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Acacia polyacantha Willd. is a multipurpose tree species prioritised as one of the agroforestry tree species in Malawi. However,
its use in agroforestry practices is limited by the low seedling growth and survival at the nursery stage. A study was conducted to
evaluate the seedling growth and survival of Acacia polyacantha as affected by different pretreatments on the seeds at Malawi College
of Forestry and Wildlife nursery, Malawi. Seeds were subjected to five presowing seed treatments methods, namely, immersion in
cold water at room temperature for 24 hours, immersion in hot water (100°C) for 5 minutes, immersion in concentrated sulfuric
acid (0.3 M H,SO,) for 20 minutes, scarification by mechanically nicking using secateurs, and a control where seeds were sown
without any treatment. The results indicate that presowing seed treatments have positive influence on the seedling growth and
survival percentage. Nicked seeds exhibited the highest significant (P < 0.001) performance for vegetative characteristics of height,
root collar diameter, number of leaves, and survival percentage compared to other pretreatments. Therefore, it is suggested to use
nicking as a pretreatment method on Acacia polyacantha seeds in order to enhance the speed and the amount of early seedling

growth at the nursery stage.

1. Introduction

Seed germination and early seedling growth phases are con-
sidered critical for raising a successful crop as they directly
determine the crop stand density and consequently the yield
of resultant crop [1]. It is indicated that seed germination,
seedling growth, and survival percentage are governed by
many intrinsic and extrinsic factors and are species specific
[2, 3]. Numerous trees have been identified as fast growing
and are categorized as high biomass yielders, while many of
the tree species have seeds which possess hard seed coats that
are impermeable to water; thus, they cannot germinate under
normal condition [4]. Therefore, studies on factors that affect
germination, survival percentage, and seedling growth for a
particular tree species are required.

Acacia polyacantha Willd. is an important multipurpose
tree species belonging to the family of Fabaceae and subfamily
Mimosoideae [4]. Acacia polyacantha is a large, deciduous

tree that grows to an average height of 3.5-20 m and 3-10 cm
diameter at breast height. Its seeds pods are sweetly scented
and borne in spikes, which arise from the nodes. The seed
pod appears singly or in clusters of up to four. The number
of seeds per pod varies from 3 to 10 and is fairly flattened
and dark brown when ripe. The species occurs in wooded
grasslands, deciduous woodland and bush land, riverine and
groundwater forests. It prefers sites with a high groundwater
table, indicating eutrophic and fresh soils [5]. The tree has a
wide distribution range in the west, east, and central Africa,
specifically in countries such as Botswana, Eritrea, Ethiopia,
Gambia, India, Kenya, Malawi, Senegal, Sierra Leone, South
Africa, Sri Lanka, Sudan, Swaziland, Tanzania, and Zambia
[6].

The tree species commonly known as “White-stem thorn”
is well distributed in all regions of Malawi and it has been
prioritized as one of the agroforestry tree species [5]. This
tree species has various functions in terms of industrial



application, feeds, and traditional folk medicine. The plant
species grows very fast, with the ability to fix nitrogen. It
also provides excellent firewood, edible gum, and termite-
resistant timber. The leaves and pods provide feed for live-
stock and game animals. Its heartwood chips are used for
tanning and dyeing and its ashes are used as a substitute for
salt [5, 6].

According to Chanyenga [5] and Chidumayo [7] the
smell of the tree is useful in repellent against snakes and
crocodiles. The tree roots are used as a remedy for snakebite
and as an infusion in which to bath children who are restless
at night. The roots possess also considerable therapeutic
properties and can be made into a tonic beverage. The bark
decoction is used for dysentery to cure venereal diseases and
gastrointestinal disorders.

In Malawi, Acacia polyacantha occurs in areas with mean
annual rainfall ranging between 700 mm and 1200 mm, mean
annual temperature from 18 to 35°C, and altitude from 40
to 1800 m above the sea level. The tree is widely distributed
country wide predominantly in savanna woodland on deep
fresh soils medium textured to clay, well drained, neutral to
alkaline, occasionally on stony slopes and compacted hard
soils [8].

