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Spring and autumn phenology patterns of subtropical
plants and their responses to climate change

CHEN Qin, TANG Xinran, XUE Qianhuai, WANG Xinyang, DU Yanjun"

( College of Forestry, Hainan University, Haikou 570100, China )

Abstract: Phenological changes caused by global warming have already impacted global biodiversity and
ecosystems. Compared to temperate and boreal zones, subtropical phenology has been studied relatively less. It remains
largely unknown that how autumn phenology response to climate change and how the responses vary among different
functional groups. In order to investigate the spring and autumn phenological responses of subtropical plants to climate
change and whether the responses vary in different functional groups, an 20-year observational phenological datasets for
25 woody species in Changsha Botanical Garden of Hunan Province were used, and based on the AIC information
standard, the best temperature and precipitation models of each species were selected. Wilcoxon test was applied to

analyze the consistency of species’ responses to temperature for different functional groups. The results were as follows ;
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(1) Spring phenology and autumn phendogy were significantly responded to temperature for most species by advancing

their leaf-out time and flowering time on average 3.76 d - °C™" and 6.53 d + °C™", respectively. Leaf-coloration time and

defoliation time were significantly responded to temperature for parts of the species by delaying on average, 16.66

d-C"and 3.50 d - °C", respectively. (2) Only part of the species showed significant response to precipitation in

spring(leaf-out phenology: 60% ; flowering phenology: 35% )and autumn (leaf-coloration phenology: 25% ; defoliation

phenology: 13%). (3) There were no significant differences in response to temperature change among different

functional groups, except species of different deciduousness showed significant differences in response to temperature

change. We conclude that the spring phenology of plants in the subtropical area is significantly advanced and the autumn

phenology is significantly delayed, and there are no significant differences in response to temperature among different

functional groups in the subtropical area. The results show that different functional groups converge on their response to

climate change in the subtropical area.

Key words: leaf-out, flowering, leaf-coloration, defoliation, functional groups, global warming
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2006 ; Calinger et al., 2013;Du et al., 2017) 15
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Phenological patterns

2015; Wang et al., 2015) , X —%5 5 UESE T Wi
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2002 ; Miller-Rushing & Primack, 2008) ,
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Asab et al., 2001 ; Sparks et al., 2006) , ¥
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Table 1  Basic informations of leaf-out phenology and flowering phenology and parameter estimation of regression model

