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Relationship between riparian plant diversity and soil factors in the
middle and lower reaches of the Yellow River
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Abstract [ Objective ] The relationship between species diversity and soil factors in riparian zone is impor-
tant to maintain the stability of riparian ecosystems. The purpose of the study is to reveal the relationship
between species diversity and soil factors in riparian zone and provide references and theoretical guidance
for the ecological restoration, protection, and high-quality development of the middle and lower reaches of

the Yellow River. [Methods] The study examined the relationship between plant distribution, species di-
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versity, and soil factors in the transition zone of the middle and lower reaches of the Yellow River in
He’nan Province by means of quadrat survey, experimental analysis, and CCA ranking. [ Results] (1) Soil
organic matter, available potassium, and available phosphorus in the transition zone of the middle and low-
er reaches of the Yellow River were moderate variability, water content, the coefficient of total nitrogen
was strong variability, and the spatial distribution of soil nutrients was uneven. (2) There was a signifi-
cant negative correlation between the dominance index of riparian plants and soil total nitrogen (P <<
0.05). Soil pH, available potassium, and available phosphorus had no obvious effects on species richness
index. The evenness index, Shannon-Wiener index, and six soil factors did not reach a significant level.
(3) The distribution of Polygonum polygonatum . Cyperus capitatum s Echinochloa crusgalli s Echinoch-
loa cristatum , and Eclipta prostrata communities was affected by water content. The distribution of Ar-
temisia annua » Ziziphus jujuba , and Populus tomentosa was mainly affected by total nitrogen, which
were mainly distributed in areas with high total nitrogen content. Humulus scandens and Amaranthus ret-
roflexus were affected by available potassium. However, Cynodon dactylon, Xanthium strumarium ,
Phragmites australis , Setaria viridis, Polygonum persicaria, Vigna radiata , and other communities
were less affected by soil factors. [Conclusion] The soil moisture content, available potassium, and total
nitrogen in the transitional zone of the middle and lower reaches of the Yellow River are the main factors
affecting plant distribution. Different plants have different requirements for soil conditions, which can re-
flect the relationship between vegetation and soil environment.

Key words middle and lower reaches of the Yellow River; riparian zone; plant community; species diver-

sity; soil factor
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H1, Erliban in Lingbao City. H2, Hubin in Sanmenxia City.
H3, Mianchi South Village. H4, Shijing in Xin’an County.
H5, Baiyundukou in Xin'an County. H6, Yingzui Mountain
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H8, Zhangzhuang in Mengjin City. H9, Longtangou in
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Fig. 1 Locations of the study areas and distributions

of the sampling points
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Table 1 The top three plant species along the river in 6
He'nan section of the Yellow River Basin “ i L
fir 7t 04 44 7 e 3
Position Plant name Important value 2F
TR Equisetum ramosissimum 0. 345 (1) I L
H1 MR Setaria viridis 0. 469 \Hl H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
SR Puccinellia tenuiflora 0.311 1‘0\_
SORFEIS R Cy perus glomeratus 0.236
H2 P2 Phragmites australis 0.223 0.8+
BB Panicum bisulcatum 0.429
BE Xanthium sibiricum 0. 406 Q06F
H3 FH#E Polygonum persicaria 0.469 041
LRI Pycreus polystachyus 0.249
M Echinochloa crusgali 0.299 0.2 L L L L . . L . L L . )
- JUF R Conodon dactylon 0. 967 :Hl H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
G H Xanthium sibiricum 0. 640 18F
HF M Cynodon dactylon 0.619 1.6
H5 B Xanthium sibiricum 0.203 141
4% Vitex negundo 0.310 = iz i
R Eclipta prostrata 0.130 08l
H6 1 F M Cynodon dactylon 0. 652 061
B Xanthium sibiricum 0.867 041}
MR Setaria viridis 0.592 02 e
- KEF Imperata cylindrica 0. 164 ::Hl H2 H3 H4 H5 H6 H7 H8 H9 HI10 H11 HI12
¥ Phragmites australis 0.603 1.00
4 #fi ¥ Eleusine indica 0.393
HS8 AL U Amaranthus retroflexus 0.339 0.951
PEHE Tribulus terrester 0.290 K 0.90 -
14 Cynodon dactylon 0. 380
H9 % Phragmites australis 0.368 0.85F
5 Miscanthus sinensis 0.252
W Xanthium sibiricum 0.160 08—
S H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
H10 45 Eleusine indica 0.234 PEH Sample plot
¥ M Cynodon dactylon 0.607
SRR Pycreus polystachyus 0. 414 S. EEEREGH., FR-BANEEGD. R EIREG
Hil 19 F AR Cynodon dactylon 0. 408 E. 2R
15 Eclipta prostrata 0.349 P2 BT AT A 3 DXV R ) 2 A e B 1k
HF M Cynodon dactylon 0.361 S, Margalef’s richness index. H, Shannon’s diversity index
H12 %5 Vigna radiata 0.415 D, Simpson’s dominance index. E. Pielou’s evenness index.
EHRE B Thesium chinense 0.631 Fig. 2 Variations of the riparian species diversity index

L HL R g s H2o = el ) 3 [X; H3. i i A 5 Ha B %
FIF s HE B B A = 1 H6. B2 BB W 1 H7. 35 R X 6k i85 HS. &
AT K R s HO. U SCTT R VI8 s H10. KB TI7 2535 X5 H11. JF B 117 i A 4 5

Hi12. 2% Bk,

Note: H1,
H3, Mianchi South Village. H4
ou in Xin'an County. H6. Yingzui Mountain in Xin'an County. H7. Guan-
miaogou in Jili District.

tangou in Gongyi City. H10, Huiji District in Zhengzhou City. H11, Shang-

Erliban in Lingbao City. H2, Hubin in Sanmenxia City.

