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Effects of Successive Application of Biochar on Soil Improvement and
Maize Yield of Black Soil Region
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Abstract. In order to study the effects of biochar application on soil structure, water holding capacity,
maize yield and sustainability of sloping farmland in black soil area, four consecutive years of biochar
effect experiments were carried out in the runoff plot of 3° sloping farmland in black soil area from 2015.
A total of five biochar application rates CO (0 t/hm’), €25 (25 t/hm’), C50 (50 t/hm”), C75
(75 t/hm*) and C100 (100 t/hm”) were set. The results showed that soil bulk density was decreased
with the increase of biochar in the four years, and porosity was increased gradually. Appropriate amount
of biochar can effectively reduce the proportion of soil solid phase and improve the proportion of gas phase
and liquid phase. In addition to 2015, the generalized soil structure index ( GSSI) was increased first

and then decreased with the increase of biochar application rate for three consecutive years, and the
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three-phase structure distance index (STPSD) was decreased first and then increased with the increase of
biochar application rate, reaching the optimal values (99.96,0.63) in the third year of C50 treatment.
At the same time, the soil three-phase ratio R was the smallest (1. 03) , and the three-phase ratio was the
closest to the ideal state. For four consecutive years, the aggregate content R, ,;, mean mass diameter
(MWD) and geometric mean diameter (GMD) were increased first and then decreased with the increase
of biochar application rate. Adding 50 t/hm” biochar for three consecutive years had the best effect on
improving soil stability. The saturated moisture content was positively correlated with carbon application
rate for four consecutive years. In addition to 2015, the field water holding rate was increased first and
then decreased with the increase of carbon application rate, and reached the optimal treatment at C100,
C50, C50 and C25, respectively. The peak value was 37.33% at C25 in 2018. The change rule of soil
effective moisture content and field water holding capacity was the same. Soil water storage in 0 ~60 cm
soil layer of maize at different growth stages was increased first and then decreased. Soil water storage in
60 ~ 100 cm soil layer was negatively correlated with carbon application rate. The maize yield
sustainability index (SYI) reached the maximum at C50 (0.954) , and the coefficient of variation (CV)
was the lowest at C100 (0.022). Annual application of 50 t/hm” biochar to promote maize yield stability
and sustainability effect was the most obvious.

Key words: maize; slopping farm land of black soil region; biochar; soil structure; soil water holding
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8.32% . 11.84% . 13.73% ( 4k % # ), 3.32% .
6.87% . 14.46% , 12.75% ( H ifE 7 ) #1 2.36% .

5.94% 13.35% 12.88% (HER W), 2 H ¥k F B
FIKF-(P <0.05) o L4 4 AF 50 40 B, it I Y
A= ¢ AT $2 5 0 ~ 60 em + 2 Y T HEAF K B AR
60 ~ 100 cm 4 )7 By -+ HEAH K &, 102 w5 1t ok i 2%
el A= W) 0T - HE K AR K I i R ORI S
2.3 mEMEPRMEXRFEREMHEENZMW
2.3.1 XK a N HA B R A5

