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Effects of Waterlogging on Eco-physiological Characteristics of Aquatic
Bryophytes and Their Comprehensive Evaluation of Water Tolerance in
Hydro-fluctuation Belt
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Abstract: In order to understand the dominant species and water tolerance of aquatic bryophytes in hydro-
fluctuation belt of Lengshui River Nature Reserve, Guihzou, China, the contents of Chl a+b, methane dicarboxylic
aldehyde (MDA) and soluble sugar, and activities of peroxidase (POD), superoxide dismutase (SOD) and catalase
(CAT) of five dominant bryophytes were determined, and their water tolerances were evaluated. The results
showed that there were 11 dominant bryophytes in Lengshui River Nature Reserve, in which Rhynchostegium
riparioides, Palamocladium euchloron, Hyophila involute, Reimersia inconspicua and Fissidens grandifrons were
the most dominant species with average dominance =0.02. With the extension of waterlogging time, the content
of Chl a+b in five mosses decreased significantly (P<0.05), and the contents of soluble sugar and MDA, activities
of POD, SOD and CAT increased at first then decreased, showing strong water tolerance in five mosses for long
term. The comprehensive evaluation value D of Rhynchostegium riparioides was the highest (0.953) by PCA and

subordination function method. Therefore, it was suggested that Rhynchostegium riparioides had strong adaption
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to waterlogging, could be used as pioneer species in vegetation recover and restoration in hydro-fluctuation belt of

Lengshui River.

Key words: Aquatic bryophytes; Hydro-fluctuation belt; Waterlogging tolerance; Lengshui River Nature Reserve

YH V& 1t (Hydro-fluctuation  belt) S FRJH 74 X (Water
level fluctuation zone), JEIVL VA KEERFH 1]
—ANHIHT, DRI KA Bk v B R KT B
() I S SR ) A IRV X3, B b AT 7K 3
PR B4 B PRV R T PRI AR S X Y KT
SRR X AR F 3l R R] e St b, T[4
FEACTEEES 1.5 km, #E#E 20 km, SR 28.3 km?,
TR PRI » JEGEB 5% 20~50 m, _E#8%% 300~500 m.
WA 17 hm? . B4E 4-5 Ak NBOKE], BKE
R0 R 7K B AR B SR 35, /KA AT kil 10 m DAk
1M 7-8 HREAMAKIA, KA T REEE, KA R
i% 50 em LA BT I ROKAL AR AL, 1%
XAEVI AR KAE Z 2K 48, FBOGE 1l
VIIRIANIE RLTHEWE T, AT 51 1% XV 7% 5 R A=
MZFERD, KRR, SRS M N
RIS VA KT [ SR AR X T T4 AR A ) A S A
PR N TR T A Z RN, KBRS R
HELZEM. AL, JFRYFE LR LR
[ E M,

R A S5 b 2% 29 U iy XA K /K AR B B A A
AR, TESFIREGRES, KA S EEYA S
KT A REE TR LA Eedet b, &
FIRFK L SR 2R S A SO ) = A
FAROV, Rl a2 et T e U,
T TS50 ¥ ¥ i R 40 7K VAR T 52 AL 3 () 0 9 2 B2 4
FEFFARRNREA B, SR S v A K A 4 B
X 7K RS S ATL B AN 7KV e 77 BRI 9 v R DL
i, AT 2015 4F 8 H 3-12 X SME &b E
7K H SRR X T V& AT HEAT 930 10 d BIR AT,
ik 7 5 FRAFPCEIRFE = 0.02). @AY
IR, BT T 5 Pk B BN 7K BE S RE
JISENUE, [R5 MoK B Y K e /it
ITLREVIY, LY 7K V& i A VK A2 R B 42
PR .

1 AWE Tl A5

1.1 B S
Ak B AR X AL T4 vb B b s, shBAk

B9 105°57'31"~106°04'16" E, 27°34'43""~27°26'
22" N, VIS, 4R 700~1700 m, ]
BRI BER , WA URRA o T4 SR IR R EE
AZFETLHW, 1 A FSRIE 3.6C~6°C, 7 H R
I 243°C~27°C, EVHFEAKE 1136 mm™, KR
(VAR IR B KA T PRIk o, T 1 I S PR Y v
M7, AT VA b X 1 & B AR S T I K
BEAEY) R KRS SR T R AT 1AL . ARYEA
KT ARER X (PR L, IR 6 ANHBIX (BRVA R
Bty KAEAKEB . WK R B HE. ¥k
BOANGRYE b B T VR N ik,

