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Relationships between typical vegetations, soil salinity, and groundwater depth in the Yellow
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Abstract; Soil salinity and groundwater depth are the two important factors affecting the vegetation
growth and distribution in the Yellow River Delta. Through field investigation and statistical analy-
sis, this paper studied the relationships between the typical vegetations ( Suaeda heteroptera—Tamar-
ix chinensis, Robinia pseudoacacia, Phragmites australis, and cotton) , soil salinity, and groundwa-
ter depth in the Delta. In the study area, groundwater depth had significant effects on soil salinity,
with the average influence coefficient being 0.327. When the groundwater depth was 0.5-1.5 m,
soil salinization was most severe. The vegetation growth in the Delta was poorer, with the NDVI in
78% of the total area being less than 0. 4. Groundwater depth and soil salinity had significant
effects on the vegetation distribution. Soil salinity had significant effects on the NDVI of R. pseud-
oacacia, S. heteroptera—T. chinensis, P. australis, and cotton, while groundwater depth had signif-
icant effects on the NDVI of S. heteroptera — T. chinensis, but lesser effects on the NDVI of
P. australis, cotton and R. pseudoacacia.

Key words: Yellow River Delta; groundwater depth; soil salinity; vegetation growth; NDVI.
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TE T A v R R = A SRR TR
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PR 1R 7K A0 KU Sk 8 T VT 3 3 b K
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TR R0 R 247 DU S R K IR A R R
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4%, 0 LA A ol A A A o A B
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Fig.1 Sketch map of the study area location and the sampling

points distribution.

(Suaeda heteroptera) FEWI ( Tamarix chinensis) ACHl
(Salix integra) 512
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Hi T KRS - A B S e BOR. TR X R 4R
IS 94 A Ry T IS AN [R]REE 0 LI {1 e st
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R KRR, [ 3EAT 30 ~40 em +HERE R AE,
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FE U L B AR ) . L3R A A i a7
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PANE SO,% ; EDTA 484G L Ca™ \Mg™ ;2
WA E K* Na®; 23545 T 8 AN 1 & i 2 Al
YR BREAR LK 94 A, Hirp IR ( Robinia pseudo-
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WICAR B A ROTR 00 9 5 50, NDVI L KUl A & &
AR BRI NDVIAE/IN GBI 8% % B 2% AR5 T
K ) MODIS NDVI £ 4fs 1) %5 [8] 43 BE % 4y 250 m,
I8 A E BrFbe BE Ik 556, 1T SRR AL
573K IR 1] AR 5 R, 8 T 2003 4K 10 16 H Y
MODIS NDVI %i#.
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5 R G AT T o DSl R KRR S
30 ~40 em 12 LS E Z AR, HEHE
MR T KR 5 30 ~40 em )2 RS HSE1
A B IR AR AT X R4 is 3 AR b &
) —FhfE B 5 B BE JE AT 15 BAR B 04
ASHE KRB AE— A F 4, R & R i B R OR
ZHEFARPIRE. P(X) FoR a8 e &3
BHER. B ERESNEEEN I(X)=
—log,P(X,) (i=1,2,3,--) ; Wiz Fr-F- 215 B

K B0 = X PCOIY) (G=1,2,0050=1,2,

)
ARSCKIFSEIX 0.2 ~3.3 m i T /K ERE R 4> K
<0.5m0.5~1.0m.1.0~1.5m.1.5~2.0 m2.0 ~
2.5m.>2.5 m, 3 j=1,2,,6 £ ,j=7 Fon
AT KRB FIZE 0.2 ~3.3 m. K 30 ~40 cm
TR RIERESRER 5 N E R, AR
X X, Xy X, X 3RR 24 5 <0.3% 0.3% ~
0.5% 0.5% ~1.0% 1.0% ~2.0% .>2.0%. #E1t
T HA(X) . R 7K BG4 38 5h 43 1 5% il 4
FBB H9:8=[H,(X)-H(X) ]/H,(X),0<B<1.

