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Abstract. In order to investigate the prolonged actions of biochar on soil fertility and soybean yield in
sloping farm land of the black soil region of Northeast China, an experiment about the prolonged actions
of biochar in sloping farm land with three typical slope gradients was conducted in 2016—2018. The
prolonged affects of biochar on soil agglomeration and its stability, soil nutrients, soybean yield and its
components were analyzed, and the soybean yield was predicted based on an improved grey theory

prediction model. And then the affecting period of biochar on yield increasing after one-time application
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was clarified. The results showed that the contents of soil aggregates with diameter of d <0.25 mm and
d >0.25 mm were significantly decreased and increased, respectively. The application of biochar made
the water-stable aggregate content ratio R ,; , the average mass diameter (MWD) and the geometric mean
diameter (GMD) all increased and the soil unstable group LT grain index (E,) decreased, that was the
stability of soil aggregates was decreased with the increase of land slope gradients and prolonged period
after biochar application. Biochar made the pH value, ammonium nitrogen, available potassium and
organic matter content increased significantly ( P < 0.05), the highest increasing rate of them were
17.88% , 27.23% , 20.31% and 17.51% , and the soil nutrient level was risen, and soil fertility was
improved after biochar application, and the effect of them was negatively correlated with the years of
biochar application. However, biochar had no significant effect on available pH contents. After applying
biochar, the number of pods and grains for per plant, the quality of 100 grains, and yield were
significantly increased (P <0.05), and the yield was increased by 26.29% . The bigger the land slop
gradients and the longer the biochar applying were, the smaller the increasing amplitude of each index
was. The order of the influence degree of various factors on soybean yield from big to small was biochar
application, slope gradients and years after biochar application. The improved multivariate grey model
had higher precision of yield prediction, and the effective time of biochar for soybean yield increase

should be 5 ~ 6 years after biochar application. The results could provide a theoretical basis for the
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application of biochar in the black soil region of Northeast China.

Key words: biochar; wet-stabilized agglomerates;
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Fig. 1 Changes in content of soil agglomerates at all levels



306 & A Bl B ¥ i

2019 4

AR d <0.25 mm [ AR AR & 20 em , ik
2 5o 7 Y B AR 27.34% ~43.62% 2 [], K i 7% 20 e
V0 B AE 49.98% ~57.40% , + HEF Bk d >
5 mm [ RBIKE i, 2% ~4.78% .

2016 478 A1 [F] 3 B B, e s 4b # d < 0. 25 mm
14 A SR A B B AR it e Ab B T R AR H AR
VAT 2R A 55 it i 4 89 L0 oA il e 4L T 3G s 24 d <
0.25 mm I}, £ 3 B A1 3R & &y R B /MR IR
T5 T3 .T1.5,2% d >0.25 mm B, & % H Bk & &1
it 1 R 348 K T ek 2D 2016 AR it i AR B g g 2017
2018 4 B AR it i, H 45 G AT 58 1A 5 a5t 1) L i) A2 A O
F ] 2016 4 — 2, ME— N [7] 22 Ak J2 it e Ak 2 1) 2% 4k
IR A FT594k . 24 d <0.25 mm Hf,2016 4F CK1. 5,
CK3 . CK5 [ % & & & 4 Bk 49.98% . 52.28% .
54.58% , T1.5, T3, T5 & & 4> % N 27.34% .
33.18% ,35.32% ,1.5°.3° . 5° %% ¥§ W /N R K
60.63% 57.56% .54.53% ,2017 4 T1.5 T3 . T5 H
CK1.5 .CK3 .CK5 H %1k & 54 Bl /N T 59.07% |
43.59% 38.61% ,T1.5 T3 .T5 [ CK1.5 CK3,CK5
PSR A 5 s/ R AE 2018 4 43 ) S 56.12%
39.15% 31.59% ,d <0.25 mm [ A 8K & 5 B 4F
O3 B4 Isl /R RS o 24 d >0.25 mm ( HHEKR
AT IRAA) i), it e Ab B Ll A il o Ak 3817 K AT SR 1R
RGN A [ Ak B [ AR 3 18] K 1A 2R 1R B i B AR 4
HA 0 > 1. 58 B AE 2016 2017 2018 4 il i 41
KA R B i8R il Ak 4 3G R 38 46.31%
44.31% 38.97% ,3° P i 4% 4F 14 1 % Ky 42.40% |
34.74% . 33.35% , 5° Y& & B &% 3 m K 4 Bl
40.03% 34.66% 32.35% , 4P B (1 338 fin i 2 b, B
A PRSI T U L X 2 2 AT R S A ) ok e 1 s
(A G, A= i B B Fr % o0 K Bl B [E) & A B A, %
S 25 ) A 20, i A R 3 o i e 2D o
2.1.2 AW HON 35 T SRRSO M BR 1Y 52 1)

