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Effect of biochar and humic acid on physical and
chemical properties of saline-alkali soil

HAN Jianhong, SUN Yibo, ZHANG Lianke, WANG Weida, LI Yumei, SUN Peng
(School of Energy and Environment, Inner Mongolia University of Science and Technology ,
Baotow, Inner Mongolia 014010, China)

Abstract: In order to explore a new type of saline-alkali soil amendment, corn and sunflower straws were se-
lected to make biochar and humic acid. Five amendment types including corn straw biochar (A), mixed straw bio-
char (A,), humic acid (B), corn straw biochar + humic acid ( AB), mixed straw biochar+humic acid (A,B),
were mixed with the soil and also the original soil as CK.Then, the improvement of medium saline-alkali index and
fertility index were evaluated. The results showed that both biochar and humic acid improved soil salinity and fertili-
ty. The combined application of biochar and humic acid had more obvious effects on soil pH, electrical conductivity
(EC), exchangeable sodium percentage ( ESP), and soil nutrients. The effect of mixed biochar and humic acid
(A,B) was the best. Compared with CK group, the soil pH of A,B group significantly decreased by 10.8% , while
the EC decreased by 55.0%, and ESP decreased by 9.8%. The available K, P, N, and organic matter of A,B in-
creased by 59.77%, 210% , 178% , and 180%, respectively. In summary, mixed application of biochar and humic
acid had a significant effect on improving saline-alkali soil.

Keywords: saline-alkali soil ; soil physical and chemical properties; biochar; humic acid; combined application
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Table 1  Application amount of materials

HEYIRAS I/ (g - kg™)

gy PPRERIR/% e ek
Treatment Humic acid Biochar dosage/ (g - kg™!)
dosage . gerle K8
/Soil amendment type
CK 0 0
A 0 25/BC,
A, 0 25/BC
B 10 0
AB 10 25/BC,
AB 10 25/BC

1.2.2 #eml ot AR RS B I ok R R A R
B 49, 4% FR R G BT A S8Ohm 1 Ty i 6] L g AT
IR 5 99 B FEAS BRI T 4% T 1 98 P AL
PETFE bR 100 5 2 B AR Ak 24 8 BLA3 B
Y BHES T AS i (CEC) SR T NaOAce 5, 384k
PEBNES TR B R & TR - S SR A A 5S - KB
FE AR IR AN -SRI B ik, Bk
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1.3 #HELE

AR Excel #HEYE, SPSS 21.0 Giil4k

PEIEAT R R 7 22 00 M, 2 T LR I /N 8 35 22
53k, >R H Origin 8.0 2R FVERH .,

2 ZER50HT

2.1 TEMMRFIELER

XA 1y e A R ) A 3 A B R AT A, AR 2
Al UE e R A LT CEC A A0 | 3BT
e RO R T T ARG ik e 1
LA SR B & e AT
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Table 2 Physical and chemical properties of test materials

R AL %

AR/ (mg - keg™')  HEER/ (mg - kg™)  BIEE/ (mg - kg™")

Material pH Organic matter CEC/(emol - kg™) Available phosphorus Available potassium Available nitrogen
BC 7.80 41.20 38.30 53.10 281.30 75
BC, 7.80 28.18 35.76 37.88 209.66 34
BC, 7.90 39.82 39.21 49.53 214.59 53
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Fig.1

8.5
L JckEZZdA [JA, BB [1AB

ad a,a a.

‘}%%a g %i%a % aa
8.0} % i%
751

2
7.0
20 40 60 80
i 5] Time/d

T AR NE R R ) — AN [ L 5 1) 2 5 2
(P<0.05), T,

Note: Different small letters indicate significant difference
between different groups in the same period (P<0.05). The
same below.

2 EBREAERETLE pH BErRTLER
Fig.2 Changes of soil pH in different test groups at different times
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Fig.3 Changes of soil conductivity in different test
groups at different times

2.3.4  EIEHACE(ESP) AL R AR 4 IR e
TORE B i B R b, WL S TRl LA H CK g F
rhER B Y ER AL 4 (ESP>15%) o iR BT (20
d)A A HHEE CK /) ESP BEAT %MK, A, B [k £,
250 3.67% ;40 d [ A, B F845 b PR LR R B AY#
POCK, A A, B, AB % 20 d 4 3 % % 3.16%
4.51% 5.36% 4.44% 2.99% ;16 60 d I} A 2 A,
A/NEEETE S T AR W A B 1 K 43 v a3 B
S Na™ A R R THE 580 d £ AL 3 1 4 ESP AH
R 20 d B4 B REAR12.51% . 13.8% .32.17% .
36.16% 37.10% , FHLLTF A, AB & A B $H¢Le %
T 48 ESP, H7F J5 B0 R 3 A — 2, ok
Jiti FH A 400 o R 9 I T D R AT - R AL, X S5
NGRS — 3 WA i FH A W e I T8 B TR K
3% ESP AR, 45 A 118 CEC 224k, W] 0 1 3%
i AE e Na* B Asf (] 38 J 28 B FAIG, B AR T 3£
FRRE,

