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EFFECTS OF LIGHT AND TEMPERATURE ON SEED GERMINATION OF FI-
CUS HISPIDA IN XISHUANGBANNA, SOUTHWEST CHINA
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Abstract Aims Ficus hispida is a common pioneer tree species in the tropical secondary forests of
Xishuangbanna, China. Our objective was to determine effects of light and temperature on seed germi-
nation of F. hispida to understand its response to forest microenvironments.

Methods Our experiments were carried out in incubator with 14 h light/10 h dark treatments. Experi-
ments to test the effects of temperature on germination were conducted at 35/25, 35/20, 30/20, 25/15
and 30 C under fluorescent light. Neutral-density black plastic film was used to determine the effect of
light intensity on germination at 30 “C. Tests of the effects of R/FR ratio on germination were set at
23/20 and 30 °C, and R/FR ratio gradients were created by filtering incandescent light through 2, 4 and
6 layers of green plastic film.

Important findings The seeds of F. hispida were photoblastic, germinating only in light. R/FR ratio
significantly influenced seed germination, followed by temperature and light intensity. Germination
could be induced by very low PPFD though delayed. Although the final germinations in all temperature
treatments under fluorescent light were >96%, mean time to germinate differed among temperature
treatments. Seed germination at 0.42 R/FR ratio was inhibited at 23/20 ‘C, while much higher and ear-
lier germination was recorded at 30 “C. In addition, an R/FR ratio of 0.34 significantly inhibited germi-
nation at 30 C.
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TE FT AR 10 3 28 1 R A e A P Ak
iy R AR AR b, BT 56 A4 b R TR W A (Swaine
& Whitmore, 1988). [T "E 1R 71 & F4h 1 2
Jai (RRE PEANR], AT A AT 40 ) B I AE R AR (0 AN [
RE W B, 1E AR BT3Py AL e = 5 AR
B, TR HHARE YT, A TR Y A
) 2 & 8 ik ok R, RO R AR I AR KT R
(Whitmore, 1990; 555, 2000). H 78 1) 56 B4
Tl L BEAEAR S T A IR B, T2 5 AR AR B
B R, X2 TARE MR T . RIS
R ANTE TS . 755 PR AR bR B, ey T A e A1 P
FEv, 4K 2 HO6 B W B S sl e, AR Ok
RES, AT 0.1% ~ 1.9% (Bazzaz &
Pickett, 1980), H O OL#s )t 2 Kk B 1k,
2006 /3 40 06 1 L ) (R/FR) T B 21 0.25~0.41
(Orozco-Segovia et al., 1993). YA Y6 5 251k
25 T BUR R U B I BERAIG, T HL H A A P AR
SN ABAERR G AN A M, O, ek
R/FR 15 %] 1.2~13, W 8 & F K F X 5
(Vazquez-Yanes et al., 1990), ¥ ¥ 78 i & A%
W2 T EOR N AR T, IF HREE 1 H A2 g Ak
2 MK (Vazquez-Yanes & Orozco-Segovia, 1982),

SEBE T 1) b R 2 By S R R R
%8 & (Pons, 2000; Probert, 2000). Ye¥isuf & - %
IR My A IR A28 2001 01 B (0 3R (P )/ 20 D6 DG B
B EPr) ARG, Pfe AT DAL 730 nm 42
A5 IR 3 415 (Far-red light)#4k % Pr, 11 Pr Wl
660 nm A5 IZ0)6(Red light)¥%4k ly Pfro A
YRR Pfe A1 Pr (17K 7R LLAE 1
LR, Wi, AFMR/FR, 2580 1
() 85 & F A [7] (Bewley & Black, 1994; Smith,
2000). 4n7E 55 P4 5T AR, Piper auritum F
Cecropia obtusifolia )P+ 1E R/FR £ T°0.2 B
SEARNBERA R, A MR/FRTFF i 8 & A4 4 bl
Z ¥ (Vazquez-Yanes et al., 1990). # i (Lactuca
sativa)fER/FRN 0.4 # & F 4K T10%, TMR/FR
TH20.6)5, B & F WM E T & (Toledo et al.,
1990). #Rif, Kyereh:(1999)WF 57 & B, £ 74 A4
A WP P IR 56 B A A b AR 2D S B e O 1)
FRAE, 7 MR R ACE Musanga cecropioides £
P 2T . 72 S I BCI (Barro Colo-
rado Island)BEAT HYWEZE A B, /Nl B WA A (<2
mg) &I 52 (R O RO, TR 1 (R T T 2

