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ABSTRACT

The impacts of high temperature and drought were studied on the seedlings of three families (superior-
gangwon74, intermediate-gangwon77 and inferior-gangwon132) of P. densiflora which had been selected
by the based on the growth indexes of 32-year-old. The seedlings were grown in controlled-environment
growth chambers with combinations of four temperatures (-3°C, 0°C, +3°C, +6°C; based on the monthly
average for 30 years in Korea) and two water conditions (control, drought). The growth performance,
photosynthetic parameters and photosynthetic pigment contents were measured at every 30 days under
four temperatures and drought condition, and the end of each treatment. The superior family showed
higher relative diameter at root collar growth rate and the dry weight than intermediate and inferior
family in all treatments. Under elevated temperature and drought condition, growth rate was decreased,
and seedlings showed lower growth rate than that of control in three families under low temperature.
Photosynthetic rate, stomatal conductance and transpiration rate of three families decreased with the
increase of temperature and drought condition, and that of seedlings under low temperature was lower
than control. But under elevated temperature and drought condition, water use efficiency increased in
three families. Photosynthetic pigment contents of leaves decreased under the increase of temperature and
drought condition, but chlorophyll a/b ratio increased with the increase of temperature and drought
condition in three families. The superior family showed higher total chlorophyll content than intermediate
and inferior family in all treatments. In conclusion, P. densiflora is under changed temperature and
drought condition, growth was decreased, seedlings more affected in elevated temperature than that of
decreased temperature. The increase in monthly average temperature in Korea of more than 6°C, P.
densiflora seedling growth in depending on region may decrease. In this study, the superior
family(gangwon74) showed more excellent growth and physiological responses than intermediate
(gangwon77) and inferior(gangwon132) family under changes temperature and drought.

Key words: Pinus densiflora, relative growth rate, photosynthetic rate, stomatal conductance, transpiration
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Fig. 1. The treatment temperature during the experiment.
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Fig. 3. Changes on relative root collar diameter growth rate (RRGR) of elevated temperatures and two water conditions in
three families. All the values are mean of five replicates £ SD; The same letters are not significantly different at the 5%

probability level by the Duncan’s multiple range tests.
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Table 1. Differences of dry weight and shoot:root ratio(S/R) of elevated temperatures and two water conditions in three

families
Family Water Temperature Dry weight (g) S/R
name status (C) Leave Stem Root Total ratio
-3 3.36+1.34 1.56£0.52 2.87+1.05 7.79+1.47 1.94+0.95
Control 0 3.61+1.10 1.66+0.34 3.58+1.34 8.85+1.82 1.64+0.69
+3 3.80+0.40 1.49+0.27 2.3540.38 7.64+0.76 2.28+0.31
2 +6 4.11£0.41 1.43+0.21 2.08+1.12 7.62+1.23 3.21+1.38
-3 2.86+0.86 1.22+0.36 2.04+0.19 6.12+0.94 2.00+0.36
Drought 0 3.00+0.86 1.48+0.20 2.13+0.53 6.62+0.64 2.27+0.89
+3 3.19+0.06 1.17+0.02 1.62+0.10 5.98+0.16 2.71+0.15
+6 3.41+0.15 1.14+0.35 1.19+£0.49 5.74+0.73 4.38+1.82
-3 2.28+0.12 1.53+£0.47 2.82+1.07 6.63+1.26 1.51+0.57
Control 0 2.75+0.86 1.59+0.48 3.18+1.15 7.5242.19 1.43+£0.47
+3 3.00+0.46 1.44+0.67 2.08+0.53 6.52+1.52 2.19+0.40
7 +6 3.26+0.24 1.37+0.47 1.84+0.07 6.47+0.63 2.52+0.34
-3 2.26£0.62 1.21+0.15 1.90+0.45 5.37+0.73 1.92+0.59
Drought 0 2.35+0.88 1.41+0.13 1.99+0.62 5.75+1.23 2.03+0.71
+3 2.42+0.22 1.12+0.02 1.58+0.35 5.12+0.49 2.30+0.39
+6 2.49+0.33 0.91+0.14 1.18+0.12 4.57+£0.35 2.90+0.39
-3 2.19+0.69 1.20+£0.41 2.26+0.28 5.66+0.53 1.51+0.14
Control 0 2.58+0.27 1.55+0.39 2.5940.40 6.72+0.31 1.66+0.47
+3 2.62+0.25 1.05+0.22 1.68+0.56 5.35+0.63 2.42+0.93
132 +6 2.99+1.12 0.96+0.05 1.25+0.42 5.20+1.46 3.20+0.67
-3 1.96+0.30 1.04+0.13 1.75+£0.28 4.75+0.39 1.75+£0.31
Drought 0 2.06+0.30 1.38+0.04 1.85+0.21 5.30+0.53 1.86+0.04
+3 2.21+0.51 0.85+0.10 1.56+0.18 4.62+0.55 2.01£0.50
+6 2.23+0.16 0.81+0.11 0.98+0.34 4.03+£0.45 3.32+0.85
Family name(F) sk sk *ok sk *
Water StatuS(W) sekok sekok sdesksk sesksk *
Temperature(T) *% sk LT Hokk kK
Pr>F FxW n.s. ns. n.s. n.s. n.s.
FxT n.s. n.s. n.s. n.s. n.s.
WxT n.s. n.s. n.s. n.s. n.s.
FxWxT n.s. n.s. n.s. n.s. n.s.

