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Study on High Efficient Fertilization Methods of Coupling Effect of Rhizobium
and Nitrogen Fertilizer in Wind Sand and Semi-arid Area of
Heilongjiang Province

ZHOU Chang-jun, CHEN Jing-sheng, TIAN Zhong-yan, LI Jian-ying, WU Yao-kun, YU Ji-dong, MA Lan,
LI Ze-yu

(Daqing Branch, Heilongjiang Academy of Agricultrual Science, Daqing 163316, China)

Abstract; In order to explore the coupling effect of Rhizobium and nitrogen fertilizer on the biological growth of soybean plants
in the wind sand and semi-arid region of the western Heilongjiang Province, and to explore the reasonable and efficient
fertilization methods in this area. In this study, five different fertilization methods were set up in 2018 and 2019. TI: No
nitrogenous fertilizer, T2: Conventional fertilization, T3 Conventional fertilization + Urea topdressing at flowering,
T4 . Conventional fertilization + Rhizobium seed dressing + Urea topdressing in flowering period, T5: Conventional
fertilization + Rhizobium seed dressing + Controlled-release urea at flowering stage. The effects of different fertilization
treatments on plant biomass, yield, yield components and economic benefits of soybean were analyzed. The results showed
that the coupling effect of rhizobia and nitrogen fertilizer significantly increased the dry weight on the ground, dry weight under
the ground, dry weight of rhizobia, the number of rhizobia in soybean flowering stage, the seed weight per plant and the
100-seed weight. The soybean plant dry weight on the ground and dry weight under the ground of the T4 treatment were the
highest in the two-year experiment. The dry weight of rhizobia in soybean flowering stage of TS treatment was the highest in
2018, and this character of T4 treatment was the highest in 2019. The rhizobia number of TS5 treatment was the highest in the
two-year investigation. The seed weight per plant, the 100-seed weight and the soybean yield of T4 treatment was the highest
in the two-year investigation. In 2018, the soybean yield of T4 treatment was 2 686. 4 kg-ha™', 6.10% and 10.31% higher
than T3 and T2 treatments, respectively. In 2019, the soybean yield of T4 treatment was 2 798.8 kg-ha™' 10.4% and
16. 0% higher than T3 and T2 treatment respectively. The output value of T3, T4 and TS were higher than that of T2, among
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which T4 was the highest, reaching 9 599.1 yuan « ha™',

yuan-ha™'.

with the most increase compared with T2, reaching 611.8

Therefore, T4 was the rational way of applying fertilizer in a semi-arid area of the western Heilongjiang Province.

Keywords: Soybean; Aeolian semi-arid area; Rhizobium; Efficient fertilization; Coupling effect; Economic benefit
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Table 1 Analysis of biological dry weight and nodule number of soybean plants at flowering stage
s HUBR D 17T BB M T AT W BRAR R BRI
A Shoot dry weight per plant/g Root dry weight per plant/g Nodule dry weight per plant/g Nodule number per plant
Treatment
2018 2019 2018 2019 2018 2019 2018 2019
Tl 71.44+£1.35bC  89.21 +5.50 aA  8.55+0.42¢cB  9.36+0.60 bB  0.75+0.04 bA  0.92+0.03 bB  17.69£0.72 dC  19.05 +0.99 bB

77.19 +1.14 bBC 98.16 £4.51 aA  10.14 £0.49 bAB 11.33 +0.54 abAB 0.81 £0.07 bA

T3 86.37 £2.18 aAB 100.34 £10.27 aA 11.17 +0.10 abA 11.86 +0.55 aAB  0.95 +0.06 abA

T4 90.38 £1.94 aA  112.02 +11.47 aA 11.79 £0.47 aA

T5 89.03£2.65aA 98.93+9.21 aA 11.4+0.15 abA

12.53 £0.26 aA

11.64 £0.78 aAB  1.06 +0.06 aA

1.16 £0.04 aAB  19.23 £0.52 ¢dBC 22.22 +1.10 aAB
1.14 +0.12 abAB 21.33 £0.46 bABc 22.16 +1.00 aAB
1.02 £0.04 aA