JEI4115 Leaf-out phenology FFAEHI% Flowering phenology
Refli . ey HAERRK
- LR R o SR AN o
HIED Species wn onp wm TUIE e Gipen pee WES L s Apma pen TEIE g, WIS
Phenology ' Slope I Best pre  Slope 2 " Phenology Best temp Slope 1~ 2% Slope2 7
2y p est pre D! . 1enology Best temp D P .
N Month temp 3 “ Temp = N Month 3 pre 1, Temp *
day month (d-C") month (d+mm") Pre day month  (d - C™) month (d+mm") Pre
model model model model
B Albizia julibrissin 19 47 Apr. 109 243 =7.04% 243 0.18%  0.24%* 19 6 H Jun. 155 3+4+5 —12.49%* 6 -0.12* —
FaM Broussonetia papyrifera 19 37 Mar. 90 8+9 15.95 3 0.30* — 17 4 Apr. 108 2+3+4  —6.17%* 3 0.06 —
%S Camellia oleifera 11 4 Apr. 96 2+3 -3.19 4 -0.04 — — — — — — — — —
WL Castanea mollissima 16 4 H Apr. 95 3 —4.69%%  2+43+4 0.16 — 16 5H May. 139 4+5 -7.31 3 0.18* 0.01*
S Cercis chinensis 20 3 H Mar. 86 2+3 —4.21% 14243 0.34% 0.04% 20 3 A Mar. 86 243 -6.81% 1+2+43  0.28*  0.03**
FAFRAE Choerospondias axillaris 18 3  Mar. 91 2+3  =5.29%% 243 0.14 0.01* 17 4 7 Apr. 111 2+3 —-8.01%** 3 0.08 —0.04**
iR Cinnamomum camphora 14 3 H Mar. 85 1+2+3  =7.72%% 14243 0.22 0.03* 14 4 H Apr. 120 2+3+4  -9.72%*  2+43+4 0.27 -0.07**
FA Cunninghamia lanceolata 17 4 J1 Apr. 110 2+3+4  -10.27 2+3 0.48* — 11 3 H Mar. 78 8+9+10 -21.15% 1+2+3 0.51* 0.02*
riobotrya japonica ar. 65 + -5.25 3 . -0.04* ov. 3 . -0. —
HEAE Eriob 15 3AM 65 1+2 5.25* 3 0.20%* 0.04** 10 11N 314 8 7.96 11 0.1
F&Hd Firmiana simplex 19 4 J1 Apr. 103 11+12+1  7.96* 2 0.08 — 17 6 J1 Jun. 161 12 -8.39%  4+5+6 0.13 —
WIBk Juglans regia 10 4] Apr. 105 11 10.87 2+3 0.19 0.01 — — — — — — — —
L V1 Ligustrum lucidum 16 4 J Apr. 94 2+3+4  -10.93* 3 0.15  -0.09* 18 6 H Jun. 156 34445 -8.4% 4 0.05 —
WiAE T 2% Magnolia grandiflora 13 4 Apr. 11 -17.03* 2+ 38%  —0.13* 13 5 May. 1 +4+5  —9.86%* .09 —
faf 6% 2% i di 3 A 8 4 03 2+3 0.38 0.13 3 H 36 3 5 -9.86 3 0.09
WM Melia azedarach 19 4 Apr. 98 243 =5.73% 243 0.19* 0.02* 20 4 )] Apr. 119 243 —6.49%* 3 0.14*  0.02**
IKF2 Metasequoia glyptostroboides 19 3 H Mar. 91 243 -3.45% 243 0.19%* — — — — — — — — —
& Morus alba 13 4 H Apr. 97 2+3 =7.45%  24+3+4  0.40** — 8 4 H Apr. 113 2+3 -8.77* 2 0.03 —
—EREZ P Platanus orientalis T +3+ -10.85* + 3 — — — — — — — — —
SRR PL /] 9 41 Ap 96 2+3+4  -10.85% 243 0.20
W Prerocarya stenoptera 17 3 H Mar. 76 14243 -6.23*** 14243 0.18* 0.02** 17 4 H Apr. 99 3 -6.41* 4 0.08 —
fIBE Robinia pseudoacacia 19 4 Apr. 92 2+43+4  =7.94% 243 0.16  -0.07*** 19 4 H Apr. 109 2+3 —6.4%% 3 0.09* —
HiI#L Robinia pseud, H Ay H Ap
it assafras tzumu ar. . + . — eb. + 3. —0.13 —
HEA S 9 3A M 90 11 7.58 2+3 0.16 9 2 H Fet 47 9+10 13.38 1 0.13
oona sinensis pr. .76 +3+ .3 .02* — — — — — — — —
Tt T i 8 4 1 Ap 92 11 7.76%  2+3+4  0.30* 0.02
5¥1 Triadica sebifera 18 4 J Apr. 105 3 -6.17** 2+3 0.22* -0.04* 12 6 J Jun. 162 5 -5.00* 4+5 0.07 —
£ Yulania denudata 18 3 A Mar. 86 2+3 -4.68* 243 0.15 — 18 2 H Feb. 57 12+1+2  -8.64** 12 0.17  -0.19**
2% Yulania liliiflora 15 3 A Mar. 91 243 —6.97* 243 0.22* 0.02* 16 3 A Mar. 91 243 —-4.58* 1 0.10 —
W Ziziphus jujuba 12 48 Apr. 1 +3 0 —8.91% 243 17+ .02 12 5HMay. 1 4 =708 .09 —
£ hi b 2 A 09 243 8.91%* 2+3 0.17% 0.02 2 H 43 28** 3 0.09

I EEOV RN AES; RO &Y BN G WIREN 1] 1 H PR YW HRNK -5 X% ; Temp Fil
temp HREMHELNX; REREAMESERMNSIEEHTHHNREREAGAE; fE1(d- C") YRS RER
FEALE B R B RHRAE ; Pre Hl pre ARK A S ; SERKABEAS A WIS BRIETH R AEREKA a6, #
F2(d - mm™ ) YRI5 RAERK LA B EH R B + MK R SRR EAEM . —Fm PR 38 BAE A sk =
f£32 P<0.001; “f£ 32 0.001<P<0.01; "f£ 3 0.01<P<0.05, F [,

