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Abstract; Mangrove associates are a category of plants that can grow and reproduce on both intertidal coastal zones
and land. As subtropical coastal zones are characterized by high sun light and temperature, how mangrove associates
adapt to such an environment is an important issue. Some researches show that mangrove associates are similar to land
plant as well as thalassophyte in certain morphological structures and biochemical characteristics. However, there are

few studies focusing on plant physiological characteristics of mangrove associates, especially in leaf gas exchange char-
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acteristics. Hibiscus tiliaceus (Malvaceae) is a pantropical mangrove associate that usually occurs in coastal zones. Tt is
widely used for the conservation of sea banks, architecture and medicine. In order to disentangle the photosynthetic
physiological mechanims underlying its habitat adaptation to high light and temperature under south subtropical cli-
mate, leaf gas exchange characteristics of H. tiliaceus were measured using LI-6400 portable photosynthesis system
(Li-Cor Inc, USA) at Mangrove Natural Reserve of Qi’ ao Island of Zhuhai City, Guangdong Province during July and
August of 2013. The nature reserve (22°23'40" N, 113°36'40" E) is characterized by a typical south subtropical mon-
soon climate. The diurnal changes in photosynthetic rate ( Pn) , stomatal conductance ( Gs) , intercellular CO, concen-
tration ( Ci) and transpiration rate (E) in H. tiliaceus all exhibited a mono-peak modal, and the peak value of Pn oc-
curring at noon was around 26.8 wmol CO, + m” - s without obvious photoinhibition during the daytime. The high
photosynthetic rate in H. iliaceus was associated with high stomatal conductance, which was probably related to ana-
tomical features of leaves, such as high stomatal density and dense trichomes in the lower leaf epidermis. Analysis of
light response curves revealed that its light saturation point was 800 pmol photons + m™ + s™ and its light compensation

point was 26 pmol photons » m™ « s". The net photosynthesis at saturating irradiances was high at 27.8 pumol CO, -

m™ + ™. These photosynthesis parameters, along with high daily mean photosynthetic rate (19.6 pmol CO, - m™ -
s') in H. tiliaceus suggested that this mangrove associate was characterized as a typical sun plant species. The results
showed that the fast growth of H. tiliaceus might be attributed to its high and stable photosynthetic capacity, thus provi-
ding basic data for further revealing the eco-physiological mechanism underlying habitat adaptation of H. tiliaceus and

other mangrove associates to coastal environment with high temperature and high light in summer. These results can al-

36 %

so provide theoretical supports for its planting and reforestation practices.

Key words: Hibiscus tiliaceus, mangrove associate, gas exchange, habitat adaptation
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(2 LT JF B m g Ll ) iR R
BB AR, 0 i R R A RO RR R AR 5 (T Ho 2
AR AR IR B AR A ST ] 18 5 O BRI 5 14 i 3R TR
) A AR 5 1) 3% I BE 77 ( Tomlinson, 1986 ) . £L#4 #k
ARG TR L 60% ~75% i 4, 2k
FEIIK- Y 4 MBI AESRREZ —, LM
84 ~Fi, 43 JE 16 B 24 J& (Wang et al ,2003) , B T
8708 AV R GTs ML TR A2 | £ AR A O B T T I B
ARG T J TR Ak, 3k SER iV 22 2 A4
FERFAE D% AN 5E 424 [F] ( Cheesman et al,2004) , 41
WA 53 BLLR A ) AL RAE Y, & 2
HE AR AT g )y | LA Ay 3 I R T v Ak <
HERR S IR AE RS 55 | DAZT B ( Rhizophoraceae ) A %)
AR 5 Jm 5 DR B A ) [ 7 A B A o 39 il 21
BRGE, AT 18 H] A A% (Hibiscus tiliaceus) |
15 (Cerbera manghas) 2% .

