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Powdery mildew of mango caused by Oidium mangiferea
Berthet is a widespread and most important disease of mango
in India. Foliar, blossom and fruit infections are caused by
the disease, but blossom infection is most serious and is
responsible for yield loss up to 90 per cent. It affects fruit set
and causes fruit drop, resulting heavy yield loss. The disease
was first recorded in Brazil by Berthet in 1914. In India, it
was first recorded by Mc Rae (1924). Earlier, the disease was
considered a disease of minor importance but now it is
becoming increasingly important in most of the commercial
mango growing countries of the world affecting almost all
cultivars, either in severe or mild form. It is essential to control
the disease by chemical means, otherwise it harms the crop
heavily. Effective chemicals are available and their spray
schedules are worked out. Therefore, it becomes necessary
to foresee the possibility of disease, so that the effective
measures can be taken for the management of disease in
time. In India, incidence of mildew has assumed such a
devastating proportions that the crop during epidemic years
is completely destroyed, if proper control measures are not
adopted. In present publication, data was taken on the
incidence of powdery mildew at RFRS, Vengurle, Dist.
Sindhudurg, Maharashtra and weather data were correlated
with the incidence of disease. The model was developed using
data upto 2007-08 and taking weather variables (xi, i = 1
…….. 6 represent max. relative humidty, min. relative
humidity, max. temperature, min. temperature, wind velocity
and rainfall) with different lags (1 to 4) and disease incidence
of previous week. The model taking  data of previous two
weeks (lag 1 and 2) was found appropriate. Using these
models, reliable forecasts of time of first appearance of disease
can be obtained at the earliest at 2nd week of December, which
can be revised subsequently and per cent disease incidence
forecasts can be obtained using two weeks’ data upto
preceding week.
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up to latitude 40ONS of the Equator, is reported from different
continents. Asia :  India (Mc Rae 1924), Bangladesh, Nepal,
Pakistan (Sattar, 1946), Sri Lanka (Haigh, 1931), Israel
(Reichert and Palti, 1952), Lebanon, Iran (Zakii et al., 1993);
Australia : New South Wales (Palti et al., 1974), Queensland
and New Caledonia; Africa : Congo, Egypt, Ethiopia, Kenya,
Malawi, Mozambique, Mauritius, Reunion, Tanzania,
Zambia, Zimbabwe, Zaire, South Africa (Pole Evans, 1934);
North America : California (Fieds, 1945), Florida (Ruehle
and Wolfenbarger, 1949); Central America : Mexico, Jamaica
(Anon, 1932), Costa Rica (Mata Queseda, 1950), Guatemala;
South America : Brazil, Venezuela (Rodriguez and Figueroa,
1963), Colombia, Peru; Europe : Greece (Bourbos and
Skoudridakis, 1995) (Fig. 1).  In India, it is prevalent in almost
all the states of the country including in hill valleys and
plains from north to south and east to west. In some places
the blossom infection is serious, while in others foliar
infection is more common (Prakash and Raoof, 1994).

Fig. 1. World distribution of powdery mildew of mango

(North America - California, Florida; Central America - Mexico,
Jamaica, Costa Rica, Guatemala; South America - Brazil,
Venezuel, Colombia, Peru; Europe – Greece; Africa - Congo,
Egypt, Ethiopia, Kenya, Malawi, Mozambique, Mauritius,
Reunion, Tanzania, Zambia, Zimbabwe, Zaire, South Africa; Asia
- India, Bangladesh, Nepal, Pakistan, Sri Lanka, Israel, Lebanon,
Iran;  Australia - New South Wales, Queensland, New Caledonia)
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LOSSES
The disease is economically the most important disease

of mango as it causes yield loss up to 90 per cent, when
disease assumes epidemic proportion. Its spread depends
mainly on climatic conditions. Dropping of unfertilised
infected flowers and immature fruits causes serious losses.
In Australia, Peterson et al. (1991) reported the incidence of
mildew up to 23 per cent on unsprayed trees, whereas, it
was 11.5 per cent in Mancozeb sprayed trees. In Maharastra
(India), due to powdery mildew, the yield of mango decreased
about 20 per cent in some years (Anon., 1930). At Lucknow,
in one estimate, the loss varied from 22.35 to 90.41 per cent
(Prakash and Misra, 1993 a; Prakash and Raoof, 1994).

DISEASE SYMPTOMS
The disease may cause foliar, inflorescence or fruit

infection. The characteristic symptom of the powdery mildew
disease is the white superficial powdery growth of the fungus
on these parts having millions of conidia, which are borne
in chains on conidiophores, which later turns in to grey
colour. Mildew pathogen attacks flowers resulting in their
shedding. The sepals are relatively more susceptible than
the petals.  Palti et al. (1974) reported that the main branches
of inflorescence are affected only in a part in the less
susceptible cultivars. The affected flowerers fail to open and
may fall prematurely resulting into naked look of
inflorescence stalk (Fig 2a). The malformed inflorescences
are also infectd badly and powdery mildew is retained for
longer duration in them. Because of more condensed nature
of malformed panicles, it gives more favourable micro-climate
for its survival.

When small fruits are affected the fruitlets are covered
entirely by the mildew and then they drop. Dropping of
unfertilised infected flowers, as also immature fruits, leads
to serious crop loss. In normal infection conditions, 20-40
per cent flowers and fruit are destroyed but during epidemic
year and it may result in to complete failure of the mango
crop.

