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Spatial variability in soil water and salinity in 7amarix community in a
semiarid saline region of the upper Yellow River*

YANG Benman, WANG Ruoshui , XIAO Huijie, CAO Qiqi & LIU Tao
College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China

Alﬁm Tamarix is widely distributed in semiarid saline regions of the upper Yellow River. The community of 7amarix
affects the spatial distribution of soil water and salinity. It is important to explore the dynamic response relationship of
Tamarix community and spatial distribution of soil water and salinity in order to evaluate the effects of vegetation community
construction and ecological restoration in this region. The natural Tamarix community in the secondary saline-alkali land
of the Ningxia Yellow River Irrigation Area was investigated in July 2016. Classical statistics and geostatistics were used to
analyze the spatial distribution characteristics of soil water and salinity. The results showed that the soil water content was
relatively low (1.98%—7.55%), whereas the soil salinity was high (average conductivity 10.28-25.38 mS/cm) in the study area.
The variability coefficient range of soil water and salinity was 36.1%-83.7%, both with moderate variations. Furthermore,
the variation degree of soil salinity decreased with the increase in soil depth. The soil water and salinity had obvious spatial
structure characteristics, which was mainly affected by structural factors or structural factors associated with stochastic
factors. The coefficients of nugget were 0.04%—-49.88%, indicating the strong spatial correlation. The spatial distribution of
soil water and salinity in 7amarix community showed a patchy pattern; the soil water and salinity distribution in the areas with
high Tamarix growing density were considerably high. The correlation analysis showed that there was a positive correlation
between soil water and salinity in the study area. In conclusion, soil water and salinity restrict the distribution and growth of
Tamarix. Furthermore, the distribution and growth of 7amarix enhanced the spatial variability of soil water and salinity.
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Table 1 The basic facts of Tamarix in different plots
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iR, HEEE SR/ AR 3N BRAIIAR =5 A Hb AR de /)N, %% B TR
HpTERESEEHE N BEALBE B SN mox 1T m/NEETY, AR DT
INEAAE RN DS | B 358, SR A, 25 L 3R2. e
R FE B DA K S5 AR a3, AU A 4.

FIWEKFEMO0-60 e PR I FLASBIAL M 5. A F37]
VLT H, REAIOMR b A 30 J0RE 4 i, AR Rr Sk 3, 4 IR T s 4928
FrifeJE TR0 . 25 A b 3 5 56 5 R o E (B 38 v
AR 2>FEH 1> FEHL3; pHIE WRAK, EAEHL3>FEH 1>
FEH 2. 45255355 2SI R o b oY, A 1 0 R T AN R L 4
(Saline-sodic soil ) .
1.2.2 RESFIE R R T 5] S VR SR A, I 1T
7, 420 m x 20 mfd R A [ATEE K143 2594 mox 4 mAd/hEE
J5, LAEEAS/INEE DT B L SO SR FES, R4S (E48S5 em) 2R
£ 1 RE. AR H0-20 cm, 20-40 cm ., 40-60 cm. T-20164F7
H20-22 A GEHRAE, SRFETT— 8 A2 4G TR K. SRR SRR
— SR FE R AR | AT A S TR T S B SRR AR SRAE Y A
A EE AR A TN e K AR 4 IR B B A4Sk
[, e e ER
1.3 ZERNES S

o HE S K i SR T HE T (105 ¢, 12 h) WSE. T E
Lo 0 R AR AT I B RS , 181 mmiii, 208 36 [ 4h 450
I3 (0 7 ) A R eI AR B M. FH e S 4% (DDS-307, |
i) FpHit (PHS-3C, L) 43 51 - HEif AR $2 W i
HEECHMpH.. FHOGHKLEE 73 H1 AL (Microtrac $3500, 32 [ ) il
B TIEDUMAL L. FH G G S B OB IE AL (ICP-OES, 3%
) ME H I AR HE P Na | K| Ca™' |, Mg”' | SO, & )
TR L (SAR,) .
1.4 #HEAIE

K2 MG 25 7 B KAy AR S B R AR,
BOAE I SPSS18.048 14K (4 #EAT 43 B, XS AN [ AEHL AR [R] £ 2
A - S K R B s HEAT P 2 25 431 (One-way ANOVA) ,
X 338Ky ER AT AN A K H8 B8 22 (8] 37517 Pearson ] P 4
oy FEAE ML G5 24T B FH K-Sk X e K R B AT IR S
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2.1 TEKEMEIRES T O
LA REARK-SEE G, WF 9 A4S+ )2 B K il
RN IEE . INERATTLLFEH, &+ 2S5 KERE

