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Abstract: This study aimed to determine seed dormancy, desiccation, low-temperature
sensitivity and storage behavior of seeds of Garcinia gummi-gutta, a medicinally important
tropical evergreen tree. These seed characteristics serve as important ecological traits to
regulate the regeneration strategy of plants by synchronizing seed germination timing with the
wet season. De-coated fresh seeds imbibed water and had > 90% germination within four weeks,
but seeds with an intact seed coat required about 24 weeks of warm temperature to attain 90%
germination. Desiccation of intact seeds with silica gel at 15, 25 and 35 ºC revealed that the rate
of desiccation varies with temperature. The critical moisture content (CMC), which is the
moisture content below which there is a rapid fall in viability, for G. gummi-gutta seeds is ~34%
and seeds completely lose viability at 24 and 17% moisture content (MC) at 25 and 35 ºC,
respectively. Based on these results, fresh seeds with MC of 43% and reduced MC of 34% were
stored at six temperatures ranging from –10 to 35 ºC for a period of 18 months. Rapid decline in
germination was recorded at –10, 5 and 35 ºC. However, at 15 ºC, seeds with both 43% and 34%
MC retained 90% viability for 18 months. The half viability period (P50) indicated that an
optimum condition for long-term seed storage is 15 ºC with 34% MC. We conclude that seeds of
G. gummi-gutta have non-deep physiological dormancy (PD) and are sensitive to desiccation and
low temperature. Inspite of their recalcitrant nature, the seeds of G. gummi-gutta have PD,
thus the species is classified as a tropical dormant recalcitrant.

Key words: Critical moisture content, half viability period, physiological dormancy,
seed storage.
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Introduction
Tropical forests are one of the most important
landscapes and are constantly threatened due to
over exploitation by increased anthropogenic activities (Wright 2005) like habitat destruction uninhibited logging, land use changes, and increased
*Corresponding

demand for various forest produces (Chomitz
2007). One of the major consequences is reduced
biodiversity, which has cascading effects in terms
of lost ecological services and availability of forest
products (Lamb et al. 2005). This necessitates the
restoration of ecological balance and conservation
of biodiversity. For ex-situ conservation and
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reintroduction of a species it is imperative to
understand seed behavior. Seed storage behavior
is dependent on seed sensitivity to desiccation. It
has been estimated that nearly half of all tropical
plant species produce seeds that are desiccation
sensitive (Hill et al. 2012). These seeds are
characterized by loss in viability with a decrease in
moisture content below a critical level. Due to
inherent high moisture content, recalcitrant seeds
germinate rapidly and are considered non-dormant
or viviparous (Tweddle et al. 2003). However, there
have been reports of delayed germination in some
recalcitrant species (Hong & Ellis 1990; Hong et al.
1998; Msanga 1998). Baskin & Baskin (2005)
stressed that even with recalcitrant seeds,
attention needs to be given to the time required for
germination to occur. If fresh and untreated seeds
require more than four weeks to germinate, the
seeds are considered dormant (Baskin and Baskin
2005; Sautu et al. 2007). For example, this is the
case with recalcitrant seeds of Garcinia livingstonii and Ocotea usambarensis, where germination continued for seven weeks, indicating that
at least some seeds of these species have
physiological dormancy (Msanga 1998; Baskin &
Baskin 2005). Seeds with an impermeable seed
coat have physical dormancy (PY), while those
with fully developed embryos and a permeable
seed coat, but with a physiological inhibition
mechanism in the embryo that prevents radical
emergence, have physiological dormancy (PD)
(Baskin & Baskin 1998, 2004, 2014). Further, it is
known that PD is prominent in tropical rainforest
species, decreasing from evergreen to deciduous
forests but increasing slightly in savanna and
montane forests. In contrast, PY increases from
evergreen to savanna forests but decreases in
montane forests (Baskin & Baskin 2005). The
pattern of PD being predominant in evergreen
forests may be attributed to those species that
have seeding time at the end of or beyond the
rainy season; in these species, PD would facilitate
overcoming the prevailing low moisture conditions.
In tropical evergreen forests, seeds are exposed to
high temperatures between the time of seed
dispersal and germination, and the high temperatures facilitate a warm stratification and
promote loss of seed dormancy in PD seeds (Baskin
& Baskin 1998). According to Garwood (1983),
physiological dormancy appears to be the
dormancy class of the majority of dormant seeds
dispersed in the late rainy season. However,
evolutionary origins and biogeography of seed

