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components of soybean in different amounts of nitrogen fertilizer
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ABSTRACT

In order to study the effect of mycorrhiza and bradyrhizobium on yield and yield components of soybean under
different amounts of starter nitrogen fertilizer, a field experiment was conducted at the agricultural research station,
Bu-Ali Sina University in 2015 growing season. A factorial experiment based on randomized complete block design
was arranged with three replications. Experiment factors included three levels of starter nitrogen fertilizer including
0, 30 and 60 kg ha'*, bradyrhizobium including inoculated and non-inoculated and mycorrhiza including application
and non-application. Results indicated that plant height, number of leaves per plant, yield and yield components and
biological yield of soybean and mycorrhizal colonization percentage affected by interaction of studied factors. At all
levels of starter nitrogen, interaction between bradyrhizobium and mycorrhiza increased number pod per plant and
1000 seed weight. Application of 60 kg ha™* nitrogen decreased colonization percentage by 20.22 % compared to no
application nitrogen treatment. Application of both bio-fertilizers with 30 kg ha* nitrogen gave the highest grain and
biological yields (511.67 g m?2 and 1223.16 g m™ respectively). So to improve soybean performance and reduce the
nitrogen fertilizer consumption, it is recommended that both fertilizers to be taken simultaneously with 30 kg ha*
nitrogen as starter.
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Table 1 . Physical and chemical characteristics of the soil
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Table 2. Analysis of variance for studied traitsof soybean affected by Nitrogen, Bradyrhizobium and Mycorrhiza

Mean of squares

S.0V DF Height Leaf per Pod per Seed g&? Seed Biological Harvest Colonization
plant plant per pod weight yield yield index percentage
Block 2 2275 139.1"™ 50.79" 15" 435.4" 8958.1" 52343.6" 0.15"™ 83.6"
N 2 582.3" 338.9° 26.70" 0.58™ 168.2™ 358236 92524.3" 51227 2774”7
B 1 658.7" 576 41.17" 136" 1253.7" 37650.2" 206075.1" 58.12" 3184~
M 1 484 1393.7" 24.92" 0.37 649.9” 36290.2" 86497.7" 68.75" 46635
Nx B 2 28.5™ 31.2™ 12.25" 0.11™ 15.5™ 30015 13355.8 13.38™ 6.2"™
Nx M 2 51° 79" 114 0.08™ 43.7™ 10995.1" 35456.2" 8.03™ 257.3"
Bx M 1 121" 0.4™ 10.56° 0.15™ 15.8™ 10468~ 5950.8™ 430™ 10™
Nx Bx M 2 395 7.9® 1.42™ 0.01™ 259.7° 2830.7° 18214.4 1.05™ 7.6™
Error 22 10.27 78.31 245 0.06 73.3 681.5 3432 8.58 9.8
Sggf;ggr?"(g /E’)f 4.69 9.64 6.73 10.69 5.11 6.72 5.73 7.74 7.09

N: Starter nitrogen fertilizer, B: Bradyrhizobium and M: Mycorrhiza

S gre e g 0,0 ) oy O Jlaisl mlaw (o (65ls e v § 4;'”55
** * ns: Significant at 1% and 5% probability level, Non-significant difference, respectively
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Table 3. Mean comparisons of studied factors of soybean affected by Nitrogen, Bradyrhizobium and

Mycorrhiza
Studied factors Leaves/ plant Seeds/ pod Harvest index (%) Symbiosis (%)
Nitrogen (kg/ha)
0 38.95° 2.13°¢ 35.46° 48822
30 47.502 2.58% 39.22° 44.35°
60 48.70° 2.35° 38.83° 39.21°
Brady Rhizobium
Inoculated 49,052 2552 38.8? 47.10%
Control 41.05° 2.16° 35.48° 41.15°
Mycorrhiza
Applicated 51.272 2462 39.21° 80.122
Control 38.83° 2.25° 36.45° 8.14°

