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FEE . A (Bombax malabaricum DC. ) J&—Fa] LA RAE T I 23 75 R TR AR . WA 9, AR BUAE R AR AR 4 RAF A K S
S5, T PRI AR AT R B 3 3k N AR RIS AR 1) A BRI 2K 1 A 2R, T AT ez R e 2% X A
BRI K A BT AR T T4 P 1 SR AE SR A2 B BEX X — Rk AR 458 A3 B M SR LB Al . 80, AR i
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Influence of environmental factors on seed germination of Bombax

malabaricum DC.
ZHENG Yanling', MA Huancheng' ™, Scheller Robert’, GAO Zhu', ZHENG Yuan'

1 Key Laboratory of Biodiversity Conservation in Southwest China, State Forestry Administration, Southwest Forestry University, Kunming, 650204, China

2 Department of Environmental Science and Management, Portland State University, Portland, Oregon, 97207, USA

Abstract ;. Bombax malabaricum DC. is a deciduous tree that can grow in the dry—hot valley biome of southwestern China.
In the dry—hot valley, the adult trees of B. malabaricum produce many seeds, however, few seedlings are found around the
mature trees. This discrepancy has important consequences for conservation and reforestation efforts. Therefore, we
measured the physical and biological characteristics of seed germination to determine the required environmental factors for
natural seed germination. The average weight of 1000 seeds was 39.08 g; the percentage of viable seeds tested via 2,3 ,5-
triphenyl tetrazolium chloride (TTC, 1.0% ) was 64. 0% , similar to the percentage of germination under controlled
conditions (25 to 35 C ). The seeds of B. malabaricum had good water—absorption capacity; they began to germinate after
soaking in distilled water for 2 days at 25 °C. Seed germination was not sensitive to light and seeds germinated at a broad
range of temperatures (15 to 35 “C). Temperatures ranging from 25 °C to 35 “C had no significant effect on seed

germination percentage. However, germination rate and seedling growth increased with temperature. Germination was
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sensitive to osmotic stress and decreased significantly in 0. 10 g/mL Polyethylene glycol (PEG) solution, compared to the
control in distilled water, and no germination occurred at 0. 15 g¢/mL PEG. Seeds soaked in distilled water for 24 h at room
temperature were sensitive to heat shock and germination percentage decreased significantly after heat shock for 2 h at 42
°C. Pre—treatment by soaking with salicylic acid (SA, 1, 10, 100 mg/L) for 24 h with room temperature did not improve
drought and heat tolerance of seeds during germination. In conclusion, drought and heat are two key factors that limit seed
germination of B. malabaricum. However, an excess of water could also lead to seedling death after germination at relatively

high temperatures.

Key Words; Bombax malabaricum ; seed germination; temperature; drought stress; heat shock

AHE ( Bombax malabaricum DC. 5 B. ceiba L. ; Gossampinus malabarica Merr. ) /& A K%} ( Bombacaceae ) A
}iJ& ( Bombax Linn. ) W—Fhi&mE KIvAR, Fporf FIREMVLIE AR 08 fmd 60 I M = p 5
248 ; [RIMFEN R 3 B 22 R BN JE VO FEAEE RORANEIIA 704, AR B RS HAE MR B R AR
SEAR AT LIBEAI B AR i e 25 AL SO B

AT A 2 T VG e i X AR R AR S R G R AU R I v e R KRB IR AU A AR AR
1, A PRER AT AR AR i A B A R A T BAGT 4 b XA e 8 5 31, K R B
AT PREIR , B 23 (04 A SIABE AR WAL, L, 13X — b X A A SR B R R R A e 171 FE DL 34
o SRR R T IR AR AR 1 b R 1 DA S AR B I e A A AR Y 0, R
S T N ARHR AR AR A I R A R 2 S iG] L A0AR A M et B Re R A 58 A ) RE A 1 b i
IO 224 Hb A e A, R B R AT R TR RRSE FORESh A R 254 il 35 DG EPE D FRATTHE I, — S PR
IR S M AR A 8 4

