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Fig. 1 The sketch map of the study area

2 RAZE

2.1 BFIMEREE

2007 4EF1 2008 4 9—10 H 43, 7EHIX i S
ARIVBUNSEMN B FEFSL® T 1. 1L T3 AT T
KFE (B Do SRR HE- I, S ki 5
MR RS, T T AR S, SRR TIRE
AR, 3 4 Ik 27 ASREE S RS
FES 0 5REE 00 200 40, 60, 80. 100 cm Ab-1-Ff,
JIT KA i AR B i o AERFERIY, HY GPS ddsk MR
FE R AR BRI LA SR R L) RO o
2.2 TIEESFAFHRINE

AR A SR A 15 R AR, 18
SRR, PR, obim (FLAA2 1 mm AT 0.25 mm 1)1
G0, % A BRI SRR i o BT AL

SR o BT A B B AT . IR A (I e SR
I HLF9% (DDS-307A WL FZA0; HH R W BEN ¢
pH (pHS-3C ¥&% pH v1) {H; /KA ZT DR IF
28T (KND-04 BYZEMR £ )s AR FH kIR A
BRI DT EATRIE (7230G eeIE L) T
SR 5 SR IS R Bl B — KM G BE VI o T 1
IFRE I ] FAT004N H T 20 R,

2.3 MEEItERE

(L5 WP B 5 ES A e o 2 1 w53 S5 QL
)53 MT 735, WIHEAMU R A R 7R 8 M A A
) L (0 o3 A A8 S REAE 1 ELREE A SRR 25 ) 4% S %o
AR S ThRe gm0,

S T2 A8 S R BUE B 9T A R AL A A R AE IR
T AP T AR e B SR R (Cods
gt ZE (O, BERM (CrC). &R (a). 4
TE4EEL (D) Mgty 2 HEEGH 2t (C/(Ce+C)) %
SE RIS ) S UM RE S « 4. T S5 SR AL
AR S o H0E 5N P

()= gy & (2 (0)=2 (e
X, r(hy NEREEG h OB, B TR &R
SEER AR R 2 DB s AN T 6 SRR AT 43 SRR R ]
(A RRFEES ;s N(h) A RIBEEE A h BOFE SO0 EG 206)
A z(xithy 43 e AR & Z R AL E x Fl x+th
IE.

R SHOR A R e T E L 2.
Co RRBENLI 2 1A W 5 T, C Rom RGAR RIS
) 57 SR, CotC R WAL AR B /E FF 5 Bl P S 2 )
AR, CACe+C) M A G40 1 2% IR S o oy
7 ) S SO AR

A5 5 B r(h)

| Pl Gy
gEm O

B2 TREY. SHRETERREEESRE
Fig.2 The quantitative analysis graph of semi-variant function, parameters

and spatial heterogeneity



840 +

i 44 5

0 EARIAAR R AR, T I e A AU
Gy SRR F AN BRI, IR PR UER TR
TR %5 (root-mean-square standardize, 75 RMSS)
FHRAEF{E (mean standardized, fij5 MS) HANE
s R AT BT (R 0L G R, L rpobRvE 1 T AR o a5 2
BT 1, PRAET-EEBEEIT 0, B K45 8T .

3 HRESH

3.1 LiE#E4S. pH ENFHHIT 6 FHFE

.11 hIEERS WX SRPN- SRy I
ER 3 B IR 2KV J S 2 T kg e Y o R e B XK T
M, HIXFARCEFAEAE 40 em DL A I (& 3D,
FUJ PR P DX st b g8 —, iy FLRE RIS ke s — o

TR X K LT AR R, MR KIS AR SR,

HARER AR ok, A . A SR IME
KB, SEMIX 0 ~ 100 cm )2 LIS S EL N
0.24 mS/em, JCEMIE, TMgRM-Tesd B By
1.02 mS/cm, JEEX A 2.02 mS/em, CE#Htbt. M
T TROCKE (B 4), G g SR bR S
(R INAR AN, TSV A I SEBE IR R 1 458 L 3 4 S
S IR R R 1R 38 0 B AR AN IR R, g3l R
2.01 mS/cm A1 3.83 mS/cm J/NEEZH 0.5 mS/cm
A1 1.2 mS/em, FEERIZHIX ST, KEMHEL, 2
ff P K BTSRRI TS, R KR HE

