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E D T B AR Sk P X B A A AR AT ( Salix variegata Franch. ) FIEF & B (Arundinella anomala Steud. ) K T Xt&1E M
RIS B =ik PR X T VR KT R AE RO, B T TEARFI K AL T BRI RS R K TS . ERE T X (AT
KW, ERHOKEER) 1 2m IRBKHE (EMRE T/KH R TERAEKE T 2 m)2 MARR KRB 5.15.20,40 d #160 d %5
AR K T 4L 3, 3R A Chlorolab-2 HAHSR Fa i (ZEE Hansatech /4 B4 ) WU & T 7ZE AR [R) 7K ¥ B 1) R 7K ¥ TR BE AL ER T B
EWIREFEEMKTREER. TRERRW: (1) K 60d 5, BREWIFEF & ENFE RN 100% , TRE O EEYF
TR B 43 BITE/K HE 40d 1 15d JF &ML, (2) 7EAHRIR/KER RIFAERET KNS & ERK T 6832 RER
) B EE T B A kG4 Y (F& ( Cinnamomum camphora(L. ) Presl. ) #15; f§ ( Digitaria sanguinalis (L. )Scop. )) (3) #TEKH]
KERRHET  BENFE EEZNEA K TREHEES . 75K 60 d )5, /KM 2 m MAKENIFME S EEEN K TRERER
E T xR A TR SR, BB EAK T IA MRS, AT R E#EL 5] 0. 202 wmol-m s ™ 1 0. 139 wmol-m >
s MBS, Bt RIATEKHE 40 d 160 d J5 , BRAEWIRI H LB HEIRMAK TR A RS . BFFTRIA, BRARMI RS o BAEARIE 3
AR TG H EXHHI KR REFRTE R , £ 7T AR T = B X 1 ¥ KA 2 L RAE 0 B
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Abstract: To reveal the effects of flooding on underwater photosynthesis of riparian plant species Salix variegata Franch.

and Arundinella anomala Steud. in Three Gorges reservoir region, a flooding simulation experiment was conducted and the
underwater photosynthesis of S. wariegata and A. anomala was analyzed. Two flooding-depth levels and five flooding
durations were set in the experiment. Two flooding-depth levels included ; control and submerged with 2m water depth (top
of plants 2m below water surface). Five flooding durations included: 5 days, 15 days, 20days, 40 days and 60 days. The
underwater photosynthesis was determined by Chlorolab-2 oxygen electrode produced by Hansatech Company in England.

The results showed that: (1) After 60d inundation, all submerged S. wariegate and A. anomala were 100% survived, but
two kinds of typical terrestrial species ( Cinnamomum camphora (L. ) Presl and Digitaria sanguinalis (L. ) Scop. ) died of
inundation after 40 d and 15 d, respectively. (2) With the same flooding durations and flooding-depth levels, the
underwater photosynthetic rates ( release of oxygen) of S. wariegata and A. anomala were significantly higher than those of
two typical terrestrial species ( C. camphora and D. sanguinalis). (3) After long-term inundation, S. wvariegata and A.

anomala could maintain photosynthetic capacity. After 40 d and 60 d inundation, the underwater photosynthesis of S.

variegata and A. anomala submerged with 2 m water depth was significantly lower than that of control plants, but
( submerged plants) still had underwater photosynthetic capacity, the values of photosynthetic rate were 0.202 pumol-m >

s 'and 0.139 wmol-m *s™', respectively. It was also found that after long-term inundation, the underwater photosynthetic
rate of S. wariegate was higher than A. anomala. Our work shows that as regards survival rate and underwater
photosynthesis, S. wvariegata and A. anomala have high adaptation to inundation, they are promising species for

revegetation of riparian area in Three Gorge reservoir region.