Due to its multifunction, Acacia polyacantha becomes a
threatened species at risk of extinction. Intentional or unin-
tentional practices such as forest clearing for agriculture and
illegal felling for production of firewood, charcoal, medicine,
poles, and many other products have reduced this tree species
to the extent that they no longer can recover through natural
regeneration [9]. This calls for a need to preserve plant
biodiversity for prosperity and continuity of plant heritage.
Domestication of this species and its subsequent integration
into the agroforestry sector is a way to reverse the situation.
Thus, study on seed pretreatment to increase germination
rate, seedling growth, and survival percentage is needed to
provide information for mass production of seedlings. Most
of the studies done on Acacia polyacantha and other species
in Malawi have concentrated on the germination [5, 10].
Chanyenga [5] and Likoswe et al. [10] reported that nicking
and immersion in hot water presowing treatments enhanced
seed germination for Acacia polyacantha and Terminalia
serica, respectively. There is no information on the effect of
pretreatment methods on seedling growth and survival of
germinated Acacia polyacantha in the nursery. To fill the
knowledge gap, this study was undertaken to investigate the
influence of presowing treatments on the growth and survival
of Acacia polyacantha seedlings in the nursery.

2. Materials and Methods

2.1. Seed Acquisition and Study Site. Acacia polyacantha seed
of Sangadzi provenance, Monkey Bay (14° 04 S, 34° 56' E,
and 500 m above sea level), was supplied by Forestry Research
Institution of Malawi (FRIM) in March 2013. This study
was conducted at Malawi College of Forestry and Wildlife
(MCFW) nursery (14° 19" S, 34° 17" E, and 1591 m above sea
level) which is located in Malawi near the tropical savan-
nah region in Southern Africa. MCFW receives 1200 mm
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to 1800 mm rainfall per annum, with annual temperature
ranging from 7°C to 25°C. It is situated about 85km south
east of Lilongwe the capital.

2.2. Experimental Design and Treatments. There were five
treatments in the experiment: T1, immersion in cold water
at room temperature for 24 hours; T2, immersion in hot
water (100°C) for 5 minutes; T3, immersion in concentrated
sulfuric acid (0.3 M H,SO,) for 20 minutes; T4, scarification
by mechanically nicking using secateurs; T5, the controlled
experiment. The treatments were completely randomised in
four replicates. Each treatment had 50 seeds of equal size,
weight, and length making a total of 1000 seeds that were used
for the whole treatment.

Seeds were sown on 30 March 2013 in 10 cm black poly-
thene tubes filled with soil collected from natural woodland
(Brachystegia stand). The soil from natural woodland was
used because it is free from Acacia polyacantha seeds. One
seed was sown per tube at a depth of 2 cm, as recommended
by Abideen et al. [11]. Regular watering was done as per
requirement to maintain adequate moisture necessary for
germination and seedling growth.

2.3. Data Collection and Analysis. Germination was recorded
daily for 4 weeks until the cease of emerging germinated
seeds. The seed was considered germinated by a visible
protrusion of split seed coat with the cotyledons, hypocotyls,
and epicotyl on the surface of the soil. Daily germination per-
centages were summed up to obtain cumulative germination
for each treatment. After the completion of seed germination
experiment, the growth performance of the seedlings was
monitored for six months to assess the seed pretreatment
effect on growth. All the seedlings were measured for total
shoot height, root collar diameter, and number of leaves
once a month. Survival of the seedlings was also assessed
at the same interval. Total shoot height was measured by
using a 30 cm ruler and collar diameter by using a micro-
calliper to the nearest 0.0lmm. The measurements were
taken just below the cotyledons. The number of seedlings
that survived was also counted in each and every treatment
unit.

Germination percentage was calculated by dividing the
total number of seeds that germinated in each treatment
by the number of seeds sown (excluding dead seeds) and
multiplied by 100. Survival percentage of seedlings that
survived also was calculated based on the seed germinated
[12]. Data on germination percentage, seedling height, root
collar diameter, number of leaves, and survival percent-
age were subjected to Kolmogorov-Smirnov D and normal
probability plot tests using Statistical Analysis of Systems
software version 9.1.3 [13]. This was done in order to check
the normality of the data. After that the data was sub-
jected to analysis of variance (ANOVA) using the same
software. Differences between treatment means were detected
using Fischer’s least significant difference (LSD) at the 0.05
level.
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TaBLE 1: Summary of different presowing treatments methods effects on germination percentage, shoot height, root collar diameter, number
of leaves, and survival percentage with standard errors in parenthesis of Acacia polyacantha at nursery stages.

