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Effects of flooding on the photosynthetic response of Hemarthria altissima

to drought
HAN Wenjiao, BAI Linli, LI Changxiao” , CUI Zhen, YAN Jiangwei, QIN Hong
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Chongqing 400715, China

Abstract; In the hydro-fluctuation belt of the Three Gorges Reservoir Area (TGRA) , plants are subjected to a long period
of flooding which can affect their growth and survival. In additional, when the flooding recedes, plants may experience
drought stress that can also affect their growth and photosynthesis. Thus, screening for suitable species that can survive these
fluctuating conditions is necessary for the successful restoration of vegetation to the hydro-fluctuation belt of the TGRA.
Hemarthria altissima, a plant commonly found in the TGRA, may be one such suitable plant in the remediation process of
the hydro-fluctuation belt. H. altissima has a high survival rate and is well adapted to flooding; however, the response of
these plants to drought following flooding and the physiological mechanisms behind this response are unknown. In order to
characterize these mechanisms, we studied leaf gas exchange, stomatal limitation (L_), and water use efficiency ( WUE)
in H. altissima under different water regimes in the hydro-fluctuation belt of the TGRA. We applied the following six water
regimes ; control ( CK, soil water content 60%—63% of soil water field capacity) , soil surface flooding ( SF, with water

level 5 ¢cm above the soil surface) , total flooding ( TF, with water level 1 m above the soil surface) , control-drought ( CD),
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control group followed by drought treatment ), soil surface flooding-drought ( SFD, soil surface flooding followed by
drought) and total flooding-drought ( TFD, total flooding followed by drought). Net photosynthetic rate (P,), transpiration
rate (T,), L., and WUE of H. altissima in the SF and TF groups were significantly lower than that in the control group,
whereas the intercellular CO,concentration (C;) in SF and TF were significantly higher than in the control group after the
end of flooding stress, which indicated that the decrease in P, may be attributed to non-stomatal limitation. Under drought
stress, P, G_, and T, in groups CD and SFD were significantly lower than in the control group, whereas in TFD, they
showed no significant differences to the control after the end of drought stress. In contrast to the SF and TF groups, C, in the
CD, SFD, and TFD groups was slightly lower than that in the control group. However, L, in the CD, SFD, and TFD groups
increased under drought stress, indicating that stomatal limitation could be the main cause of the decline of P,. WUE in the
CD, SFD, and TFD groups was significantly higher than in the control group, indicating H. altissima coped with water
stress by increasing WUE. By the end of the recovery period, the P, G, C,, T,, L, and WUE of the SF, TF, CD, SFD,
and TFD groups showed no significant difference to those of the control, indicating that H. aliissima can adapt to flooding
followed by drought stress. Previous flooding did not affect the subsequent sensitivity of H. altissima to drought. This

characteristic of H. altissima is beneficial to its potential survival when transplanted to the hydro-fluctuation belt of the

TGRA.

Key Words: The Three Gorges Reservoir Area; riparian zone; Hemarthria altissima; photosynthesis; flooding;

drought stress
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Fig.4 Changes of Ls and WUE under different treatments at the end of phase I ( Means + SE)
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Table 1 Chlorophyll contents of Hemarthria altissima under different treatment at the end of Phase I ( Means + SE)
FHE Character Xt HR4 (CK) F KM (SF) Y (TF)
v ; Control Soil-surface flooding Total flooding
H2% % a Chlorophyll a/(mg/g) 1.61 + 0.15* 1.76 + 0.13* 2.12 = 0.22°
4% % b Chlorophyll b/ (mg/g) 0.44 + 0.04" 0.59 + 0.05® 0.74 = 0.08*
B4 E Total chlorophyll/ (mg/g) 2.05 + 0.17" 2.34 + 0.15% 2.85 + 0.23¢
M4t a/M42 b Chlorophyll a/b 3.75 + 0.42° 3.14 + 0.33° 3.14 + 0.48°
KA MR Carotene/ (mg/g) 0.56 + 0.08" 0.57 = 0.09* 0.59 + 0.10°
B/ 2 N2 Total chlorophyll/ carotene 3.91 + 0.26° 5.17 = 1.00* 6.13 + 1.40°
AR RIS AN R Ak B 2H 22 18] 19 22 57 1.3 (@ = 0.05
20 0.18
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Fig.5 Changes of P, G, C; and T, under different treatments at the end of phase II (Means + SE)
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Table 2 Chlorophyll contents of Hemarthria altissima under different treatment at the end of Phase II ( Means+SE)

*+ g Tt K- A
F54E Character XTHRAL(CK)  JKIEHI(SF)  &W4(TF) e Qﬁ“(“CD) P41 (SFD) 54 (TFD)
A Control Soil-surface Total flooding C ITI floodi Soil-surface Total flooding-
flooding ortroi-Hooding flooding-drought drought