When slightly bigger fruits are affected and as it grows,
epidermis of the infected fruits cracks and corky tissues are
formed. Purplish brown blotchy areas appear on the skin of
the fruits. Such fruits may remain on the tree until they reach
up to pea size and then drop prematurely (Fig 2b,c).

Infection is frequently noticed on young leaves too,
when their colour changes from brown to light green. Young
leaves are attacked on both the surface as small irregular
greyish patches, but on the underside, the symptoms are
generally more conspicuous. Often, these patches coalesce
and occupy larger areas turning into purplish browning

colour. At a later stage, patches become darker in colour.
Under favourable environmental conditions, the invaded
areas are covered with a luxuriant whitish growth, consisting
of mycelial mat and conidia. The pathogen is frequently
restricted to the area of the central and lateral veins of infected
leaves and such leaves often twist, curl and get distorted
(Fig 2d,e).. Misra and Prakash (1995) have observed that while
distortion of leaves is more common in plains, in the foot hill
areas, it showed ashy brown patches with white powdery
growth on the leaf surface without twisting and distortion
of leaves.

THE PATHOGEN
Powdery mildew of mango was earlier considered to

be caused by Erysiphe cichoracearum (Wagle, 1928). Uppal
(1937) on the basis of histological studies (globular
haustoria) and the type of conidial germination grouped the
pathogen under Erysiphe polygoni. It was later observed that
the pathogen produces saccate or lobed haustoria, which is
not characteristic of E. cicoracearum (Uppal et al., 1941).  Since,
the description of the perfect stage of the pathogen has not
been given by Uppal (1937), the name of the conidial stage
Oidium mangiferae Berthet is preferred.

Morphology
The morphology of 0idium mangiferae has been

described in detail (Uppal, et al., 1941) (Fig. 3. A-F). The fungus
causing mildew produces septate mycelium, which ramifies
over the surface of the host, forming a white dense, coating
of branched hyphae, measuring 4.1 - 8.2 µm. The hyphae in
contact with the host form saccate haustoria on the under
surface, which arise as slender tubes and pierce the cuticle
and cell walls. These tubes then swell up inside the
epidermal cells and form sac like structures. Appresoria also
develop on the underside of the hyphae and fix it firmly to
the epidermal wall. Sometimes, two appresoria may arise at
the same point on the opposite side of a hypha. From the
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superficial mycelium, numerous branches arise as
conidiophores with two to more basal cells ranging from 64-
163 µm in length and at tips bear unicellular, hyaline,
elliptical conidia having truncated ends. The conidia are
produced in a basipetal fashion and are sometimes seen
singly or in pairs of two. These are also produced in chains
of 20-40 on detached leaves, if kept in close container but the
conidia easily fall off when mature. Conidia measure 25 to
48.9 µm in length and 16 to 23.9 µm in width (mostly 33 to
42.9 x 18 to 21.9 µm) and germinate by a germ tube.

several vertical bodies begin to appear from the mycelium.
These are conidiophores, which give rise to conidia on fifth
day (Fig 4). Thus, the life cycle from conidia to conidia is
completed in about five days. Mildew also appears naturally
on the vegetative shoot of the mango but the life cycle is
somewhat longer (about nine days). Conidia retain their
vitality for four to five days only. If kept in the sun without
any moisture, conidia shrivel within four to five hours. When
conidia germinate at lower humidity, they often loose their
ellipsoid shape and become rod shaped. Such conidia are
always shorter (Palti et al., 1974). The low percentage of
germination, obtained at different temperatures, is due to
the growth of saprophytic organisms in water cultures. The
annual recurrence of powdery mildew in northern plains,
as blossom infection, is through the survival of pathogen on
malformed inflorescence or foliar infection or off season
survival of pathogen in foot hill areas as foliar infection,
which is transmitted by wind on the emergence of new
inflorescence during next season. As perfect stage, alternate
host and collateral hosts are not worked out, its role in disease
cycle is not understood so far. The proposed disease cycle is
indicated in Fig 5.

EPIDEMIOLOGY
The fungus is favoured by cloudy weather and heavy

morning mists (Kulkarni, 1924). Minimum, optimum and
maximum temperatures for germination are 90, 220 and 30-

Fig. 3-A.  Transverse section of an infected flower stalk showing
haustoria on the under side of the superficial hyphae.  B.
Conidiophores bearing ovate or elliptical conidia.  C.
Conidia showing the range of shapes and sizes. D.
Germinating conidia. E. Appressoria on superficial
hyphae. F. Portion of flower stalk showing septate
mycelium, forming a tangled web of hyphae;
condiophores and conidia (After, Uppal et al., 1941).

Disease cycle
Wagle (1928) studied the life cycle of the causal

pathogen. The fungus is disseminated through wind. The
wind borne conidia cause infection after germination which
takes 5-7 hours. The germ tube grows and within two days
produces branched mycelium. The mycelium spreads
profusely on the epidermal cells which are killed by the
feeding of the fungus and become brown. On the fourth day,

Fig 4. Several asexual short cycles for the spread of P.M. in a
season.



