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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
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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.
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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
B 1.09 7.61 4.89
W% 3.14 7.29 4.97

1.36 1.63 8.33
0.87 1.18 3.42
5.84 2.80 1.69

®2 KB ARET

Table 2 Experimental design of soil column trials

Ab 3 WG MMECSO/ % WEREWD/ %
T1 (1,D 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 (1.414,00 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 0,00 3.00 1.25
T15 0,0 3.00 1.25
T16 0,0 3.00 1.25

0, AR K A R B4 B, %0 5S, R 0~20 em R HER I, g

30 cm

5 em

gtz

PR R

R R R

B2 THEBRE

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 E KA/ HRA/(dS m D pH

T1 31.71+0.24a 0.6040.01d 8.5040.02f
T2 30.997+0.08bc 1.17=0.14ab 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 8.5940.01bcd
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 8.55£0.06def
T11 30.8640.26bcde 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 8.594-0.04bced
T16 31.21+0.39ab 0.594-0.08d 8.644-0.01ab
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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 0.7640.12bcd 1.79+0.27cd

T4 3.8240.12b 0.234-0.02bcdef 1.71+0.18cde 0.754-0.13bed 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 0.554=0.01def 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 0.21£0.02defg 1.844-0.43abed 1.0340.36a 3.42+0.34a

T9 2.40£0.38defg 0.29-+0.06ab 1.684-0.08cde 0.74=0.06bcd 1.5540.29de
T10 1.484+0.63h 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 2.73%0.33de 0.2340.01bcde 1.94=0.05abc 0.824-0.04abc 1.65+0.23de
T13 1.58+0.22gh 0.264-0.08abed 1.42+0.08ef 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 0.70£0.07bed 1.5840.33de

x5 ETTOPSISEMEMNARREIN T EBRBYREAIENEROHESF
Table 5 Ranking of different treatments based on TOPSIS method for comprehensive evaluation of soil desalination effects
b F ARy d d (GR35 ¢
Cy Cp Cy Cy Co Cyy 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 CronCig G Cop Cog Coy \Cog S350 3L 50K A8 1 @86 13 pH L B3 Na ' (KT (Ca® \Mg® TR S B0 SAR S 3R R i

R L S 3R AR S 5 o Ay 390 FELARR e A L) B L o Sy AR gt A IR B S 5 C O W A S R WA AR BR T SR A AR bR R s R R

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

WE XS

http. // stbexb.alljournal.com.cn



300 KRR

%039 %

233 FRRAK ERAEXNMFEELEEGEEZRE S
R AR AT RS A Wk RN K
B X6 A B R AL - R ZR G PN FE A 1 R Lk bR
R [ S 220 45 21 R O 17 B PR 2R 45007 R B R
Y, =0.667 + 0.035 652, — 0.056 06x,>  (3)
Y,=0.667 + 0.138 052, — 0.105 56x,>  (4)
Y Y R K R FH R T R Ak 4 R AR AR 45
G VFH 45 B 52 1 B B DR 3R A0 PR
43 5K A= ) e P 5 T K R AR R Ak - R R
ERORZE G VE O 48 R 10 52 i AR (8 3D, 255 PF M 48
P X500 JF B ) R BP0 A 6 B A K e B , 25
BV PR bR TR B S SR Ok IR RS
1 oM 358 il R4 , 24 7K G i B 8 2o, 2 0.318 , A= W) 7 i )
{8 2,4 0.654 B, A4 5 £h £h = 398 b 30 550U 25 5 1 18
I e 5 A KL R O Y T B T AR Ak S R AR
ROR LA VPN AL