M ( Hibiscus tiliaceus) 45 28 Fl ( Malvaceae )
AHEJE (Hibiscus ) H 2R HEAR BT A, AR iz $iF 1y
LLAAEY)  FERAAT SERAAT POV S  AN B S4A
G3AT AR T ENEEPE RV PRI RS DR VERE S
JEIHZ W, Tomlinson, 1986; TAAFRAE,2003) , 7EHK
F& T AEEmX R MESEs (thEEYE,

1984) ., HOAEELAG 4 w8 () O AR (B, AR AT L A%
MARFFN T (Tan, 2001 ) 5 B g b i HLET 4 7T i T
BT MR B 25 AN E, it ] 1k AR R
A TIRIT JRE ALK ( Rosa et al, 2006) ;# & &K,
AR AV, R B A ) F 5 G A R D
SRR A B AR AL RS AL S5 44 O T, Bilan
BOREI T FR R B R, e 7843 F FH 28 1) B2 U, 4R R
WLHDEI GRS, 2012) ; BEAE 577 A S IK
O3 )RR 0T AL e, ISR RN 2R A8 0B
P& (Parida & Jha,2010) , #2755 8 # 5 AE J1 LA
P A K e AR K £ 3% (Nichol et al,2006) ; 5
M 22 G0 M LA R AE RN AL S5 M AT 9 R I B A )2 4%
A T $l Hh DX AT BB S BT R T R T PR e
(Takayama et al,2006) . #RTII, 5 T B HE A 30LAE 25
SERHE TR 2, A RZ R T IREAHE M
FFE, X HAREM T AR K BRI s 30 Hkh
A A 0T R 00 o] Bof ¥ A B o 2 = X A 4 4L
18 43 T ek 222 £k 19 £/ P il 45 AR K R T ¥ 22
(Santiago et al,2000) ; 7E T2 EE T, $h 5 =40%,
—JE N, EAE 4 HRAET ( Youssef,2007)
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SC P e X R R R AR T H AR R A Bk
HEAT M R SRR RO BT, B PRI AR A 4R
AT T BEE AT R MR 5 R 3 N 25 A IR, R
LA PR SO RS B e e 2%

1 #MrE &k

1.1 HAREXER

WFFEREHIA T AR 48 BRI T T 5 £k (3 48
PR IX, i B A BN 113°36740” ~ 113°39' 15" E,
22°23'40"~22°27'38" N, J& Fg W 45 W 1 22 IR
i, XNAEAIE 22.2 °C,7 AR 27.9 C,
W i e 2 AL 35.0 °C 51 HFEHEIRIRN 14.9 ¢, )
Uife AR 2.6 C, AT W, FREKER
1 875.7 mm,4-10 H AWZ, 5 24K 84%,
11 HZ=BUE 3 A RS §eFBKEMN 16%,
P IX A2 BT L VLTI A28 00 AN 347 O 5 ) U K R B A
3.31%0~7.05%7 A, , T6F 881 147 J AN 1E MK H i,
1.2 LIEHHY

T 2013 47 H A E 8 H LA, fEREHL N 1EHL
F AR K R SR | R B AR AR 4 BR, BR R R 2.5 ~
3.0 m 12 4~6 cm, WEMH (1.5~2) mx(1.5~2) m,
TR e S22 MO 1) B 7 48 35 BRI A7 R /N i 8
FHIT B fEE R BT |, AT TR S M S AR AR R &R
(NS =g AN DU
1.3 MRS F %
1.3.1 »h R g3l s ie 0T 4% IR
HEE 24 h DL (4 °C) , FE£:0.1 mol - L' BEIRZE vh
WAL RS A6 RE IR K (30% .50% 70% 80% .90% .
100% ) , 55 FE AU T B rP 8 v, JFD-310 458 % T
PRI >R FOSLIT it e e [ 2 R AE i 15 1, JFC-
1600 #8557 4% ( JEOL Ltd, Tokyo, Japan ) 9% 4>
Ji, 7E JSM-6360LV #4514 H1 7 B 7 8% (JEOL Lid,
Tokyo, Japan) T WAL HIHARE . WM F8 b5 Sl S FL % B
(F 1 mm* WAL MR SURBELL R b R ER
SR SR A A 2R RS
1.3.2 AR #a BERRIE I RA, A LI-6400
{H A VFE I 2 & 48 (LI-Cor Inc, Lincoln NE,
USA) AT BRI Fr i 5 B S i 1oz il 2 A<
A3 H AR AR 15 PRI 5

