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Abstract ; In order to explore the photosynthetic physiological adaptation mechanism of karst plant, the leaf photosythetic
parameters of eight karst adaptable plants in Pingguo City, Guangxi were detected and analyzed, including net
photosynthetic rate (P, ), stomatal conductivity (G, ), intercellular CO, concentration ( C;), transpiration rate (T, ),
water use efficiency ( WUE ) and stomatal limitation value (L, ), by using Li-6400XT portable photosynthesis
system. Statistical methods, such as Pearson correlation analysis, principal component analysis ( PCA ), and
permutational multivariate analysis of variance (PERMANOVA) were also used in this study. The results were as
follows: (1) Six photosynthetic parameters had different variations within and between species, and all the intraspecific
variations were greater than the interspecific. (2) Change of G, and T, mainly originated from interspecific variation
(46.72% - 49.76% ) , while that of P,, C,, WUE and L, mainly from intraspecific variation (48.66% — 64.50%). At

the life form level, the intraspecific variations of P

., G, and T of evergreen plants were less than those of deciduous
plants, but the intraspecific variation of C,, WUE and L, of evergreen plants was higher. (3) Interspecific variations of
all the parameters of deciduous plants were greater than those of evergreen plants. (4) G, variation was the greatest both
at the intraspecific and the interspecific levels, followed by T, and P,, then L and WUE, and C; variation were the
least. There were significant positive correlations among P,, G, and T.(P<0.01). L, was significantly positively
correlated with WUE (P<0.05), but negatively with G, and C,( P<0.05). The correlations among these photosynthetic
parameters are basically consistent with the global scale, which reflects the diverse trade-off strategies of plants to
environment resources. The results also verified the leaf economics spectrum (LES) of karst plant. (5) Evergreen plants
were located at the slow investment-return end of the LES with high values of L, , WUE and low values of G, T,, C, and
P,. On the contrary, deciduous plants were located at the quick investment-return end of the LES with low value of WUE
and high value of P, and T . The results reflect karst plant adapt to changing environment with different adaptation
strategies by trade-offs or co-ordinations among traits, and provide scientific basis for selecting adaptive tree species and

accelerating the succession process of vegetation restoration in the karst area.
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Table 1  Basic information about the eight suitable plants in karst region of Southwest Guangxi
G5 R i o il Kakeds
Number ~ Species Life form Leaf texture Mean DBH Mean height
(mm) (m)

El V&4 Dalbergia odorifera 43 Evergreen UEHEJF Near leathery 23.91+4.93 2.83+0.37
E2 MU Eriobotrya japonica H 4 Evergreen HiJf Leathery 19.77+5.20 2.41£0.25
E3 WRA Excentrodendron tonkinense F 4% Evergreen HiJF Leathery 14.69+4.73 2.21+0.42
E4 WEH S G Radermachera hainanensis # 4 Evergreen I H 5t Near leathery 17.75+6.33 2.10£0.53
D1 TRRA Acrocarpus fraxinifolius #%1 Deciduous HEALTT Thinly papery 25.82+5.31 2.83+0.49
D2 BIEFIAK Alnus formosana # Deciduous 4LJE Papery 52.93+11.06 6.14+0.95
D3 WA Tectona grandis &I Deciduous JELR SR Thickly papery 19.10+5.69 2.35+0.51
D4 F#& Toona sinensis #&1T Deciduous 4K Papery 44.40+7.01 3.84+0.89

T RP R AR R 2Z . T,

Note; The data in the table are x+s.. The same below.

SRIG M ape : : varcomp () BREMA LA X G PR
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T AR ] P B R ARG SC R o SR 32 o 20 #r
(principal component analysis, PCA) XJ /A R4 F
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Table 2 Leaf photosynthetic characteristic of different plant species and life forms
IS e U AT M) Cco, ¥k RBEE KRR

Wyl P, c. C T WUE AL EE%'HE
Species (umol + m? - (mol + m? - ( wmol - (mmol + m? - (‘pmol - :

