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Effect of Maturity Indices on Quality,
Storability and Seedling Performance
of Prinsepia utilis Royle (Bhekal) Seed

Prabal Kumar*, Devendra Kumar and Sanjay Singh

Forest tree seed laboratory, Silviculture and Forest management Division, Extension Division, Forest Research
Institute, Biodiversity and Climate Change Division, Indian Council of Forest Research and Education, Dehradun,

India

ABSTRACT

Background: Prinsepia utilis Royle is a wild woody oil yielding shrub of Rosaceae, commonly
known as bhekal. Plant whole parts are all precious; their root, stem, leaf, fruit, and seed oil are
used as medicine. Its tender stems, leaf and fibrous root decoction, are used in toothache and
throat inflammation. Besides all this, the plant is also commonly used as bio-fence, apple grafting, a
substitute for soap and cosmetics, and performing different ritualistic/holistic practices.

Material and methods: The fruits were collected from Chakrata forest Division (Uttarakhand),
India, in mid-May 2017. Fruits are collected directly from branches and separated according to their
color into three sub-lots, i.e., green, purple-green and violet. Seeds were tested under controlled
conditions for their viability and vigour at different storage intervals viz 0 days (fresh), 30, 60, 90,
120 and 150 days. In the nursery, seeds were sown as fresh 0 and 30 days after collection to see the
storage effect on seedling performance. Seeds were sown in four replications of 100 seeds of each
lot in a nursery bed prepared with compost, sand, and soil (1:1:1).

Results: Fresh seeds obtained from violet fruit showed 94.50% germination, followed by purple-
green and green fruit with 90.25 and 77.75%, respectively. The germination declined during storage in
all types of fruit colors. It is evident from the survival curve that violet fruit retained a maximum period
of mean viability (P50) (71 days) as compared to purple-green fruits (59 days) and green fruit (42
days). The violet exhibited a higher mean germination percentage (50.88) after 150 days of storage
period as compared to purple-green fruit (44.17) and green fruit (26.75). The seedling performance
was significantly affected by fruit colors. The violet seeds significantly exhibited good values of as
compared to green and purple, green seeds.

Conclusion: Seeds obtained from violet fruits may be preferred for longer storage of seeds and
remaining fruit seed color should be avoided for storage purposes.

INTRODUCTION

Prinsepia utilis Royle is a wild woody oil yielding shrub of Rosaceae which has
been commonly known as bhekal. It is a perennial deciduous, moderate-size shrub
attaining a height of 1.5 m to 4 m which profuse in upright and lateral directions
to form large thickets. The species is native of tropical and temperate Asia grows
varying in habitats, including the hill slopes to the vertical cliffs and mountain
valleys to the barren land. Plant deep taproot system, make this shrub suitable
to combat soil erosion and land sleep on degraded barren land. Significantly,
the plants have the unique capacity to enjoy light, happiness is wet, cold-cool
climate, snow-frost resistant, drought-enduring, strong adaptive capacity to
the environment. Plant whole parts is all precious, its root, stem, leaf, fruit, seed
oil is use as a medicine. Its tender stems, leaf and fibrous root decoction used in
toothache and throat inflammation. Besides all this, the plant is also commonly
used as bio-fence, apple grafting, and substitute for soap and cosmetics and
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for performing different ritualistic/holistic practices. Its
diseases free and termite resistant wood is used by rural
people for making the tools handle, musical instruments,
toys, house commodity and other items. It is considered
one of the most useful multipurpose shrub species and
almost all parts of the plant have one or more uses. Seeds
are short lived and loose viability very fast [1]. Fruit do not
mature simultaneously. In bhekal, the fruit start maturing
during mid-May in Chakrata, Uttarakhand and all fruits
shed within a month. Fruit at different stage of maturity can
be seen during fruiting season. The collection of bhekal seed
of desired maturity is difficult as the fruit grows in bunch.
Thus, the fruits collected are of different colors containing
seeds at different stages of maturity. The physiological
maturity of seeds is major factor, which directly affect the
vigour of nursery stock. The fruit color, smell and taste are
some of characters, which indicate fruit maturity. Color of
fruit usually changes from green to various shades of yellow,
brown or gray and this may be accompanied by hardening
of the pericarp of dehiscent or woody fruits. Final moisture
content in the seed depends on species and the external
environment. Recalcitrant seeds maintain relatively high
moisture content typically around 25-30% while orthodox
at 5-10% during maturation. P. utilis like intermediate seed
retains very high moisture during maturation. As the fruit
and seed become mature then abscission zone is formed.
The time of abscission and location of the abscission zone
vary according to the type of species. As abscission is under
hormonal control it is likely that environmental conditions
such as weather condition or stress may influence time
of abscission. Abscission of whole fruits may occur at the
base of the fruit or at the base of the pedicle or peduncle.
Knowledge of late maturity events of bhekal fruits and seeds
is the basis for developing reliable maturity indices which in
turn determine the most appropriate time of collection.