Key Words: Three Gorges reservoir region; Salix variegata Franch; Arundinella anomala Steud; flooding; underwater

photosynthesis

SR TR S ERRE/KATIE, BRLUG, 7 6 ~9 A AR, ZBREX KK AZE 145 m,10 ~12 A
rEE AN, KA 175 mo 30 m B/KA7# 22 , (6 = k2 X T R T ARB K AL TH ¥ X, A B RT3 9 9
9% X EARL Y 291. 10 k™' X3 B ph T4 UL RAR BRI ARAL T2 @K I BT IR A Y BB 77
T 26 2R IX ARG ALK 2R BRI T e — AR B TR, 336 A oK Fl LA B B R B B AT REZ
— RAEHE T NATAREGERRY =R X HEHFESIRNEREGL — EATHEHED, &
FEIENLK MRS BB Y Y b B B K ST S B+ > R, R ok =k PR XY VR IR LB Y BB B9

KM EEGEFEZ —RERTREHE " X ERRH EPRZIN G, ARG R AR R
BRI B R ARBR, B R AEER Y . M TRE AABRANETZAR
S, KA TS b ZRBREF N BRI RETE™ (1 mol HHMAAL EFPRIFEL T =4
38 mol ATP, THFETGEMPH K ELL T B HAE4: 8 mol ATP) '™, HTiAWS | I AR L FEH YN E R
YRR SRR, Y E R YR A K B RS ERE KB A T REMBRK LS WEZ /R
UL, 33 T 3R R R K HE TR 32 P2 FI Y

TKBANT , SRS YL, ST YA ER0EREANRELNY . EXLBROERT,
— SO T D@ IR b 3040 e A K R b e MR B LURIE A R o X3 TF 55 — e TR M
Y, 7K TR A R T ok e b 35 A BRI A R b R SE NS , BT T LGB S e K T #EA TR AR
PAIRER— & B Bk SR AR, X TR AR R A B EE XY,

BABRN , — i 7K T BT K TR A EA " s Mommer % Xt T ¥ 47 Rumesx
palustris FBTFE R, ERBRMT R palustris JEIL M A 28 BT SRARTE M BOIE R B oM , LA R
AV F BRSSP BB AR T 40 R4 NI Rk EOK oA R 5, EaMMALT,
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Tit ¥ B B = LR KT B YA AR AR, 10 R, palustris BYYEAME AR T 14 pwmol -m ™5 ™", I ILAKAY CO, [F4k
R R UAMER AP iR . R, KSR 2B IAMT , RIS TiA 24T 24 A
FE R S LA I, BT MRS Sk TOL S /ERBBER AR B L Z Rt E MoK 8 WEZ R
I, BT RSB A T T RFERD Y,

FKAEMN ( Salix variegata Franch. ) fEF 155 (Arundinella anomala Steud. ) 7E =R XIT () K HZRITE
B BRI, WEA BT B ARTHUK A SECE —EREN R o TR IE B, X BFp 4 T
K BRI R, g e Rl A X E YN R FEES TR EART R . 2KHEIIMELE, XH
FPRLYIH AR B AT KER BRI TR 3268, DR ¥FE A T B B AR TR R 5 OB R
T X AR BRI | [FR A S B T AKX RS R &MY Bt K kG XH
R AEMYAEGTESBRNER T 2SR K T #IDO AR AR — SR,

i K BB S PR R A YK TS, AU T AKX BiRe 2 Y 7E K T HOE AR
IR , 3T AR b S W R A A PR 0 2 IROTF R SE I 5T, S S 7R R A0 F () : (1) BRAEMAET S ER T
AR R Y R A BREK T ARE7 (2) ERBRNKERMAT MBS EREIRA KT
HHIRES?

1 #RFAE
1.1 szmpfst

KNI ( Salix variegata Franch. ) AR EAEY) , A, HU/MCE A IR BHE , EBUBE A, M IR
WA BRI . MRk, BRIRE ST AR,

B 5 5 (Arundinella anomala Steud. ) J& Z4FE RARHEY ™, WA K A, THEEHE, ARMHLE =k
PRI RHSCRHT R . SETERIEN, BFHERIK EHEmMgER, sEn MR EEEyE
TR LR EM R EARTAR

&% ( Cinnamomum camphora (L. ) Presl) , 1Rk, I, 048 TH UL LA RS R VGBS , D T2 B8 1 X DL B
B, R BB BE RS F G R —

