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Coupling Coordination Degree of Ecological Benefits and
Economic Benefits of Biochar Application Models
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Abstract; In order to explore the ecological benefits, economic benefits, and their coupling coordination
degree of different biochar application modes on sloping farmland in the black soil area, an experimental
study was carried out from 2015 to 2018, the 3° slope farmland runoff plot in the northeast black soil area
was taken as the research object. Five treatments were set up in the experiment: conventional treatment
without biochar (CO) and biochar application rates were 25 t/hm’ ( C25), 50 t/hm’ (C50), 75 t/hm’
(C75) and 100 t/hm’ ( C100). The entropy method and the coupling coordination degree model were
used to measure the ecological, economic benefits and their coupling coordination degree of different
biochar application modes. The results showed that biochar can effectively improve soil structure,
enhance soil fertility, and improve soil water and soil conservation capacity. The ecological benefit of
biochar was the best when biochar application rate was 50 t/hm” for two consecutive years. Meanwhile,
biochar can effectively improve crop water-saving and yield-increasing performance, and increase the
income and utilization efficiency of biochar. The economic benefit of biochar was the best when biochar

application rate was 75 t/hm’ for one year. The results of the coupling coordination degree calculation
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showed that the application of biochar can effectively reduce the inhibition degree of ecological and

economic benefits. The best biochar application mode was to apply 50 t/hm’ biochar for three consecutive

years in the black soil area. The ecological and economic benefits of biochar were both high, and their

coordination was optimal, which was 0. 684 9, 0.634 5 and 0. 574 1, respectively. The research results

can provide a theoretical basis for the efficient use of black soil resources and the actual production in

black soil areas.

Key words: black soil area; biochar; ecological benefit; economic benefit; coupling coordination degree
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77 90 35 BCRE W% S5 W AR W e A A AR 1) 12 A5
FRAZ TR0 5 T8 bR, R W6 (32511 5 4 45 5

2.3.2 AEBSRTERGE ARG VR B
6 A% Kb B A AR AR 5 K0S 2 TR AR 1R R
R O 98 B2 B 45 2R AR AR R M S5 R B
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Tab.4 Biochar costs, earnings and utilization

efficiency of different treatments in 2015—2018

AW e A 2K

Jiti it JH A/ W s/

FER/a (t-hm™?) (JG-hm ™) (JG-hm7?) R/ (kget™h)
0 10013.85 13 308.50 0
25 15013.85 14 020. 35 4. 60
1 50 20013.85 15041.70 5. 60
75 25013.85 16 923.46 7.79
100 30013.85 16 032.10 4.40
0 20070.60 26 462.20 0
25 35070.60 29 852.95 11.20
2 50 50070.60 31777.30 8.75
75 65070. 60  32274.46 6.33
100 80070. 60 30 751.00 3.50
0 30102.60 40 843.75 0
25 60 102.60 45772.15 10. 87
3 50 90 102.60 48 661.30 8. 60
75 120 102. 60 47 470. 06 4.82
100 150 102. 60 45 494. 35 2.53
0 40109.85 55 129.90 0
25 90 109.85 61 705.55 10. 90
4 50 140 109.85 63 336. 80 6.78
75 190 109.85 61 786.16 3.63
100 240 109.85 58 145.23 1.22
x5 MHEHRENE
Tab.5 Benefit indexes and weights
LyEn) ik firE et AE
AHE(g/em’) - 0.102
SALBREE (% ) +  0.084
B AUT R (mg/kg) +  0.078
A RO i L (mg/kg) + 0.100
BHACH R B L (mg/kg) + 0.092
. ST HILAR R 5 A (% ) +  0.113
pH & + 0.070
WA KR (em®/em® ) +  0.096
HI i) 45 7K 2 (em® /em® ) +  0.054
TEZRK (em®/em®) + 0.075
BIMARE(%) - 0. 068
BRI A 1Y - 4R i (kg/mm) - 0.068
774 (kg/hm?) + 0. 141
KT RARCR (kg/m?) + 0.275
Ve Ras A (/) - 0.268
i 25 (75/hm?) + 0.237
A R AR (kg/t) + 0.079

T + R B ARAR, - R IR

Jit 7% 24 AF il 3 e % e B 3 I A= 25 8K 48 45 K0Z i i
B RN 2 ~ 4 4R A AR 1 B ST Y
PR, L35 24 it % 0 50 v/hm® B BORS 5 K
LU R A5 R o, 4 A BE R i o< B 8 n 22

