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Abstract

[ |
Acacia auriculiformis Cunn. Ex. Benth is a multipurpose wattle tree with diverse environmental and

ecological significance. However, seeds dormancy and low germination percentage are problems for its
use in agro-forestry practices. Investigations were carried out on the effect of pre - treatment on the
germination and early seedlings growth of A. auriculiformis. Germination were observed in seeds pre-
treated with sulphuric acid at 7days after sowing (DAS) while seeds under the nitric acid and control
treatment germinated at 8 and 9 DAS respectively. Results, shown that pre - sowing treatments have

positive influence on seed germination; seeds treated with Conc. H2SO4 for 5 to 10 min had the highest
percentage germination of 92 - 96% compared with 42% for the control treatment. The effect of different
pre-treatment test, their interaction and time of exposure significantly (P < 0.05) influenced seedlings
growth parameters. The highest mean shoot length and stem diameter values of 5.92 cm and 0.29 mm
respectively were recorded among seedlings that originated from seeds pre - treated with sulphuric acid
for 5 and 10 min. Hence, dormancy in A. auriculiformis seeds can be removed by pre - treatment with

sulphuric acid (5 and10 min) with enhanced percentage germination and growth performances.
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INTRODUCTION

New initiatives in agro forestry are seeking to promote
poverty alleviation and environmental rehabilitation in
developing countries through the integration of
indigenous trees whose products have been gathered
from natural forests into tropical farming system (Hossner
and Juo, 1999). Leakey and Simons (2004) showed that
one important component of this approach is the
domestication of the local tree species that have
commercial potentials in local, regional or even
international markets.

With rapid population growth, these forest resources
are being depleted owing to the increasing demand for
forest products (Kayode, 2006). Chandel and Shulka
(2002) also reported that the unprecedented demand for

productive land for agriculture use has reduced plant
species availability. Deforestation reduces species

diversity and erodes the genetic base of the tropical
trees, including those vital for the survival of the present
generation. In addition, Leakey (1998) suggested that
deforestation may leads to disruption of the closed
nutrient recycle and severe degradation of natural
resources base of the environment.

Leakey (1998) noted that agro-forestry is a more
sustainable form of land use that holds a greater potential of
improving farm productivity through enhanced soil fertility. In
recent years, there had been a growing interest in optimizing
the value and role of high value indigenous species in tree
based cropping system of West and Central Africa
(Tchoundjeu et al, 1999). The develop-ment of alley
cropping system came as a response to the need to
manage soils with poor fertility, thus food crops are grown in
the alleys formed by hedgerows of planted trees and shrubs
preferably legumes. Acacia auriculiformis
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with its agro forestry potentials fits into this role.

A. auriculiformis A. Cunn ex. Benth (family - Fabaceae)
is a leguminous and multipurpose tree which is found in
many tropical zones of Southeast Asia, Africa and Latin
America (Das and Alam, 2001; Simons and Leakey,
2004). This plant species grows very fast, with the ability
to fix nitrogen, thrive on infertile, acid, alkaline, saline and
waterlogged soils (Hossain et al., 1997). Successful use
of A. auriculiformis in agro-forestry programme in Africa
and Bangladesh has been reported owing to its rapid
growth, short rotation and ability to thrive on degradable
soil (Amin et al., 1995). A. auriculiformis is a potential
plant for erosion control, water conservation and also a
source of biomass for fuel generation (Hossain et al.,
2009). Domestication of this species and its subsequent
integration into the agro ecosystem requires the mass
production of its seedlings. Seed dormancy with its
attendant poor, slow and difficult germination hampers
agro-forestry and afforestation efforts (Zabala, 1991).