Knowing the stage and time of maturity of seeds is
essential for collecting the abundant quantity of healthy
and vigorous seeds. Physiologically immature seeds or pre-
harvest sprouting is a constrain problem resulting in poor
seed quality [2-5]. It has been often recommended to collect
dark-coloured fruits to obtain maximum germination in
Pongamia pinnata [6-9] in Jatropha curcas [10-12] in Jamun
[13] in Aisandra butyracea [14] in Prunus cerasoides Don D [15]
in Gmelina arborea [16] in Allophylus edulis [17] in Solanum
melongena L [18,19] and in Pinus kesiya [20].

Perusal of literature showed that no in-depth study on
physical indices of seed maturity was available. Present
studies were undertaken to investigate physical indices of
seed maturity in terms of germination and storability.

MATERIALS AND METHODS

Collection, extraction and processing of seeds

The fruits were collected from Chakrata forest Division
(Uttarakhand) India during mid-May 2017 situated between
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30731' to 3173'N latitude and 77°42' to78" 05'E longitude.
Mean minimum and maximum temperature of -4 + 5°C and
25 + 5°C and humidity between 10-70% was recorded during
the experimental period. Fruits collected directly from
branches and separated according to their colour into three
sub-loti.e., green, purple-green and violet. Fruits were kept
in gunny bags at ambient temperature (28 + 5°C) for one day
to soften the pulp. All the green, and purple-green fruits
became soft within one day while some of the green fruits
(20%) remained firm and were removed from the lot. Hence
these firm seeds were not included for test. Seeds were
depulped completely from endocarp by macerating into
cotton bags (30 x 30 cm). Cleaned seeds were shade dried
upto Equilibrium Moisture Content (EMC) for 3 days. Identity
of seed lots were maintained after drying for a day, initial
germination and percent moisture content was determined
as per International Seed Testing Association [21].

Germination study

Seeds were stored in open containers at ambient room
temperature. Seeds were tested under controlled conditions
for their viability and vigour at different intervals of storage
viz 0 days (fresh), 30, 60, 90, 120 and 150 days. Germination
tests were conducted between blotting germination paper
(BP) using four replications of 100 seeds, incubated at 25 =+
2°C and 90 + 5°C RH. (Relative Humidity). Germination data
were recorded daily up to 21 days and seed was considered
germinated when radicle became 1 cm in length.

In nursery, seeds were sown as fresh 0 and 30 days
after collection to see the effect of storage on seedling
performance. Seeds were sown in four replications of 100
seeds of each lot in a nursery bed prepared with compost,
sand, and soil (1:1:1). Germination data were recorded for
up to 35 days. A seed was considered germinated when
hypocotyl emerged 1 cm, above the ground. The seedling
was uprooted after 35 days of sowing and was washed
thoroughly. Ten seedlings were randomly selected from
each replication were taken for further conservation of
total seedling length (cm) collar diameter (mm) number of
leaves, total biomass (g) Biomass was measured in grams
up to two decimals by electronic balance. Collar diameter
was measured by a vernier caliper up to two decimals. The
volume index was calculated by multiplying of diameter
(mm?) and height (cm). Vigour index [22] quality index [23]
sturdiness quotient [24] and root shoot ratio (on dry weight
basis) were calculated. Biomass was taken on dry weight
basis at 80 + 1°C for 72 hours.

