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Short-term Effects of Warming and Precipitation Manipulation on
Seasonal Changes in Fine Root Production and Mortality for
Pinus densiflora Seedlings
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AR mm mm” day)ollqt §-0J3 Q7S FUTHPC: 3.57, PD: 4.59, PL: 3.02). §Hd 13} A2 94 44 247 AE
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Ho| ZkzF Al AT Al DA n]R L gigko] thE A Uehidch st At Al Aileke] Ald A W)
F2 BEoF %o JaK(oke] AT S Wk, AT TARRL FE EoF 4R o) olgi(o] Ak S otk v
L= RTME AT PARE 22 EoF 550 JFK(Fe] ATTA)S HokT, AT TAES EY L& U SRT}
ol WA e ergret. ol 2yt Aadel wet Al AT Al AR GRS Rk 7St &
2 4 YSS AAkEITh

Abstract: This study was conducted to investigate the effects of warming and precipitation manipulation on seasonal
changes in fine root production (FRP) and fine root mortality (FRM) of 33-month-old Pinus densiflora seedlings for
two years. The seedlings in warmed plots were warmed with 3.0°C higher using infrared heaters. The air temperature
of warmed (TW) plots was set to increase by 3°C compared to temperature control (TC) plots, and the three
precipitation manipulation consisted of precipitation decrease (-30%; PD), precipitation increase (+30%; PI) and
precipitation control (0%; PC). FRP (mm mm” day™) was significantly altered by only precipitation manipulation (PC:
3.57, PD: 4.59, PI: 3.02), while warming had no significant effect on the FRP and FRM. Meanwhile, interactions
between warming and precipitation manipulation and seasonal changes had no significant effects on FRP and FRM.
However, the influences of seasonal changes in soil temperature and soil moisture on FRP and FRM were different
according to warming. In TW plots, FRP showed a positive relationship with soil temperature, and FRM showed a
negative relationship with soil moisture. On the other hand, in the TC plots, FRP showed a positive relationship with
soil moisture, and there were no relationships between FRM and soil temperature and moisture. These results indicate
that the climate factors that affect FRP and FRM might vary as the warming progresses.
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IPCC (2013)0]] w2 214727k AT B3]
0] 11°C-48°C A%5akul, AR 50% gHas
U 50% Bk 5 4 dfle] gekd Aom
Ak 7] FRiste] o2 AW 7|2t e WSk
ool bR 9 ul4E, AZol Aol A% 5 A A
Hho]] kS ZrH(Chung et al., 2013; Park et al., 2016;
An et al., 2017; Li et al, 2017; Han et al., 2018). £3]
13wiske Qe Al A4 elo) wshs ofE
= S obu et AEjA i A g =ghof WS}

7142t Norby and Jackson, 2000).
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tHBai et al.,, 2010; Liu et al., 2017).

shE, Aol AT TAES Ade] e wsie
Ho|=d|(Quan et al., 2010; Noh et al., 2012; Han et al.,
2016), o3t M3t= 7|23} Fhaagol A A FF=
e B 259 BoF it WA wWRlo] gith(Yuan
and Chen, 2010). webA QA9F Q] EoF 2:=-9F EoF 4=
o] W3l Aol wE Ao Akt AR ¥
3lof| Feks ulE 4= Itk (Majdi and Ohrvik, 2004). E3F
Aol AAibgat ARE O] AEA WEke AR Y
9 (R Q9] 1) Al7|sh BRle] e o u
EHF Qlti(Satomura et al., 2006). 2 ALX| A= Q1
N4 23 Ao o el Wb o, 919 =3t
7} A== dAro] YERGTHChange et al., unpublished
data). ojof we} 21t3lo] wE Al Akl JLARE O]
AEA wate depd Aor o dEch 28y 194
71317 24 WE A FEHO A #oE 24
At A9 glom, ol MskE Wt A2 7|
3ol e AJA DA Ao
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S el WA dE S50 AR mEo A2
A 9 TAE) ARE Wske BasiTa) sl
QU917 Lisie} 74 2ol wat Al Ak R 1A}
gof AHA Wsl oA ekt Rojet oakeie,
Ao w2 mof emol moF S WS} Al Ak
9 A8 AHE sl YHHes Jee uH A
o 7pgstt.