Al o0 O s LSD 5031 b lo sime BB 505 cy5im ,2 50 S e By S oS s slls slo Sile
Means in each column, followed by similar letter(s) are not significantly different by LSD at 5% probability level.
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Figure 1. Number of pod per plant in soybean affected by interaction between NitrogenxRhizobium
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Table 4. Mean comparison of studied traits of soybean affected by interaction between nitrogen,

bradyrhizobium and mycorrhiza

Studied factors Height 1000 seed Seed yield Biological yield
(cm) weight (g) (gm? (gm?
B M, 67.67% 180.63°2 367.23% 1049.6°
t M, 58.33 10 160.97 & 321.121 915.52¢
N1 5 My 6216 159.08 ¢ 341.49% 901.81°¢
2
M, 53.839 154.14F 290.32 ¢ 862.2¢
5 M, 78.33%® 175.66 ® 511.672 1223.162
! M, 73.16° 178.28® 445.48 1119.04™
N2 5 M; 735° 175.24*° 495.15® 1204.45®
2 M, 57.66 9 15557F 301.17 9 884.73¢
5 M, 77.33%® 174.67 ¥ 427.25° 1126.73%
! M, 80.832 170.2 @ 451.37 ™ 1147.95**
N3 5 M, 73> 165.21 P 377.78¢ 916.41°¢
2 M, 64.16% 160.35 330.12%9 904.48

NZ1: 0, N2: 30 and N3:60 kg ha* starter nitrogen fertilizer, B1: Bradyrhizobium, B2: No Bradyrhizobium, M1:

Mycorrhizaand M2: No Mycorrhiza

Means in each column, followed by similar letter(s) are not significantly different at 5% probability level

(LSD).
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Figure 3. Percent of mycorrhiza symbiosis
affected by interaction between Nitrogen and

Mycorrhiza

2 b O3 b Sgle Lo,
Lol o ls g2y (Sl ledlbl 153600 S job
3 Gt b ailiey olS o5 o el ools jlis claass
bolde Ojgots gy Oaekee )0 Cond Ve
5sSale (g jon 5l gd 4385 Sl g pgdsal
Seyyedi & Mir sharifi, ) a5’ s (6,55l oLS L
=60 o HeiSed  Guiss ol jo wim e (2013
s (F Jgoz) wis oanlive 15050k 5 pomgin)
Moy eyt 45 S UbS Khalili (2014)
6y b ployan 0,8 50 15,6500 7,6 (s 3o
51k )losime jsboar a5 saal s @ e,

D 2l [ ele (s 955 008

RPN
5 aly o Slae wls ol Lipgh Q..{l C"L‘-'
Solosme jsba Lgw als)lia (459 9 eogicuw;

2l 595 o8 pas lylpl jo ehiga 1y Glosen
(2013) Damavandi et al. glaazdl, L a5 &S s
bls Slgten Lugd 59,

Sfles palS el osps sby oS
Sl ylgise ) ol ol cde a5 0l olS bogiceny )
o belS (Famrer p ey YL polie it
Sezy Cewls pomon, ooly abex I ol
Po93y s3a> 5O E9yb 355 leiear (SIS (45900
Spdise obS o Slas il g ad, Cosll cely
Oi9res YL polie o Jg (Starling et al., 1979)
5 pmsiny SASL ol sse b o o
olS 0 Shae (o5 Sl sla T g rals
(Taher khani et al., 2007) &b o ialS

s g Ll
03,95 Olye s (NS Kl cuilyyy a3ls
Al Folaw sl dils g olS iug, laplail
S s pemsns ooln il sy gart 055
b Cloy a3ls p (slogine il 1 psSle
2 O p S oS Ve o8 (Y Jguz) ails
Sl L as culs 1) clls y aslis i LSe
clala glbgre Sgls B39 S ek P
(Y Jga=)

