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Effects of Applying Biochar on Soil Structure and Soybean Yield
on Slope Farmland in Black Soil Region
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Abstract: In order to find out the effects of applying biochar on soil structure, soil fertility and crop yield
and its sustainability in the black soil region, the field runoff plot of 3° sloping farmland in the black soil
region of Northeast China was taken as the research object, and a four-year observation was carried out.
In 2015, according to the amount of biochar applied, five treatments of CO (0 t/hm”), C25 (25 t/hm’), C50
(50 t/hm*), C75 (75 t/hm”), and C100 (100 t/hm’) were set. The treatments were applied as the
same amount of biochar in 2016, 2017 and 2018. The results showed that the soil bulk density was
decreased gradually with the increase of biochar application and the porosity was increased gradually, and
the longer the application period was, the more obvious the effect was. The generalized soil structure
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coefficient ( GSSI) of the four consecutive years was increased first and then decreased with the increase
of biochar loading, the soil three-phase structure distance index (STPSD) was decreased first and then
increased, and the maximum (minimum) value (98.31, 4.87) was obtained in the second year of C50
treatment. At the same time, the three-phase ratio of soil was the closest to the ideal state. the contents
of macro-aggregates (R, ,s), mean weight diameter (MWD) and geometric mean diameter ( GMD) for
four consecutive years were increased first and then decreased with the increase of biochar loading. The
decreasing trend was the maximum in the C50 treatment in the second year. The soil available potassium
and organic matter were increased gradually with the increase of biochar application for four consecutive
years, and the soil available nitrogen and available phosphorus were increased first and then decreased.
The highest increase of soil available nitrogen and available phosphorus in each year were C50 (46. 1% ,
76.6% ), C50 (46.4% , 85.4% ), C25 (33%, 100.7% ) and C25 (23.9%, 103.2% ). The
application of biochar for four consecutive years can increase the yield of soybean and its components. In
the second year, the C50 treatment increased the maximum yield, the yield was increased by 33.3% ,
and the yield was the most sustainable. The sustainability yield index (SYI) was 0. 871. The research
results can provide theoretical support for actual production.

Key words: biochar; generalized soil structure index; soil three-phase structure distance index; mean
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weight diameter; geometric mean diameter; sustainability yield index
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Tab.1 Soil bulk density and total porosity of each treatment in 2015—2018

e AKHE/(g-em ™) BALBE %

2015 4F 2016 4F 2017 4F 2018 4F 2015 4F 2016 4F 2017 4F 2018 4F
) (1.16 = (1.15 = (1.13 = (1.12 = (49.67 + (48.33 = (48.63 + (48.62 +
0 0.0012)*° 0.0043)" 0.0005)* 0.0035)¢ 2.32)4 1.69)1¢ 0.98)4 1.12)¢

(1.14 = (1.12 = (1.10 = (1.09 = (51.67 = (53.24 + (55.44 + (54.3 =
C25 0.0008)" 0.0036)" 0.0056)" 0.0066)" 3.36)° 3.64)° 3.16)° 3.63)°

(1.12 = (1.07 = (1.06 = (1.04 = (52.83 = (55.78 + (57.12 + (58.26 +
0 0.004 3) " 0.0015)° 0.002 7)™ 0.0016)° 4.6)" 4.21)b 1.07)" 3.96)
. (1.12 = (1.05 = (1.03 = (1.02 = (53.45 + (58.00 = (59.5 =+ (60.12 +
o 0.002 6) "™ 0.0029) 0.0045)° 0.004 8)° 1.23)° 6.05)" 4.42)° 7.92)"
) (1.09 = (1.05 = (1.02 = (1.01 = (56.00 + (59.62 + (61.13 + (62.23 +
100 0.0061)° 0.0300) 0.0041)° 0.0100) 2.36)° 5.69)° 5.46)° 5.68)°

TE  Bli R A AL PR S OB + Bife2e | ISR [ /NG 7 RE 7R b B ) 22 5 B35 (P < 0. 05) , T[]
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0. 05 ) ; biti 5 it % F2t 388 i STPSD )i /0 J 18, 4%
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Fig. 1 Soil three-phase ratio tested in each treatment in 2015—2018
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Tab.2 GSSI and STPSD of each treatment in 2015—2018

e 2015 4 2016 4 2017 4 2018 4F

GSSI STPSD GSSI STPSD GSSI STPSD GSSI STPSD
(60] 94.12° 22.63° 93.85°¢ 23.19" 94. 14¢ 23.25" 94. 02¢ 15. 49"
C25 94.97" 15. 86" 96. 69* 14. 66° 96. 30" 11.06° 96. 24° 14. 94*
C50 97.25* 7.634 98.31° 4,871 97. 83¢ 6. 644 97. 18" 7.53¢
C75 96. 84 11.15¢ 93.58°¢ 12.16° 91.55¢ 11.04¢ 91.21° 10. 80"
C100 96. 40 15.28< 93. 30¢ 33.09° 91.77¢ 35.92¢ 91. 03¢ 46. 38"