iR ¥ W K (Pearson et al., 2002, 2003) .
Vazquez-Yanes Fll Orozco-Segovia (1982) flf 5T &
T, BRI e il A R v R R ) A e B 855 A ) T
B Bh Heliocarpus donnell-smithii )R - 85
R, AR TEE T AF AR R PR ARG il 24 55 D0 00 ) G
WY R o BB AN, AR 2 40 ) O BB b R 2R T
(Plantago major) 75 %% i ] R/FR 24 55 vp i &
(Pons, 1986),

5 I (Ficus) R AR Ay FA7 3 X1 O B8 B A,
B U B8 K L B B A OK R TR B R R
M (B K245, 1997; Shanahan et al., 2001), HFh
K2, LB ERE, AR EERMNES
(Janzen, 1979), X VGXURA X A 67 FhFEH
(FFIERE, 1996), (H A 512 DX RSB il 1117
SeHE I SR TE B > . A BT S (200 1) A ST A
h, VU BURR A B X ) 22 Ao s B 0 o1 177 O e 01
S TORF R IR AT AR AR S TR )
KA O IR 2, N2 &R 1B,
I FRAT BV (R o1 A DGO E R, R
WA R 6, B R/FR RE6E e 2k LA 1 i
K, R2Z, BALMK R/FR NHNHI LR 7o & . K
Tt R R B e A e R iR .
h TR R EIRREEAR UL, AU URE AR N T4
ZAE R 23 AR D i R R IX — B R 1
S95=A R R AW S TS N N YR A
Wi S, AR 77 6 BT S B B A 1) b W R
PR BH 3K — A0 ol 5 A% PRI o R b i AR BRI R AT

1 #MRfAEZE

1.1 SRR AR

XK (Ficus hispida) & MERE AR RS, J8 T
WERBNTRAR, AR, T A T R R i
(B HO X (SR AE AR, 1995), Sh #Ry ’Y AR o 1 L
Se B A, R X I R g L
(Hopkins & Graham, 1983; Tang et al., 2006).
1.2 S TVA

R IR AR ZHON T 7E20074:8 H, R&EZ
PR BER (R B R SI2, AR5 4 A7~ R S 5
TWKDEA, BN ERBT, BEALEC 1 000 R
F, H SA210 % H T KT (Scientech, Boulder,
Colorado, USA)MR T, SRJG/E 103 'C 4
17 h JGFRESTA, 1999), LU &k JLaihiH 5 5
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AKEE o FHHL b ROCREERR T Il 5 I 42 et A1
BEL 2y w] )Wl & 100 KRR K/ CF B3 E £ b o2
Z), K5 0.01 mmo XF RSB BTk DN
216 mg, Z/KEHRT.9%, K4k (1.18+0.009) mm,
§5%H 4 (0.69 + 0.009) mm.

B R S R MGC-350HP-2 # A T/ i
Fa O B g —PE RN AT BR A A1) HEAT IR s sk
5, A USB2000 i 4% X6 (Ocean Optics,
Dunedin, Florida, USA)l &= 3256+ BT H 6 U8 i1 )'G
P MO JEIR A400~700 nm I KT 16
T B (PPFD). 26 KIEHE N 655 ~ 665
nm, W& 660 nm; 7 £0 % ) K Y A
725~735 nm, WIIE 4730 nm (Vazquez-Yanes &
Smith, 1982).

