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Diversity patterns and response mechanisms of desert plants to the soil

environment along soil water and salinity gradients
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Abstract; Diversity patterns play an important role in identifying the mechanisms of biodiversity maintenance. The soil of
the Ebinur Lake Wetland Nature Reserve located in the western margin of the Gurbantonggut Desert, in the Xinjiang Uygur
Autonomous Region of China, is short in water and rich in salinity. These regional conditions result in plants that have
developed high sensitivity and vulnerability characteristics. Thus, the exploration of desert plant diversity patterns and
response mechanisms along various soil water and salinity gradients can integrate community—wide information to reveal the
mechanisms of plant adaptations in an arid region and provide scientific strategies for reserve management and biodiversity
conservation. However, plant diversity patterns and responses to varying gradients of soil water and salinity in the Ebinur
Lake remain unclear. In the present study, three transects were first established that were perpendicular to the north bank of

the Agikesu River (one of three rivers in the Ebinur Lake Wetland Nature Reserve). In each of the three transects, 10—12
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plots (total of 32 plots) were set. The geographic data, abundance, richness, and soil volume water content (SVWC) were
surveyed and recorded in each plot. The soil samples were then collected and taken to the Key Laboratory of Oasis Ecology
of Xinjiang University. All soil samples were air dried, and soil pH (pH), electrical conductivity ( EC), soil organic
carbon (C), soil total nitrogen (N) , soil total phosphorus (P), and soil total sulfur (S) of all samples were measured in
the laboratory. Based on these values, abundance models, multiple comparisons, ordination analysis, and the regression
method were used to explore plant abundance distributions, plant diversity patterns, and relationships with the soil
environment across soil water and salinity gradients. The results showed that; (1) SVWC and EC in high (SW1) and low
(SW2) soil water and salinity plots were 16.65% and 12.02 mS/cm; and 2.63% and 1.91 mS/cm, respectively. Species
composition of herb and some shrub communities were mainly influenced by the variation in soil water and salinity. (2) The
plant distribution pattern showed no significant relationship with soil environmental factors in SW1 plots; whereas in SW2
plots, significant variations were noted with SVWC, EC, and soil nutrient content, which presented a pattern of regional
distribution. (3) Plant abundance patterns were fitted using the lognormal ( LN) and Zipf models for SW1 and SW2,
respectively. Variability in plant abundance patterns indicated the responses of community composition and structure to soil
water and salinity in arid desert conditions. (4) Plant diversity in SW1 was significantly higher than that in SW2. To some
extent, this diversity was significantly affected by soil pH, SVWC, and S. Overall, the relationships between distribution
and diversity patterns, and the soil environment showed some response patterns to soil water and salinity gradients. In
addition, the responses of a plant community to the soil environment across soil water and salinity gradients can provide

reference points for the control of vegetation restoration and soil salinization under arid desert conditions.
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Fig.1 Investigating plots and sampling sites
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F1 FEBEWERNTIEEESIE(HEAREE)

Table 1 Plant composition and soil properties of two type plots ( mean + stand deviation)

Fess o R LK ARk
Plot Number of Tree, Shrub, pH Electrical conductivity Soil volume water
o Grass species /(mS/cm) content/ %

SW1(n=13) 3,12,5 8.64"+0.38 12.02°+4.93 16.65*+2.89
SW2(n=19) 3,8,9 8.04"+0.36 1.91°+1.25 2.63"+2.32

\ o S

Pl L A o 2

Soil organic carbon/ Total nitrogen/ Total phosphorus/
Plots Total sulfur /(g/kg)
(g/kg) (g/kg) (g/kg)

SW1(n=13) 4.45°+2.29 0.46*+0.18 0.46"+0.26 42.22*+11.34
SW2(n=19) 1.19°+0.96 0.17°+0.10 0.40°£0.16 11.34£12.28

(] — R R B RO AN R) - B R 22 R B3, B MEKF P<0.01

F2 BREBEBEEMPENMER
Table 2 List of plant species in each type plots

o MATFE A WREEN A A 7 P

Idl Plant Species Family and Plot 7 Plant Species Family and Plot
name genera belongs to € name genera belongs to

