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1 vp 2 B VG SR L) ] A R A R AR =, B 666303
2 HEBHEEBERS, LR 100049
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Fo HREY DA MMMEPEERKEN 6.3 mm, A4 K5 (10.6 mm/a) B35 T H S (3.0 mm/a) ;2) T
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Abstract; This study monitored intra-annual stem diameter growth of two evergreen ( Ternstroemia gymnanthera, Eriobotrya
bengalensis) and two deciduous tree species ( Beiula alnoides, Lyonia ovalifolia) for a 9-year period (2009—2017) in a

montane moist evergreen broad-leaved forest in the Ailao Mountains, southwest China. The metal band-dendrometer
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technique was used to measure stem diameter. We modeled growth phenology (i.e., start day, stop day, growth duration,
and annual growth) with a logistic model, and analyzed the associations between annual and seasonal growth and climate
factors over the study period. The deciduous trees had an average annual growth rate of 10.6 mm over the study period, and
the evergreen trees had an average annual growth rate of 3.0 mm. The average annual growth rate of all four species was 6.3
mm. On average, trees grew 5.9 mm during the rainy season, which accounted for nearly 93% of annual growth. Deciduous
trees showed higher growth rates than evergreen trees during the rainy season. Compared with deciduous trees, evergreen
trees started growth earlier and stopped growth later. Annual total growth of the four studied species were highly related to
their maximum growth rates during the rainy season, but less correlated with the length of the growing season. Temperature
was the main limiting factor for stem growth of evergreen tree species, while precipitation days, fog days, and relative
humidity were more important for stem growth of deciduous tree species. The different growth-climate relationships between
evergreen and deciduous tree species implies that ongoing climate change may alter tree growth rates and species composition

of subtropical evergreen broad-leaved forests.

Key Words: evergreen broad-leaved forest; phenology; stem growth; seasonal dynamics; growth-climate response
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Vo i b T AL I Y A TR IE JR T A ARK b eRp R W) 2 R R A5 Oy Tl AT AR,
A BRAR IR, ZRARAE 25 28 G U o J37 e A8 A — 5 R JEE b S R T A 7 T X il e 2 285 28 48 1 A 52
i o A BIF T W AR AR AR 1 1 el 20 52 e P A XA A A A T 5 52 e s ] P 2 32 AP A b X R AR 7Y
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AR S R G A RO R AR, R YR FE 1 B Tl

LT [ B S Ay i DX 13 R R ARl 25 e R M BORE A IR AR IE ST, S BB Il T g KA SRk
AR S SRR AR A % L SR o3/ | Ao s RURE T AT AR 1)~ 4 i 4 52 s/ N 3, O EL Db 4 A Pir ek
A DU BE A T 51T RE R K AR T AN e TR R X 2400 AN FRARRE HB A AR o] A= 4 55
A& PR B BIE 5 2 T, R A AR A B 3 K T34 0, >4 B 7K A 34 51 1400 o B A= 468 R 7K 114 A 197 355
BEE TR RR R DR e Wi, PR B E 11°C s A S il T2 25—27°C i AR K Gk )
WA, T I 2 A AR Bk s A 2 BRI R AR Fry A 417

ANTF) G2 B T (i AR, 9 ARl ) PR 228 1) A AR R N A M A A 5 2 520 DRI 11 £ JEE 1
G LA Tl -5 Y AR X A LR B AT B Tk — 28 1A SR AR A X AR S AR e, R Ll R LR
i 2 ] A T P e 2 XL DX A B s, B A R R R ) e a5 . ARBIESE B A (1) e A Az L o
LA 2o ] P i S ) o 5 v IR A2 1) A R ZE AT BhAS 5 (2) RT3 i A b 15 9 Y A
i) A A PR I 5 S 17T AR ol ) 3 B2 A 0000 AR oA A 8 A X 2 ] - AR AR A A Bl A G 52 B (A i 4