1 ~2 mm FgOKARME AT R AR & 39 7E C75 AbBEAF)
K, 5 CoO MR R B E MK (P <0.05);
2016—2018 4E KT 0. 25 mm HY 484 K Fa 1 A1 5
RS AR LA 5 2015 4E KRR, 454F 5 b 2
G312 €50,C50,C25, SIRIAE CO A LL ¥ ik b 2 Pk
25 (P <0.05),1H 2017 4F C100 4k 3 A1 2018 4F
C75 .C100 AbFEAY 1 ~2 mm 2 ~5 mm Bk Fa 1k A
RAK S B HR T 0 AL HE | n) 0L 2R 5 4
i 1 ~5 mm FGKFRPE AT RAK B RRAL, R, s B
K FRAE - PR R AR e P, FL by, RIS APk
ey, e bR |+ HEhT i A JBsR > MWD
GMD 2 e A S A SRAR /N A ) S B4 b, HUE
A, T T A ST 349 P R B R, R e PR A
T4 N HBOKRER RIKFREMETE S, K4 T

A6 it FH AR BR A )t ¢ i R TR B, Ry L5 . MWD
GMD Fififiti fic et A 38 T4 52 S 18 s ol i A8 Ak ka4, %
S 4 AERARAL TR 43 5108 €75 .C50 .C50 F1 €25, it
AW 1 45 A B 5 [R1AE CO A Eb X3k 31 d 3 Pk 25 5%
(P <0.05), ¢ p it A7 [F] 1 i FH 4R BR AN [\ B
(€25 ,C50 Ab¥ it FH A R frt 388 o 247 522 S 48 = s I
FAS AL Ea A T €75 . C100 Ab 3 i i FH 4 B 64 384 fin
BN AR R ] A 3 0 AR R
AL LAY 4 358 PR 45 # | €25 . €50 Ab 3 3% S8 it fin 2
AF T 0 AR 45 48 1Y) B 38 A X B4, T €75, €100
A TV A it o S DR 254G A A R A 2, X
4 FERER S5 401 ,2016 4F €50 Ab 3 1) A Wy 5
R, ,s MWD GMD #& T K, 5 [a] 45 %) BEAL B AH E 43
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Tab.3 Distribution of water stable agglomerate in 2015—2018 g
PR R K4E/ mm
o i 0.25~0.5 0.5~1 1~2 2-~5 >5
o (6.71 £0.21)° (4.2820.12)° (3.43+0.08)° (3.84+0.13)° (0.50 £0.04)°
25 (6.91 £0.16)" (8.98 £0.36)°" (3.57 £0.06)" (4.03 £0.07)"™ (1.00 £0.07)"
2015 C50 (8.86 +0.08)" (12.31 £0.43)* (3.19 £0.11)" (4.86 £0.21)* (1.12 £0.12) "
€75 (10.15 £0.11)° (13.21 £0.24)* (3.77 £0.09)° (4.64+0.15)" (1.64 £0.11)"
C100 (7.73 £0.13)" (7.57 £0.14) ™ (3.06 £0.04)" (4.26 £0.1)" (2.21 £0.16)*
co (6.28 +0.09)° (6.28 +0.08)° (4.5+0.16)° (3.04 +0.12)° (1.2£0.13)°
C25 (6.41 £0.12)" (7.47 +£0.16)"° (4.41 £0.12)® (4.25+0.16)" (1.32+0.21)"
2016 €50 (9.78 +0.18)*° (11.33 £0.05)* (6.86 +0.06)" (5.44 £0.26)* (1.36 +0.06)
C75 (7.45+0.06)" (10.25 £0.13)® (3.65+0.23)" (4.59 £0.31)" (1.42 +0.16)*
C100 (8.86 £0.11) (8.8+0.09)" (3.21 £0.14)°¢ (2.97 £0.22)°¢ (1.38 £0.03)
o (6.92+£0.23)° (4.16 £0.12)° (3.4£0.12)" (3.420.26)° (0.56 £0.03)°
25 (7.21 £0.03)" (9.85+0.13)" (3.02£0.16)°¢ (4.32 £0.26)*° (0.96 £0.13)"
2017 €50 (7.46 +0.16)" (12.32 +£0.06)* (4.61 £0.09)° (4.38 £0.08)*° (2.61 £0.31)"
C75 (7.32£0.12)% (11.46 £0.16)™ (3.89 +0.06)" (3.69 £0.34)" (1.23 £0.31)"
€100 (8.36 +0.10)° (8.36 +0.24)" (3.32£0.13)" (3.03+0.21)° (1.56 +0.16)"
o (6.68 £0.03)° (5.02+0.21)° (3.68 +£0.03)° (4.12+£0.06)" (0.28 £0.01)°¢
25 (7.69 0. 11)° (11.24 £0.04)° (5.51+£0.19)° (5.0+0.12)° (2.36 +0.16)°
2018 C50 (7.43 £0.13)* (8.65+0.23)" (4.36 £0.11)" (4.45£0.0)" (0.56 £0.06)"
c75 (7.12 £0.13)" (8.46 +0.11)" (3.21£0.21)° (3.09 +£0.21)° (1.06 +0.33)"
€100 (6.32+0.09)° (7.36 £0.02)™ (2.12£0.14)° (2.23 0. 14)° (1.02 +£0.26)"
4 2015—2018 FEokFa FBAEE IS ey - i, K2 AN RIAL BEAY 3R
Tab.4 MWD and GMD in 2015—2018 o HE 2a 2b AT, 78 AT BR AR )i 5 5 [
B MR MWD/mm  GMD/mm  Roa/% P, - LA SRR 0 I B 9 25
@ e 02 S SRR /AN 25 AL R 94,2015 ,2016 428978 €50 4
s e SIS A, Hr 2015 4EFE CO b B4y BT 15
75 0756  0.253% 668 46. 1% 76. 6% , 225K B . F PR K (P <0.05)
100 0.712"  0.221" 49. 6" 2016 4EH: CO MbFH /MR T 46. 4% 85.4% , 2% 5%
o 0. 639° 0.212° 42.6° BE(P <0.05);2017 2018 4-7E C25 AbFRHE &%
(o om0t T SRR, 4 B R 4F CO b B 5 33% 100.7% |
2016 o e e 23.9% 103.2% 3KF| B E M R (P <0.05) A
C100 0702  0.220  4g.7% PIAEY C100 A B 4 S A Ak 220 (LIR30 iR 4k
) 0.607°  0.203¢ 36. 8° 5.1% \10. 8% , A & W 7 & I T X HE AL B 7. 2% |
25 0.693"  0.223*  50.7% 9.5% ,YIARIBFN B EIKF-(P>0.05), M 2c.2d
2017 €30 0.743"  0.243" 62.8° ARt A= 4 e AT DA e A B OACRR A BL T A
R emml e s bt SRS 4 AR LS AT DL S B B 5 B
0 oy o xms L T R ELTF 88 0 R MR 454
25 0.645%  0.241° 63.6° T A A e b A CO 25 F 338 B KOE (P <
2018 €30 0.636"  0.231" 50.9" 0.05) . TEjiti s 5t A [ 1 i HH 47 BRAS [m] s Jita o A=
5 oelt0212h 459" 5 T A LA A B2 0 PR A B
€100 0. 596° 0. 198° 38.8¢

