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Medicinal and pesticidal plant propagation is hampered by poor seed germination due to seed
dormancy. This study aimed to enhance seed germination and seedling growth using various pre-
sowing treatments. A triplicated two-factor experiment in a Randomized Complete Block design was
used. Soaking in water at 25°C for 24 h (T1), soaking in 60°C hot water for 10 min (T2), 10 ppm
Potassium nitrate (KNO3) treatment for 24 h (T3), 20 ppm Potassium nitrate (KNO3) treatment for 24 h
(T4), Treating seeds with Gibberellin (GAs) solution at 250 ppm (T5), GA; Treating seeds with Gibberellin
(GA;) solution at 500 ppm for 72 (T6), Treating seeds with Gibberellin (GA3) solution at 1000 ppm for 72
h (T7), and seeds without any pre-treatment were sown and used as control (T,) on seed germination
and seedling growth of two MPP species. The ability of a pre-sowing treatment to break seed dormancy
was significantly dependent (p = 0.002) on the plant species. The effects due to interaction between pre-
sowing seed treatment and plant species on seedling growth parameters (height, branches/shoot,
leaves/shoot/, leaf area, fresh and dry weight) were significant (p < 0.05). These results provide the
basis for the sustainable use of MPPs through propagation and conservation.
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INTRODUCTION

From ancient times, the inhabitants of the Earth have
been using plants and plant-based products for different
purposes (Bargali et al., 2003; Padalia et al., 2017,
Vibhuti and Bargali, 2022). Close to 80% of the global
population in low- and middle-income countries uses
traditional medicines from plant products (Padalia et al.,
2017). Forests/Protected areas/Agricultural lands are the
important repositories of terrestrial biodiversity and play a
key role in influencing socio-ecological and cultural
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attributes of human societies for their living being
(Hermann, 2006; Parihaar et al., 2015; Karki et al., 2017;
Awasthi et al., 2022; Bargali et al., 2022). In developing
countries, a large number of people depend on products
derived from plants for curing human and livestock
ailments. In the beginning, these were the main source of
the folk or ethnomedicine (Bargali et al., 2003). During
the last few decades, there hasbeenanincreasinginterest
inthe study of medicinal plants and their traditional use in
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different parts of the world (Pande et al., 2016; Hanazaki
et al., 2000). In African agriculture and medical health
care, plants provide medicine and pest control resources
for millions of people. Hence, harvesting of Medicinal and
Pesticidal Plants (MPP) is widespread, exerting pressure
on MPP natural populations. As a result, there is a
reduced contribution of these plants to the income and
the well-being of traders and consumers. Loss of MPP
biodiversity is alarming as the majority are being pushed
to extinction due to overharvesting and habitat
destruction (Aftab and Hakeem, 2021; Ceballos et al.,
2017; Dirzo and Raven, 2003). Nearly 20% of their wild
resources have already been nearly exhausted with the
increasing human population and plant consumption
(Dirzo and Raven, 2003).

Among MPPs that are being rapidly pushed to extinction
are Commiphora swynnertonii (Burrt) and Synadenium
glaucescens (Pax). These plant species have medicinal
and pesticidal attributes making them useful as medicine
for humans and livestock as well as a pesticide for crop
protection (Credo et al., 2022; Mary et al., 2022; Matendo
et al, 2019; Nyigo et al, 2015a). Currently, the
exploitation and indiscriminate collection of such MPPs is
at its peak globally as the world is shifting to eating safe
organically produced food (Chi et al., 2017; Moyo et al.,
2015; van Wyk and Prinsloo, 2018). However, in
developing countries, the problem is more severe
because the majority in the rural areas depend on herbal
drugs for their primary healthcare as well as use
botanical pesticides to control different pests that attack
crops in the field and storage (Kamanula et al., 2011).

