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Photosynthetic adaptation characteristics and adaptation patterns of
dominant species in Quercus Liaotungensis forest
in Gonglu mountain, Yan’an
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Abstract: [ Objective] Changing characteristics of dominant species’ photosynthetic parameters in
Quercus Liaotungensis community inside and outside forest were studied to elucidate the light utilization di-
versity of plants in the role of the sustainable development of the community. [Method) During vigorous
growth period, August,the light curve of 16 dominant species in Quercus Liaotungensis forest in Yan’an
Gonglu mountain was determined by LI-6400 portable photosynthesis system. The four parameters inclu-
ding maximal net photosynthetic rate (P, ), light saturation point (LSP), light compensation point

(LCP) and apparent quantum yield (AQY) were obtained after nonlinear fitting. The adaptive characteris-
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tics and balance strategies of 16 species under different light environments inside and outside the forest
were analyzed comparatively. The correlation of shade tolerance with P, and AQY was discussed by multi-
factor analysis. The photosynthetic adaptation patterns of 16 dominant species inside forest were classified
by hierarchical cluster analysis. [Result) (1) The light utilization characteristics of 16 species were different
from each other whether inside or outside forest. The four parameters of the same species inside and outside
the forest were increased or decreased with different degrees. Different species of the same group had regu-
lation model convergence of light utilization inside and outside the forest. Compared with the four parame-
ters of 16 dominant species inside the forest, 15 species had significant differences or very significant diffe-
rece outside the forest(P<C0. 05). (2) A significantly positive correlation was found between LCP and P, »
a negative correlation between LCP and AQY inside the forest,while a faint negative correlation was found
between LCP and P,.., LCP and AQY relativity outside the forest. (3) The strategies of the 16 species
were divided into 3 types by hierarchical cluster analysis which identified significant patterns with 4 photo-
synthetic parameters and response inside and outside the forest. Each of these strategy types had a distinct
photosynthetic parameter adjusting pattern. [Conclusion) Photosynthetic parameters of dominant species in

Quercus Liaotungensis forest changed with different habitats,and the changing ranges were various,which

was the foundation of community stability maintenance.

Key words: Quercus Liaotungensis forest; photosynthetic parameter; shade tolerance; photosynthetic

adaptation pattern
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Table 1

Differences of the ecological factors inside and

outside the Quercus liaotungensis forest

W
AT A Uz
. Inside the Outside
Ecological factor
forest the forest
SV V4 9H RBE /o0
8)5‘]4:11](1111)1/@ ) 20. 1 21.2
Mean temperature in August
by 2= 3L /90
H il C 24.6+2.0 26.942.8
Mean air temperature
Elﬂ]{&g/c . 8.24+1.4 12.641.9
Difference of daily temperature
NIAVAN 7k B B i 3 /
"ﬁ”ﬁﬂﬁ?ﬂ%r’%uﬁﬁ 238+10.7  1032+18.2
(pmol » m™? « s7!) PAR
os k= o3 0
IR 20 82.5+5.3 78.6+7.2
Relative moisture
P A~ =N 0
LA KA 2 11.241.5 8.3+2.2

