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In eastern part of India, two major diseases viz. wilt and Dieback are responsible for the mortality of Delbergia sissoo 
(Shisham). The Dieback disease cause severe loss to the plants rapidly and is mainly caused by pathogenic rhizospheric 
fungus. It is quite difficult to get rid of pathogenic mycoflora in the Shisham growing lands; therefore, disease management 
helps in the protection of D. sissoo. Better methods for disease management are integrated disease management and it 
includes judiciousapplication of chemical and biological approaches. The pathogenic fungus infectsthe plant through roots. 
Thus, management of pathogenic fungi by natural biocontrol agents (Trichoderma viride isolated from rhizospheric soils) 
could be a sustainable approach.Under in vitro conditions, Trichodrma viride was found to inhibit the growth of Fusarium 
oxysporum up to 46.4% inhibition (zone of inhibition on Petri plate was 29.5 mm). T. harizanum inhibitedthe F.oxysporum 
up to 25.2mm (58% inhibition). T.harizanum showed better antagonistic potential than T.  veride. This could be due to rapid 
growth of T. harizanum and excretion of potent antifungal substances.The antagonistic substancesviz. Gliotoxin, volatile 
and non-volatile substances inhibited the growth and proliferation of pathogenic fungus F. oxysporum. 

Introduction
Dalbergia sissoo (Shisham) is a most planted timber trees spe-
cies in north central India owing to its high economical values 
and wide industrial and rural applicability.In Bihar state Sisham 
plantation is commonly noticed from West Champaran to Pur-
nia district in Bihar.It is a multipurpose tree species and due to 
its durability, elasticity and strength it is priced as a valuable 
timber used in furniture, door, and window and in gun but-
t(Bhattacharya et. al. 2014, Chandra et.al. 2014,Sharma et. al. 
2000).

Two major diseases wilt and Dieback are responsible for the 
mortality of D. sissoo. The Dieback disease cause severe loss of 
the plants very rapidly. This disease is mainly concerned with 
pathogenic rhizospheric fungus. It is quite difficult to remove 
mycoflora from the Shisham growing lands, thus the disease 
management could help in safeguarding of Shisham plants. In 
a study, Rajput et. al. (2011) showed the positive efficacy of dif-
ferent Neem (Azadirachta indica A. Juss) products namely Neem 
oil, Neem seed decoction, Neem seed without coat, Neem seed 
coat and Neem leaf extract were tested for in vitro growth of 
Shisham seedlings inoculated with Fusarium solani isolated from 
dieback infected Shisham plant (Rajput et. al. 2012, Chandra 
et. al. 2014, Ojha et. al. 2010, Bhandari, 2014)

The disease has also been reported from Pakistan (Rehman 

et.al. 2012, Arif et.al. 2013, Poussio et. al. 2010), Nepal (Bak-
sha and Basak 2000, 2010), Bangladesh (Basak, 2006) and 
Iran (Abdollahzadeh et. al. 2010). Valdez et.al. (2013) also es-
tablished the possible role of bacteria as pathogens in dieback 
affected D. sissoo Roxb. trees in Bangladesh. The growth of 
the pathogens;Fusarium, Aspergillus and Rhizoctonia are more 
in the rainfall ranges between 500 to 1500mm and the rainy 
season also favor the growth of D. sissoo. Wilting of affected 
tree is the common symptom;therefore,Fusarium solani (Mart) 
has been consistently isolated from dying roots (Bakshi, 1974; 
Bakshi and Singh 1959). 

Biological control  of  plant  pathogen  using  antagonistic  
fungi  such as Trichoderma veride and Trichoderma harizanum  
which  have  shown  effective  and promising results in con-
trolling Shisham diseases. The antagonists produce antifungal 
biochemicals which causes the pathogenic fungal hyphae to-
become vacuolated and finally collapse(Singh, 2002, Kundu 
and Chatterjee 2003). The  use  of  Trichoderma  in  agricul-
ture provides  advantages  by   colonizing  the  rhizosphere  
rapidly by controlling  pathogenic and competitive microflora, 
thereby improving plant health (Harmanet.al.2004). Numerous 
species of Trichoderma can also protect plants by producing 
biologically active compounds such as cell wall degrading en-
zymes, which mitigate the negative effects of plant pathogens 
and promote plant growth. For these reasons, these beneficial 
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biocontrol fungi have been commercially employedas biopesti-
cides, biofertilizers and soil amendment agents (Vinalea et. al. 
2008, Basak and Basak 2011, Chandra et. al. 2014).Therefore, 
keeping the above in view, an attempt was made to study the 
diversity of rhizosphere fungi associated with drying or wilting 
of D.sissoo plants and biocontrol aspects of pathogenic fungi.

Materials andmethods
Selection of study area and tree species
The D. sissoo growing areas of North Bihar was conduct-
ed during 2012-2013 and 2013-2014 and were divided into 
eight sectors (Fig. 1) based on its wide range of habitat and 
microbial infestation. The targeted area was surveyed and 
documented the incidence of wilt disease of host plants at dif-
ferent age groups i.e. 5 years and more than 10 years. 