4 Journal of Eco-friendly Agriculture 12(1) 2016

A.K. Misra, M.B. Dalvi, Ranjana Agarwal and B.R. Salvi

320C, respectively (Uppal et al., 1941). Conidia germinate best
at 20-250C and at moderately high atmospheric humidity,
but overall disease development seems to be favoured by
high humidity (Palti et al., 1974). Gupta (1979, 1989b) found
that the atmospheric temperature is important for the
appearance and development of the disease. Minimum
temperature range of 10-130C and maximum of 27-310C along
with high humidity (82-91%) were most suitable for the
development of the disease. He further emphasised that
maximum infection occurs at 260C and 100% RH. Gupta
(1988) reported that conidia exhibit diural pattern of

dispersal and are mainly liberated from 12.00 to 16.00h.
Gupta (1989b) further reported that the rainfall does not play
any significant role on influencing disease development but
dry weather favours the development of disease. Misra and
Prakash (1988) stated that predominance of susceptible
cultivar Dashehari, high wind velocity for 3-4 days with
maximum temperature around 350C, minimum temperature
around 150C, relative humidity of minimum 23.4-25.5 per
cent and maximum 73.3-83.9 per cent are conducive for the
rapid spread of mildew pathogen in Kakori and Malihabad
mango belt of U.P. Recent findings further revealed that
maximum temperature of 350C play crucial role in the
epidemic of PM. If max. temperature does not reach to 350C
during the later half of March in northern plains, the epidemic
of PM does not assume (Misra and Prakash, 1997). Misra
and Prakash (1998) also found that PM (floral) start
disappearing from panicle during April-May when
minimum and maximum temperature and RH start
increasing. From South Africa, Joubert (1991) reported that
full bloom and fruit set to pea size stages were most
susceptible stages for powdery mildew. In South Africa a
peak in disease incidence appear in first week of September,
when the spore release is maximum. Lonsdale and Kotze
(1991a) in South Africa found sharp increase in Powdery
mildew during July 13- August 3 in cv. Zill and in cv. Keitt
during August 3-August 24. Prior to flower opening and
fruit set, little infection occur. Schoeman et al. (1995) trapped
the conidia of Oidium mangiferae in mango orchard at
Nelspruit, South Africa during flowering and fruit set. The
number of trapped air borne conidia of O. mangiferae was
characterized by a distinct diural periodicity. The greatest
number of conidia were trapped between 11.00h and 16.00h.
Inflorescences were found susceptible during the beginning
period when the main axes changed colour and ending at
fruit set. Verma and Kaur (1999) advocated that the mycelium
of O. mangiferae appear after 96 and 72 hours at 20 and 25°C,
respectively. Distinct conidiophores and conidia were
observed after 120 hours of incubation. Primary and
secondary hyphae are produced at all RH levels but no
tertiary hyphae are formed at 0% RH. Akhtar et al. (1999)
reported that airborne conidia are released from old tissue
harbouring dormant fungal hyphae under favourable
weather conditions. The maximum spore occurrences were
noted around 25°C and R.H. of 40-60 per cent. It takes 5-8
days for the emergence of disease symptoms after the first
detection of airborne conidia. When correlated with
meteorological data, there was a positive trend between rising
temperature, lowering relative humidity and number of
spores in the air after a low temperature, high humidity and
cloudy spell of weather. It was further advocated that the
susceptibility of inflorescence vary with its developmental

Fig 5. Life cycle of mango powdery mildew (after Wagle, 1928).
Redrawn (A.K.Misra)
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stage. Sinha et al. (2001) advocated that the powdery mildew
disease development is highly influenced by weather
conditions such as high relative humidity (>80%) and
minimum temperature (>10°C). Consecutive occurrence of
high relative humidity and minimum temperature above 10°C
for about 70-80 h during the flowering season cause the
powdery mildew infection. Sinha et al. (2002) studied the
Logistic and Gompertz growth models to describe the pattern
of powdery mildew (Oidium mangiferae) development on
mango cultivars Dashehari and Amrapali. Quantitative
information about the parameters concerning intrinsic
infection rate and maximum mildew severity had been
obtained. The area under disease progress curve (AUDPC)
was higher in Dashehari than in Amrapali. Maximum rate
of disease growth was between seventh and eighth weeks
after the initiation of the disease. Logistic regression model
was developed by Misra et al. (2004) to describe the
relationship of various weather parameters upon a single
dichotomous response variable i.e. epidemic status of
powdery mildew in mango. Weather data during 1987-2000
in Kakori and Malihabad mango belt (Lucknow) of U.P. have
been used to develop these models upon historical years
and has been validated using data of recent years. This
modelling effort is expected to be useful in developing
strategies for the efficient management of powdery mildew
disease of mango.

PERPETUATION
The pathogen does not infect hosts other than mango

(Mangifera indica) (Prakash and Srivastava, 1987; Gupta,
1989b). During off season, the pathogen remains present in
intact green malformed panicles, mostly hidden under dense
foliage. Datar (1985), Munshi et al. (1988) and Gupta (1989b)
studied the perpetuation of 0. mangiferae on leaves and
malformed inflorescence. The conidia could not be located
after August in malformed bunches. Germination was
highest in June, decreased in July and no germination
occurred in August. Longevity of conidia was studied by
Gupta (1989a) and he found that the conidia attached to
conidiophore on mildewed leaves and inflorescences retain
their viability upto 40 days in comparison with detached
conidia, which loose viability in 21-30 days on glass slide
and host leaf surface. At room temperature (22-300C) survival
was 15 days. Studies conducted at Lucknow revealed that
mildew pathogen persists on infected leaves of the previous
year’s flush, which are retained on the plant in the
succeeding year. During flowering (January - March), the
conducive environmental conditions activate the dormant
mycelium already persisting in necrotic tissue of previous
year’s infected leaves. Abundant conidia are produced and
blown over to the new flushes of growth or young flowers,

which provide sufficient spore load for initiating the disease.
Fresh infection of mildew on young leaves in the first week
of December (when flowers are not present), further confirms
that the fungus perpetuates in asexual form on leaves of
mango (Prakash and Raoof, 1985 a). Munshi et al. (1988)
also advocated that perennating mycelium in leaves produce
conidia ready to infect susceptible flowers. In recent studies,
Misra and Prakash (1995) found severe foliar powdery
mildew in foot hill areas of Pinjore and Dehradun during off
season (September), which may also serve as important area,
where powdery mildew survive during off season and these
may spread due to the wind from hills to plain.

