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Abstract: To clarify the characteristics of soil nitrogen balance in wheat fields of lime concretion black
soil under different optimized nitrogen reduction strategies, a two-season field experiment was con-
ducted during 2022—2023 and 2023 —2024 using wheat as the test crop. Six treatments were estab-
lished, including no nitrogen application(NN), conventional nitrogen application(CN), 10% and 20 %
reductions in chemical nitrogen fertilizer(RIN and R2N), and substitution of 20% and 30% of chemi-
cal nitrogen fertilizer with organic manure(R2NM and R3NM). Wheat yield, apparent nitrogen use

efficiency, and residual mineral nitrogen(N,;,) in the 0—100 cm soil layers were analyzed, and soil ni-
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trogen balance in the wheat field was systematically evaluated. The results showed that, compared
with CN, grain yield under RIN did not differ significantly in either year, whereas yield under R2N
decreased significantly by 8.36% in 2023 —2024. Compared with CN, grain yields under R2NM and
R3NM were not significantly different in 2022 — 2023, but increased significantly by 7. 56% and
6.74% in 2023—2024, respectively. Apparent nitrogen use efficiency did not differ significantly be-
tween R1IN or R2N and CN in either year, whereas it increased significantly under R2ZNM and R3NM,
with increases of 8.8 and 7. 0 percentage points in 2022—2023 and 11. 7 and 9. 1 percentage points in
2023—2024, respectively. In terms of residual soil N, ,» no significant differences were observed be-
tween RIN or R2N and CN in either year, whereas R2ZNM and R3NM significantly increased N,,, resi-
due in the 0—20 cm soil layer in both years and in the 20— 40 cm soil layer in 2023 —2024. No signifi-
cant differences were found among fertilized treatments except NN in the 40— 100 cm soil layer. Based
on the two-season soil nitrogen balance analysis, R2NM and R3NM significantly increased apparent
nitrogen use efficiency by 10. 2 and 8. 0 percentage points, respectively, and significantly reduced ap-
parent nitrogen loss rate by 15. 9 and 15. 1 percentage points compared with CN, respectively, but had
no significant effect on apparent nitrogen residual rate. In this study, substituting 20% or 30% of
chemical nitrogen fertilizer with organic manure can maintain or increase wheat yield, improve apparent
nitrogen use efficiency, reduce apparent nitrogen loss rate, and thus contribute positively to maintai-
ning and improving soil nitrogen balance in wheat fields of lime concretion black soil.

Keywords: Nitrogen reduction; Organic manure substitution; Soil nitrogen balance; Lime concretion
black soil; Wheat
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Fig. 1 Changes in average temperature and precipitation

during the wheat growing period of

2022—2023 and 2023—2024
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Table 1 Effects of different treatments on wheat yield and its components
Ay Ib 3 it CIEDATTE Y TR AL T kL E
Year Treatment Yield/(kg » hm ?) Spike number/(Spikes * m ™ ?) Grains per spike 1 000-grain weight/g
2022—2023 NN 6 0414+165c 519+16d 35.8%4. 2a 48.840. 8b
CN 9 0384227ab 11354+47bc 40.5%+6. 3a 52.242.2a
RIN 8 8314294b 1064 +42¢ 38.8+5. 8a 53.0+1.8a
R2N 8 496+301b 1059+58¢ 37.94£8. 4a 53.2+1.3a
R2NM 9 543+138a 1327+65a 42.249.7a 54.0+£2.0a
R3NM 9 414+219%a 1225+41ab 39.6+7.5a 53.4740.9a
N 6326+146d 550434 36.845.42 - 19.040.56
CN 9 4524243b 1242471b 39.9+7.7a 52.741.9a
RIN 9 1194+308bc 1124=+86bc 41.6+6.9a 53.4=+1.5a
2023—2024
R2N 8 662+210c 996+60c 37.5+4.8a 53.8740. 9a
R2NM 10 1664+279a 1411+£88a 40.1£6. 5a 54,242, 3a
R3NM 10 089+224a 1427+63a 38.7+8. 4a 53.6+1.6a
(] — B AN [ /NG B 327 b B[] 22 5 18 35 (P<<0. 05) . [,

