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Effect of biochar application on the physicochemical properties and humus

components of soybean meadow soil in Northeast China

ZHAN Zengyi'?, HAO Liwei', YUE OQi', LIU Shuai', CAO Dianyun', CHEN Wenfu', LAN Yu'®,

QIAN Chuangjian®

1 National Biochar Research Institute of Shenyang Agricultural University, Key Laboratory of Biochar and Soil Tmprovement of the Ministry of Agriculture and
Rural Affairs, Shenyang 110866, China

2 Institute of Economic Crops, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China

Abstract: In order to evaluate the improvement effect of biochar addition on soil physical and chemical properties, humus
and humification degree, a field experiment was conducted based on biochar application. Four treatments were set up: blank
control (CK) , conventional fertilization ( NPK) , biochar application alone (B1) and biochar combined with fertilizer
(NPK+B1). Through two consecutive years of field experiments, the effects of biochar addition on soil physical and

chemical properties, humic acid (HA) , fulvic acid (FA) and humin (HM) as well as soybean yield were studied. The
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results showed that biochar application could effectively improve soil nutrients in a short period of time, increase soil humus
content, improve soil stability, improve soil texture and increase soybean yield. Compared with CK, Bl and NPK+BI
treatments had more obvious improvement effects on soil physical and chemical properties, with electrical conductivity
(EC) increased by 3.50%—98.99% , organic carbon (OC) content increased by 18.01%—23.18%, alkali—hydrolyzed
nitrogen ( AN) content increased by 23.48%—37.15%, total nitrogen (TN) content increased by 14.93%—25.37%,
available phosphorus ( AP ) content increased by 8.33%—110.16%, total phosphorus ( TP ) content increased by
10.00%—45.00% , available potassium ( AK) content increased by 6.61%—20.76% , total potassium ( TK) content
increased by 13.24%—30.74% , and soybean yield increased by 54.34%—90.36%. Compared with NPK treatment, the
contents of HA, FA and HM in NPK+B1 treatment were increased by 38.62% , 26.76% and 16.45%, respectively. And
through correlation analysis and principal component analysis, it was shown that soil pH, electrical conductivity, available
potassium, total potassium, total phosphorus, alkali—hydrolyzed nitrogen, total nitrogen, organic carbon and soybean yield
were significantly positively correlated with humic substances. Therefore, chemical fertilizer combined with biochar
treatment can effectively improve soil physical and chemical properties, increase soil humic substance content, and provide

theoretical and technical support for overcoming soybean continuous cropping obstacles and improving soybean productivity.

Key Words: biochar; meadow soil; physical and chemical properties; humic substance
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Table 1 Physical and chemical properties of soil foundation in the test site

MR Soil property 1 Value AN Units || HIEPERT Soil property 14 Value A Units
pH 7.57 4% Total P 0.44 o/kg
1L 5§33 Flectrical conductivity 175.28 uS/em 42 Total K 32.75 o/kg
A A Alkeline-N 33.83 mg/kg 4%, Total N 0.45 o/kg
LA Olsen-K 102.50 mg/kg FHLEK Organic carbon 5.13 o/kg

1.2 K5k

HEAPEY R (k0 29 ) iAW i 2 DA B ORFE A1 R JE A Rkl 4, i &5 07 =X A T Rl e
IS, 8 T 500°C ey AR 2 /DN 28 T, i A B AE W il A 2 mm O DRR AT, H AR W e Y B 3
M AN 2 Fis .

R2 EXBFEMRNEBUMER

Table 2 Physicochemical properties of corn straw biochar

AR Biochar property {H Value B} Units My RAE R Biochar property i Value A7 Units
pH 9.2 LR IR Surface area 8.87 m?/g
4% Total N 12.17 o/kg FLBRE Poresize 16.23 nm

A HLEK Organic carbon 660 o/kg W4y Ash content 15.57 %

1.3 MWt

ARSI B T 4 DMEFE 43528 X (CK) @ HUIE (NPK) @ id: M5 (B1) (@ALAE+4
Y1 (NPK+B1) , B TFEA T 2019 45, F4:4E 5 A 10 HAA#ER,9 A 23 H A A0k, MR Al xF + k17
T IR 1 B E SR 5 - HE 0—20 em 2 FEAMRAT, KGWGRIG , B/ NX BEHLGE R = A5, A 45 R4
0—20 cm +2 1 H3E, RGBS EEA A4S XX, 40 505d 20,60 F1 100 H i f5 #6475 2219
5