POWDERY MILDEW PREDICTION MODELS
A forewarning model on the basis of data collected at

Vengurle, Maharastra is presented here.

Forewarning time of first appearance
Models for forewarning time of first appearance of

powdery mildew on second flush have been developed for
Vengurle.  It is reported that apart from time of flush weather
of December and January affects onset of the disease.
Therefore, models have been developed using weather
starting from 49th standard meteorological week (smw) i.e.
first week of December.  Weather indices  have been obtained
using the data on weather variables which have been used
as regressors alongwith time of second flush in the model.
The mathematical form of the model is
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Td  -     Time of first appearance  of disease  (Week)
Tf   -    Week of  second flush appearance
Xiw  -  Value of  ith  weather variable in  wth   week
riw   -   Correlation  coefficient  between Td and Xiw

rii’w  -  Correlation  coefficient between  Td and product of Xiw
and Xi’ w

p      -   Number of weather variables considered
n1/ n2  -  Initial/final week for which weather data was
included  in the model
e    -   error term distributed as N(0,s2)
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In this model, for each weather variable, two indices
have been developed - one as  simple total of values of
weather variable in different weeks and the other one as
weighted total of values of weather variable in different weeks,
weights being correlation coefficients of week of first
appearance of disease with weather variable in respective
weeks. The first index represents the total amount of weather
during the period  under consideration, whereas the second
index gives effective value of the weather variable taking
into consideration the relative importance of weather in
different weeks. To study the possibility of quadratic
relationship and the effects of interactions, similar indices
have been developed using squares and products of weather
variables (taken two at a time). The weather variables
considered were max. relative humidity (X1), min. relative
humidity (X2), max. temperature (X3), min. temperature (X4)
and wind velocity (X5).

The earliest time of disease appearance was 51st smw
and latest one was 6th smw of the subsequent year.  Therefore,
to start with, the model has been developed taking weather
data of two weeks (49 and 50th week). Subsequently, models
were developed for different time of forecasts (upto 5th smw
of subsequent year) taking weather data starting from 49th

smw. Using these models, earliest forecasts can be obtained
at 50th smw (i.e. one week before earliest week of disease
appearance) and subsequently revised. Stepwise regression
technique has been used to select the important variables in
the model. As the period under consideration was from 49th

smw to 5th smw (of the subsequent year),  the weeks  1-5 of
subsequent year have been re-coded  as 53 – 57.

The models are given in table 1.

Perusal of the table indicates that Adj. R2 at 50th week
of forecast was 0.68 which increased to 0.97 in 54th week (i.e.
2nd  smw of the subsequent year).  Beyond this week, there
was decrease  in adj. R2.

At 50th smw as time of forecast, apart from time of flush
weighted index of maximum temperature was found
significant. At 51st smw, weighted index of square of
maximum temperature alongwith time of flush was
significant. At 52nd smw, apart from these two variables,
weighted index of square of wind velocity was also included
in the model.  At 53rd week (1st smw of subsequent year),
weighted indices of maximum relative humidity, square of
maximum temperature and interaction of maximum relative
humidity & wind velocity were included in the model. At 2nd

smw of subsequent year (54th week), weighted indices of
maximum relative humidity, square of maximum
temperature, interaction of maximum humidity & maximum
temperature and unweighted index of square of maximum
relative humidity alongwith time of flush were found
important. In subsequent weeks, weighted index of square
of maximum temperature alonwith time of flush was found
important but the adj. R2 went on decreasing successively
from 0.97 to 0.71.

On the basis of above results, the predictions and
forecasts were obtained taking time of forecast as 50th to 54th

smw (2nd week of subsequent year). Predictions of time of

Table 1 :  Models for forecasting time of first appearance of
powdery mildew

(Figure in parenthesis are standard errors)

Data 
used 
(week) 

Models Adjusted 
R2 

49-50 Td= -26.637+0.593tf+2.343Z31 
        (15.5)    (.117)   (.626) 

0.68 

49-51 Td= -4.195+0.024Z331+0.489tf 

        (6.8)     (.004)        (.088) 
0.82 

49-52 Td= 14.511+0.024Z331+0.260tf+0.143Z551 

         (5.6)     (.003)        (.098)    (.063) 
088 

49-53 Td= 16.583+0.020Z331+0.005Z151+0.374Z11 

        (4.8)     (.003)        (.002)          (.151)       
0.87 

49-54 Td= -6.796+0.029Z331 +0.400tf +1.231Z11-
0.020Z131+0.000359Z110 

        (3.1)    (.002)       ( .056)     (.136)      (.003)         (.000064) 

0.97 

49-55 Td= 5.120+0.013Z331+0.446tf 

        (6.3)    (.002)         (.096) 
0.79 

49-56 Td= 5.830+0.011Z331+0.435tf 

        (7.3)    (.002)         (.103) 
0.76 

49-57 Td= 7.803+0.009Z331+0.442tf 

        (7.3)   (.002)         (.114) 
0.71 

 