1.2 BUREFERWE TR 5 Mk B BEYKE

pos::l

SRR 7 v A ST T Y A K A B,
BIEEA I XBEE 2 AN RFEDT(10 mx 10 m), KFES
PRERE 3 m A 14> 50 cmx 50 em /MFEDT, 94N, I
BTN & B APREG A, IR, BT
M, FEANTHNETT N B SRR T K
e K 8% (Rhynchostegium riparioides)~ IRZEFE N &
(Palamocladium euchloron) &M g & (Hyophila
involute) V&% (Reimersia inconspicua) 1 KM R E
¥ (Fissidens grandifrons)3t 5 FhyK4E & #EEYI (12
MHARE=0.02). 5 Fh & BERYIAPERE R L5 — IR
£, I AT KRS, WE S MK EE
0. 5. 10, 15, 20 d, B THIASUZRIEIEARI B
FrILA T ZAME TR (R KA BAEYD), LAAEK#EN
XTRE(O d), FEMREFRIUNE 4 NE D10 PREL
), AR 3 ANEE . KB RIK, Xt
MR RBEK, BANACEERENLIERL 6 PREEATINE .

1.3 $EhrillE

MOREFH ZE KIS BE T4, FTRK 4RI T 3R 7K
55, SRIEMRIUIT R & . KA 95%P9HES e Bkl &
MR s e AR ZRENEN s &
Py I AT RS s R AN I E i A S
(CAT)E M s U DY e 380 J5 v 00 s iR A8 A i Ak
B (SOD)iE s @A A M vl & it S ALY ¥ (POD)
félri[lS—H] .
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PHBF I E HILHAE @M RE, Y=/ N)xf,
XA, n NS i FRNEDS R, N NRBEEE, N8
i (i=0, 1, 2= )FfERA S i IR . R
P HEERIE— BN, MEY Y>0.02 B, %
Tl oA SRS, 2 B ) = B = (KA 35 % + At
) 21,

K 38 R BOR S A T B A TR AT TR K
WL AV, SRS T, &R
()T 7K VA 58 HORD B P A ) 25 6 8 b 1Y) SR R U
FE TR AL, KA MBUR 75K &8 hr 2
s IRAEKAE S EEYNSEETNE Do Fiitar
K H Microsoft Excel 2013 11 IBM SPSS 20.0 # {433t
1T BRI 5 231 (One-Way ANOVA), Fi LSD %
HEAT B W 1 2 LR

R OHET KA SRS MR RB LM ESEZEEAV)

2 SERH

2.1 RBMRBEMESEEE

FRYE A AL 7 B B ) S FE RS, L%
AR 11 Fh, FET 7R 11 JBGEE 1), B
(AR 35 B AN B AEAN A HB X AN [R], DAV 7K N B
PIKAEBESHEDILEMRZ, 18 10 Fr. KAEKK
BE. PREEFENHEE, B EE . [k EE AT RUE
B AR, CFINBE = 0.02. XA FZEE
(Heteroscyphus coalitus)ft: 4 NE & ANLEF; OR
5 & (Brachythecium rutabulum)ft 3 \NTH & 717 AL
P #l L EE (Hypopterygium flavolimbatum)
bt ¥ & (Bryum  billarderi) 17 " & (Pallavicinia
Iyellii) Vit X S 5 & (Eurhynchium laxirete) 1t 2 NMH
A AR, R RE#S<0.02, HEEH<0.271,

Table 1 Dominance (Y) and importance value (IV) of dominant aquatic bryophytes in hydro-fluctuation belt

WA TRB KAEKPE B KB FH 8 B BRI B BRI R
Shengou down Changzheng Lengshuihe down Tiangou Lengshuihe middle Shengou middle Average
Y v Y v Y v Y v Y v Y v Y v
TR AR K i 0.030 0.348  0.022 0.307 0.022  0.351 0.027  0.330 0.025 0319 0.034 0384 0.027 0.342
Rhynchostegium
riparioides
IRGEAEIH- i 0.022 0.311  0.021 0.299 0.028  0.431 0.024 031 0.024 0309 0.037 0394 0.026 0.342
Palamocladium
euchloron
{8 Reimersia 0.021 0301  0.022 0.296 0.021 0312 0.026  0.320 0.029 0.364 0.02  0.266
inconspicua
KR E#E Fissidens 0.025 0318  0.021 0.292 0.023 0318 0.028 0.364 0.021  0.295 0.020  0.265
grandifrons
G EHhEE Hyophila  0.022 0291 0.021 0.297 0.024  0.381 0.023 0307 0.027 0354 0.020 0.271
involute
CuEiR:y 0.020  0.329 0.020 0.294 0.007  0.104
Hypopterygium
flavolimbatum
Wk FEE 0.020 0.292  0.021 0.298 0.021 0.29 0.021 0.296 0.014  0.196
Heteroscyphus coalitus
L4 E&F Bryum 0.020  0.329 0.020  0.289 0.007 0.103
billarderi
G- R 0.021  0.298 0.021 0291 0.024 0.344 0.011 0.156
Brachythecium
rutabulum
W& Pallavicinia 0.021 0.293 0.020  0.288 0.007  0.097
lyellii
I [P Ik 0.021 0.295 0.020 0.288 0.007  0.097

