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Abstract: This study examines the effect of heat shock on the seed germination of Larix gmelinii, Pinus sylvestris var.
mongolica and Picea koraiensis from a fire-prone forest in the Great Hing'an Mountains. Seeds of the three species were
exposed 'to a range of temperatures (80,100,120, and 150°C ) for different exposure times (1, 3, 5 and 10 min). The
results show that the germination rate of Larix gmelinii seeds decreased significantly (P < 0.05) relative to the control
when seeds were subjected to 100°C for 10min, 120°C for 5min and 10min, and 150°C for 5min. With the exception of
exposures at 80°C for 1, 3 and 5 min; 120°C for 1min; and 150°C for 1min, the germination velocity index of Larix
gmelinii seeds showed a significant( P < 0.05) decrease for all other heat shock treatments. For sylvesiris var. mongolica ,
the germination rate subsequent to all heat shock treatments above 80°C decreased significantly (P < 0.05)relative to the

control. Even to the point where no germination occurred at all. At the same time, the germination velocity index for every
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heat shock treatment higher than 80°C decreased significantly at 1min exposure. For Picea koraiensis, the germination rate
increased significantly (P < 0.05) relative to the control when subjected to heat shock treatments of 80°C for S5min and
100°C for 1min. Moreover, the germination velocity index increased significantly (P < 0.05) for heat shock treatments of
80°C for 1, 3, and 5min and 100°C for 1min. On an overall basis, Larix gmelinii seeds was able to maintain standard
germination rate after a transitory high intensity heat shock of 150°C ; however, it cannot tolerate a longer heat shock, the
influence of transitory high intensity heat on the germination rate was more significant than that on the germination velocity
index. Pinus sylvestris var. mongolica seeds were quite sensitive to a heat shock above 80°C ; the germination rate_sharply
decreased with a 100°C heat shock and almost no seeds germinated above 100°C. Picea koraiensis seeds are capable lof
tolerating an instantaneous ( 1min) high intense heat shock (150°C ), and a light heat shock over short time periods( 1min,

3min, 5min)for 80°C (100°C for 1min included) stimulated seed germination of Picea koraiensis.

Key Words: heat shock; seed germination; Pinaceae; forest fire
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Table 1  Germination Rate of Larix gmelinii, Pinus sylvestris var. mongolica and Picea koraiensis seeds subjected to different heat

shock treatments

BFL(SD) Ol EHE(SD) BEFHA+(SD) 2L = f+(SD)

A TE A £(SD) ) ; . MBYEM L £(SD) . . .
. L Pinus sylvestris Picea X L Pinus sylvestris Picea
Larix gmelinii . . Larix gmelinii . o
var.mongolica koratensis var.mongolica koraiensis
CK 86.667+5.443ab  60.833+14.497a  15.000+6.939cde 120°C X 1min 78.333+7.936ab 5.000+£1.925¢d 18.334+8.819hcde
80°C X I'min 78.335+13.471ab  55.833+3.192a 26.667+9.813abc 120°C x3min 73.333+7.934h 6.667+5.443cd 10.833+3.191de
80°C x3min 80.003+9.428ah 55.000+4.303a 24.167+5.000abe 120°C x5min 54.168+5.692¢ — 9.167£1.667de
80°C x5min 87.500+7.389a 52.500+6.872a 34.167+18.534a 120%C x10min 7.500+1.667e — 4.167£1.667e
80°C X 10min 84.998+8.820ab 55.000+15.031a 4.167£3.192¢ 150°C X 1min 75.833+8.764ab — 10.000+4.714de

100°C X I min 75.833£9.953ab  40.833+3.191b 27.500+8.766ab 150°C x3min 77.500+12.874ab — —
100°C X3min 75.000+£4.304ab  13.334+7.699¢ 12.334+7.067cde 150°C x5min 22.500+3.192d — —
100°C X5min 84.165+11.343ab  2.500+1.667d 20.000+4.714bed 150°C x 10min — — —
100°C x 10min 28.335+6.939d — 4.167+1.667¢
RPBAN PRI AR RN BEER (P < 0.05) ;257 NI N ATIE K HL
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KA BEKW (P < 0.05) , Hrhisf [l N Z R K (F=116.073) , VIR E N E (F=67.667) , JJa N
W E XIS A] (F'=25.797 ) o T DLARHINT 6] X 2428 I HATof - (9 5 2 R RS2 AL B R, T 2 9 IRl XS
B JEE oG I A IR TR
2.1.2 PR T AR T W] A R R

