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Effects of nitrogen application rate on the nitrogen
accumulation and yield of spring soybean
under mulched drip irrigation
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Abstract To clarify the effects of nitrogen (N) application rate on fertilizer N, biological nitrogen fixation (BNF),
and nitrogen accumulation in soybean under drip irrigation with plastic film mulching in Xinjiang, and their

relationships with yield formation, a split-plot experiment was conducted in 2022 and 2023. Four N application
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treatment,0 (Ny), 120 (N;»), 180 (Nyg) and 240 kg/nm? (N,,,) were applied at the beginning pod stage (R,)
as main plots, with two soybean cultivars (‘Xindadou 27’ and ‘Xinnongdou 2’) as subplots. Measurements
were taken from the full flowering stage (R,) to maturity (Rg) for parameters including: The nodule number, nodule
dry weight, nitrogenase activity, nodule sucrose and starch content, biological nitrogen fixation (BNF), fertilizer-
derived N uptake, total N accumulation, and yield. Relationships between nitrogen application rates and total
nitrogen accumulation, fertilizer-derived nitrogen uptake, biological nitrogen fixation, and yield in soybean were
analyzed. The results showed that: The nodule number, nodule dry weight, biological nitrogen fixation, nitrogen
accumulation, and yield were significantly affected by nitrogen application rates in both experimental years
(P<C0.05). Compared with Ny, the N4 significantly increased nodule number, nodule dry weight, nodule
sucrose content, starch content and sucrose synthase activity, while decreased nitrogenase activity ( P<<0.05).
Compared with Ny, the biological nitrogen fixation of ‘Xindadou 27’ and ‘Xinnongdou 2’ in N, increased by
14.63% and 46.51% in 2022, and by 21.68% and 31. 43% in 2023, respectively (P<<0.05). The highest yield
of ‘Xindadou 27’ and ‘Xinnongdou 2’ in both years was N, which were 4 096. 68 and 4 292. 54 kg/hm? in 2022,
respectively, increased by 19. 23% and 25.69% compared with N, (P<<0.05). In 2023, the yield were 4 404. 47
and 4 641.50 kg/hm?, respectively, with an increase of 24. 91% and 21. 81% compared with Ny, respectively
(P<<0.05). However, when nitrogen application reached 240 kg/hm®(N.,,), the nodule number, nitrogenase
activity, and biological nitrogen fixation capacity all decreased significantly (£<C0.05). Fertilizer nitrogen uptake
and total nitrogen accumulation either plateaued or showed only marginal increases, while both yield and nitrogen
agronomic use efficiency exhibited significant declines (P<<0.05). In conclusion, applying 180 kg/hm? of nitrogen
at the beginning pod stage (R;) promoted the nodule number, dry weight, and carbohydrate content of nodule,
sustained high biological nitrogen fixation capacity, improved nitrogen use efficiency, and facilitated nitrogen
accumulation and high yield for spring soybean under drip irrigation with plastic film mulching in Xinjiang.

Keywords spring soybean; N application rate; nodule fixation of nitrogen; nitrogen use efficiency; yield
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Table 1 Irrigation period and irrigation

amount of soybean m’/hm”
A FEWE A Trrigation amount e
Year (6-17 06-27 07-14 07-26 08-05 Total

2022 600 700 700 700 600 3300

EG HE M 4 Trrigation amount e
Year  (g-27  07-07 07-24 08-06 08-15 lotal

2023 600 700 700 700 600 3300
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2.1 HAREMNAEREHRBRETENZMR

i 2€ 2 A 41,2022 F1 2023 4, 24> 5 Fl oK 2 AR 9%
ORI AR IR T B BE A E R A HE R, RPN R TE
LR BN 2 RO IR WE(E 5 T B Ay A8tk a3 3 DL R
B o 2022 45 45 Jif AL B R,—R, 101 42 788 B AIAR 7

x2

T2 R B EKT R, B RE 27 S
A& T 245 N oo M I8 FIORN M 98 T 7 85 5, 88 N 40 i) 34
Jim 85.53% . 60.53% # 71.20% . 87.73% (P<<
0.05), 2445 R —3, A I ME Ny, 25
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Table 2 Change of nodule number and nodule dry weight of soybean under different nitrogen application rates

