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Abstract; For the purpose of conserving soil and water as well as restore ecosystems, maintaining soil nutrient levels in dry-
hot valley reservoir regions is essential. However, the spatial characteristics of soil nutrients within reservoir areas remain
poorly understood. This study focused on the Wudongde and Baihetan reservoir areas located in the lower reaches of the
Jinsha River. Surface soil samples were collected from the head, middle, and tail of the reservoir, including both surface
layer (0—10 cm) and subsurface layer (10—20 c¢m) , and the soil nutrient content were measured. Based on the second
soil nutrient grading standard, a soil nutrient spatial differentiation analysis model was developed by integrating fuzzy
comprehensive evaluation, the random forest model, and natural breakpoint analysis. This model aimed to elucidate the
spatial differentiation characteristics of soil nutrients and propose zoning management strategies. The findings indicate that .
(1) the soil in the study area was weakly alkaline, with high contents of soil organic matter, total potassium, available
potassium, available manganese, and available copper, all of which were at level 1. Available zinc content was at level 2,
while cation exchange capacity, available boron, and available molybdenum contents were low, at level 4, and total
phosphorus was at level 5; (2) the nutrient in the 0—10 cm soil layer is generally high, ranging from 0.53 to 0.66; the
highest values were found in the reservoir tail areas of Wudongde and Baihetan; for the 10—20 cm soil layer, the nutrient
content generally ranges between 0.43 and 0.58, with the highest values located in the middle sections of the reservoirs;
(3) Surface soil nutrient variation was mainly influenced by human activities and vegetation, whereas the subsurface soil
was more affected by topography and soil properties. Most areas of the reservoir head were in the soil nutrient conservation
zone, the reservoir middle was generally in the nutrient recovery zone, and the reservoir tail was in the risk prevention and

control zone.

Key Words: dry-hot valley; soil nutrients; cascade power station; Jinsha River; spatial heterogeneity

IKHLIEIF RS 5T, TR A DX R SR A H 25 7™ IR > BEROK HL ik PR X 1 U e X I 7 M
FURBON kDI T LRI 28 S A S 2V AR GOK AL ol PR XA TR 4 X 1 L 357 43 25
]G0 A R, SPURI SN TR 70 (14 F2 ZEIAE A i X TS0 B ST 45 L KRR K Lo ) AR ST A A B2
o PAAEG T PR IX - HE37 4325 ) G A RRAE S G e B R A5, £ SR R DU 0 B R b IR
T SRAE A 7K 3l B X B R AR AR 3 23 SO MR A B U R A, B = RS NIR, AR
K 15 2 T PR 3 (IR OK HL ik bR R X 2 ) A B K i R P ORI S ) S
EHEFR AP LR A AR S AT B B G

TECA TRES G IR BB, B Al 5 5 08 H A HLB R AR IR AR, R 1 SR eR B0 3 a3 20 A
(PCA) S5 J7 0 LIEFRAFIEATER AN U1 ORI, I U 9 R I i i A bR O F R G — Bk Z T Le ik, B
A2 BB R TR WA LI FR W ZR G TP b o TT 3R A 8 T I ) B, RERE S AL ) 5
TCR MBLARE )y R LIRS PPN I EEEAR , H Cu B Zn BER TR TCR, LR ESRITR K it R H
A8 e AR A S I A B DR, 255 T A AL AL BB T R SR A 1 LR S 4
B, A ORI 3SR 23U A DX, AR SRR T e e R S B SR 0 ) XA B

ST Ui TP A HAR AT LU X, 2605 = 5 A9 /K BE BT DRI R A A 285 DX ARR AL S [ /K R RE TR
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R AT SRR T R ZUK L, A0k A AR ISE I i L 55 5K Rk K&
9% XBRIREE S LT 80 23 S B PR AR, X 3857 43 14 4 DR BRAE S I S 1 SEB i ASA7 . Sun 4
AL VD VLA R A5 S AF 50 G2, U5 Hh A0SR R e | A HILIBORT pHL R A5 48 A 0 VK %8 2 /K B AT B
T ST AT AR DX TR AR TR 1 A TS A AR , AE AR TR AN T DX B 1 43 X4 B SR

