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Table 1. Meteorological data in 2013-2014 cropping year

Gyl a4z Plas (2Kle ©)lpaz 0 Jilue (2Sle )l Az (ile (o Cagb) (iKSke Sk
Jogolo (o1 5 i) (o1 5 i) (o1 5 i) (2w09) (yio skso)
Months & Year Mean of minimum Mean of maximum Mean of temperature Mean of relative Precipitation

temperature (‘c) temperature (c) (°C) humidity (%) (mm)

Y o January -12.9 -3.3 -8.1 74 48.9
Y et February -13.8 -15 -76 71 489
RARCEW March -1.3 13.2 -7.2 32 2.6
AV 098 April 7.4 22.3 14.8 42 95
RARCRTITRY May 10.3 25.54 17.9 39 19.5

AVl > June 15 31.6 23.3 26 0
A 5 July 20 353 27.6 28 0.1
A¥ols o August 18.6 355 27.0 24 0.1
RSP September 15.3 322 23.7 33 1.6
Ghalosl Jomo S Lol 3 (S b Sliatideo Y Jgur
Table 2. Physical and chemical soil properties of the experimental site
Cuolon X _

J. L Gos Sl il SOOI el Hhwd Pl S o) v-Lw o

Soil depth - N K P Se ocC Clay Silt Sand

(cm) ( d'g/cm) PH (%) (ppm) (ppm) (mg/kg) (%) (%) (%) (%)

0-30 1.1 7.6 0.07 250 10.6 0.18 0.68 26.4 36.2 374
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Wf —wWd
Ws —Wd

RWC = %100

YA

Syt pSl ol jloslitul b L8g 15 (5,95 wlale
GreSoilal yiegill FEY g SFO DY+ FA- slazge Jsb o
bly, 5l Laoses S o D Lds IS @ 89,18 lade g o
:(Arnon, 1949) wos awlxes 4
Y ala,
mg/g fw) =[ 12.7(D663) -2.69 (D645)] V/Wx1000
Chlorophyll a
Y ala,
(mg/g fw) =[22.9 (D645 ) -4.68 (D663)] V/Wx1000
Chlorophyll b
¥ ala,
mg/g fw)=[7.6 (D480)-1.49 (D510)] V/Wx1000
Carotenoids
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Table 3. Analysis of variance of chickpea measured traits

—
sy g ‘STW oy &lgixo &lgixo &lgixo
e oo ol Rel‘;’ v Sp i AddeylS  Dladgyls  laadgls
SHOAY DFf water Electrolyte Chl. a Chl. b Carotenoid
content leakage content content content
IS Replication 2 4.26** 1002.97** 0.004 " 0.0007 " 3.09m
) abo e Gro"("éhsitage 2 4.92%% 219.90™ 0.008™  0.002" 1.041
kel ol Error 4 0.25 55.06 0.005 0.001 3.83
s Sl Sa"c(yS'X)AC'd 2 1152.42%* 86.58"™ 0.12%* 0,004 20.62"
poeils Selenium (Se) 1 1961.07** 608.42** 0.47** 0.003" 0.015"™
Al Sl x al; al> o GSxSA 4 1.10™ 64.49 " 0.003"™ 0.0003 " 0.501"™
Popides x 0% dl> 10 GSxSe 2 10.19™ 19.84"™ 0.001"™ 0.0009 " 2.46"™
g x apl Sl SAXSe 2 14,58 81.12"™ 0.01m 0.42** 14.32™
g Xl Sl xos ) al> 50 GSxSAxSe 4 1.67™ 22.87™ 0.002"™ 0.003™ 3.57m™
=% ol Error b 30 6.91 32.11 0.005 0.002 4.37
(009) oS CV (%) - 5.86 7.15 9.50 12.47 24.73

oyl g ao,od Jlisl mhau jo s el ae pas s 4y * 5 "NS
ns, * and **: Non significant and significant at 5% and 1% levels of probability, respectively

8955 53 o6 oIl Wlio (il ylg 4 x5 —F Jgur
Table 4. Analysis of variance of chickpea measured traits

NPT <
. a0 S C«Z‘bﬁ Ua:u.: I f’a’ ° .
puve ¥ L _ ’ S9l3b st 4ils o Sloc
S0V &l Harvest index e Grain vield
. df of pod Productivity Biological rainyie
index yield
BUSY Replication 3 171.97 ™ 158.64 " 43901.4™ 10823.55™
o a> e Growth stage (GS) 2 334.05* 202.05* 291784.9™  231034.37™
kol ol Error 6 60.29 38.24 94710.2 69495.03
Sl Sels Salicylic Acid (SA) 2 39.18™ 310.93** 413150.8**  361977.6**
pouides Selenium (Se) 1 86.68* 203.34** 802488.2**  442917.7**
Sl Sl x 0 al> 1o GSxSA 4 29.78™ 10.97" 79715.2** 4100.97*
pomib x 0y al> 1o GSxSe 43.55™ 28.22"™ 4978.8™ 6515.90*
o X apnl Sl Il SAxSe 2 32.18™ 11.34™ 20431.0™ 6755.97*
pgebes x gl Selindls il al> 50 GSxSAxSe 4 79.74** 56.59** 79076.3** 3002.94 ™
= ol Error b 45 14.63 9.77 7853.4 1624.67
(Yo 9) Ol oS g po CV (%) - 4.48 4.98 6.98 5.39

f.

