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Abstract

This study selected four grades of saline-alkali soils (light, moderate, heavy and extreme saliniza-
tion) distributed in Dulan County, Wulan County and Delingha City of Qinghai Province as research
subjects. Soil samples were collected from three vertical layers of 0~10 cm, 10~20 cm and 20~30
cm, and nine soil chemical indicators were measured, including pH, soil organic carbon (SOC), total
nitrogen (TN), total phosphorus (TP), total potassium (TK), as well as exchangeable calcium (CaZz+),
magnesium (Mg?+), sodium (Na*) and potassium (K*). Principal component analysis (PCA) was
adopted to establish a comprehensive assessment model for soil fertility. Combined with Norm
value calculation and Pearson correlation analysis, the minimum data set (MDS) for soil quality
evaluation was screened. Furthermore, an obstacle degree model was employed to quantitatively
identify the dominant Obstacle factors across varying salinization gradients and soil depths. The
results revealed four key findings: @ Soil chemical properties exhibited pronounced horizontal
differentiation along salinization gradients and vertical stratification within soil profiles. Soil or-
ganic carbon accumulated predominantly in topsoil under light, heavy and extreme salinization,
while its maximum concentration occurred at the 10~20 cm layer in moderately saline-alkali soils.
Total nitrogen and total phosphorus were enriched in surface layers of lightly and moderately sa-
line-alkali soils, whereas TN, TP and TK generally accumulated in subsoil layers under heavy and
extreme salinization. Co-regulated by cation exchange processes and water-salt transport, the total
exchangeable base (TEB) content reached the highest level in heavily saline-alkali soils. @ The in-
tegrated soil fertility score declined progressively with increasing salinization intensity. The 0~10
cm topsoil of lightly saline-alkali plots possessed the highest fertility value, and all soil layers under
heavy and extreme salinization yielded negative comprehensive fertility scores. Surface accumula-
tion of fertility was distinct under low salinization stress, whereas the vertical distribution pattern
of soil fertility reversed when salinization intensity reached high levels. @) A MDS consisting of to-
tal phosphorus, soil pH and exchangeable sodium was extracted via PCA, Norm value ranking and
correlation screening, which could account for 80.49% of the total variance contained in all meas-
ured soil indicators. @ Soil Obstacle factors shifted systematically with salinization severity and
soil depth. Exchangeable sodium constituted the dominant obstacle in the topsoil of lightly saline-
alkali land, while pH served as the major constraint in middle and deep layers. Total phosphorus
was the primary Obstacle factor throughout all soil layers of moderately and heavily saline-alkali
soils, and its obstacle degree increased continuously with soil depth in heavily saline-alkali profiles.
For extremely saline-alkali soils, total phosphorus remained the dominant constraint within the
0~20 cm layer, while exchangeable sodium replaced TP as the primary Obstacle factor in the 20~30
cm subsoil. This study quantitatively characterizes fertility disparities and stratified obstacle pat-
terns of diverse saline-alkali soils in the Qaidam Basin. The outcomes can provide theoretical foun-
dations for stratified and classified differentiated ecological restoration and fertility amelioration
of regional saline-alkali land resources.
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TR I 2 A 7] [8], ARAT AT SEIE A 7 555 58 XSk I T AT A o 5T 0k, ASHIF FEad s Wl o 43
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2. MMERHE
2.1. I HIREST

W A T H A SRR At AR 22 B B2 LA A T, RiaE 4 FhRBY s, IR ARKR A
36°20'45"N~3654'9"N. 98°10'0"E~98°21'47"E, H#FIRILHIJy 2910.1~3184.5 m. SEIAAH I & & K
REVEAUE, Bk, ZAKER, BRI T 52UREE, UEiem T8, FEHRKERKT AR E,
FHUKBIEM Z . FR/KE B AR 200 mm 16 9R2E PEALHE) 15 mm, FIJAHEEEA 30%~40%, #x
ICATFE 2 5% AR o VIR SCTLUR, AIRARMREIZL, 4XT IR Z ik 60°C LA E, HiRZE WA
30°C A, EEFERESIATIFESR 0°CLAN . & 7TX L SR AL RO M2 8, ISR DLEE E g o
W, MEPESRBUCAREARFNE AR, BV EIE5% (Suaeda glauca Bunge) N 1 7% ¥ (Neotrinia splendens (Trin.)
M. Nobis, P. D. Gudkova & A. Nowak)Z£ i} ThiAE Y -

2.2. AL

SRIE A DR B2 A TARROR T L AR ma T . W #RE L B HLORSREAT R i,
KA BAAO A ) 0 i P ZE b A e ms T, 2B 552 A, i AMA AR
BY: (EA AT SRR A AR R 2 e S R A b, 5 2 BLDAR SR RAL ROy T, #E B AR Al L
PR L R D . HE 0, AT SR T i SOE AR SIS T (R ) B2 B (h ), #E B (A, )
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BRI AL (B AR R 0.1%~0.3%) H IR R 0.3%~0.6%) HFJE ERIRAL(E R 0.6%~1.0%) )
HESBMA(EHE > 1.0%).