dormancy in tree species of rainforest ecosystems
is not yet well understood.
In tropical evergreen forests, most species have
recalcitrant seeds and the storage of these seeds is
a challenge. At maturity these seeds have high
moisture content and if the moisture content drops
below a certain species-specific critical level then
they lose viability (Baskin & Baskin 1998), as in
the case of Garcinia mangostana (24%), G.
motleyana (< 35%) (Normah et al. 1997), Cryptocarya floribunda (~31%) (Thapliyal et al. 2004),
Humboldtia laurifolia (20%) (Jayasuriya et al.
2010), Treculia africana (≤ 24.1%) (Oboho &
Ngalum 2014) and Artocarpus heterophyllus
(~60%) (Adelina et al. 2014) and Podocarpus nagi
(~16%) (Ming-Yue et al. 2015). Sensitivity of recalcitrant seeds to desiccation varies by species, with
those that are sensitive having a short life span
and those that are tolerant having a relatively long
life span (Farrant et al. 1988). Among and within a
species, recalcitrant seeds vary in water content at
shedding, the extent of dehydration they tolerate,
storage lifespan in the hydrated state, their
response to low temperatures and drying rate
(Berjak et al. 1993; Finch-Savage 1992; Pritchard
1991; Tompsett & Pritchard 1998). Rate of
dehydration significantly affects the desiccation
tolerance of recalcitrant seeds, with faster drying
rates conferring greater tolerance to desiccation
(Berjak & Pammenter 1997; Rosa et al. 2005).
During
drying,
aqueous-based
metabolism
continues, but becomes unbalanced, resulting in
failure of anti-oxidant systems and leading to
generation of reactive oxygen species (ROS)
(Finch-Savage et al. 1994; Varghese et al. 2011;
Vertucci and Farrent 1995). This metabolismlinked damage (Walters et al. 2001) causes damage
to cell membranes, proteins and DNA, leading to
loss of viability (McDonald 1999). Under conditions
of rapid drying, the time during which
metabolism-linked damage occurs is curtailed, so
viability is retained at lower moisture content
(Berjak & Pammenter 2013). With slower drying,
the seed tissues spend a longer time exposed to
inter-mediate
water
contents
that
allow
deleterious, aqueous-based processes to cause
serious damage to membrane structure.
Garcinia gummi-gutta (L.) N. Robson (syn. G.
cambogia,
Mangostana
cambogia;
Family
Clusiaceae or Guttiferae), commonly known as
Gamboge or Brindal berry, is a medium-sized,
dioecious tree endemic to rainforests of Western
Ghats of India and Sri Lanka. It grows up to an
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altitude of 1800 m with mean annual temperature
and mean annual rainfall of 15–30 ºC and 15004000 mm, respectively. The fruits of G. gummigutta are used in treatment of rheumatism, bowel
complaint and obesity (Orwa et al. 2009; USDAARS 2013). The extraction of Hydroxy Citric Acid
from the fruit rind for its anti-obesity property has
created a huge international market, and the uninhibited extraction of fruits will have ecological
ramifications, not only in terms of availability of
fruits for frugivores, but also on the regeneration
and future survival of the species (Rai 2004). Additionally, ants devour seed kernels of G. gummigutta, which reduces the chances of seed survival
with time (Rai 2003).
Fruits of G. gummi-gutta are fleshy and bear
five to seven seeds. The fruiting season coincides
with the southwest monsoon. Seeds with intact
seed coats require 20 weeks for initiation of
germination under controlled nursery conditions,
whereas the de-coated seeds germinate in three
weeks (Joshi et al. 2006). Earlier studies in G.
gummi-gutta have suggested seed-coat-imposed
dormancy due to impermeability of water (i.e., PY;
Chacko & Pillai 1997; Joshi et al. 2006; Mathew &
George 1995), which is unexpected considering the
phylogeny of seed dormancy patterns in Clusiaceae
inferred by Baskin & Baskin (1998). Most genera
in the Clusiaceae family grow in evergreen and
semi-evergreen tropical forests and are known for
producing either non-dormant or physiologically
dormant seeds (Baskin & Baskin 1998). Since
fresh mature seeds of G. gummi-gutta require
more than four weeks to germinate and the
majority of its congeners have PD seeds, this study
was conducted to determine the nature of seed
dormancy in G. gummi-gutta. The seeds of G.
gummi-gutta have also been reported to be
recalcitrant (Chacko & Pillai 1997) and have
viability of maximum 60 days when stored at 15 ºC
(Malik et al. 2005). However, Rai (2003) has
reported that in nature, the seeds germinate after
eight months under natural conditions. Therefore,
along with dormancy behavior, it is essential to
study the effect of different temperatures on
drying rate, desiccation sensitivity and seed
storage behavior for facilitating ex situ conservation. Ecologically, these seed characteristics are
important as they regulate a number of regeneration strategies such as synchronization of seed
germination timing with onset of monsoon season.
They also maintain seed viability until the wet
season so that particular seed moisture content
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coincides with temperatures needed for successful
establishment of seedlings at an appropriate time.