Speed of germination (MGT days) was calculated
as described by [25] while Germination Value (GV) was
calculated as described by [26]. The pattern of decline in
germination in each seed lot was subjected to probit analysis
[27] and survival curves were drawn [28] between expected
germination and storage period (days) for estimating the
mean viability period i.e., p50 (time taken to 50% death of
seeds) as described by [29,30]. The germination percentage,
time taken to complete germination in terms of Mean

Prabal Kumar, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1465



Lif&¥sture

Germination Time (MGT days) and Germination Value (GV)
were analyzed through ANOVA using SPSS package. The
p-value < 0.05 was taken as significant.

RESULTS AND DISCUSSION

Effect of physical indices of seed maturity (fruit
color) on germination of fresh seeds under
controlled condition

There was a significant difference in mean germination
time and germination value of seeds obtained from all three
colors (green, purple-green and violet). However, a non-
significant difference in germination percentage between the
violet and purple-green seeds was observed (Table 1). Violet
seeds (94.50) and purple-green seeds (90.25) exhibited a
significantly maximum germination percentage compared
to green seeds with 77.75% (Table 1). Violet fruit exhibited
significantly lowest MGT (7.78 days) followed by purple-
green and green with 9.39 and 11.06 days, respectively (Table
1). Violet seeds exhibited the highest Germination Value
significantly (GV) (63.19) followed by purple, green and
green seeds with 52.10 and 39.27.

Survival curves

Seeds obtained from different fruit colors (green, purple-
green and violet) were stored for 150 days under ambient
room temperature in open containers. Fresh fruit obtained
from violet fruit showed 94.50% germination, followed
by purple-green and green fruit with 90.25 and 77.75%,
respectively (Table 1). The germination declined during
storage in all types of fruit colors. The rate of decline was
higher in green fruit followed by purple-green and violet
fruits up to 60 days of storage with 50.75, 30.75 and 25.25,
respectively. The green fruit failed to show germination up
to 90 days of storage, while the purple-green fruit and violet
fruit showed a decline in germination up to 61.25 and 55.25%
up to 90 days of storage. However, when seeds were stored
for a longer period (up to 120 days), all remaining seeds
failed to show germination except for violet seeds. The rate
of decline in germination percentage was lowest in violet
seeds between these two periods. However, up to 150 days
of storage leads to failing germination in all kinds of seeds.
The germination percentage obtained after different storage
periods were transformed to probit values. These values
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were subjected to probit analysis against days of storage for
the ambient condition with the help of a regression equation
(Figure 1) expected probit germination was calculated. The
expected probit germination was transformed into expected
germination and resulting survival curves are presented in
figure 2. It is evident from the survival curves that the flatter
gradient, the greater variation between seeds and viability
period. The gradient is steeper in seeds collected from the
green fruit and exhibits rapid seeds deterioration compared
to the remaining fruits.

Mean viability period (p50)

The pattern of decline in germination percentage is
shown in figure 1. It is evident from the survival curve that
violet fruit retained a maximum period of mean viability
(p50) (71 days) as compared to purple-green fruits (59 days)
and green fruit (42 days) (Table 2) (Figure 2). It is obvious
from curves that seeds obtained from violet fruits retained
maximum mean viability compared to those obtained from
the purple-green and green fruits.