Different letters in the same column indicate significant differences between treatments(P<Z0. 05). The same in tables 2 and 3.
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Table 2 Effects of different treatments on apparent nitrogen use efficiency

% & # N uptake/(kg » hm—?2)

E Ay sk 2 HEFWA R
Year Treatment ¥ Grain FEFF Straw Hitk Plant Apparent N use efficiency/ %
2022—2023 NN 113.644. 6¢ 32.3+0.9b 145.945.7¢ /
CN 172.1+5.1b 46.8+2. la 218.947.4b 32.4+1.7c
RIN 168.2+4. 4b 46.0+1. 8a 214.24+6.3b 33.7+3. 2¢
R2N 163.4+6.9b 45.7+1. 6a 209.049. 9b 35.1+2. 7he
R2NM 189.4+6. 3a 49.3%+2. 4a 238.749.7a 41.2+3. 8a
R3NM 185.9+5. 8a 48.642. 0a 234.5+7. 2a 39.4+2. 4ab
20232024 N 118.543.9c - 33.4+1.1b  15L9%6.1c /A
CN 181.3+5.7b 48.7+3. 4a 230.047.5b 34.7+2.1b
RIN 176.4+5, 6b 47.9+2. 0a 224.349.1b 35.8+1.5b
R2N 171.1%+6. 2b 47.4+1. 3a 218.5+8.7b 37.0+2.3b
R2NM 205.5+7.0a 50.9+2.7a 256.44+8. 4a 46.4+3. 2a
R3NM 200.845. 4a 49.7+3. 1a 250.547.8a 43.8%+2.9a
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TN, REE TN, RE R
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IR AR AR AR Hml—2| . —
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Different letters beside the columns indicate significant differences among treatments(P <20, 05).

B2 FAELEX0~100cm TE N,.. BEEHZM

Fig. 2 Effects of different treatments on residual soil N,;, in the 0—100 cm soil layers
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Table 3 Effects of different treatments on soil nitrogen balance

AP Treatment

R £ 153
Soil nitrogen input and output NN CN RIN R2N R2NM R3NM
Fertilizer Nﬁ%jifhf/(ﬁkg . hm-?2) 0 225.0 202.5 180. 0 225.0 225.0
Initial anizinlje":]t/{jlf « hm—2) 133.6 132.7 134.9 130. 0 131.4 132.2
P
Mineralized Nﬁlﬁfﬁ/(kg‘hm EN 111.4 111.4 111.4 111.4 111. 4 111.4
bR I S 5 148.9+5. 8¢ 224.5+7.4b 219.3+7.8b 213.849.4b 247.6=%9. 1a 242.5+7. 5a

Plant uptake N content/ (kg * hm™?)

5 N 5% B 2
Residual Ny, of soil/(kg « hm—?%)

RE R K = 115, /
Apparent loss N content/ (kg * hm™?) T

" I 2
R F A
Apparent N use efficiency/ % 33.6+1. 8¢

Apparent N residual efficiency rate/ %

= = %
R R MR -
Apparent N loss rate/ % 51.7+8.7a

14.7£4. 2a

96.14+9.4b 129.2422.7a

127.14£15.0a 124.5+18.6a 142.0£20.5a 145.2+21.9a

102.4=£7. 4a 83.146. 3a 68.247.6b 70.625.0b
Sesinae sB126he 4RSES5a  ALE4Z b

15.3%£2.7a 15.8£3. 1a 20.445.0a 21.844.9a

49, 94+6. 6a 48.147. 2a 35.84+4.1b 36.643.4b

PRI 27 RN A B 5 25 ok 3% T 4 48 KT A Ay
fIE s R2NM Hl R3INM Ab B 4 5 2 2 0] FH 2R 23531
P& 10. 2 F1 8.0 ANA 43 L AR R K H 55
AR 15,9 A1 15. 1 AN 43 8. 2 53k 3 B # oK
- H H U R LR B R AT TR B AR B

KV, WARBCZH LA . R2NM fil R3INM 4k
PR P TR R R, 4 i R #2476 AN
242.5 kg « hm ™", [F] Bh 280 28 3 00 461 2% 4 43 il Bk &2
68.2 Fl 70. 6 kg « hm 2, B Bk T CN 4b B Ay
115.4 kg « hm ™", LB A HLAE 24X 434k 2= ZIE
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