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ABSTRACT

Seedling stage is particularly important for tree survival and is easily influenced by warming. Therefore, air
temperature being increased due to climate change may affect physiological traits and growth of seedlings. This
study was conducted to investigate the physiological and growth responses of Larix kaempferi seedlings to open-field
experimental warming. 1-year-old and 2-year-old L. kaempferi seedlings were warmed with infrared lamps since April
2015 and April 2014, respectively. The seedlings in the warmed plots were warmed to maintain the air temperature
to be 3C higher than that of the control plots. Physiological responses (stomatal conductance, transpiration rate, net
photosynthetic rate and total chlorophyll content) and growth responses (root collar diameter (RCD), height and
biomass) to experimental warming were measured. Physiological and growth responses varied with the seedling
ages. For 2-year-old L. kaempferi seedlings, stomatal conductance, transpiration rate and net photosynthetic rate
decreased following the warming treatment, whereas there were no changes for 1-year-old L. kaempferi seedlings.
Meanwhile, total chlorophyll content was higher in warmed plots regardless of the seedling ages. Net photosynthetic
rate linked with stomatal conductance also decreased due to the drought stress and decrease of photosynthetic
efficiency. In response to warming, RCD, height and biomass did not show significant differences between the
treatments. It seems that the growth responses were not affected as much as physiological responses were, since
the physiological responses were not consistent, nor the warming treatment period was enough to have significant
results. In addition, multifactorial experiments considering the impact of decreased soil moisture resulting from
elevated temperatures is needed to explicate the impacts of a wide range of possible climate change scenarios.
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Fig. 1. Stomatal conductance, transpiration rate and net photosynthetic rate of 1-year-old (a-c) and 2-year-old (d-f)
Larix kaempferi seedlings. Error bars denote one standard error of the mean (n=3). Asterisks indicate a
statistical significance between control and warmed plots (P<0.05).
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Fig. 2. Total chlorophyll content of 1-year-old (a) and 2-year-old (b) Larix kaempferi seedlings. Error bars denote
one standard error of the mean (n=3). Asterisks indicate a statistical significance between control and warmed

plots (P<0.05).

Journal of Climate Change Research 2016, Vol. 7, No. 1



e 2ust X2l 02 HEs

3% 718k o] e Aoz el T, 2 G Hds AlF Lo A
= 23t Aeltof| Hsl| i tell A 10% 71 o 2A vEr
st o= 194 Y989 49, dtel 23t A2+t ¢
of 4kl ol Zfeo|7t glglom, 29 gl |
o) H=0] A7]7} Aot 23} A o] oJsf EgFo] 240
2 7tgEo] BEqF 45 o] adt At wRo] = A
2 HQlth ®3h 294 Y] Aol st At
H|gf tfz ool F P—‘—E7P =9 Aol gzt B
T T Aol e vl Ao AYzhEeh

o=

i}

lo |

I} 26 IRl R 2907
= et 248} A2t 7ol &
O}O]'E]-(Flg 3). 01, 7\] o]— B HH ﬂ 1:_4 Htﬂ
A== Al 2o BAgle] diAlz diztet _Lﬁ} A2
S 7ol AR O Ol Kol Lheh SItTHTable 1)
Al skeel e st el el
o sl AR YERIH(Yin ef al., 2008). 124t HEL
o ol ez eyls) Al ofgt Aaie] 4
= ESR] ¢ko Ao 7 YERGOH(Wu et al, 2011), Way
and Oren (2010)& WA o2 2u3lo| o3t AAFe] ofgke
[SH 9 27 AR 23] o] Aol ¢ Ak

%i

N

B=E9| AOHE| ol AHX} I:I|-% 81

Tol M= Aol whE AJsHt eS| Alo]
Aoz Uehg o, ole} phyEo] Bz A
A7} E= %?573 AA] A 2of| & Zfol7t
AJZY=ltRose et al., 1991).
EQF BETO] A, AR 2222 2A UERET, ol

| ¢l Aow Holch

Bl HEO] XA AARS. oAz EAl sl 27 HHY
Sofl whe} o] e 4= 9ok A UTH(Yin o dl,
2008; Danby and Hik, 2007; Mortensen, 1994). A13§1-Lo]| A
o-§3t 25t A 2ol 23| Pinus tabulaeformis
@} Picea asperata—J HrF Z7kEckal 2 v 9lom
(Zhao and Liu, 2009), 243l w2 Ax AEF Ao st

