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Effects of different water conditions and plant density on the growth and

interspecific competition of Hemarthria compressa and Cynodon dactylon
LI Xiaoxue, HE Yanyan, YANG Wenhang, WANG Chaoying, YAN Jiangwei, CUI Zhen, LI Changxiao "

Key Laboratory of Eco-environment in the Three Gorges Reservoir Region of Education, Chongqing Key Laboratory of Plant Ecology and Resources Research in

the Three Gorges Reservoir Region, College of Life Science, Southwest University, Chongqing 400715, China

Abstract: To restore the degraded grass vegetation and reveal the best ratio of grass species for artificial restoration of the
riparian zone of the Three Gorges Reservoir area, the local dominant species, Hemarthria compressa ( H) and Cynodon
dactylon (C) were used to investigate the growth and intraspecific and interspecific competition under different water
conditions. On April 29, 2016, a pot experiment was conducted using a replacement series design in which H. compressa
and C. dactylon were planted at seven ratios (HOC12, H2C10, H4C8, H6C6, H8C4, H10C2, and HI2CO) under three
water treatments, including normal growth water condition (CK), flooding at 10 ¢cm above the soil surface ( SF) and
flooding at 2 m above the soil surface ( TF). Results showed that; (1) Regardless of the planting being a monoculture or a

combination of the two species, biomass production of both species decreased under water stress. H. compressa was more
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sensitive to water stress than C. dactylon; (2) There was a density-dependent effect on the growth of both species and this
effect was stronger on C. dactylon; (3) Under all three water treatments, the relative yield total (RYT) was greater than 1
when both species were planted. Under CK, the two species showed a competitive relationship, whereas under SF and TF,
they were facilitated by each other. Taking maximizing biomass production, the root: shoot ratio, and the competitive ability
of the species into consideration, we suggest that under CK, the best ratio for planting of H. compressa and C. dactylon is 2 .
10, whereas under SF and TF, the best ratio is 8:4. These results provide a baseline reference for vegetation restoration and
reconstruction in the riparian zone of the Three Gorges Reservoir area, and provide a theoretical reference for the

establishment of artificial grass vegetation in similar areas.

Key Words: Hemarthria compressa; Cynodon dactylon; Growth; Biomass allocation; Interspecific competition; Water

stress; Density
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Table 1 Baseline data of the plant height and the stem diameter of Cynodon dactylon and Hemarthria compressa ( mean+SE, n=3)

p— 4-WEB Hemarthria compressa $i) FAR Cynodon dactylon

Density configuration PR M2k PR M2k
Plant height/cm Stem diameter/mm Plant height/cm Stem diameter/mm
HOC12 69.77+7.11 1.28+0.16
H2C10 31.45+2.55 3.03£0.22 87.45+11.48 0.99+0.03
H4C8 43.06+7.38 2.62+0.17 74.97+7.62 0.99+0.08
H6C6 45.83+5.26 2.74+0.10 88.52+12.81 0.85+0.02
H8C4 46.82+3.85 2.62+0.07 112.30+4.25 0.93+0.14
H10C2 45.53+3.37 2.34+0.16 89.07+12.46 0.85+0.10
H12C0 36.64+2.67 2.43+0.11
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Fig.1 The planting diagram of Hemarthria compressa and Cynodon dactylon
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J (Relative competition intensity, RCI) , 354+ Il R4 ( Aggressivity, A) "),
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Table 2 Effects of water treatments and density configurations on morphology and growth of Cynodon dactylon

IKATAEPE Water treatment S5 FE N E Density configuration ZHAEH Interaction
F P F P F P

847 Index

¥R Plant height 4.8 0.014 20.1 <0.001 6.8 <0.001
F£2£ Stem diameter 3.1 0.052 2.8 0.021 2.0 0.048
434 %1 No. of branches 1.3 0.521 13.9 <0.001 11.9 <0.001
KK Total root length 6.5 0.002 0.4 0.834 2.3 0.006
HEAE Diameter 1.4 0.256 4.5 0.001 1.2 0.281
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Fig.2 Effects of water treatments and density configurations on morphology and growth of Cynodon dactylon (mean+SE, n=3)
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Table 3 Effects of water treatments and density configurations on morphology and growth of Hemarthria compressa

