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Effect of Fertilization on Basic Physicochemical Properties of
Saline—Alkali Soil in China
WANG Jinfeng, WANG Zichao, LI Jia, ZAN Yaling, TAN Jiongrui, WANG Xia, SUN Yuanlin

(Life Sciences Department, Yuncheng University, Shanxt Technology Innovation Center of High Value-Added
Echelon Utilization of Premium Agro-Products, Yuncheng, Shanxi 044000, China)
Abstract: [ Objective] This study aims to explore the variation characteristics of basic physicochemical properties
of saline-alkali soil under different fertilization conditions and key driving factors, providing a scientific basis for the
fertilization strategies of saline-alkali land in China. [Methods] A total of 49 studies published from 2002 to 2024
(190 sets of relatively independent data related to soil physicochemical properties) were collected, and the Meta-
analysis method was adopted to quantitatively analyze the effects of fertilization on the physicochemical properties
of saline-alkali soil in China. [ Results] 1) Overall, fertilization significantly reduced the bulk density and pH of
saline-alkali soil by 5.01% and 3.41% , respectively, and significantly increased the mass fractions of soil organic

matter, total nitrogen, phosphorus, and potassium, and available nitrogen, phosphorus, and potassium, with the
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increases ranging from 9.71% to 29.06%. 2) Compared with chemical fertilizers and straw returning, organic
fertilizers could significantly increase the mass fractions of total phosphorus, total potassium, and available
nitrogen in the soil, and effectively reduce soil bulk density and pH. When the application rate of organic fertilizer
was <_ 3 000 kg/hm* and the amount of straw returning was 6 000—9 000, <6 000 kg/hm?, the mass fractions of
total and available nutrients in the soil could be significantly increased. 3) Under all ranges of annual average
temperature and precipitation, fertilization effectively increased the mass fractions of soil organic matter, total
nitrogen, and available potassium. When the average annual temperature was <9, 9 — 12 °C and the average
annual precipitation was <<200 mm, the mass fractions of total phosphorus and total potassium could be effectively
increased and the soil pH could be reduced. Fertilization under all iitial soil pH levels and organic matter
conditions could effectively increase the mass fractions of soil organic matter, available phosphorus, and available
potassium, and reduce soil pH. When the initial pH was <{8.5, 8.5— 8.7, fertilization could effectively increase
the mass fractions of total nutrients and available potassium, and reduce soil bulk density. When the initial organic
matter was < 9, 9— 15 g/kg, the soil bulk density and pH could be effectively reduced. When it was > 15 g/kg,
the mass fractions of total phosphorus and total potassium in the soil could be increased. 4) Planting system and
annual precipitation were the main factors influencing the organic matter and pH of saline-alkali soil, while the
initial pH and organic matter mass fraction of the soil were the key driving factors of available nitrogen.
[ Conclusion | All three types of fertilization can effectively improve the physicochemical properties of saline-alkali
soil. The application of low amounts of organic fertilizer and straw returning, especially in regions with low
temperature and low precipitation, has better effects on soil improvement in saline-alkali land. Annual
precipitation, initial soil pH, and organic matter are the key driving factors of the basic properties of saline-alkali
soil. The findings can provide a theoretical reference for the rational fertilization and the improvement of cultivated
land quality in saline-alkali land.

Keywords: saline-alkali soil; fertilization; straw returning; Meta-analysis; basic physicochemical properties
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Fig.1 Normal distribution of response ratios of soil basic
physicochemical properties under fertilization conditions
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Table 1 Grouping of study variables
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Table 2 Variation range of bulk density, pH, and organic matter mass fraction of saline-alkali soil under fertilization conditions

AR

+4pH A B

95% ¥  95% H

95% 95%

% s Bl o g B OWEE %G R i B R HA
=/ " 2/Y RE(E KEG) % /% KiE KA %
(&) )
() )
At —501 238 237 34 —341 197 1.97 116 14.18 2.70 2.70 133
e —1.17 528 528 9 0.04  4.94 493 21 10.06 6.08 6.08 23
MEAE2R R AFIEH — — — —  —130 5097 597 14 1279 5.56 557 27
A HLAE —6.44 287 287 25  —476 242 241 80 19.65 3.30 3.30 78
£t — — — — —261 652 6.52 12 21.50 6.76 6.77 22
. (A —647 391 3.91 14  —538  3.60 3.60 36 15.00 6.73 6.80 25
X

