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Effects of soil sterilization and nitrogen application on root
growth, nitrogen accumulation, and yield of soybean

GAO Quantong', XU Yaxin', XUE Lihua’, WANG Cong', ZHANG Jianxin'
(1. College of Agriculture, Xinjiang Agricultural University, Urumqi, Xinjiang 830052, China;
2. Institute of Cereal Crops, Xinjiang Academy of Agricultural Sciences, Urumgqi, Xinjiang 830091, China)

Abstract; To clarify the relationship between symbiotic nitrogen fixation in soybeans and their yield and
quality formation, as well as the regulatory effect of nitrogen fertilizer, a split-plot pot experiment was conducted
from 2023 to 2024 using ‘ Dongnongdou 252’ as the material. The main plots were soil sterilization (NOR) and
control (R) treatments, while the subplots were nitrogen application rates of 0 g « pot” (NO), 1.04 g « pot™'
(N1), 2.07 g+ pot"'(N2), and 3.15 g - pot '(N3). The experiment systematically investigated the effects of the
combinations of soil sterilization and nitrogen application rates on the dry matter accumulation of soybean roots, the
length and surface area of lateral roots, the number of nodules, the nitrogen accumulation of plants, grain yield,
and protein content. The results showed that in the NOR treatment at the full seed stage, the total dry matter of
roots, the length and surface area of lateral roots in NO, N1, N2, and N3 were reduced by 8.93% to 17.82%,
10.02% to 20.90% , and 8.55% to 25.58% , respectively, compared with the R treatment. No nodules were formed
in the NOR treatment, and the nitrogen accumulation in the NOR treatment at N2 was reduced by 11.32% to
29.67% compared with the R treatment. The yields of the NOR treatment at NO, N1, N2, and N3 were reduced by
18.83% to 24.00% compared with the R treatment, and the protein content of the grains was significantly reduced.
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Increasing nitrogen fertilizer application could not compensate for the loss of nitrogen accumulation, yield, and pro-

tein content in grains caused by the loss of symbiotic nitrogen fixation capacity due to soil sterilization. With the in-

crease in nitrogen application rates in both NOR and R treatments, the dry weight of roots, the length and surface

area of lateral roots, nitrogen accumulation, yield, and nitrogen fertilizer agronomic efficiency all showed a trend of

increasing first and then decreasing, with the highest values at N2. In the R treatment at N2, soil nitrogen, fertiliz-
er nitrogen, and symbiotic nitrogen fixation accounted for 1.58% to 21.44%, 30.44% to 33.82%, and 48.10% to

54.60% of the nitrogen accumulation, respectively. It can be seen that symbiotic nitrogen fixation promotes the

growth of soybean roots and plays an important role in yield and quality formation that cannot be replaced by nitro-

gen fertilizer. To achieve high yield, quality, and efficiency in soybeans, it is necessary to fully utilize the potential

of symbiotic nitrogen fixation.

Keywords: soybean; symbiotic nitrogen fixation; nitrogen fertilizer regulation; nitrogen accumulation;

yield; quality
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Fig.1 Effects of soil sterilization and nitrogen application rate combinations on the total

dry matter weight of soybean roots and the length of lateral roots
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Fig.2 Effects of soil sterilization and nitrogen application rate combinations on the surface area of lateral roots of soybeans
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Table 1  Effects of combined treatments of soil sterilization and nitrogen application
rates on the accumulation amount and proportion of nitrogen in soybeans
i A # Nitrogen/(mg + #") & Z LA Nitrogen ratio/ %
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Year Treatment amount Soil Fertilizer =~ Symbiotic nitrogen Total nitrogen Soil Fertilizer =~ Symbiotic nitrogen
nitrogen nitrogen fixation accumulation nitrogen nitrogen fixation
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R 122.82 172.06b 294.88f 41.65 58.35
NOR 122.82 304.92¢ 427.74e 28.72 71.28
2003 R N 122.82 182.90e 164.04b 469.76¢ 26.15 38.93 34.92
NOR 122.82 385.28a 508.10b 24.17 75.83
R N2 122.82 194.18f 255.96a 572.96a 21.44 30.40 48.16
NOR N3 122.82 326.60b 449.42d 27.33 72.67
R 122.82 212.00d 170.94b 505.76b 24.28 41.92 33.80
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R 157.00 340.42¢ 497.42¢ 31.56 68.44
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2024 R 157.00 406.36f 360.36b 923.72d 17.00 43.99 39.01
NOR N2 157.00 796.70a 953.70¢ 16.46 83.54
R 157.00 458.60e 740.38a 1355.98a 11.58 33.82 54.60
NOR N3 157.00 602.56b 759.56e 20.67 79.33
R 157.00 593.06bc 340.08¢ 1090.14b 14.40 54.40 31.20
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Note: * and * * represents significantly differences at P<0.05 and P<0.01, respectively. ns represents no significant differences. The same below.
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N AR FERE E R EN# A, £—E+ W2 NOR<R, 2023 45 NOR AL ¥ NO N1 N2,
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N3 7= & 43 8 R AL B FE AR 19.35% , 17.10%
14.95% 15.85% , 7™t W AR 3 2 2 S b b 50 /0 119
S50 NOR A1 R Ab P 7™ it i il 260 2 104 39 i iy 334
FE N2 SR MH 5, 24k 22 38 it 20 & 7 2 1 4 T R,
NOR Fll R Ab B N2 75t 43 Ji 8¢ NO 3 /i 85.40% Fil
75.80% ,R AbFE N2 s A AL NO 5 118.00% ,
NOR ZbHf N2 p= 4 R AbFE N2 3D 14.14% , KK
A SRR A i SRR A B ) R S T
AN R A it U A B R K T 398 it RN A B

