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Continual Influences of Applying Biochar on Soil Improvements
in Sloping Farmland of Black Soil Region in Northeast China

WEI Yongxia'®> XIAO Jingping' WANG He' SHI Yun' LIU Hui®*’
(1. School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China
2. Key Laboratory of High Efficiency Utilization of Agricultural Water Resources,
Ministry of Agriculture and Rural Affairs, Northeast Agricultural University, Harbin 150030, China
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Abstract; In order to ascertain the sustained influence of the application of biochar on sloping farmland
in black soil region of Northeast China, field runoff plots with 1.5°, 3° and 5° of typical slops in the
region was chosen, where the 4-years experiments were conducted, and soil structure and soil nutrients
were observed. In 2016, before the start of the experiment, biochar derived from corn straw was applied
with 75 t/hm” in the soil, and a control group was without biochar application on each slope plots,
counted up to six plots. Biochar was not applied in subsequent years. The results showed that the
application of biochar can increase soil gas phase and liquid phase ratio, improve soil aeration, improve
soil three-phase ratio, and then increase porosity by 2.83% ~ 5.56% and decrease bulk density by
1.89% ~3.62% . The contents of organic matter, ammonium nitrogen and available potassium in the soil
were significantly increased after the application of biochar, increased by 9.54% ~18.21% , 21.35% ~
28.02% , and 11.99% ~22.71% , respectively. And the effects of above was weakened with time. A
random forest regression model was used to evaluate the comprehensive fertility grading indexes and fit the
regression equation to predict the indexes of 2020—2022. Comparing fertility changes, it was concluded
that the reasonable and effective life for one time application of biochar on soil fertility in the region would
be 6 ~7 years.

Key words: biochar; slope farmland on black soil; soil improvements; random forest model
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Fig. 1 Soil bulk density of different treatments
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Fig.2  Soil porosity of different treatments
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Fig.5 Soil three-phase ratio of different treatments

F1 AEALEHTER
Tab.1 R of different treatments

sk 38 2016 4F 2017 4 2018 4F 2019 4
CK1.5 2.82 2.91 3.08 3.01
T1.5 1.10 1.04 1.25 1.53
CK3 3.17 3.18 3.28 3.38
T3 1.27 1.63 1.76 2.17
CK5 3.49 3.58 3.60 3.69
TS 1.59 2.01 2.22 2.56

2.2 TEMEWRIT LSS pH ER RN
2.2. 1 i Jin Az ekt A 3 3R o 19 RS R

TR 3 IR K G A A K R R A AT R
B, FOE R A BRSO R s B A E A
LA B Y I 5 fig A% 38 R0 R B 3 B (K Gk
WS T B B3 B AT ) 5 #0E BRAE A4
KB ZF gl AR g b s G LT Al DL ek 3t 1 38 0 45 4
ARBL , — e A2 Fi AR, 38 AT LA 55 S0 T 1% k2
A 2% vh P S A ) T 3R 0 B R ORI 2 T
NEEAREZ —

75 2016—2019 i 45 h, + IR S A & &E W
[ 6 ffi/n, CK A B AE 94.6 ~ 101.9 mg/kg Z[f], T
AEFRAE 114.8 ~129. 5 mg/kg 2 [H] , i < b H 458 %) Bt
AR S R S AR 21.35% ~28.02% , At
PR 2019 4 CK5 &b PR 5 2 £2 41K ,2016 4F T1.5 Ab ¥
TR R MEAR AR, 1.5° 30 5O T AR B S
AT EH CK 4B 5y 8 T 27.09% ,28.02%
26.58% , 5 CK ab¥fi2z R4k W2 (P <0.001) , [F]—
ARy, Bl A A T 1 I 3 E o v T DR /) 5 3 R AR (]
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a ab 4 a ah a .

