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Influence of multi-year high water level running on growth recovery of Cynodon

dactylon population in water-level-fluctuating zone of the Three Gorges Reservoir
LI Qiang” , DING Wuquan, WANG Shumin, ZHU Qihong, YANG Jun, KE Shenggian, QIN Lu, YANG Linjing,

ZHENG Jieyue, MENG Yiwen
Chongqing Key Laboratory of Environmental Materials & Remediation Technologies, Chongging University of Arts and Sciences, Chongqing 402160, China

Abstract: To clarify influence of multi-year high water level running on growth recovery of dominant plants in water-level-
fluctuating zone of the Three Gorges Reservoir, the quantitative changes of Cynodon dactylon population in Changshou area
were investigated in 2008 and 2017. We also discussed the influences of high water level on the germination, growth, and
material allocation of C. dactylon. The results showed that multi-year high water level running significantly promoted the
formation and germination of adventitious buds which made more ramets to be formed. Multi-year high water level running
significantly restrained plant height, stem width, and leaf number of the ramets, while leaf length and total leaf number of
the population were significantly promoted. Furthermore, the leaf length was decreased with water level decreasing.

However, the leaf width and total leaf number showed the opposite increasing trend. Simultaneously, multi-year high water
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level running led to the significant promotion of stem length, stem nodes number and total stem length of stolons and
rhizomes. The stem length and stem nodes number of the stolons were decreased with the water level decreasing. On the
contrary, stem length and stem nodes number of the rhizomes were increased with water level decreasing. As a result of
high-water-level operation for many years, dry mass of the rhizomes showed an increasing trend, while dry mass of the
ramets and the stolons showed an opposite decreasing trend. In addition, the proportion of the rhizomes, ramets in low water
level, and stolons in high water level also showed an increasing trend in material distribution of the population. Therefore,
C. dactylon not only have strong flood resistance and growth recovery ability, but also have strong colonization ability, which
can be used as one of the primary native species for vegetation recovery and reconstruction of in low or middle water-level-

fluctuating zone of the Three Gorges Reservoir.
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Py A0 5 0 DX R 2 WL 14 235 SR 5 A 40 1A /A X | 30 o WL 1 45 SR AN T, B R T FRAE T Y B
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1.1 FEEFEH

REHAL T = DX T3 BEA T V& 17 (29°48746” N, 107°0432" E) JREZY 30 © JEFON TP BT, 2008 455 1Y
WIE K ETZIE 5 150—158m KALAL BA B BB — K ZFARFIHE (C. dactylon L.) ,158—165m KAAE A A 4
M SRR AL PRI 5 H s UPE P ORGSR IR AE A, 2 2017 AEREHLIE A, BT
AR B SR ENMRRAE ], < 153m ZKE 3 7% 10 35 5T pl U0 30 28 S A Joie , 5 3500 S8 ARRIRE T 2K 5 154—165m K fir
A b S BT ATS A D T, Ry B — B A A AR I 5 > 165m KA AR S 7K D i ZF AR BB A3 45 - RN i i
EYIFP IR A FIRE
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1.2 JHEMY

FFMR(C. dactylon) , RARE FFIRIE | 0 454 AR Y, EALRZEF) &) 25, L2500 F3ReE AR ADE
A E A RN E R R B R (ANE S KT, HEFR SR, — 4 A= 6 J LAk
FToTBEAE A R AE VD 1 0T v A3 BE S8 | ) ) 45 08 S B, B T B LA M) A AR o 445 Xof A S5 1 A ) B
TR L STHL A 6 ST AR FRRERT , b SR M 25 R A R SR AR, R O N 2R RIR
1.3 EYsit

31T 2008 4F 6 A 18 H I 2017 4F 6 J1 10 H A AL M i /i S AR A AR K K B 5L, 2008 4E i & 1
156m ZKAEAE i1 AR FREERAL , Bh T 2Z 00 R XGB AT /K ALAIR T 156m , AEHb A2 DI R W /K, it oK FLAE S X IR
(1EM Spg156) 52017 AFPEA T 156m ,160m FI 165m KA AL H) AR FREEARBL (53 BIEHR S1r 156~ Sirr60 F1 Siyres ) o
PR, B KA B BR 20 m 350868 3 A Tmx Im MIRETT , GETTAAE T 10 0 MR B, I T 8807 IN 3450 3 4 20
PRATIR , BEit 2 o R AR 2R 90 R B R SE AR KR DT N I BT AR R AT ] SRS = SE it o
R H) B 25 R T 25 25K 2R 58 2510 A 2EE W R SR TR T B R BB SRR R
TR, DL MR R/ ZETTBORIAS B SR R R (AR = RIA SRRV B2 .
1.4 P