NOR I R b3 A 1 5T 5t 357 o it 280 3t 71
BEI RGN, AE N2 SRR (E 5, Ak S it 2 AT R
BB TFE, NOR £ i 2040 BE A4 A1 b7 8 1 &
TN A — it Ui R AR FEFEAIR 4.12% .5.46% |
7.95% .5.52% ,NOR Fll R Ab B N2 Ak 6 1 & 247
SR Y NO 34 13.33% F1 18.05% ., NOR Ab¥i
B R AL IR AR 5T 7 AR 7.95% , NOR AL 3
R A FRENEAR 2 F R R AR 9.03% ~44.77% .,
TR KPR - S AR K it 22U S Ak B 1) R R AR 1 B
AR A 2 F FRCR 3 8 T R K At
FNEALFE A K P A it AN b P K TR 1 e Ak P
FRRFRL R 10T 7 2 0 KT AN KB AR 3, 2024
R A HE R AR AL A5 2023 4F—F, NOR 4b 3
N2 7= R ALBE N2 Yk /D 14.14% K FRLEE H B =
FEAIK 7.95% ~8.20% , RAEA 24 Il AL F P 9.03%

~44.77%, 2024 445 4b B P 2 E R T 2023
A, R AR PR AR OK &, 1t EUIE R RE b
PR+ K S 80 AR R A R RS,
RIS i1 SR K 7 e A SR A ) AR R R
BT R RERR IR

3 9w

e [ 0% R AR Ak 2R AN s B R
TR RS B Y AR R R
B ) [ ECRE 7, b B 3 4 AR 3R 43 FOE BURE
;P RIS AR B S SR SR X
AR E AT T BAT B 9855 7 ] AR
Hehn 7 MU R e T B ARE T, DT AR &R
AR U AR [ R 52 T R AR R R R AR Y
FEFED A AR RA SRR AR
i, R G AE MR BB AR K RO BRI i B
STt ARG R AR R AR KRR e R, S
U UL AT PR R AR R AR B R, AR AR
%E’Iﬂfﬁiﬁ,iﬁﬂ*ﬁﬁtlﬁ%ﬂ%%?ﬁﬁmﬂo Thorburn
250833 sk (D3R 56 0 fb A VR UL 17 ke B 3R K 1 3
ATV R R B, DL e K PR BE b #2  2E TA
W1, T R G AE B A R S, IF DA IR AL
BRI TR S A 2 G A B R
I AE R R | KR e K AR PR IO AR ™ R A

®2 ITETEREREAGREMNKXEFERFHNFNERRSENZM

Table 2  Effects of combinations of soil sterilization and nitrogen application

rates on soybean yield, yield components, and seed protein content

., 4 s gor AU 2 R
Ay Ab P ﬁﬁﬂi LRI H R ARE FE HEAR S Agronomic efficiency
- Nitrogen Pod per Seed per 100-seed . et . . o
Year  Treatment . Yield/(g - #~") Protein content/% of nitrogen fertilizer
amount plant plant weight/g _
/(g #")
NOR NO 14.88f 23.00e 21.74b 10.00g 31.88d
R 16.25¢ 27.63d 22.43b 12.40f 33.25¢d
NOR NI 17.25d 30.25¢ 23.25b 14.06e 33.56¢ 3.90¢
2023 R 23.00b 34.75b 24.40ab 16.96¢ 35.50c 4.38a
NOR N2 21.13¢ 31.75¢ 24.46a 18.54b 36.13b 4.13b
R 24.38a 41.75a 24.92a 21.80a 39.25a 4.54a
NOR N3 18.00d 31.13¢ 24.23ab 15.08d 34.19¢ 1.61d
R 20.13¢ 36.25b 24.73a 17.92¢ 36.20b 1.75¢
NOR NO 32.21f 79.80e 23.92b 31.46f 32.13d
R 35.83e 95.00d 24.77ab 33.10d 33.06d
NOR NI 37.21e 81.60e 24.35ab 33.06e 33.88c 1.54e
2024 R 44.60be 93.81d 24.89ab 36.54¢ 36.31b 3.31b
NOR N2 44.00c 102.80c 24.81ab 36.92¢ 37.41b 2.64c
R 50.20a 123.63a 25.23a 43.00a 40.75a 4.78a
NOR N3 39.60d 94.80d 24.71ab 35.34c¢ 34.44c¢ 1.23f
R 46.60b 108.41b 25.18a 40.08b 37.44b 2.22d
Fy Year(Y) EE EE EE ® ns % %
THEK * % * % * % ® % - ns
Soil sterilization( T)
its A Nitrogen(N) A * % ns % % [ % %
P
YXT ns * ns ns *
YxN * % % * ns E
TN ns ns ® ns * K * K
YXTXN ns ns * ns ns * ok
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