9 64T )6 B 4 #F R (Philips TLD36, 36 W),
PR 7435 & T 30 'C 1HIE /& 35/25. 35/20.
30/20H125/15 C MW FHf RO 14 h/ RS
10 hyo HIRATALZERTFRIL, & T30 C K 30/20 C
SRR, ENBEEAE ., H 5 AN EARAT

(Philips ZS230-25, 25 W)/KF-Hu B HE7E N T 0%
FWNIRAOEIE, JFH2 2. 4 ER6 Esktig
R 7 S B R, DA AT BB R, LTk
4 ANFREEARFIC A, H-— )2 Bkl A
FIGIRIL, B PR 4430 C, D 14 h/
% 10 h). 23/20 °C &A1 T (LA VE B 4 #4iiy
FRARAK R R 2= B 3R, AT L RN A 2
R 4 R PR E SRR, 3 3 ANk
JIORE BE AT W RSB O 14 h/ BB 10 h). B
TIRAERAT P Z AR EE TR (d = 9 em), TIA
5 ml 2K, HAEKE 100 FFp 7, B
W3 ANEE R S0 e kT R R
i (Baskin & Baskin, 1998), L4156 5w #h 1
Wik, WEEWEK, BRI 1 KE T R R,
LB E NGBl R R 1. S5 BT DGR I
e KO FUERAE W22 L(R/FR % 5E 2 1 75 XU
Y BT 21T I PR N R 2R OB BRBEREAE, 0.34
0.42 BIA LB, 0.52 F1 0.67 WIBLRLAK B ik
S,

R1 KWATR AR E T

Table 1 Light treatments used in the experiment
ZAJT SL YO FL ABYT IL 2 )% 2L 47 4L 6 )= 6L NS
Sttt 1% ¥ PPFD (umol *m™? +s7") 2.87 90 16.97 7.49 3.9 2.1 2.04
R/FR 0.05 4.56 0.67 0.52 0.42 0.34 0.58

FL: Fluorescent light IL: Incandescent light SL: Safe light NS: T {:# Neutral shade 2 L: 2 JZ& W EA 2 layers of

green plastic film 4 L: 4 JZ24 YR 4 layers of green plastic film 6 L: 6 Z4¢E kLA 6 layers of green plastic film

1.3 Hdis A B R Gt o bt

DGR R/FR I, 1T USB2000 i1 45
A HE A A pw ¢ em? e nm', BT
BN B EAT 1 4 45 (Quantum integrate):

(04

. . D
~8.3594-10° '(—’71 S(’m;’iﬂ Suﬂhzf’" A, -s(/ln)-MJ

Horp 2 RBK, A nmy SOOI E 4L
P LABE TG T R, HOA 30 A FRR o AR
Pt W KA T F IV 3 B PPFD. Qlk 1 Ol
b O 1 QIerIMLLHIEI K R/FR.

B 8 e 2 HOCK H 5 405 K % (Final germi-
nation, FG). V-3 &I} [i](Mean time to germi-

1) Li-Cor, Inc. (1989). Section IV Li-1800 software. In: Li-1800 Port-

able Spectroradiometer Instruction Manual, Li-Cor, Lincoln, Nebraska,

USA, 27.

nate, MTG) fl ¥ & JF ¥ (Germination start,
GS)(Tompsett & Pritchard, 1998; B 7 #% %% |
2007), AXUWIT:

Vi & R (FG)

FG = Wik 1 Hs / Se5 M5 X
100%;

2) -3 K I (R (MTG)

MTG = Y Ni.Di / ¥ Ni. LFNiRRFE i K
B & W73 Di 2R R REL

3)Hi R ITLR(GS)

S TF A 28 & FG I 1/6 BT H K
] o

T s IR IEA i, BTLCRA - SPSS
12.0 A1 AES $0 BT (Kruskal-Wallis) A6 56 4b 2
I f) 2 51 (SPSS Inc., Chicago, Illinois, USA).
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2 FEHER

PECKT ZAE T, R FE A &AL BE R T 3
fimT 96% MiREFEG)K1), HERALHE
(p > 0.05), {H P45 K 8 (MTG) 2 5 B % (%
2). 7E 35/25 C WA, PR ITUR(GS)
B, WA AR R o AR i R B K 1135/20 C 4 A
T~ GS W, RS . WELEURT 25/15 C
) MTG 4y 38 %F KT 30/20 ‘CH1 30 ‘CHAAb
H(p<0.05), EH AN MTG ZRAWE @ >
0.05).