Water content in soil
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Table 2 Photosynthetic parameters of 16 dominant species inside the Quercus liaotungensis forest
i ki P/ Lse/ Lee/ AQY R?
Number Species (pmol * m™% « s 1) (pmol * m™2 « s7!) (pmol+ m™% « s™ 1)
1 TLAME Quercus liaotungensis 9.05+0. 26 1174.12+9. 08 19.3047.93 0.036-0. 001 0. 994
2 KA ZLHE Acer stenolobum 5.940.31 460.10£51. 25 14.6142. 45 0.05940. 001 0.992
3 W4 Armeniaca Sibirica 3.024+0. 27 509.15+19. 88 29.10+1.91 0.02940. 001 0.989
4 T 7% Syringa oblate 6.37+0.23 714.78+42.19 16. 11+0. 38 0.04240. 002 0. 990
) WEM 52834 Spiraea cantoniensis 6.49+0. 16 630. 92412, 37 8.26+0. 81 0.04840.003 0. 980
6 KM F Cotoneaster acuti folius 4,80+0.12 637.64416. 60 23.10%E1.79 0.03640.002 0. 984
7 WA Rosa hugonis 3.7440.12 447.15+13. 28 5.4146.13 0.03940. 004 0. 944
8 HHi Dioscorea op posite 3.91+0.25 543.24419.07 28.3842.85 0.03540. 002 0.979
9 Wi B 24 Lonicera hispida 4.174+0.11 500. 66+32. 62 20.81+2.31 0.040+0. 004 0.966
10 EBE Cerasus tomentosa 3.2540.04 443.85+17.02 20.19=£2.02 0.02840.002 0.970
11 BT Ostryopsis davidiana 3.4440. 21 369. 14+8. 59 17.00+3. 63 0.04540.003 0.970
12 4 M Rubus coreanus 2.9340.82 543.78+6.99 1.29+6. 87 0.03040.003 0. 956
13 ziiziﬁ.ﬁ?'mziﬁfoliu Bunge 4,144+0.52 389. 09454, 45 15.53+0. 86 0.05140.002 0. 986
14 7 4& Caragana microphylla 7.77+0.70 919. 67+64. 85 25.11+1.77 0.040+0. 002 0. 990
15 KEE Arthraxon hispidus 7.5140.59 844.91+£11.65 40.5140. 23 0.04340.002 0.988
16 KM Periploca sepium Bunge 3.794+0.13 413.31+12.81 16.6340.38 0.04440.002 0.984
)1 Mean 5.024+0. 32 596. 34424, 54 18.83+2. 64 0.04140.003 0.979
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BFIMRANE T & NI B AN AQY {H ¢ LAY (1) FH 4
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Table 3 Photosynthetic parameters of 16 species outside the the Quercus liaotungensis forest
i i Prax/ LSp/ LCP/ AQY R?
Number Species (pmol * m™% « s 1) (pmol e m™2 «s7!) (pmol+m % +s 1)
1 UM Quercus liaotungensis 15.1140.51" * 1 800. 31+23. 94 32.9140.18  0.03440.000  0.995
2 KA ZLHE Acer stenolobum 13.47+0.50" * 1 330.63+£64.90" * 19.4243. 85 0.04740. 001 0.995
3 W4 Armeniaca Sibirica 11.05+0.47* % 1 190.74+50.67* * 33.80+1.12 0.04440. 000 0.999
4 8T 7 Syringa oblate 14,4640, 21" > 1329.43+428.99°  24.9140.96** 0.05140.002 0,997
) WEM 52834 Spiraea cantoniensis 10,2340, 62" 1456.72+67.45" 29.5440.40** 0.0334+0.000" * 0.991
6 KM Cotoneaster acuti folius 9.9140.05** 1125.85+6.19* 39.2540.16** 0.042=£0.000 0.991
7 WA Rosa hugonis 5.5140.31* 593.28+51.18 29.00+4.60** 0.04540.004 0.991
8 B H Dioscorea op posite 4,.89-+0. 00 551.46+40. 80 27.9742.57 0.04340.004 0. 980
9 W24 Lonicera hispida 10. 6220, 34" * 94416435, 03" *  38.3145.61  0.054-20.000 0. 964
10 EEBE Cerasus tomentosa 4,894+0.05* % 849.92+52, 57 * 28.13+3.98" 0.02740.002 0.963
11 BT Ostryopsis davidiana 5.360.32% 906. 6419.53* %  26.5740.22 0.02840.001 0.970
12 Hfi Y Rubus coreanus 10. 46+0. 64 1284.59+2.66" " 17.0743. 30 0.04840. 007 0.988
13 Al_ivrjj)zziﬁ.ﬁﬁ'mzi[z’f{)liu Bunge 4,8240.00 739.74+65.73" 36.16+3.62" 0.03240.002** 0.985
14 7 %% Caragana microphylla 9.794+0.55 1212.60459.28" 26.6440.40" 0.03840. 000" 0.998
15 FEE Arthraxon hispidus 10.15+0.19** 1262.73468.15 32.1840.36** 0.03840.003 0.994
16 KM Periploca sepium Bunge 8.21+0.04" " 1679.78+462.78** 35.3340.01** 0.023+0,001** 0.974
)M Mean 9.314+0. 30 1051.95+43.74 29.2841.95 0.039740. 002 0. 986

T 2 W 5 2253 1 Cone-way ANOVA) EUE G bR * R bk S MANE — b & S 80 135 22 P (P<T0. 05)  br » » RoR A I 3 22

SE(P<<0.01),

Note: * represents significant difference (P<C0. 05) while * * represents very significant difference (P<C0.01) after one-way ANOVA.
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Fig. 1 Cluster figure of photosynthetic parameters of 16
dominant species in Quercus liaotungensis forest
Digital coding of cluster figure corresponding to the

serial number in Table 2 and Table 3,which

represent 16 dominant species respectively
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Table 4 Mean parameter value of three photosynthetic adaptation types inside Quercus liaotungensis
forest and their increasing rate outside forest
A MRAMBE bk Py 18 i/ 6
sy il Inside forest Increment outside forest
e I8y e [SPSY
il kit Bt/ % Proa/ LSP/ LCP/
Type Species ., -, _, . .
Percentage  (ymol*m %+ (pmolem 2+ (ymolem 2+ AQY P LSP  LCP  AQY
s b s D s D
I 8 50. 00 5.67 657.62 19.76 0.041 97.22 93.75 34.61 4.28
I 6 37.50 3.68 448. 86 18. 39 0. 039 63.67 70. 26 66.91 —3.78
I 2 12.50 6.42 793.72 16. 47 0. 040 67.83 119.23 119.37 —28.75
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