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Abstract 
Late blight caused by Phytophthora infestans (Mont.) De Bary is the most 
devastating disease of potato. This study was carried out to evaluate the effi-
cacy of ten botanical extracts against the late blight disease incidence and se-
verity in experimental potato field at University of Rajshahi, Bangladesh dur-
ing 2019-2020. Crude aqueous extract of leaves of Syzygium cumini, Psidium 
guajava, Eucalyptus globusus, Carica papaya and Lawsonia inermis; fruits of 
Terminalia bellirica, T. chebula and Piper nigrum; flower buds of Syzygium 
aromaticum and cloves of Allium sativum were used at 5% (w/v) concentra-
tion for evaluation. Out of ten botanicals, Syzygium cumini leaves extract was 
found most effective in controlling the late blight disease incidence and se-
verity up to 66 DAS (days after sowing) and increased the potato yield by 
71.29% compare to untreated control. The efficacy of Lawsonia inermis ex-
tract against late blight disease was found promising and increased the potato 
yield by 48.51%. Other four botanical extracts (Terminalia chebula, Piper ni-
grum, Syzygium aromaticum and Carica papaya) showed moderate efficacy 
against the incidence and severity of late blight disease, and increased 30% 
more potato yield compare to control. These results suggest that botanical 
extract of Syzygium cumini has a great potential as an alternative of chemical 
fungicides to control the late blight disease of potato in eco-friendly way. 
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1. Introduction 

Potato is the third most important food crop in the world after rice and wheat in 
terms of human consumption [1]. Potato is the staple food in many countries. It 
is the cheapest source of carbohydrate and it contains a good amount of vitamin 
B6 and C as well as some minerals [2] [3]. A significant amount of potato used 
in processing industries such as production of alcohol, glucose, dextrin and citric 
acid for textile and paper industries, inks, dyes, soap and leather as their raw 
materials [4]. According to Azad, potato is the raw material for production of 
eco-friendly fuel like bio-ethanol [5]. In Bangladesh, potato is the second most 
important crop after the paddy. Among the exportable agricultural commodities 
of Bangladesh, potato is in second position [6]. 

Potatoes suffer from various diseases such as late blight, early blight, black 
scurf, stem rot, scab, hallow heart, black heart, soft rot, common rust, bacterial 
wilt, etc. Among the diseases, late blight and early blight are most common dis-
eases of potato. Late Blight caused by an oomycete Phytophthora infestans 
(Mont.) De Bary is the most devastating disease of potato [7] [8]. This disease is 
well known for the historical Irish Potato Famine 1840s [9] [10]. Early blight is 
caused by a true fungus Alternaria solani. The severity of both diseases is de-
pendent on weather conditions and susceptibility of the crop. Cool and moist 
weather favor late blight of potato while early blight develops under drier condi-
tions. If uncontrolled in favorable weather, late blight can completely destroy a 
field within a very short time and cause for yield loss up to 50% - 70% [11]. 
Usually early blight is not much destructive as late blight. In Bangladesh, late 
blight occurs every year in potato field with varying degrees of severity [12].  

Usually chemical fungicides are used to control the late blight disease of pota-
to. Most common fungicides are metalaxyl, mancozeb, chlorothalonil, cymox-
anil, dimethomorph, fenamidone and propineb used to manage the late blight 
disease. But the indiscriminate use of fungicides enhances the development of 
resistance in P. infestans, increases the production cost but more important be-
ing it is harmful to the environment as well as human health. Excessive and in-
judicious use of these fungicides have been degrading our ecosystem and causing 
many diseases to human such as neurological, psychological dysfunctions, infer-
tility, and cancer and kidney disorders [13]. Therefore, an alternative eco-friendly 
way of controlling late blight of potato is most desired in the world. Among the 
several available alternative materials, botanical extracts are the safer alternative 
to the chemical fungicides. Botanical extracts possess several antimicrobial me-
tabolites having less toxicity to human and environment. In recent years, use of 
plant origin products in the management of plant diseases has gained popularity 
around the world [14]. Plant based fungicides are selective, biodegradable, less 
toxic and effective compared to synthetic fungicides [15]. Botanical fungicides 
can serve as suitable substitutes to synthetic fungicides [16] because of their 
eco-friendly nature and low cost [17]. 

Therefore, the objectives of the present study were to assess the efficacy of 
some Bangladeshi botanicals to control the incidence and severity of late blight 
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disease of potato in experimental field. 