1A —424 390  3.90 15  —2.16  4.27 427 30 10.58 543 542 34
it —3.35 7.83  7.84 5  —271 343 342 38 1294 4.37 438 52
=12 —543 317 3.6 21 —140  3.78 379 36 1040 4.43 4.42 40

LY
L 9~12 — — — — =399 3.9 380 31 13.27 4.52 451 40

iR/ C
<9 —540 471 471 11 —435  3.04 3.03 49 17.79 3.89 3.89 53
=500 —580 356  3.55 17 —3.87 375 3.74 37 9.84 4.99 499 37

SRR/
. 200~500  —5.38  5.88 587 8§  —133  3.64 3.64 33 19.81 5.22 522 35
<200 —335 510  5.11 9  —464  3.11 311 46 13.65 3.90 3.91 61
>8.7 —425  6.80  6.80 6  —208  1.40 139 34 19.66 3.87 3.79 39
WG pH  8.5~8.7 —4.92 401  4.02 12 —439 156 155 30 22.02 3.62 3.62 44
<85 —6.43  5.01 5.01 12 —259 137 138 41  6.60 3.84 3.84 39
o >15 —492 501 5.01 10 —0.98  1.10 110 36 17.63 4.64 4.64 38
A HLE/ 9~15 —6.03 889 889 7 —515 133 132 32 1257 555 555 27
(g-kg™ <9 —487 357 3.56 17 —063 115 115 32 17.12 3.83 3.82 57
IR =9 000 — - — — =206 19.51 19.50 8 590 9.75 9.75 9
Hi/  6000~9000  — - — — —0.09 2897 28.97 5 19.96 859 858 11
(kg:hm™ 500 — — — — — — — — 1624 841 841 11
AP 15000 —581 396 3.96 14 —436 183 183 33 25.10 4.13 4.14 33
&/ 3000~15000 —5.26  9.65  9.64 4 —205  2.93 2.92 12 1045 447 447 26
(kg hm™) -39 —9.25  7.31 7.30 7 —424 161 1.61 35 18.90 4.83 4.83 23
23 MR EGE T IEENFSRES BB =15 000 kg/hm?it, Jifi AE ] &8 25 8 - s . )
H 26 4 T, Jit AR ok B 5o Ak 0 T 0 B Bt it FIES Xk R B - S o e e R 0 A K AR R T e

FEAREE TRy 13.88 %0 , Horb (A HILAE A AR b b X AT
35 T A AR 5 AR B <9 °C AR R K R
200~500 mm W}, it A AT J 3 4 T A 9 ORI i
B W0 pH>8.7, W1 i A WL <<9 g/kg B, it N 4 3%
PR AR 4 B 3 AR AR A T R B R
+ 3 BORCA AT HLAE i A & A 3 000~15 000,

k1 20.89 %% , A A AL AEL it FH AN ARG A 34 FH W] Jg 25 4 vy - 4
R 5 B AR AR b X AR AR > 12 °C AR R K i
=500 mm &b, Ho Al 554 T il NE 35 7T 4k 3 e 1 AL
% 5 3 1840ty pH 0 B A 4 A ML S BTN it A 2
A I 2R R AR 5 R AT A T R 6 000~9 000,
<26 000 kg/hm?fif, it A XoF -+ 398 T R0R 114 42 T Rt 4 )

http. // stbexb.alljournal.com.cn



513 L WA A it A T R 9 98 R At A R S 4 5 203

S 24.73% . 16.64 % s A HLAL jiti FH 2 7F <<3 000, >>15 000
kg/hm?ff, o] 4 25 58 5 4 e R o il A X R ek -
4 B 5 3 BN AR R T IR R 18.75 %6 5 HLTE 3 Fhite o 6 000~9 000 kg/hm?*, A ML AE it FH & =15 000,