In Tanzania, there is a commercial trade of wild-
harvested medicinal plants predominantly practiced by
women and youths (Mpelangwa et al., 2022).
Unfortunately, the raw materials for herbal medicine and
pesticides are harvested directly from their natural
environment subjecting them to continuous genetic
erosion. A field survey in Mufindi and Njombe districts
revealed the disappearance of the S. glaucescens in the
wild (Mabiki, 2013). Another field survey in Manyara
region revealed that there is over-exploitation of C.
swynertonii in  Simanjiro district due to mining,
overgrazing, urbanization, and other agricultural activities
(George, 2013). This raises a demand for innovative
strategies for the conservation of such highly endangered
medicinal and pesticidal plant resources. To date, several
conservation measures have been recommended
including both in situ and ex-situ conservation, botanical
gene banking and reforestation programs (Chen et al.,
20164, b; Chi et al., 2017; Knowler and Bradshaw, 2007;
van Andel et al., 2015). All these proposed strategies
have not been successful for various reasons one of
which are the problems related to seed quality (Sharma
and Sharma, 2017).

Seed germination and early seedling growth are
considered the most critical phases for the establishment
of any species (Pratap and Sharma, 2010; Vibhuti et al.,

2015) in which seed quality plays an important role
(Pande et al., 2016). The key constraint to germination of
MPPs is that they possess seed dormancy and seed
inhibitors responsible reduced seed quality (Patade et al.,
2020; Topacoglu et al., 2020). These associated seed
inhibitors also are known to decrease the viability
(Ganesh et al., 2022; Sharma and Sharma, 2017). In this
case seed pre-treatment before sowing through various
techniques can offer a significant contribution towards
improved seed germination, uniform seedling growth and
enhancing optimum field establishment (Glleryiz et al.,
2021). The objective of study was to improve seed
germination and seedling growth by treating with specific
chemical under very specific regimes.

MATERIALS AND METHODS
Collection of seeds and plant growth regulators

Seeds of C. swynnertonii were harvested from Mererani ward in
Simanjiro District of Manyara Region (3° 34.5' S, 37° 0' E at 1 009
m a.s.l) (Figure 1). The seeds of S. glaucescens were obtained
from the Department of Food Technology, Nutrition and Consumer
Sciences premises at Sokoine University of Agriculture, Morogoro,
Tanzania (6° 85' S, 37° 65' E at 556 m a.s.l). Gibberellic acid (GAs3),
Potassium nitrate (KNO3z) and Sodium hypochlorite (NaOCI) were
purchased from Jakovic General Supplies Ltd, Morogoro, Tanzania.

Experimentation

Fruits of C. swynnertonii and S. glaucescens were harvested and
air dried under shade for three days after which the seeds were
extracted using standard protocols (Shalabi and Otaif, 2022). Prior
to seed pre-treatments, the seeds were surface sterilized by
immersing them in 2% sodium hypochlorite solution for 2 min and
then rinsed in sterile distilled water. Ten surface sterilized seeds
were subjected to each of the following pre-treatments; soaking in
water at 25°C for 24 h (T1), soaking in 60°C hot water for 10 min
(T2), 10 ppm Potassium nitrate (KNOs3) treatment for 24 h (T3), 20
ppm Potassium nitrate (KNOg) treatment for 24 h (T4), Treating
seeds with Gibberellin (GA3) solution at 250 ppm (T5), GA; Treating
seeds with Gibberellin (GA3) solution at 500 ppm for 72 (T6),
Treating seeds with Gibberellin (GA3) solution at 1000 ppm for 72 h
(T7), and Seeds without any pre-treatment were sown and used as
control (T,). Ten seeds were sown in each of 4 L plastic pots (4-L),
filled with steam-sterilized forest soil, farmyard manure and rice
husks at a ratio of 4:2:1. Seeds were sown approximately at 1.0 cm
deep. The pots were placed in the screen house and watered after
every two days. Pots were inspected for weeds and removed when
seen. The experiment was arranged in RCBD with four replications.

Data collection

Data were collected according to the method described by Sharma
and others (2009) with some modifications. The seeds in the pots
were observed daily for seedling emergence and the number of
days taken to seedling emergence was recorded. The total number
of seedlings emerged in each treatment was recorded daily.
Seedlings’ survival was recorded at the time of transplanting. The
seed germination percentage and seedling survival percentage
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Figure 1. Map of Tanzania showing location of Mererani, a source of C. swynnertonii.

Source: Authors

were computed as follows:

number of seedlings emerged
Germination (%) = x100
number of seeds sown
(1)

number of seedlings survived

Seedling survival (24) = - x 100
number of seedling emerged

2

Data analysis

Before analysis the data were checked for normality and later
square-root transformation was done for the number of days taken
to seedling emergence, germination percentage and seedling
survival. All data were subjected to analysis of variance using
GenStat software 15th Edition (VSN International Ltd. UK).
Treatment means were separated by Tukey's HSD (honestly
significant difference) test at p < 0.05.