Germination (%) Height (cm) Root collar diameter (mm) Number of leaves Survival (%)
Treatment
Tl 51.5 (1.48)¢ 13.25 (0.53)° 2.00 (0.02)° 3.97 (0.06)° 53.6 (1.41)°
T2 76.2 (2.08)° 15.04 (0.99)° 2.25 (0.03)° 4.32(0.09)° 78.8 (1.64)°
T3 74.8 (1.96)° 14.56 (0.97)° 2.1 (0.01)° 417 (0.07)° 75.9 (1.55)°
T4 100.0 (0.00)° 18.74 (1.01)°* 3.36 (0.02) 5.23 (0.05)° 974 (1.86)°
T5 42.4 (2.36)° 12.93 (0.68)° 1.99 (0.02)° 3.95 (0.08)° 443 (2.08)°
LSD 9.1 0.27 0.14 0.09 73
CV% 6.2 6.5 5.9 6.1 6.5

Note: means with different subscript within a column significantly differ (P < 0.001).
T1: immersion in cold water at room temperature for 24 hours, T2: immersion in hot water (100°C) for 5 minutes, T3: immersion in concentrated sulfuric acid
(0.3 M H,S0,) for 20 minutes, T4: scarification by mechanically nicking using secateurs, and T5: control.

3. Results

Summary results for germination percentage, height, root
collar diameter, number of leaves growths, and survival per-
centage of Acacia polyacantha at nursery stage are presented
in Table 1. The results indicate that there was a significant
(P < 0.001) difference between nicking and the other
pretreatments methods for all the parameters studied with
nicking producing the highest value. Immersion in hot water
was the second most effective method to enhance germi-
nation and growth of seedlings. There were no significant
(P > 0.05) differences between immersion in hot water
and immersion in sulfuric acid and between immersion in
cold water and control, respectively, for all the parameters
studied. However, immersion in water was more superior to
immersion in sulfuric acid while immersion in cold water was
more superior to the control.

When germination was observed over time, nicking had
the highest rate of germination starting from week one. Hot
water treatments increased the rate of germination rapidly
between the first and second week after which it remained
constant. The control had the lowest rate of germination
(Figure 1).

The height, root collar diameter, and number of leaves
growths of Acacia polyacantha for the period of six months
for different pretreatments methods are presented in Figures
2, 3, and 4, respectively. The height, root collar diameter,
and number of leaves growths of Acacia polyacantha were
significantly (P < 0.001) higher in nicking followed by
immersion in hot water. Nicking gave the highest seedling
height growth which increased rapidly between May and July
and then increased at the decreasing rate between July and
October. Immersion in hot water showed the second height
growth which increased at an increasing rate between May
and July and then increased at the decreasing rate between
July and September and remained stable between September
and October. A similar trend was also observed for root collar
diameter and number of leaves growths.

4. Discussion

The present study indicates that nicking produced the highest
performance for all the parameters studied (germination
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FIGURE 1: Effect of pretreatments methods on the germination of
Acacia polyacantha. T1: immersion in cold water at room tempera-
ture for 24 hours, T2: immersion in hot water (100°C) for 5 minutes,
T3: immersion in concentrated sulfuric acid (0.3 M H,SO,) for 20
minutes, T4: scarification by mechanically nicking using secateurs,
and T5: control.

percentage, seedling height, root collar diameter, number of
leaves growths, and survival percentage) compared to the
other pretreatment methods followed by the immersion in
hot water (100°C) for 5 minutes. Immersions in concentrated
sulfuric acid (0.3 M H,SO,) for 20 minutes come third while
immersion in cold water at room temperature for 24 hours
was fourth. The least among the pretreatment methods was
the control. High germination, seedling growth, and survival
for seeds that were nicked suggest that this is the best method
to be applied before planting seeds of Acacia polyacantha.
According to Azad et al. [14, 15] and Mwase and Mvula [16],
nicking is known to break physical dormancy of seeds with
hard coats which inhibit water uptake and gaseous exchange.
The results are in agreement with those reported by [5, 10, 16,
17]. Earlier germination of nicked seeds (Figure 1) is a result
of cracks or cuts made on the seed which makes it easier for
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FIGURE 2: Effect of pretreatments methods on the growth height
of Acacia polyacantha seedlings. T1: immersion in cold water at
room temperature for 24 hours, T2: immersion in hot water (100°C)
for 5 minutes, T3: immersion in concentrated sulfuric acid (0.3 M
H,SO,) for 20 minutes, T4: scarification by mechanically nicking
using secateurs, and T5: control.
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FIGURE 3: Effect of pretreatments methods on the root collar
diameter growth of Acacia polyacantha seedlings. T1: immersion in
cold water at room temperature for 24 hours, T2: immersion in hot
water (100°C) for 5 minutes, T3: immersion in concentrated sulfuric
acid (0.3 M H,SO,) for 20 minutes, T4: scarification by mechanically
nicking using secateurs, and T5: control.

