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SHRRAE . AR TSR KA R S B B g 2s [RIAS Sk, A AL U ) 43 (A0S S R Aok, B s i
YNTAREE o ZFEME Chaol FEEUAY A IS TR/, WK T. 7E0~10cm Al 10 ~20 cm + 2 AL AP . PHE T35
BT A Chaol FEEXAE-EIE Y91 14.08 mg/kg | 14.02 g/kg . 8.04 cmol/kg . 98.53 mg/kg ., 0.65 mg/kg., 0.97 Fl 12.14 mg/kg .
12.70 g/kg. 8.02 cmol/kg. 109.78 mg/kg. 0.74 mg/kg. 0.93. Horfr, Bdifif S FEEBEN T34 & i I8 T L8R 0 0 BARHER 6 FKT,
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FAHCH: B AR ER AT LA, B 3L S B S ahn . Bl =0 AU 2 IR P IL I AR B I a3, LA
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Assessment of Soil Fertility and Spatial Variation in Project Area of Baihetan Hydropower

Station

CAO Tao!, ZHOU Beibei'", WU Shanshan!, ZHAO Yuhangl, CUI Lei?, XIA Zhenya04, REN Yuan®, YAO Shaoxiong1

(1 State Key Laboratory of Eco-hydraulics in Northwest Arid Region, Xi'an University of Technology, Xi'an 710048, China;
2 General Institute of Water Resources and Hydropower Planning and Design, Beijing 100120, China; 3 PowerChina Zhongnan
Engineering Corporation Limited, Changsha 410014, China; 4 Key Laboratory of Geological Hazards in Three Gorges
Reservoir Area, Ministry of Education, Three Gorges University, Yichang, Hubei 443002, China)

Abstract: Geostatistics, GIS, and fuzzy mathematics methods were used in this study to systematically investigate and analyze soil
fertility status and its spatial variability characteristics in the Baihetan hydropower project area. The results showed that available
nitrogen (AN) and rapid available phosphorus (RAP) had strong spatial variability, organic matter (OM) and rapid available
potassium (RAK) had moderate spatial variability, while cation exchange capacity (CEC) and bacterial community a diversity index
(Chaol) variation coefficients were the smallest and had weak spatial variability. The average values of AN, OM, CEC, RAK, RAP
and Chaol were 14.08 mg/kg, 14.02 g/kg, 8.04 cmol/kg, 98.53 mg/kg, 0.65 mg/kg and 0.97 in 0-10 cm depth, 12.14 mg/kg, 12.70
g/kg, 8.02 cmol/kg, 109.78 mg/kg, 0.74 mg/kg and 0.93 in 10-20 cm depth, respectively. The average contents of AN and RAP were
lower than the 6™ levels, OM and CEC were at the 4" levels, and RAK was at the 3™ level of soil property classification standard.
10-20 cm RAK showed weak spatial autocorrelation, while AN, OM, CEC, 0-10 cm Chaol, and 10-20 cm RAP had nugget
coefficients less than 25% and showed strong spatial autocorrelation. Integrated soil fertility index (IFI), AN and OM gradually
decreased from northwest to southeast, while other fertility indicators had different spatial distribution characteristics. In conclusion,
the overall soil fertility level was low in the study area, with RAP and AN as the main limiting factors.

Key words: Baihetan; Soil fertility; Spatial variability; Principal component analysis; Fuzzy comprehensive evaluation
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AKHK R T AR E A B L L ok ok
B AR R A R R A A AR R A E R
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BS AR  LIEAE g 2 A A o A R4S o i
25 a2 BHaE A BT K RDK B TR R0 H
DAY AL PRG£S e Mot i B IR R A SR
M ZEATSE . i FORDK A TARRIH 3 R BUR L £
ST RAH RIS IR 2278 SRR 25 B J5 ¥ 1k
A7 RIS PEAN 5 25 1) AL S 00 B, 7K L AR S
SAFIXIR B RIHAELEA AR S