FETT T J3 ik ) 25 R T AR ZE A S R T A, AR5 48 105°C R 15min, T 80°C i %, FREE , 15 T
Ftet, IEo3 BT HIRASHB 4310 T i L, DA S #5043 1 i T it S5 A Dy R b T i SRR T BT R L
1.5 ik

K FH SPSS 19.0 R 52 56 B0He 4T V- Y08 FbR A 2538 53, X 4% 21 SE 00 S 800 B REAS SR ¢ 6 50 1%
(Independent Samples Test) FIWrE (7925 57 &M, SCHAY K HT Microsoft Excel #AFHIMESE M,

2 #R

2.1 FFARFREE T & AR ik

H 1 AT, B KAEETT S 800 F AN RE 2E T BR800, L 25 31 % 7 7K AT A R AR AR A
FHEHEINEETE S 1 165 S 17160 1 S 7156 AN AE 2 BB 2253 511 R S 156 1 4.4 45 6.8 £ 7.0 5 H1 2.1 i 2.1 £i%
2.2 £, 225 B (P<0.05) ; [RIET, R /KA 38 1710 5 B0 25 4R 23k 1 1 1l bk 5 38 41 0, LB 25 3 7 s 7K L A e
A AR AR 0 2 B G TR, S r 165+ S1ro160 T S 17156 TFIRELIT A S 156 1 8.4 £ 13.0 F1 13.9 15, 22 5 W 3%
(P<0.05) ,

x1 AFRERMOEERBOEN

Table 1 Changes in germination and ramets growth of C. dactylon

FEE Population 43Kk Ramet
- e AH e _ . o . ) N
A B Remets LIPS FEUI R ¢ i By LigIE e LN 58
Group Total buds number/ Germination Total leaf Plant Stem Leaf Leaf Leaf
number N rate/ % number height/cm width/em number length/cm width/em
(Fk/m?)
Sog-156 1145£176¢ 574+85b 45.1%1.1c 6723+495¢ 19.7£2.0a  1.23£0.14a  13.3£1.9a  3.65+0.55b 0.19+0.02a
Si7.156  8010£2038ab 7959+1988a 99.4+0.5a 31310+1838b 12.6£54a  0.90+0.09b  5.2£1.0b  5.97+0.95a 0.21£0.03a
Siz160 7755663 7483+907a 96.3+3.7ab 35731+1581a 16.3+4.4a  0.90£0.15b  5.9+1.2b  7.58+1.66a 0.22+0.04a
Siz16s 5000£1955b 4796+2048a 95.1£3.5b 25476+10308ab  21.2£9.9a  0.83x0.13b  5.9+£2.5b  8.20+2.52a 0.18+0.04a

S 17.156: 2017 4F- 156m KL A F9RE T 41 The quadrat group of 156m water level was investigated in 2017;S 7.160:2017 4F 160m Kz J# f9#E J5 4 The quadrat group

of 160m water level was investigated in 2017;S,,_5:2017 4F 165m K37 J 25 [ )54 The quadrat group of 165m water level was investigated in 2017 ; AR 7R CER2EF B
#(P<0.05)  MFF R 25 A R (P>0.05)

2.2 MR RE BRI AL 1L
I 1 TR BR 165m R 81, K S0z AT S B0 AR S bk i 90 I 25 40 ), ELBER T v i 7K 0L 1 e R bk
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T BT AT S 1 165 <S 1160 ~ S 1156 TR ZF B R S 156 107.6% ( P>0.05) .82.7% ( P<0.05) F1 64.0% ( P<0.05) ;
T R K AALIB AT 2O 2 M 73 ik 25 S8 AL 1 238 30T, S o165+ Strot60 « S1a156 22 B 73 A S 156 1 66.7% . 75.0%
75.0% , 25 W2 (P<0.05) ,