50 t/hm® f 42 1) 1 6] B 3ERG S P Y £ T BOR B
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Tab.5 Soybean production and components in 2015—2018

Ay Qb B PARRIFER T BRI E HRRE g 74/ (kg-hm=2)
Co (31.33 £1.26)° (80.33 £2.36)° (18.39 +0.84)° (2150 +86)°
C25 (38.67 £3.06)" (94.33 +4.16)" (20.54 +0.64)® (2265 +91)"
2015 C50 (39.33 +1.78)" (98.33 +3.34)" (20.64 +1.23) (2530 £123)°
C75 (48.67 £3.56)° (106.00 £2. 12)* (21.55 £1.06)* (2615 £123)*
€100 (42.00 +£2.00)" (100.00 =1.89) (19.97 +0.98)" (2590 +£89)
Co (33.67 £1.43)° (74.00 £1.23)° (18.22 £0.56)° (2100 £102)°
€25 (36.00 £2.06)"™ (91.33 £3.23)°" (21.72 £1.42)° (2630 +165)"°
2016 €50 (41.33 £2.23)° (100. 33 +6.54)° (23.29 £0.23)° (2800 +178)°
C75 (41.00 =1.47)" (95.00 =4.32)" (20.53 £1.10)" (2520 +211)°
C100 (37.67 +1.42)" (94.33 +3.65)" (19.91 +0.89)" (2445 +83) "
Co (35.33£2.05)° (87.34 £3.06)° (18.99 +0.17)° (2240 £106)°
C25 (42.50 +1.12)" (102.54 £5.12)" (22.84+1.06)" (2640 £69) ™
2017 €50 (46.67 £3.12)° (110.20 £7.12)® (24.03 £0.34)° (2780 £126)°
C75 (40.80 +2.21)" (98.22 +4.32)" (20.71 0. 62)" (2550 +114)°
C100 (39.80 +2.89)" (93.34 3. 12) " (20.34 +1.23)" (2445 +143)°
Co (32.66 £1.67)° (89.68 £3.45)° (17.32 +£1.23)° (2385 +123)°
€25 (50.23 £1.45)° (107.12 £4.63)* (23.56 £0.84)° (2660 +146)*
2018 C50 (42.86 +4.21)°" (96.56 +7.89)" (21.03 +1.94)" (2450 +128)°
C75 (40.64 £1.53)" (90.89 +6.56)" (18.67 £0.83)" (2390 +132)"
C100 (31.76 £2.26)° (88.34 +4.63)° (16.69 +1.12)° (2112 £114)°¢

