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Long-term warming effects on relationship between leaf size and leafing intensity

of Abies faxoniana seedlings in the treeline ecotone
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Abstract; Global warming has strong effects on life history strategies of plants located in the cold regiones such as alpine
treeline ecotone. More studies have paid attentions on the shift of leaf traits (e.g. photosynthesis and leafing intensity ).
However, the trade-off different-age leaves between leaf size and leafing intensity of evergreen plants within treeline ecotone
in the future warming scenario is still limited, which is important to understand life history strategies of evergreen plants. In
this article, in situ open-top chambers were used to simulate warming effect on A. faxoniana seedlings in the treeline ecotone

of Wanglang National Natural Reserve, western Sichuan Province. Our objectives were to test whether the negative and
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isometric relationship between leaf size (individual leaf biomass and individual leaf area) and leafing intensity ( based on
stem biomass and stem volume) could be found in different-age stems( current-year, 1 a; 2 a and 3 a), and explore the
effects of simulated warming on the relationship between leaf size and leafing intensity. Standardized major axis estimation
method was used to examine the scaling relationship between leaf size and leafing intensity within stems at different ages.
The results showed that allometric relationships were different when leaf/stem size was expressed as different traits.
Constantly, there were negative and isometric scaling relationships between individual leaf biomass and leafing intensity in
stems of different ages. The intercept with common slope decreased with increasing stem ages. Long-term warming did not
shift the negative and isometric scaling relationships between individual leaf biomass and leafing intensity. Allometric
constants of stems at different ages responded differently to long-term warming. Under the same individual leaf biomass,
current-year stems within the open-top chambers had lower leafing intensity, in exchange for an increase in the total number
of leaves, so that current-year stems had greater plasticity, hence it could adapt to global warming and grew better in the
treeline ecotone. Although the effect of simulated warming would decrease with increasing stem ages, the whole plant would
still accumulate more biomass. These findings suggested that A. faxoniana seedlings could adapt to global warming by
coordinating leaf size and leafing intensity in different-age stems, and provided the evidence for the acceleration of tree

growth with climate waming, as changes in plasticity of stems allowed plants to accumulate more biomass.

Key Words: trade-off; size of different-age leaf; leafing intensity; simulated warming; A. faxoniana seedlings
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Table 1 Relationships between individual leaf biomass and leafing intensity at different ages of A. faxoniana analyzed by SMA

REER A

fohi B (9w REKH) SRR R The common elevation est
Index Group Slope (95%CI) e wmmo'z dope Gk K €K 0fC  OrC
VAR 2484 344 14E4E 244
BRI - R CK 1 4E4E 0405 -1.126(-1.511, -0.839)  0.422 0.950 1
(BF2APE) CK 244 0328 -0.761(-1.039, -0.557)  0.084 0.707 * % 1
Individual leaf biomass-leafing CK34E4 0270 -1.099(-1.521, -0.794)  0.565 0.289 * # x 1
intensity (based on stem biomass) ~ OTC 1 44E 0.395 -0.995(-1.339, -0.740)  0.973 0.924 * o * 1
OTC 2 4E4: 0.600 -0.972(-1.239, -0.763)  0.816 0.714 * ns * * 1
OTC 3 44 0.670  -1.120(-1.396, -0.898)  0.306 0.135 * o ns o *
BRI - R CK 144 0.295 -1.036(-1.426, -0.753)  0.826 -0.399 1
(HEFZER) CK 2 4E4 0.256 -0.632(-0.877, -0.455)  0.007 -0.725 * % 1
Individual leaf biomass-leafing CK 34E4 0261 -0.941(-1.305, -0.679)  0.710 -1.076 * * x 1
intensity (based on stem volume)  OTC 1 4F/E 0.409 -0.972(-1.304, -0.725)  0.848 -0.492 * o * 1
OTC 2 44 0.524  -0.834(-1.086, -0.641)  0.173 -0.626 * ns * o 1
OTC 3 44 0.676  -0.965(=0.776, ~1.095)  0.744 -1.170 * ns # % * %

1A 56 R IAHL KT (P<0.01) 5Py (FRARAFRE -1.0 (Y EHACE; + |+ Fl ns(no significance ) 7M|F 7R 2 5 W L% (P<0.01) 2.3 (P<0.05) FIA

#(P>0.05) ;CK I OTC 4391|2575 ¥ H& ( control check ) FIFFTIA ( Open-top chamber)

2 R L TS ARRRET (1), BRXEHR 2 4EA /RSN, SRR -1.0 B E2ZES (F 1), HILFER
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Fig.1 Relationships between individual leaf biomass and leafing intensity at different ages of A. faxoniana
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Table 2 Relationships between individual leaf area and leafing intensity at different ages of A. faxoniana analyzed by SMA

