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Abstract A 3-year located field experiment under wheat-maize rotation was carried out in Lime Concretion Black Soil Area, and the effects of
wheat yield,yield factors,nitrogen uptake , nitrogen recovery,soil physical properties were analyzed under the combined application of biochar
and chemical fertilizer, which could provide scientific basis for fertilizer reduction. The results showed that the fertilization was still the key to
high yield of wheat in Lime Concretion Black Soil Area. It could get stable wheat yield or a slight increase as the nitrogen application rate re-
ducing by 10% ,wheat yield declined slightly as the nitrogen application rate reducing by 10% ,and the wheat yield declined significantly as the
nitrogen application rate reducing by above 30% under the combined application of biochar and chemical fertilizer. The nitrogen recovery rate
improved by reducing fertilizer applied under the condition of biochar application, and the nitrogen recovery rate had an increasing trend as the
experiment prolonged.Compared with chemical fertilizer treatment, the soil bulk density decreased by 0.04—0.06 g/cm’ ,a decrease of 2.92%—
4.38% ,and the field water capacity increased by 2.97-4.47 percentage points,an increase of 11.8%—17.8% under the application of biochar.
According to the results of variance analysis , the differences reached significant levels. As a result, the application of biochar at 30 t/hm” in win-
ter wheat in Lime Concretion Black Soil Area can reduce the nitrogen fertilizer rate by 10% and the phosphorus and potassium fertilizer by 20%
compared with the conventional fertilization, which can ensure the wheat yield increase and stability ,and improve the nitrogen fertilizer recovery
rate.
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Table 1 Effects of different treatments on wheat yield kg/hm’

%fimem 2018 4 2019 4f 2020 4F Ajszg .

CK 373889¢ 504444d  174000d 350778 e
B 404444 ¢ 541556d 244444 c  3968.15d
N,P K, 6011.11a 9088.89ab 613556a 7078.52a
N,P,K,B 6050.00a 9588.89a 6131.11a 7256.67a
N,P,K,B 503333a  7700.00 bc 5678.89ab 6437.41h
N,P,K,B 505000b 7611.11bc 536444h  6008.52 ¢
N,P,K,B 490000b 703333c 5301l.11b 574481 c

1 RSUAN R NG “F RS AN R Ak B H] 22 57 . 3 (P<0.05)
Note : Different lowercase letters in the same column indicated significant
difference between different treatments at 0.05 level
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Table 2 Effects of different treatments on various factors of wheat yield
2018 4F 2019 4F 2020 4F

Aib 3 TEL ROk E Tk v TR TR A TlOR £ Tk
Treatment Panicle Number 1 000-grain Panicle Number 1 000-grain Panicle Number 1 000-grain

number of grains weight number of grains weight number of grains weight

x10*/hm’ per panicle g x10*/hm’ per panicle g x10*/hm’ per panicle g

CK 402.0 ¢ 253 b 426 b 455 ¢ 30.0 ¢ 45.0 ¢ 298.5 d 135¢ 40.5 b
B 433.5 be 263 b 428b 4515 ¢ 30.6 ¢ 45.9 cd 354.0 cd 152 ¢ 43.2 ab
N,P K, 5445 a 35.9 ab 43.0b 624.0 a 37.4 ab 46.3 be 5715 a 37.5 ab 43.5 ab
N,P,K,B 469.5 a 37.1a 453 a 588.0 ab 393 a 475 a 537.0 ab 382 a 454 a
N,P,K,B 453.0 a 36.1 ab 448 a 490.5 be 37.7 ab 46.9 ab 412.5 bed 36.1 ab 44.6 a
N,P,K,B 4575 a 355b 447 a 517.5 abe 38.0 ab 47.1 ab 475.5 abc 36.0 ab 448 a
N,P,K,B 436.5 be 35.1b 449 a 489.0 be 36.7 b 46.6 be 400.5 bed 354b 456 a

T« [RFASR)ING R AN R AR B E] 22 57 8.2 (P<0.05)

Note ; Different lowercase letters in the same column indicated significant difference between different treatments at 0.05 level
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Table 3 Effects of combined application of biochar with reduced fertilizer on nitrogen uptake and recovery
2018 4E 2019 4E 2020 4

L& AUEREIR R AUERICR L& RUE [
g
Treatment Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen

uptake recovery uptake recovery uptake recovery

kg/hm’ rate // % kg/hm’ rate // % kg/hm’ rate // %
CK 105.1 ¢ — 119.1 ¢ — 44.04d —
B 1159 ¢ — 129.2 ¢ — 70.0 ¢ —
N,P K, 171.4 a 29.5 b 230.2 a 49.3 a 154.9 a 493 ¢
N,P,K,B 171.5 a 32.8 ab 229.0 a 543 a 151.5 a 53.1 be
N,P,K,B 166.0 ab 33.9 ab 192.1 b 40.6 a 1475 a 57.5 ab
N,P,K,B 155.9 ab 32.2 ab 198.3 b 50.2 a 127.8 b 53.3 be
N,P,K,B 1543 b 36.5 a 180.1 b 45.1 a 1272 b 61.6 a

T [RFUA NG TR 7R R Rk B 28 5 1235 (P<0.05)

Note ; Different lowercase letters in the same column indicated significant difference between different treatments at 0.05 level
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Table 4 Effects of biochar on soil bulk density and field water capacity

Qb 237 Bulk density FH 1) 437 7K
Treatment o/cm’ Field capacity // %
CK 1.38 a 2597 b

B 1.32 b 28.97 a

NP K, 137 a 25.13 b
N,P,K,B 131 b 28.10 a
N,P,K,B 132 b 28.40 a
N,P,K,B 1.33 b 29.30 a
N.P,K,B 132 b 29.60 a

T R RUING TR e A 2 5 5 5 (P<0.05)
Note ; Different lowercase letters in the same column indicated significant
difference between different treatments at 0.035 level
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