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Simulated photosynthetic responses of Cinnamomum migao during drought stress

evaluated using Light-response Models
LI Jia, LIU Jiming" , WEN Aihua, DENG Mingming, XIONG Xue, LIU Jiajia
College of Guizhou, Guiyang 550025, China

Abstract: The objective of this study was to elucidate the response and adaptation mechanisms of Cinnamomum migao
seedlings to drought stress. Using pot experiments, we examined the effects of three relative water levels on the growth of 1-
year-old C. migao seedlings by measuring photosynthetic physiological indices and light responses under drought stress. The
responses were analyzed in terms of four different light response curve models: rectangular hyperbola, non-rectangular
hyperbola, exponential, and modified rectangular hyperbola. The following results were obtained. (1) According to the
values of photosynthetic parameters calculated using the four models, the rectangular hyperbola, non-rectangular hyperbola,
and exponential models were suitable for low photosynthetically active radiation. However, only the modified rectangular
hyperbola model provided a good fit for each treatment and the fitting parameters were more accurate. (2) The apparent
quantum efficiency (®) of photosynthesis of drought-stressed plants was smaller than that of normal plants, and therefore

the utilization efficiency of these plants is lower. (3) The net photosynthetic rate (P,) of severely stressed C. migao plants
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decreased significantly under strong photosynthetically active radiation, whereas values for the net photosynthetic rate (P,)
maximum net photosynthetic rate (P, ), and light compensation point were the highest under conditions of moderate

stress. C. migao has a wide range of stress tolerance. Under severe stress, P_, P, , and LSP decreased, and transpiration

rate (T,) and stomatal conductance ( G,) decreased more significantly; however, the plants still had a higher water-use
efficiency. Although C. migao plants suffer damage under severe drought stress, they can adjust to the adverse environments
through physiological modification and by reducing damage to their photosynthetic apparatus. (4) In order to facilitate
growth and developmental adaptation in C. migao during management, it is recommended that the soil moisture content be

maintained at levels between 23.05% and 14.92%.

Key Words; Cinnamomum migao; drought stress; photosynthesis; light response model; light response parameter
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Fig.1 Net photosynthetic rate ( P, )-light response curves of

Cinnamomum migao under drought stresses
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Fig.2 Simulation of photosynthesis light response curves of Cinnamomum migao by four models under different drought stressesl

W1 . %t | control ; W2 i B A ,moderate drought stress; W3 Eiyisam eV Sit ,severe droughtt stress; W1, o BE UL A AR AR i & , Fitted model

curve of control ; W2', A RE L il LA AR AR 2k ,Fitted model curve of moderate drought stress; W3, TR LA AR i 2k , Fitted model

curve of severe droughtt stress
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Table 1 Comparsion with measured values of light parameters of Cinnamomum migao and the fitted values by models
i tlve 2 Light response parameters

S i L7 Py EFHCEE/ (mol/mol ) St JprMES BRREOLAER R 2
Light response model Treatment Quantum yield LSP/ LCP/ - Rd/
P, b, D, (pmolm™s™)  (pmol ms™)  (pmol ms™')  (pmol m™?s7™")

SEHIE Wi - - - 1200 6.3546 4.8636 0.069 -
Measured value w2 1500 5.9953 5.1238 0.076

w3 1500 12.6264 4.3263 0.137
Ery il Wi 0.0144 0.015 0.0147 431.0083 13.9484 5.11 0.205 0.998
Exponential model W2 00164  0.017  0.0167 380.0865 10.6510 5.283 0.178 0.997

W3 00142 0015  0.0146 387.0886 15.5962 4.526 0.228 0.999
H AWM SR Wi 0.0191 0.022 0.0205 415.5651 17.0757 5.1231 0.350 0.991
Rectangular hyperbola w2 00212 0025  0.0232 395.0486 16.2816 5.2980 0.378 0.994
model W3 00177  0.021  0.0193 424.3442 18.7856 4.3267 0.368 0.993
JE B AR A Wl 0.0169 0.017 0.0170 745.7821 5.4225 7.349 0.092 0.998
Non-rectangular w2 0.0475  0.048  0.0478 636.0504 4.3768 16.463 0.209 0.995
hyperbola model W3 0.0208  0.021 0.0209 748.7911 8.6168 8.008 0.180 0.996
HAUN LB IE R W1 0.0153 0.0178  0.0156 1421.6124 9.0718 4.9116 0.141 0.999
Modified rectangular w2 00186  0.0221  0.0191 1505.1278 7.9377 5.0934 0.152 0.999
hyperbola model w3 00155  0.0165  0.0160 1452.4268 12.9498 4.3490 0.201 0.999

W1 XFH, control ; W2, HUE T E 338 , moderate drought stress; W3, T T8 , severe droughtt stress; @ FHI7E L HME UL 1 T30 , quantum yield of plants
at the light compensation point; ®: P 51 T4 , internal quantum efficiency; @ o: GAERDEIAR ML b 1=0 5 1=1 BSELFIRAILRTE  the absolute value of the
slope of the line connecting I=0 and I=Ic on the photosynthesis light response curve; LSP JGHI 15, Light saturation point; LCP; Y435 , Light compensation point; P
BRBOEA B Net photosynthetic rate; Rl ; I 2% Dark respiration rate
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nmax
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Fig.3 Photosynthetic parameters of Cinnamomum migao bran under different drought stress
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