9% A /(A /m?®) Nodule number

M9+ /(g/m*) Nodule dry weight

FHCY) RRC 3 (D)
Year Cultivar  Treatment ‘SAE  AE3EI R IR WAL AR RIS LR Wk
R, R, R, R, R, R, R, R,
N, 305.25"  742.50° 1311.75° 1039.50°  3.30 4.02¢  12.52¢  8.40"
ko7 e Nz 330.00° 1064.25* 1963.50° 1097.25°  3.89% 8.49% 18.77°  10.24%
Xindadou 27 N 305.25" 1600.50° 2433.75° 1427.25% 3.80"®  11.00° 20.06° 12.17°
Naso 305.25°  412.50°  701.25¢  478.50°  3.57% 2.78  3.89¢  3.11°
20z N, 453.75° 1014.75° 1575.75° 1369.5%  4.05° 6.360  8.23  7.28
AT 2w Nz 453.75° 1196.25" 2128.50° 1171.5"  4.38" 7184 12.18°  8.11"
Xinnongdou 2 N 445.50" 1526.25° 2697.75 1476.75'  4.38" 9.72% 15.45°  11.37"
Nag 486.75'  561.00°  899.25"  734.25'  4.24" 3.72¢ 557 4.13°
N, 239.25° 1064.25° 1369.50° 1278.70%  2.46° 16.67°  19.42°  18.13"
N Nz 264.00" 1212.75° 2367.75" 1460.25"  2.44° 17.24*  22.89"  16.24°
Xindadou 27 Niso 272.25" 1765.50° 2813.25° 1765.50°  2.47° 15.44°  25.43*  21.06°
Naio 255.75"  511.50° 1122.00° 95.01'  2.52° 8.99™ 11.61°  8.50"
208 N, 313.50° 1188.00° 1617.00°  957.00°  2.10 7.10%  8.810  6.99¢
Y ] Nz 330.00° 1518.00" 1493.259 1435.50°  2.03" 7.60"  10.14  10.87°
Xinnongdou 2 N 330.00° 1839.75° 2326.50" 1650.00" 2.05 10.44"  15.69¢  13.50°
Nayo 313.50°  709.50° 1097.25°  816.75'  2.05 5. 66° 6.29¢  4.81"
Y 188.79"  37.10 136.95 52.05 2259.42° 158.41  12.37 5.01
C 206. 647 41.40° 0.06 2.10 1.38 80.73 719.03" 649.81"
T 0.51  201.47" 1084.23" 47.65" 2.23  60.96" 449.58" 191.04"
r YXC 53. 35 0.11 224.32" 44. 46" 14.31  91.88"  91.16" 364.56"
YXT 0.65 1.97 66. 39" 4.26 0.79 851" 26.777  0.25
CXT 0.42 6.50" 13.03" 2.08 0.76  6.78 163.35"  6.21°

TE AN Rk R 28 57 3 (P<20. 05) M ) 7 Bl 38R 25 5 AN 1835 (P=>0.

05) . *FT+x4r % 0. 05 F1 0. 01 KF Ay & M. TR,

Note: Different letters represent significant differences (P<C0.05) , while the same letters represent no significant differences (P=>0.05). *

and ** indicate significance at 0. 05 and 0. 01 levels, respectively. The same below.

