5 o oalo Slald il allle jliiag 55 gy onl 5o ol e S
3 5 5516 5oty IS el i 5 (oot (slo05S L ol TS s 5 Ltz o)
(Fo) & yae poce Jold o a5 (ol Slald) (abo [0 59356 0l 12l 1S5 4w o dolas SLlS &b
J(NoPoKo) & pmas pae Jolss o acs ;o NPK Jolss olals 065 ¢ (F2) )LS o 0 ,5glSV o0 g (F1)O. -
5 Bo) Syas pae Jobd w55 )3 ubigagdgs 5 (N2P2K) (Jgasns Spae 5 (N1PIKY) (Jgese pae aai
(Ao VPIYA) L (59 Giulydl el slpany ale 055 0,15 a5 ol lis b 0y0 5 Jles! (B1) B yan
Lol ey (2o, 0Y/YY) wlo iy g (2o, 0V A/P) il j2ud (0o ,009/TD) wls (1 (Ao, VYV F) S Judg, IS
2758 5 it a5 ol (NoPKO) liar s 055 5 (Fo) e 055 o5 3,015 Lot 5o (il i
38 5 (F2) (wls Slapls dN2P2K2) (olarts 3557 Joline Sl St slayloss )3 ol S 5 aild (g oliee
o 095 B asaS Jls o el Cewsds a3V VAY L asls Jlas 48 5 0w, oYY L (B1) wligegsges
ol Sluls ol By ol (Lis bl ioren (CublaS alls (g 5 Jlade iol38l 0 (6)lo sixe )A.,L\ s
=t g st YO 4 <150 5l S (5,08 (ial38l 9 £/ 4 VIF 51 S PH ials el (LS j0 p,55lSV e v v)
48ty by Uopgd o Shae al38l 55 a5 B G285 o ol (oale el 5,15 IS olony 08 5o
55 B Az s 090 (pleerd (SlasgS (sl (rmlie JoSo et wilgi o0

Lagd ¢ I (loosS oot 355 (i 055 1 galS (sLao3ly

6598 slapllas 65l )o Grigres 50 S Gile 3
= e S lapllas 4y Lisugsls )8 9 &)l Conl
‘QT )_Eog)l._c gl oo u)f)b)o ).t;AA GYYyam Wl
=5 slapllss ;3 cutS culin 5 adginS SLLS Wl
5 SssST s 5l A 50 g 9y e JleBian oolednS
Ao 2] (S dl Gy 8l 5l 6ol 53 ot
.(Parsa & Bagheri, 2008) s.ib o Cosa
Vigna unguiculata sp. _sle oG b Lhi Loyl
Solyls Jegdle aS Cewl saieds; )l Slge> 51 S sinensis
@l Bl oelys plals 5leg, 5l uloes aen
Lo b (Gone dlge i slagralug onlls ahaulsa,
2l 4 G 28 ligdi Jalse 5 Joloma e 5 Jslone
(Zia-Ul-Haq et al., 2013) o_sb o ploie Sloge
SLaplil b 5,155k anels Ll 5l (bt Lig) wizeen

o

doddlo
30 iy OgweS slagday ol OMSLie 51 (SG 0 4l
5l S Blgedan Sls «ils (Majnon Hosseini, 1993)
Oregd 9 AL Sl am (g n 5l (S8 LS b e
Bagheri et al., ) 55, o jlo—iay il 5108 pgo g
e 3l 5 (@ g le 5| Slog> (2006
Slor lonfiayn b awslas o a5 ais (o 0VA-TY)
85510l Coadl dol 005 L3l 0594 o0 I3 w5, 5o
Sy S b LS ol (Mohammadzadeh, 2012)
Sk 50 sl Ol b b ogls o b cads

shahsavani2001@yaho0.com - A YYYYAEYS ol yan il 2 J ghno Ocrnns g5 ™


http://dx.doi.org/10.22067/ijpr.v8i1.47428

IWAF sl Ao 15 5kes Auler /ol 91 DU g SBGWRGH /... lxsls il o) (K00 g Sgumplis

@l 5 Sy Slogad 1 SIS Sy pae slaplls
i oasadlsl Tt 5 JT sloogS ol il a5 cad p3¥ (S
aallae Jymmo 5, Shoe 5 SLs i 5 codl y S
Dgld
asllas ol pladl 5l Bae )5 d Clas 4y axgi b
P T 055 S plyiear ale Slals b g
) 9 bt slasS L ol gaalie 5 (bipidar Lol
.\59..'

b9y 9 9lge
LS e avav-aY el s jo Gialasl ol
Al Lol pllaag jo &8lg 09,0l olKasls (65,5lasS caSiisls
JyeS6 Giolosl cdB o glasldS &g oa iagh o
D008 olb eSLe aw L dolas YlS 7, b asl
b dw 0 ale g 1l s Ole ulejl sla,gSe
9 (F1) ,LiSa j0 0 55 LSB- - «(Fo) ;LS j0 0 55LS ya0
aS)NPK ol logds 355 «(F2) ,iSa 4o p,SslS) - - -
9 J Sl ng ol SLadg S O)jgodn o Sean
).é.mé ‘)US.Q 49 r:)fjl.:.ﬁ”& WL..: (N1P1K1) u;]}‘*"“’ 3B ao
S an g LS 50 0 S glSTO (59505 S 5o 0 Sl S
).E}._Mé s)L_:.iQ )..) f)f}_ljv‘w.._mt.: (NZPZKZ) ‘5[5_.0.340
S 50 LS 50 0,5 5kS0: (5905 LSy 0 SelSA
O gt (i jold (Wgegdgar 655 g (b 00 S
(B1) il 5 (Bo) meitli poe o 90 j0 a5 3065
Jaieds 5 onds _xbaws shed baydy oS il Lo ol
ool il 0,50 S5 0 F5lS 1o (sl alodl; 5l 05 Lol P
et 5 Ko sloTins b il 13 o5 13
Slogas () Jgoz) ab cpond olfinlej] jo b aiges
eV AD Goe b (00,5 5kS it slag bS50 Lo lecs
sbpix Logd ;o e lads ;o o a5 (lalSOYF )
ol og) A, 655 Jsbo 3 28,5 &y ey o 4LELS
Wl (6, ol )T il ax ;0N A sles awgie b casldS o
OL_A)LP )‘ o= Ol r:L.?u‘ OL_; (é_’T )L_u d.»‘.w‘).: Lg)Lu] 9
Saods oS (_,,_)‘9& ﬁ‘..b‘ W ’abo‘ oS 9 S )| ‘5)‘0)).439.0.;
5 Seas o5 il a0V e sles o gl 3l 4o celfA
ELE ) Jobid oS )0 (o) 12 3590 Slao 30l (598 (s
Siz S g e dle jo dils slasd igs o BMe slass g
L as o5 S Jedo)ls 9 BMe Sis ()9 alse ol

\fs

>lg= 81 0 g a5 e ol Gl o alise
S B ccalie Sy pae So L bSB glgl 5 slsnge]
Zia-Ul-) o ls 3¥eb ailow olpl o ol Secis ool o
5 Oeslys 5 e, 0 ile Ablis o (Haq et al., 2013
Glol> s sloasyl i oS ol alie solil Llis
ez 5o s sa S pal sl lalS sl 4 cas S
T o3 45 (s 55 0.5 ) el g5 Jilows bl
ks SLE ol sarSsgame el j5 O g canl o5 S5
sl o aily o bt Lol 5 (Vigna radiate) il
O yg0dns poS- sla /Lo ~(Triticum  aestivum) sous
g SLs g pihols il Crge g o0l CuiS jendsS
a5 s e Lo s ,Shos s (0L e Julse
b 5l oslaul abl oo olS Cgllae 4855 Jolse ol 51 SO
g 0y Shos  glalimMa b T wilgi oo (5568 alisee
(Toor et al., 2006) ol arsls &Y game CotS
e bl b game sleogS g (M os S 5ils
T o3l L JT 355 15 S a3 LS (510 1, (ol
obis (oree slassS 5wty o Seee |, SB Sleogas
(Lema & ) oS o pnl, 81,05 L 0,50 olds
oalS 5 leisle o4 el JToole .Degebassa, 2013
S sled g9 (FoiSme it Slsd oo S il
S92 0 1y (yiminn Caagb; a5 WS 0 SaS S 4y 50,00
ool moliie ,o ckél as) JT 55 o bl b oS 0 053
Js—aze oy w4 o 6l 2l & (Consd s
(e SLdgS By g S (SLS 5 pgliS Jladas
laass mlie 5l osliul Layl,s ol )s el pigbolos]
oLl 5, Shos 1 Wlsie 058 4 pIS 2 plard 5
Marschner, 1995; Ahmadeyan et al., ) s 3%, 50
o o Lagl o 4 gloys iS5 o 2> 2011
WD g olaiwl I osle agi 5055 lacas Jlalnls
el 8l D8l g sl 4y Sowe 5lassS B yae
hpe jlas crul S slosgS alex 5l ale 065
Lol Ly s Loasleog, (Suo5 )0 a5 ol,8l 5 baog S Lawsgs
Lot g ol ol aiile walos, S on (T
355wl (llera-Vives et al., 2013) ol suls oo oolazul
Sk g 039 yiwd g (g, oo (2l polie I Lo e
LS g oie b )l g Ol o jate 9ol 0gS 23,
~ST.(Arvanitoyannis & Kassaveti, 2008) o_xb
loe 2l yulis 4 Lugl L5 5,90 45 sudpbonl Sldllas
Sledlbl 55 a8 Jdoas g Canl 00y olands (slo0gS B pan
GRS 55 5 (A sleogS an oS cnl STy 0550 50



IWAF sl Ao 15 5kes Auler /ol 91 DU g SBGWRGH /... lxsls il o) (K00 g Sgumplis

sladsses 10 (Frogbeudd slfiws L) sl 5 @l., 1954 Hiscox & Israelstam, ) SPAD 502 olSiws ; solizul
.Jones, 2001) w5 ,.5ojlul aLS Jlod=S gy an 59— cdale s g, Se;lasl (1978
Olsen et ) s yiogidg il g, 4 ,awd (JONES, 2001)

solasw! .b),.o S @LM 9 ‘gﬁ).d ub.»o,.oaa —\Jg.\.‘?

Table 1. Physico-chemical properties of used soil

o g S 0310l sl ol b (Analysed paremeters) (Quantity) ,luie (Unit) as1y
gbal 5 el
Acidity of saturation paste (pH)
S glosl ojlae (SO xSl colan

7.8 (Unit) o>

(Electrical conductivity of soil extraction) 059 (IS 22 s s
(Toil i\jiﬁt;;;en) 0.05 08 o
(Avaiaaeﬁg:homs) 12 (PPM) 565 1 0,5 e
(AV;’T;biup:;:ium) 153 (PPM) ,55LS 2 o5 oo
é; Ijxﬁ (Loamy) -5 -
Sl olse 13 (%) asys

(Organic matter)

oolauwl 890 oBlo Wlayls jog S SH9-T Jouo
Table 2. Properties of fish waste used

1:0 (solution) o,las EC pH Cu Zn Fe Mn ocC K P N
(dS MY) oy wins 3 (w0 (E))E (MY KG™) 55k o5 oo (%0) woys
5.2 6.43 21 3371 6562 319 221 231 215 651
g L5l oo ys So Jlotol s s (5 s sine 3l B b 5l g 4 B39, oy o Gl
(2lo Oluls 055 5,8 51y aig el )| ax 51 .cusls Ogy dm i JolB el ol colai Wl FIYD (i
Some bl Bl 5l o ialydl ol Lol ezl iol33l valis Jlodzs ofiws b JS 59,00 (Olsen et al., 1954) s,

(El-Tarabily et al., 2003) s4.5 oy, an S I o, 5 g (Chapman & Pratt, 1961)

Colace wus 5,503l (Walkley & Black 1934)

SsSB4 O geibsg s PH e 5 EC) (S 2SI

355 (ool il as 055 oo onalin ¥ Jgazr 4 4295 L (Chapman & Pratt, 1961) <85 1,8 iocw 3,5
DS izt 5 ale Dluld (Lol g (olerd imdle s ) ool Uy iolasT (sLaosls Jsloxs 5 4y 36
5 9oy S Jleil w5 (aligegagu 5 oale Slals Jimdle s 5l LaJSi g, (sl 0t oLl MSTAT-C

ligegdg 5 (ole Dlalo by (oleerd 255 Jlite 5 8l 5031 b laySilie duglio g o ool Excel Y+ + Y
Ol B o gme Lugl BME ()35 2 w0 y0 O Jlei mlans o plsl ao o g Ji! mlaw 10 5 (LSD) Slo sire S
Wl i ol o ogS (pl Cide F1 Sy 95 R 4
S yman lieds 395 Bpan b M (435 (e 4S5 5bo

5 21 09095 3 SIS psbar (¥ JS2) wi Jol> Jane Con g s
Job g oS olass (l8l 3 yb 5l oS (55900 (2ld8 polie &g gli |
I )*’l—' e ) oS (il 5 (i) by Leo S ke odalie (¥ Jgaz) il lg asyod Jgom a4 azgi b

eSSV e+ 5,15 (El-Tarabily et al., 2003) swas o oo 355 L 090 5lbylas (s 40 4 39 e

v



IWAF sl Ao 15 5kes Auler /ol 91 DU g SBGWRGH /... lxsls il o) (K00 g Sgumplis

El-Tarabily et ) asss ol jon 0, S e sbcenosisS]
.(al., 2003

lg® eIl JS (59

plasl 57 (35 s osls (il ly el 5l ol s
S Py PN YN S R Y PP DOV ),.;L 3 S 2lee
Ciop byeS B l e 29790 S0 5 Lo nle
aS 6 eban i gl plail S 59 Llo gme (ial38l Eely
@l 995 B ae jl alyo el IS (359 Oliee (2 5L
Slows ol adl oy auli8l s oY VIFF vals [led @ cad
gh S0y (Jgens Bras ad Glieds 095 B pas Lo L
V JSe) eé 5 05 o ]

12 4 a

= [ 2

;bjn 10 ‘ b

5 %

5 7

= 4 -

L

= \

MNOPOKO N1P 1K1 NZ2P2K2

Chemical fertilizer

IS 0339 2 (st bons (GLoogS aliso gt il -V JSCi

olS (2l92
Fig. 3. Effect of different rate of chemical fertilizers on
total plant aerial weight

; Sy Jdgyls

s e i ol Clals 5 lart 355 Lol
(F Jgoz) wsliS Lagd S L89)l5 (liee 2 (50 e
e oo 955 Gy ial3 8l b a5 09 o odnliv
Sl 355 (o) B pn L 45 5 sloty el sm I3 b 5
s s o WV E 5y Jibs)lS e Jyane O s
San Gliedn 3 )LS gshaw G andlcdl il vals
bl B 5l o l sl Jyone Sran hai g Jsons
(F JS0) cllad 0g2g (5,0 gime B

Iy 5553 Cho o e il ale Sluls 0,8
o= Sl dunlie axl gl il o 0 dald 4 s
Sialidl als Sluls LiSa,s p,SslSBe - 0 pae wiuios
P erSe kSN Bpms 4 o |y olie S L) IS
(0 JS)cils ol pomay Loy ol 5l (LS

A

AL 39 oo,V FIVA iolidl 58 wale Sluls LS 4o
36 ieS Gl 0 LS Lol ccils Jlosas |y vals 4 s
Ol 3L poe 4 G (LS 50 0 SolSB+ +) 355 ol

() JSC5) 3,55 sl B (59 58 (6l sme SV

a
b b l
FO F1 F2

Fish waste (kgha'l)

072
0.7
0.68

0.64
0.62

0.6
0.58
0.56

Pod weight (gr)

GWE 39 0 (oplo wilaylo calin zabaw il ) S
Fig. 1. Effect of different rates of fish waste on the pod

weight

0.8 a

0.7 h

0.6 c
%05
5 04
:-;" 0.3
. 0.2
& 0.1

0
NOPOKO NIP1K1 N2P2K2

Chemical fertilizer

UL (139 32 (ot oot (S BgS Citlidio g gl 43T -¥ IS
Fig. 2. Effect of different rates of chemical fertilizers on
the pod weight

SHaS L an JosS olsicas ale Oluls oo Saslsl

o=l o) O ol (Suid slasShs 5, ol
Jlssdn oS oolannl JB o (2al3l 5550 )0 055 5550
ol cenl iy SL s 78y L5 a s il
olsls ;I .(Ahmadabadi & Ghajar sepanloo, 2012)
(Raphanus a5 oS ais jslaieds oadsygandsel (ale
ol Cilys 555 cpl ax 1wl uls solaiul (sativus
ol f“l‘ On i Lol s iolal ]y olS (gus; Sliogas
5 le S b ols Cluls oS ab ssnlin (gl 5o



AP gl fowi 15 ks Al /oyl 31 Olgn> GBUB 3 /.. lasli T 1,0 3 igmadls

Leaf chlorophyll (Spad)

26 9

NOPOKO

a
54 -
52 A a
50 -
48 1 "
46
pe -J
42 - : .