Table 2: Predictions for time of first appearance of powdery
mildew

Time of disease appearance (week)* 
Prediction based on model using data 

Year 
Observed 

49-50 49-51 49-52 49-53 49-54 
1992-93 56 55.61 56.64 56.66 57.15 56.35 
1993-94 56 55.73 55.94 56.02 56.32 56.05 
1994-95 52 51.80 53.03 53.25 52.36 51.99 
1995-96 56 55.33 55.09 55.66 55.17 56.23 
1996-97 53 53.54 52.48 52.86 52.67 52.45 
1997-98 54 53.86 53.02 53.56 54.07 54.05 
1998-99 54 54.83 54.05 53.82 53.18 53.89 
1999-00 54 54.28 54.52 54.65 53.90 54.06 
2000-01 53 54.40 53.58 53.13 52.95 53.03 
2001-02 54 54.29 54.51 53.43 53.44 53.79 
2002-03 51 51.06 51.60 51.15 52.04 51.21 
2003-04 54 54.00 54.10 53.39 53.51 53.96 
2004-05 53 55.16 53.90 53.59 53.86 53.59 
2005-06 53 52.24 51.75 52.40 53.04 52.81 
2006-07 58 57.42 57.46 57.07 57.31 57.51 
2007-08 57 54.50 55.89 56.93 56.82 56.98 
2008-09 56 55.96 56.45 56.43 56.20 56.02 
RMSE  0.96 0.72 0.56 0.59 0.27 
 *First week of January onwards of subsequent years are denoted
as 53 smw onwards.
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first appearance of disease using these models are presented
in table 2.  The results indicate that predictions were quite
close to the actual observed ones.

Forecasts in different years (obtained using the above
models for different time of forecasts fitted using data of the
years excluding year of forecast)  are given in table 3.

The forecasts are, in general close to the observed ones.
It can, therefore, be concluded that reliable forecasts of time
of first appearance of powdery mildew can be obtained
earliest at 50th smw and subsequently revised upto 2nd week
of subsequent year.

most suitable to express natural growth pattern.  The model
was

Wk0.799i
e226.2221

23.119Y ??
?

where, Yi  is per cent disease incidence in i-th week
(averaged over years), Wk  is  week number.

Observed disease incidence in different weeks
(averaged over years) and forecasts obtained through above
model are shown in figure 6.

Table 3 :  Forecast of time of first appearance of powdery
mildew

*First week of January onwards of subsequent years are denoted
as 53 smw onwards.

Time of disease appearance (week)* 
Forecasts based on model using data 

Year 
Observed 

49-50 49-51 49-52 49-53 49-54 
1992-93 56 55.48 56.66 56.70 57.00 55.89 
1993-94 56 55.57 55.83 55.99 56.20 54.69 
1994-95 52 51.75 53.58 53.84 53.71 53.40 
1995-96 56 55.26 54.99 55.54 54.59 55.57 
1996-97 53 54.35 52.83 53.39 53.49 53.01 
1996-98 54 53.78 52.52 53.53 54.26 54.25 
1998-99 54 54.93 54.08 53.82 53.12 53.89 
1999-00 54 54.30 54.56 54.92 54.04 54.23 
2000-01 53 54.58 53.74 53.21 53.14 53.47 
2001-02 54 54.33 54.55 53.34 53.41 53.68 
2002-03 51 51.09 51.99 52.69 53.43 51.76 
2003-04 54 54.00 54.10 53.26 53.39 53.96 
2004-05 53 55.49 54.12 53.84 54.03 53.95 
2005-06 53 51.68 51.08 52.13 53.48 53.18 
2006-07 58 57.03 56.72 55.95 55.61 56.20 
2007-08 57 54.32 55.57 56.45 56.72 56.90 
2008-09 56 55.93 56.53 56.40 55.81 55.07 
RMSE  1.15 1.01 0.95 1.11 0.77 
 

Forewarning weekly disease incidence
Weather based forewarning models  have been

developed for  weekly disease incidence.  It has been assumed
that disease incidence in a particular week is due to two
reasons – natural disease growth pattern and weather. As
such, model has been developed in two stages

 Natural growth pattern of disease has been obtained
by fitting proper non-linear model to data averaged
over years

 The deviations (from natural pattern) have been related
to appropriate lagged weather variables

Out of several models tried, logistic model was found

Fig. 6 : Disease growth pattern on 2nd flush (averaged over years)

Deviations of weekly disease incidence from natural
growth pattern were related with previous week  population
and weather with appropriate lags. The form of the model
was
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yk   -   Per cent disease incidence in kth week (deviation from
natural pattern)

ykm   -   Disease incidence in mth lag-week to k (deviation from
natural pattern)

xim -  Value of  ith  weather variable (deviation from average)
in  mth  week lag
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rim  -  Correlation  coefficient  between yk and xim  rii’m -
Correlation  coefficient between  yk and product of xim and
xi’m

p      - Number of weather variables

n1/ n2 -  Initial/Final week lag for which weather data was
included  in the model

e   -  error term

Models were developed taking weather variables (xi, i
= 1 …….. 6 represent max. relative humidty, min. relative
humidity, max. temperature, min. temperature, wind velocity
and rainfall) with different lags (1 to 4) and disease incidence
of previous week. The model taking  data of previous two
weeks (lag 1 and 2) was found appropriate. The model was

yk =  0.045 + 1.08 yk1 + 5.836 z31 + 3.093 z260

The model explained 89 per cent variation. The
important variables entering the model were previous
disease incidence, weighted index of max. temperature and
unweighted index of min. relative humidity – rainfall
interaction. The model was developed using data upto 2007-
08.  Using this model, forecasts of per cent disease incidence
in different weeks for 2008-09 were obtained which are
presented in Fig. 7.
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The results indicate that forecasts are quite close to the
observed ones (deviations less than 10 per cent) except in
the first week i.e. week of disease appearance. It may be due
to the reason that in this year, disease appeared late as
compared to years used for modeling. Therefore, it can be
concluded that using these models, reliable forecasts of time
of first appearance of disease can be obtained at the earliest
at 2nd week of December which can be revised subsequently
and per cent disease incidence forecasts can be obtained
using two weeks’ data upto preceding week.
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Coconut based integrated farming system under organic
cultivation in Konkan region of Maharashtra
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ABSTRACT

