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This experiment was conducted during kharif seasons ( June to September) of 2016 and 2017 at District Seed Farm, 
Kalyani Simanta of Bidhan Chandra Krishi Viswavidyalaya, West Bengal, India. The objective of the study was to find 

out the performance of natural products against maydis leaf blight of maize under artificial epiphytotic condition. The eleven 
natural products were namely; Neem leaves, Karanj leaf, Milkweed / Calotropis leaf, Datura leaf, Parthenium leaf, leaves of 
Umbelanterna / Lantana camara, leaves of False Ashoka, leaves of tulsi, bulb of garlic, cow urine and Hexaconazole as standard 
check. The experiment was laid out in Randomized Block Design with 12 treatments with three replications. The extracts of 
Plant products at 10% concentrations were then applied by spraying to plants in the field just after 24 h of inoculation. 2nd 
inoculation was done seven days after first inoculation. Severity was calculated for each replication of each treatment by using 
the Percent Disease Index (PDI). Allium sativum (garlic) bulb @ 10% resulted lowest Percent Disease Index i.e. 28.4% against 
the Maydis leaf blight and 25.8% against Turcicum leaf blight of maize with the concurrent 61.13% and 65.08% control of 
diseases. Cow urine @ 50% resulted 29.8% and 28.6% PDI which was statistically equally effective with Allium sativum (garlic) 
bulb @ 10%. Likewise, this Allium sativum (garlic) bulb @ 10% also produced highest yield (2910 kg ha-1) which was 34 higher 
than the chemical, Hexaconazol used for these diseases.
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1.   INTRODUCTION

Maize (Zea mays L.) is an important cereal crop in 
India and ranks third in production after wheat and 

rice (Yadav et al., 2015). Major proportion of the maize is 
used for human consumption in poorer countries, whereas 
in the industrialized countries, it is used for animals (Louie, 
2017). Maize demand was expected to rise by 50% to over 
800 million tons per year by 2020 (Pingali and Pandey, 2001, 
Fajemisin, 2003, Grote et al., 2021). Maize is an important 
crop for human consumption that can represent up to 65% 
of the total calories and 53% of the protein (Atlin et al. 
2011). It is distributed worldwide and is the world’s third 
highest-produced cereal (Magenya et al., 2009, Sharma and 
Misra, 2011, Wani et al., 2018).
The major factor for lower yields is sensitivity of maize to 
several diseases and abiotic stresses (Rahul & Singh, 2002; 
Arif et al., 2017; Zhou et al., 2019; Riffat and Ahmad, 2020).  
Northern leaf blight (TLB) of maize is caused by the fungus 
Exserohilum turcicum and southern leaf blight (MLB) by 
Bipolaris maydis.  Accurate automated high-throughput 
phenotyping of plant diseases has the potential to aid 
crop management, speed up breeding, and contribute to 
fundamental and applied research efforts (Pauli et al., 2016).
Maydis leaf blight is considered as one of the most serious 
diseases and has attained the status of the economically 
important disease (Malik et al., 2018). This disease has been 
detected in almost all maize growing areas of India (Kaur et 
al., 2014). Bipolaris and related genera such as Curvularia, 
Dreschslera, and Exserohilum are ascomyceteous fungi 
known to infect maize (Manamgoda et al., 2014). Bipolaris 
is widely applied in taxonomy (Rossman et al., 2013). 
Species of Bipolaris infects 60 other host genera, either as 
saprophytes or phytopathogens (Manamgoda et al., 2011; 
Farr et al., 2013). Four races of B. maydis are reported viz. 
O, T, C, and S (Zhang et al., 2011; Wang et al., 2017). 
Bipolaris sorokiniana is reported in other countries as 
harmful pathogens of maize (Manamgoda, 2014; Guo et 
al., 2016; Guo et al., 2017). Similarly, B. sacchari a pathogen 
of sugarcane in India (Sivanesan et al., 1987), was reported 
as pathogen of maize in China (Farr et al., 2020). B. maydis 
is present in all maize producing zones, especially in Kharif 
maize (Kaur et al., 2014; Pal et al., 2015). Earlier, a leaf spot 
disease of maize caused by C. clavata and maize leaf spot 
caused by C. geniculata were recorded in India (Manzar 
et al., 2021). The presence of C. papendorfii in rice soil 
(Giridharan et al., 2014) has been documented from India. 
Alternaria species including A. tenuissima, A. alternata, and 
A. burnsii were shown to cause disease in maize (Cui et 
al., 2020).  Significant yield losses (up to 40%) reported in 
Argentina (Couretot et al., 2014; De Rossi et al., 2010). 
Similarly, NCLB infections can reduce silage digestibility 
and predispose to stalk rot (Galiano-Carneiro et al., 2021). 
The NCLB disease symptoms appear on leaves and plants 

