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Seed dormancy and seed-borne fungi are main constraints to the
domestication of edible non-timber forest products such as Tetrapleura
tetraptera. This study aimed to evaluate the effect of thermal and mechanical
scarification on seed dormancy and the efficacy of four plant aqueous extracts
(Cymbopogon citratus, Callistemom viminalis, Tephrosia vogelii, Eucalyptus
saligna) against seed-borne diseases and seedlings vigour of T. tetraptera.
Treatments consisted of soaking the seeds in water at 70°C for 2 and 4 hours;
and seed scarification with abrasive paper at 1 mm and 2 mm depths. The
biological activity of plant extracts was evaluated both in vitro (by the
dispersion method on agar medium) and in vivo at 0.25, 0.50 and 0.75 mg/ml.
Momtaz (Imidacloprid 250 g/kg + Thiram 200 g/kg) was used as a positive
control. Dormancy was lifted by scarification at 2 mm depth; this treatment
had the highest germination percentage (92.33%) and the lowest infection rate
(20.67%). The more frequent seed-borne fungi isolated belong to Aspergillus
spp. (18.43-21.78%). The pathogenicity test was positive with Alternaria
alternata, A. fumigatus and Cercospora sp. T. vogelii extract totally inhibited
the growth of the pathogenic fungi at all the concentrations tested. Seeds
infection with C. viminalis (5.33%) and T. vogelii (4.12%) extracts at 1 mg/mL
were significantly similar to Momtaz (3.33%). The extract of C. viminalis had
the highest vigour index (674.42) at 0.75 mg/ml. Mechanical scarification using
abrasive paper and seeds treatment with plant extracts of T. vogelii could be
used in the domestication process of the species.
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INTRODUCTION

Forests provide essential goods and services for food,
health, and income for 1.2 billion people worldwide
(Betti et al. 2016). Among these resources, edible non-
timber forest products (ENTFP) occupy a prominent
place correlated with their food, socio-economic, and
cultural values, which are very decisive for raising the
standard of living of the populations (Manfo, 2018).
NTFPs constitute a reserve or safety net, a source of
subsistence and income in the event of crop losses,
shortages, unemployment, or other emergencies or
difficulties resulting from disasters or calamities
(Muyambo et al. 2017). However, production,
conservation, and processing techniques are still
rudimentary, and parasitic attacks are significant on
ENTFP (Awono et al. 2016). These attacks cause many
losses in the production and conservation of ENTFP
and considerably reduce the contribution of the
ENTFP sector in the fight against food insecurity.
Among the ENTFP of tropical Africa, Tetrapleura
tetraptera is a perennial Mimosaceae tree that
reaches 35 to 50 cm in diameter at maturity and bears
buttresses at the base (Eyog et al. 2006). Its fruits have
four protruding dark green sides when they are
formed and become dark brown and shiny when ripe.
The ripe fruits of T. tetraptera are dried and used as
spice condiments, as well as for their medicinal
properties in the treatment of digestive diseases,
cysts, myomas, and obesity (OAU/STRC, 1996). The
result of a study conducted by the Tropenbos
Cameroon program in 2017 in southern Cameroon
reveals that a cut pile of T. tetraptera costs between
FCFA 50 and 200 (USD 0.08 to 0.33) and that a pod is
sold between FCFA 150 and 300 (USD 0.25 to 0.50) per
unit (Walter, 2001). This spice is also exported and
sold in the European markets (Sunderland, 2000). In
2000, the United Kingdom imported 20 tonnes from
Nigeria, Ghana, and Cameroon (Tabuna, 2000).
Despite this socio-economic importance, the
production of T. tetraptera faces several difficulties
including difficult seed germination and high seed
infection of seed-associated fungi (Ndoye et al. 2000).
In fact, because of the rigidity of the pod and the seed
coat, and because of the un-permeability of the seed
to water, it remains in a state of dormancy. This makes
the natural germination of T. tetraptera almost
impossible without the disseminator action of
elephants or people (Alexandre, 1978). To overcome
this constraint, various techniques have been applied
to T. tetraptera seeds to lift the dormancy. Wakaya
and Akinyele (2016) used 98% concentrated sulfuric

