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Effects of Open-field Artificial Warming and Precipitation Manipulation on
Physiological Characteristics and Growth of Pinus densiflora Seedlings
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An, Jiae and Son, Yowhan'

Dept. of Environmental Science of Ecological Engineering, Graduate School, Korea University, Seoul, Korea

ABSTRACT

Climate change affects plant responses on physiological characteristics and growth, and Pinus densiflora, one of
the major tree species in Korea, are expected to be particularly vulnerable to rising temperature and increased
precipitation. This study was conducted to investigate the effects of an open-field warming and precipitation
manipulation on physiological characteristics and growth of P. densiflora seedlings. Seedlings of 2-year-old P. densiflora
were planted in April, 2013, in open-field nursery located at Korea University. The air temperature of warmed plots
had been set to be 3 higher than the control plots using infrared lamps. Precipitation was manipulated to be 30%
lower or higher than the control, using transparent panels and drip irrigation. Net photosynthetic rate, total
chlorophyll content, seedling height, root collar diameter and biomass were measured from April, 2014 to April,
2015. The increase in new shoot biomass from warming was statistically significant, with the biomass in warmed
plots about 2-fold higher than in the control plots in 2014 and 2015. This result might be related to advanced bud
burst and increased occurrence of abnormal new shoots in warmed plots. Meanwhile, the results of net
photosynthetic rate, total chlorophyll content, seedling height, root collar diameter and total biomass from warming
and precipitation manipulation were not statistically significant, but tendencies of lower net photosynthetic rate and
higher seedling height and biomass in warmed plots compared to the control were shown. Such might be
speculated as results of the extended growth period. When root to shoot (R/S) ratio was calculated from the
biomass data obtained in April 2014 and April 2015, increased R/S ratio was observed regardless of the treatments
applied. Drought tolerance of P. densiflora and particularly low annual precipitation observed in 2014 were suggested
as the possible reasons.
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A Ao 233}t Al o) W2 FEE Byoh &
w3t 9 ke 2 AE)e] 5942 yERR] gRdTH(Fig. 1).
durd o 2= 7o Qs Al 7]so] A%} =7 wi
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Fig. 1. Mean net photosynthetic rate for P. densiflora
seedlings with warming and precipitation mani-
pulation in 2014. P°C (precipitation control and
temperature control plots), P°W (precipitation
control and warmed plots), P~C (precipitation de-
creased and temperature control plots), P~W
(precipitation decreased and warmed plots), P*C
(precipitation increased and temperature control
plots) and P*W (precipitation increased and
warmed plots). Error bars indicate the standard
errors of the mean.
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Fig. 2. Total chlorophyll content for Pinus densiflora seed-
lings with warming and precipitation manipulation
in 2014. Abbreviations of the treatments are as
in Fig. 1. Error bars indicate the standard errors
of the mean.
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Fig. 3. Seedling height (a) and root collar diameter (b)
of Pinus densiflora seedlings in April, 2014 and
2015. Abbreviations of the treatments are as in
Fig. 1. Error bars indicate the standard errors of
the mean.
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& pRolgas, A 7RI 37} o= Busw grkWu
et al., 2011; Lee et al., 2012; Chung ef al., 2013). & &1L
Al et 4120 BET F7he 250l gk w9 Wks A
2 et A 7 2710l weto] 9 Ao Amsl.
%, =9 B Mok &0 ®IZdstA 1-3-5h(Slaney et
al., 2007; Lee, 2011), 243} Z2]of] oJsff 7lo} A|7]7F o
AR= Zo] RE3l Qe Chung et al, 2013; Han et al.,
2014). ¥ A7 20159 48e] B REO| A2 A4
74 24 Ao] Amiglo] Lut8h HTolA o We A%
S BYOom(P°C: 27.11+5.95, P'W: 32.67+2.17, P C: 25.56+
2.39, PW: 28.67+1.35, P'C: 30.56+4.12, P'W: 32.22+3.37),
RE A 28 AYelA 23t Aol ofsf 7ot 9 A
A7 A 0z oF 108 SR Sl TRawlelTPark,
unpublished data). 412 A& F7h= 23} A 2o s
F7a o) ot olAblz WANE, Fot 2 A 4717t
HFAY L= Qg AR 717 S7F 58] FF Wil Aew
AR T, 0|9} - FEES P. sylvestris?} P. nigras TS
Z 3t o2 Ao BaE v} QIcK(Thiel er al, 2012;
Taeger et al., 2015).

