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Table 1 Basic physicochemical properties of the soil

+ e H L/ (g/kg) A AL/ (mg/kg) HRLA/(mg/kg) 53R/ (uS/cm)

Solil types F Organic matter Alkaline hydrolysis nitrogen Auvailable potassium Electrical conductivity
213 Red soil 4.83 7.80 26.83 110.00 26.16
$h¥i £ Saline soil 8.59 9.57 35.47 356.67 2987.00
1.2 WG4 (cellobiosidase , CBH) . N-Z, i 22 J& % 76 B4 £ fiff (N-

KK F 2022 4 3 H & 6 H UE47 o e B AR L
150.0 g - 48 & T kL 2, B 2558 50.0 mL 2l /K JR
G 7 do B SR RS AR RIRG 85T,
diLE MR A 9 0.0.5% 1% F12% (m/m) , 3
$1 8 AN B b B, B ACO (£T 88, A hn 29 % )
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(£13E+2%BC) F1 SCOERT 4=, A A B¢ ) .SCO.5
(%W ++0.5%BC) . SC1(#h# ++1%BC) .SC2
(Fh5t £ +2%BC) , B M ILaiF 12k EXR .
R 3 R T K 4 R 4 S R R K = R
60% , BEIE R R . FACEE1.10.30.60 d J5 4T+
SRR R, A I FE IR . — ot R
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In(NAG+LAP) :In(AP),
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Table 2 Effects of biochar application on physicochemical properties of different soil

e b3 AL/ (g/kg) AR/ (mg/kg) AL/ (mg/kg)

Solil types Treatment pH Organic matter Alkaline hydrolysis nitrogen Auvailable potassium
ACO 4.88e 9.86e 26.60c 104h
214 ACO0.5 4.98d 9.8% 28.93b 140g
Red soil AC1 4.96d 12.61c 27.30b 193f
AC2 5.02d 16.88a 28.93b 252e
SCO 8.55a 11.06d 37.80a 385d
Hit SCO.5 8.49b 12.22¢ 37.80a 426¢
Saline soil sC1 8.40¢ 14.16b 36.40a 449h
SC2 8.37c 17.65a 36.40a 527a

P AR RR LT, ST FER BRI 1, CO.CO.5,C1 I C2 7R A W% 1Y A )it /K F, T ). Note : In the table, A repre-

sents acid red soil and S represents saline-alkali gray desert soil. CO, C0.5, C1 and C2 represent different application levels of biochar. The

same as below.
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ZZ a4 Non-eachangeable potassium B 223t Exchangeable potassium BB JKJF 140 Water-soluble potassium
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A~D 43 F R SRR 1,10,30,60 d T HHERRITE S0 & &, 416 B A ORI 0 R 20K IAPEHT & B . Potassium content of dif-

ferent forms in soil at different incubation time 1d, 10d, 30d, 60 d,respectively A-D. The enlarged part in the combination diagram shows the

content of water soluble potassium in red soil.
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Fig.1 Effects of biochar application on water-soluble, exchangeable and non-exchangeable
potassium contents in different soil types
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Fig.2 Effects of biochar application on content of soil salinity in two typical soils
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Fig.3 Dynamic effects of biochar application on soil enzyme activity
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Table 3  Soil enzyme stoichiometric ratio and enzyme vector analysis

j:Jg;'é?ﬂ b CiNeps CiPoss NPy JA R R/ ()

Solil types Treatment Vector length Vector angle
ACO 0.78a 0.50c 0.64c 0.87a 57.54a
21 3¢ ACO0.5 0.76a 0.48c 0.63c 0.81a 57.67a
Red soil AC1 0.75a 0.48c 0.64c 0.80a 57.39a
AC2 0.72ab 0.48¢c 0.66¢ 0.75a 56.57a
SCO 0.64b 0.67a 1.04a 0.86a 43.78c
it SCO0.5 0.64b 0.68a 1.07a 0.87a 43.12¢
Saline soil sl 0.63b 0.67a 1.06a 0.84a 43.38¢
SC2 0.64b 0.62b 0.98b 0.80a 45.72b

H:CiNppaCrPpp A  NePpp (0 RR A X C NP E T TR . RS R AR A2 7 B ¥ (P<<0.05),

Note:C:Ngga, C:Prpa, N:Ppgpa represent the degree of microbial demand for C, N, and P nutrients, respectively. Different letters in the

same column indicate significant differences in processing(P<<0.05).
HRUF o BR e A D i e A BRI . HC U, it AT 2R 4
DRFEAR T 2100 - R S8 C : Ny, 1000 8357 £ 1)
IR NI C 2 Nipa WA 35, H 2 5 - 0] K
RBETC #5225, ULHA 2 Ff L 3 PRl IR o0 X A M Y
BR A 2 52 AN B 2
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S PRIEMEDECR LIS SAR ik 2 A K
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3 3 i
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GG 1k B RE T R ik 2 i, S5 R - (1) it FH 2
Yot 2 Fh i R - S BRAL PR T, £ 8 AL O K
TR A R 5 (2) AW ol o 5 86 B T B B
[ - PRI BT, Sl IR ER O a5 (3) B
BRI RIK P A 0 DAy - SR A S 1 ) 3 K B A
T R S ) AR G RN R 2 — o
Z T 206 PR B I i 2 o LAY - S ELAT I A

