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Effects of Water and Biochar Management on Salt Reduction Effect in
Sodic Saline Soil of the Yellow River Delta

WANG Xiaohan', SUN Chitao', XU Jiayi', ZHU Hai', ZHANG Junpeng',
FENG Guoyi*, FU Jianguo®, BAO Jianping’, SHEN Hongliang*

(1. College of Water Conservancy and Civil Engineering, Shandong Agricultural University/Shandong Key Laboratory of
Agricultural Water-Saving Technology and Equipment, Taian, Shandong 271000, China; 2. Institute of Cotton, Hebei Academy
of Agriculture and Forestry Sciences, Shijiazhuang 050000, China; 3. Binzhou Yellow River Diversion Irrigation Service Center,

Binzhou, Shandong 256600, China; 4. Tianping Sub-District Office, Taian, Shandong 271000, China)
Abstract: [ Objective] To clarify the effects of biochar application rate and irrigation volume on the salt reduction
in sodic saline soil of the Yellow River Delta and to identify the optimal ratio between the two. [ Methods] A two-
factor five-level orthogonal rotation combination design was employed in soil column experiments to simulate the
effects of irrigation volume (1.00, 1.07, 1.25, 1.43 and 1.50 times the saturated soil moisture content, 0,) and
biochar application rates (1.00%, 1.59%, 3.00%, 4.41% and 5.00% of soil mass in the 0~20 cm layer, S,) on
soil volumetric moisture content, electrical conductivity, pH, and ion mass fraction in sodic saline soil. The

optimal water-biochar combination ratio was determined using the analytic hierarchy process and multiple
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regression equations. [ Results] 1) The treatment with 4.41% S,, and 1.43 4, achieved the highest soil volumetric
moisture content (31.71%) and pH (8.50). In contrast, the treatment with 3.00% S, and 1.25 6, showed the most
significant reductions (p<Z0.05) in electrical conductivity, Na' mass fraction, and sodium adsorption ratio (SAR)
compared to the untreated soil, with decreases of 82.05%, 89.71% and 86.43% , respectively. 2) Both water and
biochar synergistically affected the comprehensive evaluation index of salt reduction effect in sodic saline soil, with
irrigation having greater influence than biochar application. The comprehensive evaluation index initially increased
but subsequently decreased with the increasing application rates of both factors. The maximum evaluation index
(0.72) for salt reduction in sodic saline soil was obtained at an irrigation level of 1.37 ¢, combined with a biochar
application rate of 3.45% S,. [Conclusion] To enhance sodic saline soil quality in the Yellow River Delta, the

synergistic combination of 3.45% S, biochar application and 1.37 6, irrigation is the most effective strategy for salt

reduction in saline-alkali soil. The research results provide a theoretical basis for saline-alkali soil remediation.

Keywords: sodic saline soil; biochar; soil column simulation; salt leaching
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Fig.1 Schematic diagram of experimental site
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Table 1 Physicochemical properties of experimental materials

IR B S /(dS-m™D pH Na'/(mmol-L ™" K'/Cmmol-L™") Ca® /(mmol-L.-") Mg*"/(mmol-L"") SAR/(mmol-L. )"

3t - e 3.12 8.43 14.39
HEBE K 1.09 7.61 4.89
YR 3.14 7.29 4.97

1.36 1.63 8.33
0.87 1.18 3.42
5.84 2.80 1.69

Table 2 Experimental design of soil column trials

®2 B ARET

Ab 3 WG MMECSO/ % WEREWD/ %
T1 (1,1 4.41 1.43
T2 (1,—D 4.41 1.07
T3 (—1,D 1.59 1.43
T4 (—1,—D 1.59 1.07
T5 (1.414,0 5.00 1.25
T6 (—1.414,0 1.00 1.25
T7 (0,1.414 3.00 1.50
TS (0,—1.414 3.00 1.00
T9 0,0 3.00 1.25
T10 0,0 3.00 1.25
T11 0,00 3.00 1.25
T12 0,00 3.00 1.25
T13 0,00 3.00 1.25
T14 0,0 3.00 1.25
T15 0,0 3.00 1.25
T16 0,0 3.00 1.25