Investigations carried out on integrated cropping system model in coconut at experimental farm, Regional
Coconut Research Station, Bhatye, Ratnagiri (M.S.) during the year 2008-09 to 2011-12 on COD x WCT coconut
palms, intercropped with nutmeg, cinnamon, banana, pineapple and poultry unit as farming system model and
recycled with the biomass in the form of vermicompost, poultry manure, vermiwash, green leaf manure and coconut
husk every year revealed that the total biomass generated in the system for the year 2011-2012 was 9175 kg ha-1. The
number of fronds on the crown increased from 25 to 30 and frond production per year increased from 10.0 to 11.1
during 2008-09 to 2011-12. The nut yield recorded in the year 2008-09 (76 nuts palm-1 year-1) increased to 110 nuts
palm-1 during 2011-12 accounting for 44.7 percent increase in nut yield during 2011-12 compared to pre-experimental
yield. The yield ha-1 of coconut, poultry, banana, pineapple, cinnamon bark and cinnamon leaves recorded during
2011-2012 from the system was 17975 nuts, 472, 1037, 475, 7.5 and 95 kg, respectively. The economics of the
cropping system revealed a B:C ratio of 2.00 in the year 2011-12.

Key words: Coconut, farming system, economics

Coconut (Cocus nucifera) is oil yielding crop providing
food, medicine, health drink, shelter, fuel, timber and fibre.
As a monocrop this provides an employment to about 135
man days ha-1 under rainfed conditions and 175 man days
ha-1 under irrigated conditions (Maheswarappa et al., 2008).
The coconut based cropping systems involving cultivation
of compatible crops in the inter spaces of coconut offer
considerable scope for increasing productivity per unit area,
time and inputs by more efficient utilization of resources
like sunlight, soil, water and labour. (Bavappa and Jacob
1982). Inter cropping is popular because of advantages such
as increased productivity per unit area, better use of available
resources, reduction in damage caused by pests, diseases
and weeds and socioeconomic factors such as greater
stability, economics, human nutrition and biological aspects
(Vandermeer, 1989). The crops like nutmeg, cinnamon,
banana, pineapple have been found suitable for growing
under irrigated conditions in coconut garden (Annon., 2010).
Hence, the study to evaluate integrated farming system model
in coconut under Konkan region of Maharashtra was
initiated.

MATERIALS AND METHODS
The experiment was carried out at Regional Coconut

Research Station Bhatye Ratnagiri (M.S.) during the year
2008-09 to 2011-12 on 28 years COD x WCT coconut palms,
inter cropped with nutmeg, cinnamon, banana, pineapple

and pultry unit as a farming model. It was conducted on
0.40 ha coconut garden, inter planted with 54 nutmeg plants,
246 banana plants and 4320 pineapple plants with released
varieties of Maharashtra as depicted in Fig. 1. The biomass
collected in the system was recycled in the system after
making vermicompost and only 20.0 per cent of
recommended dose of fertilizer was applied both for coconut
and component crops. The vermiwash collected was
drenched in the basin of each crop by diluting it in the ratio
of 1:10 with water and applied twice in the year for coconut
@ 5.0 l palm-1, nutmeg @ 3.0 l tree-1, banana @ 2.0 l plant-1,
pineapple 8 l. in beds of 40 plants and cinnamon @ 2.0 l
plant-1. In addition to this, glycricidia plants were planted
as border crop of garden. Three glyricidia leaf loppings per
year were buried in the system. The whole field was mulched
with coconut leaves to maintain optimum temperature
conditions in the system. The sprinkler irrigation was
followed for irrigating different crops in the system. Husk
burial was followed while planting perennial crops and in
four pits each for coconut palms block. The poultry unit for
meat purpose of 50 birds was also included as component of
farming system.

RESULTS AND DISCUSSION

Growth and yield of coconut
The growth and yield of coconut as influenced by

farming system is presented in Table 1. It was observed that
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no. of fronds on the crown increased from 25 to 30 while the
frond production increased from 10.0 to 11.1 during 2008-
09 to 2011-12. The nut yield recorded in 2008-09 (76 nuts per
palm) increased to 110 nuts per palm in 2011-12. The percent
increase over pre experimental yield (2008) was up to 44.7
percent. The same trend of increase in yield of coconut was
reported by Nair and Balakrishnan (1976), when mixed with
cocoa. An increase in annual productivity in coconut by
following mix cropping has been reported by many workers.
(Nelliat et al., 1974).  Additional increase in coconut yield
with farming system component might be due to synergistic
effect of crop combination and nutrient status maintained in
the system.

Yield and biomass production of farming system
The yield and biomass production of farming system

is presented in Table 2. The total yield of coconut and
components of farming system revealed that the yield under
farming system was 17975 nuts, 1037 kg banana, 475 kg
pineapple, 7.5 kg cinnamon bark, 95 kg cinnamon leaves
and 472 kg poultry birds ha-1. Also different component crops
yield (9175 kg biomass) could, be recycled in the system.

