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Ecological characteristics of Phragmites australis and their relationship to water-
salt indicators in dry habitats of the southern marginal zones of the Tarim

Basin, China
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1 College of Resources and Environment Science, Xinjiang University, Urumqi 830046, China

2 Key Laboratory of Oasis Ecology, Ministry of Education, Urumgi 830046, China

Abstract: In recent years, ecologists have experienced an increased awareness of the importance of plant-environment
interactions. Studies have demonstrated that spatial ecosystem heterogeneity and availability of resources influence plant
growth. Understanding the ecological response characteristics of plants and environmental laws influencing arid land
vegetation in different water-salt environments should be quite valuable to scientists. To better understand the ecological
characteristics of plants and factors that potentially control them such as water availability and salinity in arid regions, we
conducted a study in Phragmites australis in dry habitats of the Yutian Oasis along the Keriya River, in the southern
marginal zones of the Tarim Basin, Xinjiang, China. Using previously collected observational data related to water-salt
distribution laws and the natural water-salt gradient caused by distance from the river, four sample regions were established
parallel to the river from east to west, extending from the river to the desert. We analyzed the patterns and correlations of
ecological characteristics of Phragmites australis and water-salt indicators in the field, using traditional statistics and
redundancy analysis (RDA) in combination with CANOCO software ( version 4.5). The statistical analysis revealed that
plant ground cover was as low as less than 10% ; the belowground biomass was greater than aboveground because of the way

desert vegetation adapted to the arid environment. The sampled region was severely dry and salinated; soil moisture content
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was low, with a mean value of 7.22%. The average depth to ground water was 4.23m and soil salt content reached as high as
18.24g/kg. Phragmites australis has a high tolerance to aridity and salt stress; the average plant height, coverage and
aboveground biomass decreased gradually while the belowground biomass increased as distance from the river to the desert
increased ; there were also concurrent and expected gradient changes in water-salt indicators. Redundancy analysis showed
that water was the key environmental factor influencing the growth of Phragmites australis. A significant correlation was
found between ground water depth/soil moisture and the ecological characteristics of Phragmites australis including plant
height, coverage, biomass; the sodium adsorption ratio ( SAR)/total salt correlation with ecological characteristics was less
significant while other indicators had no significant correlation with the plant’s ecological characteristics. The importance of
water-salt indicators to ecological characteristics of Phragmites australis could be arranged as ground water depth > soil
moisture > SAR > total salt > HCO;> pH > ClI"/SOY. The results suggest that water has greater impact on Phragmites
australis than salt, because water limits the plant’s survival, growth and reproduction. When a plant is affected by an arid
continental climate for long periods, the plant is usually influenced by both water and salt. Any study of Phragmites australis
analyzing the effects of different water or soil salinity conditions independently would be fatally flawed; but must be
considered together. Our study shows that redundancy analysis of ordination methods can be beneficially used in research
into the relationship between plants and environmental factors; when combined with traditional statistics, the two methods
can provide comprehensive information. The redundancy analysis can effectively reveal relationships between ecological
characteristics of plants and water-salt indicators. The characteristics of Phragmites australis deserve more research,

especially research related to the microscopic physiological effects of water-salt interaction.

Key Words: Phragmites australis ; redundancy analysis; southern Tarim Basin; water-salt indicators; extremely arid areas
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2 WRFGE

2.1 BPARREE

YT AR FN AT R IX HERK I E R LR
T U N Eh 43 1 26 SR VAR AN, SR AR [H] 2 2012 4F 9
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9.05; Fhimt LR BB IF B AT AR 3 I (E o 18.26
o/kg W 2EN] ik 68.87 o/kg; 1 hy iy i + 38 i il fL 72

JERIFEbR , B IE N 0.17 g/kg, SN I L (E N
6.03; TIEM S LLIE N 3.42, J8 S bWy Al 1 4
(C17/805>2) ., BRRE(CV) SR8 i 25 1] A2
SRR R EFE AR, PR AR SRR AR A 4 K R
TR 0.1—1.0 Z 8], J8 Th &R EE S,
TR AT RZBORT 1.0, TR AR T
A XA TR RE DX 35 AR SRR AE K 6 R 7
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F1 BFEESBERKBEFHRITESH
Table 1 Descriptive statistical parameters of the ecological characteristics of Phragmites australis and water-salt indicators
AR bR R/ ME RRME ¥iE brif 22 i FE (353 75 S FHN
Indicator Min. Max. Mean SD Skewness Kurtosis CV
FREL Plant numbers/ (#/m?) 4.00 17.00 9.15 2.85 0.90 0.59 0.31
FR¥E Plant height/m 0.29 2.05 0.78 0.46 1.08 0.26 0.59
5% Coverage/ % 0.20 31.00 8.41 7.79 1.16 0.51 0.93
Hi1 A=) Aboveground biomass/ (g/m?) 2.50 25.02 9.53 5.27 1.14 1.15 0.55
1R A= 47 Belowground biomass/ (g/m?) 3.55 30.75 13.72 7.45 0.71 -0.43 0.54
+ 47K 43 Soil moisture/ % 0.20 29.84 7.21 7.60 1.15 0.43 1.05
1T KHEVR Ground water depth/m 1.14 7.57 4.23 2.00 -0.02 -1.42 0.47
pH 7.92 9.05 8.49 0.24 0.06 0.12 0.03
b Total salt/ (g/kg) 0.68 68.44 18.24 16.94 1.38 1.46 0.93
SR Total alkalinity/ (g/kg) 0.09 0.35 0.17 0.06 1.65 2.34 0.37
BN B EE Sodium adsorption ratio 0.30 18.16 6.03 4.61 0.88 0.04 0.76
AR C1™ o SO% ratio 0.43 10.61 3.42 2.72 1.10 0.19 0.80
x2 AEHERAEFESHUERKEEFHSERR

