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Physiological Maturity of Tropical Forest Seeds: A Boon to Improved Harvest and Storage 
Practice of Recalcitrant Seeds?

Vidya P. R.1,2 and Jose P. A.1*

1 Dept. of Tree Physiology, Kerala Forest Research Institute, Peechi, Thrissur (680 653), India
2University of Calicut, Thenhipalam, Kerala (673 635), India

The fruit harvest at physiological maturity of seeds is a globally accepted practice. This method has been traditionally practiced 
in horticultural crops where quality seeds and vigorous seedlings are ensured for cultivation of the species. The assessment 
of seed physiological maturity in the harvest of forest fruits and seeds are seldom practiced as seed physiological and 
biochemical studies in tropical seeds is little attempted. Since recalcitrant seed behavior among forest species is increasing, 
maintenance of seed viability and longevity ex situ becoming a challenging task in the forestry sector. Further, seed loss 
through fruit predation and pest infestation are other handicaps to these species. An improved technology for harvesting, 
storage and longevity of recalcitrant seeds will be a breakthrough for the germplasm conservation, management and 
utilization of forest genetic resources. Identification of biochemical factors at physiological maturity of seeds in conjunction 
with fruit morphological characters considered as optimum harvest practice for recalcitrant forest fruits and seeds. The 
practice could extend shelf life of recalcitrant seeds and bypass seed loss prior to the conventional harvest practices. This 
review outlines the research works carried out in seed physiological maturity of crops and its broad scope among recalcitrant 
forest seeds for long term germplasm storage. 

1.  Introduction

The physiological classification regarding seed desiccation 
tolerance and storage behavior is indispensable for ex situ 
conservation since the knowledge of the moisture content 
and environmental temperature of storage are essential for 
seed viability maintenance (Hong and Ellis, 1996). According to 
the ability to survive different moisture contents and storage 
temperature, seeds are classified into recalcitrant, orthodox 
(Roberts, 1973) and intermediate (Ellis et al., 1990) categories. 
Recalcitrant seeds are not able to tolerate water removal, 
losing its viability when reaching 12–31% of water content 
(Barbedo and Marcosfilho, 1998), and thus they have short 
lifespan and cannot be stored long term (Clavi et al., 2017). 
These seeds show intense metabolism during its developing 
and post harvesting stages (Farnsworth, 2000). Further, have 
large fruits and seeds that prevent them from drying through 
desiccation (Pritchard et al., 2004; Sivasubramaniam et al., 
2012). Most of the tropical forest trees are classified under 
recalcitrant species. Statistics shows that 15% of world’s flora 

is producing recalcitrant seeds and it is approximately 17,500 
species (Figliolia and Kegeyama, 1994). Seed desiccation 
sensitivity is potentially a high-risk regeneration strategy for 
plants. A prolonged dry spell occurs at the time of shedding 
causes annihilation of the entire annual seed lot and if 
this mechanism continues, majority forest species will be 
passed over to untimely endangerment. Nature itself has an 
efficient mechanism to conserve these species, even though 
they are most affected by the erratic climate changes and 
global warming. Increase in temperature and reduction in 
rainfall in tropical region due to climate change has become 
an important threat to recalcitrant species. Along with this, 
predation and pest attacks in developmental stages make a 
catastrophic effect on these species. Hence, reinventing the 
methodologies for the harvesting and storage practices of 
recalcitrant forest species is high time.

In terms of ex situ conservation, the most efficient method 
to preserve recalcitrant seeds is the cryopreservation of 
embryonic axes, which is highly expensive (Sershen et al., 
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2012; Hamilton et al., 2013; Walters et al., 2013). Seed 
physiological maturity is the point at which the seeds possess 
its maximum dry weight and is the most metabolically active 
stage of a seed (Tura, 2018). Storage studies must start from 
its physiological maturity that assures the best quality seeds. 
Studies on many horticultural crops resulted successful 
attempt for fixing physiological maturity and harvesting good 
quality and quantity of seeds (Hasina et al., 2013; Sreedevi 
and Manomani, 2019; Ramya et al., 2016). Seed bank can 
be considered as a potential seed source for conservation 
and restoration of several plant communities (Fiona and 
Robin, 2013).  For seed banking, there must be a profound 
understanding about the seed type and seed physiology. Seed 
physiological maturity is a dynamic stage which determines 
the quality of a particular seed for its harvest with higher 
germinative capacity, energy and subsequent long term 
storage (Mehta et al., 1993; Robert, 2020). Determining the 
optimum time for harvest of a particular fruit / seed is highly 
challenging as the physiological maturity based on visual 
methods is found to be subjective and the results may have 
affected by its environmental conditions (Yesica et al., 2021; 
Zia and Zhu, 2021).