Note: N is the number of years for monitoring species’ phenology; Month is the average month of each phenological period of each
species ; Phenology day is the average number of days of each phenological period since January 1; Temp and temp are the abbreviated form
of temperature ; Best temp month model is the best temperature month model of the regression of each phenological period and temperature ;
Slope 1 (d - °C™) is the slope value of the regression of the best temperature model; Pre and pre are the abbreviated form of precipitation
Best pre month model is the best precipitation month model of the regression of each phenological period and precipitation; Slope 2 (d *
mm™”) is the slope of the regression between phenological period and best precipitation model; Temp * Pre is the interaction between
temperature and precipitation. — indicates that the species is not sensitive to the interaction; ~" represents P<0.001; ™ represents 0.001<P<

0.01; " represents 0.01<P<0.05. The same below.

(Wt 5T R A W R, ARG M DM SRR Y AR SC M, BRI o ) A i R £,
Yy 55 R i DA ) %o A 8 e 2 AL AR AS [, SR BRI I S A R R Y R R T R T AR AR A B
RESE T T 22 S BRI . A T A RO AR ARG AR ST A B B T 4 v Rk g S )
T AL, R R AT ST = G RS BYHEIR (Menzel et al., 20065 Piao et al., 2006; Ge
R, HEE R T IR KNZEAER  etal, 2015) X 5ARCZE R —8, KA HR
LURCIDOR /K Y Raasv- A I8 JE R FK TR W) A5 1 53— A B A PR (Munne-
3.2 BEWIERI S AE T L A9 I B Bosch & Alegre, 2004; Estrella & Menzel, 2006;

#RIL 70% By A 2 BE T AR e 30 R 3 Anderegg et al., 2013; Dreesen et al., 2014) ,iX 5
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Table 2 Basic informations of leaf-coloring phenology and defoliation phenology and parameter estimation of regression model

A5 8 )15 Leaf-coloration phenology

&I P)M% Defoliation phenology

A EREK ReflRE HefEREK
YyFh Species gy SAEREE 0 AOMLE W AGHE o, ABHEE 4 TR =
¥ b FER 1 R 2 " )i FR 1 R 2
wy Ap PN ppaa BEL T BED e e g RN T BREL TR BED Tk
N Month CIO8Y Best tem ope pre P = Temp * N Month 1NO08Y tem ne re ope Temp
day Pg.cny P (d - mm™) P day Poa-ey P (demmt) NP
° month mode]( month Pre ’ month month Pre
model model model
B Albizia julibrissin 14 10 A Oct. 302 6 14.18 8 -0.19 — 17 11 J Nov. 306 9+10 17.17 10+11 0.30 —
YW Broussonetia papyrifera 14 10 H Oct. 278 9+10 25.34%* 9 -0.18 — 13 11 H Nov. 307 4 -14.30* 9+10+11 0.49 —
WEE Castanea mollissima 14 10 H Oct. 276 10 9.39*  8+9+10 0.25 — 14 10 H Oct. 292 2+3+4  -9.96* 9+10 0.44* 0.04*
59| Cercis chinensis 12 9 H Sep. 262 10+11+12 24.94% 8 0.12 — 16 9 H Sep. 266 1 -8.40* 8 0.13 -0.08*
FAFRAL Choerospondias axillaris 15 10 / Oct. 284 5+6+7  16.36** 9 -0.27* — 15 10 7 Oct. 296 9+10 10.07*  8+9+10 -0.32* —
F&HA Firmiana simplex 16 10 H Oct. 286 10 16.56%* 10 -0.10 — 17 10 H Oct. 304  11+12+1 1573  8+9+10 -0.17 —
Bk Juglans regia 9 10 H Oct. 275 11+12+1 12,74 9 0.15 — 9 10 H Oct. 298 6+7+8 -17.91 8+9+10 0.39 —
R Melia azedarach 14 9 H Sep. 263 5+6+7  37.47* 9 -0.53 — 16 10 4 Oct. 289 10 17.53* 8 -0.09  0.20%
IKAZ Metasequoia glyptostroboides 17 9 H Sep. 272 10+11+12 24.6** 8+9 0.45% — 17 11 A Nov. 309 2+3 -14.82* 9 0.40 —
W Pterocarya stenoptera 15 10 H Oct. 288 7 18.19%*  9+10  -0.37** 18.19*** 15 10 JJ Oct. 297 10 12.82%* 9 -0.24  0.20%*
HIBL Robinia pseudoacacia 18 9 H Sep. 275 10+11+12 27.14%+* 8 0.11 — 18 10 H Oct. 290 5+6+7  21.97* 9+10 -0.21 —
MEK Sassafras tzumu 8 10 4 Oct. 264 5 -4.64 7 -0.07 — — — — — — — — —
¥ Triadica sebifera 16 10 A Oct. 285 5+6+7  21.61** 2+3 0.22* — 16 10 A Oct. 301 7 16.96* 8 -0.17  0.20*
F* Yulania denudata 12 9 H Sep. 264 1+2+3 -11.58**  8+9 -0.20 — 13 10 J Oct. 287 4 -8.45% 8 -0.12  -0.08**
K% Yulania liliiflora 10 9 H Sep. 254 9 28.74*  7+8+49 -0.56 0.75* 9 9 H Sep. 274 10 26.76* 7 -0.21 0.05*
A Ziziphus jujuba 10 10 H Oct. 281 9 5.54 10 -0.08 — 9 11 4 Nov. 310 10+11 -12.67 9 0.23 —

