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and Nakai) seeds at 40°C prolonged by prior storage at 30°C
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Abstract

Seeds of watermelon (Citrullus lanatus (Thunb.) Matsum.
& Nakai var. Congo) were subjected to mild accelerated
ageing treatments of 30 and 60 d at 30°C at a moisture
content of 7.2%. In comparison to a cold-stored
control, normal germination and viability were slightly
(but not significantly) decreased by these treatments.
Subsequent construction of survival curves during
storage at 40°C, at seed moisture contents ranging from
10–18%, revealed that the prior 30°C ageing treatments
prolonged survival under these conditions.
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Introduction

Seeds are usually stored at elevated temperatures in the
range 30–50°C, to accelerate ageing in seeds for research
purposes, in some cases after raising their moisture
content (Georghiou et al., 1987; Argerich et al., 1989;
Argerich and Bradford, 1989; Hampton et al., 1992). In
many areas where watermelon seeds (Citrullus lanatus)
are produced, they may suffer a similar mild ageing
experience before being put into storage. The main
aim of this work was to investigate the extent to which
a previous ageing treatment might affect the longevity
of seeds during subsequent storage.

Materials and methods

Seeds of a single harvest of watermelon (Citrullus
lanatus (Thunb.) Matsum. & Nakai var. Congo),

harvested in May 1997 from fully mature fruits, were
obtained from MayFord Quality Seeds (Pretoria, South
Africa) in July 1997 and placed in sealed glass jars in a
cold room at 2°C. During December 1997 and January
1998, samples which had the same moisture content of
7.2%, fresh mass basis, were randomly separated from
the main bulk and placed in sealed glass jars at 30°C
for 30 and 60 d after which they were returned to cold
storage.

A standard germination test (ISTA, 1996) was
conducted on samples of each treatment using four
replicates of 100 seeds each on seed lots stored at 30°C.
The results for normal seedling counts were as
follows: control: 95%; 30 d at 30°C: 94%; 60 d at 30°C:
91%. The results for viability counts in the same test
were as follows: control: 98%; 30 d at 30°C: 95%; 60 d
at 30°C: 94%. In both cases the differences between
treatments were not statistically significant.

Steep-water conductivity of the control, 30 d and
60 d treatments was determined following the
procedure of Hampton and TeKrony (1995).

In March 1998 moisture contents of samples of the
30°C and control treatments were adjusted to 10%,
12%, 14%, 16% and 18% (fresh mass basis),
respectively, by placing them above water in closed
containers at 15°C until predetermined weights were
attained. The samples were then hermetically sealed in
aluminium foil-polyethylene pouches and placed at
2°C for 7 d. Subsequent seed moisture determinations
revealed that moisture contents were within 0.2% of
the required levels. Seed moisture content was
determined according to the high temperature oven
method (130°C, 1 h) of ISTA (1996).

The hermetically sealed individual samples of 100
seeds were placed in a germination cabinet at 40°C.
Four replicates of 25 seeds of each treatment at each
sampling time were removed at regular intervals and
viability determined in rolled paper towels at 25°C.
Radicle protrusion of 2 mm, after 14 d, was used 
as germination criterion. Survival curves were
constructed and linearized by plotting probit of
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percentage germination against time (Ellis and
Roberts, 1980), using SAS/STAT (SAS Institute Inc.
Cary, NC, USA 1989 Copyright). Values for Ki
(intercept on the y-axis), (standard deviation of the
individual life spans) and P50 (time to 50% viability)
were determined (Ellis and Roberts, 1980).

Results

As indicated above, the 30°C ageing treatments had a
slight, but statistically non-significant effect on
viability and normal germination. The Ki values in
Table 1 indicate that they were, generally, similar for
the control, 30 d and 60 d treatments within each
moisture level. Differences in theoretical initial
germination were, therefore, negligible.

The survival curves for the 40°C/10% moisture
content treatment (Fig. 1) and the probit plots for the
same treatment (Fig. 2) show that both the prior 30 d
and 60 d storage treatments at 30°C had similar
effects in prolonging subsequent storage at 40°C
substantially. Both σ and P50 values were increased
almost three-fold (Table 1). The same trend was
observed at all moisture contents (Table 1), though the
differences between the control and 30°C treatments
tended to decrease as moisture content increased.
Conductivity measurements showed that values were
similar for all initial treatments, viz. 12.19 µS cm–1 g–1

for the control, 11.75 µS cm–1 g–1 for the 30d/30°C

treatment and 11.92 µS cm–1 g–1 for the 60d/30°C
treatment.

Discussion

Ageing watermelon seeds at 7.2% moisture content at
30°C for 30 and 60 d was, obviously, a mild treatment
which resulted in small and non-significant decreases
in viability. It was nevertheless expected that
subsequent survival of the aged seeds at 40°C would
be inferior to that of the control. The fact that the 30°C
treatments resulted in prolonged survival was an
unexpected and surprising result.

No explanation can be offered for the
phenomenon. It is inconceivable that heat-shock
protein synthesis and thermotolerance induction can
proceed in dry seeds. It was postulated that the 30°C
treatment may have had a physical effect on
membrane structure, but conductivity measurements
did not support this hypothesis. The other likely
occurrence can be that heat treatment might change
water relations, and in turn, repair mechanisms can
work; however, we did not compare the control lot to
treated ones with respect to the moisture contents they
reached at similar relative humidity.
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Figure 1. Survival curves for watermelon seeds at 10%
moisture content and 40°C preceded by ageing treatments of
30 and 60 d at 30°C at a moisture content of 7.2%. Control
seeds were not subjected to prior accelerated ageing. Figure 2. Survival as probit viability for watermelon seeds

at 10% moisture content and 40°C preceded by ageing
treatments of 30 and 60 d 30°C at a moisture content of
7.2%. Control seeds were not subjected to prior accelerated
ageing.
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The difference in longevity is unlikely to depend
on the maturation level as the seed lot was harvested
at full maturity. If it were not so, this might have been
revealed by the initial germination percentages. In
fact, the germination percentages of seed batches were
not significantly different before storage started at
40°C.

The underlying mechanism of the heat-induced
longevity described here for watermelon seeds needs
to be resolved. Other important questions raised are
whether the phenomenon is restricted to watermelon
seeds and whether it would be evident at subsequent
storage temperatures below 40°C and lower seed
moisture contents. Investigations on these aspects are
continuing.
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Table 1. Values of Ki, and P50 for watermelon seeds stored at 40°C at different moisture
contents after ageing treatments of 30 and 60 d at 30°C at a moisture content of 7.2%.
Control seeds were not subjected to prior accelerated ageing.

Prior ageing Moisture content at 40°C (%) Ki ± se σ P50 (d)

Control 10 1.95 ± 0.17 7.25 14.1
30 d 10 1.91 ± 0.20 20.88 40.0
60 d 10 2.02 ± 0.29 20.47 41.2

Control 12 2.30 ± 0.24 3.77 8.0
30 d 12 2.18 ± 0.24 8.78 19.1
60 d 12 2.11 ± 0.29 9.00 18.7

Control 14 2.09 ± 0.22 3.88 8.0
30 d 14 1.99 ± 0.34 9.39 18.6
60 d 14 2.02 ± 0.32 9.50 19.0

Control 16 2.78 ± 0.35 4.05 11.0
30 d 16 2.14 ± 0.34 7.15 15.4
60 d 16 2.02 ± 0.31 6.57 15.63

Control 18 2.59 ± 0.35 3.37 8.5
30 d 18 2.25 ± 0.64 6.51 14.5
60 d 18 2.16 ± 0.35 5.47 11.83
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