) <) mol") ) mol") e
[%7F Dalbergia odorifera 5.37+1.21be  0.16+0.04abc  200.96+2.23a  2.06+0.31cd 2.59+0.20b 24.97+0.74c¢
AT Eriobotrya japonica 5.84+0.68abc 0.10+£0.02¢  158.25+18.05¢  1.56+0.23d 3.79+0.64a 40.80+6.14a
WK Excentrodendron tonkinense 6.22+0.55abc  0.14+0.04bc  170.11+10.54bc 2.42+0.45bcd 2.60+£0.23b  34.50+4.11abc
W5 7AW Radermachera hainanensis 7.55+1.40ab 0.24+0.08ab  190.35+20.59ab 2.66+0.59abc  2.96+0.90ab  27.39+8.22hc
TRIRA Acrocarpus fraxinifolius 7.46+3.17ab  0.19+0.10abc 176.02+10.90abc 2.55+0.95abe  2.92+0.38ab  32.18+4.23abc
BIEFEAR Alnus formosana 8.30+1.88ab 0.25+0.03a  190.16+21.62ab 3.06+0.26ab 2.75+0.79b 28.11+7.83bc
WA Tectona grandis 8.39+1.27a 0.26+0.08a  187.21+8.53ab  3.42+0.66a 2.46+0.12h 28.16+3.23hc
T H Toona sinensis 4.27+2.05¢ 0.09+£0.05¢  170.36+17.64bc  1.52+0.70d 2.84+0.48b 35.00+6.26ab
H A Evergreen plant 6.25+1.22a 0.16+0.07a  179.92+21.50a  2.17+0.56a 2.99+0.71a 31.92+8.03a
M4 %) Deciduous plant 7.11+2.57a 0.20£0.09a  180.94+15.73a  2.64+0.95a 2.74+0.46a  30.86+5.71a

0 [ —3AE/ NG FhEERIR 22 5 3 (P<0.05)
Note : Different lowercase letters indicate significant differences at 0.05 level.
x3 AEYMHMEFTRNEYHAEAXEGHFESH(FHA/FME)ERRE
Table 3 Intraspecific- and -interspecific variation coefficients of leaf photosynthetic
parameters of different plant species and life forms
A5 3 2B Coefficient of variation (%)

Yy
Species HOLA AR AL Jiafal co, % ZHER KRRk AALREME

P, G, C T WUE L
[&4 Dalbergia odorifera 22.46 25.49 1.11 15.11 7.81 2.95
ML Eriobotrya japonica 11.59 17.32 11.41 14.61 16.83 15.05
WA Excentrodendron tonkinense 8.91 25.76 6.19 18.46 8.69 11.91
T 3 M Radermachera hainanensis 18.55 33.07 10.81 22.04 30.57 30.02
WA Acrocarpus fraxinifolius 42.46 49.71 6.19 37.20 12.91 13.13
BIBFA Alnus formosana 22.60 13.86 11.37 8.40 28.60 27.87
MK Tectona grandis 15.17 31.63 4.55 19.33 4.84 11.46
F#t Toona sinensis 47.98 50.65 10.36 46.44 16.75 17.89
HLRHIY) Evergreen plant 19.49/3.27 42.13/28.83 11.95/5.90 25.82/5.31 23.71/12.39 25.15/9.65
&£ HI%) Deciduous plant 36.11/13.78 45.98/31.22 8.69/6.15 36.12/14.99 16.88/14.81 18.51/13.35
BRI Overall average 30.14/22.20 45.17/37.51 10.21/7.78 33.28/28.01 20.87/14.41 21.77/16.62

R BISF A AR, TCIR R 2Rl N IR
FEFPE K, P, G A T =3 2 [A] 5 g 3 1F 4 %
(P<0.01),L5 WUE & & ¥ E# 3¢ (P<0.05) , 1
5 G C,2 BENMK(P<0.05),
2.5 XEHUESHNER T D

PCA Z5 R (B 2. A) 55 1 ERU ke T
I R &R IE S BB R 71.64%, 5 G, |

T .CHPREBFEEMC 5 LERENHLC, B
2 BRI T AR R 20.42% , 54 S8 T
BEAMEME(P>0.05), MEZRBMBRAY
92.06% , PR B T I e B 08 1 4 K 4315 B, B b
BT AR A AR A A R v B R B A S o A
JFHEF W K/ EE R 1 s E MY T
MR 25 (LES) #8897 - e SR
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Table 4  Contribution of life form, intraspecific and interspecific level to different plant leaf photosynthetic parameters

GIHk B 43 kb Percentage of contribution (%)