SGRTIEAH L (K 1), 80°C AR AP - (198 A A BEA Z B WA 20, I\ 100°C IAROT 4R , T A
Ak PR A AR H B R FE, 100°C G 3min T AYET AR T FEE] 13.334% , £ 100°C FAYK 10min ZRBEF H B
B 211 120°C A8 1min 3min PRAHALIRAYHT & 3 A 5% 6.667% , N3 2 BUH 2 J5 2240 il LA | TR
JEE DA 3 AR 18] DA 3% LA B 3 AL AR PG R o B A SR I8 AT S8 52 R (P < 0.05) , L ol B2 PR 32 5 i e
K(F=279.595) , Hk IBF[RIH R (F=13.457) , 5 R iR B <IN (8] ( F=8.853) 1t BH #AK IR BEXT A 7 44 P 1
W R AR SRR, TR 7 7R S BRI 0 BRI BE g 125 T 100°C AOIELEE .
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Table 2 Two way ANOVA variance analysis of Germination Rate of Larix gmelinii, Pinus sylvestris var.mongolica and Picea koraiensis seeds

PSSR N [ERRIA AN SN
. Larix gmelinii Pinus sylvestris var.mongolica Picea koratensis
- . W} [ T . s} [ T B N s} [ T X[
o g MERIDGIE R RIS i R
Exposure TemperatureX Exposure TemperatureX Exposure Temperaturex
Temperature . . Temperature . . Temperature . .
Time Exposure Time Time Exposure Time Time Exposure Time
5SS 13487.774  23136.395 15425.784 30472.222 1466.667 2894.444 3404.202 2631.967 1230.547
H B df 3 3 9 3 3 9 3 3 9
W5 Mf 4495.925 7712.132 1713.976 10157.407 4388.889 321:605 1134.734 877.322 136.727
F 67.667 116.073 25797 279.595 13.457 8.853 23.642 18.139 2.827
B3 Significance 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

2.1.3 IO L = AL Tl R R

EXF AR (3R 1) ,80°C A B TS 2R = A2 0P 1 i & %, 80°C AL 1min H1 3min i & %A B 1
PE R A (H AR IR B B K 7E 80°CARL Smin AL FH AN 100°C FAFALHE Tmin T &R W5 (P<0.05) ,
A3 A E 34.167% 1 27.5% 5 120°C PR B & R 55 %) B BEAT B 2 22 5 (H & R 6 25 PRI i 18] 14 2 4 1 52 %
Wi R REa ;150°C TH Imin B RS XTIRKA & 2% , P 3min  Smin  10min AP T 40 = 27 T4
KRR 0, K2 Tl LUE AR E (F=23.462) FIFRGLIN E] ( F = 18.139) XJ 21 2 = AZ R 1] & F2 1Y 5 0]
ZEFEANR, P FE O TR ] 0], U BHZL B2 = A2 R0 0T LUK SZ K B[] 9 A5
2.2 PO R R R R B
2.2.1 PO D2V I RA TR R R B 5

EXTHRAREG (3R 3) )24 T A FI 75 80°C HWHT |, W & A48 A0AE AN [H] 8 Smin BYALFE T A $2 5
P AHAR IR B F K (BAE 80°C W 10min AbFE T B3 FRE(P < 0.05) 5 2422 P& MR Fh 1 B i A 3 638 4
% 100°C (120G 150°C B ek, 100°C #4438 Imin 3min Smin , 10min $.2 FFEE(P < 0.05),120°C 48 3min
5min 10min .3 FFE(P < 0.05),150°C #48 3min Smin BF FFE(P < 0.05), M3 4 Rl LIAE 1, st
[B] (F=206.512) K THEIRIE (F=108.780) , A8 ] XiF 2422 9% I FA b1~ 1 & 3 SR 38 B2 ma e A, AR 1l i
RBASEED TR,
2.2.2  FAPHON AR AP B RS B R el

