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Table 1. Meteorological data of experiment location in cropping season 2011-2012
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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
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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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Table 4. Mean comparisons of interaction effect of salicylic acid and selenium on the measured traits
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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
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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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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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o0l (6 35 03Il Slauo 1 o gl 9 S b sl (Sl Jodomo 1 (uSSlao dunny o — £ Jgur
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

YA



10.

11.

12.

13.

14.

15.

16.

17.

AT 093 dous (V6 jlods Dol /oyttt Do SO ARG 3 @i /... il Jolxo (i1 105500 9 (12

&l
Aman, A. 2004. The survey drought on yield, component yield and some of physiological traits in
defferent genotypes of sunflower. The thesis of M.Sc. Faculty of Agriculture. Islamic Azad University.
Karaj Branch. (In Persian with English Summary).
Artlip, T.S., and Wisniewski, M.E. 2002. Induction of proteins in response to biotic and abiotic stresses.
In: PESSARAKLI, M. (Ed.) Handbook of plant and crop physiology. New York: Marcel Dekker. p. 657-
679.
Ashraf. A., Foolad, M.R. 2007. Roles of glycin betaien and proline in improving plant abiotic stress
resistance. Environmental and Experimental Botany 56: 206-216.
ATSDR, 2003. Toxicological profile for selenium. Atlanta: US Department of Health and Pub; ic
Services, Agency for Toxic Substances Disease Registry. Available from:
http//www.atsdr.cdc.gov/toxprofiles/tp92-p.pdf.
Broadley, M.R., Alcock, J., Alford, J., Cartwright, P., Foot, 1., Fairweather-Tait, S.J., Hart, D.J., Hurst,
R., Knott, P., Mcgrath, S.P., Meacham, M.C., Norman, K., Mowat, H., Scott, P., Stroud, J.L., Tovey, M.,
Tucker, M., White, P.J., Young, S.D., and Zhao, F.J. 2010. Selenium biofortification of high-yielding
winter wheat (Triticum aestivum L.) by liquid or granular Se fertilization. Plant and Soil 332: 5-18.
Chu, J., Yao, X., and Zhang, Z. 2010. Responses of wheat seedlings to exogenous selenium supply under
cold stress. Biol. Trace Elem. Res 136: 355-363.
Djanaguiraman, M., Devi, D.D., Shanker, A.K., Sheeba, A., and Bangarusamy, U. 2005. Selenium - an
antioxidative protectant in soybean during senescence. Plant and Soil 272: 77- 86.
Djujic, LS., Jozanov-Stankov, O.N., Milovac, M., Jankovic, V., and Djermanovic, V. 2000a.
Bioavailability and possible benefits of wheat intake naturally enriched with selenium and its products.
Biological Trace Element Research 77 (3): 273-285.
Emami, A., 1996. Methods of Plant Analysis. Journal of Technical. No: 982. Soil and water research
Institute. Vol1:126pp. (In Persian).
El-Tayeb, M.A., 2005. Response of barley gains to the interactive effect of salinity and salicylic acid.
Plant Growth Regulation 45: 215-225.
Gupta, U.C., Winter, K.A., and Sanderson, J.B. 1993. Selenium content of barley as influenced by
selenite- and selenate-enriched fertilizers. Communications in Soil Science and Plant Analysis 24 (11
and 12): 1165-1170.
Hussain, M., Farooq, M., and Malik, M.A. 2008. Glycine betain and salicylic acid application improves
the plant water relations, water use efficiency and yield of sunflower under different planting methods.
Journal of Agronomy and Crop Science 194:193-199.
Hu, Q.H., Xu, J., and Pan, G.X. 2001. The effect of Se sprays on green tea quality. J. Sci. Food Agric
81: 1387- 1390.
Kahakachchi, C., Boakye, H.T., Uden, P.C., and Tyson J.F. 2004. Chromatographic speciation of anionic
and neutral selenium compounds in Se-accumulating Brassica juncea (Indian mustard) and in selenized
yeast. J. Chromatogr. A, 1054: 303-312.
Kostopoulou, P., Barbayiannis, N., and Basile, N. 2010. Water relations of yellow sweet clover under the
synergy of drought and selenium addition. Plant Soil 330:65-71.
Kuznetsov, V.V., Kholodova,V.P., Kuznetsov, V.L.V., and Yagodin, B.A. 2003. Selenium regulates the
water status of plants exposed to drought. Doklady Biological Sciences 390: 266-268.
Madah, S.M., Majd, A., Falahian, F., Sabagh Pour, S.H., and Chalbian, F. 2005. The survey effect of
salicylic acid on resistance of chick pea seedling to Ascochyta rabiei and change of Proxidase and
Catalase enzyme. The 4™ congress of Biothechnology Iran Islamic republic in Kerman. (In Persian with
English Summary).

Y4



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

AT 093 dous (V6 Lot Dol /oyttt Do SO ARG M @i /... il Jolxo (i1 1]y 500 9 (12

Madah, S.M., Majd, A., Falahian, F., Sabagh Pour S.H., and Chalbian, F. 1993. The effect of Salicylic
acid on yield and components yield and anatomy stricture chick pea plant. Journal of Base science.
Islamic Azad University. 1 (62). (In Persian with English Summary).