K SPSS G it 43 Bk 44, LA NDVI(Y) S K28
i, e B R KRR H AR & Sy ol
S il

Y=a+b,x,+b,x,

K ow, x, PN R T KR 3 ki b
b, ¥IA I R

K S AH 52 20 7 ( CCA) XA o0 A S5 3 F
JRIRER | 43 4 3h 5 19 ¢ R AT 40, >R ] Monte
Carlo BEAILE 0k S0 E 4T HE Y 09 0 35 PR 35 HEF 1Y
VIR B HE R 94x5 (FET7 <P ) | RS HELRE Sy 94
X2 (FETT FR x5 ) . 430 DA RS 58 TR 1) B3

F1 WTKERETESHE(S) REBBESIT

FRIFAE 5 A RO (R A HOAEDR Al iz o5 TR 1
X oA B IR R B CCA 42 P E Canoco X
sz,

DIt R oK SRR AN 3 F Eh AR N A R AR i 43
ISR FAE B 288 NDVI (95 R 5200 iR K HE
AR R F LA K ZZRMAHHEE. B 10
H 19 HERA /N AR, RAERE 8] Bt TG HT, H T 7K 348
TRZ R T B2 M AR /)N 5 e i B Ja Bk 22, SRR,
ZE KT T KGR A 52 R K, N R R R X bR K
VR A /N, £ 1, MR KA A L s B N AR fEAS
K, H ] S ARt T Z ANt

2 HRE5HMH

2.1 MR KRN 5 AR R B GE T E AT

2 1 LU BT IX AR SR 1k 4 1 a5 R
H35.1% AL S AL RER N 64.9% . 54% 1Y
ST HE KSR AE 0.5 ~ 1.5 m, ALY 38 1k 5
B G A EBEAL ALY 74.5%.0.2 ~2.0 m BT 7K
HERTE AR AT DL & Az g bk ik, Horb bR K
0.5 ~1.0 m Al 2EER 4. MR OK IR >2.5 m
WA B, HERAE 0.5 ~ 1.5 m, KA E
DL 3hmi i £ r AT pe A K. MR A A R EE D
BRI TR A0 (2 2) (T K
PR 0.5 ~1.5 m J& iRt fb iR, R mifb i ™
R KR 0 ~0.5 m B R IR IR, -3 Eh ik
LR ¥

R KHER B R B B AUKRE S 2k b
F NI FBCE R | R —E R FovE® +
SRR AR PPN i KRN 3R S R
M), THARXT LU AS R R (A7 B 1 AR Ak, DA DX AN ]
H R K HEGEXS R 20457 B B S g A, MR K
PR + 4 b P BE L R 50k 0. 327, 76K
[ HEGR B+ ER S 52 ma VR AN R (22 2) . Y b
KR <0. 5 m B, 3R /KGN 34 Eh B 1R

Table 1 Statistics of groundwater depth and sample numbers of soil salt content (S)

T KRR At 1 Bt L RE T o AR+ H+ A1t
Groundwater Non-saline soil Mild saline soil Medium saline soil Severe saline soil Saline soil Total
depth (m) (S<0.3) (S=0.3~0.5) (S=0.5~1.0) (S=1.0~2.0) (S>2.0)

<0.5 1 5 3 0 0 9
0.5~1.0 7 5 5 8 2 27
1.0~1.5 6 5 7 6 0 24
1.5~2.0 17 3 3 5 0 28
2.0~2.5 0 2 0 2 0 4
>2.5 2 0 0 0 0 2




2426 NoH A

L% 24 %

o

R2 AR THKERRMARLEESBEOBR FEEEMTERIEARY

Table 2 Probability, information, function coefficient of groundwater depth in different groundwater depths and soil salini-

ty
FRAETRIE T KRR 30 ~40 em 2+ SRR IHESR 5= iR /K HER
Characteristic Groundwater Probability of soil salt content in Information  YEF &R 4L
depth depth soil layer of 30-40 cm (% ) [H(X)] Function
(m) <0.3 >0.3 >0.5 >1.0 >2.0 coefficient of
groundwater
depth
4k Salinization <0.5 11.1 88.9 33.3 0 0 1.031 0.502
5 Eh AL Severe salinization 0.5~1.0 25.8 74.1 55.6 37 7.4 2.104 -0.015
1.0~1.5 25 75 54.2 25 0 1.803 0.130
550 1L Mild salinization 1.5~2.0 60.7 39.3 28.6 19.7 0 1.927 0.069
2.0~2.5 50 25 25 0 0 1.5 0.276
JoER AL Non-salinization >2.5 1 0 0 0 0 0 1
MR KR 0.2~3.3 35.1 64.9 43.6 24.5 2.1 2.072 0.327

