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Soil Fertility Characteristics and Comprehensive Evaluation of Typical Coastal Saline-alkali

Land of Hebei Province
FU Yuhang'~, FU Tonggang'", LIU Jintong', LIU Yifan®, GAO Hui', WANG Feng', SHANG Baijun', CHEN Tianming'?,
CHEN Huize'”?

(1 Center for Agricultural Resources Research, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences /
Hebei Key Laboratory of Soil Ecology, Shijiazhuang 050022, China; 2 University of Chinese Academy of Sciences, Beijing
100049, China; 3 Hebei Provincial Zhangjiakou Hydrology Survey and Research Center, Zhangjiakou, Hebei 075000, China)

Abstract: Crop growth is influenced by overall soil fertility. In coastal saline-alkali areas, however, the characteristics of overall
soil fertility remain unclear due to high and fluctuating salt content. To address this, this study focused on typical coastal
saline-alkali land in Huanghua City, Cangzhou, Hebei Province. A total of 143 topsoil samples (0-20 cm depth) were collected
and analyzed for six key indicators: soil organic matter (SOM), total nitrogen (TN), available phosphorus (AP), available
potassium (AK), pH, and electrical conductivity (EC). The fuzzy comprehensive evaluation method was employed to assess
overall soil fertility. The results showed an average soil pH of 8.11, indicating alkalinity, with a low variation (coefficient of
variation=2.59%). The average EC was 367.01 pS/cm, corresponding to the second-level standard. The mean contents of SOM,
TN, and AP were 22.12 g/kg, 1.34 g/kg, and 18.86 mg/kg, respectively, all meeting the third-level standard. The mean AK content
was 287.17 mg/kg, reaching the first-level standard. All five indicators exhibited a moderate degree of variation. The average soil
integrated fertility index (IFI) was 0.562, placing it within the third fertility level (0.4 <IFI<0.6), which indicates generally low
soil fertility in the study area. TN, SOM, and AP showed higher weights on the IFI (0.292 0, 0.240 4, and 0.146 2, respectively)

and were significantly correlated at the P<0.01 level, identifying them as key factors affecting soil fertility. In contrast, pH, AK,
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and EC had lower weights (0.118 2, 0.102 9, and 0.100 4, respectively), suggesting their relatively minor influence. In conclusion,

to improve the overall fertility of coastal saline-alkali soils in Hebei Province, key strategies should include the combined

application of organic and inorganic (especially nitrogen) fertilizers, along with measures for salt-alkali control and drainage.

Key words: Soil salinization; Nutrient status; Integrated Fertility Index; Fuzzy comprehensive evaluation method; Hebei

Province
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Fig. 1 Locations of study area and sampling sites
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Table 1 Turning points for membership functions of evaluation

indicators
YT AP pH  BMSER SE AMBE HRUT
(g/kg) (uS/em)  (g/kg) (mg/kg) (mglkg)
x| 10 55 120 0.75 10 100
X2 40 65 800 2.00 20 200
X3 7.5
X4 8.5
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Table 2 Comprehensive evaluation criteria for soil fertility
TR I % % 4% IV
IFI IFI=0.8 0.6<IFI<0.8 0.4<IFI<0.6 IFI<0.4

14 HELAEBSSH

K HH Excel 2019 & EREE , FH SPSS 26.0 #47
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fi
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KRR 1 pH JEER 7.04~8.53, FHEN
8.11(3% 3), ZFRKN 2.59%, J{TH54 5, KWW
FEIX -3 BB 9, FL A SRR B 4 R e P A
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s AR R S B 00h 0.58~2.84 g/kg 4.70~
84.30 mg/kg, FIIEASTHH 1.34 g/kg Fl 18.86 mg/kg,

S ZEY RN 20.90% 1 64.85%, HJE T &R
5, RUIPEGE X A 68 AE e SR o B = iy )i, Has
12157 % T K IR T = = i 9 T WAL A e S =27 e
XK HBUEN A RIEEY 138.00~485.00 mg/kg, FH
HK 287.17 mgkg, TR FEE, TRAEH
25.13%, MRS,

#z3 SR TIEFZEAERER SR
Table 3 Descriptive statistics of main fertility indicator of tested
soils

