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Abstract

The causal organisms responsible for leaf blight and twig dieback on the saplings of Khaya grandifoliola
infested with Hypsipyla robusta were investigated. Isolation of pathogens and subculturing of isolates
from infested K. grndifoliola tissues were carried out using Potato Dextrose Agar (PDA). The inhibitory
effects of T. cattapa leaves on the mycelial growth of identified pathogens were carried at different
concentration of grounded T. cattapa leaves (0.0g 2g, 49, 8g, and 10g) per litre of standard PDA medium
in five replicates using CRD. One way ANOVA was carried out on data obtained from the radial
measurements of mycelia growths on each pathogen (a = 0.05), and mean separations was done using
LSD. Identified isolates from leaf blight were Rhizoctonia sp. and Colletotrichum sp. The isolates from the
twig dieback were Fusarium sp. Fusarium sp radial mycelial varied significantly (P <0.05) among the
control, 4.0g/l, 6.0g/1, while there was no significant difference (p > 0.05) between the control and 10.0g/I.
The highest percentage inhibition for Fusarium sp. was observed on 4.0g/I. Also, radial mycelial growth
of Rhizoctonia sp varied significantly (P <0.05) between 4.0g/l and other concentration levels while
maintaining the highest percentage (7.17%) inhibition. Therefore, it was concluded that pathogens
responsible for leaf blight and twig dieback of Khaya grandifoliolia trees following the infestation of
Hypsipyla robusta were Rhizoctonia sp and Fusarium sp, respectively. The study also revealed that 7.
cattapa senescence leaves liquid extracts has the potency of controlling the pathogens.

1.0 Background Of The Study

Khaya grandifoliola is a tree species belonging to the Meliaceae family and popularly known as African
mahogany is one of the highly valued tropical tree species globally due to its multipurpose values.
(Geographically, it is native to West Africa and can be found growing naturally in Nigeria, Guinea-Bissau,
Sudan, Congo, Cote d’lvoire, Cameroon, Ghana, Uganda, among other tropical regions of the world
(Lemmens 2008; Opuni-Frimpong, 2008; Okere & Adegeye, 2011; Fern, 2014). Upon maturity, the tree
species can reach 40m and 5m growth increments in height and girth, respectively (Oyewale et al,, 2016).
Its bark is usually pale grey with smooth upper boles cracking near the base forming irregular scales. It is
blessed with pinnate leaves up to 50cm long with 6—10 leaflets and rounded woody capsules, incasing re-
brown winged seeds as fruits.

Internationally, African mahogany timbers are highly-priced and valued due to their desirable features like
straight grain, usually free from pockets and voids (Okere & Adegeye, 2011; Abbiv, 1990 cited in Opuni-
Frimpong, 2014). The wood from this tree species is water-resistant, colourful and shiny when polished
(Lemmens, 2008). These and many other inherent features explain its aged longed applications in
furniture making, carpentry, shipbuilding, flooring, carving, interior trims, acoustic instruments etc (Fem,
2014; Opoku et al., 2016).

As a member of the Meliaceae family, African Mahogany produces bioactive compounds that have
helped create biopesticides for agricultural production and medicines for the health care industries
(Nakatani et al., 2004). Literature (Odugbeni et al., 2007; Olowokudejo et al., 2008) shows that
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concoctions prepared from the tree are employed in folk medicine to treat malaria, convulsion, stomach
upsets, rheumatism, skin diseases, cough etc. in Nigeria. The efficacy of concoctions and decoction from
the tree species in handling such conditions has prompted numerous researches on the antifungal,
antibacterial and even antiviral potency of the bioactive compounds in Khaya grandifoliola.

As there are plethoras of benefits accrued to Khaya gandifoliola, common expectations should be
establishing more plantations of the tree species and conserving its natural stands in the tropics where
they grow. Regrettably, approaches have met many challenges due to the menace of Hysipyla robusta
attacks on the tree species in its tropical range (Hauxwell et al., 2001; Opuni-Frimpong et al., 2005,
2008a). The invasion of H. robusta on the tree species creates both economic and silvicultural problems.
The former arises from the boring activities of the insect pest on the tree stems, while the latter is a
consequence of the insect pest activity on the growing shoots of the young seedlings and saplings. H.
robusta stem boring activity destroys the apical regions of the growing tree. This triggers the formation of
undesirable branches, knots and holes (Griffiths, 2001; Opuni-Frimpong et al., 2014). The infestation
ultimately makes the plant vulnerable to the leaf blight and twig dieback infection; this, in turn, reduces
the grade and economic value of the timber (Opuni-Frimpong et al., 2014).