acid, lime juice, overnight soaking, and hot water to
stimulate T. tetraptera germination and found that
dormancy can be broken by sulfuric acid. However,
this technique has proven difficult to apply, and not
accessible  to  low-income  producers. The
establishment of techniques within the reach of
producers and easily applicable is, therefore,
necessary to efficiently germinate the seed of T.
tetraptera. To manage these fungal diseases of seeds
(damping off, seed rot, fusarium, etc.) whose
pathogens are mostly telluric (Rhizoctonia,
Cercospora, Aspergillus, Colletotrichum, Fusarium,
etc.), several synthetic fungicides are recommended.
Unfortunately, their judicious use in accordance with
the prescriptions of use is rather rare because the
local nursery workers are inexperienced and
untrained in the management of pesticides. The
sometimes anarchic use of synthetic pesticides
presents risks of environmental pollution,
development of resistance to pathogens and
intoxication for the user (Lulia et al. 2012; Kausik and
Sayan, 2015). For these reasons, research in the field
of plant protection is increasingly oriented towards
the development of alternatives to chemical control
by resorting to the use of non-toxic substances of
natural origin (Murray, 2000; CABI, 2011). Hence, this
study was carried out to evaluate the effect of thermal
and mechanical scarification on seed dormancy and
the effectiveness of four plant extracts against seed
pathologies and seedling vigour of T. tetraptera.

MATERIAL AND METHODS

Collection and Conservation of Plant Material

The fruits of T. tetraptera were picked under five trees
about 20 years old in the locality of Kekem, in the West
region of Cameroon. These fruits were dried at room
temperature in the laboratory for two months before
the test. Using a hammer, the fruits were carefully
broken to obtain the seeds which were stored in
sterilized and hermetically sealed glass boxes. The
leaves of the plants used for the preparation of the
extracts, namely Eucalyptus saligna, Tephrosia vogelii,
Callistemon viminalis and Cymbopogom citratus, were
harvested from 6 - 8 a.m. at the Application and
Research Farm of the Faculty of Agronomy and
Agricultural Sciences (FASA) of the main campus of the
University of Dschang in the West region of
Cameroon.

Scarification of Tetrapleura tetraptera Seeds
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The seeds were disinfected in a 2% hypochlorite
solution for 3 min, then rinsed 3 times with distilled
water for 5, 10 and 15 minutes respectively to remove
traces of the disinfectant. The disinfected seeds were
then scarified either by heat infusion of the seeds in
water at 70°C for 2 hours or for 4 hours; either
mechanically with abrasive paper by rubbing the
proximal part of the seed (hilum) to a depth of 1 mm
or 2 mm. The control batches consisted of seeds that
had received no treatment. The scarified seeds were
then placed in 15 cm-diameter glass Petri dishes
previously lined with three layers of blotting paper
soaked in water and then incubated at 22 + 1°C under
a 12 h of light and 12 h of darkness photoperiod, and
watered every other day. There were 100 seeds per
treatment and each treatment was repeated 3 times.
The date of first germination, germination rate and
seed infection rate were assessed daily. The
Germination (G) was calculated as follows: G = g x 100
/N, where g = number of seeds germinated and N =
total number of seeds sowing (Djeugap et al., 2014).
The infection rate (IR) reflects the susceptibility of
seeds to fungal infections during the germination
period: IR = i x 100 /N with i = number of seeds
infected and N = total number of seeds sowing. The
germination rate (GR) was calculated through the
relationship GR =3n /5 (n x DAS) with n = number of
seeds germinated on day d and DAS = the number of
days after sowing.

Isolation and Identification of Seed-borne Fungi of
Tetrapleura tetraptera

The medium used for the culture of fungi was potato
dextrose agar (PDA) supplemented with 1 g/L of
chloramphenicol and sterilized at 121 °C for 15 min.
Tetrapleura tetraptera seeds, whether symptomatic
or not, were disinfected in a 3% hypochlorite solution
for 2 min and then rinsed with sterile distilled water
(Djeugap et al. 2015). Ten disinfected seeds were
aseptically deposited in 90 mm Petri dishes containing
20 ml of PDA medium and placed in an incubator at
22°C. The fungal colonies visible around the
inoculated seeds observed 5 days after inoculation,
were then purified on the PDA medium (Djeugap et al.
2017). The isolation frequency (IF) of each fungus was
calculated using the following formula: IF = (NF/NT) x
100 where NF represents the total number of samples
from which a particular fungus was isolated and NT,
the total number of samples from which the isolations
were made (Igbal and Saeed, 2012). The identification
was made on the basis of the morphological

characteristics of the purified fungi (mycelium and
fructification) as observed under the microscope using
the identification keys of Mycology (Champion, 1997).