T 0, AR K A R B, %0 5S, R 0~20 em R HER I, g

RV + 2

a4 2

FEES )

B2 THERRE

Fig.2 Schematic diagram of soil column
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Table 3 Effects of different water-biochar application rates

on average soil moisture content, electrical

conductivity, and pH at 0— 50 cm depth
AhER TR EOKA/ Y HARA/dS m D pH

T1 31.7140.24a 0.6040.01d 8.5040.021
T2 30.997%0.08bc 1.170.14ab 8.5340.01ef
T3 30.47+0.02cdef 0.694-0.10cd 8.524-0.08ef
T4  30.56=0.05cdef 1.01=£0.20bc 8.594-0.01bcd
T5 31.28%0.02ab 0.7140.11cd 8.5540.02def
T6  30.3640.39def 0.8540.02bed  8.63+0.01abc
T7 30.3440.18def 0.69+0.07cd 8.58+0.01bcd
T8 30.1940.52f 1.444-0.36a 8.69+0.03a
T9 30.9640.06bc 0.59+0.01d 8.60=0.01bed
T10 31.34:£0.24ab 0.61£0.02d 8.550.06def
T11 30.86+0.26bcde 0.5640.02d 8.5740.03cde
T12 30.304=0.06ef 0.6740.02d 8.6240.02bc
T13 30.96=0.60bc 0.584-0.01d 8.614-0.01bced
T14 31.02=+0.31bc 0.6540.06d 8.644-0.02ab
T15 30.87=0.04bcd 0.6040.02d 8.594-0.04bcd
T16 31.21+0.39ab 0.594-0.08d 8.644-0.01ab

VE - 3 R T 8 (8RR 2% 5 T BRSO R
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22 ARKKRAEX0~50cm TEFHHEEFR

SAR KI5 M

A TR) A W 5 i fin e K HE K B X 0~50 em = J2
¥ - HEE T RAE AR R B 2 (R 4, Hop  T10 4k
PR+ B rh Na© it &t 43 B (I, i 1.48 mmol/L, 3
KRR 89.71% 5 TS Ab P 5 & , A 4.71 mmol/L, &k
T H A AR B (p<<0.05) , 8 HE K T BRI 67.27 % 5
1 KR (14300 56 F R B sk A8 BECT 1) Na©
Jo 0 B AR 2R A B CT 3D BEAIC 11.15 %6 5 1M 1o A= 4 o
Ji A (4416 SO R KA FECT 1D Y Na©
T A B R K A B CT2)BEAK 17.70% 52 BrAE 7=
IE AR Ry S K 5 BRI R Na it 4 B0 XUE
Hbr, TO~T16 &b H J B0 H b 4 e 34, H AR A 550H] 0

4 3 Na® 20 By [ i T K A D Gk
JI T 7K 5 R I B AR R . B R K R A U
I, TH5ALFE K Bt it 40 0 =, o4 0.31 mmol/L, i 34 =
T H A AL B (p<<0.05) , B T5 kb BH Ak, H Al b B ] K
RS AR L (p=>0.05), Ca® i /r s K
7 2.13 mmol/L(T2), it 2 i T &k T7 A Ay Ho A &b 38
(p<<0.05);Ca® i & 43 $d /N K 1.29 mmol/L(T10) .
Mg®" it 43 B & 0 1.03 mmol/L(T8), B & & T
B T7 &1 Y H: Al 4b B (p<<0.05) 5 T10 4b B Ay Mg* ' i
BB AR, 0.39 mmol/L. SAR Jz W 4 3 i 1k 72
JE, TS A3 AY SAR % K, M 3.42 (mmol/1) Y2, & 2
fn T H A b 3 (p<<0.05) s T10 4b B Y SAR /N, A
1.13 (mmol/L)"*, % #E 7K Hif SAR P A% 86.43% . il
T R A W i N 5 HE K R BE IR SAR, X Bl B
R AR R UK
23 AEKxAEMMEHRNL T EREEHREEIT