N1P1K1

N2P2K2

Chemical fertilizer

Sy Jadg S g1 orlaonit 5l0gS Ciliicko ol ST -F S

Fig. 4. Effect of different rate of chemical fertilizers on plant leaf cholorophll

o (35S g blo Slay L wligngdgus ;i cni Lugl (oo1)5 Sliuo Slay o (puibuo ¥ Jgur

Table 3. Mean square for the agronomy trait influenced by pseudomonas, fish waste and chemical fertilizer
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Introduction

One of the acute nutritional problems is protein deficiencies of millions humankind under developing
countries. Legumes are one of the important sources of protein after cereals. The range of protein content of
legumes is between 18 to 23 percent that makes it a good source of protein for low income people
(Mohammadzadeh, 2012). Legumes with biological fixation can improve soil fertility which can be in crop
rotation that is useful in soil conservation (Parsa and Bagheri, 2008). In sustainable agriculture as legumes
expect low nutrient they can be cultivated in low input agriculture. Bean (Vigna unguiculata sp. Sinensis) is
one of the valuable crops from point of nutrient view especially in vitamins and proteins (Zia-Ul-Hag et al.,
2013). This crop has wide range of compatibility under different climate and it is cultivated in wide range of
soil with good management. In Iran this crop is cultivate for a long time. In regions like Garmsar and
Varamine and some alike climate it is one of the main crops. Combination of chemical fertilizer and manure
can creat suitable environment for plant growth, as manure has suitable effect on soil properties and chemical
fertilizers can cause better nutrient availability. Fish waste is one of the organic fertilizers that has been used
for a long time, dating back to Egyptian in Egypt and Red Indian in America. This manure is full of nutrient
like nitrogen, phosphorus which can be beneficial to farms. The aim of this research was to study the effect
of fish waste manure and chemical fertilizers on qualitative and quaititative properties of bean and soil
physical and chemical properties.

Materials & Methods

This experiment was conducted in 2012-2013 in greenhouse of agriculture college of Shahrood
University. This research was carried out in the form of factorial based on randomize completly design with
three replications. Experimental factors were fish waste in three levels: controls (F0), 500 kg ha* (F1) and
1000 kg ha* (F3). Chemical fertilizers in three levels: control (NOPOKO), half of the local recommendation
(N1P1K1, nitrogen 25 kg ha*, phosphorus 40 kg ha, and potassium 35 kg ha) and local recommendation
(N2P2K2), nitrogen 50 kg ha, phosphorus 80 kg ha, and potassium 70 kg ha*. Psodomonas bacteria with
two levels: control (BO) and applied (B1). Physical and chemical properties of soil were analysed before
conducting the research. Pots were filled with 6 kg soil and treatments were mixed with the soil and ten
seeds were sown in each pot. Plant components like plant height, pod in plants, seed number in pods, total
dry weight of shoot, pod dry weight and leaf chlorophyll with SPAD 502 were analyesd. Nitrogen was
evaluated with kejehldal, phosphorus with Olsan P (1954), Organic C with walkley and Black methods
(1934), pH with pH meter, and ECe with EC meter. All data were analyzed for analysis of variance with
MSTATC and Excel 2007 and mean comparisons were done using LSD at 5 percent level of significant.

* Corresponding Author: shahsavani2001@yahoo.com; Mobile: 09123731626
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Results & Discussion

Chemical fertilizers had significant effect on plant height at 1% level of significance. However, the
effect of fish waste, psodomonas bacteria and their interactions compare to control had increasing effect on
plant hight but was not significant. The main effect and interaction of fish waste and psodomonas bacteria
were significant at 1% level on pod weight. However, the highest pod weight was observed in the application
of chemical fertilizer at N2P2K2. Nevertheless, the application of chemical fertilizers can provide essential
elements to plat for better growth. Application of chemical fertilizers had significant effect on plant total
shoot weight, other treatments and their interactions did not have significant effect on plant total shoot
weight. Chemical fertilizers application at N2P2K2 and fish waste application had significant effects on leaf
chlorophyll. Except chemical fertilizers other treatments had significant effects on seed protein percentage at
1% level of significance. The interaction effects of chemical fertilizer and psodomonas bacteria on seed
protein percent had increasing effect compared with control. Application of fish waste had significant effect
on seed phosphorus at 5% level of significance, but application of chemical fertilizers and its interaction with
fish waste had significant effect at 1% level on seed phosphorus, also their effects and their interactions on
seed potassium were significant at 1% level, however psodomonas bacteria had no significant effect on seed
potassium. Application of chemical fertilizers had significant effect at 5% level on soil EC and fish waste
had significant effect at 1% level on soil electrical conductivity. Application of fish waste and psodomonas
bacteria had significant decreasing effect on soil pH compare to control. Amoung all treatments, only fish
waste had significant effect on soil organic matter. Chemical fertilizer application and its interaction with
fish waste and psodomonas bacteria had significant effect on soil nitrogen percent, but this increase was
more in chemical fertilizer application. Between all treatments only application of chemical fertilizers had
significant effect on soil available potassium.

Conclusion

According to results, application of fish waste and psodomonas bacteria had significant effect on all
evaluated properties of plant and soil.

Key words: Bean, Chemical fertilizer, Fish waste, Pseudomonas
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Table 1. Results of soil physical and chemical properties of experimental location
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Table 2. Analysis of variance measured traits
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Source of variation df Germination percentage Germination rate Radicle length  Weight seedling vigor index
(V) o3, 2 220.111 == 1.802** 6.917 == 7.174 ==
(M) S lane 3 17.037 ™ 0.141ns 7.793 7.944 +
(VxM) cesS Lasmexd, 6 11.37" 0.098ns 1.103™ 0.659 "
(e)las 24 10.667 0.095 0.711 0.349
CV(so,0) il puis oy 3.55 4.07 16.17 10.96

ns, * and **: not significant, significant at 5% and 1% respectively
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Table 3. Mean compared of the measured traits
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Treatments Germination (%0)

(395 58 y3) &9, (Fidile oo
Daily germination rate (seed per day)

azadsy Job

(o siil)
Radicle length (cm)

(p5) 4zl (39 s (o> Lo
Weight seedling vigor index (gr)

©2)
V1 945a 7.35b 5979a 5912 a
V2 87.17b 8a 4461 c 4506 b
V3 94.67 a 7.32b 5.205 b 5.766 a
M1 94 a 7.38a 5.023b 5.407 b
M2 90.89 a 7.67a 3.997 ¢ 412¢
M3 91.33 a 7.62a 6.123 a 5.688 b
M4 92.22 a 7.55a 5.717 ab 6.363 a
coiS Lo xpd,
AVARY/iH 94.67 a 7.33d 5.52 bed 5.769 bcde
V1M2 94 ab 7.4cd 4,533 cde 4512 fg
V1M3 94 ab 7.4cd 7.41a 6.797 ab
V1 M4 95.33a 7.26d 6.453 ab 6.569 abc
V2 M1 91.33 abc 7.63bcd 4.55 cde 4,787 ef
V2 M2 83.33d 8.36a 4 de 3.623¢g
V2 M3 86 cd 8.1ab 4.563 cde 4.325fg
V2 M4 88 bcd 7.93abc 4,723 cde 5.288 def
V3 M1l 96 a 7.2d 5 bcde 5.664 cde
V3 M2 95.33 a 7.26d 345¢e 4.226 fg
V3 M3 94 ab 7.37cd 6.397 ab 5.941 bed
V3 M4 93.33 ab 7.46¢cd 5.973 abc 7.232 a
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Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%.
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(V)3 2 23909.06 ™ 8.247™ 7.433™ 4610770.4**
(P) Kies! 110.15™ 0.09 ™ 55.202 ™ 110991.922 "
(VoP ) Siasl b, 8 61.43 " 0.138 "™ 0.552 ™ 24034.122 ™
(] 28 56.03 0.061 0.063 110543.871
CV(ao,0) 0l s o 1191 4.67 1.32 14.33
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Table 5. Mean compared of the measured traits
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Treatments Plant height (cm) Number of grain on pod Seed protein (%) Grain yield (kg ha™)
)
V1 38.91b 45¢c¢ 18.02b 2166 b
V2 108.94 a 5.974 a 1943 a 2934 a
V3 40.7b 5.378 b 194 a 1858 ¢
Sigosl
P1 61.66 ab 5.233 ab 16.57 e 2166 a
P2 59.87 b 5.233 ab 17.34d 2239 a
P3 68.53 a 5.233 ab 18.37¢c 2371 a
P4 60.46 b 5.267 ab 19.94b 2405 a
P5 63.71 ab 5434 a 22.82a 2416 a
Sooaly %08,
V1pl 38.56¢C 4.367 h 15.65 k 2013 ¢c
V1p2 38.26 ¢ 4.317h 16.67 j 2140 ¢
V1p3 40.83¢c 4.55 gh 17.89h 2247 be
V1pd 37.3c 4.4h 19.35f 2274 be
V1p5 396¢C 4.867 fg 21.42c 2153 ¢
V2pl 108 b 6.167 a 17.26 i 2828 ab
V2 p2 101.96 b 6.067 ab 1741 2860 ab
V2 p3 122.26 a 5.967 abc 18.68 g 2860 ab
V2 p4 101.36 b 5.867 abcd 19.95e 2982 a
V2 p5 111.1ab 5.803 abcd 23.87a 3143 a
V3pl 38.43c 5.167 ef 16.81 1656 ¢
V3 p2 394¢c 5.123 ef 17.95h 1718 ¢
V3 p3 425¢ 5.433 de 18.55¢ 2006 ¢
V3 p4 42.73 ¢ 5.533 cde 20.52d 1960 c
V3 p5 40.43 ¢ 5.633 bed 23.17b 1950 ¢
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Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%.
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Introduction

Some techniques such as seed priming and exogenous applications before and during cultivation are
effective on yield. Seed priming is one of the methods in seed enhancement that is used for increasing the
germination of seeds and improving seedling growth. Seed priming increase seed activity, germination
percentage, germination rate under different environmental conditions, it also decrease mean germination
time. Deficit nitrogen is one of the main factors decreasing plant growth. Result showed that seed priming
with Rhizobium increased grain yield in bean cultivars. Zinc is one of the essential micronutrients for the
growth and human and animals activities. Zinc can contribute in cellular processes such as defense against
free radicals, electron transmit, Auxin and protein biosynthesis, cellular reproduction and reproductive
growth. Salicylic acid is a common plant-produced phenolic compound having key roles such as stomatal
movement, seed germination, ion absorption, and responses to environmental stresses. The exogenous
application of SA helped the activation of a range of plant defense genes, increased resistance to infection;
decreased damages caused by exposure to ultraviolet light and ozone and improved drought tolerance in
plants. The current paper studies the effect of different solutions and seed priming treatments on germination,
agronomic and quality characteristics of red bean genotypes.

Materials & Methods

In order to evaluate the effect of different treatments including solution and seed priming on
germination, agronomic and protein characteristics at red bean genotypes, an experiment was carried out at
laboratory and field. The research carried out as factorial experiment based on completely randomized design
at laboratory and randomized complete block design with three replications in field conditions at 15 Km
Arak road-Tehran in 2011. Factors were three red bean genotypes including Goli, Akhtar and D81088 and
five levels of priming including control, distilled water, zinc sulphate, salicylic acid, and Rhizobium
Leguminosarum Biovar Phaseoli in field conditions. At laboratory conditions, 25 bean seeds were planted in
Petri dish as on paper. At field, bean seeds were planted 15 cm apart in 5-m rows, with a 40-cm spacing. At
final harvest 2.4 m? was harvested from the middle of each plot and the grain yield was evaluated. The data
were subjected to analysis of variance using MSTAT-C. Means were compared using Duncan's Multiple
Range Test at P=0.05.
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Results & Discussion

Results showed that maximum germination percentage (94.67%) were record for Akhtar cultivar. The
interaction effect of treatments showed that, the highest germination percentage (94%) was obtained from
Goli cultivar along with solution of water distilled.

The effect of cultivar on daily germination rate was significant. The maximum daily germination rate
(seed per day) was observed from Goli cultivar. Seed treatment with solution of salicylic acid and Rhizobium
increased radical length and seedling weight vigor index traits. Treatment with salicylic acid and Rhizobium
increased radical length by 17.9 and 13.8% compared with seed priming with water distilled. It seems that
salicylic acid by adjusting the physiological process can increase radical length. The maximum seedling
weight vigor index (6.39 g) was recorded for seed treatment with Rhizobium solution. Rhizobium produced
cytokinin and therefore can increase cellular division, seedling weight and seedling weight vigor index. The
maximum number of grain per pod (5.97) was recorded for Goli cultivar. Seed priming with zinc sulfate,
salicylic acid and Rhizobium increased protein percentage by 1.8, 3.37 and 6.25% compared with control,
respectively. The interaction effect of treatments showed that, the highest protein percentage (23.87%) was
obtained from seed priming with Rhizobium in Goli cultivar. Seed priming with zinc sulphate, salicylic acid
and Rhizobium increased grain yield in three genotypes more than priming with water distilled. Goli cultivar
was the best in daily germination rate, plant height, and number of grain per pod, seed protein amount and
grain yield traits; compared to other genotypes. Seed priming with Rhizobium, salicylic acid and zinc
sulphate increased grain yield by 10.3, 9.9 and 8.6 %, compared to the control, respectively.

Conclusion

In general, results showed that the maximum of seedling weight vigor index (7.23 g) was record for
Akhtar cultivar along with seed treatment with Rhizobium solution. The maximum grain yield (3143 kg/ha)
and protein percentage (23.87%) was observed in Goli cultivar and Rhizobium priming.

Key words: Red bean, Rhizobium, Salicylic acid, Seed priming, Zinc sulphate
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Table 1. Comparison of the mean square of measured parameters in the first year
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fvari Average number of B 2 iel
Source of variance DF larvae Average number of  Average number of Yield
grain production grain ingested
1,55 Rep. 2 0.00831768 0.23364759 0.8807359 22.09763305
IS &, Sowing date 1 0.00679313"™ 0.000273700™ 0.0213455™ 1.5578098"
s Error 2 0.02530475 0.4725239 0.1297616 2.4656381
3, Cultivar 2 0.01371719™ 0.43125465™ 0.4420394" 121.4586000™
Cultivar x Sowing date
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ﬁ,_a) xulS @)L
s Error 8 0.01068282 0.15118566 0.02838359 6.4227390
Js Total 17
Sl i o o CV 27.87 9.76 18.46 9.40
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ns, ** and *: no significant and significant at probability levels of 1% and 5%, respectively
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Table 2. Comparison of the mean square of measured parameters in the second year
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ns, ** and *: no significant and significant at probability levels of 1% and 5%, respectively
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Table 3. Comparison of the mean square of measured parameters in the combined analysis
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W Error 4 0.2433047 0.46797333 0.4656680 107.477618
sl &, Sowing date 1 0.12366455" 0.92410761"™ 0.12778833" 201.6356915™
Jlo xewsls &6 Sowing date x Year 1 0.05527180" 0.96963714"™ 0.02277381™ 154.6226717"
U Error 4 0.02647086 1.17721104 0.09367119 24.9347256
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Table 4. Comparing the effect of cultivar on yield and grain production
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Average number of grain production in the combined analysis
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Table 5. Comparing the effect of planting dates on number of larvae, grain production and yield
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Table 6. Comparing the effect of year on grain production, seed ingested and yield
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Table 7. Mean Comparison the effect of year on sowing date and number of larvae
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Introduction

Chickpea pod borer worm damages the chickpea crops in countries such as India, Mexico, Australia, the
USA, Uganda and Iran. This worm is considered as the main pest in chickpea cultivation. After cereals,
chickpea cultivation involves the highest cultivation area in llam province and it is of utmost importance
regarding the farmers income as well as cultivation sequence plans. In llam, Kermanshah, Lorestan and
Golestan Provinces, which have a mild winter, therefore autumn cultivation is recommended instead of
spring cultivation and while the damage of negative factors is higher in the autumn cultivation, the yield is
still higher than the spring cultivation. Regarding chickpea cultivation in Ilam province, there are three
different species of Helicoverpathat reducing the yield, which are as follows: (1) Helicoverpab viriplaca, (2)
H. armigera and (3) H. peltigera. The species of H. vitiplaca with 94 percent higher frequency than other
species is the dominant species in chickpea cultivationby feeding on chickpea leaves and grains, these pests
inflict damages. Biological study of chickpea pod borer worm in different plantation dates in llam Province
showed that the highest larvae and pest density was witnessed during the period between May 10 and May
21. Different varieties of chickpea cultivates in different countries show that the reaction of different
varieties to the damage inflicted by the pest has been different; Based on the available literature, there was no
reported high resistance against the pest.

Materials & Methods

In order to investigate the effects of the date of plantation and the variety on the density and the extent of
damage caused by the pest, this study was carried out using complete randomized block design (CRBD) in
split plots with six different treatments and three replications in Shirvan Chardavol research station (llam
Province, Iran) for two years. The main plots included of two plantation dates in autumn (early November)
and spring (late February). Sub plots included of three distinct varieties of chickpea including varieties of
Hashem, Arman and Azad. The area of each treatment was three meters by five meters and the row distance
was 25 cm, the distance between plants on each row was 10 cm, the distance between plots was 1.5 m and
the distance between blocks was 2 m. During farm experiment there was no pest control; however, other
factors such as land preparation, weed control, blight control and so on were considered. On May 10 (when
the most larvae were present), in each treatment, 50 plants were selected randomly and the number of the
pest larvae was measured. Moreover, before crop harvesting in each treatment, 100 plants were randomly
selected and the number of produced grains and the number of eaten grains (the damaged grains are inside
capsules consisting of a noticeable hole where the larva has entered) were counted. Furthermore, the yield in
each treatment was weighted and all the data for the scheme including the average produced grains, the
average eaten grains in each plant, the average density of larvae in each plants and the treatment yields were
analyzed after the transformation of the data using the GLM procedure with SAS software method.