UTAER , AR [ N A b2y SR T T T Mt B
BARGE(GIS)MFFE ARMLE G HFIE T M A 2 1]
AE SR . A AR RS B R G e
SEWTE T T T e 23 (8] A2 S Ak . SO
AV TG A HOR I T 05 X LR o s
[F1) A2 S 1) 5 BERAE 7 o R R F R BRI RS 1Y
ARIH], #2047 4325 [ AR S AL AR B ),
Ly SOV 5 e I TR 3 1 /N IRUBE 3 ] A S L
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gttt GIS MZSERITIE, RS AbRE £
RAE, LSRR R TAREIX BRI R, i/
JET 13RI 0 25 (8] 3 SR AR, JF X R G
PEATVEAN , S B UV RAART AR 7R K L TR I H XK
SRR S A I R I

1 #RERE

1.1 HAREXER

5T XL T = 8 19 58 B VRS MK rL st i X
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(F 1), J& T = R AR S, AR 21.1°C,
AERROK BN 801.2 mm, - IESSHY DIRE 2T 38 J 4T 4%
HF o ZX SRR TR R X LS, A
B AT TAT A R AR EE B DN, HC G A A2 R S ) i L O3 A 2
SRS, TR BN & TG, B
FEXIOK R E, MR AN [ R R A
1.2 HEmEAESHH

HRPEAIFSE X A = St R FHBR | 3T 1 550 FAR Bl A
B0, AR ARV S R 25 ], 256 i G AR KT
GPS SENL(# 1), T 2021 4F 6 HHARER I A 1 m x
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Fig. 1 Location of study area (left) and sampling sites (right)
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BT A, SR A . AL
i, BHESFAcH i (CEC) , Sl . Bk miff h 1 45
HEJdEdR, MBI (Hgekibsrtr ) 1B, @
AR T, BB Chaol FEBUCFE LI FREK
ZREPEFE R, Hu it Mumina /2538 S0 FFH AR & .
1.3 EMhAE
1.3.1 L3R T8 bn S B AT R+
SRR AR AF ) LB BT 5 ) O I T Ak PR SR A R L
T IRBL B & AN G AR g Ry
B, VR R R f K, e
PR R | (R E R AR EE RN, &
1 45 - 5% 00 P DA R V% 22 REPE 4R B0 AR DG 43
BT Chaol F8EH T SEAE i v BT & AR 1R 0 2 B
JG(OTU) 28, ik TR#FFE, Chaol F8EUHK,
U2 TRV 32 2 w5 Shannon $5%0F1 Simpson $

B WA B REVE 1 o ZFE4% , P Shannon $5 UK,
UL AN PR RS 1 ZRE RO, mg 1 BdiEmT A,
MR IX I AN TR A 75 AR A S 1 R A dR AR
AHOCHE i P A%, H AP EHE Bz [a) 3 o 2R A G
MXREIIRT 0.85, HI, AMFFEEECEBIAHE R
B KM Chaol #8801 MAETi484R, 0% 4 M2
PR AL

DAL 438 PR 7% B 7 04 ST R AR FH AR B2 %, AN ]
2B E A AR 1 7 AN AR R, 4 = gy
IIRRENT B RIEAE R HE R O R R
RO ARBTR FIMOC R B, ISR AR,
TR IR NS T HE bR Z A G R B (3R 1) Bkt
N AR BRS HABTE AR AHOC R B AME , LLZIE 5 113
S AR AL 7 48 AR AR 5C R BE Z R He AR iz g
PRIGACE REH(EE 2).