usually at or after anthesis (Wilcoxson, 1996, Scrivener 
et al., 2001, Sharma et al., 2015). High temperatures 
and humid tropical conditions in some African regions 
have caused some maize diseases and pests prevalent that 
have a significant effect on maize yield (Fajemisin, 2003, 
Abdelsalam et al., 2019a). The study was aimed to find out 
the performance of natural products against maydis leaf 
blight of maize under artificial epiphytotic condition.

2.   MATERIALS AND METHODS

This experiment was conducted during kharif seasons 
( June to September) of 2016 and 2017 at District 

Seed Farm, Kalyani Simanta of Bidhan Chandra Krishi 
Viswavidyalaya, West Bengal, India. Experiment was laid 
out in Randomized Block Design with 12 treatments and 
three replications with the natural products taken were - 
Neem leaves, Karanj leaf, Milkweed/Calotropis leaf, Datura 
leaf, Parthenium leaf, leaves of Umbelanterna / Lantana 
camara, leaves of False Ashoka, leaves of tulsi, bulb of garlic, 
cow urine and hexaconazole as standard check (Table 1). 
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Table 1: List of plant products taken in this experiment
Sl. 
No.

Treatment Name of 
the natural 
products 

Plant 
parts 
used

Concentration 
used

1. T1 Azadirachta 
indica 

Leaf 10% extract

2. T2 Pongamia 
pinnata(Kranj)

Leaf 10% extract

3. T3 Calotropis sp. Leaf 10% extract
4. T4 Datura 

stramonium 
(Datura)

Leaf 10% extract

5. T5 Parthenium 
hysterophorus

Leaf 10% extract

6. T6 Lantana 
camara

Leaf 10% extract

7. T7 Polyalthia 
longifolia (false 
Ashoka)

Leaf 10% extract

8. T8 Ocimum 
sanctum 
(Tulsi)

Leaf 10% extract

9. T9 Allium sativum 
(garlic) 

Bulb 10% extract

10. T10 Cow urine Liquid 50%
11. T11 Hexaconazole 

(recommended 
dose)

NA 1ml/li of 
water

12. T12 Water -
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The experiment was conducted under artificial epiphytotic 
condition. The inoculation of fungal culture (MLB & 
TLB) was done at knee high stage of plants at 25 days 
after sowing. The inoculation for Maydis leaf blight and 
Turcicum leaf blight was done by the method as follows- 
after soaking of 40–45 gm of Sorghum grains in water in 
a conical flask, autoclaved twice. Then seeded with fungus 
under aseptic condition and kept for incubation at 25–27°C. 
The flasks are shaken once in 2–3 days to facilitate uniform 
growth on grains. After 10 days the material becomes ready 
for inoculation. Then after shade drying a fine powder 
was prepared with these sorghum grains. A pinch of this 
powder was put in the leaf whorl of 30–35 days old plant. 
Maintenance of adequate moisture for longer period must 
be confirmed to permit spore germination with the help of 
sprayer. The plants were inoculated on 30–35 days old plants 
with spraying a solution of fungal spore made by washing 
the inoculated sorghum seeds in water in late afternoon to 
avoid maximum day temperature during incubation period. 
Extracts of plant products was made by following procedure 
– The fresh leaves and other parts of healthy plants were 

collected, rinsed and washed with 10% sodium hypochlorite 
(NaOCl) prepared by adding 1-part bleach to 9-part water, 
air dried and packed in brown envelopes before oven drying 
at 70°C for 20 m (Akinbode and Ikotun, 2008). Then they 
were ground using pestle and mortar, sieved through a 
40 mm mesh. 200 g powder of the respective plant parts 
was added to 500 ml of distilled water in a 1000 ml flat 
bottom flask. The suspension was then allowed to stand 
for 24 h and the content was filtered using a muslin cloth 
and kept in glass bottles until needed. The extracts at 10% 
concentrations were prepared by mixing 10 ml of the stock 
with 100 ml of distilled water. Extracts of Plant products 
(leaves/bulbs) were then applied by spraying to plants in the 
field just after 24 h of inoculation. 2nd inoculation was done 
seven days after first inoculation.