Mean germination

Mean germination percentage declined with the storage
period. The violet exhibited a higher mean germination
percentage (50.88) after 150 days of storage period as
compared to purple-green fruit (44.17) and green fruit
(26.75) (Table 2) (Figure 2). MGT was significantly increased
(Figure 3a) while Germination Value (GV) decreased with
the storage period (Figure 3b). Violet fruits exhibited a
significant lowest mean MGT (14.45 days) as compared to
purple-green fruits (15.98 days) and green fruit (18.27 days).
Violet exhibited a significantly maximum mean GV (28.25)
compared to purple-green and green fruits with 21.10 and
10.72, respectively. Green fruit exhibited the poorest mean
GV compared to all (Table 2). Violet fruit remained viable
for a longer time (p50 71 days) than the seeds obtained from
purple-green fruits (p50 59 days) and green fruits (p50 42
days) (Table 2).

Effect of physical indices of maturity (Seedling
performance)

Effect of physical indices of maturity (fruit color) on
germination and seedling performance of fresh seeds in
nursery: Fresh seeds obtained from green, purple-green and

Table 1: Effect of method of seed collection on germination of fresh seeds under a controlled environment. Values are means of replications and each replication

contain 100 seeds. Values in parenthesis are arc sin transformed.

Parameters

Method of seed collection

Purple-green Violet

Germination (%) 77.75 (61.97)°
MGT (days) 11.06°

GV 39.27¢

90.25 (71.94)° 94.50 (78.44)°
09.39° 07.78°

52.10° 65.19°

In each ro In each row, values not followed by the same letter are significantly different (p > 0.05)
Effect of physical indices of seed maturity (fruit colour) on germination of stored seeds under controlled condition.
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Figure 1 Regression between probit germination and storage period (days) of seeds obtained from different fruit colour.

Table 2: Effect of maturity indices on mean germination percentage, mean MGT and mean Germination Value (GV) during storage. Seed lots were stored for 150
days in open container under ambient room temperature (annual mean maximum 30 + 2°C and min 18 + 2°C). Seeds performance was taken at 0 days (fresh), 30,
60, 90, 120 and 150 days of storage under controlled environment. Values are means of four replications and each replication contain 100 seeds. Values are in

parenthesis are arc sin transformed.

Effect of maturity indices (fruit colour)

Parameters )
Green Purple-green Violet
Germination (%) 26.75 (23.60)° 44.17 (37.33)° 50.88 (44.29)
MGT (days) 18.27° 15.98b 14.63
GV 10.72¢ 21.10° 28.25°
P, (days) 42 59 71
In each row, values not followed by the same letter are significantly different (p > 0.05).
100.00 —O—Green
—{J—Purple-green
80.00 —/—Violet
S Green
< 60.00
IS % Purple-green
E O— Violet
£ 40.00
[
(U]
20.00
o
0.00 . . ' e}
0 20 40 60 80 100 120 140 160

Stoarge period (days)

Figure 2 Decline in germination (%) during storage, seeds obtained from different fruit colour. Lines show survival curves. Points show original germination values.

violet fruit were shade dried in the laboratory and seeds were
sown for evaluation of seeds and seedlings parameters in the
nursery.

There was a nonsignificant difference in germination
percentage of seeds obtained from all three colors and
ranged between 84 - 86.50% (Figure 4). However, there was

a significant difference in Mean Germination Time (MGT)
and Germination Value (GV) in all three colors of seeds. The
lowest mean germination time was exhibited by violet seeds
(17.88 days), followed by purple-green (22.01 days) and
green (23.40 days). A similar trend was obtained concerning
GV.Itwas highest in violet seeds (29.61), followed by purple-
green (20.57) and green seeds (18.13).

Prabal Kumar, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1465
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Figure 3 Change in MGT and GV during storage in seeds obtained from different fruit colour.

