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Characteristics of root distribution and soil physical and chemical properties of
different vegetation communities in tidal flat wetland: a case study of Xingyang

section of Zhengzhou in the middle reaches of the Yellow River

FAN Zihao,ZHANG Ruixiang, FENG Xueqi, MA Ruijing, GUO Erhui”
College of Forestry, Henan Agricultural University, Zhengzhou 450002, China

Abstract: In this paper, five riparian zone vegetation types were selected in the middle reaches of the Yellow River in
Zhengzhou Xingyang to study the roots and soil properties in order to elucidate the relationship between the root distribution
patterns and soil properties in different vegetation types, to provide scientific reference on plant community composition and
soil quality restoration in riparian zones. The results showed that; (1) In the 0—40 cm soil layer, the mean root biomass
density and the mean root length density were greater in the Phragmites australis community and the Phragmites australis-
Cynodon dactylon community than in the Phragmites australis-Calamagrostis epigeios-Cynodon dactylon community, the

Calamagrostis epigeios-Cynodon dactylon community and the Calamagrostis epigeios-Cynodon dactylon-Juncellus serotinus

E&TA WA HEAA A THEDE (2019HYTPO13) ; EF H AR L4 TF4ET H (41401206)
s HER.2021-11-18; W 2& H ki B 85 : 2023-02-07
# MIMEH Corresponding author.E-mail : guoerhui@ 126.com

http ://www.ecologica.cn



114 BETEE AR F R AR R AR S AR B R 4773

community. The distribution of root biomass density in the Phragmites australis community and Phragmites australis-Cynodon
dactylon community was mainly distributed in the soil layer of 10—40 cm. (2) in the Yellow River tidal flat wetland, the
soil of the Phragmites australis community and the Phragmites australis-Cynodon dactylon community are mainly silty grains.
The soil of the Calamagrostis epigeios-Cynodon dactylon community, Phragmites australis -Calamagrostis epigeios-Cynodon
dactylon community, and the Calamagrostis epigeios-Cynodon dactylon-Juncellus serotinus community are mainly sand
grains. In the 0—40 cm soil layer, the soil moisture content, soil organic matter, available nitrogen, and available
phosphorus content of the Phragmites australis community and the Phragmites australis-Cynodon dactylon community are
significantly higher than Calamagrostis epigeio-Cynodon dactylon community, Phragmites australis-Calamagrostis epigeio-
Cynodon dactylon community. (3) The root biomass density and root length density of plant communities in the Yellow
River riparian zone were significantly positively correlated with soil clay content, silt content, soil moisture content, and

available nitrogen ( P<0.05), which were extremely significantly negatively correlated with soil sand content ( P<0.01).

Key Words: riparian zone wetland; plant community; characteristics of root distribution; soil physical and chemical

properties
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epigeios) JKIPEL ( Juncellus serotinus ) SEFHY) MRS EAR A GEAL T 55 0] Fr e kB o PH B, 3£ 88 1 5 Ffin]
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AR PSRN A 542,15 mm (B 1) PR 80 m, XBIFAE IX 32 ANJETE S TR B AT XA 3P R 2
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ARV R VR AL S35/ (P) M 35 - P IRAE IR (P-C) P 35 -0 AR 2P HE K (P-C-C) \#hTF-
T A ARES (C-C) I 725 -M P R-ORIPEERETK (C-C-)) o 5 DPRUEREHLESICE N 10 mx 10 m, B—HRUEREHL T
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Fig.1 Geographical location of the study area and distribution of sampling points