~ KA b3 Water treatment %5 L E Density configuration ZHAEH Interaction
F8FR Index
F P a P F P
FRES Plant height 82.6 <0.001 5.9 <0.001 6.0 <0.001
FE2X Stem diameter 12.5 <0.001 9.4 <0.001 1.1 0.354
SR 88 No. of branches 25.2 <0.001 8.0 <0.001 8.5 <0.001
HH Total root length 21.3 <0.001 9.9 <0.001 3.1 0.004
M E A% Diameter 70.7 <0.001 5.1 0.001 2.9 0.006
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Fig.3 Effects of water treatments and density configurations on morphology and growth of Hemarthria compressa ( mean+SE, n=3)
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WA RFFLW (R 4) o KI5 LRSS HAE FIR A BB 44 B AT B 2 3520 (P<0.01) , {ELXTARGE LU A

TRFLW(FKS) .

Table 4 Effects of water treatments and density configurations on biomass of Cynodon dactylon

x4 KHSLNBREERENATREDENZN

847 Index

JKATAEEE Water treatment

ZEHLE Density configuration

ZHAEH Interaction

F P a P F P
B Total biomass 22.6 <0.001 3.7 0.008 3.0 0.008
b EEYR . 11.9 <0.001 1.1 0.115 1.0 0.475
Overground biomass
T EY)E Root biomass 37.2 <0.001 3.4 0.008 13.9 <0.001
M5 . Root/shoot 6.5 0.002 0.4 0.317 2.7 0.006
[JHoc12 EE@n2cio BR{HACE N H6C6 H8C4 BB H10C2
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3.6 g 3.6
g < 7
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g%ﬁ 27 | ﬂgé 27 | 2.
= é H S SNE
) %
me 18 - Ho 18t BN b
o ﬁ g X k]
S 09} 2 00| % 3
> R kX3
© %
0 0 20 20 i
CK SF TF
0.16 2 0.08
<
: :
= )
§ 012 T 0.06
= 3
o0 =
=3 2t
5 0.08 - 8 8 004
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Fig.4 Effects of water treatments and density configurations on biomass of Cynodon dactylon (mean+SE, n=3)

AR /ING 43 ) FIR ] — 7K 434k BZR AN [R]85 BE I 5 =2 6] A5 1 38 2% 57 (P<0.05)

2.2
221 X EAYE (RYT)

ANTRIZK 3 Ah 35 Ko A [v) 485 5 i 2 45 AF T P B RYT B3 T 1. CK 2H H2C10 el F A9 RYT B35 T
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Table 5 Effects of water treatments and density configurations on biomass of Hemarthria compressa

~ KA b3 Water treatment %5 L E Density configuration ZHAEH Interaction

F845 Index
F P a P F P

B Total biomass 126.7 <0.001 12.5 <0.001 8.2 <0.001
b EEwE . 106.8 <0.001 13.6 <0.001 6.1 <0.001
Overground biomass
R AEEE Root biomass 56.1 <0.001 5.9 <0.001 6.7 <0.001
AL EE Root/shoot 4.8 0.011 0.6 0.714 1.5 0.148
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Fig.5 Effects of water treatments and density configurations on biomass of Hemarthria compressa ( mean+SE, n=3)

AN TR)INE Ry 53 SR ) — 7K 43 b FRAE N AR [ 2 BE 0 =2 ) A W3 22 57 (P<0.05)
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Table 6 Relative yield total (RYT) values for total biomass of Hemarthria compressa and Cynodon dactylon under different water treatments

within the replacement series

ALBE Treatment H2C10 H4C8 H6C6 H8C4 H10C2
CK 2.54+0.70a 1.46+0.22ab 1.61£0.16ab 1.62+0.09ab 1.29+0.15b
SF 1.0420.20b 1.45+0.30ab 1.80+0.23ab 2.02+0.40a 1.46+0.21ab
TF 1.79+0.43a 1.79+0.30a 2.08+0.37a 2.34+0.45a 2.29+0.23a

CK . X} # , Control ; SF : ¥ 5 , Shallow flooding; TF . I , Total flooding ; AN [Rl/NE 1433l /R [A] — K A3 AL FREH N S ) 2% FE TG B =22 ) A5 3 2%
F(P<0.05)