x 1 TEENEREMNEXRY

Table 1 Correlation coefficients between soil fertility indicators

T2 (cm) NE 34645 mifrE AL CEC WA #AWE Shannon  Simpson Chaol ACE
0~10 Rk 2 1
EERiING 0.883" 1
CEC 0.099 0.179 1
PRAHR -0.17  -0.284" 0.045 1
PR 0.079 0.158 -0.011 -0.141 1
Shannon -0.006 0.027 -0.028 -0.016 0.033 1
Simpson 0.015 0.034 -0.007 0.013 0.019 0.988" 1
Chaol 0.007 -0.021 0.017 0.063 -0.042  —0.991"  -0.965" 1
ACE 0.011 0.014 -0.021 0.015 -0.012 0.914” 0.959"  -0.870" 1
10 ~20 e 4 1
EERiING 0.929" 1
CEC 0.248 0.207 1
AR -0.032  -0.287" 0.08 1
KW 0.288" 0.288" -0.061 0.03 1
Shannon -0.015 0.021 -0.008 -0.015 0.026 1
Simpson 0.092 0.011 -0.021 0.005 0.012 0.956" 1
Chaol 0.011 0.036 0.025 -0.062  -0.053  —0.942"  -0.893" 1
ACE 0.023 0.041 -0.022 0.013 -0.053 0.921" 0.932"  -0.862" 1
e * FRIRAE P<0.05 KRR )EAASE; ** FIRTE P<0.01 KPR ) AR
1.3.2  JEJHEARSR R B ok B0 HR A5 1A g 1.0 x=x,
Febn 5 VR A A RN M 22 T SJ S B R BB AL )y F(x)=309(x—x)/(x,—x)+0.1 x <x<x, (1)
S AUFILIL AL RN 2 B SCHR[24-26 R4S B FSE 0.1 x<x

X SRR, B A a e BIEEAUR A
CEC., BHEAHP & | a0 & i AN 2 REPE X £
MR A RN, RS AR E R (A (1),

MRS K H 3 A BT FR I AR ER (R 3)
L5 X L S 3R I3 RR AR 58 45 18 b e A RO ELGR
4), MEECRAEA M.
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1.3.3 B PEHFe B i ) FHARR B R i)
Fnafe k5 45 HE 1 5 A5 B A (RN SRR BE A A
QA LA IR 148 5L

IF1 =YW, x F, ()

i=1 l
e n T, W N A NRRE | RS EIAL
AR, IFIBUEIER 0 ~ 1, IX(E#RE 1,
FEoR TR S

FESHERA 0 BF, 207 2R EUE RN 0, (Hi TR
A2 B AR 545 PR W AEAE , AT AESE BRI T 24 h=0
BRI E (Co)s 252007 25 R B p()BE 3 %) —
A SEATRE W H B, XA HBCBERR ik 5 (E (Co+
CHPY FEEOBIRY | Ay | 2R PSR R AR AT
H S w2 T 22 sR A A AP

%2 HERAEFHTHEXRBRNE

Table 2 Average correlation coefficients and weights of soil fertility

134 FHEAIE )5 H RS 4 indicators
‘21$#vm§;§éﬂa£ iﬁ #Zifzf;ﬂ}ﬁ\iéf JZEJ/% e RAFRAR **
e ’ 0~10 LA 0.310 0.281
FEXTIRAEI 130053 0 5 AR 5)- A LB 0.381 0.347
135 ZEZEREST HGIE ATz CEC 0.088 0.080
T AR 8 bR 2s (B AR S g th P 22 G 0.176 0.160
PRECE ST SR 5T T B AR HZ R E0E A 0.108 0.098
IR T H5hR X IFT (RS AR e . AT Chaol 0.037 0.034
L) . 10 ~ 20 TRtk 2 0.377 0.286
y(h)zm Z I:Z(Xi)—Z(Xi+h):| (3) A LB 0.437 0.331
i=1 CEC 0.155 0.118
.y NGRS h W 22 R N(h) & S 0.123 0.093
AREECA A B PIREAS SO E ZO) R Z(x+h) 53 27 A 0.180 0.137
RS A xR x+h AR . BSOS PR Chaol 0.046 0.035
£3 FIRTFELERFS HRIFE
Table 3 Nutrient grading criteria for 2™ national soil survey
e 371 Tl fi % (mg/kg) HHLR (g/kg) CEC(cmol/kg) T (mg/kg) JE U (mg/kg)
1 >150 >40 >20 >200 >40
2 120 ~ 150 30 ~ 40 15.4 ~ 20 150 ~ 200 20 ~ 40
3 90 ~ 120 20 ~ 30 10.5~15.4 100 ~ 150 10~20
4 60 ~ 90 10 ~20 6.2~10.5 50 ~ 100 5~10
5 30 ~ 60 6~10 <6.2 30 ~ 50 3~5
6 <30 <6 30 <3
F*4 REERHHBZPITMNERNERTS
Table 4 Turning points of soil fertility indexes in membership function curves
T B A& (mg/kg) AU (g/kg) CEC(cmol/kg) R (mg/kg) L (mg/kg) Chaol
TRRAE (1) 7 8 7.8 80 0.1 0.97
I BRAE (x2) 15.5 16 8.3 114 0.7 0.976

x5 THRESIENENSR

Table 5 Classification of soil integrated fertility index
e ER 1 I I v \Y
IFI >0.8