Table 1. Aboveground vegetation characteristics of plots with different salinization degrees

F 1. NEEEAIEE R M A HFAE

ERIRACFESE s THE Y 35 A e A Fh
2R R IRAL W% (Suaeda glauca)~ 7 % 5

LS 0.21 +£0.02d 52.38+3.12a 66.25+3.95a  (Achnatherum splendens) [

Light salinization
& (Nitraria tangutorum)

R N e e e
RECERmAL MS  0454006c 181542356  53774386b k(Suaeda glauca)s FFEH
Moderate salinization (Achnatherum splendens)

O #h AL

Heavy salinization

e L R AL

Extreme salinization

HS 0.81 =0.09b 5.68 £ 0.88¢c 17.56 £ 1.94¢ Hill(Nitraria tangutorum)

SS 1.56 £0.13a 1.52+£0.49d 10.09 +1.05d —

23. HIRERRE

2024 4 8 Ay, YA KREREIE, ArfE g 22 B #22 A A A AT iR Ie FE b s b il Ay, (ERRRE
HRE P RO R R P A 100 mox 100 m (1) =HRE AR, SRR HLIAIRS 50 m, 7R PR
FAREEHEAR : 5x5m; BA: 1 x Im)E 3 MEH(RNEER), KA 5 SHREEH LA 55H 0~10. 10~20.
20~30 cm JFOIR TIERE A (S B A 1), A IRISRIG S AR IR T T, BIBRERAT . FERRESE, it
1T pH. AHLBE(SOC) A& (TN). 4 (TP). £ 80(TK) A2t 45(Ca2t). A8 HthBE (Mg A8 et 4l(Na®).
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24. BB E
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(1) 3% pH XA pH THllE (K t: 1:2.5).

(2) T3EFRMFENR: T4 SOC K EH IR - Tl InAEIE: TN A TP R AA3 ELA
T (Auto Analyzer 3-HR)MI%E; T35 TK &5 K K@ LN E

(3) Ca?*s Mg?*'\ Na'. K'&&ERHE M - SRS #EM5E -

(4) TEB AAZHe b 2B B T-(Ca?t. Mg?t. K*. Nah) G &2 A,

2.4.2. TIMBHEEITMNER

Xif #5300 - S E AL SR R AR AL AL R, T BRAS FIFE AR IR Y9 25 55 38 SPSS AT A T
RABRFAEE > 1 FUEMISREL 3 N RSy, TR E el o K8 F o el J5 )5 2 sTk R k47 )3 —
AR, 135015 R ALE s R — B E X S FE 2 3 5 0 AT INBCR AN, 1521 - 3808 7 i #45
H135, MRIEEE AR KN SE LS R S AR 1K PR .
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2.4.3. H/MBIEEMDS)HaE

K F 1oy W 456 Pearson AHIGPE M HT A i e /NI AE(MDS), BB IRIN R . Jiid HARIE(E > 1
MIFERSY, RREE > 1 B R REOE AR RE AR AR B/ R A5 s K B AR bn IR Ay A X i e K i 3=
BN VA JE U 43 25 45 B R BRAE 5% 35 B4 A AT 45 06 I 28 R 235 AR (B 53 45 A 3T (L (Norm {f), Norm
HEAEFRIRE 2 4 £ P R B K, BEB ARG AN GA G R RS E5NAN
PESeIE L Norm {E i K AR 1E Jy MDS ik br: B G 20 b7 41 P9 AR FE AR5 A2 Norm S KB FRF 1K 4H
KERH, MK RE(r> 0.5 HE ARG RILR, TUSER: UMHXREG<0.58, AR Norm
HHE m bR TeHR IR RIMIR R ik, H o S e MR EE[10]

Norm {HTHE WA (1).
N, = /Ek;u;zk Q)

A Ny R MR > 1 IRT A DB F Norm 8 un 255 | MEFRESS bk DX E
IR Ao kA R A .
2.4.4. TIREREFIZHRE

G NFERS IR T-12 W B 70 6o 5 i - 398 R B X B RS IR T 34T 20 BT [ 1076

NN WAF
Pj=1-Ny (3)
B,
M, =— )
S,
i=1
S,
Mj — zzln (5)

s Py 2T | ADMFERINEE j Difebs S EADIRS GRIBEE N D2 28R, ZE BB KRR i FR bt £
B EEAR], Ny FRORE | R RS j HRAR ISR B R s My RN j WHRARESS | M RIS SE,
ERFRANEL, Wi RRES | N RARIRE s MO § RIS REAG R, HAEBOR, U R RS
VB R5E o K 2 PRV B PR AR B RS 0 N T PRS0, ) B A5 (0~10%, 1T). HF E RRAS(10%~20%, TIT)F1
R (>20%, IV) 4 N [11].

2.5. BRI

KH Excel 2021+ SPSS 22.0 #EATHE B LMy, FEAIEM AL L s MGt S E R 70155 .
3. ZRE5 5
3.1. IR RTN

3.1 XEFESIE

AR ERBRACRE P B 2 IR A5 R 138 pH BnEE 2 Fow. 78 L8sIH b, R ik (LS) F 1
pH B L2 IR /NIE BT, % JE 2 (8] pH J6 i3 2 s B ARG (MS) L3 pH. 3R )2 MR 2 S22 PRI,
TR FEE R E ZE R BRI HS) 5 W H E i (SS) 13 pH B L EHIINFFLE T, 0~10 cm &
JZ pH & 5T 20~30 em LJE(P < 0.05), HEED RN IR . IFEHBALEEERE, AR L )= 3% pH X)
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SRR B B B AP AE B B X . 0~10em HJZF, A REER Ak 35 pH B3 = T AR L 28 A (P
<0.05), B ERHRAL 1458 pH & AK; 10~20 cm T2 PUSRERTRALFE B 1458 pH AH L 2 (A TC .38 2 575 20~30
em T2 E AL+ pH B TR B AR AL I (P < 0.05). BAAKE, FJZ 0~10 cm I pH X
SRBR AL P AR Ak i N e N BBURR, 10~20 em o E 35 pH TR E ARBESRBALEE TR, RE 1 pH £
Do BTG RIS, FRAE ARG B A B (Y