Major studies on seed physiological maturity have been 
focused on crop plants where quality seeds with high 
germinability, enhancement in seedlings and subsequent 
productivity are ensured. This communication unravels the 
knowledge gaps in harvest and storage of recalcitrant forest 
seeds where quick loss in viability is becoming a limiting factor 
for long term storage. 

2.  Physiological Maturity- Overview

Seed development is the process that starts with fertilization 
and ends up in maximum fresh weight and dry weight 
accumulation. At the end of this, seed maturation begins and 
it continuous till harvest (Harington, 1972). For the proper 
ensure of seed quality in terms of viability and vigour, the 
studies on seed development and physiological maturity is 
considered to be significant. End of seed filling period is the 
point at which maximum seed quality is attained (Tekrony 
and Hunter, 1995; Tekrony and Egly, 1997; Kowslowsky, 1972). 
Storage starts only from the moment when the seed is mature. 
Physiological maturity is the most accepted measure, where 
the seed get reached its maximum dry weight and can be used 
for storage. Seeds at physiological maturity with high moisture 
content can be dried to low moisture content without loss 
in viability (Indira and Darmalingam, 1996). Environmental 
factors play a critical role in describing seed quality both before 
and after physiological maturity (Delousche, 1980). Some 
studies proved that factors like temperature, water stress or 
excessive rain, nutrient shortage, pest incidence can influence 
the seed quality during seed development and maturation 
(Demir et al., 2008).

The stage of maturity at harvest is one of the most important 
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factors that can influence the quality of seeds (Carvalho and 
Nagakawa, 2012). Obtaining seeds of quality is associated 
with the proper time of collection. For collecting good 
quality seeds, there must be a proper knowledge about the 
time of collection. It is necessary to follow the physical and 
physiological characters of fruit/seed development (Oliver, 
1974). When seeds are collected before maturation, they 
possess a low potential of germinability, storage, as well as 
poor quality as they are not completely developed in terms 
of reserve components.  Hence, an important aspect of seed 
production is the correct determination of physiological 
maturity and the ideal harvest moment, in order to reduce the 
losses caused by exposed weathering, pest attack and infection 
by microorganisms. Through this, the maturation process and 
its relations with recommendable period for harvest should 
be perfectly known (Silva et al., 2011).

3.  A Throwback to Crop Physiological Maturity 

Among the studies on physiological maturity of crop species, 
the major focus was on certain attributes like fruit colour, dry 
matter and seed vigour. A sum up of major works carried out 
in this area are as follows.

3.1.  Fruit colour 
Studies on yellow Passion fruit states that seeds obtained from 
yellowish fruits showed better performances in tests of vigour 
having higher speed, uniformity and emergence percentage. 
They also concluded that the refractive index of the fruits 
epicarp is a valid and easy method for determining the 
physiological maturity of the seeds (Ligia et al., 2008). Relation 
between fruit colour and maturity was again supported by 
the research carried out in Jatropha curcas seeds. The study 
inferred that those seeds from yellow and brownish-yellow-
colored fruits have greater vigour and maintain physiological 
quality for a longer time compared to seeds extracted from 
brown fruit, i.e., the dry fruit (Jimenez Garcia et al., 2013). 
Fruit and seed color of Cnidosculus quercifolius was not a good 
indicator of seed physiological maturity. As little changes were 
observed on fruit color and more changes were observed in 
the seed coat color that was white in the initial crops. Seeds 
were found brown from 51 to 65 days after flowering, but 
were again white after 72 days of flowering (Uleberg et al., 
2012). These findings were corroborated by another study 
stating that fruit color changing during ripening is associated 
with degradation of chlorophyll and anthocyanin biosynthesis, 
which are a class of flavonoids synthesized from the 
phenylpropanoid pathway responsible for giving reddish and 
bluish colors and purple shades in fruits (Lillo et al., 2008). The 
phenylpropanoid pathway responds to various environmental 
stimuli, such as temperature, photoperiod (Zoratti et al., 
2014) and soil fertility (Harington, 1972). In particular light, 
this is the main factor that contributes to the accumulation of 
flavonoids in fruits (John et al., 2009). Therefore, the higher 
incidence of radiation may result in increase in anthocyanin 
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concentration in the epicarp, justifying that the plasticity of 
the morphometric characteristics of the seeds is shaped by 
the environment and not by the fruit development stage.

