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Abstract: Karst is widely distributed in our country its ecological environment is fragile and vegetation restoration is
an effective way to repair and reconstruct the karst fragile ecological environment but the key to vegetation restoration is
to screen suitable plant that can adapt to karst fragile environmental conditions. To study the photosynthetic physiology
and ecology of afforestation plant species in karst area so as to provide scientific basis for the protection and exploitation
of mountain forest resources. In this study three afforestation plant species Sorbus alnifolia Litsea elongata var. subver—
ticillata and Populus davidiana were collected from Yushu National Forest Park of Guizhou Province. Plant photosynthe—
sis and chlorophyll fluorescence leaf carbonic anhydrase activity and chlorophyll content and stable carbon isotopic com—
position and the soil physical and chemical properties of plant growth location were determined and the karst ecological
adaptability of three plant species was comprehensively analyzed. The results showed that the net photosynthetic rates of
Sorbus alnifolia and Populus davidiana were significantly higher than that of Litsea elongata var. subverticillata which
were related to its higher stomatal conductance and photochemical efficiency. Populus davidiana had higher activity of
carbonic anhydrase and chlorophyll content showing a higher water use efficiency. Sorbus alnifolia and Populus davidi-
ana dominated by the photosynthetic activity and are limited by light intensity and temperature as the fast-growing
plants can be selected to large-scale grown in good light conditions to increase economic income and improve the fragile
habitats in karst areas. However the photosynthetic rate of Litsea elongata var. subverticillata was lower than that of other
two plant species combined with its highest photosynthetic capacity under low photosynthetic active radiation this medi—
cal plants can be as the shade plant to raise the vegetation coverage and increase local economic income. The results pro—
vide a scientific basis for the protection and exploitation of mountain forest resources.
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0.6
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Fig. 2 Diurnal changes of photosynthetic traits of the three plant species

2

Table 2 Photosynthetic characteristics comparison of the three plant species

°

Litsea elongata var.

Photosynthetic characteristics Sorbus alnifolia . Populus davidiana
subverticillata

6.23a + 0.94 2.65b + 0.34 7.33a = 1.03
Net photosynthetic rate ( P, pmol CO, * m™ ¢ s7)

1.39a = 0.13 0.36¢ = 0.05 1.04b + 0.11
Transpiration rate ( 7, mmol H,0 * m” * s™)

4.53b + 0.66 8.33a + 1.44 8.80a + 1.65
Water use efficiency ( WUE  mmol * mol™)

co, 324a + 11 250b = 18 296a + 13

Intercellular CO, concentration ( €, wmol CO, * mol™)

0.16a + 0.01 0.03¢ = 0.00 0.13b + 0.01
Stomatal conductance ( G, mol H,0 * m® * s™)

0.17b + 0.02 0.36a = 0.04 0.25b + 0.03
Stomatal limitation ( L,)

( P<0.05) o + o o

Note: Different letters in the same row differ significantly at P < 0.05 of the photosynthetic characteristics among the plant species. All the

data show mean + SE. The same below.
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3

Table 3 Correlation analysis between photosynthetic rate and environmental factors

Species Environmental Net photosynthetic Photosynthetically Air t | Air relative
pecies factor rate active radiation 1 temperature humidity
PAR 0.957 %%
Sorbus alnifolia
Ta 0.433 0.471%*
RH -0.002 0.017 -0.803 **
Ca —-0.838 %% —-0.868 ** —=0.695 ** 0.371
PAR 0.606 %%
Litsea elongata var. subverticillata
Ta 0.319 0.720 **
RH -0.157 —=0.594 ** —=0.902 **
Ca -0.703 %% -0.618 ** —=0.795 ** 0.730 %%
PAR 0.991 **
Populus davidiana
Ta 0.435 0.449
RH 0.512* 0.493* -0.501*
Ca -0.807 ** —0.808 ** -0.206 -0.452
Do ( P<0.05); ** ( P<0.01) .

Note: * refers to significant difference ( P<0.05) ; ** refers to extremely significant difference ( P<0.01) .