I, J§ ( Digitaria sanguinalis (L. ) Scop. ) J& 1 4FE RARHEY), R I E B w2,

2006 4E 5 B ,7Efu T =k PR IX B RFE R VLALAR BRUL R oR AR K AR 1 4R AR S A B RN o B 4R AR 7 BR Y,
TR RFRE P REFIEM D FH LEENE , BRATZR AT ERAAR/D25 cm x15 om, FRIFH N
1AL BT 5BETMRE . A ERAMRENE R EZIREXASHRA T HE A SR ELR
WHREHN S, R PR T IE R K BRES B,

1.2 ¥t

P SEIEMRBEDL S A 2 41, 73 BIREAT AN T A0S X R CR BEAT /K M , W MR AEUK B BE) A1 2 m ZREE K ¥ (B
BTKS ERTEAKE T 2 m) o BABMAET S ES AT 54 4k, FHEM D F G405 24 #k, MHEKE
ACFAEMR AR T R — 25K, E I SE Bk K, KM 7 A 10 HERZE 9 A 10 Hik, MUKELHEFF
R HEE , 7EESKH 5.15.,20,40 d A1 60 d J5 Xt Bk AN FNEF th BAEMR KK T OCB IR IR BEATINE , 388K
¥ 5 d 1S d EXERA D BRI K T Ob B8R AT I E , B B FRBENLIER 5 MR T 4P e .
1.3 KFHERNE

TYIK T It EVERI BT : R A Chlorolab-2 YiHH & AR (3EE Hansatech /3R] 427 ) X SR AR f8 FR LAY
DIRRM BEATIUAE , 7 ek R R SR T R A o B A ER AR I Y, i K TR A R LA M A R R %
N WA EHAMRAIE AN : RINARIREE R 27 C, 0658 150 pmol-m ~*s ™, RIRHLERIE

SRR AR M K U ST BB K B KRS o S7 B (8] S5 25 0 5 , KA A KT & TR T0ER , (R UESE
MERBOK IR . M IRAERII & B 80k S I B A7 0132 e FHEATIE o
1.4 Sitatr

FIRGETH 8 SPSS12. 0 BEATIRI SR AL B 434 o 7KWEXT 4 FPHYIK POL AW MR HRER
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1967

75 253 #5 (One-way ANOVA) , F§ Duncan £ %% ( Duncan’ s multiple range test) #:4 A [F] AL 3 22 [BJ AR BR A 7K

THEHER.

2 &%

2.1 K#EABERTKAEMIFERE K TS

FEAE R B K M I R A K M SR AL TR R, K8 5 d #0115 d J5 , BKAEME K T IEE R B E R THEMAKT
BURER , 7E/K#E 40 d B, K 2 m BRKAENTAREDK TR ER SXHRERZERA B, HAKHE 2m itk
R A K HE B TR A 3 TR . ZE7KHE 60 d J5, /K ¥ 2 m RYBK BN MR K T I B R B E KT
it AR A K T IR R, BB R T /K 40 d 5K 2 m MRREIK FHEER(E 1),

O #H Control [ 7K¥# 2 m Submerged with 2 m water depth
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KT N4 (umol Oym2s)

0.1

0

0,-exchange was measured at 27 °C with an irradiance of 150 pmol-m

T —sK MR E (A) FKEHRE (B) KF, FEARTF RN AL B AE BEZRF(BFHKF P=0.05)

a

i

15
JKFE I 1] Duration of flooding (d)

60

Underwater photosynthesis

KT N4 (umol Oym2s)

0.6
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0.3

0.2

0.1

asd

Oi1sd B40d mood

T1 T2

KVE & Underwater depth

Bl AEKERAETREMRAT S (£ RER)

Fig. 1 The underwater photosynthesis (mean + SE) of Salix variegata subjected to different water submergence stress

T1 %t#& Control; T2 7K T 2 m Submerged with 2 m water depth; X RIARPIIRE N 27 C, 38K 150 pmol -m 25~ RIRMGRIR  Photosynthetic

