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Phenology of Rhododendron pseudochrysanthum in Mt. Xue
Chen-Chang Pan' Yen-Hsueh Tseng® Chin-An Chiu'® Hsy-Yu Tzeng"®

Abstract Alpine is one of the most sensitive and fragile environments, where the plant live and
its phenology is an important indicator to climate change. Phenology of Yushan azalea (Rhododendron
pseudochrysanthum) was surveyed in Mt. Xue from February to December 2010. The purposes are carried
on the relationship between habitats as altitude, lighting environment and aspect, etc., and phenologies as
flowering and leaf expansion first flowering date (FFD), end flowering date (EFD) and leaf expansion date
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(LED) showed significantly positive correlated with altitude; however, flowering duration, flower number/
branch, leaf number/branch were significantly negative correlated with altitude. These phenomena indicated
Yushan azalea phenology initiate late and reduced the number of flowers and leaf per branch along with
altitude. Furthermore, FFD and LED of Yushan azalea were significant difference at different altitudes.
According to altitude is an indirect factor which reflects temperature and heat. And heat accumulated is
more slowly with altitude increasing, that indicate heat accumulated is the major factor of FFD and LED of R.
pseudochrysanthum. Although, FFD and LED were correlate insignificant difference in lighting and aspect
habitats. The LSD post hoc tests indicated that FFD and LED of individuals at grassland were initiated
earliest than other habitats. It might indicate the phenology was associate with temperature and light. In
addition, the number of flowers and leaves per branch at different lighting habitat showed significant
difference. LSD post hoc tests showed that Yushan azalea which under the forest with the lowest number
of flowers and leaves per branch. It showed lighting environment is an important impact on plant biomass
accumulation. Although, the phenomena of phenology were showed insignificantly between different
aspects; the post hoc tests indicate the FFD of Yushan azalea at aspect of south ~ southwest was earlier than
the other aspects. It might reflect the duration of sunlight. Flowering phenology of Yushan azalea at cirque
was not overlap with other individuals at low altitudes, which indicate these cirque individuals miss the
opportunity of gene flow. And the flowering phenology character might be one of the conformational factors
to be R. pseudochrysanthum species complex.
Key words Rhododendron, alpine plant, flowering phenology, climatic change, first flowering date
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1. (Rhododendron pseudochrysanthum)
Table 1. Phenological characteristics of Rhododendron pseudochrysanthum and its environmental factors in
Mt. Xue
(cm) (m) cr7) 1) 7))

1 7.2 3,065 3/25 5/04 12.0 5/16 10.7
2 18.9 3,080 4/08 5/08 8.5 5/18 55
3 13.0 3,075 3/24 4/17 11.7 5/19 7.5
4 154 3,085 4/10 4/28 1.7 5/21 7.2
5 16.4 3,100 3/25 4/23 12.3 5/02 7.8
6 135 3,155 4/08 5/04 10.3 5/19 9.8
7 12.1 3,135 4/09 5/06 9.0 5/26 8.0
8 14.0 3,130 3/27 4/24 8.0 4/28 7.5
9 7.8 3,130 4/07 5/05 12.7 5/26 7.3
10 20.0 3,130 4/08 4/30 9.3 5/18 8.5
11 14.8 3,140 4/09 5/04 11.0 5/21 7.5
12 18.0 3,135 4/08 5/06 12.0 5/21 9.5
13 6.0 3,125 4/09 5/06 9.8 5/20 5.7
14 17.4 3,240 4/09 5/08 11.3 5/19 9.5
15 29.5 3,280 4/10 5/12 8.2 524 4.3
16 8.0 3,325 5/06 5/28 6.2 6/20 5.7
17 7.5 3,420 2 - - 5127 4.7
18 7.7 3,601 5/23 6/08 7.7 6/12 7.3
19 ! 3,600 5/19 6/02 8.5 6/10 8.7
20 3,593 5/15 5/30 7.8 6/04 6.7
21 3,627 5/10 6/05 6.8 6/12 8.3
22 3,650 5/09 6/03 7.2 6/18 5.8
23 10.5 3,677 5/22 6/13 10.3 6/14 7.7
24 3,700 5/23 6/15 9.8 6/18 6.2
25 3,860 5/25 6/17 8.0 6/28 6.2
26 3,885 5/25 6/14 8.8 6/24 8.2

-

N

2010
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1. (Rhododendron pseudochrysanthum)

Fig. 1. Samples location of Rhododendron pseudochrysanthum in Mt. Xue.

25-94% ) e. (end
flowering date, EFD) 95%
(flowering duration)

5
(threshold temperature) (Chnnel and Smith, 1983;
Murray et al., 1989; Hannerz, 1999)

(
2010) 5
4 (3,050 m)
369 (3,142 m) (3,405 m)
(3,584 m) 2009 9
( 2011)

(growing hours, GH)

(

Gordon and Bootsma, 1993)

Sgd :Z (F/ - Tb )

U
T,> T, T,<Tb 0

Sgdh
(growing degree hour, GDH) degree-
hour

t

t, ( )

T,

Ty ( 5)
3.

Pearson
Sigmaplot 10.0 (Systat
Software, Inc.)