2.2.2 MXFTES IR (RCI)
£ CK AbFRLL, ) 2 AR 1 AR G35 4 38 JBF (RCIL) #9K T 0, H10C2 25 B i B F 1 RCI ek, ek 4,
H10C2 HAF 9 RCL K BT 0, AT i F 9 RCL (/8T 0, 764 %4 H10C2 HoB F Y RCL(E A
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HARTF 0, A WA Ty RCIZ/NF 0,H8CA HB F e/,

FE CK 41, 4 ¥ i A 58 s BE RCL #F H2C10 Hufiil T /hF 0, Ak Hofth L 491~ ¥R F 0, HAE H10C2 EL il
TaER, WEEA,RCI, BIKT 0, HAE H2C10 il T ek, JEAS fif 5 A S5 By o L 491 i) 385 K s/, H8C4 [h
B F e/, 4sE4H , RCI 7E H10C2 Hefil R/, H/ANT 0(F%7)

®7T KSABREERESGTHEESHTRENEREE
Table 7 Relative competition intensity for total biomass of Hemarthria compressa and Cynodon dactylon under different water treatments within

the replacement series

YIFh Species QbH Treatment H2C10 H4CS8 H6C6 H8C4 H10C2
K AR CK 0.41+0.11a 0.31+0.07a 0.29+0.22a 0.26+0.15a 0.47+0.16a
Cynodon dactylon SF -0.13+0.20a -0.17+0.26a -0.28+0.24a -0.22+0.16a 0.18+0.13a
TF -0.35+0.23a -0.46+0.30a -0.30+0.22a -0.6020.40a 0.05+0.17a
2 i CK -0.95+0.65a 0.23+0.29a 0.09+0.14ab 0.12+0.23ab 0.32+0.85a
Hemarthria compressa SF 0.83+0.01a 0.72+0.08a 0.48+0.23ab 0.01+0.29h 0.16+0.21ab
TF 0.55+0.29a 0.67+0.04a 0.22+0.16ab 0.26+0.09a -0.33+0.24b

ANT) /NG B3 ) 8 TR — 7K oAb B P AR [ 48 3 i B =22 [0 35 25 5 ( P<0.05)

223 HIRLRTEIGE RE(A)

7E CK 4, % R E HAC8 (H6CO AbFH T A4 HER A fBRT O(J A AR A A {R 0 2 Bl RE A {ELHYAH BB,
ANFFERAR AT ) HAE S5 0.58 F1 0.18, HAX Bl F AR A i, 7eik4dl, % Bl % H2C10 4h 3 T 4
HIEE A HN 070, HiATHU ) R OME Y MUl 4] %R E H2C10 AbH R A A {68 1.97, HA G T
BE N TAAE, HAEARRIK A FRAAE T, A (ELRf A= HI 5 RT 5 0 Ho B 0 3 i RIS (% 8) .

®8 KNABRFEERESHTHFEENTERERY

Table 8 Aggressivity (A) values for total biomass of Hemarthria compressa under different water treatments within the replacement series

L7 Species A Treatment H2C10 H4C8 H6C6 H8C4 H10C2

ER L CK -0.06+0.57ab 0.58+0.10a 0.18+0.32ab -0.74+0.25a -0.23+0.39ab

Hemarthria compressa SF 0.70+0.08a -0.03+0.16ab -0.76+0.41bc -1.55+£0.26¢ -3.89+0.66d
TF 1.97+1.40a -0.07+0.18a -0.52+0.07ab -2.85+0.78b -5.88+0.66¢

ANT)/ING B 43 ) 3 R — 7K oAb B P AR [ 5% 3 i B =22 [0 B 25 22 5 ( P<0.05)

