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Abstract: Analysis of the spatial distribution and influencing factors of plant populations can elucidate plant ecological
adaptability and environmental survival strategies. In this study, we investigated the relationship between the characteristics
of environment factors and a Tamarix chinensis population in the Yellow River Delta, to determine the spatial distribution
pattern of T. chinensis population and the dominant factor influencing the distribution and also to reveal the mechanisms by
which environment factors maintain the distribution of T. chinensis population. As a study population, we selected a T.
chinensts population in the Shandong Changyi National Ecological Special Reserve, and conducted correlation and principal
component analysis of 13 environmental factor parameters, including distance from the sea, groundwater level, soil salinity,
soil bulk density and soil porosity, based on sample area and quadrat surveys. The results revealed that the spatial

distribution of 7. chinensis population in Laizhou Bay shows an aggregative pattern. There were significant positive
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correlations between stand density and distance from the sea and between stand density and groundwater level, whereas
there was a significant negative correlation between stand density and soil moisture content. Furthermore, there was a
significant positive correlation between soil salinity and soil water content, and significant negative correlations between soil
salinity and groundwater level and between soil salinity and soil pore space. There was a significant negative correlation
between soil water content and groundwater level. The coefficient of variation among the 13 environmental factors analyzed in
relation to 7. chinensis in Laizhou Bay was between 0.060 and 1.296. The content of K*, soil salinity, and stand density
showed the largest ranges of variation, followed by soil organic matter, available phosphorus, and soil organic carbon. The
spatial variability of groundwater level was higher than that of distance from the sea. Some basic physical properties,
including soil pH, soil bulk density, and total porosity, varied slightly. The soil salt content was 0.47% , and pH was 8.48,
indicating that the soil of T. chinensis has characteristics of heavy solonchak and meta — alkalescence. The principal
component analysis showed that soil salinity was the main factor influencing the distribution of T. chinensis in Laizhou Bay,

followed by distance from the sea, soil available phosphorus, and groundwater level.

Key Words: Tamarix chinensis; distribution pattern; environmental factors; wetland; saline-alkali soil; Yellow

River Delta
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IFFE XA T BT = A SRS P 2 1 LI 2R B B R RGP AR AR R 1X7 (37°03'07"—37°07'12" N,
119°20'19"—119°23'49" E ) , PR X2 B AN BELAE LR A 1Y [ GRG0 R 1) (371X, i e o — DA AR A
B0y 2 ) R e A 2 2R G R T A Y I G T A SR I DR X, R I ARG 29.3km® PR AP DX 1 Ui
a2 M 2 XU DR Bt A, 4124 12.3°C, e i Al 39.3°C, il e IR AR - 17°C . AR P34 K i
N 679. 1mm , BN 238 7 72 6—8 A AFF 525 & B R 2023.5mm , AFF AR XHE B 65% , 4F-F-35 H B8 Bt 40k
2426.9 h, fe KUK TIREH 420mm , SRV B 0 P 22 AR VEOIR A1, 3t 341 b i 050 0K v T e =, J T8 15 1 JBL )
TR B, AL TR R IR E MR R B R A X B BB RIR IO, 1R RIE  BHZ 2 N REE, L
R ER T PO 1 IR /N LR HER AR A4 BT $H A 2K P R R RS T 5
PETRER T IZ K E MR S0 5—10km , LT HEEE 9 0.27%0—0.31%0 , WMER X SUERAE 1.3—6.0m Z[H], 3 F 7K
VR 1—4 m, M FOKAGEE 1—10 o/ L, OR3P X A RARABEMIVE DA 360 1] £8 7K T R0 b | T] 3 S TmT 11 L 55
HE BRI KRGS A DI MIFE AN 32 | EARAE W) VL 1R M8 3% ( Suaeda salsa) . ML EL ( Limonium bicolor) |
BIVR & (Artemisia capillaris ) . J] & ¥ ( Setaria viridis ) . " V. {52 B2 (Atriplex centralasiatica ) | 1 = ( Phragmites
australis) JSZ % ( Cynanchum chinense ) FIMLAK ( Kochia scoparia) 55K 3,
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T 2014 4F 6 ATELRA XCEF AP S BORE I T2 5 T
TR R 3 SRR REAT | TR PR BT
T, BB 300—500m , 57 1 4> 50mx 50m R HERE
SIETEI 28 AR (1), TR PR ERE L N BEHL IR
B 10mx10m WIFRAERETT 3 45,3 MR MERE T IR G FE - 37005 ;
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Table 1 The aggregation intensity of 7. chinensis population