Table 3: N, P & K (kg/ha) of soil as influentce by farming
system  in coconut.

Soil nutrient status (kg ha-1)  
2008 2012 

Soil Status 

0-25 cm 25-50 cm 50-100 cm 0-25 cm 25-50 cm 50-100 
cm 

N kg/ha 257 213 182 276 231 223 
P2O5 kg/ha 17.6 13.8 11.8 18.8 14.0 12.0 
K2O kg/ha 218 169 231 287 285 309 

 

Table 1: Growth and yield performance of coconut as influenced by farming system in coconut
Growth Yield 

No. of fronds per palm Frond production per year No. of nuts per palm No. nuts/ha 
2008-09 2011-12 2008-09 2011-12 2008-09 2011-12 2008-09 2011-12 

% increase over 
initial yield 

25 30 10 11.1 76 110 13300 17975 44.7 

 
Table 2: Yield and biomass production (ha-1) of different

components in farming system (2011-12)
Components Yield Biomass generation 

(kg) 
Coconut 17975 nuts 6190.00 
Banana 1037 kg 918.00 
Pineapple 475 kg 457.00 
Cinnamon bark  7.5 kg 
Cinnamon leaves 95 kg 

 
1080.00 

Poultry  472 kg 160.00 
Nutmeg  - 370.00 
Total  9175.00 

 

Table 4: Economics of coconut based integrated cropping
system (2011-2012)

Particulars Amount (Rs.) ha-1 
Cost of Cultivation 135000 
Gross Return 268175 
Net Return  133175 
B:C Ratio 2.00 

 
Additional yield obtained by different crops in the system
and additional biomass generated on the same piece of land,
and other resource like space, height, irrigation etc. could be
benefited to obtain  higher income. Similar results were also
reported by Bavappa and Jacob (1982) in coconut farming
system.

N, P2O5 and K2O content of soil and leaf
The nitrogen, phosphorus and potassium content of

soil at 0-25 cm depth, 25-50 cm depth and 50-100 cm. depth
is presented in Table 3. It was observed from the data that
nitrogen, phosphorus and potassium content increased at
all soil depths from 2008 to 2012. Maheswarappa et al. (1998)

Fig. 1: Schematic representation of coconut based cropping
system model.
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reported higher N, P, K content under grass cultured plots.
Increase in N, P, K, content of coconut cropping system from
2008 to 2012 could be attributed to organic recycling of
biomass, glycricidia leaf lopping, vermiwash application in
the system. Available N, P, K content (%) of coconut leaf
during 2008 and 2012 was 1.65, 0.11, 0.80 and 1.80, 0.12 and
1.10, respectively. Results analogous to these finding were
recorded by Maheswarappa et al. (1998) in mix cropping of
coconut.

Economics
The economics of farming system (table 4) showed a

net return of Rs. 1,33,175 at a total cost of production of
Rs. 1,35,000 with a B:C ratio of 2.00. The economic analysis
of mixed farming system, maintained at CPCRI, Kasargod
for the period of 1989-90 to 1997-98, realized net return of
Rs. 49700 to 1,26900 (Maheswarappa et al., 2000).
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Pearl millet (Pennisetum glaucum), a staple food in India,
particularly in the states of Rajasthan, Gujarat and
Maharashtra. (Velu et al., 2008), is well adapted to growing
areas characterized by drought, low soil fertility and high
temperature. It performs well in soils with high salinity or
low pH. It is one of the most extensively cultivated cereals in
the world, after rice, wheat, and sorghum, particularly in
arid to semi-arid regions. India, particularly Rajasthan is
the largest producer of pearl millet.

Manure is used as a source of organic matter (OM) to
improve soil quality as well as the traditional source of crop
nutrients especially in organic and sustainable agriculture
worldwide (Kumar et al., 2006). Soil quality and good soil
management are vital components of sustainable crop
production because soil supports the fundamental physical,
chemical, and biological processes that must take place in
order to support plant growth.

MATERIALS AND METHODS
The experiment was carried out at Perumalpuram

located at 8.689º latitude and 77.738º longitude in Tirunelveli
district of Tamil Nadu, South India during 2015. The control
sample was obtained as fine tilt without stubbles and weeds.
While adding organic manure, care was taken to see that the
individual treatments were mixed separately. Each sample
was left without any disturbance and the experimental soil
was levelled perfectly for uniform application. Different
organic manures like FYM, compost coir pith and
vermicompost in different concentrations (7.5 t ha-1, 12.5 t
ha-1 and 17.5 t ha-1) and combinations were used along with
a control plot. The pod yield in each sample was measured.

Effect of organic amendments on physical, chemical and
physico-chemical properties of soil with pearl millet
F. Jeyamangalam and S. Anupriya
Department of Physics, Sarah Tucker College, Tirunelveli, Tamil Nadu, India.
E mail: f.jeyamangalam@yahoo.com

ABSTRACT

The experiment conducted at Perumalpuram in Tirunelveli District of Tamil Nadu, South India to evaluate the
effect of different organic manures and their combinations on various physical, chemical and physico-chemical
properties of the soil and their impact on the pearl millet revealed that the plots applied with of FYM + vermicompost
@ 12.5 t ha-1 yielded highest (4953 kg ha-1) than the control (2791 kg ha-1). The bulk density (BD), particle density (PD),
pH and electrical conductivity (EC) decreased in all the combinations than the control. However, the percentage of
water holding capacity (WHC), pore space (PS), saturated moisture (SM) and NPK content showed an increasing
trend. Organic amendments in the proper combinations created good environment for growth and development of the
crop and in reclaiming the soils.

