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#, 2012; Niu et al., 2014), HLFEAEHIE N I FAE
At Bk & A4 % 1% £ 48 1k (Beaubien and Freeland,
2000; Matthews and Mazer, 2016). /L& 3 T K
V) X i 22 4 ok 3R AT 1) 28 S A0 (6 TE 50 S T /A%
BAPRAE T Gt 22, (B S R AR I
DR, 16 8K P B A 0 i 0 4 B 2 S
AR B RS R AR HEEE, TR
W FEAA AN E 73 55 2 B BH FEg 1) IR B
G R BE S A TR, T H oM AATE AN AT S
(1 57 SR A s A S T I P R A e
THEME R

3% J& (Viburnum) 38 J& 24 %L, 1% )8 A 200

Wieke H #91: 2016-12-23; #2252 H #: 2017-03-06

WARE L. PR 52,

P, dwAG 4k, BIEA7AR(TRIF, 1988). Ykl Z 1
PERH AR )2 MR Y, 1Z R B A R E
82 RE A = A BEIE S . AT A TIE R A BR
MBI AT M 7 Sl L B 35K, B R EE X 2016445
R IR R AR, MR A A KB R
BEAT PR PR BRI, I 5 D s 0 e (R R A
2012) X LE, B AR NG IR AR AL I AL AL
&, T RRAE AT AT E SR AR A T e R L S B
SRR AT IR AR

1 MRA*E

1.1 WX

LI b 23 g H R 25 B A DT 9 B 3% B 2R, % [l
- F AL Bk 4 i1 (116°28' E, 39°48' N), #3476
m, +1EpH{E ~0.8, PR E12-13°C, P
/K E400-800 mm,  Ja& Tl s KRt 1 2= RS A o L
BT 5 VS S8 AL i Bk S R G it

FETUH: HEK B AR 5£4:(No.31370361) . H [ F} 2 Fi # m55F 10 H (No.KFZD-SW-313) Fl [ 55 i 5 AR B 5t K & 11 %1l (No.2013AA-

102903)

* JEWAEH . E-mail: cuihongxia@ibcas.ac.cn; shilei@ibcas.ac.cn

© 0000 Chinese Bulletin of Botany



298 fHYIEM 52(3) 2017
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V) Py o 222 S, e L 5 0 A FH R G0 2 ) R, 3R
ATV 8 7 1 2R 43 A 6 BE 72 S AR () S M 36 2K SR AR,
RIEE4€(Viburnum macrocephalum Fort). BRZEER
(V. opulus Linn). Z=H-323% (V. prunifolium Linn).
T3 (V. lantana Linn) 14135 3€3% (V. carlesii Hem-
sl) (RL)FATWM, F1552009-201 14 ML 25 5 (5
HI5E, 2012)HEAT ELELS M .

1.3 WWFH*
20164FE KT, Xk € 5P 3k AT FRac Sl . 4 Ff
R IEH A KIS BAk, TE167 3 I, fEREAN R
PR RS E 3N T BEAT TR B0 o AR 4 F A A2 1)
TG T, W12 e LT H /N Bt B 1) H 3 2
NEFFHGETER, B R NE BT N H A
ERHARTER, B NE IR RS/ NETE )
I R] 5 AR SAKC

A6 U 3% 2 B UL A2 18T A A A A A% 1) R AR A,
MR 6 3% Jm A B A AR KK B IR B2, FRATTIEFR0°C
VERIEE B AE KRB WAEYERE . LT sh i
B oNFRZE H YR B R e fE0°C LA L i H 11 21 356 3% @ Al
VI AE A 2 T 1 H R ek 25 0° C BT 43 (V0 280 5 1)
A

51200920 104F [y UL 4, FRAI T30 £ 28 AL 5%

AR G5 BRAE Ay 25 3 2 AR K R &
BANYIF LIS BARE, R A B IR G AL
Lo AR A RERTC R, bRid3tifENE S .
AR B R i R, e R B il iz
B, BB B AERIE 3N A AT I, A
37K Ui bR R R (R B 80.02 mm) 2y 5l I & 1A
AN TE SR 1) o 8 B A% (i) K0T SR i R SR - T K
58 (em). S FEFTSE (201.2) Fr ik T ik 1 - T AR
(T (cm2)=H-Kox - $5x0.7) 0

2016%F4—6 1, BERHS R 73 il M R S 3 535 AR
BRSNS Hpk b B AR AR S Al St %510 /7,
THE M (cm?), BRI NEERE, 105°Co 730
Sr%p, 80°CHL B HE, WM FTE(g), THHE LM E
(specific leaf weight, SLW)=M } - 5 (g)/ M- fi #4
(cm?).