Much research has been dedicated to controlling the H. robusta attacks on Khayagrandifoliola - either
through pesticides, biocides, cultural practices, or management practices. In the end, little or no research
has been done to identify the bioactive pathogens associated with H. robusta attacks and how to halt
their catastrophic activities. The need to pursue research understandings on pathogenic activities after H.
robusta infestations on Khayaspp cannot be overemphasised. Evidence has proven that it is practically
impossible to completely eradicate H. robusta attacks on plantations or natural stands of Khaya spp
(Bosu and Nkrumah, 2011). To further exacerbate the condition of Khaya grandifoliola, its higher demand
has threatened it to extinctions as overexploitation have been its fateful date (FAQ, 2005; IUCN, 2006)

Owing to these unfortunate realities, it is therefore imperative to look for scientific and eco-friendly ways
of saving the populations of these tree species. To achieve this, the containment of the diseases
associated with H. robusta infestation on Khaya grandifoliola is of paramount importance. The global
inclination towards zero synthetic chemicals for agroforestry and silvicultural practices should call for
more attention to identify eco-friendly bio-extracts that can suppress the pathogens.

Therefore, the study investigates the various disease pathogens that infect the host plant species after
being rendered susceptible by H.robusta infestations. The seemingly scabby, twisted leaves and resulting
dieback on the stem - alongside the perforations on the apical shoots due to the activities of the pest,
inspired this research. We seek to identify the active disease pathogens on the tree species and the
efficacy of crude leaf extracts of Terminalia catappa to inhibit their mycelial growth.

2.0 Materials And Methods
2.1 Collection of Samples
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The collection of diseased leaves and stem of Khaya grandifoliola was carried out from saplings behind
the new building of the Faculty of Agriculture, University of Benin, Ugbowo Campus, Benin City. The
samples were taken to the laboratory for pathological studies. Photographs of the samples were also
taken.

2.2 Preparation of Medium
2.2.1 Potato Dextrose Agar (PDA)

The solid agar medium used for culturing fungi was Potato Dextrose Agar (PDA) ACCUMIX brand. 39g of
PDA was added to one litre of water in a calibrated conical flask. The mixture in the conical flask was
gently shaken to ensure a uniform dissolution and placed inside an autoclave at 121°C for 15 minutes at
15psi (pounds per square inch) for sterilisation. The medium was allowed to cool down before pouring
into plates (9cm Petri dishes) previously sterilised inside an oven at 160°C for 2hours.

2.3 Pouring of medium

The medium pouring was done in the lamina flow hood, which was previously surfaced sterilised with
cotton wool and methylated spirit to ensure a sterile environment. The materials required for pouring were
placed in the flow hood, and it was switched on for about 15minutes to ensure proper air circulation free
from atmospheric spores. The conical flask containing the medium was flamed at the mouth using a
spirit lamp to keep it free of any contaminant. 15ml of the medium was poured into the plates and was
allowed to cool down for solidification.

2.4 Isolation

Tissue samples of Khaya grandifoliola, obtained from the zone between the healthy and the diseased
portion of the leaves and stem, were cut into bits of about 2-4mm using a pair of scissors and scalpel.
These were surfaced sterilised using a bleach solution (1;4, V: V of bleach to water) in a universal bottle
for three minutes and then decanted. The isolation procedure was carried out in the lamina flow hood,
cleaned with methylated spirit to ensure surface sterilisation. The sterile samples were removed from the
universal bottle and were placed on a sterile tissue paper to ensure that they were drained from bleach
solution with the aid of sterile forceps. Using the sterile forceps, the tissue samples were inoculated into
each plate of the PDA medium in the Petri dishes. The inoculated plates were sealed with cling film to
protect them from contaminant and kept at a room temperature of 30 + 2°C. Daily observation of the
plates was made to keep pace with the microbial growth, and records were kept.

2.5 Subculturing

This procedure was carried out to obtain pure cultures of the isolates. Using an inoculating needle, the
inoculums (hyphae) of the isolates were introduced into a sterile plate containing the PDA medium within
the lamina flow hood. The plates were labelled and sealed with a cling film and incubated at a room
temperature of 30 + 2°C. Photographs of pure cultures were taken on the seventh day.