WE 1 PR AR AE R T ST 5
HWAEAN/PNXK 4 m, 5% 2 m, AN 8 m® R HBEHLIX 4
Wt BN BE =R EE A, 0 4% A B FH 1) F0 IE )
PR N(30 kg/hm®) G BERES P,0,(90 kg/hm®) B
FRHT K,0 (90 kg/hm®) A=W mEs iz A 3 v/hm®, H ol
BAETRIN
1.4 ¥k

3 2 A (TN) R 78 & 43 #7112 ( Elementer
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FA &4, HA &40 HE 5 FA S22, % HE 5 FA HAPLIR S8R TOC 23411 ( Analytik Jena 3100,
),
1.5 s 55047

R P E R 25 5K ] Excel 1 Origin 2018 S5 EIF#EA TR BLAHE I 2 I &1, R SPSS 17.0 ik 1T
BRI PR G AT 22 0 M N B F A6 . 2R Origin 2018 #4384 £ 104> PCA HILS B34 ; 2R Duncan
25 WL 2 LA A A B ) 25 S5 1 e 2 L 25 S e MK P<0.05,

2 R

2.1 AW s it A AR X 3 AL I R )

AWt -3 pH {E  EC K OC WZAR b Bl e 3 Fian, 48 ApH fH 2SI F o 0.13—0.20, H
NPK+B1 AbFEfY + 4 pH (H# CK AbFE R 80N T 4.76% 1 3.43% , 5 NPK AbFEAH L, NPK+B1 Ab35 i 2 44 i
+ 3 pH {H 4.20% 1 4.12%, +3% EC fO7ZE(LIEFE N 105.65—244.40 ps/cm, Hoi NPK+B1 ZbHf EC 75 i
5,8 195.85 ps/cm Fl 244.40 ws/em, H 5 CK AbFEAH b, NPK+B1 &3 2 0 EC & & 79.84% Fil
117.52% ,5 NPK AbHAH L, NPK+B1 403 23 /i EC % 1 85.38% M1 49.22% , 1 148 OC & & 1 [F 1E
5.17—6.56 g/kg, Htht NPK+B1 ZLBRI 1% OC & fdi &, 4 6.29 g/kg 16.56 g/kg, Bl LB Z . H NPK+
Bl AbFRA) 13 OC &84 CK ALBR B 3 T 19.35% £ 26.89% .,

F3 EYREAXNLIE pH E BSERFIREZIE

Table 3 Effects of returning biochar to farmland on soil pH, electrical conductivity and organic carbon

Jb s CK NPK BI NPK+B1
Treatment 2019 2020 2019 2020 2019 2020 2019 2020
pH 7.57£0.05c  7.58£0.02bc  7.61x0.13bc  7.53x0.06c  7.87x0.02ab  7.74+0.07ab  7.93x0.10a 7.8420.03a
HL 3% EC/(ps/em) 108.90+4.33b  112.36x11.05¢ 105.65:1.53b  163.79+6.92b 115.55+3.84b  113.45£5.92¢  195.8+21.97a  244.4x11.03a
FHLHE Organic C/(g/kg)  5.27#0.12b  5.17x0.29b  5.70£0.19ab  6.02%0.10a  6.19x0.31ab  6.12£0.20a  6.29x0.41a 6.56+0.23a

CK: %5 H X B Blank control; NPK; ZU B8 i Nitrogen phosphorus and potassium; B1: 5Ujifi 2 4 5 Single application of biochar; NPK+B1; 28 £ AT it jiti A= 4 s
Nitrogen phosphorus and potassium fertilizer combined with biochar; EC: HL 5% Electrical conductivity; /S[)/NE -6} 27 AR R 4F (3 A 7] b PR 22 738 5 P<0.05 %
k¥

