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Abstract 

Powdery Mildew Disease (PMD), which is caused by fungus Oidium anacardii is a serious devastating disease to cashew 

(Anacardium occidentale L.), can cause significant losses in both yields and quality if not controlled. Extracts from plants 

play a significant role in crop protection strategies. We conducted field experiments in 2014 and 2015 cashew seasons to test 

botanicals’ efficacy against cashew PMD in Tanzania. Five plants were used, namely; Opuntia ficus-indica, Opuntia 

vulgalis, Euphobia tirucalli, Azadirachta indica and Bobgunnia madagascariensis. Tridimenol (250 EC), a synthetic 

fungicide was used as control standard. A Randomized Complete Block Design was used with four replications. A net plot 

consists of two cashew trees and ten panicles from each cashew tree were selected and used as experimental unit. Knapsack 

hand sprayer was used for fungicides applications, and spraying was done in a fortnight’s interval. The results indicate that, 

cashew trees treated with extracts from O. ficus-indica consistently recorded lower (between 16 and 32%) PMD infection 

compared to other botanicals (32 and 58%). Cashew trees treated with Triadimenol 250 EC, a synthetic fungicides 

recorded<7% PMD infection. However, due to negative environmental effects posed by these synthetic pesticides, plant 

extracts from O. ficus-indica can be a potential candidate to smallholder farmers for cashew protection against fungal 

disease caused by Oidium anacardii. Further studies are recommended to identify chemical compounds present in these 

plants and testing different methods of extraction. Correspondingly, other solvents can be used for further investigation of 

microbial activity from these botanicals. 
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Introduction 

Cashew (Anacardium occidentale Linn) is one of the most 
important commercial crops in many tropical countries 
including Tanzania1-4. In Tanzania, cashew is an important cash 
crop to the national economy which contributed to 18 percent of 
Tanzania’s merchandise export earnings in 19995. Cashew 
industry in Tanzania contributes 5 percent of the country’s 
export earnings which are estimated at US$70 million annually1. 
 

Despite its importance, cashew production in Tanzania is 
constrained by several factors that often result to yield loses. 
The fungal pathogen (Oidium anacardii), which causes 
Powdery Mildew Disease (PMD) is cited as the leading biotic 
factor which causes substantial yield losses6-8. 
 
The pathogen penetrates vascular tissues of the host tree and 
blocks the movement of nutrients and water from the root to the 
remaining parts of the tree9. The main loss of cashew 
productivity is caused by the infection on the young flower buds 
and flowers3. Studies have shown that, the disease can cause 
between 70 and 100% reduction in nut yields if not controlled. 
High mildew epidemic levels are normally between July and 
August, which is the flowering and fruiting stages of the crop9. 

Naliendele Agricultural Research Institute (NARI) has 
recommended several synthetic fungicides with more active 
ingredients (a.i.) of Triadimenol, Hexaconazole, and 
Penconazole among others, in the control PMD. Thus, majority 
of cashew growers in Tanzania use synthetic fungicides in the 
control of PMD9,10. 
 

However, the use of synthetic pesticides has negative 
consequences to public health and to the environment11-13. 
Therefore in different countries in the world, research efforts in 
developing alternative control strategies, including the use of 
bio-pesticides such as extracts from plants, has been in the 
increase14. The use of bio-pesticides is further triggered by the 
emergence of markets for organic produce in the tropical 
countries15. 
 

Extracts from plants play an important role in crop protection 
strategies16. Plant extracts inhibit spore germination17 and 
mycelia growth in several fungal species18-20. The bio-pesticides 
from plants are natural pesticides which are less toxic, thus have 
less negative effects to birds, and they are beneficial to insects 
and mammals as compared to conventional pesticides21. 
Furthermore, bio-pesticides from plants are considered as cheap, 
environmentally friendly, and sustainable solutions for crop 
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protection14. Therefore, botanical pesticides, if applied, can be a 
better alternative in the management of PMD caused by O. 

anacardii in the cashew crop. 
 
The use of extracts from plants in the management of PMD 
caused by a fungus, O.anacardii in cashew is not well known. 
However, extracts from different plant types and parts have 
been applied in other crops in the protection against fungal 
diseases22. For instance, Allicin from garlic has been used in the 
management of Phytophthora leaf blight of tomato, tuber blight 
of potato, downy mildew of Arabidopsis thaliana and in the 
control of carrot seed-borne Alternariaspp23. 
 