Material and methods
Mature yellow fruits were collected during the
monsoon season in July–August 2005 from
Somwarpet, Coorg district, Karnataka, India from
21 trees. Fruits were de-pulped and seeds were
separated. The cleaned seeds from all the trees
were bulked and surface dried at room temperature (25  2 ºC) by spreading them in a single
layer on a laboratory bench for two days. Samples
were drawn from the bulked seeds, and initial
moisture
content
and
germination
were
determined. Moisture content was calculated on a
fresh weight basis (ISTA 1993). The fresh weight
of five replicates of 10 seeds each with an intact
seed coat was taken. The seeds were then dried at
103 ± 2 ºC for 17 hours and dry weights were
recorded. To determine germination percentages,
four replicates of 100 de-coated seeds were
germinated on paper towels in a growth chamber
at 30  2 ºC. Seeds had an initial MC of 43% and
had 100% germination.

Effect of seed coat on water uptake
To determine whether seeds have a waterimpermeable seed coat, i.e., seeds have PY or not,
water uptake (imbibition) was monitored in intact
seeds (with seed coat) and de-coated seeds.
Twenty-five seeds each with (a) intact seed coat as
a control and (b) de-coated seeds were placed on
filter paper moistened with distilled water in 9 cm
diameter petri dishes and kept on a laboratory
bench at room temperature (c. 25 ± 5 ºC). After 0,
4, and 11 days, each of the 25 seeds per treatment
were blotted dry, weighed to the nearest 0.1 mg
and returned to the moistened filter paper. The
amount of water uptake by each of the 25 seeds
was calculated using the following equation
(Baskin et al. 2004):
%Wi = [(Wi−Wd)/Wd] × 100,
Where Wi and Wd = mass of imbibed and dry
seeds, respectively. Student’s t-test was used to
quantify differences in imbibition rates between
seed with/without seed coats.

Phenology of seedling emergence
To test for PD in seeds of G. gummi-gutta, on
1st September 2005, four replicates of 100 seeds
each with intact seed coats and de-coated seeds

244

SEED DORMANCY AND STORAGE OF GARCINIA SPECIES

were sown on nursery trays placed in a nontemperature-controlled poly-house at the Institute
of Wood Science and Technology, Bangalore,
Karnataka, India, until the first week of March
2006. Nursery beds were watered as required and
daily maximum and minimum temperatures were
recorded. Seedlings that emerged above the soil
surface were counted and removed initially at 3–4
day intervals and later at two-week intervals.

Seed desiccation at different temperatures
Intact seeds (with 43% MC and 100% viability)
were desiccated in glass desiccators using silica gel
at 15, 25 and 35 ºC temperature maintained in
BOD incubators. The desiccators were sealed using
petroleum jelly and the silica gel was changed at
periodic intervals as the color changed from blue to
white. Changes in MC and germination percentage
were recorded at 24, 48, 72, 96, 120, 168, 240, 336
and 504 hours. For recording change in MC, 10
replicates of a single seed each were taken from
the desiccators and for germination, four replicates
of 25 seeds each were taken. The seeds were decoated and germinated on paper towels in a
growth chamber at 30  2 ºC and germination was
monitored. The change in germination percentage
for seed desiccated at different temperatures and
time period was compared for significance using
ANOVA.

