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ABSTRACT

This study was conducted to investigate the effects of high temperature and drought on growth
performance, photosynthetic parameters and photosynthetic pigment contents of Liriodendron tulipifera L.
seedlings. The seedlings were grown in controlled-environment growth chambers with combinations
of four temperature (-3°C, 0°C, +3°C, +6°C; based on the monthly average for 30 years in Korea) and
two water status (control, drought). Temperature rise increased growth, total dry weight and leaf area
in all water status. Also photosynthetic rate, dark respiration, stomatal conductance and transpiration
rate increased with increasing temperature. In contrast, growth and photosynthetic parameters of L.
tulipifera seedlings were lower in -3°C than 0°C. But temperature rise decreased water use efficiency
in all water status. Temperature rise increased photosynthetic pigment contents of leaf. Also chlorophyll a/b
ratio increased with increasing temperature. In conclusion, the elevated temperature lead to causes
growth increase through the increase of energy production by higher photosynthetic rate during a

growth period of L. tulipifera seedlings.
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Fig. 1. The treatment temperature during the experiment.
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Fig. 2. Change in soil water potential during the experiment.
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Fig. 4. Leaf area of seedling subjected to four temperature
and two water status. Vertical bars represent SD of the mean
(n=5). ""p<0.001 and ™*: non-significance. “Values with different
letters within the columns indicate statistical differences
among four temperature treatments within each water status
at the 5% levels by the Duncan’s multiple range tests.
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Fig. 3. Relative growth rate of seedling root collar diameter (left) and height (right) subjected to four temperature and two

water status. Vertical bars represent SD of the mean (n=5). ~“p<0.01,

Fk

p<0.001 and ™*: non-significance. “Values with different

letters within the columns indicate statistical differences among four temperature treatments within each water status at the

5% levels by the Duncan’s multiple range tests.
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Table 1. Dry weight and shoot:root ratio(S/R) of seedling subjected to four temperature and two water status

Water Temperature Dry weight (g) S/R
status (°C) Leaf Stem Root Total ratio
3 0.12:0.09% 0.3340.17° 1.00+0.56° 1.45+0.81° 0.46+0.10°
Contral 0 0.61+0.25° 0.99+0.28" 2.98+1.03° 4.58+1.55b 0.54+0.05°
ontro +3 0.58+0.29 0.89+0.38% 3.25+1.45% 4.7242.10 0.45+0.05°
+6 1.39+0.80° 1.430.79° 4.95+2.00° 7.7743.520 0.55+0.14°
-3 0.13+0.14° 0.42+0.30° 1.1320.98" 1.67+1.40° 0.57+0.19°
Drousht 0 0.49+0.30% 0.92+0.36° 2.1240.74° 3.53+1.23%® 0.6620.19%
roug +3 0.6240.46% 0.83+0.35% 2.12+0.90° 3.56+1.64% 0.69+0.16%
+6 0.81+0.48° 1.0240.23" 2.17+0.57° 4.00+1.14° 0.84+0.24°
Water status (W) n.s. n.s. n.s. n.s. n.s.
Pr>F Temperature (T) Kok sk Kok sk KoKk
WxT n.s. n.s. ns. n.s. n.s.

All the values are means of five replicates + SD. ““p <0.001 and n.s.: non-significance.
“Values with different letters within the columns indicate statistical differences among four temperature treatments within
each water status at the 5% levels by Duncan’s multiple range tests.

Table 2. Photosynthetic characteristics of seedling subjected to four temperature and two water status

Water Temperature Photosynthetic Dark respiration Stomatal Transpiration
status g C) rate Rate conductance rate
pmo hm °S~ Hmo: hm °S~ mol H,Om™s~ mmol Hb O m™~s~
1 CO, m2s™! 1CO, m?2s7! 1 H,O m2s™! 1| H,O m2s™!
-3 3.840.5% 0.2610.07° 0.05440.022° 0.5440.01°
Control 0 4.140.5% 0.30+0.10° 0.056+0.014° 0.7240.01°
ontro +3 5.140.7° 0.3340.02° 0.068+0.016" 0.95+0.02"
+6 6.840.8" 0.5140.05* 0.148+0.099* 1.7340.69*
3 3.140.4° 0.2240.01° 0.0260.020° 0.3840.28°
Drought 0 3.240.4% 0.25+0.07° 0.03020.000° 0.44+0.03%
roug +3 4.840.7° 0.2840.04 0.058+0.019" 0.7740.15%
+6 5.1£0.9* 0.3610.14* 0.061+0.002° 0.91+0.17°
Water status (W) ok * * *k
Pr>F Temperature (T) Rk ** * *xx
WxT n.s. n.s. n.s. n.s.
All the values are means of three replicates + SD. “p <0.05, “p<0.01, *p <0.001, and n.s.: non-significance.

ZValues with different letters within the columns indicate statistical differences among four temperature treatments
within each water status at the 5% levels by Duncan’s multiple range tests.