This challenge of seed coat imposed dormancy has
also being demonstrated by other members of the Acacia
generic name; Acacia tortilis (Forsk), Acacia Seyal (Del)
and Acacia nilotica (L) (Msanga, 1998; Albrecht, 1993).
However, the principal methods used for breaking of seed
dormancy in Acacia species has been the use of hot
water and mechanical scarification (nicking) (Cervan-tes
et al., 1996; Tadros et al., 2011). Acid scarification is
another method of physical scarification which has been
found valuable in the breaking of seed dormancy during
plantation establishment (Azadet et al., 2006a; Goncal-
ves et al., 2011; Pipinis et al., 2011). In other words, the
use of acid scarification and exposure time in breaking
seed dormancy in A. auriculiformis is poorly documented.
Hence, this study is conducted to determine the best pre-
sowing treatment and time of exposure that can enhance
the percentage germination and seedling growth at
nursery stages under agro-forestry programme.

MATERIALS AND METHODS
Plant materials

Mature seeds of the multipurpose tropical wattle A. auriculformis
were collected from Forestry Research Institute of Nigeria (FRIN),
Umudike (Lat. 5° 30/ N and Long. 5° 32/ E) Abia State, Nigeria and
transported to the department of Plant Science Biotechnology’s
Laboratory, Adekunle Ajasin University, Akungba (Lat. 7° 28/ N and
Long. 5° 27 E) Ondo State, Nigeria.

Seed treatments

There were 11 treatments; Control (To), hot water for 12 h (Ta),
Conc. sulphuric acid (H2S0a4) for 2 min (Tz2), Conc. H2SOa4 for 5 min
(Ts), Conc. H2S0a for 10 min (T4), Conc. nitric acid (HNOs3) for 2 min
(Ts), Conc. HNOs for 5 min (Ts), Conc. HNOs for 10 min (T7), Conc.
sodium hypochlorite (NaClO) for 2 min (Ts), Conc. NaCIlO for 5 min
(T9). and Conc. NaCIlO for 10 min (T10). Each treatment has one
hundred in five seed replicates (5x20), making a total of 1,100
(11x5x20) seeds that were used for the whole treatment combina-

tions. The seeds under chemical scarification and hot water
treatments were gently stirred periodically and after the pre treat-
ment durations, seeds were washed thoroughly under running tap
water to remove acid residual and other chemicals. The pre-
treated seeds were air- dried for 24 h before sowing. Sterilized river
sand was used as the sowing media for the pre-treated seeds. One
seed per treatment was sown at a depth of 0.5 1 cm in a small well
labelled germination trays and they were watered manually once a
day.

Germination percentages estimation

Germination study was observed for 6 weeks and the number of
seeds germinated in each treatment was recorded in every
alternate day. Germination was observed in the seeds when the
first leaf emerges as well as the radicle. At the end of the
germination period, the germination percentage and germination
rate (Maguire, 1962) was calculated using the following equations:

Number of seeds germinated

Germination percentage = x 100

Number of seeds on tray

Growth parameters

After the completion of the germination experiment, a total of 35
single plant replicates from each of the 11 pre- treatment test were
transplanted into poly pots containing top soil. Growth parameters
such shoot length, collar diameter and number of leaves were
assessed fortnightly after two weeks of transplanting for 4 four
months. Total shoot length was measured by using ruler (taken
from the apical bud of the plant to the base of the shoot) and stem
diameter by using electronic digital caliper (6"/150 mm, accuracy +
0.02 mm, LR44, 2006/66/EC)

Statistical analysis

The data obtained for seed germination percentage were
statistically analysed using the analysis of variance (ANOVA)
procedure of SAS 9.2 software package and the means of the
shoot length, collar diameter and number of leaves were tested
using Duncan Multiple Range Test (DMRT).

RESULTS
Seed germination

Germination were observed in seeds pre - treated with
sulphuric acid (2-10 min) and NaCIO for 10 min at 7 days
after sowing (DAS) while seeds under the nitric acid
treatment (2-10 min) and NaClO for 5 min sprouted at 8
DAS. Seeds treated with NaCIO for 2 min were the last
batch to germinate at 10 DAS. Percentage germination
were highest among seeds treated with sulphuric acid
with values of 96, 92 and 79% obtained for seeds under
10, 5 and 2 min respectively. However, the percentage
germination of seeds treated with; nitric acid, sodium