xR (3 3) B PAMRR T (0 & R 38 BU7E 80°C H st H 38 B B 48 4k , 7 80°C 44 3min , Smin .
10min Zb3 T B2 TFE(P < 0.05) , ik = A1ANBE T (W] A& R A H 900 2T R FLA I Ab 3 1 kol e 45
BIRETRE(P < 0.05), WK 4 ta] LA I IR P 3 R ] 3R DL R — 35 AH B R R A - 1 ik
FIRBEIA BEZW (P < 0.05) , HARERZEZ Wi K (F=242.021) , Kk BEFEIF R (F=16.171) , /)5
Rl EE X B[] (F=4.949) & W PAHOLE X8 AP 1 & B3 B0 5 ) B K TR ok 28 PR 3L S 1 i
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F3 FREBHLETHREMR BTN ARREHFHRELEREH
Table 3 Germination Velocity Index of Larix gmelinii, Pinus sylvestris var.mongolica and Picea koraiensis seeds subjected to different heat

shock treatments

Lartx gmelinii var.mongolica koraiensis Larix-gmelinii \’ar.mo;tgolica koraiensis
Ck 4.063+0.371ab 3.318+0.863a 0.330+0.129cde 120°C X I min 3.638+0.402bed 0.17720.076d 0.507+0.243bed

80°C x1min 3.723+0.571bed 2.923+0.196a 0.647+0.224ab 120°C x3min 2.936+0.165¢ 0.238+0.217d 0.251+0.072de
80°C X3min 3.826+0.277abc 2.449+0.222b 0.627+0.124ab 120°C X5min 1.887+0.243f — 0.208+0.056e
80°C XSmin 4.265+0.263a 2.314+0.314b 0.862+0.500a 120°C x 10min 0.166+0.039h — 0.053+0.020e
80°C x10min 3.246+0.174de 2.112+0.605h 0.113+0.078e 150°C X Imin 3.564+0.523bed — 0:135+0.108e
100°C X I min 3.361£0.381cde 1.567+0.243¢ 0.642+0.161ab 150°C X3min 3.248+0.425de — —

100°C x3min 3.452+0.201cd 0.395+0.223d 0.314+0.244cd 150°C x5min 0.634+0.123¢ R —

100°C X5min 2.686+0.344e 0.058+0.042d 0.543+0.221bc 150°C x 10min — — —
100°C x 10min 0.786+0.298g — 0.073+0.030e

RPBAR N BH AR AT RN BE R (P < 0.05) ;225 NI AT Y Lo

R4 MREHREFRARZEMTFHREZREBNNEZAZSH

Table 4 Two way ANOVA variance analysis of Germination Velocity Index of Larix gmelinii, Pinus sylvestris var.mongolica and Picea koraiensis

seeds
PLETEITHA SR AN FN
. Larix gmelinii Pinus sylvestris var.mongolica Picea koraiensis
23l : ; : - ; N N ; N
e e BEE REDE o) OREOEE il B
ource i 5 5 il
T . Exposure TemperatureX T : Exposure TemperatureX T ’ Exposure TemperatureX
emperatute Time Exposure Time . G Time Exposure Time emperatite Time Exposure Time
[IREIRS 33.601 63.792 23.223 62.431 4.171 3.830 2.395 1.620 0.846
F 1 Df 3 3 9 3 3 9 3 3 9
HJ7 Mf 11.200 21.264 2.580. 20.810 1.390 0.426 0.798 0.540 0.094
F 108.780 206.521 25.061 242.021 16.171 4.949 24.537 16.601 2.888
B Significance 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.008

2.2.3 PO L RSP K R AR B 5

80°C P RE L TR (= 21 = AZRh 1 Kk 480 ( 32 3) , 7E 1min 3min Smin AYALFET | # & #0545 55 i
FHE (P < 0.05) , Hirf1 80°CHIM Smin AbFE T By H A& 28 £508 B B =1 1Y 0.862; 75 100°C F 1min AL 3
T R RS R E R (P < 0.05),5min AbBE R B & RIEHCA R S AL B A B E R,
120°C PR B & 3R FE B A 357384k, 120°C L Tmin AbIF 0 & SR FE R0 32 5 il a3 H Bl 25 PRt
(] A ZE AT T B 150°C T #4385 1min 8 &3 R FEH0E A W58 L, HAb AL B R 0, M 4 hal LA H IR
FOFIhiE] PR 3R LA S — 38 A EAE XL J 2 AZ PP 70 R R A8 E0 A WE W (P < 0.05) , s i B R 3%
MR K (F=0.798) , HUCHIR R R (F=0.540) , 5o AR IR (F=0.094) , A5 A0SR R) X6 21
FE B AZ Tl W R TR AR B e 25 SRR, ARG R DR A ]

