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Abstract: In order to explore the sustainable effect of one-time application of biochar on the productivity
of sloping farmland in black soil area, the three-degree slope farmland runoff plot in the black soil area of
Northeast China was taken as the research object, the experimental study was carried out during 2016—
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longer applying biochar) were set, and the biochar sustainable effect of land production capacity was
analyzed. The improved technique for order preference by similarity to an ideal solution ( TOPSIS) model
and GM (1,1) model were adopted to calculate and forecast the land productivity index, the results
showed that the soil bulk density was decreased significantly (P <0.05) within three years of one-time
application of biochar, and the most obvious reduction was 3. 87% in the first year. The porosity, total
organic carbon, ammonium N, available P, available K content were increased significantly (P <0.05) ,
pH value was significantly increased in the first two years after charcoal application ( P,y =0. 034, P,,,; =
0.038), and increased by 0.9 and 0.6 respectively, the third year and there was no significant
difference in charcoal treatment ( P,y =0.067). The application of biochar significantly improved the
water holding capacity and soil retention performance of soil, and soil saturation moisture content, field
water holding capacity and wilting coefficient were significantly increased (P <0.05) , with the maximum
growth rates of 5.58% , 4. 78% and 7.29% respectively, and the annual runoff depth and soil erosion
amount were significantly reduced ( P < 0.05), the maximum annual runoff depth reduction was
4.92 mm, and the maximum soil erosion reduction rate was 5.71% . Soybean yield and water use
efficiency were significantly improved ( P <0.05) , with maximum growth rates of 29. 01% and 16. 92%
respectively. However, the sustainable effect of biochar on land productivity was weakened year by year.
With the extension of biochar application period, the bulk density of BC treatment was increased linearly,
the porosity was decreased linearly, and the pH value and total organic carbon were decreased in a power
function. Ammonium N, effective P, available K content were decreased linearly, the saturated water
content, field water holding capacity and the wilting coefficient were decreased linearly. The annual
runoff depth and soil erosion were increased linearly. The soybean yield and water use efficiency showed
a power function decline and a linear decrease, respectively. Based on the improved TOPSIS model and
GM (1,1) model of grey correlation, the land productivity index was calculated and predicted. The
results showed that the BC processed land productivity index was higher than CK, but its value was
decreased year by year, and it was very close to CK treatment by 2021. It indicated that the impact of
one-time application of 75 t/hm’ biochar on land productivity can last for about 5 ~6 years. The research
results can provide a theoretical basis for the application of biochar in the black soil region of Northeast
China.

Key words: biochar; land productivity; sustainable effect; improved TOPSIS model; GM(1,1) model
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Fig. 1  Sustainable effects of biochar on soil structure
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Fig.2 Sustainable effects of biochar on soil nutrient content
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Y,; =0.89: +81.980 (R*=0.999,P =0.021)
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(R*=0.995,P =0.038)
(26)
2N R T 0.99, P HE/NT 0.05, 7]
AT LA A R BEAR B A A ) it FH AT PR 1 28
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314 P

1/ 1 R O S ¢

2020 4

KRR H R M E Y R EMEN A2
CK Ab B[] TG I 35 25 5, 3 T e 2 R Ay I 2 B[] e 344
I, A= et 32 E AL RS B 5 MR DRSS, DA T U
RERN I AB i [R)B  E AT v B8 U |
AR , (R FEEE R N
2.5  HEANAE AR T K PR B AT R SRR

VE = SR Al A 7= 1 T B AR, 2 f i £
oAz I R AR R KGR RS R A Al E
VA e 5OR AR ) — I S B b, 4R R /K 40 )
AR Al Fp2 & e A 2 L, FREARIL
b DX AR GEIR S i, R AE CRUE AR AE P 7™ i (RT3 T
e EY I RK 3 R 2 OCE B, 3 A~ 4b
PR G i MoK oy MR INE 4 Fis, HE 4a
AT%N,2016 4F BC AbFE K G /= i FHm (P =
0.025) %8 CK AbFHI4 = 29. 01% ,2017 2018 4 BC
Ab B IR FEAH L 2016 AT Frdl 55, (RAT 23 =
CK (Py,, = 0.031, P, = 0.039), 4% % 4 jm
23.48% .18.43% , & 4b AI%1,2016—2018 4F- BC
e CK 7K 53 FIFHAR 5 5l B 5 16.92% (14, 63% |
11.75% , ¥3 35 . 35 JK 3 (Pyy = 0.032, Py, =
0.035,P,5 =0.043) , K] 3 45 N E W) B AE 19 K 1