KA bR fabnfE Tl 22 [ A 1 0 S o e

Index of aggregate intensity Index value Discrimination standard of population space distribution

it "I B4 Negative binomial parameter 0.86 K BN, SRR BER A, WSR K AR T 8, MIIHIT Poisson 437 .

Y BLZ$X Dispersion index 19.24 C< 1, B BT ;C= 1, A RENLEL M C> 1, R RAE R0

Cassie TEFR Cassie’s index 1.16 Ca>0, NI ;Ca=0, K BEHLII i 5 Ca<0, IG5 o345

MEFESR Clumping index 18.24 1<0, ¥ 5I 5310 ;1= 0 B S BEHLA 0 5 1>0, RS0

WHAEFEPR Congregation index 2.26 M */M <1, 51504 M /M =1, HBENLM A ;M /M >1, RREN TG

M 1 ATLUE . A I SE K /N | RER R, BRI R 2 [ R R i, § RS C
KT 1, Cassie FEFRRT 0, MEFEFR 1IERK T 0, RIPEFRFR M /M KT 1, LRk B, SEM B R4~
Gy AT IR AR 23 (8] 50 A1 A% J) 2B R AL A
3.2 FEMIE DRI i S AT

Hi e 2 AT, BRI SE PR AR AE S R BFE 0.060—1.296 2 [] , +3% pH (Y28 5 A2 KR/, R 0.060, FE AR E7E
7.34—9.30 Z [ A5 4k, 45 pH H >l 8.48, MR wfsi . 3 Na™ & & 1948 53 R AR K, 18 1.296, 7F 23.19—
6991.61 m/kg Z[AEM, -3 Na* & 0 815.78 m/kg; Hoyh H 38 & SR i FIbR 72 1, 28 53 R4 31 1.106
1 1.064, FHEFEREAE 0.01%—4.36% Z 8], £ 43 AR (LR BE K, P38 & b iR 0.47% , 8 T HE b+ s #ksr
AR 0—540000 Fk/km? Z 8] S 163200 F/km®, 434 2B, B0 = £ Y1 SEH 725 AR A HE N + 3 Na™ 55
i I R AU AR R RO R A LS A O R K R AR R S R AAE 0.611—0.
675 ZIH), T 2E W o bR KOKAL A S ()28 S ey T 2R VR g s 3 177 - 58 pHL A | 98 2 T RN B AL B R
SESEAR Y PR AR AR B /)N A S BB 0.060—0.119 22 J] , Sl 35 25 s/

®2 ENEATEREFRERFHUNEE

Table 2 The measured value of population density of T. chinensis and it’s environment factor

-+ i/ MHE SN K bR A5 FA
Factor Minimum Maximum Mean=Std. Error Coefficient of Variation
WRATBEE Forest density/ ( plant/km?) 0.00 540000.00 163200.00+ 16800 1.064
PEYEE B Distance from the sea/Km 4.44 8.60 6.36+0.12 0.197
iR 7K K A5E Groundwater level/m 0.06 3.90 1.69+0.08 0.485
+ e &R Soil salt content/ % 0.01 4.36 0.47+0.05 1.106
pH {H 7.34 9.30 8.48+0.05 0.060
+ 35 7K & Soil water content (%) 3.37 27.86 11.34+0.41 0.372
I Soil density /(g/em®) 0.95 1.45 1.20+0.01 0.083
BFLBRBE Total porosity/ % 33.70 56.50 43.07+0.49 0.119
AL Organic matter/kg 0.41 8.77 2.09+0.14 0.675
H %W Available P/ (m/kg) 0.01 40.16 13.06+0.80 0.631
NH}/(m/kg) 4.37 47.48 21.86+1.00 0.474
NO3/ (m/kg) 3.81 22.93 7.50£0.26 0.355
K*/(m/kg) 38.20 421.75 79.59+4.70 0.611
Na*/(m/kg) 23.19 6991.61 815.78+102.23 1.296
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3.3 ERAITE A B R IR R AR e A