Seed storage
Samples were drawn from the processed seed
lot with initial MC of 43%, for storage at six
different storage temperatures, i.e. –10, 5, 15, 25,
35 ºC and room temperature (25 ± 10 ºC). The
remaining seeds were further dried by spreading
on a laboratory bench at room temperature (25 ± 3
ºC) and MC was periodically checked. By the end of
two weeks the seeds had attained 34% MC. The
seeds with these two different MCs (43 and 34%)
were stored at six different storage temperatures
for 18 months in plastic boxes with sealed lids.
Viability of stored seeds was tested at
bimonthly intervals for 18 months. For viability
testing, three replicates of 50 de-coated seeds per
replicate were taken and germinated on paper
towels in a growth chamber at 30  2 ºC. The
viability of seed stored in different combinations of
temperature and seed moisture content was
compared for significance using ANOVA prior to
Probit analysis. To determine the optimum
conditions for long-term storage, Probit analysis of
germination percentage vs. storage time was
performed, and the time taken for viability to

Fig. 1. Time course for water uptake in G. gummigutta seeds on moist filter paper at ambient
laboratory temperature (c. 25 ºC) (t - value(df) = 4.01(24);
P = 0.01). Data are mean ± SE.

decline to 50% of the original, or the half viability
period (P50), was calculated according to Roberts
(1973). To assess the trend of change in germination, survival curves were drawn by plotting
expected germination (calculated through Probit
analysis) against storage period in months. Probit
analysis was performed using SPSS v.12.0.

Results
Effect of seed coat on water uptake
Imbibition rates for intact and de-coated seeds
significantly differed (Fig. 1). The weight of seeds
with intact seed coats increased by 21% in 4 days
and by 25% in 11 days, whereas the weight of decoated seeds increased by 12 and 19% in 4 and 11
days, respectively (Fig. 1).

Phenology of seedling emergence
Seedlings emerged within four weeks from
> 90% of the de-coated seeds sown on 1st
September 2005. The mean daily minimum and
maximum temperatures were 21 and 30 ºC,
respectively. By the first week of October 2005,
seedlings had emerged from 94% of the seeds
(Fig. 2). Seedlings did not emerge from seeds with
intact seed coats even after 17 weeks from sowing
(December 2005). Seedling emergence was initiated
in the first week of January 2006 and by 1st
March 2006 seedlings had emerged from 92% of
the intact seeds, when mean daily minimum and
maximum temperatures were 21 and 34 ºC,
respectively. Thus, seeds with an intact seed coat
required 26 weeks for > 90% seedling emergence
(Fig. 2).
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Seed desiccation at different temperatures
Drying by silica gel at different temperatures
resulted in significantly different drying rates
(Fig. 3). It was observed that ~34% MC was
attained in 48, 72 and 168 hours at 35, 25, and
15 ºC, respectively, with ~90% germination. At all
the temperatures, even though they have a
different drying rates, germination percentage at
34% moisture was about 90%. However, on
reduction of moisture content below ~34%, the
rate of drying as well as germination percentage
varied with the temperature. MC of 31% was
attained in 72, 120 and 336 hours with the
corresponding germination of 84, 69 and 56% at
35, 25, and 15 ºC, respectively. The rate of loss of
germination was rapid below 29% MC at 35 ºC
and 28% at 25 ºC. Germination was 50% for the
seeds desiccated at 15 and 25ºC for 504 and 240
hours with 29 to 28% MC, respectively (Fig. 3).
Complete loss of viability was observed at 17% MC
by 336 hours at 35 ºC and at 24% MC by 504
hours at 25 ºC (Fig. 3).
Fig. 2. Daily maximum, minimum and mean
temperatures and phenology of seedling emergence in
G. gummi-gutta seeds sown in nursery beds.

Fig. 3. Effect of drying with silica gel on moisture
content (MC) and germination percentage of G.
gummi-gutta seeds at 15, 25 and 35 ºC temperatures
(F - value(df) = 12.64(2,119); P = 0.0003). Data are mean
± SE.

Seed storage
The mean germination percentage was
significantly different among temperature (F5,240 =
1868; P < 0.01), moisture content (F1, 240 = 273.7;
P < 0.01) and the interaction of moisture content
and temperature (F5,240 = 90.63; P < 0.01) and
moisture content, temperature and months of
storage (F45, 240 = 26.61; P < 0.01) (Figs. 4 and 5).
When seeds were stored at -10 and 5 ºC complete
loss of viability was observed by 2 months.
Viability of seeds was also lost within 4 months
when seeds were stored at high temperature
(35 ºC). The seeds are thus sensitive to low as well
as high temperatures. Survival curves showed that
reductions in germination were faster at 43% MC
as compared to reduced MC of 34% (Fig. 4). At
room temperature the seeds with 43 and 34% MC
had zero and 5% viable seeds, respectively, by 18
months. Maximum viability of 90% was retained
by seeds stored at 15 ºC at both the MCs. Probit
analysis revealed that seeds stored at 15 ºC with
34% MC would take 336 months to reach the half
viability period (Fig. 5).

