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Table 1. Soil physical and chemical properties of experimental location
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Table 2. Mean of squares for the effect of experimental treatments on some traits of rainfed chickpea
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ns, ** and *: no significant and significant at probability levels of 1% and 5%, respectively
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Table 3. Means comparison of agronomic traits and yield components of chickpea under experimental treatments

ailo I3 439 a5 gy yo &l ol gy 0 ML Sluy aigy yo asll olawy aig gl )yl Hlowd
1000-seed weight (g) Number of grain per plant Number of pods per plant Number of branches per plant Plant height (cm) Treatment

230 e 12¢ 12¢ 5¢ 35¢ T,
245 de 16 ef 13 ¢ 7b 42 ab T,
250 de 20 de 18 cde 4c¢ 40 be T
301b 32b 28 ab 7b 43 ab Ty
263 cd 17¢ 15ed 4c¢ 37 be Ts
332a 26 ¢ 23 be 7b 42 ab Ts
277 be 22 cd 20 cd S5c 40 be T,
355a 37 a 33a 9a 47 a Ty

(oS Al s 0 Ak Jsloner )y il ¢ 2lS Al> 1o 53 355 5 LB Jplne psmgi e b s el (Bl ple pac g 4% edls pac) wals coi s Ty JI'TH
I 5 2l e 53 (LA Jeloret i gl (23S 5 (adlS 2l e )3 (LB Jslore ((BIINE al> o )3 (LA Jolomor )5 gl (a9 BN Al pe 5 (LB Jslors
T;-Tg: Control (non-inoculated and non-foliar application), seed inoculation with mesorhizobium, foliar application of
nano fertilizer at flowering stage, seed inoculation+ foliar application at flowering stage, foliar application at podding
stage, seed inoculation + foliar application at podding stage, foliar application at flowering and podding stages and seed
inoculation + foliar application at flowering and podding stages, respectively
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Table 4- Mean of squares for the effect of experimental treatments on biological and grain yield, harvest index and
number and dry weight of root nodule in rainfed chickpea
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Table 5- Means comparison of grain and biological yield and number and root nodule dry weight of
chickpea under experimental treatments
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Abstract

This research was carried out at the Research Farm, Faculty of Agriculture, Bu-Ali
Sina University in growing season of 2011-2012. The aim of research was to evaluate the
effect of foliar application of nano-iron chelate and bacterization of mesorhizobium
bacteria on root nodulation, growth, grain yield and yield components of chickpea under
rainfed conditions. A randomized complete block design with three replications and eight
treatments (T;: control; non-inoculated and non-foliar application, T,: seed inoculation
with mesorhizobium bacteria, T;: foliar application of nano fertilizer at flowering stage,
T4 seed inoculationt foliar application at flowering stage, Ts: foliar application at
podding stage, T¢: seed inoculation + foliar application at podding stage, T;: foliar
application at flowering and podding stages and Ts: seed inoculation + foliar application
at flowering and podding stages) were used. The effect of treatments on all traits (except
harvest index) was significant. Based on mean comparisons, maximum values for traits of
plant height, number of branches per plant, number of pods per plant, number of grain per
plant, 1000-seeds weight, biological and grain yields, number and dry weight of root
nodule were achieved at T treatment. However, there is no significant difference for grain
and biological yields between T, and Ts treatments. Therefore, inoculation of chickpea
seeds with mesorhizobium bacteria and foliar application of nano-iron chelate in either
flowering stage or flowering + podding stages can produce the highest root nodulation,
agronomic indices and grain yield.

Key words: Biological fertilizer, Foliar application, Pod number per plant, Pulses,
Thousands seed weight
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Table 1. Analysis variance of effects of priming by salicylic acid on evaluated traits of cowpea, cv. Parastoo, under
water deficit condition in flowering stage
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- Photosynthesis Transpiration 1439 39, Jedo s
d.f. < rate rate Stomatal Leaf Chlorophyll
RWC conductance internal index
CO,

Replication (Ssby S5 2 752.235 4.007" 0.548 1.425" 6036.68 129.63
Irrigation (A) ol S s 1 2037.24" 13.14° 8.003" 3.729° 23060.27" 288.9"

Error (a) iglesl oLzl (a) 2 43.645 0.221 0.205 0.042 971.883 12.82
Salicylic acid Siosly 4 191.5" 129" 0.23" L1 607.9" 699.8"

priming (B)

Error (b) salejl oLzl (b) 8 19.9 0.39 0.006 0.23 4226 33.08

AxB < o A 4 10.97™ 1.28™ 0.011 0.065™ 22.101™ 258

Error (c) U5 stalejl oLzl 8 4.84 0.384 0.081 0.148 22.02 6.03

G OO T
C.V (%) i 3.04 13.48 13.49 27.41 1.26 2.92
(22,9)

0=0.01 50=0.05 xhaus o )5 goe 5 )5 cme s o 5 4 ¥ g * s
ns :Non-significant, *and **: Significant at o= 0.05 & o= 0.01, respectively
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Table2. Mean comparison effect of priming with salicylic acid on relative water content (RWC), photosynthesis rate,
transpiration rate, stomatal conductance, leaf internal CQO,, and chlorophyll index in cowpea (Vigna unguiculata), cv.
Parastoo, under water deficit
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Condition RWC (%) (UMoICO,.m>.s™) (mMolH,0.m>.s™) (MolCO,.m™.s") (mMol CO,.m™.s")
~ Control 80.64 a 526a 1.52a 1.75a 344.6b
(&5l
Cen Water 64.17b 393b 0.49b 1.05b 400.1a
< Stress
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Means with similar letters in each column are not significantly different at the 5% level (Duncans MRT).
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Table3. Mean comparison effect of priming with salicylic acid on relative water content (RWC), photosynthesis rate,
transpiration rate, stomatal conductance, leaf internal CQO,, and chlorophyll index in cowpea (Vigna unguiculata), cv.
Parastoo, under water deficit
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0 65.94d 2.388d 0.71¢ 0.802 ¢ 3842 a
900 69.09 ¢ 4.202 ¢ 0.925b 1.23 be 380.2a
1800 7531b 53390 1.042 ab 1.57 ab 37140
2700 80.48 a 633a 1217 a 2.02a 3594¢
3600 71.26 ¢ 4.72 be 1.147 a 1.406 b 366.5b
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Means with similar letters in each column are not significantly different at the 5% level (Duncans MRT)
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Fig. 1. Interaction between irrigation and salicylic acid on Chlorophyll Index
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Table 4. Coefficient correlation between traits of cowpea (Vigna unguiculata) under normal condition
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*and **: Significant at the 5 and 1% level of probability respectively
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Abstract

Effect of seed priming by salicylic acid and application of controlled water stress in
flowering stage on some physiological characters such as relative water content,
chlorophyll index, photosynthetic rates, transpiration rates, stomatal conductance, and leaf
internal CO, concentration was investigated on cowpea (Vigna unguiculata L. cv.
Parastoo) plants. Experiment was done as a split block design with 3 replications in 2008-
2009 at Research Farm of Agriculture Faculty, University of Zanjan. Factors were
including controlled water stress as main plot in 2 levels (well watering and water
shortage stress from initiation of flowering until 50% flowering of plot) and priming with
salicylic acid as subplot factor in 5 levels involving 0, 900, 1800, 2700, 3600 uM. Results
showed that effect of water stress and salicylic acid was significant on physiological traits.
Water deficit reduced gas exchange and photosynthesis rate. On the other hand, seed
priming enhanced relative water content, photosynthetic rates, transpiration rates, stomatal
conductance and chlorophyll index compared to untreated plants. Also, leaf internal CO,
concentration was lower in this plants compared to untreated plants. It shows protective
effects of salicylic acid against drought-stress. In general, among salicylic acid
concentrations, 2700 uM treatment had the highest values in measured traits. In this
treatment both in normal and stressed conditions photosynthesis rate was highest
compared to untreated plants. In 3600 pM in all traits there was a decline compared to
2700 uM treatment. It shows that this hormone in higher concentrations has a preventing
effect in physiological process.

Key words: Cowpea, Priming, Salicylic acid, Gas exchange, Chlorophyll index, Relative
water content.
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Table 2. Analysis of variance (Mean square) of measured traits of chickpea at different levels of foliar application of
salicylic acid and selenium
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Table 3. Mean comparisons of effect of foliar application of salicylic acid and selenium on the measured traits

LHERIREY} YL olass (o (S Sl oyl e dsiSa o)
oy lac NN ails we ¢339 g 5 Syl . - ctolit:f ails 3,SLac
Treatments Number 100 grain weight Number Relatively Ion weight (kg per Grain YEfld
of grain (2) of grain water leakage 100liter) (kg.ha™)
per pod per pod content (%) (dS.m™)
Sl Salic'ylic
Acid
b sle e 0 1.01a 24.11a 21.42b 51.31a 163.09a 86.594a 1193.19b
S eSS eV 100 mg lit" 1.01a 24.22a 23.89a 53.78a 164.48a 86.294a 1242.68b
el eSS Vo 200 mg.lit" 0.99a 24.11a 23.77a 52.32a 165.01a 85.837a 1453.74a
pgul Selenium
Shdskxe o 0 1.00a 23.98a 22.06b 53.09a 174.98a 86.683a 1254.13a
e 005 F 6 g.ha! 1.01a 22.82a 22.87a 50.59a 185.20a 86.958a 1282.77a
JSe o 0,5 Y 12 gha! 1.00a 2391a 24.13a 53.14a 154.51a 84.525b 1293.44a
e jo 0,5 VA 18 gha 1.01a 23.90a 23.07a 53.06a 142.08a 86.8a 1355.81a

sl gme M1 BB 10 oz pdans j0 (Sl (glasels s 09951 oobel g e o 5 i g > b oas a8l (sla nSiles

Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%

b Voo lite 3151 i md as 10 0,56l AVIAD Jolae
JLSa 53 0,5 VA 58 L plys Sl w2 3 08
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ARRVE Y NIRRT O NECARS FFINIE JO

(F Jga) wo 5 Selawdloo sl 2 50 05 (e

ails o ySlos

Sl (3l Jslome 51 uil)lg 4328 Jgozr 4 azgi L
5, Sloe y pgrihe 5 Selcdlos sl Blite 5l 5 Sldls
Yoo Bac b (V] gaz) o b a0 o jo alls
X P RNE TP S NS JER N
VRAYIVY ol adils o,Slee oy yiiion oy Lad (g 1o Sxe
Sl i 3o p S e Vo (Gl slome 51 LS o 0,5 5LS
S e Yoo g Ve B ae Lol Jolb Sl
i sl 4y Cond &ils o Slae ( Sldlos apl 2
(Y Jgaz) ols plas zuli8l LY VAY 4 $/V 7

L oS ols Las Loy Jlite 51 0ile dnmlia gl
Yoo w0 ,LiSe 100, 8 VAL P 5l pode oo iol38l
aals 4y Cand ails oSl (Slecdlos sl 5 j0 6,5 Lo
VEAVIE Jolso alils o, Slae o i 0l ylid ol 33l
S 2053 05 lon Voo iz 511 S 5 0,531
45 o Jool> pgailw Sa p3 0 5 VAL el Sebudls
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(F Jgaz) ols plad al381 ¥+ VA (pguids

Yo
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SgaS Sy oo i b o ol wils o Sles Azl jo
Sals b 5l g ead ails 4y olge aed] JWES caws Cogh,
A yomie a5 oad dilo JelS ol pae s () 0,90 Job
Dgs (gm0 (smg—boy i ] o o alily as 5y SralS
okes Madah ef al (1993) s . (Rezaianzade, 2011)
s 5 Jolmo (pigp jlade oo 59 daldde 59 a5 olo
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Loy, olaws oy lad (mali8l g)ls gme jebay SClwcdle
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39 el Sl Bl izmen 2B iol58) 58 Sl Il
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hdolme Sl elie (il )ly 4525 Jgaz 4 4295 b
aolio gl (Y Jguz) o o pae 10 o jo il gSe
Jolre ylgiSa 559 (e &5 0o s Loyl (S0le
HeSe j0 0,5 7 il Jeloe b ] ws 1o 6,5 6LS AP/A0
olad Sl gime B vl 4y Cad aS 0l Jols pgaile
o Fel5iSo 535 sl iS5 VY 3k Jolo
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Table 4. Mean comparisons of interaction effect of salicylic acid and selenium on the measured traits