A ERARE B B L 2R E R LI WU & B 2 foR. fEH3EIm b, B R mALLS) -
B MBS 2 IR SRR AG, & H 2R ZER R EP <0.05), RZ 0~10 cm GHU S EE; R
Hb(MS) A LR 26 T s 5 PR AR E, 10~20em HE S EEZE S T L FFZE(P<0.05); 5 HBHHiL
HS) AN KRINRZESE, 0~10cm FELZE ST 10~20 cm. 20~30 cm 1)Z(P<0.05); HREELR
TA(SS) LA NIRRZ S B, 10~20 om LJZHAK, 20~30 cm LJZBEHEIFE, & LAWK E =AM
HEREEP < 0.05). WRAALEEEXTEL, 0~10 cm - Z2A WIS BRIV E Rtk > &2 Ehm
th > BRI > FEEERTRAL, DUSR SRR A LA 2 7 B3 (P < 0.05)s 10~20 em L2 A ML &
P S AL B B (P < 0.05), B, R ERibIK ., EEEBIRE; 20~30 cm LEA LR
A SR8 WE SR LI AU B & T AR =R (P < 0.05). LRERE, [F—I
JE S A% R R B AL A LR S B R AL T o K BR R R ERERAL A, LR IS R A LA S 2
DR 2 B S (3 T 43 A R AE

ANFE IR R B J LR IRE T TR SRR 2 Fn. R b, 2R ERAh(LS) T
ERGER L EIMEZ LRI RE 0~10cm S E &, KEHKEZEREEP<0.05); 1 HIHKMS)
THRARFFARERERSE TR, & LEZEZEREEP <0.05); HERHAMES) SR EE SR
(SS) -4 EBE - Z iR 2 ETHES, EZE 20~30cm RS EEE S TERIZP<0.05). HEShOALEL Xt
tt, 0~10 cm -2 HIRAWRIONER B EIAL W35 fe iy, B2 SR AL 2 35 /(R (P < 0.05); 10~20 cm )
SRGREEIRE IR > WEERRN > PR > IR, SR 2 7B (P <0.05);
20~30cm L)JEZ &R G ERINEE L E ZE R E P <0.05), HUICWWERE AL, EE. PESRmEk
TR, SR E, BE. PERMA LIRS R EMREEERE, MEE. WEE R 1
SR EIR RS AL

AN SRR B J L 2R T R R AR S BRIk 2 FoR. 7RSI b, B ERALLS) S R
FE SR AL (MS) 138 4 3 75 2B 2 IR FFEE PRAIS, K2 0~10 em 0 & B s, L2 A 2 7 3% (P < 0.05);
R (HS) 5 W R SRR (SS) T e A B b -+ 2 IR/ B, 20~30 em HESBEZE & T HE T
HE(P <0.05), SIURERE. WERBALEEEE XL, 0~10 cm 12 3B 4B LI N EE EmiAk B 2 i (P
<0.05), FEERBI K, B WREE BB 10~20 cm T2 B SR ZRRE—E
B R E AL AR T HARAP < 0.05); 20~30 cm TR AR E B R E AL > HE TS >
HE AL > PR, %RMAEF R EP<0.05). LAKE, BIE. DS IEeREERE
BEERHE, BEE. WE AL A R R R A RE

AR ERBRACRE B e 2R R LM S EAR bR 2 P, (eI L, BRIk (LS) g
SRR R INER ST R, 2030em L E SR EEE T FE P <0.05); FEREALMS) 4
HERZEMIRZEABBEL, RE 0~10 cm SR EEKm (P < 0.05); HEHIAHS) 5 H E R TSS)
A LR IR E T, BRJE 20~30 om SRR TRIEP < 0.05), RIUERE S ATHE .
IR B X, 0~10 cm 125 10~20 cm 12 HIESRIUNEEE . B ik 5% = T E % .
W% 8 B T AL (P < 0.05); 20~30 cm 12 & 40& BRIV Thiik B % 5w (P <0.05), HEF. HREELR
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Table 2. Effects of salinization degree and soil depth on soil nutrients

2. NEEBUEEFMANELEREX LIRS THFN

B LIRS
T IR RIS
0~10 cm 10~20 cm 20~30 cm
LS 8.30 +0.27BCa 8.67 +0.68Aa 8.72 +0.71Aa
MS 8.89 + 0.18Aa 8.71+0.27Aa 8.58 +0.16ABa
et HS 8.45+0.06Ba 8.26 +0.13Aab 8.19 + 0.08ABb
SS 8.11 +0.06Ca 8.06 + 0.12Aab 7.93 +0.02Bb
LS 7.94 +0.15Ca 7.10 +0.17Bb 6.04 +0.17Bc
L MS 5.62+0.18Db 6.75+0.19Ba 5.84 +0.26Bb
Soil organic carbon/(gkg™) HS 8.53+0.21Ba 4.54+0.18Cc 5.72+0.10Bb
SS 10.59 = 0.08Aa 7.97 + 0.39Ac 8.88 + 0.40Ab
LS 0.72+0.01Aa 0.71 +0.01Aab 0.68 + 0.03Ab
2 MS 0.60 + 0.02Ba 0.52 +0.02Cb 0.43 +0.02Dc
Total nitrogen/(g'kg™") HS 0.39 + 0.00Dc 0.47 +0.02Db 0.52 +0.03Ca
SS 0.50 + 0.02Cb 0.57 +0.02Ba 0.60 + 0.03Ba
LS 0.45+0.02Aa 0.36+0.01Ab 0.32+0.01Ac
e MS 0.27 + 0.02Ba 0.24 + 0.02Ba 0.14 +0.01Db
Total phosphorus/(g'kg™) HS 0.17 +0.01Cb 0.17 + 0.00Db 0.18 +0.00Ca
SS 0.20+0.01Cb 0.19 + 0.00Cb 0.22+0.01Ba
LS 18.73 £ 0.07Ac 19.26 +0.18Ab 19.64 = 0.02Aa
o MS 18.47 + 0.42Aa 16.45 +0.10Bb 14.77 +0.14Bc
Total potassium/(gkg™") HS 7.67 +0.33Cc 11.18 +0.19Db 13.37 + 0.42Ca
SS 11.55 +0.12Bc 13.40 +0.23Cb 14.85 +0.10Ba