ABIGE LA AR AR LR K FL R T R R R X 3R 2 I G BT S T TR S R I
(IR AT AR BR (A0 pH {E | FHES 722t ) R HEA LT R OLER IR (IR 2 2
B ) FOGHCE TR R0 (AN ROk AT R AT R AT REE ) A5 19 TidE bR, REUE T LR R B R T
AWIFAERER TCR M H ISR LR B PG TNIETT 25 1, O R X SR 7 1 23 XA PR 255

1 #RERFE

1.1 BRI

WFFEIX AL T4 VLT U 5 AR - PR A 9K H il PO A i 88 ( LA ff AR WDD-BHT Uil ) | A T = B il
DU 28 Bk, DX P o 25 PP B SR — B 5 5 s, LA e R B R AR T Sk B B IR & 245
TURSIEER SR Rl A O T B B R K R il | BT A X T PR 2 KU U, AR R 18—
23 °C PR 2000 732—1028 mm™  4FZE K f 2500—4000 mm , FY 2= H M 5 H FR223) 11 A Rl
KT B KRS BAT 3525 5 0 B PR 20 T RTS8 52 G i 2 XURIA] 73 b 5 1 76 1) B XU o, A%
T AR AR R UCRAR R 3 AR MR AN TR, B RO s RS AP UE JRICE A
AVHEA A A b T S R 3 AR X R A R O PRI, K R R 7 S R A S S X BT IX
T R AT & LTHE AR AN LR A2 T RIS S 3 EA B A T
SIATHLAES IR A A SR R E A O ( Leucaena leucocephala ) , HoJ™VZ 43 T Bl 45 KB
3K, TR A L AR RS AN B IR S R IR AT AR LR AR I3 250 SRR S HE A
1.2 7k

ABFICLLTHHEI 52 925 25 46 (WDD ) | (1B (BHIT) HE B (B ol R ) 2 LHE R BT 4
RV POK LR IX A 3557 53 1 23 DCE B I LR P 1) A8 B0 | DRAIEJIT A SRATE 01 bt A1) TR U AR [, 6
FRHTAR BRI 2023 4F 4 A 7E S AREK SR BCE 1 4 J50E00 (11 D) P iscE 1M (2
AR PERBCE 2 ZR (7 D8 FESMEK UG FE T 1 AREA0T (3 DR B 1 /R (3 ) R 1 5%
FEH (2 ) (1,26 1), Hr, WDD-1,WDD-3 £l BHT-4 #E4F | 1 T35 K i i\ BRAG H 28 S B 0 R A
KA 2 ANFE R TSRS RE A PR DX N B PR R LA A T s R DA [ 07 ' ) -SSR AR AR, T
HAFEARE 10 mx10 m (REDT , 5 IRRE YA H 33700 10 FBAEF)ZE R 0—20 em™  FERE S N4 S T A5
FAEDRAE (0—10 em Fl 10—20 em) T HEFES 56 11, BN RITREE + 2 T 503 10 26 5, LR 2+ e [n]
972 [] S ARPALE o

