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Optimal Application Mode of Biochar in Sloping Farmland of Black Soil Area
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Abstract: Aiming to explore the application effect and comprehensive effects of adding biochar for many
years in the black soil region of Northeast China, find the best carbon application amount and application
period, and provide scientific theoretical guidance for the efficient use of black soil resources and the
sustainable development of water resources. In 2015, the research on the best application mode of
biochar was carried out at Hongxing Farm in Bei’an City, Heilongjiang Province. Five treatments,
including YO (0 t/hm’), Y25 (25 t/hm”), Y50 (50 t/hm*), Y75 (75 t/hm*) and Y100 (100 t/hm’)
were set according to the amount of biochar applied, and each treatment was repeated twice, and
continuous application for four years (2015—2018) , indicators of soil physical and chemical properties,
soil and water conservation effects, and water-saving yield increase were observed. A projection model
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optimized by genetic algorithm was established to comprehensively evaluate the index. The results showed
that with the increase of biochar application and application time, the soil bulk density showed a
decreasing trend, soil pH and soil C/N showed an upward trend, and the larger the cumulative amount of
biochar applied was, the more obvious the trend was. The field water holding capacity under the
treatment of Y25 and Y50 showed an increasing trend with the increase of the application period. The
Y75 treatment showed a trend of increasing first and then decreasing. The field water holding capacity
under Y100 treatment showed a downward trend year by year, and the field water holding capacity under
Y25 treatment in 2018 was 37.33% , the runoff coefficient and soil erosion amount were both decreased
first and then increased. The effect of 50 t/hm® biochar on reducing runoff and resisting erosion were the
best. The yield of corn with 25 t/hm” biochar applied continuously for four years was the highest in all
treatments, which was 10 350 kg/hm*. Through the comprehensive evaluation model, the best biochar
application mode of 32. 63 t/hm” biochar applied to the northeast black soil area was obtained for three
consecutive years. The results of this study can provide a theoretical basis for biochar to improve soil in
black soil areas.

Key words: biochar; soil properties; soil and water conservation; optimized genetic algorithm;
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Fig. 1  Physical and chemical properties of soil from 2015 to 2018
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from 2015 to 2018
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Tab.1 Changes in corn’s WUE, production and yield

increase rate from 2015 to 2018

e pm WUE/ a4 iy
(kgemm™'+hm~?) (kg hm?) %
YO 27.94% (8500 +200)*
Y25 31.32° (9400 +67)" 10. 60
2015 Y50 32.85°¢ (9700 +100)° 14. 12
Y75 32.25" (9600 +133)" 12.94
Y100 30. 86" (9200 +50)" 8.24
YO 22.92° (9200 +150)*
Y25 25.51" (10200 £250)"  10. 87
2016 Y50 25.86"™ (10300 £150)>  11.96
Y75 25. 34" (10150 £150)>  10.33
Y100 23.67° (9500 +166)* 3.26
YO 22.33% (9000 +200)*
Y25 25.75" (10250 £225)>  13.89
2017 Y50 25.35" (10150 +350)" 12.78
Y75 23.77° (9600 +166)* 6.67
Y100 22.56° (9200 +450)* 2.22
YO 23.67" (9100 +£200)®
Y25 26.11° (10350 £150)>  13.74
2018 Y50 25.57" (10225 £225)"  12.36
Y75 24. 49° (9850 +166)* 8.24
Y100 22.70° ( 9000 +200)* -1.10

L FIIARR/NG FREFRRZEF B3 (P <0.05)



274 S A1 R A= 4

20109 4F

A0 10. 1% ., Y50 A0 B A8 7= 5 7E 2015 4
IR T B E Y 14, 12% ,2015—2018 4F 5 Bl Se PRI
Ja THE #2017 42 F0 2018 4R 136 7= R ELAR T
EAET 12.5% Aoy, Y75 AR R 36 7= R A A8 fk
5 Y50 Ab LA AH [F], 2015 4F B 3 R A
12.94% ,} 4 - B s, 7 2017 AR RN 4 4F 5
A 6. 67% ,7F 2018 4EIE K5 8.24% . Y100 &b FH
(R34 72 38 2015—2018 AF I HZAFE T REAT S,
2015 4F11 8. 24% FAFREARE] 2018 4F11H) - 1. 1% , Xt
FORABG A T MR AR . WUE b 5
PR AR AL B AR — 5, 2015—2018 AE AL R
WUE % &5 B9 3 91 8 Y50, Y50, Y25, Y25, 43 51
32.85.25.86.25.75.26. 11 kg/(mm - hm*) , #1% F

xR2

XF PR Ay W B T 17.57% . 12.83% ., 15.32% .
10. 31% , 3 H7F 2018 4F Y100 Ab# R EY ) WUE
AT R AR A R RRAR T 4. 1%
2.4 EYxRBEEEAEXNES TN

T RE A% S TT BE ST L b S et AR W ok AE X
by DX S fin 4 AF B A B RO, 1 TR S A A
it R 77 BN R R K AR R R Y K
FRAE 3 A5 T HEAT VT 8 A 0 2E DT 0 T A
FEAREE N 4w R R A B S8 TR AR X R
[7i) A= Wy it RS X 1% o7 FH 28020 AT 25 5 0 A, &5
RILE2,

SRR AR R E AN R, R (1) ~ (3)
XFFEPRIEA TIH— AR SR e R ), W3R 3.

M EIRTE

Tab.2 Average values of evaluation index

By M RE/ (geem ™) HEREKE/ % pH {H WAL RRARE 4UE/ke 77/ (kg'hm™?) WUE/(kgemm ™' +hm~2)
YO 1. 15 31.96 6.5 17.0 24.99 42.20 8 500 27.94
Y25 1. 14 33.25 6.9 19.0 23.25 41. 68 9400 31.32
2015 Y50 1.12 33.82 7.2 20.0 21.98 41.78 9700 32.85
Y75 1. 11 34.65 7.5 23.0 21.13 41.92 9 600 32.25
Y100 1.09 35.69 7.7 32.0 21.33 42.28 9200 30. 86
YO 1. 15 32.33 6.8 16.5 20. 56 45.96 9200 22.92
Y25 1.13 33.16 7.1 21.0 17. 31 42. 65 10200 25.51
2016 Y50 1.09 35.94 7.5 26.0 17.01 42.13 10 300 25.86
Y75 1. 06 35.23 7.9 31.0 17.43 42. 84 10 150 25.34
Y100 1. 05 33.91 8.0 42.0 17.78 43. 68 9500 23.67
YO 1. 15 32.54 6.6 15.0 21.45 52.25 9 000 22.33
Y25 1. 11 35. 66 7.2 24.0 19. 42 50. 33 10 250 25.75
2017 Y50 1. 05 36. 10 7.6 36.0 19. 15 50. 56 10 150 25.35
Y75 1.02 34,12 8.1 47.0 20. 14 51.50 9 600 23.77
Y100 1.01 33.65 8.1 49.0 20. 06 52.44 9200 22.56
YO 1. 15 32.62 6.7 16.0 25.65 57.96 9100 23. 67
Y25 1.09 37.33 7.4 26.0 22.34 53.28 10 350 26. 11
2018 Y50 1.03 36. 69 7.8 42.0 23.12 53.99 10 225 25.57
Y75 1.01 33.83 8.2 50.0 24.09 58.12 9 850 24. 49
Y100 1.00 30. 37 8.4 52.0 25.91 58.79 9 000 22.70
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Fig.3  Projection value fitting graph of each
treatment from 2015 to 2018
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