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Abstract: Global warming has a strong effect on plant traits at high latitudes and high altitudes. To explore plant
adaptability to global warming, more ecologists focus on the responses of leaf traits to warming, because the leaf is the key
photosynthetic organs and sensitive to climat change. Previous studies have proved that warming directly influenced the plant
leaf area, leaf life, phenology, and lateral growth. More evidence has shown that the responses of leaf traits to warming is
highly species-specific. However, none of these studies included specific leaf traits or focused on the effects of long-term

warming. In generally, different leaf traits of respond differently to simulated warming, and these provide insights into how
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key plant speceis adapt to climate change. Abies faxoniana is one of the important woody species in subalpine coniferous
forests. Could A. faxoniana expand to a higher altitude region (e.g. treeline ecotone) in the future climate warming
scenario? Therefore, we used an in situ open-top chambers to simulate warming and study the long-term effects of warming
on leaf traits (leaf length, leaf width, and leaf thickness, amoung others.) and leaf plasticity at different ages (annual,
biennial, and triennial) of A. faxoniana seedlings. The goals of the this study were to determine how A. faxoniana changed
their leaf traits and corresponding plasticity under simulated warming conditions.The results showed that simulated warming
had a negative effect on the length, width, volume, and area of needles (reduced 12.77%, 11.86%, 11.49%, and
17.76% , respectively) , whereas simulated warming had a positive effect on leaf thickness (increased 7.27% , P<0.05).
The responses of leaf traits to simulated warming had a significant differences in the age (P < 0.05). Combined the effects
of simulated warming and leaf age, leaf length, and leaf area changed significantly (P < 0.05), whereas the reponses of
leaf width and leaf thickness to simulated waming were the opposite. Phenotypic plasticity index (PPI) and coefficient of
variation ( CV) showed that simulated warming promoted the plasticity of leaf traits, leaf length of the annual leaves
excepted. However, there were significant inter-annual differences in the effects of warming on leaves of different ages. In
summary, the present study suggests that A. faxoniana seedlings leaves could adapt to global warming via regulating leaf

traits to enhance its plasticity.
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(1.2 m) FH%8 CK &5 2.9°C , FIEEEE (5 em) B0 0.4°C 20 4y A4EHEAT 300 1 J& R 9 BRI RS 34 5, Sk fie
YT, 0TC Fl CK AT THEAEFIBEK , OTC FMIEARFE 4 W A E BT OTC 2% B T 4E4
1.3 Rk
1.3.1  AHYHRE:

ARSI IRITRAZHI I 1 a i 2 a i 3 a MEABFSEXTS, 2016 4F 8 H N AJ, FIECEY N OTC JX) HEAE
Hiy P IR AR R AS ) 7 ) SR AR K R AR A% AR A 2% b 2R 15 1 B 47 0 s B AR %, e R AR
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KR AE 2a I 3a IR AR 55 (B 43 590 G X BE VSN 7.93% 5.70% , {8 43 A5 365 FL B 4388 (2a:6.02—20;33a:5.35—
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Table 1 Effects of simulated warming on leaf traits of A. faxoniana seedlings

I RRAE Qb B Ty 144 2 4 3 4L
Leaf traits Treatments Average la 2a 3a
RIS OTC 18.65+3.57 18.8+3.53a 19.11+2.88a 18.04+4.21a
Leaf length/mm CK 21.38+4.76 18.43+4.7C 24.46+3.47A 21.25+4.07B
v 0TC 2.23+0.46 2.31+0.43a 2.09+0.36a 2.28+0.56a
Leaf width/mm CK 2.53+0.45 2.67+0.43A 2.43£0.49A 2.49+0.41A
Ko OTC 8.64+2.24 8.27+1.51b 9.52+2.9 a 8.11+1.84b
Ratio of leaf length and width CK 8.64+2.2 6.96+1.65C 10.34+2.07A 8.6+1.38B
T AR 0TC 30.19+9.88 29.13%10.13a 31.00+9.79a 30.43+9.95a
Leaf area/mm> CK 36.71210.97 33.47+11.19B 43.30+8.63A 33.37+10.10B
R 0TC 0.59+0.13 0.55+0.11b 0.59+0.14ab 0.63+0.13a
Leaf thickness/mm CK 0.55+0.07 0.51+0.05B 0.57+0.08A 0.59+0.05A
R 0TC 18.18+7.51 16.48+7.39 a 18.627.7 a 19.46£7.35 a