The seedling performance was significantly affected by
fruit colors. The violet seeds significantly exhibited good
values of collar diameter (1.74 mm) total biomass (1.05 g),
vigor index (90.93) and volume index (38.79) as compared
to green and purple green seeds (Figure 4). There was a no
significant difference among tested seeds regarding seedling
length, quality index and root shoot ratio. The insignificant
highest seedling length was exhibited in violet seeds (10.81
cm) followed by purple-green (10.72 cm) and green seeds
(10.77 cm). A similar trend was recorded for the number of
leaves. The highest number of leaves occupied by both violet
and purple-green seeds (5.70) was significantly followed
by green seeds (4.20). The insignificant maximum quality
index was found in purple-green seeds (1.46) followed by
violet seeds and green seeds with 1.41 and 1.43 respectively.
However, the maximum root shoot ratio was shown in green
seeds (0.79) followed by violet (0.78) and purple-green seeds
(0.72) respectively. A significant difference was observed in
tested seeds for sturdiness quotient; the highest sturdiness
quotient was obtained by green seeds (8.74).

The good value of sturdiness quotient was exhibited by
purple, green and violet seeds with 6.26 and 6.19 respectively.
However, an insignificant difference was observed between
green and purple-green in terms of total biomass and
vigor index, while purple-green and violet seeds exhibited
insignificant differences in terms of collar diameter and
volume index (Figure 4).

Effect of physical indices of maturity (fruit color) on

germination and seedling performance during storage:
Seeds obtained from green, purple-green and violet fruits
were shade dried in the laboratory for up to 4 days to reach an
Equilibrium Moisture Content (EMC) of 7%. Seeds were then
subjected to storage treatment in a 200 p thick polythene
bag and kept in an airtight plastic container at ambient
room temperature for 30 days, respectively. After desired
incubations, seeds were sown in the nursery to evaluate seed
and seedling performance. The effect of fruit color during
seed storage on germination and seedling performance
was depicted in figure 4. A significant decline was observed
in germination percentage, germination value and vigor
index, whereas mean germination time was significantly
increased in seeds obtained from all three colors during 30
days of storage. No significant effect of storage was observed
on seedling performance in terms of seedling length, the
number of leaves, collar diameter, total biomass, sturdiness
quotient, volume index, quality index and root shoot ratio
during the storage (Figure 4). The germination percentage
and germination value were significantly declined while the
Mean Germination Time (MGT) was significantly increased
during storage in all three colors (Figures 4a-c). The
violet seeds exhibited a significantly higher germination
percentage (69.00), followed by purple-green (68.5) seeds.

However, there was a nonsignificant difference between
purple-green and violet seeds. The green seeds exhibited a
significantly poor germination percentage (56.75) compared
to purple-green and violet fruit seeds (Figure 4a). The green
seeds exhibited an insignificant lower mean germination

Prabal Kumar, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1465
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percentage (70.37) as compared to violet (77.75) and purple-
green (76.25) seeds.

The Mean Germination Time (MGT) was significantly
increased during storage in all three colors. The significant
lowest MGT was observed in violet seeds (21.65 days)
followed by purple green (25.14 days) and green (28.27 days)

after 30 days of storage (Figure 4b). There was a significant
difference among the entire three colors in mean MGT. The
violet seeds showed significantly the lowest mean MGT
(19.76 days) followed by purple-green and green seeds
with 23.57 and 25.83 days, respectively. The Germination
Value (GV) was also significantly declined with storage.
The significant highest GV was exhibited by violets seeds

Prabal Kumar, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1465
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(18.66) as compared to purple-green (14.15) and green seeds
(8.18) after 30 days of storage (Figure 4c). Green exhibited
significantly poor GV as compared to others. There was a
significant difference in the mean Germination Value (GV)
of tested fruit seeds colors. The significantly highest mean
germination value was obtained in violets seeds (24.14)
compared to purple, green and green with 17.35 and 13.59,
respectively (Figure 4). However, there was a nonsignificant
difference between green and purple-green seeds.