2.6 Identification of Isolates
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Slides of individual isolates were prepared. Preparation of slides was done using a sterile needle to
transfer hyphae from the pure cultures of isolates to the drop of water on a clean glass slide. The hyphae
were teased with the aid of the inoculating needles and covered with coverslips. For isolates with hyaline
hyphae, cotton blue-in-lactophenol was used as a mountant. The slides were viewed under a light
microscope to identify the isolates based on their morphological characteristics of vegetative hyphae and
spores (Barnette and Hunter 1998).

2.7 Pathogenicity Test

Twenty vigorous and healthy seedlings of khaya grandifoliola were procured, and their leaves were
surfaced sterilised with sterile water. The isolates of 8-day old cultures were teased with sterile water in
the glass plate and were inoculated unto the leaves via brushing. Each isolate was inoculated on the
stems of the five seedlings with a sterile inoculating needle through boring holes into the stem. Another
five seedlings were kept aside as a control. Control seedlings were not inoculated. The control and
inoculated seedlings were kept under humid transparent polythene bags for 48hours, after which they
were removed and placed under a tent made with nets to prevent insect attack. Observations were made
daily for 2weeks after injections, and records were kept.

2.8 Preparation of PDA Medium amended with
Terminaliacatappa

The senescence leaves of Terminalia catappa were obtained, and oven-dried at 60°C for 72hours and was
milled into powdery form. 39g of PDA was weighed and dissolved in 1000ml of water, and the milled T.
catappa leaves were added into the mixture at different concentrations. i.e. 2g, 4g, 6g, 8g and 10g. The
resulting mixtures in the conical flasks were gently shaken and sterilised in an autoclave for 15minutes at
a temperature of 121°C and pressure of 15psi. The medium was poured into 9cm Petri-dishes. The
control medium was not amended.

2.9 Inoculation of isolates into amended medium

A 5-mm cork borer was sterilised by dipping in methylated spirit and flamed using a spirit lamp. After that,
it was used to bore the pure cultures (7-8 day old) of the isolates for discs. With the aid of a sterile
inoculating needle, the discs were lifted and inoculated at the centre of the amended medium in Petri-
dishes. Five replicate plates per isolate were inoculated and incubated for growth at room temperature
(30 £ 2°C), adopting the Completely Randomized Design (CRD)

2.10 Data Collection

Data collections for isolate identification were done through visual observations of prepared slides over
an electron microscope. Snapshots were also taken as records for pathogenicity tests on inoculated
seedlings. Radial measurements of mycelial growth of isolates on both amended and unamended PDA
medium were taken on 7-8 day old cultures.

2.11 Data Analysis
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Data obtained were analysed using qualitative and quantitative statistics. The qualitative analyses were
adopted to identify isolates and observations of outcomes of the pathogenicity test prescribed by
Barnette and Hunter (1998). Analysis of Variance was used to test for significant differences in the radial
mycelial growths on the amended PDA medium at 0.05 alpha level, and mean separations were done
using the Least Square Significant Difference (LSD). The percentage growth inhibitions were also
computed at all concentrations for the isolates.

See formula 1 in the supplementary files.

3.0 Results

It was observed that saplings infested with Hypsipylarobusta showed the disease symptoms as its boring
activities made the plant susceptible to these infections. The symptom observed on the leaves was
brownish spots that spread progressively on the surface of the leaves, which eventually dried up and fell
off the plant. The symptom observed on the twig was a brown lesion which ultimately led to the
progressive dieback of the twig (Plate 1).

Table 1: Cultural and morphological characteristics of the fungal isolates associated with the diseased
leaves and twigs of Khaya grandifoliola
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Symptoms Isolates  Cultural characteristics Morphological Identification

on tissue characteristics
Brown 1 White cottony fast-spreading  The hyphae are septate, Rhizoctonia
spots on fungal growth raised from non sporulating and sp.
leaves the medium surface, which brown. It consists of
turned grey after the third aggregated sclerotia with
day with a black circular a sterile mycelium.

pattern at the middle. At the
later stage, the grey culture

turned black. The under the
surface is grey with a black
circular pattern.

2 White cottony fast-spreading  The hyphae are hyaline Colletotrichum
fungal growth slightly raised and non-septate with a sp.
from the medium surface mass of short, one-celled,
with a delicate circular ovoid and hyaline

pattern. At the later stage, the  conidia.
culture turned grey with

orange bubble-like spores,

which appeared in the

middle. The under the

surface is a grey ring-like

pattern that has an orange

colouration.
Brown 3 White slow-growing fungal Unidentified
lesions on growth with a flat, circular
the twig and ring-like pattern. The

under the surface is creamy

yellow.