2. Materials and Methods 
2.1. Experimental Site and Plot Preparation 

A field experiment on potato was carried out in the Botanical Pesticide Experi-
mental Field of Institute of Environmental Science, University of Rajshahi, Ban-
gladesh during November 2019 to February 2020. The experiment area is located 
at 24.37˚N latitude and 88.7˚E longitude at an altitude of 21 meters above sea 
level. The land was firstly ploughed several times with power tiller and grass and 
weeds are removed. A required amount of Triple Super Phosphate (TSP), Mu-
riate of Potash (MP) and Urea fertilizers were applied in the experimental field 
and the field was irrigated twice. 

2.2. Collection of Botanicals 

Botanicals were screened considering the odor, anti-fungal activity and phy-
to-toxicity. Previous studies and ethno botanical knowledge were also consi-
dered to select the plants. Most of the plant materials were collected from Raj-
shahi University campus and some were purchased from local market. Ten plant 
materials such as leaves of Indian blackberry (Syzygium cumini), Guava (Psi-
dium guajava), Eucalyptus (Eucalyptus globusus), Papaya (Carica papaya) and 
Henna (Lawsonia inermis); fruits of Bohera (Terminalia bellirica), Horitoki (T. 
chebula) and Black pepper (Piper nigrum), flower buds of Clove tree (Syzygium 
aromaticum) and cloves of Garlic (Allium sativum) were evaluated against the 
late blight disease of potato under field conditions.  

2.3. Preparation of Botanical Extracts 

Plant parts were washed through running tap water 2 - 3 times and dried under 
shed for 2/3 weeks. Air dried leaves were grinded with the help of electric grind-
er to make fine powder [18]. For the preparation of 5% aqueous extract (w/v), 50 
g of each fine powder was dissolved separately in 1000 ml of distilled water in 
container. Garlic bulbs were cut into small pieces and blended by blender. About 
50 g of blended garlic dissolved in 1000 ml of distilled water. The containers 
were stored at room temperature for 72 hours with gentle shaking (2 - 3 times) 
everyday. Then aqueous extract was filtered through three-layer cheesecloth to 
collect the final extract for spray. The extracts were stored in bottle and preserve 
in the refrigerator for future use. 

2.4. Experimental Design and Treatments 

Experiment was laid out under field conditions in a randomized complete block 
design (RCBD) with three replications. The distance between the block was 0.75 
m and between the plots was 0.5 m, the unit plot size was 1 m × 1.5 m. Twelve 
treatments were used in this study including two controls (one untreated and 
one chemical treated) and ten plant extracts (Table 1). 
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Table 1. Description of treatments. 

Treatment Concentration 

T0-Untreated Control (Water) - 

T1-Chemical Treated (Fungicide-Chlorothalonil) 1.5 ml/l 

T2-Syzygium cumini 5% (w/v) 

T3-Psidium guajava 5% (w/v) 

T4-Eucalyptus globusus 5% (w/v) 

T5-Allium sativum 5% (w/v) 

T6-Terminalia bellirica 5% (w/v) 

T7-Terminalia chebula 5% (w/v) 

T8-Piper nigrum 5% (w/v) 

T9-Syzygium aromaticum 5% (w/v) 

T10-Lawsonia inermis 5% (w/v) 

T11-Carica papaya 5% (w/v) 

2.5. Spraying of Botanical Extract and Data Collection 

Prepared botanical extracts were sprayed in the field with a hand sprayer to po-
tato leaves twice a week, started at 30 Days after sowing (DAS). Data on disease 
incidence and severity was collected on 50, 58, 66 and 73 DAS. Data on yield was 
collected after harvesting.  

2.6. Disease Assessment and Yield Calculation 

Disease was assessed in terms of percent disease incidence and percent disease 
severity. Collected data were calculated by using the formula [19] below: 

( ) No. of diseased plants 100
Total no. of pl

Disease inc
ants observ

idence 
ed

%  = ×  

Disease severity was determined by observing the disease symptoms on leaves 
of potato. The blight(%) of leaves was calculated under the following scale [20] 
in Table 2. 

After harvesting total tuber yield (kg/plot) was recorded and percent yield in-
crease over control was calculated through following formula [21]: 

( ) Treatment yield Control yielYield i d 100
control y

ncr
iel

e
d

ase %  = −
×  

2.7. Data Analysis 

Data analysis was done using one way ANOVA (P ≤ 0.05) followed by Duncan’s 
Multiple Range Test (DMRT) to identify the significant differences between the 
treatments by software SPSS (V20). 