A nonsignificant reduction was observed in seedling
performance in terms of seedling length (cm), and
sturdiness quotient. However, a significant decline was
observed in terms of total biomass and vigor index. The
number of leaves, collar diameter, and volume index and
root shoot ratio showed insignificant increment. Violet seeds
exhibited significantly maximum seedling length (10.40 cm)
followed by purple-green (10.50 cm) and green (10.35 cm)
after 30 days of storage. However, there was a nonsignificant
difference between all three colors (Figure 4d). The purple-
green seed exhibited maximum mean seedling length (10.61
cm) as compared to violet (10.60 cm) and green seeds (10.56
cm). However, a nonsignificant difference was observed
in all three colors. During the storage, the Collar Diameter
(CD) was increased in all three colors. Violet seeds exhibited
maximum collar diameter (1.87 mm) as compared to green
(1.75 mm) and purple-green (1.72 mm). However, there was
a nonsignificant difference in all three colors after 35 days
of storage (Figure 4e) but there was a significant difference
in mean collar diameter in green (1.49 mm) from violet
(1.80 mm) and purple-green (1.70 mm) seeds. The violets
exhibited maximum collar diameter followed by purple,
green and green. All three color seeds show an increased
number of leaves during the storage period, but any color did
not show a significant difference compared to fresh seeds'
color. The violet seeds exhibited the maximum number of
leaves (7.1) followed by purple-green (5.8) and green (5.7).
However, there was a significant difference in the mean
number of leaves. The violet seeds significantly exhibited
the maximum number of leaves (6.35) followed by purple,
green and violet with 5.75 and 4.95 respectively (Figure 4f).

Green and purple-green seeds showed a nonsignificant
reduction in total biomass during the storage period (Figure
4g), while the violet seeds showed a slight increment. Violet
seeds exhibited maximum total biomass (1.08 g), followed
by purple-green (0.73 g) seeds and green seeds (0.70 g).
However, there was an insignificant difference among all
three colors after 30 days of storage. The maximum mean
biomass was significantly exhibited by violet seeds (1.06
g) as compared to purple-green (0.76 g) and green (0.73
g) seeds. However, green and purple-green seeds showed
an insignificant difference. A significant reduction was
observed in vigor index in all three colors with storage period
(Figure 4h). Violet seeds exhibited the slowest reduction in
vigor index (74.93) as compared to purple-green (49.47)
and green seeds (39.85) after 30 days of storage. However,
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there was an insignificant difference between green and
purple-green seeds. The highest mean volume index was
significantly exhibited by violet seeds (39.07), followed
by purple-green and violet with 37.36 and 31.19. The root-
shoot ratio was increased in all three colors during the
storage. The maximum ratio was exhibited by green seeds
followed by purple-green and violet seeds. However, there
was a nonsignificant difference among entire colors in both
stored and mean root-shoot ratio values (Figure 4i). Fresh
seeds of violet showed higher seedling length, the number of
leaves, collar diameter, total biomass, vigor index, volume
index, quality index and good values of sturdiness quotient
than green and purple-green fruits. Stored seeds followed
the same trend (Figure 4). However, violet performed best
with respect to mean germination and seedling performance
compared to green and purple-green seeds. From the
present study, it can be recommended that bhekal fruits of
any color capable of softening within a day can be collected
if they are required immediately for sowing, but if seeds are
to be stored for a brief period before sowing in nursey violet
fruits may be collected.

In contrast to our studies, some researchers [31-33]
reported that post-harvest of maturity indices stored better
than dark fruit color. Similar findings have been reported [6-
8]. They observed a rapid and significant loss of germination
in seeds obtained from unripe fruits (Green and yellow).
It seems that bhekal seeds attain full maturity when the
fruit turns violet as it showed significantly lower MGT and
maximum GV performed best in storage.

CONCLUSION

Based on the experiment, it is concluded that bhekal
fruits of any color capable of softening within a day, will
give better germination and viability. However, the seeds
procured from violet fruit significantly perform better as
compared to seeds obtained from green and purple-green
fruits. So, the seeds obtained from violet fruits may be
preferred for longer storage of seeds and the remaining fruit
seed color should be avoided for storage purposes.
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