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Introduction 
 

Broccoliis a member of “Colecrop group‟‟ 

closely related to cabbage, cauliflower, kale 

and mustard. Belongs to the family 

Brassicaceae. It is botanical classified as a 

variety of Brassica oleracea species. The word 

broccoli comes from Italian word broccolo, 

which means “flowering crest of a cabbage”. 

It is highly nutritious crop containing high 

number of vitamins (A and C) and minerals 

(K, P, Ca and Fe). Moreover, it also contains 

thiamine, riboflavin and niacin. Broccoli is 

the richest source of protein among colecrops 
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Broccoli (Brassica oleracea var. italica) is a member of „Cole crop group‟ closely related 

to cabbage, cauliflower, kale and mustard it belongs to the family Brassicaceae. Alternaria 

leaf spot caused by Alternaria brassicae is serious disease in broccoli growing areas and 

occurs as a pre-harvest as well as post-harvest brown to black spots appears on the head of 

the broccoli. Thyme essential oil was tested in-vitro at different concentrations viz., 0.25%, 

0.5%, 0.75%, 1%, and mancozeb 0.1% against radial growth of Alternaria brassicae. The 

minimum radial growth (mm) at 120 hrs was observed at a concentration of thyme 

essential oil @ 1.0 % (5.213 mm) followed by thyme essential oil @ 0.75 % (7.517 mm). 

The maximum percentage inhibition at 120 hrs was observed in thyme essential oil @ 

1.0% (94.20%) followed by thyme essential oil @ 0.75% (91.30%) as compared to treated 

check mancozeb @ 0.0.1% (90%) and untreated check (0.00%) under in-vitro conditions. 

The microalgae and thyme essential oil were tested under field conditions during Rabi 

2019- 2020 for their efficacy against the disease, plant growth & yield parameters. Among 

the treatments the maximum plant height (cm) at 90 DAT (Days after transplanting) (36.25 

cm), maximum number of leaves at 90 DAT (17.25), minimum disease intensity (%) at 60 

DAT (21.97 %),maximum head weight (t/ha) (11.41t/ha), maximum root length (cm) 

(14.04cm) and maximum yield (t/ha) (13.76 t/ha) was recorded in T3 – microalgae @ 

4kg/ha + thyme oil @1.0%followed by T2– microalgae @ 3kg/ha + thyme oil @1.0% as 

compared to untreated check control T0.Higher gross return value (Rs. 2,75,560/ha), net 

return value (Rs. 1,03,195/ha), and B:C Ratio (2.67) was found in the treatment T3 – 

microalgae @ 4 kg/ha + thyme oil @1.0% as compared to untreated check control T0 –

(1.64). 
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(Allen and Allen, 2007). Broccoli is a cool 

season vegetable thrives best in cool and 

moist climate. It is much sensitive to very low 

and high temperature. Broccoli grows best 

when exposed to an average daily temperature 

between 17 and 23 °C. Broccoli is now 

growing in many countries like china, USA, 

UK, India, Pakistan, France, Italy, and 

Mexico. World‟s top producer of Broccoli 

and cauliflower in 2018-19 are China 

9,7,65,700MT and India 8,7,68,900MT in 

worlds total production of 5,87,51,856MT. 

(FAO, United Nations). China is first in area 

of cauliflower and broccoli in 2018-19 having 

7,80,600ha followed by India(6,24,900ha) 

and Spain(2,10,000ha). In India broccoli is 

mainly grown in Uttar Pradesh, Jammu and 

Kashmir. In Maharashtra also broccoli grown 

at some important places like Pune, Nasik. 

 

Alternaria leaf spot is caused by Alternaria 

brassicae in cruciferous crops is common in 

which leaf spot reduces plant vigour, affect 

the edible flower part of broccoli head. This 

leaf spot occurs during warm, moist 

conditions. On older plants, the bottom leaves 

are infected first with brown circular spots on 

the leaves. Leaf spot of broccoli has been 

possessing serious problem to the low 

productivity and causing yield loss up to 23-

30% in India. The symptoms of Alternaria 

leaf spot were observed in the field 20 days 

after transplanting. The typical symptoms 

appear as circular to irregular shaped spots 

with concentric rings (target board 

appearance). Individual spots coalesce into 

large necrotic areas and leaf drop can occur. 