hypochlorite (2, 5 and 10 min), hot H20 for 12 h and the
Control were below 56 (Figures 1 and 2).
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Figure 1. Showing the effect of different pre — treatment test on the germination of
A. auriculformis over a period of twelve (12) days after sowing (DAS). Control (To),
hot water for 12 h (Tz1), conc. sulphuric acid (H2SOa4) for 2 min (T2), conc. H2SOa4 for
5 min (T3), conc. H2SO4 for 10 min (T4), conc. nitric acid (HNO3) for 2 min (Ts), conc
HNOs for 5 min (Ts), conc. HNOs for 10 min (T7), conc. sodium hypochlorite
(NaClO) for 2 min (Ts), conc. NaCIlO for 5 min (Te) and conc. NaCIlO for 10 min
(T10).
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Figure 2. Depicting the effect of pre - sowing treatments on the percentage
germination of A. auriculformis over a period of six (6) weeks. Control (To),
hot water for 12 hr (T1), conc. sulphuric acid (H2SOa) for 2 min (T2), conc.
H2S04 for 5 min. (Ts), conc. H2SO4 for 10 min (T4), conc. nitric acid (HNOs3)
for 2 min (Ts), conc. HNOs for 5 min (Ts), conc. HNOs for 10 min (T7), conc.
sodium hypochlorite (NaClO) for 2 min (Ts), conc. NaCIO for 5 min (Te) and
conc. NaClO for 10 min (T1o).

Seedlings growth performance period significantly (p < 0.05) influenced the mean shoot
length values of A. auriculformis (Table 1). The highest
Shoot length mean length value of 5.92 cm was recorded among seed-

lings that was produced from seeds treated with sulphuric
The effect of different pre — treatment test and exposure acid for 5 min, followed by seedlings that originated from



Table 1. Showing summary of analysis of variance of the effects of different pre — treatment test on shoot length and stem
diameter growth and number of leaves of A. auriculiformis at nursery stages.

Height Collar diameter Number of leave
SV DF SS MS F.V SS MS F.V SS MS F.V
Treatment 10 143.40 14.34 13.87* 0.35 0.03 14.20* 130.82 13.08 3.72%
Error 979 1012.43 1.03 2.46 0.00 3439.72 3.51
Total 989 1155.83 2.83 3570.5

Values with * are significantly different at p < 0.05. SV, source of variation; DF, degree of freedom; SS, sum of squares; MS, mean
square; FV, F value.

Table 2. Summary of different pre-sowing treatment effects on shoot length, stem diameter growth and
number of leaves of A. auriculiformis.

Treatment Height (cm) Stem diameter (mm) Number of leaves
To 552" 027" 3.69°
Ti 5.08%¢ 0.25" 3.97°
T 552" 0.27% 3.77%°
Ts 5.92% 0.29% 423"
Ta 5.78%° 0.28%° 3.97°%
Ts 5.44° 027" 3.88%°
Ts 4.88°%" 0.25° 4.54%°
T 461" 0.23° 4.95%
Ts 5.06° 0.25" 4.54%°
To 5.38°¢ 0.26° 437%¢
Tio 4.88° 0.25" 4.24°°

Means in a column with similar letters are not significantly different at 5% level of probability according to Duncan

Multiple Range Test.

seeds under HySO4 for 10 min (5.78 cm), while the
lowest mean height value of 4.61 cm were obtained from
seedlings that evolved from seeds pre — treatment with
sodium hypochlorite for 2 min. The average shoot length

values of seedlings that had their seeds soaked in H2SO4
for 5 and 10 min were not significantly different from each
other but differ significantly from other treatments (Table
2).

Stem diameter

Seedling stem diameter was significantly (p < 0.05)
influenced by different pre — sowing treatments and
exposure time (Table 1). Seedlings originated from seeds
soaked with sulphuric acid (5 min) had the highest mean
stem diameter value of 0.29 mm, followed by 0.28 mm

(H2SO4 for 10 min), while the lowest mean stem diameter
value of 0.23 mm was obtained among seedlings under
nitric acid treatment (10 min). The mean stem diameter
values of seedlings obtained from seeds pre — treated
with sulphuric acid (5 and 10 min) were not significantly

different from each other. However, they were
significantly different from other treatments (Table 2).