FHERIRES

e ooy

T I o

b o e yo &l wo (39 Aigy yo Sy of ) )]':ej(’:-t()&:t::'s als 3 Slos
Treatments Number 109 grain Number Relatively Ion eight (kg per Grain yi]eld
of grain weight (g) of grain water leakage 100liter) (kg.ha™)
per pod per pod content (%) (dS.m™)
P X Sl L sl
Salicylic AcidxSelenium
SalxSel 1.01a 23.78ab 21.01ab 57.88a 192.03a 86.67a 1290.3bed
SalxSe2 1.02a 24.38ab 22.03ab 45.41a 163.18a 86.00a 1213.0d
SalxSe3 1.01a 24.35ab 22.11ab 54.90a 166.05a 86.92a 1121.10d
SalxSe4 1.02a 23.94ab 20.55b 47.07a 131.10a 86.77a 1148.40d
Sa2xSel 0.99a 23.94ab 21.71ab 54.88a 172.20a 87.00a 1276.2bcd
Sa2xSe2 1.09a 24.79ab 24.33ab 51.21a 202.48a 87.00a 1183.30d
Sa2xSe3 1.01a 24.18ab 24.05a 60.67a 141.75a 85.42a 1278.8bcd
Sa2xSe4 1.01a 23.96ab 23.49ab 48.36a 141.48a 85.75a 1231.4cd
Sa3xSel 1.01a 24.22ab 23.46ab 46.53a 160.70a 86.37a 1195.9d
Sa3xSe2 0.99a 25.25a 22.24ab 55.17a 185.95a 87.87a 1451.0cb
Sa3xSe3 0.99a 23.19b 24.21ab 43.85a 155.73a 81.22b 1480.4b
Sa3xSe4 1.01a 23.79ab 25.17ab 45.73a 153.68a 87.87a 1687.6a

A s sire BN 086 70 Jlaxsl ghaws 55 (Sils glacals wiz g3l Golul p e 8 50 alie By b oads a8l sla . Silee

Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%
Selenium: Se, Salicylic Acid: SA , Se;:0. Se»:6 g.ha. Ses:12 g.ha™'. Sey:18 gha!, SA;:0, SA,:100 mg.I”, SA3:200 mg.1”

Ol 50 D)5 )0 o ol sl pgails (LS
Sloyloss o Coid (623 5 s U210 50 Ol 098
s VIV i an |y il o, Slee chal 15 (et )0 ponilis (500
clGras S5 g Ve /F g VoIV | SGielgm o, Slos LVAIY
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Table 5. Analysis of variance (Mean square) of measured traits of chickpea at different levels of foliar application of salicylic acid and

selenium
it gl SOV @il az s posile il O Ol
Selenium concentration Protein content
Ry Replication 76501.04™ 76501.042™
Sedacdls al Salicylic Acid (SA) 37897.125™ 75794.250™
Pyl Selenium (Se) **2205348.819 6616040.458%**
pyaib x Selels o SAxSe 103767.903" 622607.417™
Uas- Error 38561.1 0.37
(Q0,0) Dl s g 0 CV (%) 20.72 3.04

Aoy ) 50 Jloosl mdas j3 o pre )0 gixe pie o Sy s g 3 DS
ns, * and **: no significant and significant at 5 and 1% levels of probability, respectively
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Table 6. Mean comparisons of effect of foliar application of salicylic acid and selenium on the
measured traits

lh) Lo.o.v p,—u.Lw cbale
Selenium concentration (ppb)

w95 ol

Treatments Protein content (%)

Sbad b dus! Salicylic Acid
SSbslxe 0 949.009a 20.11a
SRR WA PR 100 mg.lit" 1015.38a 20.15a
EARRCINWE 8 200 mg.lit" 877.75a 20.04a

gl Selenium

SSbslxe 0 278.5¢ 20.18ab
SESe 0 058 6 g.ha! 794.5b 19.50b
JESa 45 6,5 VY 12 gha’ 974.7b 20.40a
JESa s 0,8 VA 18 gha’! 1741.1a 20.3ab

Ates o Jae BT W36 70 Jlaiol mhaw j8 (Sls (glasals wis 05051 olesl 1 (g o 50wl By b o @l sl Sile
Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%

00y (5 S 031 Slawo 3 o g 9 Sl b sl Jillio 1 (paSilae dunny o -V Jgur
Table 7. Mean comparisons of interaction effect of salicylic acid and selenium on the measured traits

Lo jlous popbe clalé 95 Ol
Treatments Selenium concentration Protein content (%)
(ppb)
gl X Sl L ! Salicylic AcidxSelenium

Skl sl 5 pgailes (L2 Jslre (90 SalxSel 531ef 20.03ab

ol JSo 53 05 7 xSelondlo sl (5L glxe 90 SalxSe2 774.5de 19.4ab
ol S 50 0 5 NVY xSl sl (5L Jglxe g0 SalxSe3 1041cd 20.7ab
ol JuSo 50 05 VA xSl sl (5L Jglxe 90 SalxSe4 1449.5bc 20.3ab
Pk (2l Jslme (90 xSbrmcdlo sl jd 0 05 (o V- Sa2xSel 180.5 f 20.2ab
poeibos LS 53 05 # xSl donl 1) 508 (Lo Ve Sa2xSe2 763.5 de 19.3b
poribes 1S 50 05 VY xSl s 2 3 08 (Lo Ve Sa2xSe3 998.5 cde 20.8a
Pyl S 50 0 VA xSl sl d 065 LoV e Sa2xSe4 2119 a 20.3ab
Pk (2l Jsle (390 X Sbomcdlo sl jd 0 05 (o Y- Sa3xSel 124f 20.3ab
Pk JlSa 5 05 F x Sebedlo sl 1) 505 (Lo Y- Sa3xSe2 845.5de 19.9ab
poebos LS 53 o5 VY xSkl sl 1) 3 05 Lo Yo Sa3xSe3 884.5de 19.7ab
ol S 50 0 VA xSl al J 065 Lo Yoo Sa3xSe4 1657b 20.2ab

s s sire BN 086 70 Jlaxal ghaw 55 (Sils glacals wiz g3l Gulul p e 8 50 alie Bgym b oads a8l sla . Silee
Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%
Selenium: Se, Salicylic Acid: SA , Se;:0. Se»:6 g.ha. Ses:12 g.ha™. Sey:18 gha!, SA;:0, SA,:100 mg.I”, SA3:200 mg.1”

eb,y i 3l 5l ogllasls &l faws p LS Yoo GpaelaS ol olas g opl mls 5 eba
2l s Jgpare Joad BB CoisS 5 CueS 4 lev oo JRYSE VNP L 3 IR VRO INIRVEI SN IR S TO%
o sl cdea ((Sas s Ll e pgatl lSe
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Abstract

A factorial experiment based on randomized complete blocks design was carried out
with four replications in 2011-2012 growing season. The experlmental factors were foliar
application of selenium in four levels 0, 6, 12 and 18 gha” and foliar application of
salicylic acid in three levels 0, 100 and 200 mg.L". Results showed that foliar application
of selenium at rate of 12 and 18 g.ha™ decreased ion leakage by 11.6 and 18.8% compared
with control, respectrvely The Mean comparison of treatments showed that maximum
gram yield (1687 6 kg.ha™) was recorded from 200 mg.L" salicylic acid along with 18 g
ha" selenium that increased by 30.79% compared with control. The hlghest grain
selenium concentratlon equal to 2119 ppb was obtained from 100 mg.lit " salicylic acid
along with 18 g ha" selenium that increased by 3.9 t1mes compared with control. The
max1mum grain protein (20.8%) obtained from 100 mg.lit ' salicylic acid along with 12
g.ha' selenium treatment that increased by 3.8% compared with control.

Key words: Drought stress, Foliar application, Grain yield, Ion leakage, Sodium selenite.
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Table 1. Mean square of experimental treatments on morphological traits leaf and petiol in green bean

(Petiol) & s (Leaf) Sy
axye | e
039 . . 0j9 . . R Oz 2l
Jsb .. F o Sluss T .. FORST Slusd sl
Dry Fresh Dry Fresh o
Length weight weight Number Area weight weight Number df Source of variation
355.20%* 0.010%* 0.13™ 7.56* 880.81%** 1.13%** 21.10%* 17.18™ 1 Cultivar (C) Pep
116.70™ 0.003™ 0.05™ 1.56™ 758.33%* 0.04" 9.62%* 3.13™ 1 Bactria (B) $5SL
1370.82%%  0.023%%  1.79%* 17.79%% 7005.91%%  0.86**  55.40%*  119.50%* 3 Salinity (S) So9
25.47™ 0.001™ 0.013™ 3.56™ 548.10%* 0.36* 7.23% 0.80™ 1 CxB SrSLix o8,
5287  0.008** 0.30™ 177 lo75.8g%% 025 7.92%* 9.20™ 3 CxS S35 X o)
. . . . x5S
99.78™ 0.029%** 0.38* 3.18™ 254.07* 0.021™ 4.92%* 8.71™ 3 B xS )
Sog=
* d)
162.96%* 0.009%* 0.34* 4.12%* 980.34* 0.32%* 17.64** 62.27%* 3 CxBxS§S x Sk
S
40.1 0.001 0.12 13 69.1 0.03 0.7 7.3 4y Experimental o
error iales
14.70 22.23 27.93 22.80 6.60 18.53 15.00 18.96 - CV (%) ) e
(1) Ol s

ns, *, **: No significant, significant at 5 and 1% levels of probability

1- Soil Plant Analysis Development
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Fig. 1. Effect of bacteria inoculation on leaf area, fresh and dry weights of leaf in landrace and hybrid
cultivars of green bean
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Table 2. Mean comparison of interaction effect between cultivar and salinity on morphological traits of
leaf and petiol in green bean
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cd a b d
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Table 3. Mean comparison of interaction effect between bactria and salinity on morphological traits of leaf and petiol
in green bean

Sy o S y0d S 39 S 00 5 39 Sy ¥ a9 Treatment slowd
Leaf area Petiol dry weigh Leaf fresh weight Leaf fresh weight S ©rSL
(em?) (g.plant™) Salinity (dS.m™) Bactria
141.57° 0.27° 1.58% 6.97° 0
140.49° 0.16% 1.26™ 8.02° 2.5 o
138.03° 0.20% 1.29% 5.714 5 el
d a Inoculation
97.50° 0.15% 0.98 3.28° 75
141.70° 0.22° 1.60® 6.56™ 0 Al
= poe
129.15 0.23" 1.65" 5.74% 25 N e i
127.12° 0.15% 1.23 6.07% 5 on-noculation
92.08° 0.11° 0.64° 2.51° 7.5

5,15 08 b o0 iy s 50 (5l stne BB o e Doglis JBlaz (y505] sl 1 (g 5 50 S e B S JBla (sl (gl Sibs
Means followed by similar letters in each column are not significantly different at 5% of probability levels
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Table 4. Mean square of experimental treatments on physiological traits in green bean