AR TE G RA —E, AT R, WA
DX I 3 2 ) M 32 9 K5 e /0N 52 R B
P

TR A 9T e IR, Bk 2= ) 408 52 R BBE RN R K 1 3
[ F 52 e ( X HT 2017 5 £ W4 ,2020) . FkAT
R IAAT DB b i it 2 2 3 N s i A2 3R
55K B 2 [8) A T 52 )| 3 B NI 4ty b, DX A 4y it
AR RN A% B PR B AR B I mTREAS [, FRAT)
() 45 S = 6 T HAGHT Hb DX AR ) P 1 5 4 ek R A A
R R MR EAEEE L,
3.3 A[EIheE B4R M 4 1% X SR T 4L B9 i iz

WA 0T A A 1 R 5 R S IS A 2 ] Y O
FRAR DB EE . A SCHFSE T W R b DXAS ] SR 52
AL Tl 1) R - 0y A % URE 1 ) N, 45 2R R B AR
VAT 1l DX, PR 5 2R AR A BT AR B A R TR Y
Wi S AE L 1717 3 A S = TS 9 ML 0 o 2 — 2D
5T

ARSCEWHESE T FAHT Ml DX G0 XU AR )
Wy fige 55 0 BE ) BURME Z ) i 22 5, AT I PR Y
R IR TFAE Y LU 1 T A6 o Xk A= 468 A8 I2 194 i )3
AR ( Fitter & Fitter, 2002 ; Menzel et al., 2006;
Calinger et al., 2013) , XU GE A% K5 A1 4 38 5 b HL 06
LRy R ) TF AL B L (Faegri & Pijl, 1979; Du et al.,
2015) , M ASHIF S8 I AT & 30 XU A% 49 A 4 L o

g riEk /NN VAL S N = ST i 125 o0 26 e R o B =l
SAMEARAL R BT 22 5% B s AR IR A &, itk 4k 1 i
LA ) A 5 PR AR R R N T 5 A% R RS R DT
B,y /0 W F i JL R ( Waser, 1979; Kudo et al.,
2008 ; Rafferty & Ives, 2011)

SRR ORI T AR A ) R I A fig R S A 1) g
I R IR S 2 25 | FE A 406 X A AE 1 e 3 e IR
WIC I 22 5 e IR M IX v R R i A
BT R 4 Bl ( Panchen et al., 2014) ; 767 #1GHT 3
DX, AN [R] 7 P AR o S S I 0 A R O . 3 A O
(WEITHL,2019) , X SRATHE AT &, AR
TR iR R LE TEAE T, X K AR e A —
FE TR, 2 H BEIK I S BT, Wy b AT RE T i S
X i B A5 A A PR - 1 (T B, 2019 ) | 3 A [F]
&IV A BRI B W g X A B e N TS B R
FE5t,

% it

ARG g M B Wy A ok A A8 A w157 A9F 5 T
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Fig. 2 Response of leaf-out phenology to temperature changes with different functional groups species
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