3 e

3.1 AR Ak BT S 24 AR e A R B B )

ST FRW], MoK o S IRBE A S A UL R (R A AR AR i LR 5 RS LG ) A5 4 AN TR R FE 1Y
W 107, FLAF A0 238 4o A 4k 14 3 TR SRS A I R (286 2 KRBT v BRI R A K 1 I R
Z— o AR ] A AR A S ORI Hh A ST T 1) T S R T I R A A ATP Y5
B 7= i TR AR i A A A TR ke 52 80 Y S 5o 22 R 2R A T 2K 1 AR i 5 AR
SRR I PRAB Bt TR (Rt A TR -5 2 A Mk, RO 808 1) SR U R 9 D' B 4 T, AT
S KX B P ABETE T FEAR IR BB 2 AR R 00 2P AR AR B (B T HBC4 (H10C2 \H12C0) 78
A AL PHZH PR e DR T IR, b AR 15 7K T 14 22 0RO PR fi AT 38 5 7S 2% A T B i SR ERE . R IAL,
TEBIE AT, A4 BRI 8 2 MR o A sl (8 R Ml P A DT S IS 7K B T 24 R T i 4ok
Ui, A HERER AR DR B AR e R 7 30 AR i PR T AR S AR S S OKHE R (R 1)
FHHTC W358 M0 A RRATBE RS AE /K P RPEER AR, MWDK R A R I A R SR B R T A X 58 47K AN
T Z AL >, e A EIREE e, AR MR AR 45 ™ T AR A7 58 22 019 75 35 00 S0 LA 988 3 B K T 14 i 43
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L, AEFEREARATT 5 400 AR AR (4 e SR SR A4 X 4 s B 5 AR P9 i i 7, %4 400 % gk K e 4 B A1
PREE B K S B AT R R DRI R L) g AR R A X S A A T i R AT = gk
B DX 5 5 AN IR 7 AR R A

IKHE AR AT U R AR S, SRR ™ F s WA 0 1 A K SO 88k, A DF R IR
AP AR R e P ARG IR A B B AR IRE L | 77 A A S AR 25y 3o R R S AN R IE
AERERY AR SO T, A RK S CK 40H X4 55 AR, 3 2 PR ROK i 2 1
A Y MR R 2R 20 A O T AU 2 DR S0P W 7 A ) A7 5 0 SR R AR 4 4 %) T B o e R AR
A R, 3 i T UOK I, ML RERS AR (14 B4R, 32 R SRR AR A9 32 i BE ) DA B TR K
T BIBEIREE, Pace ™ XIHARAE B4 1 A 5% 22 B /K 43 W 260 6 Tt B 35043 A0 2 v 1 T O 8 78 1 T 3 4
PRI AR ) 25 (4 B2 iV P 380 T ARGEE L 3, ASRIR 25 3 5 2 AL, 7E VR AL AT, 7 24 HR A4 i v 5,
SRFEIUH ZE P T S R, AR RN KR Bk Rtk 25 505 , (A5 b 2B Ry LR R AR K, HHIR, 7
IARERR | AR 2 7 A S R MR ORI 22 /K T Dol SR B 858 o AR 3t Jl 140 0 5, DA ek R 24 o G o 3 G 7 4 ¥ b T
2, A0 25 AR AN A R T JC R SRR SR IR R TG A VE T, DN IR A (98 /N EL M 1 2F g et e A 14
TR A 4 T A P AR 2 100 75 400 0300 o 40 o038 A 2 380 R S A A LA A S AR P A7 08 AT o A5 AR 350 14 2=
RN R M A SR

ARG, AT AR D A ) A 1 3R A i AR I K A A2 Y A
I, TEIS e AR SRR A E T, 24§ 5 00 S AR A A e 7R 45 LU ) 25 F R Y BE 2 7K 43 s 4 m Jgl i
FRA  (H P 2 1) R A AR AR AR, 00 AR &, R AR e /K Ab B R IR T CK 4,
HHM T TR, X TR i TR A0 T HZE M MR I RE T R E B FR b a5, B R &%
FE (MR ) A it TR I 0 AR R LA a0 A Wy ek B A K 1 TR BE TR T S T R
EAE S Ab BT o 0 i T R 3 X W R JE B T i AL, AR MR K o B
T I B AR A DA 1 SR
3.2 N[ 2 T A AR B A R A S )