42 a Chlorophyll a/( mg/g) 2.31 + 0.16"  2.03 + 0.10° — 2.84 + 0.13® 225 + 0.14° 3.21 + 0.12°
42 b Chlorophyll b/ (mg/g) 0.67 = 0.05"  0.56 = 0.03° — 0.79 = 0.03"  0.62 + 0.04° 0.85 + 0.03°
Jt4E Total chlorophyll/ (mg/g) 2.98 + 0.20"  2.60 £ 0.13¢ — 3.36 + 0.17**  2.87 + 0.18° 3.96 + 0.15°
BILRZE a/ 442 b Chlorophyll a/b 3.46 £ 0.05°  3.62 = 0.07% — 3.62 £ 0.07"  3.60 = 0.07™ 3.69 + 0.02°
FHH MR Carotene/ (mg/g) 0.68 + 0.04*  0.58 + 0.02° — 0.82 + 0.04"  0.66 + 0.03° 0.87 + 0.04°
ISNUEe S VESIE NS 3

HRR/ KD P 436 + 0.08°  4.47 + 0.09° — 4.44 + 0.03° 431 = 0.11° 4.56 + 0.05°

Total chlorophyll/ carotene

TF L7 8 7%, R BB E M4 K 5 AR 7 RE R AN R A B2 =2 18] 69 22 57 .35 (@ = 0.05)
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Fig.8 Changes of Ls and WUE under different treatments at the end of Phase III ( Means + SE)
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CK 41 5 R 38% (&1 2A) , TF AR Fr V& R e AS HOE A48 bR, i Fr 98 7 10 S5 R AT B2t FAE IR
T, A HE AR R A0 S SO A 3R SR AR 2 s K T SO 0 200 M A 4 S p 2 A T A A R ek e
5 B ARG 00 TR R o AT AR, AR R A7 6 R Sl 5B R DRk &2 i SR BB ) — i 1o ™ 594k,
AW S — W B2 R TR 41 P I T SF A, HF RS 2 4 T, Ak TR S8 (KR h SR se 4
R R KA 1077 BARE BRERES | H KA i 1 SR 9 0 85 7K T 7, (AR 30U B T BRAIR, 1T 4R
VENFEYI G A 1 i 1 B 2 A, L B IR B S B D B RE T R I DA TR =R K, SF 4
P, AT CK 41, EH M B3 Ah T RAFREE ik Rl 345 78 2 I U R S /E R R, SF 4l 4§
BT AN E AR, AN AR TR AR HE T AR Z X S A IR, TR SE T A B 5 VR FH R AT

x3 MR ARKSLEBETHERSETN ( FHELAREIR)
Table 3 Chlorophyll contents of Hemarthria altissima under different treatment at the end of Phase III ( Means + SE)

:+7 ;K- .

B \ X1 LA gt cTi)
ny X HEZH (CK) 5 4H (SF) A4 (TF) o T54H (SFD) )
$F4E Character . - . THR4(CD) . Total flooding-

Control Soil-surface Total flooding . Soil-surface
. Control flooding . drought
flooding flooding-drought
4% % a Chlorophyll a/( mg/g) 2.03 £ 0.13*  2.01 £0.09° 2,10+ 0.12*  2.09 £ 0.06*  1.97 + 0.06" 2.37 + 0.14*
H4¢2 b Chlorophyll b/ (mg/g) 0.50 + 0.04*  0.49 + 0.02"  0.54 = 0.03*> 0.55 = 0.02®  0.53 = 0.02* 0.63 = 0.04*
SAIF4E3 Chlorophyll a+b/ (mg/g) 253 +0.17* 251 £ 0.11° 2,64 + 0.15*  2.64 = 0.08"  2.49 + 0.07* 3.00 + 0.18*
B4 2% a/M 44 b Chlorophyll a/b 4.08 + 0.07*  4.07 + 0.03*  3.86 = 0.08" 3.80 = 0.06"  3.74 + 0.03" 3.81 = 0.05"
HKHA% NE Carotene/ (mg/g) 0.64 £ 0.03*  0.63 + 0.03*  0.66 + 0.04*  0.63 + 0.02°  0.62 + 0.02° 0.74 + 0.04*

SRR/ NS MR

Total chlorophyll/carotene
AN R A ) b BE2H 2 [R) ) 22 5 .2 (@ =0.05)

3.92 £ 0.06°  3.95+0.03"  3.98 £ 0.09° 4.17 £ 0.06"  4.03 + 0.04" 4.05 = 0.08"