Results & Discussion

Results indicated that in autumn cultivation, larva density per plant, grain number per plant and yield per
hectare were 0.16 larva, 11.8 grains and 436 Kg, respectively, and those in spring cultivation were 0.04
larva, 7.7 g and 288 Kg, respectively. The results from the literature indicate a high yield and performance
for the autumn cultivation due to better utilization of soil humidity, flowering acceleration, pod formation
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acceleration and longer flowering period, which leads to the fact that autumn cultivation be recommended
instead of spring cultivation. Therefore, while in this plantation period, the density of the pest has also
increased, still the yield is higher than other cultivation dates. The Arman and Azad varieties with yield of
465 and 400 Kg/ha in comparison with Hashem with 233 Kg/ha had the higher yields. The results of
different studies have shown that there are no varieties of chickpea with a high resistance towards pod borer
worms; however, some of the varieties show lower extents of damage. For instance, in India, the damage in
ICC506 genotype was lower than that of ICCC37 genotype. In overall, Kabul (white) genotype was reported
to be more sensitive than Desi (black) genotype towards chickpea pod borer worms.

Conclusion
Among the studied plantation dates and varieties, the density, damage inflicted by the pest and the yield,
it is concluded that Arman and Azad varieties had the best yield in autumn cultivations.

Key words: Chickpea, Helicoverpa sp Species, Planting Date
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Table 2. Simple correlation coefficients between traits and yield in chickpea genotypes under non-stress (down) and

drought stress (up) condition

Traite lio 1 2 3 4 5 6 7 8 9 10 1
LBrancheslplant  45Lo slaw 1 010"  -0.006™ -0.07° -0.05® 002 -007° -013° -008°  017°  0.26"
2.Plant elis | 0.44* 1 018  -006™ 015° 033° -042°  009°  -0.04® 021"  -0.28"
height(cm)
3.Seed ?]”d pod o2 035" 023" 1 079 098" 006"  025° 011  004°  029° 026"
weight(g) G o JelS
5o als olass . . N . .
4.Seeds/plant 023 022°  0.71% 1 081" 050" 064 035 035" 059 058
Sy
) 4o dils o Sles "
5.Yield/plant(g) 034 033 085 065 1 003® 027"  007° -0005° 033  026*
Ay
6.100-seed SsVe-n3s 051 045° 047 003° 037° 1 073" 075" 0697 064" 063"
weight(g)
5o dils slass . " - - -
7.seeds per pod 002 -002°  -031"  -044° 026 0.22° 1 062" 056 0.61 053
S
8.Pod length(cm) ENFRNR 028 011 007" 027 015® 060"  028® 1 094" 060"  -0.58"
9.Podwidth(cm) S o,e  048%  -012®  -008™ -0.16® -002° 028" -0.004®  0.66° 1 053" 048"
0, RWERRYARY ki
1°'f'|3ay t0 50% TP o090 0460 021 013 -002° -035F  -005% 047  .030" 1 083"
owering 6_“ 5
KVERRYARE -
11.Day to 50% U 0230 001 001 041% 021 037 -0.03" 057 084t 1
poding u’_mady& 0.58%*

doys Sy g i Jleiol e 5o o e g jlo e 5 5lel S pae s a5 NS

ns,*and **: Not-significant, Significant at 5% & 1% probability level, respectively

S G gee byl 50 dilo 0 )Sas (sl cale calpd 4o Y Jgux
Table 3. Path analysis for grain yield in chickpea genotypes under non-drought stress condition

Traite wlas m;::é o 1 Indirect effect via g yb ;1 puiionno gl 551
Coff. Direct effect 1 2
5 e 5
Seed and pod weight & o 0.85 0.81 - 0.04
4.:9.: )0
100-seed weight alo Ver g 0.37 0.23 40.1 -

S g Tyl sy Al 0 Shos gl p Cade Culpd a3 -F Jgus
Table 4. Path analysis for grain yield in chickpea genotypes under drought stress condition

_ wlao (S ) g s 51 Indirect effect viags yb 31 puibowo a5l
Traite Correlation Di;ect effect 1 2 3
Coff.
Seed and pod weight JolS e 59 0.98 0.76 - 0.21 0.01
Seeds/plant aslo slaws 0.81 0.27 0.60 - -0.06
100-seed weight a5 0.03 0.12 0.05 -0.13 -

AY
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Table 5. Principal component analysis in chickpea genotypes under non-stress and drought stress conditions

Traite o Jol Jele 9o Jole P Jole el Jole

(First Factor) (Second Factor)  (Third Factor)  (Forth Factor)
N N L R S G
non-stress  stress  non-stress  stress  non-stress  stress stress
Pod length e Jsbo 0.79 0.96 -0.18 0.07 0.35 -0.03 -0.10
Pod width e o0 0.82 0.95 -0.01 0.02 -0.08 -0.19 -0.02
Day to 50% flowering R 5, -0.69 -0.66 0.12 0.38 -0.13 -0.31 0.33
Day to 50% poding PO 4, -0.88 -0.61 -0.08 0.34 -0.07 -0.38 0.45
Seed and pod weight Jol5" e 59 -0.10 -0.70 0.86 0.98 0.31 0.08 0.03
Seeds/plant Ll slaws -0.20 0.43 0.82 0.86 0.13 -0.14 -0.05
Yield/plant ails o Slee 0.12 0.02 0.75 0.98 0.43 0.07 -0.01
Seeds per pod B o aily slass 0.01 -0.70 -0.70 0.32 0.35 -0.44 -0.14
100-seed weight Gl Ve i 0.42 0.86 -0.01 -0.03 0.77 0.33 0.03
Plant height el -0.11 0.08 0.12 0.12 0.78 0.95 0.07
Branches/plant a3 olows 0.19 0.03 0.24 -0.06 0.68 0.10 0.94
Eigen values oy polie 3.34 4.94 2.95 2.58 1.35 1.30 1.05
Proportion of variance s il )ls s jo 30.32 44.86 26.78 23.43 12.28 11.82 9.56

AA
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Fig. 1. Distribution of chickpea genotypes on the basis of the first and the second components
under non-drought stress condition
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Fig. 2. Distribution of chickpea genotypes on the basis of the first and the second components
under drought stress condition
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Fig. 3. Dendrogram of clustering chickpea genotypes under non-drought stress condition
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Table 6. Result of discriminant analysis to confirmation chickpea genotype classification
under non-drought stress condition

(Grouping) gaisey 5 (Group) 9,5 slas! (Total) Js ao
1 2 3
1 17 0 0 17
(Sum) gsome 2 0 5 0 5
3 0 0 8 8
1 100 0 0 100
VORI 2 0 10 0 100
3 0 0 100 100




IWAF Jol dow 15 ko Al /9l 91 Ol SBGWRGH /... Suiif g5 15y )K0d 9 L LS

SSS G g bl ph ol 0950 gl 9 ladigs 4 50 Weg S Wi Hlire Bl pil g (1Sl Ao -V Jgu

Table 7. Cluster analysis results in chickpea genotypes under non-drought stress condition

Traite ol Jal Fusdls P92 ywdS pow JudS 5 (il
Cluster | Cluster 11 Cluster 111 Total mean
17 5 8
Branches.plant asLo olows 2.60%+0.21 2.95%+0.64 2.41°4+0.29 2.62
Plant height el 37.82£2.89  40.79%2.55 36.10°+£2.73 38.02
Seed and pod weight W 0 JalS B 59 24.21°+5.39 41.26+7.19 29.48°+4.27 28.40
Seeds.plant Gy, ails slasy 74.86°+17.70  155.08%16  108.80°+£29.91 96.84
Yield.plant Loy ails o Slee 17.94°+5.78 29.18%+4.88 19.72°+4.67 20.31
100-seed weight als Voo 59 21.55%+4.15 23.57%+3.38 16.15°+3.47 20.53
Seeds per pod Ae o ails slaws 1.05%0.15 0.94%£ 0.11 0.90%+£0.22 0.99
Pod length e Jgb 19.76% £1.42 19.84%+1.17 16.77°+ 1.31 19.08
Pod width Dl oo 10.62°+1.84 10.25%°+0.93 8.76°+0.40 10.12
Day to 50% flowering VLR B L) 75.27°+£2.71 75.80°+1.26 78.30%3.17 75.93
Day to 50% poding RO 30,00+ b 5, 86.41°+1.83  87.07%+1.38  88.50°%t1.41 86.96

(3o s iy Jlot! grhaws )0 Sils glasals aiz 5050) A5yl w0 b (gl e BB oS e ot gy b (g polie wi) jo j0F
*Means by the uncommon letter in each row are significantly different according to Duncan's multiple range tests (5%)

S8 S Aol Glg oo cpl plo sl plaisl sssas 1) laas
2 @i Sl pg DS (0 S92 g0 slagudsis &S
sladaln 5 5Vb o Shoe & Sbcws lp i3S Glaasl
S 0oz NS )3 S92 50 Slacadsls Wl gam (B
SySlos Cponl dan azgi b bidgr Sy 0 K03 09,5 A &
Wil s 0958 (ol pge Blaal 5laS w045 g als
Jsl 09,5 5 po—w 05,5 ;5 35290 Slacaisis (SN 5l levse
2,5 oliwl o)og3 9 YL 0, Shee b slocaiss) wdsi sl
Sl Vg (Ghs,55) A3 sl 5o i kil yo
SIS Y 9 VY0 lacaissy o (AT,VY) Soss alold o iy

Loog )5 G a5 0l plis 4 by il g 4525 gl

OB asls sl jdn w050 Slao 4 IS o
Blyoul g o Klee Dluslin a5 az g3 b .clls 3925 (5,0 ge
slocalsi) & ab paseie (8 Jg92) 25 5o (6l jlne
I eSlee (S g wites 055 (logaisis sl os,S
ol adyle wlo o Slae g alo slaws cllo L BMe 59 s
03995 SLeeess Olsrsar Glgi o 1) 09,5 (nl slocaisi)
1 L5l py 05,5 (el 5 yme i (il 5o
5 Sl S g wishs plis ) (awgte > Slao
Lo B (059 ;i 5l pos 09,5 0 35290 lacads) oy

Wog (FAY) (G5 alold oy S O iy O 50 assls ol casle o Shoe sl slass wails
i
(]
o
g
0 ]
=
] ‘
D_||[||r||1|||][[||||1|]—]
@B P INDUOVDBY TOY DDA TDD O ®
282Ea5 2B 2588883383~ 5 833888888

S i bl 0 9958 gacai i) sladigs @ ji 5l ol pl Sguis - JSo
Fig. 4. Dendrogram of clustering chickpea genotypes under drought stress condition
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Table 8. Result of discriminant analysis to confirmation chickpea genotype classification
under drought stress condition

(Group) 09,5 slac!

(Grouping) aives,S (Total) Js gox
1 2 3 4
1 9 0 0 o 17
(Sum) e 2 0 15 0 o0 5
3.0 0 2 0 8
4 0 0 0 4
1 100 0 0 o0 100
ARV 2 0 100 0 0 100
3.0 0 100 0 100
4 0 0 0 100 100

S i by |yl i 9955 (Wi 935 (gladligS 4 3T 50 Wog S Wil lane Sl pzil g (aSlae duulie -4 Jgu
Table 9. Cluster analysis results in chickpea genotypes under drought stress condition

Traits o Jal s P38 S pow DS Pl Fudls ol
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total mean
9 15 2 4
Branches/plant 4L olass 2.4340.08 24284+ Y¥ 2.260.27 2434+ YY 241
Plant height el 34.57%+1.04 36.81%+2.43 34.84%+1.17 32.15%+2.36 35.38
See\fl;g‘:]f"d Gg 5 JalS BB 56 16.12"+4.69 17.81° 2.56 31.88%:3.63 18.18"+5.29 18.29
Seeds.plant g o als slasy 39.24°+9.24 56.48°+ 10.39 130.71%£32.99 91.05°+3.19 60.87
Yield.plant Wy yo als o Slas 10.86°+3.44 12.84°+ 1.90 26.56°+£1.92 3.28"+3.82 13.22
100-seed weight als Ve 26.11%£3.47 22.35%3.62 22.03%5.70 14.92°+1.79 22.33
seeds per pod AU o wils slass 0.83%40.07 0.9340.10 1.00°£0.08 1.21+0.04 0.94
Pod length e Jsb 20.47%+0.78 18.08°+0.88 19.82+0.06 15.11%1.21 18.52
Pod width D oy 10.86%+0.30 9.06°+0.47 10.05°+0.29 8.13%:0.53 9.54
Day to 50% N 5 b b b 6.69
flowering RN 20,000 U 59, 74.70°+1.54 76.31°+1.96 80.00%+2.36 80.922+£2.70 76.
0,
Dag’otd"ir‘:’gﬂ’ e asyode b g, 85.110+1.49 bg5.38:+.1.72 87.67:£0.47 89.50%£0.84 86

(3o yd gy Jloio! o )0 Sils glasals siz 5050) A5yl w0 b (gl e BB oS ot gy b (g ppolie wiss, j2 j0F
*Means by the uncommon letter in each row are significantly different according to Duncan's multiple range tests (5%)
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Introduction

Legumes are one of the most important sources of protein in the diet of many people in developing
countries and are the second largest source of human food. Chickpea (Cicer arietinum L.) ranks 2" in
cultivated area of legumes in the world. Low chickpea performance in Iran with respect to environmental
conditions and inaccessibility to adequate water and appropriate genotype and little breeding works has been
done on it. Since the main components of genetic and environmental factors that determine the yield and
guality of plants, the main purpose of the selection of breeding indices, should focus more on the effects of
genetic factors. Genetic diversity in chick pea collection can be used in breeding program for selection of
genotype with desirable agronomic traits. Studying relationships between agronomic traits would assist
breeders to identify the effective traits and use proper selection intensity in their breeding programs.

Material & Methods

In order to evaluate the genetic diversity and identify relationships between vyield with other
morphological traits, in chickpeas genotype, 28 Kabuli genotypes with two controls i.e. Jam and Kourosh,
under non-stress and terminal drought stress condition, an experiment was carried out in a complete block
design with three replications on research farm of University of Tehran in 2013.

Results & Discussion

For most of the traits, results showed that there were significant differences among genotypes which
revealed genetic variation among them. The results of phenotypic correlation under non-stress condition
showed that seed yield per plant had significant and positive correlation with seed and pod weight per plant,
number of seeds per plant and 100 seed weight. Results under drought stress condition showed that seed
yield per plant with seed and pod weight and number of seeds per plant had significant and positive
correlation at 1% probability level. According to the results of phenotypic correlations, stepwise regression,
path analysis in both conditions (non-stress and with terminal stress), it could be concluded that, the traits
such as seed and pod weight per plant, 100-seed weight, and number of seeds per plant were most important
and effective traits affecting yield and considering that among the genotypes. Since most variation was
observed among genotypes for these traits, therefore selecting and breeding for them could be ideal for
improving yield. Based on factor analysis under the non-stress condition, the three factors were selected that
explained 69.3 percent of the total variations. The first, second, and third factors were explained 30.32, 26.78
and 12.28 percent of the variations, respectively. The second factor that included five traits (seed and pod
weights per plant, number of seeds per plant, seed yield per plant and number of seed per pod) was
introduced as the components of yield. Under the terminal drought stress condition, four factors selected that
totally were explained 89.6 percent of the variations. The first, second, third and fourth factors were
explained as 44.86, 23.43, 11.82 and 9.56 percent of the variations, respectively. In these conditions also, the
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second factor that included four traits (seed and pod weights per plant, number of seeds per plant and seed
yield per plant) was introduced as components of yield. Therefore, these two factors used to identify
genotypes with high yield and yield components, in non-stress condition the genotypes 22,474,239,370 and
control genotype Jam (No. 998), and in stress condition the genotypes 508,236 with two control genotypes
Jam (No. 998) and Kourosh (No, 999) were selected as high yield and component yield genotypes.
According to the results of cluster analysis based on the square Euclidian distance and Ward method, under
non-drought stress condition the genotypes classified in 3 clusters. The genotypes of second cluster had high
yield comparing with the other clusters and total genotypes average. According to the results of cluster
analysis under drought stress condition, the genotypes classified in 4 clusters that the genotypes of third
cluster, in seed and pod weights per plant, number of seeds per plant, seed yield per plant and number of seed
per pod traits had the highest average comparing with other clusters and total genotypes average. According
to the result of cluster analysis, the genotypes in third cluster with two control genotypes (Jam and Kourosh)
could be use for produce hybrids and getting yield hybrids.

Conclusion
According to the results, the studied chickpea germplasm, are valuable resources, in addition to possess
new traits provide high diversity for breeders to improve of the new varieties.

Key words: Cluster analysis, Factor analysis, Morphological traits, Path-analysis
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Introduction

Legumes are very important source of protein after cereals. These plants are capable of biological
nitrogen fixation and increasing soil fertility as cover crop or including in crop rotation and reducing soil
erosion which improve sustainable agriculture. Increasing use of chemical fertilizer which has negative
effect on soil structure which cause unbalance on physical and chemical propertied of soil which ultimately
reduce nutrient element absorption. Nowadays due to environmental problems use of biological fertilizers
are good substitutions. On the other hand biological fertilizer use improve soil fertility. Protein quantity and
guality are basic nutritional problem. According to use of more than 85000 tones chemical fertilizers in
legume cultivation in Iran. It is necessary to conduct correct and efficient inoculation for each legume crop in
the country including bean, which is one of the important crop for human consumption. In most cases
biological fertilizers are complementary of chemical fertilizers in a sustainable agriculture. The aim of this
study was to compare the effect of interaction effect of mycorrhiza vesicular, Psodomonas bacteria and
humic acid on yield and yield components of bean.

