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Response of Cotinus coggygria to habitat heterogeneity in Wushan
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Abstract: [Objective] The main purpose of this study was to identify main factors affecting color un-
evenness of C. coggygria Scop. var. cinerea Engl. leaves during autumn in Wushan. [Method) In Wush-

an red leaf scenic area,four representative habitats (habitat 1,habitat 2, habitat 3 and habitat 4) were se-
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lected according to altitude,slope and aspect. From July to November 2018 samples of red leaves were taken
on the 20th of each month and contents of chlorophyll, carotenoid,anthocyanin, soluble protein and reduc-
ing sugar and activity of phenylalanine ammonia lyase (PAL) were determined. By analyzing the changes of
physiological indexes of leaves and their correlation with environmental factors (altitude, slope direction,
slope, soil nutrient status, ambient temperature and humidity), the main factors causing color difference
were identified. [Result] The contents of chlorophyll and carotenoids varied with the growth period, and
decreased rapidly in November. Compared with October, chlorophyll content decreased by 80. 42% —
92. 86 % ,and carotenoid content decreased by 55. 58% —86. 22%. The contents of chlorophyll and carote-
noids in habitat 3 and habitat 4 were always lower than that of habitat 2,and they were significantly lower
than that of habitat 2 in the color changing period in November (P<C0. 05). The anthocyanin content was
low before the color changing period, and increased sharply during the color changing period in November.
The anthocyanin content of habitat 4 with the highest elevation and steepest slope increased by 10. 04 times
compared with that of October and was significantly higher than that in other habitats (P<C0. 05). The
change of PAL activity was not consistent with that of anthocyanin content without significant correlation
between them,and there was no significant difference in PAL activity among different habitats during the
color changing period. The soluble protein content decreased sharply during the color changing period in
November,and plants in habitat 4 decreased by 83. 64 % to the lowest level compared with that in October,
but there was no significant correlation with other physiological indicators. The reducing sugar content was
positively correlated with anthocyanin content (P<C0. 05) ,and the reducing sugar content of habitat 4 was
the highest,but there was no significant difference among other habitats (P>>0. 05). Correlation analysis
showed that anthocyanin and reducing sugar contents were significantly and positively correlated with ele-
vation and slope (P<C0. 05),and they had significant negative correlation with temperature and humidity
(P<C0. 05) rather than slope direction and soil fertility (P>>0. 05). [Conclusion] Elevation and slope were
the key external factors leading to uneven coloration of red leaves during the color changing period in dif-
ferent habitats,and reducing sugar was an important internal cause due to its influence on variation of an-
thocyanin content.
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Table 1 Basic situation of four habitats of red leaves in Wushan
e N o . AL/ R 07 L/
't 8 i /m i /) WERE/C) LHEpH (i e s R
Habitat Elevation Slope direction Slope Soil pH (mg = kg™1) (mg * kg™ (mg * kg™
AK AP AN
1 251 220 (K3 10 7.8340.02 b 75.15+13.19 b 8.89+0.87 a 117.05+14.09 a
(Sunny slope)
2 242 L0CHIBO 20 7.9840.05a 132.20411.46a 13.08%1.17 a 80.48+10.92 a
(Shady slope)
3 282 S0CHIBO 15 7.9540.01a 128.30%13.13 a 9.40+4.18 a 75.92+12.51 a
(Shady slope)
S 0¢ S T
4 629 250 B 42 8.024+0.03 a 106.53+14.31 ab 8.38+2.62 a 75.44=+10.56 a

(Semi-sunny slope)

T R B I bR 22 ) S0 B Ja AR AN ) /N R ROR 22 5 i 3 (P<C0..05)

Note: The data in the table is “average value + standard deviation” and different lowercase letters indicate significant difference (P <

0.05).
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Table 2 Average temperature and relative humidity of four habitats of red leaves in Wushan from July to November

ik /°C Temperature

X IR / % Relative humidity

A5
Habitat 71 8 1 9 A 10 A 11/ 7H 8 A 91 10 A 11 A
Jul. Aug. Sep. Oct. Nov. Jul. Aug. Sep. Oct. Nov.
1 29.52 29.76 22. 34 17.33 12. 21 72.01 67.78 76.96 75.01 83.10
2 29.56 29.78 22. 36 17. 38 12.23 72.04 67.83 77.02 75.06 83.15
3 29. 39 29.62 22.21 17.22 12.10 71.92 67.59 76. 88 74.99 82.98
4 28.50 29.12 21.82 16. 94 11. 34 70.93 66. 20 75. 34 73.20 81.97
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Table 3 Changes of chlorophyll and carotenoid contents over time in red leaves of Wushan in four habitats mg/g