2 HRSWE

2.1 2016FEFHNRERESR

T & WK T 2009F M201 LFEFZES R FH AR
FARIE, WOR AN IEE . 520094EAHEL, 2016
FEL-AH () foe il P R A AR R ) UL 2 S A
o L3 H NI B R A ) R R AT A IR
Z5IEHFE ML ZE R R OR, 20094 [F #1737l &
16.2°C. 2.74°CH13.52°C. [[I}20164E2 FH)E

T EEEUMDF IR AT SIE B LR 4y R R (IR, 1988; Yang et al., 2011)
Table 1 The geographic distributions, introduction background and taxonomic affiliation of investigated Viburnum (Xu, 1988, in

Chinese; Yang et al., 2011)

Species Latitude and Original distribution Introduction site Introduction Taxonomic affiliation
altitude year
Viburnum opulus 39°02'-55°93' N; Northwestern China, Central Romania 1956 Sect.9 Opulus
1000-1600 m America, Central Russia,
Most of Europe and North-
western America
V. macrocephalum 25°09'-32°04' N; Southeastern China Nanjing, China 1984 Sect.1 Viburnum
60-160 m
V. prunifolium 26°75'-44°75' N; Southeastern America New York, America 1982 Sect.1 Viburnum
250 m
V. lantana 21°54'-53°33' N; Most of Europe, Northwest- Hungary 1957 Sect.1 Viburnum
250-3410m ern America and South-
eastern Asia
V. carlesii 34°01'-41°63' N; North Korea and Japan New York, America 1982 Sect.1 Viburnum

0-1300 m
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Bl Wfs A4y 2009-20 114 J 20164F (1 1-5 H #5 il B2 (A) B AIGIRLE (B) Hii 22 (C) Al B R (D) (BARI NI R R it <

FHEHR AL TR AR G)

Hrh 20104 FI20164E 245 5K AL T 404K 5 VA TR AN 04F I 5 o B 2R R S0 (Al 4%, 2011; F 30k, 2016).

Figure 1 Meteorological parameters in phenological observations from January to May in 2009—2011 and 2016 including
ten-day maximum temperature (A), ten-day minimum temperature (B), ten-day mean temperature different (C) and ten-day total
precipitation (D) (To analyze data at ten-day scale, which were from Beijing Meteorological Observatory)

The extreme climatic events occurred in the spring of 2010 and 2016, which was characterized by extreme cold-wet in 2010 and
warm-drought in 2016 respectively (Wang et al., 2011; Wang, 2016) (in Chinese).

AF] FARITCRERN, [oK B 20094 (A 3 B S b (1
1), HH20164EF T FEAM RS . 75— IR SMERH
RATE201048F 2, HIL T 4048k 10 55 % iR, IF
HFEHBERHERE, TER TR LA AR AR
SAE(T M4, 2010; FOEGESE, 2011; BRI S,
2012).

22 BFSEFERIERANENES

FEST i A% J5y b, B S5 £ AL 3K R AN AR 1E ST PR RT
EAPETT I ARAL FE O W] S o MAE IR AR PR AU R

5 1E# 4y (20094F) A Eb, ¥4 12 (20104F &) Ml iR 5
(20164 Z) 4, JEE PIAE IR KRG IEH 0
FHM B B . [F] I FRATT R BLAR X T-20094F 1E # 4F
B, FEFRARBSREARAER, 2%, B
SJE T R 185 3 5 1) 6 K A R AR B R 1 AR A (1
2) o RN BRAN B AL ) 22 A HE A6 1A 28 A8 1h [ FE B
e, o, BRINGEER BTFAERT (R 7EBE T 4540 L Ve
A A, BRI TFAE T 8] U 75 B 52 R A VR AE iy L
B K (E2).
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Figure 2 The flowering phenological patterns of Viburnum
responsive to climatic change in the spring from 2009 to 2016
(The data for 2009 and 2010 are from Chen et al. (2012))

(A) Normal year (2009); (B) The flowering onset delayed in
the cold-wet spring of 2010; (C) The flowering onset ad-
vanced in the warm-drought spring of 2016. The left and right
end of black bar corresponding to the date of flowering onset

and flowering fading respectively, and the length of bar show-
ing the duration of flowering.