b b = b b e b b bo b b b

2016 2017 N 2018 2019
o
B 6 IR b 2R 4 e B A5 R
Fig.6  Ammonium nitrogen content in different treatments
B 47 S K T /0 L 22 2019 4R 3 -3 1 it o Ak B
SREESNES 23.12% .22.04% .21.35% , i
W5 25 AN R (P <0.001) o MR4E 1357 70
SEHYHARUE (R 2) AT A AR P A R A 4
KA PB4, CK &A1 4 SE SR FEHIY N 3
90,7 A& 4b PR R 2018 AR 2 HAE, T
2019 4£ T3 TS W% 3 9%, -3 b B & e 7
JIr 7R, CK Ak BRAZ AT [F O 282 ~ 267 mg/kg, T 4b B
F 2016 4 T1.5 3K 3| 5% & {H (346 mg/kg) . T 2019
AR TS e fik (299 mg/kg) , B35 B A W — 2, il
B¢ Al BRSNS IR Ab B R S i B e 11.99% ~
22. 7% o HAFFIGLARSFAE | Bbpife, (A4 4F 2T
it A 0 e k) S v OB R R AR I 2 (P <
0.01) . wJ Lyt i A= 49 o R 4 338 i 25 &0 RO &
A RS xR Y R AT BT R AR, H
RORBONTEE . L b A 2w & B i 8 fr
TN AT SR A it FH A ) 6 AT AR ) AR AR S OR 3
(P>0.05) , A WA 2 AR FFTE 3 SebnifE, CK 4B
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CK5 £:4% (17.8 mg/kg) ; T 4b B v 2016 4F T3 i
(19.4 mg/kg) ,2019 4E TS kb ¥ % % (18.05 mg/kg) .
TR AP  RAR A A& 9 BTR it Ak Ak P A
PRAL A ML & 42 5 9. 54% ~18.21% , Jiti kY
AR Bl YR RE TR BN XA AT ML B i Ak IR 4y
IR E T 18.21% 17.15% F1 14. 89% , 45 HL % & &
$8 T B BT D6 /DN, 28 2019 4R WA RE 9. 54% ~
11. 88% , Uit Wit I 1) A ) o 2255 4 ARATS X 1 38 A AL
B B, X SR E S K R E R —
B, it e AL BTN 5 5 3 AR A BILAK B0 B2 G
W, L HEA LR A DL — M R
T A LA — YR G 0 A A T A R I & AR
SHeEHE BN A5 iR S 2 2 e R IR A ALK
542 1R 8. 5% o A B IR 43 S5 2R 43, % BRAL 45 /N IX
4 AEF PRI N 3 94,2016 4F 25 T Ab B35 5]
29, T 2 AL TS BEE 3 9,5 3 4E U TL.S
PR FELE 2 9, HZE 2019 4 i /DX BIRE 2 3 9%,
Jite e A BRAT BIL B 7 A AF bR AR b OR B 3, 2016—2017
4F 2017—2018 4F 2018—2019 4 P 43 54 0. 224
0.243.0.387; I i A& fb X H 5 g R &% (P =
0.135);T Zh ¥ 5 CK A AL & it 22 5 0 &
(P, =0.011 Py, =0.024 P, =0.034), T4 4
HERFATZE (P, =0.056) o IXEREREW] Gl A
AWy JE A LT & BN, HH N A B AR
A I BT ) 7E 228 0 1 55, O ELAH R AF £ P9 3 B R R
A AL AN
R2 TEFHERHRIFHE

Tab.2 Classification criterion of soil nutrients

AR AR AL EER NG
AR ot/ Joi Lt/ Joi b/ JoT b/
(mg-kg™") (mg-kg™') (mg-kg™') (gkg™")
14 > 150 >40 >200 >40
24 120 ~150 20 ~40 150 ~200 30 ~40
34 90 ~ 120 10 ~20 100 ~ 150 20 ~30
49 60 ~90 5~10 50 ~ 100 10 ~20
59 30 ~ 60 3-~5 30 ~50 6~10
6 % 0~30 0~3 0~30 0~6

2.2.2  Jia Aot 5 pH AE 1) RS

10 Syt fin A= 4 o< Je pH (8L T 00, 4 4R
P T Ab B pH (A 35 T AH R % B CK b3, 2 45 it
I e + 4 pH B 1 5% i B 2 % (P <0.01),
1.5° .3° 5°jta e Ab B ) pH (B 34 17 3 F 2016 434 I
R4 R R 17.88% 17.68% Fl 14.63% , T 4bHf
pH {H T 4EPr A 28 {0 R 3 ,2016—2017 4 2017 —
2018 4F . 2018—2019 4 P 43 % 4 0.328.0.56,
0.22, W BEM R L IR 1 35 (P =0.093) o Hy il 40 45
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Fig.7 Available potassium content in different treatments
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Fig.8 Available phosphorus content in different treatments

mCK1S mT1.5 mCK3 mT3 mCKS = T5
350 a®y i
30 dIb ia2 Ia &
rb b a a
1 e h bI o [ oL biy, aI
25 T S ho

[
(=4
T

AHUBUTR L/ (g kg ™)
S o

W
T

2016 2017 2018 2019
145

B9 AIalab BE A 4 A LT i

Fig.9 Soil organic matter content in different treatments
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Tab.3 Soil fertility grading indexes from 2016 to 2019

Ay CK1.5 TI.5 CK3 T3 CK5 T5

2016 2.656 2.046 2.684 2.062 2.700  2.080
2017 2.672 2.082 2.698 2.124 2.706  2.146
2018 2.692  2.226 2.712 2.238 2.718 2.280
2019 2.722  2.424  2.728  2.456  2.736  2.468

%F CK1.5 . T1.5 ,CK3 T3 ,CK5.T5 43 5 &7 +
HERE T3 4> 9% 38 %0 ( Soil fertility grading indexes,
SFGI) 5 Jit F A1 B 18] ) a1 3 75 # h

SFGI =

(R*=0.979,P =0.011,CK1.5)
(R*=0.924,P =0.039,TI1.5)
(R*=0.999,P =0.001,CK3)
(R*=0.931,P =0.035,T3)
(R*=0.952,P =0.024,CK5)
(R*=0.958,P =0.021,T5)

(4)

FEE DR R KT 0.9, & W] [0l U3 7 B 40l &
ROREAT ;P <0.05 F Wi [ A8 5t it < AF B 5 AR
i R IEE ) 5 AR B (SFGL) It a7 1 48 Pk [l )3 A
AYELA G 35 WG T2 3 S0 O 25 2R 3k 4 PR,
2021 4F - IENE S SF AR E =B O ki, TIENE
T FEE BL N 4323, T 2022 AF T3 TS fY 4 1

2.631 +0.022¢
1.875 +0. 128¢
2.669 +0.015¢
1.896 +0. 13
2.685 +0.012¢
1.919 +0. 13:
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Tab.4 SFGI prediction by regression equation for
2020—2022

A4y CKI1.5 T1.5 CK3 T3 CK5 T5

2020 2.741 2.515  2.744 2.546  2.745  2.569
2021 2.763  2.643  2.759 2.676  2.757  2.699
2022 2.785  2.771 2.774  2.806  2.769  2.829
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