SPAD sae syl atbhJdeds b ba)ls  aJse)ls ol ez oS e

SPAD value  Carotenoid  Chl a+b Chl b Chl a df Source of variation
152.52™ 1.51%** 19.06** 12.19%* 0.55%** 1 Cultivar (C) 3,
156.25™ 3.07** 0.52™ 0.89™ 0.61%* 1 Bactria (B) 1
26801.82** 1.10%** 61.18%* 28.49%** 14.01%** 3 Salinity (S) S5
449 .44%* 0.00009* 4.49%** 25.74%* 0.18* 1 CxB GrShix o3,
61.30™ 0.0023* 10.72%* 4.28%* 0.48** 3 CxS S5 X b,
457.28** 0.0041™ 1.81* 2.95%* 1.11%** 3 BxS Sy X § Sk
721.88%* 0.0033™ 6.75%* 8.20%* 0.36%* 3 CxBxS a9 x Sk x o,
54.01 0.0031 0.52 0.64 0.03 48 Experimental error ialesl gl
13.12 4.69 10.85 12.30 CV (%) (1) Sl ypeis a po

ns, *, **: No significant, significant at 5 and 1% levels of probability ww,0 8 whaw ;0 o e jué NS woys V 30 Jloin! mlaw ;o o gme ™ g

ool a0 and saeliie (6,55 e ili pae g 0y e
sladasMo JoB Sl 0 3459,5 e Ll 5l o les
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gl pace g o Lo po Cale (a8 g (6L il
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b S mals as ol lias ladors gull die) o) o (ais
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.2005)
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Table 5. Mean comparison of interaction effect between cultivar and bactria on physiological traits of green bean

SPAD suc Awgad 9,8 a+b Jdg ks b Judg s a Judg,ls Treatment slows
SPAD number Carotenoid Chl a+b Chl b Chla st I~
(}lg.ml'1 ) Bactria Cultivar
55.73 L57° 7.39° 7.69° L1g? Inoculation bl e
53.56 1.26° 7.04* 6.18° 1.27° Non-inoculation @zl sac  Landrace
61.95° 1.13° 4.47° 6.58" L19* Inoculation iy &yt
53.52° 0.82¢ 5.76° 5.55° 0.89° Non-inoculation gl pas Hybrid

Gl oS b as e iy mha (o (gl pe BB Jls pixe glay JBlas ygesl Gulal 5 gt o 30 S i B S Blas sl sla o Kikee
Means followed by similar letters in each column are not significantly different at 5% of probability levels
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Table 6. Mean comparison of interaction effect between cultivar and salinity on physiological traits of green bean

Agiigyls a+b Judgls b Jdg,l5 a Judg ks Treatment slew
Carotenoid Chl a+b Chl b Chl a S PR
(ug.ml™) Salinity (dS.m™) Cultivar

1.67° 8.55° 7.50° 2.51° 0
1.40° 10.18* 9.10° 1.38° 2.5 R
1.27% 5.48° 5.89% 0.56% 5 Landrace
1.12¢ 463" 5.25¢ 0.45¢ 7.5
1.36° 6.58¢ 6.22¢ 2.46° 0
1.05° 7.44° 7.10 0.68° 2.5 Ny
0.93" 6.47° 6.33% 0.51% 5 Hybrid
0.74¢ 3.98" 459" 0.50% 7.5

B K0S b as o iy e )8 (5l gime BBl pixe Doglis Jilas O5o5) bl gt p2 50 S ie B SO JBlas gl slay.Sile
Means followed by similar letters in each column are not significantly different at 5% of probability levels
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Table 7. Mean comparison of interaction effect between cultivar and salinity on physiological traits of green bean

SPAD sus a+b Judgls b Jusg,ls a Judg,ls Treatment o
SPAD number Chl a+b Chl b Chla SIg &L
(ug.mlI™) Salinity (dS.m™) Bactria

105.23* 7.05° 6.60% 2.96" 0

72.36° 9.11° 8.55° 0.94° 2.5 il

20.33¢ 5.96¢ 5.86% 0.59¢ 5 T

Inoculation
20.58¢ 4.19° 5.45¢ 0.59¢ 7.5
b b be b

96.56 8.08 7.12 2.01 0 il pae

89.55° 8.52% 7.66° 1.11° 2.5 Non-inoculation

23.63¢ 6.00" 6.35 0.46% 5

19.27° 4.42° 439" 0.36° 7.5

Q5,105,080 b duo 0 O a0 (5l sime BN o ime iglis o 03] el s g 2 0 S e B S Sl (gl s slanSile
Means followed by similar letters in each column are not significantly different at 5% of probability levels
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Fig. 2. Effect of different salt stress levels on green bean yield of landrace and hybrid cultivars of green bean
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Fig. 3. Effect of different salt stress levels on pod yield in inoculation and non-inoculation bactria treatments
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Abstract
Nowadays, protection of environment and safe agricultural production are an
important aims of the sustainable agriculture. Also, in attention to abundance of saline soil
and water resources in the country, the present research was designed to evaluate PGPR
inoculation effect on some morphological and physiological traits of two green bean plant
cultivars under salinity stress conditions. A greenhouse experiment was designed on
factorial arrangement based on completely randomized design with four replications at
Sari Agricultural Sciences and Natural Resources University in 2012. The treatments
consist of salinity (sodium chloride) in four levels (0, 2.5, 5 and 7.5 dS.m™), two cultivars
(landrace and Hybrid) and pretreatment of PGPR at two levels (non-inoculation and
inoculation with Azospirillium brazilence and Azotobacter chroococcum). The results
showed that interaction effect of cultivar and bacteria were significant on all physiological
parameters, fresh and dry weights and leaf area. Bacteria inoculation increased leaf area
with 11 % ratio than non-inoculation treatments. Also, interaction effect of cultivar and
salinity were significant in all physiological parameters, shoot fresh weight, leaf fresh and
dry weight, leaf area, petiol dry weight and yield except SPAD value. The rnax1mum
amount of pod yield with 3.6 gr per plant was observed in hybrid cultivar and 2.5 dS.m™
salt stress treatment. Interaction effect of bacteria and salinity were significant in all
biochemical traits, leaf fresh weight, leaf area, petiol fresh and dry weights and y1e1d
Bacteria inoculation influenced pod yield in all levels. The results exhibited 2.5 dS.m’
salt stress level and bacteria inoculation treatment with 34% obtained higher amount of
pod yield ratio than non-inoculation treatment. In conclusion, results of this research
represent the benefit role of PGPR on amelioration of biochemical, morphological
parameters and plant growth improvement under mid salt stress conditions
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Fig. 4. Effect of different levels of salinity on the prolin concentration of bean

4

Prolin (mg'g [w)

L

E-a

oy

| 2

Silicon (mbD)

B Jlio! gelans 53 LSD ladio ;55 JSKib sYb 5 5590 1) Lugl ol cyudg il s por s Scnlonw i zglanw 10 S

Fig. 5. Effect of levels of silicon on the prolin concentration of bean

S8 ols las I BTOA (6598 gl G Fimmly 4 S
Sl (il G50 A5 (b o Jslme slaals oo Cde (P
Jobore (slaasd 5 oud a5 atalis Jio Jolonels slaasd o5
s 50,5 Liis 1) g peml ol b 08 e sl 1,
A8 S man palS ol 1 gl wes el ) (Saley
Jole wlg oo 53 (6598 A5 (b 5o Fwgd als Jdoay

A

Jslos sloas clile 4 by po sloosls Julowi g 520

3o LS (6,95 LS ol 5l aS s ol
Jsoz) cdls Logl oS Jolowe slonss cdale p (p=+/- )
Tob > Jodome laas e lile slanSlhe annlie (F
L e oo j oo B (5)98 45 3l plis (558 alise
a5 CBlo | jladie cn i 15 039 0S5 RSk VY



WA 290 o Y5 kot Bl /st it b gad> 6‘5&3}3 @ [Pl 2055l ] ) o g oni

ersdwﬁxdbpwkj}bmdbmdym
Golo i ye g e jewd V(55 3590 50 X,y (pl aS
PR 29— $9) 2 B3 5o s LKaagh (O Jguz) op
VIAY) o (605 LS4 mhas (0 YLy 457 050,57 Lo
Ol o mas pae Jlod 4 Cond (S5 p SolS 05
SN ol g sl ilisl as s F/A L Jeloe (slaadd

Kafietal., 2011) cul oogs o e s bl Ll

=t et L
o o] = b Oy
= = [} = [ R

Soluble sugars (mgfg fw)

b
. |
0 .
1 3

ailb Jolw jo Jodoe sloosd cilale yilidl ol (6,50
Loy aS _iagh o .(Parvaiz & Satyawati, 2008)
2i2dl o 285 ool (Ll i Lol (555 5 0l 5 ke
Silva ) Sgul o0 J5l>m sluss Q‘}.:.n u..._s‘).e‘ Cel (g 9 aS
DS e iz g peiwe Ol Lol il (et al, 2003
JRRRVCERI RCIC A P N PONOL {0 ISy B PSRCC
O )b gl ) —alejl sl )51 Jolite ;51055

5

Salinity (d5/m)

I JW'@)QLSD)'M;.;QJS-&@YQ)J SOg0L L) (PPN al,,fd,.l:u élbaiswléﬁé),&duﬁcac’h“;|—7 S

Fig. 6. Effect of different levels of salinity on the soluble sugars concentration of bean

Bruria ) o35 oo plonil (599 (255 S 50 (g s
(& Arie, 1998

Olid (puiigp o, Slae 4 bgs o slaools Jud= ¢ a5
= P 10)) Gyl mme 53U (gy90 4935 Lol Slas ols
Ao (¥ Jooz) cilo Log) asls 5, o, Slos
S5 B liSa Cﬁ.'a_.u 5o adly s o Slae sl Sl
) eSS YRV L e edeg o ) (5)98 oS ol ol
s (YL @ Cad a5 o 1) Jlade o oo (poye yie
351058 4o (A JSi) ol las ol sl Sl VY (6,00
Ot (859 gobaa (ooles )3 Ltalejl (sla,giS8 i
(0 J99z) 098 o Ol Lews Yoo s

Y

asily usig s Slaie 4 bgsye slrosls Julo g 4y i

Gold e L5 (5 5 g5 Ls Lol 5l aS sl s
(Y Jgoa) ccils Logl asils x5y, Jlacie ;o (p<+/+))
o= adiBrs olaw jo als g SlonSKile auglie
Ao YEIF L pie o (eios j o Y (500 45 0l ylid
TV 6 yes phaw oy YL a4y Cond a5 Bl 1) Jlade o yiios
lagi iy e malS (Y JSCD) ol lis )53l
G Lgd 50 (650 i Ceod lalS ke slaplal
eSgym malS el sas )15 S5 (Pesarrakli, 1999)
ot el ol Sad 35 434S s joom 50 ppined
oy gralS as ol lo g cenl o )55 (6,90 S
3 S sl cdean 5 sl glaydas L Yl oty



WAY 290 o Y5 losis Bl /st it b gad> 6“&33‘3 @ [Pl 2055l ] ) o g oni

I

| 2 ab b
24
20
12 1
p — I I
1 3 3

Salinitv (dS/m)

Protein content (%)

(<]

o+

oy JM' Gh“)aLSD)Mia ).i.’l-o JS 6}1[3)-3 GOg0L L) (PPN FY Ky gy o yd p (699 iz C,.\a.m ;'—V S
(ably o0
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Table 2. Analysis of variance of measured traits in bean
IS S o9 4ls & Slos

Ol yuts 29bio sol3T az 5o Sy ol o jloio
S.0.V Degree of freedom Leaf water content Total dry weight Grain yield
PURWL AW Si 3 312.9" 949.08™ 493.7™
S)gd Nacl 4 365.7" 125570.7" 32083.6"
69 # S Si * Nacl . 113.6™ 115.4™ 170.2™
las Error 40 60.9 687.5 355.02
Ol oS gy Ccv - 12.6 11.7 23.1

il o I gire Sold pae g a3 0 oV Jleil e )8 s coe Dglas Sl oS sayns o * K
** * and ns indicates significant different at 1%, 5% levels of probability and non significant different, respectively
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Table 3. Analysis of variance of measured traits in bean
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o314z 5o