NE A TR DX A SO AIAR K A R 3T <2300 keg/hm i, A 1T I 35418 5 - A B o e 43
F3 MBEHTHRRTIESA M. SRRESBNELIEE

Table 3 Variation range of total nitrogen, total phosphorus, and total potassium mass fractions of saline-alkali soil under
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Pt 3313 13.96 13.97 22 3396 7.4 7.4 12 12.05  3.86 3.87 12
A >12 37.20 13.84 13.83 24 380 988 9.88 6 3.61  7.06 707 6
S 9~12 48.56  34.16 3417 6 79.14 24.83 2484 3 2086 13.68 13.67 3
<9 21.14 1052 1053 40  21.01 7.4 7.3 9 8.64  4.63 463 9
=500 37.20  13.89 13.88 24 3.71 11.67 11.68 6 3.65  7.24 723 6
AR/ 200~500 21.41 18.03 18.03 16 — — — — — — — —
e <200 2645 1215 1216 30 3396 7.09 7.09 12 12.06  3.84 3.85 12
>8.7 14.30  15.32  15.32 20 — — — — — — — -
¥ 4k pH 8.5~8.7 36.66  13.23 13.24 25 2895 1221 1221 8 1011  5.69 568 8
<8.5 38.59 16.60 16.60 17  19.95 10.09 10.09 10  9.20  4.78 478 10
vt >15 4465 2134 2134 13 4878 3835 3835 5 1408 1179 1178 5
AL/ 9~15 27.97 2239 2238 12 4.65 38.36 3836 5 3.24 1359 1360 5
(g kgD <9 2362 1279 1280 32 —1.16 76.82 76.82 3 1.28 2550 2550 3
FEFT =9 000 — — — — — — — — — — — —
W/ 6000~9000 3224 3249 3250 7 — — — — — — - -
(kg-hm™) <6 000 18.80  32.52  32.51 7 — — — — — — — —
AP 15000 37.70  17.55 17.55 23 1.32 16.92 16.92 5 0.82  9.28 9.28 5
&/ 3000~15000 11.66 28.88  28.88 10 — — — — — — — —
(kg-hm™) <3000 38.27 3353 3353 8 4334 1111 1110 8 1458 501 502 8

24 HBTBEERMEXERETIEZMER K Al HEAE PR B WA B TR R/ AR AT O 0 B 4

HI 2R 5 AT 0, il I8 2 0 T 3ol - A AL S
A AW RO RN SRR B R RO B OE
A 5 (r=0.266~0.820, p=<<0.01) , 4= & 5 3 A &
i3 IE M 26 (r=0.807, p<<0.05) ; & B fF & 8 5
pH 5 i 3 A 5 (= —0.505, p<0.05) , 5 4= 8 Fl 8
R TR o B I M 6 r=0.770;r=0.941, p=<
0.01) 5 A R Ml 55 42 B 000 280 B R0 B0 52 T AH G Gr=
0.977;r=0.668;r=0.596,p<<0.01) .

R R 5% R[] 5 55 R 26 0k it AE 4% 1 T R ot e

O e A PL R pH FE R 3 A ALk 4E
B, FH T B AL 2R ARORE Y G4 AR 6 BB A . 4
8B R, AR i RE RN AR B K R R R - SR A PR Y
KB BK B &R, TTER R 50 Wi O 18.30%6 . 14.84 % ;
AL 1 BE L Hb DX AR B K B2 B pH Y 32 B Y
m B, T oEk R 4 il O 22.02% . 14.59% .
13.66% ; 1M 4 & 47 #h pH A1 A ML IR 2 5w + HE
AR A RSB EERNE, kR S5 R
20.48% .17.04% (|8 2)
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Table 4 Variation range of available nitrogen, available phosphorus, and available potassium mass fractions of saline-alkali