F1 BERANERERL

Table 1 The basic situation of each sample

e il LR SRR FEH GO0 A
Community types Longitude and latitude Average altitude/m Descriptions of experimental plots
P N 34°56'59" -
FEEE IRk 2.2 TN
Phragmites australis E 113°17'22" 80 PR RIBRE ) 2.26 m, F Iy 100%
A AR N 34°56'59" g1 PRI 2.16 m, SRR 0.27 m,
Phragmites australis-Cynodon dactylon E 113°17'21" PR RGN T0% , 50 AR B 55 A 30%
. PP 1.2 m, J F AR Bk 0.21
- N 34°57'7" L
mErAR - 0.4 m, BT ) 2 15 0 0%, 10 7 AR 09 % 1t
Calamagrostis epigeios-Cynodon dactylon E 113°17'27 N
H30%,
PP T AR N 34°57'15" PR E 1.58 m, T F MRS 1.43 m,
Phragmites australis-Cynodon dactylon- E 113°17'25" 81.2 B FARSF R 0.36 m, PS4 35 FE R 40%
Cynodon dactylon. PhF R TEEER 30% , M MR 35 B2 R 30%
. - PP EIRRR 0.78 m M 2 #RF- Bk 5 0.23
iﬁiz-zjf;%?:jsi nodon dactylon- N 347578 80.7 m KRR 0.38 mo BT 1% Ky
STONILY CpIEEIoNTLY 4 E 113°1730" ' 40% ,J) 2 AR B9 35 B O 30% , K 15 I 3 8

Juncellus serotinus

H30%.,

1.2 BTk
1.2.1  FEfCRE

F IR JTETERE D 0% 0—10 em 10—20 em ,20—40 cm 432 R4 TR IFFREE 1 L4 2R
SERETT AR Bty 5 A s HERE B TR A B MR A RE R R ARIE W RUR , FAR KT, b S O, F U
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FEERAEYE T, AR FRCRAET 2020 4F 10 HibAT, R ECREER Lk FE 5 RE bl X A 4 1k vk 4
3N mx1 m BORE S, AR S PR BUR L 56 5] 25 emx25 em B/NEEDT , & RE 543 3 J2 (0—10 em, 10—20
em 20—40 cm) ¥ £ 35 2R AR A B BHAS N ] AR AR B IRTJS 267K TR v gk, R AT RS TR AR R Bk
IR EAR
1.2.2  HHERARINE

T EHULH A ] Mater Sizer 2000 0O HURL 43 A1 {GI 2 IF- 4% [ Bl 43 A Z6 42 (0<0.002 mm)  BkE
(0.002—0.02 mm) HPHL(0.02—2 mm) , FIEFACKRAHBET R E . HIEAFERAAR RN E, LR
HLET (SOM) 75 2 R E B8 PR AT MM AR I 22 5 R (AN SR FHBR A 3 02 00 52 5 38l ( AP ) 2R ] NaHCO, -
BT L T
1.2.3 WEEIE

FH WinRHIZ02005 # R 43 B {SO AR RIEATIE SRR I 2, X135 BAR SR R R K % B AT i 53
AR IR R K AR, Z R AR RBEAEF E T AE 70 CHEIRAMLT 48 h SRR R A Wi,
IRV AR AR e B AR AR i 2 O HO AR R T S AR
1.2.4  Sitsrr

fHH Excel 2003 #7404 2 , {5 FH SPSS 20.0 X & #4750 4, 424t Kolmogorov-Smirnov Test ( K-S £
55 IES AR, SRS A B AG  R AR R J7 2250 B v R R [ — )2 TR RAFIE S8 5 5 1
A 5 ) 22 5 W PR AT 400, JE ] 22 U4 ( Tukey’s HSD) 7L E( T2 8 04, B K P8 a=0.05,
FEXIAR R AR AR AN IRV B AT AR OGS0 . AU Origin #EATVE R I8 I 8 R iC

F2 OMEEMR RS TR
Table 2 Characteristics of soil properties of different plant communities in riparian zones

LR R MRA Y% L AR RE

. . kA .

Community Root length density/ Root biomass Average root Water content/% Bulk density/
types (em/cm®) density/ (mg/cm?) diameter/mm ater comteny 7 (g/cm®)
P 1.81+£0.21a 0.055+0.004a 0.45+0.02a 34.38+2.4a 1.22+0.05b
P-C 1.84£0.21a 0.045+0.005b 0.54+0.01a 30.51£3.2a 1.21£0.12b
P-C-C 1.20+0.12b 0.039+0.001b 0.48+0.04a 22.87+1.11b 1.47+0.03a
c-C 1.32+0.35ab 0.018+0.002¢ 0.55+0.02a 20.77+0.45b 1.43£0.02a
C-C-J 0.51+£0.01c 0.017+0.004¢ 0.51+0.06a 20.5+0.97b 1.45+£0.02a

L e K ) ) R . R 3l i Ji A
ﬁ?/&x&. Bk e Wk ﬁxﬁﬁﬁ ﬁm it ﬁxﬁlxk
Community . Available P/ Organic matter/ Available N/