0.8~0.7 07~06 06~04 04

14 HELIE

Skt G A A7 45 T T ) HH B ES BEAE, AR IR
FAPLAR R PR B 0, K FL R J5 2 500 B
IEF MBS . S/ MEH T2, DU = 5
HIUERAE . FHi5FH SPSS 26.0 B W BE#-A T Hi A 1k

Gi1t, 1EZ 4040 K K (Kolmogorov-Smirnov , i #K
K-S); iz M GS+9.0 HEf7T 7 22 R, 4565
ArcGIS10.8 AR{FH ST ARBOH R AL Rl 25 L IAL T1 46
FRiffAT o HUA (Kriging) i (il , Az B H4JAE J1 48 bRy =S
[i] 5347 1l

2 GRS

2.1 FWEAERMRERES T
%6 R THIRIXEIZ(0 ~ 10 cm) FIEJZ(10 ~
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20 om) HHER AL S FEAR I H A MG R . tha& 6
A1, CEC Fl Chaol 8¥M2E 5 REY/NF 0.1, )&
F AR AL R 1A S R BT 0.1~
0.72, JB T 4R e, RUIAFRE 132 Ak
Bl B A R AR AR S R KT 0.72, &
PR A AR S o Hv 6 2 RN IR 2 RO 1 A S R UK
3R 1.37 F10.99, —J7 T RH EAZ A Ch R 2R 520
B, AT RESE: Tt AEAS Y5 SRR - 49 1 K 3 2k e
o i, XWEEEE RIED A S REA G,
PR Sy - HE % B8 25 7 i W B i ) 25 S BOLAE 5P T
Bogig . tier ST e B R 2 AR 1 AT
R Rl 7155, (H 5) B M AR IS o I BE e B K

Bk CEC 4b, HAWAEJH8bRi MY N IE[E, 24
(R

AN, SHH IR RS A 1SR 0 R (3R
3), WS DX BB BRI A T34 B s AR, /DT 6 1
K-, BEHLUEA CEC J&F 4 JUKF, #AHET 3
FOKF-. HWAESHEVRRA K-S ESHIGT, 453
WIRRZFGR)Z T B EAE M Chaol FEEUAT 5
B , RIZFR)Z HHERR A A HUTUR 3k
Bl 2B S AT B IEAS 0 A, PR mT DAREA T2
Ao, BRI, RIZFRZ LI CEC BdEZ g%t
A s 0 — A B S A ASTF G IE AR, HL A i
—HR, R B R AR B A T A Y

*6 TIEEHIRIRIERER T

Table 6 Descriptive statistics of soil fertility indexes

12 (cm) HE 346 4% e/ MA HRAE A it 22 5 R AL i 2 353 K-S Hy 56
0~10 % A (mg/kg) 4.80 56.94 14.08 11.60 0.82 2.579 6.55 MEOERS
AW (g/kg) 4.76 42.92 14.02 8.62 0.61 1.98 4.06 MEOERS
CEC(cmol/kg) 7.09 8.50 8.04 0.35 0.04 -1.23 0.84 JEIES
AL (mg/kg) 34.96 170.42 98.53 25.36 0.26 0.18 0.95 IER
B (mg/kg) 0.07 3.84 0.65 0.89 1.37 2.58 6.15 MAEOERS
Chaol 0.96 0.99 0.97 0.01 0.01 1.43 3.90 EA
10 ~20 B A (mg/kg) 4.78 48.24 12.14 8.76 0.72 2.64 7.52 MEERS
AW (g/kg) 4.65 42.92 12.70 8.23 0.65 2.34 5.97 MAEOERS
CEC(cmol/kg) 7.17 8.35 8.02 0.29 0.04 -1.35 1.33 EIES
AL (mg/kg) 52.96 181.09 109.78 30.34 0.28 0.37 -0.38 IER
B (mg/kg) 0.08 3.83 0.74 0.73 0.99 222 6.39 MEOERS
Chaol 0.90 0.95 0.93 0.01 0.01 0.32 -0.75 EA
22 FBMRAEEIRN T B F A G 1 fe K BE B B0 AR 98 XA ML . AR