Table 2  Results of multiple comparison of the ecological characteristic

sampling regions

s of Phragmites australis and water-salt indicators under different

FEIX 1

Sampling region 1

ARG

Indicator

FE% Plant Numbers/ ( #k/m?) 9.47+3.2 a

¥ Plant height/m 128.82+43.63 a

65 Coverage/% 15.94+7.79 a
1 b EYIHE Aboveground biomass/ (g/m?) 14.81£5.40 a
T 2E 4 belowground biomass/ (g/m?) 7.67£2.47 ¢
+-1E7K 43> Soil moisture/% 15.46+7.26 a
1R 7KHEYR Ground water depth/m 2.22+1.30¢
pH 8.40£0.23 b
43 Total salt/ (g/kg) 14.20+11.58 b
JJE Total alkalinity/ (g/kg) 0.15+0.03 b
B AF L Sodium adsorption ratio 5.14+4.82 b
S C1™ to SO ratio 4.68+3.03 a

FEIX 2 X 3 FEIX 4
Sampling region 2 Sampling region 3 Sampling region 4
9.90+2.92 a 9.00+2.87 a 8.44+2.37 a
68.10+28.42 b 55.33£12.95 be 43.63+12.36 ¢
7.40£6.47 b 5.33+3.20 be 2.77+2.51 ¢
8.81+2.54 b 7.90+1.71 be 5.30+2.32 ¢
13.08+6.47 b 14.42+5.43 b 20.16+7.42 a
5.63+4.85b 3.92+2.96 be 1.33x1.24 ¢
4.44£1.75b 5.38+0.85b 5.58+1.49 a
8.56+0.28 b 8.39+0.23 b 8.60+0.19 a
12.67+£7.96 b 11.49+10.35b 30.47+18.07 a
0.15£0.06 b 0.15+£0.07 b 0.20£0.06 a
4.45£2.35Db 3.22+1.99b 9.84+4.51 a
2.71+£1.75b 1.72+1.28 b 3.47+£2.95b

4 AFEX AP 26 A S RAE 5 K ER I TR BN A
[FIRESE A 22 520 . 7 2 B A SRR AE P BR PRSI 2
FEZEFON, AR EA R AR XA B 22 5

FEX M 2ER bR o B A A 2 SR
FEIX I>FEIX 2>FEIX 3>FEIX 4, i) BB a5
PRI VRS M T A AR A R e e A B,
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FUKATHE bR S BI04 Ryt 35 A R Ao B AR £, T 6
BHRAR A B 2%, HICAR M 230K, 25 0] A8 5

P

3.2 PUEEASEHMESKERN T8 RDA
3.2.1  POESAESFHERKERHF B RDA HEFP

X P A AR IE RN 28 5 A S R R PR - 355 /5 1
7 AKERFF AT RDA, BB 3R1FX 7 MK ERH T
XA S FE R (2 3) . PSR SRR AR S
I %t 56 [ St A s o0 501l R 74.0% 1 2.8% , it fid
BTSRRI E B8N 76.8% , X 5 25 L A FRE
FUKERH 7O R 1 2 B O =ik 98.9%, HH I
AT HTRT R A0 R T b S Bl 125 =5 A 25 AR AIE A8 5 K
IR TR, H B 1 ke,
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Table 3 The RDA (redundancy analysis) of the ecological characteristics of Phragmites australis

HEF o Axis

B Axis T 2B 1 %h Axis T 5 M % Axis T IV AxisIV

e NAFAE B/ % Variance explains of ecological characteristics

A A RRIE 5K R B FAE

Correlations between ecological characteristics and water-salt indicators
BRI B %

Cumulative percentage variance of ecological characteristics

A AR K R T 5 2R B TR AL/ %

Cumulative percentage variance of relation between ecological characteristics

and water-salt indicators

MFEHFAE(E Sum of all canonical eigenvalues

BUERE(E Sum of all eigenvalues

74.0 2.8 0.8 0.0
0.967 0.644 0.359 0.094
74.0 76.8 71.5 77.6
95.3 98.9 99.9 100.0
0.776
1.000

IKERRF 58 HEF A A C R B LR 4, 7
AKERH T R KRR S5 T Sl o R UK,
i£-0.929, +HOK /T 5 H B IEMHXCR , HERECH
0.911, BaIASE T sz T LK 43R B9 45