Material & Methods

Mycorrhiza inoculation was prepared in soil science Lab in Tabriz University in sterile sandy loam.
Bacterial inoculation Pseudomonas putida prepared in soil biology of Tabriz University. Humic acid
extraction was done with method of Kay et al., (2004). For Seed bean Phaseolus vulgaris variety Cos-16
from agronomy and plant breeding department of Tabriz University which is resistant to drought. Soils for
this experiment were collected from Khalat Poshan research station from 0 to 25 cm depth and passed
through 4mm sieve after sun sterile method. Soil physical and chemical properties were estimated with
standard methods. Each pot was filled with three kilogram sterile soil. Seventy gram of mycorrhiza
inoculation was spread in 5 cm of top soil and then bacteria inoculation was added to soil just below the
seeds. Humic acid extracted from vermicompost and applied to soil in the powder form in three levels,
control (HO), 200 mg kg™(H1), and 400 mg kg* (H2). Pots were place in green house at 25C. After treatment
application 5 seeds were sown in each pots and pot moisture kept at 0.9 FC. Pots were irrigated with distilled
water whenever needed. After 4 months plant roots and shoot properties and plant yield and vyield
components were estimated. This experiment was conducted in the form of factorial on the base of complete
randomize block design in Tarbiat Moalem University of Tabriz. First and second factor were in two levels,
control and applied for mycorrhiza (MO and M1) and bacteria P. putida (SO and S1) and humic acid in three
levels control (HO), 200 mg kg (H1) and 400 mg kg (H2) in three replications. Data analysis was done
with MSTATC and SPSS and mean comparison were done with LSD test for significance and figures drown
with Excel 2007.

*Corresponding Author: shahsavani2001@yahoo.com; Mobile: 0912373166
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Results & Discussion

Analysis of variance of data for plant height showed that interaction effects of humic acid and bacteria
were significant at 1% level and mycorrhiza was significant at 5% level. Mean comparison of results showed
that least plant height mean from interaction of humic acid and bacteria with SOH1 treatment with (28.58
cm) and the highest was (30.35cm) with S1H1 treatment. Analysis of variance showed that main effect of
mycorrhiza were significant at 1% level and interaction effect of humic acid and bacteria at 5% level on
shoot wet weight of bean. Analysis of variance for main effect of humic acid and mycorrhiza were
significant at 1% level for shoot dry weight and main effect of bacteria and interaction effect of bacteria and
mycorrhiza were significant at 5% level for shoot dry weight of bean. Analysis of variance showed that main
effect of mycorrhiza and humic acid were significant at 1% level and interaction effect of mycorrhiza and
humic acid at 5% level on root dry weight. Analysis of variance of Mycorrhiza and bacteria main effect on
ratio of root dry weight to shoot were significant at 1% level and main effect of humic acid and interaction
effect of humic acid and mycorrhiza were significant at 5% level. Analysis of variance showed that main
effect of mycorrhiza and humic acid were significant at 1% level and main effect of bacteria and interaction
effect of mycorrhiza and bacteria were significant at 5% level for seed numbers of bean. Analysis of variance
showed that main effect of bacteria and mycorrhiza and interaction effect of bacteria and mycorrhiza were
significant at 1% level and interaction effect of bacteria and mycorrhiza were significant at 5% level on stem
length. Analysis of variance showed that main effect of humic acid and mycorrhiza were significant at 1%
level and main effect of bacteria and interaction effect of humic acid and bacteria were significant at 5%
level for stem diameter. Analysis of variance showed the main effect of mycorrhiza was significant at 1%
level and main effect of humic acid and interaction effect of bacteria and mycorrhiza and interaction effect of
bacteria and humic acid and main effect of humic acid were significant at 5% level for the seed yield.

Conclusion

Analysis of variance of experiment treatments in this research showed that treatment applied had
positive effect on agronomic properties of bean and humic acid could have direct and positive effect on plant
root and shoot growth.

Key words: Beans, Humic acid, Grain weight, Mycorrhizal fungi, Pseudomonas putida
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Table 1. Physical and chemical properties of soil
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Table 2. Source of variation, df and mean square of pod number and weight in bean genotypes affected by
irrigation regimes
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pod per Number pod Fizt::]ebgsd pod ct:jnrf\(ijrrg:fer df S.0.v
Plant per Plant weight weight P
0.2ns 1.3ns 769ns 201ns 0.2ns 562.7% 2 "
Block
2905%%  404.1%*  TRAOT6M  261311%*  262.1%* 12060** 2 el o)
Irrigation regime
05 08 1414 4808 08 462 4 (ol ) el o5 xSk
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Unfertile pod weight/fertile pod
weight (%)
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ns,* and **: Non-significant and significant at 5% and 1% probability levels, respectively
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Fig. 1. Effect of irrigation regimes on unfertile/fertile pod weight percentage of bean genotypes
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Table 3. Mean comparison of pod number and weight in bean genotypes affected by irrigation regimes
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5.64 h 31.53 a 20.59 c KS21193 (rre e
4.00 i 10.06 f 17.78 d C.0.5.16 Unfertile Pod
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Means with same letters don’t have significant difference, using Slicing method, p=0.05
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Table 4. Source of variation, df and mean square of grain number and weight traits, grain yield, biological yield and
harvest index in bean genotypes affected by irrigation regimes
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Harvest Grain Biological 1000 grain Grain Grain Lo
index yield yield weight Pod-t plant Grainm?  Df SOV
0002ns  841ns  68ns 0.7ns 0.2ns 0.9ns 839ns 2 Sk
Block
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ns,* and **: Non-significant, Significant at 5% and 1% probability levels, respectively
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Table 5. Mean comparison of grain number and weight traits, grain yield, biological yield and harvest index

in bean genotypes affected by irrigation regimes

Irrigation . ,Lsf

ol (T 3L o yof e (ymels

ol 2T 5l woyohe (ynols

oS T 3L o ydVee (omols

) olae
Supply of 60% of crop water Supply of 80% of crop water Supply of 100% of crop water Geno :
- - . type Traits
requirement requirement requirement
2.67 bed 2.97 abc 3.10 ab Taylor
1.60 f 2.27 de 2.93 abc Sadri il olass
243 cde 2.00 ef 2.90 abc KS21193 oHle
0.00 g 3.33 a 3.00 abc C.0.58.16 .
3.07 ab 2.77 abed 2.80 abed Ksoags  Crain/od
428.50 gh 474.70 g 723.80 f Taylor
21850 i 379.50 h 929.20 e Sadri 5o ls slass
115.43 j 485.40 [o} 1276.70 c KS21193 FEJONCHS
0.00 k 1368.40 b 1482.60 a C.0.5.16 Grain/m?
653.63 f 980.50 e 1080.10 d KS21486
223.63 ef 294.63 bed 340.03 abc Taylor als e o5
154.03 g 168.50 fg 217.70 efg Sadri _
283.43 cde 301.87 bc 359.77 ab KS21193 (5
0.00 h 212.03 fg 401.00 a C.0.8.16 1000grain
167.50 fg 198.50 fg 227.77 def KS21486 weight (g)
0.29 f 0.36 bcde 0.42 a Taylor clsy pasls
0.09 h 0.16 g 0.32 def Sadri ’
0.13 gh 0.14 gh 0.39 abc KS21193 (32,9)
0.00 i 0.35 cde 041 ab C.0.5.16 Harvest
0.30 ef 0.33 def 0.36 abcd KS21486 Index (%)

Al bl DIl o b i, sl eslaiul b was jo iy Jletim | mhaw 1o (5o gire B S i B> glls slanSibee
Means with same letters don’t have significant difference, using Slicing method, p=0.05
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Table 6. Correlation coefficient of measured traits

FPPP PPP HI BY GW GPPL GPP GN GY PW PN
1.0%* 0.95%* 0.77%* 0.86%* 0.56* 0.98** 0.65%* 0.98** 0.89%* 0.89** 1 PN
0.89** 0.82** 0.73** 0.91** 0.72%* 0.89** 0.53* 0.89** 0.99%* 1 PW
0.89** 0.82** 0.75%* 0.89** 0.71** 0.90%** 0.54* 0.90** 1 GY
0.98%** 0.91** 0.81** 0.80%** 0.53* 1.0%* 0.68** 1 GN
0.65** 0.60* 0.87** 0.44 0.67** 0.68** 1 GPP
0.98%** 0.91%* 0.81** 0.80%** 0.53* 1 GPPL
0.56%* 0.56* 0.67** 0.72%* 1 GW
0.86** 0.89** 0.55* 1 BY
0.77** 0.65** 1 HI
0.95%* 1 PPP

1 FPPP

*and **: Significant at 5% and 1% probability levels, respectively
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Introduction

Pinto bean (Phaseolus vulgaris L.) is one of the most important bean types in Iran. Cultivation area of
pinto bean is about 50% of total bean cultivation area and more than half of grain bean production belongs to
this type of bean. Drought is the most important environmental stresses that affects agricultural production in
arid and semiarid areas and reduces crop productions. According to FAO reports, 90% of cultivation area in
Iran is under arid and semi-arid conditions, so water deficit severely affects crop quantity and quality of most
crop. About 60% of bean cultivation area in the world are faced with drought. Bean yield loss due to drought
stress depends on severity and duration of stress and genetic variations of genotypes. Bean yield components
such as grain weight, grain number per plant and pod number per plant decrease by drought stress. According
to the 15 bean genotypes evaluation in favorable moisture conditions and water deficit, there were significantly
differences between genotypes for most of yield related traits. Due to limited water resources in the Iran,
evaluation of bean genotypes under water stress is important. So this study was conducted to evaluate the
changes in yield and yield components of pinto bean genotypes under deficit irrigation conditions.

Material and Methods

An experiment as split plot in randomized complete block design base was conducted for evaluation of
effect of deficit irrigation at three levels (supply of 100, 80 and 60 percent of crop water requirement as main
plot) on pinto bean genotypes in five levels (Taylor, Sadri, C.0.S.16, KS21193(Koosha193) and KS21486 as
sub plot) in Shahrekord university. Before planting, seeds were disinfected with Benomyl fungicide. Then
planting was conducted in 30 plant m? density. Crop water requirements calculated by Penman-Monteith
equation amended by FAO. Irrigation treatments was applied at beginning of V4 stage (unfolding of third
trifoliate leaf) and continued in the growing season. At the end of experiment one square meter of each plot
harvested and yield and yield components were measured. Data were analyzed in SAS software (version 9.1).
Slicing method was used for interaction mean comparison.

Results & Discussion

The effects of irrigation regime, genotype and the interaction of irrigation regime and genotype on
unfertile pod number, unfertile pod weight, Fertile pod number, fertile pod per plant, grain number, grain
weight, biological yield, grain yield and harvest index were significant.

COS16 had the greatest fertile pod number and weight per unit area in supply of 100% of crop water
requirement condition. Sadri and KS21486 had the highest and lowest percentage of reduction in the number
of fertile pods per unit area in supply of 80% of crop water requirement condition respectively. Supply of 100
and 80 percent of water requirement conditions COS16 resulted in greatest grain number m. But this genotype
did not produce grain by supply of 60% of water requirement condition.

* Corresponding Author: nezamiahmad@yahoo.com; Mobile: 09153163348
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Reducing the amount of irrigation water reduced grain weight differently. KS21486 showed 12.8% and
26.5% reduction in grain weight in supply of 80 and 60 percent of crop water requirement conditions,
respectively. While COS16 showed 47.1% and 100% reduction in grain weight in supply of 80 and 60 percent
of crop water requirement conditions, respectively. Reducing the amount of irrigation water reduced genotypes
grain yield. Grain yield of KS21486 decreased by 20.5% and 55.4% in supply of 80% and 60% of crop water
requirement conditions, respectively. While KS21193 showed 68.5% and 93.2% grain yield reduction in 80%
and 60% of crop water requirement condition, respectively. The highest seed yield by supply of 100 and 80%
of plant water requirement condition was observed in C.0.S.16 (594.6 and 289.2 g.m respectively), while
C.0.S.16 in supply of 60% of plant water requirement did not produce seed. In supply of 60 percent of plant
water requirement condition KS21486 had highest seed yield (109.5 g.m2).

Conclusion

Grain number is more sensitive than grain weight to water deficit condition. Grain number reduced with
greater intensity rather than grain weight reduction. In optimum irrigation and moderate water deficit condition
C.0.S16 and in severe water deficit condition KS21486 produced more grain than the other genotypes.

Key words: Drought stress, Harvest index, Pod, Seed weight
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Table 1. Names or identity of chickpea genotypes used in the study

o yloud awlil/ ol L o ylous awlils/ ol Lo
No. Name/ldentity Origin No. Name/ldentity Origin
1 ILC-249 ICARDA 19 Flip03-123c ICARDA
2 ILC-1929 ICARDA 20 Flip03-71c ICARDA
3 Flip03-135c ICARDA 21 Flip05-18c ICARDA
4 ILC-3279 ICARDA 22 Flip06-23c ICARDA
5 ILC-3996 ICARDA 23 Flip05-28c ICARDA
6 ILC-202 ICARDA 24 Flip05-11c ICARDA
7 ILC-72 ICARDA 25 Flip05-19c ICARDA
8 Flip05-46¢ ICARDA 26 Flip07-31c ICARDA
9 ILC-5928 ICARDA 27 Flip08-12¢c ICARDA
10 ILC-194 ICARDA 28 Flip05-15¢c ICARDA
11 ILC-482 ICARDA 29 Flip08-58¢c ICARDA
12 Gerit LOCAL-IRAN 30 Flip03-110c ICARDA
13 Arman ICARDA 31 Flip98-55¢c ICARDA
14 Hashem ICARDA 32 Flip01-50c ICARDA
15 Be Vanij LOCAL-IRAN 33 Flip04-18c ICARDA
16 Flip05-16¢ ICARDA 34 Flip08-14c ICARDA
17 Flip88-85¢ ICARDA 35 Flip93-93c ICARDA
18 Flip03-87c ICARDA
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Table 2. Name, annealing temperature and polymorphic information of primers

Sl oluss il olass s
oy STl Juail slos ol puiSS iz S ] - o
. Annealing N . e

No. Primer t Number of Number of Polymorphic %

emperature amplified bands polymorphic PIC

bands

1 SSR1 60 3 2 66 0.66
2 SSR42 52 3 2 66 0.44
3 SSR38 52 3 1 33 0.38
4 SSR21 52 4 2 50 0.88
5 SSR25 60 3 2 66 0.25
6 SSR28 50 3 2 66 0.61
7 SSR26 52 4 2 50 0.58
8 SSR22 55 3 1 33 0.55
9 SSR35 55 5 2 40 0.37
10 SSR62 55 3 2 66 0.20
11 SSR61 59 2 2 100 0.62
12 SSR58 60 3 1 33 0.28
13 SSR7 65 2 2 100 0.64
14 SSR14 60 4 2 50 0.48
15 SSR63 65 4 2 50 0.57
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Fig. 1. Banding pattern of some chickpea genotypes using SSR61 primer in agarose gel
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Fig. 2. Dendrogram of chickpea genotypes using UPGMA method based on Jaccard's similarity coefficient
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Introduction

Utilization of genetic diversity in crop plants is very important for breeding objectives. Chickpea is the
third most important grain legume and its seeds contain protein that is an important energy source for human.
It ranks third worldwide among grain legumes. In Iran this crop cultivated at about 473000 hectares with an
average annual production of 195000 tons. Genetic diversity of chickpea genotypes using SSR markers were
examined in several studies.The objective of this study was investigation of genetic diversity among some
chickpea genotypes using molecular data obtained from SSR primers.

Materials & Methods

Genetic diversity of 35 chickpea genotypes (Including cultivated, local variety and promising line) were
assessed using 15 SSR primers. These primers were selected from previous study. DNA was extracted from
two-week old plants of each genotype following the protocol of CTAB-method. After DNA extraction, the
guantity of DNA was measured under 0.8% agarose gel electrophoresis. DNA concentration was estimated
using Picodrop. The final DNA concentration of each template stock was adjusted to 50 ng/pl. The PCR was
performed in a Thermal Cycler (Bio-Rad Model thermal cycler) in a volume of 15 pL. The amplification
step was as follows: 1 cycle at 94°C for 1 min, then 40 cycles comprising 94°C for 5 min, annealing of
primer at 50-65°C (depending on the primer) for 1 min. The final extension was carried out at 72°C for 10
min. The amplification products were electrophoresed on 3.5% agarose gels (combination of 50% Metaphor
and 50% LE Agarose), and for staining, 3 uL Gel Red and dye (the 1.5:1.5 ratio) was added to each sample.
Photographed was performed using the Bio-Rad Gel Doc. Molecular data was analyzed using the NTSYS-pc
software version 2.02.

Results & Discussion

All of fifteen SSR primers were generated scorable bands. Totally 49 alleles (ranged between 2 to 5
alleles per each locus) with an average 3.26 allele per locus was distinguished. These results are agreement
with the results of some study and did not match to other. One of the reasons may be due to the use of
different genetic material and SSR markers.