RESULTS AND DISCUSSION
Seed germination
The findings in Figure 2A indicate that under the same

pre-treatment, the germination percent of C. swynnertonii
and S. glaucescens did not differ significantly (p = 0.672).

This implies that the two plants had more or less the
same viability potentials. The two plants are different in
their ecological adaptability but they are both
characterized of having long seed dormancy and
traditionally propagated vegetatively via cuttings or air
layering (Baskin and Baskin, 2020; Lal and Kasera,
2014). Currently, findings regarding germination of C.
swynnertonii and S. glaucescens could not be traced
easily in the literature but comparison with other related
tree seeds shows that these findings are comparable to
numerous recent studies (Baskin and Baskin, 2020;
Cabello et al., 2019; Han et al., 2018).

Significant differences (p = 0.007) were observed in
the effects of the different seed pre-treatment applied to
enhance germination of C. swynnertonii and S.
glaucescens seeds (Figure 2B). It was realized that
seeds that were soaked in water at 25°C for 24 h had
more than 10% higher seed germination than the
untreated control. All other pre-treatments did not differ
significantly or caused significantly lower germination
percentage than the untreated seeds. These findings
are not in agreement with previous studies on breaking
seed dormancy of other tree seeds which have reported
that the use of GA; and KNO; greatly improved
germination percent of many tree seeds (lralu and
Upadhaya, 2018; Kheloufi et al., 2018; Tiwari et al.,
2018). Reason for this disparity could not be established
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Plant species_seed pretreatment interaction

Figure 1. Effects to plant species (A), seed pre-treatment (B), and the interactions of A and B
(C) on seed germination. COM and SYNA = C. swynnertonii and S. glaucescens, respectively.
T1 = Soaking in water at 25°C for 24 h, T2 = soaking in 60°C hot water for 10 min, T3 = 10ppm
Potassium nitrate (KNOs) treatment for 24 hrs, T4 = 20 ppm Potassium nitrate (KNO3)
treatment for 24hrs T5 = Treating seeds with Gibberellin (GA3) solution at 250 ppm, GA; T6 =
Treating seeds with Gibberellin (GA3) solution at 500 ppm for 72, T7 = Treating seeds with
Gibberellin (GAs) solution at 1000 ppm for 72 h and T, = distilled water treatment used as
control. Means with the same letters are not significantly different at p < 0.05.

Source: Authors

but the findings suggest that soaking in water at 25°C
was enough to soften the tester and germinate.
However, the findings in Figure 2C show that, the
ability of a particular pre-treatment to break seed
dormancy was significantly dependent on the plant
species. The result demonstrates that seeds of S.
glaucescens which were treated by soaking in water at
25°C for 24 h attained a 25% germination the same as
the seeds of C. swynnertonii which were treated with.
These results are comparable to previous findings
although of different plant species (Iralu and Upadhaya,
2018; Kheloufi et al., 2018; Labbafi et al., 2018; Tiwari et
al., 2018). Seeds of both C. swynnertonii and S.
glaucescens which were not pre-treated (TO) at all
attained a 10% germination percent whereas S.

glaucescens seeds treated with T2, T6, and T6 and the
seeds of C. swynnertonii treated with T3, T4 and, T5 did
not germinate. These results suggest that these
treatments possibly strengthened the seed dormancy of
the seed embryo or it could not survive post treatments.

Days to seedling emergence

The results in Figure 3A show that, after seed sowing,
the days to seedling emergence did not vary significantly
(p = 0.0741) between plant species. Since they were all
planted at the same seeding depth, these results
suggest that the seeds of the two plant species might
have similar intrinsic factors like seed dormancy factors
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Figure 2. Effects to plant species (A), seed pre-treatment (B), and the interactions of A and B (C) on
days to seedling emergence after sowing. COM and SYNA = C. swynnertonii and S. glaucescens,
respectively. T1 = Soaking in water at 25°C for 24 h, T2 = soaking in 60°C hot water for 10 min, T3 = 10
ppm Potassium nitrate (KNO3) treatment for 24 h, T4 = 20 ppm Potassium nitrate (KNO3) treatment for
24hrs, T5 = Treating seeds with Gibberellin (GAs3) solution at 250 ppm, GAs, T6 = Treating seeds with
Gibberellin (GA3) solution at 500 ppm for 72, T7 = Treating seeds with Gibberellin (GAs) solution at 1000
ppm for 72 h and T, = distilled water treatment used as control. Means with the same letters are not