T 2% 1 2 B3 3 52 M A A (R G B UR AN SR A R RR S A P 1 AR, 7E CK 41, % B HBC4 il T
K 2 RR ARk 1 K T HRE (HOC12) R AR 5, 3X AT RE A Fr T 7% M b B8RS BRI 35 v, 78 56 2 b 7 e 38 4
YD T A AR A TG A VT T B BE GRS, 30 AR T 3R B 22 A0l BEOAS A AS SR BRI =5 B 114 SR s
R F B AR AT R, IR SE T s BRI (Ef 2 AR AE L) H8C4 T Y B A 1y 1 HMIG T 0 4 AR o
(HOC12) F At , R Rl B2 il T7F H8C4 HeBI T , A=l BF oy Fe Ak, H L B 5 K, AR AT 4
IFHA KA B A K 508 J2 0 8 2 1, 35 B M AR 8 38 e 2 AR K 2 i) Y I A 2R 58 ) {45
IFARAR X 2 1 A B 1) 7 5, MOTIT S B0 L A W i 5 O — T, sk X A RS 1) 4 AT R B 1
FRA T A A MR AR | 30 A5 3 70 X6 T 350508 I 40 I S 3 R v, 24 5 T BB A R A - ke SR L
E R, 0 A AR e T 58 4 aed B2 v b 45 S 3 BCH M R A s, i LAFE H8C4 LU T, 4 2 AR
1) R A= 0 /N T AR R (HOC12) T R AR i, 767K (SF 41 TF 41) 2B R, 5 F MR AEAS ] He )
AR R R SR A P AR A A L (A T R AR AE TF 41, AV 7E H10C2 R iR/, 1 4 #E R 1
BEY AR FOB) R R, 30T BERS 2 R R 9 SE A BRI T A AR AR K

A T AT 5 2 T A M (R SR R R, E CK 4L, A I A R s AR A W e A A T o e
R (H2C10) 20 N IR B AR, FLI0 3 v T HAth Eb 3] 5 i Ok 5 70 4 B0 5 BT o 5 s B3 B B (H12C0)
oA, B AR A T i SR Bl BB K T H2C10 He il R A A i, a2 DX oA 20 M o o ) 5 4 L i 2
S SE AT LA H A B 0k = R0 AR g o A e 15 A S, YRR LU H2C 10 (2 $E B 37 25 X AT RE R R A4
R R R R K, AR IR R U A A BT, DR IR A L) kv A AR i ] R Y A K i Ak
T, 2 B ) B R R AR S A W e AR B BT | A R Ab BRI S Se E 2 114) JE PR T BB 2
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TR R T BT A R AT R 75 H % RO, B8R AR 25007 H B AR, MR GO IR I 58 4 i 2L, A2
AL e 8 I v SR KA BT 2 e U s i)
3.3 AN ZK G5 Ak 3 e 285 5 TAC X A 2 AR R A4 i e o ] 55 4 1 52 i

FECE S 2B 0y i 7T LA KA B A IR 25 R T I B K AR 28R 5 AR IS rhy 4 28 AR 5 24 i e 1Y
TRAEARZ AT SAE Y B (RYT) BT 1, U BATE S A A 5 2R BRI AR S5 F |, P A 38 o A AR TR i AR 25 07, 7
BARI A R R I — IR G R . B RN AR R T ST AR K R AR B i) 2 AR AR A i
HREAS R R R A3 A0 3 RPIRAS 40 1 B R PR R ) 7 R S (A5 — 2 (9 s TR A A5 02 43 5 ) R ) 38 4
A5, WRLR R ILAE G R AR R APt (RYT) {8 2 RE U6 I AR 4 R 1) 76 B2 U5 A LS ] AR X6 5 4 i
JE (RCT) W AT LA FH St Ayt TR AFAR 400 o ) 5 40 580 35 RN D 5 4 BE 1) KN

AT IO/ INVRFHE 2 TIUIN A ) AE N 5 4 ) e AR A, A i b e B0 280, B AT DA S A ) AR X
FE I 64% A AT L AE CK ARFRAASTR] (1 2% BEBC BT, 200 S5 AR TR RH IS 10 Bk AR iy e 5 Rt A L, 5 R LG
7 H2C10 \H4C8 \H6C6 H8C4 \H10C2 {1172 1k 535198 /V 45.8% .33.9% 35.8% ,26.1% .52.1% , [FIFf:, 4 HE# i)
BARRA Wy R BN LA ) AR A T AR A, AN ] A 2 5 BRI AR L, 20 BRSSPk AR Wy iR H2C10 LU T 5 m
T 26.8% , FEHAB LB, 44 18 H4C8 \H6C6 \H8C4 \H10C2 HYAEAk 43 it/ 33.5% 15.5% .19.6% 23.3% , L) I
SESLFIT A A AR A $ 5 A K 38 LA T Sk 1 R ) R0, (R S AR A s B T R A 2R e A
2010 AE AT 5T b R BITE PR B 3 BN MY REARAR AL 2 I B I I Rl ] G R ASE R R R O . ITEIRE K 5%
R IR (Inellia maritime ) F1RKEL (Spartina anglica ) 7] 3& S im 50 78 [R—FPAE L 46T |, 00 28 MR %) PR kR
Az Py AT AR ) HO T A MR 0 SRR AR ) B 0 S MR AR A 32 B AR MR A 3] [RTIRE 255 0 2P AR g A4 i
T CK AL 3RZH A IR AR AR ZR o AT S8 5 B RC, B AR I RCT (X KT 0, B8 I A) 2 A (4 ol ] 5 4 K
TRNATES AR MR 2 AL BT R P i SRR 3 R AR IR AEAE A AT Y DA I SR 2 A ) A
KT TR 53— B [, TE B IR B IRARXS Fe L B 25T, AR KB R i A ) R 8 2 3 4 A 286 O A
GEUR BT A S R R IR0 L A M S 0 P AR H, B AR AR B R 1 I A DL BCHDH: (1
BEZE AR A A v B SR A AR L Y 39503 BHDG LA ROk a3 A S HA S L3