Majority of primers identified high level of polymorphism. Jaccard similarity coefficient values among
genotypes, ranged from 0.10 to 0.80, average value of similarity coefficient was 0.40. The highest similarity
was found between Hashem and Arman genotypes. Polymorphic information content (PIC) ranged from 0.20
to 0.88 (average 0.50). The highest (0.88) and the lowest (0.20) value of PIC was pertained to SSR21 and
SSR62 Primers, respectively. A high mean PIC value can be attributed to the use of more informative
markers. Unweighted pair group method of the arithmetic average (UPGMA), based on Jaccard similarity
clustering form a dendrogram with eight genotypes group. Eight groups can be distinguished by truncating
the dendrogram at mean similarity coefficient value of 0.40. Clustering somewhat was distinguished
chickpea genotypes, as cultivated genotypes and local were put together. In the present study SSR markers
almost succeed in separation of genotypes but this marker could not separate promising chickpea completely.
Principal co-ordinate analysis (PCoA) was carried out on the mean pairwise genetic distances to display the
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genetic relationship of genotypes in the PCoA 2D and 3D plot. 2 and 3D plot were confirmed the results of
cluster analysis. Cophenetic correlation showed that molecular data and cluster was corresponded.

Conclusion

SSR primers that used in this study are more informative in chickpea genotypes. The genotypes almost
showed diverse and distinct SSR patterns. It was concluded that SSR marker was suitable for evaluation of
genetic diversity in chickpea genotypes and this genetic diversity can be used in chickpea breeding
programs. To achieve better results in crossing programs, we recommended also these genotypes get
evaluated using morphological and agronomic traits.
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Table 2. Analysis of variance (MSS) for some agronomic traits of chickpea affected by different levels of nitrogen,
irrigation and depodding
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Harvest Shoot dry Seed weight Stem dry Leaf 100-seed : Seeds/ DFf O
index weigh weight dry weight Pods/ Plant
- plant
weight
92.77™ 0.24™ 0.63™ 1.21™ 0.07™ 90.70™ 7.11m™ 10.93™ 2 ok
Block
642.0™ 98.54™ 5.84" 21.12™ 7.937 13.27™ 141.68™ 129.20" 2 . O35
Nitrogen (N)
| ol
22.77 3.08 0.13 0.18 0.28 20.19 5.18 14.16 4 kel sl
error
1642 386.97™ 56.46™ 107.76™ 19.96™ 473.37" 404.43™ 612.22™ 2 i 6J_L‘H‘
Irrigation (1)
64.17™ 44,09 7.52" 5.52™ 3.327 142,67 70.51" 221.26™ 4 Sl 0590
N*I
23.97 416 0.57 0.90 0.10 19.05 14.10 11.60 12 b sl
error
. - - - sox . o lo 8
936.9 32.17 33.06 9.82 0.79 38.71"™ 553.49 741.62 3 = a)t_a)l;
Depodding (D)
243.3" 276" 367" 378% 167" 7830% 7506  12036" 6 @‘W'\)‘f;@”“
186" 25.95% 237" 545 2257 13146”36377 5272° 6 @“PfD'“)Lﬁ'
- - - - - - - - 26kl 3s 5
60.57 4,03 1.98 1.80 0.92 205.30 46.63 83.93 12 )
N*ID _ls;onle
A p sl
17.62 1.17 0.15 0.40 0.08 15.70 4.84 4.66 54
(error)
13.47 10 11.4 135 17.64 16.66 17.46 14.7 %CV

ns: Non-significant, * and **: Significant at « =0.05 & «=0.01, respectively
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Table 3. Mean comparison of chickpea traits affected by nitrogen and irrigation
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Shoot dry-;/velght Seed Wt_ezlght Stem dry _\zfvelght Leaf dry };velght seed Pods m? Seeds m? irrigation Nitrogen
(@m?) (@m?) (@m?) (@m?) weight (kg)
205f 73d 81f 31d 21.23de 292de 350e b
Flowering
ks
401c 168a 146d 43¢ 22.75d 532ab 772a @k 30
Flowering,
podding
345d 102¢ 174c¢ 49¢ 26.87hc 363c 380de Etli
218f 52e 111e 31d 18.94¢ 248e 277f =N
Flowering
ks
287e 104c 117e 29d 23.64cd 355¢ 437d Pl 75
Flowering,
podding
505b 139 220b 750 27.27h 486b 534c ;:‘ISI
279 73d 124 46¢ 18.64e 325¢d 371e e
Flowering
‘sm..\Jf
428¢ 164a 166¢ 46¢ 30.82a 570a 573c L 150
Flowering,
podding
567a 138b 259 117a 23.94bcd 572a 670b ;‘a‘lsl
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Means within each column with a letter in common are not significantly different at a=0.05 probability level- using Dancan Multiple Range Test.
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Table 4. Mean comparison of chickpea traits affected by nitrogen and depodding
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index (%)  weight (gl;rly’z) g m'z)g weight (grli]fz) weight (grl}lll'z) weight (g) Pods/m Seeds/m Depodding (k(g
26.79 274qg 74.73g 146de 47d 20.68de 2459 351e 75%
39.1ab 300fg 117.6d 133e 44de 25.78ab 362ef 422de 50% 30
42.82a 312f 136b 106f 28f 23.57bcd 428de 582¢c 25%
35.27bc 380cd 132.7bc 150de 47d 24.42a-d 548b 647bc 0
16.74f 293fg 46.02h 179bc 48d 22.5b-e 168h 200f 75%
23.76e 295fg 71.399 137e 35ef 24.53a-d 213gh 251f 50% 75
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40.03a 428.5b 177a 152de 36ef 21.01cde 719 838a 0
26.33e 355de 90.41f 160cd 71b 25.43ab 388ef 391e 75%
27.36de 435b 120.3cd 197b 88a 19.27e 466¢d 606¢ 50% 150
31.23cd 407hc 128bcd 149de 71b 27.93a 524bc 469d 25%
32.72c 500a 166.1a 226a 49d 25.22abhc 578b 686b 0
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Means within each column with a letter in common are not significantly different at o= 0.05 probability level- using Dancan Multiple Range Test.
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Table 5. Mean comparison of chickpea traits affected by irrigation and depodding
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Harvest Shoot dry weight (@50 Stem dry Leaf dry 100- seed P P : epodding 9
. o 2 . . ; ods/m Seeds/
index (%) (g m?) Seed weight weight weight(g)
weight — @gm?9  (gm?) plant
(gm?
20.57gh 1959 40g 107d 29 18519 171g 218f 75%
24.76f 201g 489 95d 47c 20.01fg 259f 242f 50% Xliy
31.67de 235f 74f 90d 31de 18.37g 310ef 387e 25% Flowering
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29.03e 463bc 129d 191b 99a 25.26b-e 471cd 507cd 25% Full
37.27b 515a 195a 201b 47c 26.96bc 777a 867a 0

bl g0 doy0 iy mhaw Ho jlo cixe BT LB Sl (glaels vz O35 ool 3 g B 0 S i By o JBlas gl sla Sl
Means within each column with a letter in common are not significantly different at a= 0.05 probability level- using Dancan Multiple Range Test.
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Introduction

Chickpea (Cicer arietinum L.), an annual with indeterminate growth, is one of the most important food
legumes. Loss of seeds due to pod borer (Heliothis armigera) attack is prevalent. Such loss of pods may
affect the yield and yield components. The source-sink relationship changes during growth stages. Some
factors influence this relationship including nitrogen fertilizer and water. This experiment was conducted in
order to study the effects of nitrogen fertilizer, supplementary irrigation and depodding on yield and yield
components of chickpea (var. ILC482).

Materials & Methods

The experiment was conducted as split-split plot based on a randomized complete block design with
three replications at Agricultural Research Station of Ferdowsi University of Mashhad, during growing
season of 2012. Main plot was nitrogen fertilizer including 30, 75 and 150 kg N/ha and sup plot was
irrigation regimes including full irrigation, supplementary irrigation at flowering and supplementary
irrigation at flowering, seed podding and depodding including 0, 25%, 50% and 75% as sub subplot. Leaf
and stem dry weight, seed weight per plant, shoot weight, pod number per plant, grain number per plant,
100-seed weight and harvest index of chickpea were all recorded.

Results & Discussion

The results indicated that all traits excluded of harvest index were higher in 150 kg N/ha treatment than
other treatments. Nitrogen rate of 150 kg/ha produced the highest seed weight (3.8 g/plant). The highest
harvest index (36%) was obtained from 30 kg/ha N treatment. Supplementary irrigation at flowering and
podding stages with grain yield 4.4 g/plant was higher than full and supplementary irrigation at flowering.
Supplementary irrigation at flowering and podding stages produced the highest harvest index (39%). In
irrigation regimes including full irrigation and supplementary irrigation at flowering stage, 75% depodding
decreased seed weight to 60%, but this was 45% in Supplementary irrigation at flowering and podding
stages. In this interaction, full irrigation and 0% depodding (control), produced the highest seed weight (195
g/m?). The lowest seed weight (40 g/m?) was obtained from supplementary irrigation at flowering stage and
75% depodding. Supplementary irrigation at flowering and podding stages with 25% depodding produced
the highest harvest index (45%) too. Increase of harvest index mostly was related to improve photosynthesis
and remobilization in mid drought stress and also low depodding (by devotion photosynthetic assimilates to
un-removed pods). The highest shoot weight was obtained from 150 kg N/ha (12.8 g/plant) and full irrigation
(14.3 g/plant). Depodding decreased the most of mentioned traits significantly. 75% depodding decreased
seed weight and shoot dry weight to 56% and 30% respectively compared to control. The lowest harvest
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index (23%) was obtained from 75% depodding. In nitrogen rate of 75 kg/ha, the highest (177 g/m?) and
lowest (46 g/m?) seed weight was obtained from 0% and 75% depodding, respectively. This result also was
observed in traits of seed number and pod number in this interaction. High N application improved the
ability of plant to compensate the pods that removed. All of traits including pod number, seed number,
harvest index and shoot dry weight had positive and significantly correlation with seed weight. Pod number
(75%) had highest correlation with yield.

Conclusion

Generally, increasing depodding intensity decreased grain yield. But nitrogen fertilizer application
decreased the negative effects of depodding in low levels. Among irrigation regimes, supplementary
irrigation at flowering and depodding stages was best treatment, therefore under water deficit condition,
supplementary irrigation at flowering and podding stages recommend. Under severe stress condition
(supplementary irrigation at flowering stage), high nitrogen application did not effect on seed weight. In this
condition, favorite yield will obtain by 30 kg nitrogen fertilizer application as starter.

Key words: Deflowering, Depodding, Drought stress, Supplementary irrigation

V¥4



Iranian Journal of Pulses Research
Vol. 8, No. 1, 2017, p. 150-163
DOI: 10.22067/ijpr.v8i1.51248

Ol Slge gy
V- 1SY dxio ATAF gl Lo 16 lois Aul>

PII—ONE b glivo CuiS 4 9950 g WL & Shos (51321 g & yShos Gl
Ipebuils boab, Tl g9

Tolol (a2 9 Tosl3cy 5 bt FT 5500 dliz g ¢ guilondes S
3yl SRS (s (53)9LiS 0uSLASS (35959 ST (s (55905519 5T ikl (i s (g9l -
5y oSS 555155y 51 ks oyl (35U 2Lt sy oliasl -
3y SIS (0 gl oSl bl ol g sl j sy Sl —Y

VWA VA sl o
VAP Yl b

RN

fula‘sw)).: ypkaieds Al oo phaw axly j0 8 Slee G381 gl ol oy i 51 (S0 peSd-oe bglie S

5 S5y eaSizily jo iolesl cpl ade S b cuS 5,0 0956 ¢ ML o Shae slixl 5 0,Shes p bl oS
SlaiV e ol LadVF islosl ol jo acd alail VYAY-AF el Jlo jo 5l olKiils col)ls (cands aolio
+pAiS 0956 +paiS) balie cuiS jlowd b 5 (§pcdle jghm eds g LOBL 5 0950 Al g puid) S SS
stolar JolS slaS sl b B o (§pcade LB+l 5 g 0950 +allSiy 5 DBL +52 g5 +9> 3L
sacide Haan g L oaS S g bglse oS slolens Jolis a5 Lislesl slojles .ol 121 1,85 aw ;0 (RCBD)
S5l gm 0 Sas (il 0, Sles (BME )5 ails slawd cdaw axly ;o BME slasy ils e 59 0 (5l Sixe f.;b «Widg
e jeam e S ST sl e aS by lid gl il e (6l Connd 9 apsS) cldls el g
ol 8929 Lo axisls iolaesl sla les ).ub s 1y cblop aslis ¢ Sojelgm o Slae ils o, Shos o YL
o, Slas aing jeaale b gl S ST 5l 5 b alise cidlo el g dils o Sloe bl 5l bolse ciS slo Lo
Ao, g VY (o S DEL jrecale b a8 SO L anglae (0 ML+ pasS bl S o clilopy asli g &ils
o515 00l T aol38l gl a8 gy so Hlaia aiiws (6 yiay Sold) a8 s lapgSd a4y s O a5 il
99955 ;0 0,8es (l3l 5 5relacile S5 LalS sl e 0 4 I L oS o | lapsS Sl 6 i

D9 o0 dpog O L LBQT bolxe s ML

05 Syl S 0335 Gl (65,9LaS gz AL 5 1 guudS (glaolg

Sl y9—iS ;3 0318 & jgody o0l sl iS (6l Jyae
Podgorska-Lesiak & ) s e ool as_wgi JL> o
CoiS 4S5, 5 sl55 Jensen (2010) (Sobkowicz, 2013
oy LialS comge cdLe L (Vicia faba L) SEL, byl
sl dolosl ;0 0l ML iS5 CST 4 S 2 slacale
5 (Cicer arietinum L.) sy 56 byl CuiS (soiadgus 45 A
4 Sogdl el> g0 ,» o (Hordeum vulgare L.) 3>
39 Loyl (2SS 5l i g pcile 4y (Sogll pae g 5 miile
sls oLss Chapagain 2014) (Hamzei & Seyedi, 2013)
A Cod 095> bog e oS slo)las W LER 4§
G390 Ginlajl )0 De yidin 9o o¥Y iS5 SS slo o
Fiias YL g (Zeamays L.) o,3 byl cuiS o J5 0 ,Ses
S slojles 5 LER a5 (5 5bas g ol S 90 10 (20255
—ings ,o (Stoltz et al., 2014) o SO 5 s byl

Vo

doddo

059l 45 09 oo (SWSie dy y2mie (500 (55,9L0S
Omboyd 4 lgi oo Bl cpl oz 5l aloads aslis oo
poo—w 9 B35S 305 5l (2L (armecinsj sla Sogll (S
g 0,5 o,lil b iSale 4y 5 o glacile Coglin 9 (oleons
b ) el slaasisS slaws Laal3al coanlin sla ol |
.(Bedoussac & Justes, 2011) cul bglse cis

A S s 0 zly o (g yin o Sles bglre S
e ookl aiile galisee LYo 4y oS WS e oy ESSS
srslacile 0 O s uizmen 5 Ol 5 58 (2l e
Cdeas by le s (Barker & Dennett, 2013) aib oo
el s (LS 5 (At ST S i 2

rnaderi@shirazu.ac.ir - V-V« « ol an ,als : J ghownd outoanns g5”


http://dx.doi.org/10.22067/ijpr.v8i1.43989

WA Jgl fous 15,5l Aads /o3l 31 Olgad GBI /... 3 Shoe gl £y1, 50 g jguilouls

45 39 88 0 p Sl SV e e 5 Ve
ol s oolaul Ol opl ral byl S slo o
Iy glos bl ;o (gas LgL(bLg)lﬁa_] 9 9 Ab raL?d\ A

Foo polal p o ga

Loy )Ll 59 8 5 )bl o 392 35 Y 5 A () o)
2 —imlejl ds 0 S il g LS jo CaSe VY
o ooliiwl 45 (6845 L5 e 30 S Ltalosl bl 09
2 S s Dygois oS 05 S o 0,5 GLSFD ulul 05l 355
g ad anals el olals sl e, g0 aliy o (g, 00
Al Al LapsSd 5l s ) S g O e, S iy e
e (8, 4l ll g (it Sl 59 )b 90 (g
@ilo i y59) 0y Slas glial i (gl .28 5 plonl (0950
3, Slas 9 (e o asly slasi 5 e axly jo e slows
ceolsp ail 31 Bde b a e e SO mhaw o 2l ollS
o)_il.o.c S )‘ ool l_t u_...»\a)., ua.>l_~) CA.‘B).? G0
A dlee So5glen 0 Sl 4 (golazdl

)‘ ool L_: J._S 9 g5—§J> (LER) Oy 6)_:‘): Cnsd
0% dewloe Y aloles
Mazaheri (2006) :\ dolxo

LER= LERi +LER] = (Yij/Yii)+(Yji/Yjj)

455 0,8kee = Yjj 5 alls caiS ol aigS o Slos = il
Lol cuiS o1 4545 o ,Shae =Yij 5 als cusS o]

LERI ;g o oo 28 0] a 3¢5 o, Sloc = Y]i
i 455 53> LER LERj ;455 5;»LER

ERdgw (o (S3E im il SO Ly JSLER 51
ananil SOl iy 1190l 0gg bgle S ¢ LSS
el (S2S S ) i bglie S 1) 48 il o (el
Gedgu & Casl ime Cpl s /0 3l sty Sy LER (ol oyl
Al e o iS5 ) i bgle S o el 5ol S