Eurhynchium laxirete

2.2 JKEEN B EEYH SR A R S BRI

JKHERT 10d, fIAHEE, PRERREMEE, KKK
B AN Y B F) R P P R B K I TR ) 2
KRR (E 1), HE RibmEEs: R R E

BEAE/KVETT 15 d BTV pE & 238 m, Em>, (3
AIAERE S B SR LLG R . SR, KA
K 5 5 12 M A 1 R T RE S R K
(P<0.05), VRZAEMEEFH R REEAE/KHAE 10 d 1)
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PERE S BN KARE .
xR, BEEKHERT R REK, 5 FlKAEE
BERY IR S EAWIREG, AR, (AL
BOPSE . JKHE 10 d B, KRB EEFIVRSERE 5 1)

0.65 .
—~ —— KRR BEEE Rhynchostegium riparioides
an 0.60 —a— RN RUEEE Fissidens grandifrons
& ) —— (A EE Reimersia inconspicua
£ 055 —— RSN Palamocladium euchloron
2 e NG Hyophila involuta
& 0.50
S e
2 045
2 0.40
z
2 035
i
pi 0.30
% 025 |
iy
= 020}

0.15
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JKHEIFLE ] Days of waterlogging

] Pl A i Content of soluble sugar (mg g™')

2R3 & AT B FRR(P<0.01), 437 ELXFE(0.527
0467 mg g AR T 46.9%H139%, KAKGEE
AR SRR R R FER(P<0.05), Tt HHE
HhBE IS 2R S B /KT 15 d i B 5 BRI (P<0.05),
ELXTE(0.365 mg g ') T k4 47.8% (& 1),

[=2)

—— R RURLE Fissidens grandifrons
—— [8F Reimersia inconspicua

——EREHE N #E Palamocladium euchlgfon
—— KA Rhynchostegium ripdrioides
—— G Hyophila gryglu

e

ok

ETs

10 20

15
K FEHFEEE 0] Days of waterlogging

P 1 ARHERT 5 R s SR AT MR S AR *: P<0.05; **: P<0.01,

Fig. 1 Effect of waterlogging on contents of Chl a+b and soluble sugar in five bryophytes. *: P<0.05; **: P<0.01.

2.3 JKESKEEHEYEN RGN W

IKHERT 5 FhKAE & BEAEA MDA % &, POD.
SOD F1 CAT y& 38 s TR, HRH il B 2 5
() Fsf Pt 7K PR T ) A AR A B AR — (] 2).

LT REAH G, KRS 5 Pk A= & S FE A 1F MDA
TEEE EEEEY, (AR S EEY) MDA &
BRIREAE . RGEFEMEE, K X2 #E R0
MR HLEE ) MDA & fEEKASE 15 KIS A &, 75
EEXT IEHE 1 99.7% 67.7%F1 64.4%, 1AM E#HER
(P<0.01); M5, MDA &EEMAE FFEA. m
- EEAK AR K BE ) MDA & B 2228 1n, /K
10 d B Es, MGEEAE TR, E¥E TR,

B K AT (B R 2B, S PP E BRI POD 5 1%
B TG FREMAR TS o A BE EREERY A
IKAE KB SR I HLEE ) POD V% 14 f i HE BLAE
IKHEES 10 R, IEMRIE 322 5 (P<0.01); TR KUZ
¥ POD V5 14 3 /KSR 15 K. L), FE#K 1 POD
TG TR IR T A

BEZKAERT (B LB, 5 FlUKAE B #EEFEYIT) SOD
TR R T (P<0.01), &R s HAh 4 Fb
LRy BIAE KIS 10 A1 15 KRk, 25 .

