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Plant diversity and its relationship with soil factors in the middle reaches of the

Heihe River based on the soil salinity gradient

ZHAO Min, ZHAO Ruifeng” , ZHANG Lihua, ZHAO Haili, ZHOU Yuangang
College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China

Abstract: Wetlands are a unique ecosystem formed by the interaction of water and land, and have the function of
maintaining different plant community types, and greatly promote species richness of the region. Thus, wetlands have
become a hot research area for biodiversity conservation. Wetlands are important for water and carbon cycle regulation,
wildlife survival, biological diversity, and economic value; however, human activities along with severe environment
changes have led to critical loss and degradation of wetland ecosystems. In particular, soil salinity accumulation exerts a
significant impact on wetland plant diversity. In previous studies, soil salinity has been considered an important factor
affecting plant diversity in arid and semiarid areas. This study aimed to characterize the relationship between plant diversity
and other soil factors along the soil salinity gradient in the middle reaches of the Heihe River. There were 27 sites along the
middle reaches of the Heihe River and a total of 87 sampling plots were investigated from July to August 2017. These
included 9 sampling plots for trees and shrubs (30 m X 30 m) and 78 sampling plots for herbs (1 m x 1 m). Soil
characteristics were analyzed, including soil salinity (SA) , soil pH (pH) , water content (WC) , bulk density (BD) , soil
organic matter (SOM ) , total nitrogen (TN ), total phosphorus (TP ), available nitrogen ( AN), available phosphorus
(AP), and available potassium ( AK). The sampling plots were divided into three salinity gradients by cluster analysis and

EETA . HEK A RPN H (41761043,41261047) ; AL E K275 BOBRHIFRE 1 32 T 1 AT H (NWNU\LKQN- 17-7)
Y #s A H#A:2018-06-23; % £& Hi AR B #5 : 2018-00-00
# WIHAE# Corresponding author. E-mail ; zhaoruifeng@ 126.com

http ://www.ecologica.cn



2 S % 39 &

included low salinity (S1), middle salinity (S2), and high salinity (S3) gradients. The results showed that a total of 102
plant species occurred in the plots, belonging to 30 families and 71 genera, indicating that the plant composition was
relatively rich. Along the increasing soil salinity gradient, the community composition changed significantly, and the number
of families, genera, and species decreased. The Margalef richness index (R) decreased from 1.03 to 0.55 and the Shannon-
Weiner diversity index ( H) decreased from 1.45 to 1.08, indicating that plant diversity decreased with the increasing
gradient in the study area. The effects of other soil factors on plant diversity under different salinity gradients were studied
using a redundancy analysis (RDA). The results showed that there were differences in soil factors affecting plant diversity
under different salinity gradients. In low salinity pH, AK, and TN, in middle salinity pH, AP, and AK, and in high
salinity SOM, TP, AK, and AN affected plant diversity. These findings are of great significance to the maintenance and

management of plant diversity in the middle reaches of the Heihe River.
Key Words: wetland; salinity gradient; plant diversity; soil factor; middle reaches of the Heihe River
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Fig.1 Location of the study area and the investigated plots
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38 25 X B PR T BR X B 43 AT ( Detrended Correspondence Analysis, DCA) |, i xE A 9] Z2 FEM: 5 A S 16
B3E PR 25 3 B 25 58 4 A5 PO B S KB <3, W FR R AR ( RDA . TUAR 40 BT, Redundancy Analysis ) ; {E
>4 NP PRIGEREEY (CCA ; LY XTI 4347, Canonical Correspondence Analysis) ; {E7F 3—4 22 [B] 56 £ 28 4 ml L0g:
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K H Microsoft Excel 2010 #E4 78045 45 110 #7 , R FH Origin 2017 #4724, £ FH SPSS 20.0 #4817 3543
BRI 27 225007, i F CANOCO 4.5 47 DCA SR HEIT 4047

2 H#R
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AT IO FE A B ER B SRR bR
1 SHNBENHESSSBEASGIHE

Table 1 Basic statistical values of soil salinity content in different salinity gradients

o FEr B HfH b 22 We/ME KA Hr{H AR B
Salinity Number Mean/ Stand Min/ Max/ Median/ Coefficient of
gradient of plot (g/kg) deviation (g/kg) (g/kg) (g/kg) variation/ %

S1 60 1.11A 0.66 0.37 3.14 0.92 59.46
S2 15 7.48B 3.15 3.93 13.47 6.81 42.11
S3 8 22.35C 8.16 15.58 40.54 19.36 36.51

S1.,52 Fil S3 43 BRI SCR AR i o L 3geh b BE | 55 = S B 0 SO RN ) 3 SR il ) 22 5k .35 (P<0.05)