, Shijing in Xin’an County. H5, Baiyunduk-

H8. Zhangzhuang in Mengjin City. H9.

ben Village in Kaifeng City. H12, Xinzhuanghu in Lankao County.

in He'nan section of the Yellow River Basin
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Soil nutrient statistics of the riparian plant communities in He'nan section of the Yellow River Basin
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Table 2 Statistical analysis of soil nutrients in riverbank of He'nan section of the Yellow River Basin

i H K R oH A BB AL RO X

Ttem SW/ % SOM/(g/kg) AK/(mg/kg) AP/ (mg/kg) TN/ (g/kg)
SE-#1{H Mean 0.195 8.01 6.55 34. 11 4.47 0.03
FrifE2E SD 0.102 0.19 3.67 28.00 1. 81 0.03
A5 R K CV 1.919 0.02 0.56 0. 82 0.41 1.04
e KIH Max 0.438 8.31 15. 88 122. 86 8.73 0.12
#%/ME Min 0.016 7.73 1.59 3. 44 1. 68 0. 00

2.3.2 AERTHEYSHESTERTFHMEXE
N 3 T UL, Wy Rl 2 BRI T K
AT 4 RS R B, £ ERES)
H+EEKkEMANFZWEAREFEMXELR
(P<C0.05) , A R4 51 Ry 0. 619 F 0. 585 ; It 3
EHRB(D)O 5 +EL2ABABFRHELR(P<
0.05) MK ZREB N —0. 5345 + 45 pH {4 . 34 %5 #0 Fl
A R R 2 R M S e N B . 35 5] B 4R A
(E)S5&FR-BNEBR(H) S 6 M HHERERN T2
] AT 15 B K, RIIAE 6 A HIERIE T
K R A BIL T S 4 R I T i T R A

IEA
w

Wb Z2 R PR R s e b R oAt 3 A4S 3 FAE
FHXT R A
2.3.3 AEWEYEESGELTERFHXER

Xof ] T R A U DX A ) R T T
YA ECE . 6 A~ PR BT PR A ST PR BE BOHE O R F
T CCA HEFE 234 . HEFSE R (% O FRWL AT 2 Mk
J Bl 4 R AR AR 43 50 & 0. 602 1 0. 391, A8 ¥ 4 A A
P T 5 2 AN HER Sl A M R B R 0. 961
0. 829, I B R IR BT 5C R BT 2219 52. 2400,
HE 7 45 S e 0 S5 e 3] Hp I I Ak X9 R AR A T R
23 [8] 1) 43 A R AIE

R3 EUSHESIEETFHEXERY

Table 3 Correlation coefficient between species diversity index and soil factors
Z R T K e A LB AL A B £
Diversity index SW SOM AK AP TN
S 0.619" 0.218 0.585" —0. 249 —0.052 —0.235
D 0. 362 0.122 0.233 0.173 0.103 —0.534"
H 0.491 0.094 0. 447 —0.010 0.114 —0. 383
E —0.114 —0.335 —0.153 0.428 —0.325 0.341

TE:S. FREMEGH, HR-BNEEGD. B EREGE. B2 B

Note: S, Margalef’s richness index. H , Shannon’s diversity index. D, Simpson’s dominance index. E . Pielou’s evenness index. *

cates significant correlation at 0. 05 level.

* FRAE 0. 05 K b5 5 EME,

indi-

x4 EHIAPTHTERTE CCA HEFRIFFIER

Table 4 Characteristic roots of riverbank CCA ranking in the middle and lower Yellow River transition region

(P fih 1 i 2 il 3 i 4
Correlation Axis 1 Axis 2 Axis 3 Axis 4
¥eFE{H Eigenvalues 0.602 0.391 0. 356 0. 281
IR SRSOHCARRL 0.961 0.829 0. 842 0. 768
Species-environment correlation
CER B R O M B AN H
URLIRSLRISCHE BT L A ) 17 22 N 31. 660 52. 240 70. 950 85.730
Percentage variance of cumulative species-environment correlation ratio
A B HE{E All eigenvalues 6.117
i J0 b i I3 P AG
ST AT S Tl 1Y S 2 A 5 P—0.004

Significance test of all canonical axes
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AK. HESH 5 AP AR TN, 2R 1A 2. 5153, 9%
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22, KASH 23, Bl e g s 24, AR 25 B M.
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The figure shows species with =2 samples. AW, soil moisture
content. SOM, organic matter. AK, quick acting potassium.
AP, effective phosphorus. TN, total nitrogen. 1, Cynodon
dactylon. 2, Xanthium sibiricum. 3, Phragmites australis.
4, Setaria viridis. 5, Polygonum persicaria. 6, Cyperus
rotundu. 7, Vigna radiata. 8, Eleusine indica. 9, Conyza
canadensis. 10, Eclipta prostata. 11, Amaranthus retroflexus.
12, Polygonum orientale. 13, Equisetum ramosissimum.
14, Sonchus arvensis. 15, Panicum bisulcatum. 16, Eclipta
prostrata. 17, Miscanthus sinensis. 18, Artemisia carvifolia.
19, Scirpus validus. 20, Ziziphus jujuba. 21, Cyperus
glomeratus. 22, Echinochloa caudata. 23, Aster subulatus.
24 Humulus scandens. 25, Populus tomentosa.

Fig. 4 CCA ranking map of riparian species
and soil factors in the middle and lower

Yellow River transition area
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