5 FlK AR S BRI H) CAT 3EPEAR LT 42, 1

FEIKHESE 10 Ris s, 50 HAH B3 K 2 2 (P<
0.05), MLJEIIFER. KRB, IREERE BRI
MR M8 1Y) CAT JE MR A AL, K 10
R Hoxs HES 25 1 0, T 7K 20 d 5 0 HEOE 25 22
o

TESSMIR, KAEBEEDFILRER . ATE
PR, MDA &5, POD. SOD Fll CAT JE 32K
TR W Fh o 2 1A HAE FH I s 2 25 (P<
0.05)(% 2), M&kEx. FliETERE. MDA & &1 CAT
TEVESZ B B PhRIIAR R 35 (P<0.01)(3F 2).

2.4 JKHEXT 5 FhyKAEB B E B K E B 73T

Xt 5 Rk A SEREA 6 AN AR FRABAR IO KV &R
BOHAT F RS b, SRELET 3 NMEPREE 3), HoTwk
KRN 52.2% 24.5%F 17.2%, RFATTHRFIE
93.9%. H—F o FECFEHZER. IEERES
A SOD i, HEi w7 KA YK
R 56 By EEASEI SRR AT TR
SOD. POD Fl CAT &%, = E5m /KA & & AHY)
(IR 26 = E i EEBAFET4EE . MDA &
. SOD Ml CAT 15, FERm /KA & &AM
JE AR A TS M . IR AR R ORI 6 AN HL IR AR FE
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MDA (nmol g™")
=)

RUREE Fissidens grandifions
{IEE Reimersia inconspicua
TREERH I EF Palamocladium euchloron
—— KR IEER Rhynchosteginm riparioides
—e— M HLEE Hyophila inveluia

H

POD (U g”' FW min™)

100

SOD (U g”' FW)

CAT (U g FW min™)

5 10 15 20 5 10 15 20
AHEFFEERS ] Days of waterlogging K2R ] Days of waterlogging
P 2 JKHEXT 5 B ERTIAY MDA & . POD. SOD #ll CAT {litERISZI . *: P<0.05; **: P<0.01.
Fig. 2 Effect of waterlogging on activities of POD, SOD, CAT and MDA content in five bryophytes. *: P<0.05; **: P<0.01.
R 2 5 MuKAE & S EACRHIE R TT 2200
Table 2 Variation on physiological characteristics of five bryophytes
Chla+b SS MDA SOD POD CAT
LHEEY) Bryophytes (A) 8.112" 12.240" 7.480" 2.929 1.577 15.282"
JKHEIS1E] Waterlogging time (B) 47.146" 4.568" 24.819" 33.164" 6.397" 13.754"
AxB 27.629" 8.404™ 16.150" 18.285" 3.987" 14.518"

Chla+b: M4E3; SS: FIVAVENE; MDA: N ; SOD: BEMYEALES; POD: I ELYEE; CAT: A WERY. TRM.

Chl a+b: Chlorophyll a+b; SS: Soluble sugar; MDA: Malonyldialdehyde; POD:

R 3 KR 5 FOKA: B SR Y A B R ER B A T

Peroxidase; SOD: Superoxide; CAT: Catalase. The same is following Tables.

Table 3 Principal component analysis of physiological indexes of five bryophytes under waterlogging

FERAY [FF 4145 Factor load Dig &S
Principal component Chla+b SS MDA SOD POD CAT Eigenvalue (%)

1 0.992 0.772 -0.772 0.337 —0.146 -0.15 52.195

2 0.008 0.534 —-0.122 0.922 0.916 0.002 24.501

3 0.001 —-0.311 0.499 0.151 —-0.334 0.945 17.185

N3 ANE IR B RS SR A e bR, ARET 6 NI
AR 43 51 N : P1=0.556,

2N

FEHE 93.9%[11E &,
P,=0.261, P;=0.183.