2.2 MAENREEEREHSENEMN

i & 2 A3 a1, 2022 1 2023 4F 24 & Aok
TR AR R REOBE i A B A A I A A R
Je bR MR AL R 7E RIS B . R,

— R, 24 R T 45 it 20 Ak B O AR R B o
22 5 ¥R B 3E K OF 5 2 4F R DA R R B L
Nuo e i, BT R T 275 A Bk .25 18 2022 4F
4% B % Ny Ny Nay 34 /1 36.30% . 31.99% .
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15.26% #128.51% .17.05% .46.82% (P<C0.05) ; 23.17% . 66.92% HI1 34.18% . 18.59% . 66.97%
2023 4 Nygy 20 B 8 No. Ny Noy 3801 31.62% (P<<0.05),
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9o [ T UG P 2 B N, FE AR 15.27%.30.65% .
79.96% (P<<0.05), “H A E 25 " ) Niy Nig Noy

43 B8 N, B AR 24.9% . 55.07% . 82.36% (P<<
0.05). 202345 2022 4 FMAHL .

R3 FRAEERETAERBERBEENTL

Table 3 Change of nitrogenase activity of soybean root nodules

under different nitrogen application rates pumol/(g-h)
Ay (YD AR (O A EE (T fif 3] Stage
Year Cultivar Treatment R, R, R, R,
N, 3. 54" 8. 44° 9.43" 6.11°
WmARTE 275 Nz 3.24° 6. 56" 7.99° 7.72°
Xindadou 27 Nigo 3.37 4. 86¢ 6. 54¢ 4. 88
Nao 3. 34 1.78 1. 89 1.62°
2022
N, 3.71" 8.37° 12.13° 5. 74
kT 2w Nz 3.86° 8. 34" 9.11° 6. 26"
Xinnongdou 2 N 3. 49 7.64° 5. 45° 5. 94"
Naso 3.52" 2. 38" 2.14° 1.61°
N, 4.16° 9. 50° 6. 94 5. 89°
R N 3.77% 7.16" 6.63 5.33°
Xindadou 27 Niso 3. 69" 6. 75" 4.97¢ 4. 35
Naso 3.61° 2.43 2.14' 1. 96°
2023
N, 3.91% 747" 10. 47° 5. 38
Wi f 22 NI 3.63" 7.68 .25 6.02"
Xinnongdou 2 Nigo 3.73 5.78 7. 45° 5. 46
Nao 3.63" 3.43 1.99' 1.82¢
Y 10. 08 0.89 7.32 0.98
C 2.96 3.29 641. 75" 12.92°
T 3.42 316.35" 1050. 77" 133.79
F YXC 10.75° 10. 77 118. 07" 5.45
YXT 0.62 2.03 27.70" 0.69
CXT 1.72 6.31" 33.31" 4.40"

2.5 MBREMXKEARRRERWHIME

22 4 AT 21,2022 F1 2023 4, 24 Fh R 57 BV
T o A 45 it AL B ) 25 S5 385k 3 OKOF L B L
Ny B0 20224F  Jr KRG 275 M A 25 1
Nigo 7 Ny 43 9 34 9m 63. 16 % 1 57. 76 % (P<<0. 05),
2023 4F 43 5 38 1 59. 00% 1 75. 59 % (P<<0.05) .
2 R R T A B RURD 3 A [ R o L B B A i
A G 23 T RS, 2R R G e
Bl ARSI E B AAEREER, HamiHh
Nigo; 2022 4F B R EL 275 M B AR T 25 " Ny Y &
A [ R B N 20 0l G i 24 4396 1 46. 47 % (P<<
0.05) , 2023 4F 43 5 # jm 21.86% . 31.43% (P<<

0.05), 20224F“H KT 275 M F KT 25 Ny,
JIEFh R0 W A B T o G 2 R 3 T N, 2 4F R B
o R, 2P KT 2EMBMBENA RS
22.94%~42.28% K H T 3 A4 [# A , 20.00%~
39.97% K A TR KA ,62.25%~33.77% kK A T
A, A L B it S 0 1 i ) A R
Ao b B i a0 1 I 2 0 . B i 2 A Y
BT, 2 A4 b A Rk 2R R A R e A R Y
Bl e # doe 2l S B B A B0 5 it R a2 i =
Noyo , AF R X6 AE Ak 0 8 WA B N i 4 2 386 o, [ B 3
A B AD ORI BE R B A PR OEEU B A
Baom .
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2.6 BMAMNAKEFERRENALRNFIE