FH S 3 AT, BT — A UM I TR AITRE PA R AR 53285 B 55 BV 8 R b AR S A 5 TR A DG, 5 0
KR B T C, SAREBE S B NO,-N S 2R EIEMAX, HIESHES K Na" - #EEKER
e 5235 IE A O, 2B K Na' J2 0% XI5 383 43 B 28 7 19 = 22 5 S5 b R /KK A7 | 358 R FLIRUEE LA & NHE -
N B R E UNOC, 5 A MUTTRTA R4 t  AE DG . SR WTH R /KOK AR, I & Sh il sy RISk
5 RHOK sy EALBURGL LA S SR S B UIA G, RIEAKEE S Na* K HIES S E M AR E D
FAEAHE, SH T KRN SFLBREE ARM 35 A NH-N 24 BB k¢ SRR B 5 B E A o6, R UIRE
IR AN, R EOKE TR 180K S0 i | T HEEE R % BRI G

®3 BEUEATERAETEERFHEXRS

Table 3 Correlation coefficients between stand density of 7. chinensis and it’s environment factor

K Factor ~ FD DS GL SC pH SWC SD TP oM AP NH; NO3 K* Na*
FD 1
DS 0.405 " 1
GL 0276 " 0.350"" 1
SC -0.166 0.142  -0413" 1
pH 0.122 0.093 0.058  -0.072 1
SWC -0.300 " -0.227* -0.620"* 0.472** -0.068 1
SD 0.108 0.160  -0.128 0.195* 04047 0343 1
TP 0.019  -0.101 0.158  -0.441"" -0.359 ** -0.390 ** -0.691 " 1
OM -0.012 0.009 -0.056 -0.224* -0.422*" -0.095 -0.431"" 0.554*" 1
AP 0209 0.182 0.249* -0.225* -0.076  -0.186  -0.027 0.267°* 0353 1
NH; -0.124  -0.136 0.202" -0.256"" -0.641 " -0.262** -0.649** 0.636"" 0.548 " 0.073 1
NO3 0.239*  0.353*" -0.014 0.070  -0.123  -0.129 0.006 0.098 0.173 0.208*  0.125 1
K* -0.139 0.102  -0.367** 0.929** -0.263*" 0.450** 0.099 -0.429"* -0.163  -0.224* -0.115 0.097 1
Na* -0.181 0.068 -0.411*" 0.919 " -0.189 0.573*" 0.239* -0.553"" -0.279"" -0.243* -0.250"* 0.011 0.960 ** 1

FD: M5 Forest density; DS: FEIEFEES Distance from the sea; GL: M F/K/KfZ Groundwater level; SC: +HE&% 54t Soil salt content; SWC. 457Kt Soil
water content; SD; 134T Soil density; TP EFLBUE Total porosity; OM: AL Organic matter; AP: HR(BE Available P, Fil # + J35CRLE 5% M1 19%KF T
B

TIEASE S pH (A T EK B EARDC, 5 AL NH-N FIA LB S BN R E A, 5
TR Na™ SR R W IEAE, HIEASILERE S NH-N YRR S 2 B A G, 5 HEs S &
ihid pH (H , RIEE/KE KR Na" & 555 200 2 MG, 20 aR W, 4390 25 J L Bt J3 A AR AR e
55T K KA AR T I8 3 85 2 T PR - AH G AN R T -5 R 3 RN SR IR B R T — i B AR G

