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BN RARE AR PR ESEREEWR LS E L BT R

KB REX?, BREE gF, FHRAT
BB RS A, RSB 666303; 2 EAREBBFSAR, L 100049

R E AR TV SRR A Pl I ARObR T A 5% b B i AE 2 SR (Neottopteris nidus) 7 A= ¥ ik % £ ik (Asplenium
finlaysonianum) 64 FRIERDE A5 SR, SRUFFUR R SRR Y SC TR SRS . THITas BB, 2R R IIH
BREOLEER, BIFRER, RN TR, RS FEsME SRR B £ 5, EMREARNERSILEEDLE T
B8R, RIGEHAEBECAKSFIASE. FEREBS/NTEEEROEIRA20 pmol-m2-s7)304040 /5, Ik Bk
MRS FERER T EERK, EE RIS, PKEA A EIB K6 G B 450%( Tsow) FI90% AT R Togw) H 5
SR PUIKER A BN S BRI Toow, 73 51 00.57F15.314040, Toow s3I 05.85F126.3353 40, FHF S, KILBEIIERIEH
MR S THOCA R, BERABIBASIL T ER TR B L MK A RS, (B A SN R 2R R
NEFBFEREAINBABEER . RERRY], SREYOOENT EY MRS ABR)AH L, BE S SR MK MR ik
RS EE, HEIRRE T BB CRERFI

R MER BRRE, OLH, UILRE, R
e, BRESC, BRWE, WS, ZE4 (2008). F9IURN M FIA S IR AL SRR Y KDL IR L LRI 2% 25, 673-679.

KRV EFARETNER, WA T
SHAHIGE, MHEYWER KAEFMECEEREE
B #I/E Fl(Bazzaz and Pickett, 1980), JH i &E 2
123 I 12 S B5EE 2 P AAEL B T V20 B TR A B R PR
FOEBE, JCHGERE M L T BB, SR, ERE.
W RIEA K, 72 N DGR 1855 (Poorter et al.,
2005), HFHRERERK, AR T REIR R G 4
YHE 1) 1%—6%(Chazdon and Fetcher, 1984), &40
IARBEI S B, LB T 5 2 ER B e AR R A
FOLEEREREEEW, WTHEYEZNEAERK
HEH110%~80%3k B FBE(Chazdon, 1988; Pearcy,
1990). AEYI*T FETE M A BT BEASRSL B R AR 1, AR
FEHM 32 ETE BRAT 5 ROG & U 3l B AL
BRHDEAEEHBIS, X RF e A5 S (Chazdon,
1988), BN )G, HYHICAEFEIE RS E R
— Bt H], HARSEHEA TN [E 52 (Pearcy et al., 1994),
AT FRE BT R S ERRARE FET

C#a H #4: 2008-04-10; #:3% Hli: 2008-06-17

HE Y B FABES o

R 24 A 0388 8 2 R FE MR T B3R B 59 0 A B b
(Andrade and Noble, 1997), B CBEXT Hibk i $E B
REEFEENE L A RIEY T U E BN 15
HrARERK 43, {EL PR A RS H A5 B T of /K Bt 1o 4 SR Ay
R (Zotz and Hietz, 2001), th4h, SHitE RIS
Yt L, MHAEBREHEY M R E R, BEFE K, KK
S F FISE B EE (Watkins et al., 2007), X4
HERRE S FB TN EBRB R R . SR AML,
BRI AT RERIRLE, HEEEHRD, Kotk
SHEERE, SRR FEM. LA EES 5 (Brodribb
et al., 2005), HAETEWIME XBRIHEY I EERAK
MRMBEM L (EELE, 2002; HXEMELT,
2002; 7Kk« %, 2004; Watkins et al., 2007), i A
AT BRSSAE M I H I M AR BR S A DG BE R Rt 5
REZEL,