4

Table 4 Multiple linear regression equations for net photosynthetic rate in different plant species

P .
Species Regression equation R Sig. x
P,= 10.80 + 0.029PAR - 0.5627,- 0.203RH + 0.029C, 0.925 0.000 0.274
Sorbus alnifolia
P, = 100.99 + 0.007PAR - 0.2887,+ 0.111RH - 0.260C, 0.931 0.000 0.263
Litsea elongata var. subverticillata
P = -4.67 + 0.014PAR + 0.425T,+ 0.134RH - 0.023C, 0.986 0.000 0.118
Populus davidiana
e P 0.274.0.263+ PAR P,
0.118 o
1.158 P .
( 4) © Cu Pn
2.4.3 C,
~1.168 -0.065 C, P,
Pn
5 o P PAR C P
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5

Table 5 Path analysis about impact of four environmental factors on net photosynthetic rate of the three plant species

Indirect path coefficient

. Environmental Path
Species factor coefficient
PAR T, RH c, R
PAR 1.158 -0.134 -0.005 -0.062 0.875
Sorbus alnifolia
T, -0.285 0.545 — 0.223 -0.050 -0.328
RH -0.277 0.020 0.229 — 0.026 -0.076
C, 0.072 -1.005 0.198 -0.103 — -0.126
PAR 0.599 — -0.356 -0.359 0.722 0.367
Litsea elongata var.
subverticillata T, -0.495 0.431 — -0.546 0.929 -0.561
RH 0.605 -0.356 0.446 — -0.852 -0.556
C, -1.168 -0.370 0.394 0.441 — 0.278
PAR 0.764 — 0.079 0.096 0.052 0.931
Populus davidiana
T, 0.175 0.343 — -0.097 0.014 0.122
RH 0.194 0.377 -0.088 — 0.029 0.161
C, -0.065 -0.617 -0.036 -0.087 — 0.101
6

Table 6  Contents of chlorophyll in the three plant

species leaves

a b a/b /
Species Chlorophyll a Chlorophyll b Carotenoid Chlorophyll a/b Chlorophyll/ Carotenoid
1.60c¢ = 0.01 0.48b + 0.01 0.61b + 0.00 3.35b + 0.02 3.38b + 0.01
Sorbus alnifolia
1.74a = 0.01 0.56a = 0.01 0.69a + 0.00 3.09¢+0.03 3.35¢ + 0.00
Litsea elongata var. subverticillata
1.68b + 0.03 0.48b = 0.02 0.59¢ + 0.00 3.48a+0.06 3.66a = 0.00
Populus davidiana
(P < 0.05) + o .

Note: The mean + SE followed by different letters in the same column indicated significant differences at P < 0.05. The same below.
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Table 7 Comparison on leaf chlorophyll fluorescence of the three plant species

Maxi PST PST
Speci Initial fluorescence i d_leum. PSTl maximum photochemical PSTI potential activity
species (F,) U()(”;?C;n('e efficiency( F,/F,) (F,/F,))
566¢ + 12 3061b + 74 0.82a + 0.00 4.41a = 0.02
Sorbus alnifolia
734a + 21 336la + 95 0.78b + 0.00 3.58b + 0.07
Litsea elongata var. subverticillata
653b + 0.8 3450a + 88 0.81a = 0.00 4.29a = 0.14
Populus davidiana
8 CA s BC 2.6 s BC
Table 8 Comparisons on leaf CA activities and 8 C
of the three plant species 5 °C
Stable carbon isotopic
Species CA activity C(znépvlagsg;on
288.33 + 66.98 -26.43 + 0.015 °
Sorbus alnifolia
640.42 + 34.92 -27.10 + 0.016 ~
Litsea elongata var. HCO3 C02
subverticillata
14 550.19 = 1 962.84  -27.47 £0.014 CO,.
Populus davidiana S 1B
2005) . 5 1°C
2 2 2 2 2 2 2
RRH>RQ>RTu RPAR>RCU>RRH>RT(, g 5 ¢
2 2 2 2 °
Ry sw >Ry >Ry >R o PAR
p > >
T(Z
o 2 WUE o
RH o
2.5
6 ° a-
b 3.1 P,
a/b /
o b
o P,
7 PAR o
PSII (F.IF,) PAR P
PSTI (F,/F,) P, PAR
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