KEHD FEMITE B Pk Height (h/cm) 1142 Ground diameter (d/cm) i Crown (//cm) R

Plot Number 5 Max SEH Mean & Max SE¥ Mean EW SN Density (n/m”)
1 22 430 272 10.074 4.072 276 293 0.055
2 8 470 276 18.308 6.651 386 290 0.020
3 18 352 266 5.496 3.089 278 295 0.045
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Table 2 Investigation of herbs

EEHL Plot TP Fh Species

S Height (h/em)

5 JiF Coverage (/%) ¥ Density (n/m”)

K508 5% Suaeda glauca Bunge
LB % Suaeda salsa (Linn.) Pall.
7% 2E Phragmites australis (Cav.) Trin. ex Steud
K3 Chenopodium album L.

1 AT Lepidium apetalum Willd.
VKHE Agropyron cristatum (Linn.) Gaertn.
W Artemisia scoparia Waldst. et Kit.
WAL E Artemisia annua Linn.
ok Kochia scoparia (L.) Schrad.

33.5 32.4 62

KL N %E Suaeda glauca Bunge
7% 2E Phragmites australis (Cav.) Trin. ex Steud
% K 5 Achnatherum splendens
MhATIE Lepidium apetalum Willd.
2 IR Kalidium foliatum (Pall.) Mog.
VKHE Agropyron cristatum (Linn.) Gaertn.
WK% Chenopodium album L.
bk Kochia scoparia (L.) Schrad.
AL Artemisia annua Linn.

46.1 40.8 37

K5 3% Suaeda glauca Bunge

Eh WAk % Suaeda salsa (Linn.) Pall.

ETUR Kalidium foliatum (Pall.) Mog.

¥ Artemisia scoparia Waldst. et Kit.

17 %5 Phragmites australis (Cav.) Trin. ex Steud
VKL Agropyron cristatum (Linn.) Gaertn.
K3 Chenopodium album L.

MhATIE Lepidium apetalum Willd.

R3 TEOERBUMR

Table 3 The basic physicochemical characters of soil

e Hl LR AR B HE 9] Wk 2 T3 8 Soil particulate content (w/%)
Plot Electrical conductivity pH Sodium adsorption ratio
0 (EC/mS cm™) (SAR/mmol®* L) fib ki Sand (2-0.02 mm)  #pkE Silt (0.02-0.002 mm)  Kk: Clay (< 0.002 mm)
1 14.16 7.49 30.20 81.49 10.27 8.25
23.56 7.40 35.90 76.97 6.28 16.75
3 11.50 7.64 18.97 87.55 4.13 8.33

1.98%-7.55%, 87K 43 3 A 1% -4 5 K KR 1 B+ 2
T 48 T4, 5020 em J2 & K R AEREH 2R3 K T
20-40 cm+ 2. 0-40 e 2 55 /K& W FEHL2 > FEHL 3> FEHRL,

R - 48 5 7K ek I A N AT % 32 T 38 I B AR B 37
20T R, FEHL1AY40-60 cmt )2 55 K & i 3 5 T 0-40 cm
12 (P <0.05), FEHB2FI3(140-60 cm - 2 G kB RFEE T
20-40 ecmt )2 (P < 0.05) , REHL2 13 & K & 5 w5 TREHb
M3 (P<0.05). 285 FZECVIK R/ T+ R7 P 19 45 (7] 25
SAER/N, BICV < 10%R 55728 78, 10% < CV < 100%H H 55
AR, CV > 100% A 348 SRR 44 2 3 K A AR 5

FEAET47.8%-83.7%Z 0], ¥)J@ T rh S5 AR 5, BB 5%
X KA AR T 1) 25 F K.

MESATLLE Y, 2%+ 2 F ¥ i 5 % 410.28-25.38 mS/
cm, FEHB2MYHL TR 938 S FAEHB URI3 (P < 0.05) . KEHb1H £
S8 H S R B 2 TR B A BN R A, 40-60 emt 2 HL R
F T 0-40 emt J2 (P < 0.05) 3 R 203 438 o SR il -
SRR BE R BT, FLAS A )2 E TC 2 25 . SRR
R 2> R >R 3, RD 448 SR Bl 25 b Y A R
L AR ARG . &+ 2 EHER S R A B R AT
36.1%-75.0%2 [8], ) T rh A R B A8 St A AR 5 3R 1 R

20 m = N x 20 m, 20 m x VNN
o 0 AO o ) o o o o o o o o o
A N
A A A
o A L o o o o © o o o N % o
A A A A
opa© o o o o, ° ° A° o o o o o
A a8 A A A a & O SKHE 5 Sampling point
o o o o o e} o oA o o o
° a° ° e A A AN AW Tamarix
A A A A A
o o o ) o o o o o o o o N o o
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Bl HMARESSENNS .