significantly different at p < 0.05.
Source: Authors

(Lamichhane et al.,, 2018). Figure 3B presents the
findings that there was a significant difference (p =
0.0013) between pre-treatment conditions to which the
seeds from the two plant species were subjected. Seeds
treated with T2, T3, T4, T5, T6 and T7 emerged
between 3 and 7days after sowing. However, seeds pre-
treated using T5 (6 days) and T7 (7 days) had an
emergence rate that was not different from seeds pre-
treated using T1 (8 days). The longest time (17 days)

was spent by seeds that were not pre-treated suggesting
that all pre-treatment procedures had the added
advantage of shortening the seedling emergence time.
These findings are not far from previous reports which
have demonstrated that Potassium nitrate (KNO3) can
break seed dormancy, promote seed germination and
enhance growth uniformity in a variety of plant species
(Cabello et al., 2019; Lal and Kasera, 2014). Similarly,
previous studies have demonstrated that GA3 can break
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seed dormancy and promote germination by activating
hydrolyzing enzymes within the seeds to increase
carbohydrate hydrolysis for rapid energy metabolism
and promote seedling elongation (Tiwari et al., 2018;
Wang et al.,, 2021). Exposure of dormant seeds to
different regimes of hydration and temperature has been
reported to upregulate or downregulate seed
germination (Baskin and Baskin, 2020; Guo et al., 2020;
Lamichhane et al., 2018). In this study, soaking seeds in
warm and hot water has demonstrated the ability to
break seed dormancy and promote seedling growth
toward emergence. However, the influence of these
pretreatments on breaking seed dormancy and
promoting seedling growth is said to be dependent on
plant species suggesting there is usually an interaction
between seed pre-treatment and inherent plant species
attributes (Kheloufi et al., 2018). In this study, the
findings in Figure 3C confirm the previous studies in
that, the effects of the different seed pre-treatments
were significantly dependent on plant species. In this
result the same pre-treatment T2, no seed germination
could be realized for S. glaucescens while germination
coupled with seedling emergence within 7 days after
sowing was realized for C. swynnertonii.

Seedling growth
Shoot height

Although C. swynnertonii and S. glaucescens did not
show differences in seed germination and seedling
emergence, the two species showed significant
differences (p = 0.014) in seedling shoot height. This
can be linked to their inherent differences in their
capacity to mobilize growth factors like water, light, and
mineral nutrients (Montafio-Arias et al., 2021). Like other
plants within the genus Commiphora, C. swynnertonii is
characterized by small trees or shrubs with short, thorny
branches while S. glaucescens is a shrub or small tree
with fleshy stems and branches with leaves spirally
arranged, crowded near the ends of branches (Mihale et
al., 2018). Application of the different pre-sowing
treatments significantly impacted seedling shoot height.
The longest (25 cm) seedling shoot height was attained
for seedlings from seeds that were pre-treated with 10
ppm.

Potassium nitrate (KNO3) treatment for 24 h (T3)
(Figure 4B). Treating seeds with Gibberellin (GAs)
solution at 250 ppm caused the shortest seedling shoot
height of 6 cm while seeds pre-treated with T6 and T7
did not germinate. These results are similar to the
previous studies which reported that pre-sowing
treatment with lower KNO; improved the seedling height
significantly although the reduction in the plant height
was observed under the higher concentration of KNO3
(Dev et al., 2020). However, the influence of these pre-
sowing treatments on seedling shoot height was

significantly dependent on plant species (Figure 4C).
The longest seedling shoot height (43 cm) was observed
on seedlings of C. swynnertonii whose seeds were pre-
treated with T3 and the longest seedling shoot height of
15 cm was observed on seedlings of S. glaucescens.
Such differences between plant species in growth
responses to pre-sowing seed treatment have been
reported by many workers (Dev et al., 2020; Montafio-
Arias et al., 2021; Yang et al., 2020). Pre-sowing
treatments with T6 and T7 did not break the seed
dormancy of both S. glaucescens and C. swynnertonii
while T5 and T2 pre-treatments did not break the seed
dormancy of S. glaucescens and C. swynnertonii,
respectively. Reasons for this difference could not be
established in this study. However, previously, studies
have reported the variable effect of GA; and KNOz; on
germination and growth traits of various plant species
(Iralu and Upadhaya, 2018; Kheloufi et al., 2018; Raiji
and Siril, 2018; Wang et al., 2021; Yang et al., 2020).