100

80 [

60 |

——35/25 C

—o—30/20 C
10 —a—30 C

—%— 25/15 C

—a— 35/20 C
20

Bi&R%E Germiantion percentage (%)

04 6 8 10 12 14 16
BRI A Time (d)

BT R ES S I ol i PR S M (1 S8 (= A R 1R )
Fig. 1 Effect of different temperature treatments on ger-
mination of Ficus hispida seeds (mean + SE)

A (R b - Wi R P A O, AR SRR A
Wi K. SRR E S, RIS A R/FR [§
KGR L), FG B W2 M FRAK(p<0.05). FIHRAT
STAH2 B 4 EgaiPrmEm e FG
A 98%+ 90.67% & 76.67%, 4 R/FR K
0.34 I, FG A%, 1X117.33% (Kl2). Y8Rl
BHENEREZ, GS B )E, H MTG Bk &
2)o MOWEAEY )G, FG M 2 RE B E A
Hii T FGLEZEZR(p > 0.05)(K3), diK 4
RH MTG B3FEK(p=0.05)(%2).

23/20 C &MF, WE BRI T, FG
B3 BRK(p<0.05), #R1MM1530 C (HEA L, (KR
76 R/FR N 35 8 35 R AIC T 568 ik b 1 1) B
#(p<0.05), JUH AL MR/FR K042, 1 & 4 4 21
(B4 . Fah, K L, RFR A
0.67+0.52, 0.42[1GS %230 CI 73 5lfE)5 1712

10F018 d, MTG /3 A EK T 16.6. 15.3F113.4 d.

B &K% Germination percentage (%)

4 8 12 16 20 24
R Time (d)

K2 AN 5 3 2006 LR Pl -7 1 % 1) 5 i)
CP¥ME + brfEiRZE)
Fig. 2 Effect of different R/FR ratios on germination of
Ficus hispida seeds (mean + SE)

3 WieS%

A B AR, TR IR AN AR TR AN BE AR IR
KA BN, X R, R R SR T
Wi R . PSR, PORAT s AR B H 206 Ll
B (L), 1E &AW B BA FE T P A R A AR
e, KR, OGRSk A ) by
o ¥R B TR I NPT, M b G L 1) AR i Ak 1
PIARRe AL R e o RS, ORI i e 8 S A1
T 2% B 3 I AR NS RS BT IR R (R 2) . TR FE,
Piper peltatum 1E 39/25 °'C 2RI M5 b il A 18
Rz 25 C fHEN N T 46% % (Daws,
2002) . i K AE L% 1] e 2 P 1A S5 A 1) —
T N AL o R 7E R 2R, BRokass b, R
L 725 30 P58 5 A (PG X 40 Ay R AR A2 S E 9T 4,
2002), i K H 1A B 2 B i T
M AL T (McLaren & McDonald, 2003).

JeiE s b, B Gk 0 ORI 1) 7 55 2 Em)
B, BT R R R R R T R AR (B 2).
AR S £ IR A I 5 BEOCSS T O R SRR T
R/FR, {H & b 3 B SE 90 1 W] R/FR MY 24 2 411
TR R T, $9OAUR R T R TR
Ko EML R/FR &AFT, drkdew &5 ™
J2 YRR AT 78 5 I AR EE D1 1R A R FAR y HLG W3
225 (B13), B R INTA) A5 35 S (R 2), R 0T i
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Tl FRY T 2 3 i PR G i B (B o [ A D R 6
B B M 1) Cecropia obtusifolia W] LL 7L 0.1
umol-m s Y F i & (Bliss & Smith, 1985). [A]
AR 62 R e 2 AT T, 99 6 A B 4E 22

KRR, T 0.34 1 R/FRIUZ #1461 15 % 114 4= 22 R
To AR, AHERR 550 MRR/FR 19 A2 B AE X
R R o

7E30 “CIEYE . 0.42fIR/FREAL T, X -5 Fif

R2 ANELRE SO R ST XM 48 #h 7 1Y T 185 & B (8] F0 85 & FF 14 B (8] (EHE SR IR E)
Table 2  Effects of different temperature and light treatments on mean time to germinate (M7G) & germination start
(GS) of seeds of Ficus hispida (mean + SE)