4> #
2.3.1 Zo&RmAEA = TR AN AR+ LAl
Al 5 A B T R AR A B A Fe K L A S AT
PR ot 5 2 AR S B I 1 AT 2R G A A (R 5D .
JZ K 53 BT v 6 45 J2 R 6 2 HEAT LA AL 2 B R 0L EC
7 o g A L TR B 0.276 5 FR O Na ™ i i 404, 3k )
0.179; SAR L (5 0.154; pH AL T 5 0.100; Ca®' i i
S3BOR Mg™" it 43 OB AR ), 38 0.086 3 K Jifi it
A3 BORCE B ik, A 0.047
2.3.2 wAAAE 5 38 AN A AR Y s K
E K A 25 R B A R 3T i S K EC . pH K B T
TEFE AR 19 256 o BT A3 ), ik ok e ol ok 1k + e 2
PR TR BR 1 103 RN

Y =10.66740.035 65x,+0.138 052, —
0.056 06, 2—0.105 56,4 0.021 752, 2,  (2)

b Y Ry 2 W i FH RN K G kT R Ak R R
BOR B LR VR 2R s oy e, 23 90 R 2 W R T TRE K
It G 1

X 9 45 B F A HE 4T K 56015 B, Fi=0.219<
Fops(3,7)=4.35, i W J7 & (2) % F 8 (4 400 5 72 1 4%
I e R R bR EE R R E HER, B ¥
PR G 3 6 B Il 5 A R 3 5 BT F=34.322>F,,, (5,
10) =5.64; P (%1 ) =0.000 6<20.01, #5 # # i % ;
P(2)=0.031 4<<0.05, P(2,)=0.000 1<20.01, 2, .2, 5 %
B E UK R R B RSN e b

N ey 2 TFR BRI R AR ) e T K
6T R T AR b - S R R O 25 A DA R AR s A 1 R
/N CTE 975 B i A ) i P i K R 25 A TN 4R
T AL TN S5 AR < £ 1 A1 I <1 I | - v R S

http. // stbexb.alljournal.com.cn



95 41 FRCR A5 = 7K 3z F 0 R = A A R B ER AR 299
Pt A £ R SR ROR SR A PO AR BT R St A BRI e P I O R A o B R
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Table 4 Effects of different water-biochar application rates on average soil cation content and SAR at 0—50 cm depth

b # Na*/(mmol-L™") K*/(mmol-L ™1 Ca”"/(mmol-L™")  Mg""/(mmol-L™") SAR/Cmmol-1.~ )"

T1 2.55+0.68def 0.2740.03abc 1.944-0.27abc 0.65=+0.24bcde 1.574+0.27de

T2 3.09+£0.57cd 0.2440.03bcde 2.13+£0.01a 0.57=+0.10cdef 1.8840.31bed

T3 2.8740.37cde 0.2140.03cdefg 1.81+0.01bcd 0.7640.12bced 1.79+0.27cd

T4 3.8240.12b 0.2340.02bcdef 1.71+0.18cde 0.7540.13bed 2.444-0.08b

T5 3.0340.48cd 0.3140.02a 2.0640.07ab 0.6740.01bcde 2.2640.32bc

T6 2.0940.08efgh 0.1940.02efgh 1.58=0.12def 0.5540.01def 1.44+0.01de

T7 2.59+0.83def 0.2740.01abed 2.0640.06ab 0.854-0.02ab 1.5140.48de

T8 4.7140.24a 0.2140.02defg 1.844-0.43abed 1.03+£0.36a 3.42+0.34a

T9 2.40£0.38defg 0.294+0.06ab 1.684-0.08cde 0.74=0.06bcd 1.5540.29de
T10 1.4840.63h 0.1540.03gh 1.294-0.05f 0.39£0.10f 1.134+0.44e