2.5 FKAEBEREYIN KA Z LK 25 & PR
ZAETEINE D e 1K E BERYILR AT K

HEREIHIR/N, D B /KA PR TR . R 4
AR, KA EE . R RS PRERFENT AR, A
BN R EE K D B 201 79 0.953.0.601.0.484
0.374 F1 0.131. AT UL, 5 FREEYIRS 7K )T 14 HH 5
BIFHRICN: KAEKEREE, K RBEE, R4
BRI G R I e
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Table 4 Common factor score value C(x), subordination function U(x) and comprehensive evaluation value (D) of five bryophytes under waterlogging

C(1) C(2) C(3) u(l) u@) u@) D H44 Rank

KR 28§ Fissidens grandifions 0.708 1.735 1.504 0.886 0.234 0.262 0.601 2
IKEEKIEHEE Rhynchostegium riparioides 0.73 1.928 1.837 1 0.816 1 0.953 1
IREEREE  Rhynchostegium riparioides 0.594 1.989 1.539 0.289 1 0.34 0.484 3
M-8 Reimersia inconspicua 0.648 1.73 1.386 0.57 0.217 0 0.374 4
BHEHEE Hyophila involute 0.539 1.658 1.712 0 0 0.722 0.131 5
TTBk#E Eigenvalue 0.522 0.245 0.172

BLE Weight 0.556 0.261 0.183

3 T A P R6 20T, AE /K HE 3 B AR B AR AR, T

3.1 B KA B BRI MRS

Xt 6 MHVE R KA S S EY T IR E, £
TR BURIK AR & BRI 55 5 fo e, HHEIN 3 272
HI R 7K T BOA A LE AR X SE IR B 58, Hiu g
hRBCAE AN EARS, R B 7K
Wi, WOAKA B EEYIIME A KSR T R
TELHEMAETEE GG, HERRK ARG
AR SRR 8 LA BRI U, e 3 225 LA
WEREHHMT AR, B B, ARAEKK
g, KM R BRI TR SR, A —EPRK

P AE ST, IR SRR S AR kAR SR AR T
FAR B I

3.2 FKHEXT KA B B Y AL BARRAIE R T

IR 2RI R AR S, IR R AN T
AR AR A A NI SOSE, TR, AT I E A AL
() A AR B4R bR IR FURLAD (K K HE RE P
MUK S SO 2 R 5 BT IEH KN
BEEEY AR, ATRE S T K B 2
TeIEREAT G A A A T A AR AR H B AL & 2 EI52
FEbR AR KR LS & T R SR>, B
IR (B HISE A, 5 Rk A & BRI SRR S &
FEAR, RIRER/KMEMNA R & SREYIKDC & isk
S, EETRREM A, SOCEERER T
SR, IS T 2 SR 1 R
JeEAER

KA, 5 MUKA & YR AT TR &
Bl KR N 8] ) S AR B 2 S N R PR A
%o AHAAL PR RE EEANR], LR R] KA o 8
T 32 /KA 0 T R REANR] . BB 7K HE I 18] A
JEC, MR TR AR IR, S EUE Y TS
BlEE R, 2R T TV PR A 2 R I R

T DR Y B CR AR AR A2 08 TR ATV PERE (R HE R, K
B ARG T A PERE LRV 2 M A RE 1
e,

5 FhE BRI MDA &5 5 Fif 25 /K A ] ) 22
KRG TRREHE . KBIFIER, MDA &
BN, TTH B HCRS A P i A A I T
s, WORRERAE RS FIRIR AR E M, iR
HYZ R E AT H o B KA (R e, RS
NI ARITAE ) T, AR BRAE T FRER 1%
5P T Fe s AR

REAE T, 40N TR 5, 4 1)
NAD(P)H/NAD(P) fE¥A 52 BH  £&:Hi 4 14 i i 1
AN, L PAEAL R R R I SR A T, A
SR, HCRT AR P B R SIS TG g, 52
E R sE R AR T, 5 RS AR
MDA 5. POD. SOD Fl CAT 3P fifi # 7K #E i ]
PE BRI N T R R, SOD 74 T B A 4l
Ma#s i, RERSMILAN L as B AR &7 B R E
BN, 724 Hy0, K O,, T POD Al CAT U3t
— BB H0,, X ST (05 i T i
FERRAR YT MR T RO AR o 3K 5 TR 2
IE AL B (Paspalum distichum)f) MDA & & .
POD. SOD I CAT 5 4 b 7K 7t B[] {19 2 T 384 1,
¥ xR g5 S AR L

3.3 KAEBBEHEYIX KA Z 1 KIZR 5 PP

R E R SRR R EEM S &, W2
TERRBEAT SR A VRO OV T RE, R FLN T K A
Y 0 S A R 2 MR AR S R S e i
BT E5AF RIGTUKHE N RAE(D), D SO K
Ve, DITHRYE D AERR/INF 5 Rk AR & S
KA 32 SR PG RUCON : KA IGREE . KX
JRBE, IRERABM R, MGG I AY, XA
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