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The effects of dark chilling on CO2 assimilation, chlorophyll
a fluorescence kinetics and nitrogen fixation were compared
in two Glycine max (L.) Merr. genotypes. The aim was to
elucidate the mechanisms by which photosynthesis was inhib-
ited as well as identification of selection criteria for dark
chilling tolerance. Seedlings were dark chilled (8°C) for
9 consecutive nights but kept at normal day temperatures
(28°C). CO2 gas exchange analysis indicated that photosynthe-
sis in Maple Arrow was inhibited largely as a result of
stomatal limitation, while in Fiskeby V, it indicated inhibition
of the mesophyll reactions. Increased intercellular CO2 con-
centration and decreased carboxylation efficiency suggested
loss of Rubisco activity in Fiskeby V, although no effect on the
KM (CO2) of Rubisco was observed. Quantification and
deconvolution of the Chl a fluorescence transients into several
phenomenological and biophysical parameters (JIP-test)
revealed large genotypic differences in the response of PSII

to dark chilling. These parameters differentially changed in
the two genotypes during the progression of the chilling treat-
ment. Among them, the performance index, reflecting several
responses of the photochemical apparatus, provided the best
preliminary overall assessment of the genotypes. In contrast,
the quantum yield of primary photochemistry jPo (FV/FM)
was quite insensitive. The recovery of most of the JIP-test
parameters in Maple Arrow after 6 and 9 nights of dark
chilling was a major genotypic difference. Genotypic differ-
ences were also observed with regard to the ureide response
and N2 fixation appeared to be more sensitive to dark chilling
than CO2 assimilation. The JIP-test provided information
consistent with results derived from CO2 assimilation and N2

fixation studies suggesting that it can substitute the much
more time-consuming methods for the detection of chilling
stress and can well satisfy the requirements of a rapid and
accurate screening method.

Introduction

The daily minimum temperature is exceptionally low in
the high altitude soybean-producing regions of South
Africa. The potential to extend the cultivation of crop
plants of tropical or subtropical origin into temperate
areas is limited by their chilling sensitivity (Cabané et al.
1992). Soybean is no exception and growth, development

and yield are affected below 15�C (Gass et al. 1996).
Chilling affects a wide range of physiological processes
in soybean, including photosynthesis (Gourdon and
Planchon 1982, Purcell et al. 1987, Caulfield and Bunce
1988, Van Heerden and Krüger 2000, 2002) and symbi-
otic nitrogen fixation (Layzell et al. 1984, Walsh and
Layzell 1986, Lynch and Smith 1993, Zhang et al. 1995).

PHYSIOLOGIA PLANTARUM117: 476–491. 2003 Copyright# Physiologia Plantarum 2003

Printed in Denmark – all rights reserved ISSN 0031-9317

Abbreviations – A, CO2 assimilation rate; Amax, maximum CO2 assimilation rate at saturating CO2 concentration; qA/ qci, initial slope of
demand function; CE , carboxylation efficiency; ca, atmospheric CO2 concentration; ci, calculated intercellular CO2 concentration; Chl a,
chlorophyll a; gs, stomatal conductance; l, relative stomatal limitation; MG, maturity group; NA, nitrogenase activity; NAD P-MD H, NAD P-
dependent malate dehydrogenase; PI, performance index; PSII, photosystem II; CPD , pre-dawn leaf water potential; RuBP, Ribulose-1,
5-bisphosphate; Rubisco, Ribulose-1,5-bisphosphate carboxylase/ oxygenase.
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