Range of groundwater depth

FHZBUERER , T WAAE XA GG BN, R 7KAME
£ 52 TR 0 ELX R AR A R B S A
K. X2 BIFGE X T /K0 fR B 5, 24 R K AE
LR B P BT b K 8 43 ) B A AR
FAERZE EEKOERT S0 - R T
JKHERYRTE 0.5 ~2.5 m B b R /KR X 4 49 4 £
MFEH R BUER N, R KBRS 5 3R EXF
AR AR B SE A 0/ N, DR SR A G B RS T P, — T
KT AL EER S T K HEER 0 T R, % R 5
WA ek 553 5 o — T, AR VR 43 A7 X% 4 2 R R )
5 B f R, KRR 4 B AUk 2= R AE , )2 b
JE PR T ACIR LAY BLE R MR 5 B 4555 1. R 7K
HEVR>2.5 m W, MR /KRR XS 26 2 3R 43 52 iU
5. X e TR AR RESE S 1.5 ~
2.0 m"" PRI R K AS BEVT 48 B A% S5k i 2
o R HERUER R Y T OKAS 5 R HERURRT, 145
HEifbiiz.

g5 1, TR X R KR M KL
T, AT LRy RD T R T2 Xk a0 I B B A
KA ZE LR, A o7 X 4 38 K i R ER 35
k. R KB P8 X A ERER 1) 52 i) il 5 1 K HE
TR T BRI |, BT AR5 X 3SR B S 1T
IR YA G, b N /KSR | I B
2.2 MBS R KRR | RS SE R

FERIF G DX ML Y AR (B AR RIRR L S
FIFRAL) SR KR | B e dh X 2 NI
THEATBLIE A SE 20 M. i CCA HERF  Monte Carlo #5
B0, BT AT L Al 20 3 (P<0.01). CCA 7iij 2
BRI T RO R Y 100% (% 3) , Ui
CCA i 2 FhC REAR 4 Mo S Wy A - PR 0C & R

TR -8R oy Wl 3 R AR B 0 A P IRBE A
T R KEETR S CCA 56 2 fi it B 5 A, +
HEAdhin s CCA S5 1 Hlii i 35 I AHOC. X S6iji B HE
JY U BB Hb (AR B R B

MR KRN CCA 26 2 Bleh 1) b3, + 1
SEb VR CCA 55 1 Bl Z2 mi A 5 (18 2) . 3
TE BEHD AL T HE R R ] DX 3 FhAE B
A3 AR TE RS KRR A RN 4 g R P A R M
HIRBHEE A0 Z b KSR A5 ) 2 v T
SRR A A 7 R K MR AR TR | R A AR A
HR IR 8 S Y SR, — S AR AR R N TR, A 2
IR T 25 R BTG 3 e PR A U 455 (b T K
IR | -3k A P i AR B AT B i
TR 45 1 35 i W b 7 5 — AR T DA O - B A R
#3 HEETFS CCA HFHMMNIEL R RHEFIRE

Table 3  Correlation coefficients between environmental
factors and CCA ordination axes and ordination summary

78 S S 2 3k 4t
Environmental factor Axis 1 Axis 2 Axis 3 Axis 4
HUT KR -0.15 0.51 0 0
Groundwater depth

e 0.61 0.13 0 0
Soil salt content

CCA HEFFHE%:

Summary of CCA ordination

FHEA 0.37 0.25 0.99 0.71
Eigenvalue

WIFh-SREAR R B 0.63 0.52 0 0
Species-environment ~ correlation

coefficient

Yrmh-FR8E1 5 2 ZRIL 59.2 100 0 0

Cumulative percentage variance

of species-environment relations

(%)

A Mt e A 0.002
Test of significance of all canoni-

cal axes
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Fig.2 CCA biplot of species and environmental factors.