Disease scoring was done on randomly selected ten plants 
from each replication following disease rating scale (1–9 
scale, Balint-Kurti et al., 2006) of MLB and TLB (Chung 
et al., 2010, Mitiku et al., 2014). (Table 2). For getting final 
disease score the scoring of three replications was averaged.

Table 2: Disease scoring scale (1−9) of TLB and MLB
Rating 
scale 

Degree of infection (% Diseased leaf area) PDI Disease reaction

1.0  Nil to very slight infection (≤10%). ≤11.11 Resistant (R) (Score:≤3.0) 
(PDI:≤33.33)2.0 Slight infection, a few lesions scattered on two lower leaves (10.1−20%). 22.22

3.0 Light infection, moderate number of lesions scattered on four lower leaves 
(20.1−30%).

33.33

4.0 Light infection, moderate number of lesions scattered on lower leaves, a 
few lesions scattered on middle leaves below the cob (30.1−40%). 

44.44 Moderately resistant (MR) 
(Score: 3.1–5.0) (PDI: 
33.34−55.55)5.0 Moderate infection, abundant number of lesions scattered on lower leaves, 

moderate number of lesions scattered on middle leaves below the cob 
(40.1‒50%). 

55.55 

6.0 Heavy infection, abundant number of lesions scattered on lower leaves, 
moderate infection on middle leaves and a few lesions on two leaves above 
the cob (50.1‒60%).

66.66 Mod. susceptible (MS) 
(Score: 5.1−7.0) (PDI: 
55.56−77.77)

7.0 Heavy infection, abundant number of lesions scattered on lower and 
middle leaves and moderate number of lesions on two to four leaves above 
the cob (60.1−70%).

77.77 

8.0 Very heavy infection, lesions abundant scattered on lower and middle 
leaves and spreading up to the flag leaf (70.1‒80%). 

88.88 Susceptible (S) (Score: 
>7.0) (PDI:  >77.77)

9.0 Very heavy infection, lesions abundant scattered on almost all the leaves, 
plant prematurely dried and killed (>80%).

99.99

Percent Disease Index is calculated using the following 
formula of Mckinney (1923). 
(Sum of all the individual disease ratings/Total number of 
plants observed)×(100/Maximum disease grade)     ….(1)
(PDI - Percent Disease Index)                                                                                        

Severity was calculated for each replication of each treatment 
by using the above formula. Variety used in this experiment 
was PAN 6010 and standard agronomic practices were 
followed. Fertilizer dose used was 150:75:75 (N: P2O5: K2O) 
and spacing of 60cm row-row and 20 cm plant-plant was 
given. There were four rows of plants with a row length of 
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4 m in each plot of this experiment.

3.  RESULTS AND DISCUSSION 

Among ten natural products used in this experiment all 
showed certain level of disease control and yield increase 

efficiency against both Northern and Southern leaf blight 
diseases of maize (Table -3). From ancient times natural 
products are used against different diseases of human being. 
Recently considering the health and environmental hazards 
of chemicals, efforts are going on to use natural products 
to minimize diseases of plants and agricultural crops. 

It was revealed that minimum PDI in both the cases 
of TLB (25.8) and MLB (28.4) was observed  in case 
of application of 10% extract of garlic bulb followed by 
application of cow urine  (PDI=28.55 in TLB and 29.8 in 
MLB) with no significant difference among them.  Disease 
control percentage in case of Allium sativum (garlic) bulb 
@ 10% (T9) for MLB was 61.13 and for TLB was 65.08 
and in case of Cow urine @ 50% (T10) for MLB it was 
59.28 and for TLB it was 61.81. Garlic is utilized as folk 
medicine in many countries for its antimicrobial and other 
beneficial properties. Aqueous garlic extract was used 

Table 3: Effect of bio-extracts / natural products on the incidence of maize diseases 
S l . 
No.

Treatment PDI Disease control % Yield (kg ha-1) Yield increase 
(%)

MLB TLB MLB TLB MLB TLB MLB TLB
1. T1 - Azadirachta indica leaves @ 10% 42.5 41.95 41.87 43.88 1985 2433 34.57 48.08
2.  T2 - Pongamia pinnata (Kranj) @ 10% 

extract
42.95 35.1 41.30 53.04 1720 2643 16.61 61.34

3. T3 - Calotropis sp. @ 10% 43.35 40.95 40.71 45.22 1650 2760 11.86 67.98
4. T4 - Datura stramonium (Datura) @ 10% 30.1 26.55 58.82 64.48 2245 2720 52.20 65.55
5. T5 - Parthenium hysterophorus @ 10% 49.95 48.6 31.68 34.99 1945 2560 31.86 55.81
6. T6 - Lantana camara 46.2 46.9 36.78 37.26 1695 2433 14.91 48.08
7. T7 - Polyalthia longifolia (false Ashoka) 