E£59t A5 F HEv gx2To 1x AT BT
+6°C > +3°C > 0°C > -3°C A+ £o2 A% 5497
22 AFom 2% Frd o) B St 571
sk Z102 UeRT B 73 HERe SAEER
iz=To Ax AT BT 52 25 Z5PIA 7}
=S WS e 3R S5 e AES

ATKTable 2). FPA &=, F5F &=, 71EHAEE
3 SRS BE i AT dzrh A
AYTFEG 2 7k et ey e &

Ho] FRol§EES -3°C > 0°C > +3°C > +6°C A2

O o

I

T EoR £t TS Pashs 4% BA,
Az A7t dxETEn 52 38 Ul 7sd=
Eof SAkEmohs wile] F3E YeEhlrkFig. 5).
B Arelre Az 2EHAZ Ql8) Hghy fRe
g0 Hashe Jsl7E YepgARt, 2% S7h=
L3l Aejed g ARl dEd A= 89 A
o= AYzEd.
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Fig. 5. Water use efficiency of seedling subjected to four
temperature and two water status. Vertical bars represent SD of
the mean (n=3). ~“p<0.01 and "*: non-significance. “Values with
different letters within the columns indicate statistical
differences among four temperature treatments within each
water status at the 5% levels by the Duncan’s multiple
range tests.
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s Az AT BE ewr FIAEE ¥ %

Lt

U

el 434 a9} b HIT tlZ279} AZ A2+
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Z7tl 93l =2 FhS UERATH(Table 3). 952 a,
b, & FEL, 7IEHx=C|E T H JFAL abe o
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ToF 1z A3 o3 Alole ISl

=
K
]

2= B, A vlEo] AEe A% U,
A2 o) AE 58 2k 2 T dhiel
o, o] AEAe A ] Fe3 HA &
EHYE 7R3l Atk(Kratsch and Wise, 2000). ¥
WO R 2% ZTke AES A 7REE A7),
EY U die] f71ESIE S7HIA, AE] s =
Fek= Ao I AUtkKilpeldinen ef al., 2003;
Danby and Hik, 2007; Han et al., 2009). ¥ <350
ME 257} S7FE Weh - fEe| 29789
o o] Tk Bo= R, @Al vk
Yt 71 ET 6°C A3l Mo QA
S 4R = AoF HAHY Arend er al(2011)

Quercus robur, Q. petraea, Q. pubescens o= %%

) Aele 2sh, 27) AL dlETRr L35 22
Fo B ARE YE o2 wasie. o)9)
© W, SF ASKE A% Welo) 822 AshlA
P 8 0] Froh PR BaAlE Fa 9
Qlo] Hml, BIPY B ol5Y Aslsh SFe,
AE 5] 5 A4S BAP7IE SehLim, 2010).
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Table 3. Photosynthetic pigment contents in the leaf of seedling subjected to four temperature and two water status

Chl. a Chl. b Chl. atb Car.
Water Tem}gerature Chl a/b Chl/Car
status (°C) mg cm 2
-3 17.742.4% 9.6+0.9° 27.3+3.2° 4.6+0.8° 1.840.1° 6.0+0.5%
Control 0 19.442.0° 9.340.5° 28.842.5° 49+0.7°  2.1x0.1° 5.940.5°
ontro +3 3324124°  12.943.3° 46.1+15.7* 7943.0°  2.5+0.5°  5.940.5°
+6 34.04£7.0* 13.0+1.9% 47.0+8.9° 8.0+1.9% 2.6+0.2° 5.940.5%
-3 16.443.1° 9.0+1.0° 25.444.1° 4.240.9° 1.840.2° 6.110.6"
b ‘ 0 17.142.9° 8.840.7° 25.943.5° 4.4+0.7° 1.940.2° 5.940.3*
rough +3 28.2+3.4° 11.7+0.8% 39.944.2° 7.0+0.9% 2.440.1* 5.8+0.7%
+6 31.249.8% 12.942.1% 44.1+£11.8* 8.0+2.6* 2.440.4* 5.61£0.4%
Water status (W) ns. n.s. n.s. n.s. n.s. ns.
Pr>F Temperature (T) kkx *EE *xx kxx *xE ns.
WxT n.s. n.s. n.s. n.s. n.s. n.s.

All the values are means of five replicates £ SD.

“Values with different letters within the columns indicate statistical differences among four temperature

ok

p<0.001 and n.s.: non-significance.

within each water status at the 5% levels by Duncan’s multiple range tests.

treatments
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WEE 90 % o)) S3iA doldtt. 78S
3l FTE COE B 3, A T3
S Pk AEo] i A % X 2EHx
o A WA WgE VFHEET} HAhdke Aotk
(Cornic, 2000). 71 ~EH2Z QIS QJof|Ae] 47
EAE Zo7] 98l 7185 A Hed, AE0] 71E
S A HW QoM FREAS FoFE il
COy} oz E02x AL ol IS5 Alxy co,
EEe oA HaL oo w2} FHg &
34 Eth(Gimenez et al., 1992). B dA7-e] wWsh}
FrEE X ATl FPEe, 7IeHEyE,
S5 AN, X 2E# 2] o) 7]F
o] NHARES-E A1&:3] Z2dato] Az 2Eg2o] gk
S Fole Blo] FRIHA. Olﬁﬁ"ﬁ 2]
ﬁ%ﬂr DG do] o, e Tl #5
SHgoll A 4 Olﬁﬁg— =ol7] Sl 71ES %}
J** EEHY SAEEES T Bo| At £
AFME WghiT fHE X 2E# 2 o3| 7]
5 Bot FAEEE HLAIFOEHA R0l §8E0]
S7FIAoH, B3 Sr% I AR A
o= S HIAA B
FEAE S Ad