B

ERRIEE

=
éﬂi

1 1 02 r 1 1
-1.414 -1.000 0 1.000 1.414
K-ty

B3 kxRAEXNMRSELTERENREGTNRERHIN
Fig.3 Single—factor effects of water—biochar application
rates on comprehensive evaluation of sodic saline soil

salt reduction
234 FRK KA ZMFELIEEE AR
SN AR AT A XA e K
Xof A 5T AR Ak - 2R TE M DR R AN R AR R = L 18R
B A= Wy o B K A A5 B BT R Ak - 2R A TE A
6 AT 1 320 B R0 BRI ER N
Y, '=0.03565—0.112 12z, (5)
Y, =0.138 05— 0.211 12z, (6)
b Y)Y A R A R LE A HR AR T (E 6 K Sk
FH £ 119 301 B 8007 REK
F P 4 ] AT 0l S5 R T A 08 R R AR i B 25 A
Praabr Bk e FH Ak i 3SRk . 2 25 W e g A (B
h—1.414~0.318, /K 5 G i {2 — 1.414~0.654 B},
AT 25 5 PEAN 48 b 45 T 5 7KL S A {1 ot 123 TR
J5 R £ VRN 48 A X AT I RO

0.6

N

4
:’J_\D_I’
&
B
{o
%
)
0.4
-0.6 -
BTN

B4 KxAEXHREBNTERILARESTMBEREN
Fig. 4 Marginal effects of water—biochar application rates
on comprehensive evaluation of sodic saline soil salt

reduction
24 AEKxAEMNMERE TEEEIRESIT

MmEMIH

B 5T R Ak b R AR AR 25 A 1T 8 AR BELOK L
it A 5 R B LA RS o M HE K R AN AR
B Bif A= ) e it Jon o B0, 25 VT 48 B 5SS TS B
B it e AN AR B B K R, 25 A I 4R
PRl e T B PRk, H oK H i A B A 2R A
PEA 98 br 4E R 72 B K P B K e ik vy mi it
AR F L5 5N 0 R Ak H I R b R . Gl
it FARBIALZE S IR SO0 L oK e R R R BT
AR A A SRR AR RO Y 52 7E AR ) ik G AR (E o 0.318,
K53 G i {8 Ry 0.654 Bif, B A= 49 it 4 3.45 %6 1 it
07 A, HE K B 137 A% RN B K i (OO I, B
JrEh Al 1 R ROR GG PN e L 36 80 0.72,

ZRE PR AR
0.724
0.666
0.607
0.549

ELZ

0.490
0.432
0.374
0315
7 1.414 i 0257

0.198
0.140

AT

B5 kxR MRBETEESTNBEE
Fig.5 Coupling effects of water—biochar indices on

comprehensive evaluation of sodic saline soil
3 it ik
B BRI K ¢ Yo 490 A B T R 95 R A S e L S B
355, A S 3 B A ) 7K o A, R 5 BT =

http. // stbexb.alljournal.com.cn



4 ]

RO A5 = 7K i az F 0 R = A I A R R ER AR 301

b DX 5 R A - 25 B PR 8 B e 7K A FH 8 1 g 7 A
fiE o ASHIFST 2B, AN [R) A= 400 o it i e S T K i, %o 0 5
b A A LAk ER Ak Pk R RS T RRAE S 22 5 R, HL g
A bR B A B 3¢ it o RN K R Y AR A T R AR

Jiti Ji0 £ 40 e B v U VA AR B E Y R OK BB L HL R
K AT BE N A W ke A B 2 FL R R R 5 A
W5 CUTSE 98 45 R — 80 e 4 T 4y
K A= A i T e ) B S A TR R A ik
3 A3 gk kAN [ A A it n e BE 9 kB AR
A By BT 5 R i 4 e R 4 AR Ak L R =
W) o i A AN A R 40 SO o 43 B, T S R A i
T 4 e b R o T Ay A R B A W R A B Al
EERIRCT RN B)1N % N I | DN S E N T80 G A
TR O, A DA HL R 40 i R R B AR L 53t
AR 23 o 4y B K, 5 A ST R R 43 T K
Wi A= 9 i i ek ) 8 Bt 2 A S T v R b R —
B YUAN SERIF ST % 31, 35k A 4 o 22 w1k | it
A 55 P 2 R pH, S AR ST 45 R — 3
AWFFE, £ HE Na' Ji i 0 SR ARAOR B3, v R A
Py & A 1 Ca® \Mg™" 45 4 B U S8k a5 7
(9 Na™, B0 Na i 1, 5 LASHARI 45 fF 58 45 16
— B AN, ALTAE Y0 5% 22 B, it Jn A= 4 ¢ i 4 e
Na® . Ca®" Mg* P B4R, i & FR AL SAR, #2155
BT, SRR T 45 R AR — B HA 56 vk AR
P K5 Ca™ i i 43 B0t i, 48 K 43 48
A A HL Ca® " i 43 B W 58 /N I A7 AE T o 4y
BOEIM B4 . AW h £ Na® [ Ca® Mg™' Jii it
3550 5L B VB K ) T e S AR R L
HA 55 SRR 9 - 9 v R B EE K 1% 398 0 T A1
AR 25 38 A — 3, 2 DR A 3 56 vl ol FE K 5 Sy T R UK
Hoh & 8R4y 8 7, 76 HE K 23 0 I IF S R 78 4 itk
ek, 5 AT 2R KA AR R AR

