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Abstract

Aims Seed germination is affected by both provenance and habitat conditions (light, temperature, etc.). Then
natural regeneration capacity of Korean pine (Pinus koraiensis) is determined by its seed germination, which is
the key to restore the broadleaved Korean pine forest—a regional climax community. This study aimed to reveal
the effects of light and temperature on seed germination of Korean pine with different provenances.

Methods Germinations of the P. koraiensis seeds produced in the year were investigated in both field and lab
from three provenances in China (i.e. Qingyuan, Liaoning Province; Changbai Mountain, Jilin Province; and
Yichun, Heilongjiang Province). Specifically, for field survey, seed germination data were obtained from both
forest canopy gap and forest understory in different seasons. While for lab experiment, the seed germination in
growth chamber were recorded under three light intensities (i.e. 200, 20 and 0 pmol-m~2 s%, L200, L20 and LO
hereafter) and two temperature conditions (i.e. 25 and 15 <C).

Important findings Results showed that no seeds germinated in spring (May) under natural conditions. In
comparison, the seed germination percentages (GP) from three provenances were relatively low ranging from
1.8% in understory to 33.7% in canopy gaps in summer (July) and autumn (September). However, we found that
the GP were significantly higher in the canopy gap than in the understory in summer. Besides, lab experiments
showed that the GP were relatively high (ranged from 32% to 77%) for spring and summer seeds under suitable
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light and temperature conditions (L200, 25/15 <C) in growth chamber, but the GP were very low for autumn seeds
(<2%). At 25 <C condition, the GP and germination values (GV) were significantly higher under L200 than those
under L20 and LO conditions for all the three provenances. At 15 < condition, the response of GP and GV was
consistent with that of 25 <C for seeds from Qingyuan, while the GP and GV were the highest under LO and L20
conditions for seeds from Changbai Mountain and Yichun, respectively. Under all light intensities, GP and GV
from three provenances were all higher under 25 <C than those under 15 <C. In conclusion, temperature is
essential for seed germination of P. koraiensis, and the seeds from Changbai Mountain and Yichun might require
higher accumulated temperature to break dormancy. Moreover, light helps promote seed germination at relatively
high temperature condition (25 <C). However, the impacts of light and temperature were provenance-dependent.
More specifically, the light impacts on germination were reduced at lower temperature conditions for seeds
collected from Changbai Mountain and Yichun. Our study indicated that the poor regeneration of Korean pine
natural forests might attribute to the unsuitable light and temperature conditions for seed germination.
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Fig. 1 Fisheye photographs (A, B), seasonal variations of canopy openness (C), and daily soil temperature (D) in forest stands with

different transmittances.
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Table 1 Three-way ANOVA of seasons, provenance, and light condition effects on germination percentage of Pinus koraiensis seeds under different canopy
openness conditions

J§ Source 112EFJ7F1 Type 111 sum of squares HHE df F p

1% Model 6942.932 17 20.66 0.00
Z=97 Season 2 066.04 1 195.69 0.00
& Provenance 2859.23 2 72.34 0.00
#EHEE Light 106.96 1 5.41 0.03
Z=HT>fhE Season xProvenance 147541 4 18.66 0.00
ZFAI<iE % Season x Light 222.48 2 5.63 0.01
MR <iE LR Provenance x Light 98.84 2 2.50 0.10
Fhi <& 2 >ZEFT Provenance x Light < Season 113.96 4 1.44 0.24

a, WiE RER? = 0.907 (% /5R? = 0.863). ML REFEEP < 0.05).
a, coefficient of determination R? = 0.907 (adjusted R? = 0.863). Significant differences (p < 0.05) are shown in bold.

& Qingyuan K HIlj Changbai Mountain 3 Yichun
—_ 40 - AbAa 10 10
X
< Aa gl gl Ab
230 AbZ Aa
=1
3 6+ 6+
ﬁ 2 20} i £
B g 4t 4t
g Ba Aa
E 10
E 2F 2r
]
0 0 0
1 Gap AT Understory HRE Gap ?HI'F Understory HHE Gap AT Understory

AIFIEIEHKAY; Different light transmittances
O 5 Summer @ # Autumn

B2 = AFRLRA R FAEANFIE D TARZE R BRI R R CPEMESRER) . A FAERFEIRITKR, B ER
2. KEHHE. FRAREFARERA-RGARFENEHEZRLZEQP < 0.05), NE/NGFERRRE—FWRRE G EZ
FEEP < 0.05).

Fig. 2 Germination percentage of Pinus koraiensis seeds from three provenances under different light conditions between different
seasons (mean =SE). The seeds did not germinate in spring, thus only summer and autumn data were displayed. Different uppercase
letters indicate significant differences between different seasons in the forest stands with the same light transmittance (p < 0.05).
Different lowercase letters indicate significant differences between forest stands with different light transmittances in the same season
(p < 0.05).