MSTAT-(1991) ,l5-8ls 5 5l ooliiwl b iale;l slacols
Sidle 5 5l L loges vy (51— g o 3JUTC ver2.10
as ol cdeas .0l oolazw! Microsoft Office Excel (2010)
ML 5 0555 2 Gtolesl slaless 15U quy 2 ) Lrgl 50
Bi> oMe iaSSS sloles bools BT sl g laine
Jlge 5l ol as &S o o Dglaie digy olows Cleay .aials
e plonl il )lggS 452 Wosls (69, g rore alie
A oolitul (Se5 ygey] 5l ey Sile avslie sl

VO

0, Shoe iali8l o DL 5 9> bglso ot a5 wis oaalive
Agegnehu et al., ) o j,aslacile oogican; zals s JS
Slapin ;0 ML g 0450 3l solaiwl 4 il 5 .(2006
Gy e b 550 0wy slapi plo b SGE)|
Slys $3e 2bib a s lay)] Gus a5 ol asil il
L oyl (Stoltz & Nadeau, 2014) o_ib o olde
=h laailels sl osliital  laszrociny s Jlune (28,515
05gd I (5t £9-5 gl 4 YL LS L
WS e ooliwl Lapy S 5l aS by I coiS slaailols
Sl e sl adgi 30 (glak 5 LS a e o Wl e
5l dae ol (ol & a>45 L (Bedoussac & Justes, 2011)
0, Shes sl g 0, Shoe Olyais bl ol Liwgi sl
wo=z )0 Al 5 g 92 S b bglde cuiS 13 3555 5 ML

YV IR (O

gy 9 Olgo

99y Shee p psS-cdE Lol £uiS 150 (o) slateds
gpslacale e, bl & )5 05 506 ¢ WL o, Slee (sl5=!
b e g (65,5LaS caSiiily Slidod acyie (o ngﬁuj
Jobo oo 8 1al A¥-RF _els L o s olfils wol s
Shls (b e bys gl jlelis ) g pbla (e (ol i
o 48800 g4z oVA ( 3,5 a8 8oVY g 4> 00 o jay
B o S5 sy sl 65T a8 il e eV VAS
Lo o S5 5 Gialegl o 90 ok JulS slanSsl b
WIS 5 gz oS LS ST e gy 1l Wings Ole Giolos]
92 (@A SiS ST e iy o cale g0y DBl g 0950
oS byle cunS lond (il g 5 pecale LOBL g o5 Sy 5
g 0950+ 4l 5 ML + 92 950 + 9> ML+ puiS wes +
3 e 3ile iy slolass 3 1 pmcile 3Bl + S 5
el J,S el jeban jraslacide iy Slles
ol 5l S cllas aigSmn jacile b clojlas
s Jlosl i5Sile g0t bglie ot glalogs ot

O ygmodn Lo, ab aid S e Ko YV e ,S ol
ROUPIBELPRERES N ST TR PR R e
g lac, 5 s alold ol a8 )3 o e il e 0 beaniy
il Cans CBS 1 B oy e Sogen ol i S gl
20500 5| e Lo, ol el 058 5 ploxl oy (5,
) S 5 g g 05) 92 T olhez o8, palS (6l g
A oolaiwl ddlaie og 08, 5l 0950 9 ML sl s ET-8318
IV 2,5 50 Glejer Oygod b o550 5 O cuils Slles
3950 9 ML M (gl oolatul 0y90 H& oyl e s plaxil VYAV



WAS gl Ao 15 les Al /o3l 31 Olgus SBUBH /... o, Sloc fuwly 1oyl Kad g jguilonlus

IWAY-AF Jlu 5o Gl Ko wldlgd wlasin - Jgu=
Table 1. Meteorological data of experimental site in 2014-2015
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Table 2. ANCOVA (analysis of covariance) of treatments effect 1000- seed weight of pea and faba bean
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Fig. 1. Effect of the treatments on 1000 seed weight of pea
* Means with similar letters have no significant difference (Tukey test, 1%).
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Table 3. ANCOVA (analysis of covariance) of treatments effect on yield and yield components of pea and faba bean
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ns, * & **: non-significant, significant at 5% and 1% probability levels, respectively.
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Fig. 2. Effect of the treatments on pod humber of pea and faba bean
* Means with similar letters have no significant difference (Tukey test, 1%).
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Fig. 3. Effect of the treatments on number of seed per pod of pea and faba bean
* Means with similar letters have no significant difference (Tukey test, 1%).
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Fig. 4. Effect of the treatments on yield of pea and faba bean
* Means with similar letters have no significant difference (Tukey test, 1%).
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Fig. 5. Effect of the treatments on dry matter yield of pea and faba bean
* Means with similar letters have no significant difference (Tukey test, 1%).
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Fig. 6. Effect of the treatments on harvest index of pea and faba bean
* Means with similar letters have no significant difference (Tukey test, 1%).
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Table 4. ANCOVA (analysis of covariance) of treatments effect on total LER and partial LER of pea and faba bean in
intercropping treatments
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LER_: Partial LER of pea and faba bean compared to weed-free monocultures; LER,,: Partial LER of pea and faba bean compared to weedy
monocultures; LERt: Total LER compared to weed-free monocultures; LERty: Total LER compared to weedy monocultures
ns, * & **: non-significant, significant at 5% and 1% probability levels, respectively.
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Fig. 7. Effect of the treatments on partial LER of pea and faba bean (based on weed-free monocultures)
* Means with similar letters have no significant difference (Tukey test, 1%).
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Fig. 8. Effect of the treatments on partial LER of pea and faba bean (based on weedy monocultures)
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* Means with similar letters have no significant difference (Tukey test, 1%).
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Fig. 9. Effect of the treatments on total LER (based on weed-free monocultures)
* Means with similar letters have no significant difference (Tukey test, 1%).
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Fig. 10. Effect of the treatments on total LER (based on weedy monocultures)
* Means with similar letters have no significant difference (Tukey test, 1%).
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Introduction

Cereal-legume intercropping is one of the best ways to increase the yield per unit area (to decrease the
detrimental effect caused by weeds and to reduce application of fertilizers and herbicides. Stoltz et al. (2014)
in a study on corn-pea intercropping reported that crops yield in intercropped plots was significantly greater
than that of monoculture. It has been reported that barley-faba bean intercropping led to an increase in total
grain yield and it could cause a decrease in weed biomass. Considering the importance of intercropping to
reach stability and sustainability in production, the aim of this study was to assess the changes in yield and
yield components of faba bean and pea in intercropping with wheat, barley and triticale under weedy
conditions in southern Fars Province.

Materials & Methods

A field experiment was performed in the College of Agriculture and Natural Resources of Darab, Shiraz
University during 2014-2015. Treatments included 10 monoculture (wheat, barley, triticale, pea and faba
bean with and without weeds) and 6 intercropping (wheat + pea, wheat + faba bean, barley + pea, barley +
faba bean, triticale + pea and triticale + faba bean with weeds) which laid out based on a randomized
complete block design (RCBD) with three replications. Irrigation intervals were 8 and 12 days based on
environmental conditions. Weeds were hand weeded twice, at tillering and booting stages of cereals. After
crop maturity, plants were hand harvested to measure yield and yield components. Additionally, partial land
equivalent ratio (LER) was calculated. The partial land equivalent ratio has been defined as a measure of
efficiency of an intercrop or mixture. The LER compares land areas required under single or sole cropping to
give the yields obtained from the component crops of the mixture. Values greater than 0.5 indicate
intercropping to be more efficient than sole cropping in terms of land use, while values less than 0.5 indicate
a loss in efficiency due to intercropping. Values equal to 0.5 indicate that the components fully share the
same limiting resource. The data analyzed by using MSTATC ver2.10 software (1991). Since the number of
the plants was not similar in all the plots, the data was subjected to analysis of covariance.

Results & Discussion

Results showed a significant effect of treatments on 1000-seed weight of pea, number of pod per m?,
number of seed per pod, grain yield, biological yield, harvest index and LER. The greatest 1000-seed weight
of pea, number of pod per m?, seed yield and harvest index obtained in intercropping of wheat + pea (366.7
g), weed-free pea monoculture (1317), weed-free faba bean monoculture (4149 kg/ha) and weed-free faba
bean monoculture (46.46 %), respectively. The highest number of seed per pod was obtained in
intercropping of barley + faba bean (3.7), weed-free faba bean monoculture (3.29) and intercropping of
wheat + faba bean (2.93), respectively. Total and partial LER of legumes in all intercropping treatments

*Corresponding Author: rnaderi@shirazu.ac.ir; Mobile: 09170407600
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compared to weedy monoculture was greater than 1 and 0.5, respectively. The results showed that weed-free
monoculture treatments had the highest grain yield, biological yield and harvest index. However, crop yield
and harvest index in intercropping treatments were similar or superior to weedy monocultures. For instance,
grain yield and harvest index in intercropping of wheat + faba bean was higher than those of in weedy faba
bean monoculture, 102 and 93 %, respectively. In general, grain yield, biological yield and harvest index of
pea and faba bean in weed-free monocultures treatments was higher than weedy monocultures and
intercropping treatments. Grain yield and harvest index of intercropping was similar or higher than those of
weedy monocultures.

Conclusion

Total and partial LER of legumes in all intercropping treatments compared to weedy monoculture was
greater than 1 and 0.5, respectively. Since cereals are more competitive than legumes, it seems for increasing
the efficiency of intercropping; a higher density of legumes should be used. Additionally, for reducing weed
interference and increasing yield in pea and faba bean, the use of cereal-legume intercropping is
recommended.

Key words: Barley, LER, Sustainable agriculture, Triticale, Wheat
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Table 4. Chickpea evapotranspiration values In different growth stages (mm)

Year Initial Development Medial End Sum
1391-1392 24.33 67.42 171.2 116.1 379.05
2013
1392-1393 27.83 75.1 232,51 145.02 480.45
2014
Sl 26.08 71.26 201.86 130.65 429.85
Average
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Table 5. Length of different growth stages of chickpea in 1392 and 1393

1391-1392 (2013)

1392-1393 (2014)
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Fig. 7. The average crop coefficient curve of four Chickpea growth stages in 2013
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Table 7. The Average of single crop coefficients of Chickpea in growth stages in 2014
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Table 8. Basal crop coefficient of chickpea in different growth satages in two years
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Fig. 9. A dual crop coefficients of Chickpea during growth stages in 1391-1392
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Fig. 11. Dual chickpea crop coefficients simulated by SIMDUALKc model in 2013
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Fig. 12. Dual chickpea crop coefficients simulated by SIMDUALKc model in 2013
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Table 10. Statistical indicators comparison of model and lysimetric data results

Ju

year

1391-1392(2013) 0.044 0.004 0.85 11
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Introduction

The chickpea (Cicer arietinum L.) especially Bivanij cultivar is one of the most important bean crops
cultivated in the Kermanshah Province. The high value of protein in chickpea is the reason for its cultivation.
For an efficient and optimum use of water resources in each area, the water requirement and crop coefficients
of each plant is necessary. The crop evapotranspiration and irrigation water requirement can be estimated from
meteorological data. Although, a precise values of mentioned parameters determination can be obtained by
lysimeter in the field condition. Determination of crop coefficients is necessary for an accurate irrigation water
requirement and irrigation scheduling. Also, crop water estimation at different crop stages makes it a precise
determination of total water requirement. However, water requirement and the crop coefficients of chickpea
(Bivanij cultivar) have not been determined in semiarid area in Kermanshah province for practical purposes
and proper irrigation management use.

Materials & Methods

In this study the water requirement, single and dual crop coefficients of chickpea (Bivanij) cultivar was
determined by using water balance lysimeter during two years from 2013 to 2014. Five water balance drainable
lysimeters in the lysimeteric station belong to Department of Irrigation and Water Resources Engineering in
Campus of Agriculture and Natural Resource, Razi University were used. One lysimeter was used for grass
evapotranspiration and one lysimeter was used for bare soil evapotranspiration estimation. Therefore, three
Lysimeters were used for determination of chickpea evapotranspiration. Drainable lysimeters were used with
an internal diameter of 1.20 m and a depth of 1.40 m. Both inside and outside of each lysimeter were painted
with epoxy paint to prevent rusting. A Time Domain Reflectometer system (Trime -Fm with P2G probes) was
used to measure soil moisture. TDR probes were 6 mm in diameter and 160 mm long. The probes were installed
in all lysimeters at 6 different depths of 0.20, 0.40, 0.60, 0.80, 1.0 and 1.2 m. The irrigation was carried out in
all lysimeters after 30% depletion of available soil moisture to avoid any water stresses during the growing
period. The collected water from lysimeters was measured by a graded container. Silty clay soil consisting of
54% clay, 42.3% silt and 3.7% sand was used in lysimeters. In this study, the SIMDualKc model were
calibrated and validated for chickpea crop to find its ability for proper and accurate water resources
management. Regression coefficients (r), root mean square error (RMSE), mean bias error (MBE) and t-
statistic test (t) were used for SIMDualKc model evaluation by comparing observed and simulated Dual Kc
values over time, for the experimental area.

* Corresponding Author: Hghamarnia@razi.ac.ir; Mobile: 09181323956
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Results & Discussion

Water requirement of chickpea (Bivanij cultivar) was determined as 379.05 and 480.45 mm for 2013 and
2014 respectively. In this study, the average length of the four stages of chickpeas during years 2013 and 2014
were determined as 16, 24, 39 and 25 days. The chickpea growing period in lysimeters was divided into four
stages (initial, development, middle and end).The average single crop coefficients for different periods of
growth were obtained as 0.54, 0.82, 1.11 and 0.69, respectively. Moreover, the basal crop coefficients of
chickpeas values for different periods of growth in two years and the average values were obtained as 0.39,
0.71, 1.01 and 0.62, respectively. Also, by comparing the results of lysimeteric data with SIMDualKc model
it was observed that the results of the model with calculation results were highly correlated as (R2 = 0.85) in
the year 2013 and (R2 = 0.86) in year 2014.

Conclusion

The seasonal ETc of chickpea (Bivanij cultivar) was determined in semiarid area of Kermanshah province.
According to obtained results during of two years investigation, it can be suggest that the estimated water
requirement and irrigation management of chickpea’s plant in dry and semi-dry climate with acceptable
accuracy was possible. The results of this research showed the ability of SIMDualKc model for estimating all
irrigation management parameters with high accuracy conditions.

Key words: Drainable lysimeter, Reference plant, Semi-dry climatic conditions, Water requirement
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Table 1. Meteorological statistics period of Mung bean in Gorgan field station in growing season 2011
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Table 2. Chemical and physical characteristics of soil (0-30 Cm) in experimental field
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Table 3. Combined analysis of variance for measured traits in Mung bean under two irrigated and rainfed conditions

Sloxs
axye e ML Slaxi 339 o Slos ™
ol st &3 »< IOV I ald 8 Sl . - ils
Ol i @b S.0V o ¥ 5o ) ST uiloy
df ¥ Seed no. 1000 seed ~ Seed yield Biological Harvest
Pod no. per pod weight yield index
per plant
(o) Lyl )i Condition (C) 1 1824 ™ 851" 207" 11018305™ 29716126™ 788™
ol sl Error a 4 48.7 0.201 1.36 62786 1600280 2189
SIS Planting date (P) 2 1816™ 5.95™ 133" 6997633 21203557 374"
Sg o515 P'a”t(g‘;”s'ty 1 72.6™ 0.303" 0.401™ 2198201 939833 0.562 ™
oS x bl &Ll PxD 2 285.1M™ 0.066 " 1.16"™ 114485™ 113737"™ 1797
Lyl pixesls &6 PxC 2 16.4" 142" 0.257™ 11018305™ 3582241™ 3.14™
Loyl i x oS3 DxC 1 10786"™ 0.047" 8.41™ 11610"™ 136296™ 13.1™
cusls &
PxDxC 4 33.3™ 0.083" 2.02m 104377 140493 ™ 114
Loylyi x oS53 x
=2 slas Error b 20 36.6 0.149 1.76 58344 164495 3.61
(10 )9) Sl yoss g > CV (%) 9.35 457 225 108 9.18 5.21

*and **: Significant at 5 and 1% respectively; ns: no significant
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Table 4. Mean comparison of planting date and plant density on seed yield and related traits of Mung bean under
irrigated condition of Gorgan (2011)

S ML oluwy S ML olusy < . . S K > L%
T T (o) o pp gy P WoosShas  Sajglam o Slas e
Pod ¥ Seed ¥ 1000 seed weight (s 4o (s o o5 ols) H > d
od no. per eed no. per ; 4 S . 4 arvest index
plant pod @ Seed yield (kg ha) Biological yield (kg ha™) (%)
Cbls g ,b
Planting date
BTN 6 July 58.7 a 105a 64.5a 2900a 6400 a 453 a
AR PANY Y 376b 8.8b 615b 2137b 5049 b 42.3b
dbyeld 6 Aug. 248c 79c 58.1c 1274 ¢ 3614 c 35.2¢c
(70 750 33 31axi) &g o515
Plant density (Plant m?2)
12.5 389a 8.82a 60.7 a 2169a 5203 a 416a
25 418a 9.07 a 619a 236la 5550 a 425a

55 (s sime IS oy iy mhas 0 LSD gaT Guled 1 caiied ailine B> (510 a5 g o 40 Loy Siloo %
Means in each column, followed by the same letter are not significantly different at the 5% probability level-using LSD, Range Test.
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Table 5. Mean comparison of planting date and plant density on seed yield and related traits of Mung bean under
rainfield condition of Gorgan (2011)
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Sy Sy (#55) (usa (LS 53 )5 5LS) (a259)
Pod no. per Seed no. per 1000 seed weight . 1 Biological yield (kg Harvest index

plant pod ) Seed yield (kg ha) hal) (%)
Clls g ,b
Planting date

V0 Bluly 338a 8.30a 60.3a 1636 a 4276 a 38.2a

iy 2y 258D 8.08a 56.6 b 1138 b 3580 b 317b

D10 6Ag 189¢c 7.55b 53.1c 703 ¢ 2673 ¢ 26.3¢c

(70 750 33 31axi) g2 o575
Plant density (Plant m?)
125 26.2a 7.92a 56.2a 1098 a 3409 a 319a
25 28.3a 8.03a 56.9a 1219 a 3612 a 33.7a
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Means in each column, followed by the same letter are not significantly different at the 5% probability level-using LSD, Range Test.
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Introduction

The food legumes are given high priority in world agriculture because they constitute 2.3 or more of
protein in the diet of the inhabitants of the tropics and they are the potential source to fill the protein-gap.
Mung bean belongs to plant family Fabaceae, and is the most important pulse crops of the world. It has great
value as a food, fodder and green manure. Potential yield of Mung bean can be achieved through optimum
use of inputs and agronomic practices. Plant density and suitable sowing time are the most important factors
affecting the yield. Plant density is considered as one of the important determinative factors of yield of this
plant. The purpose of proper density is more efficient use of the plant from different environmental potential
such as water, nutrients, light, etc. to achieve higher yield. Too early sowing may not successfully germinate,
while yield from too late sown crop may be low due to unfavorable condition for growth and development of
Mung bean. The aim of this study was to determine the optimum sowing date and plant density to achieve
maximum performance of the Mung bean in both irrigated and rainfed conditions.

