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Management of Ashwagandha root rot disease 

with bioagents and fungicides 
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Abstract 
The experiment was conducted to study the effect of bioagents and fungicides for management of 
ashwagandha root rot disease. Fusarium solani causing root rot disease is one of the serious pathogen 
because it attacks on root and deteriorate the quality of alkaloid. Among various treatments, minimum 
disease attack was observed in fungicide seed treatment with Mancozeb 63% + Carbendazim 12%. This 
combined fungicidal seed treatment also increases the germination (plant stand), fresh and dry root 
weight, shoot and root length and alkaloid content. In case of bio agents, Trichoderma viride was more 
efficient than Pseudomonas fluorescens in arresting the growth of pathogen, as compared to their 
individual applications over the un-treated control. 
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Introduction 
Ashwagandha (Withania somnifera), also known as Indian ginseng, belonging to the family 
Solanaceae, is an important ancient medicinal plant, used in the Indian traditional systems of 
medicine, Ayurveda and Unani. Ashwagandha roots and their extracts are used in preparation 
of herbal tea, powders, tablets and syrups which help in reducing arthritis, disability, fatigue, 
high cholesterol and stress, increase healing processes, have positive effect against impotence 
and also normalize the sugar content of the blood.  
It grows well in dry and sub-tropical regions of India, Sri Lanka and Bangladesh. Rajasthan, 
Punjab, Haryana, Uttar Pradesh, Gujarat, Madhya Pradesh and Maharashtra are the major 
producing states of India. Ashwagandha mostly grown on dried region of India. In 
Maharashtra, especially in Vidarbha region. Ashwagandha belongs to genus Withania and 
family Solanaceae. Only two species of Ashwagandha are found in India, such as Withania 
coagulans and Withania somnifera. The estimated production of its roots in India is more than 
1500 tonnes, while the annual requirement is about 7000 tonnes, necessitating increase in its 
cultivation and higher production. (Anonymous, 1976., Sharma, 2004 and Baghel et al 2010) 
[4, 26, 5]. The roots, leaves and fruits (berry) possess medicinal values due to alkaloids and 
steroidal lactones with anoides which is anti-Inflammatory (Anabalagan and Sadique, 1984) [2], 
anti-arthritis (Begum and Sadique, 1988) [6] and immuno-suppressive activities (Singh and 
Kumar, 1998) [24], antioxidant (Dhuley, 1998) [13], immunomodulatory (Davis and Kuttan, 
2000) [10], antidepressant (Bhattacharya et al, 2000) [7].  
The pharmaceutical industries are mainly dependent upon the wild population of 
Ashwagandha for the supply of tuberous roots for forskolin and withafarin extraction. The root 
rot of ashwagandha [W. somnifera (L.) Root rot caused by Fusarium solani has been 
considered among the most deleterious disease, which causes great losses in many parts of the 
world. Initial symptoms were withering and drooping of the plants while at later stages, plants 
showed severe wilting leading to death and decay of underground parts. The root of infected 
plant showed pulpiness with brownish colour. White cottony growth of the fungus was 
observed at the basal part of infected plants near ground level. The plant in the nurseries also 
showed symptoms of yellowing, drooping and decay at seedling stage leading to 30-40% 
mortality. Further investigations to characterize the infecting fungus led to identification of 
Fusarium solani as the causative organism (Gupta et al. 2004) [14]. 
  
Materials and methods  
Diseased roots of Ashwagandha (W. somanifera) were collected from the field of Department 
of Plant Pathology, Dr. P. D. K. V., Akola.  
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Experimental site 
The field experiment was conducted at the Field of 
Department of Plant Pathology, Dr. P. D. K. V., Akola during 
2016-17 to find out the effect of different treatments for the 

management of root rot of Ashwagandha. For experimental 
layout the Randomized Block Design was used with three 
replications and seven treatments. 

