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Abstract 

 

Plant response to drought stress varies as functions of stress level and duration. The 

responses of Eucalyptus camaldulensis to induce drought stress were examined in three levels, each 

lasted for seven days, in terms of stomatal opening, photochemical and carboxylation processes. After 

each stress level, stomatal response to light (light response function), quantum efficiency of PSII and 

carboxylation efficiency were measured on leaves of non-stressed and stressed plantlets. Under mild 

stress, stomatal conductance (gs) increased in response to increasing light intensity (PPF), but at a 

lower level than the non-stressed plantlets. When drought stress was moderate, stomatal opening 

were limited to narrow PPF range of 0-400 molPPF m-2 s-1, then did not open further at increasing 

PPF. Under severe drought stress, stomata closed and showed no response to the increasing PPF. 

The increasing drought stress levels had definite effect in reducing gs and gs,dark (at PPF=0), which 

then reduced the net (Pn), and the maximal gross (Pmax) photosynthetic rates. Subsequently, 

detrimental effects on quantum efficiency and carboxylation efficiency occurred under moderate and 

severe drought stress levels. Electron transport rate (ETR) and mesophyll conductance (gm) 

decreased, but CO2 compensation point ( ) increased. E. camaldulensis has been demonstrated to 

show response to the stepwise increase in drought stress levels lasting seven days each. The 

measurement of the photosynthesis process at the end of each stress level was able to differentiate 

between the stressed and non-stressed plantlets. The pertinent indicators are the changes in the 

magnitudes of gs, gs,dark, gm, , ETR and ETR/Pn. 
Keywords: Drought stress, stomatal conductance, photosynthesis, quantum efficiency, carboxylation      

                    efficiency 
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Figure 1 Light response curves of (a) stomatal conductance (gs), (b) net photosynthetic rate    

           (Pn), (c) transpiration rate (E), (d) water use efficiency (WUE), (e) leaf temperature   

            (Tleaf), (f) quantum efficiency of PSII ( PSII), (g) electron transport rate (ETR), and (h)  

           ratio of apparent electron transport rate to CO2 assimilation (ETR/Pn) in control and  

           drought-stressed plantlets of Eucalyptus camaldulensis. Values are means  SE          

           (n = 3). 
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Table 1 Summary of parameters of light response and carboxylation measurement of control  

           and drought-stressed plantlets of Eucalyptus camaldulensis. Stomatal conductance in  

           the dark (gs,dark), maximum gross photosynthetic rate (Pmax), light compensation point  

           (Ic), light saturation point (Is), quantum efficiency ( ),curvature factor ( ), dark  

           respiration (Rd), maximum rate of linear whole-chain electron transport (ETRmax),  

           maximum stomatal conductance (gs, max), and maximum transpiration rate (Emax), CO2  

           compensation point ( ), mesophyll conductance (gm), and leaf temperature (Tleaf).  

Values are means  SE (n = 3). Means within a row followed by the different letters are 

significantly different (Duncan’s New Multiple Range test, p < 0.05). **, statistically significant 

difference at p < 0.05; ns = non-significant difference at p < 0.05. 
 

การตอบสนองของปากใบ



ปท่ี 47 ฉบับท่ี 2 พฤษภาคม-สิงหาคม 2559 ว.วิทยาศาสตรเกษตร160

 

  ( ) 

 (gm) 

 (Table 1)  

 

 CO2 

  

   

 (Table 1) 

  

 

 (Chuennakorn and 

Yingjajaval, 2007) 

 (  Rd ) 

 gm  

 CO2  

 -

  

 

 

CO2 

  

 

 (per se) 

 

 

 (translocation)  

  (feedback) 

 CO2   

 

 

 

 

 PEG 6000 

 

 3   7  

 

 (

) -

 (  CO2) 

 

 

 ( ,sol = -

70 kPa) 

 

  gs 

 

 

 ( ,sol = -140  -280 kPa) 

 

 

(  gm  ) 

 

PSII (  ETR 

 ETR/Pn)  

 

การตอบสนองของปากใบ



ปท่ี 47 ฉบับท่ี 2 พฤษภาคม-สิงหาคม 2559ว.วิทยาศาสตรเกษตร 161

 

 

 

 

  

 

 ( .) -

 

 

    

 

 

  

  

 

 

 

Biehler, K. and H. Fock. 1996. Evidence for the 

contribution of the Mehler-Peroxidase 

reaction in dissipating excess electrons 

in drought-stressed wheat. Plant 

Physiol. 112: 265-272. 

Chuennakorn, P. and S. Yingjajaval. 2007. 

Leaf photosynthetic potential of 

Dendrobium sp. Sonia ‘BOM JO’. Agric. 

Sci. J. 38: 405-413. (in Thai with 

English abstract) 

Flexas, J. and H. Medrano. 2002. Drought-

inhibition of photosynthesis in C3 

plants: stomatal and non-stomatal 

limitations revisited. Ann Bot. 89: 183–

189. 

Hinjan, S. 2005. In vitro selection technique of 

Eucalyptus camaldulensis Dehnh. 

resistance to calcareous soil. M.S. 

Thesis, Kasetsart University. (in Thai) 

Schreiber, U., W. Bilger, H. Hormann and C. 

Neubauer. 1998. Chlorophyll 

fluorescence as a diagnostic tool: 

basics and some aspects of practical 

relevance. in: A.S. Raghavendra AS 

(ed) Photosynthesis: A Comprehensive 

Treatise. Cambridge University Press, 

Cambridge. p. 320-336. 

Tay, A.C., A.M. Abdullah, M. Awang and M. 

Furukawa. 2007. Midday depression of 

photosynthesis in Enkleia malaccensis, 

a woody climber in a tropical rainforest. 

Photosynthetica. 45: 189–193.  

Thornley, J.H.M. and I.R. Johnson. 1990. Plant 

and Crop Modelling. Oxford University 

Press, New York. p. 213-242. 

Utkhao, W. and S. Yingjajaval. 2015. Changes 

in leaf gas exchange and biomass of 

Eucalyptus camaldulensis in response 

to increasing drought stress induced by 

polyethylene glycol. Trees. 29: 1581-

1592.  

 

 

การตอบสนองของปากใบ