All the values are means of five replicates = SD; *p<0.05, **p<0.01, ***p<0.001, and n.s.: non-significance.
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Table 2. Differences of photosynthetic characteristics of elevated temperatures and two water conditions in three families

Family Water Temperature Photosynthetic rate Stomatal conductance Transpiration rate
name status (°C) (umol CO, m%s7h) (mol H,O m~3s7") (umol H,O m~%s7!)
-3 10.4+0.8 0.121+0.082 1.88+0.46
0 10.9£2.5 0.204+0.084 2.07+0.58
Wet 3 924122 0.114+0.027 1.65+1.03
+6 5.5¢1.1 0.049+0.016 0.51+0.02
™ -3 4.5£1.0 0.027+0.010 0.49+0.00
Dry 0 7.5+0.9 0.040+0.027 0.89+0.02
+3 2.8+0.6 0.025+0.023 0.26+0.00
+6 2.1£0.4 0.009+0.002 0.17+0.04
-3 8.7+1.8 0.126+0.022 1.71£0.18
Wet 0 9.0£1.0 0.154+0.022 1.83+0.45
+3 8.6+1.2 0.114+0.034 1.63+£0.21
27 +6 6.2+3.2 0.075+0.041 0.99+0.50
-3 4.8+1.0 0.027+0.012 0.38+0.17
0 4.8+1.6 0.035+0.017 0.38+0.16
Dry 3 3.6£0.4 0.021£0.006 0.24+0.01
+6 2.9+0.2 0.010+0.008 0.22+0.15
-3 8.242.3 0.092+0.039 1.49+0.02
0 9.4+0.9 0.127+0.039 1.78+0.00
Wet 3 6.7+1.6 0.05740.026 1.26£0.51
. +6 5.8+1.2 0.042+0.019 1.13£0.54
-3 3.6+0.5 0.023+0.010 0.26+0.00
0 4.7+0.4 0.028+0.004 0.41+0.00
Dry 3 2405 0.0080.005 0.15+0.00
+6 2.24+0.1 0.008+0.001 0.12+0.00
Family name(F) ** * n.s.
Water status(S) *xE ko HEE
Temperature(T) ok ok kK
Pr>F FxW ns. n.s. ns.
FxT n.s. n.s. n.s.
WxT n.s. *k *
FxWxT 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.
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Fig. 4. Changes on water use efficiency (WUE) of elevated temperatures and two water conditions in three families. All the
values are mean of three replicates = SD; The same letters are not significantly different at the 5% probability level by the
Duncan’s multiple range tests.
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Table 3. Differences of photosynthetic pigment contents of elevated temperatures and two water conditions in three families