-2,4-1

For each level of submergence

duration( A) and submergence depths(B) of treatments, means of treatments with different letters are significantly different(P=0.05)
T[a] the same below

JKHES d FIKHE 15 d J5 , XTHRAUKEE 2 m SF AR K T BRE RE y fiE, HALBEEK T aE
FEABE, 7K 40 dJ5, K2 m KFRARE TREMILT(E 2) . FREFEHETEmS, —k
e, FEAE A IR YEAME S 9 ~ 18 mol-m s ™' R i AR S 38 R 4R AL A9 YRR 150 pmol -m s T BAE R

FTEREEAME R

O % # Control B /KA [H] 2 m Submerged with 2 m water depth

Underwater photosynthesis

R F6A (umol Oym *s ')
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KFIA (umol O,
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os5d oi1sd

JKIEIR B Underwater depth

T1

T2

B2 AEKERGTEREEAKTE S £ iR ER)

Fig. 2 The underwater photosynthesis (mean + SE) of Cinnamomum camphora L. subjected to different water submergence stress
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2.2 KEBAHREHEENDENKTEE

AR B K B R A KR AT K S d 15 d 5, B BN K THEEREER TS HEMAKT
BURER , 7E/K#E 40 d B, 7KH 2 m B EF i AR K T LA E R SXREREK THEEREF A BE
FE7K#E 60 d J5 , B BKHE 2 m AELARE/K TR R BT RAEARE K T EE R, JFHS5/K#E40d 5
K2 m R ARRZRARE BEREBEERTRES d FAUKE 15 d JGKE 2 m HREEER
(B 3),

O *fHE Control [@ 7K 2 m Submerged with 2 m water depth osd oi1s5d B|40d moeod
06 A . 06 B
Z T w S
28 05 8 05
gE ==
o) ? 04 - g S ? 04
B g 53
g g 03+ : aa < 03|
En s
@s 02 _ @f 02f
RS o1 | : 23 o1
}.Lg . . }.L‘D: 1
¥ 0 . | - | - % 0 |
15 40 60 T1 T2
JK YW} ] Duration of flooding (d) JKE R JE Underwater depth

B3 ARKERAETEEERKTILE (F £ HER)
Fig.3 The underwater photosynthesis (mean = SE) of Arundinella anomala subjected to different water submergence stress
FEKHES d J5 , B JEXTHIRAEAR K T ERE R BE R T/KHE 2 m AEMREK T IEER , 7EK# 15 d )5, K
2 m B ERR R TR SR T (& 4) o

O *fHE Control [ 7K 2 m Submerged with 2 m water depth aosd oi15d
0.6
061 A ~, B
2% 05 |- <05
£F -
o) ? 04 o § :
EE 2 05l
\g}; 03 a a \_j/‘ﬂ:)‘ a
xS 02 | og 02|
SE : 25 :
=2 01 - 5 }LS 01
%= - b ® S b
O 0 1 ! O - |
5 15 T1 T2
7K ¥ st 8] Duration of flooding (d) K GE Underwater depth

B4 REKERGT DERAKTECF £ iR ER)

Fig. 4 The underwater photosynthesis (mean + SE) of Digitaia sanguinalis subjected to different water submergence stress

3 iFig

BAMREN, EEEKBHAET K TAAXN FRER BN ERREZLEEY ™7,
AT LER RN, K S d 115 d J5, 7K 2 m AR R FK AN FNET o A AR A /K T B 2R 5 X BR A AR
K TRERRERADE ,BEESTHELET MR AEYERNDE, 23360 d KEE, BB
[ CO, ¥ B & T AR AN S A B —E HK FOL AR (B 1,18 3) , BRI AN BF o I A T R 3 R
100% , ABFEIER T A YBCENIAE S B RA K TOLE W MR BIFE R, N ENRRW 2K
BUK R T — 2 MELB R