HA RIS HL
Photosynthetic parameter A T AP K- A ] 7K - REAIL IR 2
Life form Intraspecific level Interspecific level Random error

HOLAEHEAE P, 5.22 56.49 29.48 8.81
AR G, 4.58 40.97 46.72 7.73
fiula] co, ¥ BE C, 4.95 48.66 38.04 8.35
EBHEFET, 4.43 38.33 49.76 7.48
K3 F %A WUE 5.35 64.50 21.12 9.03
SALBRGIE L, 4.95 48.77 37.92 8.36
SF-HI{E Mean value 4.91 49.62 37.17 8.29

MXRRELr

l 0.5

O
O

Pn ’ O ‘
RS
075 | G,

P” '
sk
092 | G,
037 | 068 | C .

deokosk

008 | 0.64 | C

*% *okk
0.92 0.94 0.54 T. ‘

~0.23 | 046 | —0.65 | -0.58 | WUE

ek sk sk

078 | 095 | 055 | T,

O
O
<
@

0.15 | -043 | —0.80 | -047 | WUE

I :

0000

skokok kokk %k ok ok * ok sk *

-0.11 | -0.68 | —0.99 | —0.60 0.84 L -0.43 | -0.73 | —0.99 | —0.62 0.72

- 90090

Ff N K OF Intraspecific level Fh ] 7K °F Interspecific level
w TN P<0.05; % FIR P<0.01; sxx FIX P<0.001,
% indicates P<0.05; #** indicates P<0.01; ##* indicates P<0.001.

B 1 MRXEFESHEMAFFEKFE LR Pearson X RE
Fig. 1 Pearson correlation coefficients between different leaf photosynthetic parameters
at the intraspecific and interspecific levels

BBHEOTE 1 ER ST K BMER N 6, FAREE (P>0.05) , BEAMHOIR AL # ] (H H 4%
(20.70%) > T (19.34%) > L (18.28%) > C,  FHYIFEF MAL 6w =% S FTE AR 42 T0USR A DA
(16.13%)>P (13.98%) >WUE (11.58%) , 1545 1 KI5 i 163 95% B 12 X 18] 14 SN L, A 1
EWMANAEEL R L, WUE BN G, T, Sl s e,
C, P BRI A

EWFHEFEE S (F 2.8)  wamwmEe 3 W s &8
BT 1 o e o Xk, A SR E L,
WUE FIEARHY G, T, C, e P, 10 9% A ) 0 5L I G R S T R A X SR BB A i)
07 F45 1 R0l 0 1F 1 X, B R ke, SIERL (AR DE AR, 20065 2% E AR, 2020) o HE
PERMANOVA %5 5 W75, W S F g n-p il gy 22, CARDAEA 5 K STl kAT B /K 52 48 19 o 258
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F %432 Principal component 2 (20.42%)

F 431 Principal component 1 (71.64%)

EP. W 4tHY) (S@aFh) ; DP. Y (a4 ) ; EL FE; E2. fiti; E3. WK ; E4. I

EFEAR,; D3. fiA; D4. FH,

43 %
B 1
|
|
s 20} 1
q E2 _-—=—_ '
S ° / . -
S : SUpi = A
S \ N> .~~~ D2 D3,
5 \ N © S
5 \ /'/ | \ OE4.”
g— 0_____\\____ f_.<_|___4/\_./ ______
S N Rl
= \/, lip/l - N
% ,\\.—\—/— | \
g < | \
£ D4 & W
Q <L y
= 2.0 F ——
X - !
® El
JFH |
PERMANOVA: R>=0.032; P»v%lue =0.82
1 1 1 1
4.0 2.0 0 2.0

F 431 Principal component 1 (71.64%)

REOM; D1 BURA; D2. &5

EP. Evergreen plant (green part) ; DP. Deciduous plant (orange part) ; E1. Dalbergia odorifera; E2. Eriobotrya japonica; E3. Excentrodendron

tonkinense ; E4. Radermachera hainanensis; D1. Acrocarpus fraxinifolius ; D2. Alnus formosana; D3. Tectona grandis; D4. Toona sinensts.

2 HEEEERXSMELEYHFXABHIESHNERS ST

Fig. 2 Principal component analysis of leaf photosynthetic parameters of the eight

adaptive plants in karst area of Southwest Guangxi
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