MLz 3, ek R BB AR E 2
FE

45 - —€—0cm

40 L —&— 20cm

' —A— 40cm

35 —¢—60cm

3.0 —¥— 80cm

2.5 —&— 100cm

2.0
1.5
1.0
0.5
0.0

3% (mS/em)

KFERE (km)

B 3 R¥HXGMNTESTIESESHKTET L EN-TTE)
Fig. 3 The changes of soil salt contents from oasis to desert

in Minqgin Lake area

3.1.2 8 pH H  MKFIm EkE (B 5,
WFFEIX 3% pH AR T 8, # EHUABRIE + B 1E,
XEZX I BERAT K . WPIMERTE, pH (HHK

0 —
20 -
E ol
i
B 60
+H —O— 4|
%0 —O— s
—D— i
100
0 1 2 3 4
HL 5 (Y (mS/cm)

El4 REHRFNTRGLIESRENEETL
Fig. 4 The changes of soil salt contents from 0 cm to100 cm

in Minqin Lake area

94 r
92 |  —>—60cm

——20cm
—¥—80cm

—&— 40cm
—@— 100cm

9.0

88 -

3% pH B

8.6

84 -

82 -

8.0

SRFEFEES (km)

5 RENARGMFTRTGLIR pH ERYKFIL (ERI-TKED
Fig. 5 The changes of soil pH values from oasis to desert

in Minqin Lake area

2, O SR T, BN 22,
T2 R DRI 2 5 g Y DX T I 11 R 2 bRk LA R R
HEHAE FH A K

MR By R A (B 6), fESEYN. b a1 Al
BB IX 4 pH AR WA AR, EEARHEE W7
TR, GEPNIX, KIZF] 20 cm FREM pH {2
SENG IS, 20 ~ 40 cm RiE G, 40 ~ 60 cm
T SR I R, 60 cm AN AL R R
A, HrpgIx 60 cm 4b pH R K; 1E
AP B, AR A 40 em PR BB IE Y, 40 ~ 60 cm
ST, 60 ~ 80 cm SIS, 80 cm & B
BEfka st o 40 cm A4b pH fEH#K; TR X AR
T A EEARFREEIN X — 2, Hrh 20 om 4 pH {EH 5
Ko



K LA AT BB X SRR M A 25 ) 0 S o

841

555 )
0 -
20 t
5w
i
X
B 60 |
+ —o—
g | O
—B— i
100
8.4 8.5 8.6 8.7 8.8 89 90
€ pH 4

B o REMRESMTESTLIE pH EMNEETHK

Fig. 6 The vertical changes of soil pH values in Minqin Lake area

3.1.3 +T¥EHEN B 7SS P A X
IR IR IO AR AE . EBROKRTE, 3 Fhstll
FEEERE (0~20cm) PAEBEHSEMEZRE “F
R EE. BEET MRRIE. LR, KL RS R
9 306.9. 101.9 F1 10.1 mg/kg. MAKFI5mKE, 4
P 3 TP 2 Fi b o ki 20 RH A8l 1 B =1
AL IS FREAS ey T RS, O M T i
P FE B X o X T A ) B e T e, X
ST X s E B O E SR A A Oe, B,
AR A e FEAAAEAE R B AR L, 1T g s Ak
BEMIAT =, KT A T A I R rp i B R

I,

130 - 20 - 500
120 |-
_ 16 - 400
2 no ¢ ™ £
2 & 12 b %0 300
E 100 g g
& = =
E o9 i%;( 8 = 200
= W, ®
80 | . r 100
70 L L L L L L L I} 0 O
1 2 3 4 5 6 7 38 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

KAFEFE S (km)

AR (km)

KRERR S (km)

B 7 RENARGINTRSG LIERBEAIKTEEL G-
Fig. 7 The changes of N, P, and K from oasis to desert in Minqin Lake area