HER 1 IR FTAL, SR B AT S 300 2 AR S R I ks b A o, B T 7% 7 7K 7 R B ARG o3 ik i i 2
F%ﬁﬁ_%;@;z,ﬁﬁﬂ@,aﬂfﬁz&ibnﬁ%,ﬁ%%i‘ﬁ%%ﬂiﬁ () B ARG R I 5 B 3 B 3 Sy, es
S 17160~ Sirrse TR FELIT WM Sy 15 B 44.4% 44.4% F1 39.1% , S R B N Sogise B9 3.8 485 .5.3 £ 1 4.7
i, 2257 B3 (P<0.05) . WAL, SKAEE AT 5 80M 4 M o3 R < 4 o 254 1F 6 2 T V% 5 7K 07 I BRI G 2
SRR RE TS 1 6 <Str160 ~Si156 TR A A S o156 9 2.2 15 2.1 £5F0 1.6 £i5, 2253 5.3 (P<0.05) ; [F]
AF, Bt T V5T 7K AL A B AR 0 AR P 58 L S 38 T 35, S tes ~ Sioi60 ~ Sirase T AR T FE 43 51 R Sg 156 AT 94.7%
115.8%F1 110.5% , 22 5+ A .3 (P>0.05)

2.3 S RRAREZE R L

FH 3R 2 WL, K AALIE A T S B0 A AR ZE A AR A K i b S Ak, LG 35 T VA K AL 1 PRI 2R 2
EIBEARHEE, S 1 165+ Si7160 ~ Sir1s T B ZEZE K N ZRZE R A ZERK 5N S 1560 4.3 £5(P<0.05) 2.8 %
(P<0.05) 1.7 £%(P<0.05) ,2.3 f5(P>0.05) .1.6 fi5(P>0.05) 2.5 5( P>0.05) ,3.5 fi5( P<0.05) .2.5 5 (P<
0.05) 2.0 5 ( P<0.05) ; 1M = K 73 47T T 3500 2 AR FPHE 2 0 25 58 T M H] S 1165 <S 1160 + S 17156 P 22 Y 22 58
BN S ys.156 ) 56.4% (P<0.05)

FHER 2 AT, i KA AT S 300 A AR A R 2L A R g ka i 2R R BB R L S, s
S 17160 ~S 7. 156 TR ) B 2R 257400 M 25 257 80 S 25 B0 ) 2R 2R K/ 2R ORI T 2R 2R K 2K B il

Sos 1561 3.2 f5 (P<0.05) .2.0 f5( P<0.05) . 1.5 £ (P>0.05) ,1.5 1% (P>0.05) .1.4 f5 (P>0.05) 2.4 1% ( P<
0.05) ,2.7 1% (P<0.05) 1.8 {5 (P<0.05) .1.8 £ (P>0.05),1.6 {5 (P>0.05) . 1.4 {5 ( P<0.05) .1.3 f (P<
0.05),1.3 f%(P>0.05) 1.1 f%(P>0.05) 1.1 f5(P>0.05) ,

R2 AFMEMEREL

Table 2 Changes in stolons and rhizomes growth of C. dactylon

I EZ Stolons Hb R 2% Rhizomes nK ST
ye g L e g L e T
) =K S ?ﬁ/épﬁﬁ( P T %ﬁ/éwﬁ Total B Total
Grou Stem S 1 Stem length/ Stem leneth/ S des Stem length/ stem Stem number of
woup length/ Stem r;o ° stem nodes e /enf Stem nlo s stem nodes length/ width/em stem nodes/
(m/m?) fumher number (m/m) fumbe number (m/m?) (¥/m?)
Se-1s6  123.867+16391c  4589+853b 2.72+0.15b 64.267+30.867h 1896+260h 3.49+1.98a 181.005£14.762b  0.195+0.02a 6486+1056a
Siziss  207.313+142.570¢  7109+7010ab 3.54+095ab  163.435+6.480a  4575+1472a 3.77£0.90a 370.748+149.051a  0.11+0.02b 11684+8484a

Sirie0  340.833+49.092b  8997+2218a 3.85+0.39a  105.952+57.774ab  2738+1549ab 3.90+0.15a 446.786+105.181a  0.11+0.01b 11735+3726a
Siz1es 526.956+161.458a 148479723 4.44+2.60ab  148.469+80.892ab  2925+2522ab 4.59+2.62a 647.704£238.731a  0.110.02b 17772+12067a