Ag 7180 R Z7]0A] dofih= 4o =0]7] f1sf
H7} gasks i) ez = 31t Arend er al., 2011).
e & Atoals AV Aol ‘IT“]—G]_ o1& et
WA gerem, ol Ao ’%“mﬂ B T UE
@r“%o]l% T e 2 =)
Fe UFERA] rol, Hio] A Hikgo] S7F B e
%:LEW OoJoJR|A] ¢k Ao ek

2 Aol A= A HEGol H]ﬁﬁ A ’E} HRg-2 HEouh &
w3} 2] of ol ug 2jo|7} o . 2
o= QR sh Qo] ot —l-EJ IS A A 1

).

AAO
===

2.0 10
(El) = Control (C) = Control
—— Warmed 3] —— Warmed

~ 1.5 1
=
g 51

1.0
)
@) 4
] N I |_L‘ J ﬂ

2 4

0.0 -J m 01

6.0 ) 60 - (d)
—_
=
& 4.5 4 45
=
oh 3.0 ] 30 |
[ #]
an

1.5 J ﬂ 154

0.0 - o1

Jun Au

Oct.

Jun. Aug. Oct.

Fig. 3. Root collar diameter (RCD) and height of 1-year-old (a,b) and 2-year-old (c,d) Larix kaempferi seedlings.
Error bars denote one standard error of the mean (n=3). Asterisk indicates a statistical significance between

control and warmed plots (P<0.05).
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Table 1. Component biomass (shoot, root and total biomass) of 1-year-old and 2-year-old Larix kaempferi seedlings

Jun. Aug. Oct.
Seedling age Component

Control Warmed Control Warmed Control Warmed

Shoot (mg) 13.42 10.86 117.78 64.20 227.97 24334

& 1.91) (1.48) (45.53) (17.38) (29.26) (45.98)

|vear-old Root (mg) 3.84° 3.07 20.78 24.34 177.89 231.61
Y & (0.20) (0.14) (4.78) (6.06) (15.96) (47.57)
Total (mg) 17.27 13.92 138.56 88.54 405.86 474.96

& (2.09) (1.62) (44.03) (19.93) (42.83) (79.80)

Shoot () 1.95 2.01 5.28 6.77 9.54 11.06

& (0.36) 0.67) 1.77) (2.41) (2.40) (4.58)

0.37 0.40 1.33 1.74 542 4.84

2-year-old Root (9) (0.05) (0.14) (0.36) (0.46) (121) (1.19)
Total (8) 2.32 241 6.61 8.51 14.96 15.90

& (0.39) (0.80) (2.12) (2.86) (3.57) (5.70)

The numbers represent the mean with standard error in parentheses (SE) (n=3). Asterisk indicates a statistical significance between

control and warmed plots (P<0.05).

& AH Aol P ek gel(Les, 2011; Chapin and
Shaver, 1996), 447 41| difet kst A2le] g wep
A1z wake Bavt ok v,

Egkom, ol 2t Hejo] gaf GEa
ujel o= Ayzheck. b, 2
WU RSP e 5ol A BAS fush e o
FOJg Holut HEE Holx) stk ol s} Helo] up
o 71 BHEE, SASE U SRSl Qe wake B
olX] 9k, GE4 T SBABO| TR HPL Mol
5 A 54 Aole] Au} AEA) gk W oheh

Journal of Climate Change Research 2016, Vol. 7, No. 1

SEof| glojA] e Faglel gt v~ ]
1A el FEIE YEh] i
A 2t Aol digh gkt vke=
o A7129] o] Had Zlos Heltk ofkgd BEY &
A Al Alee] Al 9 A RSOl g A7) b2l

1O
olS Rkl At dadh AoR AzpdErt:
AL AL
2 =2 AN AA7IEATNEAR Q19 2dst
A g S A Q] JfEA 9 7| 5HE} of-g A3
THIHAHE: S111115L030100)° 2] Z|Qe] 213t o1t Axtel

REFERENCES

Arend M, Kuster T, Giinthardt-Goerg MS, Dobbertin M.
2011. Provenance-specific growth responses to drought
and air warming in three European oak species (Quercus
robur, Q. petraea and Q. pubescens). Tree Physiol 31(3):
287-297.