 
Sr. No.Treatment No Treatment Details 

1. T1 Seed treatment with Carbendazim @(1.25g/kg) 
2. T2 Seed treatment with Mancozeb @(2.5g/kg) 
3. T3 Seed treatment with Mancozeb 63% + Carbendazim 12% (SAAF) 75WP @(2.5g/kg) 
4. T4 Seed treatment with Trichoderma viride @(4g/kg) 
5. T5 Seed treatment with Pseudomonas fluorescens @(10 g/kg) of seed 
6. T6 Seed treatment with Pseudomonas fluorescens @(5g/kg) + Trichoderma viride @(2g/kg)
7. T7 Control 

 

Symptomatology 
The diseased root of Ashwangandha infected with Fusarium 
solani were collected from the field of department of plant 
pathology, Dr. PDKV, Akola. Initial symptoms were 
withering and drooping of the plants while at later stages, 
plants showed severe wilting leading to death and decay of 
underground parts. The root of infected plant showed 
pulpiness with brownish colour. White cottony growth of the 
fungus was observed at the basal part of infected plants near 
ground level. The plant in the nurseries also showed 
yellowing, drooping and decay symptoms at seedling stage 
leading to 30-40% mortality. Further investigations to 
characterize the infecting fungus led to identification of 
Fusarium solani as the causative organism. Similar type of 
symptoms also described by (Gupta et al. 2004) [14]. Leaf 
blight symptoms were noted in the field and observed 
microscopic characters in the laboratory with the help of 
simple microscope. 
 
Isolation of leaf pathogen 
The isolation of pathogen was done on Potato dextrose agar 
medium by tissue method. The plates were incubated in a B. 
O. D. incubator at 25±2 0C for 5 to 6 days and the growth of 
fungal colonies recorded every day. The root rot disease 
incidence was recorded at 30, 60, 90 and 120 DAS 
(Harvesting stage) by counting the number of diseased plants 
and total plants. Then Per cent disease incidence was 
calculated by using formula given by McKinney (1973). 
 

Number of infected plants 
Per cent Disease Incidence =    x100 

Total number of plants 
 
And Percent alkaloid content in roots was estimated by 
following Formula:  
 
Formula  
 

 
 
Results and discussion  
Evalution of integrated disease management modules 
against root rot of Ashwagandha 
The incidence of Fusarium solani causing root rot disease of 
Ashwagandha was observed in the field condition at 30, 60, 
90, and 120 DAS. Data presented in Table 1. revealed that, 
the minimum root rot incidence was recorded in T3 

(Mancozeb 63% + Carbendazim 12%) is 6%. It was followed 
by T1 Carbendazim), T4 (T. viride) and T2 (Mancozeb) is 
15.01%, 19.01%, 21.02% respectively. Maximum root rot 

incidence was recorded in control treatment i.e. 31.63%. At 
60 DAS, minimum root rot incidence was observed in 
fungicidal treated seed with (Mancozeb 63% + Carbendazim 
12%) 8.9%. It was followed by T1 (Carbendazim), T4 (T. 
viride) and T2 (Mancozeb) is 20.01%, 24.02%, 26.92% 
respectively. Maximum root rot incidence was recorded in 
control treatment i.e. 45.94%. At 90 DAS, fungicide treatment 
with (Mancozeb 63% + Carbendazim 12%) was again found 
effective with minimum (10.20%) root rot incidence followed 
by T1 (Carbendazim), T4 (T. viride) and T2 (Mancozeb) is 
21.02%, 25.02%, 28.22% respectively. Maximum root rot 
incidence was recorded in control treatment i.e. 47.24%. At 
harvesting stage (120 DAS), fungicide treatment with 
(Mancozeb 63% + Carbendazim 12%) was found effective 
with minimum (18.91%) root rot incidence followed by T1 

(Carbendazim) 28.53%, T4 (T. viride) 33.13%, and T2 

(Mancozeb) 36.53%. Maximum root rot incidence was again 
recorded in control treatment i.e. 48.64%. Gupta and Mishra 
(2004) [14] reported that, F. solani causing root rot of 
Ashwagandha leads to 30-50% mortality of plants. Andrabi et 
al. (2011) [1] reported that seed treatment with Carbendazim + 
Mancozeb reduced disease incidence (8.56%) significantly. 
Similar results were recorded by Chavan et al. (2009) [9] in 
Patchouli. 
 
