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Abstract: The purpose of this study was to investigate the effect of experimental warming using infrared lamps
on seed germination and seedling survival rate of Pinus densiflora and Abies holophylla. The air temperature
of warmed plots had been automatically maintained 3 higher than control plots. The percent germinations (%)
of the two coniferous species were higher in warmed plots than in control plots, however a significant difference
appeared only in A. holophylla. In addition, P. densiflora and A. holophylla showed the shorter mean germination time
(days), higher germination rate (seed-day™) and germination energy (%) in warmed plots than in control plots.
A. holophylla showed a higher seedling mortality rate in the warmed plots than in control plots because of
increased air and soil temperatures and decreased soil moisture. However, seedling survival rate of P. densiflora
showed no significant difference by experimental warming. In the future, changed air and soil temperatures and
soil moisture due to global warming will induce a variety of changes in seed germination and survival rate of
tree species in nursery culture. Therefore, it is necessary to establish adaptation strategies that improve techniques in

nursery culture against global warming.
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Tk ofual i, AH 7|, skl o] wAl w A H,
AAaes 5o gdst 43S FrhBale et al, 2002;
Farnsworth et al., 1995; Peterjohn et al., 1994). 53|, 2
T Hske A8 35 9 A IS o B
E,7eAEE, FRo|8E S 59 FFY 7|l WEE
bR eF oheFst A B4 A3 UElRdth(Lewis et al,
2001). 2= F7P7F A& A A of| dEFS F=A
of gt A= Al -9 AP S Tl AEHH SR o] Fof
A gk 25 e AEY A g S 3
3= ASoE BRI E A (Danby and Hik, 2007; Morison
and Lawlor, 1999), AJ7do] Q3|8 A= wie] A
T A% JTHBarber et al., 2000; Teskey, 1997).

2w FA wol gl ol & %7 AT dFS A
= F9 QAZ A (Walck et al., 2011), == H9 2 W
slo] we} Wolgo] A e AAHTH(Kozlowski et al.,
1991). B3k Wol & G 15 dAdA = Bee} 7] wg
o] H|efalr] wiitel] &= sl wE WMt 9gtsHA
UERIA (Houle, 1994), 25 Aol W& 2|7 413} 4
gk o Z0] R K} 8-o]5tH(Lloret et al., 2009). =, 4t
AEA S 7 7127t Hle A Hol Be fBe &
Lo #A FHE gk A APF 2dst A7 dFe
AT 23} -3 A vhdS 9 S
T Ak 2y fEvet 8 FES YR Ao &
b3l Ao g 7| $Hst Ate 27 GAE AYF
(Lee et al., 2013)2} =Z}F(Jo et al., 2011; Lee et
al, 2012y o2 A 5E o] &3 FE o A=
A2 54 Wst A7) o| FARAINE, FAF ol B A
& #Ag A= F5g dA oy 2 BRE o]y
AV Al e] WSt AAA o= tf-g-akr] flsliA A+
2Wsb S dol e BRI it A Sl mA|
= FFol| o|277HA] thge A7 FE 28T A
T} (Matias and Jump, 2014; Rustad et al., 2001). ™2}
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Figure 1. Monthly mean air (a) and soil (b) temperatures and soil water contents (c) in control and warmed plots in 2012.
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(Matias and Jump, 2014)9} L X]gk Ao|th AUF&
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3]¥ A dghthal ® 3 (Escudero et al., 2002; Skordilis
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MEE FHE o83 23t A4 A e 233t A
T7F ERTETE F 10-30% F2 WolgS Bl B
2E I A HKlady et al., 2011). SFhA] =521 AUF-E
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Figure 2. Effects of experimental warming on percent
germination of P. densiflora (a) and A. holophylla (b).

ZE Ao 2 AtE tH(Bonner et al., 2008).

21 A+ (Thompson and Naeem, 1996), 3+t <54
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&0 ¥4 2 9IS v zIthLittle et al., 1994; Germino
et al., 2002; Legras et al., 2010). ZZ&{1} & AFoM =
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o4 Aol & Ho|HA 23} A2t 2R 7+
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A7F Vet wobAl]l Al AUHR(P<0.01)9F H U

Table 1. Seed germination characteristics of two coniferous species in control and warmed plots.

Species Treatment Mean germination time Germination rate ~ Mean daily germination =~ Germination energy
p (days) (seeds-day™) (seeds-day™) (%)

P densi Control 22.0+1.5" 1.63+0.09 0.97+0.07 47.8+14.4
* densiflora Warming 19.541.3 1.91£0.15™ 0.99+0.07 66.7410.7"

A holopiil Control 24.6£2.3" 2.37+0.06 1.21+0.22 15.7+7.7
- foropryd Warming 20.5+1.3 3.40£0.51"" 1.48+0.20"" 272448

Values are means+SD (n=9). The t-test was used to compare the results of control and warmed plots. *, ™, and "indicate significant

differences at p<0.03, p<0.01 and p<0.001, respectively.
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Figure 3. Effects of experimental warming on survival rate
per sown seed (a) and per germinated seed (b) of two
coniferous species.
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Figure 4. The photograph of experimental sites on 27 September 2012: control (a) and warmed (b) plot of P. densiflora, control

(c) and warmed (d) plot of A. holophylla.
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