3 Fit5iTie

WFFEAE AT, 80°C A Smin (A BET 0T LL/INGR B 125 % 22 95 AR T3 (8 117 2R R I A 30348 8, Pont
PLBVE RN T B ACH R AE RO R EER T B AR . T 80°C A9 FANK (245 80°C M 10min) T EFL M %
Vi IR R T A AR AR R, B 22 I AN b 1 B A AR AR B PR (P < 0.05) , 20 A d ¥ T, T
HOERT 80°C B Tmin A1 3min (456 [E] AR, 5 % 3 1508 B LU BEAT 3802 5, ELJ i Al R AR A I
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FHTFE(P < 0.05), T8l A IR IEK 7675 T 80°C AL FEH , Smin F1 10min F4 B[R] (1) $4 5 4k B A
KR R BRI HII BETRE(P < 0.05), RTLUE ), %6 A 1] i 5 B A KRR — 8 B B D A8 0 4 22 9 Ay
FiFH A& MR IS 88 R R I 242 5T AR DL R A i JOR R X S 1 R AT DR R SR A,
U/ INER 3 R B A iR i (ER R 3 A i R B T ARG

W78 B, 80°C KX R WA Fp 1A B & R A il 25 R, V5 A iR I8 8 25 R R (P < 0.05) 51
T 80°C I B A& R A A& BRFE B0 W2 TR, OF HLAE S T 100°C H () 6 A A B il R R 2 | Rt fie
FHRAFh 05 & A e A A eV E ,1&% lﬂﬂ‘%%?é?ﬁﬁ%ﬁﬁd”j‘ﬁ*ﬁ( Pinus sylvestris) HAfF 5% T A5 2T A [R)
AEEE 22 B RARP T AN RE AR SZ o BRI s () SRR, 9 2 6 7 32 I S 30 7], mT AR, bR A J5 R
A LR 2R LR D S R AR T DL i H SR AR R ] A

MAFFEZE R IR 0] LI 205 = AR FE 80°C AL Smin F1 100°C #43 Tmin T H & M1 B8 %L
WERRE (P < 0.05),H i 80°C #3% Smin ik 25, 80°C K 1min 3min B & H B AW ERE (P <
0.05) fHH k3 FUA S i A3 oA i B 357K F 5 78 100°C FA3 T A9 AR =~ 4b AT 120°C ARIAL 21 1Y
B & A5 W R BARAE RO FEAR LR B35 22 5, HLAE 120°C HGEL 3min A1 Smin ZbFF 2 FFEBE, 2k a2
T ] D 32 A v e JRE ksl ARG, AR 3 8 (R ARG 1 BB 45 B T AT AR Mok e
B R 2 IR R A A SRR T B B & | L & R PR i B T e e 2 D A R
2 IR KR AT ARSI %