Pathogenicity Test

For each 10-day-old isolated fungus, a spore
suspension was prepared for inoculation by adding 10
ml of sterilized distilled water to the Petri dishes
containing the PDA culture medium, and then gently
rubbing with a thin brush. A drop of Tween 80 was
added to homogenize the spores in the suspension,
then the suspension was filtered using a filter cloth
(mesh diameter < 1mm) to remove the mycelial
fragments (Imathiu et al. 2014). Finally, 10ul of each
suspension was deposited on a hemacymeter (Thoma
cell) and mounted on a microscope to count the
number of spores and subsequently determine the
concentration of the suspension through the formula
of Mathur and Kongsda (2003): (Number of spores x
volume of spore suspension in mL)/Counting area in
mm? x depth of counting area in mm)/1000. This
number of spores was calibrated at 2.4 x 105
spores/ml for all the fungal species used for the
pathogenicity test. The seeds disinfected as indicated
above (Djeugap et al. 2015) were placed in Petri dishes
containing 3 layers of sterilized blotting paper and
moistened with sterile distilled water at the rate of
100 seeds per box. Then, a 10 ml spore suspension of
each fungus was sprinkled on these seeds and the
dishes were finally sealed with parafilm and incubated
at room temperature (22+1°C). Each treatment was
repeated 3 times and the seed infection rate was
determined.

Preparation of Plant Extracts

Fresh leaves harvested from the plants were washed
with tap water to remove microorganisms and dust,
and then dried in the shade for two weeks. The dried
leaves were ground to obtain a fine powder. To obtain
aqueous extracts, 100 g of the plant powder was
macerated with 500 ml of sterile distilled water for the
aqueous extract, for 24h with two shaking, in the dark.
The mixture was filtered using muslin, cotton, and
Whatman No 4 paper and the filtrate constituted the
crude plant extract (Falleh et al. 2008).

Evaluation of the Antifungal Potential of the Plant
Extracts

The evaluation of the in vitro activity of the extracts
was carried out following the dispersion method on
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agar medium (PDA) at concentrations of 2.5, 5.0 and
7.5 mg/ml on the three fungi which were positive in
the pathogenesis test namely: Alternaria alternate,
Aspergillus fumigatus and Cercospora sp. Sterilized
distilled water and the synthetic fungicide Momtaz
(Imidacloprid 250 g/kg + Thiram 200 g/kg) served as a
negative and positive control, respectively. The radial
growth (RG) of the pathogen was evaluated by the
formula: RG= (d1+d2- 2d0) / 2 by measuring the
growth diameters every day from two orthogonal
lines drawn on the back of the boxes and crossing at
the level from the point of deposition of the explant.
In this formula, dO is the diameter of the explant, d1
and d2 are the two measured orthogonal diameters of
the culture. The percentages of inhibition (%) were
determined by the relationship %l = 100 (Dc - Df) / Dc
where Dcis the growth diameter of the control and Df
is the growth diameter of the fungal colony on
medium supplemented with extracts (Yaouba et al.
2017).

Evaluation of the Efficacy of Plant Extracts on Seed
Germination and Infection, and Vigour Index of
Seedlings of Tetrapleura tetraptera

Seeds scarified and disinfected (200 seeds each were
considered per treatment) were soaked with 25 ml of
aqueous extracts at concentrations of 0.25, 0.5, 0.75
and 1.0 mg/ml. A volume of 25 ml of sterilized distilled
water and Momtaz fungicide mixture (Imidacloprid
250 g/kg + Thiram 200 g/kg) at 5 mg/kg respectively
served as negative (T-) and positive (T+) controls. After
soaking, the seeds were placed in an oven at 40°C for
15 min following the modified protocol of Djeugap
(2013) then inoculated in Petri dishes layered with
moist paper. The Petri dishes containing the seeds
were stored at room temperature with a 12 h of light
and 12 h of darkness photoperiod. Each treatment
was repeated 3 times. The daily observations carried
out focused on counting the number of germinated
seeds and the number of healthy seeds in order to
calculate the infection rate and the seed germination
rate. The seedling vigour index was obtained as
follows. Vigour Index = Germination Rate x (Root
length + Stem length) (Abdul-Baki and Anderson
1973).