S, R/SEo] ek st 9 e 24 Ao Fode
201413} 20159 2 LA gokony, mE 74 2 A
2ol A evtsh Aelol met 7hasks A HITHTable 2).
23} Aol wheh AvbE 2E0] R/SEo] st A A
AFR A ERF Z710} Telo] Qs Ao ghkEr. ol AT
olfE HYPrE 28t Aol s o) BETel St
sto] R/SEo| 72:5hH(Way and Oren, 2010), 0|2} o] &
s} Aol olg AP A B7H R ol8 mee 271
of 7191t Ao & R = v} It Yin ef al, 2007). THH 2014
Wt 201599] RISES Blmet Az}, 147 BE Aol

Mo Ml
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Table 1. Two-way analysis of variance on the effect of warming and precipitation manipulation on new shoot

biomass in April, 2014 and 2015

Parameter Source df SS F P

Warming (W) 1 5.0053 21.93 0.0005

New shoot biomass s
in April, 2014 Precipitation (P) 2 0.2534 0.56 0.5880
W x P 2 0.0166 0.04 0.9644
Warming (W) 1 24.7964 20.22 0.0007

New shoot biomass e
in April, 2015 Precipitation (P) 2 1.1101 0.45 0.6464
W x P 2 0.0623 0.03 0.9750
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Table 2. Biomass and root to shoot ratio (R/S) of P. densiflora seedlings with warming and precipitation manipu-

lation in April 2014 and 2015

P°’C P'W P C PW P'C P'W

New shoot (g) 1.02 2.16 0.79 1.80 0.93 1.94
£ (0.00)™ (0.54)* (0.03)° (0.09)® 0.12)* (0.38)"

Stem (@) 4.70 597 4.64 4.00 5.00 471

& (0.30)* (0.94) (0.39) (0.34) (0.48)° (0.44)"

Leaf (g 5.03 6.75 3.38 5.34 436 5.52
& 0.57)° (1.93)° (0.08)" 0.47)° (0.49) (0.80)*

. 10.90 14.88 8.81 11.13 10.33 12.18
April, 2014 Above (g) (1.00)° (3.24)" (0.35)" (0.75)° (0.49)° (1.50)"
Root (@) 453 5.20 3.69 443 433 411

& (0.58)" (0.95)° (0.20)" 0.51)° (0.35)° (0.53)°

Total (2 15.59 20.09 12.54 15.57 14.82 16.28

& 1.73)° (4.19) (0.42)" (1.09)" (0.92)° (2.02)"

RIS 0.43 0.36 0.42 0.41 0.43 0.34

(0.03)" (0.02)° (0.02)° (0.05) (0.03) (0.00)*

New shoot (g) 2.82 5.25 2.36 454 2.66 5.10

£ 0.33)™ (1.15)" (0.32)° (0.36)"® 0.41)* (0.80)*

Stem (@) 15.13 14.10 9.38 14.80 11.95 14.82

£ (1.82)° (1.03) (1.04) @.11y? (3.13)° (2.70)*

Leaf (¢ 17.69 17.53 10.50 19.40 14.77 18.67

g (5.50)* (0.69)" (1.00)* 1.57¢ (3.87)° (4.88)"

. 34.03 36.87 2225 38.73 29.38 38.59
April, 2015 Above (g) (8.41)° @2.13)" .21y (3.00)° (7.35)° (7.98)"
Root (@) 17.85 19.48 12.29 17.51 16.25 17.12

£ 6.01) (2.57)" (0.60)" 0.92)° (3.80) (2.79)

Total (2 51.56 55.48 35.02 54.79 45.63 51.64

& (19.12) (3.44) (2.21)° (1.40)" (1111 (6.62)"

RIS 0.67 0.53 0.53 0.47 0.55 0.49

(0.20)" (0.06)" (0.04) (0.02)° (0.02)° (0.05)°

Abbreviations of the treatments are as in Fig. 1. Values with the different letter (*°) indicate significant difference among six treat-
g g g

ments (P<0.05). The values in parentheses are standard errors.

R/ISE0] F7lol= 73S Hlom, ol 201499 7 wi+
off ASHER L] it Ful7t S7FE Al A o= wekEch
o] Ao M= AT FAA P. sylvestris L P. canari-
ensis®| Fe] Zolo} x|si BEgo] F7IRE Aom HiE
v} QJciLopez et al., 2009; Taeger et al., 2015).

23} A2of ofsf Bl Bl gEo] sk Aol v
EPRIRE, 4120 AES Alefstar 243t W s 24 A

2lo] frofat fvks LhebbA] Qioleh B Al tie 2
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