T RPEAAFRS FRERR TR R 1R IR B A [F SR Bt S [ f7 45 22 57 B35 (P < 0.05); R &H AR/

5P RERIR AR AR A [F SR Y N AN - JZ IR FE AP AR 22 5+ R 3 (P < 0.05); T Il

3.1.2. HRZBUREETFRXHRMAEDEBIHE

AR ERBRAG AR B Je L R IR S R A e e A B AR b R 3 FoR. fE-EERITH b, R SR BAL(LS)
TR T R IR R, F RN REE R SR (MS) TR e PR A 2 R 2
EAHIT, BN IS B SR AG(HS) R e M PSR I v %6 TS R %, 10~20 em £)Z & &
ZET 0~10 cm /2P < 0.05); HE JF EhBAL(SS) 3R He kAT b+ 2 IR 2B 18 (AR, L2 AR
ZE5t o WSERBALER BEXTLE, 0~10 cm )2 R HtEE RN R L B & m T . S B
BAL(P < 0.05); 10~20 cm 55 20~30 cm )2 &AL FR AR A A TR E B35 22 7. ARG, 8B
JEERTHA 0~10 om REZELZHNASNA G, WL E ZE R FEARIAERE L, R ELHME 2
TR FR 2 RE A A5/
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AR ERBRAGAR BE Je L R IRFE R LA etk B B R 3k 3 FoR. fELEERIT b, B SR HAL(LS)
T B B S BB E RS TH R R K, 10~20 em RSB T EIALMS) R ek
REZWKRZIZD T, RE 0~10 cm S EHE; BHESRMAMHS) LIRS SRR ER R, PEH
BT BEAR, JEJZ /N B0 s A 7 R R e A (S S) 3B A e MEBE B - 2 IR FE ST 1, TR 2 20~30 em & & f =
LR B AR W ERIRACEEEEXT EL, 0~10 cm )2 HIER Pt BER BN . R EhiL B E T
& ERBAL(P < 0.05); 10~20 cm 128 e P86 & BRI B S Ehmifb ey, AREE . R, B
P BRI A B A 20~30 om LR BES AR IOV E FE . M B ER AL B3 TR B AL (P < 0.05).
BARKRE, 5 ER R R L R A M B A A TR K s R E AR RS e e B R IR
2 EAERAE, AR P AR AL A M 1k AT R TR ) A AT

AR ERARAG AR B J L R IR FE R B k a E AR e 3 FoR. R b, R ERIEAL(LS)
BT Mt AN B B B R IR SRR SE NIRRT, R ZE 0~10 em SR EFE E T N LB(P < 0.05); FE
ERIAMS) TSN R Z i, TEANMERS. KA R, S LERTRE SR =R
(HS) HIEAZ B AR BE - EINEZ A L, 2 0~10 cm S EEEHEEP < 0.05); W EE S mi(SS)1E
THNANTE R N B PR, B EMRMSA T, & LESRERARE . IR EX T, 0~10cm

Table 3. Effects of salinization type and soil depth on total exchangeable bases

3. NEERERBEMAR L EREN TRMEHE D ENFN

) TR
izt R
0~10 cm 10~20 cm 20~30 cm
LS 3.54+0.63Aa 2.62+ 1.29Aa 2.12+0.99Aa
e B AT MS 1.49 + 0.25Ba 1.48 +0.18Aa 1.61 +0.23Aa
Exchangeable calcium/(cmol kg™ HS 1.57+0.01Bb 1.96 + 0.20Aa 1.72 + 0.08Aab
SS 1.61 +0.13Ba 1.60 +0.13Aa 1.51+0.12Aa
LS 0.99 +0.31Ba 1.37 + 0.94Aa 1.20 + 0.29Ba
AR MS 3.30+2.07Aa 2.33+1.49Aa 2.33+0.85ABa
Exchangeable
magnesium/(cmol kg™') HS 3.76 +0.28Aa 2.65+0.53Aa 2.84+1.07Aa
SS 2.19+0.36ABa 2.41+0.71Aa 2.83+0.67Aa
LS 1.68 +0.15Aa 1.27 +0.12Cb 1.34+0.15Bb
2 B MS 1.60 £0.11Aa 1.49 +£0.05ABa 1.51 £0.02ABa
Exchangeable sodium/(cmol-kg™") HS 1.77 £ 0.03Aa 1.44 +0.13BCb 1.32 +0.23Bb
SS 1.71 + 0.08Aa 1.69 +0.13Aa 1.67+0.12Aa
LS 0.34 +0.09Aa 0.25 +0.04Aa 0.25 +0.06Aa
2 MS 0.45+0.31Aa 0.38 £0.28Aa 0.34 £0.18Aa
Exchangeable potassium/(cmol-kg™") HS 0.24 = 0.04Aa 0.20 = 0.02Aa 0.26 = 0.05Aa
SS 0.19 +0.04Aa 0.20 + 0.06Aa 0.21 £0.05Aa
LS 6.55 +0.70Aa 552+1.01Aa 4.91+0.82Aa
S AN e MS 6.85+2.73Aa 5.69 + 1.95Aa 579+ 1.13Aa
Total exchangeable
bases/(cmol kg!) HS 7.34+0.31Aa 6.25 = 0.75Aa 6.13 = 1.30Aa
SS 5.70 = 0.54Aa 5.90 = 0.88Aa 6.21 +0.85Aa
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TR AN R BN E R W SRS, B P SRR AEAG, S ALRERE E R 10~20 cm
2 A Wtk A R A B SR AL B BRI (P < 0.05), W MBI, EFE. AR IR
20~30 cm )2 22 $e MR RN R FE R I A BB BT SR AL B 3 B (P < 0.05), W EEERIRAL IRz, BFE. HEEE R
K. BAkRE, B, EE SIS RO R 2 B ERE; PR b mb AT e v
RIZEENE TS W R ShB L - 38 e M AN e 3 T AT RN 5T