K 1000} % \g %
s00f % §§ %
%i 750 : \\§§
B §§
" 70t \%
6.5 §§

(b)
B4 RS K3 7 ) AT S0
Fig.4 Sustainable effects of biochar on water saving and

yield increase
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Tab.2 Constituent indexes of land productivity

— AR e/ E i 7 fetn)EtE  AE
5 x,/(grem ™) - 0.023

SALBRUE x5/ % + 0.025

pH {f x5 + 0. 049

TR R HLBR R S AL xy /% + 0.225
A N B s/ (mgekg ™) + 0. 041

FRP R xg/ (mg-kg™") + 0. 109

K R,/ (mg-kg ™) + 0. 060

TR E IR wg/ % + 0. 023

THERk S HRRKR 6/ % + 0. 023
THEE R )/ % + 0. 031

- AEARTEER xp, /mm - 0. 062
3R x,/ (t-hm ~2) - 0. 085

T Fott v/ (kg-hm ~2) + 0.167
KA FIHBCR %,/ (kgom ™) + 0.077

TE: R+ | - FoRIEm U,
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2.6.2 BA XSk A A IR BT

FH(3) ~ (12) M5 2016—2018 4 M4 4b
PR L Hb A R B, SRR 3 R, MR 3 Al
A1, BC ARFE 3 4F L b A HR B = T CK, R Wi
A A REA BB MR A K B K 3085 $25 +
HAEFERE ST, (EAS AR BRI b A AR B 22
SRR /N K0T e S2 BT AR W R 6 A THUER A 4 R
SRR BAE DR, 2L BC ALY b AR 7R S
WA,

F3 2016—2018 FZ B T HE =8

Tab.3 Land productivity indexes of each treatment from
2016 to 2018

b3 2016 4¢ 2017 4¢ 2018 4¢
CK 0.7370 0.736 8 0.7383
BC 0.7590 0.7520 0.749 8

2.6.3 FLF GM(1,1) BIRITN Y £ b AR = HE 8L
Gy
h T I — MR 75 v/hm® A2k

SENE A S i TE], SR GM (1, 1) AR T
2019—2021 4F - M 2B 7= 4 B A fb e %, AR
P GM(1,1) BEBURS FERT 36 A 4% , CK A BEAT BC Ab
PR/ IMBERIR 22 B KT 0. 95, J5 86 He ¥/ T 0. 35,
PR AT LA GM (1, 1) BRI AR L 56 v 1) 4 b AR
FEIARBCIATI , BUm AE R g 4 iR, FEE AR
Yy it AR FR AU ZE K, BC AL + 3 A= 72 F1 35 BOZ
TRE, H'5 CK Ab 3R] ) 25 58 Wi 467N, 76 2021 4F
BC b3+ Ak 7= i Fe B 2 0. 743 0, & & 5 oKt
IR CK AbHE + b A 7= F1 8 8o i, AR
PRMZER  AERI X — IR PERA 75 v hm? ZE W) 1,
Xof b AR R T BRI E P AT RREE 5 ~ 6 4

F4 GM(1,1) AT 3 E1 T HigE

Tab.4 GM (1,1) model predicted land productivity

indexes in next three years

b B 2019 4F 2020 4 2021 4¢
CK 0.739 8 0.7413 0.7428
BC 0.7476 0.745 4 0.743 0
3 g

+Hb A 7R IR Ry A MR AR Y e v 2 A
— 2 ST AT R B A A 7R KT B B e - g T i
MR A =R T A PR g Ok &R
B —A XIS 2 0% K BT I, S X 3k - M R
A= A PR e 1 T IR S5, B R AR AL R B
AR E LR, W — B2 E bR b A 32 RO
) BRI 2 2 JR I R A 1810

A=W As 2241, HA SR B W ERE 1, T Lhek
sty R IR ), AR A R BOR  fE—
MR AE Y R 3 4R, T E B R AR (P <
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AP AL K S E BRI (P <0.05) ,pH A
mﬂz%ﬁﬁﬁ)ﬁﬁﬁﬂﬁi \%%%% ( Poys =0.034 Py, =
0.038) %8 3 S5 RMERAL T B E 5 (P =
0.067) , =My X} £ He Ak M I A i 36 2500 bl %
A=) it FHAE BR A K T2 e 55 , IR S N
i ARP A AL K i R AL
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pH {HIA W MR — i 1) 22 57, 31X AT BB H Tl
A= e AR AL - S A B AR [ 1
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S  ABSE T A e s X R K M R A 5
M E] 4 AR A P45 16 . DUGAN 251 (R o 45 51
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