Material & Methods

In order to evaluate the effects of planting date, plant density and irrigation on yield and yield
components of Mung bean (VC-1973A genotype) an experiment was performed in Research Station of
Islamic Azad University, Gorgan Branch at 2012. In this study, a factorial experiment in a randomized
complete block design with three replications was used. Three planting dates (6 July, 21 July and 6 August)
and two densities (12.5 and 25 plant per square meter) were the treatments. The experiments were conducted
in two separate conditions of irrigation (at the beginning to flower and pod stages) and rainfed. Dry weight of
the seeds in physiological maturity was determined. Also in full maturity, after removing the effect marginal,
yield and yield components were calculated. Analysis of variance was carried out using the SAS software.
Comparison of means also was performed using LSD test at 5% level and corresponding graphs were plotted
with Excel software.

Results & Discussion

The results of analysis variance showed that both in irrigation and rainfed conditions, there was a
significant difference between planting dates in terms of number of pods per plant, seeds per pod, seed
weight, biological yield and harvest index. But there was no statistically significant difference for these
factors between densities (12.5 and 25 plant/m?). The highest and lowest number of pods per plant, number
of seeds per pod and seed weight observed in 6 July and 6 August planting dates, respectively. In irrigation
condition, planting dates of 6 July and 6 August had the highest (6400 kg per hectare) and lowest (3614 kg
per hectare) biological yield. Also, in rainfed condition, maximum and minimum of biological yield were
obtained for planting date of 6 July (4276 kg) and 6 August (2673 kg per hectare), respectively. Planting date

* Corresponding Author: j.fadaeil364@gmail.com; Mobile: 09112719079
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July 6th had the highest harvest index under both irrigated (45.3%) and rainfed (38.2%) conditions. Planting
date July 6th also had the highest seed yield under both irrigated (2900 kg/ha) and rainfed (1636 kg/ha)
conditions. Irrigation in beginning of flowering and pod stages increased seed yield and aboveground dry
mater, significantly. Late planting date decreased vegetative stage, caused reducing in pod number per plant
and seed number per pod, resulted in reduction of seed yield. The results showed that Mung bean crop has a
high production potential under climate condition of the Gorgan.

Conclusion

The results of analysis variance showed that under both irrigation and rainfed conditions, there was
significantly differences between planting dates in terms of number of pods per plant, seeds per pod, seed
weight, biological yield and harvest index. But there was no statistically significant difference for these
factors between densities (12.5 and 25 plant/m?). In both irrigated and rainfed conditions, date of planting 6
July, was the best planting date. The grain yield under irrigated and rainfed conditions were 2900 and1636
kg per hectare, respectively. Irrigation at early flowering and early pod stages, led to an increase in grain
yield and dry matter compared to the rainfed conditions. The results showed that this plant has a high
production potential in weather conditions of Gorgan. Thus, cultivation of Mung bean in Gorgan is
recommended. Moreover, planting date July 6th and density of 25 plants /m? can be a good choice for Mung
bean cultivation in this region.

Key words: Drought stress, Dry material, Gorgan, Grain yield, Mung bean
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Table 1. The characters of the used germplasm

i) oy gl pb g oyled i g5 0y cigiel uigifole

Gen. pedigree Gen. name Gen. number Gen. pedigree Gen. name  Gen. number
ICCV92311 x ICC17109 ICCV10314 11 ICCV2 x ICC17109 ICCV10302 1
ICCV92311 x ICC17109 ICCV10315 12 ICCV2 x ICC17109 ICCV10303 2
ICCC37 x ICC12451 Jam (Con. 1) 13 ICCV2 x ICC17109 ICCV10304 3
ICCC37 x ICC12451 ICCV10105 14 ICCV2 x ICC17109 ICCV10305 4
ICCC37 x 1CC12451 ICCV10111 15 ICCV92311 x ICC17109  ICCV10307 5
ICCC37 x ICC12451 ICCV10112 16 ICCV92311 x ICC17109  ICCV10308 6
ICCC37 x 1CC12451 ICCV10114 17 ICCV92311 x ICC17109  ICCV10309 7
ICCC37 x ICC12451 ICCV10115 18 ICCV92311 x ICC17109  ICCV10310 8
ICCV93954 x ICC11321 ICCV10117 19 ICCV92311 x ICC17109 ICCV10311 9
ICCV93954 x ICC11321  Pirouz (Con. 2) 20 ICCV92311 x ICC17109  ICCV10312 10
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Table 2. Results of analysis of variance for different traits in 20 genotypes of chickpea

Slio lay o il
Mean of squares of traits
i <! lgme sy olass as Ly olass 0y oluawi 0 ML ooy sl
& o3l az 0 o ) ) : ) 4l o 39
Joves, Degree of Relative i ©s ©5 o9 100-kernel
SOV freedom water Number of Number of Number of Number of Plant weight
content sub-branches main branches  seed per plant  pod per plant height
Sk 2 6.31™ 38.43%* 18.47% 40.14** 65.93** 4.81*
Block
55 19 25.23% 3.66% 18.68** 18.59* 20.98*  236.81%
Genotype
> 38 1157 173 9.02 10.07 9.18 265
Error
et 2 11.64 17.07 16.78 19.62 13.24 5.27

Coefficient of variation

Al e (6,5 gime BB pas g do )0 S oy gty 5kl mhaes)d (40l e LA S S NS s e
*, ** and ns indicate significant at 5%, 1% probability levels and non-significant respectively.
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Continue Table 2. Results of analysis of variance for different traits in 20 genotypes of chickpea

oo Sl o (reSileo
Mean of square of traits
] B Lo o ,Slos ) L i o000 U 39, o
& @bl a0 o5 a ot ) 59090 b (S U 39, L 25U 9,
Sl b ) ailo . SpoSNe
S Degree of Biomass ] Days to physiological Days to
SOV freedom Harvest Grain maturity Days to 50% flowering
T index yield podding
Sk 2 169.95* 1274.54¢ 18.94 ™ 3.35™ 0.35™ 1.05™
Block
w55 19 19.12¢ 2181.22**  334.19* 9.93 3.28% 6.18°
Genotype
> 38 9.03 434.23 67.84 5.06 1.04 3.014
Error
Sleedl e 7.38 15.89 1352 2.81 1.92 3.79

Coefficient of variation

Db e (6,5 sime BB pas g B yd S oy gty 5kl mhae )0 (0l e LA S NS e e

*, ** and ns indicate significant at 5%, 1% probability levels and non-significant respectively.

995 i gij¥e yo dilitio Wi (gl (Sl dunlio i -F Jgur
Table 3. Results of mean comparison for different traits in 20 genotypes of chickpea

RRT O (o (glgixn £ sasls sl ol sas Ly slusy Agy yo ydy olawy Agy )0 S Sluy ag el il wo 39
Gt;r;og/:)e Relative water Number of sub- Number of main- Number of seed per Number of pod per Plgnt lOO—KerneI
content branches branches plant plant height weight
1 21.66°¢ 7.33AF 1.738D 18.67AF 16.40AC 24.13AE 33.66°
2 29.3378 7.53AF 2.064-¢ 17.06 A 16.53 A€ 21.868F 34.66 P
3 32.3378 7.20AF 1.53¢P 217378 21.604 24,06 A 4048
4 28.3378 9.06 AP 2.064¢ 15.73¢E 15.60 A€ 25.86AC 40.664
5 31.3378 5.96" 2.064¢ 17.66 A 16.734¢ 22.068E 3948
6 2948 7.06AF 1.33° 22464 21.93A 26.26 18 4048
7 30.3378 6.738F 1.93AP 14.86 € 16.46 A€ 22.868¢F 33.33P
8 31.6618 7.60AF 2.204¢ 14.40 P 14.46 8¢ 22.068E 39.3378
9 26.33 ¢ 9.404 1.93AD 20.04 A€ 21534 25.23AD 3848
10 30.66 18 8AF 2.13AC 19.20AE 18.93A¢ 29.134 37.66 48
11 268¢ 6.66F 1.608P 17.80AF 17.40A¢€ 25AD 37.338¢
12 27 A€ 8.86"F 1.93AP 14.20F 16.06 A€ 2453AE 39.3378
13 33.664 7.93AF 2.13AC 20.80A€C 20.3378 21.408F 21.66F
14 31.6648 6.33FF 1.738P 15.66 € 15.66 A€ 18.80F 18.33F
15 29.66 18 7.86AF 1.864P 19.534E 17.66 ¢ 19.73 PE 21.33E
16 28AC 6.46 OF 1.738P 16.06 8¢ 15.73A¢ 20.608F 21.66F
17 26 8¢ 9.20AC 2.464 16.138€ 13.20¢ 20.93BF 19.66 &
18 2948 9.3048 2.264 15.26 ¢F 15.134¢ 23.33AE 20.66 &
19 33.334 6.66CF 1.808P 20.26 AP 19.734¢ 19.86 <P 22.33F
20 2948 gAD 1.808P 18.67AF 18.33A¢ 20CE 19.33FF

il e o dme Golis pae e 4y gt ;o 50 ailiie By >

Means followed by the same letters in each column are not significantly different (P<0.05).

(2010) a5 ceul JI> yo ol (Slafer, 1994 ) 55 o oL
slass Slao L asls o Slae a5 wis 5, LI Meena et al,
5 Soeam o, Slos ig ;o Lol a3ls slaws gy o B
il oo 5,10 S g Cudie (Swon s clls el
S 3l eSSyl (AT Dus 398 oo 0 il S
Ao ogaglaie Judo pl aslis g Cnl 0oy pol> Gudod

Q5L alol>

Vay

okt (F Jg92) (Saon s o5 j5bplon @y 50

Ay ol g o8 slaasly slaws o 5l iy ol wls
Codhe wewl gby Cusgase gl aS (o byl yh Cow
gy Oy 5 i (29lS Sbml el 4S5 sk s
e
JSie b simly wlas Jolie jo @yl J1)3 s ) sgase
5 adls o, Slae alS Eely g ouls axlge ugb ) Cosguze
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Continue Table 3. Results of mean comparison for different traits in 20 genotypes of chickpea

eyl by el odgiCum ) ails o o S 5glgr s (S, U jey POIE woy3 B4 U 39 PG 39,
Genotype  Harvest index Biomass  Grainyield Days to physiological maturity  Days to 50% podding  Days to flowering
1 44,88 8C 89.50F 40¢ 83.66 4B 6348 47.33AC
2 49,59AC 95.50 EF 47508C 84.3348 63.66 A8 48.66AC
3 42,93°¢ 1814 77.664 86.3348 61.66 B¢ 47.33AC

4 51.8848 113.67CF 598F 82.66° 64.334 514
5 47.99AC 127.33BE 60.66 AF 83.66 4B 62A¢C 50.66 A8
6 43.82°¢ 174.674 75.66 A8 8548 62.66AC 46.33¢
7 49.46AC 96 EF 47EC 8748 63.66 8 49.33AC
8 44,98 BC 110¢F 49,3306 82.66 8 63.66 A8 514

9 44,26 8¢ 152.67 A€ 674D 8548 6348 49.66 ABC
10 46.50AC 154 A€ 71.5078 8548 61.335¢ 494¢
11 44,938 143.33AP 63AE 84.66 A8 63.66 8 478¢
12 48.98AC 125.50BE 61AE 83.66 4B 60.33°¢ 49.33AC
13 46.51AC 168.2048 784 838 63.3348 48.33AC
14 46.85AC 114¢€ 53.33¢¢ 88~ 6348 49.66 A€
15 47.32AC 127.67BE 60.67AF 82.66° 61.66 B¢ 48.33AC
16 47.16AC 137.504€ 64.50 A€ 85.3348 61.66 B¢ 48.33AC
17 49.41AC 87.67F 43F¢ 83.66 78 62.66 ABC 478¢C
18 47.93A~€ 105 PF 50b¢ 82.338 62.66 ABC 48.33AC
19 52.794 146 AP T7A 85.3348 61.33 8¢ 48.66AC
20 45,14 8¢ 152.33A¢ 68AC 8418 6348 48.66AC

WSl o sixe Dyl pae dxe 4y i 2 )0 alie By >

Means followed by the same letters in each column are not significantly different (P<0.05).

5 S ghw )3 i Gl e 5 (i (Kion Il
5o B slaws Sandu et al,(1991) .o il o oo 0
Sl plamean | adls ao (59 5 a5 5o )00 Slass &g,
(199]) pzman 000 S (Bire owd ol 9950 10 0 ,Slas
5y Slae 1y (6l e 5 YU Kveen Viakumar et al,
alllas olul ;0588 S D Js b g 4l
S asls o, Sloe Acikgoz & Acikgoz (1994)
Cls gy 4o B olawi b (gl sime g Cuto

ag el
10 5V slagY S 05 cpl Sl (F Jsaz) mls
e o in hlo 7 gV e o)led slacn¥ g (o eS (sllo
9 (Kot Ll it e 550 Sdo 6l
ails do (yj 5 W gl o &S el 1 51 S (FJs0>)
S5 Sy A o a3 53 stne 5 orte (Kines
99 Ol oo (Kwod pac 4 azgi b Jg (P =1 /VO*¥)
Sz e oS LT A ol o (nl b ils 3 Sles b o
e ol S sy oy Ll 5 53 £l il
i Fwgid Ay yxie Azl )0 g yiden 5o8 CBb o il
JLasl azes jo g d8lw ;o ol 0,33 g iy 00,9 dlge
Viakumar et ) oo, 5 ¢ pios asls o,Sles g yidos Soxe
(F 5V Jsoz) Gizss (ol 5l aol> ol Jg «@l., 1991
Oilidl el o byl i cow cas ol ol aS sl lis

YaA

Agy 50y dluwy
A s VY clapsy a5 wi ot (F Jsoz) gl Geob
g 50 50 olaws (n i ¥ 5 7 o)led slo Y g (o yieS
ol 45l ol Sl (F Jgaz) alols b .wiog: s
shls asls o, Slee g 0095wy « e dlaws Slas b S

Gk Bl (F=210+%) Jlo mro (o (Siwar 2T
slaws g e b & 39 o o Mardi et al,(2003) b
g ol adils o, Slee ol s Sl o yiion a9 4o &
asdlae ol o aiais 8 pme o, Slee lial lgcan
ot il 5, Slee Acikgoz & Acikgoz,(1994)
g ddg ;0 B Slawd gy yo wils slawi b (g )lo goe 5 Cuie

bl 45l sleasls oloss

gy 50 B slows
slamY &S o 5 asin (Y Jgoz) mli 4 axgi b
Y 5% o leis sla ¥ golass S A g VYoo e
el sl o assg s 1) cao ol sl o i
Slao L cho (pl a5 00,5 csalin (F Jooo) (Svon
Shls (r=-JAY**) alils o, Slas g 0043 ¢ ;0 dloss
a5 Cewl ol Slo cpl a5 09 Ll sre g Cudie (Ko
3100, 5 e adls 0, Slos il 4y i Caao cpl il
sy sl g ol asls slaws Slas b wcas ol 3,b
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g, B olaws L obgSL slaaie ol 5 e casl Phadnis et al, 45 ,5bds g sos ails o Slas ,ls sxo
9 glcewsan L Acikgoz & Acikgoz (1994) 4 (1970)

ale o, Sae iol3 8l gl Aol a5 asils 51l alice gl

Bl i a5g o, ol 5 i

S92 caigij Vo 50 caliio Wlhio oaigd Siwaod —F Jgu
Table 4. Phenotypic correlation of different traits in 20 genotypes of chickpea

CA P X4 X Xs X4 Xs Xs X Xs Xo Xio Xu X2 X3

X1) (oo o Slgizma 1
Relative water content
X2) u_c)s 6[&:\5@ Slass

0.31" 1
Number of sub-branches
X3) uJ..o‘ 6La:4.>l...; slass
Number of main 0.06™ 049 1

branches
Xg) @54 50 5 olass
Number of seed per 0.18™
plant
Xs) a5g3 ;0 B ol
Number of pod per plant

Xo) 453, i) 028 023 008 gagm gz g

-0.12™  -0.50 1

028 009

057"  0.89™ 1

Plant height
Xn) 4o o 059 014 007" 019" 007 023" 075% 1
100-kernel weight
Koy eutlop oozl | g 006 a5 ga0 a3 024m 022 1
Harvest index
X9 o5 040 %10 53 075" 086”024 014 047 1
Biomass
Kao) ails ,Ses 0500 %10 oas 070 082" o017 008® o021 096" 1
Grain yield
So55le 5 (S, U 55, ) 019 016
X 020 053" 051 041" 027™ . 001" 012" " b 1
Days to maturity
S WY R P
-0.13 019 -0.21 - -0.34 - -0.11
X12) i 0.08™ 0.15™ ph o oope 005" -0.01™ . 0.40° fh 1
Days to 50% podding
Kaa) 25U 5, 0.32™ 0.05™ 042* -0.50" '03529 0.0_6"5 0.21" '0;535 0.24" 05{5 'On'slz 0'&6 1

Days to flowering

Db e (5,3 sime BB pas § s yd S oy iy (§lel mhaesyd (39l e [SiLES el S NS,
*, ** and ns indicate significant at 5%, 1% probability levels and non-significant respectively.