AR ERBRAGAR B B R IRFE T B e e B R e 3 Fom. fERERIT b, BRI IAL(LS)
TR SRR E R, ML EIRATEC, & LR REZER R (MS) TR
AR Z R RS BRAS, B2 MG R 2 R H P BBk (HS) 38 A8 e 1k 480 o 2 I /N R e
JERJZHEA B AR ER AR (SS) L e s e M B BE L JZ IR SR8 b, RIS KRR B, & LEEE
TR EZS . IRERMACEEEEXTEE, 0~10 cm /2SS B RBUy b B ER A e, R ERBRAL I,
FE . A B ARG 10~20 om B A B0 R RE DA B b B i, R R B MR FEERERALOK
SEAHI; 20~30 cm T EACH MBI R I R BRI R v, BRI 2, R ARG, AR E R
WA AR . SR, P BRI AL M B % 1 2 A e B AR A T iR KT R R AL A b
RIZEHARE; B B FE RO 38 4 1 S0 5 TR R A B BN/, A A AR 3 5

AR ERBRAGRR B B 2 RS R A e vk SR B S AR e 3 FioR . 7E 3R b, R SR AL (LS)
FIVER JE SRR AL (HS) 35 otk 2R 3 i R R BN BE T 2 IR G, REFERFMHE, SHZERE
REES PEBRBAMS) LIRS EARRERS, PEAH TR, KE/DMERT, LERZER
AN s A P AR IRAL(SS) AT M v A 3 A B R NIRRT, RIMHEKE O AANE, LR ER
AN . USERALEREEXTEE, 0~10 em 2 A0 bt Eh 3 S R BN hmdifb e, P EhBRAL IR, B
FE W E E AR AR s 10~20 cm 2 A0 bk B 3 S R RE L R b Al B, AR RE . P SR B IR
Z, BB 20~30 cm + Rk Eh R R B RDUNE . A E B SR KRR, R R
R, BEERNRAC. SAKE, HERL R 1228 vk h 5 S B BRI KT R,
e RE RN R AR IS e e R AR B R IR R SRR s AR R SR A g e R e R B R
IYATRHIE o

3.2. MM REEZESITEMN

% 4 mTR, ARHEBBAREESHZERENAE N HEE IR ES G EHEER . a5 0 &
BN AL 0~10 cm 12 )Z(1.36), HEAEE 15 30 S AR NEE L 10~20 cm T)2(-0.61), HHEH
12, Bk b, LIRS SR A5 BE IR FE BE A i B N s, HERSERTIAL B JB TR R 5 v R AR
e . BB A1 > 0 FAERI A fifE i B . TR dhmi bt b, SR, AR E B b LR A 1S
3¥) <0. [Fl—ERBRBE S N xT b, B SRR S 2 JE 1 HE N 0~10 cm > 10~20 cm >20~30 cm;  HE
WAL FRE RBRE R, MTFEEAEZE; = BREAIE SR 0~10 cm > 20~30 cm > 10~20 cm; 1)
R EAALAE SIHER A 20~30 cm > 10~20 cm > 0~10 cm. AJ W, BB, dE, HEESRBHELDERES
BERFAE: AR R SR R ZNE I 7E B BRI A B AK, AR ARE B EFE.

3.3. TEPEREF I
3.3.1. S/BIREMDS)FRE

X9 T ASEIRARIEAT E R AT, AR > 1 BRI B sy, FEEREN 3 AN FE R 5).
51 FRATFHEAE N 3.646, 77 ZETTHRZE N 40.517%: 55 2 F A FHIEAE N 2.037, 77 ZTTEREE A 22.634%;
%3 EMEHEEA 1.560, FFETBARN 17.339%. 3 NERD IR H ZTTEEN 80.490%, KM
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Table 4. Comprehensive scores and rankings of soil fertility quality under different salinization degrees and soil depths

F 4. TEHRBUERENAELERETRBNRESE ST RHE

ERBAGRE L HRWE TR PR ER A 5) FARIE A BT LR G VPR 2 HE
LS 0~10 1.36 1
MS 0~10 0.86 2
LS 10~20 0.35 3
MS 10~20 0.12 4
LS 20~30 0.02 5
HS 0~10 -0.14 6
SS 20~30 —0.24 7
MS 20~30 -0.34 8
SS 10~20 -0.38 9
SS 0~10 -0.50 10
HS 20~30 -0.53 11
HS 10~20 -0.61 12

Table 5. Principal component analysis results and Norm values of soil indicators

5. DRIERER D STEERE Norm (B

B 15 =7 7 F A 1 N %) F 53 Norm 1 P!
e 0.904 —0.15 0.293 1.78 1
el 0.905 0.226 0.072 1.76 1
£ 0.907 —0.134 0.17 1.76 1

TN —0.654 0.389 0.535 1.52 1

P 0.67 —0.422 0.179 1.43 1

pH 0.245 0.792 0.069 1.23 2
AN —0.191 —0.709 0.369 1.17 2
RN —0.438 —0.395 0.701 1.34 3
A4 0.153 0.574 0.7 1.23 3
FHIEAE 3.646 2.037 1.56
Ji ZETTHRR (%) 40.517 22.634 17.339
B TTHR (%) 40.517 63.151 80.49

PEELM 3 AR5 REE WL IR G 9 TR bR 80% LA E I 15 .