F[E A% IR
febr £l ) R (95% B f5 X 1) P, TE@EEEE The common elevation test
Index Group Slope (95%CI) Intercept with CK CK CK 0OTC  OTC
common slope 1 4EA 2 4RA 3AEA LA 24P

B TR R CK 144 0406 -0.994(-1.334, -0.741)  0.968 1
(BETEAYH) CK 244 0428 -0.481(-0.642, -0.360)  <0.001 * % 1
Individual leaf area-leafing CK 344 0293 -0.974(-1.341, —0.707)  0.868 ns * 1
intensity (based on stem biomass)  OTC 14E4:  0.257  -0.668(-0.926, -0.481)  0.017 ns ns ns I

OTC 2 4E4 0412 -0.690(-0.924, -0.515)  0.014 ns ns ns ns 1

OTC 34E4: 0480  -0.850(-1.119, -0.645)  0.240 ns * ns ns ns
B TRTAR -t R CK 14E4 0297 -0.915(-1.258, -0.665)  0.577 1
(EETEEB) CK 244 0281 -0.400(-0.552, -0.290)  <0.001 * % 1
Individual leaf area-leafing CK34E4 0264 -0.834(-1.156, —0.602)  0.270 ns * 1
intensity (based on stem volume) OTC 144 0.268  -0.652(-0.903, -0.437)  0.011 ns #* ns 1

OTC 2 4F4: 0366 —0.592(-0.802, -0.437)  0.001 ns ns ns ns 1

OTC 34F/E 0490  -0.732(-0.963, -0.557)  0.026 ns X NS ns ns
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ZESE, AWRGRIA], X 2 AR AR RERGEREL R FE/NT 1 AFRAES 3 A4 (P (EIYCH 0.001) , 7RG IR P 77 A 3L R
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Fig.2 Relationships between individual leaf area and leafing intensity at different ages of A. faxoniana
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PG, 2S00 S 5 B AU, I X o /B AR IS A T 9T, R BB MR 043, (R R 5B 45 a7 5 b 22
A R AR, RN RIAEIA 6 /N HEA TR 5 T R R O R 22 S O AR B 8 I U AE UOC R, ARG 45 R
FEOH AR A /IR T T 2 IR BRI o g — S iR 1) 67 A AU DG R TR R AR AR /R, AHLA AN /NS AT I
FX 4,

ARBFFE IR AT HE . Y o B 5 R EE AR - 1.0 O ELBIOC R I (RITE y=ba" 1, o THN-1.0, FIASIE
K xy=b BF), BRI b B PR SCRD R/ IV R B ZE A e TR ER B A i (e = BRI TR (R 2R
W) = MY/ 2R D) o BIBERE VR AR RN, PR 25 AR R AR RN (R 3) .
WRITAAZIG 2 4FAE S 3 AF A/ b, M R/N SR B A E ), HARAEAEN B 7% 1 Bl (IR YT 2 DU 4R
B UL R FA W %), AR T BERESN RIS I AR W sl , (AR AR AR RN (2 3) 5 XK
SR A Yy i/ ZE A RN, IR AL 1R A R A B i e B SR
3.3 IR IR RN AU G R R

> DL BRI o £ R T AR R I R/INGE [ —AF 8/ IV T R BB 5 14 VR4 Y S A R BRI A

S, BRI IR AR i A AR, X S A IMR S XA [ ) SR M B g

AEARL, BIVVRRSRA 1 10 30 8 2 S R e A B i I i 5 S I R ) A B A A K OC R L XA A IR A G I A
) SR W 28 BE UEAT AT R AT Z M SE 2R, T SRR REN T AE O MR 4 A SO 342, R i o s 2
AR BAAEAE , PR 5 i R TR A AR 56 R T RE ST AR 22 A KR 22 b WBE AR L4370 (1
SYTE 2 f R S A K B, Niklas Fl Enquist' > 7EILIERE FHES TR FAHIY) S48 A U 528 e S i K
KF; MY AWy 525 YR R AE 1.0 (1 LU BRI (BIFE y=ba o fE524 1.0, ATARIE R y/x=b ),
A g 5 2 A ] ) S A K B b AR IR I AR W2 SO /R R B ZE A i R B AR
(y/x =AY/ 2R B ), 355 B o o — i 5 B 19 5 AR R B AR 2 SORTR) . R, B o
55 R B 0 S A KO R T BE R AR R 2R A Y R A KGR MR W] 3 A A o A R 70 i
ARG A AFAE VR 22 ), i 3 R W YT A A2 B R 5 e R TR A R E YRR, KX
—BUE S RN S ERBRAG EASE R ] LU G SO AR S R e rE 7 T B4R