Statistical Analysis

The analyses were carried out using the statistical
analysis software R version 3.5.1 at the 5% probability
threshold. Since the data did not follow the normal
distribution and the homogeneity of the variance was

not respected, the Kruskal-Wallis test was used for the
separation of the means.

RESULTS AND DISCUSSION

Effect of Scarification on Germination and Infection
of T. tetraptera seeds

Thermal and mechanical scarification significantly
increased the germination rates of T. tetraptera seeds
compared to the control where the germination rate
was zero (Table 1). The germination rate was
maximum with the mechanical scarification at 2 mm
depth (92.33%) followed by the mechanical
scarification treatment at 1 mm (81.52%), while
thermal scarification treatments for 2 hours and
thermal scarification for 4 hours showed very low with
germination rates of 1.27% and 0.67% respectively.
There was no significant difference between the
infection rates obtained from the different
treatments, but the seed infection rate was higher in
the heat scarification treatment boxes for 2 hours
(42.00%). The control boxes had no germinated seeds,
but a fairly high infection rate (28.67%). Figure 1
shows the germinated and infected seeds at 3 DAS
where visible mycelium of the pathogens is observed
on seeds. The different results between thermal and
mechanical scarification could be explained by the fact
that at 2 mm the embryo is already visible and
develops without braking due to the integument.
Nkongmeneck et al. (1996) showed that scarification
using a nail clipper could increase germination
capacity by 80 to 90% after three days. The dormancy
breaking methods used have been evidenced by other
studies, namely Pérez-Garcia & Gonzalez (2006) and
Rao et al. (2006) for mechanical scarification which
consists of using sandpaper; and Li et al. (1999) for
thermal scarification with hot water (80°C) which
made it possible to remove the waxy cuticle from the
seeds. Some authors highlighted the interest in
involving local populations in the domestication and in
situ and ex-situ conservation strategies of plant
species of interest (Harivel et al. 2006; Meunier et al.
2010).

Effect of Treatments on the Date of First Germination
and the Germination Rate

The first germination was observed in the thermal
scarification treatment boxes for 4 hours and in the
mechanical scarification treatment boxes at 2 mm
with a duration of 2.33 and 2.67 days respectively
(Table 2). These dates differed significantly from those
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obtained in the boxes with mechanical scarification
treatments at 1 mm and thermal scarification for 2
hours (4.91 and 4.67 respectively). The germination
speed was higher in the mechanical scarification
treatment boxes (19.85 and 14.10 respectively at 2
mm and 1 mm) unlike the speeds obtained in the
thermal scarification treatment boxes (0.10 and 0.27
respectively for 2h and 4h).

Table 1. Germination and infection rate of
Tetrapleura tetraptera seeds submitted to different
scarification techniques, 14 days after sowing.

Treatment Germination Infection rate
(%) (%)

Control 0.0+0.0¢ 28.67+1.98°

Thermal 0.67+0.58° 42.00+4.88°

scarification for

2h

Thermal 1.2340.63°¢ 27.67+2.81°

scarification for

4h

Mechanical 81.52+3.42° 23.81+4.84°¢

scarification at

1mm

Mechanical 92.33+4.73? 20.6745.86°¢

scarification at

2 mm

a,b,c Data are means t standard deviations. Means
with different superscript letters in the same column
are significantly different as per the Kruskal-Wallis test
at p=0.05.

Table 2. Effect of scarification on the germination
date and germination rate of de Tetrapleura
tetraptera seeds at 14 days after sowing.

Treatment Day of the | Germination
first rate
germination (seeds/day)

Control 0.0+00¢" 0.0+00¢

Thermal 4.67+£1.16° 0.10+0.10¢

scarification for 2h

Thermal 2.33+0.04° 0.27+0.14°¢

scarification for 4h

Mechanical 4.91+1.19° 14.10+2.19°

scarification at 1

mm

Mechanical 2.67+0.58° 19.85+1.592

scarification at 2

mm

*Data are means + standard deviations. Means with
different superscript letters in the same column are
significantly different as per the Kruskal-Wallis test at
p=0.05.