IR S A R 1 A SR AR A MR O e A 4 A
4 R,,, MWD GMD Fl1 E,, % R, ,, MWD GMD i
Rt Y 8 AT 3R AR 1) 1 M b A AT R B iy, AR E
B B R R R R T 3 K B
T8 ) A S P SR A R T AN (] Ak X A R A
FROE PEFE bR R L3k 2,

AHTFEAEDY , Ry o5 I R B/MR K Ny T1.5 T3 (TS
CK1.5 ,CK3 .CK5; A [FEAEGY, Ry 05 ¥ LA 1. 5° 35 B 11
it e b B e A, 4y I 72, 66% (70.02% .66. 88% .
2016 2017 2018 4 MWD 7£ T1. 5 b H S 55k, 43 31
B35 1.1192.0.967 8 .0.914 1 mm , [i]—4F 1,3 -4
JE it e Ab R MWD 5 35 58 i, MWD H K 2] /MK ik
Jy1.5°.3°.5°, 3 4F GMD 1 Jifi i A= W) o 1) Ak 35K

x2 AELEHIEARGREMIER
Tab.2 Stability index of soil agglomerates treated

differently

Ay JLgL Ro2s/% MWD/mm GMD/mm  E /%
CKI.5 49.66"  0.7852" 0.2517°  50.34*

Tl.5 72.66°  1.1192° 0.3671°  27.34°

CK3 47.72 0.7019"  0.2406°  52.28"

2016 T3 66.82" 0.9537** 0.3212"  33.18"
CK5 45.42°  0.6977° 0.2325°  54.58"

T5 64.68"  0.9290" 0.3079"  35.32"

CKl1.5 48.92"  0.6795" 0.2415"  51.08"

T1.5 70.02*  0.967 8" 0.3351"  29.98"

CK3 47.36"  0.6548™ 0.2275"  52.64°

2017 T3 63.34™  0.8867" 0.3146"  36.66"
CK5 44.66°  0.6535" 0.2145° 55 34"

T5 60.14"  0.8557* 0.2841*  39.86"

CKI.5 47.98™  0.6482" 0.2327" 52,02

T1.5 66.88°  0.9141° 0.3254"  33.12°

CK3 45.76™  0.6343" 0.2165°  54.24"

2018 T3 61.02*  0.8575" 0.3011*"  38.98°
CK5 42.60°  0.609 1™ 0.2095°  57.40°

T5 56.38"  0.784 8™ 0.2777"  43.62"

T A — ARG TR RoR [ — F A A 22 R 3, Tl

At e b 3R Y B WG 0, AR Oy AR TR 35 RE )N
GMD K 5 4F- A3 AN R B, [ — 39§ 47 73 8 /1y GMID
Ko Epp 3AEHILL 15/t fin A= 4 oAb 38 fe /)N
20162017, 2018 4E E,, f /N4 5 N 27.34% |
29.98% 33.12% ; [f] —4F 1.5°.3° 5° 3§ J¥ it 5 J5
E B, B8 2016 ,2017 2018 4 jii s Ak 3 )
R, ,s MWD il GMD %5 5 it Ab 38 34 g 2 34 fin (P <
0.05) ,E,, i F /N (P <0.05) , H.25 K 46 br b
B ERE it A AT B 0 1SI0SR 5 o 2R B
FHA ) B w] LG ik A 356 45 /0 i A 1, HLAS R 1k Bl
Jitl 7 i AT B AE T 9k 55 , 5 2 AU FH — IR A
% A 498 A R AR 1 1 IR I AR O A 1 55 o
2.2 EYmXEEHithTEpH ERFSHNZ N
2.2.1 AWmxt 5 pH {H A5 0