TIEA PTG BALBEE NH-N FIA RO S 02 EARSC, 5 RIEAS & pH (E A Na' % i B4R 12 25 6 A
K, HIEESHEERE TN, LREEEER I 5HEE EL KOM Na™ %5 2 FiHE 72 2 BE 0K, 5
SUBREE 22 B R 5 TEAHDG MR B, Bt M B 8 728 00 SR T A AIIE A M T AKOK R T s | -3
PR R BT B AT DN T R B A e T S TR 0 | e S W R AL B S A B IR S R
I AH A EE Y]

3.4 MRS AT T 2R EE N T  E

PETEEIE B b N KK IR0 i | A B o S R A Y R S W BRI HE NS A A R
(7] of Ao 3 A AT S A S5 7 £ — S I SUABRONE , JF HLA% PREE K - Z [ AR S PRI, A a6 B AR
22 FAT — S AHOCHE I PR PR 7 B B 2225 P, VRS 060 3N PRI A G A1 6 Jeg P B TR 7 144 7 32
G303 HT o REMIE N A A% R Y 2R A O S 4 A TR AR (R T 1 R SR, T e 4 S F s,
R TTHRARATIL 76.789% , REMS B e 13 DEARAYRIRMFE R . B — F I Ttk A 34.421% , F 117
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T EEAOR A Na™ AL 05 Na™ 5 & S i A B TE ARG ARG R M0 0.919 Z I (% 3) , it —
R A R Y AR B T R Bt ST AT K 54.575% , TS RO B9 L4 pH (H, %
SR A AT A D L SRR B = R R ST AR IR 67.877% , B RS (4 DA 1 SR R Aok, T A
GRS ER RT TR IK 76.789% , A R0 I T K KL N3 i S K, X — 28 P Rl ik
TSR KRR . LG oM W], 5 M TR A A A3 A1 A% Jeg Y e T PR T Dy R O LR
S b SERRURE AN AT R B R, S AT K M R T AR A SR R R

R4 BEUELADTHHERS DN

Table 4 Principal component analysis on distribution of 7. chinensis population

F 843 Principal component

K ¥ Factor
1 2 3 4

PEIMEIE B Distance from the sea 0.028 -0.161 0.841 -0.089
R 7KK Groundwater level -0.502 -0.354 0.410 -0.476
+ 45 AR Soil salt content 0.814 0.399 0.229 -0.122
pH {& 0.194 -0.803 -0.048 0.072
+3E5 7K Soil water content 0.665 0.254 -0.313 0.403
25 Soil density 0.574 -0.543 0.122 0.324
BFLBRBE Total porosity -0.794 0.369 -0.074 0.041
FHLIT Organic matter -0.527 0.526 0.074 0.413
F 54 Available P -0.373 -0.019 0.424 0.527
NH} -0.610 0.634 -0.026 -0.199
NO; -0.079 0.183 0.643 0.307
K* 0.762 0.532 0.237 -0.188
Na* 0.863 0.417 0.158 -0.132
FFAE(E Eigenvalue 4.475 2.620 1.729 1.159
BTHAZ Contribution rate/% 34.421 20.154 13.302 8.913
EMTTHRR Cumulative contribution rate/% 34.421 54.575 67.877 76.789

