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Available evidence suggests that the stress-induced increase in
the activity of glucose-6-phosphate dehydrogenase (G6PDH,
EC 1.1.1.49), the key regulatory enzyme of the oxidative
pentose phosphate pathway, might often be related to the
presence of plant water deficit. The response of G6PDH to
dark chilling in chilling sensitive plant species is still unknown.
In this communication we report on this response and its
dependence on the presence of chill-induced drought stress.
A chilling sensitive soybean (Glycine max L. Merr.) genotype
was exposed to dark chilling of the entire plant (whole-chilled)
or only the shoots and leaves (shoot-chilled). The development
of chill-induced drought stress upon illumination was quanti-
fied by measurement of proline and relative water content
(RWC). Chill-induced drought stress (decrease in RWC and
increase in proline content) developed with time in whole-
chilled plants, but not in shoot-chilled plants. The response
of the above-mentioned treatments on G6PDH activity in

fully expanded leaves was assessed. In parallel, the effects
on CO2 assimilation, PSII activity and chloroplast fructose-
1,6-bisphosphatase (FBPase EC 3.1.3.11) and ribulose-1,5-
bisphosphate carboxylase/oxygenase (Rubisco EC 4.1.1.39)
activity were quantified. A decrease in CO2 assimilation
rate, FBPase activity and ribulose-1,5-bisphosphate (RuBP)
content was observed in whole-chilled but not in shoot-chilled
plants. However, in shoot-chilled plants regulation of diurnal
PSII activity was altered. The increase in the activation state
of NADP-dependent malate dehydrogenase (NADP-MDH
EC 1.1.1.82) in shoot-chilled plants suggests an increase in
stromal redox state. Although the two different dark chilling
treatments resulted in distinct physiological and biochemical
effects, both induced an increase in foliar G6PDH activity,
suggesting an important role of this enzyme during and fol-
lowing dark chilling stress, irrespective of the presence of
chill-induced drought stress.

Introduction

Cultivation of Glycine max (L) Merr. (soybean) is key to
the nutritional requirements of developing countries with

their rapidly expanding populations (Hume et al. 1985).
A major limitation on the utilization of soybean for such
purposes is its extreme sensitivity to dark chilling

(Holmberg 1973). The low night temperatures that are
often encountered in temperate climates and in high-altitude
regions of South Africa limit the cultivation of soybean
(Smith 1994). Chilling sensitivity has to date impeded the

efforts of soybean breeders to increase yield per unit area
(Smith 1994). While recent advances in plant genomics
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Abbreviations – A, CO2 assimilation rate at ambient CO2 concentration; Amax, maximum CO2 assimilation rate at saturating CO2

concentration; AB S, absorption energy flux; ca , atmospheric CO2 concentration; ci, intercellular CO2 concentration; CS, excited cross
section of leaf sample; D I, dissipation energy flux at the level of the antenna chlorophylls; E T, energy flux of electrons from Q A

– into the
electron transport chain; FB Pase, chloroplast fructose-1, 6 -bisphosphatase; G6 PD H, glucose-6 -phosphate dehydrogenase; gs , stomatal
conductance; NAD P-MD H, NAD P-dependent malate dehydrogenase; jD o , quantum yield of energy dissipation; jE o, probability that an
absorbed photon will move an electron into electron transport further than Q A

–; jPo, maximum quantum yield of primary photochemistry;
PIAB S , performance index; PPP, pentose phosphate pathway; PSII, photosystem II; co, efficiency by which a trapped exciton, having triggered
the reduction of Q A to Q A

– , can move an electron further than Q A
– into the electron transport chain; RC, reaction centre of PSII; RC/ CS,

fraction of active PSII reaction centres per excited cross section of leaf; Rubisco, ribulose-1, 5-bisphosphate carboxylase/ oxygenase; RuB P,
ribulose-1, 5-bisphosphate; RWC, relative water content.
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