71eE

£ET 7k

rﬁ B

2 1o o

OE, r’°" HJ{EI

3 TEAEA AEA A
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Fa3% 74 EZolt}. 7|E9] ATl oY, 2=
Z7Hl o3l HEFa S S7HFAY(Zhao and
Liu, 2009), Z+28F=(Hamid ef al., 2009) 5 THF
S WHES HRITh o]e £l wEl 2= tigh A
24 ¥hgo] th27] wfelct. WMhE fHE =
ToF Ax AT BT 257t SRS 9454 3
o] T35k SV AES Rt Zhao and
Liu(2009)<= Picea asperata®} Pinus tabulaeformis
S gdoE s st A9, g8 o, b2 F
AEL FFo] frolaiAl Frkekdtial ®Barsiglon,
ol &= S7PF Ad S w7) WiwolEkar 313l
BEAL G 2EYAE wod Thrdhs £4
S 7HAaL Jol(glesias et al., 2006), Z~Ed~ B}
Ax2 d] o8 Sl=d], £ ATl A A
2Rl -3°C Aol 7P e gk VR gt

T 2k SN 2k v F8 2B
2 YRloz o 3l JlZE| ol gl 2
FEE a9} b HIE tiETe} Ax AT B
257t SRS SRR 84 v RE F
7holl o3l F7ke AL AEA o TP 8E4&
b3 Z7hETH 217] wiEelot.

215 elMe] A4 TS 9le] A et ¥
A7d 2ok Q54 dadhl wig- D3k ws
sl=tl(Tatjana e al., 2007), 2= A54A T
et A 3R] ds A olv B A
=3 4HA Atk(Verhoeven er al., 1997). 2]
A7t AFE dejelx Ash, o] g8
| 743t (Toth er al., 2002), B AFo|M%E
o] 7k wgle] Aikefo] 7ASlAA, AA {5
7} ZHAEtar, o= Qlal <] HEA ko] 7
Aoz FAEL whde) &% Zvhe el Ak
< TTMIA EM] Aa F57F S7IPEA 9]
HEL o] VIS B oF wekdr)

2152 B o8l agE ©AE AEAY &
71BoE ARAA THFOE AHIsHH, Jojo] BHL
25| AT T7IE JEhY A Al ARSET
(Larcher, 1995). Z18{u} A&l 2EZ 27} 71514 7
-, ©skE vt ES A-atA jislE=T, ol
Sk JS AEo] AT 2 ARA 915 Al
S8l A8 et AAS 317] W] th(Ericsson et
al., 1996). ¥ Aol Ax 2Ed X wE A%
zpo)7F YepA] ¢8& AL 7% 2~Eg 20| figh o

£

> ok
o

ot

o rlo i &

}-

o
ol [U{U
rfo

¢

rr

2 e =l F8 25 MR fEe
2% SIS} B 2Edd e AR 9 A vk
LS dopr izl AAlElint 2% Alole wyikd
o AR (7= YA AT 2=
39)9] A1 1F F FAHE o831t A2l &
=% Fig. 13} Zo] FHZ 30d 5<2H1981-2010) -2
vet dAx 9 Hds 7IEoE -3°C, 0°C, +3°C,
+6°CE ATt 1% M2l 6dE uiTeh
Z AYTE HERl tiETe 9] Al AHA
-0.1 MPa oge] B 41 T8-S fAAZL, 1%
AYTE fH] ol 27191 @o] UErd wi7lA]
AE A itk 2 571 B Ax SEF 2 o
E SR e 29 Fare] e o
Z7e} FE AT BF 257} SRS =2 3]
AES VRO H, tizT7e) 1x Aeikiele Ao
7} ATt =gt W fEe] Uiy F A
= S A, 297 2 e A 2L Ao
257} S7VEE dude F AdFEe] Sk
o7, a1, U 9 F A5 B Ox A
-3°C AglrollA 7P e ghs vEhy wehir
frHEE 2% S7HT A2l QJsiA FalE e AL
2 A4S P &=, PE5F &5, VEHEE B
FAEET dl2Tet 1x AT BT 257 S7FE
T S7FIAAL, A ATl -3¢ AE]TelA 71
v ks Bk 1y 4 o888 25U 5
7V AR S BT F E9Ex 2 R
H=ol= e thxre)t dx AT B 2571 5
Vs o] 1IN ARA R, 2% T
ISR o] Ae)E] whgel SRA F
ALS A= Ao ddkEn), 18y &% A
= R O] A B AE)E wkgol] Fg ARl

P& A, Aol AslEe Ae & < AT

=
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