2016 .,2017 ,2018 4 A~ [] b 1 + 58 pH A2 fb 40
2 JJroR A A TR I Jiti A= 40 e Ak B L A Tt FH A
Yy he b PRI 58 pH (35 K, HLjite sk Ak #E % + 58 pH
{ELHG < R B2 BE Hb R 3 B 38 K U /)N, 20162017
2018 AL 1. 5OHE B Y 1 48 pH (H 3% I & K, 43
WK 17.88% . 17.68% . 14.63% ; %} 20162017 .
2018 4F 4 4k B HE 1T 53 % HE 53 H7 71 511, Py = 0. 007,
P, =0.025 P, =0.040 i1 2016 4Fjifi 5 4b BE 5
Xof HE Ak $H ) 25 4% R 25 (P <0.01) ,2017 ,2018 4f 2%
SR E(P <0.05), UMM — R AEY R G, 17E
Jiti FH 25 4 X - 58 pH (ELAE FAR S 2, it FH IR AE R 3
AF T 1 pH A1 B3 (0K Kt A 24 47, 0l g2



%73

BULKEL G5 AR WD IOl B3 AE Ty A0 OR K5 A5 e S B 307

HY 2R W 5 it B M v B R A L B B AR, E
o1 ARREA LS pH 5 I A Rt A%, X
ATl A R A AR W e, S O A 4 pHL (E Y S T
JEBCSUIN S

8r 774 20164F EE 20174 BB 20184F
s 7 ’
’
6
o 5
a4
H3
2
1
£ T3 T5
bS]

K2 AEAbF A 3 pH (AL

Fig.2  Soil pH value of different treatments
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Tab.3 Soil nutrient content treated differently within
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CK1.5 100. 4 18. 6% 281° 27.5°
TL.5 126.7° 18.9 344° 31.6°
CK3 100.0" 18. 7% 282° 26. 4"
2017
T3 123.4° 19.1° 328" 30.7°
CK5 96. 7" 18.3% 271° 24.6"
T5 122. 6% 18.5% 313" 29. 3¢
CK1.5 99.9" 19.1° 280" 26. 8"
T1.5 125.8° 18.9% 341° 29.4°
CK3 98.7" 18. 7% 279¢ 24.5°
2018
T3 123.6° 19.0" 325" 27.7°
CK5 96. 1" 18. 6% 271°¢ 23.8"
T5 121.9* 18. 8% 311° 28.1°

R4 TEFSERS RN

Tab.4 Grading standard of soil nutrient grade

g/kg
14 >150 >40 > 200 >40
2 4% 120 ~ 150 20 ~40 150 ~200 30 ~40
34 90 ~ 120 10 ~20 100 ~ 150 20 ~30
424 60 ~90 5~10 50 ~ 100 10 ~20
5% 30 ~ 60 3~5 30 ~50 6~10
6 R 0~30 0~3 0~30 0~6
X 2R AR E ., AR Z AL E 3 4F itk 4 5% S

R AR A BT B G 0 R B AR R 1 5 v,
Jite ¢ A B 38 S0 AR 4 e Xk A 3 0 R AR U 5 L T
pola st WNIZIE 2N RS N R S e S B
D SEBUK TR A 46 bR B/ 52018 AR il Ak IS RS
BRI HEH R EARN 3 R BT 2 %, AP AL
BEARARFEAE 3 BARUE , BAH S FAIRFE | HAnifE,
Wi At i — Uk 2 9y e i il 4 B S mont = 388 A 07 1
O BE T 55, 2 WY A W e 0 A T I R TR ) A R 2
B, H A 5 B s 3 AR AR W R O SR 4
1) 52 Wl A5 SR A6 A3 o
2.3 E¥mREHAEEFEREMBEERNZ N
2.3.1  ARYIHON R G A N AR YR