Y 26 5 0] 1, 24 b Bl K 0T 2 48 1 W3R AR BUTE 4%
Jit G Ak B I) 14 TG 3 2 R 5 A% il 2 A B 1 R R A
FIBA R R B I A AE 3 25 o 2022 4F B K 27
SRR K257 1 N SRR B PR R B N
A3 B M4 48.62% . 23.01% 1 28.14% . 25.94%
(P<<0.05) ; 2023 4F 43 3 # N, 3 Jn 29.93% .
23.96% H126.86% .28. 64 % (P<<0.05), 2022 4F,
K275 R H AR E 25 (0 R Y L N, i

o

5, 0 488 NG 8 i 13. .80 % A1 20. 56 % (P<<0. 05)
2023 4E 43 51 BL Noy FIl Ny, f2 8, 43 91 8¢ N, 38 i
10.03% M18.56 % (P<<0.05), 24F‘#H KT 275",
CHIR 25 B R DL Ny B, o B A N
fm19.32% .25.57% (2022 4F ) F1 24.92% .21. 81%
(2023 4F) (P<<0.05) o 24 fhFp ok & U8 A& 2% 1)
B (NUED 7E 45 Ab 38 () 35 22 5 b 3, W K w2 27
SRR G245 A R AR R FHACRAE 2022 4F
¥ LA Nogo B 5, 43 91 4 3. 69 Fil 4. 86 kg/kg; 2023 4F

x5 TRAEAETAEFERREFALEETWL

Table 5 Change of soybean yield and nitrogen use efficiency under different nitrogen application rates