Rl 18 2 i 5 DX 5 B T o) 3R ) 5 M 2 ) o e DK 1123 A 15 100, — P T4 a3 R
Tl 22 5 JE 30T, DR b 5 1 A A7, K I HE 130 /IN TR 14 2% B R DU E LA A= 7727 | 2422 PR G % 7 T 012
40—60 4F  fTHA & B RIITE 30—40 4, 20 2420 80160 4F, 78k AR I KA 15—20 419 RE
XA KCIAE [T Ry 30—40 AR rh b X RPA I rb (430 20 b DK e fR BE A 55 , TP L m M7 32 3 T
BRPERRBONIR I T W & B TR MU /N T R B WAL K 25 42 308 A WD 5 1B 3 el a7 — % 1) K
B SR DL IRIAE AT 5 2428 T R R 12 TR R R 2 0 1 #0 b DX. = g o 43 A ARG A 20 BTG 2 1
JE ARSI TR T DL R H TR I AR AR FE R %A IS LR L IX., I I KA 110—120 4F, K
G U KT 2 L5 AN RS AR K B 1 K R KBS AU AR B KO8 DX 2487 AR i 1R
OLIF TR TR 2L AP 1 W & SR BERIR HE T, 76 IS R W 2 1 3k B o | 210 B2 25 A2 W 2 B T R X 4
B ZZ T H SRR 0 & B TR AN BB SE bR, PRI AR R % 2208 AU AR OBE X, 2428 J5 A K B T e
U BETFANKZ 211 2 A2 AR DX B0 5 7E AU ER 0% 3 kb IX., 4982 v KR A b 7 28 32 i it AR, +
HE T EM T A2 T RE MY, 2 UKt e, B3R R R AR 71 k0% )™ B T e, A +
BT 2 B TR T rT LA RFIT & 16 J1, D T5 AR BOE R 5D TR, 40 2 207 N2 &Rk
7132 5% BE AR WA B % BE T AR B4 =, T ATE U IR0 5 B KRR DX, 42 JE A K B B i, B i &, 3%
HI LT R 5 AR (0 B 1 DB U TR A (R TR AR BRI LA IR R, KO8 R AR T 24 7
R LY T O S i o 3 -5 v [ B e A W i A e o o <10 0 B P B e 2
WA FINEREE 2 T2 B2, 40 % A2 BAE R4y KO0 A0, X AT B 21 B2 5 A2 0 R % 22 08 1l IX 1) 43 A
SRR

ARSC HIBIFFE 45 S B PR =P b B B i & s e R AN [ ), R R B 44 11, Torres 5522 345 IA
N GHABHE YR [ B ER R B A RER SR A 38 TR A S50 I A R R T A A 4R O RN &G S i
K AT OGRS TR R AGTTACRE T ARk £ R i X R TR 22 1 R R T & AR LRI R A A
RGBT AR T S (R R FUR ARG v 5 — R, DR A 06 B R O T A AR 7= 36
0 A 9T

£ 3L Hf ( References)

[ 1] Keeley J E, Fotheringham C J. Role of fire in regeneration from seed// Fenner M eds. Seeds: The ecology of regeneration in plant communities.

http ; //www.ecologica.cn



19 4] B A AP KRG TS =R BH R 7 17 4 1 S 6587

[2]

[5]

[6]

[7]

[10]

[11]

[12]

[13]

[14]
[15]

[23]

[24]

[25]
[26]

[27]
[28]
[29]
[30]

[31]

[32]

Wallingford : CABI, 2000 311-330.

Emery S M, Uwimbabazi J, Flory S L. Fire intensity effects on seed germination of native and invasive Eastern deciduous forest understory plants.
Forest ecology and management, 2011, 261(8) ; 1401-1408.

Staden J V, Brown N A C, Jiger A K, et al. Smoke as a germination cue. Plant Species Biology, 2000, 15(2) . 167-178.

Read T R, Bellairs S M, Mulligan D R, et al. Smoke and heat effects on soil seed bank germination for the re - establishment of a native forest
community in New South Wales. Austral Ecology, 2000, 25(1) ; 48-57.

Goodwin J. R., Doescher P. S, Eddleman L. E. After ripening in Festuca idahoensis seeds: adaptive dormancy and implications for restoration.
Restor. Ecol. 1995, (3). 137 - 42.

Jetfery D J, Holmes P M, Rebelo A G. Effects of dry heat on seed germination in selected indigenous and alien legume species in South Africa.
South African Journal of Botany, 1988, 54(1) . 28-34.

Hanley M, Unna J, Darvill B. Seed size and germination response: a relationship for fire-following plant species exposed to thermal shock.
Oecologia, 2003, 134( 1) 18-22.

Warcup, J. H. Effect of heat treatment of forest soil on germination of buried seed. Australian Journal of Botany, 19807 28(5-6) ./ 567-571.
Keeley J E, Morton B A, Pedrosa A, et al. Role of allelopathy, heat and charred wood in the germination of chaparral herbs and suffrutescents. The
Journal of Ecology, 1985, 73(2) . 445-458.

