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Environmental characteristics and interspecific associations in the lower reaches

of the Kongque River

LIU Yaqi, LIU Jiazhen™ , CHEN Yongjin, JING Shuhui, FENG Ruoang
College of Environmental and Planning, Liaocheng University, Liaocheng 252000, China

Abstract: The interaction between plants and the environment, especially the interspecific associations in certain
ecosystems, is an important ecological topic. The Kongque River originates from Boston Lake and flows through the east of
the Taklamakan Desert; it plays a critical role in supplying water and ecological stability to the South Korla and Lop Nur
regions. Owing to climate change, and excessive human exploitation, water availability has become increasingly limited,
resulting in severe ecological degradation in the lower reaches of the Kongque River. Therefore, to evaluate the degree of
ecological degradation and potential restoration probability in the lower reaches of the Kongque River, this study focused on
the interspecific associations of the degraded desert riparian ecosystem by analyzing the groundwater, soil salinity, soil
nutrients, and vegetation in 2013. The resulis showed that; 1) Based on the variation in groundwater depth, soil salinity,
soil type, vegetation coverage, species richness, and species diversity, the longitudinal habitats in the lower reaches of the
Kongque River could be divided into three types: oasis—desert ecotone, intermediate desertification zone, and saliniferous

desertification zone. In the oasis—desert ecotone, the groundwater depth was soil salinity was low, Populus euphratica was
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the constructive species in plant community, vegetation coverage varied from 9.04% to 21.10%, and the soil was mainly
formed by sandy loam. The groundwater depth, soil salinity, and soil texture in the intermediate desertification zone were
similar to those in the oasis-desert ecotone. However, the vegetation coverage, species diversity, and species biomass were
lower than those in the oasis-desert ecotone. Tamarix ramosissima Ledeb. and T. hispida Willd. were the constructive species
of the plant community. The groundwater depth and soil salinity in the saliniferous desertification zone were the highest
among the three zones, and sand grain factor affecting the soil. Owing to the severe environmental factors, P. euphratica and
Tamarix spp. could not survive; therefore, the desert halophytes, such as Halostachys caspica C. A. Mey, and Kalidium
foliatum Moq. were the constructive species in the plant community. 2) Overall, inter-specific associations between different
species in the lower Kongque River were not significant. Most of the pairwise associations in the oasis-desert ecotone were
positive. Nevertheless, associated coefficients were <1, which indicated that the ecological stability of the ecotone was
vulnerable. The pairwise association in the intermediate desertification zone was not significantly negative, and the
association coefficients were also <1. This finding implied that the environmental factors were highly heterogeneous, and the
ecosystem was deteriorating. The pairwise association in the saliniferous desertification zone was significantly positive, and
most of associated coefficients were >1, for all the survival species in this zone were euhalophytes. Consequently, the
ecological degradation in this zone was the most serious. 3) A canonical correspondence analysis showed that in the oasis-
desert ecotone, the key species, P. euphratica showed a positive association with other species, the habitat expressed
characteristics of moderate soil salinity, high nutrients, and suitable soil moisture. Unlike the oasis-desert ecotone,
associations among species in the intermediate desertification zone were not significant, the two key species, T. hispida and
T. ramosissima, were interdependent, and the habitat was characterized as having lower soil nutrient and water contents. In
the saliniferous desertification zone, associations among euhalophytes such as Kalidium foliatum , Halocnemum strobilaceum ,
and Karelina caspica were significantly positive, and the characteristics of the habitat were barren soil, a shallow

groundwater level, and high salt salinity.

Key Words: lower reaches; Kongque River; dried-up riverbed; interspecific association; environmental characteristics
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Fig.1 Distribution of investigation sections in the lower reaches of Kongque River in China
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Table 1 List of the most species in the lower reaches of Kongque River

il P i i
Species Number Species Number
14 Populus euphratica Oliv. S1 TEAELE Karelina caspica (Pall.) Less. S9
B Lycium ruthenicum Murr. S2 WIFEAMI Tamarix hispida Willd. S10
F1 3l Nitraria sibirica Pall. S3 ZHARMI Tamarix ramosissima Ledeb. St1
FEE Salsola collina Pall. S4 RS H L Glyeyrrhiza inflate Bat. S12
HIP53% Salsola ruthenica lljin. S5 H# Glycyrrhiza uralensis Fisch. S13
RFEA Halostachys caspica (Bieb.) C.A.Mey. S6 4R Halimodendron halodendron (Pall.) Voss. S14
EITUR Kalidium foliatum ( Pall.) Mog. S7 4278 Cynanchum sibiricum Willd. S15
AR Halocnemum strobilaceum (Pall.) Bieb. S8 735 Phragmites australis ( Cav.) Trin. ex Steud. S16
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Fig.3 Characteristics of the vegetation and environmental factors in three degenerated types