RS NIFEKLIMRG R ER ., T
FARRTERL, 2016 4 T1.5 T3 TS L AH [A] 3 B2 %t B 20
A3 I 35.14% 27.78% ,25.71% ,2017 4F 43 5]
AN 26.32% . 25% | 22.86% , 2018 4F 43 5l B
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23.68% 21.62% 14.29% . 2016 4F Jiti 7% J5 2 Bk i
B KR AE 21.79% ~ 30. 12% 2 1], 2017 ,2018 4F
A3k 21.05% ~28.05% 19.74% ~27.16% ,3 4F
PIFS LA T1. 5 4 B SRR B0 in de Ko e 2B
SAE 1. 5OHEFE I 3 AF X R N ORI AR A 3G R 4y
24 20. 40% (18.58% .18. 40% ,3°H¥ BE 4% 4F 19 hL i
SRy 5 17.78% 17.23% 17% ,5° 45 fif
BAEHIK T 15.04% 14.93% 13.54% . VLA ¥k
Jiti FH A ) 1 0 R 2 BRLAR 6K B ARORE B TR BT R
A G RCR, HR 3 5 97 A O, 2016 ,2017 ,2018
AR PR ZE BT BB R OC R B i D - 0.285,
-0.334 -0.481,3 4FFRRRL R I RE AH OC R B
-0.329, -0.36, —0.343,3 4F [ kL & 5 0
FH2E BB 3R - 0.301 , —0.303 , —0. 3425 [7] i} ML
RG4S 7 e A G 2R 1 0 R mT LA Y it o ) 4F R
TR 25 A8 B 3R A A 1 0 R AN X TR A it
J A BB A A 9 45 A0 B e 1 Y R ROCR B, TR
O30 B OGRS, B SR ) 8 A AR X R
IS A R 2 % A R 2R el 5

x5 3EBRRBEXEFEMRESR
Tab.5 Constituent factors of soybean yield for

each treatment in three years

Ay WO RRIERU/AS O HARREU R ARIE/g
CK1.5 37" 83 19.31"
T1.5 50° 108° 23.25°
CK3 36" 80° 18.78"
2016
T3 46° 99" 22.12°
CK5 35 78 18.55%
T5 44° 95" 21.34"
CK1.5 38" 82°¢ 19.27"
T1.5 48° 105° 22.85°
CK3 36" 79¢ 18. 69"
2017
T3 45° 100° 21.91°
CK5 35" 76 18. 42%¢
T5 43® 93" 21.17°
CK1.5 38" 81° 19. 18"
T1.5 47° 103° 22.71°
CK3 37° 78 18.53"%
2018
T3 45° 97" 21.68"
CK5 35" 76 18.31%
T5 40° 91" 20.79°
2.3.2  AEWIHR K E R R
Jitt FH A 40 e e AR AR H 1 2 3 3k AR 4 e ok T 1

SEZEAG FpKVEBE IR 0 7 R AF, 2E 1 3K B A AR
Ao HIED3 R, R [ 4F 47 4% 35 38 it ¢ Ak B 50 AR it
BAE B R RN (P <0.05) , 3 H 3 5
TN 7 5 3% Wk /1 5 AN [7) A ) A ] 39 2 K T 38 77 o
Wit A B3 o g i /s (11 4) ,2016,2017 2018 4K

P g R BG4 Bl o 26.29% | 25.90% |
25.24% , Jifik 5 A R i A S AR R 3 S TR R
RGP EIA W, i — BRI 3 # A ™ 1 2
FRREE @ (y) KT 5 A 3R % )5
AERRA A7 R, Hoh ik 515 (x, ) N EEE &«
IO FRon At FH AWy oz, I 1 2m iti FH AE W o, 33 %
Rl () FRi ¢ I AF BR PR (o ) A 5728 1, 45 [
572
y =479.778x, —61.829x, —59. 5x, +2242. 13
(R*=0.964,F =151.193,P <0.001) (8)
3000 B 20164 N20174 B 20184F

25001

7B/ (kg-hm?)
b

CKI5 T15 CK3 T3  CK5
b2

B3 3 AR AL HR A R L

Fig.3 Soybean production treated in three years

4 3AEKAEARE FE$E’JWHGEEH%%

Fig.4 Changes in yield increase of soybeans treated

in each of three years

[ U5 5 AR A R KT 0.9, 2 W ol 09 05 7 0L 3L
R F =151.193,P <0.001, FH i g 728 2 i %
585 PR il e S A B R R AR K 7 e ST I 4R
e EWEY RS E i G T (N E R 25 = S N 04 oA AL
2B E Y P, = P, <0.001,P, =0.001, i#f —
B ULIAE Gt o NIRH R Tk
B3 A H AR R B R RS
B itk 5 AR BR 3 A A AR iR bR fE R B0
0.908 , —0.335, —0. 184, £ %} {F # AR F 78 1 1] )5
Ty i ep AR R R 7 A R ) R R [ 3