Number of leaves

Pre - treatment and exposure time significantly (p < 0.05)
influenced the mean number of leaves values of A.
auriculformis (Table 1). Mean number of leaves were
highest (4. 95) in seedlings that originated from seeds
under nitric acid (10 min), followed by seedlings raised
from seeds soaked in sodium hypochlorite pre -
treatment test for 2 min (4.54) while the least mean
number of leaves value (3.69) was obtained in seedlings
under the control treatment. Hence, the mean number of
seedling that had their seeds pre — treated with nitric acid
for 4 min was significantly different from other pre -
sowing treatments (Table 2).

DISCUSSION

Different approaches of breaking seed dormancy, in order



to enhance germination rate and to increase germination
process were argued by many authors (Yadav, 1992;
Alamgir and Hossain, 2005a, b; Airi et al., 2009; Azad et
al., 2010a; b). Among the methods used in breaking seed
dormancy include physical scarification of seed coat by
nicking; filling with needles, knife and or abrasion paper
(Schmidt, 2000). In addition, methods such as acid
treatment (Kobmoo and Hellum, 1984; Pipinis et al.,
2011) or hot water treatment (Schmidt, 2000) can be
used to overcome physical seed dormancy. Hossain et al.
(2005) reported that seeds with hard, solid, impermeable
seed coat were noted to establish germina-tion after pre-
sowing treatments However, breaking of seed dormancy
varies from species to species. There-fore, it is very
important to determine which method and condition is
suitable for each plant species.

In this study, A. auriculiformis seeds treated with
concentrated sulphuric acid treatment produced the
highest percentage germination among the acid pre —
treatment test. Seeds that were soaked in H,SO4 for 10
min recorded the best germination percentage of 96%,

followed by those seeds treated with HoSO4 for 5 min
(92%) and the least among the sulphuric treatment was
76% (2 min) even as seeds under the control treatment
had 42%. The considerable germination percentage with
concentrated sulphuric acid scarification occurred as a
result of the ability of the acid to degrade the seed coat of
A. auriculiformis thereby re-activating the physiological
and biochemical activities needed for seed germination.
This result was in agreement with the report of Moham-
mad and Amusa (2003) on the superiority of sulphuric
treatment compared with other tested treatments on
germination of tamarind seeds. Similarly, Pipinis et al.
(2011) noted that sulphuric acid treatment proved more
effective than nitric acid and alcohol in breaking dorman-
cy. The increased exposure regime of A. auriculiformis
seeds to sulphuric acid treatment considerably increased
the germination rate from 42% (control) to 96% (H2SO4
for 10 min). This enhanced seed germination with increa-
sing treatment time was also reported by Awodola

(1994), Aduradola and Shinkafi (2003) for Parkia
biglobosa (Jacq) Don. and Tamarindus Indica Linn. In
addition, this is also similar to the report by Duguma et al.
(1988) that germination percentage increa-sed with
longer treatment time of acid treatment in Leucaena
leucoephala seeds apart from the better germination of A.
auriculiformis seeds with acid scarification, other plant
species such as Calligonum benghalensis aerial seeds
(Kim et al., 1990) and Pushina trachea had experienced
significant germination with sulphuric acid treatment
(Meyer and Poljakoff-Mayer, 1982). Consequently, Ren
and Tao (2004) reported that conc. sulphuric acid
treatment recorded superior germi-nation rate in
Calligonum species compared to cold scarification

treatment. The effect of HoSO4 on promotion of seed

germination might be due to the highly desiccant effect of
the acid on the seed coat there by allowing

easier water uptake and oxygen diffusion.

From the results, it is evident that seedlings raised from
seeds soaked in sulphuric acid with increasing exposure
regime from 2 to 10 min had the best vegetative characters
(shoot length, stem diameter) which concurred with the
result of El-Juhany et al. (2009) on the seedlings of
Juniperus procera. Success of seedlings production
depends on germination capacity from damping off,
survivorship and increase in size. Therefore, dormancy in A.
auriculiformis seeds can be removed by pre — treat-ment
with sulphuric acid (5 and10 min) with enhanced percentage
germination and growth performances.
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