YAl (Aspleniaceae) # B 4 15 L5k (Neottopt-

EETH: 973 i H (No.2006CB403207) I [} 4 B 76 TR 44 P HF 1 4 [ DL B 42 3 (No0.0001161KP2)
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eris nidus (L.) J. Sm)Fi#bA: M ke i 5% (Asplenium
finlaysonianum Wall. ex Hook. )3t 4L F ¥ SR 4 A7
WARARNKRT, ZF AR . A0 588 13 %t
AR IERHIAR T SEIREE (FE X 3R S 4%) H 13X 2 ik
FAEYIH R AR R DGR R R AT R E, L
B2 RS [R) A= A5 U BR 2 HE ) 9 0 B RRAE B HOX SR BE A
B ER,

1 #RS5FHE

1.1 R

ABRFAE = T A R P E R B P SRR R el
(21°41' N, 101°25' E, ¥k 580 m)I Bl s#17 . BF
FeHLRAL TR IS, P RERRIE R, —FHE e
MEHREA -KE2H), TRAFEE-4A)MTEG
10 A)Z 4% FHFERERTE 1 490 mm, BERZ & H1E
M, §&ERTERK 81%. TSR 21.8°C, M
YR 85%

1.2 e R i €2 R 2

2006 T 27 7 BIE MR RN EAR B 2 BBk
-(Neottopteris nidus (L.) J. Sm)F ik ek ffi 5% (Asplen-
ium finlaysonianum Wall. ex Hook.)£% 10 #k, ¥ H#
BB, AT ARG TR B IR R L A A B
M A2 3, TR B R EEK 1 . BEHN AR
XEHIRN 4% 357 4 4 A S5 TFEH I 5 45 A SRR AR o
FLI-6400fF #3564 1X (LI-COR, Nebraska, USA)F
ERK_F4F8: 00—11: 301 5E 5 SLBk A P IR B A BRI it
JEmRL £k, 9: 00 ZRHLIRE ST, WERTLLM A 7E
AT 6T (OB 42300 pmol-m™2-s™ )Y @ i 504344, it
F 5 A8 cmBENT SRR Z, Lhgi 7Tt
1B T R RRAS B IR BIES, RIRIE LR FE RS
& (photon flux density, PFD)>% 800. 500, 400,
300, 200. 150, 100, 80, 50, 20, 10#10
umol-m~2.s7", B T V34505 T E oA
HER(P), BAFE 6 MERE, BHkE 1 MR,
%48 Bassman 1 Zwier (1991) 7 B34 P.-PFD

&, HEEKEFEEGER(Pnax) » BWNETFHE
(apparent quantum yield, AQY). B5FEREZER(R,).
JEHUF 5 (light saturation point, LSP)FIJG#ME i (light

compensation point, LCP),

1.3 REFESHNE

REAb B3/ NI, 1 e ok T (20 pmol-m™2-s7")
18 N 25415, Tt B S IC R A TEIRES 4, itk
i SAL B NI RIL R E (Geanial) o R
TRAIER BT OERE S AT s Rk 5 A
MIBE B RS ) . FIEA XA SER P KALRE (G
Hila] CO ¥ (C)o BeWI 5 4tER 2 FH 1k, 2
JE B 30 B 1 . BAFINE 6 MER, Bk
E 1R,

1.4 XABSREHEHNE
VEHUA SN BB AN TSNS, LR TR MR G
(20 pmol-m~2.s™)iE N 255048, T ILET R AR
R(Pa)o R IGILEM I FEARFIOET HR ST 50404, fHiHE
KBTS, IERA R REEEER(Pra). A
Ja i Ao B Y6(PFD %474 20 pmol-m2.s7")1, 5,
10, 15, 20. 30 160 &4, FEB RIS EITIF
TRAIE IR 60>, SLEMIE T B A ER(P), i
SRA(ISeo) R HE Chazdon Fii Pearcy (1986)RY 75 it
38 1S60=(P—Pg)/(Pmax—Ps)o

1.5 HRESEHE

SREM A H #H 48 [ LI WA h IES S
M oA Rk, IR SRS L) e
BT EHLRE, HXaEPmya%RKRET
ERE, BEVRARME T WA EERR T
KB, SEYFRES-10MH, 840 WE5-
10MLEF . B2 BSR4 6 AEAR b R F, FIE
# - E A (LI-3000A, LI-COR, Nebraska, USA)iil
EMF RS, #£80°C FHET 48 /M, REMEHT
H, WEEHEFTRER/ PAER), HRRSRONE
¥z M Lichtenthaler #1 Welibur (1983)H) 5 %17 -
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1.6 BESIFT