2.4 FFRRFREEAE Y R AR AL

I 3 AT, Bl T Vel 7K AL PR ALK A A MR A 43 ke 9 i S22 1 ik 34 i 1 ot S A S AR R TR 34
ST T L R BRI S 165+ S0 ~ Surrse PIVRE A 23 MR 5 5T 2t | 1 J0T o F1 T 85 5T 3 LU 23 50 R S 56 19
77.5% (P>0.05) .127.5% ( P>0.05) .122.8% ( P>0.05) ,79.2% ( P>0.05) .85.8% ( P<0.05) .72.9% ( P<0.05) ,
99.5% ( P>0.05) .66.4% ( P<0.05) .57.9% ( P<0.05) ,

FH e 3 0 AT Bl T Vet KA P AL A S RS e 1 8 25 1) A ik 2 B S RS 35 S5 2S00 S 156
FhREE () H) R ZEE B T A0 T 8 5 0 N Sisise 1Y 109.6% ( P>0.05) .87.3% (P>0.05) .57.2% ( P<
0.05),100.1% (P>0.05) 92.8% (P>0.05) 43.3% (P<0.05) ,106.2% ( P>0.05) .121.3% ( P>0.05) .83.1% (P>
0.05) .
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Table 3 Biomass changes in rhizomes and ramets of C. dactylon
43Pk Ramets T HZ£ Stolons
ZH 5 N Fef o kb . ok [
‘ i Tt AR B i Tl PR
Groups Fresh y D / Ratio of fresh mass Fresh y D Y Ratio of fresh mass
resn mass, g I'y mass, g and dry mass/% resn mass, g I‘} mass, g and dry mass/%
Sos. 156 694.6195+166.9646ab  260.6621+30.3871a 38.7+8.4a 320.6342+113.1672ab  147.1564+36.7007a 40.3+13.3ab
Si7.156 852.9847+105.0188a 190.0476+14.0567¢ 22.4+1.2b 183.5323+81.5507b 63.9065+37.4217b 33.5+4.4b
Si7-160 885.3980+136.5678a 223.5663+4.0034b 25.7+.4.2b 280.0391+23.1157ab 136.5408+19.9471a 48.9+6.7a
Si7.165 538.4303+178.8185b 206.3316+65.6055abc 38.5¢1.1a 351.5629+62.8591a 147.3265+20.8813a 42.8+9.1ab

FH 2R 4 W1 BR 156m KA AP KA AE A 75 S50 S R R b 340 43 1) i O ok S22 A AT A 9 | i T Joi ik £
TR LR IEHE T, S 7165+ Sir-160 ~ S 1156 HL T 5 73 14 65 J57 8t |~ Jo ot 1 66 J57 it LU 23 1R S 156 BY 61.0%
62.3% 131.8% ,107.3% .112.5% .165.7% ,133.1% 141.8% .97.6% , 223 A3 (P>0.05) ,

FH 3R 4 3B FTHT, B T T iy 7KL A0 R AP A 2 MR A R A o o S22 15 I 32 i1 Jo i R 1 M o o L S B
TS 1 165 S 160 ~ S 156 P 0 B 0 2 R0 T o P T 66 S0 6 E 0 1R S 156 19 84.1% (P>0.05) 107.7%
(P>0.05) .106.1% ( P>0.05) ,88.6% ( P>0.05) .90.5% ( P>0.05) .71.6% ( P<0.05) ,101.6% ( P>0.05) .81.0%
(P>0.05) .64.3%(P<0.05)

R4 AFREFMBTRINENEEN

Table 4 Biomass changes in a quadrat and underground part of C. dactylon

T4 Underground part 7 Quadrat
A5 T R L U L
NAE =N =N = R4 AR “é\ \E =
Group BrRR THRE Ratio of fresh mass B TRE Ratio of fresh mass
Fresh mass/g Dry mass/g Total fresh mass/g Total dry mass/g
and dry mass/% and dry mass/%

Seg- 156 158.6792+55.8337ab 40.3073+22.3091a 33.5x124a 1173.9330+432.6929a  448.1258+64.5464a 40.27+8.2ab
Si7.156 209.2143+53.640556a  66.7891+9.6795a 32.7+4.4b 1245.7310+77.1087a 320.7432+13.6856b 25.90+2.8¢
Si7.160 98.8299+58.0398h 45.3418+24.4851a 47.5+5.1a 1264.2670+193.9759a  405.4490+7.7288a 32.60+4.9bc
Si7.165 96.7381+59.6363b 43.2398+26.6221a 44.6+0.9a 986.7313+299.4453a  396.8980+87.0513ab 40.90+3.3a