1. S X & H > A
20139 44, aedistu PR W HEd
(37°35 7367 N, 127°1 " 31”7 E)°]l Q1918 &us} @ 7
4 22 AAES A5k o 7)o 1.5 mx1.5 m =7
of 187067 A =37 Wheg) RARLS wiAIEk oM, 2+
Z}e] AR 4549 2WA) vy HES AR S
o} HazAe] 20143} 20159 9] AR 7|2 A7k
EoF

2 717 12.9C2}F 13.4C, 704.0 mm<} 683.5 mmo]|t}
& FEAEC G 80%, WAL 14%, HE 6%),
F pHE= 6.520]th(Yun et al., 2014).

Aele 27 o 2% 2ARE 2HTCO), 213}
A THTW)] 2 370 9] = 24 dH2=7HPO),
&4 F4THPD), A S7HHPD]E A E ATHYun et
al., 2014). &, &= Y219 74 g 244TC*PC), 2=
=t} 7 HAaH(TCHPD), 2k 2719 < 57
THTC*PI), 243} A 2fte} 7 th2HTW*PC), 2
sh Aeet A AAaH(TWHPD), 233} Xj2j+tet 7
T S7FHTW*PD) 5 & 67 A2|& Adstich 233}
el A 94 S(FTE-1000, Mor Electric Heating
Instrument Inc., USA)S ©]-8&3to] &% tjxT tfy] 3°C
g AEAAth e FaTs BerhmuolE Ao
3 paE 2T WH 30%S Rl Jis
NS 74 Z7E 24 agolA AuE 7
2ezi0] 43T T, 59l 714 AAeL HZE olg
sto] B2 A PLEES ololt Ba BE 24}
o] EoF 2% Al A](107-L34, Campbell Scientific, USA)
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Canada) 2 #A4J5t0] A1) ZolE S48t Al 4
o] XAFEK(Fine root length production; FRP)-2 Z}z}+9]
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L= AF7IRE kel 2133t Aol A] 2= 2t of
H] 2.80°C Z7}5}9 tHHan et al., 2018). $+H EQF 822
ets} Azlol 74 2He] A WTKTable 1). %
Eof 438 208k 2]0] 03] 0.90 vol % AL
ZA o] wehas 744 ol Al 033 vol % 743t
Z7Holl A 1.32 vol % =759 tHHan et al.,
Ao B %= Aldol wheba] ¥t
2l HEHo|(Figure la), B -2 704 2H4
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Table 1. F-ratios of repeated measures ANOVA on the effects of warming (W), precipitation manipulation (P) and season (S) on
the soil temperature (ST), soil moisture (SM), fine root length production (FRP), and fine root length mortality (FRM).

2014 2015
ST SM FRP FRM ST SM FRP FRM
W 200.2%*** 7.8% 0.1 29 13.8%* 17.8%* 1.0 0.8
P 1.4 10.7%* 6.2% 0.6 0.5 5.8% 7.3% 2.5
S 8943, 7*** 82.4%** 5.8%* 2.7* 9064 .3%** 265.1%%* 6.6%* 4.8%*
WxS 19.7%** 14.0%** 1.2 1.1 12.2%** 3.0% 0.9 1.3
PxS 2.7* 1.2 0.3 1.0 3.0* 3.5%* 2.0 1.2
WXxP 1.2 2.9 0.7 0.5 1.0 0.3 0.0 0.6
WxPxS 3.2% 2.1 0.2 1.3 1.2 0.9 0.7 0.7
*p<0.05, **p<0.01, and ***p < 0.001
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Figure 1. (a) Mean monthly soil temperature and (b) soil moisture content in 2014 and 2015.
TC*PC = temperature control and precipitation control; TC*PD = temperature control and reduced precipitation; TC*PI =
temperature control and elevated precipitation; TW*PC = warming and precipitation control; TW*PD = warming and reduced

precipitation; TW*PI = warming and elevated precipitation.
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Figure 2. (a) Mean fine root length production (FRP) and (b) mean fine root length mortality (FRM) of Pinus
densiflora seedlings in 2014 and 2015. Vertical bar indicates one standard error (n=3). Values followed by a
different letter are significantly different (p <0.05). The treatment abbreviations are the same as in Figure 1.