4 White cottony fast-growing The hyphae are septate, Fusarium sp.

fungal growth, which turned with slender and simple

pinkish with a delicate ring- conidiophores bearing

like pattern at the middle. Itis  hyaline conidia, which

slightly raised from the are slightly curved,

medium surface, and it elliptical, and several

turned brown at the later celled, i.e. one, two or

stage. The under the surface  three celled. The conidia

is light brown. are principal of two kinds

which are macroconidia
and microconidia.

Results from pathogenicity test showed that Rhizoctonia sp. was the causal organism of the leaf blight,
and it took 2(two) days for the symptom to appear on the leaves with a progressive spread of brown
spots on the surface of the leaves (Plate 4). Colletotrichum sp did not give a positive pathogenicity result.
However, the test showed that the Fusarium sp was the causal organism for the twig dieback (Plate 5). It
took 3days for the symptoms to appear. Isolate 3(whitish unidentified growth) did not give a positive
pathogenicity result.
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Table 2: Radial growth (cm) of Fusarium sp. on amended PDA medium with Terminaliacatappa
senescent leaves after 8days.

Concentration Radial growth Means Percentage

(g/lit) (cm) inhibition (%)

0.0(control) 4.0 4.3 4.2 41 39 4102 00
2.0 3.0 2.5 2.6 27. 29 g974c 332
4.0 2.3 2.0 2.1 20 19 9ed 498
6.0 3.5 3.0 3.4 3.6 32 334b 185
8.0 3.5 3.4 4.0 35 36 g3g00 122
10.0 3.7 4.1 4.0 3.6 42 g3gpa 4.4

Means with the same alphabet are not statistically different at 5% level of significance.

Table 3: Radial growth (cm) of Rhizoctonia sp. on amended PDA medium with Terminaliacatappa
senescent leaves after 8days.

Concentration (g/lit)  Radial growth (cm)  Means Percentage inhibition (%)
0.0 (control) 4540 40 43 41 41ga 0.00
2.0 40 42 41 43 41 4q4a 096
4.0 3839403641 gggp 717
6.0 40 43 4.1 3938 4.022 3.83
8.0 42 40 41 43 42 412  0.48
10.0 42 43 40 41 43 4qga 0.0

Means with the same alphabet are not statistically different at 5% level of significance.

The inhibitory effect of the senescent leaves of Terminalia catappa on the mycelial growth of Fusarium
sp. and Rhizoctona sp. showed significant differences at 5% level of significance dosages on the
development of the isolates. The radial growth of both isolates were inhibited more at 4g dosage with
inhibitory percentages of 49.8 and 7.17 (Tables 2 and 3, Plates 6 and 7). Thus, it can be inferred that
Terminalia catappa senescent leaves can be used at a low concentration to inhibit the mycelial growth of
Fusarium sp. and Rhizoctonia sp. causing twig dieback and leaf blight, respectively on
Khayagrandifoliola. However, at higher concentrations, i.e dosage 6g, 8g, and 10g the luxuriant growth of
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the pathogens was enhanced. Therefore T. catappa senescent leaves can also be used at high
concentrations to enhance the growth of the pathogens if the need arises.

4.0 Discussion

According to Boyd et al (2013), disease infection is often associated with insect pest infestations on the
tree, majorly because pest creates favourable conditions for pathogens to breed. This corroborates the
findings of this study. From the isolates obtained from infested leaves and twigs of Khaya grandifoliola,
three pathogens, Rhizoctonia sp,Colletotrichum sp, and Fusarium sp. were identified; pathogenicity test
further proved their responsibility in causing leaf blight and twig dieback on the tree species. From this
study, Rhizoctonia sp gave a positive pathogenicity result on the leaflet, while Fusarium sp gave a
positive pathogenicity result on the twigs. These symptoms observed from the pathogenicity test were
consistent with Apetorgbor et al. (2003) on Ceiba pentandra. They kept that plantation of the tree species
raised with nursed seedlings experienced leaf blight and twig dieback prompting unappreciable growths.
They further isolate Colletotrichum capsici from the infested leaves, Fusarium solani and Lasiodiplodia
theobromae on the stem diebacks. The inability of Colletotrichum sp and isolate 3 to show positive
results on Pathogenicity implies that they were just associated organisms, a similar observation made on
Tectona grandis by Balasundaran (2002) where Colletotrichum gloeosporioides was identified as an
associated pathogen for leaf blight.