A A A G K R e R R B MR K ik 5
Eﬁﬂﬂmﬁﬁiﬁo
2.4 ETREBERERBENXEFETN

AT R RS RE BE R I 25 L3R 6, SRR
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R BERL I e, 45K 50 25 R FEAT A AR ETE Y, T
IR 0, T 5% 250 5of AR 5 36 v 7™ B i A S0, 45 2R 4
T PR AW B3 7 T Bt P AR BR A 2E K 02
Wi 54,2021 45 5°/N X 177 6k 2 223 kg/hm®, L 4
55 R A X R T e A o AR T L
CA 3 4R, KRR b n] LU 5E it in— U2 9 i
XY B4 RO TR] D S ~ 6 4
R6 REMNENEERRER

Tab.6 Accuracy test results of grey predictiom model

B AE X IR

. KRB RFmEE

R2E/ % R/ %
Bl 38. 00 0.712 4 0.3789 77.31
9 2 % 3% 2 % 3%

xR7 REBWNEZTN 2019—2021 EXEFE
Tab.7 Grey prediction model predicted soybean yield
from 2019 to 2021 kg/hm’

EH CKLLS  TLS CK3 T3 CK5 TS
2019 2199 2687 2178 2588 2167 2401
2020 2182 2564 2169 2493 2158 2319
2021 2174 2479 2155 2401 2146 2223

3 iFig

AL XA O O, S AR 8 e
XMARIK T ELEIEREE ., AWHRIEA LG
O R A AR L R SR IR AR Ty,
P 6 Bk SR H Y

32 1 4 A K 0 K R T B MORL A8 1E 0. 25 ~
S mmZ i, X A 9 B AP SR A T Ak 4y
i AR 22 B0 0 LA B 8 R 40 1 W R R
AW Bt S AR A R W B A5 R B8 A
FE W P, T4 S P B A A T B 48 i
SEMER . ARRBEY RGN d <0. 25 mm ) 3
AT B A B B, d > 0. 25 mm [ 3Kk 5
P B SN, LA (b 3 B G 4 I A PR 3
TIN5 , 7 E RS B AR . e
SR BLIbR 25 LK R M T 8 AR R i L A i
Y 258 R R B R W R £ i R T ) R A
BT AR I A AL B R, s MWD GMD 1K E,,
W /0N, S P R A R E R 5 ek [ 18 - 19 ] B
FELE BB, 3 4E it g b B8 4% FE E PE R B AR AL I
£ LA 43 18 0359 252 0/ R S, BRI ZE W 3 4R Y
RE R 75 T SR AR I, A U R T 3 4R, LA A
A 1 — 25 14 K 56 A B DL 3G IE .

3 pH (R R S R R,
FHEE I ISR T2 R A A At
+ 3 pH {H Y E 45 1 X 38 B A I AE W R 2, AR L

B XAEN P E R KR, BE KT FELRTFEY
HE KRS EiEH pH ETE 6.5 ~7.5 ZH), RALE
+ X 48 pH (HAE 5.7 ~6. 4 Z i), Hd & b2 4
X+ pH XM HRGAERETEXEE, AR
Jita FH A= 0 e b 35486 K F 3% pH {H (P <0.05) , HIg R
Wi 32 3 32 8 R 9 /0 5 it P 224 47 A ) e 6 48 pH
B M 2 3 (Payye = 0.007 < 0.01), Jifi F U4
(P,,, =0.025 <0.05) FI45 3 4F (P, =0.040 <
0.05) XF 4 4 pH {E th ik & 2 KV, AR Kt F 24
A RTRE SR B T AR W Rt B R R R W R, B
AR+ pH A, EEZ R FAEY RN K T H
K .Ca Na Mg ALY A A ALY Bk BR 3k 55 AN [A] ik
JEGRE ) BT, it E S RE AR R T SR R B
AP TIT 52 0 1 B, B T 85 b 4 pHL (i