3.2 LiEES. pH EFMFEDBIFITIFE

3.2.1 sy WEMGEIE, BAE S
MR B JE TR AR TR 1 e TT
) b, N X S R AR S RO 62%, i
W oA 93%, FEIRIX A 69%, i i A AR S A R
KT X, HAS 8 T A e FR . T
EPEN R LM AE S R AR AR R A E K,
AR ES T SR A B HCHLAN T
IRE ) b, AR RS R G R M A0 2 A3 A X
ERESS . 46, B TSR ICER AR, INE
TR A GBI R A, WIrsE. oA
RIS, R Tk AR, AT 8
SO O s e ] R R U N i L I e
X EERE L, &2 F REGH )%
K, ZALTEHIAE 41% ~ 178% 200, HIZHED A
GARSFWE . WK 1 IEVEH, FRIX 3 Pt
(1 1 38 v 3 A e R B o AR 1) S 2 38 AR
AN A, 3 X G I D DR T DX o T
Ry MR 7 o2 . R R LA BRSO

AR 25 B LEEsR MBS n, X SR =0 R o
RGBTk TS, AR h R 1) S R A B R
Ty AN W o) o
3.2.2 ¥ pH HMFEH M3 Frsou Y pH
AR BT OORE (R 2), %213 pH {H17E
S RBCEF AL, PLE 1% ~ 4% 210, B8 T 10%,
JE T 5978 5t o 5t 3 B b AR ) AR R Ak Al 4y
SCn] PA & P X1 A% e 50t O 1 o Y Al A X
2 L PR kg S YN XA 6T Ik 3 i ST X 52 N 8T 3))
R LEEOR, LR ARAEDI IR R RO E A . A
ki, WS+ pH EAIRAGE, pH E M /NX]
2 il A Ml K AR A K I SR SRS R AR K
EEELRE (0 ~20 em) A[EIFEI S S5 004
ANHHE], AR S R AT 28% ~ 82% 0] (£ 2). M
R, WFFCX BRSO R A 1 T AR
SREY N 40%. 57% 1 51%. SR AR
oo, HOBHHR, BRORZWMME. 3 R TR
FZRRREIANE, BHEHEAKN, BT PR,
LIS IR B A IR I S BN AR E o WA IR 5



842 + 1% 544 5
F1 FREWEETIEBSEHFEITHHE
Table 1 The statistical characteristics of soil conductivity in different landscape types
SRR /91 B/MA BRE A P22 i & U i A R

(cm) (mS/cm) (mS/cm) (mS/cm) (mS/cm) (%)

2 0 0.137 1.083 0.456 0.345 1.34 2.34 76
20 0.117. 0.864 0.429 0.295 0.43 -1.08 69

40 0.109 0.677 0.423 0.193 -0.57 0.91 46

60 0.127 0.691 0.412 0.191 -0.04 0.48 46

80 0.040 0.463 0.233 0.160 0.34 -0.81 68

100 0.088 0.524 0.299 0.192 0.05 -1.55 64
JuR it 0 0.079 3.871 0.595 1.060 1.30 10.42 178
20 0.148 2.703 0.747 0.738 1.95 4.10 99

40 0.068 1.245 0.560 0.417 0.70 -0.90 75

60 0.124 1.092 0.569 0.318 0.09 -1.40 56

80 0.114 1.070 0.553 0.354 1.73 2.49 64

100 0.068 1.182 0.606 0.520 1.11 -0.24 85

S 0 0.066 4273 1.163 1.245 1.30 0.71 107
20 0.065 4561 1.452 1.178 0.71 0.32 81

40 0.093 2.797 1.202 0.841 0.40 -1.11 70

60 0.109 2.498 1.109 0.770 0.36 -1.24 69

80 0.052 1.416 1.003 0.413 -0.10 -2.67 41

100 0.046 1.764 1.028 0.469 0.85 -0.58 46

F 2 AESEMAEZWIIE pH EFRBFNRITFE
Table 2 The statistical characteristics of soil pH values and N, P, K in different landscape types
SORAKEL e T3 (cm) HR/ME EONE] FIME IR % W BRRE (%)