i 1F A2 56 Xt K R G2 % R 4% Ab 2R A PR A A
BT & B, K R R (T9~T16) 4b 3 b il 2 4
Na™ K& SAR B IR e K, 28 5 VF M (8 35 =, i 6 A+
R A R AR B A T e K e CT DAL BRI 2245 PE AN (E
B AR K R T FE R AN B AR RN 5
BARAK (T 2) kb A X 1] i S 80 W ¢ 0 vk 7840 K 4%
L R R K AR i ) R 4 SRR I R K
(T 3) 4b A 2 ) 0] G D AR 9 o o 4 o 0O I, IR A
OB WA Na ™, oK SRR 2 . NI, AR ok
Jita o i g m A, R K R i R s s B R £ A
AR R RO P A B R, AT RE R R R A W ik
SRR Ay RO AR B I HAEHLE] R ki
(14 25 W) e e TR AP, 3 380 B Ak Ak

4 4 ¢

1) T1C4.41%S,,1.430) &b FH 1) 4 18 2 5 7K R
5 pH e, 4390 R 31.71% .8.50, i HL 5+ 3% \Na ' Jii &
a3 BRI B L B IR AR A T9~T16(3.00%S,,
1.250) kb B b £ o 35 (p<<0.05) , 43 BI85 J5 4 F A
82.05% .89.71% .86.43%,

2) 3 1 JZ2 W AT ik A5 B £ 5K 4y (EC .pH KB
FHRESBSEAANE. EC 5 BE K, 5 5
0.276 5 H R F 40 85+ 1 it 40 2, 18 81 0.179; SAR AL EE
it 0.154,

3)HEF TOPSIS ¥4 g 37 /K o 1t Ak 48 b X 4 5 46
bt 39 25 A VE A 5 B Y (] SR Y X6 S B B ) = A
D DX 0 o R A e R r R EA R RAEH . KR
FH A 2 52 25 5 VT 46 A, HVE K B X 25
& b B9 52 e R T A 0 i o

4) 3 1 25 A VM BB SO0 AR Y K R ik EE AR
X 3K 5y (EC \pH B B F i it 4 B 25 6 08 4%, Y
AW B¢ g A R 0.318, 7K 43 S 5% {2 0.654 B, B AR
Yy e it fin 1 4 3.45%0 S, HE K B 1.370, 05, 4 Tk
b+ LR GV B fe e L i85 0.72,

5) 7K se B [ 52 i 4 5 £ Ak £ HE L A VR AN 48 A
1o K I K AR R Ak BER 2R A B B T ok
AL (254 PEA R, S BT = A U b XA R R
b+ e R 5 T 4R I S 2 IRk

AHIF 5 32 L 5 A 2L ) it o - R K
EAN S Oy S N i B R e 05 A P I
PR AL P 0T 25 5 A K, H Al 26 80 R e 1% 2l R A SR A
HIFRATFRE

SE Xk

(1] T, Fhit s, sk A, 25 BT = A PN R 1 28 B 0 1 8

43 7 A B ma R RRAE [T ], 4l FE AL AR TR A= 4, 2023,
41(1):89-95.
YU C, SUN C T, ZHANG Q, et al. Response charac-
teristics of saline soil evaporation in Yellow River Delta
under different salinity levels[J].Journal of Drainage and
Trrigation Machinery Engineering, 2023,41(1):89-95.