Shoot branching

The increase in seedling shoot height happened
together with the development of shoot branches. There
were significant differences between plant species in the
number of branches per shoot (Figure 5A). In this
regard, C. swynnertonii produced about four (4)
branches per shoot which were significantly higher than
the one branch per shoot produced by S. glaucescens.
These differences can be linked to their differences in
their branching nature whereby C. swynnertonii is
naturally a shrub with multiple thorny branches while S.
glaucescens develops an herbaceous stem with few
thick branches consisting of many broad leaves (Mihale
et al., 2018). These interspecies differences in branching
have implications for their resilience to harsh climates.
Among the two plant species, C. swynnertonii showed
rapid branching, and the leaves are reduced into thorns.
This is an adaptation to low moisture tropical climate
(Ziter et al., 2019) which is a typical climate of Simanijiro,
in Manyara region, Tanzania where its natural habitat is
found. The seedling shoot branching pattern was also
influenced by the pre-sowing seed treatment whereby
the highest branching (6 branches per shoot) was
attained by the seedlings whose seeds were pre-treated
using 10 ppm Potassium nitrate (KNOs) for 24 h (Figure
5B). The lowest number of branches per shoot was
achieved in seedlings developing from seeds that were
pre-treated with Gibberellin (GA3) solution at 250 ppm.
The ability of KNO; to promote the growth and
development of tree species has been reported by many
previous workers (Dev et al., 2020; Yang et al., 2020). In
this regard, the seedlings of C. swynnertonii which were
from seeds that were previously treated with 10 ppm
Potassium nitrate (KNOs) for 24 h developed an average
of nine branches per shoot which was the highest of all
other treatment combinations.
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at 1000 ppm for 72 h and T, = distilled water treatment used as control. Means with the same letters are not

significantly different at p < 0.05.
Source: Authors

Leaf number and leaf area

The findings show that there was a significant difference
between plant species in the number of leaves (p =
0.0010) (Figure 6A) as well as the leaf area (p = 0.007)
(Figure 6B). While C. swynnertonii produced about 50
leaves, S. glaucescens produced less than ten leaves
within the same growth period. On the contrary, despite
having the least number of leaves, S. glaucescens had
the largest leaf area of about 35 cm® compared to 5 cm?
of more than 50 leaves of C. swynnertonii. The
differences could be related to their natural adaptation
whereby C. swynnertonii. As an adaptation to semi-arid
climate, C. swynnertonii has small leaves that are

developed and the stem is thorny to reduce excessive
transpiration while S. glaucescens is broad-leaved and
is adapted to humid climates (Ziter et al., 2019).

The results demonstrate that pre-sowing seed
treatments had significant (p = 0.022) effects on the
number of leaves per shoot and the leaf area (Figure
7A). Similarly, the same treatments had significant (p =
0.000) effects on the leaf area (Figure 7B). Treating the
seeds with 10 ppm Potassium nitrate (KNO3) treatment
for 24 h resulted in an increase of 15 more leaves per
shoot compared to 19 leaves per shoot in seedlings
from untreated seeds. The number of leaves per shoot
in seedlings arising from seeds pre-treated by soaking in
water at 25°C for 24 h and with 20ppm Potassium nitrate
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Source: Authors

(KNO3) for 24 h was higher than the number of leaves
per shoot in untreated control by 5 and 7, respectively.
Seeds that were pre-treated by soaking in 60°C hot
water for 10 min and application of Gibberellin (GA5)
solution at 250 ppm gave rise to seedlings with several
leaves per shoot that was smaller than the untreated
control (Figure 7A). Treatments with zero number of
leaves per shoot are for seeds that did not germinate at
all. The influence of KNO; on seedling leaf numbers
outweighed all other treatments. Although the
mechanism by which KNO3; improves seed germination
and subsequently plant growth is still unknown, previous
studies have explained that KNO; may affect supplying
nitrogen required for plant growth (Duermeyer et al.,

2018; Shim et al., 2008) and the composition of abscisic
acid and GAj; required for seed germination and
vegetative growth (Antonia et al., 2018). The findings
are also in agreement with previous studies that the
effects of KNO; on seed germination and seedling
growth were dependent on the concentration of the
extracts (Alabi et al., 2019; Dev et al., 2020; Ziter et al.,
2019).