TS5 AKFE L ERT B LMW EER, HES
AL, R — il P AR B, 3 oK ™tk B it e 5t 1) 19 0 422 2
B 5 A ], 2015 2016 4R35 78 C50 kb B P 5k,
ACO Aral$eE 1 14.12% (11.97% , ik 3] I 35 4 22
(P <0.05) ;2017 2018 4 ¥ 7E C25 kb 7= & 5
H LA CO 4y 4R & T 13.89% (13.74% , T 2018 4F
) C100 Ab 3 /™ fa ZIK T X AL B 1. 1% , 25 F K 3K
F W EAFE (P >0.05), KRB AR A BT
AR S oK RO R, 4 48 1 e p i
FH43 53k €50 . C50 .C25 ,C25 ;1 2017 4F C100 kb ¥
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*4 2015—2018 ££ 0 ~100 cm + E kS
Tab.4 Soil water storage in 0 ~ 100 cm of soil layer in 2015 -2018 mm
. s 0 ~60 cm 60 ~ 100 cm
2015 4F 2016 4% 2017 4% 2018 4F 2015 4F 2016 4F 2017 4F 2018 4F
Co 165.0° 148. 4% 157.3° 155.9° 304. 8° 304. 8" 282.9° 303.6°
25 168. 71 152.6° 154. 8" 151.1° 300. 4" 297.8" 273.1" 286. 1"
i C50 170. 1" 148. 5" 149. 6° 139. 4° 294. 6" 286.7° 259. 4° 269.9°
C75 170. 4* 138.6° 139. 8 134. 21 293. 6 280. 41 253.0¢ 266. 11
€100 169. 6° 136. 0 137.9¢ 134.1¢ 287.2° 276.7° 250.5¢ 262.5¢
Co 150. 4¢ 159. 4° 165. 6° 159. 3° 280.0° 280.0° 300.2° 292.7°
25 150.7°¢ 168. 6* 165.2" 159.1" 276. 5" 274.0" 289.7" 277.5"
E R C50 151.1° 165.5" 164. 6° 155.2° 273.3° 266.0° 267. 8¢ 262. 8
C75 151.4° 151. 91 153.7¢ 142. 4¢ 270. 8¢ 258. 61 264. 6 256. 3¢
C100 151.1° 151. 8¢ 153. 4° 138.0° 266.5° 256.7° 261.1° 252.5°
Co 172.5¢ 158.7° 146. 3* 132.5° 287.5° 287.5° 309. 4° 275. 4°
C25 173.5° 162.6° 146.2° 128.7" 280.3° 276.9" 297.5" 260. 3"
B €50 174. 3" 158. 3¢ 144. 6" 123. 4° 280. 8" 272.5° 275.1° 246.2°
C75 174.3" 146. 5" 137.9° 117.1¢ 280. 0 268. 21 264. 6" 243. 41
C100 173.0¢ 146.1° 131.5¢ 109. 4° 278.0° 267. 8" 261.1° 240. 3¢
Co 155.3° 148. 4° 173.2° 180. 5* 266. 8" 266. 8" 300.2° 298. 8*
€25 158. 3" 151.4° 173.2° 180.0" 265.6" 263.3" 289.7" 291.5°"
EA €50 159. 8¢ 144.1° 169.0" 168. 6° 263.2° 256.2° 270. 9¢ 272. 8¢
C75 163.1° 139. 8* 155.7°¢ 163.7¢ 263.1° 251.2¢ 261.1¢ 263. 8¢
C100 162. 3" 139. 8* 154,71 160. 4° 260. 5 251.0° 260. 1° 260. 3°
RS 20152018 EFEXRTEREMBES
Tab.5 Maize production and components in 2015—2018
A b B K /em A2/ cm HRL g 74/ (kgohm =)
co (21.2 £1.24)" (5.06 £0.27)" (34.841.67)" (8500 £200)
25 (22.7 £0.83) (5.44 £0.34)™ (36.56 £0.55)° (9400 +67)"
2015 C50 (23.2£0.39)° (5.63£0.18)" (36.99 +1.08)" (9700 +100)*
C75 (22.1£0.93) (5.51 £0.46) (35.92£1.86)° (9600 +133)
€100 (21.6 £1.08) (5.40 £0.21)® (35.45 +2.06)" (9200 £50)°¢
(o] (22.3 +0.54)" (5.34£0.30)" (31.94+1.76)° (9200 £150)"
€25 (23.1£1.03)® (5.45£0.26)" (33.36 £0.33)" (10200 £250)*
2016 €50 (24.5+0.50)" (5.72£0.19)" (36.87 +2.15)" (10300 £150)*
C75 (24.1+0.86)" (5.5+0.25)" (35.28 +1.58)* (10150 £150)*
C100 (23.8+1.14)™ (5.48 £0.33)"° (32.44 +1.63)" (9500 £166)"
co (21.6 £0.32)" (5.22 £0.16)" (33.45 £1.41)" (9000 +200) ¢
€25 (24.0£0.43)° (5.69 £0.14)° (36.41 £0.69) " (10250 £225)°
2017 C50 (23.6 £0.92)* (5.56 £0.24)* (36.00 +1.67)* (10150 £350)*
C75 (22.8+1.2)™ (5.34 £0.36) " (33.94 £0.85) (9600 +166)"
€100 (21.3£0.45)° (5.24 £0.07)" (32.52+2.36)° (9200 +450)"
co (21.8£0.95)°¢ (5.17 £0.33)° (33.26 +1.83)" (9100 £200) ¢
€25 (24.6 +1.68)" (5.84£0.29)" (37.02+1.14)" (10350 £150)*
2018 €50 (23.9£0.45)* (5.76 £0.09) ™ (36.59 +0.65)" (10225 £225)*
C75 (22.3£0.32)" (5.37 £0.43) ™ (34.15 £1.26)" (9850 £166)"
€100 (21.7£0.67)°¢ (5.16 £0.36)" (33.24 £1.52)" (9000 £200) ¢