XA RIBIESE , B NN T ARAR AL Ry A 2 s il ZREPE UG TR A2 03 0B 27 e BAL M BT 55
DT AR AR R & T RS G R ARG . BRIt AR R R RN A AR A — S Gl ) U 1
iR . A R AN B AR RS IR B R 2D BTN O IR RREOR T S A U AT e Ah KR EERIFSY SR
B KR (SA) AT LS A Xt Rt ;=2 — @ Bt IR A SA AL FI AR T & A BT ST
AR 7 A SCE XS LA B RIS, by S5 BE A Y S0 R0 R % 2 57 F1 3 A &I A v R0 7 S AR 22 A
s, SR E AT T AT A5 b DX %) A 5 B Al
1 #REFZE
1.1 bOEEREE

ARFERET 2011 4F 5 A RET 2mA PR ILTTREH X B RS0 M 5000 % [ AR, T e 22 BR 5 K A 22
WEERT
1.2 A ToRiE A & /K e

BERLANIER 50 W FpFFREE, THTORCE , 3% 10 NE 525 b7~ 3 7K ok A9 I SR HIRE 325, BEAILI 25 i fh 1,
£ 105 CHEAR AL 10 b JEFRE  THER PR F e, XS AN EE,

1.3 Fhrmiksc s

BEBLAHI 25 K FRHE IR T 25 CHEMR/K D TERT 12 h AR 2 h B 1k, HIDRAR 3R 1
K3 JEAREE TS RERR 12 h B 1 0, TR A RROK 3R IR R = (R Bl R - TR FfH ) /TR H
W3INEL,

1.4 FpAE3E T3 e

IR ISTA Fh-F AR 2 R FHPUME (TTC, 1. 0% ) Y 3200 5 ARAP T35 J1, 0 50 Rifh 78 T 35 C

TRK iR 2 d J5 B ORI TE 35 C AP DU MR v g 5 12 b, G 58 €05 MR Rl IR 1) 25 G RER A7, 4%
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e PRph R g AR b AR S E AT AETE Ty, SE R B 4 AN ER
1.5 IREE I b8 e A i AR K iy s
BEAAEPRAE S0 R A T35 B THIA Z U840 520 10 em BRFFR ML F N T8 B85 7246 b b 17
RS B RANFE—E TEZEIRK , DAORRRIE AR, 35RO BRI ] 12 h/d, G REREE 2000 Ix, B T A6
T E RN BE Bl 8 & s ma o, AR SR AE 35 °C N kAT, ARRIFSE N F B L BUKFE R 4 A~ EE
T & AR AR S A B2 2 mm S ARifE , 78 H ST R 2080, JF TSC 8 r s 10 RAR a4 i i 5, 1H3 W &
W RIGBONE a8, Horh Wi BI85 GI= X (Gi/Dr) (Gt N5 ¢ B 9w &%, De AR B & B 80 336
FEEL VI=GIxS (S WA 10 HIW R )

1.5.1

R FRIR 7 BIMEEAE 10 .15 20 25 .30 .35 40 Fi145 C8 K,
1.5.2 Htha

25 CHI35 CHHEAM T, FERFLL RN (7R85 3R MM ZE W2 B 6 40) FIEH LI (12 h/d,2000 1x) T¥f
AT A .

1.5.3 T4

RO E(PEG) s&2—Fhm 7 FBE R, 9 iz HIRA T 245 . SRHI PEG (6000 ) #E47 1 50 42
FERMZKAZ R (SA ) b FEXTHT R 52

Fh 75 PEG Hilfi & . PEG (6000 ) 7K 73 Jiik16 5 W, Jot £ Vi 5 43 1% 0 (78488 7K ) 0. 05.,0. 10,0. 15.,0.20 ¢/
mL 5 K-, 5 2Z M L A K SAB6 K29 0,-0. 10 ,-0.20 ,-0. 40 ,-0. 67,

SA AbFS PS8 0 T B AR AE 01,10 100 me/L Y SA WK PRI 24 h, SRJSTE0.10 ¢/
mL PEG Hiff4THi % .
1.5.4 #hbeE

PP A FAES TR 24 h J5 400 T 35 42 47 Fi 51 CHEL2 h,

SA AbFRJE HEAEL  Z R T 3K A AE 001,10 100 mg/L 1Y SA IR 24 h SRIGTE 47 CHGH 2 h,
1.6 HdEib3E 55 Hr

BHRSETTH /3BT TE Microsoft Excel 2003 HVHEAT W A48 | i & 18 BORNIE 3 5 FE A [] Ak 38 8] 1) 22 S 53 A
KB 5 22 5087 (One-Way ANOVA)
2 GHRS5H
2.1 ey TRCE SRR TR 140 -