1) #I# Robinia pseudoacacia; 2) HE Suaeda heteroptera; 3) Bl
Tamarix chinensis; 4) P25 Phragmites australis; 5) Hg4€ Cotton. S: 1
HEF R Soil salt content; G T /KHIR Groundwater depth.

e AR KA AR 32 A A AR R K R AR
B AR Ty (AR KRB A2 A
AR, WV A N T3+ 5

2.3 MBEAE T SR KA R R

HL4E 2003 4F 10 F MODIS NDVI %4, 2 i
MODIS NDVI Z5 8] 734 I (18 3) . NPT LA Y, 2
H 27% WY AL NDVI>O0. 4, 4> 78% 1Y 1 FL NDVI
INF0. 4, BRaEEFFE X R 43 1 B A o 7 4 25
TERIBE & B A 2410 78 % B TR, 9% Ry E v b 3k
B AR WA K 5 19% Sy il e, AR .

XS AR () NDVI 38 4 b Fis R 7k
WRIEAT Z2 70 mH 50T, 43 531 7 S ke - R D
(Y) JRL(Y,) MRFE(Y,) 35 (Y,) NDVI BgfdiTt
i

Y, =0. 147-0. 108x, -0. 184x,

Y, =0. 470+0. 802, +0. 855x,

Y, =0.510-0. 025x, -0. 254x,

R4 AEEHEZ NDVI WS TRIASTER

Low: 0

3 HE =AY 2003 4F 10 A MODIS NDVI %5 [i1] 431 [£]
Fig.3 MODIS NDVI spatial distribution map of the Yellow
River Delta in October, 2003.

Y, =0. 536+0. 017x, 0. 840x,
Hirow, o, 0 F R T KRR A b i

MR 4 WTLIE 0 EsE BRI R R
(R*)M0.672 , BIA LB EA L F et S A
REZAEH 0. 000 , R HAFS H (%) 0105 77 i 4 354 45805
AN FAE LA 1] )3 R B8 1B R 30 A 3R (5 4B 2 0. 000,
FXT REAA B AE T, B 43 4 £k 2 A T kB
GONIGE MR NDVI AT 25200

MRS R 4 0.853, AL, H F 4
FTHE AR PERERAG J9 0. 057 , 2 WA B 45 101 )9 5 2 A
WORAR B RO R 0. 147, BUR A B 3E, 14
b 0] 05 ZR B B B ME R A 0. 027, R BIX 5
FEA WEVE A, B 4 4 4 2k Sk BE NDVI A 23
RE 5 b T 7K R ] 05 R B T R 50 A R B
0. 143, HXF 105 77 B2 1 52 W AS I 3 m B D PR 2 )
MRARER X AR IR A AL i, {5 i ]
STk A 2 g TG AR AR X S K, 5 K A

Table 4 Result of multivariate regression analysis of the different vegetation types NDVI

BT T EIEER bR bRELEIARE TR B A% HAb G55
Vegetation type Model Regression Standard Standardization T test Probability Other statistic test
coefficient deviation  regression coefficient of test

B E LA I 0.584 0.310 19.054 0.000 R*=0.672

S. heteroptera— il -0.108 0.210 -0.475 -5.177 0.000 F=39.73,Sig=0000

T. chinensis 1 -0.184 0.260 -0.650 -7.088 0.000

bl I 0.147 0.124 1.178 0.324 R*=0.853

R. pseudoacacia I 0.802 0.041 0.453 1.976 0.143 F=8.672,5ig=0. 057
m 0.855 0.211 0.928 4.047 0.027

ik I 0.510 0.036 14.066 0. 000 R*=0.520

Cotton Il -0.025 0.033 -0. 108 -0.772 0.445 F=7.212,Sig=0. 002
I -0.254 0.073 -0.488 -3.499 0.001

IGEH I 0.536 0.058 9.233 0.000 R*=0.417

P. australis | 0.017 0.039 0.071 0.434 0.068 F=17.868,Sig=0.003
1 -0.284 0.072 -0.652 -3.965 0.001

I %% Constant; I ;3 /KPR Groundwater depth; I, Prdh i Soil salt content.
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FRAER) R® 4 0.510, LA L S B4R L F 5
FHE AR EEHERAE 7 0. 002, 22 B4 H i 8] 19 7 78
B3 R A B 1 ] A R B A B A
/NTF0.05, F I TR 5 W E AR ALY NDVI;
H R KRR Y 0] 05 2R R B S0 E R (E > 0. 05, %
A bR K HE R SRR A NDVI 5200 A 522, R AL )
RS EEA VLT DG, FERE it E XA A6 152 e 4R
x.