Fig. 1 Distribution of the sampling points and Tamarix in quadrat.
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A, BREEHI3H0-20 omt 2 & KB AT A BRI A8, A%
+ 2k HA ALY 2 A 25 4, AR 5 ok B S A 4L A AR
RUB Ay S AL, e s REX[CY/(C + Coli W T X B Ak A5 5 (1Y)
A A AR EE : 45 C/(C + Cp) < 25%, A8 it HA TR 1Y% [ A
Ktk FFTE25%-5%2 8], A% i H A H S 128 (B A 56 1 5 25 Cy/
(C+ Cp) > 75%, Mz [al S PEAR S, 0-40 emt 2 K EAY
He 4 BROR/N AR 2> FE 3> A L 1, B 25 4 M Py AR
BRI, S KR e G R BUR YIS/, 25 [BAH SC 1 1 .
FEHLIFN3N0-40 emt 25 /K& 1 H 4 R/ T25%, BAF
i s [ AR G, Ui A ()22 R R E R g5 PRI (U e |
B E | A B R ) S, AR 2P90-40 emt )27
IRAE IR 4 BB 25%-75% 2 8], B A o 5o el A 56 1, 1
25 [0 22 5 h 45 A 1k R 3 B AL PR 26 [R] P 22 . 40-60 em-t-
J2 & KR EREHL VRN 29 B AT 50 28 [l AR oG, ZE AR 3N LA
rf AR () 23 (R AE G 1. REHB IR N & K S 4 BB 3R
PR B R R I R R . & RS K AR R TR
6.51-39.08 m, SR FE A I AR IR 284 m, JB T &K i A fE
T REPY, 0 AT 2 8] P AR A .

271, FEHL2620-60 cm+ JE AL 3HY0-20 cm+ 2
HL SR ()2 7 Z BRI & B, HoAy 1+ 2 SR 1
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Table 4 Statistics of the soil water content in each plot
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A5 S R B AL B A A R S Ry R W R & R R 22
PR R (0 P BB (RY) 5w, 1 I B A R A AR B ot S ke
FE i PN 3 T 3R 0 2 (R 25 A RRAE , B S BRI R A X
FEHLIFN2090-40 om J2 H1 5 3 4 HLA v 85 4 [R)AH SC% , TiAE
H13P90-40 emt JZ HL 3R B 4 R EIR /I, B 3R 25 A O
. 40-60 cm )2 L FE A b 2 RN 3P L A7 9 2 R AE DG M
TEREHD TP 2 A R S5 25 AR SC M. REML 2RI N L P R B 4
FREL B A 2 UR RS IS SIS, FEHL TN A . 25 1
JZ LT R AR B A 5.61-31.87 m, For R 3 AE FE AE 5.61-7.38
m, 22 5EAR/N, UL A2 R S AR 0 25 (8] B AH oG AR b R
AR 1.
23 THEKEHNZESHIEE

TS b S A 5 A A b S K R G A R AE, 7
BEK R 2R 5 R IS A EE R S M i LAl I, 38 3 Surfersk
AT Krigingdfi {5, IF4 il L HEKER 2 R A . S5 (H R0
AR R R W KR Y A AR S, I EI2AT DU, R
LRI3 PN A 38 55 7K 78 7K ] 1 AR S 38 B £ J2 TR 44
A /NG R, FEH2IN 4 1 )2 Sk AR SRR Y B . 45
FEHb AR )2 5 K 0 2SR A B L 3 — 2, IS &
DRI ZZ 5 3 A, R —E M BEHURAS 5. 255 R e A
(L) A B, AR A0 A 43 DX 0k, 4 B 7K i 3t s 8 1.