Clay/ % Silt/ % Sand/ %

types (mg/kg) (g/'kg) (mg/kg)
P 3.49+0.28a 83.16+2.55a 13.35+2.83b 13.05+0.03a 18.80+3.01a 12.24+0.52a
P-C 3.20+0.24a 79.95+2.38a 16.85+2.56b 10.00+1.01a 19.30+1.62b 9.60+0.35b
P-C-C 0.54+0.21b 28.71+6.47h 70.74+6.68a 3.03+0.53b 7.41+0.26¢ 3.50+1.17¢
C-C 0.06+0.06b 9.13+7.45b 90.82+7.52a 2.84+0.20b 4.42+0.45d 1.76+0.05¢
C-C-J 0.17+0.22b 15.69+18.68b 84.07£19.02a 2.85+0.29b 5.38+0.45d 2.00+0.25¢

AN B FOR I E R AR R P 7 MR 22 53 B35 (P<0.05) 5 P ARG BRI \P-C AR -0 F AR & 9% . C-C LR
TS A RLALEREE (P-C-C AR 200 - TP LG8 C-C-) AR T2 -0 AR K IR 4 1%

2 ZHREHS

2.1 TANVEE AN [ A A O AR R AR

R A b 3 R B AR R B (0 A i RN SR A B VE 450 S5 D AR R E B R AR 1Rl 2 R,
£ 0—10 em 12, & HEIE RN UM AE Py i 2% B 22 55 0 3 A0 A Bl P-C-C(0.0785 mg/em’) > C-C(0.0433
mg/cm’) > C-C-J(0.038 mg/cm’) > P-C(0.0155 mg/cm’) > P(0.0025 mg/cm’) . 7E 10—20 c¢m 1 20—40 em +
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Fig.2 The characteristics of fine root structure in different typical community types

ARNG PR R A A — 2R AA B2 5 ( P<0. 05)

AR 2 A - HEIARRR T S R R A, WA e — IR 2 MR A R =Y . 0—10 em +J2, P #E7%
TR /N, HH R 0.6 em/em’, P-C 5 P-C-C MK & 22 5 AN B 35 (H 38 i T AR 3 R 2l
£ 10—20 em + 2, P-C BFERK 2 B iR, C-C-) BFIE AR B /DN, B 43 31028 2.73 em/em® ,0.34 em/em’
P .C-C .P-C-C MBS FTRKEBEELRARE, 1£20—40 cm +J2 K FER/MEK N P(3.1 em/cm®) >
P-C(1.163 em/em’) > C-C(0.593 ¢em/cm’) > P-C-C(0.418 em/cem’) > C-C-J(0.12 em/em’) , H P BEE PR K%
JE W m T H R E R,

&2 R, 7E 0—10 em 12, P BHE IR RT3 BEARRAL, Har 4 Frlfvg AR R 3 B o 2=
5o TE 10—20 cm F120—40 cm 12,5 PR R VY ER W TR EMEZER, 76 0—40 cm 12, P Bf
T AR A0 AR A ) 28 R A 2 8 B R B 3 S i 3 R 3 P-C RS T AR A AR A 1y 1t 5 B FAR
% DU B - J2 R B R I SE R NS ik, 1T C-C \P-C-C \C-C-J BV T 4R 43 A 235 440 Fifd - )2 V% 3 448 T 522 38 Ul
B ARRFEE LT 0—10 em 2R R P ERRAR S THALZ,

2 RW] L TE 0—40 em )2 RAEY) % B IE S AR P(0.055 mg/em’ ) >P-C (0.045 mg/cm’) >
P-C-C (0.039 mg/cm’)>C-C(0.018 mg/cm’) >C-C-J (0.017 mg/cm®) ; MK 25 S B {H /0 A LA A P-C(1.836
em/cm’ ) >P(1.808 cm/cm’) >C-C(1.320 ecm/cm’) >P-C-C(1.200 ¢cm/cm’ ) >C-C-J(0.508 em/cm’) ;44 EH 1%
I A AN C-C(0.545 mm) >P-C(0.536 mm) >C-C-J(0.508 mm) >P-C-C(0.476 mm) >P(0.444 mm) .