1 RIS R

AWFIAE B A AR H B A2 10 [ SRR IX (24°32717" N,101°01'45"" E) #E4T , R HiAL 2 1 W FAiy
rR BRI A F ) S W X, i =z L L i 1 T M PR R A TR 2R R R S AR R RO M VR
2507 m, J& W AGH ZE KU, AR S ] 0 7 H P30 15.6°C L, i Ay 1 A F3R0R 5.7°C 438
i 11°C  AFE YR i 1682 mm, Hirh 85% MR /K /- M 7EF 2200 5 H 2 10 A AFXAXHE L 83% , TR
A TR A TR RN ) 2 A LR B R — e 25 Y AR P Sk R, T A LR A
i 55 0 K R P o ELAT A R A B RN SE A, A DL S O 50—90 mg/g, A A 40
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AL LA 3 ] AR S SRR 4 ] P ARAEL B 2R A8 AR N 43 A 6 AR 2255 31 B ( Fagaceae ) | 128
Bl ( Theaceae ) | 1 B} ( Lauraceae ) 1 K % Bl ( Magnoliaceae ) Y £ # Flt, 40 7€ 3 Bl 19 K B AT ( Lithocarpus
xylocarpus ) , fiff 5e ] ( Lithocarpus hancei ) . 8 {8 #E ( Castanopsis rufescens ) 3 F& Bk [ TH Y8 W ( Machilus
yunnanensis ) B ( Machilus bombycina ) ; IWAFFIRIFEAL ( Schima noronhae) HTHRZS (Hartia sinensis) 5 A
2 BFAYZL A ARSE ( Manglietia insignis) 246 7% % ( Michelia floribunda) ;15N , 475 B ( Aquifoliaceae ) # BS AL R}
(Ericaceae) | IAF}( Symplocaceae ) 2 TLHNEL ( Araliaceae ) SR IR EE A & UL , FHerb R 434 S ] s
P& A M rA R ( Acer campbellii) 2 ERTE ( Lyonia ovalifolia) | 5 4% 83 1. il ( Acanthopanax evodiaefolius ) 55 75 M-
P2

2 WRAE

2.1 ARG

A e LA SRR AR 6 hm® FEHB IR A BORE, B N LA A 25 B 49 B 3Tt 68 MRIFR (MR = 1 em)
Horlr 79.49 g i SRR IHREFD (54 Fl)  7EHEREHARAIL S 19.19% (13 ), & 1 AEFIHRFN

ARG ELE LI 1 22 2 LU AR Sl B 2 B AR R A LAY 4 DS TR AR 9 ARG AE 10 AR K FE T B3,
FERIERE 5 D (BERAEA | MEE RSN EZ AU H R 4 ) A ok S8 T8 0 — i i Il
i, FEr PR SRy E SR B JEE B A ( Ternstroemia gymnanthera) B SEALHE ( Eriobotrya bengalensis) , PR A 7 4
i, FAHE( Betula alnoides) ZERAE ( Lyonia ovalifolia) ,3EARMEBIL T 1,

x1 BEEAHHKFARMHERER

Table 1 The basic information of tree species in evergreen broad-leaved forest

i R iz REE WG s fﬂiﬁi
Species Family & Genera Phenology  Importance value Initial DBH/em  Height/m (mmva)
J& 2 7 Ternstroemia gymnanthera WSS B A e LS 0.785 11.1£2.9 4.2+1.0 3.2+0.5
FITAHLAE Eriobotrya bengalensis PR & Wk 3.121 13.9+1.9 10.1+1.4 2.7+0.5
PiHE Betula alnoides HEARFIHEARE nt 0.017 18.0+1.1 10.5+1.5 10.9+1.6
BIRAE Lyonia ovalifolia RS RIS BRI IR %t 0.773 15.1£3.6 8.7+3.8 10.5+1.3

22 RSN

A A AE K IR WS AR AR m A2 K, 2227 575 Cattelino S5 48 HY 19 A R I8 256 W I 5 v, 7R ARS8 4 b
1.3 m fofRab 224 4@ A K IR A0 1.3 m ARASSF 3 e 3L 1T P b 22 e | S RURT RN BRI B K 4y B 2
PSR | P I T AT X6 DN S 4 40, 4SBT T B2 2B A T R I % 10 A e D00 2 s Pl BT, 22 2% S pn il i 4
Z\EL BB 5 B & — W AR i A= 1<, BRTE 211 2009—2017 4E34531 9 42 B9 Wi £t .