—_
)
=}
T
]

SCI R ARARF B TR E L8 39.08 g, HERK A
THFF 7K EHR 10.62% , HIE 1 ATLUE H, Fh 778
25 CIR/KTIZ 24 h J5 &K ERF) 47.57% , 1 H UL
LRI ,48 h Ja AR SRRl SR SR W Ah Bz . FT UL, RAR A B2

(=3
S
T

60 -

K%
Water absorbing ratio/ %

BEIKNE R AT, AN Fh X 7K 53 B A RO 40F
2.2 FhFAWET 20 - H H
IR PR T SR A N N < I R T B O e Rl 053 T l;' I;I 10 12 24 36 48 60 72 84 96
64. 0% | BERAT (5 14. 0% ,HoAy 22. 0% A Ye a3/ ¥ 2 1 Time/h
ORT T R (BN S NP By SR R T Bl AR FHBK
2.3 KGR B Rl T A K Fig.1 Water absorbing capacity of Bombax malabaricum seeds

2.3.1 R BERSAHR AR A NS0 AR A BRI
F 1 A FIREE B AR AR A A Rl i A KA DL . 78 15—35 °C Z[8], BEE IR TH s, b 4 B
PRCIEN2) B A R AR 7, B A4 RS 4 e O B (= 1) o #URFIH 456 10 X, 15 ‘CHI35 C
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I A K R A E] 7. 00% F161.50% , 40 °C 26 T DRGR T AR 2 TIT IR WK (BAEHE 4 KIHRISTT
RARKE AR W R I AR TR GG, FE 10 CCHI45 CHRMFT AR & . B &I, 7 & 9 1 b

AR E TG K AR U0 35 C &AM T KL Z I B 2B R AR T2 MRS I SE T ARS8

VACRISF DR ARIRIE D B, Ayl UL e il 2 R R b i Rl i A I T L s T e JE ) S R P T R

F1 OBREXMARIMFHERE HEBHNENIELHZM
Table 1 Effect of temperature on germination percentage, germination index and vigor index of Bombax malabaricum
8 Temperature/C
10 15 20 25 30 35 40 45

TiH Ttem

Germination 0.00+0.00e 7.00x1.15d 57.50+4.12b 58.00+2.83ab 60.50+1.00ab 61.50+1.00a 15.00+5.29¢ 0.00=+0.00e

percentage

WAL

Germination index

WA E 4

Vigor index
SRR P BIE AR E2E | IR — AT N FRERFRERLE 0.05 K F L2255 W3 SRR NG H B C &0E T Bl

0.00+0.00f  0.37+0.05f 5.14+0.37d 7.82+0.93c 12.27+0.16b 15.02+0.44a 2.83x1.14e 0.00=+0. 00f

0.00+0.00e 0.03+0.0le 0.65+0.06d 1.40+0.19¢ 3.35+0.19b 4.08x0.07a — 0.00+0. 00e

2.3.2  JEHEXIAHRFP T A AL A R s ——15°C —0—20°C —&—25°C
£2 0%, 25 THIRN OB BIRRME SR S0 e e

T W35 C I G IR B 4 R IR SEEORIE )1 Esof

LIS, S WRIIE F o B2

PSR 3 h EAH Eax|

2.3.3 F MBI T R AT A B St |
(1) PEG it 3 A -84 2 B0 1572 £ 1 30 ST T 5w
N2 3 FF7R ,PEG W H 0.05 g/mL B, Fh T & IR Time/d

RN IR 2 2 S (R R PR EORNIE 4R A H2 FEBEEETABHTHL R

,ﬂ;E :J:Xq—ﬂ{:i . Bﬁ%ﬂj}iﬁ%ﬂzg E/‘J %% , ﬁq% E@Bﬁ 7/{ % R Eﬁ %% Fig.2  Seed germination percentage of Bombax malabaricum in
:fabﬁ%ﬂ{ﬁjj *E‘ﬁ%ﬁ i % F%{EE , PEG mg ﬁf] 0.15 g/mL different temperatures
I, AP RCANRER A o RWIARMRAERD 70 A By BOOE 5 HER 8RR

R2 EBMAWHFHE R HRISHMNENEHRE

Table 2 Effect of light on germination percentage, germination index and vigor index of Bombax malabaricum