Lesions can occur on petioles, stems, flower 

pedicels on broccoli plant (Ellis, 1968). 

 

Essential oils are the complete mixture of 

volatile substances generally present in leaves 

at low concentration. Before such substances 

can be analyzed, they have to be extracted 

from matrix, using dried plant material. 

Several methods can be employed for this 

purpose e.g. Hydro distillation method, steam 

distillation method, Soxhlet apparatus and 

simultaneous distillation extraction. 

Microalgae are used in agriculture in different 

applications, such as amendment, foliar 

application and seed priming. Microalgal bio-

stimulants are able to stimulate the growth 

and development of several crops under both 

optimal and stressful condition. It generating 

multiple benefits, such as enhanced rooting, 

higher crop yields and quality and tolerance to 

drought and salt (Domenico, 2019). 

 

One such attempt as been made to evaluate 

the effect of microalgae and thyme essential 

oil against Alternaria leaf spot of broccoli 

(Alternaria brassicae) both in-vitro and in-

vivo conditions. 

 

Materials and Methods 

 

Experimental site 

 

The laboratory experiment was conducted at 

the laboratory of the Department of Plant 

Pathology and field experiment was carried 

out at the central research field, Sam 

Higginbottom University of Agriculture and 

Sciences, Prayagraj. The experiment was 

conducted during Rabi season 2019 – 2020. 

 

Isolation of pathogen 

 

For the isolation of the pathogen associated 

with the symptoms on leaf spot portions were 

cut into suitable pieces and washed 

thoroughly in tap water so as to remove soil 

and other adherent particles. The pieces were 

then disinfected by 0.01% sodium hypo 

chloride solution for one minute followed by 

rinsing in three changes of sterilized water to 

remove the traces of sodium hypo chloride 

solution and were dried on sterilized blotting 

paper, three to four such pieces were then 

placed aseptically on sterilized PDA medium 

in each petri plate of two types of 
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symptomatic pieces. The petri plates were 

incubated at room temperature (28+
_
1

o
C), 

soon as growth of fungus was noticed, well 

isolated fungal growth free from 

contamination was transferred to agar slants 

by hyphal tip technique. The test isolates of 

the pathogen were aseptically sub cultured, 

purified and maintained separately on agar 

slant tubes in refrigerator for further studies. 

The fungus culture thus obtained were then 

sub cultured on PDA slants and incubated in 

BOD incubator (25=-2C) for 2-4 days. Such 

slants with good fungal growth were 

preserved in refrigerator at 5+-1C. 

 

Identification of the fungus cultures 

 

The study was undertaken to confirm the 

isolated pathogen. Identification of the fungus 

was made after examining conidia under 

microscope from pure culture of the test 

fungus. These observations were compared 

with those of the standard measurements and 

characteristics, pathogenicity test and the 

microscopic observation, test fungus as 

identified as Alternaria brassicae causing leaf 

spot of broccoli (Sharma et al., 2013). 

 

Morphological characters 

 

Morphology of the fungus was studied of 5-

10 days old culture grown on PDA medium 

by adoption of slide culture technique. 

Morphological characters viz, septation, 

shape of conidia and beak size were recorded 

under compound microscope (40x). 

 

Poisoned food technique 

 

In poison food technique the following 

treatments were used T0 –control, T1 –Thyme 

oil @ 0.25%, T2 –Thyme oil @0.5%, T3 –

Thyme oil @0.75%, T4 –Thyme oil @1.0 %, 

T5 –Mancozeb @ 0.01%. Five mm diameter 

of culture disc of Alternaria brassicae was 

kept at the center of each Petri plate 

containing the essential oil of required 

concentrations dissolved in PDA media. 

Three replications were maintained. The 

plates will be incubated at 27°C for two days 

and colony diameter was recorded. Percent 

mycelia growth inhibition of test fungus over 

untreated control was calculated by using the 

formula. 
 