Eizgan H/MA BRE PE 2 2R RE(%)
HHLF(g/kg)  5.00 3560 2212  5.55 25.09
pH 7.04 853 811 021 2.59
L S%(uS/em)  60.00 852.00 367.01 213.29 58.12
A (g/kg) 058 284 134 028 20.90
AW (mg/kg) 470 8430 18.86 12.23 64.85
WAL (mg/kg) 138.00 485.00 287.17 72.16 25.13
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Table 4 Classification of evaluation indicators for soil fertility

IR bR —% % =4 Mg gk
HHLE(g/kg) >40  (30,40]  (20,30] [10,20] <10
AR (mg/kg) >40 (20,401  (10,20]  [5,10] <5
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B 52 (uS/em) [0, 300] (300, 600] (600, 9007 (900, 1200] >1200
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Fig. 2 Frequency distributions of different grades of soil fertility indicators in study area
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Table 5 Correlation coefficient matrix of soil fertility evaluation

indicators
AL pH BRER 2R AW
pH 0.035
SR 0031  0.028
o 0.497"  0.048  —0.108
Rk 0.040 —0.175" -0.016  0.114
AL 0.058 0.039  -0.093  0.036 0.057

T ¥ RIRIE P<0.01 JKFCRUMN) A T
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Table 6 Membership degrees of evaluation indicators of soil
fertility in study area

SIEEE APBT pH SR R AREE R

e/ MA 0.100 0.100 0.100 0.100 0.100 0.442
wRAA 0.868 1.000 1.000 1.000 1.000 1.000
FHIME 0.465 0.451 0.506 0.525 0.637 0.967
it 22 0.162 0.166 0.298 0.179 0.348  0.107

BHREB(%) 348 368 589 341 546 11.1
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T AT 3 e HA S AR 00 P R4 S i 2555 IE g o A
R, RIZIERXT IFT AR e A, a1
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0.118 2. 0.102 9 1 0.100 4, iM% =% +3EAE
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Table 7 Weights of evaluation indicators of soil fertility in study
area

fohiekr  APUR pH SR SR AN s
A R B 1H 0.132 2 0.065 0 0.0552 0.160 6 0.080 4 0.056 6
BEEY

0.2404 0.1182 0.1004 0.2920 0.1462 0.1029

233 LIELZEMIIEE WM IX IFL H{E N
0.562, Z8IE N 0.306~0.811, FrifiizEh 0.109, 78 5H 5
M 19.4%, 53.8% [WFESANTF T R TIKF(0.4<
IF1<0.6), 37.8% MHERANT 9%, 7.0% MIFESALT
IV, AL 1.4% MRERRE] T 9, WFoE X 5850k
MAEE, AR R AR (R 8).
24 TEMERRX LIBEESIEAIEHNE I
MR RI, IFI SHEILE . S RH S
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Table 8 Soil integrated fertility indexes under different grades of
coastal saline-alkali lands

T P niE AR L FEs AR
S 1 % RE%) B BI(%)
I 0.808 0.004 0.5 0.805~0.811 2 1.4
M 0662 0048 73  0.601~0.774 54 37.8
M 0512 0058 113  0.401~0.595 77 53.8
IV 0353 0031 88  0.306~0.396 10 7.0
B 0562 0109 194

0.306~0.811 143 -

R9 TREARNEHSZITMNERRIEXRME
Table 9 Correlation coefficients of integrated soil fertility index and
evaluation indexes

FHLE  pH  HEER LA AxwE s
IFI  0.678" -0.113 0.100 0.684™ 0.412"  0.089

A S AR PRI A B2 (3R 5), (A
SR FE I K 0.967(F5 6), Ui AR sk #l A A
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ik 37 BT BAR A AL 43T, 2 BH s o R A s 4
KB # . pH 5 IFI R HAHXKE, FMAmREM S+
e,

A AVURRARE S TFT kG Ae bR, AR
390 0.292 0, 0.240 4 F10.146 2, =H A1 oiwk%E
ik 67.8%(FK 7); M HTiE—RW, 2E AL
5 IFT AR SC R 8000510 0.684 F1 0.678, P<0.01,
VLA Z R0 3L A AR G T R R S
IFIAHG, (AARRE, FHAEKM, #mfak.