IKHESZ ALY P 2 3 AL BRI AR AL R 2 AL R TRk B LG
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HNO AR K 2 h 5, AL IF IR SC YT OGP A ) 6F CO, I RE 1 R B, AT 3L PR
RS0 ARAFLBR I T KM S AR S A A WA — 1, 5— B R R A/ i SEUBES M ( RuBP) R, Bl
T AR AR Z L, I3 P, RREDO® G 5 PRI M2 VA G P 2 0F 98 R, G,
ALY CO,ME FRE Y 4RI A IR 1Y CO, MR BE DL B FH PP kR S B IR 40 vk 8 s/ | B30 5 20k
Yy PRI WEAR S, S — BB SF 41 G5 CK A 25 (K 1B, & 2B) , EHI A #i 5 PR %
A REJEIE T RuBP RALEEIE MG IR AL R s 2 5 SF AR, 4 TF 41 G, & & T
CK 41 ([ 1B) . HJFH T RER AW A0E T, A= M5 i N /K PR K A i 383 i K A kel i R ok 4
ZE WA RN, WA F T 240K B HE  EREREY 157 0 A K 2B — 2 (0T 52 e

Farquhar 25" 832 3@ M) CO, M (C,) A ALBRBIHE (L) PSS H0T 2 s i o A R
Rk 1y 2 2 JE R 2 AL BR il s AR ALBR W S IS 1, A P C2 R R L 36, WA Ay AL 6 AT 2 5 il A
YIgGA ER R R E RN o PRI LR R, C 38, Ui AR ALRR $l 2 S B Y8t A 8RN R ) 3 52
JRH , ZEAHFZE R, A HIEE SF A TF A5 — I BESEG ,C R Em T CK 4 (1| 1¢, 8 2C) , 1 L, B F 1%
F CK 4L (E 1E, & 2E) , il 15 H K S B3R PF B2t AR LB I R s .

M-4% 3K a(chla) 43R b(chlb) FIZEEAEE MR (car) YDA EM PR EZWILMOEEOR, RAK
W ALs FEARCRERIMEN . A KIEMNE T, ZHEYDGE A (6 R SR /K R A ZE K B35 K, Yordanova
OISR FZ (barley ) FOBFFE & B, /KHE 120 h J7 4R & BT CK 41, Yoh GRBIL, mYes e
ZRm R B VAR FEARIRSE A HE R SF 4 chla chlb chls 5 car 5 CK 41 [H Y70
BEZER 55 ( Typha latifolia) SUENTE IS ( Taxodium distichum ) ™ BOBIF 25 SR AR L, 28 B 26 4 7K i % 40
B AE P s a2 e AR ) S5 SR R 3 B, A& SR A T8, 55 SF AN Y&, TF 1 chls B % &
F CK 4, 5% B 15 5L (Arundinella anomala Steud.) SO BT 45 SR AR RN BE R AR WA T, AR M
PR R e R R AERK TR A RE S, I — R T SR /K X 28 B 5 BB 52l
3.2 TEXAHIRG A RRE R

ZURIEIX T A EHET R BT KA AR AN AN B 4 T K B [R) B A B A7 SR b A 5
M, R A ), 5 R A e A B AR R, A K2R DB A R IR WO R AR
BVEREZ K T U R FE S 2 — 1 5K A A R, S ALOC AR T R R R A s R
FERNEZ—" ) FETRINAT, Yt S LI PR i 22 97K 10k LR AR AR IR CO, A, 1
Fh 2 BAE 3XT TA A S BH AR A I 7K ARG LA B R 2R K A %50 K FEARBRFE o, CD Fl SFD 4 4F i 5
P, G AT ¥ FET CK 41,5 Akram %57 X34 F 42 ( Cynodon dactylon) FIBFFE4E AL, #R1H,CD 5 SFD
HMERIW P, G, .C,H T ACETeR o R 2 22 5 (K 5) , 1 BRI /K I oA 52 o 2 800 2 %) J5 99 - 52 i3
(A A AR R, 2R 5 A MRORI A5 X K AZ ((Metasequoia glyptostroboides ) HIRFFE 45 AR, kI HC J5 [ W]
AEJE SFD 41K 2 BRJ5 AR R IRAG 702 AR, RS I e, i (e o HAR R E K (IR A4 KK
ARSI B E KL F BB iR —E G, 35, CD 5 SFD 4 C M L 5 CK AT %R,
B L 23 BB CD F1 SFD 41 P, F B840 R RUE i AL TS 2 /Y. 5 CD Fil SFD AN [R] ) J2,
TFD ZH7E42 5 T 5240008, 5 R MK $ B 5 CD Ml SFD B EE S HH P, G H KL Tk MR Es
T CD F1SFD 4, H'5 CK B 225 . HIF Al RE S TFD 20 40 — T S0 4 FARR B B85 A0 ¢ 18
AGRIG S5 T 2F B SR e R A R LB, TFD it N K SR & E¥ 5T CK.CD #1 SFD 41, N &%
EAEH T ZFh g0 2 B 53 , K HAA A LR P AVE T, S A 3 A R T AR =G A R AR g g A2
JL AR SR AR K BE ST e, ASBIFSE TFD 4 P G5 CK JC W38 25 5%, HOJR R R M 0 M4 WS 3088 1 7R
JEi A T Ao A B R (AN A L S A R 3R A PR S ) Y e N K AR,
P AN AR KRBT SR RE 7, DTt 10— 25 I et i 300 A 7K T8 Pl A 348 o 2 0 20 5 00 1 SR 3 e A A= R
fgE
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A R YOCEVE N EZE A B, o S — R B L i T A ORI AL B R )
famEs ' HAT, ZEF SR YA R S T e i e % 1E K sl B A3 B3 R A
R A S B0 LA RE AR AL SZ IR, (M52 DG A 7R Y IR a8 % ) SR ZE A8 58, CD Al
SFD ) chla chlb chls 5 CK #7083 25 5,1 TFD 41 % 3 = F CK 21, FLJF PR ] 68 2 4§ 73 ook 14 5 ol 4 4
Rt h RS EEMINA T R, 805 T 2540 F AR MR 5 8K S A8 3¢, i B & K & 19
] B X I AR N M FE R AR 2 5 1 O A S i A B AL 2 — O car AUREA R
B IE—F AR, B TE BRI P A, B 1k BREAE i A AR SRR S RO ARBFSE R, €D SFD
FITED [ car #2846 5 chla AHAL, BERHEREE T2 45N, A M0 5 1] BRE S 4R 550 = 1Y car W BR 2 AR (01 7
S, BTN IS AR P 453477 , DT X 2 B RS 5 LAY A2 3] — 2 1) DR 1 R, 3 2 24 B0 o) 5 b g 35 1
T,