Discussion
Mature seeds of G. gummi-gutta with an intact
seed coat did not germinate within four weeks,
indicating some kind of dormancy. Earlier reports
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Fig. 4. Survival curves for the seeds of G. gummigutta with (a) 43% and (b) 34% moisture content
stored at –10, 5, 15, 25, 35 ºC and at ambient
laboratory temperature (25 ± 10 ºC). By Probit
analysis of germination data, expected germination
was calculated and plotted against months to get
survival curves.

Fig. 5. Half viability period (P50) of seeds with 43 and
34% moisture content (MC) stored at 5, 15, 25, 35 ºC
and at ambient laboratory temperature (25 ± 10 ºC)
extrapolated by Probit analysis of germination data.

of PY in this species (Chacko & Pillai 1997; Joshi
et al. 2006; Mathew & George 1995) imply that the
seed coat is water impermeable. However, in our
study, both untreated (intact seed coat) and
treated (without seed coat) seeds imbibed 25 and
19% water at different rates within 11 days of
incubation on wet substrate (Fig. 1). Similarly, in
Garcinia cowa, intact seeds imbibed more water
than de-coated seeds (Liu et al. 2005). The fibrous
seed coat surface and presence of gum resin (called
Gamboge) sandwiched in the seed coat may be the
reason for the high percentage of water uptake by
intact seeds. Generally, seeds with PY need to dry
to < 20% MC for the seeds or fruit coat to become
water impermeable (Qu et al. 2010). In case of G.
gummi-gutta the seeds had 43% moisture content,
so it is not surprising that seeds of this species do
not have PY.
Although seeds of G. gummi-gutta with an
intact seed coat absorbed water, they failed to
germinate within a four-week period of incubation.
This indicates that the seed coat acts as a
mechanical barrier, which is corroborated by the
fact that when the seed coat was removed, a high
percentage of seeds germinated within four weeks
(Fig. 2). Nikolaeva (1977) previously recognized
this type of dormancy as a mechanical dormancy.
However, the new classification scheme proposed
by Baskin & Baskin (2004) views mechanical
dormancy as a component of PD. Therefore, we
also recognize mechanical resistance by the seed
coat in G. gummi-gutta as a component of PD,
similar to seeds of Calophyllum longifolium
(Garwood 1983), Garcinia nigrolineata (Ng 1973,
1980), G. opaca (Ng 1978), G. parvifolia (Ng 1978,
1980), G. scortechinii (Ng & Asri 1979), and G.
cowa (Liu et al. 2005) of the Clusiaceae family, as
inferred by Baskin and Baskin (1998). Further,
Baskin & Baskin (2004) recognized three levels of
PD: deep, intermediate and non-deep. The phenology of seedling emergence in G. gummi-gutta
revealed that seeds were exposed to about 21–31
ºC temperature throughout the experimental
period. Thus, it revealed that G. gummi-gutta
seeds require warm stratification to overcome PD.
In addition, Joshi et al. (2006) highlighted that
excised embryos produce normal seedlings and
scarification promotes germination in this species.
Based on these characteristics, it can be concluded
that G. gummi-gutta seeds have non-deep PD.
In this study the effect of temperature on
drying rate and desiccation tolerance was critically
examined. It was found that at 35 ºC, drying rate
was faster compared to 15 and 25 ºC. This is
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similar to findings for Eugenia involucrata, where
the rate of drying was faster at 50 C than at 40
and 30 ºC (Maluf et al. 2003). We also found that
desiccation tolerance was higher on drying at 35 ºC
as compared to 15 ºC. At 35 ºC, 29% moisture
content was attained in 72 hours with 60%
germination; however at 15 ºC the same moisture
content was attained by seeds in 504 hours with
only 52% germination. Earlier reports also suggest
that rapid drying of whole seeds allows lower
water content to be attained whilst still retaining
viability (Farrant et al. 1986; Pammenter et al.
1998). This is because at slow drying, seed tissue
spends a longer time at intermediate water
content at which deleterious processes occur due to
unregulated metabolism (Pammenter & Berjak
1999; Walters et al. 2001).
Recalcitrant seeds show differential responses
to dehydration at different drying rates, therefore
it is not possible to define unequivocally a critical