TUFPTIE AL R R LR, BEE T E B AN, M @ papmussmdon o mmmmion o & 1R

TOKGAERS. R R A RS b e
DL T ARHRA) 22 S, 5 BT 4 0 o

00 400 600 800

TR KRR,
322 S

WE S Fios,3 PSR 4 39 B Y 3 o0 A 22
L R SRy R 4 N M = 3 1] Y (S ]
BORBERBEK, RZE BN 7E 0—50 em +JZ 1]
IR AL B 50 em DLR AR FRa, Horb 4%
I -STE T3 A 3 45 b - ) 40 8 B s R
EE MR DL 5—15 em 2 SRR,
R IRAL AR IR 3 100,200 m 1 400 m Ab 4% gl
FIT 0—5 em #h50& &f i, FET1E 600 m F1 800 m R —
it TR 1T S—15 em PRE AR BRG] s RIS Fig.4 The change of ground water depth between different the
T DR RBE LA BRI, AL A3 AT B 31 18 800 m 4, +IFEFI AT degenerate sections
SRR EE RS, MRS, B
LRI B N1 A RB SV N e I T 2 7 I 2@ U E N 1) 2 B N I NG = | B TR S U S L Y 3 T
HH,
323 TS SR K

PLO0—15 em +J2F5 & i 5 4 E A R R RS A IR bR iE Y AT L, th R 2 1R 3 TR AL
FRUA WU B SN T - B Y R R R B AL, 3 M A 2 A S /T 0.5 g/kg, HAK

H AR HEYR
Ground water depth/m

http ; //www.ecologica.cn



8 1 XNEFE A LA T U I L A8 R RAAIE S o [ 5C 2 7

JEEL Total salt/(mg/g)

0 30 60 90 120 150 180 0 35 70 105 140

50—80

80—120 80—120
Y -E T R A R

120—170 [L 120—170

0 50 100 150 200 250

YR Depth/cm

—a— JE{E100m
—A— JE{IE200m
—A— PEYE400m
—— BEE600m
—O— PE{TiE800m

30—50

50—80

80—120

TR

120—170 f

5 FRBUXRBEITELESEEESHE

Fig.5 Vertical distribution of total salt in soil between different the degenerate sections
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Table 2 Soil nutrients and particle composition between different the degenerate sections

SRS . "
BRI e shmion

i H Item . Intermediate Saliniferous
Oasis-desert

ecotone desertification zone desertification zone
343 Nutrient AHLUK Organic matter/ (g/kg) 7.55+2.65a 6.98+2.57a 1.52+0.22a
A Available nitrogen/ ( mg/kg) 50.35+15.30a 35.57+10.10a 36.64+7.90a
A Available potassium/ ( mg/kg) 978.45+379.11a 837.56+220.75a 428.36+99.18a
B Available phosphorus/ ( mg/kg) 13.57+4.97a 10.53+3.59 3.52+0.48a
2 Total nitrogen/ (g/kg) 0.41+0.26a 0.15+0.03a 0.09+0.01a
4:H§ Total phosphorus/ (g/kg) 2.01£0.04a 2.03+0.07a 1.66+0.09h
28l Total potassium/ ( g/kg) 16.30+1.82a 15.58+0.28a 14.1020.30a
BEATIE 100 m 0—15 cm 12 KR <0.002 mm) 3.04 2.17 2.04
5L % #K7(0.002—0.02 mm) 18.59 14.53 12.34
Soil particle R 0.02—2 mm) 78.37 83.31 85.62
15—30 cm )2 HikL(<0.002 mm) 5.66 2.44 4.78
H9RE(0.002—0.02 mm) 36.56 15.39 42.12
4(0.02—2 mm) 57.78 82.17 53.10
HEIT3E 800 m 0—15 cm £ /2 Hiki(<0.002 mm) 6.01 3.41 0.00
IR % #3K7(0.002—0.02 mm) 36.40 21.83 0.00
Soil particle H(0.02—2 mm) 57.59 74.75 100
15—30 cm +J2 HikE(<0.002 mm) 7.66 2.53 5.73
H3HE(0.002—0.02 mm) 60.15 15.18 49.14
R 0.02—2 mm) 32.19 82.29 45.13