AWFFEAEN g 1 38 BEAL A BT ) Bt b, 90— 20 03 M 3% o e, Wy B 4E AR 2 30T, 13845 (Bulk
density, BD) Z:7% IR INES 4 #4) LA HEANE , A 100 em® PRTTREE LAE I8 8 g EA T I E
7K (Soil Moisture Content, K) F R & RLT I kAT I E . FR70AHCHEFR 17 T, pH (I 5E 27 X dalidh 35k
ZEAE S A AT 71 (DZ/T 0279.27—2016 ) 2K H1 B F i B LB %, BH 25+ 28 ¥ 12t ( Cationic exchange capacity,
CEC) 7% FR Atk - e PHE F A Ml I A (LY /T 1243—1999) , EARFREN 25 i1 WLICIE I -2 ik X 47
6 T vk RN H SR A A5 B R R R SO s I e A HE AT AL (Soil organic matter, SOM ) |, 4= % ( Total
Nitrogen, TN) , 2= ( Total Phosphorus, TP ) . 2= % ( Total Potassium, TK) . il % #8( fi# % ( Hydrolyzable Nitrogen,
HN) 3% ( Available Phosphorus, AP) A ( Available Potassium, AK) B}, 2% 2% bk 138 & A9 & (LY/T
1228—2015) AR IEBE A E (LY/T 1232—2015) FIARAR SR E (LY /T 1234—2015) , 5 5 #e
% ( Exchange magnesium,Mg) 32145 ( Exchangeable calcium , Ca) B | 22 BRIk 2282 AR S 7B 2% BHES
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FASH R T A S P A A4S B 1 %€ ( GKMNL-FB09-01.4—2023) . &% + /& (NY/T 1121.9—2012) I 5
AU (Available Mo, Mo) . 275 &A% I 2 - i JBil & 55 B8 1R & S5 ( GKMNL-FB09-01.3—2023 ) ]
SEF B ( Available B,B) , 2% +3 8 P RS TC RN ik, O =W i O TRIZHE-F B & S5 5 7
TR BHERED: (HY 804—2016) , 1l 5E 45 %% 4% ( Available Fe,Fe) A5 %%4H ( Available Cu,Cu) A %%¥ ( Available
Zn,7Zn) AU ( Available Mn,Mn) ,

27°N
27°N

26°
26°

KEE - [

KR [ ER

W ] MRS RXE

EE ] Wi TRe
103°E

B1 &ITHEFRATEREERMGE

Fig.1 Dry hot valley and sampling sites in the lower reaches of Jinsha River
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KR ZE G TP A IR E A TR R, MES AT IR ER BV ARFR 22 ok 17 T3R5
FHCHAE R 1 BEFE AL E 0.10—1.00 Z LR A 1EhR. BR T pH (EAF, HAth 16 Tidgtr 5 15700 i
HR L ILEARDC , BRI bR(E K BRI /& ISR 75 oK, I Z FR ot =, B AAE IO SR S 805K s 132 pR 4
I 2 A W 5 A P S R) 55 0 o o X (R A A, A=K F

1.0 X Za,
0.9(x, .—a, ;)
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0.1 X Sa
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FRAG T BREESTA, BME TR R FE NS | IRUE b 4545 457 2 X ) BB b A7
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Table 2 Soil nutrient classification criteria

F8F5 Indicator 432 Classification

A/ (g/em’) RS, >1.55; 30 557, (1.45, 1.55]; %52, (1.35, 1.45] W%, (1.25, 1.35] ;3& B (1.00, 1.25] ;4F
Bulk density (BD) . <1.00

TR 1% T . >8.50; 5508 (7.50, 8.50] ; Fh: (6.50, 7.50] ; $59MR : (5.50, 6.50] ;Fatt: (4.50, 5.507 ; A :
pH <4.50

BHES T84t/ (¢ mol/kg)

_ . . 3. >20.00; 80 ; (15.40, 20.007 ; H145 . (10.50, 15.40] ;055 : (6.20, 10.507 ;55 : <6.20
Cation exchange capacity (CEC)