T S A 5 R R PR AR /K A 0 A, 4 v WU A2 R+ R e i 2 X 22— i H7KSF % WUE
AL BE S WAV F 5 26 A FH 22 18] (0 56 28, AR BE A 2805 WA 49 %t /K 40 9 R IR L) Y i &% 1K 43
B, WUE 5 TV R e pl A i S P 55 1) — A sdsdn ' . A IFgT R, 76 T 2Bl K 43
FHRCRIGNN , 3555 0 WUE A5 FTAE 4 4k 358 [R] 10 7= 90 B 388 i, DI 2 B0 o — 2 A i 52k 707 FE AR g v,
A-HERE CD A1 SFD 4 WUE #1835 F CK 41, U R T 2 W8 20 T, 2R Wil s 48 7 WUE RUR XS 7K
SRR A JE B A B, AT 2 B R b 8 B — o 2 Y 4 R 5 R XK B ( Glycine
max) " 514 ( Populus euphratica) '™ WIBFFE S5 RAML, T340, AT 45 R AT 40, 4= HiE % CD | SFD M1 TFD =
Y 0] WUE #4705 222 5, U0 I A= MIERE 28 5 1 i KR I, AR w303 T 572 Jiip 6 7K 3 01 FH 803 A Ut
3.3 SR ARG A R R

IR IE 2B, X A2 MRS AR I 7, AR A SR R B TR R, AL A R T
it E A& P RRS R AR R S R h At A Bt 18] SR BEA 5610 R e st 4 A 4 JEL e i
ZMERGE 0T BT X INZE (Triticum aestivum ) BIBFFE T, & BUE T R0 LB G, /NE P RER K | F6
Sl P EEEE T CK 4, A5 H, CD M SFD 41K 30 d J& , P, G S A #8035 CK 410 i 22
S, W MR RE PR & AR RO A RE T, LIRS Wt 3UT 11 A 401 2 | DT e B0 HE X BB Al o 1T

K e ], AR R R R AR S e R IO IS 2 GG AR A AR LT R A7 3 i 3 5
Wi R SR, MK M R BRE M AR K RO S SR B R A kA — RN AL, IS AR Y A K
fR oI5 B BRAET - AR 1 R ECX R IR G B A SR DR T B AR ) MG A R G K A B BB A
v A e G R SR B B A P AL DR HCAS 3 17 e 0l s S B T R OGS RGeSz Bt R K A e I T AR
EIIMAERE N AR, YK e KBRS, AR TF A7E R K 3 d JRHFIR =B 28, K 30 d J5 P,
5 CK 4170 & 25 55+, DT 08 B 2 B0 o ) 6 5 ok o R 0 A 3 R (A Pl A% 3B i R A ) | 38 NV R O e R A
B SRA, AR AR 2 DK AT A ST A5 AT A i A A RE T, U A R K RN R L A
SR T A2 1

4 #ig

525 0, O HEHX AH 50 T S 0 £ 2 B A A, MR B BT 12 5)
PKCHE 5T S, LTS LR T J T | FLAE S KB BEELAT B 00 52 ), PR 514
e I A S
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