Shoot and root length (cm) at different growth stages of 
Ashwagandha 
Shoot length (cm) 
Data presented in Table 3 revealed that at 60 DAS, maximum 
shoot length of plant was recorded in fungicidal seed 
treatment with Mancozeb 63% + Carbendazim 12% (37.39 
cm), followed by seed treatment like Carbendazim (35.19 
cm), followed by seed treatment with bioagent T. viride 
(36.13 cm). Minimum shoot length was recorded in control 
treatment (33.52 cm). At 90 DAS, seed treatment with 
fungicides like Mancozeb 63% + Carbendazim 12% again 
found effective with maximum shoot length (42.46 cm), 
followed by seed treatment with Carbendazim (42.12 cm) 
followed by antagonist seed treatment with T. viride (41.72 
cm). Minimum shoot length was recorded in control treatment 
(39.93 cm). At the time of harvesting (120 DAS), maximum 
shoot length, was observed in fungicidal seed treatment with 
Mancozeb 63% + Carbendazim 12% (47.41cm) followed by 
seed treatment with Carbendazim(46.53 cm) followed by 
antagonist seed treatment with T. viride (46.32 cm). Minimum 
shoot length was recorded in control treatment (43.00 cm). 
 
Root length (cm) 
The data on root length of ashwagandha is presented in table 
3 at harvesting stage (120 DAS), maximum root length was 
observed in fungicidal seed treatment with Mancozeb 63% + 



 

~ 2052 ~ 

International Journal of Chemical Studies 

Carbendazim 12% (26.33 cm), followed by seed treatment 
with Carbendazim (23.00 cm), followed by seed treatment 
with bioagent T. viride (21.93 cm). Minimum root length was 
recorded in control treatment (18.33 cm). Shanmugaiah 
(2009) [27] reported that, the seed treatment with biocontrol 
agent’s viz., Trichoderma viride and Pseudomonas 
fluorescens was responsible for higher shoot and root length 
due to production of IAA, MG-6, UV-10, MNT-7 and other 
plant growth regulators. Maitlo et al. (2015) [19] reported that 
the maximum shoot length and root length was observed in 
plants treated with Bavistin D.F. while Mancozeb were 
observed least effective. Similar results were concprdant with 
Marnoranjitham et al. (2000) [18] in chilli seedling. 
 
Fresh and dry weight (g) of roots after harvesting of 
Ashwagandha 
Fresh weight (g) 
At the time of harvesting, maximum fresh weight per plot was 
observed in seed treatment with fungicide i.e. Mancozeb 63% 
+ Carbendazim 12% (468 g)is mentioned in table 4. It was 
followed by seed treatment with Carbendazim (406 g), 
followed by seed treatment with bio agent T. viride (369 g). 
Minimum fresh weight of roots was observed in control 
treatment (255 g). Also maximum fresh weight per root was 
observed in seed treatment with fungicide i.e. Mancozeb 63% 
+ Carbendazim 12% (1.73 g). It was followed by seed 
treatment with Carbendazim (1.70 g), followed by seed 
treatment with bio agent T. viride (1.65 g). Minimum fresh 
weight per root was observed in control treatment (1.50 g). 
 