A I 3G TR B A H S 3 AIR (Average temperature, °C) | Fx i/ R AR ( Maximum/ Minimum
temperature, °C) , BFF/K & ( Precipitation, mm) N H (W K AL Precipitation day, days) %% H (5% H K%
Fog day, days) \%5 A XTI B ( Relative humid, %) G 4 204 4 ( Photosynthetically active radiation, PAR,
mol m™ s ) AL GOR ML A 1L I B A S R G A5
2.3 Hmiab

i Bl McMahon il Parker (2015) £ H} (932 48 1 35 A= K AR ( Logistic model ) 0045 ACAR i) A= 4 14 1 4 53 L
YIMESHCT LRI oy BRI —AE 12 A H B Kbk (dbhy,, ) 5B ) (K doy ) FRAC(1)
AL AT A B2 A AR B A AR JUA A K i 2 i R B i3 AR K i R RSB S 8 (anih 26 b R FF i 42 . 93
M) FETRIRIZE S R (2) R E XS B S d (CANZAFEA R T 50% , X0 KA doy BV A AE K ik 4 4F —
2RI E] ) BIVRT R GRS 1) £ 2 AR i A IS T] (40 A= RS Lk IR IR] ) | AR <t Ze 455 m000 0 A AR Kt 2wt 2R B A
KA TR XNy B[R] R A: K 38 258 2 B KRR s 1], %0 #2 AT AR 4 McMahon i1 Parker (2015) #4591 RS K&
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“MASS” “chron” .“RColorBrewer” 3 PILAMMUZE R Studio #k 5 i |
L+ (K-1)

dbh, = 1
o 1 ( r(doy - doy,) ) ! ()
l+— Xexp| -————
0 0
K- I, 16
doy,,r — 6log ((d 1" lj 0)
doy = (2)

doy ATE—4F 365 K KL ; dbh,, A — I RC S Y MIAR ; doy, ABLE A F il Ze b 3 s A KA L
T AT TR K A Kt Ze BRI 4 s r AR I35 s R 5 0 S R BRI 24U A

H S AR AR R AR s H SR A BRI AR | 2255 R ¥ A A i LT o S A R AN 7 g i 2B R s 28, e
FIZE R RHAF 5—10 HE R B RN SRR A R 1—4 A5 11—12 AdAER RN R D5
2203 M OB [ W R A [T AP B AR PR 21 A K 28 5 o MR 1L PR R AR AR 285 JR GE I sl AR LA/
HAR oK BT H 25 H | H BRER 28 SN IR B SR BORE, X H AU Bl AT 25 a4 br e (b Ab B, 1545 5
LN RO AL 3 T S5 R - SRR AR A IC R 43 I 5 5 W A A 2B ARG S e PR 7 SR
B IR HERE A 53 B A R 3 g R PR A R T) S 580 e R AR A AR AR A G, T 5 e 8 A X B o 2
KBS R FE | [R5 FH B DR 2R 07 26 0 W M A8 i 2t 9 TS A IR T) S ORI R R A JGH AR Y 22 e, i R [l
VA T & WA i K AE KR SARAE KRR, FdRbFERIEIRZHIZE R Studio(R 3.4.1, http://www.R-
project.org/ ) 1 Excel 2016 A4 H15¢ 1Y .