3 ihie
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9), FAX 3 MEArxT AL T HA B e UEE
Mo 2R AP R0 TFL %O, AR
I35 0.292 0, 0.240 4 F10.146 2, =H AT oimkER
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AL IZ (A5 , Sk R g sR ) 0 17.4% B
RS M SRt 600 pS/em, A 852 pS/ecm
(B 2)o ASWFGE R B 7 L 78 55 ok B0 A L 5 R
>800 uS/cm A G —MAE K 0.1, AEAMRAE SRR,
20 T Eh o B AR S e R KRR L 2 R A I
FHREET, FhoX IR S PO R B, 5
HAEY M Z B E W S8 TRE.
3.3 BHMEXTLIERRATHEIF N

WFFEIX IFT B ARLE T T 2K (0.4 <IFI<0.6),
FEHH A T A7 XY m i Vi BRI A TR A
PR R R E R . SR, L AR M T E
PR AsE A PR O R ] R B G L i . B
FIXAHTF &8 R 22.12 ghkg, AT HEKF.
TR FF 25 A T FE R kA W ke it ASSURT LA
ELHEAMEANFEA AU , 368 0] DL s - sk | &7
il R 3 R s PR A R AR 3EA HLBT I S AR
FE, MTHET R HEAR S0

WFFEIX H 2022 AEFF AL, FEZER AV
TR . K —HH R AT REXT H A
T HAWERW, —HH, ERENREATRIEY,
HELLRE 2 FEUA R o BN RE, P IR s
PES IR0t B 51— 07, EEMF A MG

ARt P 2 A SR BB 254 | 32 T AL J1 K1Y
AREAT o WFFEIX KA AT ik FH AT 25 0l L 57 o0
ARDL, (EL DI AR AT i R it 1 A 2 3 32 T AT LK
- 22 PRAEDIR S o B A P AR A A 4 B R 1R
rENZS . EARIFREBL, h THEORAY, RN S IE
JRERTRBESR . 2ot 5 BT R S HEE R, iR
SRR RS, SXTE IFL 48 bR /Y 43 e A5 3
TRBL. &, HETA PSR T =2, Mg
R — 9 A B R ZER, D] R R — K
LNibpu s
34 HIRAESEN

A5 T O 25 5 Ik B T e A e e
TR AR ER B LR 5 HE ) BOAZ O BRI R, S 1]
A R SR (9 S SR AL TR o FEAR KRBT, ]
PE— BRI TE | BEEPEEE E bR, 2
HERERPPOTIR R, DUSE A b A AT 1AL 3h 7 T
FIREE A F AT (PCA) S S5 14 5 B AL (SEM) A
piRra i g RIS R TN R N EE SV TN
FEE 73 FC SRS 5 T DRI 2 (K 22 BRI R R
5 DX IO U7 TR, R ER I AR AR IE 7 1)
SNSRI, S R P B R RAESR . AWTFE UK
IIREE T 3 TRUIZR S PP B TFT R BRI F IR0 1A%
HE 13 BRI PR, (ELAR BB B4 IR B Y /N A 7 B il
DAL TFT SR i A o X 2T ATTE XHF
PEDT AR, SRS, ARIU™ R N M,
PiREAR e — HAI™ 0 52 SR B PR AT S0 2 3%, w1
ARWRE AR BB R TR A
AN, A2 BRT BAUCRAE RS MBI A 1, 13
FIES 213 065 ST At 1 A0 i 0 g 1z AL o 47 75 188
A R E A — 2D B

4 #ig

WFFEIX IFT ¥ K 0.562, 58.9% (KL SALTFTI
AR F17KF-(0.4 <TF1<0.6), &I + 3255 A T34 35 A
Fo BHEAR . AHLURMA RS IF1 EGE S5
67.8%, 73509 0.292 0, 0.240 4., 0.146 2, H'5 IFI
AR IR G, SRR AR ) 1 R -, Xk
— IR SR B 2 SR PR A % X AR ) 3
2, HHER SR 367.01 uS/em, AREHTL,
HAYE N 0.100 4, 5 IF1 HEERN EBEG=0.100,
P>0.05), FUYFIAFIT X B RER 43K 14 A 2 40
HIAE Sy (HHARS RO 58.12%, E/REh4ras (i) 2
ST, AR IR S 0 3 AR o A R
RO S R N 287.17 mg/kg, k—ZUKE, S8
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