3.2.  Fruit/Seed dry matter content:
Seeds reach physiological maturity when their dry matter 
content attains maximum value (Demir and Ellis, 1992). In 
mungbean studies, dry weight was significant in treatment 
combination of varieties and dates of harvest for which 
minimum viability in seeds generally coincides with maximum 
dry weight attainment (Carvalho and Nagakawa, 2000). For 
some plant species, the seed physiological maturity is reached 
simultaneously with the moment when the seed has its 
maximum dry mass; while for other species such event may 
occur before or after that moment. Once the maximum dry 
mass attained, the deterioration process is initiated leading 
to a progressive reduction in the physiological quality of 
the seeds. Such process can be a threat to physiological 
quality of seeds, once these may be exposed to weathering, 
pest attack and infection by microorganisms (Carvalho and 
Nagakawa, 2012). The highest dry weight serves as the point 
of physiological maturity since this time, all the assimilates 
necessary for the development and germination of the seeds 
are translocated towards the developing seeds. Hence after 
the point of physiological maturity, deterioration of the seeds 
could occur because of the environmental stresses which could 
contribute to the deterioration of the seeds quality (Demir et 
al., 2008). Term physiological maturity sometimes coincides 
with the term mass maturity. The maximum quality of a seed 
is associated with the accumulation of dry matter, also called 
mass maturity. Seeds that are not completely mature are also 
possessing capacity of germination. However, such seeds do 
not generate plants as vigorous as those collected at the point 
of physiological maturity. Mass maturity occurs close or at the 
same time of physiological maturity of the seeds, stopping the 
transfer of plant dry matter to the seeds, reaching maximum 
physiological potential or quite near of reaching it (Jerry et 
al., 1973).

On contrary, there was some opinion that the determination 
of physiological maturity on the basis of measuring maximum 
seed dry weight accumulation was found to be tedious, time 
consuming and unsatisfactory for routine use (Anonymous, 
2002; Anonymous, 2009). In physiological maturity of seeds 
and colorimetry of fruits of Jatropha curcas, there was no 
significant change in fruit dry weight after fruit pigmentation. 
Hence, the authors came into the conclusion that the dry 
matter of fruits/ seeds was not an effective indicator of 
physiological maturity in seeds of J. curcas. 
3.3.  Seed vigour
Seed vigour can be defined as ‘seed properties that determines 
potential for fast and uniform emergence, and development 
of seedlings under a wide range of field conditions (Zakaria et 
al., 2009). In any seed lot especially agricultural species, losses 
of seed vigour are related to a reduction in the ability of seeds 

to carry out all the physiological functions that allow them 
to perform (Harington, 1972). Generally, low germination 
speed, high sensibility to stresses of seeds and seedlings 
during germination process, and plants with slow, low and 
irregular growth or with less root development, are typical 
characteristics of seed with low physiological potential. Each 
biotic or abiotic factor that affect seed vigour during seed’s 
development, subsequently will affect production especially 
when seeds produced under stress condition (Tekrony and 
Egly, 1997).

For seed producers, the production of high vigour seeds is an 
inevitable strategy in order to improve the field performances. 
According to some researchers (Tekrony and Hunter, 1995; 
Ellis and Pietafilho, 1992), mass maturity formerly described 
as physiological maturity is a good sign of achieving maximum 
seed vigour on the mother plant (Golezani and   Hosseinzadeh, 
2009). Seed vigor studies in faba bean resulted that a peak 
of vigour obtained at about mass maturity or slightly after 
this stage. At earlier harvest seed vigour was low due to 
immaturity and on later harvests because of aging (Patric and 
Stoddard, 2010).