S pH {H 0 8.25 8.58 8.43 0.17 -0.50 -1.32 2
20 8.18 8.70 8.48 027 -0.43 -1.20 3

40 8.18 8.65 8.45 0.24 -0.40 -1.03 3

60 8.23 9.20 8.68 0.38 0.39 1.08 4

80 8.33 9.16 8.64 0.37 1.68 0.92 4

100 8.37 8.94 8.6 0.25 0.87 0.76 3

TR (mg/kg) 0~20 79.7 149.8 109.14 29.52 0.69 -1.71 28

A (mg/ke) 0~20 8.70 18.70 14.14 3.98 -0.32 -1.00 28

HH (mg/ke) 0~20 140.00 425.00 273.00 140.87 0.36 -3.09 52

T pH 0 8.52 8.72 8.64 0.11 -0.53 0.40 3
20 8.60 9.02 8.74 0.24 0.49 0.27 2

40 8.77 8.96 8.83 0.11 0.57 0.22 1

60 8.64 8.75 8.69 0.06 0.26 -0.74 1

80 8.63 9.01 8.77 021 0.54 0.30 2

100 8.58 8.96 8.72 021 0.55 0.63 2

AR (mg/kg) 0~20 18.4 83.8 51.99 22.35 -0.45 -1.03 43

R (mg/kg) 0~20 0.90 8.90 4.07 2.66 0.93 -0.40 66

K (mg/kg) 0~20 140.00 840.00 347.50 231.17 1.51 1.21 67

e pH 1H 0 8.36 9.07 8.93 0.27 0.22 -0.63 3
20 8.57 8.99 8.98 0.17 -0.59 0.55 2

40 8.46 9.32 8.86 0.31 -0.58 1.30 3

60 8.49 9.03 8.90 0.20 0.09 0.47 2

80 8.35 8.98 8.81 0.22 -0.18 0.66 3

100 8.29 8.93 8.84 0.24 -0.06 0.09 3

BfE A (mg/kg) 0~20 12.30 126.70 68.77 33.83 -0.22 -1.00 49

M (mg/kg) 0~20 0.10 14.90 439 3.60 1.42 2.26 82

N (mg/kg) 0~ 20 100.00 480.00 301.74 105.17 1.57 3.56 35
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45 Pentaspherical %Y, Co/(Co+C) 4050 37.85% Fl
59.87%, VLHIRAT iR P AR A OCHE, Pk i )
FrvELA) 5 AR TIN5 2 (RMSS )73 51l 4 0.2427 F110.796 5,
FRAET-YIE (MS) 4351 0.0124 F1 -0.031 0, H4x 4
JZKAE (204 40, 80 F11 100 cm) #5 % Pure nugget effect
B (Al AU ), Co/(CotC) 43524 100%- 99.49%.
100% A1 99.98%, FWIX 4 JZ9h + 1 SR RIREHL
PEARSE, FTiEALRL ) RMSS 4334 03652, 0.568 2.
1.0090 F10.7072, MS 43514 0.0177. 0.029 4. 0.092 6

#3 LTEES.

1 -0.104 0. B TRIZS 60 cm IR A 25 H A
RFIE, HARMH RSP v, BRI +
B W 3 R AR S 5 2 BIBE ML 2L (52, X BEAL
SR R REK B RFE AR 2

3 pH {HAE RS2 A F SRR A F 725 54,0 cm
F140 cm [A]} Gaussian 575, Co/(C+C) 43514 31.78%
F10, RMSS 4354 0.935 1 £110.960 8, FruET-HI{EH MS
43934 ~0.009 8 Fl ~0.056 6; 20 cm F1 100 cm [ f L
Ry Pentaspherical, Co/(Co+C) 235k 57.65% Fi
46.88%, RMSS 4354 0.926 0 F1 1.031 0, MS 435K
-0.024 4, -0.034 8; 60 cm F1 80 cm [ AU AALY
Exponential F1 Circular, Cy/(Co+C) 4354 0 F1 42.85%,
RMSS 73514 1.166+ 1.187, MS %3514 -0.094 6. 0.068 4.
WIFEX C/(CotC) EUAEHNT 75%, J& T h a5t A
FHOCME, &J2M) Co AN, Uil pH (HF2% AR
REGHRZIEM, SZREHLR RN .