T11 2.0640.36efgh 0.2540.01abcde 1.65+0.02cde 0.7240.02bced 1.34=+0.25de
T12 2.7310.33de 0.2340.01bcde 1.94=0.05abc 0.824-0.04abc 1.65+0.23de
T13 1.58+0.22gh 0.264-0.08abed 1.4240.08ef 0.564=0.06def 1.12+0.12¢

T14 2.4640.22defg 0.1740.01{gh 1.47+0.14ef 0.594-0.02cdef 1.7120.20cd
T15 1.7740.201gh 0.144-0.01h 1.31£0.07f 0.4340.03ef 1.3440.11de
T16 2.44+0.59defg 0.2240.01cdef 1.6640.10cde 0.7040.07bed 1.5840.33de

x5 ETTOPSISEMENARREIN T EBRBYREAIENEROHESF
Table 5 Ranking of different treatments based on TOPSIS method for comprehensive evaluation of soil desalination effects
b F ARy d d ¢ Hr
Cy Cp Cy Cy Coy Cy Coy Cos

T1 0.073 0.266 0.026 0.121 0.036 0.055 0.036 0.114 0.096 0.235 0.711 2
T2 0.036 0.119 0.027 0.103 0.028 0.087 0.025 0.085 0.205  0.128 0.384 14
T3 0.009 0.238 0.025 0.104 0.020 0.044 0.051 0.093 0.139 0.187 0.573 12
T4 0.014 0.169 0.022 0.068 0.025 0.036 0.049 0.033 0.219 0.109 0.333 15
TS5 0.051 0.232 0.024 0.095 0.047 0.065 0.038 0.089 0.132 0.193 0.594 11
T6 0.004 0.188 0.020 0.147 0.014 0.025 0.022 0.127 0.155 0.172  0.526 13
T7 0.003 0.238 0.022 0.119 0.036 0.065 0.063 0.119 0.114  0.212 0.651 7
T8 0.010 0.083 0.017 0.054 0.020 0.046 0.087 0.046 0.270  0.100 0.271 16
T9 0.034 0.269 0.021 0.130 0.042 0.033 0.048 0.116 0.101 0.231  0.696 4
T10 0.054 0.263 0.024 0.181 0.003 0.001 0.001 0.155 0.132 0.257 0.661 6
T11 0.029 0.279 0.023 0.149 0.031 0.031 0.045 0.135 0.092 0.250  0.730 1
T12 0.001 0.244 0.020 0.112 0.025 0.055 0.059 0.106 0.126 0.204 0.618 9
T13 0.034 0.272 0.021 0.175 0.034 0.012 0.024 0.156 0.107 0.262 0.710 3
T14 0.037 0.251 0.019 0.126 0.009 0.016 0.028 0.101 0.135 0.201  0.599 10
T15 0.030 0.266 0.022 0.165 0.001 0.003 0.006 0.135 0.136 0.239  0.638 8
T16 0.047 0.269 0.019 0.128 0.023 0.031 0.043 0.113 0.105 0.228 0.684 5
S 0.073 0.279 0.027 0.181 0.047 0.087 0.087 0.156

S 0.001 0.083 0.017 0.054 0.001 0.001 0.001 0.033

R’ N.s ok N.s * N.s N.s N.s *

T Oy CronCign G Copn Cog Coy  Cop 5151 3T 0K A8 1M @86 R pH L B3 Na” (KT Ca® \Mg® TR 4P 80 SAR; S 3R R 6 #f

R L S R AR M 5 o Ay 390 FLARR e A L) B 8, o Sy AR gt A BRI B S 5 COM W A B S R WA AR AR T SR AR AR O S R R

5% B 53 KT e 1% I 83 K N s RR TG

WE XS
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