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ABSTRACT
Management of Fusarium oxysporum causing cashew wilt 
disease is a current focus in cashew industry, in Tanzania. 
Limitations of practiced cultural and chemical management, 
triggered evaluation of Azadirachta indica and Lantana 
camara against F. oxysporum in this study. Fresh leaf crudes 
of botanicals were extracted, impregnated on PDA at three 
doses (0, 0.4 and 0.6 ml/20 ml of Medium) and then incu-
bated for five days. The tested botanical extracts significantly 
inhibited growth of F. oxysporum after five days of incubation 
(p ≤ 0.05). Application of A. indica (0.6 ml) and L. camara 
(0.4 ml) inhibited growth of F. oxysporum by 43.2% and 35.8% 
compared to control (0%). Significant correlation, revealed 
increased performance of botanical extract with increase of 
its doses (p < 0.001). The findings provide the promising effi-
cacy of A. indica and L. camara on management of F. oxys-
porum on cashew. Further studies on in-vivo and field 
efficacy of botanicals are required.

Introduction

Fusarium wilt disease caused by soilborne pathogenic fungus, Fusarium 
oxysporum Schlechtend.: Fr., is the disease of economic importance to 
many agronomic and horticultural crops including cashew (Flood 2006; 
Ploetz 2015b). Cashew Fusarium Wilt Disease (CFWD) is the current 
destructive and devastating disease of cashew in Tanzania (Tibuhwa and 
Shomari 2016; Mbasa et  al. 2021). F. oxysporum causes cashew wilt 
disease by entering the vascular system through the roots and root 
cortex (Agrios 2005; Tibuhwa and Shomari 2016). Post root cortex 
entrance, hypha grow, macro-microconidia develop and colonise the 
vascular vessel of roots/stem (Groenewald 2005; Warman et  al. 2018). 
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The colonised vascular vessel on root and stem become decolourised 
to brown/yellow streaks and dark spots (Pérez-vicente et  al. 2014; Ploetz 
2015a; Okungbowa and Shittu 2016; Mbasa et  al. 2021). Initial external 
symptoms of yellow, brown leaf symptoms and stem gummosis appears, 
often localised on one side of cashew (Tibuhwa and Shomari 2016; 
Mbasa et  al. 2021). Thereafter, a cashew tree completely wilt, die and 
ultimately leave cashew field bare and reduce income of both household 
and nation.

Management practices through cultural and chemical fungicides have 
been used against cashew Fusarium wilt disease in Tanzania (Tibuhwa 
and Shomari 2016; Majune et  al. 2018; Mbasa et  al. 2021). However, 
cultural practices by cutting and burning infected cashew trees and 
quarantine of the planting materials (seed and seedlings) from infested 
areas prevent the disease but not control the infected cashew trees. 
Chemical method is the best control measure of the Fusarium wilt 
diseases (Ajilogba and Babalola 2013; Bawa 2016), but the widespread 
use of chemical fungicides has been a focus of public concern due to 
their potential harmful effects on non-target organism in environment 
and human health (Basco et  al. 2017; Du et  al. 2017). Moreover, the 
cost implication of chemical fungicides is not affordable to smallholder 
farmers in many countries including Tanzania (Valentine 2014). Therefore, 
looking for an alternative control measure of chemical fungicides against 
cashew Fusarium wilt disease is a paramount objective.

Botanical fungicides have been a current focus and universal accepted 
alternative control method of many crop diseases, including Fusarium 
wilt disease (Ibrahim et  al. 2014; Du et  al. 2017). These botanical fun-
gicides have been safe, non-toxic, low cost and effective against different 
plant pathogens (Ibrahim et  al. 2014). Essential oils and extracts (alka-
loids and flavonoids) of many plants contain variety of volatile molecules 
ascribing to the antimicrobial activities of these botanicals in different 
crops diseases (Du et  al. 2017; Jafar 2017). For instance, Bowers and 
Locke (2000) reported that pepper (Piper nigrum), cassia (Cinnamomum 
cassia) and clove (Syzygium aromaticum) extracts reduced population 
density of F. oxysporum f. sp. chrysanthemi by 99.9, 96.1 and 97.5%, 
respectively, compared with untreated control. Similarly, Shabana et  al. 
(2017) reported the efficacy of neem (Azadirachta indica L.) on inhibi-
tion of spore germination (98.99%) and reduction of number of pustules/
leaf (36.82%) compared with untreated control. Despite the effectiveness 
and importance of several botanical fungicides in managing F. oxysporum 
in different host crops, there is little information on botanical control 
measures against CFWD in Tanzania. Thus, this study presents the 
efficacy of Azadirachta indica and Lantana camara for management of 
the disease.
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Materials and methods