HRAE & AB bR AE 32 o b 1 e R4 3R AT AT 2 236 5)6 58 1 F R, 4%0(0.907) 4 41(0.905).
2=195(0.904) 22 # M 45(0.670) A B Aa B 58 =1, 22 3 BE(—0.654) 2R A [ #igr - 28 2 E o1, pH (0.792)
FE HUR(—0.709) I ER AT E R R o 25 3 F o, A HLPEAN(0.70 1) A AE Hie 14 4H(0.700) P 2 A (B A iy o 545
Fr Norm {8 B i BURAR KN : 4B(1.78) 480(1.76) 4R(1.76) ZCHPERE(1.52) Tt 5(1.43). 25
PEBN(1.34). pH (1.23). AZHMEHR(1.23). HHLIR(.17).
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FHAHSE RBUERE(LE 6)rTH, 28 1 R dim, 5% M. Sk, o2 ks i
KEM 79 0.881, 0.755. 0.704. —0.488, &E G2 SCHLAELS KIAHK REr 74 0.843. 0.564, &
B AZ A A O RN 0.401. 58 2 EROTN, pH SHNUBIHE I RECH—-0382. 5 3 T4l
P, AHEEN S A MR I AR O R ECH 0111

TESRFEA b, KRR B Norm fE & KIE bR, HE5A MR ZERE(r > 0.5)HIBRA M E EITR
Fabr i R 5 e B /N AE . 56 1 £ TP AR Norm (¢ 1(1.78), H4a# 5 4% (r=0.881). £4(r
= 0.755) MK REEY > 0.5, EEEBEILR, FULREEBENE 1 FRMARIER. 282 Fd
pH ) Norm {H(1.23)= T A HLEK(1.17), RE pHe 3 3 E s 28 81 Norm {H(1.34) i T 28 e 144
(1.23), —FHMXARECN0.111, /MF 0.5, (EAHE Norm i A5 R B4 A8 #1404

gi b, AHETHE RN IR EMDS) S 4. pH FIsgHbbah 3t 3 Wb

Table 6. Pearson correlation coefficient matrix of soil indicators

5% 6. T1EIELR Pearson HH X REAERE
pH H LR s AT ot I I ¢ Y 2 S L i

pH 1

EERIR S -0.382" 1

s 0.111 0.03 1

A 0.214 0.063 0.881"" 1

e 0.384" -0.268  0.843™  0.755™ 1

THME —0.294 0.015 0.564™  0.704™  0.401" 1

SRS 0.093 -0.02  —0.489™ —0.488"" —0.486"  —.459" 1

ZHAEE 0298 05567 —0.238  —0.111  —0.389"  —0.052  0.450" 1
ZHAEE 04047 -0.218 0.122 0.193 0.299 0.095 0.470* 0.111 1

e TRRHKRKREEP<0.05); TRARMHARKRAWMEE P <0.01).

3.3.2. TIRIEPRIERS B FHIE

B2 7 wl%0, BRI R AR T, T LR A R T S I R ORR S AR s [ — R
P, B A DR (R A7 70 S 285 1) 3 3 T AR A

R RE R AL IR RS R TRl BRI R A B . 0~10 om 3K JE LIRS MR NSRS B A
IEF) 65.5%, J& T E NG, NAZE o G KT pH RS RE 25.4%, [RIAE N B et s BT 9.1%,
IR Rl FE A o 10~20 em W3R 2 RIERRAT IS J5 R AR 568, pH Bt BTHZE 55.3%, HURASH A A
HEES T, BT R SRS VK 2 38.4%, VAT E RS X 6] SRS 6.3%,
R SERERS . 20~30 cm i )2 I DL pH N B B REAG R T(47.8%, HEFERS), S HPERNIERRS B 45.2%,
FIRE S T Ry, A BREIE B s K I H R AR K (7.1%, R EREAT).

v R ERERAL I K B ERE SR T4 N 4. 0~10 cm R ARSI 45.8%, BT E RS,
pH Bl 41.9%, JTRNEJERNG; ZHIENEEITE 12.3%, & THERS. 10~20 cm 12 28RS/
W T Bf 22 39.4% (FEFERERS), pH BERSEN 31.5% (FEEFEAT), Mg g LTt 2 29.0% (B RES).
20~30 cm JiKJZ IR A TEREAT R [ & 52.2% (L EIENS), pH FRATEERF(RE 21.4% (HERRG), CHtEa
WS N 26.4% (B ERER).

e
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A AT T2 BRSO e, H BT R R IR RS T . 0~10 ecm HEA
WA A 50.5% (B EERERS), 2SS HtEaNfRhs i 34.5% (B REHS), pH FERAFRE 15.1% (FFERS); 10~20
em T E WA LT A 61.8% (FERERS), M. pH B2 AR 23.6% (FEE ). 14.6%
(FERERS); 20~30 om JiK)Z ARG A E] 67.8%, A4 IHI A i B 5 1 i K AE (B B A ), A4 ki
TR0 N IR 16.6% (T FEFERS), pH Bl R 15.6% (HERRS).

e B R A I PR P TR B R A AR . 0~10 cm K2 LRSS E HE, N 63.7% (EERER),
EHNEANBEAT . 34.0% (FEEFERS); pH BERSF AL 2.3%, JBTHEREAT, FAAN B34 7= 1 R
10~20 cm 73K 2 AW FAS TR 51.5% (FEJERENS), MR T2 41.9% (EEFERS), pH FE
TN 6.6% (FEFEFERS) . 20~30 cm i )= , A4 AN PR AS FE T 22 54.1% (FE L FRAS), H it A Bk FE15 1 (44.6%,
HERER), BURAERESCN E ERSET; ME pH BEAFEEAL 1.3%, MR

