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ABSTRACT

Larix kaempferi and Betula costata seedlings were grown under an elevated temperature (27°C) for
four weeks to understand initial changes on physiological characteristics caused by temperature rising
in connection with global warming. At the end of the treatment, growth performance, leaf pigment
content, antioxidative enzyme activities and malondialdehyde (MDA) content were measured and
analyzed. Relative growth rates of the height of two tree species grown under elevated temperature
(27°C) were lower than those of control (24°C) and dry weights of leaves, stems and roots were also
reduced at higher temperature. Particularly, the root growth reduction of two tree species increased
markedly at 27°C over the study period, which increased the ratio of shoot to root. Under higher
temperature, leaf pigment contents decreased, whereas anti-oxidative enzyme activities such as
ascorbate peroxidase (APX) and catalase (CAT) increased as compared with the control. But MDA
content was not affected by elevated temperature. In conclusion, the elevated temperature leads to
root growth reduction, restriction of nutrient uptake from soil and the reduction of leaf pigment
contents, which can inhibit the aboveground growth. In addition, higher temperature might act as a
stress factor that causes growth reduction through the increase of energy consumption during a
growth period.

Key words: Larix kaempferi, Betula costata, Growth, Relative growth rate, Leaf pigment, Antioxidative
enzyme
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Fig. 1. Changes on relative height growth rate (RHGR) of two tree species under elevated temperature.
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Table 1. Changes on the dry weight and the ratio of shoot to root (S/R) of two tree species under elevated temperature

Dry weight (g)

Species  Week Temperature S/R ratio
Leave Stem Root Total
24°C 0.06 £ 0.01a 0.02+0.0la 0.03+0.01a 0.11 +£0.01a 233+0.32a
1 27°C 0.04 £0.01b 0.02+0.0la 0.03 £0.01a 0.09+0.01a 235+0.22a
% -33 0 -18 1
Lari 24°C 0.11 £0.01a 0.02+0.01a 0.03 £0.01a 0.16 =0.01a 3.80 =0.39a
oo 2 27°C 0.06+0.01b  002+£00la  002+001b  0.10+£001b  3.33+0.69
aempferi
% -45 -33 -38 -12
24°C 0.10 £ 0.03a 0.02+0.0la 0.04+0.01a 0.16 £ 0.04a 2.97£0.40a
3 27°C 0.07 £0.02a 0.02+0.0la 0.02 £0.01b 0.11 £0.03a 3.68 =1.51a
% -30 -50 =31 24
24°C 0.03 £ 0.02a 0.03+0.0la 0.03 £0.01a 0.08 = 0.03a 1.80 =0.35a
1 27°C 0.04 £0.01a 0.04 +0.03a 0.05 = 0.04a 0.13 +0.06a 232+ 1.49a
% 33 33 67 63 29
Betula 24°C 0.07 £0.01a 0.03+0.0la 0.03 +0.02a 0.12+0.02a 332+ 1.43a
costata 2 27°C 0.05+0.02  002+00la  002+00la  009+003a  296+147a
% -29 -33 -33 -25 -11
24°C 0.11 £0.02a 0.05+0.0la 0.08 = 0.02a 0.24 = 0.04a 2.08+0.17b
3 27°C 0.07 = 0.02a 0.02+0.01b 0.02+0.01b 0.12+0.04b 4.02+0.47a
% -36 -60 -75 -50 93

All the values are means of ten replicates *=SD; Values with the different letter indicate significant differences between

two treatments (p < 0.05).

Fe Hol| o, .
=, deelghiie A 270 % 7ld) U
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27°COM = 23] 2151 AE MUK Table 1).
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LS (RGRYS 48| SHK(Loveys et al.,
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T ESIEE 2t e, ET} A
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ZFR|3L Qo] (Iglesias et al., 2006; Han et al., 2007),
2E#|2 7t AxE de] o8] glom, dxjo
= o] o=, & 1t vkS Aol= w9 A
Yel= QlAlo|thHan e al, 2009; Kim et al,
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Ak G4 b I g2urt 2] eIt 9,

% G=a0} Tzl Fale] HoE T 5%
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Table 2. Changes on photosynthetic pigment contents of two tree species under elevated temperature

, Chla Chlb Chl a+b Car
Species  Temperature = Chl a/b Chl/Car
mg g
Lo 24°C 0.77£00la 030+00la 1.07£00la 0.17+00la 2.62+00la 6.10+0.03a
e a70C 0.66+£0.01b 026+0.01b 092£001b 0.16+0.01b 2.51+£0.02b 5.74+0.02b
kaempferi
% -14 -13 .14 -6 -4 6
et 24°C 0.66+£00la 024+00la 090+00la 0.14+00la 27720072 625+0.09
wes?afa 27°C 059+001b 023+00la 082+001b 0.14+00la 257+004b 592 +0.06b
% -11 -4 9 0 7 5
Species(s) kskok kokok dokok kskok * ns
Pr>F  Temperature(T) kokx ns ko ns ok ok
SxT *okok $okk sk *okok sk sk

All the values are means of five replicates
between two treatments (p < 0.05). ** p<00.01,

+SD; Values with the different letter indicate significant differences
*** p<00.001; and ns indicates non-significance.
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Table 3. Changes on antioxidative enzyme activities of two tree species under elevated temperature

Species Temperature SOD APX GR CAT
P P (unitg™) (umol g™ (nmol g™ (unitg™)
24°C 866 * 36a 313+ 13b 817 £ 52b 326 + 168a
Larix kaempferi 27°C 658 £ 244a 558 £ 8a 2078 £ 48a 408 = 226a
% -24 78 154 25
24°C 436 + 54a 465 + 19b 373+ 54a 239 +83a
Betula costata 27°C 271 £ 69b 626+ 19a 293+ 58a 307 + 164a
% -37 35 =21 28
Species(S) ®kk ok ok ns
Pr>F Temperature(T) ns ok ns ns
SXT sk Hokck Hokck ns

All the values are means of five replicates £ SD; Values with the different letter indicate significant differences between
two treatments (p <0.05). **p <0.01, ***p <0.001; and ns indicastes non-significance.

2590, TE TP 984 TS AAHT
© A¥e B2 A7l ol & = UckHamid er
al., 2009; Kim and You, 2010). $-2]¢] A7 ZAx}
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A5 7] LE9EE, A, 12, 1% 59 34
2EG 2] o3 Al Sk AAdEa, 1=
&l 2k} 2EF27) dojuls ZloZ HaEal Qlvk
(Gabara et al., 2003; Velikova et al, 2000). ~1&]
U A5 RE aF 07 si5sl] 918k As)
324 Wol7| 38 71Aa 9], SOD 59 slE
A5 #FAH e AR AR UkElstner,
1982).
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Fig. 2. Changes on malondialdehyde (MDA) content of two
tree species under elevated temperature. All the values are
means of five replicates =SD; Values with the different
letter indicate significant differences between two treatments (p
<0.05).
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