3. Results 

The late blight symptoms in potato field were observed regularly and disease in-
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cidence (DI) and disease severity were determined on counting number of late 
blight infected plants and blighted portions on leaves. The first blight symptom 
was observed on T0 and T3 treatments at 48 days after sowing (DAS). All the 
treatments except T1 (Fungicide) were infected by late blight disease at 58 DAS. 
At this stage, the highest (23.33 ± 1.93b) disease incidence was observed in T3 
and lowest (1.11 ± 1.11de) incidence in T2 (Table 3). Out of ten botanicals, the 
treatment T2 showed the best efficacy to control the late blight diseases at both 
66 and 73 DAS. Other botanical treatments showed good efficacy against late 
blight incidence of potato up to 58 DAS except T3 and T4 (Table 3). At 73 DAS 
only T2 and T10 showed better efficacy over untreated control (water). The rest 
of the botanicals were statistically similar to untreated control at 73 DAS consi-
dering disease incidence (Table 3). 
 

Table 2. Late blight disease severity scale. 

Disease Severity Scale Description of Scale 

0 No disease observed. 

0.1% First sporulating lesion in the plot. 

1.0% General light infection. About 5 - 10 lesions/plant. 

5.0% About 50 lesions/plant; 1 in 10 leaflets affected. 

25% 
Nearly every leaflet infected but plants retain normal form; plants may smell of blight.  

Field looks green although every plant is affected. 

50% Every plant is affected and about 50% of the leaf area is destroyed. Field appears green flecked with brown. 

75% About 75% of the leaf area destroyed; field appears neither predominantly green nor brown. 

95% Only a few leaves on plants, but stems are green. 

100% All leaves dead, stems dead or dying. 

 
Table 3. Efficacy of plant extracts against late blight disease incidence (DI) of potato at different days after sowing (DAS). 

Treatment % DI at DAS 50 % DI at DAS 58 % DI at DAS 66 % DI at DAS 73 

T0-Untreated control (Water) 3.33 ± 1.93a 46.67 ± 1.93a 100.00 ± 0.00a 100.00 ± 0.00 

T1-Positive control (Fungicide) 0.00 ± 0.00b 0.00 ± 00e 12.22 ± 2.22f 56.67 ± 3.85c 

T2-Syzygium cumini 0.00 ± 0.00 b 1.11 ± 1.11de 53.33 ± 1.93e 93.33 ± 3.85b 

T3-Psidium guajava 1.11 ± 1.11 b 23.33 ± 1.93b 100.00 ± 00a 100.00 ± 0.00a 

T4-Eucalyptus globusus 0.00 ± 0.00 b 22.22 ± 2.94b 98.89 ± 1.11a 100.00 ± 0.00a 

T5-Allium sativum 0.00 ± 0.00 b 14.45 ± 4.00c 80.00 ± 3.33d 100.00 ± 0.00a 

T6-Terminalia bellirica 0.00 ± 0.00 b 7.78 ± 2.94d 97.78 ± 2.22ab 100.00 ± 0.00a 

T7-Terminalia chebula 0.00 ± 0.00 b 4.44 ± 1.11 de 81.11 ± 1.11d 100.00 ± 0.00a 

T8-Piper nigrum 0.00 ± 0.00 b 6.67 ± 1.93 de 94.44 ± 2.94abc 100.00 ± 0.00a 

T9-Syzygium aromaticum 0.00 ± 0.00 b 5.56 ± 1.11 de 91.11 ± 2.22bc 100.00 ± 0.00a 

T10-Lawsonia inermis 0.00 ± 0.00 b 3.33 ± 0.00 de 80.00 ± 3.33d 94.45 ± 4.00ab 

T11-Carica papaya 0.00 ± 0.00 b 6.67 ± 1.93 de 88.89 ± 2.94c 100.00 ± 0.00a 
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In case of severity (%) of late blight disease, T2 showed the best efficacy among 
the botanical extracts (Table 4). The treatments T2, T9, T10 and T11 controlled 
the severity of late blight disease as good as T1 (fungicide) up to 58 DAS (Table 
4). On 66 DAS, the highest disease severity (65.17 ± 4.21a) was observed in T0 
(untreated control). At the same period, second highest (50.83 ± 3.33b) and 
lowest (21.50 ± 0.00e) late blight disease severity were observed in T4 and T2, 
respectively (Table 4). The treatments T7-T11 also showed considerable inhibi-
tion of disease severity over untreated control (Table 4) at 66 DAS. Data of 73 
DAS revealed that all the botanical treatments except T2 statically similar to T0 
(untreated control) and have no considerable efficacy on disease severity of late 
blight of potato. 