AW RWIE M) T8 508 BE 5K A OC o FEZKALE B 2600 AR 1) 36 S B 8 B INE 2 W /K R 32 3
T, FLBE S AT B s, L 2 A AR AR R A AR Y S AR O em AKAEAL VPSR H DX Bk
( Glyceria spiculosa) BIEAESINTH B EE R ( Carex lasiocarpa ) FI/INHF A4 4 5 0 247K A7 348 %) 40 em B, 20
RHE T 2L EOR/IN T (4 Y AR R R IR R R IRV FH T L TR AL S AR (0 R 5 R B
TAEHH] HI0C2 FARTF 0 #h, 78 HoAth Fu 6 F /8T 0, RIFHIR] 35 4 /N T N 55 4, 45 & HAE SR 21 10 B9
HORE IRAR Z 0 AR A A T H A 25 1 T i AR W U0 B A0 B AT i A T4 1 17 0 s g g
TEASWEAH 10 2 AR A AR X 52 G5 AR R 22 FU BT BB/ T° O, 156 B A4 e Xof G ) 2 eV PRS0 T 24 A 3%
K3 AR BT B AR 36 4 BE R R 22 LU R T 0, Ul B AR 2 RO LAY s ma VR TR, RS G 120K 730 25 AF T 1Y
TR RB(A) AR R 52 BT REAERZ B /N 0, BEIIE AW 20, ) F A S BT Se e, ixX
A]HE5 0 AR 2R HE R4S H RO K S A O, A IR 48 S 7K s s i A AL 400 B AL ( Echinochloa crusgali) |7 =E
( Phragmites australis) 357 ( Typha orientalis) AN WEAE DI IT ( Puccinellia hinampoensis ) B 25 g 3] ,
A5 3 BH 1 R ) 0T PR 30 9T 52 5 5 4 BB ) TR o PR R AR TE AU G R, AN AIRER B 458 v st
MR T I RS L YR BE A B A 2 S G o T IR BT a5 A, Al A = T
BT 32 P o S VR AR ) R BB A3 B0 40 e B AH B () AR B B, S0 2k T 285 R0 A= B i) 722 Ak iy 24
855 AEL OG0 ZF AR A B RS A TR KO 115 5 4 8 ) 22 ) BOASUAE O B E 5 E— 2D AT ST T il

4 Zig
AIRFTEE AR ) 2 AR A= MR 1% 7R T AR AS [ 52 T 3 3 R — i O SRR AT 9, A4
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AL B AR AR AT 2RIK 100% , HAF PR RS 8 528 1 1 43 T o0 R 005 AR AR 920 FTAR B A28 1) 38 im 45 6F 7K s
IR S RO KW 1, AN ) 29 38 B =2 ] AR AR B R B T — @ 22 5% 7F CK 41, BE& A4 i 5 o5 e
B, 000 AR B SRR A A N AR AR FE R M AR S A R R B AR SR S O R A K AL EE R
AR TG E N, R — R J AR S A R R A A — i AR AR TR, MR A
A ZRE X A e ) A 2 ARG L, i A A A B T A A R A AR N T A e A L L 45
i H2C10, 1M 7K AL 3N e AR & L) HBC4
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