0.2F

RDA2 (1.00%)
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AR H Sk RN T AR T (pH GBS TR AL K
B AR R AR S B ) A 3R 4 (Ca Mg . SAR) , JK {6 i Sk
Foon LM AMEE (NAG, CBH, BX) AT HE (NP a «C: Nppas

C:Pppa)o Black arrows indicate basic physicochemical properties of

soil (pH, available potassium, alkaline hydrolysis nitrogen, water solu-
ble potassium, exchangeable potassium, non-exchangeable potassi-
um) and soil salinity (Ca, Mg, SAR), grey arrows indicate soil extra-
cellular enzymes (NAG, CBH, BX) and enzyme stoichiometry (N:
PppaCiNepa C:Ppgy).
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Fig.4 Redundancy analysis of physicochemical
properties and soil enzyme activity of different
soil types by biochar application
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Table 4 Explanation and correlation of soil properties
VIR Soil properties RDA1 RDA2 I P(>r)

pH 0.999 97 —0.008 32 0.9611 0.001""
A Available potassium 0.993 59 —0.113 04 0.8317 0.0017
AL Organic matter 0.727 87 —0.685 71 0.186 4 0.053
fif 0 Alkaline hydrolysis nitrogen 0.998 13 —0.061 18 0.828 2 0.0017"
TKIEZSH Water soluble potassium 0.996 34 —0.085 50 0.904 2 0.0017"
ZHASH Exchangeable potassium 0.794 90 —0.606 73 0.0751 0.323
AEZZHE4T Non exchangeable potassium 0.999 99 0.004 66 0.959 0 0.001""
Ca 1.000 00 0.000 12 0.9520 0.001
Mg 0.999 91 —0.013 44 0.900 9 0.001""
HEE K/Na” —0.999 99 —0.004 15 0.8425 0.001°
IR SAR 0.996 47 —0.083 96 0.960 3 0.001""

1 Note : ##%, P<C0.001;**,P<C0.01,*; P<C0.05.
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Effects of biochar application on nutrient availability and fertility
characteristics of two typical soils
WANG Xiangling"?, XIA Hao', LI Yuxuan', WANG Jiyuan',
XIA Xiaoyang', ZHANG Fenghua®, JIANG Cuncang'*
1.College of Resources and Environment/Microelement Research Center ,Huazhong
Agricultural University, Wuhan 430070, China;
2.College of Agronomy, Shihezi University/ Xinjiang Production and Construction Corps
Key Laboratory of Oasis Eco-Agriculture ,Shihezi 832000, China
Abstract The salinized gray desert soil (S) in Xinjiang and the acid red soil (A) in Hubei were

used to study the response of nutrient availability and fertility characteristics to biochar (BC) in the two

typical soils of acid and alkali in China. Four levels of biochar (maize straw as raw material ) including CO
(0%), C0.5(0.5%), C1 (1%) and C2 (2% ) were set. A soil cultivation experiment was conducted for
60 days. 4 dynamic sampling periods including 1 d, 10d, 30 d, 60 d were selected. The basic physical and

chemical properties, salinity, the content of nutrient, and the activity of extracellular enzymes in soil were

measured. The response of nutrient availability and fertility characteristics of two typical soils of acid and al-

kali to different levels of biochar application was analyzed. The results showed that the application of bio-
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char improved the physical and chemical properties of the two soils, and increased the content of nutrient in
the soil. C2 significantly increased the pH of red soil by 0.14 units and decreased the pH of saline soil by
0.18 units. Compared with CO, C2 significantly increased the content of organic matter and available potas-
sium in acid red soil and saline soil by 71.25% ,59.65% and 142.31%, 36.85% , respectively. Compared
with CO, the maximum increase in the content of water-soluble potassium in red soil was 238.10% after 10
days of cultivation under C2, and the maximum increase in the content of water-soluble potassium in saline
soil was 47.50% after 1 day of cultivation. The maximum increase in the content of exchangeable potas-
sium in red soil was 127.88% after 60 days of cultivation, while the maximum increase in the content of ex-
changeable potassium in saline soil was 31.58% after 1 day of cultivation. C2 reduced the content of non-
exchangeable potassium in saline soil by 7.62% after 60 days of cultivation. The application of biochar sig-
nificantly increased the content of water-soluble magnesium and the ratio of potassium to sodium (K*/Na")
in red soil. The application of biochar significantly reduced sodium adsorption ratio (SAR) and the content
of water-soluble sodium in saline soil. C0.5 significantly increased the content of water-soluble calcium and
water-soluble magnesium by 4.90% and 2.80% compared with CO, respectively. The activities of extracel-
lular enzymes in the two typical soils decreased with the application of biochar. It was found through redun-
dancy analysis that extracellular enzymes in soil were positively and strongly correlated with the content of
available potassium, water-soluble potassium, and SAR. In conclusion, the application of improved the
availability of nutrient in two typical soils, and the content of available potassium and water-soluble potas-
sium were the key driving factors of soil fertility. The strong adsorption of biochar and the replacement be-
tween salt ions reduces the saline alkali stress effect of sodium ions, has a positive effect on improving the

fertility characteristics of two typical soils.

Keywords salinized soil; red soil ; biochar ; potassium form ; extracellular enzyme ; soil fertility charac-

teristics
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