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Abstract

Freshly harvested seeds of four accessions of different wild Oryza species belonging to the AA genome (Oryza 
sativa complex) were initially dried at 15% RH and either 15, 30, 45 or 60°C for a week before final drying at 
15% RH and 15°C. Subsequent storage experiments at 10.9% moisture content and 45°C showed seed longevity 
increasing as the initial drying temperature increased up to 45°C. A subsequent decrease in seed longevity was 
observed for seeds dried at 60°C. Thus, similar to cultivated rice, these results suggest that initial drying of wild 
Oryza species seeds at 45°C is advantageous for long-term storage compared with drying directly at 15% RH 
and 15°C.
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Experimental and discussion

Recent studies have shown that the subsequent longevity of rice (Oryza sativa L.) seeds 
in experimental storage is much greater if freshly harvested seeds are dried at high-
temperature (40-60°C) instead of the conventional method of drying at low temperatures 
(5-20°C) recommended by FAO (2013) for seed germplasm (Crisostomo et al., 2011; 
Whitehouse et al., 2015, 2017). As a consequence of these findings, the T.T. Chang 
Genetics Resources Center (GRC) at the International Rice Research Institute implements 
a two-step drying process which involves initial drying of freshly harvested rice seeds
at 40-45°C (30% relative humidity (RH)), before final equilibrium drying at 15°C and 
15% RH.
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This research note presents the results of investigating the effects of drying seeds 
of wild Oryza species at high temperature on their subsequent longevity. Plants of
four Oryza species belonging to the AA genome (Oryza sativa complex), O. barthii A. 
Chev. (IRGC 105507; https://doi.org/10.18730/4KC1V), O. glumaepatula Steud. (IRGC 
88806; https://doi.org/10.18730/48775), O. longistaminata A. Chev & Roehr (IRGC 
101207; https://doi.org/10.18730/4H4P1) and O. meridionalis N.Q. Ng (IRGC 104086; 
https://doi.org/10.18730/4JBX=), originating from Mali, Brazil, Ivory Coast and Australia, 
respectively, were grown in the GRC screenhouse during the 2016 dry season following 
normal cultivation procedures. Seeds were manually collected by shaking each panicle 
into a mesh bag and then bulked at each harvest. For each accession, harvesting was 
done six times within two weeks from the start of seed shattering. Seed moisture content 
(% fresh weight basis; gravimetric determination following the high constant-temperature 
oven method for O. sativa (ISTA, 2017)) at harvest was 27.5% (s.e. 0.5), 25.2% (s.e. 0.5), 
24.7% (s.e. 0.1) and 27.1% (s.e. 0.2) for O. barthii, O. glumaepatula, O. longistaminata 
and O. meridionalis, respectively (> 90% equilibrium relative humidity (eRH)). 

For each harvest, seed samples were divided into four seed lots for drying at 15, 30, 
45 and 60°C. Seeds were placed in open 90 mm-diameter Petri dishes which were placed 
on plastic platforms inside sealed electrical enclosure boxes (ENSTO, Finland Oy). Non-
saturated lithium chloride (LiCl) solutions were present in the bottom of each box to 
generate an environment of 15% RH (Hay et al., 2008). One box containing the seeds 
was placed at each of 15, 30, 45 and 60°C for a week for the initial drying. Seeds were 
then removed from the boxes and placed in the genebank drying room (15% RH, 15°C) 
for at least another week for final equilibrium drying. Seed water activity (≈eRH/100) 
was determined after the initial and final drying stages using AW-D10 water activity 
probes connected to a Hygrolab 3 display unit (Rotronic South East Asia Pte. Ltd., 
Singapore). After the initial drying treatments, seed moisture levels were lower the higher 
the temperature in all species except in O. longistaminata where seed water activity was 
similar at all temperatures. For the respective temperatures of 15, 30, 45 and 60°C, seed 
moisture decreased to 42.2, 37.7, 35.1 and 32.2% eRH in O. barthii; 33.2, 27.4, 24.8 and 
23.6% eRH in O. glumaepatula; 45, 41, 39.2 and 30.4% eRH in O. meridionalis; and 40.9,
39, 41.4 and 40.4% in O. longistaminata. After the final drying in the drying room, before 
the storage experiments, all samples were at approximately 20% eRH (15°C). 