A ADFRAT ™ 5 DA e BRI C75(2 545.75 t/hm) |
C25(2 525.25 v/hm*) ., C100 (2 398 t/hm’) . CO
(2243.75 v/hm®) ., SYI 57245 7 5 (1) 48 A6 LA
KECHIF (R* 9 0.984 5,P <0.01) , [F L 7E €50
AbFE SYI fcim, b 0. 871, FWILE R T A = i # v,
JitE A 50 tv/hm? {4 A= 9 o K e n] RE S i, CO
AbER SYT e/, e Fr e th i 55, K 3¢ WK E
SYI 5Pz M &, HE 3c AT, K

SYI 5 F-X4E it S 1 & A TEAHOC (R* 4 0.942 8,
P 90.05252) ,FRWI KT SYI {Hl K, FH4FE ™ &
i, LA A AT, SYT AR 0. 1 ANy,
PR BRI 317. 77 v/hm® o fIG AT L, A e S
HRORT S g A A R R R B e A 7 e, R T R
7 AT RREEE R AL S ] T A X A gk AT
DL R G = anl et 28 b Ml A iR AR it
N 50 v/hm? (149 A= W K 7 B T R A

2650 0.88 - 2650 ¢
26001 2600 +
0.86}
o 2550+ o 2550+
£ 2500} 0.84} £ 2500}
uu\;n;{ 2450} = ﬂ;ﬂ; 2450
#2400} & 082 £ 2400
£ 350} 0.80} o ¥ 23501 _ 65.05
Q ¥=-0.1166x2+12.987x+2254 ) y=—4x107%+0.0041x+0.768 ° C’ ) y’—3177A7x—1 .0 i
B 2300+ (R*=0.9864, P=0.0039) 075 (R2=0.9845,P=0.0076) B- 2300 (R*=0.9428, P=0.05252)
22504 0 22501 o
2200 . . . ) 0.76 . | | ) 2200 L . . . . |
0 25 50 75 100 0 25 50 75 100 0.78 080 082 0.84 086 0.88
AHSE N/ (- hm) AW B e/ (L hm™) SYI
(a) (b) (¢)
3 RS SYL SAW st i Bk B34 4F 7 B 5 R
Fig.3 Relationship between soybean SYI and average annual yield
a 5 RS kY
3 i AT G R AEAS A TEARHIF S S AR I N A )

LSRR A R IS R B SR A
2, HLAE A SIS KOs B8 AR B A
MR A KRB N R, BRI, sl
Feylen | b SEPUAR T BE T UG | AL A R
B AR T A SIS A TEA LS

TR AR, LB B T, X 5 AW
SRS R B, RE A KGR R
HHAE 1.00 ~ 1. 30 g/em’ Z 0], fLBREETE 53% ~55%
ZIA) T RN 2 T A, X R A K
R E AR, LB EE R, R oK 2R R R
KRG BEREA R, SR T A K T Y



%8

BUKER A TR DXt A= 4y 50t - HESE AL 55 DR G 7 ik R R ) 317

A=W v DA 25 B G, FLBR B T, A R TR
2 5 NN

TS R PR R K IR R I S R
M ESH, ST R IR IRME S PE A K o
i, ARIGEE R R A P o v] A - 4 A
R4, 3 m SORE AR R 20 B85 GSSTL i it o 2 1) 384
T2 SE 8 I U/ ) AR Ak B B STPSD &2 58k /) Je
SRR FEFE SN 2 4 C50 AbBE GSSI HUF ik
{H,STPSD iS5 /M, 145 — A b5 FEAR — A Ho e
FET 00 C75 . C100 Ah B 2% 41 it i - 398 235 44 1% 5 A%
2, XHBKEE" 2SR BT 4R —
B, FEA RIS A S DR R AR W it fin i,
HerhoK oy R R, HIE R SR 2 0l 3 A
PR B AR =AM e ; €75 . C100 T4 it in 5 25 SRt e
st R, FECE R R F O, A AR 5L
ol T TR, LR AR 2%

38 PR 55 R 2 - SRR T ) TR L S bk
FRRAINTER R, AR BT 4 AR it A 4
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63.15% .70.65% 61.01% , E4%E 4 -2 Fi B
& (MWD) FJUATF-35 4% ( GMD ) i it 25 22t 114 384
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