S.0.V Degree of freedom  Prolin __ Soluble sugars  Protein percent Protein yield
PURVHL W Si 2 284" 136.9™ 0.4 14.8™
S)gd Nacl 2 214" 6063.2" 8.6” 2502.9"
Sy9 # pdwlSlow  Si* Nacl 4 24" 858.1™ 0.5™ 3.13™
Ua> Error 18 39 1212.8 1.3 16.9
IR JOUES TR Cv - 41.4 44.9 4.6 20.82

il o o gire Solds pae g ao )0 0 s )3V Jleis] s jo lo g Dglis Sl o 5 ayns g F KE
** * and ns indicates significant different at 1%, 5% levels of probability and non significant different, respectively
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Table 4. Mean comparison of interactive effects of salinity and sodium silicate of measured traits in bean

ails o Sloc J5 s 59 S O (ol R o) Gog (Sheo) el
Grain yield Total dry weight Leaf water content (o (Ygo

141.1° 3349° 63.6 * 1

134.7° 307.1° 64.1 ° 2

70.8° 195.4° 59.7 ° 3 0
42.8*° 1382° 485 ° 4

10.6° 89.7° 39.6 ° 5

136.2° 348.7° 74.7 * 1

130.4° 313° 63.9 ° 2

86.2° 213.9° 682 ° 3 0s
412° 151.5° 622" 4 '
21.1° 107.2° 522 ° 5

144.2° 339.2° 63.7 * 1

126.2° 3102° 69.1 * 2

79.9° 2269 * 65.9 * 3 1
70.8° 160.5* 642 *° 4

20.7° 117.4° 62.8 ° 5

128.9° 341.2° 735 ° 1

118.6* 309.2° 588 *° 2

74.8° 209.5° 585 ° 3 2
39.7° 141.2° 57 ¢ 4

11.9° 943 *° 64.2 ° 5

)5 70 b ;o LSD gmsT ubul 1 ot b (515 sime GO 5 e By > (51l slanSilos (ygim o 5o
Means within each column with at least a same letter are not signification different at 0=0.05 in method LSD.
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Table 5. Mean comparison of interactive effects of salinity and sodium silicate of measured traits in bean
ogn o des oiign e, Jolee glold gy

(o 33 (uoog jowd) o9 (Y g0 (o) o2 duw sl

Protein yield Protein percent Soluble sugars Prolin
373° 26.5° 713 *° 46 ° 1
17.8* 253* 752 ° 64 ° 3 0
2.7° 252° 88.5 *° 8.7 ° 5
38.3* 26.5° 757 ° 26 ° 1
203 254° 46.7 * 52 °* 3 1
4.8° 239° 1202 ° 6.5 " 5
345° 26.8° 55° 24 ° 1
18.9° 253* 525 ° 31° 3 2
2.6° 24.9° 1122 ° 35° 5

)5 70 b ;o LSD gmsT Cubul 1 ot b (I sime G S e By > (5l (slanSiloo (ysim o 5o
Means within each column with at least a same letter are not signification different at 0=0.05 in method LSD.
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Abstract

Salinity is the major limiting factor for plant growth and crop productivity. Salt stress
is effective on physiological characteristics, morphology, anatomy, chemical composition
and water content of plant tissue. Pulses are the second of food source after the cereals for
human. Among the Pulses, the bean has special importance. In order to investigate the
effect of silicon on the physiological, quality and quantity characteristics of common
bean, an experiment was conducted as factorial based on randomize completely design
with 3 replications in the research greenhouse of Agriculture faculty of Birjand university
in 2011. Treatments were including of 5 levels soil salinity (1, 2, 3, 4, 5 ds.m") and 4
levels silicon (0, 0.5, 1, 2 mM). The results of analysis of variance showed that the
increasing of salinity caused significant reduce in leaf water content, total dry weight,
protein content, protein yield and grain yield. But in contrast, salinity caused a significant
increase in proline concentration and the concentration of soluble sugars of the plant.
Silicon is also imposed a significant effect on leaf water content and proline concentration
in leaves. Finally it could be concluded that using of Si in salinity condition reduced
harmful effects of salinity on the physiological, quality and quantity characteristics of the
bean plant.

Key words: Common bean, Sodium silicate, Proline, Soluble sugars, Protein percent
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Cl o b ga Juds)lS ol (St 55 5 O & @
sba Jods s liee 1 ol 5L Jsiloe a5 0l
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1- Reactive Oxidative Species
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RWC = (FW-DW/TW-DW) x100 (0) dJoles

- O)9 Fw e g—| 6\9_';.7u RWC olss Q_ﬂ 59
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0wl Cawsay (Sairam et al., 2001)
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(PAM-2000, WALTZ) ;iay o6 olS5us ale wgas 11
S ble 5 5,05 CO2 csl Glime S0l ol (s
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Tablel. Analysis of variance of physiologic characteristics of chickpea

agid i Jedo S comd S Judguls b Jadg s a Judg,ls ol3l a0 S @l
Carotenoids a/b Total Chlrophyllb  Chlrophylla Degree of S.0.V
Chlrophyll a/b  chlrophyll freedom
(mg/g LFW) (LFW mg/g)
(mg/g LFW)  MELEW) 4 pw 1o/0)
Mean Square Sl 555l
0.205* 0.519** 7.639%* 0.658** 3.993%** 4 Methanol Josls
0.687* 0.023 ™ 4,589 ** 0.139™ 3.249%* 1 Stress SRS
0.090 ™ 0.051* 0.355* 0.015* 0.283* 4 MxS iix Jgilie
0.079 0.054 0.091 0.035 0.070 20 Error oleyl las
6.46 6.27 2.18 6.32 2.44 _ CV Ol i g
)
k . kk . ns

ns: Non-significant, **and *: significant at P<0.01 & P <0.05
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Table2. Analysis of variance of physiologic characteristics of chickpea

ool 2,5 0355C0, O] L 65l ol lgizo 3 Slos 4,0 et @b
of Sl CO, (1s) oo pgiilys P
Water use  Intracellular _C,OZ . Cell (%) s Lo gz S.0.v
efficiency R ass1mlla_t210_:1 memb.r.an Degree
(Kg mm™ (nmol m?s™) (pmol m™s™) e stability Relative F./F of
ha™) water vom freedom
content
Mean Square Sl yo (5 Sileo
572.40 ** 3153.666 ** 206.021** 0.029** 226.78%* 0.031** 4 Methanol Iyl
837.62 ** 28973.398 *¥*  182.987 **  (0.055%** 240.83%* 0.029 * 1 Stress gy
80.014 ** 531.277 ** 14411 ** 0.013 * 1.97™ 0.0296** 4 MxS LiixJgilie
6.789 70.709 0.734 0.002 5.567 0.0056 20 Error oinles! glas
13.56 1.43 5.50 7.88 3.19 0.81 - CV [T JOUES SV
)

ns: Non-significant, **and *: significant at P<0.01 & P <0.05
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Slimen 5l o3l Iy bowe ols (5 s ol Lo 5 155
(Ramadant & ols !y 811, LaS s 034:5,15 9 Judg IS
Omran, 2005)

Slimes Lialsdl Yzt ol ks (Robertson et al., 1996)
O3l Jgle cezm 0o )0 Yo 9 VO Zolaw )0 ade )5
$9) &S Sldlas el g e zmohaw ol o Ldg S 5

Joplie cilida £k il Cund 9555 LS S35l 5o o (ilso dvms i Y Jour
Table3. Comparison of physiologic characteristics of chickpea under different levels of methanol

g ) a/b Judg S Cons I Jedg s b Uy s a Judg ks W lows
Carotenoids Chlrophyll a/b  Total chlrophyll Chlrophyll b Chlrophyll a Treatments
(mg/g LFW) (mg/g LFW) (mg/g LFW) (LFW mg/g) (LFW mg/g)

Jyite
3.680 ¢ 3.723 b 12.48 d 2.643 ¢ 9.84d aals
4203 b 3.620b 1331¢ 2.885b 1043 ¢ esyA R
4422 a 3.468 b 14310 3.250a 11.09b oz YO
4.497 a 3.487b 1547 a 3.367a 12.03a esyA R
4.325 ab 4.190 a 13.53¢ 2.672¢ 10.92b oz YD

3 5 JPbe it ol G gles cdillone (g ingid
A saslive (P<0.01) (gls cire S s O (glgima
ST 03,5 Sy 3 Kb Syl ilisie g Ll (ol 0
U ol b izils ks U gyl sine Sslis Jg aizd )5 18
o5 V0 gohw an Bl (oo o lyome e 2y
VO Sialidl aals cond a4 S 090 Jeilin o> oo
oselstin sl Jolons | ey Jsin (F paz) Cbls (50
s 55 2 0350 S demeST (69 Olie Rl g 0l
Sy-dige LSy 0 Do S ads 5 bl ol Gl
Nonomura et al. sla )55 b (Row et al., 1994)
S e 3 45 SaLS s e L5k Jylna (1992)
s 2l lgizme 5 T deily Gl s diin (S
2l e 2 lymme Gl 8l ccle (i cnl o9 oo
A5 98 ln i Al 38 sl b oas e olalS
VLW A Y K SRR W
Sy e il Jabe 1ol ol gl
(¥ Jguz) 095 (P<0.01) Jlo e 5T slo o slis
$—2)d YO gl a by po i ()lb oliee on i
DS Jgilbie (com> w00 Ve g Ve ohaw b 45 09 Joilia
YO s 4 bgys 55 o liee e 5 Sl (g0 sixe
o ol |y ol pl (B Jguz) 09 Jilie (somm 2oy
Aol ol Cad YU slacdale o Jeilie  cows i)l

Yo

U Jplte i liie ok a8 ol s gl
Jsoz) cslob ava L8g 15 o 2 (P<0.01) (g o sne
o0 YO mhaws dy b e Comd ] e g yiiion (0
a5 35 aold s 4 bgrpe ol 2 52eS 5 95 Syl ez
Ol 38 (Y Jouz) cllad (gl goe OS] Folaw plu b
T gsh 38 Jbs)lS ol RIS s |y Som ol
Conils Lo e (398 990 3ub) Jgilin goz> 0o )0 YO 4
5, Skee 15 (P<0.01) (s ls mno s 23U Joibio
@l glaclale (Y Jouz) cisls (FV/FEM) egleS
Solal 09,5 G j0 g il oo b ()l sme S Jgilie
(F Jgoz) ogs o cme 2l b byl woglas Jg ad )5 1,8
Sl 295 pa3ls (FV/EM) pglss o Slee ctalS ol
Sl By ;0 a5 SbLS )5 5,5 Cuiles b))
8ol @i Gl Lolyer LS 5 (S plai anoe
o, Slae )38 (Nordenkampf et al., 1991) 65,5
e sla s aSl el (LI (FV/EM) pglsS
(Paknejad et al, 2007)s,ls U5 juwgs SlLS
sl s ;s Nonomura et al. (1992) sla s,l;5
o gl s iy S s ol o Jilie (3 Jslons
Jplie Yaiol S olgiicn g Spdisn anme (sl it
L cwl aiilgs g 0ais ol 10 (5,9 cblax uli8l o
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1 Jdoas Ylaim! as 0,8 o SelS Jskw (5,0 CO,
Jgaz) sl 03gy ] By (Vb glac il o Joibio coms
SU Jglie ws S ks 5 Hemming et al. (1995) .(f
sl @l L gls gl 0 COz Dol 2 (o
(Obendrof et al.,1990; Hosseinzadeh et al., laize
Syl cdlle 2011)

Srae @hlS Sl (2l Jsloe ST ols Glis gl
Gyas olLS e o yiien 09 (P<0.05) o sixe O]
s Ol (S 5 Joilie (om 00,3 Ve gl @ Lo
LS ilil e (F Jaz) sl _plazs! aals mlau
€02 Gy i I3 b lgisn ) T e
et al. (2002) cuils e Jyilie ol Jy Lna 5 b
rchw ;0 1,CO;s (gl Glime o i Makhdum
38,5 i )l8 Jeilie oo Yo 5 YO

ooy Sl oS 3las oy lid Slaslie il )l
J3o) 555 (P<0.01) s simo 51 sloshos sLid (o sy
5 Seis gl e slae g ll oo rals (Y
Cwl oo b,l3—5 Medicago truncatula 4 s}
(Bayoumi et al., 2008)
oo il as ol ol Slaalive Luily s 4 s
CO; cclile 5 CO, ¢ygudonn! e Jgilbie calizes
Ol 2y (V o) 09— o o—me (Jol ()0
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5 COp (ygdlpanms] Gl (2508 (3L st 50
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Table4. Comparison of physiologic characteristics of chickpea under different levels of methanol

solistw! (o)l 09,°C0O2 Ogrdponul  sLid g luly s ST (glgio S S dos b ylous
Y Sl CO, (us) Relative water pgilgSs Treatments
Water use Intrzécgllular assir?lg;tion mergte)l:ane co(l,l,/t:;nt o gid
efficiency (umol mz.zs-l) (pmol m?s™) stability Fv/Fm
(Kg mm" ha")

