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Influence of climate change on plant
phenology in Guilin
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Abstract; Mathematical statistics such as linear trend estimation, Mann-Kendall method etc. were applied to investi-
gate tendencies of climate change during 1951—2009 and phenology of three kinds of plant in 1983—2009,as well as
the correlations with temperature, sunshine duration and precipitation, and afterwards, were discussed the tendencies
of the responses of phenological events to the main climatic factors influencing, together with their differences in ab-
rupt change in tendencies and linkage. The results showed that the phenological events were changed in varying de-
grees along with local climate change,the plant phenology tended to have spring phenology advance and autumn phe-
nology delay, but the leaf growing stage was prolonged. Average temperature was a climate factor greatly affecting
the phenology,an increase of average temperature by 1 “C would advance spring phenology by 5 d,delay autumn
phenology by 8 d,but prolonged the leaf growing stage by 27 d. Generally, the sudden change in spring phenol-
ogy and the greenrleaf growing stage appeared after that in temperature, and the curve after abrupt point
showed temperature rise for spring phenological events happened in advance and longer green-leaf stage. But

there was not relationship between Jump change of autumn phenology and abrupt point for air temperature.
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As a result, the phenological response to climate change was remarkable,and it would provide theoretical basis

for agricultural production and environmental protection.
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Table 1 Linear tendency rate of meteorological s B
factors during 1951—2009 in Guilin 3 .D .
1’\’3 ’
Sunshine  Precipi-
Temperature .
Ttem C°C /102) hours tation ’ ’
(h/10a) (mm/10a) .
b
Spring 0.167*** -4. 241 -17.972 1
Summer 0.044  -21.753**** 25,617 ’
Autumn 0.126** -14.240** -11.235 ’ ’
Winter 0.173** -12.126*" 4.650 s
Year 0.126**** -58,595**** 1,061
1 Jan -5.56** ’ ’
1~2  Jan. to Feb. -8.05%" ’ ’
1~3  Jan. to Mar. 0.17* -11.14%* ) .
1~4  Jan.to Apr. 0.18** -14.05%* 1~3
2~4  Feb. to Apr. 0.23%** -15.53 ’
3~4  Mar. to Apr. 0.18** ’ ( iy
3~5  Mar. to May -4.24 . s
4 Apr. 0.23*
9~10  Sept. to Oct. 0.10* ’
10 Oct. 0.20** ’
NN 0.1.,0.05.0. 01, ° s N
0.001 o o
Note; *,**,*** ,****indicate that the linear trend tests are sig-
nificant(P<Z0. 1,0. 05,0.01,0. 001)in order. The same below. o 2~4 (
2. 2 ]) b b
3 9 11 ’
( ’
. @ 1
b
b b o 3
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Table 2 Phenological events and their variation for 3 kinds of plants during 1983—2009
Melia azedarach Vitis wvini fera Zizyphus jujuba
Item
W0y ey W ey ey W e )
Early leal- -3.242 03/22 02/10 04/17 -4.524"* 03/20 03/02 04/03 -3.236"* 04/14 04/05 04/27
extending period
Flower -6.105"** 04/18 04/06 05/04 -3.626*** 04/28 04/20 05/06 -2.698** 05/15 05/06 05/28
flourishing
Early 5.165* 09/25 08/23 10/26 32.783**** 10/05 08/01 11/22 2.458 09/24 08/08 11/08
leaf-coloring period
Early 7.589"* 09/27 09/03 10/30 34.121**** 10/09 07/15 11/28 3.983 10/01 08/10 11/12
defoliation
Green-leaf 8.626" 266d 227 d 302d 28.858**** 257d 189d 297d 0.977 213d 183 d 234d

growing stage
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Table 3 Correlation coefficients between meteorological factors and phenological phases of 3 kinds of plants
Melia azedarach Vitis vini fera Zizyphus jujuba
Item
Early S0 7797 FFF 0, 491% S0.736%F**  -0.597***  -0.718"***  -0.369" -0.538***
leaf-extending period 1~3 1~2 > 1~3 ) (1~3 3~4 ) a 2~4 )
-0, 851" ** -0, 482 *** -0.802**** -0.407** -0, 844**** -0.593****
Flower flourishing (1~4 ) (1~3 2~4 ) (1~4 ) “4 ) 3~5 )
Early 0.388" " 0.373" 0. 195
leaf-coloring period 10 1o o
0. 336" 0. 380" 0. 251
Early defoliation (9~10 ) 1o “ )
Green- 0.430** 0.625%"** 0. 157

leaf growing stage ( ) ( ) ( )
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Table 4 Change tendency of phenophases of 3 kinds of plants according

to air temperature in mainly affecting time (d/°C)

Item Melia azedarach Vitis vini fera Zizyphus jujuba
Early leaf-extending period 7.7 (1~3 ) 4,7 (1~3 4,177 (3~4 )
Flower flourishing 6.4 (1~4 ) =3, 4% (2~4 3.7 (4 )

Early leaf-coloring period 3.8"* (10 10. 5% (10

Early defoliation 4.5 (9~10 ) 11.8* (10

Green-leaf growing stage 16,6 ( ) 38,177 (
’ 5 s
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Fig. 2 Mann-Kendall statistic curves of Melia aze-
darach leaf green phase(a ),Vitis vini fera leaf green

phase(b ) and annual average temperature(c )
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Table 5 Jump points of phenological phases and temperature in relevant period

Melia azedarach Vitis vini fera Zizyphus jujuba

Item
1996 ~1997. 1997 1996 ~ 1997, 1997 2000:3~4 2000~2001
Early leaf-extending period 1~3 1~3
Flower flourishing 1997.1~4 1999~2000 1997.2~4 2000~2001 1996 ~1997.4 1997
2005:10 1999~2000 2005:10 1989~1990
Early leaf-coloring period
Early defoliation 2005:9~10 2000,2002 2005:10 1990
Green-leaf growing stage  1996~1997 2001 1996 ~1997 1997
, s
, , Sparks  (1997), s , s
(2007) s , s
, s s
(1995) . (2001) s
) o o
1~3 , , 3
, Ahas  (2000) . )
(2004) . (2007) , o ,
1~3 ,
o 1°%C, , . )
. 4,1~7.7d.3.4~6.4 d,
, Frank o
(2004) 2~4 1°C, )
5d ; (1995) ; ,
1~3 d; (2007) 3 (Mccarty,2001) ;
1°C, N 3.6
~7.9.3.9~9.0d o . ,
, ,
. ,
, ;
o , ,
N ,
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