Hij 42 A A bR
HEE/C SR E]/h R/ % &g [EEWAEE S
Temperature Light time Germination percentage Germination index Vigor index
25 12 58.00+2.83hc 7.82+0.93b 1.40+0. 19b
25 0 54.50+3.42¢ 6.26+1.05¢ 1.13+0.24b
35 12 61.50x1.00ab 15.02+0.44a 4.08+0.07a
35 0 64.00+3.65a 14.00+0. 59a 3.75+0.44a

SRR R E bR | R — AT N TR RURAE 0. 05 KK B 2257 B3

£3 AEKRERZZE(PEG) MABMFEHLE IHEEBHMENEHNZMN
Table 3 Effect of Polyethylene glycol (PEG) on germination percentage, germination index and vigor index of Bombax malabaricum

R Z B PEG/(g/mL)

I H Ttem

0 0.05 0.1 0.15
B & % Germination percentage/ % 61.50+9.00a 59.00+6.63a 18.50+5.74b 0.00£0.00c
i & 8L Germination index 15.02+2.74a 10.68+1.05b 2.27+0.80¢ 0.00+0.00¢
1 13850 Vigor index 4.06+0. 60a 2.12+0.21b 0.13+0.05¢ 0.00+0.00¢

SRR R E bR | R — AT N TR RIURTE 0. 05 KF B 2257 B3
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2
He

Eild 33 %

(2) SA REFRX A8 K BT P PE RS2 R
M1 4 T LI H,1—100 mg/L SA AbBRR FTE & 5 W A48 BORIE 748 504, B 10 mg/ L SA Ab IS i &
FREUR & = T X BRAN , HR AR AR 4 oK LU BRI v, 800 1 B I T R 3R SA Ab FTFANBE W 2 4 &
KT8 A I BT A, L X PR TR
x4 KFHEE(SA) FTARIBTEO.1 g/mL PEG HEF LR HHEIBEHMEHISHMNH N

Table 4 Effect of salicylic acid (SA) on germination percentage, germination index and vigor index of Bombax malabaricum in 0.1 g/mL PEG

KA SA/ (mg/L)

i H Ttem

0 1 10 100

] % % Germination percentage/% 22.50+3.42a 9.501.00c 24.00+2. 83a 15.50+2.52b
W &40 Germination index 4.35+0.93b 1.82:+0. 46¢ 5.43+0. 60a 3.5420. 64b
15 JIH8 %L Vigor index 0.51+0.11a 0.16+0.04b 0.62+0.07a 0.51+0.09a

GERSIR R E RS | R — AT N TR RURAE 0. 05 KK 2257 B3

2.3.4 HAHOCRN T B & 00
(1) R AR HE % 5 2 1 B '
AR TN 24 h ORI F 4RI 35 42 47 51 ¢ 2o
H2 b RITHI % SRR BRI TS MR % E 0
RV BHEREAT(E 3) wE o
(2)SA LB RT3 2 B AAE B R
#5400 RRIIEN SA LIS Rz, O] L

W 5 HE RO ) H e R 35 T e, PRI, SA b T m e =
ﬁxﬂ ?*ﬁ%%ﬁ%ﬁﬁﬁ I;J/I\-EQL E/‘Jﬁﬂﬁ o i) Temperature/°C

3 Zig5itie B3 FEEETHHE2 h MASTHTHEE RGOS0

oy B S A (1938 D RE A SR — R B
AR A R TR RN D R

Fig.3 Effect of heat shock for 2 h at different temperature on

germination percentage of Bombax malabaricum

B b B R bR 22

Z ST, A —E R REREFIREE A, 1 FIAL
EA R ESCR" . LA BT SR G TR IR R S T s I A A LS
EATRE RS A A K AR BESE 2 R e T L SR ZEAR IR 25 PE R, /NFR A BE R AL A R
B L REAS 46 T Z RS0 L GE AR R L[]8 14 R AHE ( Bombax insigne ) 1 V1 1Y
i DL ( Ceiba pentandra) Fi—F-#B/IN 0T DAFEDN | AR J2 38 15 b 50 01488 2 B9 Fh 1A 58 ) 76 b (a) 3R A5 55 440
£ e I T N N7 R b B B 7 i A D EA Y L L R T S S NI RS S 2 B VAN L L S 1 I .2
s RO PR R A e e P A RN SRR P SRR A TR B R R 0 e A A
— 8 255, BARRY B A% A8 e AR AR it — 2P 9T