9 pomaiy 6oln b bgw lo)ds el (ioron
R W VSR SR U U TS VI PR LY
Jazlay (Y Jgaz) wols olidh 1) Law cublo
Lo peitins S9ay90 3l Wlgoo ol cnl e
(Dakora, 2003) oL3 5 ol )lal 5,y o) peiins yud
als 3 Shoe 2l 5 ooyl e ;8B iz
oads ol cuiloy esls ol cel a5 ol
5 I3spsSele 0,05 (2014) Khalili gl Ly ol
@ 0y by o (a3l ol pongin ) 59l
abls

4o (2010) Safa-poor et al. (5,550 Gadms o
blie Flwss s BI5 09 Gl @bl
aly o,8lee (Bl L posi, @oln s sle
ols Liglal ) oSl cutls yy asl dyges



wpd by 0 Shoe lizl 5 0 Shae p pomgiy 30 5 15ys%0le 358 13l 1 pelle 5 (o Lodllog] -

clsy atlo 1)950ke 915 5 pomen) 3ln b
355 S T gl oS5 s Gl g
Olyer )5 olen 4 LS o go,5 395
FB 5n ol Ol Tn)psSile 5 pomgn ol
S5 olrem a4y £9,5 Glyieds 39y 355 camlie
oo bgw ey )0 (Juw) slaogS plajes
lord SB3gS 0 )5 mals wlS o Slas iols8l

bl salem o sl

5 pomsi ol 8955 G iSen y il co
ol rohe den o S 15 1,k
el pomgipisoly 9 Tpysle 0p)8 5908
2508 bgew o Slos (]
AlotSe ;0 0 SokS ¥ b JoSo (39505 08
Lol cedls Lgw o,8las slizl g 0, Slae » (Sie
GESe 53 05 9kS 71) 973 O3srsd b 9 )8
Sl 4 yomie 15,650k 5 pamgi,y @olp Hpa> 50
Low sloydy guadli .ol Lgw &ls 1 ()39 5 0 Shoe

REFERENCES

1. Ahmad, F., Ahmad, I. & Shakirhan, M. (2005). Indole acetic acid production by indigenous of
Azotobacter and Pesoudomonas fluresence in the presence and absence of tryptophan, Turkish
Journal of Biology, 29, 29-34.

2. AL-Karaki, G., McMichael, B. & Zak, J. (2004). Field response of wheat to arbuscular mycorrhizal
fungi and drought stress. Mycorrhiza, 14, 263-269.

3. Allahdadi, I., Shahbazian, N. & Kamkar, B. (2008). Investigation of farmyard manure, mineral
nitrogen and diferent bacteria (Bradyrhizobium japonicum) inoculation soybean yield (Glycine max
L.). Journal of Agricultural Sciences, 13(1): 181-190. (In Farsi)

4. Cardoso, M. &Kuyper, T.W. (2006). Mycorrhizal and tropical soil fertility. Agriculture Ecosystem
and Environment, 116, 72-84.

5. Chak, P. M., Souza, R. D. F., Urquiaga, S., Alves, B. J. R. & Boddey, R. M. (2006). The role of
arbuscular mycorrhiza in legume symbiotic performance. Soil Biology and Biochemistry, 38(9),
2944-2951.

6. Dakora, F. D. (2003). Defining new roles for plant and rhizobial molecules in sole and mixed plant
cultures involving symbiotic legumes. New Phytology Trust, 157, 39-49.

7. Damavandi, M., Saboori, H., Biabani, A. & Reyisi, S. (2013). Effect of arbuscular mycorrhiza and
Brady Rhizobium japonicum under different levels of phosphorus fertilizer on number, node wet
weight and dry weight of nitrogen fixing nodules of soybean. In: Proceedings of the 2" New Issuesin
Agriculture Conference, 19 December, Islamic Azad University of Saveh, Iran.

8. Elgaa, A. M., Ishac, Y. Z., Adbel Monem, M., El-Ghandour, A. A. |., Huang, P. M., Berthelin, J,,
Bollag, J. M., Megill, W. B. & Page, A. L. (1995). Effect of single and combined inoculation with
Azotobacter and Vesicular Arbuscular Mycorrhiza fungi on growth and mineral nutrient contents of
maize and wheat plants. Environmental Impact of Soil Component Interaction, 2, 109-116.