ML 2 A= it PG B85 03 AR ARG U AT R, 4% AN B 57846y 33.60—51.33 mg/kg, Hith NPK+B1
AE PR 33 AN B i, o 44.80 mg/kg F151.33 mg/kg, B1 AbFEYR > . H NPK+B1 ZbFHAY 3 AN & 4%
CK AbFR ZE I T 22.74% F1 52.77% , 5 NPK AbFEAH LL, NPK+B1 AP i 23 113 AN % & 18.93% Al
49.65% ., 1+ TN FHAEE N 0.67—0.87 g/kg, Hort NPK+B1 ZbHAG + 3 TN &, Bl Ab#k >z, H
NPK+B1 ZbH ) 43 TN &84 CK ZbF i Z 111 T 20.90% 1 29.85% , 5 NPK 4 HAH 2020 4 NPK+B1
SE PR E SN TN 56 24.29%

14 AP F RN 10.23—22.50 me/kg, ot NPK+B1 AbFRAY 14 AP S, H'YS CK ARFAHLG,
NPK b B E 1+ 48 AP & & 101.17% 1 97.03% , [A] B} NPK+B1 Ab B i 3 14 fin + 38 AP 5 & 104.59% Fil
115.72%., i+ TP & a8k 0.32—0.59 g/kg, Horpr NPK+B1 ZLF (%) -3 TP & &, o 0.56 g/kg
0.59 g/kg,NPK+B1 Ab3fY + 18 TP & it CK B W 1 1 51.35%F1 84.38%

1348 AK Fr a6 116.67—148.00 mg/kg, Forft NPK+B1 2R 3% AK 28855, M 135.00 mg/kg I
148.00 mg/kg,B1 AbFHRZ . H'5 CK AbFEAHH , NPK+B1 AbFH i 210 h0 148 AK &8 15.71% 1 25.78% , 5
NPK AbFEAH G, 2020 4F NPK+B1 b3 W 214 0+ 38 AK & & 18.88%., 1fif +4% TK & & 7281k K 23.50—33.75
o/kg, Horbt NPK+B1 b3 A 33 TK S/, 4 31.83 g/kg F133.75 o/kg, Bl AbFEYKZ . H NPK+B1 AbFEK)
3 TK & 54 CK Ab PR E 8N T 19.35% A1 43.62% , 5 NPK AL HEAH F , 2020 4 NPK+B1 4b 2 5 2538 fin +
HETK & & 32.35%, WUl UL, A it AR AT 46 & T 4509 pH {EH \EC AN | AP AK TN TP \TK I OC #J+%
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Fig.2 Impact of returning biochar to farmland on soil nutrients in 2019 and 2020
CK. %% 4%} R Blank control ; NPK ; & ## iL Nitrogen phosphorus and potassium; B1 ; BUjifi 4= % #% Single application of biochar; NPK+B1 ; &/ #f Al
Ficjfi 4= 91 5% Nitrogen phosphorus and potassium fertilizer combined with biochar , AN [f]/NE 75k 3275 A [F] 45 0 AS [R] 4b 1 7] 22 535 B p<0.05 3
K

2.2 AW E it A I XoF - S A J5T 4 A TR0 B A AR B )

INF% 4 AW e it P X 28 B 2 AR AR 50 R R i A 0 i it P R T Tt A RS 5 Ach 3+ 98 78 4 o 4
SrTa & BRIy HM>HASFA . - S8R AE B2 4 S 3G ka3 O B - S8 5 Jox ity e 2 i S LI i 34y
NPK+B1>B1 NPK>CK, NPK F1 BI1 4bHf) HA Fl FA &5 CK ACBEAH TG i #2525 , H NPK+B1 AL £
SRR B ALy S E AN, Hoh HA &0 B AN 24.499% F11 45.65% ; FA 25 &3 W34 AN 22.67% 1 34.33% ; HM
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F RN 26.35% M1 27.62% , %5 By M al AL, A=W it K RC Tt AU AC 24 RE B v B B 5 HA (FA I HM
o (2 FA RS IR AT HA S

R4 2019 F£02020 FELAETENEERASSE
Table 4 Content of humus components in soils treated in 2019 and 2020