Plant materials and plant extract preparation

Medicinal plant leaves of Lantana camara and Azadirachta indica were 
collected from Tanzania Agriculture Research Institute-Naliendele center 
at Mtwara, Tanzania. The mature leaves were collected by picking them 
from fresh and health lantana and neem plants before extraction fol-
lowing Hussain et  al. (2012). The collected fresh leaves were thoroughly 
washed with running tape water then left 25 min for air drying before 
grinding. The used leaves were grinded, using sterile mortar and pestle. 
Ten grams of grounded sample was mixed with 100 ml of sterilised dis-
tilled water in a conical flask and kept for overnight (12 h) at room 
temperature. The filtrates were separated from the solid residue by 
filtering through Whatman no. 1 filter paper. The filtration process was 
repeated four times, and the obtained aqueous extracts were pooled and 
considered standard. A stock of aqueous solution of each extract was 
stored in the refrigerator at − 5 °C for ten days, then required experi-
mental amount was autoclaved in 121 °C for 15 min before the use.

F. oxysporum isolates preparation

Pure culture of Fusarium oxysporum was obtained from the Botany 
Laboratory, Botany department, University of Dar es salaam, Tanzania 
(Isolated by Mbasa et  al. 2021 and Tibuhwa and Shomari 2016). F. 
oxysporum isolate was maintained on potato dextrose agar (PDA) media 
plates at 25 °C in an incubator before being used.

Antifungal activities

The in vitro testing of botanical extracts was carried out at the Botany 
department, University of Dar es salaam, Tanzania. A poison food tech-
nique was deployed in which PDA medium was prepared, autoclaved 
and cooled to 50 °C, then impregnated with botanical extracts at different 
doses mentioned in Table 1. After mixing, the impregnated PDA with 
botanical extracts were cooled and solidified. Five days old culture of 
F. oxysporum was inoculated at the centre of PDA impregnated petri 
dishes using 5 mm cork borer before incubated at 25 ± 2 °C. The exper-
iment was set using complete randomised design with three replications. 
The experiment was repeated three times, at each post incubation, radial 
growth was measured on underneath of petri dishes in perpendicular 
directions using zero error meter ruler after 3 and 5 days. Thereafter, 
percentage growth inhibition was calculated using the following formula 
(Das et  al. 2010);
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Growth Inhibition %( ) = − ×C T
C 100

where C = Growth diameter of control and T = Growth diameter of treated 
fungal growth.

Data analysis

Collected growth inhibition data were subjected to ANOVA at 5% con-
fidence level. The Turkey test for multiple comparison of treatments was 
used. The analysis was conducted using OriginPro Version 19 software.

Results

Efficacy of botanical extracts

Botanical leaf extract potentially inhibition the growth of Fusarium 
oxysporum as presented in Figure 1. The performed test revealed that 
both Azadirachta indica and Lantana camara inhibited the growth of F. 
oxysporum compared with control under in vitro condition. However, 
A. indica had wide distribution (within 5–50%) on the efficacy while 
L. camara had low distribution (25–45%) on the efficacy after three and 
five days of incubation. Control had lowest distribution within zero to 
five percent of growth inhibition. The performance of botanical extracts 
varied with applied doses on inhibition of F. oxysporum growth.

Varied performance of botanical extracts on different doses was noted 
as presented in Figures 2 and 3. Azadirachta indica at 0.4 and 0.6 ml 
had significant inhibition potential of 25% and 29.2%, respectively com-
pared to control (0.0%) after three days of incubation (p < 0.01, df = 4). 
After, five days of incubation, A. indica at 0.6 ml had significant inhi-
bition potential of 43.3% compared to control (0.0%) (p < 0.001, df = 
4). On L. camara at 0.4 and 0.6 ml both had significant growth inhibition 
of 34.7 and 27.9%, respectively compared to control with 0.0% after 
three days of incubation (p < 0.01, df = 4). On day five from incubation, 
L. camara at 0.4 and 0.6 ml both had significant growth inhibition of 
35.8 and 32.5% of F. oxysporum compared to control (p < 0.001, df = 4).

Table 1. tested botanicals leaf extracts under in vitro condition.
Botanical extracts doses (ml/20 ml of medium) 2 × 2 factorial treatments

Azadirachta indica 0.4 Azad 0.4 (t1)
0.6 Azad 0.6 (t2)

lantana camara 0.4 lant 0.4 (t3)
0.6 lant 0.6 (t4)

control 0 control (t5)
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Correlation analysis of botanical fungicide doses against growth 
inhibition

Significant Pearson correlations were noted between botanical fun-
gicide doses and growth inhibition as presented in Table 2. Strong 
and significant positive correction was noted between botanical 
extract doses and growth inhibition after 3 days of incubation (Pearson 
corr. = 0.80457, p = 0.001). Also, strong and significant positive cor-
relation was recorded between botanical extract doses and growth 

Figure 1. violin plot presenting potential growth inhibition of botanical fungicides on 
Fusarium oxysporum causing cashew wilt disease.