B IEA5%—62% [8] . FKZE B R A T B 7RG F2  ANEEECHIRA T A i 51 3Nl 5 s 21 A BT 55 P9 B 8 R (%)
' ’ SRGERED
W N B E, R RFRR, WAET2% Table 2 Germination percentages (%) of Pinus koraiensis seeds from three

provenances cultivated in growth chamber after overwintering under

(32). different forest stands (mean =SE)
2 ' 3 = Ijq ﬁlélm*i%l] TéI* \f‘q:[% E’] Hﬂ & FTI.% ri szfiEance zze%d%}o{#eilgn season @jﬁ Ungtr_siory
SRETT TR, B 7R IERDE R RS R R # Spring 76.67 £1.458  61.00 £8.19*
TEFX MGTR WA (3), JeHL L. Fh. QN Summer 56.00+520°  58.33 +7.54°
DRI FE BAE . DGR BLAE . PRI AR E B # Autumn 2004100° 0674033
ECA S =R R BAEX AR TGP, MGTHIGVYY ke % Spring 3400 +850°  32.00 +£4.93°
FEAERE Moran 5 Summer 5300+1.15%  45.00 £10.69°
P iR T, R ERS R M T % Autumn 167 +0.89°  0.330.33°
iRREESTKALDMAMFIRER, HR. K s # Spring 57.33+590°  56.00 +11.50°
EHL R LR T B 0925 C&p R o % Summer 6233 £5.04°  50.00 +10.69°
115 CHMT(E3). 25 CHMT, 3 FhEH  Autumn 0.67 +0.33" 0°

AR VN Yo SSE TR =S ] G2 e s AIENG PR FE A 27 8 Ep < 0.05).

Different lowercase letters indicate significant difference between forest

TR L2006 B 5 T L0, 15 "C4A stands with different light conditions (p < 0.05).
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=3 NFEDEHE, RERFREM A LA T & R (GP). “THIHIRITI(MGT). B ZIEE(GV)IH =N & 5 ZE 0T
Table 3 Three-way ANOVA for light, temperature, and provenance effects on the germination percentage (GP), mean germination time (MGT) and
germination value (GV) of Pinus koraiensis seeds

$EFR Index JE Source HIZEF A Type 11 sum of squares B df F p
GP 1% Model 27581.179* 17 56.175 0.00
FhiE Provenance 6191.542 2 107.189 0.00
7t Light 2987.890 2 51.727 0.00
B Temp 12 454.163 1 431.217 0.00
FJE>ot Provenance xLight 1289.040 4 11.158 0.00
FhE=EZ Provenance x Temperature 1448.825 2 25.082 0.00
e Light < Temperature 877.690 2 15.195 0.00
FhiE >0 >dEE Provenance xLight < Temperature 1090.786 4 9.442 0.00
MGT 18 Model 4 888.740P 17 6.396 0.00
P& Provenance 686.604 2 7.636  0.00
)t Light 542.808 2 6.037 0.00
W Temp 1355.676 1 30.154 0.00
FhiE >t Provenance xLight 178.422 4 0.992 0.42
FhiE > Provenance < Temperature 679.857 2 7.561 0.00
6> Light < Temperature 371.673 2 4.133 0.02
FhiE >0 >dEE Provenance xLight < Temperature 743.805 4 4.136 0.00
GV 18 Model 57.775¢ 17 47.783 0.00
FhiE Provenance 17.631 2 123.943 0.00
)t Light 0.556 2 3911 0.03
%% Temperature 28.159 1 395.914 0.00
>0t Provenance xLight 1.801 4 6.331 0.00
A= Provenance < Temperature 6.471 2 45.491 0.00
YR Light < Temperature 0.869 2 6.106 0.00
FhiE >0 > E Provenance x Light < Temperature 2.266 4 7.964 0.00

a, YE RH(R?) = 0.943 (%4 )5R2 = 0.926); b, R? = 0.664 (IH#)5R? = 0.560); ¢, R2=0.937 (A /5R?=0.917). IHEREREZE(P < 0.05).
a, coefficient of determination (R?) = 0.943 (adjusted R? = 0.926); b, R? = 0.664 (adjusted R? = 0.560); ¢, R? = 0.937 (adjusted R? = 0.917). Significant
differences (p < 0.05) are shown in bold.

¥ i Qingyuan #1111 Changbai Mountain HF#F Yichun
70 r 40 - 80
Bb Bb
60 Bab Bb
a
—_ 30+ 60
Q\i 50 Ac
é or o 20 40 T
¥ 30t Ab Ba
4 Aa Ab
B a0r ﬂ 10} Ab 20t
L Ab
10 Aa Aa Aa
0 0 [ 0 m| D =
L200 L20 Lo L200 L20 Lo L200 L20 L0
JEMIRE Light intensity
m25C O15°C

B3 SEHEE: TR A A A B B2 25 1 B 2L AD T RO R 2 CP B e #E1R) . L0, L20, L200fRFZGIE SR 7371 40, 20, 200
pmol-m2 st AFREGFRERSAHFDGCIR FARREZ MifkFEE2REZE@P < 0.05);, NE/NGFRERSAHRIRE ZM A
FEPOEIZ MR EEREZ (P < 0.05).

Fig. 3 Germination percentage (GP) of Pinus koraiensis seeds from three provenances under different light and temperature
conditions in growth chamber (mean =+ SE). LO, L2 and L200 represent 0, 20, 200 umol-m2 s light intensities, respectively.
Different uppercase letters indicate significant differences between different temperature conditions under the same light intensity (p
<.0.05); different lowercase letters indicate significant differences between different light intensities under the same temperature
condition (p < 0.05).
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Fig. 4 Mean germination time (MGT) of Pinus koraiensis seeds from three provenances under different light and temperature
conditions (mean £SE). LO, L2 and L200 represent 0, 20, 200 umol-m2 s light intensities, respectively. Different uppercase letters
indicate significant differences between different temperature conditions under the same light intensity (p << 0.05); different
lowercase letters indicate significant differences between different light intensities under the same temperature condition (p < 0.05).
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Fig. 5 Germination value (GV) of Pinus koraiensis seeds from three provenances under different light and temperature conditions
(mean £SE). LO, L2 and L200 represent 0, 20, 200 umol-m2 s* light intensities, respectively. Different uppercase letters indicate
significant differences between different temperature conditions under the same light intensity (p << 0.05); different lowercase letters
indicate significant differences between different light intensities under the same temperature condition (p < 0.05).
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