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Nitrogen uptake of soybean and soil nitrate nitrogen under long-term rotation
and different fertilization in a brown soil of northeast China
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Abstract: [ Objectives ] Based on a long-term fertilization experiment in a brown soil of northeast China, the
effects of different fertilization on soybean biomass, grain yield and nitrate N residual in 0—100 c¢m soil layer
were systematically studied in a corn-corn-soybean rotation system. The results would provide theoretical basis
and scientific instruction for crop rational application of fertilizer in rotation system. [ Methods ] A long-term

field experiment was initiated in 1979 in brown soil in Liaoning Province. The fertilization treatments included:
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no fertilizer (CK), N fertilizer alone (N), combined application of N, P and K chemical fertilizers (NPK), manure
at low rate (M,), M, combined with N (M,N) or NPK(M,NPK), manure at high rate (M,) and M, combined with
chemical N (M,N)or NPK (M,NPK). The manure was applied only in corn season since 1992. The soybean
biomass, yield, N uptake were measured at harvest, and the soil nitrate N residual in 0-100 cm soil layer was
determined before seeding and after harvest of soybean in 2018. [ Results ] The soybean biomass, grain yield
and N uptake in treatments of M,;, M;N, M;NPK, M,, M,N and M,NPK were significantly higher than those in CK
and N. Among all the treatments, the highest soybean biomass, grain yield and total N uptake were all appeared in
M,NPK, which were 9107 kg/hm?®, 2979 kg/hm’, and 314.2 kg/hm’, respectively, and were 6.1%—-133.6%,
23.9%-232.5% and 11.7%-359.4% higher than those in the other treatments. The highest N harvest index was
found in NPK and M,NPK, which was 63.5%. However, the N physiological efficiency in NPK and M,NPK were
30.6% and 28.1% lower than that in CK, respectively. Compared with the soil nitrate N before sowing, the soil
nitrate N in 0—100 cm layer at harvest was increased significantly in N treatment, did not change significantly
in NPK, while reduced significantly in low rate manure treatments, the reduce percentages in M, treatments
were averaged by 79.2%. At harvest, the lowest nitrate N accumulation in 0—100 cm soil was in M,NPK, which
was 58.2% lower than those in all the other treatments on average. [ Conclusions ] In the corn-corn-soybean
rotation system of northeastern China, the combined application of NPK fertilizer with 13.5 t/hm’ of manure in
corn season and application of NPK fertilizer alone in soybean season can increase the nitrogen efficiency of the
following soybean, increase its grain yield, and reduce the soil nitrate N residue significantly, which is a suitable
fertilization method for this crop rotation system.
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Fig.1 Soybean biomass and grain yield under different
fertilization managements in 2017

[ (Note) : Jrtk AR FRERARABIE 1 0.05 /K22 57 B3
Different letters above the bars indicate significant difference among
treatments at the 0.05 level.]
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Table 1 N uptake and utilization of soybean under different fertilization managements

W A N uptake (kg/hm?)

s RURIEEL (%) HRLEHBCE (kg/kg)
Treatment =0 Jepe igA ait N harvest index N physiological efficieny
Stem and leaf Shell Grain Total

CK 8.0+1.1d 233+1.0b 37.1+3.0¢ 68.4+49d 542+09d 13.1+0.1a

N 172+13¢ 312+09b 66.7+4.7¢ 115.1+6.5d 57.9+ 1.2 bed 87+0.2ef
NPK 308+09b 57.6+14a 1547+113b 243.1 +12.0 be 635+1.7a 9.1+0.2ef

M, 227+2.1c¢ 589+112a 131.7+4.6b 2134+17.7c¢ 62.2+2.8 ab 11.0£05b
MN 33.5£24b 61.4+88a 147.2+£22.0b 242.1+£33.0 be 60.6 £ 0.7 be 10.0£0.1cd
M,NPK 412+27a 733+76a 199.6+19.1a 3142+284a 63.5+1.0a 94403 de

M, 223+20¢ 58.1+52a 1263+14.5b 206.7+21.7¢ 61.0+0.6 bc 10.2£0.1 be
M,N 30.8+0.8b 584+48a 129.9+8.0b 219.1+£135¢ 59.3+0.1 be 9.3+0.2de
M,NPK 433+19a 784+85a 159.6£6.8b 281.3+11.2ab 56.8+2.6cd 83+£03f

H# (Note) : [FFEHR G A F/ING FB RN AR AL HLEIAE 0.05 /K225 53 Values followed by different lowercase letters in a column

indicate significant difference among treatments at the 0.05 level.
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Table 2 Nitrate N accumulation in 0-100 cm soil layers before seeding and at harvest of soybean under
different fertilization treatments
aRi| b3 +JZ Soil layer (cm) 43+ Total
Stage Treatment 0—20 2040 40—60 60—80 80—100 (kg/hn?)
ERil) CK 234+26e 10.6+£0.9d 33+1.0d 3.0£09¢ 49+05d 450+3.1¢
Before seeding 27.9+6.1¢ 209+3.6cd  203+66cd  223+95b 79+0.6cd 9934200 cde
NPK 220+32e 182+3.4cd 78+3.1d 46+26¢ 52+2.0cd 57.9+ 6.9 de
M, 619+4.6d 343+19bed  16.6+0.2cd 19.9+1.2be 26+04d 135.2 5.5 bed
MN 86.5+23 cd 28.1+£87bcd  30.7+88¢ 19.9 3.1 be 84+08cd 173.5+2.4bc
M,NPK 648+1.5d 42.1£32bc 333+10.1¢ 255+69b 215+92¢ 1872+255b
M, 962+240bc  53.6+99b 202+88¢ 259+54b 136+59cd  2185+53.1b
M,N 1282+94a 82.5+17.6a 53.0+8.8b 65.0+153a 66.5+89a 3953+49.1a
M,NPK 119.6+9.8ab  105.6+7.5a 86.7+1.8a 53.0+3.7a 497+45b  4146+88a
ler ] CK 321+1.6b 11.9+1.4d 147+6.6b 7.7 +3.5 bed 57+2.0cd 72.1£103 ¢
Harvest N 423+9.5ab 152+24c¢ 373+126a 30.7+79a 31.7+54a 157.2+203 a
NPK 202+4.7 ¢ 164+15¢ 8.1+1.7b 5.0+ 0.8 cd 4.1+0.5cd 53.7+2.8cd
M, 168+0.7 ¢ 6.9+02¢ 7.6+19b 1.1+0.1d 04+02d 329+1.8d
MN 17.7£3.6¢ 35+04f 69+02b 05+0.1d 0.6+0.1d 292+44d
M ,NPK 141+0.7 ¢ 6.5+03ef 162+0.5b 0.7+0.1d 23+02cd 39.7+0.8d
M, 426+23a 28.1+13b 158+0.5b 11.2+0.2 be 71+1.0¢ 104.8+2.8b
M.N 429+33ab 289+0.7b 13.9+0.1b 149+03b 149+13b 115.6+4.4b
M,NPK 429+19ab 424+08a 493+39a 13.0 £ 0.3 be 163+04b 163.8+5.1a

1 (Note) : RIFNESE G AR/NG FaEFRR R —BHE AR R BETE 0.05 /KF-225 23 Values followed by different lowercase letters in a
column indicate significant difference among treatments for the same stage at the 0.05 level.
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