FAMSLREAS 6 30 AT 2 R [ AR S RUBR FSAR P -
HEEMAN AR AR BE T,

2 R

2.1 WHRRXEWHNRESAXSRE

ERAREN, PIFKERABRNEE ., )RR, &
PHRKE SO RESERERTEH
B, ARESAEERA BEERFE). SEBRAM K
BRABRA S BRI TR o 2 FHBRAEIIHY Proax-
Ry, LCP. LSPHIAQY Z ) H B &2, (R bkek
FBRNBR IR (Goma) BER T B EBREK 2), T
5, BRI B K 2RI PSS R R Bk A B T

2.2 FHEXEWESFSOMNERE

HAE B BKER B BRI Gooiniva) B35 150 T M S 8K (3R 3),
EGE R, 2R ERSHEYI R P, LR, Ho 5 Sk
) P, FET5 S (6] A 38 N2 48 1 7, T o Bk ek 1 R Y P

F1 FRBESEDKH R T

RPGE B ERE(E 2), MK MABRARIRRELE
2R 50%( Tso%) 1 90% I B [B]( Toos) B0 T 2 BBk
A JOk % £ R0 5 SEBRIY oo, 2302 0.57 1 5.31 3,
Taoo 5354 5.85 F126.33 4344, SHEK G, MBI
RERma Rt R 5 P AR, (H MK ERABR Y Gs W1 B 5

O Neoftoptens nidus
0F ®  Asplenium finlaysonianum

P, (umolm™s™)

_1 | 1 1 | |
0 200 400 600 800

PFD (umol-m™.s™)

B 1 PIRERISAE Y R R 2%
P A EE, PFD: KB THEERE

Figure 1
species

Photosynthetic light response curves of two fern

P,: Net photosynthetic rate; PFD: Photon flux density

Table 1 Frond traits of two fern species
Parameters Neottopteris nidus Asplenium finlaysonianum
Leaf mass per unit area (g-m2) 68.3+49a 978=+8.1b
Leaf thickness (um) 356.67 + 12.02 a 478.33 +13.02 b
Stomatal density (No.-mm™2) 252+50a 21.8+39a
Guard cell length (um) 50.83+1.67 a 66.25 +3.34 b
Stomatal area index* 0.065 £ 0.011 a 0.096 + 0.009 b
Chl content (ug-cm2) 30.64 +3.82 a 49.93+3.60b

* SALE IR = SILEE x R D41 K % 2 * Stomatal area index = stomatal density x guard cell length?

#2 WHBREHEYELEESH

Table 2 Photosynthetic parameters of two fern species

Traits

Neottopteris nidus

Asplenium finlaysonianum

Prax (pmol-m=2-s71) 3.09+0.03a 3.35£0.01 a
Ay (umol-m=2-57") 0.22 +0.03 a 0.16 +0.02 a
LCP (umol-m™2-s7") 3.94 £0.42 a 2.84 £0.29 a

LSP (umol-m™2-s7")
AQY (umol-pmol™)
Gs.max (mmol-m=2:s71)

27119 +8.40 a
0.060 8 £+0.002 0 a
31.10+£0.10a

313.24 £ 5.77 a
0.054 6 £ 0.004 5 a
78.13+10.22 b

Prax: B RECAER, Ry BERER, LCOP: JEAMEK; LSP: BMAE; AQY: EMEFHE; Gomax: BASILEHE
Prax: Maximal net photosynthetic rate; Ry Dark respiration rate; LCP: Light compensation point; LSP: Light saturation point; AQY:

Apparent quantum yield; G..max: Maximal stomatal conductance



676 MYFER 25(6) 2008

3  FRHREEYEOLEHEFSH

Table 3 Parameters of photosynthetic induction of two fern species

Traits Neottopteris nidus Asplenium finlaysonianum
Gas-nitial (MMol-m=2-577) 6.84 + 0.02 a 62.22+6.58 b