The extracts from parts of neem (Azadirachta indica) tree 
contain antifungal and antibacterial properties24. The use of 
commercial formulations of neem namely; neemgold and 
neemazil effectively control the stem rot disease caused by 
Rhizoctonia solani Khn25. Extracts from the leaf part of neem 
inhibited fungal growth in brinjal seeds, Solanum melongena 
L26. Bio-pesticides from some plants can similarly be more 
effective than chemical fungicide in reducing root rot 
incidences27. Therefore, the aim of this study was to test the 
efficacy of extracts from the selected plants in managing PMD 
caused by O. anacardii in cashew crop under a unimodal pattern 
in Tanzania. 
 

Materials and methods 

Description of the study area: Studies were conducted 
between July and September of 2014 and 2015 at Naliendele 
Agricultural Research Institutein Mtwara region and Mkumba-
Nachingwea in Lindi region to test the efficacy of selected 
botanicals for the control of cashew powdery mildew disease. 
Mtwara and Lindi regions are located in the southern part of 
Tanzania, and which is characterized by a unimodal type of 
rainfall lasts for 4 to 5 or 6 months, that is, from 
November/December to April/May with the annual rainfall that 
ranges from 810 to 1090 mm. The mean temperatures ranged 
between 27°C (maximum) and 23°C (minimum). These studies 
were conducted during reproductive phases of cashew which 
occur between June and October28. 
 
Field preparation and layout of experiments: The farm fields 
were mowed and cleared to a good sanitary status using tractor 
power. A Randomized Complete Block Design (RCBD), with 
four replications and two cashew trees forming net plots, was 
used. Five panicles from both north and south sides (ten 
panicles of each test tree canopy) were tagged with numbered 
plastic labels, showing the replicate treatment numbers, and the 
name of the treatment. The adjacent trees surrounding the net 
plots acted as guard rows. All tagged panicles were assessed for 
mildew infection in a fortnight’s interval from July to 
September in each year.  
 
Preparation of plant extracts: About 500g of leaf/stem 
material of each of the tested plants namely, Opuntia ficus-

indica, Opuntia vulgalis, Euphobia tirucalli, Azadirachta indica 

and Bobgunnia madagascariensis were collected from the 
botanical garden which was established at Naliendele 
Agricultural Research Institute. The 500g plant extracts were 
later ground by locally made mortar and pestle and sieved 
separately. The ground plant sample, which was obtained from 
each lot, was mixed with 1 litre of water in the bucket and left 
on a bench for about 24 hours to allow the extraction of 
pesticide to take place. 
 
Treatments applications and assessment of powdery mildew 

disease: After 24 hours, about 500mls were collected from each 
of the extract solutions and sprayed on the ten panicles of the 
respective cashew trees. A chemical fungicide, Triadimenol 250 
EC was used at a rate of 15 mls/litre of water as a control. The 
untreated trees were sprayed with water. A knapsack hand 
sprayer was used in the application of fungicides and the 
spraying was done in a fortnight’s interval. 
 
Data analysis: During the assessment, the percentage of 
panicles which were affected by PMD was estimated using six 
classes29 as follows: 0 meant no mildew infection was observed; 
1 1-10% meant mildew infection on panicles was observed (at 
an average of 5.5); 2 11-25 (18); 3 26-50 (38); 4 51-75 (63); 5 
76-99 (87.5) and 6 = 100% PMD infection. The PMD 
percentage mean infections were analysed by using JMP 
10.0.030. The percentage means for mildew infection in each 
treatment were also graphically presented in each scoring date. 
 

Results and discussion 

The PMD infection trends: Figures 1-4 show the percentage of 
PMD on treated and untreated cashew trees. There was an 
increase in PMD severity as the season progressed from July to 
September in both years 2014 and 2015. The results indicated 
that PMD ranged from 0% (in July) to above 96% (in 
September) in cashew trees under the experiments. The PMD 
infection was less than 10% in Triadimenol treated cashew trees 
across locations and seasons. There was less than 60% of PMD 
infection in botanicals treated cashew trees from July to August. 
However, the PMD infection reached 71.85% in E. tirucalli 
treated cashew trees in September, 2015 at Naliendele site.  
Untreated cashew trees recorded 50% to above 96% of PMD 
infection in August across the sites and seasons. 
 