ANV ER R EETR], IR AR B KR SR AR O AL R AR 2R R 3 (P<0.05) (]
2), BIERE SRS BEEEAA P EARER AR (S1) BE MM TR (S2) (B (S3) , H A & &
HARAEIE FEIAE 0.16—5.72 ¢/kg Z 18], MRS & 1 AR AL BB A 0.77—69.27 mg/kg, THES7KR AP &=
B AL G A, 4351 1.16%—185.85% .3.18—107.64 g/kg; R A MR AE 3 Fhdh /06 BF 1] 25 7 44
&, HAGBEEL B0 R R 85 2 8 2 W 1) 28 AR R 43301y 5.88—121.37 mg/kg 1 62.21—654.73 mg/kg;
IR TEAEACER AR E (S1) S5m0 (S3) M 22 5% B3, A H o 0.25—1.50 g/em’; HIE2HEF pH 7 3
FhER o> B6 BE R Y U0 i 35 22 57 | 4l & i AR AL YU /8, 76 0.31—1.02 g/kg Z 10177 30, pH 7E 8.00—9.43 2 |]
Ak,
2.2 AN[EER T EREE T AR VA RS A AL

FEDT A G4 R R  WE9E X 87 ARy L B YY) 30 B 71 J& 102 F, H A RAF} ( Gramineae ) fix
Z , YRR R 15.69% , H UK S22 Bl ( Compositae ) FIZERL ( Chenopodiaceae) , 43 5 5 W) AP BB Y 14.719% Fl
10.78% , & RHEYIPA 14 B 1R S 1 Fr SR S 13.73% , HohIRERBE B2 (S1) B 91 SR
J&F 29 BF 65 J&, i BRI 89.229% , thER R (S2) L FP 36 Al SRR T 14 B 30 &, o5 SRR
35.29% , i ERRRRE (S3) i BLM AR 16 7, SRS T 8 BL 14 &, di B R 15.69% , AT LI | bl - M h 70 B4 12
HYIG NS BHEY) B & R B R NG (B 3) o AN TR R A (] ) A B e e ] | it o 3k 53 B B 1) 3
TR B AEE ( Suaeda acuminata) 75 5. ( Sphaerophysa salsula) ¥ ( Salicornia europaea) ZE W) Fh ) H B, £
bt (B 5338 F 5 ( Calamagrostis pseudaphragmites ) 7K 2. ( Scirpus validus) A7 ( Typha angustata ) S Fh Y
HEK
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Fig.2 Characteristics of soil factors under different salinity gradients in the middle reaches of the Heihe River
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Fig.3 Plant composition of salinity gradients in the middle reaches of Heihe river
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FEWET pH(0.2606) HYAZAAE DL, N 12T pH 24 .

j]l]ﬁﬁ“o %ﬁﬁgg ( SS) *ﬁ%gﬁﬁﬁjﬁ% RDA ﬁk*ﬁ Fig.4 Plant species diversity indices of different soil salinity
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P T HE R Rl AR R T AT (0.3483) AR ALAE  ARFREURE 25 B3 (P<0.05) NG HSCT R R #R T

WA B R g, AT AR R R (PO

BE T R WA 2R T N AR 25 5 IR AR

pH EECER A2, bR B pH R AW AR RET , o R Bh B A ML | 4l o Ak B I R
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2
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Table 2 RDA analysis results of plant and soil factors under different salinity gradients

8y BEFE Salinity gradient S1 S2 S3

T H Ttem Bl Axisl B2 Axis2 Bl 1 Axisl B2 Axis2 Bl 1 Axisl Bl 2 Axis2
FRAFEAY Eigenvalues 0.130 0.014 0.610 0.021 0.974 0.020
Yy Fh-IIE A & Species-environment correlations 0.380 0.434 0.819 0.672 1.000 1.000
ESINER i PR 13.0 14.4 60.8 62.9 97.4 99.5
Cumulative percentage variance YIFp-ABE R R 89.5 99.0 94.9 98.2 97.4 99.5
JFFE(H Sum of all eigenvalues 1 1 1

BHVEAFAEE Sum of all canonical eigenvalues 0.15 0.64 1

#*3 RDARFHETERFHHEXRY

Table 3  The correlation coefficients of redundancy analysis ordination fist two axes and environmental factors

LR BREE Salinity gradient S1 2 S3

T H Item 1 Axisl 2 Axis2 11 Axisl 12 Axis2 i1 Axisl 1 2 Axis2
4% TN -0.0013 0.2509 -0.0580 0.2007 -0.2896 0.0244
LW TP 0.0986 0.1097 -0.0495 -0.1263 -0.6240 0.2360
FHKEWC -0.0695 0.1107 0.0179 0.1325 -0.2727 0.0547
FHHLET SOM 0.0340 0.1377 -0.0644 0.1760 -0.3596 0.0383
TR AP 0.1141 -0.1448 -0.2423 0.0343 -0.0997 -0.1626
A AN -0.0584 0.1063 -0.0435 0.0822 -0.3442 0.1148
RN AK 0.0882 0.2572 -0.1945 0.1199 -0.2498 0.3483
R pH -0.2053 -0.1236 0.2613 -0.2606 0.2770 -0.1403
# T BD -0.0297 0.0158 0.0785 -0.1458 0.1380 -0.0818

FHER T . SOM ; -4 LI, soil organic matter; WC ; 1375 7K % water content ; TN ; 424, total nitrogen ; TP : 27 , total phosphorus ; pH ; FRH%JE ;
AN #H34A , available nitrogen ; AP : 334 , available phosphorus; AK ; (4T | available potassium;BD: %, bulk density
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Fig.5 RDA ordination of plant diversity and soil factors in different salinity gradients
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N, S5 R 2 [ T A AR R RV NIt FAT ISR K B SR A A 8 5D B R L 3X 5 Engels
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