entry of water and exchange of gases resulting in enzymatic
hydrolysis and thus transforming the embryo into a seedling
(16, 18-20].

In case of growth, seedlings from nicked seeds showed
better growth than other treatments. Fast growth of seedlings
from nicked seeds (Figures 2 to 4) occurred because seedlings
originated from nicked seeds had an advantage of absorbing
much water and started the photosynthesis process much
faster than others. The results are in conformity with other
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FIGURE 4: Effect of pretreatments methods on the number of leaves
growths of Acacia polyacantha seedlings. T1: immersion in cold
water at room temperature for 24 hours, T2: immersion in hot water
(100°C) for 5 minutes, T3: immersion in concentrated sulfuric acid
(0.3M H,SO,) for 20 minutes, T4: scarification by mechanically
nicking using secateurs, and T5: control.

researchers [1, 2, 15]. According to Tian et al. [21] seed
germination is the most crucial stage that affects earlier
seedling growth and establishment.

Seedling mortality in the nursery was largely attributed
to the occurrence of shoot dieback (dying back to about 3 cm
below the ground). Low mortality in seedlings developed
from nicked seed could be due to its ability to develop a new
shoot after dying back by drawing from the large amount of
energy reserves contained in the tap root because of its early
development and establishment. Munthali [22] reported that
there is a positive correlation between shoot dieback and the
sizes of the shoot and root in Pterocarpus angolensis seedlings.
The present results are in line with [23] which reported that
survival of a Pterocarpus angolensis seedling is dependent
on the amount of the reserves at the time of regrowth, such
that those with greater amount of food reserves were able to
regenerate a new shoot.

Hot water treatment was the second best pretreatment
seed method for the parameters studied. According to Mwase
and Mvula [16] soaking in boiled water makes the seed coats
permeable to water the seeds imbibe and swell as the water
cools. Most studies reported that immersion in hot water was
the best method for breaking the dormancy of hard coat seeds
(14, 15, 24, 25]. However, Alamgir and Hossain [19] found
the highest germination and seedling growth success in nail
clipping followed by hot water treatment. The differences may
be due to the difference of temperature and the boiling time
and also may be due to the variation of seed coat thickness
[15].

There was no significant (P > 0.05) difference between
immersion in hot water treatment and immersion in con-
centrated sulfuric acid, although immersion in hot water
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produced the highest performance for all the vegetative char-
acteristics studied. The effect of sulfuric acid on promotion
of seed germination, seedling growth, and survival at nursery
stage might be due to the highly desiccant effect of the acid on
the seed coat thereby allowing easier water uptake and oxygen
diffusion [18]. The results are in contrast to those obtained
by [18, 26-29]. Olatunji et al. [18] reported higher seed
germination, seedling growth, and survival in immersion in
concentrated sulfuric acid treatment than other treatments
for different seed species. The differences may arise due to
the concentration of the acid and the time of exposure for
the seeds to the acid, since seeds exposed for a long time get
damaged easily [30, 31].

Immersion in cold water was less effective and there
was no significant difference between the treatments of
immersion in cold water and the control. The reason behind
this is that the outer coat of the seeds were equally thinned
[15].

5. Conclusion

The results showed that seedlings raised from nicked seeds
had the best germination, vegetative characteristics growth,
and survival on the seedlings of Acacia polyacantha. Suc-
cess of seedlings production depends on the germination
capacity from damping off, survivorship, and increase in size.
Therefore, using nicking as a pretreatment method of Acacia
polyacantha seeds in order to get higher and quicker early
seedling growth and survival at nursery stage is suggested.
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