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Table 1. Soil physical and chemical characteristics before experiment start.
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Available Potassium Available Phosphorous Total N (dS.m’)
e 118 7.1 298 1.14 7.75
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Table 3. The effect of different levels of calcium on some physio-morphological traits of
chickpea at the flowering stage.

ol 63 gl @lapll 2 035 S, g WS s o sl
O s p S 5kS) (o) (602 09 ‘%.yﬁ (0502 e ) Number of nodules
Calcium (kg.ha™) Plant height (cm) Sho(ogt.glr;/n\:le)lght (cﬁggﬁ:ﬁ‘) per plant

0 27.06° 0.25° 5.51° 8.22°

100 33.57° 0.41% 9.72% 14.89°

200 30.78% 0.41% 9.50® 14.67°

300 30.49™ 0.58° 13.99° 27.00°

LSD 448 0.19 461 7.61

LI Aoy 0 Jlea! éa.«)s Sols sme ol 6)“#)‘ Oyt A 53 S i iy glyls gla Kl
* Means with the similar letters in the each column are not significantly different at P<0.05.
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Figure 1. The effect of different levels of molybdenum on leaf area of chickpea at flowering stage.
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Table 4. The interaction effect of nano- calcium and molybdenum fertilizers on the amount of
plant calcium and molybdenum in chickpea at the flowering stage.
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Figure 2. The trend of number of nodules under the application of different levels of calcium during time.
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Figure 3. The trend of shoot dry weight under the application of different levels of calcium during time.
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Figure 4. The trend of root dry weight under the application of different levels of calcium during time.
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Figure 5. The trend of leaf area under the application of different levels of calcium during time.
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Figure 6. The trend of number of nodules under the application of different levels of
molybdenum during time.
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Figure 7. The trend of shoot dry weight under the application of different levels of molybdenum
during time.
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Figure 8. The trend of root dry weight under the application of different levels of molybdenum
during time.
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Figure 9. The trend of leaf area under the application of different levels of molybdenum during
time.
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Figure 10. The regression relationship between pH and amount of calcium in the soil.

1000 -
900 - y = 2E+13e 335
800 | R2=0.824

700 -
600 -
500 -
400 -

300 -

200 -

284S 208 Aeld e IS
Amount of calcium in plant (mg.kg!)

100 -

7.3 7.35 7.4 7.45 7.5 7.55 7.6

PH

oS s :f_,er_«JS)lch‘gsSLépH&&'”;) alayl, -\ JS.;
Figure 11. The regression relationship between pH and amount of calcium in the plant.

a1



YT ((£) ot i 158155 OOLS g3 4

d.iijjljﬁw&lﬁjzwem:jwjﬁb&&boﬁj\ Cles (el oS- s

ORIB 5 e ol S e S AST L Dl S Gk 5l S PHL Gl e 5 ol 055 58
I3 sbeas 51 e joble e PH i ciman (1) A3l bae S 5 6 S sl
B S Sl S5 0¥ 35S o gl O ge L olis Sl Ll O S()sba das
5okd ke olS Ll g Ol 558 e BLSI St 4 VWL s S L U 5 4 O e
2 o s edd L S sl b dlb Oddse ool & L S e Do S6S 8 sl

(YY’) J‘).LL;G ob\b )‘;5 ot:f UAJIMJ

I (5 o

o nlpn Sl S 055 e St S ol 0L el sl sty s
ol DlEe 1 508 5 S ST 55 0SS Y Sled 55 03588 ey S 08 sliad 5 S
b eSSl 5 Syl L 005l il g 5 stalie el s lis
sl Jald 4 s (gl pme a8 J:.,L? oS

2 Bl5 e Sdadge 5 pelS Slaa S L Lls 5SS spde blinal an (S sba
5 peedS 2 OAdpe 5 S Blie S S(gosba BL S5 oS hug gl jole ol
et e 5o elcfv:.»lijl.xb RS e sl (615 pme J.ul.? oo 3355 oLS 53 35 50 O 50
Ol e Sldie o 5 ke A edalie S ASTH0 Jlesl pie 5 A ge 0 S5LS 5 0 S e §
peedS S 53 SAS T 5 Oddge 0 S5LS 0 S e £ AL e 4 5 olS 55 s s
ol Gl

S ol b
ol ol (abu\ )j—’(’l“:’. em\é Lf“'d k:,.iLo.} L: S ol J“:“A}}i )\ CJ>=1M.A Jlis Ui‘

&l

1.Alexandra, E.R., Mora, M.D.L., Ghiselini, V., Demanet, R., and Gallard, F. 2010.
Phosphorus- molybdenum relationship in soil and red clover (Trifolium
pratense L.) on an acid andisol. J. Soil Sci. Plant Nutr., 10: 1. 78-91.