DR A0 A 159 55 SE 0 i el 19 728 A R L 4 4R 2 53 A e
TN 75.50.50 .25 t/hm” B BUR S KA, HO#E4E 3.
4 AFJiti Y 100 t/hm?® A= 49y 58 e 25 D5 3800 A S it 7 Ak
B U A AR W A T LAAT AR e A A A A 4
TERaR , (H B A e A % 364 Jon i 3R AR e B 1) 49
SH T S8R T 3 U 555 2 B TR o 4 TR
5 BE A it 2 i DA gt 2 AT PR 2 G E

R6 20152018 ERABESHESLFUNHEB/E

iR &
Tab.6 Coupling coordination degree of ecological and

economic benefits of different treatments in 2015—2018

B  aTRGE

o kb - . MWar P
Cco 0.044 3 0.4321 0.290 3 0.2630

C25 0.1655 0.5150 0.4290 0.3820

2015 C50 0.3440 0.5854 0.4828 0.4737
C75 0.4322 0.7256 0.4837 0.529 1

C100 0.4477 0.629 8 0.4928 0.5153

CO 0.1619 0.3356 0.468 5 0.341 4

C25 0.4822 0.5770 0.4980 0.5136

2016 C50 0.709 4 0.5973 0.498 2 0.5705
C75 0.7089 0.4918 0.4918 0.543 4

C100 0.679 4 0.402 2 0.4833 0.5112

Cco 0.1536 0. 466 8 0.4316 0.3659

C25 0.5919 0.6188 0.4999 0.550 1

2017 C50 0.6849 0.6345 0.499 6 0.574 1
C75 0.658 3 0.472'1 0.4932 0.5280

C100 0.648 0 0.3829 0.4832 0.499 1

Cco 0.1390 0.5250 0. 406 8 0.3675

C25 0.5757 0.664 3 0.498 7 0.5561

2018 C50 0.6347 0.5211 0.497 6 0.5362
C75 0.634 4 0.4154 0.4890 0.506 6

C100 0.5973 0.2415 0.4528 0.4358

T I 45 R R L R 2015 4F CO b FEE A
£ 0.290 3, J@ IR K45 A B B A, I Ay 4% Ak B Y
AbFFE T B, 2 B P 2R G Ak T — Fh o R LA 55—
Fofrash A A RS BN RE 5 B2 B0 b it ] 2 9 o g
i A S LA 1 2 B, 4 AT 45 it A BRI G B X e T
CO 4 4Ejifi % 42 43 9] 100,50 ,25 .25 t/hm’ i} i &
BE fe iy o PR R BE I A 4 L WO B 1 AR B it R
(1 54 0, T 20 2 1) O R e R R R O U A
R O 5 S5 3 A G T BRI, W R A Y B
R B 35 R B R R A e A SRy SR R it e X AR
bt 25 it 2 B2 F) H B, 224 7 5% B R 75 0/ hm BB R
T, ST AR 23 AF 34 Y it % B 50 1/hm? i P
I BE B, JE LR R 4 4F 24t % A R 25 v/hm 5
Ve R R o LR 3 AN 50 v/hm” A ) % AT A
R A AR 5 2 B AL g5 0 U R B A AR, LG A
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3 itig

PR W 5 R 22 5 M AR L S R L I O A R
JELLAE, BA LV | e T BUK S5 4, b A g
AL R RS T RS s B, B G e
R % 4 R G 4 K, 90 75 T W ARG, FLBR 3 % o
B, X 5 LAIRD 25 BEFe 45 - — 5. Rk, £
oA IR R R BRI T T HAS A
8% R 0% BB T3 R B R ) B A8 i BL b
PR KA TR T iR, AR IE & B, i
T AE B 5 T LAAS R0 8 b AR R R K RE
It 5 GG 9k 8 0 R GG 0 A B E K, b B BLBR B
i pH E RV A 5 K R W e A R
AR LIV A R 0 3 R R it e e A
il 7% A PR A I I 26 5 ik 94 o 0 G A 4 R A K
e 362 20 L TR T O E Y G A e B UG e A
B, BG5BT A A 3 o A
Ml X5 KEED MRS E -, BE5ZHE
AERO N AR W R Xt pH (B TG W B WA AT A — E Y
255 X AT A SR T g A ) R 2R R T T 3
(o T AW AR B 8 B LA A B
KB F1 AN K PR RE L BRI T UG R T A 80 2
VR R 3R 3 o 2t ¢ ek AR it ¢ A B S
I, I 75 GG 5 14 034 o e A 4 R 194 S K R KR
BB G 5 ek EAPUE A% k fK AR
AR B WIS L K U S R B S R Ak
B XA REE B W A P i BB, %
J2 A AL, S B A 2 WK TR R AR
VR T 5 40 )2 0, T R M O 2