Significant variations between pre-sowing seed
treatments were also observed in the seedling leaf area
(Figure 7B) suggesting that the effects were dependent
on treatment type, concentration, and mode of
application. The highest average leaf area was recorded
on seedlings arising from seeds that were pre-treated
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with T5 followed by T3 and T1. Here, the effect of T1
was not significantly different from the TO which is the
untreated control while the leaf area in seedlings from
seeds pre-treated with T2 was by far below the control.
The observations show that treatments that resulted in
the greatest increase in seedling leaf number were not
the same as those resulting in the greatest increase in
seedling leaf area. This could be due to the observed
variation in leaf area between species in Figure 7B
where seedlings of C. swynnertonii had leaf area that is

significantly less than the leaf area of the seedlings of S.
glaucescens while opposing results were observed for
their leaf numbers.

These differences in seedling leaf number and leaf
area are more clearly evident in Figure 8A to B. Here,
the result shows that the effect of pre-sowing seed
treatment on seedling leaf nhumbers and leaf area was
only dependent on the pre-treatment type, concentration,
and mode of application but also dependent on plant
species. Seedlings arising from seeds of C. swynnertonii
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Source: Authors

whose pre-sowing treatment was T3 had the highest (65)
leaves per shoot followed by 46, 45, and 30 leaves per
shoot for seeds pre-treated with T4, T1, and T2,
respectively (Figure 8A). The seedling leaf numbers in all
these treatments were by far higher than the same in the
seedlings arising from untreated seeds of C. swynnertonii.
However, the seedling leaf numbers observed in
seedlings from seeds of S. glaucescens pre-treated with
the same treatments were not different from leaf numbers
recorded on seedlings arising from untreated seeds of
the same plant species (Figure 8A). Inter-species
variation in response to similar seed treatment has been

recorded by many workers in different plant species
(Duermeyer et al., 2018; Lara et al., 2014; Wang et al.,
2021; Yang et al., 2020).

Similar to the findings in Figure 8A, findings in Figure
8B show that the effects of pre-sowing seed treatments
on seedling leaf area were significantly dependent on the
plant species to which the treatment is applied. All
germinated seedlings from seeds of S. glaucescens had
leaf areas significantly higher than the leaf areas of the
seedling from untreated seeds of the same plant species.
At the same time, all germinated seeds of C. swynnertonii
gave rise to seedlings whose leaf area was not different
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Commiphora swynnertonii

Synadenium glaucescens

Figure 8. Herbarium specimens showing vegetative morphological
features of C. swynnertonii and S. glaucescens. (Qwarse et al., 2018)

Source: Authors

from seedlings from untreated seeds of the same 2plant,
C. swynnertonii. The highest leaf area of 65 cm” was
recorded on seedlings from seeds of S. glaucescens
followed by 35, 30, 15 and 12 cm? were which were
treated with T3, T1, TO and T4, respectively for seedlings
from seeds of the same plant.

The results show that different plant species responded
differently to different seed pre-treatments suggesting
that their genetic differences in adapting to environmental
condition could be linked to these observations. C.
swynnertonii is semi aridic plant that develops numerous
leaflets of small size reduced into thorns to minimize
water losses through transpiration (Lal and Kasera, 2014;
Soromessa, 2013). S. glaucescens grows well in
subhumid climates hence it develops few broad and thick
evergreen leaves to maximize photosynthetic plant
productivity (Carter, 1987; Nyigo et al., 2015b).