1.28+0.11 aA  22.92£0.64 abA 22.82+1.18 aAB

1.08 £0.04 abAB 23.71 £0.69 aA  24.21 +0.77 aA

[F) 5t AR /NG B2 RER A IX ] P <0. 01 1 P <0. 05 NAF/EMR B sl B 2 5. TR,

Different capital and lowercase in the same column mean extremely significantly or significantly difference at P <0. 01 or P <0. 05 level. The same

below.
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Table 2 Coupling effect of rhizobium and nitrogen fertilizer on yield components of soybean

- FBRSER Ly TR e FRLE
Pods number per plant Seeds number per plant Seed weight per plant/g 100-seed weight/g
Treatment
2018 2019 2018 2019 2018 2019 2018 2019
T1 23.53+0.38 ¢B 27.50£1.29 ¢cB  55.16+0.61 ¢cC  66.00+0.88 bB  13.50 £0.06 cC  14.43 +0.26 cC  17.26 £0.07 ¢cC  16.74 +0.51 bB
12 28.37+0.44 bA  32.75+0.91 bA  68.08 +1.38 bB  78.33+£3.18 aA  15.14+0.13 bB  15.92+0.18 bB  18.20 £0.05 bB  18.42 +0.51 aAB

13 30.60 £0.54 aA  34.25£0.85 abA  73.80 £1.23 aA

T4 30.10 +0.64 abA 36.01 £0.96 Aa 73.50 +0.72 aA

Ts5 29.00 +0.79 abA 36.06 £1.80 aA

80.33+2.03 aA

81.33 £1.15 aA

72.16 £0.81 aAB 79.33 £0.88 aA

16.09 +0.38 aA 16.56 +0.18 bB  18.14 £0.08 bB  18.80 £0.46 aAB

16.70 £0.12 aA  18.61 £0.43 aA  19.23 £0.33 aA  19.33 £0.63 aA

16.61 +0.13 aA  17.86 £0.24 aA  18.53 +0.17 bAB 18.45 £0.33 aAB
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Table 3 Coupling effect of rhizobium and nitrogen fertilizer on root shoot ratio,

agronomic characters and yield of soybean

MR L 7= FEARCIE s
Treatment Root/shoot Plant height/cm Effective nodes number of main stem Yield/ (kg+hm ~2)
2018 2019 2018 2019 2018 2019 2018 2019
TI  0.126+0.01 aA 0.101 £0.01 aA 69.20 +0.61 cB  77.75+1.04 dB  11.43+0.15bA  12.43+0.11 bB  2126.0+15.12 cC 22325 +84.80 dB

0.138 £0.01 aA 0.129+0.01 aA 71.63 +1.18 bAB 79.75+1.93 ¢dB 12.14 £0.35 abA 13.13 +0.15 aA

T3 0.129+0.01 aA 0.128 +0.01 aA  73.56 +0.54 abA 82.75 £0.75 beAB 12.23 +£0.20 aA

T4 0.130 £0.01aA 0.108 £0.01 aA 74.96 +0.76 aA  87.25+1.25 aA

TS 0.128 £0.01 aA 0.114 +0.01 aA  73.70 +0.41 abA 85.50 £0.85 abA 12.11 +£0.09 abA 13.03 +0.12 aAB 2577.3 +51.98 aAB

12.23 +0.15 aA

2409.3 £31.96 bB 2412.0+62.73 cdB

12.92 +0.08 aAB  2531.1 +40.32 aAB  2535.7 £59.26 hcAB

13.25+£0.20 aA  2686.4 +45.58 aA  2798.8 +£98.30 aA

2711.5 £91.51 abA
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Table 4 Economic analysis of different treatments

- PIARP- 27 7H AN+ R A NI A s Hlk
Average yield Output value  Cost of nitrogen ferlizeron and rhizobium  Labour cost Profit Net income
Treatment
(kg-hm~%) /(JG-hm™?) /(JG-hm?) /(JG-hm~?%) /(JG-hm~?) /(7G-hm~?%)
T1 2179.3 7627.4 0 0 -
T2 2410.7 8437.3 0 0 8437.3 -
T3 2533.4 8866.9 270 100 8496. 6 59.3
T4 2742.6 9599.1 350 200 9049. 1 611.8
TS5 2644.4 9255.4 350 200 8705. 1 267.8
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e RCOR, AT RE S R A KT B K 0 K AR B
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