INEBETLLE Y, 20 3439 R 43 78 KO ) B iy 7R
SERE R A 2R O B IR s N, XS T R AR R R R
A AE A AR L. S Eb A5 R AR 7 4= 2 7K R 43 ] A =X mT DL

Feuh + 2R fe/ME IS PNE] ¥ifE bR ABERRE it &2 635" Gy A A

Plot Soil depth (d/cm) Minimum (w/%) Maximum (wW/%)  Mean (w/%) Std (CV/%) Skewness  Kurtosis  Distribution type

0-20 0.88 5.66 1.98% 111 56.1 1.77 3.78 1EZ% Normal

1 20-40 0.97 5.16 2.09% 1.08 51.6 1.36 1.34 1E 2% Normal

40-60 0.87 6.97 3.26™ 1.93 59.2 0.65 -0.79 i 4 Normal

0-20 1.89 9.65 568" 2.83 49.8 0.12 -1.61 1E 2% Normal

2 20-40 0.91 12.21 475" 3.97 83.7 0.84 -0.89 TF. 7% Normal

40-60 1.42 15.34 7.55M 3.61 47.8 0.48 0.02 1E 4 Normal

0-20 0.97 7.98 3.05%" 1.95 63.9 0.83 -0.18 1EZ% Normal

3 20-40 0.89 5.93 2.11% 1.13 53.5 175 4.37 1F. 7% Normal

40-60 1.07 7.30 3.08™ 1.94 62.9 1.19 0.26 1E 4 Normal

AFRE B R A R R B[] — e J2 0] 22 5 3 (P < 0.05) , AR[F/NG B R R[] — R AN ] 1 )2 (1] 28 57 1 3% (P < 0.05) .
Different capital letters indicate significant difference between different plots in same depth (P < 0.05); different lowercase letters indicate significant difference
between different depths at same plot (P < 0.05).

RS LEBSRNFITHFIEE

Table 5 Statistics of the soil electrical conductivity

FES + 2R fe/ME IS NE] P Mean  ArffE2 ABRRE W Ug 7 Gy A 2T

Plot  Soil depth (¢/cm) Minimum (EC/mS cm”) Maximum (EC/mS cm”) (EC/mS cm™) Std (CV/%)  Skewness Kurtosis Distribution type

0-20 291 22.40 10.50%° 6.34 60.4 0.61 -1.01 1F %% Normal

1 20-40 2.13 31.20 13.27% 7.98 60.1 0.66 -0.42 1E % Normal

40-60 3.52 40.90 18.72* 10.03 53.6 0.41 -0.28 1E 4 Normal

0-20 4.88 52.60 25.38" 15.85 62.4 0.38 -1.28 1E#4% Normal

2 20-40 6.12 52.10 22.67" 12.04 53.1 0.81 0.06 1E % Normal

40-60 8.58 4430 22.63* 8.17 36.1 0.42 0.58 1E 4 Normal

0-20 1.56 32.50 13.11% 9.84 75.0 0.85 -0.71 1E 4% Normal

3 20-40 401 30.90 1.1 7.25 65.3 1.53 1.72 1FE 4% Normal

40-60 3.79 25.10 10.28" 4.93 48.0 1.19 2.02 1E 4% Normal

ANFRKE FRR R AR R — L2 2 R R (P<0.05), NE/NEFEFR R —FE N R R 2R 22 5 82 (P<0.05).
Different capital letters indicate significant difference between different plots in same depth (P < 0.05); different lowercase letters indicate significant difference
between different depths at same plot (P < 0.05).
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Table 6 Parameters of semi-variance model for the soil water content

i TERE JHIE A Y P fE SEAE

Plot  Soil depth (6/cm) Model Nugget (C,)  Sill (C+ C,)  Nug/Sill (C//(C+ C,), %) Range (s/m)  Coefficient of determination (R”)
0-20 5 Wi Gaussian 0.001 1.301 0.08 6.51 0.695
1 20-40 T T Gaussian 0.001 1.092 0.09 7.00 0.820
40-60 1 Wi 8 Gaussian 0.890 4.633 19.21 10.63 1.000
0-20 1 1P % Gaussian 3.100 8.614 35.99 11.74 1.000
2 20-40 iR A Gaussian 8.470 16.980 49.88 14.62 1.000
40-60 R Wi R Gaussian 0.010 14.100 0.07 7.66 0.766
0-20 BRARAE D Spherical 0.250 3.738 6.69 6.89 0.953
3 20-40 = WA Gaussian 0.851 3712 22.93 39.08 0.861
40-60 72 i 8 Gaussian 2.710 8.203 33.04 35.46 0.978
KT TEBERELFTERYERRESHY
Table 7 Parameters of semi-variance model for the soil electrical conductivity
FE L + 2% BLiRieY | Heb(H HAH Hed: 74 AE e R
Plot  Soil depth (6/cm) Model Nugget (C;)  Sill (C+Cy)  Nug/Sill (Cy/ (C+ C,), %) Range (s/m) Coefficient of determination (R?)
0-20 =5 WrBE & Gaussian 27.57 55.29 49.86 25.63 1.000
1 20-40 T Gaussian 41.80 115.72 36.12 31.87 0.998
40-60 i B Gaussian 62.50 132.10 47.31 20.82 1.000
0-20 E T Gaussian  124.80 401.20 3111 24.32 1.000
2 20-40 BRI Spherical 49.80 140.10 35.55 13.50 1.000
40-60 BRI Spherical 6.10 70.74 8.62 5.63 0.820
0-20 BRARAE I Spherical 0.10 93.34 0.11 7.38 0.969
3 20-40 T Gaussian 0.10 56.35 0.18 5.61 0.999
40-60 = % Gaussian 0.01 26.69 0.04 6.72 1.000