The result of potato yield is shown in Table 5. After harvesting, yield per plot 
was measured and percent yield increase over untreated control was estimated. 
The highest yield (26.33 mt/ha) was observed in T1 (Fungicide) treatment 
(Table 5). Out of ten botanical extracts, the highest (11.51 mt/ha) and lowest 
(7.53 mt/ha) yield were observed in T2 (Syzygium cumini) and T3 (Psidium gu-
ajava) treatments, respectively (Table 5). The yield (10.00 mt/ha) of T10 (Law-
sonia inermis) treatment was also promising. However, all the botanical extracts 
increased the yield notably. The highest (71.29%) increment of yield was ob-
served in T2 and lowest (11.88%) in T3 treatment over T0 (untreated control). 
The rest of the botanical extracts increased the yield between 14.85% - 48.51%. 

4. Discussion 

Late blight disease of potato is the main threat to potato production. In favorable 
condition the disease spreads in the field very rapidly and destroys the whole 
field within very short time and consequently the yield deceases extremely. Al-
though the chemical fungicides are the major tolls to fight against the late blight  

 
Table 4. Efficacy of plant extracts on disease severity (%) of potato late blight disease at different days after sowing (DAS). 

Treatment % Severity at DAS 50 % Severity at DAS 58 % Severity at DAS 66 % Severity at DAS 73 

T0-Untreated control (Water) 0.10 ± 0.06a 17.83 ± 1.92a 65.17 ± 4.21a 100.00 ± 0.00 

T1-Positive control (Fungicide) 0.00 ± 0.00b 0.00 ± 0.00d 0.73 ± 0.03f 5.10 ± 0.55c 

T2-Syzygium cumini 0.00 ± 0.00b 0.03 ± 0.03d 21.50 ± 0.00e 72.67 ± 4.09b 

T3-Psidium guajava 0.03 ± 0.03b 2.30 ± 0.15bc 45.83 ± 0.83bc 100.00 ± 0.00a 

T4-Eucalyptus globusus 0.00 ± 0.00b 2.53 ± 0.84b 50.83 ± 3.33b 100.00 ± 0.00a 

T5-Allium sativum 0.00 ± 0.00b 1.03 ± 0.44bcd 41.67 ± 0.833c 99.17 ± 0.17a 

T6-Terminalia bellirica 0.00 ± 0.00b 0.63 ± 0.89bcd 45.67 ± 1.59bc 100.00 ± 0.00a 

T7-Terminalia chebula 0.00 ± 0.00b 0.53 ± 0.29bcd 30.50 ± 3.55d 98.00 ± 0.76a 

T8-Piper nigrum 0.00 ± 0.00b 0.47 ± 0.19cd 34.67 ± 2.03d 100.00 ± 0.00a 

T9-Syzygium aromaticum 0.00 ± 0.00b 0.20 ± 0.15d 31.50 ± 1.50d 98.67 ± 0.33a 

T10-Lawsonia inermis 0.00 ± 0.00b 0.10 ± 0.00d 35.00 ± 1.44d 98.33 ± 0.67a 

T11-Carica papaya 0.00 ± 0.00b 0.20 ± 0.06d 32.17 ± 2.80d 100.00 ± 0.00a 
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Table 5. Yield per plot and % Yield increment over control. 

Treatment Yield (kg/plot) Yield (mt/ ha) Yield increase over control (%) 