Shoot fresh and dry weight

Seedlings of C. swynnertonii and S. glaucescens
accumulated fresh weight differently (p = 0.001) but the
dry weight of the two plant species did not differ
significantly (p = 0.0811) (Figure 9A and B). The latter
accumulated five times more fresh weight than the
former. The differences in fresh weight between the two
species could be linked to their botanical attributes of the
two species. C. swynnertonii being an aridic plant, it is a
woody shrub with leaves reduced into thorns while S.
glaucescens is an herbaceous plant characterized by
thick stems and broad leaves (Figure 10). Seedlings of
the two plant species did not differ in terms of the total
dry matter accumulation over the growing period after
emergence suggesting that the two plant species had
similar photosynthetic efficiency where the
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photosynthetic power of C. swynnertonii could be on the
leaf numbers while the photosynthetic power in S.
glaucescens could be on the large leaf area hence both
possibly had more or less the same amount of chlorophyll
content as well as the stomatal pores for gaseous
exchange (Andersen et al., 2010; Chaves et al., 2002;
Wei et al., 2021). Another possibility is that the woody
plants accumulate more carbon in their woody tissues
than herbaceous plants, therefore, despite the small leaf
area, C. swynnertonii could be adapted photosynthetically
to accumulate carbon faster than S. glaucescens (Hallik
et al., 2012; Knapp et al., 2014; Nadal and Flexas, 2019).

The different pre-sowing seed treatments showed
significantly different effects on seedlings fresh and dry
weight (Figure 11) implying that, the treatments had
effects on the photosynthetic activity of the seedlings. In
terms of seedling fresh weight, T2 treatment was inferior
to the control. Seedlings from seeds under T4 treatment
had fresh weight which was statistically the same as the
fresh weight of seedlings from the control treatment. The
other three treatments, T1, T3, and T5 resulted in 17.02,
17.53, and 17.99 g seedling fresh weights which were
significantly greater than the control fresh weight (10.01
g) and their effects did not vary significantly (Figure 11).
In terms of seedling dry weight, T3 treatment was
associated with the highest weight of 2.12 g followed by
1.51, 1.42, and 1.33 g dry weight linked to T1, T5, and T4
treatments in that order. From these findings, it can be
learned that treatment concentration, form, and
application method played a key role in the ability of
seedlings to accumulate photosynthates in their tissues
similar to the findings by Hikosaka et al. (1998). It has
been established that, compared to the control seeds,
there is a significant increase in seed germination and
growth of seedlings due application of different

concentrations of GA3 and KNO; (Dev et al., 2020).

The different pre-sowing treatments influenced seedling
fresh and dry weight differently depending on plant
species (Figure 12A and B). The fresh weight of seedlings
C. swynnertonii whose seeds were subjected to T3
treatments accumulated a fresh biomass yield that was
two times more than the untreated seeds. With the rest of
the treatments applied to seeds of C. swynnertonii, there
was no improvement of fresh biomass yield to untreated
seeds. Significant improvement in fresh biomass was
achieved with all pre-sowing treatments (except T4)
applied to S. glaucescens seeds. The highest fresh
biomass of 44.08 g was accumulated in seedlings of S.
glaucescens under T5 treatment. Compared to the
untreated seeds, significant improvement in dry matter
accumulation in seedlings of both C. swynnertonii and S.
glaucescens. S. glaucescens seeds that were subjected
to T5 pre-treatment resulted to seedlings with dry matter
accumulation that was four times higher than dry matter
accumulated in seedlings from untreated seeds. This
implies that treating seeds with Gibberellin (GA3) solution
at 250 ppm did not only break seed dormancy but also
the growth promotor simulated rapid seedling growth
leading to increased photosynthetic efficiency in line with
Hikosaka et al. (1998). The same treatment which gave
such a great response to S. glaucescens seedlings, was
applied to C. swynnertonii seeds and they did not
germinate. But with this plant species, the seeds pre-
treated with T3 resulted in seedlings with dry matter
accumulation which was five times higher than the
untreated seeds. Therefore, for this plant, pre-sowing
seeds treatment using 10 ppm Potassium nitrate (KNO3)
treatment for 24 h gave the best improvement in terms of
breaking seed dormancy as well as promoting early
seedling growth, a prerequisite for the successful
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Figure 10. Effects of plant species and Seed pre-treatment interactions on seedling Fresh and
Dry weight. COM and SYNA = C. swynnertonii and S. glaucescens respectively. T1 = Soaking in
water at 25°C for 24 h, T2 = soaking in 60°C hot water for 10 min, T3 = 10 ppm Potassium nitrate
(KNO3) treatment for 24 h, T4 = 20 ppm Potassium nitrate (KNO3) treatment for 24 h T5 =
Treating seeds with Gibberellin (GA3) solution at 250 ppm, GAs; T6 = Treating seeds with
Gibberellin (GA3) solution at 500 ppm for 72, T7 = Treating seeds with Gibberellin (GA3) solution
at 1000 ppm for 72 h and T, = distilled water treatment used as control. Means with the same

letters are not significantly different at p < 0.05.