Figure 2. inhibition potential of different doses of botanical fungicides on Fusarium oxys-
porum causing cashew wilt disease.
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inhibition after five days of incubation (Pearson corr. = 0.76616,  
p < 0.001).

Discussion

This study tested the potential efficacy of botanical extracts on the 
management of Fusarium oxysporum causing cashew wilt disease in 
Tanzania. The tested botanical extracts were A. indica (Neem) and L. 
camara (Lantana). All botanical extracts managed the growth of F. 
oxysporum, despite varied performance among its doses. A. indica was 
the most effective botanical since it had high percent of growth inhi-
bition followed by L. camara. The performance of botanical extracts 
congruent with Ghante et  al. (2019) who reported the promising efficacy 
of different botanicals. The performance variation among botanicals 
extracts might have been attributed by their inherent antifungal nature.

Figure 3. growth inhibition of botanical fungicides on Fusarium oxysporum after 5 days 
of incubation. A). control, B). Botanical fungicide at 0.4 ml and c). Botanical fungicides at 
0.6 ml.

Table 2. Pearson correlation between botanical extracts doses and growth inhibition of F. 
oxysporum causing cashew wilt disease.
treatments   doses g.i-3 days g.i-5 days

doses Pearson corr. 1
p-value –

g.i-3 days Pearson corr. 0.80457 1
p-value 0.005 –

g.i-5 days Pearson corr. 0.76616 0.7193 1
p-value 0.00976 0.01904 –

g.i, growth inhibition.
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Potential efficacy of A. indica has been reported from various host 
crops of F. oxysporum. These include control of F. oxysporum in beans 
(Obongoya 2009), onion (Hussain et  al. 2019) and tomato (Sreenu and 
Zacharia 2017). A. indica also controlled Aspergillus flavus (Rasad et  al. 
1993), Aspergillus niger and Colletotrichum sp. (Toan et  al. 2018). The 
growth inhibition potential of A. indica varied with the doses and time 
of incubation. A. indica at 0.6 ml had good inhibition potential at both 
three and five days of incubation compared to 0.4 ml. Antifusorisis of 
A. indica ascribed by containment of antifungal compounds including 
azadirachtin, azadiradione, nimbin, salanin and others, which are sys-
temic and broad spectrum (Sadeghian and Mortazaienezhad 2007; 
Hossain et  al. 2013).

L. camara, inhibited the growth of F. oxysporum under in vitro con-
dition. The potential inhibition was noted from both 0.4 and 0.6 ml 
after 3 and 5 days of incubation. Different studies indicate the efficacy 
of L. camara on management of F. oxysporum in different crops. These 
crops including banana (Rasad et  al. 1993), tomato (Sreenu and Zacharia 
2017) and pigeon pea (Ghante et  al. 2019). Nonetheless, Lantana camara 
has broad antifungal activities such as control of Puccinia triticina in 
wheat (Draz et  al. 2019), Colletotrichum gloeosporioides Penz in Mango 
(Bashir et  al. 2019), Alternaria alternata in Potato (Singh and Srivastava 
2012). The antifungal activities of L. camara are attributed by the pres-
ence of bioactive and phytochemical such as alkaloids, flavonoids, gly-
cosides, phytosterols, phenols, saponins, tannins, naphthoquinones, 
terpenoids and coumarins (Singh and Srivastava 2012; Fayaz et  al. 2017; 
Bashir et  al. 2019).

Strong positive correlations between botanical extracts doses and 
growth inhibition, indicates the potential influence of doses. The per-
formance of botanical extracts increased with an increase of its doses 
and time of incubation. Implying that, for the good efficacy of A. Indica 
and L. camara, application of high dosage with increased time of incu-
bation is unavoidable. The influence of doses and time of incubation 
on antifusorisis support the findings of Hossain et  al. (2013) and Toan 
et  al. (2018) on their studies in onion and orange crops, respectively. 
This study support the findings of Sreenu and Zacharia (2017), who 
revealed that, application of botanical fungicides is the safe, and effective 
intervention against pathogens causing vascular wilt such as F. oxysporum.

Conclusion and recommendation

The efficacy test of botanical fungicides revealed that all tested botanicals 
inhibited the growth of Fusarium oxysporum under in vitro condition. 
Moreover, Azadirachta indica at 0.6 ml and Lantana camara at both 0.4 
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and 0.6 ml had promising management potential of F. oxysporum causing 
cashew wilt disease. Further studies on efficacy of botanicals under both 
in-vivo and field conditions are required. In addition, further studies 
on characterisation of specific active leaf extract compound and different 
methods of extraction are required.
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