(2] ZR/NWI s, 2 RIS . 3 1 B A T A o - 98 Wy 3 P o )

()], e, 2004, 35(1) :64-72.
LI X G, CAO J, LI F M, et al. Influence of salinity,
sodicity and organic matter on some physical properties of
salt-affected soils [J]. Chinese Journal of Soil Science,
2004,35(1):64-72.

[3] LIANG X Y, RENGASAMY P, SMERNIK R, et al.
Does the high potassium content in recycled winery
wastewater used for irrigation pose risks to soil structural

stability?[ J].Agricultural Water Management, 2021, 243:

http. // stbexb.alljournal.com.cn



302 K AR R %39 %
e106422. (Natural Science Edition),2021,37(3):267-272.
(4] EHERE, 67 4F , R A7, 45 AL R 4 228 1k % 3T = [12] XVE, f=m SEmdim, &5 . ool o W it A 4 e o + S AE s

[5]

[6]

[7]

[8]

(9]

[10]

o U A AR W B VR REAE B9 5 e (D). N AR A R
2022,33(5):1260-1266.

HOU Y L, HAN G X, ZHU L Q, et al. Effects of simu-
lated precipitation changes on plant community character-
istics of wetland in the Yellow River Delta, China[J].Chi-
nese Journal of Applied Ecology,2022,33(5):1260-1266.
AR BRI, 7 AL AE WA HEOR SR TR UK E
X g8 8 43 2 A8 M R R AR sE g [T]. HEWE B AR
T4, 2018,36(9) :880-885.

FENG G X, ZHANG Z Y, FANG G H, et al. Effects
of saline water irrigation on soil salinity movement and
summer maize growth under subsurface drainage[J].Jour-
nal of Drainage and Irrigation Machinery Engineering,
2018,36(9):880-885.

FABLE, £, INEAMG, 55 TR R 28 W) BT 1 it P X 5 5 by
Ak R ACR LT ] B A 2557412, 2019, 30(4) 1 1227-1234.
WANG Q Z, WANG Y, SUN Z M, et al. Amelioration
effect of humic acid on saline-alkali soil[J].Chinese Jour-
nal of Applied Ecology,2019,30(4):1227-1234.

LA BRI IR A, A A AT BUZ BE X i 7K R
BRI T [T]. 13244, 2017, 54(6) : 1395-1403.
WANG M H, CHEN W F, SONG X L, et al. Prelimi-
nary study on effect of straw mulching and incorporation
on water and salt movement in salinized soil [J]. Acta
Pedologica Sinica,2017,54(6):1395-1403.

B EE A AL A e K BRIK R T R A
208 &K 238 B B 5w [T ] K 4 AR AE 4, 2015,
29(6):258-262.

FAN L Q, YANG J G, SHANG H Y, et al. Effects of
the quality and quantity of leaching water on soil water and
salt movement of takyric solonetzs in Ningxia[J].Journal
of Soil and Water Conservation, 2015, 29(6) :258-262.
ZRAT AR AL e AR, A AN TR IR SRR R RN T SR A
WL b SR o R P LA (7] AR A AR, 2018, 37(4) ¢
1127-1134.

LI QF, KONG F L, XI M, et al. Leaching of soil salt
with different leaching water volumes in aquaculture
ponds of Jiaozhou Bay [J]. Chinese Journal of Ecology,
2018,37(4):1127-1134.

YUAN J H, XU R K, WANG N, et al. Amendment of
acid soils with crop residues and biochars[ J].Pedosphere,
2011,21(3):302-308.

Tk 22 e, INAEII | A5 U6 e R A W R TR B G 1 R
Bt LKA ABRER I [T]. 8 R KF ¥4 A RE
B, 2021,37(3):267-272.

YANG M, LIY N, SUNJN, et al. Effects of peat and
biochar application on water infiltration characteristics of

coastal saline soil [J]. Journal of Ludong University

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[21]

IR 7 A EEZON S HL [T el HLAR 27 41, 2024,
55(9):391-401.

LIU H, JTAO Y, DOU W Y, et al. Compensation effect
and mechanism of nitrogen reduction combined with bio-
char application on soil fertility and rice yield[ J]. Transac-
tions of the Chinese Society for Agricultural Machinery,
2024,55(9):391-401.