Barnes JD, Balaguer L, Manrique E, Elvira S, Davison AW.
1992. A reappraisal of the use of DMSO for the extrac-



e 2ust X2l 02 HEs

tion and determination of chlorophylls a and b in lichens
and higher plants. Environ Exp Bot 32(2):85-100.

Byun JK, Kim YS, Yi MJ, Son Y, Kim C, Jeong JH, Lee
CY, Jeong YH. 2007. Growth response of Pinus densi-
flora, Larix leptolepsis, Betula platyphylla var. japonica
and Quercus acutissima seedlings at various levels of
fertilization. J Korean For Soc 96(6):693-698 (In Korean
with English abstract).

Chapin IIT FS, Shaver GR. 1996. Physiological and growth
responses of arctic plants to a field experiment simula-
ting climatic change. Ecology 77(3):822-840.

Collatz GJ, Ball JT, Grivet C, Berry JA. 1991. Physiological
and environmental regulation of stomatal conductance,
photosynthesis and transpiration: A model that includes a
laminar boundary layer. Agric For Meteorol 54(2):107-
136.

Danby RK, Hik DS. 2007. Responses of white spruce (Picea
glauca) to experimental warming at a subarctic alpine
treeline. Global Change Biol 13(2):437-451.

Farquhar GD, Sharkey TD. 1982. Stomatal conductance and
photosynthesis. Annu Rev Plant Physiol 33(1):317-345.

Fisichelli N, Wright A, Rice K, Mau A, Buschena C, Reich
PB. 2014. First-year seedlings and climate change: species-
specific responses of 15 North American tree species.
Oikos 123(11):1331-1340.

Fracheboud Y, Luquez V, Bjorkén L, Sjodin A, Tuominen
H, Jansson S. 2009. The control of autumn senescence
in European aspen. Plant Physiol 149(4):1982-1991.

Han S, Lee SJ, Yoon TK, Han SH, Lee J, Kim S, Hwang
J, Cho MS, Son Y. 2015. Species-specific growth and
photosynthetic responses of first-year seedlings of four
coniferous species to open-field experimental warming.
Turk J Agric For 39(3):342-349.

Hiscox JT, Israelstam GF. 1979. A method for the extrac-
tion of chlorophyll from leaf tissue without maceration.
Can J Bot 57(12):1332-1334.

Hwang J, Son Y. 2006. Short-term effects of thinning and
liming on forest soils of pitch pine and Japanese larch
plantations in central Korea. Ecol Res 21(5):671-680.

Intergovernmental Panel on Climate Change (IPCC). 2014.
Climate change 2014: Synthesis report. Intergovernmen-

tal Panel on Climate Change, Switzerland.

H20| Mz| 2l AHEf HE

= OO L

0lo

83

Kim JJ, Lee KJ, Song KS, Cha YG, Chung YS, Lee JH, Yoon
TS. 2010. Exploration of optimum container for produc-
tion of Larix leptolepsis container seedlings. ] Korean For
Soc 99(4):638-644 (In Korean with English abstract).

Kolb PF, Robberecht R. 1996. High temperature and drought
stress effects on survival of Pinus ponderosa seedlings.
Tree Physiol 16(8):665-672.

Korea Forest Service. 2012. Guidelines for seed and seed-
ling management. Korea Forest Service, Korea.

Korea Forest Service. 2015. Statistical yearbook of forestry.
Korea Forest Service, Korea.

Laio F, Porporato A, Ridolfi L, Rodriguez-Iturbe 1. 2001.
Plants in water-controlled ecosystems: active role in hyd-
rologic processes and response to water stress: II. Proba-
bilistic soil moisture dynamics. Adv Water Resour 24(7):
707-723.