Keeley ] E, Babr-Keeley M. Role of charred wood, heat shock, and light in germination of postfire phrygana species from the eastern Mediterranean
basin. Israel Journal of Plant Sciences, 1999, 47(1): 11-16.

Hanley M E, Fenner M, Ne’ eman G. Pregermination heat shock and seedling growth of fire-following Fabaceae from four Mediterranean-climate
regions. Acta Oecologica, 2001, 22(5) : 315-320.

Nuaiiez M R, Calvo L. Effect of high temperatures on seed germination of Pinus sylvestris and. Pinus halepensis. Forest Ecology and Management,
2000, 131(1): 183-190.

Thomas P B, Morris E C, Auld T D. Interactive effects of heat shock and smoke on germination of nine species forming soil seed banks within the
Sydney region. Austral Ecology, 2003, 28(6) : 674-683.

Auld T D. Dormancy and viability in Acacia suaveolens (Sm) Willd . Australian Journal of Botany, 1986, 34(4) . 463-472.

Tieu A, Dixon K W, Meney K A, et al. The interaction of heat and smokeyin the release of seed dormancy in seven species from southwestern
Western Australia. Annals of botany, 2001, 88(2) : 259-265.

Hanley M E, Lamont B B. Heat shock and the germination of Western Australian plants species; effects on seeds of soil and canopy-stored species.
Acta Oecologica, 2000, 21(6) ;315 - 321.

BEE . KOGLW TR I BRARA S R GRS ST 7 274, 2002, 24(5-6) : 105-111.

IRIRE, DIRATE, WIS, ROLLIEHRIC BRI BRARIRAZ. ARAUML 222241, 1986, 14(4) :1-7.

TR, K62l b X AR [ TR BIE 5. Rk, 1989, 73 10-12.

Moreira B, Tormo J, Estrelles E, et al. Disentangling the role of heat and smoke as germination cues in Mediterranean Basin flora. Annals of
Botany, 2010, 105(4) : 627-635.

Herranz ] M, Ferrandis P, Martinez-Sanchez J J. Influence of heat on seed germination of seven Mediterranean Leguminosae species. Plant Ecology ,
1998, 136(1): 95-103.

Reyes O, Casal M. Germination behavior of 3 species of the genus Pinus in relation to high temperatures suffered during forest fires// Annales des
sciences forestieres. EDP Sciences, 1995, 52(4) : 385-392.

Turna I, Bilgili E. Effect of heat on seed germination of Pinus sylvestris and Pinus nigra ssp. Pallasiana. International Journal of Wildland Fire,
2006, 15(2) : 283-286.

Singh+ A, Raizada P. Seed germination of selected dry deciduous trees in response to fire and smoke. Journal of Tropical Forest Science, 2010, 22
(4): 465-468.

WA, ISR, B, B, Bl R AL TR X 2 e AR A ML TR ARl AR, 2014, 34(2) ;1924

Alvarez R, Valbuena L, Calvo L. Effect of high temperatures on seed germination and seedling survival in three pine species ( Pinus pinaster,
Pinus. sylvestris and Pinus. nigra) . International Journal of Wildland Fire, 2007, 16(1) : 63-70.

HIGBE , S KERMAE S R G PRI, ZRAEMOL 2741, 1990, 18(1) : 8-13.

BHEL, Tdim, Wi, fLEAE, MHRAG. MR T3 R0 BRI BRI AR B4R, 2004, 24(2) ¢ 182-187.
B, M, TR BRI RS ZIE LT B ZAZFORE R 585 SRR IS, MOl RH=IF5E, 2012, 25(3) : 325-331.

Torres O, Calvo L., Valbuena L. Influence of high temperatures on seed germination of a special Pinus pinaster stand adapted to frequent fires. Plant
Ecology, 2006, 186(1) . 129-136.

Habrouk A, Retana J, Espelta ] M. Role of heat tolerance and cone protection of seeds in the response of three pine species to wildfires. Plant
Ecology, 1999, 145(1) . 91-99.

ARG , WRR . D6 P AAXT JCSE A S R T IOIE L. ARARBIT K, 1989, Z4. 24-28.

http ; //www.ecologica.cn





