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Apparent nitrogen balance in different crop rotation systems when substituting mineral fertilizers with
manure in the North China Plain
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Abstract: We aimed to the explore the apparent N balance in different forage and crop rotation systems when substituting mineral fertilizer
with solid and liquid manure in the North China Plain. To achieve this, we measured the aboveground biomass and N uptake, residual

amounts of inorganic N in the 0~200 cm soil profile, and apparent N loss in the s0il (0~100 ¢cm)—crop system. Several forage crop rotation
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systems [grain maize—wheat(T1), silage corn/cowpea intercropping—catch ryegrass(T2), sweet sorghum-ryegrass(T3), silage corn—ryegrass

(T4), sorghum hybrid sudangrass—ryegrass (T5)] were studied, substituting 50% of the chemical fertilizer—N (C) with solid manure(S) or
liquid manure (L) in the North China Plain. The increases in aboveground biomass and N uptake in the summer—autumn (Sum—-Aut)
periods were larger under TS, followed by T3, than under T1; however, the highest yields of aboveground biomasses were under T1 in the
winter—spring (Win—Spr) periods. Compared with the application of mineral fertilizer NPK (C), the S and L applications significantly
reduced the aboveground biomass and N uptake to less than 15% in the Sum—Aut periods but had no significant effects in the Win—Spr
periods. Compared with the T1, the T3 and T5 significantly increased crop N harvest and, thus, reduced the residual amounts of inorganic N
in the 0~200 c¢m soil profile and apparent N loss in the soil (0~100 ¢m)—crop system. Substitution of S and L significantly reduced crop N
harvest and residual amounts of inorganic N in the 0~200 cm soil profile, thus, significantly increasing the apparent N loss in the crop—soil

system. Therefore, the substitution of 50% of the mineral-N with solid or liquid manure in the agriculture of sweet sorghum-ryegrass and

sorghum hybrid sudangrass—ryegrass is conducive to sustainable agriculture and animal husbandry in the North China Plain.

Keywords : crop—forage rotation; manure; aboveground biomass; nitrogen uptake; apparent nitrogen loss
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Table 2 Effects of different rotation system and fertilization management practices on apparent N balance in crop—soil systems

QLT Treatments  REHLA 4 AN input/(kg*hm™) YERE STt Crop N output/(kg*hm™) RETHA R
st TR e Nmin R e A s peEs 43F  Residual Nmin/ Apparent N loss/
Fertilization ORHON (kgehm?)  Mineral o ny e Total  Sum-Aut Win-Spr Total (kg*hm™?) (kg+hm™)

modes fertilizer

C Tl 423.0 540 540  128.3+4.7ef 169.6%5.1cde  297.9+3.6e  489.3+67.3a 175.8+66.3delg

T2 423.0 300 300 165.5+5.4de 0 165.5+5.4f  371.2+85.6abed 186.3+86.1cdefg
T3 423.0 540 540 421.7#27.6b 202.9%4.5ab  624.6+27.1b 408.4%57.6abc  —70.0266.3h
T4 423.0 540 540 221.5#4.7¢c  216.9+10.8a 438.4x12.6c 456.0+38.8ab  68.6+35.0gh
T5 423.0 540 540 476.6+28.1a 215.1%16.1a  691.8+28.8a 323.8+98.8abcd —52.6297.7h
L Tl 423.0 270 270 540 109.8+4.4f  164.2+6.5de  274.129.5¢ 400.9£36.0abed 288.0+£38.9abed
T2 423.0 150 150 300 132.0+4.7def 0 132.0+4.7f 344.4+81.6abed  378.6+81.6a
T3 423.0 270 270 540 397.9+22.8b 181.2+11.4bcde 579.0£33.4b 293.1x£36.1bed  90.9+53.6fg
T4 423.0 270 270 540 174.3+7.9cde 198.7422.3abc 373.0£15.8d 358.2+92.5abed 231.8+79.5bedef
T5 423.0 270 270 540 395.6+28.7b 198.7+13.5abc 594.3+32.5h  230.9+42.8d  137.8+41.2¢fg
S T1 423.0 270 270 540  114.9+4.0f  157.24#52e  272.1%8.0e 348.7+419abcd 342.1+39.0ab
T2 423.0 150 150 300 132.8+6.1def 0 132.846.1f  268.3+13.8cd  321.9+19.4abc
T3 423.0 270 270 540 388.4+26.7b 208.6+9.0ab  597.0+35.0b 237.4+41.0cd  128.6+29.8efg
T4 423.0 270 270 540  176.1+3.3cd 208.1+11.2ab 384.2+11.2cd 321.3+72.5abed 257.6271.1abede
TS5 423.0 270 270 540  419.3+35.1b 192.1+19.2abed 611.4+46.8b  228.1+56.2d  123.5+67.8efg
FAE K 51 F value and significance
Jiti AR 5 3 Fertilization mode (F) 19.41%%* 2.05 20.15%* 16.31%%* 78.27%
444 )5 X Rotation mode(R) 220.84% 9.86%* 317.20%% 4.46%% 62.19%%
FXR 0.58 0.63 0.60 0.20 0.24

e RN R NG B R R AN [ AL B ] 22 5 .25 (P<0.05) 5 ##P<0.01,

Note: Different lowercase letters within the same column indicate significant differences among treatments at P<0.05;**P<0.01.
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