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ABSTRACT

Pinus densiflora is the most widely distributed tree species in South Korea. Its ecological
and socio-cultural attributes makes it one of the most important tree species in S. Korea. In
recent times however, the distribution of P. densiflora has been affected by dieback. This
phenomenon has largely been attributed to climate change. This study was conducted to
investigate the responses of growth and physiology of P. densiflora to drought and nitrogen
fertilization according to the RCP 8.5 scenario. A Temperature Gradient Chamber (TGC) and
CO, . Temperature Gradient Chamber (CTGC) were used to simulate climate change
conditions. The treatments were established with temperature (control versus +3 and +5T;
aCeT) and CO, (control: aCaT versus x1.6 and x2.2; eCeT), watering(control versus drought),
fertilization(control versus fertilized). Net photosynthesis (P,), stomatal conductance (g;),
biomass and relative soil volumetric water content (VWC) were measured to examine
physiological responses and growth. Relative soil VWC in aCeT significantly decreased after
the onset of drought. P, and g; in both aCeT and eCeT with fertilization were high before
drought but decreased rapidly after 7 days under drought because nitrogen fertilization effect
did not last long. The fastest mortality was 46 days in aCeT and the longest survival was
56 days in eCeT after the onset of drought. Total and partial biomass (leaf, stem and root)
in both aCeT and eCeT with fertilization were significantly high, but significantly low in
aCeT. The results of the study are helpful in addressing P. densiflora vulnerability to climate
change by highlighting physiological responses related to carbon allocation under differing
simulated environmental stressors.
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FEo0 7 A4S 28y aCeT2} aCeT NojA|
s 44U ~512 Abo] 71 WA 0% =02 EoF

%) subjected to drought under different treatments

Relative Soil VWC (m’m>, %)

Days since

onset of Treatments

drought aCaT aCaT N aCeT aCeT N eCeT eCeT N
8d 24.6 £ 22 4 215 23 23.0 £ 15, 17.8 £ 0.7 . 278 £+ 1.3 , 17.4 £ 0.8 .
9d 184 £ 1.1, 17125, 17.7+14, 157+£07, 235%+1.0, 13.8 £ 0.7
10d 178 +09 , 15423, 17509, 152+05, 203 +1.1, 13.8 £ 0.7 ,,
15d 184 = 1.7 » 208 £ 23, 12.0 £ 0.6 . 145+ 05, 215+12, 21115,
23d 9.8 £ 1.3 o 124 £ 1.1 4 8.7 £ 0.4, 11.0 £ 0.5 . 128 £ 0.6, 10.0 = 0.8
26d 103 £ 0.6 ,» 10.6 = 1.0 4 86 +06, 10508, 120+05, 11.0£05,
30d 113 £ 0.5, 131 £ 09 , 130+ 0.6 , 150 £ 0.7 , 13.8 £ 0.6 5, 119 £ 0.5,
38d 7.8 £ 1.0 a 73 £ 1.3 e 5.0 £ 0.7 58 £ 1.0 pe 9.3 £+ 0.6 , 8.6 £ 0.7 ,
44d 2.7 £ 1.1 5 42 + 14 4 1.3 £ 0.6 3.0 £ 1.0 44 £ 1.0 4 48 + 0.8 ,
51d - 1.7 £ 1.2 4 - - 1.3 £ 0.6 4 09 £ 0.5
58d - 0.9 £ 0.9 - - 0.6 £ 0.4 0.7 £ 0.5
67d - - - - - -

aCaT; ambient CO, and ambient temperature, aCeT; ambient CO, and elevated temperature, eCeT;

CO, and

aCeT, aCeT N, eCeT, eCeT N; n =

elevated

elevated temperature with control nitrogen and nitrogen fertilization on each treatment was
represented as aCaT N, aCeT N and eCeT N, respectively. Values are means £ SE (aCaT, aCaT N; n =

10,

25). Different letters indicate significant differences between treatments (P

< 0.05) based on multiple comparisons (Tukey’s HSD test) in ANOVA, ns: not significant.
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Fig. 1. (a) Net photosynthesis at saturating light (P,), (b) stomatal conductance (gs) of P. densiflora seedlings
under different treatment. The bars indicate means + SE (n = 3). Different letters indicate significant differences
between treatments (P < 0.05) based on multiple comparisons (Tukey’s HSD test) in ANOVA, ns: not

significant.
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Table 2. Leaf browning (%) subjected to drought under different treatments
Days since Leaf browning (%)
onset of Treatments
drought aCaT aCaT N aCeT aCeT N eCeT eCeT N
26d 112 £26 , 69 +24, 235+£56, 21.6=+44, 43 + 0.8 , 32 £ 08,
30d 26.0 + 49 , 268 £92 , 52371, 53178, 13.6 £ 2.1 84 + 19,
38d 66.0 £ 6.4 4 572 £ 124 e 792 £ 62, 674 £ 84, 420+ 65, 308 % 6.1,
44d 82.0 £ 3.7 »s 81.0 £ 94 86.8 £ 6.0, 762+ 74, 683+ 70, 730+ 6.5 4
51d - 93.2 + 5.0 n 91.8 £ 47 s 89.6 + 52, 88.0 £4.7, 884 £ 58
58d - 932 + 5.0 97.1 £ 20 ,s 89.6 +52 , 928 £34 , 884 £ 58
67d - 99.5 £ 0.5 s 992 £ 0.6 ns 997 £ 02 c 959 £2.0 , 954 £ 28
73d - - - 99.7 £ 02 s 995 £ 03 s 983 £ 1.1 4

aCaT; ambient CO, and ambient temperature, aCeT; ambient CO, and elevated temperature, eCeT; elevated
CO, and elevated temperature with control nitrogen and nitrogen fertilization on each treatment was
represented as aCaT N, aCeT N and eCeT N, respectively. Values are means + SE (aCaT, aCaT N; n = 10,
aCeT, aCeT N, eCeT, eCeT N; n = 25). Different letters indicate significant differences between treatments (P
< 0.05) based on multiple comparisons (Tukey’s HSD test) in ANOVA, ns: not significant.
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Fig. 3. P. densiflora seedlings biomass of (a) Leaf, (b) Stem. (c) Root, (d) Total subjected to drought
under different treatments with control nitrogen (Control N) and nitrogen fertilization (Fertilized N). The
bars indicate means + SE (aCaT, aCaT _N; n = 10, aCeT, aCeT N, eCeT, eCeT_N; n = 25). Different
letters on the bars indicate significant differences (P < 0.05) based on multiple comparisons (Tukey’s

HSD test) in ANOVA.
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o7 #etElckWarren er al., 2011).
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