HIZR 5 n] O, Rt A vty /KR A8 AR A0 21 AR 20k S5 R D 0 o P 22 5 s i 3 i Bl 25 5 5

FETT 0 0 b 2 0 R R AR A 3 S 6 S 1160 ~ S 16 FIAEE 23K 5 B8 I 18 5 55t ok L0 R B 2t L 530 R S 156 11
89.2% (P>0.05) .114.9%( P<0.05) .112.2% ( P>0.05) ,87.6% ( P>0.05) .93.9% ( P>0.05) .101.2% P>0.05) ;
S 17165 ~S 17160 ~ 17 156 PR F) B 255 4 7 0 & 0 B U AT B 5 EE 23 A Sog. 156 19 133.2% (P<0.05) .82.1% ( P<
0.05) .55.1%( P<0.05) ,117.5% ( P>0.05) .103.4% ( P>0.05) .60.1% ( P<0.05) ,

H e 5 AT AL, bR 156m KA A1 = KA 328 4T 5 B0 AR R L T 55535 08 7 19 & 7 i b S R 3 T
T i LS IS S 1 65 S 160 S 17156 FIAE HE_E 355 435 T 04 58 I 6 LU R T 3 i B 430 R Ss.156 11 78.6%
(P>0.05) .64.1%( P>0.05) .142.7% ( P>0.05) ,118.4% ( P>0.05) .127.6% ( P>0.05) .240.2% ( P<0.05) .

R5 AFREWBAEHAHRELEL

Table 5 Changes in mass ratios of different part and a quadrat of C. dactylon

Syvk/RETT GENL:vn NN L i
2H 51| Ramet/ quadrat Stolon/ quadrat Underground part/quadrta
Group G RLIL TR BRI TR A TR
Fresh mass ratio/%  Dry mass ratio/%  Fresh mass ratio/%  Dry mass ratio/%  Fresh mass ratio/% Dry mass ratio/ %

Sos- 156 60.9+7.2bc 58.7+7.7a 27.4+1.1b 32.6+4.4a 11.7+7.5ab 8.7+3.6b
Si7.156 68.3+4.4a 59.4+6.8a 15.1+7.8¢ 19.6£10.6a 16.7+3.4a 20.9+3.8a
Si7-160 70.0+0.7a 55.1+0.6a 22.5+4.1bc 33.7+5.4a 7.5+3.8b 11.1£5.9b
S17.165 54.3£2.0c 51.4+5.9a 36.5+4.3a 38.3+9.3a 9.2+3.1b 10.3+4.3b
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3.1 RIE X KSR A 2R AT s

W 2R AR A SR B AR DI A R R SR AN O EAE Y R S T A JERE Y R
FFT 2 M T 25 RS2 B A N2 25 2000 24 AR N K i 53 ) 222 a2 — 0 s I L, R /K 8 47 1 4R A 5 A1 I
T B0 = e P X R KA 32 AT 4 P U T 2R A 2R B/ 25 K R 2R BOR B A& 29800 B 240k AR
SCHFSE AL I A g 0 A AR B T A B A GE 2, 10 4E B K A AT S 8 iR i k8 A ik, 2 A
SRR AR I BH Y F G N RN T L B R DX 9 K A7 1 RO SO 1 a2 3] 1 25 i 4 k|, B0
FHZ i H I & RE W AR | W R RGO DI AE T % 7 8 s A R 1 00 21 AR A R s i % T i
WZR) 0k, P, 78 =W X @ K A8 17 25 T T T AR R A0y T LA AR IS R BE T
3.2 URFEXEIKALEE TR R A K R F R

THIE KT FRe i) 5 B LA K SR ) 1 AR el ) o 000 25 v 7 3 S5 K S 0 s 9 R, X
NV TR AW 2R KA S AR R B T VR A RS R R R R S e R R
PRAAKT Hii5 1 3R i A e 0 LR 88 I i A= KRB g 1 AR R T s AR S AL Y AR RE T, R IEVE AR
P e R D AR bR . = Ik JZE XK AL AE RIS I BE R, 146 152 158 164, 170m 114 7447 1 M 58 I 6] 43591 4 128
152,176 260 .286d , 1M i 7K 7 3 47 LA S A2 st @2 B 18] 433104 2.25 .78.5 .130.25 ,196 .263.75d , ¥ 7K i [7] B (5
FER N2, 35 2 K R S BOE ) A K 2 KA I R % 3, K T T BRI, = e A DX
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