2.Bagheri, A.R., Nezami, A., Ganjali, A., and Parsa, M. 2007. Agronomy and
Breeding of Chickpea. University Jihad Press. 444p. (In Persian)

3.Banath, C.L., Greenwood, E.A.N., and Loneragan, J.F. 1966. Effects of calcium
deficiency on symbiotic nitrogen fixation. Plant Physiol., 41: 760-763.

yay



Ol 9 5255 P!

4 Bohn, H.L., McNeal, B., and O'Connor, G.A. 2001. Soil Chemistry. 3" ed.
Wiley Interscience, New York. 382p.

5.Brauer, D., Ritchey, D., and Belesky, D. 2002. Effects of lime and calcium on
root development and nodulation of clovers. Crop Sci., 42: 1640-1646.

6.Bremner, J.M., and Mulvany, R.L. 1982. Methods of Soil Analysis (Ed. Page,
A.L.), American Society of Agronomy, Medison, WI, USA.

7.Chabot, R., and Antoun, H. 1996. Growth promotion of maize and lettuce
by phosphate solubility Rhizobium leguminossrum biovar phaseoli. Plant Soil.,
148: 311-321.

8.Congming, L., and Zhang, J. 2000. Photosynthetic CO, assimilation chlorophyll
fluorescence and photoihibiton as affected by nitrogen deficiency in maize
plants. Plant Sci., 151: 2. 135-143.

9.Coventry, D.R., Hirth, J.R., Rceves, T.C., and Jones, H.R. 1985. Development of
populations of Rhizobium trifolii and nodulation of subterranean clover
following the cropping phase in crop-pasture rotation in southeastern Australia.
Soil Biol. Biochem., 17: 17-22.

10.Derosa, M.R., Monreal, C., Schnitzer, M., Walsh, R., and Sultan, Y. 2010.
Nanotechnology in fertilizers. Nat. Nanotechnol., 5: 91-92.

11.FAO. 1984. Legume inoculants and their use, Food and Agriculture
organization of the United Nations, Rome, Pp: 1-63.

12 Jafar Dokht, R., Mosavi Nik, S.M., Mehraban, A., and Basiri, M. 2015. Effect of
water stress and foliar micronutrient application on physiological characteristics
and nutrient uptake in mung bean. Electron. J. Crop Prod., 8: 1. 121-141.

13.Gurley, W.H., and Giddens, J. 1969. Factors affecting uptake, yield response,
and carryover of molybdenum in soybean seed. Agron. J., 61: 7-9.

14.Hartley, E., Greg-Gemell, L., and Herridge, F.D. 2004. Lime pelleting
inoculation serradella (Ornithopus spp.) increases nodulation and yield. Soil
Biol. Biochem., 36: 1289-1294.

15.Kaiser, N.B., Gridler, K.L., Ngaire, B.J., Phillips, T., and Tyerman, S.D. 2005.
The role of molybdenum in agricultural plant Production. Ann. Bot., 96: 745-754.

16.Khoshgoftarmanesh, A.H. 2007. Principles of Plant Nutrition. Esfahan
University of Technology. 462p.

17 Kijne, J.W., Smit, G., Diaz, C.L., and Lugtenberg, B.J.J. 1988. Lectin-enhanced
accumulation of manganese-limited Rhizobium leguminosarum cells on pea root
hair tips. J. Bacteriol., 170: 2994-3000.

18.Leport, L., Turner, N.C., Davies, S.L., and Siddique, K.H.M. 2006. Variation in
pod production and abortion among chickpea cultivars under terminal drought.
Eur. J. Agron., 24: 236-246.