Family Water  Temperature Chl. a ChlL b Chl. atb Car. Chl a/b Chl/Car
name  status (O] mgg
-3 1.91£0.06 0.70+0.03 2.61+0.05 0.49+0.02 2.73+0.17 5.37+0.18
Wet 0 1.94+0.02 0.81+0.06 2.74+0.05 0.57+0.04 2.41+0.21 4.84+0.26
+3 1.48+0.13 0.57+0.05 2.06+0.08 0.40+0.04 2.62+0.49 5.12+0.32
7 +6 1.43+0.05 0.49+0.05 1.93+0.07 0.35+0.01 2.93+0.36 5.58+0.29
-3 1.60+0.08 0.48+0.04 2.08+0.04 0.39+0.02 3.37+0.42 5.33+0.25
0 1.67+0.05 0.54+0.04 2.21+0.03 0.55+0.03 3.13+0.32 4.03+£0.23
Dry +3 1.40+0.01 0.39+0.00 1.79+0.00 0.40+0.01 3.60+0.06 4.42+0.12
+6 1.33+0.02 0.35+0.03 1.68+0.03 0.38+0.02 3.83+0.35 4.46+0.29
-3 1.63+0.22 0.63+0.05 2.25+0.26 0.43+0.03 2.60+0.24 5.29+0.26
0 1.78+0.09 0.74+0.13 2.52+0.21 0.56+0.03 2.45+0.36 4.49+0.36
Wet +3 1.41+0.04 0.49+0.12 1.90+0.14 0.42+0.09 3.00+0.73 4.74+1.23
27 +6 1.29+0.14 0.41+0.05 1.70+0.09 0.40+0.06 3.20+0.76 4.35+0.74
-3 1.42+0.01 0.40+0.02 1.82+0.03 0.45+0.02 3.56+0.12 4.06+0.23
0 1.69+0.04 0.51+0.06 2.20+0.04 0.47+0.05 3.37+0.38 4.72+0.57
Dry +3 1.36+0.03 0.31+0.02 1.68+0.03 0.36+0.01 4.374£0.25 4.66+0.15
+6 1.24+0.04 0.28+0.02 1.51+0.03 0.38+0.01 4.51+£0.43 3.97+0.11
-3 1.52+0.02 0.52+0.02 2.04+0.01 0.41+0.01 2.94+0.13 4.93+0.12
0 1.60+0.16 0.66+0.03 2.25+0.15 0.44+0.01 2.45+0.30 5.17£0.23
Wet +3 1.32+0.11 0.42+0.04 1.74+0.07 0.40+0.02 3.19+0.58 4.34+0.20
13 +6 1.28+0.01 0.35+0.02 1.64+0.01 0.36+0.01 3.64+0.18 4.52+0.18
-3 1.27+0.01 0.41£0.01 1.68+0.01 0.40+0.01 3.06+0.06 4.21+0.14
0 1.37+0.05 0.54+0.03 1.91+0.05 0.42+0.01 2.52+0.18 4.60+0.18
Dry +3 1.23+0.03 0.38+0.02 1.61+0.05 0.324+0.01 3.22+0.15 5.00+0.22
+6 1.04+0.01 0.25+0.02 1.29+0.02 0.35+0.01 4.23+0.38 3.68+0.11
Family name(F) Hkk dokk sk Kokok Kk Kk
Water Status(W) kokok skokck skokk *kokck ok sk ok
Temperature(T) eokek ok ook Hokok sk ok
Pr>F FxW ok ok * n.s. ok ns.
FxT EEES n.s. dokok EEES $ok EEES
WXT ok sk *% ok sk * n.s. *3k
FxWxT n.s. n.s. ns. ok n.s. ok
All the values are means of five replicates£SD; *p<0.05, **p<0.01, ***p<0.001, and n.s.: non-significance.
74 > 3477 > L1132 o2 A1t M = B &, 7ISAER B SEEE P B

stk FAEEE

ATE A e 2=
=9t FEolEE S YRT YoM
el A A747F 7P SsliAmt, Ax AT

Welle Zd747} 713

TolgEES M B

=
o o
o =& s

BA

by,

e} [e)
e s

=Tt dx AT 25 +6°C

gl A 3L 747F 7P

=
RE &

wolh. =, 5

ZTHET Az ATl

ek A% Al exvt S7HeE Has)
Aok A2 MRl -3°C AgFIME 0°C M
B} uke 218 WA, & 2% ATHrhs &
ek 2eu ol 8 aS-S K Bttt 1
Z A TFolA +6°C > +3°C > -3°C > 0°C 08 &
2rollA 7P B2 S Bk