®3 TEFRSARRE

Table 3 Soil nutrient grading criteria

ity 2] Level
Indicator 1 2 3 4 5 6
jeid ,
ii@ﬁfﬂﬁﬁ /% >4.00 (3.00, 4.00] (2.00, 3.00] (1.00, 2.00] (0.60, 1.00] <0.60
Soil organic matter ( SOM)
It
2R/ (mg/g)
Total Nitrogen (TN) >2.00 (1.50, 2.00] (1.00, 1.50] (0.75, 1.00] (0.50, 0.75] <0.50
W/ (mg/g)
Total Phosphorus (TP) >2.00 (1.50, 2.00] (1.00, 1.50] (0.75, 1.00] (0.50, 0.75] <0.50
28 /%
Total Potassium ( TK) >2.00 (1.50, 2.00] (1.00, 1.50] (0.50, 1.00] (0.30, 0.50] <0.30
WA/ (meg/kg)
Hydrolyzable Nitrogen (HN) >150.00 (120.00, 150.00] (90.00, 120.00] (60.00, 90.00] (30.00, 60.00] <30.00
W/ (mg/kg)
Available Phosphorus ( AP) >40.00 (20.00, 40.00] (10.00, 20.00] (5.00, 10.00] (3.00, 5.00] <3.00
R/ k
ij{’ﬁﬁﬁ (me/ g) >200.00 (150.00, 200.00] (100.00, 150.00] (50.00, 100.00] (30.00, 50.00] <30.00
Available Potassium ( AK)
MR/ (¢ mol/kg)
Exchangeable Magnesium (Mg) >1.65 (0.81, 1.65] (0.40, 0.81] (0.20, 0.40] <0.20 /
LIRS/ (¢ mol/kg)
Fxchangeable Calcium ( Ca) >4.99 (3.48, 4.99] (2.49, 3.48] (1.50, 2.49] <1.50 /
Bk k
ﬁ)d;%(/(mg/ g? >20.00 (10.00, 20.00] (4.50, 10.00] (2.60, 4.50] <2.60 /
Available Iron (Fe)
A3/ (mg/kg)
Available Manganese (Mn) >30.00 (15.00, 30.00] (5.00, 15.00] (1.10, 5.00] <1.10 /
AR/ (mg/kg)
1. 1. 1. .20, 1. .11, 0.2 11
Available Copper (Cu) >1.80 (1.00, 1.80] (0.20, 1.00] (0.11, 0.20] <0 /
AR/ (mg/kg)
=<0.
Available Zine (Zn) >3.00 (1.00, 3.00] (0.50, 1.00] (0.30, 0.50] 0.30 /
AR/ (mg/kg)
=<0.
Available Boron (B) >2.00 (1.00, 2.00] (0.50, 1.00] (0.20, 0.50] 0.20 /
AR (mg/kg) >0.30 (0.20, 0.30] (0.15, 0.20] (0.10, 0.15] <0.10 /

Available Molybdenum ( Mo)

S pH BT 7, o R B B 1) - RN AN ) T 19808 7 2 [, T DR R L 4 780 S5 s 3 pR 8, 1
B .

0.9(y,—-n,)
— 0.1 n,<y,=m,
m,—n,
1.0 m,<y; <m,
Sy)= (2)
0.9(n,-y,)
— 0.1 m,<y,=n,
n,=m,
0.1 y, <n,5¥ y>n,
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Ay, HEEAS i 5 pH A ARG ST FbRAE T S AUV R & 0 AE K B E3EREE 0, om, omy on, 0B RE R 4.50
5.56.8.01 1 8.50,
+IEFE I FE X (Soil nutrient index , SNI) TTEAZAF .

16
SNIL, = > W, X F, + W, x F, (3)
k=1

K. w, M F oS kAR PR AR ISR B2, i SPSS 40, B 17 R AR AR 75 22, JF
B TIFEERA R F 07 22BR UL 338 A R F 5 22 2 F R AR 2R, SNI A EUEYE R 0.10—1.00 , 1 #idE
I 1, Fn HIEAE EBE . 18 0—10 em +)25 10—20 em + )2 H3EF P8 B IE , TR Jenks H SR
Wi sl 20280 1 B R ISR R R 0 T —V 4, 24 SNI/NT 0.52 B, 434k V 9% 24 SNI 4b T 0.52—0.54 [1]
B, S IV G AbF 0.54—0.55 A1, 43200 T4 AbF 0.55—0.57 [, 4328 TT 4% 4bF 0.57—0.61 [R]HT,
SHER T W, 1 —NLERFMRFER, MB AT X, V—V P KB IX
1.3.2 BT FHENLARARAY 58555325 8] 3 A T5000 R0 52 e PR 2230000

