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Abstract

Aims Stomata are critical in controlling the exchange of water vapour and carbon dioxide and maintaining the
balance between plant water and carbon relations. Here, we investigated the effects of habitat (open and under-
story) and plant type (ferns and angiosperms) on stomatal morphology and stomatal responses to changing light
intensity.

Methods We measured stomatal morphology and stomatal conductance in response to transitions in light inten-
sity in five ferns and four angiosperms from different habitats. To increase the sample size, we also collected data
on stomatal characteristics for 45 ferns and 70 angiosperms from published studies.

Important findings For all the nine species, the plants in open-habitat had significantly greater stomatal density,
shorter stomatal length and greater sensitivity to decreasing light intensity than those in the understory, but the
effect of plant type was not significant. Combined analysis with published data indicated that the effects of both
habitat and plant type on stomatal morphology were significant. As stomatal sensitivity was closely linked to
stomatal morphology, more and smaller stomata might enable angiosperms to respond more quickly to environ-
mental perturbations than ferns. We conclude that both habitat and plant type affect the stomatal response to light.
Key words fern, habitat, light intensity, stomatal density, stomatal length, stomatal conductance
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Fig. 1 Soil water content at different soil depth in open and
understory habitats (means + SE, n = 6). *** p <0.001.
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Table 1 Plant type, habitat, species abbreviations and plant height of the nine species (mean + SE)

Y%l Species Fi#)2$% Plant type 5% Habitat 45 Abbreviations )% Height (m)
TH Dicranopteris pedata BRHY) Fern FFi# Open Dp 0.78 £ 0.09
SXBR Callipteris esculenta BRIHEY) Fern JFi# Open Ce 1.13+0.09
Kk Asplenium prolongatum WRIEHEY) Fern MF Understory Ap 0.34+0.01
R HEYE  Angiopteris fokiensis WA Fern M Understory Af 1.85+0.09
WA Woodwardia japonica WRISHEY) Fern MF Understory Wj 0.94 +0.09
DAEAABIA Blastus pauciflorus B 7Y Angiosperm JFiE Open Bp 1.02 £ 0.09
=M Parthenocissus semicordata W HEY Angiosperm MR Understory Ps JEA Alina
KBS Elatostema sinense i 7HE% Angiosperm M Understory Es 0.55+0.03
DRI Camellia cordifolia i 7HE%) Angiosperm MF Understory Cc 3.43+0.54
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Fig. 2 Stomatal density (SD) and stomatal length (SL) for 4
angiosperms and 5 ferns in open and understory habitats (mean
+ SE). Abbreviations of species name see Table 1; A and F rep-
resent angiosperms (n = 4) and ferns (n = 5), respectively; U
and O represent plants in understory (n = 6) and open habitats
(n = 13), respectively; ** p <0.01; *, p <0.05.
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Fig. 3 Relationship between stomatal density and stomatal
length in ferns and angiosperms in open and understory habi-
tats. Data include measurements in this study and from litera-
ture.
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Fig. 4 Effects of habitat and plant type on stomatal density
and stomatal length (mean + SE). Data include measurements in
this study and from literature; ***, p <0.001.
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measurements in this study and from literature.
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JEE (45 P REFN B 5~ 2002; Franks & Beerling, 2009;
Casson & Hetherington, 2010). %I XF9OMNFF 5%
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FLAFEH K (440.23 ind.-mm?), SILKSE/N16.88
pm), “ALRGER PR e AR BUK (E6A), X LEER;
AU ASE A Tt e J57 - ) A 58 R IR B SRR AL, A
MEERE T 2 A T H . MREEFF IS, IS
WA A7 (Nobel et al., 1984; Zhao et al., 2012),

R2 BRI ORI AL Y e ik AR i R v K AN SR bR R S

Table 2 Effects of habitat and plant type on each index in response to changing light intensity of nine species.

A S R Ui T L5 L/ B HAI LR
Source of variable Habitat Plant type Habitat x Plant type
e R A KB (A, pmol-m s 0.017 0.165 0.172

HAL G I KA (G, mol-m s 0.024 0.169 0.126
ALK AL A (Gatosures G's™) 0.000 0.116 0.260
AL AR AT A (Petosure, %6Gs's™) 0.032 0.241 0.934
FELTRIFLIT R (Gopen, Gis™) 0.493 0.814 0.751
AALTRTFARR TR (Popen, %Gis™) 0.601 0.179 0.985

Kt Apfe, IR B RS IR 5 (p < 0.05),

Data are p values. Boldface type indicates that the effect is significant at p < 0.05 level. 4, maximum CO, assimilation rate during light intensity
changes; G,, maximum stomatal conductance during light intensity changes; Gjosure, absolute rate of stomatal closure with decreasing PPFD (1 000 to
100 pmol-m’z-s’l); Pjosure, relative rate of stomatal closure with decreasing PPFD (1 000 to 100 umol-m’2~s’l); Gopen, absolute rate of stomatal opening

with increasing PPFD (1 000 to 100 pmol-m>s™); Popen, relative rate of stomatal opening with increasing PPFD (1 000 to 100 pmol-m2s7").
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Fig. 6 Responses of stomatal conductance (G;) and CO, assimilation rate (4) in two ferns (A-D) and two angiosperms (E—H) in
open and understory habitats for 30 minutes after each of four transitions in light intensity (PPFD) (dashed line). The two species in
open habitats showed rapid stomatal closure following transition from high to low light (1 000 to 100 pmol'm='s™") (A and E, black

arrows); whereas the two species in understory showed slow stomatal closure following transition from high to low light (1 000 to
100 pmol-m>s™") (C and G, black arrows).
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R3 OFHEMIAIS AN TS AR A BV IR Z [A] ARAH Sk