Leaf volume/mm? CK 20.54+7.3 17.04+5.89B 24.8+7.14A 19.77+6.79B

[EIHEAR R INE B Fem SR AL B A R AR R FEAE B 25 5 (P<0.05) ; [FHEAR RS FhkFmxd A R AR R4E M RIfEE LR (P<
0.05); * FI/RFE0.05 K LA BEES,; " F/RE0.05S KFELAREES

R2 HRAMHWAESTER

Table 2 Results of variance analysis of the split plot design

2 kR MK Leaf length %% Leaf width IR Leaf area HJE Leaf thickness
Difference source F P F P F P F P
W Temperature 66.361 0.015 9.930 0.088 45.936 0.021 171.006 0.006
8 Leaf age 6.069 0.025 4.561 0.048 7.396 0.015 5.389 0.033
T X il

I B i 4.863 0.041 0.686 0.531 4.557 0.048 0.042 0.960
TemperatureX leaf age

X 2H Block 7.188 0.122 2.383 0.296 8.275 0.108 6.858 0.127
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Fig.1 Effects of simulated warming on the leaf length, leaf width, and leaf aspect ratio of A. faxoniana seedlings
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Fig.2 Effects of simulated warming on the leaf area, thickness and volume of A. faxoniana seedlings

FERIATIAVESR BT A R (1 3) AR T IRV A2 40 S - SE R T 3 PR A 2 a3 a iR
A TT SR IR B Rk 68.22% (3a M58 ) (] 3A) 5 FEAR Y AR AL b 4 (i T 98¢ BRI R 15.32% (181 3A)
B 2a MEIFSERY CV X HOR THER A (18] 3D) , RSB RIEDR CV IS RS PP1 —2, Uil 2 R ALn]
SRV T I A5 AR AL, 34 R] T B 4 S TR IRV Y AZ S it ik | s e AR 5T

222

TR P RS ] S i

PR AT SR SE S AT 24 3 0 (18] 4) 3R 5 A it TR R I L R ) R B A A R g T SR | (O[] ik
i, ATEAPERE R LU AN ], QiR 55T 2a IEIEJE Y CV BT BRI K 69.02% , 17 PPI AN K 12.78% (&l 4B,
D) ;3a M-I FL PPI K 16.66% , 1M CV {44 K 8.03% (& 4A .C) , HEATRALFET 3a MR CV {HEF I
AN HE M S e R ) PR T S | BV X HE K 143.57% (&1 4D)

3 Wit

3.1

I 285 08 8 L P4 W 137

MR BT REPEA A (i Ao 8 TR R ) B B A2 B B RS LA iR AR S XY
PRIt R i AE T 32 DX IR ) 2 T o 9 ol JBE e i e R 0 2 AU R g L XA ) Y O SR A
KT RBESE A B, L R AR SR IR IR VT AZ A i i 5 i T BB A M, XS AR SESE R A —
B ANRIRIGESF TR, R (2a) B TRAE HEIRVLYS A2 40 i A R ) s i SR S5 P FE R I K

http ; //www.ecologica.cn



11 4] BB AF I VAR SR IRV A2 S0 v S e T B 25X SR DL 08 i 1 i 1 7

" k5
0.7 0.7
[_Jorc
0.6 Bk 0.6
0.5 0.5
— 04 0.4
[=9
~
0.3 0.3
0.2 0.2
0.1 0.1
0 0
30 1 30
25+ 25 r
20 20 |
X
g 15t 15t
10 10 F
5t 5t
0 0
3 1 2 3
AR Age/a

3 IR A2 4D BT AP BE R BURT SR 45 ( PPI) IR RE(CV)
Fig.3 The phenotypic plasticity index ( PPI) and coefficient of variation ( CV) of leaf length, leaf width of A. faxoniana seedlings
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Fig.4 The phenotypic plasticity index (PPI) and coefficient of variation (CV) of leaf area, leaf thickness of A. faxoniana seedlings
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