Seed-borne Fungi of Tetrapleura tetraptera Seeds
and their Pathogenicity

Seven species of seed-borne fungi were been
identified:  Rhizoctonia sp., Aspergillus niger,
Aspergillus flavus, Aspergilus fumigatus, Trichoderma
sp., Alternaria alternata, Cercospora sp. and
Pestalotiopsis sp. The more frequent species isolated
were: A. flavus (21.78%), A. niger (18.48%) and A.
fumigatus (16.31%); Pestalotiopsis sp had the lowest
isolation frequency (Figure 2). The pathogenicity test
was positive for A. alternata, A. fumigatus and
Cercospora sp. with infection rates of 45.75%, 32.25%
and 22.12%, respectively, 5 days after inoculation
(Table 3). The seed’s response to artificial inoculation
shows a rapid death of seed by these three seed-
borne pathogens within 5 days (Figure 3). The isolated
fungal species are well known as damaging species of
ENTFP seeds. Most of these species have already been
identified on Ricinodendron heudelotii and Garcinia
kola, two ENTFP of high socio-economic value in
Cameroon, as being responsible for the seed losses
(Dongmo et al. 2017). Also, Djeugap et al. (2017)
reported species like A. flavus and Cercospora sp. as
fungi responsible for post-harvest losses of Monodora
myristica. Most of these fungi are responsible for the
high post-harvest losses of some fruits (Onuorah and
Orji, 2015). Cercospora sp. was also isolated from
seeds of Persea americana with high occurrence
frequencies (Erute and Oyibo, 2008). The high
frequencies of certain species such as Aspergillus in
seeds of T. tetraptera could be explained by the fact
that they are extremely polyphagous and likely to live
on more diverse media than other species (Agrios,
2005). Poor storage conditions may also explain their
presence in T. tetraptera grains. Some of the fungi
inoculated on the grains of T. tetraptera developed
and others did not; they latter can be considered as
opportunists.

Bio-efficacy of Plant Extracts on the Inhibition
Percentage of Pathogenic Fungi of Tetrapleura
tetraptera seeds

The extract of C. viminalis at a concentration of 0.75
mg/mL significantly reduced the radial growth of A.
alternata and Cercospora sp. by 80.89% and 69.08%,
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respectively. The extract of C. citratus at the
concentration of 0.75 mg/ml was significantly reduced
by 60.25%, 41.77%, and 19.49% respectively, the
radial growth of A. alternata and Cercospora sp., and
A. fumigatus. The extract of Eucalyptus saligna totally
inhibited the growth of A. fumigatus at the
concentrations of 0.75 mg/mL. The radial growth
inhibition was absent in the negative control dishes
for all the fungi, while in the positive control dishes
enriched with Momtaz, the radial growth of the fungi
was completely inhibited (Table 3). Tephrosia vogelii
extract totally inhibited the development of the three

fungi at all the concentrations tested. The
effectiveness of aqueous extracts of T. vogelii and C.
viminalis on the development of these
microorganisms varies according to concentrations
and has been demonstrated by Salem et al., (2017) on
C. viminalis and Masete (2021) on T. vogelii. Other
studies showed that C. citratus and T. vogelii extracts
exhibited antifungal activity against potato late blight
pathogen Phytophthora infestans (Galani et al. 2013).

Figure 1. Scarified and germinated seeds of Tetrapleura tetraptera at 3 days (A) and 7 days after sowing (B)

in the control (non-treated).
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20
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=
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Figure 2. Occurrence/frequency of fungi isolated from Tetrapleura tetraptera seeds.
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Figure 3. Pictures showing seed infection after inoculation with Alternaria alternata (left), Aspergillus
fumigatus (center) Cercopora sp. (right), 5 days after inoculation.