SR R ELR , 2 TR RIS R PR RN TE 0.05 KF L2257 B3

®3 FEIRUEBBEBREMED T

Table 3 Analysis of total overall association between different the degenerate sections

) Ti 23 VR g ge it w X2 FHE (XG55 Xo 050 W RE &5
Types Variance ratio Test statistics X2 critical value Measure results
S e Bk A N
id,] HeiL R 1.86 37.19 (10.85,31.41) ITE FN
Oasis-desert ecotone
SHEFEBLAL R -

%Eﬁ“ﬂtﬁ o 0.86 17.14 (10.85,31.41) NTE SRS
Intermediate desertification zone
shE -

SRR 3.07 61.50 (10.85,31.41) R MR

Saliniferous desertification zone

Xif He = AhaB A 2850 () bl ] b B R 25 R B (K 4 . 5 TR 6) T LI Wfhlal Kk 28R BN A 25 1 —
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B S RUANT 7 (R b v | TEBRESE bt BT o5 L) 00 90 47% 44.4% (69.4% , 7 R 45T X BURIE o 149 L 4310 0 391 A
50% 55.6% \27.8% , S YN -Fi ik I S TE MR S5 R XT RIS 5B A5 RO B5OR 25 AN K, Aol [ TE SRR S6 1L 0.94<1,
T2 B e TR AL 24 TR0 TE I 235 b o 5/ N T 7 IR 45 b K5, b v ] TE rUBE S5 LA 0.8< 1, Eh 35 Ak 200 T B 45 X 4
HH 4 22 T SR R 25 A0, Fbout ) 1E R B2 oA 2.5>1, 3 R AR5 il v ik - S Ak 8 A IE B2 R X Bl 2 . UK
AR AR T b B R I R Z5 PR A, Wi P S BA W o 2 ol 3 B A R ke e /| S N e el 9 S A
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Table 4 The ¥? mensuration matrix of Oasis-desert ecotone

Tl

Species No. S1 S10 S2 s4 S5 S12 S14 S13 S11 S15 S16
S10 +0.35
S2 +0.20 +1.27
S4 +1.87 +0.00 +0.03
S5 +4.49" +0.35 -0.20 +1.87
S12 +4.49 " +0.35 -0.20 +1.87 +4.49 "
S14 -0.00 -0.00 0.24 -0.56 -0.00 -0.00
S13 +0.20 -0.00 +0.56 -0.03 -0.20 -0.20 +5.95"
S11 +1.87 -0.00 -0.03 -0.56 -1.87 -1.87 +0.56 +0.03
S15 +4.49” -0.35 +0.20 +1.87 -4.49" -4.49*  -0.00 -0.20 -1.87
S16 +1.87 -0.00 +0.03 -0.56 -1.87 -1.87 +0.56 +0.03 +0.56 -1.87
S6 -0.59 0.42 +2.51 -0.03 -0.59 -0.59 +2.81 +2.51 -0.03 -0.59 +0.03
L+ TR IEBRES (ad>be) , “ =7 Rom AUIKES (ad<be) , TR 5 AT 2L, + 3 P<0.05; ** {3 P<0.01, Note: “+” expressed the
positive association(ad>bc) , “=" expressed negative association( ad<bc) ,no sign was completely independent. Note; * expressed P<0.05; ** expressed
P<0.01
x5 RBRERRLERYINEEER
Table 5 The ¥* mensuration matrix of Intermediate desertification zone
45 Species No. S1 S2 S4 S14 S16 S10 S13 S11
S2 +1.80
S4 +0.00 +1.07
S14 +0.81 +3.23 -0.07
S16 -0.88 -7.91" -1.83 -0.38
S10 -4.27" -0.00 +0.09 -0.61 -0.07
S13 -0.00 -0.00 -0.35 +0.01 +0.10 +0.35
S11 -1.57 +0.00 +1.18 -1.14 -0.52 +6.41" -1.01
S6 -0.00 +0.00 +0.35 -0.01 -0.10 +0.35 -4.49 +1.01
“+7 RN IEBRE (ad>be) =" RN PIRES (ad<be) ,TEAFS R 58 M5 + AR P<0.05; 7" i3 P<0.01
Fo HITTRMERMF N NEEPER
Table 6 The X*> mensuration matrix of Saliniferous desertification zone
4w Species No. S10 S6 S7 S8 S3 S2 S9 S16
S6 +1.99
S7 +2.76 +1.05
S8 +2.76 +1.05 +16.05""
S3 +0.30 +0.73 +3.58 +3.58
S2 +0.52 +1.11 +4.84" +4.84" +0.17
S9 +0.52 +0.01 +4.84" +4.84" +0.17 +4.06 "
S16 +1.01 -0.59 +0.04 +0.04 -0.20 -0.10 +0.10
S11 -0.13 0.42 -0.28 -0.28 -0.00 -0.07 -0.07 -0.35
47 FORIERES (ad>be) =7 FR LS (ad<be) , 55 R 5eaihar ; « 03 P<0.05; ** fR3& P<0.01