5555 T A B A 56 R B R, O 0.235, Ul A 5 1T 4l
J SR L3 53 D T R RE M 5 T 322 S e pH A1
MR L FE B9S2 5 265 IV Bl 5 7 KSR IR 7 B AR G
YRR

x4 KBEAFEHFHBPBAXXE

Table 4 Correlation of water-salt indicators with the axes

7K 3R B F- Water-salt indicator 5 1l Axis T 265 M4l Axis 1T 25 MM Axis 1T FIVHD Axis IV
+ 47K 53 Soil moisture 0.911 -0.148 -0.017 -0.007
T KHEEZR Ground water depth -0.929 -0.140 0.016 -0.008
pH -0.232 0.175 0.211 -0.009
423k Total salt -0.272 0.235 -0.187 0.026
JAHE Total alkalinity -0.282 0.108 0.072 0.076
FHI B} b Sodium adsorption ratio -0.331 0.135 -0.211 0.029
FABLLL C17 to SOF ratio 0.146 -0.012 0.051 0.026

PE— 2D 2 3 A AR A B AK SR BRI 1
THYEHERP I (1B 1) o AEHRRE B PR A AR AR 4
PRS0 HG Sk ERFR S, KR 7 Al 25 0 Y Sk

HELFIN Wik IR R R 3 AR SRR IE SO ER
TRA BRI, Fi 3k 18 AR AR SCEOR, )z, )
/DN 3 Sk 5 HE RS Al R e A FR AR RN, e A
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Fig.1 Biplot of the first two axes of the RDA ( redundancy
analysis ) for water-salt indicators associated with ecology
characterisitics of Phragmites australis
A, 3K Soil moisture ; B ; #l F 7K IR Ground water depth; C:
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FRES Plant height; c: 55 & Coverage; d: Hi I £ ¥ & Aboveground
biomass ;e : 1 F 4= 41 Belowground biomass
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i LiRARST, AT LA HOK SR IR IR 7 X 5 35
A SRR AEE2E 5 o X T AR F i 17 5
FERISRIES 3 BRI A it () B HE P 45 21
W5 B, AKER PR 75 =5 5 ) i) 2 224 el K3
MR R R KB  HEK 4 SAR (R EE) |
2k HCOS (GBI ) (pH {H . Cl7 /S0 (AL HL) , H
FRHlL T K SR 3K 23 % 2 5 A AR R i A
F(P=0.002<0.01) , 1 F 7K G+ 37K 43 i B
o7 T A I BE T R Y L A R 68. 3% Al
65. 7% , Tt B 1L T 7K SR T 4 B 7K 3 2 5 ) ) =5 4R
ERIE BB B R 1 5 SAR | 43k 0 2 25 A 28R 1E
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Table 5 Importance and signification level of water-salt indicators

IKEEFRIE A T

Water-salt indicator

FEVEHT

Importance rank

T KHEPR Ground water depth
137K 53 Soil moisture

FHIR B Sodium adsorption ratio
423k Total salt

pH

JSHE Total alkalinity

S C17 to SO ratio

N O R W =

IKER D BT o i R/ %
Variance explains of F P
Water-salt indicators
68.3 107.871 0.002
65.7 95.665 0.002
9.0 4.975 0.018
6.5 3.442 0.048
6.4 3.431 0.054
4.7 2.479 0.080
1.7 0.874 0.374

3.2.2  F— KRR P T A AR Y 5

XA ARG v 5 3 A AR A B I R
S 7K ER R - AT 38— 3 A, i — 2P i e B — K
AR R0 P 3 AR SRR B 52 e, A A R AL S AR A
FRHE R Kk 1 L AR ER PR 717 Sk B e S B LAY t-value
WU, t-value XUT AT DL RS = =35 Az A R AR
IKERR T BOFE B 7F t-value XU & A Q0 30 3 A= 545
TR Sk i 2k 58 4 I A\ SRR R Bl b AR AR B
TE S FFE Y B — 7K R PR B 3 TR AR DG, R 2 an R 3
A SRR Y 3k % 4 o8 A M A R B v AR R
AHFAE S5 (1) PR — K R 7 I 3 B A G

XML KER IR BEAT 23 B (P 2) , T LA Ak
TG E 58 42 v A HEZR PN, Ul ] 1 K LR 5 7 35
ke e o P 5 0 GG, RV M A HEL R B B
PRI AR R A A 2l s 3 AT S A S
SRR R v ALRIE N (LS RE S B ) L U6 5 A
PR AR SRR RS bR 1 5 R K o) B A S
Tt A S K S OGBSk
ARSI T A A W s R T Ay 4
PR AR ASRRAE S K o B IE AR G, Al K
IS SR S B AR RO BOE S K 4
Bl 5 Reme 1 A R L | 4=k 557 35 AR AR IE 1A 5
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Fig.2  T-test results for Ground water depth influencing
ecological characteristics of Phragmites australis
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Fig.3  T-test results for Soil moisture influencing ecological

characteristics of Phragmites australis
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Fig.5 T-test results for Total salt influencing ecological

characteristics of Phragmites australis
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