Qb AR Humic acid/ (g/kg) B B Fulvic acid/ (g/kg) HHHE Humin/ (g/kg)
Trratment 2019 4 2020 4E 2019 4 2020 4F 2019 4f 2020 4f
CK 0.98+0.09h 1.38+0.01b 0.75+0.02b 0.67+0.03b 3.53+0.19b 2.86+0.11b
NPK 1.13£0.03ab 1.45+0.07ab 0.74+0.03b 0.7120.06ab 3.83+0.21ab 3.87+0.16a
Bl 1.10£0.07ab 1.80+0.34ab 0.84+0.05ab 0.80+0.02ab 4.25+0.24a 3.52+0.16ab
NPK+BI 1.22+0.04a 2.01£0.06a 0.92+0.05a 0.90+0.10a 4.46%0.16a 3.65£0.35a

WA 3 Fal LA, NPK B1 F1 NPK+B1 43S HA/FA F1 HA/HE {8 & HE%8¢ CK AL FEAH He A Frsgfn , B
H SR 2019 4F B1 AT NPK+B1 9 HA/HE {EA Ui in, {2 HA/FA #1 HA/HE HARL E W& 2 5%, MElF CK
REFE 2020 4E NPK . B1 1 NPK+B1 Zb3 230 7 HA/HE {H5 5, ) 17.54% 3515 21.05% ,B1 Ab B i 251
JnHA/FA 588 27.18% ., SVASK UL, A= 4 it S B AR A 44 v 1 - 498 I8 9 o 8 Ak ) 36 1% , HA/FA T HA/
HE & & 38 ka4 ., D A A= 4 it FH S i R AR 2] £ 38 b HA 38 IiE KT FA,FA 23] T4,

[ 20194 [ 20204¢

3.0
_ 08¢ a
‘§ 0.7 a i 1 25 —I_ P
2 oM ST o
2 06| b I ab ab =
i § s T _— @200
Esosy = .
RE G b
E@g 04 ¢ @ﬁ . b ab a
=~ Q
Bl g
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#3 o) Z
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B3 2019 712020 FELEHIRHEHENLEE
Fig.3 The degree of soil humification in each treatment in 2019 and 2020

2.3 AW Bt A AR X K R A

MNIEL 4 A= it PG R G d ) AR AR DL T 0, K™ B8 46 1374.88—2678.92 kg/ha, HiH1 NPK+B1
ALK P i e, i 2678.92 kg/ha, B1 AMBEYR 2, K 2072.71 kg/ha, H 5 CK 4bBEAH L ,2019 47 NPK Bl
1 NPK+B1 AbBRAY K G 7= B BN T 40.07% .46.91% 11 99.67% , 5 NPK 4ZbFRAA L, NPK+B1 b B K &
PR EIGIN T 42.55% ., 2020 4F NPK+B1 ARBEA K G- 5 CK AR E I T 90.36% . £ LJrik , A4
ARt ] B e it A A RE A8 I 15 I K AR -
2.4 EIEFILERES S RA LR

XF - S PR R 5 TR AR S 2H 3 0 o AT AR GV 2B (T8 5 ) AV 1323 i (18 6) B pH {5 T8 AK
TK AN TN 1 HA 2 B FEMXCHR, EC 5T AK TK AP TP AN TN FA HA FIR &2 55 R A
KF, AK 5+ TK TP AN TN OC \HA FA MR G =R 2 BEIEMHXKER, AP 5 TP 2B FEIEMKKR,
TP 5148 OC HA HM FIR G- B IEACKE R, AN 5158 TN FA HA FUK G775 2 03 A
#., TN 544 FA HA HM . OC FIRE &2 BEIEMHXIER, 0C 511 FA HA HM AIKE 2R #
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Fig.5 Correlation analysis between humus and soil nutrients and yield
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I N A W 5 Pl S A — SO E B0 BRI AR iR B C L BRI Bk TS CK AR BEAH LU 2020 4F NPK
BI Il NPK+B1 4b3 5 4 fin T 3 OC 35k, 30 5 b B 58 25 5072 ML, JaE DRI T R R A A= ) e A

http ; //www.ecologica.cn



7804 xR 44 %

40

® BI
® CK

AP NPK
@ NPK+BI

30 -

20

10

PC2 (13.3%)
o

,20 -

1 1 i 1 1 1
-30 -20 -10 0 10 20 30
PC1 (65.7%)

Ee6 EMHANEHAE

Fig.6 Scatter plot of principal component analysis
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