[CJCKEZJA A, BB [CJAB EEHAB
20
TDIJ
-
° a
S 15})
§ L e
S P
3 N
a
2 nL o
§ 10 bbb
” T
£ \».o
Mo QE:E
WL K5
= S §::: |t f
1
Nd
NS
N
R
0 3
40 60
I} 6] Time/d

B4 HAEBEARREMELTE CEC WEAER
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Table 3  Changes of soil nutrients in different test groups at different times

Hsf 1]/ d Qb3 R/ (mg - kg™") B/ (mg - kg™!) R/ (mg - kg™!) FHLE/ %
Time Treatment Available P Available N Available K Organic matter
CK 73.64+5.35¢ 67+3.5f 207.50+6.31f 6.10+0.35d

A 98.63+3.56¢ 91+5.1e 265.10+4.78e 7.92+0.61c

20 A, 88.93+4.51d 112+4.6¢ 311.40+9.60d 8.03+0.73¢
B 69.20+3.74f 102+3.1d 385.46+12.20a 11.11+£1.06b

AB 133.41+6.37a 160+2.8a 383.07+9.60b 11.25+1.14b

AB 120.88+5.84b 150+4.6b 324.63+12.60¢ 12.40+0.89a

CK 73.64+3.54d 65+1.3e 206.10+8.36 f 6.07+0.62¢

A 115.34+4.17¢ 139+3.3¢ 306.70+10.70e 9.54+0.94b

40 A, 112.83+6.39¢ 151+4.2b 380.21+15.31d 9.40+0.77b
B 65.90+4.21d 126+3.6d 394.73+14.36¢ 13.81+1.21a
AB 117.49+6.17b 176+3.1a 448.03+£18.94a 12.69+1.18 a
AB 131.00+5.47a 180+2.8a 425.67+£15.72b 13.66+1.09 a

CK 71.14+3.64d 64+2.5¢ 204.21+9.65¢ 5.96+0.66e

A 112.67+4.51¢ 142+4.1¢c 325.16+15.33d 8.87+0.85d

60 Ay 107.22+4.77¢ 157+3.0b 402.30+21.34¢ 8.78+0.74d
B 70.63+6.49d 135+5.2d 406.21+15.79¢ 12.00+0.81¢c

AB 103.44+5.14h 188+5.6a 500.36+16.44a 13.60+1.06b

AB 128.14+5.60a 190+4.7a 480.62+19.27b 15.41+1.15a

CK 70.33+3.31¢ 61+3.8f 198.12+16.90g 5.74+0.66f

A 102.36+4.6¢ 140+4.6d 296.25+15.34f 9.69+0.49d

20 A, 109.55+5.7b 155+4.7¢ 366.33+20.55d 8.98+0.84e
B 78.52+6.34¢ 132+3.9¢ 319.07+23.21e 12.72+0.73¢

AB 105.34+4.78b 188+5.5b 550.46+16.34a 14.21+0.96b

AB 113.63+6.14a 192+2.8a 523.36+16.29h 15.94+1.05a

TE AN AN R R [R) — I S Ak BRI 22 7 .35 (P<0.05)

Note : Different small letters indicate significant difference between different groups in the same period (P<0.05).
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Table 4 Correlation of test indexes variation with time

Hsf A/ d eI B A A HHL CEC o ZERS
Time Index Available P Available N Available K Organic matter Conductivity
3 Available P 1 0.843* * 0.658* * 0.427 0.122 -0.765* * 0.044
HA Available N 1 0.914* * 0.734* " 0.513* -0.687"* 0.194
HRLAR Available K 1 0.878 " * 0.595* * -0.690 " * 0.516"
20 A HUE Organic matter 1 0.528 " -0.660 " * 0.687 " *
CEC 1 0.066 0.025
pH 1 -0.580 "
L% Conductivity 1
B Available P 1 0.865" * 0.356 0.553* 0.454 -0.463 0.365
A Available N 1 0.717** 0.829** 0.504 " -0.451 0.658* *
RN Available K 1 0.834* " 0.528* -0.333 0.714**
40 A ML Organic matter 1 0.403 -0.286 0.905" *
CEC 1 -0.065 -0.010
pH 1 -0.295
L33 Conductivity 1
B Available P 1 0.826* * 0.351 0.726 " * 0.631** -0.781"* 0.390
LA Available N 1 0.603* * 0.865* * 0.941* " -0.757"* 0.244
N Available K 1 0.631** 0.697 * * -0.526"* 0.191
60 HHLFT Organic matter 1 0.906 * * -0.925" * 0.536*
CEC 1 -0.743* " 0.236
pH 1 -0.683" *
H Conductivity 1
F B Available P 1 0.886 " * 0.927** 0.737** 0.610* * -0.819* * 0.269
A Available N 1 0.933** 0.854** 0.883** -0.763 " * 0.057
HRLER Available K 1 0.872** 0.790 * * -0.892" * 0.391
80 AL Organic matter 1 0.863* " -0.904 " * 0.330
CEC 1 -0.628" * 0.073
pH 1 -0.535"*

5% Conductivity

1

T # FRIRTE P<0.05 K (XUN) EREEMI; + + RIRTE P<0.01 AKF (3 - 5240,

Note: * significant correlation at P<0.05 (bilateral) level; * * significant correlation at P<0.01 (bilateral).
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