(C-T) 

Percent Inhibition(I)= ×100 

                                                                                        C  
 

Where, 

 

C = Growth (mm) of the test fungus in 

untreated control plate. 

 

T = Growth (mm) of the test fungus in treated 

control. 

 

Observations recorded 

 

Pre-harvest and post-harvest observations 

were recorded during the course of 

experiment. 

 

Post-harvest observations 

 

1) Head weight (Kg) was recorded after 

harvest of crop. 

2) Total yield(t/ha
-1

) 

 

Results and Discussion 

 

Effect of thyme essential oil and fungicide 

on radial mycelial growth (mm) and 

percent inhibition of Alternaria brassicae at 

120hrs 

 

The minimum mycelia growth and percent 

inhibition was recorded in T4 – thyme oil 

@1.0 % (5.21 mm and 94.20%) followed by 

T3 – thyme oil @0.75 % (7.51 mm and 

91.30%), T2 – thyme oil @ 0.5 % (22.70 mm 

and 75.75%), T1 – thyme oil @ 0.25 % (32.0 

mm and 67%) as compared to T5 – mancozeb 

(treated check) @ 0.0.1% (8.98 mm) and T0 – 
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untreated check with (91.66mm and 90%). 

Among the treatments (T4, T3) were non-

significant over T5, and (T5, T2), (T4, T3), 

(T3, T2) were significant and (T1, T0). 

 

Disease intensity of broccoli 

 

The minimum disease intensity (%) was 

recorded in T3 – microalgae @ 4 kg/ha + 

thyme oil @1.0% (21.97), followed by T2 – 

microalgae @ 3 kg/ha + thyme oil @1.0% 

(22.83), T4 – microalgae @ 5 kg/ha + thyme 

oil @1.0% (26.12), T5 – microalgae @ 6 

kg/ha + thyme oil @1.0% (27.04), T6 –

microalgae @ 7 kg/ha + thyme oil @1.0% 

(29.04), T1 – microalgae @ 2 kg/ha + thyme 

oil @1.0% (30.96) and highest disease 

intensity was found in untreated control T0 –

(33.02).Among the treatments (T1, T2, T3, 

T4, T5, T6) were found to be non-significant 

over untreated control T0 (Table 1 and 2). 

 

Table.1 Effect of thyme essential oil and fungicide on radial mycelial growth (mm) and percent 

inhibition of Alternaria brassicae at 48, 72, 96 and 120hrs 

 

 

S. No 

 

Treatments 

Radial growth (mm) Percent 

inhibition 48Hrs 72Hrs 96Hrs 120Hrs 

T0 Control (untreated check) 45.75 56.76 67.40 91.66 0% 

T1 Thyme oil @ 0.25 % 8.28 11.81 16.27 32.00 67% 

T2 Thyme oil @ 0.5 % 6.09 8.33 8.6 22.70 75.75% 

T3 Thyme oil @ 0.75 % 3.47 5.61 6.62 7.51 91.30% 

T4 Thyme oil @ 1.0 % 1.93 3.27 4.15 5.2 94.20% 

T5 Mancozeb (Treated check) 2.88 4.29 7.8 8.9 90% 

F test S S S S - 

S. Ed. (±) 0.40 0.43 0.58 0.64 - 

C.D. (at 5%) 0.89 0.96 1.28 1.42 - 

 

Table.2 Effect of microalgae and thyme essential oil on disease intensity of broccoli at 30, 45, 

60 DAT, head weight, and total yield in vivo conditions 

 

 

S. No 

 

 

                  Treatments 

 