Dry weight (g) 
After harvesting, the fresh roots were collected and dry in 
clear sunlight condition for 7 days. Further the dried roots 
were weighted separatel in table 3. Among this dried root 
samples the maximum dry weight per plot was obtained in 
seed treatment with fungicide i.e. Mancozeb 63% + 

Carbendazim 12% (264.14 g). It was followed by seed 
treatment with Carbendazim (196 g), followed by seed 
treatment with antagonist T. viride (180 g). Minimum dry 
weight was observed in control treatment (109.81 g). 
fungicide i.e. Mancozeb 63% + Carbendazim 12% (0.91 g). It 
was followed by seed treatment with Carbendazim (0.82 g), 
followed by seed treatment with bio agent T. viride (0.80 g). 
Minimum fresh weight per root was observed in control 
treatment (0.64 g). Anju Tanwar et al. (2013) [3] recorded that, 
the application of T. viride alone increases fresh root weight 
(5.93 g) and dry root weight (2.51 g) in Brocoli. Similar 
results were recorded by Shanmugaiah et al. (2009) [27]. 
 
Per cent alkaloid content in roots of Ashwagandha 
Alkaloids are special group of secondary compounds and are 
non toxic when stored but toxic when pathogens are attacked 
to the plants. Alkaloid was extracted from the root powder of 
Ashwagandha for comparing the difference in alkaloid 
percentage among various treatments. 
The data in Table 4 revealed that, the maximum alkaloid per 
cent was recorded in seed treatment with fungicide, 
Mancozeb 63% + Carbendazim 12% (0.37%). It was followed 
by seed treatment with Carbendazim (0.36%), followed by 
seed treatment with bio agent T. viride (0.35%). Minimum 
alkaloid per cent was recorded from control plot (0.33%). 
Alkaloid per cent was estimated on the basis of dry weight of 
plant. Alkaloid percent per root and per plot were recorded 
maximum in fungicide treatment (T3) and antagonist’s 
treatment (T4) because dry weight per root and per plot was 
maximum in chemical treatment (T3) and antagonist treatment 
(T4). Karthikeyan et al. (2009) [17] reported that, the seed 
priming and seedling treatments of native PGPRs can be used 
as a good tool in the enhancement of biomass yield and 
alkaloid contents in medicinal plant cultivation. Similar 
results were recorded by Nigam and Kandalkar (1995) [22] and 
Rawal et al. (2014) [23] in Ashwagandha. 

 
Table 1: Evaluation of integrated disease management modules against of root rot of Ashwangandha. 

 

Sr. 
No. 

Treatments 

Days after sowing 

30 
DAS 

Per cent 
reduction 

over control 

60 
DAS 

Per cent 
reduction 

over control 

90 
DAS 

Per cent 
reduction over 

control 

Harvesting
Stage 

(120DAS) 

Per cent 
reduction 

over control

T1 Carbendazim 
15.01 

(22.78)* 
52.54 

20.01 
(26.57) 

56.44 
21.02

(27.28)
55.50 

28.53 
(32.28) 

47.71 

T2 Mancozeb 
21.02 

(27.28) 
33.54 

26.92 
(31.25) 

41.40 
28.22

(32.09)
40.26 

36.63 
(37.24) 

25.14 

T3 
Mancozeb 63% + 

Carbendazim 12% (SAAF) 
06.00 

(14.14) 
81.03 

8.9 
(17.35) 

80.62 
10.20

(18.62)
78.40 

18.91 
(25.77) 

61.34 

T4 Trichoderma viride 
19.01 

(25.85) 
39.89 

24.02 
(29.33) 

47.71 
25.02

(30.00)
47.03 

33.13 
(35.14) 

32.31 

T5 Pseudomonas fluorescens 
28.02 

(31.96) 
11.41 

40.43 
(39.48) 

11.99 
41.54

(40.12)
12.06 

44.74 
(41.98) 

08.60 

T6 
Pseudomonas fluorescens + 

Trichoderma viride 
23.02 

(28.67) 
27.22 

33.43 
(35.32) 

27.23 
34.73

(36.10)
26.48 

39.03 
(38.66) 