TS L S S ERAEZHEAX "7, BAPIRZEN 0.5 m FEZLERALE 1 7
JEHEARAY CO, YK BE NGRS 740 pmol -m s ™ IR T, Tif V1L W0 8 2 RN 4B BRAE A /K B I B 43 BIoH
0.73 pmol-m s~ 'f10.36 wmol-m s, BFFT LRI, 7K 20 d J5, ZERELE BB CO, ¥R B, 638 740
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wmol +m % s ™" Y AT, T K WEAE Y RS B AN B BRAE K FOE AR50 3.9 pmol -m ™+ 57! 1 4
wmol-m s ™" 7K ¥ 30 d J5 , ZESRELT Y CO, W PE , HE3R N 740 pomol-m ™ s ™ AR T , REEE RIS BRAE I
KT ARSI N 4 pmol-m s~ FI 5.2 pmol-m s ™12 o GARBRFLERAM M, EARWEARLT , Btk
NFNEF iy B B K T AR R S T A YIRS A BRI R K T AR S (B 1, 3, & 1),

F1 KE2 m LETRENMEFHENK TS (FH = FpHER)
Table 1  Underwater photosynthetic rate ( mean + SE) of Salix variegaza Franch. and Arundinella anomala Steud. in 2 m depth
submerged treatment

SH ltom 7K ¥ 20 d(pmolO, -m~%s™") K ¥ 40 d(pumolO, sm~%s7")
Submerged for 20 d Submerged for 40 d

FkAEH Salix variegata Franch. 7.12£0.27 5.38£0.11

Bf B Arundinella anomala Steud. 5.85+0.15 4.46 £0.10

FNARRIREE K 27 °C, 638 % 600 pwmol-m s~ BRIF K 0.1 mol/L NaHCO, ¥5¥%% ,60 mmol/L Tricine(pH 7. 4)
Photosynthetic O,-exchange was measured at 27°C with an irradiance of 600 pmol-m~%s"and 0.1 mol/L NaHCO, , 60 mmol/L Tricine (pH 7. 4)
to provide CO,

SAMHEAYA W, KB S ERK TR N8R, 0.5 m BESEERERAAE— AR COo,
e B AIEER Y 740 pwmol-m s T ARAE T, e B AK T HUEEE N 0. 18 pmol-m s ™1 HARPFITLER
HA L, ZEAR RN E AT BRARMIRNES o BB K T R 2R B3 = T AT 4 b e 2 R M LA Y B A A
EADERKT AR (E1~E4),

FERA KT AR ARMT , R HK T R RE S AT AW B A MK T A BERKEE
EERAEKRNEE" . EAPARN, KB YREE ST BEEKT 0.5 m £BAE I AJE
TR B KT A WRE , WA Tt Wl b BEAE AR FIK AL T 25 d SR UK PO AR B ERMR" . &
PG RRATFEKHE 60 d J5 , BREEWNFNEF i D RA —E Bk T RCERE ) (B 1,18 3) , T ¥ 4L B T i
DERK TR RRARMMEA BE TRE(E 2, & 4) , 0 BIFEKHE 40 d 7115 d SR KETSET, RIABIFS
AR KK B VR4 R — RE YK R A, B TRR RIS i i 2 KA A I

Py B ARSI O =R X VL () BB T2 20 6 SR 1 % , X PR P00 K AR R TR i B i 52
REJ1o FE/K¥E 40d FI/KHE 60d J& , BRAEHMEAR Y AU EE R/ TR H EAER(E 1,8 3,% 1), XIRBTHK
MBI/ T A BE X K HE R 32 44 i) BT T8 o B K T 65 R ) X HK MBS 32 4k A BT R o

RIEABIT AT LI Bk FIET i R K B U0 3R 5 REAR A M3 DL B I R K K B3R 35 BESER
B, &g 60d HI/KEALEE , KT 2m RRAHIFIEF f EAEMREOK TO6E -5 2 BAE HoA —E R WY IR MR, (B 6E
YR —EHUK TR, REMNREBRKMER 2 BZFEE Z—, W LS RS e = ik X & AR
BRI YIS, Seid 60d BI/KIBANEE , BRAEMIR I MR R R TH B &, B8R COMBHNBRIBRMERMFT,
PRI R LB i FR UK TOEE RN (GR 1) R LB B HE ISR T, v DURYE HOK ¥ 524,
BT AFEKEHET
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