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Influences of biochar on soil water retention capacity in the Lou soil

DAI Zhen, LI Wei, HAN Juan, WEN Xiaoxia
(College of Agronomy, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; The objective of this study was to investigate the influence of biochar application on soil water reten-
tion capacity of the Lou soil in a six-year field experiment since 2011. Four treaments of different biochar applica-
tion rates were set in this study as follows: 0 (B0), 5 (B5), 10 (B10), and 20 (B20) t - hm™. In 2017, the
soil moisture content, soil physical and chemical properties, and water cumulative evaporation content were meas-
ured. The results showed that the addition of biochar significantly decreased soil bulk density and increased soil po-
rosity, saturation moisture content, and field water holding capacity. These parameters also had large range of varia-
tion. Compared with B0 treatment, the B20 treatment decreased soil bulk density by 8.28% , increased capillary po-
rosity by 20.17% , increased saturation moisture content and field water holding capacity by 22.17% and 14.86%,
respectively. Biochar significantly increased the stability of soil aggregates. Compared with BO treatment, the B20
treatment increased the content of soil water stable aggregates by 19.00% , and the proportion of soil aggregate de-
struction and the unstable aggregate index decreased by 11.34% and 9.61% , respectively. Moreover, biochar effec-
tively inhibited the evaporation of soil water, and the cumulative evaporation of B10 and B20 was 7.45% and
10.18% less than that of BO. Furthermore, through regression analysis and path analysis we found that the improve-

ment of soil structure was the main reason why biochar enhance soil water retention. Soil porosity and organic carbon
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content were the main factors affecting soil saturation water content. The main factors affecting soil capillary water

holding capacity were organic carbon content and soil capillary porosity. In addition, the capillary porosity and

water stable aggregate content explained the most of the changes in soil field water holding capacity. The results in-

dicated that biochar improved the soil water retention of the Lou soil, and increased the capacity of soil storage and

water conservation in arid and semi-arid areas.

Keywords: biochar; Lou soil; bulk density; soil porosity; soil aggregates; soil moisture constant; water evap-

oration ; soil water retention
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Table 1  Effects of biochar on bulk density, porosity, and organic carbon content

Ab 3 ZH/ (g em™) BILBE % BEILEE % EBEFLBE % YR/ (g - kg™)
Treatment Bulk density Total porosity Capillary porosity Non-capillary porosity Organic carbon
BO 1.45+0.04a 45.21+1.34b 33.02+0.41c¢ 12.19+1.76a 15.58+1.25¢
BS 1.42+0.02a 46.25+0.58b 35.26+0.84b 10.99+0.68a 17.95+0.58b
B10 1.36+0.03b 48.82+0.99a 36.56+1.10ab 12.27+1.97a 19.56+0.64b
B20 1.33+0.02b 49.66+0.58a 37.95+0.83a 11.71+0.58a 25.03+0.64a

T R AT EUE L 0 F R (H bR R 22 (SD) |, A [Rl/NE “FRER IR & Ab B R 22 57 .35 (P<0.05) , I,

Notes:; The values listed in the table are all mean values + standard deviation (SD) , different lowercase letters indicate significant difference among

treatments at 0.05 level. The same below.

R2 EYRIEARGSENRZEEHNIIME

Table 2 Effects of biochar on soil aggregate content and soil aggregates stability

e MWEﬁﬁiQW%W KA R
Troatment DR 55/ % WR .5/ % PAD/ % Eiw/% Mechanical stable aggregate Water stable aggregates
MWD/ mm GMD/mm MWD/mm GMD/mm
BO 94.3+0.5a 33.6+1.6¢ 64.4x1.7a 66.4+1.6a 5.73+0.21b 3.46+0.26¢ 0.43+0.01c 0.23+0.01d
B5 95.0+1.2a 36.1+1.1bc 62.0+1.4ab 63.9+1.1ab 5.76+0.18b 3.64+0.32bc 0.48+0.01b 0.25+0.01c
B10 94.6+0.9a 37.8+0.9ab 60.1+1.4bc 62.2+0.9bc 6.28+0.11a 4.14£0.15ab 0.51+0.01b 0.26+0.00b
B20 94.7+0.8a 40.0+1.0a 57.8+1.4¢ 60.0+1.0c 6.44+0.11a 4.27+0.17a 0.56+0.01a 0.28+0.01a
T :DR s : F7R>0.25 mm BIHUMRSE PEII B4, WR 55 75 >0.25 mm BY/KEAPEA B, MWD Fom 4G i 7%, GMD 278 X LA i