(1) e i th Ze 7 . 7E E/F 8:00-11:00 i
17, E MR 30 C, 2 HE CO, #E 360 wmol -
mol ™, FHIEMRN |43 B 7E LR i 38 J& % i ( pho-

tosynthetic photon flux density, PPFD) I & Y& 1E H
SR 17 2 45 500,800, 1000, 1 500, 1 800,2 000,
200,100,50,20.0 mmol photons + m™ - s ( P &
6400-02B BZLEOEIRIRAL) . & B F R AE/NF1F
] A A Shic s 8o . B UOT R BT A I
B, B AR IE F G HE 500 wmol photons + m™ « s R
TV 20 min, FEIT LRI E o AR 0 R 2 R A 1)
B, LLAE B A BT 28 (nonrectangular hyperbola) 23
A (Lambers et al,1998) 115 H F W& FRCE KT
SIS O T FNE L e 7 S A W N
24

®I+P, —/(DPI+P, ) -460D IP
) 20 kd
o, Pn HEEE#R (wmol CO, + m™ - s7) ;1
Rl % B (PPFD , umol photons » m™ « s7) ;
@ J3 o' e L 2k iR R AR, BT SR OW A T AR
(apparent quantum yield ,mol CO, + mol”photons ) ; Rd
Ry 33 % ( dark respiration rate, wmol + m™ - s7);
P, OGS O & A 0 it B R B (o
HM,0<0<1), AN HFFE PPFD < 200 pmol
photons - m™ « s JWFE N AY PPFD (X %) #1 Pn (Y
i) HEAT ELZRIRTH A IR, S X R A8
BUE BN A AME 5. (LCP, pmol photons + m™ + s™) |
AR HEXUM BT R P, (A X B
HLER, AR ELZMAE s A6 X Al b 5008 0 4 St
J5.(LSP, wmol photons + m™ + s™) (Walker,1989) .
(2) RS H AR ARIE < 2051 E 8:00,9:00
10:00,11:00,12:00,13:00,14:00,16:00 F1 1800
X 9 AN TR A SR T I E AR AR K R
WRAZHAE IR MRS A, AERE DN 7 Ik ) 24 [
PR 3 ~5 Fr A AR BRI AR A AR i B A
e, BOHAF S AR BT A AR RO S AR, LA 4 bR B
SEREAE IZ YRR AR . I I aAE i
FEE A R 2 HCR (E,mmol H,0 » m™ - s™) |
SELFE (Gs,mol H,0 » m™ - s") Jfg[E] CO, W JE
(Ci, wmol mol™) SRS AG AR LA K PPFD SR
(Ta,C) MR (TL,C) Az SAHMHEE (RH, %) %
WAL SE VL P 5 E WA THEEBE K 53
8GR (WUE , wmol CO, + mmol™ H,0) ,
1.3.3 & #&H4r  FrilEdER M Excel 154 HE
bR AELR , 4K SPSS 16.0 ( SPSS Inc., Chicago,
IL, USA) #1751 471, H Sigma Plot 10.0 #X{41E

n
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Plate I Anatomical structure of Hibiscus tiliaceus under scanning electron microscope A. Upper cuticle in the upper epidermis; B. Up-

per cuticle and wax layer in the upper epidermis of leaf; C. Trichomes in the lower epidermis of leaf; D. Stomata in the lower epidermis of leaf; E. Pali-

sade tissue, upper hypodermis, spongy tissue, upper cuticle and wax layer, transverse sections of leaf. S. Stomata; St. Spongy tissue; Pt. Palisade tis-

sue; Cu. Cuticle; Hy. Upper hypodermis. Scale bars:1,3,5 =100 pm; 2,4=20 pm.