220 EAERREETr E R APTINE I E
FR BN 5% 22 - J7 AT 22 fieadk ~F Ty 22 R BB 2 (3
7)o Horh, BUSWEAT G ORI, S FIR)Z CEC
FFALRIERRL, ¥R)Z Chaol FFAHREERL, HAhts
P U i 5 e TSR o B R ABR(Col(CHCo)) MR G M
SIS HUAE, HARRBEHL I 25 R i 28 (A2 5
RS ALEEPT BRI X AR AL . A HLS . CEC &
TR 2 H A A e R /NT 25% , e 23 18] 5L B
23 0] [ RO, R MTHAR S B2 45 A PR 3R (e
W IE FIRE B ) BRI . TR R AT B RO T
75%, fEzS ) B A 8] A A OCHE, UiIIRERLTE
RAEH A () A S b i 27 AR TR P e 1728 s ]

Chaol #6841 ) 3R)Z CEC SRR, ¥IKT 1000 m,
WIEAHLUFEASFEA 4 226 m, X NTRA, FHUHEE
PR 22 AR L P S e L2 () A8 S e 2 L A
BEFIUR)Z CEC AR R/, 7F 104 ~ 248 m B [HIN, 45
BEERBOTUE ), AR/ N N BA & W0
AR S, 2 [ A FRIE i AR A o i 45 IR
JIHRFR ISR R F R[], g — 2D 5E A ] U
214 b 98 KSR T DD SRR AT

2.2.2 JEJJHEARMAS A D T 0 M R
B IGAE S8R A 25 [RVRRAE , ASBIFST R FH 5 38 0 FLAR
(B A T [ RAE R BE T 19 45 T g 46 5 25 8] 43 A
BEHREE 2), WE 2 haTiE S, REZSHZES L
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Table 7 Semi-variance function model and parameters of soil fertility indexes
+ 2 (cm) NEJrfars B Yl A P ZH(%) 5 (m) B2V IrR PoEREL

0~10 AR S A 0.000 1 0.2622 0.4 145 0.011 7 0.742
A BT g g 0.128 0.675 19.0 2927 0.016 6 0.815