              Disease intensity Head 

weight  

Total 

yield   30 DAT 45 DAT 60 

DAT 

T0 Control (untreated check) 24.98 28.03 33 .02 8.00 7.70 

T1 Microalgae + Thyme essential oil 22.29 25.83 30.96 8.56 8.40 

T2 Microalgae + Thyme essential oil 18.16 21.28 22.83 10.54 12.13 

T3 Microalgae + Thyme essential oil 15.35 19.07 21.97 11.41 13.7 

T4 Microalgae + Thyme essential oil 19.14 22.86 26.12 10.25 11.10 

T5 Microalgae + Thyme essential oil 20.55 23.62 27.04 9.80 10.20 

T6 Microalgae + Thyme essential oil 21.53 24.59 29.04 9.55 9.26 

F test S S S S  S 

S. Ed. (±) 0.253 0.42 0.56 0.16 0.36 

C.D. (at 5%) 0.55 0.94 1.24 0.37 0.80 
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Head weight (t/ha) of broccoli 

 

The maximum head weight of broccoli was 

recorded in treatment T3 – microalgae @ 4 

kg/ha + thyme oil @1.0% (11.41 t/ha) 

followed by T2 – microalgae @ 3 kg/ha + 

thyme oil @1.0% (10.54 t/ha), T4 – 

microalgae @ 5 kg/ha + thyme oil @1.0% 

(10.25 t/ha) and T5 – microalgae @ 6 kg/ha + 

thyme oil @1.0% (9.80 t/ha), T6 – microalgae 

@ 7 kg/ha + thyme oil @1.0% (9.55 ton/ha), 

T1 –microalgae @ 2 kg/ha + thyme oil 

@1.0% (8.56 t/ha) as compared to untreated 

control T0 – (8.00t/ha).Among the treatments 

(T1, T2, T3, T4, T5, T6) were found 

significant over untreated control T0. The 

treatments (T3, T4), (T4, T5) and (T5, T6) 

were found non-significant to each other. 

 

Total yield (t/ha) of broccoli 
 

The highest total yield of broccoli was 

recorded in treatment T3 – microalgae @ 4 

kg/ha + thyme oil @1.0% (13.76 t/ha) 

followed by T2 – microalgae @ 3 kg/ha + 

thyme oil @1.0% (12.13 t/ha), T4 – 

microalgae @ 5 kg/ha + thyme oil @1.0% 

(11.10 t/ha) and T5 – microalgae @ 6 kg/ha + 

thyme oil @1.0% (10.20 t/ha), T6 – 

microalgae @ 7 kg/ha + thyme oil @1.0% 

(9.22 t/ha), T1 –microalgae @ 2 kg/ha + 

thyme oil @1.0% (8.40 t/ha) as compared to 

untreated control T0 – (7.70t/ha). Among the 

treatments (T1, T2, T3, T4, T5, T6) were 

found significant over untreated control T0 

(control + FYM). The treatments (T0, T1) and 

(T1, T6) were found non-significant to each 

other. 

 

Probable reasons for such findings may be the 

anti-fungal activity of thyme oil against the 

tested fungi Alternaria brassicae. The largest 

antifungal activity of thyme essential oil was 

observed at concentration @ 1.0%. Thyme 

essential oil may be apparently the best 

inhibitors for fungal pathogen because of the 

presence of phenolic compounds such as 

carvacrol and thymol as main constitutes 

which might disrupt the fungal cell 

membrane. Microalgae used as amendment, 

foliar application, and seed priming used in 

conjunction with synthetic fertilizers, crop 

protection products and plant growth 

regulators, generating multiple benefits like 

enhanced rooting, head weight, higher crop 

yields and quality and tolerance to drought 

and salt and essential oils give protection to 

the plants against invasion of leaf spot 

pathogen.  

 

In conclusion the results revealed that 

maximum inhibition percentage was recorded 

at thyme essential oil @ 1.0% was found most 

effective against Alternaria brassicae causing 

Alternaria leaf spot of broccoli under in vitro 

conditions. 

 

In vivo studies revealed that minimum disease 

intensity (%) in broccoli at 30, 45, 60 DAT, 

the maximum head weight (t/ha), and 

maximum total yield (t/ha) were recorded in 

treatment T3 – Microalgae @4 kg/ha + 

Thyme essential oil @1.0%.The findings of 

the present experiment are limited to one crop 

season (December 2019 to March 2020) 

under Prayagraj Agro- climatic conditions, as 

such to validate the present findings more 

such trials should be carried out in future. 
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