Kl R Pearson ASEIM M T AR RS2 H A2 1K
WFFELE AR A R SR SR G N T Z T8 A
KRBT,

2 ERH4M

2.1 B F BRSO

WEFEREHD N BRI ) B AL S 1 mm® H
(1 112.77+145.55 ) 4>, & R BEHE 9 =175 (2 4
M4F,2001) o MR R RISNEER — 2 A 5UZ (K
RRT:1,5) A 5= b 7 s AUREAR A 365 o (121 R T
2); ERECTRANE, N R R AR BURT b
FECANL, I A SURIEE 2 AL SV B (T 1:5)
PEREEERRELE (K3, LS5), e

WEIRITE , B 1 D) .40 it Jd LA — Rl ) L4, v 0
AR EBEE(E1:.4),
2.2 EHERM RIS R 4 E

MFE 1 AT LR )RR IR B S A A
JEAIFN L (LSP) FOCAME 5 (LCP ) W AR T3 e 2R %€
W BORE T IR AR (2055, 2011) , 5 T E BURIL
S 0] 11 B A A B (Santiago et al,2000) 5 {H X
TR ZAFRE D icm 1Y, 9 B Rt 6 R
W KT HAUPIAFRE . T350, DOLR Y 2ok
TR 2 B LSP 7F 800 wmol photons + m? s
(1), BRI DS i 1 pth 2 Ak 350 HR A 6 40 A R EE
MR 0 LSP B HE I UL (R AR = 4
2006; 75 j4,2009) , B L, 308 5 SR b 10 D 4 A
FALE AR R R Y 30 AR g 1 R W
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Parameter estimates of photosynthesis from the

Table 1

light response curves for the leaves of H. tiliaceus

Bl CPEELbRER)
Value ( mean+SE)
e R 24

Parameter estimates

PN ZEYRIF A (2011) Santiago

of photosynthesis f— ' Li et al et al
”(“Sf‘su)d? (2011)  (2006)
" (n=4) (n=3)
LSP 596.67+ 652.50+  300.00+(—)
(wmol photons + m™ + ™) 11.46 19.20
P, 27.84x 9.22+ 8.84x
(pmol CO, - m? - s™) 1.35 0.76 0.49
Lcp 26.06+ 30.8+ 18.32+
(wmol photons - m” + s™) 1.57 1.25 2.65
D 0.049+ 0.024+ 0.043+
(mol CO, - mol ' photons) 0.001 0.001 0.002
Rd 1.21+ — —
(pmol » m? -+ s™) 0.11

e LSP. JCHURI 835 P, YGH R AU 9 46 & 3R LCP. JCAME AT
D. FUETRE; Rd. WP HAR

Note; LSP. Light saturation point; P . Net photosynthesis at saturating irradi-
ances; LCP. Light compensation point; @. Apparent quantum yield; Rd. Respira-
tion rate.
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Fig.1 Response of net photosynthetic CO, assimilation
(Pn) to photosynthetic photon flux densities
(PPFD) in the leaves of H. tiliaceus

2.3 BEMNFSEZRETAFE

2.3.1 EBAHRDTY MK 2 ATLLE Y, 7255
() B5F 18] 30 Rl N, PPFD 1) 728 4635 LDl 850 ~ 1500
pmol photons + m? « s [/ 10,00 HifJ5 ok i
KAH,18:00 F A, {H4754 850 wmol photons + m™ -
s AR (Ta) HASEIEFITE 35~40 °C 5 258 SAHX T
JE(RH,% ) M FF 8:00 & 10.00 S &1 F [
@,i 11.00 7@/]\¢EJ:%,E)%~E§UT¢F 14.00 &
LTI, 14.00 LU X 24M LT, CO, W

(Ca) W) H 2 ALAE 369 ~ 381 pmol - m? - s Z ], Jit
APRFFAXSRRE .