Mehrabian Moghadam, N., Arvin, M.J., Khajoui Nezhad, G.H., and Maghsodi, K. 2011. Effect of
Salicylic acid on growth and forage and grain yield maize under drought stress in field condition. Seed
and Plant Production Journal. 27-2 (1): 41-55. (In Persian with English Summary).

Neill, M.C., Pilbeam, C.J., Haris, H.C., and Swift, R.S. 1996. Seasonal variation in the suitability of
different methods for estimating biological nitrogen fixation by grain legumes under rainfed condition.
Australia Journal Agriculture Research 47: 1061-1073.

21. Pakmehr, A., Rastgu, M., Shekari, R., Saba, J., Vazifeah, M., and Zangaraki, A. 1999. Effects of
priming with Salicylic acid on grain yield and components yield cowpea under water deficit stress in
reproductive stage. Iranian Journal of pulses research 2 (1): 53-64. (In Persian with English Summary).
Pazurkiewicz-Kocot, K., Kita, A., and Pietruszka, M. 2008. Effect of selenium on magnesium, iron,
manganese, copper, and zinc accumulation in corn treated by Indole-3-acetic Acid. Soil Science and
Plant Analysis 39: 2303-2318.

Reddy, A.R., Chaitanya, K.V., and Vivekanandan, M. 2004. Drought-induced responses of
photosynthesis and antioxidant metabolism in higher plants. Journal of Plant Physiology 161: 1189-
1202.

Rezaianzadeh, A. 2009. Effect of supplemental irrigation on yield, yield components of three chickpea
cultivars. MSc. Thesis. Ferdowsi University of Mashhad. (In Persian with English Summary).

Rezaiean Zadeh, A., Parsa, M., Gangali, A., and Nezami. A. 2011. Response of Yield, yield component
chickpea cultivars (Cicer arietinum L.) to supplemental irrigation in different stages of phenology
Stages. Journal of Water and Soil 25 (5): 1080-1095. (In Persian with English Summary).

Sajedi, N.A., and Gholinezhad, E. 2012. Response of yield and component yield dryland wheat varieties
to selenium and salicylic acid. Iranian Journal of field crops Research 10 (3): 614-621. (In Persian with
English Summary).

Sajedi, N.A., Madani, H., and Acineband, A. 2011. Response of yield, component yield and water use
efficiency in condition application of microelements and selenium under water deficite stress in maize.
Scientific Journal of Agriculture 34 (1): 111-129. (In Persian with English Summary).

Sajedi, N.A., 2012. Selenium and its Ecophysiological Aspects in Plant, Scientific publishers of Islamic
Azad University. Arak Branch. Iran. pp. 287.

Senaratna, T., Mackay, C., Mckersie, B., and Fletcher, R. 1988. Uniconazole-induced chilling tolerance
in tomato and its relationship to antioxidant content J. Plant physiol 133: 56-61.

Senaranta, T., Teuchell, D., Bumm, E., and Dixon, K. 2002. Acetyl salicylic acid (aspirin) and salicylic
acid induce multiple stress tolerance in bean and tomato plants. Plant Growth Regulation 30: 157-161.
Shekari, R., Pakmehr, A., Rastgu, M., Saba, J., Vazifeah, M., and Zangaraki. A. 2010. Effects of priming
with salicylic acid on some of morphologic traits cowpea under water deficit stress in poding stage.
Agricultural new technology. Agronomy and Horticultural Especial 4: 5-23.

Singh, B., and Usha, K. 2003. Salicylic acid induced physiological and biochemical changes in wheat
seedlings under water stress. Plant Growth Regulation 39: 137-141.

Tadina, N., Germ, M., Kreft, 1., Breznik, B., and Gaberseik, A. 2007. Effect of water deficit and
selenium on common buckwheat (Fagopyrum esculentum Moench) plants. Photosynthetica 45: 472-476.
Turner, N.C. 1981. Techniques and experimental approaches for the measurement of plant water status.
Plant and Soil 58:336-339.

Wu, L., Enberg, A., and Biggar, J.A. 1994. Effects of elevated selenium concentration on selenium
accumulation and nitrogen fixation symbiotic activity of Melilotus indica L. Ecotox Environ. Saf 27:
50-63.



AT 093 dous (V6 jlods Dol /oyttt Do SO ARG 3 @i /... il Jolxo (i1 105500 9 (12

36. Xiaoqin, Y., Jianzhou, C., and Guangyin, W. 2009. Effects of drought stress and selenium supply on
growth and physiological characteristics of wheat seedlings. Acta Physiol Plant 31:1031-1036.

A



Iranian Journal of Pulses Research
Vol. 5, No. 2, 2014, p. 31-42

The effect of foliar application of salicylic acid and selenium on
agronomic, physiological and quality characteristics of chickpea in
rainfed condition

Cheraghi', AM., Sajediz*, N.A. & Gomarian3, M.

1. M.Sc. in Agronomy, Islamic Azad University, Arak Branch, Arak, Iran
2. Assistant Prof, Department of Agronomy and plant breeding, Arak Branch, Islamic Azad University, Arak, Iran
3. Assistant Prof, Department of Agronomy and plant breeding, Arak Branch, Islamic Azad University, Arak, Iran,

Received: 01 January 2014
Accepted: 03 January 2015

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.
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