Aoyl g oo, Jlosl mho o Iy e s ae pas s 5 4y 5 TNS
ns, * and **: Non significant and significant at 5% and 1% levels of probability, respectively
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Table 5. Mean comparisons of main effects of salicylic acid and selenium on measured traits in chickpea

) ot woys Slgioo Slgiomo ‘
@ ylous ) o élw s audy S PSRN ails .J)S-.Lo.c
Treatments wa'?eerligr\:fent Electrolyte cc():r:ltlé:t Cig?]té r::;'d Gzig}ggld
(%) leakage (%) (mgigfw)  (mglgtw)
&y Jole Growth stages
g, 0,99 Vegetative stage (VS) 44.38b - - - -
sl ey90 Reproductive stage (RS) 44.73b - - - -
saly = sag; 0,90 VS+RS 45.41a - - - -
Aol Sl Salicylic Acid (SA)
Sl Selindlos B e pae Without Salicylic acid 37.29c - 0.662b 0.0075h 616.78c
Fd S et et e 4 (SBL Jgle 100mg/L (SA) 44.01b - 0.778a 0.0085ab 763.83b
Sl e SV e Gl 4 (23L Jsloxe 200 mg/L (SA) 53.22a - 0.821a 0.0095a 860.6%a
il Selenium (Se)
pothe B pas pae Without selenium 38.81b 82.57a 0.660b - 668.67h
PSP LV S TRy O Foliar application of 18 50.86a 75.86b 0.847a - 825.53a

g/ha Se

S50 50 0dl 6 S 03Il Wlao w b jlowd bl J1 (uKibeo duslio - % Jou
Table 6. Mean comparisons of interaction effect of treatments on the measured traits in chickpea

4o 8 ,Slos

b Lo Treatments L.
Grain yield (kg/ha)

Growth stage (GS)x

@by >0 sl Kbl salicylic Acid (SA)

gy Al pe 50 sl Kbl B pae g0 VS x SAl 540.23e

gy A e ) sl Sl 2 o 0 S (oo e Gl Jslme VS x SA2 653.84d
iy Ao )0 sl Sl 2 o 0 8 (deeV e 3l Jslxe VS x SA3 770.66¢
sialy al> o 0 ] Shewdlo G pan e RS x SAl 492.79f

ioly Al o 50 sl Sl 1 0 05 L) o+ LBL sle RS x SA2 627.28d
il al e 50 el Sl 1) 50 08 L e il Jglone RS x SA3 744.86¢
sl 3 otagy e 40 sl Silowcdle B yan (g VRS x SA1 658.33d

sl 5 stagy alm e o sl Selewdlo 2 g )5 Le) o+ (GBL Jsle VRS x SA2 851.38b
2l s sty a0 el el i o 0,5 LV e+ (L36 Jgloee VRS x SA3 872.56a

Growth stage (GS)x

by o0 X e Selenium (Se)

ey A e 50 perile Bras o VS x Sel 567.39d

gy Al o 50 pail LS 50 0 VA LSL Jsle VS x Se2 742.43bc
sialy dlye 0 poilis B (g0 RS x Sel 533.28e

il oo 0 pgailes JiSe 50 0 SVA L0 Jsloe RS x Se2 710.01c
2l 5 sty Al e 5 il Brae ey VRS x Sel 746.34b

il 5 (ohagy Al e 50 paniles LS 1o 0 SVA 3L Jslxe VRS x Se2 865.17a

Sl a0 90 €Vegetative stage + Reproductive stages (VRS) s, 56 + 215 56 <Reproductive stage (RS) l; ;& <Vegetative stage (VS) i, ;6
200 mg/L Salicylic acid sl Sdewcdlo 2J 55 0,5 LY+ - 100 mg/L Salicylic acid (SA2) sl Selwdls 2 10 6,5 Le) -+ ¢Without Salicylic acid (SAL) ol

Application of 18 g/ha Se (S€2) psuilu ;S ,0 0,54 <Without selenium (Sel) psilo a0 o5 £(SA3)

A
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Table 7. Mean comparisons of interaction effects of salicylic acid and selenium on the measured traits in chickpea
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“Means followed by the same letters in each column, are not-significantly different according to Least Significant Difference Test (P <0.05).