FIR T FRAR T, 2R R R S 11 e A R R Y
Exponential #57%, Co/(Co+C) IME A 37.57%, J& T+
PEAR S, RJE T AEAEOCME. RMSS 24 0.906 6, MS
0 0.017 55 SR (V) BRSBTSy 4l 4 B AR Y
Co/(Ce+C) 4 100%, RMSS 4 0.9682, MS 4 0.004 6,
W B LG R A o R 8o S2 B B DN 35 s K, ¥
A EASNE, S A TR L B BEAR i b R I
R R BRI Y Tetraspherical £,
Co/(Ce+C) 24 0, RMSS 4y 1.049, MS 2 0.0293, J& T
SHAH G o
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Table 3 Parameters and models of semivariogram for soil salt, pH value and nutrients

TR RS biiibvig kit a Co Co+C Co/ (Co+ C) RMSS MS
(cm) (m) (%)

e 0 Gaussian 3 544.1 7.3610 19.45 37.85 0.242 7 0.012 4
20 Pure nugget effect 5166.7 1.694 4 1.69 100.00 0.3652 0.0177

40 Pure nugget effect 5166.7 0.9353 0.94 99.49 0.568 2 -0.029 4

60 Pentaspherical 5395.0 0.479 0 0.80 59.87 0.796 5 -0.0310

80 Pure nugget effect 5166.7 11.670 0 11.67 100.00 1.009 0 0.092 6

100 Pure nugget effect 5166.7 117180 11.72 99.98 0.707 2 -0.104 0

pH1H 0 Gaussian 25954 0.0350 0.11 31.78 0.935 1 -0.009 8
20 Pentaspherical 1 606.6 0.034 6 0.06 57.65 0.926 0 -0.024 4

40 Gaussian 926.64 0.005 5 5.48 0.10 0.960 8 -0.056 6

60 Exponential 3590 0.000 0 0.08 0.00 1.166 0 -0.094 6

80 Circular 5257 49789 11.62 42.85 1.1870 -0.068 4

100 Pentaspherical 4700 0.028 1 0.06 46.88 1.0310 -0.034 8

A 0~20 Exponential 4506.6 0.916 8 2.44 37.57 0.906 6 0.0175
T 0~20 Pure nugget effect 5166.7 32519 325 100.00 0.968 2 0.004 6
ARG 0~20 Tetraspherical 3035.1 0.069 8 13.47 0.52 1.049 0 0.029 3
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Study on Spatial Variations of Soil Properties in Mingin Lake Area of Shiyang River Lower Reaches

ZHANG Kai'*®, FENG Qi’, LV Yong-qing', ZHANG Bo“, LI Qiao-zhen®, SI Jian-hua®
(1 Key Laboratory of Arid Climatic Changing and Reducing Disaster of Gansu Province, Key Open Laboratory of Arid Climate Change and Disaster
Reduction of CMA, Institute of Arid Meteorology, China Meteorological Administration, Lanzhou 730020,China; 2 Cold and Arid Region Environmental and
Engineering Research Institute, Chinese Academy of Sciences, Lanzhou 730000, China; 3 Meteorological Bureau of Dingxi City, Dingxi, Gansu 743000,

China; 4 Department of Geographic and Environmental Science, Northwest Normal University, Lanzhou 730070, China)

Abstract: Based on field tests and laboratory analyses, spatial variations of soil salt, pH value and nutrients in Mingin Lake area of Shiyang
River lower reaches were studied. The results showed that the maximum of soil conductivity, soil pH value and available potassium were located in
desert region and the minimum in oasis, while the maximum of available nitrogen and available phosphorus were located in oasis and the minimum in
desert. The changes of soil conductivity and soil pH value were slightly complicated from the top to deeper layer. Soil nutrients in the study area were
of abundant nitrogen, rich potassium but poor phosphorus; in horizontal and vertical direction, soil conductivity, N, P, and K all showed medium
variation, while soil pH value small variation. Only soil conductivity of the top layer and at 60 cm had medium degrees of autocorrelation. Soil
conductivity of other layers all showed pure nugget effect, showing it was easily affected by random factors. Soil pH value showed medium or strong
autocorrelation. The nugget of pH value was small in each soil layer, meaning it was mainly affected by natural factors. Available nitrogen and
potassium showed medium or strong autocorrelation. Available phosphorus showed pure nugget effect, meaning it was affected by random factors.

Key words:  Soil, Salt, pH value and nutrients, Spatial differentiation, Mingin Lake area



