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Stomatal and Photosynthetic Response to Polyethylene Glycol Induced
Drought Stress of Thai Jasmine Rice
(Oryza sativa L. ssp. indica cv. KDML105) during Vegetative Stage
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ABSTRACT: We examined the stomatal response and photosynthetic potential of Thai jasmine
rice (KDML105) to induced increasing drought stress. Rice plants were grown in Yoshida’s nutrient
solution for 50 days before subjected to 3 stepwise drought stress levels, each lasted for
7 days, by adding polyethylene glycol (PEG6000) at 12.5, 22.5 and 35% (w/v), which lowered
the osmotic potential of the nutrient solution to -300 (mild stress), -1,000 (moderate stress),
and -2,800 (severe stress) kPa. At the end of each stress period, light response curve, maximum
quantum efficiency of PSII (FV/Fm), and photosynthetic pigments content were measured on
leaves of non-stressed and stressed plants. The increasing drought stress levels had definite
effect in reducing stomatal conductance (gs), which then reduced the net (Pn) and the maximal
gross photosynthetic rates (P ). Under mild and moderate drought stress, stomatal opening

max

showed response in the limited range of light intensity (PPF) of 0-600 umolPPF m™s™, beyond
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which stomatal conductance remained stable. When drought stress became severe, stomata
closed and showed no response to the increasing PPF. The data on photosynthetic rate showed
that the reduction under mild stress was mainly the result of reduced 8. Under moderate and
severe drought stress, the reduction in photosynthesis was because of both stomatal and
non-stomatal limitation, which included the reduction in g, carboxylation efficiency (Ph/Ci), and
quantum efficiency of PSII. In addition, severe drought stress caused damage to PSIl and decrease
in leaf chlorophyll content. The stepwise protocol in imposing drought stress can be used to
induce the photosynthetic response mechanisms in KDML105 rice.

Keywords: Thai jasmine rice, drought stress, stomatal conductance, quantum efficiency,

carboxylation efficiency
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Unlugean (g ) el 567.0 mmolH O m”s”
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pmolCO, m?s* .
s' (Table 1)

8.9 mmolH O m?
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et al, 2017) wazidlofinnsandUszansninnis
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Tablel Summary of parameters of light response curves of control and drought-stress plants of

KDML105 rice. Maximum gross photosynthetic rate (Pmax

), light compensation point (Ic), light

saturation point (IS), quantum efficiency (o), curvature factor (0), dark respiration (Rd), maximum

rate of linear whole-chain electron transport (ETRmax
(g ), and maximum transpiration rate (E

), maximum of stomatal conductance

)

Parameters Control Mild stress Moderate stress Severestress p-value
P, HmolCO, m?s"  2530+280°  23.40 + 0.30° 12.70 + 0.40° 1.10 + 0.30° wx
|, pmolPPF m*s* 16.20 + 5.90 26.30 + 2.10 19.00 + 1.80 nd ns
|, umolPPF m?s! 787.10 + 11.60° 572.70 + 56.90°  433.40 + 17.50° nd %
0, molCO, mol" PPF 0.033 + 0.005”  0.047 + 0.002°  0.040 + 0.002* 0.010 + 0.001° wx
0 0.93 + 0.03 0.92 + 0.03 0.88 + 0.03 0.99 + 0.03 ns
R, HmolCO, m?s? 0.51 +0.11° 1.28 + 0.10° 0.79 + 0.11° 0.57 + 0.05" %
ETR ,pmole m?’ 149.70 +4.70°  146.30 + 1.70°  120.30 + 6.20" 27.60 + 7.10° o
g, .o MMolH.0 m?" 567.00 + 79.70" 334.70 + 28.40° 118.90 + 1.90° 22.60 + 1.50° o
E_,mmolH,0 m?’ 8.89 + 0.61° 6.79 + 0.48" 3.03 + 0.27° 0.83 + 0.03° wx

Values are mean = SE. Means within a row followed by the different letters are significantly different

(Duncan’s New Multiple Range test, P < 0.05). **

ns = non-significant difference
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Figure 1 Light response curves of (a) stomatal conductance (g), (b) net photosynthetic rate (P ), (c)

transpiration rate (E), (d) water use efficiency (WUE), (e) instantaneous carboxylation efficiency
(P /C) and (f) leaf temperature (Tleaf) in control and drought-stressed plants of KDML105 rice.

Values are means + SE
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Figure 3 Effect of drought stress on the maximum quantum efficiency of PSII (FV/Fm) in control and
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Figure 4 Effect of drought stress on (a) chlorophyll a content (Chl a), (b) chlorophyll b content
(Chl b), (c) total chlorophyll content (Total Chl), (d) ratio of chlorophyll a to chlorophyll b
(Chla/b) and (e) carotenoid content (Car) in control and drought-stressed plants of KDML105
rice. Values are means + SE. Within each day, * = significant difference between means at
P < 0.05, ** = significant difference between means at P < 0.01, ns = no significant difference
between means
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