3 HBREH

3.1 HEERIEM R AEPR AR AR K S S RS

4 DB AR AR SR 2.7—10.9 mm/a, FEAEAERK TN 6.3 mm (£ 1), HERRAITEHRFNZ AR K
PR 22 A8 KT SRRl 5 P AR AR R Y 22 S L I R BRI AR AR A K 10,6 mm, B 3E S TR SR
P (3.0 mm,P<0.001) , ASFIBFREIAEGAE A EIRAELE B3 25 55, Jorh 5 R PU MEfe g , T3k 10.9 mm; T 4
B R AL B A, A 2.7 mm, BFFEIIE] 4 SRR EYARPRAR 0] AR K ST B A R A2 A a3, Ho i R B
WK AERR AR, BIRFSE S I 2013—2017 45, 5 SRR FIIE AR AR ) AR R 2 I I E (1)

4 AFFFEIE—AE RS 105 KIFERA K, BI5E 177 Kah R KA KR 7R 56 258 KA KA E ||
SER AR BE A 153 K, P R A K3 R 0.08 mm/d, 75 SR FNTE A 6] | i Sl b O B A4 K o st [ (548
102 ) W LT 95 AR (57 108 2K) , T4 1 A K IR E) I 1 AR i (565 271 R 5550 243 K, flif5 5 4 L
A EFEFRMAERII(169 K) , R TE MR RAE K BIE0E (137 X)) (AHGR B K AE KSR A B ] (55 174
R)ERFH LR (5 180 KX) , H ATk B i KAE K 0.14 mm/d I & F 5 4 19 0.03 mm/d (P<
0.001) (K 2) . ZePEIIESHTFRI 4 AR Y fic R AR 4 R 5 47 A K R BLIE B, e K2R K H0R 8 A 3L
AR R R (E2) .

3.2 HERITE MRS [E ZE Y AR K T

AL LU g i AR A A A8 ) A A R AR v R TR 2 ) L AR R R Tk B KA B ) 5 169—
183 RITEFZM 6—7 H (295 150—210 K, % 2) , BRI AR 4EKEN 5.9 mm, H2FEERKD
93% , 1M P A KA T 2AEAEK 7%, EAR PR V% B R 7E 28 0 A K 0 (9.6 mm) 328 = T 4k
PR (2.7 mm) , AHECRZ, WA K AR K BT K (96% 5 86%) LR Tl i T 55 4F g it
M AEAE 2R A5 A B PR AR ROIRAS A A AR 1 LU BT R A B 55 (14% 5 4% ) o TEA
[FIARERR ] 7 R RS BRAEAE I Z2 0 A4 5 AR 0 LU 5 5 o 97 % , LU V& iR R PG HE 95% , i AR il pig
AT FIE B2 B 530 1 87% F1186% (81 3) . BLAh, B:AK 5o KK A B IEAHX (r=0.37, P<0.001), A
MARKERERSE M EEERK,
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Fig.1  Annual growth of evergreen and deciduous tree species in a montane moist evergreen broad-leaved forest on the Ailao Mountains

during 2009—2017
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Fig.2 The annual growth rate and the max growth rate for 4 tree species in an evergreen broad-leaved forest

F2 EREAMKESENEEHHERRBESHILER

Table 2 Comparison of growth parameters between evergreen and deciduous trees in an evergreen broad-leaved forest

R Fh I RAERKHEE AR NI I R A AR ) 122 1 i ] # Frgkmt(a)/d
Species Gmax rate Start day Gmax day Stop day Duration
H4 Evergreen 0.03 102 180 271 %% 169 ***
7% Deciduous 0.147*" 108 174 243 137

JE [ & Ternstroemia gymnanthera 0.04 102 177 261 158

F AL Eriobotrya bengalensis 0.03 102 183 282 182

PGHE Betula alnoides 0.15 99 169 239 140
BERAE Lyonia ovalifolia 0.13 119 181 248 133

Gmax rate J&4F N KAE K (mm/d) ;Start day, Gmax day, Stop day, Duration 43 5ISEARE A LAt A 28 A TF IR e ) e KA K 3t ] | 5
AR ] DR A K AR ] ( Re/d) 5 o+ o+ o+ P < 0.001;#; $5—4F PRy A F
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3.3 HERAIE MR RRAS ) AR AG AU T  SR