K5 SA LIEITAREFFAE 47 CHH 2 h )FEHEZ BRI

Table 5 Effect of SA on germination percentage, germination index and vigor index of Bombax malabaricum after heat shock for 2 h at 47 °C

H Tiem KR SA/ (mg/L)

0 1 10 100
B & % Germination percentage /% 23.50+3.42a 13.50£1.00b 4.00+0.00¢ 11.00£2.00b
B & #8450 Germination index 7.21+1.04a 4.50+0.41b 1.29+0.57d 2.77+0.75¢
1% JI48%K Vigor index 1.64+0.32a 1.05+0. 13b 0.24+0.09d 0.64+0. 16¢

GERSTR R BRI | R — AT N TR RIURTE 0. 05 /KF B 2257 B3

T2 AR At 2 XN P8 R R RO R I 1, 2= 1 Pk T R RHE A Rt R RAR N B2
I 1) 2% T FAGATA5 Y [ K i — R TE 50—150 mm, o 4 4F B K B 1Y 8% —18% , H AR 2L [ < ik 2 4R L |
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(11 H—855 H ) 510 w22 R K & 5 2 SRR K &1 82% —92% , K& K 4 v, {H 45 L 1 8] 25 0 (6—10
)P, TR ERE, A CHIX AR T2, BRI R A K7 5> A, TR
AR AR — A R, B i e e AR 3 38 40 C L b TR SR, IR0 S s U HORTE 2R 5 I,
oo MO TR B —JBEFE 70 CC LAY R, < R R TR X AR A R A, KRR RE S AR K e T
FRTIT 23 A P I (R PR B v REAS IE 5 ARG 52, T 7E B AN B0 A J] AR A 4l vt B, 7 b TR 19 A
6 S R R B B R A A X PR R KT e B B AT AN R T AR R B R AR S BRI
FUREYIRRERT AR B 7= A2 SN, R B R R AR P T RIS R W 64% B AR R TR AT IS )
B, PRI, 00 R R 2JG a a E W  1 J MBS B S5 i BT i 80, T X S R PR 3 WA 6 AR SIS
TR TR FEA YRR | I LT XTI 25 T IR AR A5 F ST T A A RN A i A O T S A
i GOl A

IR AE SRR AR AP MK Te Bt HL'G IR AR~ A& Tos ), SR T, 8 22 X8 e A S A0 fUss
T L e i = A X B 2 J R - A BOERN . 456 AR W I R EE S5k AR R+ T 5 A A&
AR B T 6—10 52 T HRInT 43 i T 2 R0 = i 21, DR Ry, JR 6% 1% 7K o3 B AR A~ PRk I 7K ) e
1RIE T R IIFE 4K . SRTT, BIFE 45 SR R AP 78 40 °C I & 3R 45 B 2 W, 1 & 5 AP P R BE LS |
PRIt e it (45 MR A IR ) 2 BR AR A AR A1 1E R 2 i e S K I B Al i OCHE R - e dh  Fh 7 TE 2
PRI 52 381 T 25 e 0 s Y P 2 e 1717 2 2 5T B, DTS B8O 7 B F 35 B P I i A 1) 2 s &0 1 9 0 R B
MHE 722 52 T R 2 i A K O, X Re T o A BF AR AR S 55 1E
AT S

SA SE— ML AW NN —FME S0 YA N 2 5 ZFEHREE 7T LS AP0 E R R
TR HEEeR hFEE A" VR X =R ( Trigonobalanus doichangensis ) FWF5E . & B1, SA 4b
B AT DA o AR T R B AP AE T SR AT ST T, S TR E 1 SA A BN REAR w35 A AR b 7 8 & 5F 1Y
PrEApTIE | EE X A — e W e A, BARE AL RET Y, A HRGE AN SA AR Bt T 2 R A
2, WA R RN I e O 2R R DL R TR SA KT

DL S5 R R BIARMR R ¥ BEAE R 0 AR BEJE N (15—35 °C) W &, T EL il B2 B v, i Bt , 4y v R 3l
A, IR b X 5 e R PR AR A A 2 B SCBER F T HL SA AR IT AN BE B v AP i R Y
U FTIE
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