2.2 IR AN [RIAE R TR ) R ERLAR S A AR

& 3 B, Em AN R A R A DR AR K I 25 57, P P-C MW FEVE ST 3 LUk Ry
F,C-C .P-C-C .C-C-J MW #F 5 AR + okt EZ PR, 78 0—40 em )2, &M YIHEE IS +- 7k it
IYBIEIINT 4% EARAE THARIK -, 6 2 2, 7E 0—40 em 2,5 FIEETE SR B bRL R i 20 BOE 24 8 40 A
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FEEA P (83.15% ) >P-C(79.95% ) >P-C-C(28.71% ) >C-C-J (15.69% ) >C-C(9.12% ) ;5 FhiH 7% 271 pl fb-r ot
HO O A AN . C-C(90.81% ) >C-C-J(84.06% ) >P-C-C(70.74% ) >P-C(16.84%) >P (13.35%) ;

100 | a L a a
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B 80t b E
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Z c b S
'é\‘ 20 c
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S gt
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£ 96| BRI
B PR
o I ARG A
w4 OO T F- M RAL AR
e B ST MR- TR A AT
£, B W3- I ok A A e
0

T+ )2 % B Soil depth/cm

B3 FEABERRBNMREIFE

Fig.3 The characteristics of soil particle size structure and water content in different typical community types

2.3 IR HOAS IR R A S SR A RRE

WE 4 Fi7s , 78 0—20 em +)2,P 5 P-C HHWHEE T L3R W10 T HA 3 FiE% ,20—40 em L2
5FPREE T HIRATFE I RE LS, 750—10 cm 10—20 cm W+ 2 P 5 P-C BEERBIWN LIS KB BE
o A 3 FREEE S 7E 20—40 em HJ2 T, P BEVE SSRGS K R e, T8 B v T LA 4 R
A,

PR C #hF2P-HUF AL G R = - MoK REA G
W SRR IRAGREE B PRI AR
50

IS
=)

HE
%)
(=]

Bulk density/(g/cm3)

Bk
Water content/%
[y}
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:
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(=}
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Fig.4 The characteristics of soil bulk density and water content in different typical community types
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32 W] 5 FRETERI T AT IEIR IR P-C-C(1.47 ¢/cm’® ) >C-C-J (145 g/cm®) >C-C(1.43 ¢/cm’ ) >P
(1.22 g/em’)>P-C(1.21 g/em’) o 5 FIREIE 2SI )+ HE B /KR HIE S AR . P (35.16% ) >P-C(31.46%)
>P-C-C(22.87%) >C-C-J(21.94% ) >C-C(20.77%) .

2.4 TEIRHLAS [FAE PRV R R

& 5 2] 78 0—10 cm 1 20—40 ecm +J2,P 5 P-C BEVERM T HIEANUE S EY B EHH T HE 3 Fiit
AL, AE 10—20 em HJ2,P-C BEE AT HHEA LS 025 THE 4 Mg AL, £ 0—10 cm,
10—20 cm F120—40 cm +JZ,P 5 P-C #5247 20O A 8088 & 5395 T C-C .P-C-C .C-C-] =
R EA,

20 - 40 -
2
E 230l
2 )
%2 E L
e g0l
3 B
© g
3 )
= S 10} b
s bkb
<
0
0—10 10—20 20—40

+ B % E Soil depth/cm

17 B R

PR

W AR

O 72 AL A RES

BB 5 MR- T A A
=R e e

AR

Available nitrogen/(mg/kg)

10—20 20—40
+ 2% B Soil depth/cm
5 AEIBMBIBTE LRI T ISR NS

Fig.5 The characteristics of soil nutrient in different typical community types

2 B 7E 0—40 em )2, 5 R REE R B A HUTFBIEKR KN . P-C (19.29 ¢/kg) >P(18.8 g/kg)
>P-C-C(7.41 g/kg) >C-C-J(5.37 g/kg) >C-C (4.64 g/kg) . fE 0—40 cm +JZ,5 FAEYIHEIS Y 1A R AF
WEAMRKIK A : P (12.24 mg/kg) >P-C (9.59 mg/kg) >P-C-C (3.5 mg/kg) >C-C-J(1.99 mg/kg) >C-C (1.76 mg/
kg) 55 FIRETE 2530 (A 80 PR YR : P (13.05 mg/kg) >P-C (10.23 mg/kg) >P-C-C(3.02 mg/kg) >C-C-J
(2.85 mg/kg)>C-C (2.83 mg/kg) .,