Lee KJ. 2011. Tree physiology. Seoul National University
Press, Korea (In Korean).

Lee SJ, Han S, Yoon TK, Jo W, Han SH, Jung Y, Son Y.
2013. Changes in chlorophyll contents and net photosyn-
thesis rate of 3-year-old Quercus variabilis seedlings by
experimental warming. J Korean For Soc 102(1):156-160
(In Korean with English abstract).

Lewis JD, Lucash M, Olszyk D, Tingey DT. 2001. Seasonal
patterns of photosynthesis in Douglas fir seedlings during
the third and fourth year of exposure to elevated CO,
and temperature. Plant Cell Environ 24(5):539-548.

Mortensen LV. 1994. Effects of carbon dioxide concentration
on assimilate partitioning, photosynthesis and transpiration
of Betula pendula Roth. and Picea abies (L.) Karst. seed-
lings at two temperatures. Acta Agric Scand B Soil Plant
Sci 44(3):164-169.

National Institute of Forest Science. 2012. Economic tree
species 4: Larix kaempferi. National Institute of Forest
Science, Korea (In Korean).

Niu S, Li Z, Xia J, Han Y, Wu M, Wan S. 2008. Climatic
warming changes plant photosynthesis and its tempera-
ture dependence in a temperate steppe of northern China.
Environ Exp Bot 63(1):91-101.

Rose R, Atkinson M, Gleason J, Sabin T. 1991. Root volume
as a grading criterion to improve field performance of
Douglas-fir seedlings. New For 5(3):195-2009.

http: //www.ekscc.re.kr



84 QEXION - EILt - HHRIX| - S

Saxe H, Cannell MG, Johnsen @, Ryan MG, Vourlitis G.
2001. Tree and forest functioning in response to global
warming. New Phytol 149(3):369-399.

Sung HI, Song KS, Cha YG, Kim JJ. 2011. Characteristics
of growth and seedling quality of I-year-old container
seedlings of Quercus myrsinaefolia by shading and fertili-
zing treatment. J Korean For Soc 100(4):598-608 (In
Korean with English abstract).

Walck JL, Hidayati SN, Dixon KW, Thompson K, Poschilod
P. 2011. Climate change and plant regeneration from seed.
Global Change Biol 17(6):2145-2161.

Way DA, Oren R. 2010. Differential responses to changes
in growth temperature between trees from different func-
tional groups and biomes: A review and synthesis of data.
Tree physiol 30(6):669-688.

Wu Z, Dijkstra P, Koch GW, Penuelas J, Hungate BA. 2011.
Responses of terrestrial ecosystems to temperature and

precipitation change: A meta-analysis of experimental

Journal of Climate Change Research 2016, Vol. 7, No. 1

Qe

B

Ll

SESTER

o
o
=
o

¥

manipulation. Global Change Biol 17(2):927-942.

Xu Z, Hu T, Zhang Y. 2012. Effects of experimental warming
on phenology, growth and gas exchange of treeline birch
(Betula utilis) saplings, Eastern Tibetan Plateau, China.
Eur J For Res 131(3):811-819.

Yazaki K, Ishida S, Kawagishi T, Fukatsu E, Maruyama Y,
Kitao M, Tobita H, Koike T, Funada R. 2004. Effects of
elevated CO, concentration on growth, annual ring struc-
ture and photosynthesis in Larix kaempferi seedlings. Tree
Physiol 24(9):941-949.

Yin HJ, Liu Q, Lai T. 2008. Warming effects on growth
and physiology in the seedlings of the two conifers Picea
asperata and Abies faxoniana under two contrasting light
conditions. Ecol Res 23(2):459-469.

Zhao C, Liu Q. 2009. Growth and photosynthetic responses
of two coniferous species to experimental warming and

nitrogen fertilization. Can J For Res 39(1):1-11.



	실외 온난화 처리에 따른 낙엽송 묘목의 생리 및 생장 반응
	ABSTRACT
	1. 서론
	2. 재료 및 방법
	3. 결과 및 고찰
	4. 결론
	REFERENCES