AKHTAR S S, ANDERSEN M N, LIU F L. Residual
effects of biochar on improving growth, physiology and
yield of wheat under salt stress [J]. Agricultural Water
Management, 2015,158:61-68.

RAAEMS , AN, XSS ¥, A AR W) 5 A0 R B b 28 SR %
XA W) A K R 5 ma WF gk R [T]. M i, 2024,
55(2):551-561.

ZHAO W B, WANG S, LIU L L, et al. Effect of bio-
char amendment on saline-alkaline soil amelioration and
plant growth: A literature review [ J]. Chinese Journal of
Soil Science, 2024 ,55(2) :551-561.

RS A BRI, A5 TR R A i BT R (A)
R[] B AR K54, 2025, 48(1) 1 14-26
ZHAO G M, YANG M Y, CHEN S, et al. Saline-
alkali land management in China: Current situation,
problems and prospects [J]. Journal of Nanjing Agricul-
tural University, 2025,48(1) : 14-26.

YUAN Y, LIU Q, ZHENG H, et al. Biochar as a sus-
tainable tool for improving the health of salt-affected soils[ J].
Soil and Environmental Health,2023,1(3) :e100033.
DUAN M, LIU G, ZHOU B, et al. Effects of modified
biochar on water and salt distribution and water-stable
macro-aggregates in saline-alkaline soil [J]. Journal of
Soils and Sediments, 2021,21:2192-2202.

HE K, HE G, WANG C P, et al. Biochar amendment
ameliorates soil properties and promotes Miscanthus
growth in a coastal saline-alkali soil[ J].Applied Soil Ecol-
ogy, 2020,155:e103674.

SRR, WIS, S A BRUROK HE IR AN TR AR e k)
Aol A K H s B Y52 m [J]. 8 B HE K 2 R, 2023,
42(8):98-105.

GUO X L, GAO P L, WU W, et al. Impact of biochar
amendment and brackish water irrigation on water and
salt movement in saline-alkaline soil[ J].Journal of Irriga-
tion and Drainage,2023,42(8):98-105.

ALBAYRAK E, ERENSAL Y C. Using analytic hierar-
chy process CAHP) to improve human performance: An
application of multiple criteria decision making problem [ J].
Journal of Intelligent Manufacturing, 2004, 15(4) : 491-503.
CHI C M, ZHAO C W, SUN X J, et al. Estimating

exchangeable sodium percentage from sodium adsorption

http. // stbexb.alljournal.com.cn



4 ]

EE I SU RV S/ S DU

BT A A D e R R ROCR

303

[24]

[25]

[27]

ratio of salt-affected soil in the Songnen Plain of north-
east Chinal J].Pedosphere,2011,21(2) :271-276.
SB[ E R G2 R - - SRR (M
ARk AL, 1999,

GONG Z T. Systematic classification of Chinese soils:

].dt

Theory, methodology and practice [ M ]. Beijing: Science
Press, 1999.

ENE B GHE 2547, 45 S [ R Ak 2E e % T
Fi FH L 90 E K SR8 A o B2 [T ] 0 E HE K 2 4R L 2024,
43(3):33-38.

WANG ZY, MA X W, LIY, etal. Effects of acidified
biochar amendment on water and salt movement in saline-
alkali soil in drip-irrigated cotton field [J].Journal of Irri-
gation and Drainage, 2024 ,43(3):33-38.

MW, BNV B SR L AF AN [R] AR W ¢ e ) A6
TR S R AR W TR Rl R,
2025,57(3):125-132.

SUN W J, HUANG X Y, WEI W L, et al. Effects of
different biochar application rates on soil quality and
maize growth in salinized fluvo-aquic soil [J]. Shandong
Agricultural Sciences,2025,57(3):125-132.

WIS S, 00 L R MK ) R 5 R R Oy vk
FELT] AL BHE, 2020023) : 166-168.

XIEPY,
methods of soil moisture measurement[J]. Modern Agri-
cultural Science and Technology,2020(23) :166-168.
XUKEE A G ML U R R AR A, 2022.
LIU Y J. Advanced biostatistics [M ]. Beijing: Science
Press, 2022.