AL . . . . .
. 35/25C 35/20 C 30/20 C 25/15C 30°C
g Temperature gradient
Temperature MTG (d) 6.24"+0.04 9.56°+0.15 8.22°+ 0.04 8.91¢+0.15 8.38°+0.15
GS (d) 6"+ 0 9°£ 0 6.33°+0.33 8°+0 6"+ 0
TR ERUT 2 2 4 2 6 = o
W Light gradient IL 2 layers 4 layers 6 layers NS
Light MTG (d) 7.49*+0.78 8.02°+0.97 12.96°+0.18 13.85°+ 1.66 13.37°+0.35
GS (d) 6"+ 0 6"+ 0 7.33%+0.33 12°£0 114+ 0
AR NG P BRER IR 75 5 .35 (p<0.05) Treatments with different letters are significantly different at p<0.05 TL. NS: [{]#1 See
Table 1
100 b W 23/20 C
= g O30 C
= b
“so} 5 T
§ e L
o «©
2 h= a
] g
'z 60 3
5 -
g
g 40 &
R 20 ﬁ?&
0 — AT IL 22 2 layers 42 4 layers

62 6 layers FPEERE NS 22 layers

KIS i 5 )6 TRk A R 1 1A R A 1R S )
CPEIME R AER %)
Fig. 3 Effect of light density and quality on germination
of Ficus hispida seeds (mean + SE)
ANF/ING B R R 72 53 8.3 (p<0.05) Treatments with
different letters are significantly different at p<0.05
NS: [A]#1 See Table 1

TR R RARAR F (K2), SR, E BRI T 2R
B51123/20 “CHF, R A o 2 4 A 40 i (K]
4). fii 4t Pons (1986) 42 H MR &, 12 By AT LA
TERAGI R/FR IS A, 2 D8]k 70 4 vy ()3l 2 4%
PETR, 7 X6 P f Poe/Prits S A B8 A, A %,
TEACIR 4 T X PEc AP fr/Prifl 5 SR B8 & . M
Heschel %5(2007) 1A k)l B0 28 A B sft A7 I8 BV et B2
M Y 3 7 8 R (R RE g, Bl 2 B DLAE AN TR i

P4 R/FRFI B2 00 H4 Foft - 17 42 3% ) 5% 1
CPB{H £ hrEiR22)

Fig.4 Effect of temperature and F/FR on the response of
Ficus hispida seeds to R/FR (mean + SE)
ANANG TR R R % 5 18 %% p<0.05 Treatments with dif-
ferent letters are significantly different at p<0.05
IL: [A]#&1 See Table 1

FEAT T BAA R B KR, &l T 322 A
PR 5 DAL U 428 BT 3o gl o) A (R e W R 5, IR
T3 0 D' RO (1) N A AR BETL A 19 AN A
ESp b AH L, S8 P G AR ) 22 o
PRI P FAEBRUM R HIIR(25 C)4&AF T, mILAAE
BARMR/FR (0.3)85 & (Vazquez-Yanes & Smith,
1982; Daws, 2002). J:H, Piper auritum 1EHH[H
) R/FR FRBESAE T, BFAMIIHA A 28 H 20K 5
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T3 P #5556 ¥ 1 & % (Orozeo-Segovia et al.,

1993). X Ui W1 76 o 56 YHFAAHT R AR o, AR IR OF

ANBRIA R, SR, 7R H B

LR 20 FA Y AR P ARG PR W A s 36 v I W A

T 56 B O R R R A . H AR,

i T AR R e R IR AE R/FR 55 5 (0.42) s X ot

WA T A RO, BT DLRE 7 A S AERRR S

[f) R/FR 4t T s bR A

A S S5 RT3 WAL T S BRGSO R

TG I R BB . Tl ™ R O,

R/FR 72 YLsE Wi R I R BN 7, Bem i R/FR fig

g (e WE M7 W7 A, BRI R/FR U S0 0 A 5

Ko 58 IGHAT RENS 35 FEARY 1 1) d5e 28 W R R AN

i A E A L 5506 TR A A AR K R, B

X P 1 11T BT i OIG ER FR BAEL AR, 8906 R A

AESE A ig he, RO RESR Ao I R R

Toft A 2 R 3 RRE 1 RGO, ARIRLIE 7T LA

HIRR T AR R R/FROIRFBA R o 9206 45 SR I

Bt A PR IR 0T S B OG Y 5R . R/FR T

i BETH v, B8 RO AR R
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