Jys
10.02d 560.3 c 9.07 e 0.483 b 0.631b 0.796 b el
16.82 ¢ 592.6b 12.55d 0.571 a 0.753 a 0.937 a PEYAR
2090 ¢ 592.1b 17.04 b 0.573 a 0.780 a 0951 a VAN
29.13 a 620.7 a 24.67 a 0.523 ab 0.768 a 0.978 a YA
24.17b 573 ¢ 1459 ¢ 0.405 ¢ 0.768 a 0.942 a VAN

Vazol 28l (al33l Jeo)IS lsiomo (o5 Ll o (¥
dear) S sladslw (ot S 4 Gl cnl e
Paknejad et ) J3q,15 51,5 Sil38l o (S mhaw Lals
S STy sleassS ades iolidl ues g (al, 2007
(Fangmeir et al., 2007) sib oo b o (ROS) 5.5
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S ielg e radlao p (SS9 Jeile Jolie 5]
OiSar o a5 ol s Laesls il jlg 4500 gl
PRSI U SO NS I EEAER PR o
sb @ s lS olime s Ll el o T glyime
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Fig. 3. The effect of methanol and drought stress
Intraction on total chlrophyll content
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Fig. 4. The effect of methanol and drought stress
Intraction on chlrophyll a/b
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The columns that have letters in common are not significantly
different at P < 0.05 according to Duncan test.
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Fig. 1. The effect of methanol and drought stress
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Fig. 2. The effect of methanol and drought stress
Intraction on chlrophyll b content
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The columns that have letters in common are not significantly
different at P < 0.05 according to Duncan test.

4020 Aoy g gamlianSTy o ol sla 1SS!,
=2,k ;I (Fangmeir et al., 2007) wsi oo o355, oyl
cd Gals Slis s hlis o 45 Cewloads <ol
b B985 3w (liae o5 08000 &5 2l Yool g o 5
Sy oo laia (Keles & Onsel, 2004) aas oo yials
u_i..u_,.ua).’ 09)_? le_».ctx_: as u_afl o> d’)‘b )‘ J}.’L».A
5 Wlg oo (Keles & Onsel, 2004) el 7 as 36 gouns
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Fig. 6. The effect of methanol and drought stress
Intraction on water efficiency
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The columns that have letters in common are not significantly
different at P < 0.05 according to Duncan test.
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Abstract
In order to evaluate the effects of foliar application of methanol on some physiological characteristics of

chickpea under drought stress, an experiment was conducted as a factorial based on completely randomized
design with three replications in 2011 at the Recearch center of plant for Sciences in Ferdowsi University of
Mashhad. The first factor was different levels of methanol including, 0 (control), 20, 25, 30, 35 volumetric
percentage (v/v), which were used as foliar applications at three times during growth season of chickpea,
with 10 days intervals. Second factor was drought stress condition in two levels 25 and 100 percent of field
capacity. Results showed that there was significant difference (P<0.01) between methanol levels
concentrations regarding to chlorophyll a, b, carotenoid, total chlorophyll content, assimilation CO,, relative
water content, chlorophyll feluorecence (Fv\Fm) and membrane stability coefficient. Spraying with 30%
volume level significantly increased chlorophyll a and b content, assimilation CO, and relative water content
compared to control. There was no significant difference on chlorophyll feluorecence (Fv\Fm) between
methanol levels, but there was significant increase compared to control. Effects of drought and methanol
were not significant differences on carotenoid and relative water content but on the chlorophyll a, b, total
chlorophyll content, chlorophyll a/b ratio, CO, assimilation, chlorophyll feluorecence (Fv\Fm), interacellular
CO, and membrane stability coefficient were significant (P <0.05).

Key word: Methanol spraying, Physiologic characteristics, Drought stress, Chickpea (Cicer arietinum L.)
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Table 1. Variance analysis of some physiological traits in lentil cultivars under salt stress and foliar application by
salicylic acid

5

4> 50 _
O s’ gl ooty T sl g S el oo Jolo slansd
S.0V ) Relative water Electrolyte Proline Soluble RV RV PPXRYLrS
e Degree of content leakage carbohydrates MDA
freedom
RS Replication 2 167.003° 223 ™ 258 ™ 9.1191 " 0.49 ™
" .
e Foliar 2 399.88" 25.02" 1134.87" 140,24 485"
o application (A)
M) &80 Salt (B) 2 2078.83" 295.89" 5069.65" 3273.33" 44.54”
(%) o3, Cultivar (C) 2 158.44™ 43.52" 33.93" 36.48" 3.69"
Y x) AxB 4 34.699 ™ 1.83™ 47923 ™ 178.49" 0.58 ™
¥x) AxC 4 34.699 ™ 281 ™ 136.47" 43.49" 3.67"
Y x Y Bx C 4 88.83" 17.43" 37.66™ 90.79™ 1.04 ns
¥xYx Ax B xC 8 18.049 ™ 1.46 ns 56.87" 39.28™ 231 ns
Sbesl sllas Error 52 33.33 2.23 4.19 5.35 0.75
Ol S o cv A 8.66 7.89 11.03 7.68 24.09

TN 510 Jleiml glans j0 o sime ¢ lo e IS 8429 pae i jay *¥F g Fons
ns: Non signification * and ** significant at a =.05 & o =.01 respectively
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Table 1. Variance analysis of some physiological traits sliced by lentil cultivars and salicylic acid foliar application under
each level of salt stress
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S.0.V f:eger;slgf Proline cars{‘)’:}‘;‘;‘:ﬁ tes MDA Chlorophyll a
(0) 5,90 Salt (0) 8 14.73" 26.43" 1.07™ 0.136™
((EDRTIT™ Salt (60) 8 200.86" 33.74" 3.066™ 0.073"
(QARDRUSTS Salt (120) 8 460.16” 179" 3.012" 0.007™
K3k *‘ ns

1Y 970 Jloiml mhaw 5o o sme o s SWS 0925 poe ol iy 3
ns: Non signification * and ** significant at a =.05 & a =.01 respectively
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Table 3. Mean comparison of RWC, Electrolyte leakage and potassium content of lentil leaf under salicylic acid foliar

application
b glzme (i sl Cadg SN e e Ol
i Relative water content Electrolyte leakage Potassium content

Foliar application

(g.kg"' plant dry

o,
(*) weight)
e O Distilled water 63.63" 19.79* 3.67°
Nyoghee IV dpl Sildls salicylic acid 0.2 mM 65.33° 19.08* 3.97a
Vaosheo /0 ol SSlew b salicylic acid 0.5 mM 70.98* 17.88° 4217
LSD 3.15 0.25

2l oo LSD g, a4 00,0 0 Jloiol mdas o Jlo sine glas 0Bl caivn S i By S Blas s a5 ol Siles 5w 2 00
Means within each column with at least a same letter are not signification different at a=0.05 in method LSD
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Fig. 2. Mean comparison of lentil leaf Electrolyte leakage
under salinity stress (LSD=1.41 0¢=0.05 and bar is £SE).
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Fig. 1. Mean comparison of lentil leaf RWC under
salinity stress (LSD=5.46 0¢=0.05 and bar is £SE).

ol gy Gliee o jlend saem jo (55900 Gl Bl L
4o by g n e (i 6558 e Ly 028l
9 Ygashes IV Selencdlo anl b (2l Jslone 9 Lo o3
GIPIL aizmed 09 0,5 1 Jgeg,See MBY ol5ee 4
e op i Yoo Ao Ve g7 lacdale 4 (55
Oz o8 33 (0 )5 » Jse9,500 OY/ITY 5 YVIYY) sy
oo (p S 5 ab oalin yhaie O L (o8 Jsle o
“Jsdoe 5 LeasS 08, 4 bgiye 5558 3l hams 99 cnl 5o ()]
4 S 45 09 Vg0 e /0 Sbdlos al by 3L
= Js09,5ee Y 5 Ve (e 40 Silcdlis ol (500 w0l
SLj L g cdale alidl (7 JS2) ol plas rals o8
Sl 0y (2135 5 efions o Lawgi (5590 (i
e a4 Ylais! g Limlysl (Keshta e al., 1999)
P S I S S YN S| LW Pt
odleay 5 3550, e 51,5 o 5 3Lyl gial e
w2351 5 5lemaSloads w3l b Sl (S el e o
Siolasl opl jo a8 Madan et al., 1995) aib oo ;YU
8,55 8 gy 950
sload Shle (e (n eS (65908 A5 (e sles 5o

sl 3be5 shaie ST o3 Jslns 5 olile S o3, 4 Jslovo



WAY 09 dos (V6 Lo Bl [5fpt U gud G § 39 455 /... S0 5592 b So STy o2 0y 9 (ol S

Gload Glguze o JialS qpaway IS LSS slacdale

60
50
40
30
20

(P53 Jg0955a0) oy

Proline (umol.gr")

10

a5 osalive Jglxe

5 il )18 g )eh s Cow s a5 ol les b anslie

= | B < g = g
= S = = 3 5
g | & g = =) =
] o = o ] o
E | = E | =2 E | =
v/ @) v/ @) v/ @)
Non salt Salt 60 Mm Salt 120 Mm
| OsA0 m SAl O SA2 |

100 s by Sl sl b (o3 Jplno 5 (659 il it o )1 St gt 0lme (il umgliio V7 S
LSD=Y/¥8 .cawl SEE ovcas L bl g oo y0 O
Fig. 3. Mean comparison of lentil leaf proline under salinity stress and foliar application (LSD=3.35 ¢=0.05 and bar is
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Table 4. Variance analysis of photosynthetic pigments and minerals traits in lentil cultivars under salt stress and foliar
application by salicylic acid

et il Sl ie g s b Jubs ls ath i)l adsnls e el
S.0.V f:ég:(;slzf Chlorophyll a Chlorophyll b Chlorophyll a+b Carotenoid Sodium Potassium

S5 Replication 2 0.0053™ 0.013™ 0.069™ 1.04™ 0.16™ 0.34™

0) ool Jslme  TOlIAT a(%hcaﬁ"“ 2 0.093" 036" 037" 6.47ns 6.10" 1.96"
(ADRESTS Salt (B) 2 1.647 253" 6.77" 413.67** 432,57 3.93"

() o3, Cultivar (C) 2 0.33" 0.029ns 0.13" 29.77%* 14.73" 0.17™

Y x) AxB 4 0.0081™ 0.0399" 0.22" 11.59%* 3.49™ 0.101™

Yox ) AxC 4 0.065" 0.0089™ 0.021™ 425" 0.44™ 0.094"™

Y xY Bx C 4 0.068" 0.46™ 0.56" 3.16™ 472" 0.16ns

Yx ¥ ox) Ax B xC 8 0.039” 0.025™ 0.034™ 3.09™ 0.6ns 0.072"™
Sialey] s Error 52 0.0039 0.016 0.031 2.31 0.405 0.22
Ol kS o cv 7. 18.82 12.72 13.11 16.37 10.92 11.84