Isolation of fungal species
Rhizospheric soil samples were collected in separate polyeth-
ylene bags and brought to the laboratory for fungal profiling 
associated with healthy and diseased sissoo plants. For micro-
bial isolation, methods as described by Kumar (2011) were 
adopted. The identification of microbes was carried out as per 
Manual of Soil Fungi(Gilman, 1998).

Isolation of biocontrol agent T. harizanum
Trichoderma harizanum was isolated from rhizospheric soil by 
using selective Agar medium (TSM) for quantitative isolation 
prescribed by Elad et al, (1981). For biocontrol study in fields, 
the T. harizanum was grown in liquid broth to achieve spore 
count of 107 ml-1.

Soil amendment with Bio-agents: 
The soil amendment for growth study of D. sissoo seedling 
was carried outwith biocontrol agent (T. harizanum) having 
following experimental set up in triplicate.

T1 = Control (Sterilized soil only)
T2 = Sterilized soil + F. oxysporum  (Pathogen)
T3 = Sterilized soil + F. oxysporum  (Pathogen) + T. harizanum 

(Biocontrol)
T4 = Garden/Natural soil
T5  = Garden soil + F. oxysporum (Pathogen)
T6 = Garden soil + F. oxysporum (Pathogen) + T. harizanum  

(Bio-control)

Results and Discussion
During survey of Gangetic and Kosi river belts of Central 
East India, Distt. Khagaria, Bihar (Fig. 1) it was observed 
that D. sissoo plants of different age groups (Fig. 2)were 
infested with wilt disease. Data collected from this district 
revealed that out of 357 (05-10 years age group plants) 
and 259 plants (above 10 years age group), 28 and 73 
plants were found partially and 42 and 111 plants com-
pletely wilted, respectively. The percentage disease in-

cidence was maximum (71.05) in 10 years and above 
age group plants whereas, the lowest disease incidence 
(38.45) was recorded among the plants planted in Katihar 
district (Fig. 2). Survey report of all these eight districts 
showed that highest disease incidence was found more 
than 10 years old plants. Earlier, Rehmanet. al. (2012), 
Sharma et. al. (2000), Rajput et.al. (2012) and Singh et. 
al. (2009) reported the incidence of disease affecting more 
than 40% plant part in more than 10yrs age group of 
plants which lead to considerable loss of D. sissoo.

Diversity and occurrence of fungi are documented in Ta-
ble-2. Result indicated that four fungal species viz., A.niger, 
F.solani, F. oxysporium, P. citrinum were isolated from all the 
plant sites but the Fusariumsps. were invariably present in as-
sociation with diseased plants (Table 2, 3). Some fungi viz., 
Gliocladium sp. C. lunata, A.clavatus andAlternaria sps.were 
distributed unevenly in all sites. The results showed that the 
presence of P. citrinum, F. solani, F. oxysporum in diseased 
samples might be correlated with the incidence of wilt dis-
ease of D.sissoo. The present findings are in conformity with 
the reports of Rajput et. al.(2008) and Singhet. al. (2009) re-
lated to wilting of D. sissoo plants in the different agro cli-
matic conditions.  

The pathogenic fungus grows rapidly than the non-path-
ogenic fungus during the month of October to July and 
the dominant fungi Aspergillus species, Fusarium species, 
Rhizoctonia species and Penicillium species wereobserve-
dat Site-1, while at Site-2, Aspergillus species, Fusarium 
species, Penicillium species, Rhizoctonia species and Hel-
minthosporium species were observed. Similarly at Site-3, 
Aspergillus species, Fusarium species and Penicillium spe-
cies were found to be dominant, similarly same fungal 
species were also observed from Site 4-8 (Table 3).Their 
association with host plants is obvious and therefore, re-
ported in rhizospheric soil of many perennial trees (Ah-
mad et. al. 2012).  The experiment conducted with steri-
lized and garden soil (Table 1) showed that sterilized soil 
supported healthy plant growth and less sign of wilting 
was observed,inoculated with T. harizanum.Sterilized soil 
and garden soil without biocontrol agent exhibited 100% 
wilting effect on plants. Likewise, in garden soil, biocon-
trol effect of T. harizanum also supported more growth of 
healthy plants (54%) compared to wilted plants (46%). 
This could be due to antifungal metabolites excreted by 
T. harizanum, which inhibited the growth of fungal path-
ogen in rhizosphere (Pathan et. al. 2007, Chandra et.al. 
2014, Basak and Basak 2011).

From the present study, it can be concluded that employment 
of potential biocontrol agent/s could be an option but to com-
pletely eradicate an inclusive survey of the dieback disease in 

different ecological zones is necessary to make an evaluation of the damage caused by the parasite in the natural and planted ar-
eas. Since the tree is an important tree crop in the Central East India,scientists from these regions can collaborate on the research, 
exchange new findings, and develop a program for exchange of resistant genetic material and testing them for performance and 
disease resistance.