Table 7. Obstacle degree characteristics of soil indicators under different salinization degrees and soil depths

7. TRIBHNIZE S LERE T HIRIERIES EHFIE

IR ARG
ERTRALFE E T2 B T
pH B AN
0~10 25.4% 9.1% 65.5% AT AN
LS 10~20 55.3% 6.3% 38.4% pH
20~30 47.8% 7.1% 45.2% pH
0~10 41.9% 45.8% 12.3% s
MS 10~20 31.5% 39.4% 29.0% A1
20~30 21.4% 52.2% 26.4% s
0~10 15.1% 50.5% 34.5% s
HS 10~20 14.6% 61.8% 23.6% 7
20~30 15.6% 67.8% 16.6% 7
0~10 2.3% 63.7% 34.0% e
SS 10~20 6.6% 51.5% 41.9% s
20~30 1.3% 44.6% 54.1% ATARAERN
4. W1ig

4.1. NERBHES T EREXN HRUF M REOT R

KA RKY, RE 0~10 om 13 pH 6 SRHELE B0 N B R BURK, Bl Shas AL 2 T o 20k Tt
R a RS, AR R AL A B, P ZE 10~20 cm 3 pH BRI ZE R TS B, P
B pH 3 B4 0055, 0 E R . B R BB pH BE LR INUR B R R — 5T, SOl KA R TR,
SRFIZE R IR TR R, o ER ORI R Z O B T R B S HE R I pH AR R AR OA B N
WREEENEE 5] R AR A K R AR A A ], (R B B 55 4 F BRI s e e A B, 2
IR pH [BIVE[12]0 FR50HIH 70 5 45 R s, A HMURAAE b B S e b 404 T 10~20 em L=, BE.
HEE WREESBMYEREEE; £R. SMARE. PESEMREESE, EEE. WREEBmhE
DU B R ARE s AR R EEE, BIE. EESHEESEMIRE SR . TR
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BT, REBRBGRIMXNEE, MREGAEY . RABAEETMARE, AHIURSRRER 055
2, BRERZ R R3] B SRR, S s R AR R RREA U,
[l £h 70 BEEL JK FEER IR R . BESF IR B 3K 2 IR R RS, I IRR R AR B G 7 0 1 4
IYRE, BRI R L W ER R TR A IR IR IR 14] 0 X T H R R B T IR A,
IR 99 T BB, A RN 32 BRGS0 70 0 7 A0 4% il BRI rh S e M B B AR SR TR
BEAHES 7, (R B 3Bl K 70 R RaL A, REMIAE L. B R ER B R 2 A A S AR T 15]. 4R, R
B R A A 7 0 AU S 8 T S P RS R R, R RUBK S o0 e At
IRy TR FLOM AN s ARERBIA A T IR 2R AR, RSN 0 R A8 2 A1 SR 20 F T A A K
e KRR IR R .

AWEFERY], RIZACHNERG DU ER A 2 28 By s IR B P E R DA B ShBOKT 5, SRR A HAEES 4k
FREBUMRIX IR LA IR 22 AN B35, v R R AS R 4% 52 ER0E FE S 8 o (IR ER PR v A S AR B 7
EEH Ca? i, BRI BTt IR Na WREETH e, I 8 B A B AR S 45 v A
JE[15] ACHebbse, T philim o i 2 e B P, EESEI MRS BEE
5, 5T RXAREHRAHERRFA G WEFE R AR A 5], X TR T
ST, RERFERKIRGSHRZ K TE A HAR AL ES T8 A B E 2304875, ®ETm By
AT T3 — o AZHNEANAE p R ER Bt DR AR B de i, B SR AR D IR S R T R, R
J& Na* 38 5 RAR MR BHAL A, 3G OSBRI 2 [15] 0 22 bk 20 5 o7 o P b R Ak b vy, T R 2
SR S et SR SRR Z E AR, MR L S B IRARE . — T, B BRI TOCE AlE
P ER K 2 SRR ARIR B, $RTFAC M S A S s 5 — Dy TN B B Eh el 2 0 K IR K 0 TR A
fEERE S T IR Z RS, TR R[15] [16]. 4t AR ERBRBE R N B 5SS 4 5 S DR T AFAE 72 5
LG WK 2R S IER LR, LA G A R e ik ik B 1 22 AL (0 3 B P AR AL

4.2. FRIERHES L EREXNTREHIE R

AW T LI R B LR A PPN BN R BRI AR L LR IR LR A1 . BRI S
FIFAE F1 KT B AR AL R T AR R R B SS, B R E O ARRE 2 A AR R, RIIE R
AN Ry a RS A .