K IRAE AR AL I 5E 0T (2) . F34h, TEAFR
FEMRAEEN, BAVRRE IG5 BRI
B TR IR GG 6 AN AR AL AT AR X [ 7 (B12) o i, X
3 IEE AL 20104 F ZE A IR I AL [F] 2D 2858 T 15-17
R; 20165FFZ=0E R A X FEB 52T T 1-6 K. M
LEACSAM AR bR R IR B SRR, TR T 20104F 1)
FRAIIE 2016 HEFR T, bk, A%
kAL 85 35 5% B UB 16 W (17-23 K ) 48 i #R 4 /N (81 3;
F2), BEAE IR G5 BR 1K 45 18 3 (32—33 %) I A2 M ¢
K(E3; %2).
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Figure 3 The variance magnitude of flowering onset re-
sponsive to the climatic extremes over the warm-drought in
spring of 2016 (A) and cold-wet in spring of 2010 (B) (Refe-
red to data of normal 2009, which data for 2010 were from
Chen et al. (2012))

Negative values indicating the advanced flowering onset in
2016 and the positive for the delay in 2010 compared to the
reference year 2009.

W2 I WHAE IR B 2RI (20°C) E 20104 H A8 AN
20164F TR R AL IR B

Table 2 The variance magnitude of flowering onset and
activity accumulated temperature over the cold-wet in spring
of 2010 and the warm-drought in spring of 2016

Species Flowering onset Activity accumulated
(day) temperature (°C)

Viburnum 33 294.9

macrocephalum

V. opulus 32 351.9

V. prunifolium 17 8.1

V. lantana 23 90.4

V. carlesii 18 314

2.3 TERIESRENFIRER

MER2RT LA, A BRAE I 0 A AL W /) L 8] 2%
PCARXT [ R B3N (it S . R R SESE AN 217 3
), HACHTE S AR AOR K AW R 23, T AR PR
AR ALK 24 W0, FLAE AT B LR 1 4 B g
HABETK . A T-20094E IEH -4, (EAESIRFIEAI XS
[ B2 35k . R SE AN LI ek b, BRI AE

© 0000 Chinese Bulletin of Botany



PRIRHESE: K RN F 5

HE SRR AR B AR A B KR 2R S 2, AR R
10.13%. 1% TP s K 3 4E, 7E20104F
FZEAIE B AL ATV Sh AR N T 39.1%,; 7E20164F
BRI R AL RTE S D 7 10.1%. [FIFE, BRI
ZEERAE20104F F120164F, A6 HT I AR5 7 il B T
12.8%7H142.8% (&l4).
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43.48%127.68%; WKiHS: kA REAMTCRE EIZ L
201 14F IEH 4E A 73 70 = 111 82.26% M1121.6% (&5
Al, A2, B1, B2). [Fff, EHZ=R T A FAEKE
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(K6 A1, A2, B1, B2). AL =#Iif15r AL &, 2016
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Figure 4 The patterns of activity accumulated temperature
(=0°C) over 2009-2016, of which cold-wet occurring in spring
of 2010 and warm-drought in spring of 2016 (The data for
2009 and 2010 are from Chen et al. (2012))

HARERmIR 301

T AR v T A SR, 43 )i H117.96/133.78 cm2, 1M
FE S5 1R 5 (19 20 L1 4F 19 5 (7] 1 38 SR - it i ARAN 23 1)
v T R IH-7.90/14.37 cm?, iz M ST R T8
- THIFR 22 BEBE R (K7 AL, A2, B1, B2).

