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Introduction

Drought sensitivity of maize is at maximum during flowering and yield losses exceed those which would be expected from inhibition of photosynthesis alone (e.g. 1). Analyses of mature crops that
have been stressed during this developmental stage reveal large reductions in seed number per cob and in harvest index (2). Drought damage to ovaries that leads to abortion of seeds is confined to
early stages of ovary development (3), which coincide with cell differentiation. Carbohydrate levels are known to affect developmental processes in several ways including altered expression patterns
of genes and activities of enzymes (4, 5, 6, 7). In order to study how drought interferes with ovary carbohydrate metabolisms we conducted an experiment in 18 lysimeter-tanks under field conditions.

Vacuolar rather than cell wall invertase seems to control sucrose to hexose conversion
Activity of vacuolar acid invertase was higher than activity of cell wall bound acid invertase
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correlated well with /vr2 and Incw?2
expression, respectively, indicating
prominent transcriptional regulation.

ABA ftransiently rose in the
youngest ovaries -6 DFP in
response to severe drought
stress but differences were
no longer evident from —4
DFP (Fig. 2).

In situ localization indicate a role in
sucrose unloading

Ivr2 vacuolar invertase mRNA (Fig. 6)
as well as invertase activity (Fig. 7)
was predominantly localized to
terminal regions of vascular strands.
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for overview, or DAB in a coupled enzymatic reaction with glucose
oxidase and peroxidase producing a yellow-brown precipitate at the
sites of invertase activity. (C, D): kernel from well watered plant.
(E, F): kernel from severely drought stressed plant showing less
activity. (G): Negative control without substrate added to reaction.
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Conclusion

Expression of the /vr2 gene encoding a vacuolar invertase was down-regulated by drought
with preceding changes in ABA levels. Vacuolar invertase activity was accordingly
decreased by drought, and seemed to be the main determinant of the ratio between hexoses
and sucrose in young ovaries. The localization was clearly distinct from cell wall invertase
(Incw?2) in basal endosperm tissue later in kernel development (8, 10). The drought-induced
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Acid invertases are localized to vacuoles and
cell walls, and each of these two broad groups
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Fig. 3. Ovary dry weight (A) and concen-
tration of sucrose (B) and reducing sugars (C)
at five developmental stages: -6, -4, 0, +3 and
+7 DFP in the treatments [tc] - [ta].

of enzymes are encoded by a number of
maize-genes. We therefore went on to study
their individual roles in early grain develop-
ment and their marked sensitivity to drought
stress.
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decrease in hexose to sucrose ratio may affect phloem unloading, turgor and ovary
differentiation and thus implicates a key role for /vr2 vacuolar invertase during the early,
abortion-sensitive phase of ovary development.
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