2.5 R HURE A AR RIS IR AL M A DG R

FHOCHE AT R (3R 3)  ARAR W) it 25 B R -3 RL Rk 2 A 35 B A DG (P<0.01) , 5 13885 K% A3
A E EAHDE(P<0.05) , 5 H bk & i S 2 TAH DG (P<0.01)  ARKHE S S KR HIEER
KL ATHLST AT R AT WA A B35 IEAH DG (P<0.01) |, 5 T ERDRL 2 4 12 25 S AR OC (P<0.01) , 5 - A
5 AR DE(P<0.05)

3 e

3.0 DA RIS R AR A1 AR
WA LS o> Z R BB 8 5 15 5 15 T B OGS AL , 7R R K £ TR IRK IR IR
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PRI T HA W AESTIEE . AR R A RAEICE T A5 R85 2 [RIE F AR KD, 5
FAEY b FRA AR TR AR RIS 2 — 5 T AT AR A A 35 o B B 5 — Oy AR R AR
K AT AT B T8 203 - A0 4544 RN B UK RE 1. AHIF 9T R WP 5 BEVE AR A 9 i £ 40 A 7F 10—20 em
20—40 em +)2, X REH T EERZZRRARBEY , b Ak R AW R, T ERREILA GegE 5 H A
1710 EIEIR R TR0, P BT BRI Z & R T AR ZOR TR 43, NN - BOHR 28 3 A R il - S0 1 14
T, 3% 55 P R A 7 25 R 2 P Ak B S I B ST A R — 300 L BRI B R AR
T2 OKIP R AR = FE RS TR R A K Z LD #E 0—10 em AT 10—20 em R)2 T3 X FE 2
FAHPBEE RO FP AL A A AR KPS B AR R 2 B LU AR RORABHE Y R | AR A Y e R B A e
0—20 cm (42777280

R3I MAGHHES TEBEUERBXXRIN

Table 3 Analysis of the correlations between root structure characteristics and soil physicochemical properties

i H MY/ (mg/cm?®) WK E/ (cm/cm®) 4 H AR/ mm
Items Root biomass density Root length density Average root diameter
7K H Water content 0.355* 0.508 ** -0.112

Fhhi Clay 0.400** 0.537** -0.125

Ky Silt 0.418** 0.554* -0.079

hi Sand -0.554** -0.554 " 0.08

HHLF Organic matter 0.275 0.438 ** -0.109
BA Available N 0.363* 0.503** -0.132

H %W Available P 0.269 0.416** -0.111

#5H Bulk density -0.298 -0.888 " -0.157

#1E 0.05 A (W) ,MRMERE ; + = 75 0.01 U (XUR) MR B E

78 W AN S0 AN [RIAE RV T A A S e R SR 22 52 W 3 . S R BV (0 A W i o P S5
7% (3389.42 g/m?) >3- J FARHEVR (2484.65 g/m?) >/ 3540 750 -0 A MAEVR (924.29 o/m®) > 755 - °F
HRREYR (338.45 o¢/m?) ST T2 - M ALK IHHE (252.69 o/m?) o AEYIREVS By A= i 25 K B Fa ) R 75 40
VR FNFRAAR B 53 it AT DL I 5 0] I R A BT, PR RS - ARAEYR T RIS B S EOK AR 5 R
FETE RIS K, X AT RS LR AR W K, AR 0 ) A st AR X A v, 38600 T 38 /K - R FRE ) Al
BT i, e AR T IR PR MR R MO IE A N R AR 28 70 F L e b R ) 25 57 B T
WA Y SRR R 25 200 RS R I, P 2T T AR BEE BhT - TR E BT
2 H0 AR KB BB 1 UL B AP RN B | 3R AR R RE T AR Y T 35 A 25 -0 A AR R %
(14 - 498 S B LUBYRL A 3, ANURL G B K R AR, T 2 5 W B 3R s - fR kA PSR
3.2 TV AR R VA AR R AR N B R A A

AF 5 DX V52 0 i R P A AR A B 2% 1 AR 2% S R ML A AR A SO i 2 W IR A G
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