4 g5

4.1 FZURRRHUEEAIITE A 1) BN T

FEA RIS [0 5341 A VB AR T (0 A 25 0 2 DA B e A 5 A B L O R I AR AR X S 4 A
TERH RS P 0 o SR HT LA 25 18] 4347 15 PR 45 DR PR R B DG 2R 8 SO R 122020 RGP R A%
MR AR BT — A PN A4 23 (A0 Af M SRy 22 1 BIR A 20 A , (EL I 3 B T B g PO 6, R S JEE 7 I8 MR A S
i RSB 2 B A 32 HURE THT AR R 1Y, S TR AR P B A R ARSI B ISR T ROR AL
Cassie F8HR A FEAR L) K SR BLPEFE AR ST L | B0T0T = 3 PSRN P B MR e 52 S AR (9 SR B 40 A . AL 2R
ST HE T A AORFEREVRAIONE 5 A T REMIRI R IR R 3, 2 i AR 14 B %6, 3R IR Allee AL RUAE 2,
HALA BRI, ARG RE N RIS [R50 A M R AN TR, n] S BUAR A A1 AL 3 A1 R4 2 93 A1 S AN /] 23 A1
AL RSB ORIR] AT AR S AR A BT s 1) 5 PR A RRERURE FRUBE R [ e R G 3 s IR, B T 3R I 3%
SRR R S5 B A5 22 51 B MR SE 4 SRR AF — RIURP AR N 9L S S B el i TSRS
PRAZS AR R 2 R BN R R A S A S 25 404 — R B0 T, 76 A AR B T A R 2 0 4 Y
GG X 5 R BRSO A R PRBE SRR A OGN AR T A IR RN R LR ) R AT
TE JE IR FROC TR TT , 28 BB O R SRR A

TEETER R M | — A YN M LA K 56 TR 230 Ml AR 70 T 252 SEOK o3 AR 73 B2 e, HABPRIRE Y 7 B B
()23 2o ) SR 43 FIK S5 B4 728 A T 2 MR 25 (8] 2 A 0 A R B 00 A DGR FE R W, 7K 43 2% P Rl
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W PR E AT AR SAC e AP LA B B A A58 P Dl S 114 SR 70 PR 1 24 BT — A It AR 25 R G R 5 1Y
AR LR T2 AT TR SR AR B A RN A 32 3R S b T K VR 7 [ (g s
B = AR RE 3 A S T R b Na'® 5 i S B B R B B R R i RO A 1Y
T, BT = A YU AL A 7 Y 2L URR Rl A TR = U DA 2 A A TR IR A X
IKIR=1.55 m 7] R BT = A1y YIRS AR AR 53 A1 4% Jmg 10— A BT I B Y i , D 5311 1 T i
e/ U ARBIFSE F RS T e B, R IR 0 2 5 0 BT = A S VS A A A Y S e P
B, YR B R 10 S A AP K SR HE WA X/ o DR, A3 N T R MR AR A Bl B T
8 5 A S AR A ) M K KA =2 A B R FH AL K A 5 e o 32k 30 g A AT A P A il e 3k
SR BIBICR , R o ) A R AR B R A 2R 55

4.2 JRHUEEMITE N SRR N 1 S LN,

KR AT B AR TR] T M R GRS S AR (R R A 7 D12 NS e A LR ) 3BT BT IX
A PS5 50 2.09 kg, BAGR > & B EAR , w] BE-5 8708 7 i L S5 b A S B o3 T AL R )
RETE A IR/ G BB AN A 0y 1 R R R T o R R R R 2 T A A ) A 7
T30 A LA AR B 1) E 4 (4 A KT | [ RURE T (58 38 B2 /K 2 B AR S M A5 R 122 R, I A - 35
NH-N NO;-N &4 (728 57 R 0RO, O HAS i s8I, P35 5 0 510 21.86.7.50 m/kg, 3R IS EEMIFRE M
TIEA USRS I KPR RE RS R AR SR I O, H OSSR T, BT = A Y
AP i G i AR B ARG, A K AR SR SO DG T B
TCITARRNEAN K, AT WLBEIAEITE AT | iR 7K K AL o5 A5 SO R0 e L BRI A R

AWFFERW , B = A PSRN S AEMIRE A 35 3 B 5 KT Na ™ M3 5K i A B 5 TE A G, 35 BT
=AU A S G N S ik SR IEAR DG 22 5 R KR pH (5 8 IEAR Y (4R
Pl SN IEALMIE A /KR LA | S FLBRTRS /Nl SR o035t B, B4 1 s 20, 00l 4% Ehim i 1]
BT BRI SCHEAK, al e S BT R S ZE R BE R S UG O, A SCHT SR 3
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