Effect of Plant Extracts on Germination, Seed
Infection, and Seedlings Vigour of Tetrapleura
tetraptera

T. vogelli and C. viminalis extracts gave the highest
germination percentage at 0.25 mg/mL (97.33%) and
0.5 mg/mL (96.67%), respectively. However, there
was no significant difference between the different
concentrations of the extracts and the two controls on
the germination of T. tetraptera seeds (Table 5). Also,
the lowest seed infection was obtained with the same
extracts and the values obtained were significantly
(p<0.05) comparable to the positive control (synthetic
fungicide). In fact, seed infection with C. viminalis

extract was 5.33% at 1 mg/mL and 4.12 % with T.
vogelii at the same concentration while in the positive
control, it was 3.33%. Significant differences were
observed between the different concentrations of the
aqueous extracts and the two controls on the
percentage of infection of the seeds of T. tetraptera
(Table 5). Table 6 shows that the maximum vigour
index (674) was obtained with C. viminalis at 0.75
mg/mL while the positive control obtained the lowest
vigour index (506). However, significant differences
were observed between the different doses of
aqueous extracts and the two controls on the vigour
index of T. tetraptera seeds.

Table 3. Pathogenicity and infection rate of seed-borne fungi isolated from Tetrapleura tetraptera, 5 days

after inoculation.

Fungi

Pathogenicity

Infection rate (%)

Alternaria alternata
Pestalotiopsis sp
Aspergillus niger
Aspergillus fumigatus
Aspergillus flavus
Cercospora sp
Trichoderma sp

45.75+4.65%"

+++
- 0.0+0.0¢
- 0.0+0.0¢
++ 32.25+2.88°
. 0.0+0.0¢
+ 22.12+3.66¢
. 0.0+0.0¢

*Data are means * standard deviations. Means with different superscript letters in the same column are
significantly different as per the Kruskal-Wallis test at p= 0.05. +++ = highly pathogenic; ++ = moderately

pathogenic; + = pathogenic; - = not pathogenic.

The T. vogelii extracts protect the seeds against fungal
attack more than the others, followed by C. viminalis,
E. saligna and C. citratus extracts. This activity of the
aqueous extracts could be due to their chemical

composition in antifungal substances. These results
corroborate those of Yaouba et al. (2019) that showed
the antifungal potential of E. saligna extracts against
the fungi responsible for the deterioration of green
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beans post-harvest; and those of Djeugap et al. (2011)
who demonstrated the in vitro and in vivo efficacy of
plant extracts including C. viminalis against black
nightshade downy mildew; Helal et al. (2017) who
showed that C. citratus extract caused inhibition of
Aspergillus sp.; and Kpatinvoh et al. (2007) findings
showed an inhibitory activity of T. vogelii on the radial
growth of fungi in stored cowpea seeds.. This suggests

that the extracts of these plants would be effective in
the fight against fungi associated with ENTFP seeds.
The antifungal activity of these plant extracts could be
due to the action of oxygenated monoterpenes
(Yoshimura et al.,, 2010) and phenolic compounds
including sterols, flavonoids, condensed tannins,
coumarins and alkaloids (Galani et al. 2013).

Table 4. Inhibition of the mycelial growth of seed-borne fungi of Tetrapleura tetraptera by plant aqueous

extracts.

Plant extracts Concentration

Growth inhibition (%)

(mg/mL) Alternaria Cercospora Aspergillus
alternata sp. fumigatus
0.25 27.6743.76° 18.07+2.33°¢ 0.0+0.0¢
0.50 73.3346.55" 67.07+4.87" 0.0+0.0¢
Callistemom viminalis 0.75 80.91+11.32¢ 69.08+15.26" 0.0+0.0¢
0.25 0.0+0.0¢ 0.0+0.0¢ 62.65+18.78°
0.50 0.0+0.0¢ 0.0+0.0¢ 28.11+6.77
Cymbopogom citratus 0.75 60.25+12.41°" 41.77+13.27° 19.49+5.64¢
0.25 85.16+9.95% 77.10+8.29% 54.21+16.23°
0.50 82.36+13.11% 78.31+11,34% 79.27+20,44%
Eucalyptus saligna 0.75 95.66+12.78% 84.34+10,94% 100+0.0?
0.25 100+0.0? 100+0.0? 100+0.0?
0.50 100+0.0? 100+0.0° 100+0.0?
Tephrosia vogelii 0.75 100+0.0? 100+0.0? 100+0.0?
Momtaz (synthetic 100+0.0? 100+0.0? 100+0.0°
fungicide)
Control (distilled water) 0.0+0.0¢ 0.0+0.0¢ 0.0+0.0¢

*Data are means * standard deviations. Means with different superscript letters in the same column are

significantly different as per the Kruskal-Wallis test at 5%.