- A LT - A SRR T T Y B Y
W25, J H A I AR AR — W TR £
Heghply 2 TE e A B K AR T Y
(TG 2 DL B g o - R oy & A B RAE .
SCHMIDT 25" 3\ g, Ak 9y % vl L 4 5 + 4 WL R
4 BRUUN 2" GLASER &V W5 &8, 49
¢ 11 P et B R v AT LA v A AL B A Y B AR
B, BT RA Y AT AR i A V-0 R AR
(T J ok 12 oy 48 11 SR A R Pk, T Ok 2D 4 S
BUTIR R o AR50 it FH A P o 38 i T -+ 88 h oA AL
o, FLHE I B A A B S i o2 3X AT 8 A
TAE BRI, B 2% w0 B E A ) e S BRI L1
J 2 A R P B A A A R e 3 P D s O 1
JR M, LIANG 45 o i 7 o A5 026 U458 o B B u
TP A RS AN B

ASBIESE AR W B TR A T R A R AR
B X AU RS 2 G, W SOk [ 31 ] wF
AR, MG 3 N SR A & R K
R DLt A W ok 4 AE B, il 27.23%
20. 31% ;4 %005 & AR AL A 3, 5 S0k (1,28 ]
W AR, AT g i T R 2 R 8L &
Wy ot b B A B R e Ok B R RO AR
Yy o MRE I T R, fE X  E K Y
NO; NH," A5 8 5 W P, 38 2o vl 20 ¥ i A IE 75 oK
R RIS 5 I AR I A W g o 3 Y
SORBL AR DR AR RE , i o) S i A A T, 32 NOy
ZRCRHAAE BB e 0T L R R R T 4
BRI AR bR T SR O S YOA i BT, R
Haui 38 AR AIOR 5 e e AR R BRORE G

BALYR it FE A W e ok K O LR SRR R R B
T A IR, X S K B g 4t R
—F, B A& T8 bR IR B B 60RE OG5 it i g A PR K 45
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A B B A B O M R DN K 5 A ) R A
IR0 AR DU IR 08 19 DA — Bl i o A BE AR it
BAL RO G R B 2 (P <0.05) , 52 A B
FEAE ST 5, ELRE R AR BRI R
W A AR R A S A I it R A B A AR
RS R EST T A R R 45 R R B[] 7
PRl E ROR B B R A R 3 gt 45 H
AR R DR A R R JRE ey R B N MR it e
T I it A S A PR o R B 40 T ASE TR 00 R o
3 AR BB S KR X R 22 T 38. 00% , KK AR AR
H0.712 4, )5 % 72 U O 0.378 9, /MR AR 22
77.31% , 45 K% BEAG 96 205 SR A & A i3 FL, Uk K
LTI AL Y n] X A 3 6 v 7 B AT B HE T Y T
o 2019—2021 4 7= i 1 0 25 2L 52 36 0ol s 5+, 2021
AF SOY R A A S ORI A A R E R .

4 it

(D) A Bl d <0.25 mm 19 3 R AR
P d>0.25 mm B L IERPR RS BB
I, ELAZ A 0 2 B BE it 2 A R 0 3% i ek

5855 Wt A0 AR ) A R, L, MWD GMD 3 i, fiff E,, 3
JIN A D R ARG PR G SR 2 P 5 R B 3
JEESE Tt e S B TR] A T /) A= ) it FH 22 A K
RN B R, s MWD GMD #4845 e KR 72. 66% |
1.1192 mm 0. 367 | mm,E /MK 27.34% |

(2) 7t FHZE Wy ¢ ] W 25 4 s 0% pH [ DL K B
AR R AP, &5 R KR 0 s
17.88% 27.23% 20.31% 17.51% {5 H= Wy e %t A
MW B MARE . KGR T HIE& TR 18
b, (IR 9A B BT, R AR T R 1 AR
R 5 it o e A B AR AE OGS

CPEER 7P NSRS R 7 % QNG 7 A5 QNI A
R UL AR SO, R 5 A 26.29% ,
(7] B 52 i D] 2R 3 A 33 32 R it e g A B, %o R R 7
5 W A BE 1 R B IMR R A it e 5 A I RE il AR S AT
PR, 38R R it o A B B , 45 8 s 1 0 i 32 B 55

(4) Bl 1) Z2 78 St K68, 900 0 A5 7N 32 A iy, W
FHF A K ™ hE 0 T, 28 0, 2021 4 it
7= IR AR Ol 2 223 keg/hm®, 5 oK it e 41 7= 4y
T30 357 A S [ AT e R AE S5 ~ 6 4R
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