9. El-Shaarawi, A. I., Sabh, A. Z., Abou-Taleb S. M. & Ghoniem, A. E., (2011). Effect of inorganic
nitrogen and Bradyrhizobium japonicum inoculation on growth and yield of soybean. Australian
Journal of Basic and Applied Sciences, 5, 436-447.

10. Erman, M., Demir, S., Ocak, E., Tufenkgi, S., Oguz, F. & Akkopru, A. (2011). Effects of Rhizobium,
arbuscular mycorrhiza and whey applications on some properties in chickpea (Cicer arietinum L.)
under irrigated and rainfed conditions. Field Crops Research, 122(1), 14-24.

11. Garg, N. & Chandel, S. (2011). Effect of mycorrhizal inoculation on growth, nitrogen fixation and
nutrient uptake in Cicer arietinum under salt stress. Turkish Journal of Agriculture, 4, 1-35.

12. Heidari, M. & Karami, V. (2014). Effects of different mycorrhiza species on grain yield, nutrient
uptake and oil content of sunflower under water stress. Journal of the Saudi Society of Agricultural
Sciences, 13(1), 9-13.

13. Hemmati, A. & Asadi Rahmani, H. (2004). Study of application of nitrogen and nitrogen-fixing
bacteria strains on yield of common bean. In: Proceedings of the 8" Iranian Crop Sciences and plant
breeding Congress, 24-26 August, Faculty of Agriculture, University of Gilan, Iran. pp. 465.

14. Khaje-Pour, M. R. (2006). Industrial Crops. Jahad Academic Publications, Esfahan Industrial
University. (In Farsi)

15. Khalequzzaman, K. M. & Hossain, I. (2007). Effect of seed treatment with rhizobium strains and
biofertilizers on foot/ root rot and yield of bushbean in fusarium solani infested soil. Journal of
agriculture research, 45(2), 151-160.



) WWAF liasy oF 8 Lo FA 5,90 ()]l ol)5 (LS pole

16. Khalili, M. (2014). Effect of irrigation intervals and biofertilizers on water use efficiency, agronomic
and qualitative characteristics of soybean (Glycin max L.) in Hamedan. M. Sc. Thesisin Agronomy,
Bu-Ali Sina University of Hamedan. (In Farsi)

17. Majnoon Hosseini, N. (1997). Beans in Iran. Jahad Academic Publications, University of Mashhad.
(In Farsi)

18. Mikhaedl, F. T., Estefanous, A. N. & Antoun, G. G. (1997). Response of mycorrhizal inoculation and
organic fertilization. Bulletin of Faculty Agriculture-University of Cairo, 48, 175-186.

19. Mohammadi, E., Asghari, H. & Gholami, A. (2014). Evauation the possibility of utilization of bio
fertilizer mycorrhiza in phosphorus supply in Chickpea cultivation (Cicer arietinum L.). Iranian
Journal of Field Crops Research, 11(4): 658-665. (In Farsi)

20. Ortas. 1. (2004). The effect of Mycorrhizal inoculation on forage and non-forage plant growth and
nutrient uptake under field conditions. Options Mediterranéennes, 79, 459-470.

21. Philips, J.& Hayman, D.S. (1980). Improved procedure for cleaning roots and staining parasitic and
Vesicular arbuscular parasitic and Vesicular-arbuscular mycorrhiza fungi for rapid assessment of
infection. Transactions of the British Mycological Society, 55: 158-161.

22. Rajput, L. S, Ansari, A. H., Usmani-Khail, M. U., Oad, F. C. & Oad, N. L. (2001). Vegetative
growth, yield components and seed yield response of inoculated and un-inoculated soybean regard to
fertility regimes. Journal of Applied Science, 1, 379-382.