Table 1: Percentage wilting of Dalbergia sissoo Treatment

Treatments Composition % Healthy plants % wilted  plants

T1 Sterilized Soil  (Control) 100 00

T2 Sterlized Soill +  Fusarium oxysporum 00 100

T3 Sterlized Soil +  F. oxysporum +  Trichoderma harizanum 58 42

T4 Natural/Garden soil 89 11

T5 Natural/Garden soil +  Fusarium oxysporum 00 100

T6 Natural/Garden  Soil +  F. oxysporum +  Trichodermaharizanum 54 46
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Table-2:Disease incidence of D. sissoo in 8 districtsof North Bihar 

S. No. District Age of Plants No of Plants 
Studied

Healthy 
plants 
(H)

Partially diseased 
plan s(PD)

Dead (D) 
Plants

% of H 
Plants

% of PD 
Plants

% of D 
Plants

Total % of 
D Plants

Bhagalpur
5-10yrs 197 139 18 40 70.56 09.14 20.30 29.44

Above 10 yrs 149 59 43 47 39.60 28.86 31.54 60.4

Khagaria
5-10yrs 357 287 28 42 80.40 07.85 11.77 19.62

Above 10yrs 259 75 73 111 28.96 28.19 42.86 71.05

Begusarai
5-10yrs 56 37 07 12 66.07 12.5 21.43 33.48

Above 10yrs 43 18 14 11 41.86 32.56 25.58 58.14

Saharasa
5-10 yrs 75 46 14 15 61.33 18.67 20 38.67

Above 10 yrs 41 13 18 10 31.71 43.90 24.39 68.29

Madhepura
5-10yrs 165 98 26 41 59.39 15.76 24.85 40.61

Above 10 yrs 89 28 23 38 31.46 25.84 42.70 68.54

Darbhanga
5-10yrs 63 41 09 13 65.08 14.29 20.63 34.92

Above 10yrs 49 22 17 10 44.90 34.69 20.41 55.1

Katihar
5-10yrs 32 25 04 03 78.13 12.5 09.38 21.88

Above 10yrs 52 33 08 12 63.46 15.38 23.07 38.45

Purnia
5-10yrs 83 57 11 15 68.67 13.25 18.07 31.32

Above 10yrs 92 38 33 21 41.40 35.87 22.83 58.07

‘H’ – Healthy ‘P.D.’ – Partially Diseased ‘D’ –  Dead 

Table-3:Distribution of Fungi in  association with D.sissoo Roxb.in various sites  of North Bihar

S.N Name of fungi

Site-1 Site-2 Site-3 Site-4 Site-5 Site-6 Site-7 Site-8

H D H D H D H D H D H D H D H D

1 Alternaria spp _ _ _ _ _ 03 _ _ _ _ _ _ _ _ 02 _

2 Aspergillus   clavatus _ _ _ _ 04 _ _ _ _ _ 03 _ _ _ _ _

3 Aspergillus  niger 08 11 07 05 05 04 04 05 04 08 05 06 05 06 05 09

4 Aspergillus flavus 04 _ 04 _ _ _ 03 06 04 08 06 05 05 06 05 11

5 Chaetomium globosum _ _ _ _ 03 _ 05 -_ 05 _ 05 _ _ _ _ _

6 Cladosporium spp 03 04 04 _ _ _ _ 03 _ 02 _ _ _ _ _ 05

7 Curvularia  lunata 02 _ _ _ 04 _ _ _ _ _ _ _ _ 04 _ _

8 Fusarium  moniliforme _ 02 _ 03 _ 04 03 _ _ _ _ 02 _ 04 _ _

9 Fusarium oxysporum 02 05 03 06 02 05 03 05 01 04 03 05 _ 07 02 08

10 Fusarium solani 01 04 _ 03 03 04 _ 05 04 04 04 05 _ 06 02 05

11 Gliocladium spp _ _ _ 02 _ _ 04 _ _ _ _ _ _ _ _ _

12 Helminthosporium sp 03 _ 04 04 04 03 01 03 01 _ 04 _ _ _ 03 04

13 Mucor flavus 02 _ _ _ _ _ _ _ _ _ _ _ 03 _ _ _

14 Penicillium citrinum 03 03 _ 03 05 06 04 05 04 04 05 08 _ 02 03 07

15 Penicillium spp. _ _ 05 _ _ _ 05 _ 05 _ _ 03 06 _ 04 _

16 Rhizopus oryzae _ _ _ _ 02 _ _ _ _ _ _ __ _ 02 _ _

17 Trichoderma album _ _ 02 _ _ _ _ _ 05 _ _ _ - _ _ _

18 Trichoderma flavus _ _ _ _ _ _ _ _ _ _ _ 03 _ _ _ _

19 Verticillium glaucum 04 03 _ _ _ _ _ _ _ _ _ _ _ 04 _ _

20 Fungal diversity 10/32 7/32 7/32 7/32 9/32 7/32 9/32 7/32 9/32 6/32 8/32 8/32 5/32 9/32 8/32 7/32

H- Healthy,  D-  Diseased.
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Fig.1 The study area

Fig. 2 Percent incidence of fungi with two age groups of 
plants at different sites
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