soil under fertilization conditions

R + B S + B S
95%E 95%EH 95% & e 95%E 95%E .
FES gl Asfl DT U Rk ARy DT 95WEME MR sk U U A
oy fFIX[E] A5 X[E] W o=/ {5 X 1] R 2/ {FIX 18] A5 X[E] %
Yo D NG\ NG S NNE D
it 1388 707 706 39 2089 454 453 60 1875 478 477 132
A 1057 1631 1632 9 — — — — 2993 985 98 28
MOEE  REFRAM 784 1029 1028 19 1775 9.22 922 16 1499 979 979 28
AR 2691 1444 1444 11 3124 583 582 37 1754 595 596 72
%t 3310 1656 1656 9 1975 835 834 20 1790 1423 1424 17
i e, 493 2615 2615 5 1992 1137 1138 11 3041 1089 1090 27
X
B4 — - — — 2842 1610 1609 7 1923 990 990 33
it 860 912 911 24 33868 785 785 22 1291 751 750 55
~12 — — — — 2845 1600  16.01 7 1889 919 918 35
by
e 912 639 745 745 22 3829 959 959 16 1986  7.63  7.63 49
IR/ C
<9 2356 880 881 16 2326 576 576 37 1748 768 769 48
=500 — — — — 2391 1449 1450 8 2505 821 822 46
AERRIK &/ _
200~500 2490 1251 1250 13 2038  6.79 679 29 1751 1117 1116 26
mm
<200 860 88 882 24 3696 747 747 23 1448 711 712 60
~87 2391 1182 1181 17 2086  7.47 747 23 1049 1094 1094 37
WilpH 8587 — — — — 3616 914 9014 16 1787 1265 1265 28
<85 494 1232 1232 16 2864 1265 1264 10 2438 903 903 53
. =15 715 1270 1271 10 3603 1273 1273 15 2295 977 977 39
HHLF/ 9~15 1121 4503 4502 3 4086 3635 3636 4 2078 1553 1553 17
. -1
(g-kg) <9 1827 792 791 22 2022 1073 1072 21 1479 775 776 61
- ~9000 1045 1941 1940 7 806 1168 1168 4 685 2431 2432 7
WG/ 6000~9000 745 1740 1739 8 2473 766 766 6 2182 1860 1860 10
a2
(kg-hm™ ¢ 909 397 3382 3383 4 1664 831 8.31 6 1383 1749 1749 11
APUEIG 15000 5687 2049 2049 3 3082 1034 1034 13 2528 816 815 25
FiH/  3000~15000 1742 111 1109 7 1131 1780 1779 7 696 862 863 23
Ckg-hm™ 54 - - - — 3816 888 888 17 1897 831 830 24

x5 HWTEEMBEAEROMBEXYE

Table 5 Correlation of basic physicochemical properties of saline-alkali soil

EiZ AL TRBR T it pH 25 e B A RO
PRART 0.171
pH 0.022 0.052
2R 0.808™ 0.178 —0.024
£ 0.820" 0.393 —0.505" 0.396
g 0.074 —0.052 0.109 0.071 0.770"
R 0.212 0.992 —0.431 0.807" 0.988 0.997
R 0.350" 0.101 —0.211 0.345 0.941" 0.977" 0.668"
&l 0.266™ —0.080 —0.112 0.149 0.232 0.236 —0.171 0.596°

3R p<<0. 055 ¥ KR p<<0. 01,
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Fig.2 Relative importance of environmental factors on soil
organic matter, pH, and available nitrogen in saline—
alkali land
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KRB R it AE RT A Rk et a9 L R E AL
L6 DT =R - L S W N o N o 7N o £ DS B4
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FHIRF |, 3 it AT 2 AU ¥ mT A R4 e A BLT
G G K R R . DA IR R
it FH AR T A AL RS FF 34 T 35 n] A 33t +
SRR B, B2 T A A R A IR A T B, LR
FF B HASASCRT 388 o 4 5645 BB G 3 43 40, 148 AT 34 Jn
B AL, e SR ) AR S . ML
T i FH P R ARG FF A A HILAE it A R g s
A A IR AR B A R, A R AR R
J B R pH . B H SRS A B, 5 it AR AR A L
A HLRE s FH AT A R0CH R A (6.70 %0 ~34.27 %) (il
W (9.25%~17.00%) A1 @ & A R = 4 8
(32.45%~83.78%0) , If A &% M Ik 1 & K B 5T &
(5.79%~16.30%) 5 3B 7% i 5 W 5¢ & 8L, A HLAE it
FH 50T R0 A HE 0 A 2 A A0l AR 0B T R ) B
S TR S . AP = E<<3 000 kg/hm”
BF, AN ASAT A 8 A - 8 A B T it T pHL, T L AT 42
A A A RSO N AR A A, R
A it AR 2 A B X il 58 ik - 498 6 Al 1 T B
o CAMRR R B, BE A A ALIE i & 85 m
- LR IR A o BB = B e 2% S 0T R
TR 06 AR B B AIK ) R S, kAL it
T2 A RE B0 B A o %A HLAE G S A L AR A BL
JIE 5 o0 B R o PR, 3 A A AL IE it s 3
M- BEDCR A OCHE . RS A IR B & 6 000~9 000,
<26 000 kg/hm* i}, AT i 3§ T+ 4 3 A B 5T 0 338 24
5 4 AR, 36 B IS RS FE A AT A R o £ R
Gy o SR, LLRERI 5 Y SR B B 5 RS T A R R