T A ., REA WA .
Haloxylon ammodendron wWRE Halocnemum strobilaceum PN e N

L il . BOBAER -
Populus euphratica R Glycyrrhiza uralensis HEE

; B e R . 16 EINEN s SW1
Alhagi sparsifolia eyl Halostachys caspica HBEAR -

, WAL T #H -
Nitraria schoberi & Suaeda salsa Tz 8

, EEk KB . PHRE 2t -
Reaumuria soongorica TR Suaeda prostrate % &

. HER i . R el -
Salsola collina WEXR Lycium ruthenicum Mt s

; R #F} R 20 AN B3 2H} W1
Suaeda dendroides B Suaeda microphylla B &

8 A Rk Je TR . )1 Y% 2R} SW2
Apocynum venetum B E Salsda ruthenica BEXE
e 3 v y

o . Ti&ﬂ + n UE ﬁﬂ# SW2
Phragmites australis PR Agriophyllum squarrosum WEER

10 HIUR Rt N 2 JUEGES 2R} SW2
Kalidium foliatum HIUVR Calligonum ebinuricum W N
A 5 s y

" Acdcf - %ﬂ ) R " XJwﬁJ o ﬁf{r Sw2
Karelinia caspica 1EAESE R Horaninowia ulicina X5 )&

1 FEH FERAR . 25 TR ER BoER} SW2
Tamarix ramosissima g Salsola aperta WEXE
HEAR EX i £ .

13 Halimodendron halodendron HERE " 2 Serphidium santolinum HEE SW2

B e+ SRR IR R TR B

22 RIFKEBEEE T HIIRN LR R 15 2 2 5
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Fig.2 Plant abundance fitting curve of SW1 and SW2 plot
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Fig.4 Ordination analysis on plant species and soil factors of SW1 ( CCA, left) and SW2 ( RDA, right)
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Table 3 Statistics value of CCA analysis on SW1 plot and RDA analysis on SW2 plot

i H S—fh 55 S F RIS

Item Axis 1 Axis 2 Axis 1 F test
SW1 FRAE(E Eigenvalues 0.89 0.44 F=1.785 P=0.01
CCA Yy Fp- A S Species-environment correlations 0.98 0.95
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BiH S —Tl 55 4l S F R0
Item Axis 1 Axis 2 Axis 1 F test
Rh-PRIR O ZR 1 R 22 Tk 417 6.5
Cumulative percentage variance of species-environment relation ’ ’
SW2 FFF(E Eigenvalues 0.62 0.05 F=18.02 P=0.01
RDA Wy -FR B AE e Species-environment correlations 0.89 0.73
RIS -5 =5 il
Pri-BREE 5 R 0 R T 22 5THkR 7.9 047

Cumulativepercentage variance of species-environment relation

MRS EORE , 13 pH X AROKER A8 T HOAE ) 22 R sl 25 2 W S 35 5 i A 31 2 XAl P o
AR PN R 5 H 3 SVWC TS 8 R AR AR SRR A 858 XA 22 A 1 1) 22 A A5 Al A A
FW; LI EC KHARE FROT R MW A AR R AR R I B (£ 4) .

x4 PHESEEERSIERZENZSEA

Table 4 Stepwise regression analysis of plant diversity and soil factors

N N LR A 44 1 R 4
fatr +3% pH .. .
I - Soil volume water Total sulfur/ Regression
o P content /% (g/ke) coefficient
FRBEREEL SP 0.85"* /0.67 " —/— —/0.11** 0.97/0.97
A W N3850 Shannon-Wiener 0.15**/0.10** —/-0.15"" —/0.03 " 0.94/0.86
BB AEEL Pielou —/0.06** 0.04"* /-0.08 ** —/0.01** 0.94/0.86
F % ZRHEE Simpson 0.07°** /0.05 ** —/-0.08 ** —/0.01** 0.94/0.84
B BIRTESL Fisher-a 0.24**/0.11** —/— —/0.02** 0.90/0.95

“/7 HIEAMMERR SWI R SW2 A BT T RYARAR R AL, + » FORILIRHRTE MR i 23 P<0.01

0.7 SVWC
051 a EC

5\/ P |

......................... —»SP
y ..\.\\
.Y e
i e
1\ — S
P pH Y e
" H IR Fisher-a
i 1A
[ Vi
Fisher-aa Shannon-Wiener \ \ \
Simpson L\
Pielou I \ \\
SVWC Ly
{13 Shannon-Wiener
-0.7 \ L . ) -0.8 ) Pielou S‘i}npson . . . |
-0.4 0.8 -03 =

Bl 5 SWI(Z)F SW2(4) Hith4fh & HEMEIEHE T 1#E FH RDA 547
Fig.5 RDA analysis on plant species indices and soil factors of SW1 (left) and SW2 (right)
SRR RS 3R TR RDA 204 s ([ 5) , SW1 eI Z AR TR 505 + 38 pH I SVWC 8] £
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