25 itig
20104F, JbrHBIX & 1 T 404F — i [ BFR T AR MK
IR R F(F A, 2011).  20164F, iZih[X FH
AR L H R 1-2°C, B19614F AR Py s [R] 1 28
27 fH, FF H [ % N k2> T 20%-80% (T SCUE,
2016), X R4 THER BN R H IR FH(ERN
s 2016; T I%, 2016). KEMFF CIFsSE, <k
J2 5 W) A6 0 WA B oy o) B 1) ARG TR (A B 4
2006), IE41HFZFFR < 2 PR LIRS BT —FF
(Menzel et al., 2006; PR M SE, 2007; T HiHiss,
2010; Z=H %, 2010; Ti% ¥ %, 2010; Beaubien
and Hamann, 2011), J&3% f1E7EASHE i 254K
PERTHEL TSR AN, AR S Ingnik T
R AR A AR T p s AE B . ¢ G, Matthews
Mazer (2016)#f 7t BH, 1€ AP n] Gex) 2= F Ik
TR RE N, BARIEE T i S TFEPE AT . RN,
BRI il 22 G R T 3 BT AT 0 A6 2 R AR (B R 55,
2012; 745, 2013), XK N LIEIKRELFEST K
e L B ARG B T v e 2 TR PR, AT A3 7% 57 ARG IR
B3 2 508 (5K = M (255, 2015).  EARFR/KT
16 301 5L () 52 e & 3 % 5+ (Abu-Asab et al., 2001;
Crimmins et al., 2010), {H MBI F /K 5405 1) BAF
WEFCE, H U B K 1980 1 v] BEAS R ma A6 3 i) 4 iy
(Matthews and Mazer, 2016), F H.EE 5 1] g LLIEIE
S X A2 A6 B T 1) 5 T BE 5% £ (Siegmund - et al.,
2016), X LeH MR T AR T R AL IR AT P TS
MAE S5 ) AR BE (FT 2B ) R, FESE )R K
AR AN B RS, 6K B AR g 1 n] 28
PRI A R2F AL, Atk IR IEE RIS
JERIEL IR RS G, HARTE . ek
FNAE TR 1) A5 Ak B AR T B0, AT B PR AR (R 2;
KI3); T B AR AN KNGS BRI AR LA . AR T AN e T
R P A B A8 AN B 0K, 3R L HR s 1 B 855 ) 2
Yo MRS L (1 b B8 A A 1 DL, T PRI I3
AR BR AR SEE LA, He 24N R (R SRS R
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Figure 5 Growing dynamics of shoots for Viburnum lantana and V. opulus in 2011 and 2016 (The data for 2011 are from Chen
et al. (2012))

(A1), (A2) The shoots of V. lantana in 2011 and 2016; (B1), (B2) The shoots of V. opulus in 2011 and 2016. Black solid line refers
to the flowering length for each species.
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—e— Leaves near fruits —o— Leaves far from fruits
El6 20114FEAN20164F B R 3 3% A1 KM S5 BR L - 25 (SLW) I Bh 28 28 A (3L Fh 201 145 (1 Hi s ok 1 14417 45(2012))
(A1), (A2) BHEIEH2011EM201645EMI LM H; (B1), (B2) BRIMZEER20114EF120164F () LL

Figure 6 Specific leaf weight (SLW) for Viburnum lantana and V. opulus in 2011 and 2016 (The data for 2011 are from Chen et

al. (2012))
(A1), (A2) SLW of V. lantana in 2011 and 2016; (B1), (B2) SLW of V. opulus in 2011 and 2016
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Figure 7 Leaf area for Viburnum lantana and V. opulus in 2011 and 2016 (The data for 2011 are from Chen et al. (2012))
(A1), (A2) Leaf area of V. lantana in 2011 and 2016; (B1), (B2) Leaf area of V. opulus in 2011 and 2016

CL8E ) AR S BEBUR (4391791 300413 400 m)
(FRL) o 1M AT S P 25 v PRI B R BRI 45 B P g 18 st
/NG5 9 100/1600 m). AT ¥ M RIAE 5 0 A A AR
Ak R U T 2 A 2% (Richardson et al., 2017), #ik
JEBUR IR 2 IR AR I sE K, R AR
B AT AL A PR AR A K, BRI AT 98 MK (8
4, 2012; FEZE, 2014). FHIMWTREMHE, BRH
Y 0 T T R A B )RR R R (R Z0 TN 5%, 20009),
FLTA) 43 A R4 o i A2 2 B 5 35 1 A E TR A% L
IR P BURME (W41 2%, 2015), i 50w & B 2
MU (AN 46 78 H0) 3R 45 B /N IR FE PR B T4, AN 2>
BT IR (A0 AL B ) VS ECAR A o T 3R /DN i85 P58 A
(R A o %o U P AR A B AN BRUR, X b U T e 2 15 BR
N5 3K (46 16 57 22 30 A 55 B 574 B 50U ) A B T (46 46
TR AR T HUR) (BI3)—FF, MILEMRIE e
AR Ak R R B AT ¥ b o (HX IR AR R 28R
TR B RARMIAETIE & B, IF A RRI S5 R n] fEd it
=k YR S R I AR E AN R (R L)
[ s FRA Tt 7 3, WK BR AN B AL (0 U A6 A 51
ORI B KRR I (K13, #%2), WA R M