1600 -
p o
—8— PPFD 70 - =
21400 —A— Ta S F
i 7 —A— RH . -
IR 60 < >
b e 1200 ER
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Fig.2 Diurnal changes in photosynthetic photon flux

density (PPFD), air temperature (Ta) and relative
humidity (RH) at the experimental site

232 AR IEAKR T EARESELNT, ®
FERF 1% Pn 8,00 FFIGKEE PPFD 2t LT IR 2
Lotk LT, & 11.00 353 5 KAH 26.78 pmol
CO, - m™ - s"'(3:A), H 10:00~ 1400 — B {5
BEREOtE R R I B R, T4 16:00
PUG Pn B CHR T FEMBEAR, BORER 9 B 3435
B HHIE 19.61 wmol CO, + m™ - s B TR
5 FhLIBAE Y 0 e KA HR (P, <15 umol
CO, - m? « &) (BIS5E,2012) FIJ A48 4 Fhifg
J T 300 XL 3 T A ) ) e R e A R (P, < 14
pwmol CO, - m™ - &) (BRI ,2011), N—K
Pn AR | ERE RIS AR H AR L S 5
WA R o HH B S R e o

WM Gs 1Y B AL S I Po () H AR LI
A, 11.00 ¥4 3 3k 2 fe e E (3.
A),Gs 35 0.49 mol H,0 - m™ - s (1 3:B) , b5,
11:00~13:00,Gs ¥&A N RS EF 36% , ik 5] —XK
Hi KA ,0.67 mol H,0 « m? - s X 78 HABAEY)
6A H ARG o EL B0 UL, AT R 2 R P /AR
Frigm A e i & B BDEI R A RN 2 —

K 3.C Won, BN R E M HZASIES P
H1 Gs BUARL, WE{H (12.19 mmol H,0 - m? « ™) i
PRAE 14,00, AR AH H PLAE 8:00 (4.33 mmol H,O -
m? .« s"), {HTE 12.00 F] 14.00,E HH T HEH L
T, X 5 e ASOR A BT (B 2) A 6s 1 BT
AR,
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Fig. 3 Diurnal changes of H. tiliaceus leaves
Net photosynthetic rate (Pn,A), Stomata conductance (Gs, B),
transpiration rate (E, C), intercellular CO, concentration ( Ci, D)

and instantaneous water use efficiency ( WUE, E)

B R G HASf & (1 3.D) 5 P AHLL
SRS, K 3 E AT LA ), BR 11400,
HHE— K WUE AR K. B WUE 2.7
pmol « mmol ™, T AR A VT 1RF 5 i 2B AH 0 1) B K
BRI A3 F 2R (2.5 < WUE <3.5 pmol + mmol™)

(HHS45,2012) .
®2 HENSESHRBURESHSKAFHEIXE

Table 2 Correlation coefficients between leaf gas exchange

parameters of H. tiliaceus and microclimate variables

Fir Pn Gs Ci E Vpd Tl RH PPFD
Pn 1 0.724 % —0.870 #* 0.809 =  0.658 0.878 ** -0.242 0.867 =
Gs 1 =032 0.792 = 0.436 0.625 -0.39  0.683 =
Ci 1 -0.670 = -0.748 = -0.863 = 0317 —0.757 =
E 1 0.893 #0930 s —0.726 % 0.816 =
Vpd 1 0.931 s —0.851 #% 0.699 =
Tl 1 -0.648 0.832 %
RH 1 -0.408