o 3T
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3.3. M4 B2 BN

Sedst g dx Aol mE Ave] o W #
A Bhke JHAIZY, LewEzt, Az Feld
zolE HPom, F FEL T M9 2 E
Az At A8 EABIT F 95 3
< tiE=Te) Az AT BT 2Rk} Aglol
374> 73477 > 394132 202 A4 VY =
skom, FlZE ol gk iz W -39t 0°C
AelFeAet 2 7471 7P =2 ahs BAlth 9F
4 a%} bo] HlE =Rk} Aglo] i wiellA
= 21327}, AFRAYTF dlelAe Ad770] 71
=9k

AUE P Az ARlel] e d5A I
22 009k +6°C A2l HellA 3 770] 718 A A
asiion, -3¢ ATt WellXe 4913271 Az
Aol M2 G54 FF Ao 7P Aok ey
Fh2H=o)= R 0°C AT oM ZFh747t A

Z Aol w2 AT 7R A
Ledsle] mE 2 e F 45 e

7ot Ax 22T 5 0°C > -3°C>+3°C > +6°C
To B 257} FUFsIAA 1HAEten, A Al
M= PB4 o] Tasle AS & Al
ZlzEwols HF oAl | BF uizel 1z
AgTHelA 0°C At 7P E=3keH, 2% St
o o3l THAdhe AES EAth HEA ast bl H
= VM BEF +6°C>+3°C>-3C>0°C 22, ¥
E401 7120l = e vl ] Aaks YERt

v #

AN I 2= 2o AT A7 B4
o S HxE F23F Aotk Wu er al., 2011;
Rustad et al, 2001). 7AFZ XE#2e 2E9] 27]
AT A2 DANA w9 Fogk Aske Az 2835}
o] Mxe] do] A vy A 25 FIS vl
THKusaka et al., 2005; Shao et al., 2008). H=3oF
ES Y SRR 550 24 s 2
AAE 8% 220F9 sho|thKoch et al,
2004). B AFME AT | BF tixTEY
A2 A ollA 297 o] gashs S Hol
WA, AZ 2EGAg 3 msiyl yeldt) w3l
2150] AB3eFol= i B 7 ope}l 2Bl

A Al B0 B2 S v, 71 A
==
<] <3

7}8FA K (Danby and Hik, 2007), 23818 7438AY
(Barber et al., 2000), W3}7} §l=(Volder er al,
2004) 5 TFFSHAl UYehUar Stk £ AFelNe &
Tt F7VPAA AU] 7 AdtiAAdEo] ThA
3k 43S BYet), olv Yo e WY I
Z7Fe YEMlE 22 53& % (net assimilation rate,
NAR) whito|H, 25 S712 s8] S715k Aijelot
(Loveys et al., 2002).

YuiHog Ao Ax JEYHXAE WS AL A&}
Fol Oigh 2P| HlEE o, ¥EE o 2
WA 4 ARE Zoli §5E5 3 A
(Pallardy and Rhoads, 1993). 2} & 7oA
Az A7t 2R ZShl] tigh X <] H
£o] o A Yehd 71Ee] dytele Wie] A9E
RAEYl, Zang er al.(2014) Il oJ8hH, H=yt
UFE BE AxTe) 45 dxg= FHEsie] Agst
A}, B AxToxe i) Ak SRR,
e AzxTOIMT B Aiko] 7haste] Ashie|
gk 2P HIEo] S7FETE 7129 AqtellM=
21E2] Al QoA Helege] B A28 AE
232 = dolgle 24 B JEs wHx
(Ryan and Law, 2005; Lee et al., 2012), BLE]5&
o] e RS TE o AR oo WA BEle
Ay7o] AlgATHBengough er al., 2006)3L 3FATH.
Jug B AqelMe dx 2EYAE QIS Ty HE
S0 B S 7o) I AEe A 2
83 EFAb0] HASHHA ABHHETE AR
=S O Bol FAg 2o )