Ts0% (mMin) 5.31x0.35a 0.57 £ 0.13 b

Too% (min) 26.33+0.88a 585+0.11b

Tas-max (Min) 33.0+06a 14.3+0.1b

1Sg¢ (%) 54.49 +2.32 a 58.80 + 3.95 a

Ga.initialt TIESILTIE Toow: B 50% HAFEAHKM T, Toow: KB 90% AL EERMIE; Tosmax: BEIRKRLEEHT
BEHRSE; ISe0: 55 60 BYRHIRE

Gs.intiar: Initial stomatal conductance; Tsq,: Time required to reach 50% of Prax; Toow: Time required to reach 90% of Prax; Tas-max:
Time required to reach maximal stomatal conductance; /Sg: Induction state after 60 sec

A B
4 4 —
'R Ea
W3 o 3
£ E
% 2 g 2
o’ 1 ooy
0 0 1 L Il
T» 60 "» 60 4
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g 40 g 40
& > E
O 2 @ 20
0 o 1 1 )
il N
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g 400 £ S 400
o 300 5 300
dlpwd Qo
200 200
1 1 1 1 L 1 - 1 i 1 1 1
5 0 5 10 15 20 25 30 35 40 45 50 5 0 5 10 15 20 25 30 35 40 45 50
Time (min) Time (min)

2 PIREREHYKEOLEEE(P,) . IR E(G,) FIHIE] CO W BE(Ci) X B BEN L Y i [ 4 72

R — AR A R EDE A B SR . FIJETR 20 umol-m2-s7 1 RS B ERIR AR SBA T (KGR ), R FRMRESN
BHOEEE A o DB AN 0.

(A) S 5% (B) MEkB AR

Figure 2 The responses of net photosynthetic rate (P,), stomatal conductance (G;) and intercellular CO, concentration (C)) to a
simulated sunfleck in two fern species

Typical data for a mature frond are shown. Fronds were exposed to 20 umol-m™2-s™" until rates of gas exchange were steady (gray
area), then a simulated sunfleck was imposed by increasing irradiance to saturation. The simulated sunfleck started at time 0.
(A) Neottopteris nidus; (B) Asplenium finlaysonianum
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FH P, BBEE T E A LA RN . MK A
BN S ERBRNET T BN Tosma) b 55
BRE, BIIH Tosmax 254 14.3 f133.0 4044, 5 H K
) CHEE 5 R PR, 1M1 M BKER A BRI I S48 T IE,
255 N4 EREE G WK, —EB GAFET,

2.3 WHEXEDXEFIREHER

B YHOER FE R MR, MR BE0TE
(H3), HH B BETREES 20045, 2
FHER IS Y B R ASER R o B ATH 5k 50% Myl
A1 30 Zrh G

3 itig

2FPAE SRR YRR I BB A B AR AR ARRE: B
LS RES . PPIREE SR, JEAMER . SBEMS ABE
HZE TR (B 1, £ 2). 2RBREEMHILERES
(Prax=3.05-3.35 umol CO,-m™2-s7"; FK2)M7EC B M

100

Neottopteris nidus

100

ISeo (%)

Asplenium finlaysonianum
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60 -
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Timeiniow light (min)

B3 BIREREEY AR (ISe0) R LK

Figure 3 The loss of induction state (/Sg) as a function of
time in low light in two fern species

YL B BE ST (Prax=2.1-15.0 umol COp-m2-s7)
BN (BB 2%, 2002; 73 CHEFMTKOL T, 2002; 56K
&£, 2004; Watkins et al., 2007),

HRBHY LA BT EHAESEE X E
AHFFEA, HiAE B P Rk A BRIA BI90% B Rt B H R
IR EI 21608, 3% S51R 2R FIARAK T LAY
7 AL (Pearcy and Calkin, 1983; Chazdon and
Pearcy, 1986; Valladares et al., 1997; Allen and
Pearcy, 2000; Rijkers et al., 2000), ST HEH
b, WAESEBRWEEHESERERER, KT N
26 7140, R RRSAAHEFEEPHIILREE X,
N EERIAR S, TS ERNSILFE/D, TR
MR, 4R RN I CO B, H R BOLE
BR EFEG(E 2), W, HYULEBEREELY
Gsinitial B X o Gs-initia K, Tooo BLEE (Bai et al.,
2008), TEABFH, MBKEKABRE Gontia B, B
Toow BH . AR GCEEA FIE H 4B E 7K KK
(Kaiser and Kappen, 2000), & $5k i T 7E M4 4 55 v
W R R E KRB, BT LLORSE /K 23 %1
SR X FLIE N8 W RK B BT AR AR B RO A R AR BR
A LA BRI R B SRR, X5 Zotz F
Mikona (2003)7ZE /A= 22 RHAH Y Aspasia principissa_t-
BB IR 45 A — B,

