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Response of Populus euphratica communities in a desert riparian forest to the

groundwater level gradient in the Tarim Basin
HAN Lu", WANG Haizhen, NIU Jianlong, \WANG Jiagiang, LIU Weiyang

College of Plant Science, Tarim University, Key Laboratory of Protection and Utilization of Biological Resource in Tarim Basin, Xinjiang Production &

Construction Groups, Alar 843300, China

Abstract: The largest area of desert riparian forest is distributed in the Tarim Basin, northwest China. It controls the
structure and function of' the desert ecosystem; determines landscape patterns, vegetation processes, and land
desertification; and changes the ecological environment of oases in southern Xinjiang. Populus euphratica Oliv. is the
dominant species and is distributed widely across desert riparian forests. It protects biodiversity and desert ecosystem
stability, and serves as a natural barrier to curb desertification and sandstorms. Since the 1950s, land has been reclaimed
and the water resources have been utilized in the area. This has resulted in a reduction in the groundwater level, weak
vegetation growth, and high desert plant mortality, which has affected the sustainable development of agriculture and the
economies of the affected oases. The aim of this study was to understand the ecological responses of P. euphratica
communities to changes in groundwater levels (GWL), to determine the rational GWL needed for the survival of desert
riparian forest, and to provide a theoretical basis for population conservation and vegetation restoration in the Tarim Basin.
Nine belt transects and 45 plots were established to monitor the GWL and vegetation in the upper reaches of the Tarim River

and the ecological responses of the P. euphratica community to the GWL. The relationship between the vegetation and the
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GWL gradient were analyzed using multi-analysis methods, and Hill and B-diversity index analyses. The Ward cluster
analysis divided the 45 sampling plots into three types and the quantitative characteristics ( density, DBH, canopy
diameter, coverage, mortality) of the P. euphratica population and the GWL gradients were significantly correlated (P <
0.01). The P. euphratica growth vigor decreased and the population structure transitioned from expanding to declining as the
GWL decreased. Species diversity varied considerably in the three different plot types as the GWL decreased. In particular,
when the GWL ranged from 4 to 6 m, the Hill-diversity index decreased sharply, and the diversity curve became a smooth
line. Species diversity began to decline at GWL > 4 m. Furthermore, the Cody (B,) and Whittaker (B,) values inereased
and the Sorensen (B,) value decreased as the GWL fell. The B8,, B,., and B, indexes, and the differences in groundwater
levels were significantly correlated (P < 0.01). At GWL > 4 m, the 8, and B, values increased, but the B, value decreased
considerably. The above analyses suggested that the P. euphratica communities had similar structures and/many common
species, and that the P. euphratica population grew most efficiently at GWL < 4 m, which was the most suitable ecological
water table for P. euphratica population survival. At GWL > 4 m, species diversity and the commeon species in the
community decreased rapidly, differences in species components and environmental heterogeneity increased, the quantitative
characteristics of the P. euphratica population varied significantly, and the community structure-became simplified. When
the GWL was about 6 m, vegetation became degraded and the dominant population declined considerably. Therefore, the

rational ecological GWL for restoring degraded desert vegetation is about 4 m in extremely arid areas.

Key Words: desert riparian forest; Populus euphratica community ; Hill diversity ; B-diversity; groundwater gradient
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Fig.1 Investigation sections of desert riparian forest at the upper reaches of Tarim river
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Table 1 The statistical description of P.euphratica community at different habitats in the upper reaches of Tarim river

ZH0 Paramaters

R KA/ m FH A2/ cm

= BRI =i 26 7B /¢y = A
P Groundwater i Average ﬂ?mm/m 5B/ % T e 2 B/ %% %ﬁqaﬁﬂ e
No. (#k/hm?) . Canopy Coverage Species
level diameter at i Crown loss .
Density . diameter richness
breast height

[ Bt 1 2.3 340 14.72 4.59 37.79 <10 7

Upper section 2 2.6 280 17.82 3.39 32.88 <10 3
3 3.0 144 22.31 4.64 30.27 10—15 3

4 4.0 104 18.31 3.60 15.05 1525 2

Bt 5 1.2 29352 1.00 0.48 66.17 <10 9
Middle section 6 L.5 27884 1.23 0.54 46.28 <10 6
7 2.0 4816 3.78 1.72 55.29 <10 4