K ArcGIS pro XA H 3 TR A /3-SR0 1) T ELXF 39855 43 04723 [a] S, 38 18 30 0080 B )1 25440 1
] B G TR R 7K FRL s 2 X - 3R 43 25 T T ) AR TR A B ML g o Bk S ) e
SR AT RN, BT AE 1 A O R 55 T80, AR Ry e AR SR T SR — o0 R 2 B AR, SE BRI AR5
i SR — AR R T AR TR B A SR AE A 0—10 em 1 10—20 em 1 JZ A SNI 43551 15 5 T A% & K 6 4~ 1]
[ 21 TGRS M DR 4 Ry il A8 o, 72 RO THT BB BUCAE 3 S0IR (X1) AR REK (X2) ARSI (X3)3 A8
i HIEVER O T, PR S S B 3D (X4) P (X5) B A S R (X6) KHE(XT)  HIKER
(X8) KM AL (X9) 45 6 ML FEAEH 7 T BOA R A 7 71 (X10) A — AR A8 £ (X11) FAE B 2 A
(X12)3 Az hr Feiie i 75 e s (X13) BB (X14) HEIm) (X15) HSREH (X16)4 A8 5 FE/K L
A5 TR O 10 B AR B (X117 ) SRAE RS TN R B (X18) 2 AR AR A SE TR Sl i Jy ThI e ORAE s 5 H
UEE RS (X19) A7 AR 1 Kk (X20) FLEALZ AR AR 77 BUE (X21) 3 Mgt . N HAIHs Bdla ok J5h worldpop
2020 FERHE 1 km 43 HER N T %5 B U5 4E (https ://hub. worldpop. org/ project/ categories? id =18) , 13K 4y
FES B R R R T B 575 e = R B PO (hitps :// data.tpde.ac.en/home ), 5 7K 15 0] 3 B 85 3 3 AR AUF 572
X B Tkm 4%, IR I o 280 5 i 7K P BB a0 S U A R B B3 RS, LAt A 25 i oA U5 A 9% U5 A 5%
BHEEAE - 5 (https . //www.resdc.en/Default.aspx ) o HH1, 75% BIREAE g (21 41) H T RIBIFUN , 25% 141
P (7 4) TR IS, D IR PSR B 1 B 500, 55 20 K I B RU AR (R AR | T RN o 1 DA AR
WM, 50 ARG B B B, 3G 0 PSR A A 1) 1000 F1 2000, HE1T [ IS W, B G PSR
R 1000, 0 H AT B X 4357 55 1 25 0] 43 A7 A% 58

2 HREHSH

2.1 JEXFEZE L erib bR

T4 JER TR X R Z LTS5 A MGt a5 R, S F , 3% K EEE LT
0.98%—4.09% Z [] , “F-3I{E K 2.07% , +3E BD JuFIAL7E 0.93—1.74 g/cm’ Z (8], SFHE N 1.48 g/cm’, +3
ST ESORAS . BRI EbR KT, pH 1B 5.18—8.29 Z [a]  F-X{E S 7.62 , -3k A 5 3 g 55k R A
CEC /F 4.20—41.70 ¢ mol/kg Z[0], F-34(E K 9.23, AbF 4 Z¢, + K PAIERE J1 W55 . SOM TK 4bF 1 2%,
TN AT 2 %, MM, AK 0T 1 90, 350 S B  HN AT 4 9%, 3500 P & AP Ib T 5 9%, i 21K,
AR S R B R A ORI 174 A S A B O A T A PR AR I B HORE JE L pH (I8 53 REUINT 10% , R ILH
557 S 23 JA) 2% F 4/, K CEC .BD SOM \TK ,AK TP AP TN HN Mg F1 Mn #7485 Z %4t T 10—100% , )&
FrAEREA R Ca Fe Cu.Zn B fll Mo BZAE 3 REER KT 100% , )& TimaAr &
22 AFEXEZRLERSDZES

& 2 JBR T 5 AR A T ESEZE X 0—10 em A1 10—20 cm )2 124010 25 AR IE . TR R FEFEIX , M

http ; //www.ecologica.cn



11 4] PP A VDT U AT R X R 2325 i) 23 SRR AE 5131

ANFAXEE, EEIX R TN B BD BEE THEF X, TP fl Mg W&/ THERIX, M ZEE X /Y SOM HN Mg
A1 Mn B ECTEHHIX K SOM Ca B FH T HERX , JEHIX 30 Mg B &5 TIERX, M Ca B EILTE
BIX, MRS ER AEERIX 0—10 em )28 TN HN AP I Cu W& 5T 10—20 em +J2,