20.24 

T7 Control 
31.63 

(34.22) 
- 

45.94 
(42.66) 

- 
47.24

(43.41)
- 

48.94 
(44.39) 

- 

 ‘F’ test Sig.  Sig.  Sig.  Sig.  
 SE(m)± 0.43  0.67  0.66  0.69  
 CD at 5% 1.33  2.08  2.04  2.14  

 
Table 2: Shoot and root length (cm) at different growth stages of Ashwagandha 

 

Sr. No. Treatments 
Shoot length (cm) Root length(cm) 

Harvesting stage 
(120DAS) 60 DAS 90 DAS

Harvesting stage 
(120 DAS) 

T1 Carbendazim 35.19 42.12 46.53 23.00 
T2 Mancozeb 35.72 41.06 46.06 20.80 
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T3 Mancozeb 63% + Carbendazim 12% (SAAF) 37.39 42.46 47.41 26.33 
T4 Trichoderma viride 36.13 41.72 46.32 21.93 
T5 Pseudomonas fluorescens 34.72 39.99 44.73 19.55 
T6 Pseudomonas fluorescens + Trichoderma viride 35.39 40.92 45.46 19.86 
T7 Control 33.52 39.93 43.00 18.33 
 ‘F’ test Sig. Sig. Sig. Sig. 
 SE(m)± 0.61 0.55 0.28 0.95 
 CD at 5 % 1.88 1.71 0.86 2.99 

 
Table 3: Fresh and dry weight (g) of roots after harvesting of Ashwagandha 

 

Sr. 
No. 

Treatments 
Plant count 

(Harvesting stage) 
Fresh weight of 
roots per plot 

Fresh weight 
per root 

Dry weight of 
roots per plot 

Dry weight 
per root 

T1 Carbendazim 238 406 1.70 196 0.82 
T2 Mancozeb 211 345 1.63 161.67 0.76 

T3 
Mancozeb 63% + Carbendazim 

12% (SAAF) 
270 468 1.73 246.14 0.91 

T4 Trichoderma viride 222.66 369 1.65 180 0.80 
T5 Pseudomonas fluorescens 184 296 1.60 130 0.70 

T6 
Pseudomonas fluorescens + 

Trichoderma viride 
203 330 1.62 147 0.72 

T7 Control 170 255 1.50 109.81 0.64 
 ‘F’ test Sig. Sig.  Sig.  
 SE(m)± 3.11 8.54  5.58  
 CD at 5% 9.59 26.33  17.21  

 
Table 4: Per cent alkaloid content in roots of Ashwagandha 

 

Sr. 
No. 

Treatments 
Per cent 
alkaloid 
content 

Per cent Increase 
over control 

Per cent 
alkaloid per 

root 

Per cent Increase 
over control 

Per cent 
alkaloid per 

plot 

Per cent Increase 
over control 

T1 Carbendazim 
0.36 

(0.60)* 
16.12 0.59 47.50 141.12 107.27 

T2 Mancozeb 
0.34 

(0.58) 
09.67 0.52 30.00 109.93 61.47 

T3 
Mancozeb 63% + 

Carbendazim 12% (SAAF)
0.37 

(0.61) 
18.81 0.67 67.50 182.14 167.53 

T4 Trichoderma viride 
0.35 

(0.59) 
13.44 0.56 40.00 126.00 85.07 

T5 Pseudomonas fluorescens 
0.32 

(0.56) 
01.61 0.45 12.50 83.20 22.20 

T6 
Pseudomonas fluorescens 

+ Trichoderma viride 
0.33 

(0.57) 
05.67 0.48 20.00 97.02 42.50 

T7 Control 
0.31 

(0.55) 
 0.40  68.08  

 ‘F’ test Sig.      
 SE(m)± 0.004      
 CD at 5% 0.013      

*Figures in parenthesis are square root transformed values 
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