A M4t 2% a Chl a

m-4¢Z& b Chl b

Month B 1 B 2 [T 5 4 B 1 B 2 [TE Y
Habitat 1 Habitat 2 Habitat 3 Habitat 4 Habitat 1 Habitat 2 Habitat 3 Habitat 4
7 A Jul. 1.6440.15 a 2.52+0.35a 1.784+0.26a 1.79+0.21a 0.394+0.04a 0.64+0.13a 0.414+0.06a 0.46+0.07 a
8 H Aug. 1.89+0.36 ab 2.504+0.11a 1.57+0.11b 1.6340.22b 0.63+0.11 ab 0.79£0.05a 0.45+0.03b 0.524+ 0.08 b
9 H Sep. 1.13+0.14 a 1.35+0.24a 1.1140.31a 0.94%+0.24a 0.3640.05a 0.41+0.08a 0.33+0.10a 0.3140.06 a
10 4 Oct. 1.437£0.28 a 1.9940.42a 1.08£0.45a 0.9940.21a 0.44+£0.10a 0.67£0.18a 0.32+£0.15a 0.3040.07 a
11 A Nov. 0.1940.01b 0.414+0.09a 0.07£0.02b 0.1440.01b 0.06£0.01b 0.1140.02a 0.04+0.01b 0.05+0.01 b
A M4t Chl JK#1 8 M &E Carotenoid
o £ 1 £ 2 53 £ 4 51 £ 2 £ 3 £ 4
Habitat 1 Habitat 2 Habitat 3 Habitat 4 Habitat 1 Habitat 2 Habitat 3 Habitat 4
7 H Jul. 2.03£0.19a 3.17+0.48a 2.194+0.33a 2.26+0.28a 1.244+0.11a 1.624+0.23a 1.164+0.18a 1.28+0.13 a
8 H Aug. 2.52+0.47 ab 3.294+0.15a 2.0240.13b 2.154+0.30b 1.237+0.22 ab 1.4640.05a 0.94+0.08 b 1.07+0.11 ab
9 H Sep. 1.49£0.19 a 1.76+0.33a 1.43+0.40a 1.2540.30a 0.72+0.08a 0.85+0.11a 0.66+0.16a 0.7240.20 a
10 A Oct. 1.87£0.37 a 2.6740.59a 1.40£0.59a 1.2940.28a 0.92+0.14a 1.1940.23a 0.6840.21 a 0.66+0.08 a
11 A Nov. 0.2440.02b 0.524+0.11a 0.10£0.02b 0.2040.02b 0.25£0.05b 0.4540.03a 0.30£0.04 b 0.09+0.01 ¢

TE < [ AT B0 o AR AN [l /NG 5 B 3R 25 53 W 3% (P<20. 05)

Note: Different lowercase letters in the same row showed significant difference (P<Z0.05).
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Different lowercase letters indicate significant differences among different habitats (P<Z0. 05). The same below
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Fig. 1 Changes of anthocyanin content of red leaves in

Wushan over time under four habitats
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Fig. 3 Changes of soluble protein content of red leaves in
Wushan over time under four habitats
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Wushan over time under four habitats
FH B 3(P<<0.05),
2.5 AEERTLAMHMHAEHREEHBESENHT
T
T 4 AT 5 AR B8 rp 20 i i o D AR
ﬁ‘][‘ﬁﬂﬂ‘lﬂzﬂuwﬁﬁ—ﬁﬂﬁf}f:ﬂﬁ_%v?&ﬂﬂﬁﬁ%i
B2 by Rl RS AR 710 H RS AT
R ETE 11 e (I A 5 4 DN R0 38 TR
16,04 %, & F A 3 FpAESE . HAH LG 10 FJ Lﬂ
T 76.40% fH 4 B Bg 22 1] 3 JE Vg
HAEFH(P>0.05),

O A 551 Habitat 1:B 42352 Habitat 2; 2

= 4 3%3 Habitat 3;0 4= 354 Habitat 4
= aa ¢
w2 a2 o
ﬂ%ﬂl § 12r E=E-= i a ==1l
ws || EZ L1t 22
z=2 || B3 = = | B2
# o S| B2 = = | | E2
% S = = = =
13 = — = —
K3 = = =Z =
gl EZ = = | | E2
~ = = = =Z
— = = =
=Z = = =
= = =Z =Z
07-20 08-20 09-20 10-20 11-20
H # Date
B4 A4 BB R AR 2L A M
Fifi Bisf 1] 14 728 £k

Fig.4 Changes of reducing sugar content of red leaves in
Wushan over time in four habitats
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Table 4 Correlation between physiological indexes and environmental factors of red leaves in Wushan

t b EFa  HAEbL ke ek paLgw  THEEA ARREE

Indicator Chl a Chl b Carotenoids ~ Anthocyanin  PAL activity protein sugar
14k Elevation —0. 350 —0.327 —0.839 0.963" 0.237 —0.635 0.984
I 1w Slope direction —0.259 —0.282 —0.828 0.671 0.723 —0.728 0. 615
I BF Slope —0.071 —0.038 —0.616 0.963* —0.085 —0.693 0.979"
458 pH {f Soil pH 0. 281 0.313 —0.084 0.382 —0.037 —0.239 0. 429
B AK 0.153 0.133 0. 399 —0.211 —0.586" 0.170 0. 207
A awE AP 0. 461 0.492 0.343 —0. 241 —0.566 —0.074 0.297
WA A AN —0.101 —0.077 0. 001 —0.316 —0.057 —0.029 —0.217
i Temperature 0.363 0.422 0. 844 —0.955* —0.233 0. 645 —0.980"
AR B Relative humidity 0. 366 0.427 0.853 —0.956* —0.249 0.622 —0.979"
& JE A Reducing sugar —0.177 —0.152 —0.754 0.993* * 0.115 —0.738 1. 000

1 * FRTE «=0. 05 P FARPER , » * LRTE «=0. 01 KPP .

Note: * Correlation is signification at the level of «=0. 05. * * Correlation is signification at the level of a=0.01.
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