76

(altitude) (light) (aspect)
3 (analysis
of variance, ANOVA) LSD
(LSD host hoc test)
(1)
3,001-3,200 m  3,201-3,500 m 3,501-
3,886 m 3 2)
(forest )
(forest edge ) (grass-
shrub land) (cirque ) 3
(©)
— (northwest ~ northeast) —
(northeast ~ southeast) -
(southeast ~ southwest) -
(southwest ~ northwest) 4
SPSS 12.0 (SPSS, Inc.)
()
26
(3,065 m) (
1) 3 25
(3,860-3,885 m)
5 25 4
6 18-40
4-5
2 (1
2,600 m
3 28
3,000 m
(

r’=0.904, p<0.001;
12

r’=0.897, p<0.001
(flowering duration

)
(r’=0.282, p=0.006  3)

( r’=0.225,
p=0.017; r’=0.424, p<0.001)
(Korner, 2003)

2001 Korner, 2007)

9.4+1.8
( 4,r*=0.224, p=0.017)

10-13 610 ( 1
5)

( 6, r*=0.292,
p=0.005)
( 2011)

( 17)

(F=9.156, p=0.004; F=5.054, p=0.026)
(F=0.648, p=0.599)

> F=0.19, p=0.901; >
F=0.036, p=0.854)
3,500m
(3,001-3,200m)
(t=-2.591, p=0.005) ( 2)
(t=1.852,
p=0.027) (t=-0.390,
p=0.652) ( 3)

(4



35(2) 71-86, 2013 77

=
1))
o
o
£
-
:
T {.’r-‘ &  First fiower date
B ——— FFD Regr
80 as ®  End of flower date
—— EFD Regr
&0 . . r 1 .
3000 3200 3400 3600 3500 4000
Altitude(m)
2.2010 (Rhododendron pseudochrysanthum) (FFD) (EFD)

(y=-143.61+0.0765x,r’=0.904, p<0.001; y=-77.42+0.0643x, r’=0.897, p<0.001)
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Fig. 6. Relationship between heat cumulation (degree-hour) and first flowering date of Rhododendron pse-
udochrysanthum in Mt. Xue in 2010.

2. (Rhododendron pseudochrysanthum)

Table 2. Flowering and leaf phenology comparison of Rhododendron pseudochrysanthum at different
altitude in Mt. Xue.

First End of Flowering Leaf
Num. flower  flowering flowering duration Num. leaf expansion
date (days)  date (days) (days) date (days)

3,001-3,200m 10.7+04a 94.8+25b 123.0x+22c 282+18a 8.2+04a 137.7x21lc

3,201-3,500m  9.2+0.8ab 106.0+4.8b 136.3+4.1b 30.3x35a 6.3+06b 149.3+35b

3,501-3,886 m 8.1+4+0.6b 140.3+35a 159.1+3.0a 189+25b 6.9+05ab 166.0+3.0a
0.05

3. (Rhododendron pseudochrysanthum)

Table 3. Flowering and leaf phenology comparison of Rhododendron pseudochrysanthum at different light
environments in Mt. Xue

First End of Flowering Leaf
Num. flower  flowering flowering duration Num. leaf expansion
date (days) date (days) (days) date (days)
grassland, cirque ~ 9.9#0.4a 117.8425a 1425+22a 247+18a 79+04a 153.6x+2.1a
forest 8.0+0.6b 106.0#+3.4b 132.3+29b 264+25a 53+04b 148.7435a
forest edge 10.3+0.7a 94.0+4.1c 121.8+3.6c 27.8+3.0a 84=+06a 133.729b

0.05
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4, (Rhododendron pseudochrysanthum)

Table 4. Flowering and leaf phenology comparison of Rhododendron pseudochrysanthum at different
aspects in Mt. Xue

. . . Flowering .
Num. flower First flowering End of flowering duration Num. leaf Leaf expansion
date (days) date (days) date (days)
(days)
North~
9.5+05a 1104=+30a 136.4+26a  26.0+22a 7.5+05a 149.4=+21ab
north east
East™  91408a 1103+45a 131.3+39a 21.0+33a 82+07a 1440421b
south east
South~
10.0#+0.6a 106.2#+3.5a 133.3%3.1a 27.1+26a 6.7+04a 146.2+2.1b
southeast
West~
10.6+0.7a 117.5+4.2a 147.3+3.7b  29.8+3.1a 7.4=+06a 156.4+21a
north west
0.05
(4.232, p<0.001)
( F=0.861, p=0.447; — (Bombus spp.)
F=0.206, p=0.890 F=0.796, p=0.474; (Bergman et al., 1996)
F=0.862, p=0.487)
()
3,500m
( 2
(flower
( 3 primordia)
(Brown,

1953; Cleary and Waring, 1969)

(Swartz and
( Powell, 1981) Fisher  (1996)
2011) (Lilium longiflorum Thumb.)
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7. (a) (b)

Fig. 7. Fruit phenology comparison of Rhododendron pseudochrysanthum at different lighting habitats in

Mt. Xue.
(Miller-Rushingand
Richard, 2008) ()
(chilling)
Richardson (1974) (8, r*=0.771, p<0.001)
- (chilling-
heat sum sequential model)
( )
(chilling hours) 20-56 37.5+9.8 1-32
12.447.2
<3,500 m
10-23 3,500 m (<3,500 m
) 1-15

(9, r*=0.259, p=0.009)

(Kdrner, 2003)
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