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Abstract: This study aimed to investigate the effects of climate change on the survival and growth performance of
Pinus densiflora and Larix kaempferi seedlings using open-field experimental warming and precipitation manipulation.
We measured the survival rate, root-collar diameter, and height, and then calculated the seedling quality index (SQI)
of 2-year-old seedlings under 6 treatments [2 temperatures (TC: Control; TW: Warming) X 3 precipitation manipulations
(PC: Control; PD: Decreased; PI: Increased)] and performed a two-way ANOVA to test for differences.The air
temperature of the warming plots was 3°C higher than that of the control plots, while the precipitation manipulation
plots received +40% of the precipitation received by the control plots. Temperature and precipitation treatments did
not significantly affect the survival rate of P. densiflora; however, the SQI of P. densifloradecreased with increasing
precipitation. In contrast, the mortality rate of L. kaempferi increased with increasing temperature and decreasing
precipitation. Furthermore, in L. kaempferi, TC x PI treatment resulted in the lowest SQI with a significant interaction
effect observed between the two factors. In summary, low seedling production and quality should be expected in P.
densiflora as precipitation increases and in L. kaempferi as temperature increases or precipitation decreases. These
results indicate species-specific sensitivities to climate change of two plant species at the nursery stage. With the
occurrence of global warming, the frequencies of drought and heavy rainfall events are increased, and this could affect
the survival and seedling quality of tree species. Therefore, it is necessary to improve nursery techniques by
establishing new adaptation strategies based on species-specific growth performance responses.
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Figure 1. The system design of open-field experimental warming and precipitation manipulation. TC: temperature control, TW:
temperature warming, PD: decreased precipitation, PC: precipitation control, PI: increased precipitation.
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Figure 2. Monthly mean air (A) and soil (B) temperatures and mean soil water contents (C) under experimental warming and precipitation
manipulation in the open-field from July to October, 2017. Vertical bars represent SD of the means. TC: temperature control, TW:
temperature warming, PD: decreased precipitation, PC: precipitation control, PI: increased precipitation.
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Figure 3. The effect of experimental warming (T) and precipitation (P) manipulation in the open-field on survival rates of Pinus
desiflora (A) and Larix kaempferi (B). Vertical bars represent SD of the means (n=270 for P. densiflora and 192 for L. kaempferi).
Different letters show statistical differences among treatments within species at the 5% levels Duncan’s multiple range test. Asterisks
are statistical significances in two-way ANOVA. *P<0.05, **P<0.01, ***P<0.001, NS(not significant}=P>0.05. TC: temperature
control, TW: temperature warming, PD: decreased precipitation, PC: precipitation control, PI: increased precipitation.
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Use Efficiency)S A&st AL Aol w=wW, L. gmelinii
2 B2 FAEES Sl RS YA P.osylvestris
AHor w2 FRoldaes= HAMS AR
(Urban et al., 2017). ©o|33t 232 Ho} YHEH2 4
o} Hlaste] iAo g vl e S HY
2 AMRET, L7 39k b gad i 21
L JAte] o5 WiZHR] VE& A & AP A8
A|sto] HEgo] Holxl ZAo=m wehETh

of

oM Al 734 ZFAHTCPD: 4.77 mm, TWPD: 4.90 mm)
oA H= UEbEtH(p<0.001)(Table 1). 7] FH3}o] tf
3 27 ATolME Lyt AR e A%
71Zb S71eF ol mE w3 A8 SV S
(Bronson et al., 2009). ¥ AL AE AUFS] Hi=
2ol 74 2t7to] fo)d Aolg Helov] F 2l
FEAgolE S WoHp<0.001), 235} A 2|57}
TR FE W ARE wolon 74 daTolA
Zoigke meich vhwo] Yelge] 294 RuE w
£ 2wup ol 0 Aolsh e gigkon, 2
Qo ofgt AEkg ATHE UATHp-0.05). oleieh A%
2ol 7 F0] Ay A9 Zfolof| 7]QlstH, T4
Gel e 2ol 74 270 Wslol] wet 1AL 1
s Hasialr] 9o BRHES 2aste] Aol A
Ach ey gAsa 2
o MY 4EL 1e Fe ZAGAE 24}
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Table 1. The growth of root collar diameter, height and H/D ratio of Pinus densiflora and Larix kaempferi seedlings under the
experimental warming (T) and precipitation (P) manipulation in the open-field.

Species - Treatments. — Root collar diameter (mm)  Height (cm)  H/D ratio (cm mm™)
Warming Precipitation
TC PD 4.77+0.53 ab 22.140.6 ¢ 4.69+0.49 be
PC 4.49+0.72 be 22.440.8 be 5.1140.83 a
PI 4.46+0.47 be 19.8+1.1 d 4.48+0.47 ¢
™ PD 4.90+0.66 a 23.840.7 a 4.93+0.63 ab
P. densiflora PC 4.48+0.57 be 22.840.6 b 5.1540.61 a
PI 4.34+0.55 ¢ 22.6£0.5 b 5.274+0.62 a
P skesksk sfeksk *
T X P NS sksksk sk
TC PD 8.16+1.48 a 47.445.6 ab 5.97+1.25 a
PC 7.93+1.47 a 47.246.2 ab 6.10£1.10 a
PI 7.82£1.35 a 48.3+7.2 ab 6.33+1.28 a
™ PD 8.44+1.60 a 49.6£6.9 a 6.06+1.22 a
L. kaempferi PC 8.04+1.64 a 46.847.3 ab 6.04+1.45 a
PI 8.02£1.41 a 454451 b 5.7940.97 a
T NS NS NS
P NS NS NS
TxP NS NS NS