dPHF o R Lrvt ZTlelE AES APFFRT A
sHie] E2iulel o @o] FASH(Crookshanks et
al., 1998). Wan et al.(2004)S =7} Z7}51AA
U frEe] B ko] STFSEAAL, Yin er
al 2008y 25 S71 I8 Picea asperata®] S/R
Fo] A3 Aog Huslgle), ol B A =
71e] Yehe E2Ed 29 Bdo] qlokal ®Barst
At 1y 25 STP AEY o b3s ST
71% &F=H(Onoda et al., 2009), ¥ AFolrEs o
279} Ax AT 25 257t S7FRHAA S/RE©]
7R s B 2% SV} A Au = A
SR SR T 4 WS S7M7IeT B B
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o] Exjsl Ao=w AZtHET}. Richard et al.(2000)2]
ATNME Acer rubru$t A. saccharum®] L% S7}
of &3] e Aol FrFskTE Matthias et
al(2011)<& Quercus robur, Q. petraea, Q. pubescens
SolN w7t S71sPRA 71 e S718RAR,
melo} Z7) e etk Busiged, £ 9
TN 257} Z7KIRE S719) Hele] Aol
7231k ol9} o] AjEe] SREE E Lo
0@ geld e mek g2 dehdthway
and Oren, 2010). UHH2oF A& 257t F7F8}
A Sle] £t FFsAM d AEEAE QI J9)
g W shed), 2 Ak Bok we 713 8
HgoEy ZWAE0R Yo 28 W] ) 4
WHS Z717 Aoz Aok, b B 2w}
g we +eC AT W A2 Aekreln & 1%
Yol 71 ke G vehy Lol 7 2Ed)
Ao Ao B FES vXe Bo= ekt
TR, e Z7Re B Ul R o e S
PoER, SR 2EH2T A% N BSANES
0% 7hs} A7lE Ao Az

2Eo] AR 2EHAE W) HY oy 59 e
712l A ARl Aelizh vk, 53] 33 7]
Zhol] B2 FaE Fof AE S AsATle 9d)
o] it} Az 2E#H 27} P3Pl w|xe F3l
3 AT AR B A7Eap) Hagglom,
B BE e ofe] 7 Al o3k Ao=
L2 H TH(Chaves and Oliveira, 2004). ¥k 2 A
Z 2EfAE AE0] 7S 8% sl 9%
W CO, 55 XA BIEES Aslisbt, =
220 E v UAEE At B HAaE
A1t Gimenez et al., 1992; Cornic, 2000). &
TOIME AU 371 B dE Aol Bet
&5, 7IBRAEE, FEEE TARATIHA, 2 &
Edlzol tigk dlsf7t FElskA VERdT AlEe] B
7t 5 2EY2E XS HW abscisic acid
(ABAYE MdetH, ABAE 555 53l ols3sted 7]
T 24 5T uYd 28-S FE35HL(Zhang and
Davies, 1990), Z~Ed|2=el] thgt wWo]7|zte] &g
SRR & AFellXe dx 2EH 2 93) 7]
T JHHANES-S 21&8] 2date] i SE# 2] o
g =S Fole Aol FHHEA. R8RS

= A
A AT DA B-o] o, e ol ¥

e e

o,

=3 SoA] R0l EES oY) 8l VRS 2
o} B HEHT FAEEE T Wol AT
e olelgt & SUF e A= A Y
A#o 2 Uepdth(Richards and Condon, 1993). ¥
AT AN T AU THlE Tx 2Ed)Zo| 9
3 7138 2ol SAEEE Ao ZH S0l 8
BES STFIAAI, B S5 AR Qs A
Fo] Aslee 7S & 5 AT