Insect pest infestation on trees induces stresses that metamorphose to poor tree growth or the eventual
death of the attacked tree species (Jenoh et al., 2019). The findings of this study agree with this assertion
as the inoculated Khaya grandifoliala seedlings exhibit stunted growth compared to the control and that
eventually led to their death.

Several plant species have been reported to possess natural substances that are toxic to several plant
fungi (Goussous et al., 2010). Thus, in testing for the inhibitory effect of Terminaliacatappa on the
mycelial growth of Fusarium sp. (causal organism for twig dieback) and Rhizoctonia sp. (causal
organism for twig dieback); results showed that lower concentrations of the senescent leaves (i.e. 4.0g)
had a positive inhibitory effect on the pathogens. This agrees with Bashar and Chakma (2014), who
reported that the inhibitory effect of plant extracts might be attributed to the presence of anti-
fungal/antimicrobial compounds and differences in percentage inhibition might be due to the differences
in nature, quality and quantity of the inhibitory substances present in the botanicals.The luxuriant growth
of the pathogens was enhanced at higher concentrations. This agrees with that of Osasere (2016), who
stated that the senescent leaves of Terminalia catappa had no inhibitory effect on the mycelial growth of
Torulasp., but relatively supported its luxuriant growth.Awurum and Ogbonna (2013) also reported that
extracts from Dennetta tripetala and Spondias mombin combated Choanephora cucubiterium, which
induced wet rot amaranthus vegetable. Some tropical species like Carica papaya and Piper guineense
have also strongly retarded the germination of spores of Colletotrichum destructivum (Enyiukwu and
Awurum, 2011).
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Therefore, the senescent leaves of Terminalia catappa can be used at a low concentration to inhibit the
mycelial growth of Fusarium sp. (causing twig dieback) and Rhizoctonia sp. (causing Leaf blight) on the
saplings of Khaya grandifoliola. It can also be inferred that at higher concentrations, the senescent leaves
of T. catappa support the luxuriant growth of the pathogens, which can be put to use if the need arises.

5.0 Conclusion

From the pathogenicity tests carried out on the leaf blight and stem dieback of Khayagrandifoliola
saplings, it can be concluded that Rhizoctonia sp. is responsible for the leaf blight. In contrast, Fusarium
sp. was the causal organism for the stem die back on saplings and seedlings of Khaya grandifoliola.
Based on the results obtained from the inhibitory test studies, it can be inferred that the senescent leaves
of Terminalia catappa can be used as an inhibitory effect on the mycelial growth of Fusarium sp. and
Rhizoctonia sp. on the twig and leaves of Khaya grandifoliola.

5.2 Recommendations

It is recommended that low concentrated leaf extracts of 7. cattappa be used for pest control in the
nursery and plantations of Khaya grandifoliola. Also, more research should be done on how to effectively
control and prevent the development of these fungi, causing leaf blight and stem dieback.
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Figure 1

Light micrograph showing healthy leaflets (left), diseased leaf (middle) showing the progressive blight of
leaflets, and diseased twig (right) showing the progressive dieback. Four fungal isolates (two each) were
found on the leaves and stem. The fungal isolates associated with the leaf blight were Rhizoctonia sp.
and Colletotrichum sp. (Plate 2). In contrast, the fungal isolates associated with the stem dieback were
Fusarium sp and an unidentified isolate.

(a) (b)

Figure 2

Light micrograph of the cultural characteristics of Rhizoctonia sp. (a) and Colletotrichum sp. (b), which
were isolated from the blight of leaves. Upper surfaces (left)andlower surfaces (right).

Page 13/16



Figure 3

Light micrograph of the cultural characteristics of isolate 1(a) and Fusarium sp. (b) isolated from the twig
dieback. Upper surfaces (left) and under surfaces (right).

Figure 4

Light micrograph of inoculated leaves at pathogenicity test. From left to right are control seedling,
inoculated seedlings with Rhizoctonia sp. and Colletotrichum sp.
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Figure 5

Light micrograph of inoculated twig at pathogenicity test. From left to right are control seedling
inoculated seedlings with Fusarium sp. and isolate 4.

Figure 6

Light micrograph of 7-8 day old cultures of Fusarium sp. on PDA amended medium with different
concentrations of the senescent leaves of Terminalia catappa. From left to right controls (0.0g), 2g, 4q,
69, 8g, and 10g, respectively.

Figure 7

Light micrograph of 7-8 day old cultures of Rhizoctonia sp. on PDA amended medium with different

concentrations of the senescent leaves of Terminalia catappa .from left to right are control (0.0g), 2g, 4q,
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649, 8g, and 10g respectively.
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