Values are means of 90 seedling£SD. Values with different letters in a column indicate statistical differences among treatments
within species at the 5% levels by Duncan’s multiple range test. Asterisks are statistical significances in two-way ANOVA. *P<0.05,
**P<0.01, ***P<0.001 and NS (non-significance)=P>0.05. TC: temperature control, TW: temperature warming, PD: decreased

precipitation, PC: precipitation control, PI: increased precipitation.

welo] mE 2
AFE HYIA(p<0.01),

744 ARl A B
LRt TH(p<0.05)(Table 2). TTejt} £ Afollt AR
o 9 BRIl /bR Ro% Holg mch
(p<0.001). ATHHOE 2RO dd F 45 BE &
BAA o] SEet 4 P o AEAES ¢
(005, 2428 A L2 BEED B4} L
= 3 2ANNF] F7HEE BT HYTHp<0.001).
e 2] Aol e WA 1 Aol Slslel
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WAL et 4o) ATPAS Holt Ao B
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wojo] S8 Gaot 99F 750 F43] Askd 4 ek
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Sprel O SEoR AANS U A4 vTE
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o Zold FE= AU 3olvE BASAL, S45HA
AEgo] ZAgTkal E.LEIEKRemhardt et al, 2015).
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Bt (p<0.001). ©]= =gt
AP e A A olf AH5AE FFaATlenA
o] Aol BAHAR) A 03] o Tk

an et al., 2018). 121}
b 2tk A

¢
ol



A2l

49| 4gA eust @ 5

=

.

_/1\_1%—,—9—]' ‘/P‘ﬁ—/}— OE’_.J 27] Ao ]—E/\é]

37

Table 2. The dry weight and T/R ratio of Pinus densiflora and Larix kaempferi seedlings under the experimental warming (T)

and precipitation (P) manipulation in the open-field.

Species Treatments Dry weight (g) T/R riﬁo
Warming Precipitation Leaf Stem Root Total (gg)
TC PD 2.740.6 ¢ 1.5£0.3 b 1.6£0.4 a 5.7+1.2 be 2.7+0.6 ¢
PC 2.4+0.5 ¢ 1.4+02 b 1.2+0.2 be 5.0£0.5 be 3.2+0.6 bc
PI 2.1x0.3 ¢ 1.2+03 b 1.0+0.1 ¢ 43+0.4 ¢ 3.2+0.6 bc
™ PD 4.0x1.1 a 1.8+0.3 a 1.4+0.2 b 7.1x1.3 a 43£14 a
P. densiflora PC 3.0£1.1 b 1.4+02 b 1.2+0.1 be 5.6+1.2 b 3.7£1.0 ab
PI 3.1£0.7 b 13202 b 1.2+0.1 be 5.6+0.7 b 3.7+1.0 ab
T xP NS NS * NS NS
TC PD 8.2+1.5 a 7.2+1.0 a 4.5£1.0 a 20.0+£29 a 3.5+0.8 ab
PC 7.5£1.7 ab 73+14 a 3.5¢0.7 b 18.243.7 ab 42404 a
PI 59+14 b 6.3t14 a 3.740.8 b 159£28 b 3.3+0.8 b
™ PD 8.0£2.2 a 6.6£1.8 a 4.2+0.5 ab 18.8+4.1 ab 3.5+0.8 ab
L. kaempferi PC 8.142.2 a 6.5t14 a 3.9+0.9 ab 18.5+4.3 ab 3.8+0.7 ab
PI 7.5£1.5 ab 7.3+1.7 a 4.240.8 ab 19.0+£3.4 ab 3.5+0.6 ab
T NS NS NS NS NS
P * NS * * NS
TxP NS NS NS NS *k

Values are means of 9 seedling£SD. Values with different letters in a column indicate statistical differences among treatments
within species at the 5% levels by Duncan’s multiple range test. Asterisks are statistical significances in two-way ANOVA. *P<0.05,
**P<0.01, ***P<0.001 and NS (non-significance)=P>0.05. TC: temperature control, TW: temperature warming, PD: decreased
precipitation, PC: precipitation control, PI: increased precipitation.
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Figure 4. The effect of experimental warming (T) and precipitation (P) manipulation in the open-field on seedling quality index
(SQI) of Pinus desiflora (A) and Larix kaempferi (B). Vertical bars represent SD of the means (n=9). Different letters show statistical
differences among treatments within species at the 5% levels by Duncan’s multiple range test. Asterisks are statistical significances
in two-way ANOVA. *P<0.05, **P<0.01, ***P<0.001, NS(not significant)}=P>0.05. TC: temperature control, TW: temperature
warming, PD: decreased precipitation, PC: precipitation control, PI: increased precipitation.
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