5, Slae a5 asges Ll Singh et al, (1990) .a_ib
039 9 459 53 yd sl 3 ) Dlae pefitee S Cou
o 465 g 4ls B (55 0l B allb oo
slas s Ko Glao Ly adle o, Slae Ly (g)lo —ine

(Acikgoz & Acikgoz, 1994)

Clold p sl
Obs (7 Jguz ) Sulop (a3l (oSl annlio ol
sleoY g S o # 9 Voo lais sla ¥ a S ols
15530 S (gl polde o yiiao o ¥ gV ol

o=l as oy L (F Jouz) (odisid (Son 0iil o0
ails o, Shos g 0055 Cm )y O dlacay (3 dlowi L Cao

144

&ld o 439
039 o 6l (Kl aunlie Jsax @S om0 b
sla ¥ g S VY g VF lacn¥ oV Jgaz) dils ws
s ol | asls as (59 polde cp i Vg Foojlods
Ay ey, s byl 5o s o Shae alS L
G g8 Olge Cudgase Jods ils ws 39 Cio ualS
Jole oo e &) (gl 5G9 Gloj 50 &S Eunl
A 5 395 098l iy a4y dils G 59 AT 39 0 el
Sy slm L ;0 09250 sladils o) Koo S)leds
= 00,5 e adily do (59 LRelS el dgate (5 iwgid
L Cio (pl a5 0 5 (asin (Swed Joizr @mls (olo
Sl o g Ciin (Ko glylo asg el lca o
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Gloazl i oloss e ;0 AL slaws b alo o,Sles 0503
3 - ..«‘ S/" . - .‘.‘oﬁ ua}LM} 5 OQBJ - ). ‘cfc)s
(S Sty L5 g, 0lasd g 205 LS 5g, laai b o e
Meena et al., ) csls 5o o § b Siuod

(2010

S95el9 3 (S U 39,

ojle—t slacnY Suigle ud (S, b 59y cdo ln
5 CreS gls e A 14 5 1 F o lads sl 5 F A
slo sl aligleyl mls (V Jguz ) wisgs polde oy i
(2L g Sau, L g, olaws g adils o, Slee oy a S
Yousefi et al., ) sls 5525 & )l e 5 hie (Siuon
) Wby (S A5 Ll o oS plecais (1997
ey (ly al>ye 4 5095 008 (6 @ |y 295
R RUETA PEY] IFRCSU ¥ DVCIPR T ] B\ U IS 061 L et W)
(Singh & Saxena, 1999)

DONE o004 U 9,
Ghlo e 312 g VY o,lels slo pY ¥ Jguz illae
Cho Jlode cpyidon LI Y o F o leds slacpY g o S
Sl (Sod s 0S0g (2B s 0b: b g,
SySdhee Ly do cnl (M= =¥ s pine 5 Gie (Ko
0,90 Jobo Sl 20 0,30+ U 5, adly j0 .09 ails
balyd Cooi 054198 090 Jbo AlEl &5 Gl Su390508
=2y 0559 0 Cudgazme Sl g Censd wgllae g, A

g e 3,Skes AalS

PG 59,
oL (F Jgoazr ) (2o 5L 59, Cdo 2S0ke sy lie
LY 5 S LIS VY 5 8 ola s Loy as sl
Sf" JON- S 2\9.3)“ ba 'y 5 "‘.3‘5‘)|o/\9&‘\° o Lo
IS L aals 5l e, L e, olaws b asls o,Sles nigid
alols a5 5950 5l (olB)) o S jebay o s gme 5 ke
o bl S5 Vs b Lagl (2o k5 s il e
30 G =S &ils g e Slawi codds axlge fad slpasl Sis

(Singh et al., 1990) o.i5 o oJg5 a5 o>l

' 29,5 Sl lio gl
9 el e dalie (S o5l (89,5 anslie S
AY LY oled sloacsei)) LS s sloogss 0,5

' Orthogonal comparisions

Cio Ly s (=0 ¥19) Joine 5 Ste (Sian sl
Solel gl 53 )3 sme 5 hte (Fon ol a5l sl
5 S sla SKiwen Ozdemir (1996) .o,ls soyo 4
5 4l slaasls olas waty elis)| Ly als o) Slos 558

0093 Commnd
9V o)lod slo ¥ g S ) g VY o led slacpV
g.)—| 09_..4;5 (Y‘ JBJ?) [SUeW) ‘b ‘) obyu.m.‘) )L.\.a.a u.‘ ,.........u" 7
035 5 mn) O, Sloe ;0 L Se iz ol S coww w6
9 peiis Sl oo Lol (eSS g )lol ()b 5l g 005 o
Syl asle ader ol dl g sy Ll olEl o Cute
0395 ) (Sad &S Sl ol 51 S (F Jguz) ol
g 40 OME dlasd g A 40 ,d dlaws il o, Sles Slans b
Sl g ezl g doolasli olass bg o sre g Cuiin
Oty 095 T C 3 il o (54l e e (SNwon

Lo i abg oy 9950 Clo p a0 adly o .cuils
“)J._J)G_A Lb\_?)))&“&.} w‘b)) [alidb BLE] Cl 0y S
o g Senl dils (59 4 by o 0095 S (339 kel (A
9 0095l G 2V g e (Snon (LS i
L Yousefi et al, (1997) .cils aalys 5455 ails o ,Slae
e 45 o Bl bl ws o 9950 08,Y ¢ adlas
gl sloasls slass g ails o, Sles s (5,0 Sre 9 Sl

D10 3gzg oy arld g 08Ty ild w59

aild & Slos
IV ) oyl slacp¥ @ baye als o Slee (1 yieS
oyl slacn¥ 4 bgyye oo iay ails o Slas o ytin 5 Y
o=l as ols lis (FJguz) (Kiod Jgo 0512 5 ¥V Y
30 yd olas igr jo B sl 0ol Glaw b Caw
5 oo re 5 Coe (Kot Shls (oo Ol (Glgime 5 g
9 o (o (F=2/F%) Lol asl i slass can b
a2 9 1Sl dslie gl ulul pcils jlo s
OLe olaai s o slgime asile Slao a5 ol asie
s o, Ses 1 Jol a5l slaws g cudls py asls gy yo
aBly 5o asloass als o, Shee ,iss Eacl wivg 8,30
S, Sloe yiulidl pling oYL o Slae glyls a5 ol Y
5 L o o Ol Glgize (ygzen Slaw ).n_ILﬁ S
ng_;.cd._g Q|9_‘{‘5_‘o |) Slaw Q-—.’.‘ wlﬁL.;.g R 0995 S )
ity Sidgp, S Ll 0 255 50 S5e slajlns
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Sl (o= m8)) ol ol 5 (L 095 :Sileo G gl
delﬁgm)a@;ﬁ@)aw%jdlmm
Ao ;00 e j0 asls o Slas 5 08Ty s do (5
0975 eSlae o Sl s g dunlie )3 09 lo Stne
9 0395 ) ubo 53 (sl Lad (Ggm 03)) pod wald 5 (g
=l elwl 0 o piae do o 7 mhaw (o ails o Slee
2 5l (Sl 2929 45 095 0 Ll iz 358
Sgy Sl el o Slos (sl abgi o slovals b og)5 5
Dygmodn (o g LS Sladgtt canlio (89,5 19,5 £95
o=l 3l ol o aS il o abogspe walld b alie jo wlSTas

2,5 eolatwl S goliay slaasl, o g4

O dgaz ¥+ BT o)led Glacais) (ows oud 9 (Voo
Cdo g plai 5l la 83 358 09,5 g0 4 olo Lid (O Jeux)
ol lo e glds glylo asils oo (yj9 9 4 gL
e Suio a5l (398 05,5 99 (uSilee 5 Widg: (p<0.01)
aS colepl Silo cpl oS il lo g Sglas ails o Slos
(F Jpa) dilise Slio L1555l ooy oo S35 JS 0
i 039 lacuiss) ((owd 9 () g £9 4 Ay
Khanizad ) ad>s ;o .aib e ogllas o 90 cpl Hlojen
as ol las 2,5 awslie s (& Kanouni, 2006
Sl Sl Dol Slils (w5 (B o slacsis)
gl im0 dnlio Ll 0o Clio 2oy
S 551 nl St (O Jyo) abgryo ol b (LS (slocisis

WL b (w095 9 (99 duunlia) Jol walls b (LS 09,5 «(Jgl dmnlia) (o 9 (LT (S35 09,5 95 (y (29,5 duunslio -8 Joua
Gz lawe 6‘)‘.’ (,e,.m A.w.;l.n.o) 'ogé

Table 5. Orthogonal comarision between two checkpea Kabuli and Desi groups (first comparision), Kabuli group with
first control (second comparision) and Desi group with second control (theird comparision) for different traits

Sl Sl yo (2Silee

wlao sol3T as 50 Mean of squares of traits
Traits Degree of freedom J9l dm lio £95 duns o Lo duwn Lo
First comparision  Second comparision  Third comparision
o 2 slye 1 10.70 ™ 69.23" 0.96™
Relative water content
o Slaesls Sl 1 0.0075" 0.27 ™ 472
Number of sub-branches
sl slaasla slaad 1 012" 0.18 " 0.08 ™
Number of main branches
32 53 o Sl 1 533" 2455 442
Number of seed per plant
Higt o Sl sl 1 31.36™ 17.69 ™ 1182
Number of pod per plant
Sy £l 1 180.7 25.34 1 0.76™
Plant height
s ae bjs 1 3524.89 ™ 716.32 ™ 4.19 ™
100-kernel weight
Sl 2l 1 28.80™ 6.91™ 21.89 "
Harvest index
°°_95 ) 1 1003.92"™ 3409.81 ™ 2475.26 "
Biomass
N 1 34.45m 590.06 25083 *
Grain yield
Se3slgred (Sowm, U 5, 1 0.08™ 6 s 0.79 ™
Days to physiologic maturity
BBl 20,201 ) 1 37 1.03" 178"
Days to 50% podding
@G 5 1 3™ 0.85™ 0.19

Days to flowering

Al e (6, gime BB pas g s )0 S o> iy (5lel e yd (39l e KL il S NS,

*, ** and ns indicate significant at 5%, 1% probability levels and non-significant respectively.
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Fayyaz & (2009) .axcils ails o, Shoe 1, b o yin
Slaay WSy 4o B slaws Slas 45 wis,S 5,135 Talebi,
Slao oy e s asli g 00T ) (IS Ho &ils
S Sdes Al S sl oo g arBl oo dils 8 Shes S5
Chaghamirza et al, (2013) 5> ;0 05,5 Gl
(AL o dils sl ld dus 59 igr ;o AU olaw Slaws
3)ly a5 sy (Slae (n e Sl p (aFLE 5 0353 Cen 5
By 53 b (s o Shee) atsly psite (g 5 Joe
Wls p atle wlae o sa (Nasri et al., 2012) S
g MNAD S )5 ) Joe 0ls aigs yo dils slaws g dilods 39

aazils ails 8 Shoe @l s 1 55l o i

Pl g S ) i
Cho dw o Jan a S o Lis (F Jguz) mls
Olseds g o e olawi 5 by asli wogicuw
S5 sS5 e L ials o, Shos 1y i Slio o Fets
3o ) 0AIVY gaemme ;0 g WD Sgaw,S ) Joe o)ly Cue
2l L wjles ol aboged amgi 1) &l o Slee Ol s
(F Jgoz) (Nimop a5 5 (7 Jgo2) Lo Shs alio
(apgim =l jo Aol mbs bl pacils cilas v
Lyl iy asle o Slae mol38l ol oS sl [Uasl olgy o
Sl 5l oYL polie b ol bl o cugb ) 25
Pouresmael ) _ai=s ;o .09 salss S50 g oollae )55
i gty Olio a5 o aseiw (€T al., 2009

Bcd._..i} ‘519.4_..4 )f) JJ._.A 0)‘5 w))d..» mlomuﬁjwlof

Jiio (6 puzsio (ylgieds (b 55l )90 Slho ylw g dlwly juiio Glgieds dild 8 Slos (6l p PP a5 ) gl —F Jou
Sg5i Al CaigiVe 4o

Table 6. The results of stepwise regression for grain yield as the dependent variable and other assessed traits as
independent variables in 20 genotypes of chickpea

. § | i ; § (o . .
OgyS ) Sl i oo 51 goye oy il ST Gt g b
oBaypls ) Regression coefficient Cumulative
’ Traits Intercept . -
Step X1 Xz X3 determination coefficient

YD) oo -
1 W) o255 13.42 0.36 83.50°
Biomass
2 o bf: il -58.11 0.44 1.27 95.56%*
Harvest index
(X3) digs ;o B olaas
3 Number of pod per -55.89 0.41 1.21 0.29 98.73**

plant

** indicates that regression model is significant at 1% probability levels.
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Table 7. Estimation of GCV, PCV, and broad sense heritability for different traits in 20 genotypes of chickpea
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Introduction

Drought stress is one of the most important abiotic stresses in the world. Chickpea play very important
role for human life in the developing countries. Kanouni and Malhotra (2003) mentioned that the traits of
pod number per plant, sub-branches per plant, biomass and harvest index had positive and significant and the
phonological traits showed a negative and significant correlation with grain yield. In a research (Fayyaz &
Talebi, 2009), the traits of number of pod and number of seed per plant were proposed as the most important
traits for yield increasing in chickpea. Saleem et al., (2002) reported that the chickpea genotypes were
significantly difference for the majority of traits. In a research the traits of seed weight per pod and seed
number per plant had the maximum direct effect on grain yield. Stepwise regression showed that the traits of
biomass, harvest index and 100-kernel weight had the great effect on chickpea grain yield, so that the traits
explained main part of yield variance. ldentifying the most effective traits on chickpea grain yield was the
main objective of the current research.

Materials & Methods

In order to identify the most important and effective traits on grain yield this experiment was conducted
based on randomized complete block design with three replications in 20 chickpea promising lines under
moisture stress condition in 2011-2012. The experiment was conducted in agricultural and natural resources
research of Kurdistan under normal moisture condition. The traits of day to 50 percent flowering, day to 50
percent podding, day to maturity, relative water content, number of sub-branches, number of main-branches,
seed number per plant, pod number per plant, plant height, 100- kernel weight, grain yield, harvest index and
biomass were measured. The analysis of variance, mean comparison, correlation analysis, stepwise
regression analysis, path analysis was used for identifying the best genotypes and traits in the current
experiment. According to the traits expected value, phenotypic coefficient variation, genotypic coefficient
variation and broad sense heritability were estimated for all traits.

Results & Discussion

ANOVA results showed that the lines were significantly different for all traits. The above result
indicated high genetic diversity for the lines. Mean compression results showed that the lines number 1, 17
and 7 had the minimum and the lines number 13, 3 and 19 had the maximum grain yield. General results
indicated that the suitable lines with high grain yield had a maximum amount of biomass, pod number per
plant, seed number per plant and RWC and had a minimum amount of main branch number per plant. The
result showed a positive significant correlation between RWC, seed number, pod number, harvest index,
biomass and grain yield. The correlation for grain yield and number of main branch per plant was
significantly negative. The results of stepwise regression showed that the traits of harvest index, biological

* Corresponding Author: s.moosavi@basu.ac.ir; Mobile: 09188526940
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yield and pod number per plant were the most effective traits on wheat yield respectively under current
research condition. The maximum and minimum broad sense heritability were recorded for the traits of 100-
kernel weight, biomass and grain yield, days to physiological maturity, days to flowering and pod number
per plant, respectively. Results of path analysis showed that the traits of biomass and pod number per plant
had maximum direct and indirect positive effects on grain yield. The results of orthogonal comparision
showed that Kabuli and Dasi Groups were significantly difference for plant height and 100-kernel weight.

Conclusion

Identifying and detection of the traits with high correlation with the traits of grain yield is a suitable
strategy for indirect selection of grain yield. In this way, using of simple and multivariate statistical method
can be useful and suitable method. According to the results, the traits of biomass and pod number per plant
were recognized as the best suitable traits for indirect grain yield selection.

Key words: Chickpea, Orthogonal comparision, Path analysis, Phenotypic correlation, Stepwise
regression
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