PR RN 0.417 AR F 5
FHE AR HEZR(E A 0,003, 26 15 H % [81 19 05
B B0 Ak B i ] 05 AR B A A 36 ARE R AR
0. 001, I + 58 438 5 X5 255 NDVI A7 i 52 ),
H T KRR ) [0 05 22 E5 B A 36 BE 2 (1 0. 068,
FEOAH T KR XS 25 35 NDVI S2 0 A i 2. B 2
725 R AT LR A T AR A K AR R KR R, ]
DIAEZ T MERUK IS RS R 2% A K P  fE T
TRHE VRS R 1 X 1T DA AR R R S

3 it 54iR

B = AN AR 3R A S R )
FECR 0.327. T KIEEAE 0.5 ~1.5 m BF,30 ~
40 em HE K AP EE L EER AL A BEME IR, R
T LR, 1 N /KR <0. 5 m B}, # R KA E
S5 - BERER T FL G R ER R 5 e 45 K5 b T UK
AE0.5 ~2.5 m B, Rk S5 R (H XL
ARSI/ MR K HEE>2. 5 m B, bR K 5
AARSE L R2 R EULRR. KR
WFFE X A= S PRBE AU R 7. bl T X 3 b LA
WP RN T2 MR KW 0 Bk 4 g, RS A
Tk, BT AR R K R AE B 5T X2 A 2 A AR
K. IR 22 E A GT b K HE %, SRR B+
Berhmi b RE R KRS RGN AL
12 A5 B G i G R T H K B X
S ER B ORGSR BT — A U
KGR 70 5 R B C R, M5
DX 7K ER R R PR AR R AR A BRI BT
FE—HER.

R KIE | R A B
e SRGZE AN = 35 o0 A 78 T KSR B A rh
T ER R A M Ty AR S A A R KRR AR |
TR AR Ty, A AL T A0 AE o T K R

Bk R B T, X SRR 2R
W 1 LR KRB S DAL () B 5
R ORI B IR 1 U R R AR R
Al R IEARIE] T IX —45 2R

WHFE XN R BT822, AN TR REZE T NDVI
S2H R KRN - HE R 73 S M AR BE AN TR, R
IIRAETE BT KA 2R B NDVI 52 i AR 2 3%
R E AEM T AR R A AR ST IX A1
BT AR SR I B RO MR 2 5 M T KRR
XA B0 NDVI BRI 225, X 7 =5 AR AE
BLAK NDVI 5952 i A S 35 AR 22 0 5 R 2 B . 3l s
i BRI Al AR R 2 MR KL TR A A
RO IS EE IR AR R Y AR A A
BT M R K MR B AT AR K R
SCA] PUR TR AR R AR OK TR AR DR N e
FA M T RIS

R AT K TR BR A BT = A P X
R R R B R SCHEN 1 (H 52 2 H A
AEZSIRZR RSN, A ) 5 4 | ISR 0 5. AR SO
FRESTS AR X i T /K BEGREAN 4 EER 73 P A~ BT
BBRE , HMER M 52 3 A AR 25 DR R B9 52 i, i ELAE
B IR S T OK IR Z A1 6 RWARSE 2.
TE PR T KSR AT LAR 1E R i Al , 5 PR
W R KGR L5 B L A SR R A A KR
R, Rt T 7K MR 5 e A AR B vy,
I EHEK AR BEOLT B N AR | 3R 73
A BB 8] 1 5 28 A A5 T 0y E 28, A SO SR T Y
i i KRR - S R o XA B A K B R
R RERRE (T3 0705 LU BRI . RSB 2 1 i 7
TRIEGRAN LR X AT R BRI RER AN
BB HOT IR — SRR,

S 30k
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