A AR LR ORIER G X A E
Lo AR o3 F) R A0 52w [T]. A0l 1A% 2 4, 2014,
30C10):82-90.

LIJM, PAN T H, WANG L H, et al. Effects of water-

fertilizer coupling on tomato photosynthesis, yield and

LIU Z X. Study on principles and technical

water use efficiency[J]. Transactions of the Chinese Soci-
ety of Agricultural Engineering,2014,30(10) :82-90.

TR I e, o b e 2 A B PR D 0 R & AR S 1 5K
Bl R 5 30 WF 52 (). Al HLAK ~# 4l , 2015, 46 (11D
137-144.

ZHANG D L, ZHANG Z D, L1 J M. Co-ordination of
environmental factors in driving and regulating transpira-
tion rate of greenhouse grown muskmelon [J]. Transac-
tions of the Chinese Society for Agricultural Machinery,
2015,46(11):137-144.

R SRR, A AR VAL B K T Y
B S5 i o7 e JHG R 47 2 B A [T . Al LR 4 41z, 2016,
47(6):139-147.

ZHANG Z D, ZHANG D L., LI1J M, et al. Environmen-

tal response of stomatal and hydraulic conductances and

[30]

[32]

[34]

[36]

their effects on regulating transpiration of cucumber [J].
Transactions of the Chinese Society for Agricultural
Machinery,2016,47(6):139-147.

CUI L Q, LIU Y M, YAN J L, et al. Revitalizing
coastal saline-alkali soil with biochar application for
improved crop growth[J].Ecological Engineering, 2022,
179:¢106594.

M SCTE G I, SR A5 L JRK I R e A 4 A %)
e R T3 o3 A K AR S5 A8 B4 52 i [T ] b T AR A K A K
H,2022(6):154-161.
NONG W L, SHAO G

biochar on soil

C, WU S Q, et al. Effects of
salt distribution and aggregate structure
under brackish water irrigation[J].China Rural Water and
Hydropower, 2022(6) :154-161.

ZHAO W, ZHOU Q, TIAN Z Z, et al. Apply biochar
to ameliorate soda saline-alkali land, improve soil function
and increase corn nutrient availability in the Songnen Plain
[J].Science of the Total Environment, 2020, 722 :e137428.
LASHARI M S, YE Y X, JI H S, et al. Biochar-
manure compost in conjunction with pyroligneous solu-
tion alleviated salt stress and improved leaf bioactivity of
maize in a saline soil from central China: A 2-year field
experiment[J].Journal of the Science of Food and Agri-
culture,2015,95(6):1321-1327.

ALLI S, RIZWAN M, QAYYUM M F,

soil amendment on alleviation of drought and salt stress in

et al. Biochar
plants: A critical review [J]. Environmental Science and
Pollution Research,2017,24(14):12700-12712.
WEE B W R A o, A S T T K o X B = A N R
Bl M e LR WF S [T ). K A PR HF 22 i 2019, 33(6) -
305-310.

HU Q, CHEN W F, SONG X L, et al. Study on
improvement effect of different irrigation volumes on
saline-alkali land in the Yellow River Deltal J].Journal of
Soil and Water Conservation, 2019, 33(6) : 305-310.
BOKCRR , JI G S, TR O R 7 SR i AR
BExF iié%ﬂ(i'\ Z B WLHE Sz 5 KK 43 AR RS [T ],
T HE 7K 27 4], 2020, 39(8) : 44-51.

JJAY L, QUZY, DING Y H, et al. The effects of soil
amendment with straw biochar on water and salt dynamics as
well as water use efficiency of corn under different irrigations
[ J].Journal of Irrigation and Drainage , 2020, 39(8) : 44-51.
FNTF AR kT AR AR e R A - I ) R R
PEAEAE BT 5 AR 2 B8R o B LT ] R LA 27 41, 2022, 53
(4):352-362.

WANG X F, LTIY, YAO N, et al. Effects of biochar on
soil physical and chemical properties and salt in cotton-sug-
arbeet intercropping field [ J]. Transactions of the Chinese

Society for Agricultural Machinery, 2022,53(4) : 352-362.

http. // stbexb.alljournal.com.cn