A Ay i A Ak B R/ .. o HhilE/g e/
bR S EL PR R B
(Y) ) T (10*/hm*) Pod lent Seed lont 100-grain  (kg/hm*) NUE PFP
O er an ce er an
Year Cultivar Treatment Number of plant perp perp weight Yield
N, 29. 28" 25. 25° 77.85° 18.40° 3 433. 36"
kT 27 B Nz 30.92° 30. 40" 85. 90 19.67° 3721.68° 2.40° 31.01"
Xindadou 27 Ny 29. 50° 37. 60" 95. 65" 19.87°  4096.68" 3.69" 22.76"
Naso 30. 25° 33.95° 89. 45° 20.94°  3857.54° 1.77' 16.07°
2022
N, 29. 25° 33.40° 79. 40° 15.37° 3 418. 34!
) Nz 29. 50° 37.80" 89. 40° 16.60"  3827.51 3.41°  31.90°
Xinnongdou 2 Niso 28.92° 42. 80" 99. 95 17.17°  4292.54°  4.86"  23.85
I\ 28.75° 38.25" 93.35" 18.53°  3932.52° 2.14“  16.39°
N, 28. 89" 28. 40° 77. 85° 18.44° 3 525.94¢
kT 27 B Nz 30. 67 32.95¢ 85. 90 19.26"  3881.50° 2.96" 32.35
Xindadou 27 Ny 28. 89 36. 90° 95. 65" 19.87% 4 404.47" 4.88 2447
Naso 31.44° 34. 00" 89. 45° 20.29°  3911.13° 1.60° 16.30"
2023
N, 27.78" 37. 60° 79. 40°¢ 16.58 3 810.39°
L) Niso 29.22% 41.80" 89. 40° 17.54  4396.32" 4.88"  36.64°
Xinnongdou 2 Niso 28. 44" 47. 65" 99. 95 18.00 4 641.50" 4.62°  25.79°
Nas 30. 00™ 42.95 93.35" 17.94  4333.35° 2.18"  18.06°
Y 0.11 46. 98" 5.21° 0.69 246.14"  0.76 132.95"
C 5. 36 395. 98" 14.95™ 363.207  112.22"  9.31° 158.82"
T 0.56" 115. 37" 186. 51" 63.10"  157.68" 78.65" 5073.44"
F
YXC 0.07 16. 19" 1.12 11.69"  40.75"  0.04  44.09”
YXT 2.44 0.94 1.16 5.40" 1.56 3.39  21.05"
CXT 0.31 1.06 2.16 0.37 2.29 3.90  9.70"
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Fig. 8 The relationship between N application rate and total N accumulation (a), fertilizer N uptake (b),
total N, fixation (¢), and yield (d)
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R 96 S L 10 32 BEL A s 0 5 130 AR R 10 T R T
%k 0HE o 7 B AR R T BT ARG . YA R R
240 kg/hm?®(N.,,) , 90 ORI AR 87+ o W 35 B AL, [
SR T MR R T S0 R AR A 2 R R R R
M FHO= /R, X fgdRAEFHARE
2Rk K Bl & AR R AR R A K 2 B G
b, Ry 0138 it FH 20N AT i 25402 1F K W 19 AR T
KA S W B .
3.2 BREMNAEAZRUERFTELBMX R
UNICR S RS R IS R R - W P Y A
U K R AR AR WBOR TR T A IR AR
HABAY . HHAREMA, EEPAENRE
FRUE 7R AR KRR T 5 i K 38 it I8 R 4 A R
e o R R R B R R IR AU T
R R AP A K CIESE WD FE A, n] il 2 e
AR o 2B T 0 e R AE - AR
JE R 3L AR T 8 0 AR R 2 B A K T
Y BOR W e s SOh AR RS A ML E A
F A WCAEE IR A, kAR A 32 e kKL 43
B, AIOL L TE RGN AT BB, N BB A ROk
VR A AS A TR, % SR 52 ™ ik 98 1 0 A A 45 AS AR TRD
FEAWE I, 38 Bt 2 T S S K AR
FIR9 2 AT RT3 T, S it 20 Ak I CON ) o T e 82 M 11
57.72%~63.13% >k H TR, b & i & & 35 m
R A B R 2R o B 4 o, e R
LA A W B AR (3R 4D o 76 38 B AR b b X (G 5ok 7
b2 510.10~3 192. 45 kg/hm?) 32 Fh AR I8 18 H A i
RAMET Ik # A& 8 108. 0~150. 2 kg/hm?, 3t
ABMAGEARMBLREMNE 5 R 47.8%~
70.0% % A5 BT AR ZE Xt 86 AN B A K T (R4 Rl AR
I8 R HL A e 0L 7 KPR 2 200~3 600 kg/hm™) iE
A Az [ R P A Az [ AU ) 65~165 kg/hm?,
IR T R A 43%~60%, MR Wl N
175~256 kg/hm™™ o FEARWFIE AT N =50
3 433.36~3 810. 39 kg/hm?, 3t/ [# & & K 53. 20~
64.99 kg/hm?, 4= [ & o5 S A& LBy 31,80~
42.28% (R 4, AWFFE = 81 E T AR A6 DX H B
HRAE , {EL e A= [ /0FD 3 A [ R A R (. Al

S H1 T AR b b DX B AR AE A K P R 34 2 R R
Jo TR I 25 L AR S B0 A B PR R TR . AR R XK
MR [ AU A RS . SRR SRR PN -6
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AU 353 M5 T E A5 AT AR R X I I s Ak B it R
A7 180 kg/hm”(Nyg,) , K 5 W e 36 2E [ & AT i B Bl
b 28.25%~32.30%, + HE R BT A e B h
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36.30% (£ 4 o Ny 1y 77 it 8 & @ 096. 68~
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