PPFD 1

T ox, x = JPRIFIRTE 0.05 F10.01 ARV FAUAHDEHE; Pr. 06 HUR;
Gs. SALSE; Ci. Wula] ALk ; E. 75058, Vpd. M KR ZE7UE 5,
T WA ; RH. KASAHXNEE ; PPFD. Gl %)

Note: #, * * show significant correlations at P=0.05 and P=0.01; Pn. Net photo-

synthetic rate; Gs. Stomatal conductance ; Ci. Intercellular CO,concentration; E. Tran-
spiration rate; Vpd. Air vapor pressure deficit of leaf; TI. Leaf temperature ; RH. Rela-
tive humidity ; PPFD. Photosynthetic photon flux density.

233 AKX BAHBRALERAZAFTHELEZ N
RK2ALUEN 4 MUK S B (P, Gs,Ci,E) Z
[BBRT Gs F1 Ci Z 40, ¥ B E A5, Pn 53345
T PPFD 2 3 IEMC, 6 H5HER
PPFD R FEIEH S, G MR T RH Z 45 HAl =
B W EAC E W5 T A SRS S B L
78 E A, Ft, B Pr R/ S0 R
A BAAL R TR P R G H FH G, 25 AR AS
B B A7 U RN S ) R K

3 Wb E®%

TEE R RO il R AR B v R AR
T~ LARAF ) R0 H A Y 2 A ) — R LA BRI
1) LSP F P, A SEAE Y AP 2 b A0 H B I 1) 64
il o AN, w5 YA ) 22 I i B LA R Y LSP
4 300~500 pwmol + m™ -
2004) ; ARFEUE JLFPL LRI P, W 6~15 pwmol
CO, - m™ - s (ZRUBIAE 2011 ) 5 IAF 2 17 300 XU 1t L
FhBHAEMFIAY P, o} 8~16 pmol CO, + m™ - s (J&
FURAF,2006) o HRE RN 3 Fh LR Y B0 B
AR B G (X8 155, 2006) . ABFFR R, 78
B RO CEREE T, ) AR A BRI RS TR AR A
SRR X A BORE J B LA O R A e, B H
PGS SR IE S e gy W = I A o N B TR B
T XA ST o AN [A] T HA 58 TR 2D Y

s ( Cheeseman & lovelock ,
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FeEAT R, LU A5 540 1 38 N RRAE  RFL
AR AR AR R PS5 D7 AT 70

(1) BT b 3R R HA 2 5 04 AR 52 A 5
2 AT KA 7R K MR AU A R i AR 2 Y
AR L2, B0 K HLRE A3 w5 AR 3 A= A S
JE, AR BB LD R W 1 B 3 ((Avicennia
marina ) — R , AALAT AR P A 2H 21 , BT LA
Tl 3108 5 3 AT TR B 1 AL, AT K 3 AL
(ZE A, 1 IR A3 G RE  HE e v R A5 O Y
159 (2 TTER, 2006) , ABFSE & B, BHEN BT %
R0 SALEERE 1 mm® B38 1 112.77 A, 8o AR
M5 LR ELLLRAE ) 1) AL B2 A 1 mm® 2 100 ~
300 4~ (ZFICEK,2006) 5 K AR RS 21525 5
FMIRAMSALEER 1 mm® 5 100~700 1> (BRI
SE,2011) s ALB MO, AL BB A A TR
EVE AL T Xl L BB AE 7E R ZIDG IR T PR KA )
PRI IPA , S e 7K o R AR AT R A=
Py (skAHAF,2012)

(2) Youssef (2007) £F X @mh A+ 23R 5 T ¥
FERDEEAE T AR S B 58 2R B, S ALTE FR ) 0
B R T LG AR AR RS T O G VE T . ARt
SR XSGR N i 2 AL A B AS AL E S K B, Pn Al
Gs ¥R B FEIEMIE KR (KRBT H r=
0.978"* ,r=0.724" ) , ik — 4% H 2L AF 58 <
RS R T A M 2 i K 3, P I
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