8 2.4 752 8.37 2.13 50.23 <10 4

9 35 1096 17.93 3.16 38.31 10—15 3

10 4.8 205 21.97 4.33 31.02 50 2

TE 11 1.4 8800 3.12 0.68 81.43 <10 23
Low section 12 2.2 2207 6.28 2.28 67.81 <10 18
13 3.1 1290 13.56 2.55 50.12 10—15 10

14 4.2 413 21.32 4.11 29.77 25—50 4

15 5.5 297 17.78 2.44 22.75 75—100 2

2.2.2 Hill 5 B ZFEVENT R K i 6 B 1754k
SR Z R TR ECH B T8 s 3R B i) 28 A 5 isp 25 RS A 2R Aok 22 BEME A 52 0 WA B T 22 BEVE R/INT
R KT, SIS S Il 2R

N, = (( 211);) v
A, a=0,a#1, ME a=1 KN, =e", H & Shannon-Weiner $§50; =0 B}, N, =S;a=2 i ,N,=1/D, D K
Simpson ZAEVEFREL P RRSE | DR Z LG S FOREETT IR AR
B ZAENE R BV sz WA [7) A B ) b A ) 22 S, 48 75 A [ BR B0 B T A 355 e 0 o 20 50 ) 7R 8 AN
[i) M B2 () A ZREME R R R AR R AR AR . AR SCEEFH Sorensen $8%X . Cody #5850 F1 Whittaker 38 8(1E A
B ZAR R M Jrik

Sorensen I8 4% B.=2c/(a+b)
Whittaker $5% B,=S8/m,~1
Cody 54X B.=[g(H)+t(H) /2

A, S YIRS m, R ¢ I PIRETE A RN, o b R PIRETE RN E o (H) RS SRS A0 B
M PIANEL 0 (H) TR FRIE A0 B G 2 AP 8, BVAE b — 80 BE A ZE T 7E T — 86 B i I B 4 Fh
HH,
223 Stk

B2V T FE R o AR B AR A AR B2 G0 T T2 RS T ik o AR B AR i 3 /W v
45 YR HLEAAG BT PR B R EEECE AR AR (MR eE R R REAT ) MR KA A TR A TR SR R 2558 O Bk

http ; //www.ecologica.cn



6840 A E = 37 &

3 ER59M

30 FEUI EEARE I BT A A X H T AR 6 B R
3.1.1 SRRV XT B R KAV A R A e

DR SRR BB B 9 — A2 T S 46 R
FLRZAS A R A S IR (i AT AR AT
W (E2) PR S 6 .11 12 VT h—28(H,), #1F 1
KA <2 m, FE AR AE T IE A U K 18 v X 10
(<200 m) FEEHIRHALRZHE, (RIBFNBIRG 54085 15
L PEAFR AR th A s 0 s (R F S e o)
PR T B K T A 7 K S Pl % e . . .
R R Z R SR WAk, REb 1 2,37, 0 YT o st er B
8.9.13 Uﬂﬂf]—%’é( H,), HIL R IKAE 2—4 m, il G B ) i B2 AREBHGEHENRERSNER(Wad %)
9{211 ﬂﬁ‘F Zk fTL‘FF% . i% 7J( ﬁﬁ% ﬂEE ,— %@Z *E % ﬂ] ’:P ﬁi‘@ Fig.2 The results of P.euphratica community under different
ﬁi‘*ﬁ%f/ﬁ{ﬁ{ﬁﬂi , ﬁ%i% u ﬁ)ﬂ% ‘zj;wﬂ ‘ %*ﬂ] *E, i habitats with Wards methods of cluster analysis
B ORISR AT M AR R R LA K S BT R SR R M R K
Y ZAAT PR M RS K I R SR A o T XA 5 2K T S5 7 o L 2 904 0 1 2
TR AR S RO R REHL 4 .10 .14 15 T2 (H, ), HUF KA 4—6 m, H1 15 85 T8 528, —
S A i SR 2 M SR ) T 5 4P AR 1 B A R I AR T 1 2 AL R B 1 3 s B /MR Gk
PRI F KT ST , (5 B TRRR T S R4 D, J0 BB 0 S5 M T 2 R S R PR O b 493
SR BB RETE 5L S PR T 3 2,

R2 REMTKGHAGEERECERR)

Table 2 The characteristics of P.euphratica community on different groundwater levels after ward cluster analysis
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Fig.3 The DBH distribution of P.euphratica under different habitats in the upper reaches of Tarim river
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