3.3.2 FhEIEBRLE IR S

CCA HEF &5 SR WK 6, 55 —HEF Rl RFIEE R 0.895, 2 —HEFF IR AE(E A 0.696 , 1y W1 HE - il 9 RRAEE 5
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Fig.6 A two-dimensional scatter plot of CCA ordination for plant species
K WITh 45 L2 1;Species codes expressed in table 1.0M ; A HLFT I average of organic matter; Tph: 2841} average of total phosphorus;
Tpo: 28I average of total potassium; Apo: HAHFEIMH average of available potassium; pH : BRI SERIME, TS B AL average of total
salt; GW ; & FEHIHL T /KR ground water; TN ; 2% F-4{H average of total nitrogen ; AN ; 34 & F-34{H average of available nitrogen ; Aph ; 8 -

& average of available phosphorus; WC : T3 & /K i water content

FSVRFEAE Y 58% , Ut BHHE P SR KA ; I BT P 3 F 5 FRBEAH 5C R E0R 0.997 F10.989, A MR =5, 25—
Herhbe 5 Sk 2 IEAH AN, S eI A F 2 0S¢, b 5 T KR pH A HLT 28 ik f
P BB P 1A 6 R DG R B TR 9 -0.9676 .—0.5684 . —0.5346 . —0.7247 . —0.4916 . -0.4195 , 55 —HE ¥l 5 5
R IFASE(0.4011) , 5 HAAEE T A RN, s FKERIR Sk A VUR 4w 48 S M
5, pH AR A BN A C, e CCA HEP I WSS —HEFP Sl 22 847, b /K BEUR B i A8 7, pH
AN BT A A R O AR VA HE R AN T = b, R AR R

P T 6 W, 32 BE 43 A o ' R 3 AR AR BE Wt InT JE P o] o3 o — R P DL T 28 T 28 MR,
T Z2REET SETESE AR KR H BT (S1,54,S15,S12) , T 28W AP A8 m) H 5 B I B M)
FREHI(S11,S13,52,510,S14) , 3R LS ] FTOTHIER AR (S6,59,53,57,88) . 1 258
ol i ) P ZE ), o A BRI 1) 38 3R 0 5 v, MU R KA L 358 pH ORISR A S il v, I AR R T b 2R 5T 4 5
o3 IKAYEEE AT 128, TSHEY A O 1) 1A M0, 7 76 3R 5% - 9835 43 & 1 fe (1N, - 38500, W R K77k
SEEHISCHT AT, 1 BRI R SRS R IR & SN - B VAL 2R | T B AF & R B T A 2 A | T S
FFEEh BT m bR RS M R T LA, T 28RErh W Fpass (S1) &b T B4 &, & W Fh 5150 47 18]
FORE A 2 I 2R 2R TR LA R 00 A e 2 . TSP W B AR (S10) 2R ARMI(S11) 231 (S2)
SEP D S PR B A RS MRS, T R PR ) R B AR, OC R MR AR T B RN g 3 1 el
() Fy g I 2 TSR, AR W AR AR (S8) R TUR(S7) (ERAEA (S6) 45 FLER A AH W HE B il , X S 247 A=
PR E BB R Y BUE IS RRIE
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4.1 Wil iE T 7K AR b

P52 BT AT LA, AT TE K A8 2 b 7K R B AN IR T A SCAE S X 8 B AT Vi o B A
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BB A3, ZEMVR T 38 77 ) AL BT Bifi 5 WU B (I3 0, R 7K o7 52 BRI T R A AR fb ka3 ) Bz 3 2 8]
R RGO TFLAS T T WAL A, 1230 R 1A Ak A ST AR I T M R K HE PR AE 2.0—3.0 m X [A], I
T KU ) I B T 3R R T 35 B G K E AR B B i, E MR TR BT — 2 AR KT, DA il
R KA T, RIS 30 T 22 3R ER 43 s 5 A, I W 0 7 1v e a0 L 28 V) 2 ), VA v B AT, JE T ALY 3
L7 N e 2 (A0 S R 31 N =770 T 1 T L N i 7 o AV = T T R V62 O3 ) TRk )
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