Table 5. Influence of plant aqueous extracts on the germination (%) of Tetrapleura tetraptera seeds.

Concentration (mg/ml) Cymbopogom Callistemon Eucalyptus saligna Tephrosia vogelii
citratus viminalis
0.25 86.67+5.77* 90.00+7.32° 86.67+5.27° 97.33+5.77°
0.50 90.00+7.00? 96.67+5.77° 84.67+5.77° 83.33+5.27°
0.75 92.00+7.00? 90.00+7.322 80.3345.27% 80.33+6.54°
1.00 86.67+5.27° 80.00+4.10° 76.67+5.27°¢ 76.67+5.27°
Momtaz (fungicide) 94.6745.77° 94.6745.77° 94.6745.77° 94.67%5.77°
Distilled water (control) 92.33+11.54° 92.3345.54° 92.3346.54° 92.3346.54°

*Data are means * standard deviations. Means with different superscript letters in the same column are
significantly different as per the Kruskal-Wallis test at 5%.

Table 6. Effect of plant aqueous extracts on seeds infection (%) of Tetrapleura tetraptera during germination.
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Concentration Cymbopogom Callistemon Eucalyptus saligna Tephrosia vogelii
(mg/mL) citratus viminalis

0.25 19.3345.77° 20.03+2.07° 25.63+17.66° 23.33+15.27°
0.50 13.91+6.27° 12.04+7.55¢ 19.3345.77% 16.67+9.77°
0.75 12.3345.77° 10.22+7.32¢ 16.67+5.77° 4.54+1.96¢
1.00 8.67+4.01° 5.33+2.82¢ 13.337.27% 4.12+1.77¢
Momtaz (fungicide) 3.33+1.27¢ 3.33+1.27¢ 3.33+1.27¢ 3.33+1.27¢

Distilled water
(control)

86.67+15.27°

86.67+15.27°

86.67+15.27°

86.67+15.27°

(a-c) Data are means * standard deviations. Means with different superscript letters in the same column are
significantly different as per the Kruskal-Wallis test at p=0.05.

Tableau 7. Effect of aqueous plant extracts on the vigour index of Tetrapleura tetraptera seedlings.

Concentrations Cymbopogom Callistemon Eucalyptus Tephrosia Vogelii
(mg/mL) citratus viminalis saligna

0.25 541.94+10.86°* 553.00+14.01° 410.1349.28¢ 603.43+11.92°
0.50 446.96+15.73¢ 464.69+36.99°¢ 533.9916.78° 467.23+4.11%
0.75 634.27+7.84° 674.42+11.25° 562.44+6.05° 530.33+7.52°
1.00 448.60+10.661 388.74+6.30% 597.02+12.37° 432.61+5.04¢

Momtaz (fungicide)

Distilled water

506.74+10.95¢
238.31+7.57¢

506.74+10.95%

238.31+7.57¢

506.74+10.95°¢
238.31+7.57¢

506.74+10.95°¢
238.31+7.57¢

(control)

*Data are means * standard deviations. Means with different superscript letters in the same column are
significantly different as per the Kruskal-Wallis test at p= 0.05.

CONCLUSION

This work investigates effective and easily applicable
solutions to the dormancy and therefore to the
germination of T. tetraptera seeds and proposes a
biological control measure for seed-borne fungi.
Scarification through mechanical abrasive at 2 mm
depth improves the germination rate by up to 92%.
The most frequently identified fungi on T. tetraptera
seeds were: A. flavus, A. niger and A. fumigatus which
may be mycotoxigenic. The pathogenic fungi were: A.
alternata, A. fumigatus and Cercospora sp. Aqueous
extracts of T. vogelii, E. saligna, C. viminalis, and C.
citratum exhibited higher antifungal properties and
inhibited the growth of the three pathogenic fungi as
well as the synthetic fungicide Momtaz. These plant
extracts promoted germination, vigour and seed
protection. Since key domestication constraints of T.
tetraptera have been underpinned and seed-borne
fungi have been identified and controlled by this work,
studies on the cultivation of T. tetraptera in the
nursery and in the field should now be emphasized.
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