Table 3 Correlations between the eight morphological and physiological traits of nine species

PR FEER SAEE SAKE JadER ST SRRt SALREA SR T
Traits SD SL KIE A KM G HHE Guosure T Poosure A Gopen
RALKSE SL —0.588"

PPl SN 0.773"  -0.363

AL ERKRE G, 0.755"  -0.371 0.984"

ALK TE R Goosure 09117  -0.555 0.901" 0.906"

ALK AR Poogure 0.661"  —-0.639" 0.325 0.306 0.658"

TALIRIFLRTTHFE Gopen 0.090 -0.135 0.648 0.673" 0.440 ~0.063

ATALIRIT AR IE A Popen ~0.448 -0.102 ~0.166 -0.217 -0.291 —0.122 0.414

** p<0.01;* p<0.05+,p<0.1.

A, maximum CO, assimilation rate during light intensity changes; G,, maximum stomatal conductance during light intensity changes; Gjosure, absolute
rate of stomatal closure with decreasing PPFD (1000 to 100 umol-m 25D, Paosure, Telative rate of stomatal closure with decreasing PPFD (1 000 to
100 pmol-m2s™"); Gopen, absolute rate of stomatal opening with increasing PPFD (1 000 to 100 pmol-m >s™); Popen, relative rate of stomatal opening
with increasing PPFD (1 000 to 100 pmol-m s™"); SD, stomatal density; S, stomatal length.

AHOCHIFFEAR, A IR [ A5 T (1) BRSSPk 26
Ap < AL BE LA I I L COL M VPDA A8 Ak, (Nobel
et al., 1984; Czerniak, 2013). 75— /71, A FAHAX
Ot o AR A 1 22 1% N T ORE A OE BV AR T O B
(sunflecks) 45 S JEBESE AR FHICFE 5 5 1 1) 6 5
FE SR, 5 ARR O A AR S 50% LA
(Chazdon, 1988). ) R BE SRR FRAIC, BT AR
JCBHE O, AR AR I AL LA (1) 52 o 1 (<]
6CH16G), W] LAYk /D oe4rid S ia), $2 e 5 A H
WF (Pearcy, 1987; Valladares et al., 1997; Allen &
Pearcy, 2000). FHTAR TGRSR BEAR, AR AL =,
TS K ER AR (E), YT EZ T A K
BRI, P DAAS R A0 i . s T A ) T 35 KOG )
R R, CUBAIG 1 28 0 BOAS SREIUBER 1D A i i
(Tinoco- Ojanguren & Pearcy, 1993).

MR AU SRR A B R0 .
A SCER P ) AL TS B s, FRAT R I 1Y)
(AL B B3 K TR Y)(B140), ALK R
FNT R Y(EIAD) . BT FEYFI RS < AL
TE AR 1) 22 e AR W BRI T 52 e FL S REAIE 1) 22
o BT AFLE B AL B R G A AL N i
SRR RAL T EERNE . AR NE. <AL
IR P 248 6T T8 2 1S AL O P A 3 26 4 A 3 1 AH R
(3), /N1 28 R AL AR AT R T 42 B PR ey 5 A 858
A% 1k, (Hetherington & Woodward, 2003; Franks &
Beerling, 2009; Drake et al., 2013), Kfi#; FHY/»
M0 %5 )AL AT R A JHE ST PRt e N A B AR A BRI T 25
Ry dEaitte JTAEsk, BRI BRI AL RER

B HEA— R I O A AR B 3 R 4L
P, T A Bk R A0 i O 7K B Bl b i 4 <AL
1< ] (hydropassive closure), FTLCABRISHE DI AL
M 3 AN G % 1 R 4 AU (Brodrribb & McAdam, 2011;
McAdam & Brodribb 2012b).

B2, MBS RSB ] R LB A FF

TEFI AL AT A HA W . AR K 2 BRI
AERAEM T FIEIREE, ST LEBOR H3% R
(K13, KE5); (H2UIRAE — L8 AR Rk 2R AL KA T 1
B, LR 1) AL B E R S 1A
(K3, 1&5), HLREFRE 1 R4 — B DR b i )3
oA (El6); PR, 7 LRI AEY R 7R
(R ALPEARISE, Y 2425 FE R ) AR B 1K 22 o IR AR, B
SRBR A (RS YIS [ L L, (AT RS 1) 73
A NG R R i A e I/ O N N
(Schneider et al., 2004), KA K57 0] LAIEHIY)
AR 5% R KA S, iS4
T AR S FE D AR A B8 (1) DG &R, b ik BE
FE T A [R) A0 P 1 M 3 23 A A = PR AL B U AKH o
EemHE TEAFREATXAD (KZZD-EW-
TZ-11) A= B K B A #+ % & & 2 8 (31325006 F=
31021001).
Bt AR TAEFE T E L E KA A Rk
P RE IR 0 KA W B A L, Rl K. Luke
McCormack. EAFE. x| Eh. FMRK. ®XHF
P TAE R 4T 6 Bh .
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