24 P A5 LS00 53T 3 50 I 45 - ° W 0 _
G T IR AC R B, AR TR AR R —
[ 2 A AT B R0 (P<0.05 % 3) AN HA 5 s :
HAARERS BRI R K EE RN T, F g e =
T K S AU T I AP0 G R ey WA )
AP T P R SR IR B A L

SFIRT B A 1 AR AR S S RS I, 7K 43R S ) A R 4 M Percentage/%
s RO AR B R RO RA B T ﬁ%ﬂ(EF( P B3 EHMEMHHHMRHERER(WES—100) GLEFEEK
<0.05) , [l At 7K B IR A7 AE — 22 2 W (P = 0.067 ) , 1 Ui, mamt— '
HTEETFREK B R B DA R 3 o b 2 K5 Fig.3 The percentage of seasonal growth for evergreen and
Mol B 5 5 AN [R), e AR IR FDOE A A AR S X 75 MR Y deciduous tree species in a montane moist evergreen broad-
AEAE A S T A RN B S Y LT A 520, leaved forest
%5 H KRB 25 SRR 787 7 X 28 57K 4R
HH I RS R -5 9 A A A K B A DG (P<0.05 ) |, I HLS B R R A A7 A — /2 A DG (P=0.089) , 1 L%
KRG 2 SRR MR A KA B2, B2 KU A B m PR &R AR
77 A B A R X SRR AR AR K i BT S R B A R R ek AR K ny BRIME T .
BSR4 A A K Y R A 5 AR A PR T A5 T — B0, 3R B R R A A RO R R A R 1 i)
NEAH LB MR U s, SRR S B AR T T 85 R AL A A B R A K 2 B R
ZE s (IR I BRI

£33 EFAMKESMEHMERERSSERFHEMERESEMERE 5

Table 3 Effects of climate factors on diameter growth using linear mixed-effects model analysis for evergreen and deciduous tree species in a

montane moist evergreen broad-leaved forest

ST H B R Evergreen &R Deciduous
Climate factore WIREC ek REAY MHRE mkE  WEKT
Estimate  Std. Error Pr(>I1tl)  Estimate Std. Error Pr(>1tl)
FERE Temp 0.087 0.034 2.537 0.013 0.000 0.062 0.002 0.998
Annual growth Tmin 0.073 0.035 2.102 0.039 0.124 0.060 2.061 0.043
Tmax 0.103 0.034 3.034 0.003 -0.045 0.062 -0.716 0.477
Prec 0.065 0.035 1.856 0.067 0.094 0.062 1.519 0.134
PreDay 0.050 0.035 1.399 0.166 0.106 0.061 1.727 0.089
FogDay 0.073 0.035 2.074 0.041 0.138 0.060 2.279 0.026
PAR -0.108 0.034 -3.197 0.002 -0.148 0.060 -2.490 0.015
RH 0.056 0.035 1.597 0.114 0.144 0.060 2.390 0.020
VPD -0.025 0.036 -0.709 0.480 -0.149 0.060 -2.469 0.016
BEERKE Temp 0.015 0.011 1.357 0.179 0.016 0.028 0.572 0.570
Dry season’s growth Tmin 0.039 0.010 3.790 0 0.100 0.025 3.959 0
Tmax 0.006 0.011 0.535 0.594 -0.008 0.028 -0.288 0.774
Prec 0.017 0.011 1.566 0.121 0.048 0.027 1.754 0.084
PreDay 0.019 0.011 1.788 0.078 0.050 0.027 1.817 0.074
FogDay 0.039 0.010 3.844 0 0.098 0.026 3.796 0
PAR -0.035 0.010 -3.352 0.001 -0.096 0.026 -3.768 0
RH 0.033 0.011 3.096 0.003 0.078 0.027 2.920 0.005
VPD -0.028 0.011 -2.671 0.009 -0.076 0.027 -2.846 0.006