19.Liu, X.M., Zhang, F.D., Zhang, S.Q., He, X.S., Fang, R., Feng, Z., and Wang,
Y. 2005. Responses of peanut to nano-calcium carbonate. Plant Nutr. Fert. Sci.,
11: 3-9.

20.Lucrecia, M., Ramos, G., and Boddey, R.M. 1987. Yield and nodulation of
Phaseolus Vulgaris and the competitivity of an introduced Rhizobium strain:
Effects of lime, mulch and repeated cropping. Soil Biol. Biochem., 19: 171-177.

YaA



YT ((£) ot i 158155 OOLS g3 4

21.Mahlooji, M., Seyed Sharifi, R., Sedghi, M., Sabzaliyan, M.R., and Kamali, M.R.
2014. Effect of water salinity and nano and chelated zinc foliar application on
photosynthesis parameters of barley genotypes. Elec. J. Crop Prod., 7: 4. 41-60.

22 .Naderi, M.R., and Danesh-Shahraki, A.R. 2013. Nanofertilizers and their roles
in sustainable agriculture. Intl. J. Agri. Crop Sci., 5: 19. 2229-2232.

23.Nair, R., Varghese, S.H., Nair, B.G., Maeckawa, T., Yoshida, Y., and Kumar,
S.D. 2010. Nanoparticulate material delivery to plants. Plant Sci., 179: 154-163.

24 Nautiyal , N., and Chatterjee, C. 2004. Molybdenum Stress-Induced Changes in
Growth and Yield of Chickpea. J. Plant Nutr., 27: 1. 173-181.

25 Nursu'aidah, B.H. 2014. Effects of fertilizer on root nodulation, chlorophyll
content and nitrate reductase activity in long bean and mung bean. Master’s
thesis, University of Malaya. Available at: www.studentsrepo.um.edu.

26.0'Hara, G.W. 2001. Nutritional constraints on root nodule bacteria affecting
symbiotic nitrogen fixation: a review, Aust. J. Exp. Agric., 41: 417-433.

27.Saikia, S.P., and Jain, V. 2007. Biological nitrogen fixation with non legumes:
An achievable target or a dogma? Curr. Sci., 92: 3. 317-322.

28.Salardini, A.A. 1979. Soil Fertility. University Publication Center of Tehran.
440p.

29.Shah, V., and Blozerova, 1. 2009. Influence of metal nanoparticles on the soil
microbial community and germination of lettuce seeds. Water Air Soil Pollut.,
97: 143-148.

30.Simbajon, E.C., and Du que, C.M. 1987. Nodulation, N-fixation and yield of
peanut (Arachis hypogaea L.) as influenced by inoculation and nitrogen
fertilization on limed and unlimed strongly acid tropical soil. J. Agric. Food
Nutr., 9: 132-157.

31.Smit, G., Swart, S., Lugtenberg, B.J.J., and Kijne, J.W. 1992. Molecular
mechanisms of attachment of Rhizobiu bacteria to plant roots. J. Mol. Biol.,
6: 2897-2903.

32.Somasegaran, P., and Hoben, H.J. 1994. Hand book for Rhizobia,Methods in
Legume Rhizobium Technology, New York. Spring-Verlag. 198p.

33.Tahmasbi, D., Zarghami, R., Azghandi, A.V., and Chaichi, M. 2011. Effects of
nanosilver and nitroxin biofertilizer on yield and yield components of potato
minitubers. Int. J. Agr. Biol., 13: 6. 986-990.

34.Weisany, W., Raei, Y., and Haji Allahverdipoor, K. 2013. Role of some of
mineral nutrients in biological nitrogen fixation. Bull. Env. Pharmacol. Life
Sci., 2: 4. 77-84.

35.Xia, L., Zhiwei, S., Lei, J., Lei, H., Chenggang, R., Man, W., and Chuanen, L.,
2011. High/Low nitrogen adapted hybrid of rice cultivars and their
physiological responses. Afr. J. Biotechnol., 10: 19. 3731-3738.

36.Zahran, H.H. 1999. Rhizobium-Legume Symbiosis and Nitrogen Fixation under
Severe Conditions and in an Arid Climate. Microbiol. Mol. Biol. Rev.,
63: 4. 968-989.

144