T0-Untreated control (Water) 1.01 ± 0.06d 6.73 - 

T1-Positive control (Fungicide) 3.95 ± 0.08a 26.33 +291.23 

T2-Syzygium cumini 1.73 ± 0.06b 11.51 +71.29 

T3-Psidium guajava 1.13 ± 0.05cd 7.53 +11.88 

T4-Eucalyptus globusus 1.16 ± 0.14cd 7.73 +14.85 

T5-Allium sativum 1.39 ± 0.14bcd 9.27 +37.62 

T6-Terminalia bellirica 1.33 ± 0.09bcd 8.87 +31.68 

T7-Terminalia chebula 1.35 ± 0.20bcd 9.00 +33.66 

T8-Piper nigrum 1.38 ± 0.06bcd 9.20 +36.63 

T9-Syzygium aromaticum 1.36 ± 0.19bcd 9.03 +34.65 

T10-Lawsonia inermis 1.50 ± 0.23bc 10.00 +48.51 

T11-Carica papaya 1.37 ± 0.05bcd 9.14 +35.64 

 
of potato till the date, the development of resistance to chemical fungicides spe-
cially metalaxyl resistance by some strains of P. infestans reported in different 
parts of the world. Environmental pollution by chemical fungicides is a matter of 
concern now. Therefore, the necessity of eco-friendly natural products is in-
creasing day by day. Natural compounds of plants are very good alternative be-
cause of their biodegradability and low toxicity to environment and human. 
Plants have different mechanisms to fight against fungal attack. They fight 
against fungal attack by using chemical defense systems through producing sec-
ondary metabolites like phenols, flavanoids, quinones, terpenes, tannins, alkalo-
ids, lectins, polypeptides, saponins, sterols, etc. [22]. Plant extracts with rich in 
secondary metabolites can kill the fungus, disrupt the fungal cell membrane and 
inactivate various enzymes as well as metabolic processes of pathogen [23].  

Efficacy of plant extracts against P. infestans at in vitro and under field condi-
tions was assessed by many researchers named as Cao [24], Khair [11], Majeed 
[25] and Subhani [26] for last few decades. But the field assessment of plant ex-
tracts against late blight of potato is still limited. Leaf extracts of Podophyllum 
hexandrum were found more effective in minimizing the incidence of late blight 
disease of potato and produced better tuber yield under natural field conditions 
[25]. The extract of Populus nigra (both 5% and 10%) reduced late blight’s se-
verity on potato leaves under field conditions and proved more effective than 
conventionally used fungicides [27]. Jabeen and Javaid [28] observed that 5% 
aqueous extracts of S. cumini leaf reduce the growth of chickpea blight disease 
pathogen Ascochyta rabiei upto 64%. Khan et al. [29] found methanolic leaf ex-
tract of S. cumini effective against damping off disease pathogen Rhizoctonia so-
lani. S. cumini leaf extract showed significant antifungal activity against Asper-
gillus species responsible for seed bio-deterioration during storage [30]. 

The present study evaluated the efficacy of ten Bangladeshi botanicals against 
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late blight disease of potato at field level. This study observed that Syzygium cu-
mini leaves extract show best efficacy in terms of reduction of disease incidence 
and severity of late blight. The increment of yield of potato of this treatment was 
also higher compare to untreated control. The reduction of disease incidence 
and severity of other botanicals were found low to moderate over untreated con-
trol up to 66 DAS. Khair and Haggag found that 2.5% aqueous extract of garlic 
reduces the late blight severity by 54.2% [11] that agrees with findings of 66 DAS 
of the present study. Findings of Subhani [26] showed that garlic extract reduces 
the intensity by 44.4% and 47%, respectively, which agrees with the present find-
ings. Cao [27] found that Horitoki (Terminalia chebula) reduces infection on 
detached leaves up to 99.4%. These results also support our findings on Horitoki 
at field conditions. Khair [11] and Subhani [26] found that eucalyptus reduces 
the disease severity to 34.3% and 28.35% under field conditions, which is almost 
similar to the findings of present study. 

5. Conclusions 

The present study revealed that aqueous extracts of all botanicals except Psidium 
guajava and Eucalyptus globusus controlled the late blight incidence and severity 
effectively up to 66 DAS though the intensity of late blight disease was high. Out 
of ten botanicals, Syzygium cumini leaves extract was found very effective in 
controlling the late blight disease incidence and severity and increased the pota-
to yield by 71.29% compare to untreated control. These findings suggest that in 
early to medium stage (58 - 66 DAS), potato grower can use the botanical ex-
tracts to control the late blight disease in field. Therefore, the present study is a 
great step towards the exploration of an eco-friendly botanical fungicide like Sy-
zygium cumini extract as an alternative of conventional toxic chemical fungi-
cides.  

Considering the low cost option of aqueous extracts, organic solvent extrac-
tion process was not done during this study. Chemical solvent extraction with 
methanol, ethanol, chloroform and n-hexane is underway for future study. 
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