25 7k AR Y S5 T2 TMIe
Ao Z YeRJT}. Zhao and Liu(2009y= Picea asperata
S} Pinus tabulaeformiss W g 255 ZFI7HAZ]
A, B8 S5 St Barsigion, =
e A= 243l 2o wel Picea asperata
o] B3 whgo] £XE o= Bard vl lth(Han
et al., 2009). 12y} B AFoMe 257 SR
5 Y S5t sk AYE B, 718 I
Apels UE Aes Btk 2% S ol$ 3%
3 W& Lol wet thEA| BalEy|® Sk=H], He
and Dong(2003)2 248 o|83) Salix matsudanas
exis A2ie A% B ) Pedn wus
R, GA 25 oA B H57} oAl A
RS o]d Ao E BuE vl At Gunderson et
al., 2010). oJEAl 2% J7lol| ogt B &=
e AR JES vAEAN 2UF 7 BE
257} SRS AR B el Aaske
RS & F ALE 25 Ztl o3t Ay 24
Haoe E 2EHS wiolr, st 2500 ek
Al W7er) O2H(Xu er al., 2012), ¥ A7)
A AREE A 20 tis) uile- IR 0
e L L L 4 = L
7|3 RAEET} 7Hdked(Leakey ef al., 2009), SAKE:
Lo = o]ojAHA ol 8aEo] STV |
THKanemoto et al., 2009). ¥ A= 2=
7ol Sjal 24 QolNe) BT Sk
AR S, ROl 8RS Tk 71l A7
o} e S Btk

e 2% Slof|x] AEL Bl oprlitlo] SA|H
THDuncan and Widholm, 1987). 53], &2 Hig]
o] ZHE AAA T2 Tt BHES A

5] 52 oF7IgHH(Reyes and Jennings, 1994).
B AFME B 25oA ASS Ao A%
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o) A= =] [e]
% BT Sk Ak e 2 S Ao
VRO Pk FFe 2EASS BOH L
AE

ke 545 7ML el (lglesias er al., 2006), ~E
g2 HJ7F A= gy olgHa sled], 5
< o)z wl$ =4 Jeh = QAleltk(Han er dl.,
2009). ¥ AFolrMe Az ofgk R 2EFAM
g ozl 27t STV HashiaA FEet 7t
ZH=o)= o] Sl Addhe AEE Bl F
o], &= I I sl ulle- Rz
e & AT e A4 a8t bRk W=
7 B Ax ATl w8ken, 257 7as)
Ad 7SS SR olzte ATt a2
2 2ERisle] o3 REHAE WS o), ¥54 b
AT 5L a FF ARG 3] wEoln
Ax 9 2% S7PF 454 S v A
e B2 ATllA] Zol B 4 QItkKim and You,
2010; An et al., 2008). & A7+ AIIMAH, Hx
2 2ERHSLE QI3 Qo] s R e <o
A FFF st WAV A F, et 2wt

= Welo] gatago] Fashen, Ak F47h das
g, ol Qs Qo] GRa Yol Pad Row

peE.
x~ o
= i)

2 e S 8 BAEES AU SRR
o JHAIRE 2 ST Ax 2Ed 2 ue AR
5 A Whe Wisks dopruat AAEh 2w
3t 3 Az Ao we el 29l ddds
& iETek A A2l B 25 wsje} dHglol
ARV i e e B D e
Az ATl 294 AL Fasiglon, A
A7l -3°C ATl E 0°C AR S A
S Bl B S, TIEAER B S
= VP BF Ax Ay 2t s 2
23, A ATl -3°C ATelME 0°c A
2TET B2 e B TR o ol 8EE
= 378k Ax ATl =k A AR
Ee S8 Ax Aelr M| 25 2AsiiA
T GE4 o) b HIE x Aok ewrt 1
TE I & 45A e dizTe 11X A
2t B 2ERsket Aduglol A7t 7P w3

_ , g e Are) e
Hhgoll F4290 g A S AT
gh A% REHAE o] A
= WA, o] Al
2T 2% AR 2k I U B

t}. £3, =
2 FEFe W AoF UERoH, 3% fEuete]
Bt o7t

6°C oV STV SR Aol wep
AU HES) el WS B A S e 2
o Az X ATt ewvel B A% 2
Aol og 4% 2 A Wl o} AR 2
ol2 39l & 5 ke, FrE] 271ge] 7Kg 5
58 AU} TE T b eE 9 Az e
2 SIS A% 2 Aelkgo] 71 $4air.
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