\al



WAA 09 dos (Y6 ylacs Vil /03 391 L 9a> SO 93 /... b Joloxo yi1gumles 9 539,98

D95 50 0§ yuS 0 Il Wlho p pguidi 9 dumwl Selowcdl Jliso 51 Kl dwo o —A Jgu

Table 8. Mean comparisons of interaction effects of salicylic acid and selenium measured traits in chickpea
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Introduction

Chickpea (Cicer arietinum L.) is one of the important pulse crops in the world. Also it is valued through
high protein content in seeds (23.5-28.9%). In Iran, chickpea produced under arid and semi-arid zones and
usually chickpea plants during flowering and maturity stages are exposed to increasing water deficit stress.
Different methods are existed in agriculture to increase plants tolerance to abiotic and biotic stresses. Seed
priming and foliar application by amino acids, proline, glycinebetaine, Salicylic acid as well as zinc,
Selenium and Silicon have been considered in recent years. Selenium is not an essential nutrient for plants.
Reports showed that selenium could protect the plants under abiotic stresses such as salinity, high
temperature and drought. Selenium protected the plants from abiotic stresses by participate in several
physiological and biochemical process such as water condition retain, increasing plant pigments and
photosynthesis apparatus regulation. Salicylic acid (SA) is a plant-produced nature phenolic compound
which plays an important role in the abiotic stresses tolerance. Growth and production of crops will affect by
SA application. Several studies showed that salicylic acid application increased the plant tolerant to drought
stress. Increasing proteins, photosynthesis pigments and sugars indicated on the role of salicylic acid in
increasing the plant resistance to stress. Therefore, this experiment carried out to study the influence of foliar
application of salicylic acid and selenium at different growth stages on some physiological traits of chickpea
under rainfed condition.

Material & Methods

To evaluate the response of some physiological traits of chickpea at different growth stages to foliar
application of salicylic acid and selenium under rain fed condition, an experiment was conducted as split plot
based on Randomized Complete Block Design with four replications during 2013-2014 cropping season.
Experimental factors were salicylic acid in three levels (0,100 and 200 mg L) and foliar selenium spraying
in two levels (0 and 18 gr ha') that applicated in different growth stages (vegetative, reproductive growth
and vegetative growth along with reproductive). According to the soil analysis results, 50 kg ha™ urea and 40
kg ha! triple superphosphate fertilizers were applied at planting time. Each experimental plot included 30
cm distanced rows with 10 cm spacing between plants in rows. The chickpea cultivar was ‘Azad’. The seeds
were sown at 6 cm depth in end of February 2013. Physiological traits measured from three replications.
Relative water content was determined from five leaflet from leaves at flowering stage that were prepared
immediately and weighed to measure fresh leaf weight in the laboratory at 25°C. Then, leaflet were placed in
distilled water for 24 h until completely saturated. At the end of this stage, leaflet were dried with dry paper
towels and reweighed. Samples were placed in the oven for 48 h at 72°C until dried and then weight of the
dried leaves was recorded. Relative water content was calculated using the following relation.

RWC (%) = Wi -wd %100
Ws —Wd

where RWC is the relative water content, Wf is the leaf fresh weight, Wd is the leaf dry weight and Ws
is the leaf saturated weight. Photosynthetic pigments were calculated by the method presented by Arnon
(1949). Samples collected from five leaflet, 0.5 gr leaves were ground in 80% acetone for determination and
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absorbance of the resulting extracts, recorded at 480, 510, 645 and 663 nm with a spectrophotometer.
Biological and seed yield harvested from 2 m? of middle in each plots. Data were subjected to analysis of
variance using SAS program. Means were compared using the Least Significant Diffrence test (LSD)
Multiple Range Test at 5% probablity level.

Results & Discussion

Results showed that the highest leaf relative water content observed from foliar application of selenium
and salicylic acid at vegetative along with reproductive stages. Salicylic acid application at the rate of 100
and 200 mg L and selenium at the rate of 18 gr ha* increased the leaf relative water content by 18, 42.7 and
31%, respectively as compared with control. There were reports that, application of salicylic acid improved
vegetative growth rate, chlorophyll a, b and total chlorophyll, leaf relative water content and resistance to
water deficit in lawn. The highest ion leakage (82.57%) and the lowest (75.86%) recorded from treatments of
without application of selenium and foliar application of 18 gr ha* selenium, respectively. Foliar application
of 100 and 200 mg L™ salicylic acid along with 18 gr ha® selenium increased chlorophyll a content
compared with control, significantly. Foliar application of 100, 200 mg L* salicylic acid and 18 gr ha*
selenium alone increased chlorophyll b content by 29.4%, 32.3% and 26.4% as compared with control,
respectively. The highest carotenoids content belonged to foliar application of 200 mg L* salicylic acid.
There were reports that application of selenium decreased chloroplast damage and help to retain of
photosynthesis pigments. Foliar application of 100 and 200 mg L* salicylic acid along with 18 gr ha*
selenium increased productivity index at different growth stages as compared with control. The treatments
interaction effects showed that the maximum biological yields (1528.86 and 1628.40 kg ha*) obtained from
treatment of 100 and 200 mg L* salicylic acid along with 18 gr ha selenium at different growth stages,
respectively. The results showed that foliar application of salicylic acid and selenium could be increased
chickpea seed yield.

Conclusion

The positive role of application of salicylic acid and selenium under rainfed condition exerted by the
effects on physiological process such as water retain in plant, membrane stability retain and improve of
photosynthesis pigments. Therefore, foliar application of 100 mg L salicylic acid and along with 18 gr ha*
selenium at vegetative growth along with reproductive growth could obtain optimum yield.
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