H T LE W A B A L S i AT AT A
i ATy 2T TR A e LA LR AR £ AL
T W B A6 7 580 25 0 Y LA ARG i R K LR K
i LT A FIE A 0 7 Wi R R 8 1) 1 T, i 65 A 5
ok 3 AR K - BREE A R TR A K, T4 e AR
e AR R PO W N BT 520 B )
2R By 5 T LA B T D i o
FERWIL M 1 AR AR IR S & /N R R
ABFFE K B, 3 Ak 00 2 9 5 TT LA S 4R AR
K A3 JH 203 {E 24 it 5 6 e, B SR BRUGE  H
R I 7 R R K P R S T A, R A
TR A b B 0 B 2 B AR A ka8 N X S A
PRAL P R 77K B 7 45 0 5 0 55 0 T AR ) 7 e
N A SR 7/ B o N L P s o N I A 0
Ti 7% 5 9 38 0 R AR T T TR X AT R LR A 4
ARV AG e A T2 B B SRR o T MG i ) s

I e B A A ML L X AT RE R T R B A%
BRI, - HELE AL 3 A8 b VL 0 3 3 R AR
Ab T B I AR A BRI, LA A W) 5 R I 3 7 AR
PR, Wi i B 2 39 O 5 T 3R ARG ¢ ik ok g I, M
LR AL A S SRR AR W R
F 7 BRI Mg B D/ o AR BRGGE SRAR A |
e g R I A 0 i B R T I B AT 55 e 2
AR BAS

it B K T A M A AR 2SR AR S 28 T A AR A
CHETH A, R R S T, T WU R A AU
WS I o RLIR A 1Y 95 s 1 AR W S P A
Z ISR A O T 51 K A b I R AR A S A T
R 2 [0 S J 4 B U AL, (8 P b A 4 52 B 3L [
PETb, Bl AR S 4 5 22 T R AR T A T . A
G b (0 D00 9545 i o Ak B %) A 2 2 i T2 T AL
5,45 MR S A 2 AR iR B 50 v/hm B AE S
B T s MR 2 4R AR O 75 v/hm” B 2 B AL
gt eIt o 2k — A R P AR TR BT A% it
A SR R 5 R P 98 52, A5 H i 2B % n] LAAT 2
M 22 figp A= 25 R0 g M 28 B AL AR Z BB 7 O, (H ik TR
Py ¢ 00 A B v 1 o 2 e SR B A 2 B e )
T L2 W s DR Y B4 e LA R e A FR
BEREE, AROETE A B, B I A 3G 0, 2% Ak B Y
5 2 R P 3R R 5 S S s A A L . 4 AR 2
Btk 4352 100,50 .25 .25 +/hm” i # 4 JE B A TH
M e Ak 43 3 75,50 ,50 .25 +/hm” i Bip R E B A
HESE 3 ARt N 50 1/ hm® 2E 4y S A AR 40 0 1) 2B 255
fit 5 A TR AR 1 PR B B i, LA A AAR (R AR
FHFRE ER B o A B i34 e — A i 225
EEBHHRN B RGE, RA L2 kRS
A SR BER I Z IR Y 5 28, IR A P 3 Db A i, A i
P m LR e A s, L B U AR L e ik TR B UROAT 5 2
K

ASCHWRFE T 3 25 4 AR A 8 b DB M it i A )
B W) A A5 0 i M 28 5 A i S FERI A B R E i 22 )
BB A ROR e — A R A B i B2, 52 W A 48 AR A
IRy BR AR SCRTOF 55 199 8 A, ) B it o 24 990 ¢ o 2%
PR A A o AR A TR Y FSE TP eT LUK
2 g M AR T I KA R AR A AT SR AR ST
AU A S H RN A P B 4 T M

4 g
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i Sz it ] 2 AF i 5k R 50 v/hm? B AR R 1 AR A
Rt etk

(2) 3 &7l FH A= 9 ¢ RE 06 A3 2803 T AR 1 K
FEVERE , $ AR W A WA AN TR T 4R e
AL . 4 N R I T A g 2 e SR . i
B AR it sty 75 o/’ BE, AW R0 2 B RAS et

(3) HE W RE AT A8 A3 A 5 0 i 9 2 BF A Y
WA UL o WS 1 AR MG S T 0, B 3R
Fe 5 R LRI 2 ~ 4 AFRE G RE A B R X S 4
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PR ) B A3 3 B2 3 4F 50 o/hm® A 3¢
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