x4 EXTEEUFERRESIT

Table 4 Descriptive statistics of soil physico-chemical properties in the reservoir area

bRk b o i okl o it 22 A 5
Tndicator type Indicators Unit Minimum Maximum Mean Standard Coefficient
deviation of variation
LB K % 0.98 4.09 2.07 0.71 34.46
Physical indicators  BD o/ cm’ 0.93 1.74 1.45 0.26 17.65
Fehy pH I k4 5.18 8.29 7.62 0.62 8.18
Nutrient indicators ~ CEC ¢ mol/kg 4.20 41.70 16.81 8.91 53.01
SOM % 0.54 3.16 1.56 0.70 44.87
N mg/g 0.36 3.11 1.48 0.62 42.04
TP me/g 0.22 1.05 0.53 0.21 38.53
TK % 0.77 5.67 2.45 0.94 38.29
HN mg/kg 17.50 182.00 72.87 33.98 46.63
AP mg/kg 0.34 11.20 4.87 2.84 58.32
AK mg/kg 64.00 376.00 210.33 87.96 41.82
Mg ¢ mol/kg 0.76 7.21 2.94 1.63 55.32
Ca ¢ mol/kg 1.57 120.00 40.85 31.35 76.75
Fe mg/kg 2.69 384.00 22.45 56.99 253.90
Min me/ke 8.32 109.00 31.80 16.81 52.86
Cu mg/kg 0.16 21.30 2.40 3.05 126.88
7n me/ke 0.25 18.10 1.77 2.73 154.67
B mg/kg 0.03 0.74 0.21 0.16 73.94
Mo mg/kg 0.03 0.85 0.14 0.18 124.28

FEFVESRERE X, AR X BEE, R 1 XA 2 HIN 5 28 3 1 P o DORIEE BB IX, TR 19 X 9 K pH TN 1 TP
BERTEDHX, MAFDER,EEEIX 0—10 em +JZH9 SOM TN Al HN 8.5 T 10—20 em +)2, 5
X 0—10 em HJ2H) Mo BE T 10—20 em +)2,

Sof FE AN 7K R 308 PR DX TR 12 2R 1 5 P A e [X 98 A Mg Ca . BD TN TP Fl HN f7AE B #5255
2.3 JEX RS ETEN
231 BIEFEAFEE(SND) ZS A 54 X

TSR FREAS A AT S AN 3,0—10 em +)2 HHEFR A RERES ) , ALTE 0.53—0.66 JEFIPY , B E H
FE S RTER B MERY R X, 10—20 em )2 8R40 AR AL T 0.43—0.58 Z 1], vt SNT &y B 0] 3 AE 7K
PSR P X, X EE 7K R 3 PR X 2 B, 1 ZR A e 2 X 3 0— 10 em 2 A0 35857 43 i e T LR 1 (X 3
AN BSREIE X W 7E 10—20 em )2 HHEF 50 W B0 H A S RAE | 16 5 A 7 e IX 3 70) 4 398 53 0 3 A1 T 4L
JE PR A RS X
232 HIEFRHREL(SNI) A | R S o X

I F AR KRB AR IR )Z 158 SNI (34 4 5 9%, SNI (925 [a] 43 R A 43 XS5 S Il 4 iR
B AR LS G TR P X A R K RS A 2 1 R R X B R - SR A R R IX 2 AR R Sl ) R X A
PR TR 53K DX 5 AR AT P AR K P sl ) 2 2 DX 3 R Sy - 8 0 KRS B 481X, Fl O] DL 232 fin it 22 2
D3, BIVPRAN K EL Sl b I A 30 5 A, i B i K 302K 52 M) N U K LS S 1T FTR
233 ISR RAL Rl

SRt R R - R A 1 P R RITIBEMLAR MO 125, R0 21 A A0 72 X - 35 43 (0 B M RN
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Fig.2 Characteristics of soil nutrient stratification in Wudongde ( WDD) and Baihetan ( BHT) reservoir areas
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Fig.3 Spatial prediction of soil nutrients in the Wudongde—Baihetan
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