In Pea plants, harvesting the seed before the attainment of 
physiological maturity recorded lesser viability and vigour 
potentials due to a greater number of immature seeds with 
relatively low degree of embryo development and high 
moisture content (Savita et al., 1997). Production of high-
quality seeds could be facilitated by the harvesting of a seed 
with maximum vigour at kernel maturity. Correlations were 
worked out among kernel maturity indices and seedling vigour 
parameters including percent germination, root and shoot dry 
weight in a mature corn seed. Although the germination was 
high over all the harvest dates, both root and shoot dry weight 
was maximum only at maturity stage (Jerry et al., 1973). Works 
on crop plants such as Sun flower, Maize, Jatropha, Tomato, 
Soybean, Red clover Mung bean, Mustard, Lentil, Dill etc. have 
shown that the physiological maturity could be considered 
as the key driver for maximum viable seed collection. The 
main profits for applying concept of physiological maturity 
on crop seeds are only the production of good quality seeds 
and majority of the crop seeds are coming under the orthodox 
category.

4.  Recalcitrant Seeds-challenges

Recalcitrance or nature of rapid loss in seed viability among 
forest seeds is being a great challenge in tropical forestry 
particularly in the context of climate change. This seed 
behaviour is more common to the plants which grow in 
evergreen and riparian ecosystems where atmospheric 
humidity is higher to maintain seed viability for a reasonable 
period from week to a few months. However, the erratic 
weather changes, especially warm conditions existing over 
a period of time in situ found sensitive to recalcitrant seeds 
and affects their viability apart from seed pests and fruit/seed 
predation. Thus, maintaining and conserving the existing plant 
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resources, particularly habitat specific threatened plants, 
an appropriate germplasm conservation is essential. Of the 
different strategies available to meet this goal, seed storage 
can be a relatively cheaper, reliable method to hold viable 
germplasm until field gene bank or plantations are established 
(Jose et al., 2002; Jose et al., 2013). The main purpose of 
storing seeds is to a have a viable seed supply when it is 
needed for regeneration.

Recalcitrant tree species of tropical countries are of high 
economic importance. Many of them are multipurpose trees 
including fruit trees of which the products have manifold 
uses. The populations of these tree species has been 
declined considerably because of over exploitation by human 
interference on logging, wood harvesting (Nair et al., 2007), 
edible fruit collection, habitat degradation and finally natural 
regeneration of the recalcitrant tree species is found to be 
very poor (Roby et al., 2013).

5.  Rapid Loss in Viability

Recalcitrant seeds possess a remarkably short lifespan, 
particularly when stored in open conditions. Certain species 
of the family Dipterocarpaceae and Euphorbiaceae have 
viability lasts only for a few days or months, eg. Dipterocarpus 
bourdillonii (Swarupanandan et al., 2013) and Aporosa 
lindleyana (Anilkumar et al., 1996). Shorea robusta, which 
is common in both moist and dry forests, whose seeds 
remain viable only for 7–10 days (Saha et al., 1992; Umarani 
et al., 2015). Seeds of Gluta travancorica lose their viability 
within a month under ambient conditions (Jose et al., 2004). 
Among wild nutmegs (Myristica malabarica, Myristica 
fatua var. magnifica, Myristica beddomei, Gymnacranthera 
farquhariana and Knema attenuata), the recalcitrant nature 
of seeds and inability of clonal reproduction are the major 
causes for the dwindling of the population size (Ranjith and 
Jose, 2016; Anilkumar et al., 2002). Under natural conditions, 
the seed viability of Hydnocarpus macrocarpa lasts only for 
seven days (Jose et al., 2014). Along with this seed predation 
and poor natural regeneration leads to the endangerment 
of these species. Some important recalcitrant species of 
tropical forests (Artocarpus hirsuitus, Calophyllum inophyllum, 
Dysoxylum malabaricum, Gluta travancorica, Syzygium cumini, 
Syzygium travancoricum) possess seed viability for 7 days to 
one month in natural conditions (Pillai and Pandalai, 2015).