T HEA ML A RO RN R T R O = 4
T, % 2% 50T AE R TR I A S SRR TR A E
FE ARG S5 A R R T M T S e s UE B O
Mo FEFFIS HE X £ pH BB E/EM s R 55
T U AR ORI Y A R A AL . B L AR Y A HILAE it
RIS A3 T A7 2 ok 3 6 B 1 1 S Al 14 I

AR SR TF BT A M X it AR 35 T A R
E5 6l T 1 G HIL ST RN AR BT A A A, AR L b IX it
JE AT A ARG - SRR 5 12 R pHL, P bbb IXCAT I 2 2
fon A SR A O HE A, VG AN AR b T S B T
BRI R o A 39 S0 R AR [ K A I A Y
DA 8 AT AT KA R AT BIL T L 4 R K R
B3 AR B R <9, 9~12 °CRIAE B 7K HE <<200 mm
B, T R T A W LA B0 T e o B0, R IR 3 pHL
LRSS, 76 AR IR /0 R M X R R AR - 35 R F4E %
KD it A R A K i A A - R SR R . T RE R
TR/ T b X - 48 Bl A 0 0 P A o it PR B
oy [F] 42 1E N 3 1 3% 93 AN 5 WA Y oy R SR
BN SR ELE R, CAR R FEK
U/ A A SRR W 2 A T R 5 5 4 R O 2K
ALY o i A O £ HE TR FLAK R B ) 4 4 A e
I BB Ak TR A AR T M 5 5 R e AT T
FE W, R /D T M X A HLAC A it FH AT A Ak A AR -
pH , 5 SO7E AR I8 /> FN Ml X i AR %o A - 48 1 S5 0 2k
RACR AR, ARWEST & B, Pk i B AR B K R 5
M) 6 B - AT BT T A 43 HOR pH R E R R
PLAE A 98 6 B, R T A [ b DX R K 2 S AR
HL TG R 1 3 2 M+ R K AR KRR R
+ 38 pH. AN [R] b R RS ) B 25 S B0 A LA
AL XF A HEA BB S5t 6 53 BOfE A A K e, L%
K e AT AL 1 [ A7 o o A

M SR s P R 7E BT A ) 6 pH S
PN il S 489 T A AR R b A AL R S W R A
Jo A, BRI 8 pHL AFEAF 52152 4 & B, it AR
AT S 25 TR [ 1R e - HE A ML R A A
Ifif HL AT BE AR 38 pH o AR & B, 90 s pH<<8.5.
8.5~8.7 M, it T ] A5 A v 4 ik % 43 N TRB A
O3B RS R B, AR TR I UG A HL T
TU Pl P it A 449 T A R AR s A LT L 4 A L R
I O R A . LA R AR A R T i A
#5345 A ML B 3R 40 A 58 T A Ak el 3 £ 4 3L Al
PERG . WA FLBT<<9.9~15 g/kg i, T 45 R AR +
SR FR B R F pH ;> 15 g/ kg I 32 155 38 4 s 1 42
JoT o 4 A, 6 B - HE ) IR A P J5 A A3 Bk T oIS
KB il A AT A 2880 8 AV e 1 498 R RS &5 A pHL, T
W) 46 A3 HIL T 5 o B0 R B, R A RO R g A
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