TN 570 e g 50 o ixe lo sme S 3925 pas oS g F* g *ons
ns: Non signification * and ** significant at a =.05 & a.=.01 respectively
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Fig. 5. Mean comparison of lentil leaf MDA under salinity stress and foliar application
(LSD=1.42 0=0.05 and bar is £SE). (SA0, SA1 and SA2 foliar application by distilled water, salicylic acid (0.2, 0.5 mM)

respectively.
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Fig. 6. Mean comparison of lentil leaf chlorophyll a under salinity stress and foliar application (LSD=0.10 ¢=0.05 and
bar is £SE). (SA0, SA1 and SA2 foliar application by distilled water, salicylic acid (0.2, 0.5 mM) respectively.
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Fig. 9. Mean comparison of lentil leaf chlorophyll a+b under
salinity stress (LSD=0.16 ¢=0.05 and bar is £SE).
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Fig. 10. Mean comparison of lentil leaf chlorophyll b under
salinity stress and foliar application (LSD=0.16 ¢=0.05 and
bar is £SE). (SA0, SA1 and SA2 foliar application by distilled

water, salicylic acid (0.2, 0.5 mM) respectively.
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Fig. 7. Mean comparison of lentil leaf chlorophyll b under
salinity stress (LSD=0.11 ¢=0.05 and bar is £SE).
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Fig. 11. Mean comparison of leaf carotenoids in lentil
varieties (LSD=0.83 0=0.05 and bar is £SE).
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Abstract

Among the environmental stresses, salinity is a major limiting factor in world
legumes production is considered. In this study, sodium chloride and Salicylic acid
interaction on growth parameters were investigated in greenhouse with factorial
arrangement in randomized complete block design with three replications. The plant
consisted of three cultivars of lentil (Kimiya, Kermanshah and Gachsaran), exposed to
different concentrations of sodium chloride (0, 60 and 120 mM NaCl) and solution
sprayed by salicylic acid (0, 0.2 and 0.5 mM) were used. In plants only exposed to sodium
chloride, with the increase of sodium chloride concentration, chlorophylls, carotenoids
and relative water content decreased compared to control while, amount of soluble sugar,
electrolyte leakage, MDA, proline and amount of sodium and chloride accumulation
increased. In plants exposed to sodium chloride and Salicylic acid, compared with those
were only exposed to salinity, in the same concentration of sodium chloride
photosynthetic pigments and relative water content were higher, and amount of soluble
sugar, electrolyte leakage, MDA, proline and amount of Na accumulation decreased
compared to plants only exposed to sodium chloride. The result showed that spray of
Salicylic acid (as an antioxidant) caused resistance against salt stress and decreased side
effects of sodium chloride in Lens culinaris Medik. Kimia variety in foliar application
with 0.2 mM salicylic acid and high NaCl levels had the highest relative water content,
proline, soluble sugars, chlorophyll and carotenoid.

Keywords: Pulses, Osmotic stress, Ortohydroxybanzoic acid, Soluble sugar,
Photosynthesis pigments
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Table 1. Results of analysis variance characterization of Chickpea in low irrigated conditions

Oles po (52 Kilo sl Bl il £ 1Kl Ol g alold wlas
Mean square mean + SD Variations trait
**87.12 25.38 £4.97 18.37 -37.47 (SW) (p,5) «ls wo 59
4.61 23.21 £3.39 17.14 —29.57 (PH) (o lw) olS glas )l
57.10 17.73 £6.46 6.14 —27.86 (TPP) wgy ;o SN £g0o
431 4.07 £1.87 1.85—-28.00 (NEP) 55y slacdde slass
2.82 427 42.10 0.42-6.42 Sz sladdle ol
(MSP)
2.62 10.94 £2.28 6.10-16.30 (o) DU oyl el
(FPH)
**2.05 3.95 +0.83 228 —5.85 (PB) aJsl slo azlis slows
4.77 7.83 £2.46 2.85-13.57 (SB) w3ili slo as-Lis slows
73.28 18.19 £7.17 4.29 —29.29 (SN) @y ;5 asls slaws
**0.05 1.01+£0.10 0.69 —1.17 (SNP) &dle o wls sloss
**1.35 1.78 £ 0.62 1.00 —3.00 (TPG) olS suis, oo
57.33 75.00 + 6.22 65.00 — 88.00 (DF) 2al5 5 4, oloss
54.33 82.25+6.14 75.00 —96.00 (DP) (25 M 34, olass
56.86 100.78 £+ 6.25 90.00 — 114.00 (DM) (S, b 39, olass

el 20,0 ) 90 Jlaial mhans )5 (510 (Sme o ey *H ¥
* and **, respectively, significant at the 5 and 1 percent.

BY= Biological yield, DF= Days to flowering, DM= Days to maturity, DP= Days to pod formation, FPH= Height of the first pod,
HI= Harvest index, MSP= Multiple seed pods, NEP= Number of empty pod, PB= Number of primary branches, PH= Plant height,
SB= The number of secondary branches, SN= Seeds Number per plant, SNP= Seeds Number per pod, SW= Seed weight, SY= Seed
Yield, TPG= Type of plant growth, TPP= Total pods per plant.

Sguse (5Ll Ll o 50 9956 LUl 58 oaish) (Rileo dum o s =Y Jgu

Table 2. Results mean comparison in Chickpea genotypes grown under low irrigation

(w2 y0) Cudlo p a3 Ls (&0 s 32 £55) Seiglgm o S hos (@ o ppS)alo s Sloe uigijoslod
HI (percent) Biological yield (grams per square meter)  Yield (grams per square meter) No genotype
41.09 ab 57.00 b 2347 b MCC 80
46.01 a 58.93b 25.16 ab MCC 252
34.88 abc 69.41 ab 2321 b MCC 352
27.33 cd 82.49 ab 21.69 b MCC 358
31.15 be 65.70 ab 19.81 be MCC 392
20.00 d 70.65 ab 1344 ¢ MCC 537
36.32 abc 90.84 a 30.85 a MCC 696

(P<O.5) el (S5ls y305T illae dacuiss oo o sime ST (gosimslis alie pd g >

Dissimilar letters indicate significant difference between genotypes, is according to Duncan's test (P < 0.5).
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Table 3 . Table of correlation coefficients between yield traits in chickpea in irrigated conditionS.

- SW PH TPP NEP MSP FPH PB SB SN SNP TPG DF DP DM SY BY HI
SwW 1.00 0.12 034 030 0.06 -0.06 -0.30 -0.08 -0.30 0.00 0.01 0.00 -0.09 -0.12 0.12 0.22 -0.01
PH 1.00 -0.01 006 017 036* 0.08 -0.14 -0.19 0.26 -0.01 0.24 0.06 0.25 -0.26 0.12 -0.41%*
TPP 1.00  0.76%* 0.79** -0.21 --0.04  -0.09 -0.25 -0.04 0.37* -0.04 -0.02 0.00 -0.15 -0.10 -0.04
NEP 1.00 0.66*%* -0.01 0.00 -0.12 -0.13 0.19 0.42% -0.07 -0.08 -0.11 -0.07 -0.03 -0.01
MSP 1.00  -0.04 0.11 -0.10 -0.20 0.09 0.38* 0.09 0.10 0.20 -0.24 -0.02 -0.28
FPH 1.00 -0.14 -0.01 0.08 0.20 -0.27 0.24 0.14 0.22 -0.2 -0.17 0.06
PB 1.00 0.40* 0.26 -0.02 0.35* 0.11 -0.01 0.14 -0.41% -0.10 -0.45%*
SB 1.00 0.53%* 0.04 -0.11 -0.06 -0.09 0.06 -00.01 0.08 -0.09
SN 1.00 0.50* 0.01 0.06 0.12 0.12 0.37* 0.19 0.22
SNP 1.00 0.14 0.40* 0.38* 0.25 15.0 0.37* -0.23
TPG 1.00 -0.11 -0.21 -0.23 0.44%* -0.20 -0.38*
DF 1.00 0.90** 0.88** 0.18 0.45%* -0.28
DP 1.00 0.90** 0.35* 0.43* -0.04
DM 1.00 0.27* 0.44* -0.14
SY 1.00 0.64%* 0.63%*
BY 1.00 -0.15
HI 1.00

Vo

WAY 09 o V5 Lo Bl /5l !

el 30 )0 0 5 ) s 43 (5l e s g 5
Marked * and ** significant at 1 and 5 percent.
BY= Biological yield, DF= Days to flowering, DM= Days to maturity, DP= Days to pod formation, FPH= Height of the first pod,
HI= Harvest index, MSP= Multiple seed pods, NEP= Number of empty pod, PB= Number of primary branches, PH= Plant height,
SB= The number of secondary branches, SN= Seeds Number per plant, SNP= Seeds Number per pod, SW= Seed weight, SY=
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1=-0.2824
r 12=0.2602

(SN)  P2=+0.3046*

r14=-0.4477
r 13=0.1121

SY

P3=+0.3291~

124=2180
P4=+ 0.4520%*

g 5l0 S blgy bl g Cawl oo y0 ) 9 O adaw jo (gylo oo ALiS ol iy i ol Ol gl cale @y 35 0l 510 -V ST
g1 e/Fe oyl 4 odileudl

Fig. 1. Diagram of path analysis for main characters, Marked * and ** respectively indicate significance at 5 and 1%,
Other relationships were not significant. The remnant was 0.60

DP=Days to pod formation, HI= Harvest index, PB= Number of primary branches, SN= Seeds Number per plant, SY= Seed
Yield,

wmly o (lgie 4 (ol Glio (38,5 5 j0 b gaw )5 ) pgd alo po )0 o Ol 1 4 joui —F Jgur
Table 4. Analysis in the second stage of selected effects regression with regard the main characters as the dependent

variable

Traitcde PB SN DP HI SNP SB DM BY
PB -0.0612 na na na na na na na
SN +0.0415 +0.1559 0+0.0415 na +0.0798 +0.0322 na na
DP -0.0005 na +0.0693 na na +0.0241 na na
HI -0.2835 +0.1380 +0.0274 +0.6333 -0.1380 +0.3999 na -0.0956
SNP -0.0001 na +0.0206 na +0.0543 +0.0082 na na
SB -0.0244 na na na na +0.0599 na na
DM +0.0001 na -0.0017 na na na -0.0019 na
BY -0.0677 -0.0067 +0.2326 na +0.2499 +0.4334 +0.2967 +0.6750%**

e Sl olael ple g puiitae ST Lol (B gq; slasl .o 08,51 Y Jguz 10 Slao colul aitas o e SIS plu g Casl doys ) o j0 (55l5 gime i Cuadle
(R -IVY) wlowds asie (na =non admissible) b w)las oadly 5 (5 pdy b aal) 45 puiies I3 aimd oo lis | puiions
marked ** are Significant at 1% level and other effects are not significant, meaning. Characters names were given in Table 1. Numbers on the main
diagonal of direct effects and indirect effects of other numbers they represent. Indirect effects are real and not an acceptable relationship have been
identified with (na = non admissible). (R?= 0.23).
BY= Biological yield, DM= Days to maturity, DP= Days to pod formation, FPH= Height of the first pod, HI= Harvest index, PB=
Number of primary branches, SN= Seeds Number per plant, SNP= Seeds Number per pod,

INEPIEY SauSasg e b dol dilie & Byee 4 2o o il e jle 5l Lol sladdlie &y 4
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Table 5. Eigenvalues, percentage of variance and coefficients of eigenvalues of traits in principal component analysis

i e Pl S paw yeSl P9d HeS L Jal )56
S 5elgm oy Juole PES IRy golasBl 5 Slos Ay e 5 ,Sdos Jole e
fifth factor fourth factor third factor The second factor  first factor trait
biological growth  number of branches economic Yield for growth Yield
1.355 1.615 2.530 3.662 3.872 Rate factor 556 500
7.972 9.500 14.884 21311 22.778 ity
Percent Explanation
76.447 68.476 58.974 44.089 22.778 R FoS ez 2o
Percent Increase Explanation
0.463 -0.068 0.291 -0.084 0.109 SW
0.538 -0.303 -0.173 0.114 0.156 PH
-0.114 0.015 0.217 -0.208 0.412 TPP
0.052 -0.031 0.252 -0.209 0.304 NEP
-0.093 -0.012 0.054 -0.098 0.452 MSP
0.046 -0.503 -0.075 0.164 -0.037 FPH
-0.035 0.352 -0.415 0.018 0.111 PB
-0.001 0.484 -0.180 0.003 -0.035 SB
-0.121 0.027 0.147 -0.160 0.449 SN
-0.102 0.119 -0.265 0.036 0.315 SNP
-0.298 -0.308 -0.083 0.276 0.097 TPG
0.030 0.000 0028 0.456 0.175 DF
-0.187 0.021 0.122 0.460 0.146 DP
-0.097 0.063 0.028 0.458 0.193 DM
-0.016 0.205 0.483 0.195 0.169 SY
0.403 0.358 0.259 0.280 0.020 BY
-0.382 -0.068 0.378 -0.064 -0.225 HI

5,10,95 0 4dlhe 48 (6 it Caadl 5l coad 0auiS Las sl 5 4 (soluel
Underlying the numbers, there are more important factors.