MEEHIM b, R, R LA ISR A 1550 R I 0~10 cm > 10~20 cm > 20~30 cm, E)ZAL
NRTURZERE, HEEAREIERG LI 5 R BRI RZRFSEEGEDRAEITE, FHLFTE
BT WAEMEEE S WREANTARZ, KPR, @ETREREAKEE, HholEEE
KIRERE, ERE. PERMAMT, o8 L8N HIEET, TEREREIR ) E & AH HRE. (2
SRORAC IR AR E P . AR R, ZRh AR . B ER A AR /) 2 0~10 em > 20~30 cm > 10~20 cm;
e 7 R B R AR R S 4 SRS, RPN 20~30 cm > 10~20 cm > 0~10 cm. =58 /% 2078 R ZE K,
REMHIFR A BN, TR0 W R R AN R I IEHEY, 450 7 2 B Ak = R AR B AR (171

] — L JERE AR LA I, AL 0~10 om RJZAE ST M AR AR FE > hEE > AR > AR AR AR IR,
of ERBE P IE WA N B A UBG; 10~20 emy 20~30 em L E AR RIS, B XIS, RBCT
EASKE TS EE AR . B WEESMEIET AN LRGBS NE, R g
BIETART KPR, Ui 2 #h 7 e R B f5, L9 s TR o kAR 535 R [ 18]

AR S T EREAAEV RO/ . K2R S EMANAEMCERIA T NS AL, A,
W A N b i Ch = SRR R, & TERES AR ER . NSRSEEKE, BE
I 0~10 cm LZAESIIRAR, REHEER P HEA: TR T (eI R ZE M, =, RE
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EEWX IS AR ER R SARER, FHEthhith 5F YRR P SL5[19] [20].
4.3. RINBURENE

AHEFENS O T IAR AR 3 DN E Ry, RiF T Z kR IL 2] 80.49%, AT T8> RAL ISR bR 14422
FERFIE . KA BT R FRFR R 73 Dy 3 4, 455 Norm (B K/N5 A R BUSI B Ik, M2 5E 2%, pH.
ATHPE BN A X ER i 58 BB RO B N EORBR . REAEONEE 1 AR TR AR, SR, MR
i, ARSI 70 KT pH SR ESRIRBEIA G, SR PPN RAE WAL B8 TR, & IERA I IX 35
TIRERRYE . BIR 3 TR AR B HIETR RO BRI TR, e T RN T S
BB IR 7, REAS B T b S Ik ST A B R sl ) B BT B 20 3R . K [RIRMIE FEE S 21] [22], F
A IX R Bl - 398 /N B B 3 R I 55 SR AR bR B R AE AR AR s DU EE IR 0 4R bR J0 i 5 B 20 1 L B
IR, DA BRI R G B AR . RIRS, AT AR AR AN, BB, pH. SSHuE
BRI MDS BN RS 5 TAR R, RO IX 3 it - 498 o7 B DRk A SR A S 10]

4.4. TIRBEFGEEFFAEST AT

AW TERYT, SOEA I ER A - R G D 7 B R P S R UR AR R W R R R A
T, REWMESRREEE TEHE, RNV EERBIER, BELZNR, MR e H
PBEE TR TBIEN, BRI pH BhE M, 3R B B A Oy T RS (23], AR A
B HEKCT, R AUESZ i pHL 85 T [ R AE ORI FRAR, R 70 B = BT %G BRI 7
HLEEE R Bl A R RR AT L B 2 IR R ARG R, SRRk F N IR R . IRE A R s A R E I
K247 o T B E P R SR ER I R A, S A 14 B T O R I WA R 1, B PR D)
PALERERY], TR X Emm s R ARR G s, RS ER R G E O SE, T
JE A 4 - SRR RE ;e EE ER G4 ) T Y R DR ST R B IR A T s W R R Ak DU N 4 7 SR it 5
FRIEEREAL . JRJR R AR SR A

5. &t

(1) SEEA T Hh bt - 358 4k 25 1 o 52 R AR B 5 2 TR B U A%, 3 T 40 AT I A7 1 SB35
JEZER . R)Z 0~10 cm 135 pH X SRR IE w0 N iR UK, BEERBAL T TR ks . L M)
HE SR E IR EREEE, RERMEIBES T 10~20cm H 2 BE. PESEHAR. 2HE
REEE, HE. WEERBHMKELSER S ARBRE. KHRMBRESE T FREN R, 55 hmh
RIEZHNANARE, R AT ek Eh 3 S R B, W Rt = 0 My 351 T 40 A1 P 2%
TERSELEEES, BTl XA koK g & i p Lk 7 5 %0 ah i) .

(2) DX -3 /K P SR AL PR P ST R A, T ELIE ) 20 AT A% =) B B Dbl J 58 5 R A 5 .
BEL o RE SRR IR SR I 0~10 cm > 10~20 cm > 20~30 cm [ 2 5 AERFF ;55 R AR IE /g vh 2 BRI,
W 5 LR AR S 2 e KB s I S E R ATA R E 0 <0, HIEGAE
TR FZ AR 3R )2 AR 0t SRR B AR A ORI, R 2 K SR F A F IS5 TR IR 2 S
BRI R SR I BRI SR R R IR 0 & A R AR A

(3) AL FIIE BT Sk A 73 Hh ER Bk 198 B S VAN 1) B /N A (MDS) o BIFFEHRER 3 MEFIEME > 1 (1
TSy, Bt ZETTRE 80.49%; 54 Norm 5 r>0.5 TURRIRFRE, HBATME4ARE. pH. SHEAN
3 WUAZ O FE bR R /N B, 23 R AE AR o0 At L TRIBMD A . ) B e = 2RO SR IR, S
it B 5 SR i R SRR SN
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(4) WHFEIX ASREEAG N T AR YR G U, AN TR SRR 5 - HE A R PR A 3 22 5 2

B BRI AR R T A AN AT, KSR pH Oy BT PR S SR B A A A O PR
HIRT, e pH PREE T R [ e G A RO B =, HLEE R R e 2 09 3R PR A o B e A 32 R kit
ER D RGO E, IRIR R R RS N R BN AT R R R BB R
B O B S P TR ARG PR BT AR A I W IR T B R A Ak MR R R ) R

,

EEAMBE SR B R

E&WE

T T U LR 2B T8R4 AU H (2024XIMDO06); 1518 IO K% 2026 4F AR H 2wt

ST H (2026-TYTD-005) 3k 7] % B .
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