23. Ruiz-Sanchez, M., Aroca, R., Munoz, Y., Polon, R., & Ruiz-Lozano, J. M. (2010). The arbuscular
mycorrhizal symbiosis enhances the photosynthetic efficiency and the antioxidative response of rice
plants subjected to drought stress. Journal of plant physiology, 167(11), 862-869.

24.Ryan, M. H. & Graham, J. H. (2002). Is there a role for arbuscular mycorrhizal fungi in production
agriculture. Plant and soil, 24: 263-271.

25. Safa-poor, M., Ardakani, M. R., Rejdi, F., Khaghani, Sh. & Teymuri M. (2010). Interaction between
mycorrhiza and rhizobium on yield of three varieties of Phaseolus vulgaris L. New Findings in
Agriculture Journal. 5(1), 22-25.

26. Saini, V. K., Bhandari, S. C. & Tarafdar, J. C. (2004). Comparison of crop yield, soil microbial C, N
and P, N fixation, nodulation and mycorrhizal infection in inoculated and non-inoculated sorghum and
chickpea crops. Field Crops Research, 89, 39-47.

27. Seyyedi, M. N. & Mir Sharifi, R. (2013). Effect of seed inoculation with rhizobium and nitrogen
fertilizer application on yield and agronomic characteristics of soybean in Ardabil. Iranian Journal of
Field Crops Research, 11(4), 618-626. (In Farsi)

28. Shiri Janagard, M. & Raei, Y. (2014). Effect of growth-promoting bacteria on soybean nodulation and
oil and protein yields. Journal Sustainable Agriculture and Production Science, 24(1), 69-82. (In
Farsi)

29. Shiri Janagard, M., Raei, Y., Gasemi-Golezani, K. & Aliasgarzad, N. (2013). Soybean response to
biological and chemical fertilizers. International Journal of Agriculture and Crop Sciences, 5(3), 261-
266.

30. Siviero, M. A., Motta, A. M., Dos Santos Lima, D., Biralli, R. R., Huh, S. Y., Santinoni, I. A., &
Nogueira, M. A. (2008). Interaction among N-fixing bacteria and AM fungi in Amazonian legume
tree (Schizol obium amazonicum) in field conditions. Applied Soil Ecology, 39(2), 144-152.

31. Sogut, T. (2006). Rhizobium inoculation improves yield and nitrogen accumulation in soybean
(Glycine max L.) cultivars better than fertilizer. New Zealand Journal of Crop and Horticultural
ience, 34, 115-120.

32. Starling, M. E, Wood, C. W. & Weaver, D. B. (1998). Starter nitrogen and growth habit effects on
late-planted soybean. Agronomy Journal, 90, 658-662.

33. Taher-khani, M., Nour Mohammadi, Gh., Mir Hadi, S. M. J. & Mohammadi Rahim, A. (2007).
Evaluation the ability of biological nitrogen fixation in different bean varieties with using of three
types of inoculant containing nitrogen-fixing bacteria. Agroecology Journal, 3(7), 79-88. (In Farsi)

34.Walley, F. L., Boahen,S. K., Hnatowich, G. & Stevenson,C. (2005). Nitrogen and phosphorus fertility
management for desi and kabuli chickpea. Canadian Journal of Plant Science, 85, 73-79.

35. Zarei, 1., Sohrabi, Y., Heidari, Gh. R., Jalilian, A. & Mohammadi, Kh. (2012). Effects of biofertilizers
on grain yield and protein content of two soybean (Glycine max L.) cultivars. African Journal of
Biotechnology, 11(27), 7028- 7037.

36. Zimmera, S., Messmer, M., Haasec, Th., Piepho, H. P., Mindermann, A., Schulz, H., Habekub, A.,
Ordon, F., Wilbois, K. P. & Heb, J. (2016). Effects of soybean variety and Bradyrhizobium strains on
yield, protein content and biological nitrogen fixation under cool growing conditions in Germany.
European Journal of Agronomy, 72, 38-46.