RPER YL R )T, LB BRIFA L B
&, VIR R G A7 RS (B8, R3), X584
YRR R B RS R —2H (Pearcy et al., 1994;
Valladares et al., 1997; Allen and Pearcy, 2000),
BEPREM LR 5K T EMRubiscolE A % (Pons
et al., 1992; Tinoco-Ojanguren and Pearcy, 1993),
M SRR A R RILFERNZEMENDTF 30
mmol-m2.s~", Kaiser il Kappen (2000)iA H <2
FERIRE AR T RE TR B BB Y S E P R B
ZEMSALRA RN S SRR AR A
FREWER X TFHESERN S, B TEEHSAL
KARMSET HEEH SRS AR R R, BRTE
— R FRE T RA IR, [EXTEA MR
AWM. SHEAKEZHC MBI T HEDEE
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BFE RS RIFRIABL, X2MBEXHEDHLE BT
RIFREI LT HHKF . HRFEFREWLEFIE
J& COz B MM A X F—AEBERIFIRIGES o BTk
JG CO, [ & A7 B4~ BIE 7] Bk [ 2 Bt 9y L BIAR K
(Pearcy, 1990), Bk, BRISHEYDE A TS T AILERIN Tk
U/ O T S -

L5 ETIA, 2R YIRDE SRR S 59, HRR I H
BRI PH A AR Y HRRE o A2 25 TR [R) 1] BB J2 & AR R 28 A
PIXEOCHEM N 22 R BB . 45 A P kR A R A
B, B AR S SR SRR R MBI, PRI HCOBTREN R A 5 5
BRERAR B R0 m] BE QAR X B/

i
Ao Bt F B A R0 R AR I S a9 )
RF TR HE.
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Photosynthetic Induction in Two Fern Species with Different
Eco-types in Xishuangbanna Tropical Rainforest

Qiang Zhang'-2, Junwen Chen' 2, Yajun Chen" 2, Kunfang Cao’, Baogui Li"

'Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla, Yunnan 666303, China
2 Graduate School of Chinese Academy of Sciences, Beijing 100049, China

Abstract We compared the characteristics of photosynthesis and photosynthetic induction in an epiphytic fern (Neottopteris
nidus) and a terrestrial fern (Asplenium finlaysonianum) in the understory of the Xishuangbanna tropical rainforest to study the
light-fleck utilization strategy in the two eco-type ferns. Maximum photosynthetic rate, dark respiration, apparent quantum yield,
light saturation point and light compensation point did not differ between the two fern species. However, maximum stomatal
conductance was higher in A. finlaysonianum than in N. nidus, which indicates better photosynthetic water-use efficiency in the
latter species. Compared to N. nidus, A. finlaysonianum had a higher initial stomatal conductance on exposure to low light (20 umol-
m2-s7") for 30 min after 3 h dark adaptation. The time required to reach 50% ( Tso) and 90% ( Tgge,) maximal net photosynthetic rate
in A. finlaysonianum was shorter than that in N. nidus (Tsps, 0.57 and 5.31 min, Tge9,5.85 and 26.33 min in A. finlaysonianum and
N. nidus, respectively). Attaining maximal stomatal conductance significantly lagged behind the increase in net photosynthetic rate
during the induction course. The time required to reach maximum stomatal conductance was longer in N. nidus than in A.
finlaysonianum, but the ferns did not differ in maintaining capacity of photosynthetic induction during induction loss. Thus, water
conservation takes priority over carbon gain in N. nidus, which limits the use of light flecks for CO fixation in this epiphytic fern as

compared to most terrestrial understory plants such as A. finlaysonianum.

Key words epiphytic ferns, induction state, light flecks, stomatal conductance, terrestrial ferns
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