moisture content (i.e., the moisture content below
which there is a rapid reduction in viability; CMC)
for viability loss (Pammenter et al. 1998).
However, in this study, we found that up to ~34%
MC, the rate of drying had no effect on seed
viability and below this there was a rapid
reduction in viability, and desiccation tolerance
was dependent on drying rate. Therefore it can be
concluded that ~34% is the CMC for this species.
According to Vertucci & Farrant (1995) CMC in
general is near 30% and dependent on membrane
integrity and metabolic activity. Similarly, in
Garcinia kola CMC is 30% (Asomaning et al.
2011). In G. gummi-gutta viability was completely
lost at 17 and 24% MC at 35 and 25 ºC,
respectively, and cannot be sustained at a
temperature below 15 ºC. Bedi & Basra (1993)
have reported that storage temperatures below
15 ºC are lethal for most tropical recalcitrant
seeds. Chilling sensitivity in G. gummi-gutta has
also been reported by Malik et al. (2005). Due to
their low tolerance to desiccation and chilling
sensitivity, G. gummi-gutta can be classified as
recalcitrant. The recalcitrant nature of this species
is in accordance with the other members of
Clusiaceae family. Storage behavior of nine of the
11 Garcinia species in the Seed Information
Database (Royal Botanic Gardens Kew, 2008) have
been classified or provisionally classified as recalcitrant seeds. Seeds of G. livingstonii (Hong et al.
1998), G. cowa (Liu et al. 2005), G. indica, G.
cambogia (syn. G. gummi-gutta), G. xanthochymus
(Malik et al. 2005) and G. kola (Asomaning et al.
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2011) have also been reported to be desiccation
sensitive.
The seeds stored at ambient temperature (25 +
5 ºC) with 43% MC had 27% viability at month
eight and those stored with 34% MC had 21%
viability at month 12. However, Malik et al. (2005)
reported that under ambient conditions, seeds of
G. cambogia (syn. G. gummi-gutta) retain viability
only for 30 days. This is in contrast to the survival
mechanism of G. gummi-gutta under natural
conditions. The seeds remain dormant for eight
months under natural conditions and germinate at
the onset of the monsoon (Rai 2003). This
substantiates our results of 8 to 12 months of seed
viability under ambient conditions.
The species can be stored for 18 months at
15 ºC at both the moisture contents with 90%
viability. This contradicts the results by Malik et
al. (2005), as they reported that viability was
completely lost by 60 days at 15 ºC. Our results
suggest that optimum conditions for long-term
seed storage of G. gummi-gutta is 15 ºC at 34%
seed moisture content.
Dormancy in recalcitrant seed is not a common
phenomenon but has been reported from both
temperate and tropical species like Beilschmiedia
kweo, Ocotea usambarenses (Msang 1998), Garcinia
livingstonii (Hong et al. 1998), G. cowa (Liu et al.
2005), Cryptocarya floribunda (Thapliyal et al.
2004), Humboldtia laurifolia (Jayasuriya et al.
2010), Browenea coccinea and Cynometra cauliflora (Jayasuriya et al. 2012). G. gummi-gutta, in
spite of being desiccation sensitive, can sustain
viability for a long time, even under natural
conditions due to PD. According to Debeaujon et al.
(2000) and Liu et al. (2005), dormancy often
confers greater seed longevity and it is easier to
store recalcitrant seed with dormancy. It could be
an adaptation to overcome the prevailing
unfavorable dry conditions during the time of fruit
maturity, thereby facilitating germination at the
onset of the more favorable monsoon season. The
information about the nature of seed dormancy
and desiccation sensitivity would also help in
devising strategies for the ex situ conservation of
the species.

Conclusion
We show that seeds of G. gummi-gutta have
non-deep physiological dormancy and are sensitive
to desiccation and low temperatures. The critical
MC of these seeds is ~34% and the optimum
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conditions for long-term seed storage are 15 ºC
with 34% MC. The seeds are classified as a tropical
dormant recalcitrant.
This has
ecological
significance as it helps seeds to survive dry
conditions and leads to germination of seeds in the
subsequent monsoon season.
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