Source: Authors

establishment of any crop stand. The differences
observed agree with the previous findings that, different
species respond differently to different pre-sowing seed
treatments (Ruttanaruangboworn et al., 2017; Maneesha,
2019; Zavariyan et al., 2015).

Seedling growth parameters’ relationship

A significant relationship was observed between seedling
plant height and a number of branched per shoot (r =

0.88), number of leaves per shoot (r = 0.9), and seedling
dry weight (r = 0.59) (Table 1). This implies that an
increase in seedling height, an increased number of
nodes with active axillary buds from which branched are
born, and the increase in the number of branches were
significantly related to a number of leaves per shoot (r =
0.95). The fact that leaves are the main photosynthetic
machinery of plants could be explaining why plant height
was also significantly correlated with seedling dry matter
content. In this study, correlation analysis established
that the seedling dry matter content was significantly
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Table 1. Correlation analysis of seedling growth parameters.

Parameter Plant height Branches per Leaves per Leaf azrea F_resh
(cm) shoot shoot (cm®) weight (g)
Branches per shoot 0.88**
Leaves per shoot 0.90** 0.95**
Leaf area (sz) 0.1605 -0.0238 0.0294
Fresh weight (g) 0.1143 -0.0608 -0.0013 0.9674**
Dry weight (g) 0.59* 0.51* 0.58* 0.75** 0.70**
Source: Authors
Table 2. Partial least square analysis for seedling dry weight.
Coefficient Dry weight (g)
Intercept 0.0000 |
Plant height (cm) -0.1954 m
Branches per shoot (Count) -0.0381 |
Leaves per shoot (Count) 0.7668 ! IR
Leaf Area (cm?) 0.9131 A
Fresh weight (g) -0.1582 R IR

Source: Authors

related with number of leaves per shoot, leaf area as well
as the seedling fresh weight. These results are not very
far from the findings of previous studies which established
that growth parameters are good predictors of seedling
survival based on abilty to accumulate sufficient
carbohydrates in their early stages of growth after
emergence (Koca and Erekul, 2016; Ozalkan et al., 2010;
Rathore, 2020).

Apart from the established relationship among growth
parameters with an accumulation of dry matter in
seedling tissues, the part least square analysis in Table 2
highlights that, of the four growth parameters; plant
height, number of branches per shoot, number of leaves
per shoot and leaf area, only two last two were better
explaining the observed seedling dry matter content. The
results suggest that a unit change in a number of leaves
per shoot explains a corresponding change in seedling
dry weight by more than 76% while a unit change in leaf
area would explain a corresponding change in seedling
dry matter content by more than 90% (Table 2).
Previously, it has been established that the leaf is the
most important machine giving the ability of the plants to
transfer solar energy to biological energy by means of
photosynthesis (Huang et al.,, 2019). Leaf area and
number are functional traits of photosynthetic capacity
which are closely related to plants’ competitive abilities to
survival in hostile natural environments after germination
(Huang et al.,, 2019; Koca and Erekul, 2016; Rathore,
2020).

In conclusion, the study has established that under the

same pre-sowing seed treatment, C. swynnertonii and S.
glaucescens attained different germination percent due to
the differences in the plant forms because the former is
the shrub and the later one is the herbaceous species.
The different pre-sowing treatments had different effects
breaking seed dormancy for germination, and promoting
seedling growth after the emergence of C. swynnertonii
and S. glaucescens seedlings. The growth parameters
(plant height, number of branches per shoot, number of
leaves per shoot and leaf area were positively correlated
with seedling dry matter content. A number of leaves per
shoot and leaf area were the best predictor of the
seedling dry matter content.
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