CEC e il 0.000 2 0.083 2 0.2 1397 0.109 0.142

R Rl 357 774 46.0 1026 108 685 0.633

A BROR A A 0.06 0.186 32.3 248 6.642x107 0.478

Chaol e T AR 0.000 21 0.000 91 23.1 3613 5.167x107"° 0.681

10 ~20 A S A 0.000 1 0.213 0.1 152 9.572x10°3 0.702
A BT e TR AR 0.122 1.219 10.0 4226 0.0143 0.858

CEC [ e 0.000 1 0.090 2 0.1 130 7.884x107° 0.294

A LAY 872.09 1091.83 79.9 1030 158 735 0.246

AL BROR A A 0.016 1 0.159 2 10.1 104 9.194x107° 0.217

Chaol He B 0.000 1 0.000 2 50.1 1005 8.090x10°° 0.474

BN S8R AR IE KA — 2, R Z 0l A A AL
S TR TR A W AR AR
TWIZ . W ARG YL AL, BRI
H PG AU 1) AR i 2 T A e 34 B 2R A EL Ay
A1, EEETTE 8.00 ~ 28.00 mg/kg, iR X
ST BRIRHE R FE X Pa A6 . A3 HLS 4346 i P
1] 7R B Sl R BRI, &8 7E 7.00 ~ 12.50 g/kg
M X 7 L% . CEC 43 M%), ZRpa il it
Tfik . BUSCHR A b 4%, AR AR, SRUIHAZ
NAEERWF R . A& i KR E P 0.08 ~
1.40 mg/kg, A THARAKN-, SEBEL/NmD, ARE
2 M S I K RIS X SRR R, AL
BEAEDFRE XN PR, X S R E—30
WA PSR X 25 g T BT A8 i X R A T SR A DA
ISR T AR 258 o AR AT Y S il 5 25 7™
PRI AR 22 AR, PRI I o] 348 i = S8 ol 7 2
X R S E P Z 8, Izhar Shafi 450
T 3 T i PR AR s T R B, AT AR i T
YA . Chaol H8EIRIZ HSRIZ A —3, =l
SIATTEARTOMN , 33X 5 S0 & 5 o A AL, AW 05
A Z e R, BRSNS R, XK
8 - 98t FH S e T i Wl R e I s
T A R0 7 00 2 RN AR 5

2.3 TEEEBAEEAFDEFIE

231 IFILHARMESTT XHFSRIX 50 NEE S Y TFI
HPIZ TR G T GR 8), ZARERH,
MU IFL IR IEZS 310, 225 RECh 38%, J& T

Lo Hop, R2 0 IF1F9(E N 0.55,
T BE R B, oA R o s TRJZ T 40 TF1 71y
H4 0.53, fmBENIE, HormE R fim. B EE
FEFRTE AT AT R, RIRE LR Z
IFL AR FHAFIME, W2 K240 1R fE/)h
THA M.
2.3.2 IFI ZS[E4FE 38 GS+9.0 AR X5 X
RIZFR)Z HHE IFL HHE TP 5 R A (R 9),
SRR RZ T3 IFUE BRI & RO cds
PE RBGE 0.729; TRIZ -4 TFT (H i s g ol 45
ORI, PeE RN 0.684, MREHLE RETH,
W5 X - 25 A AL I 19 43 (8] 2045 22 B BEA LA PR D
SEFPER R 3L [R5

K H ArcGIS10.8 FA4i) v LR (A T HL2 il i
58X LA AR S R B 2 [ o AR Y o B A
{RL3E SR 05 IFLAE RE A XA T s IFL(E RS0 S R4 T
DA sy T PO 9% DX IR LR 5 N 0 he B 43 A . Tk
WIS 12050 3 %ot A B R A R, T EE ML T T =
LA M X BEZEA IR 2 8] 20 Al o I 3 AT LR
th, IFT (EAEZS ) 20 A b [RIBd AR . A LIS 20 A Ak
AL, TS H AR Chaol 23 6] S0 A BRI A7 AR — G 22
5, X SR — 8 MR IS5 R, 0~ 10
em +EH, T MRFZHAMHLEFEICM, /NEAUL
TR M R BBER, Mg, V. VESGT
FEFARFE M, 10~20em 2, 1. NZE046T
PR, TEPE R, AR 2 R AE AR, IV .
VG KRR, 2 T, 25
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Fig. 2 Spatial distributions of soil fertility indexes
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Table 8 Descriptive statistics of soil integrated fertility index
1:JZ(cm) i H I/ ME RRME  TPHE A2 BREAK I 2 U JiE K-S K5
0~10 IF1 0.14 0.98 0.55 0.22 0.38 —-0.82 -0.99 IEZ
10 ~20 IF1 0.20 0.97 0.53 0.20 0.38 0.56 —-0.52 IEZ
x99 IRESEAEFRHETERHEERSH
Table 9 Semi-variance function models and parameters of soil integrated fertility index
+JZ(cm) I PRSI HesE EAE PERB%) ZEREm) 5% 2275 il e R EL
0~10 IF1 BRRBAY 0.019 0.062 0.31 1003 6.433x107* 0.729
10~20 IFI [E: iy e 0.023 0.056 0.41 1300 4.230x10°* 0.684
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I <0.40
[ 0.41~0.60
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I 0.71~0.80
[ B

0 205410 820
— — 1
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— — 1)
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I 0.71~0.80

“- B o031

h—

B 3 HRRIBESEAOEH=ESH

Fig. 3 Spatial distributions of soil integrated fertility indexes in study area
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