%, PAD K78 LIEAIRABIRR B 3R 1 AT E

EARLFE L

Note: DR ,5 represents the mechanical stable aggregate with particle size > 0.25 mm; WR,, ,5 represents the water stable aggregates with particle size

> 0.25 mm; MWD represents the mean weight diameter, GMD represents the geometric mean diameter; PAD represents the proportion of soil aggregate

destruction; E; represents the unstable soil aggregate index.
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Effect of biochar on soil moisture in different periods of wheat-maize rotation system in 2016—2017 years
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BHRPKEA M BRK R, 5A A Y5 BO FHH,
e R AL PR AR AN F K EIE N T 5.75% ~22.17%
BRI T 8.88% ~25.11% , H A #: /K 14
Y 5.40% ~14.86% , 25 /K B2 T IR K A
il 2RI 1) - 4 5 K, AR e I TG R

T3 EYRITEASEHNEN

Table 3  Effect of biochar on soil moisture constant

s BETKE e b e s e
T K . MEFKkE A SKE
A FR N Capillary X .
Treatment Saturation st X Field Wilting
reatmen moisture
camme moisture/ % orsture capacity/%  moisture/ %
capacity/ %

BO 30.76+1.42¢ 22.74+0.27d 21.47+0.79¢ 10.60+0.50a
B5 32.52+0.87¢ 24.76+0.78c 22.63+0.30bc 10.54+0.50a
B10 35.50+0.82b 26.95+0.51b 23.66+0.91ab 10.35+0.49a
B20 37.58+0.69a 28.45+0.88a 24.66+0.35a 10.71+0.24a
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241 XHEFT ILMEARLEARKS TS L
Bk Facnmn ke M RII(RS), 1
AEKE  BERKE  HERKEY S LR
HEPENAAC, 5 AL B LB
AP S & WR,,s 2 0 FIEA D, SIEEE LKL
DR, s ARG, TIEMZES KE S 1A E fL
Bt BE SE R AR ARG
242 EBERSFHEEEZTEHEESN LI
Yy PRZERE 5 A A DAk & 1 A0 T SRR B 2 2 )
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X, Xy Xy X, o HIER 6 AT, =N Ik Bk 1 3
K- (P<0.01) .

x4 TEAKDBERELZEE SHE: HEGHESH

Table 4  Fitting curve parameters of soil cumulative

evaporation £ and time ¢

5I 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5
7% JZ W} 0] Evaporation time/d
B2 £YRGEBTHEEZNRLZESHENXR

Fig.2 The relationship between soil cumulative evaporation

f=}

and evaporation time under biochar treatments

g ) P{H
Treatment b R @b b-1 P value
BO 4.986 0.629 0.921 3.136  -0.371 <0.001
BS 4.900 0.630  0.927 3.086 -0.370 <0.001
B10 4.854 0.617 0.954 2.995 -0.383 <0.001
B20 4.708 0.614  0.966 2.891 -0.386  <0.001
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Bt B R BILARR 7 o R, L = AR e T
98.5% 754k, -3 R FL B RE A 39 B A AL B
M TR T LI EE R KR 99.9% 1924k,
DR, fift R 1 45l (] 35K i 84.8% (78 fk,, Hivh,
FH T 4% 748 i 2 [ ey B AR OGS BOHR 4 A8 B R g A
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Table 5 The correlation analysis between soil bulk density,