The exact cause for viability loss in recalcitrant seeds is the 
synergistic effect of a large number of metabolic processes. 
The exposure of seeds to lower and higher temperatures 
cause structural changes at cellular and tissue levels and it is 
reflected by the increased leakage of ions, sugars and proteins. 
The damage in cells may initiate uncontrolled free radical 
attack and decrease enzymatic and non-enzymatic protein 
protection to the embryo. A number of protective enzymes 
like peroxidase, polyphenol oxidase and superoxide dismutase 
have been reported in recalcitrant seeds (Chaithanya and 
Naithani, 1994; Babu et al., 2010)

6.  Fruit/ Seed Predation

Fruit and seed predation are the most important interactive 
relationship in the environment that enables the continuity 
of the ecosystem. Even though sometimes this may adversely 
affect the existence of some species particularly those with 
recalcitrant nature. Natural regeneration of this category is 
found to be very poor due to the short viability period of 
the seeds and lack of ideal habitat conditions. In addition 
to this, the fruit/seed predation is thought to be an added 
disadvantage for these kinds of species. Studies on many 
recalcitrant species like, Garcinia morella, Knema attenuata, 
Myristica beddomei, Myristica malabarica, Persea macrantha, 
showed that the natural regeneration of the species is highly 
affected by the tree level predation by certain mammals and 
birds and ground level predation by rodents (Pandurangan, 
2003). In Garcinia imberti, an endangerd species of souhern 
Western Ghats also facing a decline in natural germination due 
to high level of fruit predation (Anto et al., 2018).

7.  Seed Pest

Fungi and bacteria do damage in flowering as well as fruiting 
stages of species in general and recalcitrant species in 
particular. Insects and fungi are probably responsible for 
the most serious seed losses of certain species. As fruits of 
these species may shed with high water content and are 
susceptible to fungus and bacterial attack which may leads 
to seed viability loss and poor soil seed bank further affecting 
natural regeneration. In Dipterocarpus bourdillonii, 31.9% of 
matured fruits were destroyed by weevils and 7% by fungal 
infestation. Finally, the percentage of fruits with viable seeds 
was only 7.4 where as  in the case of Humboldtia bourdillonii, 
in its reproductive cycle, weevils interfere in two stages, 
inflorescence stage and fruit maturing stage. Through the 
infestation, about 13% of the seeds become dead or nonviable 
(Swarupanandan et al., 2013). The seed pest infestation in 
tropical trees especially in recalcitrant species significantly 
affects the germination and eventually leads to poor 
natural regeneration as in the case of Dipterocarpus retuses 
(Senthilkumar et al., 2009), and Humboldtia vahliana (Jose 
et al., 2008) In Gluta travancorica, 25-30% of matured fruits 
were found destroyed by Nut Weevils (Jose et al., 2004, Jose 
and Pandurangan, 2013). Seed infestation in Knema attenuata 
(Pandurangan, 2003) and Cyanometra beddomei (Jose et al., 
2016) leads to the loss of large seed lot per year. The above 
mentioned are certain case studies of recalcitrant species. A 
thorough research on this area is to be needed. 

8.  Recalcitrance vs. Seed Physiological Maturity

Literally recalcitrance and physiological maturity are two 
independent concepts. But when it comes under the 
conservation aspect of tropical forest trees these two terms 
can be presented on a common platform, as they could be 
relatable. According to Kew data base, among the 345 species 
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of tropical forest trees belonging to 15 families, more than 
52% of the tree species were found to be recalcitrant (Kew, 
2011; Kettle, 2012). Taking into the consideration all the 
above consequences i.e; rapid loss of seed viability, fruit/
seed predation, seed infestation altogether causes drastic 
germplasm loss and genetic resources available to these 
species.  

9.  Conclusion

Recalcitrant forest seeds having limitations of short viability 
period and susceptibility to predation and pests affects 
the natural regeneration of seeds leading to species 
endangerment. Identification of biochemical factors at 
physiological maturity of seeds along with fruit morphological 
characters is considered as optimum harvest practice for 
recalcitrant forest seeds. This practice can extend the shelf 
life of recalcitrant seeds as compared to conventional harvest 
practices. 
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