R R K P g (R T TR ORI 43 A e (B XK, T
K i A AE H Ot 45 3 40 (O AT DX R R, o — o 7
b S i K R 2 T R A E T OC R R oA X s
Ty R R, L HAE0-20 em 3R JZE fi o I
24 THEKESEBEEXE

R8T 7N, Pearsontfl S PERE IR R B, FEHL 88 &Ko
Az M5 IEAOCOC R, R 58K ER AR b FopE XF
—E, XM Na R, BRI, Kz
SR BRI SS R G, FEHL1AI2090-20 cmt: )2 £
9 KR R L SR (A AN W 2, AH 9 R 50430 R 0. 1131
0.357, XAl g5 £ )2 1187 2 B AAE BRI AT SN E
Wi 45 KA 5. TR M 39 0-20 om -t J2 -+ 875 7K Bk A ER 3 R A
WBEA (P <0.01). 3MEEHL20-40 cmt 2 35 K Eh 2 0%
WEFH G (P < 0.01). 40-60 emt |2 {UFEHL 2N 438K £ TC bk
EY P

RS THKEMEXES

Table 8 The correlation coefficient between soil water content and EC,

H + 2 E Soil depth (6/cm)

Plot 0-20 20-40 40-60
1 0.113NS 0.553** 0.718**
2 0.357NS 0.606** 0.313NS
3 0.667** 0.739** 0.503*

Fh Bl Pearsonffl X R B *+P < 0.01, *P < 0.05, NS I 3.
The data in the table is Pearson correlation coefficients. **P < 0.01; *P < 0.05;
NS indicates no significant difference.

FON HHEREE S B A ROIR BRI i 1S 56 2%, ol LA
i, 0-40 emt JZ 5 7K - S A AR I AR AR AR AR M DRI 29 52 IE AR
KKAFR, 40-60 emt JZ 5 K5 BEMIE RS AR 7EFE B 209 22
TEASGOG A, MITERE s VRSP BB T — 5 i A DG SC &R #

USRS A W)%4R.  Chin J Appl Environ Biol
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M, REMIRR L Mo ARG, LR SRR B, MR L1 £
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2K
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3.1 BiEEE K E = S
AHFFE R RE A A7, 255 G2 S Gt 2%
Tk, AT T A L R R XA R R A Lk Eh s
() oA A S R By e 2R 25 SR R0, AR Y& AR b 358K
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Fig. 2 Distribution maps of soil water content in each quadrat.
F9 TEKEERUIEKIERAHEXE
Table 9 The correlation coefficient of soil water content, EC,, and growth index of Tamarix
e fahr /K H Soil water content i 5% EC,
Plot Index 0-20 cm 20-40 cm 40-60 cm 0-20 cm 20-40 cm 40-60 cm
¥k Height 0.264 0.101 0.041 -0.262 -0.189 -0.116
1 #1482 Ground diameter 0.433* 0.269 -0.020 -0.202 -0.187 -0.058
e iE Crown 0.274 0.244 -0.066 -0.235 -0.188 -0.002
¥R Height 0.674* 0.751* 0.297 0.747* 0.524* 0.764*
2 Hi4% Ground diameter 0.446% 0.590* 0.250 0.559* 0.257 0.562*
i Crown 0.557* 0.717* 0.208 0.703* 0.454 0.685*
¥k Height 0.207 0.178 -0.355 0.424 0.235 0.070
3 42 Ground diameter 0.080 0.269 -0.304 0.375 0.477* 0.147
ji i Crown -0.048 0.173 -0.190 0.139 0.230 -0.046

PR JyPearsont] ¢ R 4. *P < 0.05.

The data in the table is Pearson correlation coefficients. *P < 0.05.
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