After seed drying, a seed storage experiment was conducted to assess the effect of 
the different drying treatments on seed longevity. Samples were bulked based on drying 
treatment then, each seed lot (species × drying treatment) was divided into 30 subsamples 
and equilibrated at 60% eRH at 21.5°C in a Vötsch Industrietechnik GmbH test chamber. 
After equilibration, two samples for each seed lot × temperature were used for seed 
moisture content determination (ISTA, 2017) and the remaining samples were sealed 
in individual aluminium foil packets (120 × 90 mm) and placed at 45°C. Seed moisture 
content was determined again at the end of the storage experiments for each seed lot. 
The mean seed moisture content during storage experiments across drying treatments was 
10.99% (s.e. 0.06) for O. barthii, 10.95% (s.e. 0.05) for O. glumaepatula, 10.88% (s.e. 
0.07) for O. longistaminata and 10.89% (s.e. 0.06) for O. meridionalis. One packet for 
each seed lot was also taken out of the oven every three days for up to 60 days for 
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germination testing. Seeds were dehulled and sown in 90 mm-diameter Petri dishes lined 
with two layers of Whatman no. 1 filter paper wetted with 7.5 ml distilled water. Seeds 
were allowed to germinate at 40/30°C with 12 hours light per day during the warm phase. 
Scoring of germination was conducted every two days for up to 28 days after sowing. 
Probit analysis was carried out using GenStat Version 15 (VSN International Ltd., Oxford, 
UK) to fit the viability equation, v = Ki

 – (p/σ), to the final germination data and derive 
an estimate of p50 (the time taken for viability to fall to 50%). In this equation, v is the 
viability in normal equivalent deviates (NED) of a seed lot stored for a period, p (days); 
Ki is the initial viability (NED) and σ is the standard deviation of the normal distribution 
of seed deaths over time (Ellis and Roberts, 1980). Probit analysis was carried out for all 
seed lots within a species simultaneously and an approximate F-test was used to determine 
whether it was possible to constrain the survival curves to a common estimate for σ. 

Although removing the palea and lemma (i.e. ‘dehulling’) was done to overcome 
dormancy, there was nonetheless evidence of dormancy in the O. barthii, O. glumaepatula 
and O. longistaminata seed lots that was broken over the first three days of experimental 
storage (figure 1). For the O. glumaepatula and O. meridionalis accessions, it was possible 
to constrain the survival curves from all the treatments to a common slope (σ-1) without 
a significant increase in residual deviance (P > 0.05). Seed longevity (p50) varied between 
accessions but generally increased with increasing drying tempera ture up to 45°C (figure 
1, table 1). Increasing the drying temperature to 60°C caused a decline in seed longevity 
in all accessions. For O. glumaepatula, O. longistaminata and O. meridionalis, the 
longevity (p50) of seeds dried at 60°C was lower than that of seeds dried at 30 and 45°C. 
In the case of O. barthii, the longevity of seeds dried at 60°C was lower than that of seeds 
dried at all the other temperatures. Relative to the seeds dried at 15°C throughout, the 
improvement in longevity (increase in p50) of seeds initially dried at 30, 45 and 60°C was 
145.1, 239.9 and -14.3%, respectively, in O. barthii; 270.5, 330.2 and 65.8%, respectively, 
in O. glumaepatula; and 12.7, 86.4 and 10.2%, respectively, in O. longistaminata. The 
predicted improvement in p50  of O. sativa seeds dried in a heated-air flat-bed dryer relative 
to drying at 15% RH, 15°C throughout would be 135.7-180.1% if seeds were harvested at 
24.7-27.5% moisture content, like these wild rice seeds (Whitehouse et al., 2015). Hence, 
it appears that even bigger gains in seed longevity can be achieved for these wild rice 
species, particularly O. barthii and O. glumaepatula, by drying at a higher temperature 
than recommended in the genebank standards (FAO, 2013).