BY= Biological yield, DF= Days to flowering, DM= Days to maturity, DP= Days to pod formation, FPH= Height of the first pod,
HI= Harvest index, MSP= Multiple seed pods, NEP= Number of empty pod, PB= Number of primary branches, PH= Plant height,
SB= The number of secondary branches, SN= Seeds Number per plant, SNP= Seeds Number per pod, SW= Seed weight, SY= Seed
Yield, TPG= Type of plant growth, TPP= Total pods per plant.
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Abstract

In order to evaluate of yield and yield components of chickpea genotypes, path
analysis set to facilitate the selection of high yielding varieties in limited irrigation.
Research was canducted in 2010-2011 growing season at the Agricultural Research
Station, Ferdowsi University of Mashhad, by using seven drought tolerante genotypes
(recommended from a previous research) in a randomized complete block experimental
design with four replications. Plots irrigated twice, first after planting and the second was
in late flowering stage. Analysis of variance indicated a significant difference in seed
weight, number of primary branches, type of plant growth, number of seeds per plant,
harvest index and seed yield (P<0/05). Analysis showed maximum correlation between
biological yield and seed yield (r = +0.64**), followed by harvest index with seed yield (r
= + 63/0**) and Type of plant growth. (r =+ 44/0**). Stepwise regression introduced
number of primary and secondary branches, number of pod per plant, number of seeds per
pod, biological yield, harvest index, Days to pod formation and maturationPath analysis
introduced harvest index, biological yield and number of seeds per plant, as important
characters, that should be selected indirectly. Principal components analysis, identified
five components that explained more than 76 % of the seed yeild variation.

Keywords: Step by step regression, Path analysis, Principel component analysis
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1973
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Filenchus cylindricaudus (Wu, 1969) Siddiqi, 445 -#
1986
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Ditylenchus tenuidens Gritzenko, 1971 4igS -0

590 slegrez b ol amglio g ol pl 5l oo (6591 @02 Ditylenchus adasi &¢5 Sy yiogh o Sluogas - Jgux

(Gl 09,50 4 Lo 3ludl)

Table 1. Morphometric characters of the Iranian population of Ditylenchus adasi in comparing to other population (All

measurements in micro-meter)

Poland, Stezyca

Clg:;gcitners North Khorasan Province Brzeski, 1991 Poland, Gdynia-Cisowa Brzeski, 1991
Female Female Female
N 2 16 2
L 0.68,0.73 0.83 (0.78- 0.86) 0.85,0.87
Tail 80, 88 89 (84-96) 88,92
a 34,36.5 36 (33-39) 40, 44
b 52,55 5.4 (5.0-5.9) 53,5.6
MB 423,424 4 4(39-46) 41,45
c 8.2,8.5 9.5 (8.8-10.2) 9.5,9.8
c' 5.7,6.2 6.1 (5.1-6.7) 6.4,7.1
VA/T 1.5 1.6 (1.4-1.8) 1.4
V' 75.8,76 81 (79-83) 83, 84
A% 66.8, 66.9 72 (71-74) 74,75
Stylet 12 12.2 (12-13) 12,13
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Fig. 1. Ditylenchus adasi: A) Anterior region of female, B) Vulva, post vulval sac and ovary, C) Tail, D) Lateral fields
and E) Entire body.

Geocenamus tenuidens Thorne & Malek, 4S5 -A

1968
(Thorne & Malek, 1968) l.g ,b sl 4665 o0

(Fadavi Ly s coedsl 6365 ol ol 53 00,8 Lo I35
Hliwl 5,8 455 ¢ 15 o | Khalajlo ef al, 2013)
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Filenchus Andrassy, 1954) Andrassy, 1963 a_g5 -V
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Helicotylenchus vulgaris Yuen, 1964 495 -9
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aslllae ol 00,8 515 )b olwl el el I, T
aald 4 Sy Sl 5 2550 iy, SIS 5l o @S

‘leo_.w QLmlJo’- Ql;;_.M:\ 39 095 QL.M).Q,.: 40 é§|5 v

Pratylenchus thornei Sher & Allen, 1953 4ig5' -\ B8 18 olulls 550 5 (s3lelos
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10.

11.

12.

Pratylenchus neglectus (Rensch, 1924) a5 ).
Filipjev & Schuurmans stekhoven, 1941

2 gl slaai, Sl S 51 L el aisS ol

Jocixe 3blis j0 ol ol 08 olwls Gl jgas
e ) il slaglisen 31 o35 5 azsls Lol e
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wlgain s, 5l (Kheiri, 1972) lawgs Ly sl sl
Otz plo Lasgh s 03,5 315 Lig 9 (S plol:

sy o byl liga (K 84T
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Abstract

In order to identify the plant parasitic nematodes of pulse fields in Northern Khorasan
province, 41 soil and root samples were collected from rhizosphere of Pisum sp.,
Phaseoulus sp., Lens sp. during 2011 and 2012. The nematodes were extracted by
combined sieving and centrifugal-flotation method of Jenkins (1969) and transferred to
glycerin by using method of De Grisse (1969). The permanent slides were prepared and
the nematodes were studied by light microscopy. In this study, 11 species from seven
genera belonging to Tylenchina and Aphelenchina were identified as follows:
Aphelenchus avenae, Aphelenchoides limberi, A. spicomucronatus, Ditylenchus adasi, D.
tenuidens, Filenchus cylindricaudus, F. thornei, Geocenamus tenuidens, Helicotylenchus
vulgaris, Pratylenchus neglectus, P. thornei. Among these species, Ditylenchus adasi is
new record for nematode fauna of Iran.
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Jsoxe gy e Bo) L 5 (O) oiisi pdypaz 51
25 9555 20 O a9 o (s 5 Wilse Cuson,
Oz Sy b 5l Sl s g 5 et Jele 55 ) 0l
(ol gy 5o Ngd o ooliiul (gl sla sl lsiea
4525 5l ookl b bagmme ¢ il pdyme (Shol Sl

laco!

420 3l eolaiwl L e g 093 o0 (55 o3Il il g
3 50 il g dan s Jawe 5l oslendly Jladke Lol sloaalie
S s 2 5275
Jge 9 s3>l .(Pereira et al., 2009; Gauch & Zobel, 1996)
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Tablel. Characteristics of genotypes in the experiments

Genotype NO. Genotype code Seed type Plant type Origin/Source
i osle o Rl Shey Sy o
1 31115 Red 2 CIAT
2 31117 Red 2 CIAT
3 31118 Red 2 CIAT
4 21362 Chitti 3 Iran
5 21313 Chitti 1 CIAT
6 21405 Chitti 1 CIAT
7 21399 Chitti 3 CIAT
8 21400 Chitti 3 CIAT
9 21234 Chitti 1 CIAT
10 21269 Chitti 2 CIAT
11 21275 Chitti 1 CIAT
12 21461 Chitti 3 CIAT
13 31161 Red 2 CIAT
14 21174 Chitti 2 CIAT
15 21334 Chitti 2 CIAT
16 21426 Chitti 2 CIAT
17 21421 Chitti 2 CIAT
18 21320 Chitti 3 CIAT
19 21407 Chitti 2 CIAT
20 21410 Chitti 3 CIAT
21 21417 Chitti 2 CIAT
22 21425 Chitti 3 CIAT
23 21389 Chitti 3 CIAT
24 51103 Cream 1 CIAT
25 CIAT 1 (Check) Pinto 4 CIAT
26 CIAT 2 (Check) Pinto 4 CIAT

sl o Log slacaissy ,lul g_;!le.})‘ sl
(Finlay & s S5 (395 31 Sslom 4 035150 5 0341
Oyl g i aas ool @l Sl s s Wilkinson, 1963)
s u9, 9 (Chahal & Gosal, 2002) sio,s Jolais
95,5 oolexw! (Muir et al., 1992)

4525 4 B SAS 33 05 L oS je el 13
4 ;> g Hardwick & Wood (1972) (g, 4 (yga—s,S
28,5 alul VY ass Genstat l53l o 5 L AMMI

ol gltd o, Shoe ol p lacadsiy S pe 4320
M omigih 5 bome ol D31 Ll 55l inn Jlo
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Table 2. The combined analysis of variance of bean genotypes yield in presence and absence of common bacterial

blight (CBB)
DF SS MS
Source of variation <l ypuii 2ol ‘5“}1 g Oluge pgerme Ol yo uSileo F
Year (Y) Jl 1 3212.992 3212.99 3526™
Environment (E) L 1 2838625.248 2838625.24  311.572"
YXE Lo x Jlo 1 46521.693 46521.69 5.105"
EXYXR Lasoes x Jlox 1 S5 8 166349.579 20793.69 2.282"
Genotypes (G) cusss) 25 10418600.114  416744.01 45.737"
YXG i Jlo 25 3212069.515 128482.78 14.101"
EXG Cusgiixdams 25 373277.770 14931.11 1.638"
PXEXG ugiix Jluxdams 25 518473.777 20738.95 2.276™
Error s 199 1813211.374 9111.61

Slese e o 1) Jlizl o jo o sixe i ams
* and ns are significant at the 1% level of probability and no significant, respectively

%

(V) TVFYF (15) slacass ols 5lid famms,Sy cupd
Gyl uilyls el laie s ogdle YAYEA (Vo) 5 YVE-V
Bl eV dgam G5 e =2 Ll g 5,
po o Shee Jole dn 4zl ga S ) By 5 Saleyo
TPV O 555 g 5 51 Bl g 9 5
() loged) 095 0 Cgme gl (n Fiamlie
P> 9 IPCAD) Jol (J—olailse g0 (ool (29 5o
x gy mlite &5l ol ss ws,s A+ los APCA2)
adlio an bonye ol oo, 0 VA 45 aiiS o azg |y laoxs
Jsl ol el g 8, Shos a3,b 53 ,logi .ol Jsl Lol
TF Y O) sloacdg; oo o Lis (¥ log—ad)
el ay Ca 3 TITVO (V1) s YVEY - (Y4) FANY (V)
5 45815 (Jfagad 35 o) o e b 1 alold (58 Lo
0y Sdas d az g b Lol aiias jlo,5 5 (6 i g5lk )
s YL 5, Shae 5IYIYYA (V1) s YIF-V (12) Lo
YAF-V (1) Cigif 45 s 555 1 conlio (louly
@ lizo glal e 0 cwlo ) 550 5 g lasl lyls
Gl slabrow ;o Laceds) )l ol alse
o 5l s 51 (55l Lo ol g, o (siale]
S Yan & Rajcan (2002) 4 Gauch & Zobel (1996)
35 Mulusew et al. (2008) ¢ Zobel ef al. (1988) .cuwl oo
P e o9y (S ilin |y (el 099 9 Jgl (bl 4d5e
Mulusew et al., 05,5 (5,155 la e x iy Jolaie
0956 gy V7 e 5l ol 99 ool (b9, 42.(2010)
S (5,0 Sber s ko j3a> )0 (o) p S0
e sl Glaaaisl leear ]y 0938 (5355 5 60

