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Effects of Nitrogen Fertilizer Reduction and Rhizobia Inoculation on
Physiological Growth, Nitrogen Use Efficiency and Yield of Soybean

XIANG Youzhen'? ZHANG Wei'? TANG Zijun'?> FU Junyu'” LI Zhijun'® ZHANG Fucang'"
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas,
Ministry of Education, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Institute of Water-saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract. In agricultural production within arid and semi-arid regions, common practices involve
rhizobium bacteria inoculation and nitrogen application to promote soybean growth and increase seed
yields. However, there has been limited research on the interaction between rhizobium inoculation and
nitrogen application and their impact on soybean growth and yield. This two-year field experiment aimed
to address this gap by investigating four nitrogen application levels (NO: 0 kg/hm*, N1: 60 kg/hm’,
N2. 120 kg/hm2 , N3 180 kg/hmz) and two inoculation levels: rhizobium inoculation (R) and water
mixed with no inoculation (unmarked). Various parameters related to soybean growth, including nodule
number, nodule dry weight, leaf area index (LAI), biomass accumulation and root characteristics, were
measured at different growth stages. Additionally, physiological indicators such as chlorophyll content,
photosynthetic parameters, fluorescence parameters and nitrogen uptake, along with nitrogen use
efficiency calculations were assessed. The results demonstrated that soybean growth reached its optimum
under the RN2 treatment, with maximum nodule number of 241. 47, maximum nodule dry weight of
1.30 g, maximum root length density of 15.00 cm/cm’, maximum LAI of 5.44 ¢m’/cm’, maximum
biomass accumulation of 17 530.51 kg/hm®, maximum chlorophyll content of 53.55, maximum net
photosynthesis rate of 32. 75 wmol/(m*+s) , and maximum seed yield of 4 659. 4 kg/hm’. In conclusion,

reducing nitrogen fertilizer application ( N2) while concurrently inoculating with rhizobium (R) was
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essential for enhancing the physiological growth of soybeans in the Guanzhong Plain, improving nitrogen

use efficiency and increasing soybean yields.

The research result can provide both theoretical

underpinning and practical experience to elevate soybean production in arid and semi-arid regions.

Key words: soybean; nitrogen application; inoculation of rhizobium; nitrogen use efficiency; yield
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Fig.3  Effects of different nitrogen levels and rhizobium inoculation on number of soybean rhizobium at different growth stages
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Effects of different nitrogen levels and rhizobia inoculation on LAI and biomass

accumulation of soybean at different growth stages
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Fig.6 Effects of different nitrogen levels and rhizobium inoculation on root length density, root surface

area density, root volume density at maturity stage of soybean
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Fig.7 Effects of different nitrogen levels and rhizobium inoculation on root dry weight and

root-shoot ratio at maturity stage of soybean
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Tab.3 Effects of different nitrogen levels and rhizobia ﬁ@ﬁ'ﬁfiﬁ%ﬁﬁ; 3] EI/J XE{/EFHXTjQE—{% J[(A [&] lﬁ}iﬁ
inoculation on net photosynthetic rate of soybean at BELW (P <0.05),
different growth stages 2.2.3 FOLSH
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Fig. 8 Effects of different nitrogen levels and rhizobium inoculation on maximum photochemical

efficiency, actual photochemical efficiency, photochemical quenching coefficient and

non-photochemical quenching coefficient of soybean at different growth stages
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Tab.4 Effects of different nitrogen levels and rhizobia

inoculation on soybean yield and its components

o K5 F OB R bk FMFTR/
pos:l 8 L BB FiRE/g (kgehmT?)
NO 11.0¢ 38.5" 82.7' 18.1° 2998, 4!
N1 12.5% 50.4% 121.2°  21.0° 3743. 1
N2 12.5"% 56.2° 121.8°  21.7*"  3941.4°
N3 11.8%4 44.8°  97.3° 18.6° 3 600. 4
2021 RNO  11.5° 43.2° 92.7°  18.3° 3403.9°
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Tab.5 Effects of different nitrogen levels and rhizobia inoculation on nitrogen use efficiency and its components of soybean
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