In the case of O. meridionalis, seeds dried at 15°C did not reach 50% germination 
during the 0-days-storage germination test. This may indicate that a high proportion 
of O. meridionalis seeds at the time of shattering lacks desiccation tolerance (Hay and 
Probert, 1995). However, drying the seeds at higher temperatures closer to the ambient 
temperatures experienced by the seeds during its maturation phase in situ may have 
allowed the continuation of the late maturation processes (Hay et al., 1997; Probert et al., 
2007) resulting in the observed increase in initial viability (to 98.9% for seeds dried at 
45°C (1.96 NED; table 1)).

Based on seeds dried at 45°C, the species could be ranked according to relative seed 
longevity as follows: O. longistaminata (shortest-lived; p50 = 10.42 days), O. barthii 
(p50 = 14.24 days), O. meridionalis (p50 = 15.52 days) and O. glumaepatula (p50 = 17.38 
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Figure 1. Survival curves of four wild Oryza species seeds initially dried at 15% RH and 15, 30, 45 or 60°C (see 
in-graph legend) and then stored at 45°C with 10.9% seed moisture content.

days) (table 1). For seeds of 20 diverse O. sativa accessions given a two stage drying 
treatment (initial drying in a heated-air flat-bed dryer followed by equilibrium drying at 
15% RH, 15°C) and subsequently placed under the same experimental storage conditions 
(approximately 10.9% moisture content and 45°C), the estimates for p50 ranged between 
8.5 and 63.7 days, with a mean of 30.1 days (Whitehouse et al., 2015). Thus, the seeds 
of these four wild species appear to be relatively short-lived, although within the range 
observed for O. sativa. In terms of managing the rice collections of the International 
Rice Genebank, seeds of these wild Oryza species should be monitored carefully to avoid 
unacceptable levels of decline in viability and hence loss of genetic diversity.
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In conclusion, the longevity of freshly harvested seeds of wild Oryza species with 
the AA genome appears to improve with initial drying at temperatures considerably 
higher than 15°C, as seen for cultivated rice. Similar experiments should be done for 
other wild species, particular those from the wider genepool. Nonetheless, for now, it 
is recommended that wild Oryza species seeds intended for long-term conservation in 
a genebank should be initially dried at 40-50°C immediately after harvest before final 
equilibrium drying at 15°C.
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Species Initial drying 
temperature (°C) Model Ki (s.e.)

(NED) σ-1 (s.e.) p50 (s.e.)
(days)

O. barthii 15 Independent 1.94 (0.35) 0.46 (0.07) 4.19 (0.32)

30 2.17 (0.22) 0.21 (0.02) 10.27 (0.42)

45 2.05 (0.18) 0.14 (0.01) 14.24 (0.51)

60 0.44 (0.13) 0.12 (0.01) 3.59 (0.79)

O. glumaepatula 15 Common slope 1.06 (0.08) 0.26 (0.01) 4.04 (0.28)

30 3.91 (0.16) 14.97 (0.26)

45 4.54 (0.18) 17.38 (0.26)

60 1.75 (0.01) 6.70 (0.27)

O. longistaminata 15 Independent 1.87 (0.31) 0.33 (0.05) 5.59 (0.38)

30 1.83 (0.25) 0.20 (0.03) 6.30 (0.39)

45 0.97 (0.17) 0.15 (0.01) 10.42 (0.52)

60 1.60 (0.18) 0.16 (0.02) 6.16 (0.68)

O. meridionalis 15 Common slope -0.21 (0.07) 0.30 (0.00) -1.69 (0.59)

30 1.81 (0.08) 14.32 (0.41)

45 1.96 (0.08) 15.52 (0.40)

60 1.30 (0.07) 10.28 (0.38)

Table 1. Results of probit analysis of seed survival data for seeds of four wild Oryza species initially dried at 
15% RH and 15, 30, 45 and 60°C and stored at 45°C with 10.9% seed moisture content. Common slope model 
= σ-1 constrained within all drying treatments; independent model = no parameters constrained.
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