Discussion: This study revealed that, the tested botanicals have 
the potential of suppressing cashew powdery mildew growth, 
however, mildew management ability varied among the tested 
botanicals. The PMD pressure was high (88% to 98%) on the 
untreated cashew trees indicating the presence of enough 
O.anacardii inoculum for the tested botanicals. Having higher 
mildew percentage in the untreated cashew trees also imply that, 
the disease will continue to be a serious problem in cashew 
yield reduction if it is not controlled. Similarly9 reported cashew 
yield loss of between 70% and 100% for having PMD not 
controlled. The most promising plant extract against O. 
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anarcadii was from O. ficus-indica. Cashew trees treated with 
extract from O. ficus-indica consistently recorded lower PMD 
infection as compared to the tested botanicals. This was 
followed by A. indica and O. vulgaris though their ability to 
control the disease was inconsistence. The efficacy of plant 
extract depends on the type of solvent, plant material and 
extraction methods. For instance; the use of organic solvent 
provides more consistent antimicrobial activity compared to 
water extracts33. Therefore, consistent results can be obtained 

from A. indica and O. vulgaris if different solvents and 
extraction methods are tested. Cashew flowers treated with 
triadimenol, a synthetic fungicide, recorded the lowest PMD 
infection. Triademenol is a member of Demethylation Inhibitor 
(D.M.I), triazole fungicide which is a systemic broad spectrum, 
foliar fungicide causes abnormal fungal growth and eventually 
death31. Triadimenol has been recommended and registered for 
the control of cashew powdery mildew disease in Tanzania8-10. 

 

 
Figure-1: Percentage powdery mildew disease infection recorded in each cashew tree after application of treatments, from July to 
September, 2014 at Mkumba-Nachingwea site, Mtwara, Tanzania. 
 

 
Figure-2: Percentage powdery mildew disease infection recorded in each cashew tree after application of treatments, from July to 
September, 2014 at Naliendele site, Mtwara, Tanzania. 
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Figure-3: Percentage powdery mildew disease infection recorded in each cashew tree after application of treatments, from July to 
September, 2015 at Mkuma-Nachingwea site, Mtwara, Tanzania. 
 

 
Figure-4: Percentage powdery mildew disease infection recorded in each cashew tree after application of treatments, from July to 
September, 2015 at Naliendele site, Mtwara, Tanzania. 
 

An increase in the PMD severity was observed as the season 
progressed from July to September in both years 2014 and 2015 
in all locations. Observation in the experimental plots showed 
that, PMD infection starts on new flush leaves thereafter on the 
flowers. Generally, the results indicated that PMD ranged from 

0% in early July to above 96% in September. The PMD severity 
reached its peak between September and early October. July and 
September is a period with cooler conditions, with little rain and 
dry windy favouring mildew infection and dispersal of conidia9. 
Thus, infection occurs rapidly on the shoots, leaves and 
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panicles. Flower buds were observed to have been attacked 
before opening and the infected flowers appeared necrotic, fail 
to open and frequently abscise. 
 
In this study, water was used as universal solvent14. However, 
other solvents such as methanol and ethanol are used in the 
research of antimicrobial activity in plants14. Other studies 
indicated that, tannins and other phenolics are effectively 
extracted with the use aqueous acetone than in aqueous 
methanol, and chloroform is the most effective solvent for 
extraction of non-polar biological active compound32. Plant 
extracts from A. indica and O. vulgaris showed inconsistence in 
managing PMD, therefore other solvents can be used for further 
investigation of microbial activity from these botanicals. 
 

Conclusion 

The present study indicated that plant extracts from O. ficus-

indica appear to be better substitutes, under field conditions, to 
the management of pathogenic fungi than fungicides which are 
harmful to the environment, are costly and are less accessible by 
farmers. Plant extracts from O. ficus-indicamanaged to control 
PMD under field conditions unlike most of the plant extracts 
which are in vitro efficacy14. However, further studies are 
needed to identify chemical compounds contained in these 
tested botanicals. 
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