53,5

EE

Flite S5l eSilee 51 Szl Sl o ggezme ¥ oo
9y oS o 4y (bl 1) SSGE) baroee x s
432 5 s e LI e sy 5 ool B9y cOmsS)
L (S788) 57 (Sl 1 Slyail Sls o oo oS 1o
(OS5 Jlw ggazme) b (Lol i a4 (o0
ol 3 955 o ama 3 Jl ol 51 5 sy
Ao, OF e 4 bas e 5 Ol s do 0 YVl
by 4525 50 S Sl sl ae 3 Ve g g 4 by
i oyl il e Laoe x sy blie Il 4y Logs e
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Ol S ©)gots Jliie SIS S po 525 by, 0 e
blie 51 )5 lacaisiy slolr Geizmad 5 ol Cole 5 395 00
| i gy (Khalifa ef al., 2013) cul ase il
3390 290 9 o) cOge S5 Sy e X Tl hlae
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9y 0 Ll 00,5 (oo g g 5 b9, B2sb 5l e
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Table 3. Component of variance of bean genotypes yield in presence and absence of CBB
Source DF Sum of squares SS%
&0 @olil 4z Oluywe ggome  Olupe gommo do)d
Variance analysis b ,lg 4 32
Environment (E) o 3 2888360 27
Genotype (G) g5 25 10418600 53
GXE LaymeX s 75 41038210 20
Regression model  Sgew )5, bs,
GXE lameX (oisis 75 41038210
GXE(Linear) (has)laymeX aisis 25 4183795 10.2
Residual suile.l 50 36854415 89.8
AMMI model .l s,
GXE LameX g 75 41038210
IPCAL Jyl Lol ailse 27 32009800 78
IPCA2 pgo Lol ailse 25 4990240 12
Residual suslesdl 23 4038170 10
Muir model 550 s,
GXE LameX g 75 41038210
HV (55,00 bl - 820764 20
IC disat pas il ls - 3283056 80

1200.0
0.4 10000 0
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40000 60000 oo 100000120000
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Fig. 1. Triplot of mean yield (Y), Regression coefficient (b) and Deviation from regression SH
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Fig. 2. Biplot of mean yield (Y) and the first interaction principal component axis
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Table 4. Muir Analysis of variance of genotypes and environment interaction

SS Wla yo £ gozo SS Wla yo & gozxo SS Wlas yo g gooxo
Genotype Genotype Ic
NO. : code HV b ,lg Grade  u.,,0 bl Grade 4.,  GE Jiliw Grade o,
cdioled  cuigjus 55951 4 % " 4 % e g cadgis i) %
e

1 31115 5864 7 2.02 39069 18 3.58 44934 17 3.25
2 31117 10413 17 3.59 17556 4 1.61 27969 3 2.02
3 31118 10468 18 3.60 31942 15 2.92 42411 16 3.07
4 21362 14600 23 5.03 48614 20 4.45 63215 21 4.57
5 21313 5584 2 1.62 31849 14 291 37433 13 2.71
6 21405 6100 9 2.10 29127 11 2.67 35227 11 2.55
7 21399 6851 11 2.36 55808 21 5.11 62659 20 4.53
8 21400 6341 10 2.18 57287 22 5.24 63628 22 4.60
9 21234 5609 4 1.93 28400 10 2.60 34010 10 2.46
10 21269 2781 1 2.51 22952 7 2.10 30234 7 2.19
11 21275 5633 5 1.94 30208 12 2.76 35841 12 2.59
12 21461 21007 25 7.23 81339 24 7.44 102347 24 7.40
13 31161 8310 13 2.86 77478 23 7.09 85788 23 6.20
14 21174 12873 22 4.43 15402 1 1.41 28276 4 2.04
15 21334 15631 24 5.38 16637 2 1.52 32269 8 2.33
16 21426 8370 14 2.88 19398 5 1.78 27768 2 2.01
17 21421 12040 21 4.15 30240 13 2.77 42281 15 3.06
18 21320 5688 6 1.96 35100 16 3.21 40789 14 2.95
19 21407 7521 12 2.59 21229 6 1.94 28751 5 2.08
20 21410 10091 16 3.48 16975 3 1.55 27067 1 1.96
21 21417 5876 8 2.02 28124 9 2.57 34001 9 2.46
22 21425 11278 19 3.88 41462 19 3.79 52740 19 3.81
23 21389 5584 3 1.92 24354 8 2.23 29939 6 2.16
24 51103 8608 15 2.96 38497 17 3.52 47105 18 341
25 CIATI 11542 20 3.97 118473 25 10.84 130015 25 9.40
26 CIAT2 61213 26 21.08 135137 26 12.37 196351 26 14.20

Total 290388 21.00 1092671 79.00 1383060 100.00
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Table 5. The correlation coefficients between disease scale, yield and stability indexes of bean genotypes

IPCA1 s D s'::?:e b GESS ICSS HVSS
ol adlge SR 5 Y S Jiliio 5l pas byl o<l
_ wlbde KpLares ~
! Jsl 09 ) o 09 ) o X i 953 Wrod 039
| ol HVSS
Oi9re
s il lg ICSS
1 .664** [l G et S
. . Jaze 5 GESS
1 977 807 ,
Lex Cug)
1 .065™ 017™ 181™ Ry SRUNNY
1 =221 663" 674" 469" o SleeY
1 250m 104™ 167™ 114 269™ Disease scale
’ ' ’ ’ ’ & lons bt
1 -.081™ 6307 -.005™ 971" 992" 666" OS5 5 Bl il 8%
| adlse IPCAL
1 506" 4027 -712" 287" =557 556" -416" shol adlse
< Jd
| ailso IPCA2
.000 .020™ -501" .025™ 425" 1527 .040™ 416" stel e
g

Sosme yuf g /0 Y Jloisl mlaw o s e s g 4™ g F o

kk

** *and ™ are: significant at the 1% and 5% levels of probability and not significant, respectively.
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Fig. 3. Biplot of mean yield (Y) and disease scale
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Abstract

Common bacterial blight (CBB) caused by Xanthomonas axonopodis pv. phaseoli is
a serious disease of bean fields in Iran and the world. Chemical control of CBB is
inefficient, therefore the use of resistant genotypes with stability production is the most
suitable alternative. Stability and adaptability of 26 bean genotypes yield in the presence
and absence of CBB were evaluated in Agricultural Research and Natural Resources
Center of Markazi Province, in 2007 and 2008 using regression analysis, the additive
main effects and multiplicative interactions (AMMI) and muir methods. The best
genotype in regression analysis, based on yield, regression coefficient and deviation from
regression was 21407. In AMMI analysis, the first two interaction principal component
axes (IPCA1 & IPCA12) explained 90% of the genotypexenvironment interaction. Biplot
of yield mean and IPCA1 showed that genotypes 21407 and 21275 were the most stable
with high yield. In muir method, 21% and 79% of the genotypexenvironment interaction
belonged to heterogeneous variance (HV) and imperfect correlation (IC), respectively. In
this method the genotype 21410 had the least total sum of squares of genotype X
environment interaction, so it was the most stable genotype. According to all results, the
best genotype was 21407 based on stability, yield and resistant to CBB.

Key words: AMMI, Bean, Muir, Regression, Stability
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Fig. 1. Chromatogram of Zataria multiflora essential oil analyzed by GC-MS apparatus in Department of Medical
Chemistry, School of Pharmacology, Mashhad University of Medical Sciences in 2009
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Fig. 2. Chromatogram of Lavandula angustifolia essential oil analyzed by GC-MS apparatus in Department of Medical
Chemistry, School of Pharmacology, Mashhad University of Medical Sciences in 2009
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Table 1. Regression analysis between repellency (%) and concentration (ul.L™") of Zataria multifiora and
Lavandula angustifolia essential oils on male and female adults of C. maculatus.
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Essential oils were dissolved in acetone, mixed with 20 cowpea seeds and transferred to 130 cm® polyethylene cylinders.
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Table2. Chemical constituents of Lavandula angustifolia and Zataria multiflora essential oils collected from Mashhad
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Abstract

In last two decades, considerable attempts have been made to introduce new botanical
based insecticides. In this study, repellent effects of the essential oils taken from
Lavandula angustifolia and Zataria multiflora on Callosobruchus maculatus adults were
evaluated. The essential oils were extracted using a Clevenger apparatus. Bioassays were
conducted under 30+1°C, 60+5% RH and dark condition. The results indicated that
L. angustifolia oil was more repellent than Z. multiflora oil. Also repellent effects of both
oils on males were greater than those on females. The repellent activity rate of was % on
adults essential oil at concentration of males and females The essential oils analysis by
GC-MS showed that the main compounds of L. angustifolia oil were linalool, 1,8-cineol,
rosefuran epoxide, menthone, isomenthol and dihydro carvone (trans) and those of
Z. multiflora oil were thymol, linalool and p-cymene. According to these results, it seems
that these two essential oils especially L. angustifolia oil are potentially good candidates
for protection of stored products against C. maculatus.

Key words: Essential oils, Stored product protection, Chromatogram, GC-MS
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P ,lode @Il azy0 Olay po g gozeo &
P - Value df Sum of Square Source

0<0.0001"" 9 1100.18 Joe

0<0.0001"" 1 814.15 (A) (2oyd) S5 at gl clale
0.0117° 1 42.52 (B) (30,8) syl il
0.0212" 1 33.45 (C) (50y8) Syl sl il
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0.0012" 1 89.18 (AB) g yulS il X 5 a5y alyyyl clale
0.0991™ 1 14.82 (AC) Syl anol clale Xl iy gyl cdale
0.0174 1 36.34 (BC) Satdyl sl e X g JS clile

0 =001 30=0.05zlaw o Jlo o g lo fxe & oS Sy s e s
ns: Non-significant, *and **: Significant at = 0.05 & a= 0.01, respectively.

A = Grass pea protein isolate concentration (%)

B = Glycerol concentration (%)

C = Acid oleic concentration (%)
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Fig. 1. Three-dimensional plot of the percentage of grasspea protein isolate and glycerol (A) and the percentage
of grasspea protein isolates and oleic acid (B) on water-solubility of edible films.
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Table2. Analysis of variance (ANOVA) response surface model to measure the acid - solubility of edible film
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Fig. 2. Three-dimensional plot of the percentage of grasspea protein isolate and glycerol (A) and the percentage of
grasspea protein isolates and oleic acid (B) on acid-solubility of edible films
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Table 3. Analysis of variance response surface model to measure the water vapor permeability of edible film
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Fig. 3. Three-dimensional plot of the percentage of grasspea protein isolate and glycerol (A) and the percentage of
grasspea protein isolates and oleic acid (B) on the water vapor permeability of edible films
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Fig. 3. Three-dimensional plot of the percentage of grasspea protein isolate and glycerol (A) and the percentage of
grasspea protein isolates and oleic acid (B) on the oxygen permeability of edible films
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Abstract

Legumes are rich sources of protein and consider a good alternative to make a protein
films._In this study, central composite design to investigate the simultaneously effect of
the grasspea protein isolates (2 - 10 percent), glycerol (0.5 - 7%) and oleic acid (0 - 2%)
on properties of edible films made from grasspea protein isolates, such as thickness,
density, percentage of solubility in water, acid and alkaline, and permeability to water
vapor and oxygen were used. The result shows that increasing protein and glycerol
concentrations were significantly increased water vapor permeability and increasing in
concentrations of oleic acid decreased it signifcantly. Solubility in water and acid by
increasing the protein content decreased and with increasing glycerol and oleic acid
increased (P<0.05). Optimization results of edible films made from green pea protein
isolates showed that for an optimal ﬁlm that have minimum thickness with 0.087 mm,
minimum equal dens1ty 697.486 (kg.m™), Least equal to the water vapor permeablhty
1.42x 107 (g m”.pa’s"), least permeability to oxygen (peroxide value), equivalent to
24.72, maximum solubility in water and acid, respectively, 53.52% and 46.64 percent,
Parameters the green pea protein isolate concentration 2.46 percent, glycerol
concentration 0.5 percent and oleic acid concentration had to 0.087 percent.

Key words: Edible film, Protein isolate, Grass pea, Physicochemical and barrier
properties, Response surface methodology
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