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ABSTRACT

We investigated the changes in soil water and physiological and growth responses of Pinus densiflora seedlings
under open-field experimental warming and precipitation manipulation. In April 2013, we planted 2-year-old P.
densiflora seedlings at 2 temperature levels (control, +3°C warmed) x 3 precipitation levels (control, -30% decreased,
+30% increased) x 3 replicates (n=18). Soil water content (SWC), net photosynthetic rate (P,), stomatal conductance
(gs), transpiration rate (E), intrinsic water use efficiency (iWUE), and total chlorophyll content (Tchl.) were measured
in April, May, July, and August 2015, and the growth rate was calculated for April 2015-March 2016. SWC
significantly decreased by warming and precipitation manipulation. The rate of change in SWC was 12.17% under
warming, but 5.13% and 6.53% under decreased and increased precipitation, respectively. P,, g, and E decreased
significantly by 17.09%, 18.25%, and 16.76% under warming, while only E changed by -5.29% and 20.28% under
decreased and increased precipitation, respectively. There were no significant changes in iWUE or Tchl. by warming
or precipitation manipulation. SWC was correlated with P,, g, and E in April and May, and P, in July, but was
not correlated with any physiological properties in August. Seedling growth rates of root collar diameter and height
were not changed despite the decrease in P, related to warming. In this study, the effect of warming on
physiological responses was greater than that of precipitation manipulation, and P, decreased due to stomatal
closure induced by soil water reduction under warming. These responses changed with seasonal environmental
changes.
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Fig. 1. Soil water content from April to August 2015
under experimental warming and precipitation
manipulation. CP° control temperature and
control precipitation, CP : control temperature
and decreased precipitation, CP": control
temperature and increased precipitation, WP
warmed temperature and control precipitation,
WP : warmed temperature and decreased
precipitation, WP™: warmed temperature and
increased precipitation.

Table 1. Results of GLIMMIX analysis for soil environments and physiological responses of Pinus densiflora

seedlings
Treatment F value
SWC g P, E iWUE Tchl
W 18.79** 5.59* 14.48** 9.78%* 0.04 0.11
P 5.06* 2.71 3.8 5.71% 3.36 293
W x P 0.14 0.46 2.18 1.78 1.82 0.08
T 309.98*** 107.22%** 31.38%%* 62.68%%* 74.45%%* 18.76***
W x T 1.49 1.41 7.76%* 4.56%* 2.01 0.43
PxT 1 0.92 4.42%* 2.3 1.38 0.33
W x P xT 1.82 1.65 0.91 1.79 0.99 0.54

W: warming, P: precipitation manipulation, T: time, SWC: soil water content, g stomatal conductance to water vapor, P,: net
photosynthetic rate, £ : transpiration rate, iWUE: intrinsic water use efficiency, Tchl: total chlorophyll content.

#55<0.001, *5p<0.01, *p<0.05
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Fig. 2. Stomatal conductance (gs,a), net photosynthetic rate (P,,b), transpiration (E,c), intrinsic water use efficiency
(iWUE, d) under warming and precipitation manipulation. Abbreviations of the plots are as in Figure 1. Error
bars are the standard errors of the means, and asterisk indicates significant difference by treatments

(*p<0.05, **p<0.01).
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Fig. 3. Total chlorophyll content (Tchl) under warming
and precipitation manipulation. Abbreviations of
the plots are as in Figure 1. Error bars are the
standard errors of the means.

Table 2. Correlation coefficient of physiological responses
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A7 Aol w=w P oo} P AR Zholut folet A}
Holom tfxtet Aot 7he] fefgt afol= yEht
24U} (Figure 2c).

Aol WA sHol8HaES S Al7|of YJsiAnt f
ogt afol& Helom, 2= 9 7 24 Ao 93t ¢
ko vpepbA] orgkth (CP%: 0.07+£0.01, CP : 0.07+0.00,
CP™: 0.07£0.00, WP’ 0.07+0.01, WP : 0.08+£0.00, WP":
0.06£0.01; Table 1, Figure 2d).

SHH 23l 9 7k 24 A 2)9] woARgo] ke K
AelA E/dollA YERA] kTt (Table 1).

Al Wy FdE4 gere P 1274001, CP
1.42+0.04, CP": 1.310.07, WP": 1.27+0.07, WP : 1.41+0.06,
WP": 1.26+0.10 502 27 AJ7]of| ufabalnt f-o)et 2ol &
Holom 2ust 4 714 2do| o3t Atol= YERA] ¢k
t} (Figure 3, Table 1).
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of Pinus densiflora seedlings with soil water content

gs P, E iWUE Tchl
Month
r p r p r p r p r P
Apr. 0.54 0.021 0.54 0.020 0.58 0.011 -0.39 0.110 -0.32 0.199
May 0.61 0.007 0.74 0.001 0.63 0.005 -0.04 0.876 0.11 0.671
Jul. 0.42 0.085 0.60 0.008 0.40 0.104 -0.03 0.918 -0.34 0.167
Aug. 0.17 0.500 -0.23 0.353 0.14 0.595 -0.23 0.352 -0.23 0.369

Abbreviations of the variable are as in Table 1.

Table 3. Results of two-way ANOVA for growth rate of root collar diameter (RCD) and height from April 2015 to

March 2016
Growth rate of RCD Growth rate of height
Treatment
F p F P
W 0.56 0.4692 1.28 0.2794
P 3.53 0.0623 1.51 0.2599
W x P 0.24 0.7891 1.19 0.3378

W: warming, P: precipitation manipulation
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Table 4. Growth rate in root collar diameter and height
of Pinus densiflora seedlings. Abbreviations
of the plots are as in Figure 1. Values in
parentheses are the standard errors of the

means
Growth rate (%)
Treatment
Root collar diameter Height
cp’ 34.15(3.21) 44.16(5.56)
Cp 39.64(5.21) 32.08(2.49)
CP' 45.38(3.05) 42.01(3.53)
wp’ 34.73(3.73) 46.25(7.28)
WP 36.79(3.63) 43.41(7.96)
WP* 41.44(5.46) 40.50(6.56)
okt
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