R, 2017 2018 4F C100 Kb 3R () H R BT 204K T
NP REAR B 1.39% 2.78% 0.06% , %55 RNEE(P >
0.05) o []—ii sk 1, C25 Kb B ™ i B 25 it FH 4 R 1Y)
B W Tt R, 2018 AE#R 2015 AR i T 10.1%

€50 .C75 AL FEAE 2016 4F 7= 4 35 B 5 K, 5 2015 4F
GralHE T 6. 18% 5. 72% s b % it T AF BR 1 3
C100 4b 27 &t 12 o T oy J5 B IR BT 16, 2016 4F fiz i
B2 2015 AERGIN T 3.26% , i 2018 4F4% 2015 4F [k
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T 2.17% o £ Kb 3 E KRB B L E R T
R PSR E NG 7 N = 1 2 s o T I S IS 29
25 t/hm’ [ Az Wy I 4 (i B4R, 3 St fin 50 .75
100 t/hm” {4 B 5 ¥ 76 56 2 4F 7= Bk 3 ok .
2.3.2 X R E R B AT R M 1 5 )

W 4 iR, B oK AT RS0 7™ 5 48 80 SYT RAE
TR B A RREEPE, R R R CV RAE £ oK™ &
FEEYE . SYLZPEMNAEY 7™ &t T 2 1k i — > 1
TG AR, FH LA i) B — Ak B 7 i B R JR) AR R R A
AT SRR EE T U] 3R Ge 02 5 Re R 2 AR 77l
BUF L SYT M, 7 5 (AT Hp 2 plis  SYI Wf 4y
H3AEG 1 FRALSE C50 Al C100 4h #E (SYI
KT 0.94, Hr C50 4b B 0.954) 555 2 SF 946
CO A1 C75 4bH (SYI K F 0.93 H/NT 0.94);C25
REFE 5 3 G (SYL/NTF 0.93) 1 A5 g CV
A A7 S ] — it AR ) S () 4 03 S 35 77 ) 1) 72 S 7R
JiE 20T OV R 5 T R R E PRI K R
78 S R ACFT 43 3 ANk P C25 b FRER & (CV R
F0.04);CO b B Z (CV % F 0.035);C50,C75
F1 C100 ZbBHELAK (CV /NTF 0. 03, Hirp C100 &b 3K
0.022) , XA, Az 7 52 B o A A 9 o AR T2
HE R OK 7 AR E VR 5 AT RS i B R g AR
50 t/hm® A= 9 35 9 b FRASCR A 4

0.05

095 0.04
_ 094 0.03
Z 5
“0.93 0.02

0.92 0.01

€0 €25 C50 €75 C100 0 co 25 €50 €75 C100
el by

4 ORIa)4bFH A F K SYL AT CV

Fig.4 SYI and CV in maize under different treatments
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B it i 1 1 A0 S 4 R 80N, STPSD e /) J5
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STPSD #1 R M43 fie /IMEL, 38 = A be d5c 42 3T 2R AH
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A 22
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VAT 3R A 5 2 DALt o A= W o 9 /0 5 3 i A W) e vl DA
BEfIN0.5 ~1 mm . 0.25 ~0.5 mm 7 g /K Fa i A 3 AR
i, XSGR BTG R - , ARB LR
WIR R, s MWD GMD Fifi i 5 13t 1) 3 fin 44 5256 3 J5
W, HAESS 3 4F C50 AR ml K. X 5
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it ¢ ok i 2 WA - S i K B, 7 AR X R I 4 1 it
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5 B S AT H e 0 A= 4 e AT AR AR 7 Y AT Rk
P, EARMIEP 28 A S RS e 0T &
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