porosity, soil aggregate content and soil moisture constant

R BEROKE WEEE VEES
eIt KA Capillary K oK
Index Saturation moisture Field Wilting

moisture capacity capacity moisture
Bulk density -0.975 -0.927 0.759 0.003
SfLBRE .
AP 0.975**  0.924** 0753 -0.009
Total porosity
EX
{.‘H?L%TE‘. 0.872" " 0.967 " * 0.918* " 0.010
Capillary porosity
EBE LI
Non-capillary 0.186 -0.042 -0.235 -0.028
porosity
ﬁ.)mﬁ& 0.931" " 0.899 " * 0.825" " 0.143
Organic carbon
DR 55 0.121 0.137 -0.004 0.226
WRy25 0.842°°  0.921°° 0928  -0.226

T+ FRMIERRIB B E KT (P<0.05) , # = FoRMHRIR
R KF-(P<0.01), T,
Notes: * represents significance at 0 .05 level; * * represents ex-

tremely significance at 0 .01 level. The same below.

LEEFE 6,32 7T WA, DR, s X 8 4 A K R
JCELHERZ MR, 2 0 LB A R] 25 el A
S KR, 5 SR R 5 K i B R A
FLBRRE A WLa & M EEILBE, ZAkE, £
S FLI B X6 AR A 5 K A i ) SRR e R, X
BEERK R L E w0 N T B AL M
FLBREE , 1% R 1 e 3 BOR 3 [m] e s 2 55040 5
J&0.166 ,0.367 1 0.394 , H HoAth R+ i de i 250K
W1~ 2 ANECEY, R X 4 A KR SR
AL BB A ML A 7 i 0l e B A AL B R
DR, W51 PR 12 3] ] 425 M 4 FH |, 33 9 R 7 118 DR
A BCR LA P g 2500 512 0.155.0.272 F10.383,
EE AR T e BB R 1~2 DS

6 EMRAIETARRELEASEH
5&T82 EHEIIERSH
Table 6 The regression analysis for different soil moisture

constants and variables under biochar application

)7 Equation R? P {H P value
Y, =0.629X, +0.143X,+0.270X 0.985 <0.001
Y, =0.421X,+0.632X, 0.999 <0.001
Y, =0.928X, 0.848 <0.001

TE: AR Y, Y, Y3 40 S FR $8 b 340 R % K i | B RRK
A E K R AR X X, Xy X200 R L B
FLBREE A BB & R DR s, T IR,

Note: The dependent variables, Y, , Y, , and Y5 represent soil satu-
ration moisture, capillary moisture capacity, and field capacity; the inde-
pendent variables, X, , X, , X5, and X, represent soil total porosity, cap-
illary porosity, organic carbon content, and DR, ,s, respectively. The

same below.

R EYRLETAR LB EHEETEZ ANERINER

Table 7 The path analysis results of different soil moisture contents and variables under biochar application

[R5 & A7 R hE REL Pl
Dependent Independent Path coefficient Coefficient of determination P value
variable variable X, X, X, X, X, X, X, X,
X, 0.631 0.181 0.251 -0.089 0.398 0.228 0.318 -0.112
Y, X, 0.502 0.227 0.247 -0.105 0.052 0.112 -0.048 <0.001
X3 0.542 0.192 0.293 -0.095 0.086 -0.056
X, 0.496 0.221 0.248 -0.113 0.013
X, 0.408 0.482 0.018 0.016 0.166 0.394 0.014 0.013
X, 0.325 0.606 0.017 0.019 0.367 0.020 0.023
Y, — <0.001
X; 0.350 0.511 0.020 0.017 0.000 0.001
X, 0.320 0.564 0.017 0.020 0.000
X, -0.053 0.313 0.083 0.410 0.003 -0.033 -0.009 -0.043
X, -0.042 0.394 0.082 0.485 0.155 0.065 0.383
Ys X, ~0.046 0332 0.097 0.442 0.000 0086 002
X, -0.042 0.366 0.082 0.522 0.272

TE T RIBEER BB S AR R A, Ay R AR R

Note: The underlined data is direct path coefficient and the other is indirect path coefficient.
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