Temp MAEYSHE (Average annual temperature, °C ) ; Tmin AHAK IR (Min temperature, °C ) ; Tmax A% 5 ‘il ( Max temperature, °C ) 5 Prec 4
4F B IK 2 ( Precipitation ,mm ) ; PreDay J94F ZFLHT H KB ( Precipitation day, days) ; FogDay N4E 2155 H % ( Fog day, days) ; PAR A YGHIA 5%
55 ( Photosynthetically active radiation, PAR, mol m™ s™") ;RH Jyzs SAHXE i ( Relative humid, %) ; VPD 7875 %5 Bk ( Vapor pressure deficit,
VPD,kPa)
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A RSHCS R TSGR, AR PR 75 A o 114 e A A A3 B 2B RIS TR] (T 0 A5 1k FRp
I R] ) P 8 E AR S, T v A o £ s TR A PR AN SR, A i R AR 3R 5 Ui PR 7 B2 3 A G
W 7K 55 SRR T U AR R A I ) 28 AR OG (P<0.05) , 55 H -5 3 2 Aif e L 2B A B IR BT IE ARG (P<0.1) , B
K %5 H 5 S A AL I (] 235 TEAH DG (P<0.05) o [R) I g b A e A 4 3 40 15 - 2 Al e v T 0 25
IEAHSE(P<0.05) , W TIRTH i 2 3 2 o R 2 ) A TR 9 AR ol B AR I R K - R H
Z H = SANIREE Z8VUR T B B E A OE (P<0.1) K IPIRBUBLFE MR B 55 H 28 SR L A3 ik 2=
BERTE M B o KA KR (R 4) | STE MR BRI C R —B0(3R 3) |, BRUEK A3 40 QR H 25 H A
23 ORGP T A X 7 A A K P B

x4 FFHSE K ENEESESKEE TS LK ESHE Pearson 18X

Table 4 Pearson correlation between growth parameters and climate factors

SRHT H LTI Evergreen IRl Deciduous
Climate st TRER e R e e TR B g
factors Start day el Stop day Ly Duration Start day I ] Stop day R Duration
Gmax day Gmax rate Gmax day Gmax rate

Temp -0.09 -0.05 -0.04 0.22" 0 -0.13 0.01 0.03 -0.05 0.02
Tmin -0.02 -0.03 0 0.17 0.04 -0.1 0.15 0.11 0.18 0.08
Tmax -0.08 0.09 0.04 0.26" -0.04 -0.13 -0.08 -0.02 -0.1 -0.01
Prec -0.27" -0.13 0.02 0.08 0.27" 0.03 0.05 0.07 0.18 -0.01
PreDay -0.14 -0.09 0.06 0.06 0.19 0.07 0.03 0.05 0.23 -0.02
FogDay -0.18 0.07 0.19 0.11 0.28 " -0.03 0.02 0.07 0.27" 0.1
PAR 0.13 -0.02 -0.14 -0.24" -0.21 0.08 -0.07 -0.08 -0.26" -0.1
RH -0.12 -0.01 0.13 0.08 0.23 -0.04 0.02 0.08 0.26" 0.12
VPD 0.08 0.02 -0.12 0 -0.22 0 -0.05 -0.1 -0.27" -0.12

* P < 0.05
4 itig

4.1 H SR AE ARl A R A I S B0 LR

AN TRV Ao R A i) A A AR 2 57, X T 2 AR I B R O A 1) AR R 7, A ARAE R (B 1) (R
TR AR AR A R LU (18] 3) 24900385 o T 0 W Rl 5 T Tty T L R )1 e e 2 7 4
A H LRI I AR TR SE R ROR R AR R S B R R DA G PRI 4 55 98 IR A A% 1] 2
K22 5T BE 5 HOR 8] 1 R BERRAE A 60 20 o R, e ) ol o R 05 oo 1 1 A R an o b
JE HLASCRE A A (0 i R H A ol TR ) R A A L ORI A i BE | T o — i A B L iR A
AR TR A5 BREE 0 | R A6 5 43 57 2R e 1475 T R Ak 2 Ak 4, F 5 45 1L b s 6 SRl o A 2 1 2 K T
IBAAE I 14% T R 22304 A 5 24F 4% o ARS8 AT DR AL T AR S A 5 ) A 7™t 2 [ A 7
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