B PN — 11 A AR KOG R Y e 3GV T A AL R o) — D EE A AR A2 ) R, A R X A A
KA S R BAE A AR/ S R S A R RN, T AR AR CARAEM R AR E RO E R (R ),
[FIARPRT, OTC i 1 AFRA /N AR 0 3/ N X IR (3R 1), SR ) NIEAS . X — 25 5 0] LI S AH W]
58 B OTC " 1 AFAR B/ MBI R BE /N, {H OTC Hp 1 4R AR Y BA M i W38 KT CK P 1 4R 2R, T OTC
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Table 3 Stem and leaf functional traits of A. faxoniana ( mean+SD)

LGN b Bl Age

Trait Treatments 1 4F4 2 4FAHE 3 4FEA

H#Z CK 0.34+0.08c¢ 0.66+0.13b 0.91£0.17a

Stem diameter/cm 0T1C 0.45+0.10C 0.62+0.13B 1.00£0.19A
-

I H CK 56.27+19.24b 75.77+17.97a 49.33+20.90b

Leaf number/n 0TC 83.40£20.00A 82.00£19.32A 71.50£20.99B
k ok kok

ERE CK 4.81+1.71c¢ 7.67+2.32a 6.19+2.25h

Stem length/cm 0TC 6.70+1.54A 7.10£2.20A 6.98+2.66A
k k

A CK 40.80+33.34¢ 163.94+84.52h 259.62+140.35a

Stem biomass/mg 0T1C 79.19+43.08C 173.94+97.73B 425.28+265.44A
k ok kok

= -Yripiidia CK 8.23+0.45¢ 4.82+0.30b 1.86+0.11a

Leaf/stem biomass ratio/ ( mg/mg) 0TC 7.92+0.59C 4.83+0.26B 1.29+0.06A

kok

B T CK 5.16£1.9h 9.06+2.6a 9.19+3.1a

Individual leaf biomass/mg 0T1C 6.60+2.3B 9.23+3.7A 6.90+2.5B
k ok kok

LS80 A CK 0.34x0.12b 0.43+0.09a 0.34+0.10b

Individual leaf area/cm? 0TC 0.33+0.08A 0.32+0.10A 0.31+0.09A

ks

FET 2R YL i B CK 1729.53+543.52¢ 571.59+252.33b 213.69+71.08a

Leafing intensity based on stem biomass/ (n/g) 0TC 1324.04+596.04C 596.07+261.91B 214.05£95.03A
koK

T ZERBLUR Y 5 CK 145.64+50.79¢ 34.53+18.63b 13.23+4.79a

Leafing intensity based on stem volume/(n/cm®) oT1C 89.67+41.31C 45.29+22.77B 15.59+7.83A

[FHEARR/NG  KE R R0 IR R A RAE G ] 7E 0.05 F10.01 K EA MRS =« Fl+ « Fomxt MARGRLE 0.05 F10.01 K EA&
BEER
ERPAZERTE AT 20 2F, AL T R R AT S UL 43 Az 40 80/ 25 9 43 TC T I 7 5% A 6 1)
RET  (HIX 2 T A, R AN I B . FEAREIESE R, OTC w1 A AR B e i
WE/NT CK o LAEAE, M B KT CK i L A4, BETE THOIRWAR T 224 s i, Jf
H AR 7 B AR (R 3) o X — BURAT A R A R AR A RIS, RIS 1 R A/
REEEA 3G sk B, KA AR XA A HAT TR e s FEARHIR ST oh, SR AR IR T AR /R R
JEEIN (3£ 3) , AR AR AR R 4 ek AU 67 2000 1 2 LRSS # A BR ], /R E T 5 R
FEMA T, KA K, AR ) I 5 i R [ P TR, 253 A AL 7 ke = AR B, 3
TR B 1 S AE AR /R iR B ek 1 2R FE A I, DTS /INEE B mT AR B 22 i B, LASRAS SE 21
NP RS o AN, SETRACTET 2 4R 3 AR AR/ S BCS X IR JC B 2 e, ERKE S R
W RFESR XA REA PR, — 7 /IS B 52 SIS 5 & B RBR SIS 5 53—, 7T RE
S BE AV FH B /NVECAE I B NI RG2S 4E AR/ NVBCE TR R, SR S AR K R, BB ARIR S I VAR KX i
JE R BRI ERRAIG . I S O [R) AR I8 /B G H I SRS o) DI 1 R B A 22 S R i 1y, SR 3, IRV Y A2 i
Fr B AR PR S R VR i 23 3 0 R A ) 2 (RS AR A /S b BRI, AN T RNE B
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RRARY sk IR 22— SR A O AT RS FE N TEAL , AR AR gD AR AL, IRV AZHE i 2
KM7ER LK

4 #ig

T HIAN TR 2 R AR v /NS o A B A 45 SR AT A 25 57 %@i¢ﬁ£ﬁf$ﬁ = IR JEE Y 11
SERAUAT S A, LR R EE NS W BN [ T PR 5 RN Il I AN e B I R A S s A
FEB, ANTRIAFIS /NS B0 S A OO B A 22 S P e R, 9l Ak B Y Y AT A /N A ] B B Y
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