@ 10%
43.85 45.5 40.02 39.13 1675 2403 13.55 46.25

8. T8 - Ocimum sanctum (Tulsi) @ 10% 41.95 42.1 42.6 43.68 1945 2303 31.86 40.17
9. T9 - Allium sativum (garlic) bulb @ 10% 28.4 25.8 61.13 65.08 2580 2910 74.91 77.11
10. T10 - Cow urine @ 50% 29.8 28.6 59.28 61.81 2470 2793 67.45 69.99
11. T11 - Hexaconazole (recommended 

dose)
37.35 47.9 48.91 35.92 1860 2170 26.10 32.07

12. Water 73.1 74.76 0 0 1475 1643 0 0
SEm± 6.86 5.83 285 104
CD (p=0.05) 14.24 12.09 591 217

against Aspergillus sp. Which is an infectious fungus under 
in-vitro study and better inhibitory effects than chemicals 
were obtained from the study of (Pai et al., 1995). In 
present study best result was obtained by applying garlic 
bulb extract (10%) among ten natural products. Allicin is 
the main component of garlic responsible for controlling 
fungal growth and most of its biological activities such 
as bactericidal, antifungal and antiviral actions. Garlic 
showed antifungal potential against Sporothrix schenckii 
(Burian et al., 2016). The volatile antimicrobial substance 
allicin (diallylthiosulphinate) is produced in garlic and 
allicin is readily membrane-permeable and undergoes 
thiol-disulphide exchange reactions with free thiol groups 
in proteins and this property of allicin is thought to be the 
basis of its antimicrobial action. Allicin effectively controls 

seed borne Alternaria sp. In carrot, Phytophthora leaf blight 
of tomato and potato and Magnaporthe on rice (Slusarenko 
et al., 2008). Garlic extract has potential, as a bio-fungicide, 
in the management of stalk and ear rot disease of maize 
(Ajayi, 2020).

Higher yield and yield increase percentage was also observed 
in Allium sativum (garlic) bulb @ 10% (T9) and for MLB 
yield was 2580kg ha-1 and yield increase was 74.91%. In Cow 
urine @ 50% (T10), yield was 2470 kg ha-1 and yield increase 
was 67.45%. Cow urine has inhibitory effect for fungus and 
also growth promoting properties. In ancient Ayurveda it 
was mentioned for its pharmacological importance and it has 
excellent germicidal power and antimicrobial activity. Cow 
urine contains 95% water, 2.5% urea and rest 2.5% contains 
a mixture of salts, hormones, enzymes and minerals and it 
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has antifungal against three fungal pathogens (Fusarium 
oxysporum, Rhizoctonia solani, and Sclerotium rolfsii) isolated 
from infected plants of Methi and Bhindi that showed 
symptoms of damping off and wilting disease ( Jandaik et 
al., 2015). Cow urine was found effective in management 
of post-harvest rot in Apples (Manica Tomar and Harender 
Raj, 2015). The biochemical estimation of cow urine has 
shown that it contains Sodium, Nitrogen, Sulphur, Vitamin 
A, B, C, D, E, minerals, Manganese, Iron, Silicon, Chlorine, 
Magnesium, Citric acid, Creatinine and hormones ( Jain et 
al., 2010). In present study maximum disease control, lowest 
PDI and highest yield was obtained in case of application 
of garlic bulb extract (10%) followed by application of cow 
urine (50%). For cow urine application 50% concentration 
is quite higher dose but in West Bengal during kharif season 
rainfall is very high and weather is highly humid, so this high 
dose can be considered. The references mentioned earlier is 
supportive to this result of present study.  Yield advantage 
is also higher in this study because the natural products 
have anti-fungal as well as growth promoting activities 
also which helped in increase of yield in comparison to the 
commercial fungicides.

For TLB in case of T9 yield was 2910 kg ha-1 and yield 
increase 77.11%. In T10 for TLB yield was 2793 kg ha-1 and 
yield increase 69.99%. There was no significant difference 
among the results obtained from T9 and T10. So, statistically 
T9 and T10 are at par.

4.  CONCLUSION 

Ten natural products were tested against leaf blight 
diseases (Maydis leaf blight and Turcicum leaf blight) 

of maize for their better management.  Considering the 
disease control percentage and yield, the application of 
garlic bulb extract followed by the application of diluted 
cow urine were found equally effective for managing both 
leaf blight diseases.
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