JRA S S AR IR TS o W5 BR A (AR Q) 78 36 [
P 2 b 3 A K 1 5 i e 8 ) v R B 9 FE VA R ML IX
[T 7 L4 A 30T 2 2= A PR A AR AR Sz A B I 5 e
HUR(E13); BAE R I AR AN BUR (E3), X5
FLR 2 A 75 v B 2R 7 SR I 4R X BT T 1 ) 8 v
it P52 3 I e JEE A 5K

A TIEVE B BILEAE P o b AL AR R AR A e, T8
WHEFRAE MR HA(IRBIR ), 3.
R IR 0k NV 2T 35 0 PRI AHDRT 4 A6 0 R 8 2B 9B 1Y
FERARA(K2) o AW UL R P 3R HT IS 2 AR
i R 4 B DR < 2 (12 4) TG 58 AL 0 R AR G A3 7E 1R
BT R HIRERE . BEAL, FIIAERTAUR B AR bR
R 3 T Y i 0 S A D 0 BB (1) B A
1991; Ansquer et al., 2008; Chung et al., 2009; +
F 3%, 2015). SAERIAURLRST RS AR, X3
2 & g ik 4k i A 1 I 2 B (Winkworth  and
Donoghue, 2004), {HE&M 2, RINTKEMNCTHE
5 R B3 G A 55 AR AF B DR ST 12k F DR B
FHh, WL ISR 3235 K, TiIeHFF IR IRE
MR R AR E, HACI R OR R I I E 4y
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FE R o BEAG N BRI S BR S 1 7 57 0 4F 4 H I A BT RE £
KRR ARy EAE SISO T &V R T2
MRL2s, JE A IR JRAED) 2 o A S A B R

FE AT JGAE N A28 B B R AR R SR A
FEE IR A K B2 B SR A e, T
S B RS R B (MRS, 2004; TR A NG R
7%, 2004; Feng et al., 2008). Ff H.7& [Ftv. 25 43 fic
JE U (K 3% 4 R (Hoch, 2005; XI#iE4E, 2006), Hsk
(R B 252 33 T A K R . 20164E 11 ZR iR 5
G107 AR G R B S, (R AR T R A
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Response of Flowering Phenology of Viburnum to Abnormal
Meteorological Events

Congcong Xu" 2, Hongxia Cui®, Lei Shi*' ', Fei Xia®, Zhaoyin Yin®, Deshan Zhang®

"Northwest Agriculture and Forestry University, Yangling 712100, China; %Institute of Botany, Chinese Academy of Sciences,
Beijing 100093, China; *Beijing Meteorological Observatory, Beijing 100089, China

Abstract Abnormal meteorological events occur frequently under global climate change. As another unusual meteoro-
logical event, a warm-dry climate occurred in North China in spring 2016 after the extreme cold-wet weather in spring
2010. Phenological observations of the flowering phenology of Viburnum from 2009 to 2016 showed that flowering onset
was advanced in the warm-dry spring in 2016, but flowering duration was never shortened over the observation years;
and the variance in threshold on flowering onset, active accumulated temperature and flowering duration of species with
narrow altitude spanning, for V. macrocephalum and V. opulus, for example, were very wide, whereas species with large
altitude spanning, such as V. prunifolium, V. lantana and V. carlesii, presented limited plasticity on flowering onset, active
accumulated temperature and flowering duration; moreover, the relative flowering onset among these 3 species did not
change, whatever meteorologically occurred in spring over several years. As well, the allocation of assimilation on shoots
increased by significantly increased shoot diameter and simultaneously increased leaf growth rate as compared with the
normal year. However, leaves became much thinner than the normal year. The assimilation was allocated more to those
leaves far from fruits experiencing a warm-dry event. Study of the flowering phenology responsive to extreme meteoro-
logical events at a given hierarchy can reveal an environmental plasticity of flowering during extreme climate change and
provide basic information for classical phenological research.

Key words active accumulated temperature, climate change, flowering phenology, vegetative growth, Viburnum
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