u] ZHtH(Table 1). 2014W7} 2015 H FRP(mm mm”
day')i= PD ZAFFo A PC} PI ZAREO] H]EH] 152
7re RGO u(TC*PC: 3.64, TC*PD: 4.43, TC*PI: 2.84,
TW*PC: 3.49, TW*PD: 4.75, TW*PIL: 3.19; Figure 2a),
0]+ Han et al.(2018)°f| 4] R 118F 917+ FRPY| Ao} &
Aol 44 G Al ek FRPL S g1 el
o mof 48 THAlO] Pt ool N FR

w57) 9l Aol $A4BoR o Sy A
el Ao R HodwEth(Hertel et al., 2013; Liu et al.,
2017). Ba FRM(mm mm” day )2 2@ 22499}
A7ollA Aed Fgko] YehA] FUATHTC*PC: 3.51,
TC*PD: 2.87, TC*PI: 2.45, TW*PC: 2.61, TW*PD: 2.55,
TW#PIL: 2.38; Figure 2b).

FRPS} FRM-2 157|759t A do] we} S0z
$oI8 Aol 2 Mot ey A @ 44 283 A
A wisizke] A5t g UeRtx keithTable 1). o]
ujUeto| 2EES] 5 1ho] dizk YA At
, 238 Aot A 240 WhE BEY 229

A H
T

o =
Jl?l o

Ir

.

whsh A2 0] FRPE TWPIE A|2js} 2
T opd B ATE 20

= olgolAl 7h&(78-112) Aolol] %7t}
Oﬂu}(Flgure 3a). 20159 9] FRP:= TC*PCE
Azl ol H BolA ol Ajolo] Z7lak
3] TW*PD ZARLol|A] 7.8 mm mm”
e Bk 3 mE Aol A
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9} 2015\ 10€~12¢ Atolof| FRP7} AA| st HokS
HIt) o]&= Noh et al.(2012)o| A B3 P. densiflora

oA o] AL Zo] AWAEFT} SALSE Aufolt) gl om

F}O

10
T> 8
T
o
5
£
£
£
4
E
&
w 2]
0 ‘
—e- TC*PC
(b) —o- TC*PD

FRM (mm mm? day™)
S

. Apr. Jul. Nov. Jan. Apr. Jul. Oct. Dec.

2014 2015
Figure 3. Seasonal changes in (a) fine root length production

(FRP) and (b) fine root length mortality (FRM) of Pinus densiflora
seedlings in 2014 and 2015. The treatment abbreviations are the
same as in Figure 1.

oA ojgow 2
*MH“—‘HF obyt Ale] A
o] A= 7FHE Aol ol27]7}
2] Al AAreko] 745K Quan et al., 2010). FRMS &
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AR goll 7120] &et7h= Al7lel F7kst7] AlZtsh,



Qg evish 9 744

Z4o] wE

AU RE Al A

TAo] A vk 47

Table 2. Results of multiple regression analysis of fine root length production and fine root length mortality of Pinus densiflora
seedlings as function of soil temperature (ST) and soil moisture (SM) in temperature treatment.

Treatment Models Partial 1’ Model r* p Value
Fine root length production
™ 0.0919 ST + 2.2840 0.2502 0.2502 0.0128
0.0958 ST — 0.6307 SM + 5.9623 0.1047 0.3549 0.0100
TC -0.3413 SM + 6.0200 0.1812 0.1812 0.0381
0.0450 ST — 0.3990 SM + 5.7423 0.1042 0.2854 0.0294
Fine root length mortality
™ 0.7969 SM — 2.0190 0.2627 0.2628 0.0104
0.0418 ST + 0.7680 SM — 2.5423 0.0808 0.3435 0.0121
TC 0.0513 ST + 2.2445 0.0894 0.0894 0.1558

TW, temperature warmed; TC, temperature control.

FReTHA] 2| 4H 02 Z7FehAUKHan et al,, 2016), 7]-2-0]
Fojx]i= 7h&oll A4St Quan et al., 2010).
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Wl el ol A EoF 2ws} Eof SEmrt FRPE}
AT BAE HATKTable 2). o]= 2&9] 4ol whzt
Alel Aol BoF 2o I3 BAS Hiltke Ay
AT At} §ASHWan et al., 2007). Al A4kt
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