Key words: Farm yard manure, composted coir pith, vermicompost, amendments and physical properties.

The pH and EC were measured with potentiometry
method given by Jackson, (1973). Nitrogen content was
measured using the method given by Subbiah et al., (1956),
phosphorus by Olsen et al., (1954) and potassium by Hanway
et al., (1952). The physical properties like PD, BD, WHC, PS
and SM were analyzed by Keen Raczkowski (KR) box given
by Keen et al., (1921).  The data were statistically analyzed
using analysis of variance (ANOVA).

RESULTS AND DISCUSSION

Physical properties
Bulk density (BD): The data showed decreased values

of bulk density (BD) in organically amended plots. It was
lowest (1.015 gm cm-3) in plots amended with FYM + VC @
12.5 t ha-1 against 1.534 g cm-3 in the control (table 1). The
results are in agreement with those of Jeyamangalam et al.,
(2011).

Particle density (PD): The value of PD decreased in all
the samples except the control. It was recorded to an extent
of 2.461, 2.373 and 2.251 gm cm-3 in plots added with FYM +
CP @ 7.5, 12.5 and 17.5 t ha-1, respectively, the minimum
(1.821 gm cm-3) was noted with FYM + CP + VC @ 17.5 t ha-

1 against 2.819 gm cm-3 in the control.

Water holding capacity (WHC): The water holding
capacity of organic amended soil increased in all the
samples. The FYM amended plot @ 7.5, 12.5 and 17.5 t ha-1

recorded 31.53, 35.23 and 42.49 percent WHC values,
respectively against minimum of 28.43 percent in the control.
Wassan (2002) reported that the application of tank slit
increased water holding capacity, clay content and nutrient
availability in the soil. Bolan et al., (2004) concluded that
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Table 1. Physical properties of organically amended soil
before harvest

     BD      PD     WHC       PS      SM Manure Sample 

gm cm-3 gm cm-3        %        %        % 

FYM 
 
FYM 
 
FYM 
 
FYM + CP 
 
FYM + CP 
 
FYM + CP 
 
FYM + VC 
 
FYM + VC 
 
FYM + VC 
 
FYM + CP + VC 
 
FYM + CP + VC 
 
FYM + CP + VC 
 
Control 

T1-A 
 
T1-B 
 
T1-C 
 
T2-A 
 
T2-B 
 
T2-C 
 
T3-A 
 
T3-B 
 
T3-C 
 
T4-A 
 
T4-B 
 
T4-C 
 
T5 

1.399b 
 
1.342b 
 
1.443bc 
 
1.134a 
 
1.045a 
 
1.103a 
 
1.404b 
 
1.015a 
 
1.385b 
 
1.053a 
 
1.155a 
 
1.313b 
 
1.534c 

2.593eb 
 
2.602f 
 
2.077b 
 
2.461de 
 
2.373cd 
 
2.251c 
 
2.042b 
 
1.969ab 
 
2.626f 
 
2.461de 
 
2.070b 
 
1.821a 
 
2.819g 

31.53j 
 
35.23h 
 
42.49f 
 
48.74c 
 
33.33i 
 
43.70ef 
 
40.83g 
 
46.57d 
 
32.05ij 
 
44.92e 
 
50.79b 
 
56.73a 
 
28.43k 

45.89e 
 
49.66c 
 
32.16g 
 
54.31a 
 
41.25f 
 
51.17b 
 
33.10g 
 
42.91f 
 
47.87d 
 
53.25a 
 
49.27cd 
 
45.10e 
 
27.65h 

35.19ef 
 
31.98g 
 
38.06d 
 
36.07e 
 
43.16c 
 
30.28g 
 
36.01e 
 
35.21ef 
 
27.27h 
 
34.52f 
 
45.76b 
 
47.18a 
 
24.73i 

Grand mean 
 
Significance 
 
SED 
 
CD (0.05)                                            
 
CV (%)                               

1.2742 
 
 **     
 
0.0648  
 
 0.1338  
                             
6.23                        

2.3217  
 
 **  
 
0.0663 
 
 0.1367 
 
 3.50                          

41.2572  
 
 **     
 
0.7209  
 
1.4880   
 
2.14                      

44.1321        
 
**   
 
0.8262 
 
1.7052 
 
2.29                             

35.9697 
 
**   
 
0.7527 
 
1.5534  
 
2.56                            

 FYM - farm yard manure, CP - composted coir pith, VC -
vermicompost, A -7.5 t ha-1, B - 12.5 t ha-1, C - 17.5 t ha-1, BD - bulk
density, PD - particle density, WHC - water holding capacity, PS
- pore space, and SM - saturated moisture

organic matters not only increase the water holding capacity
of the soil but also increase the portion of water  available for
plant growth and improve physical properties of the soil.

Pore space (PS): Application of FYM+VC @7.5, 12.5 and
17.5t ha-1 showed an increased pore space of 33.10, 42.91
and 47.87 percent, respectively against the control (27.65%).
This is in line with the findings of Maragatham et al., (2010)
where increase in porosity with the increase in particle size
of coir pith was reported.

Saturated moisture (SM): SM increased with the increase
in the dosage of organic manure. It was higher (47.18%) in

FYM+VC+CP amended plot @ 17.5t ha-1 than the control
(24.73%). Application of press mud and composted coir pith
registered comparable population of soil microbes (Rangaraj
et al., 2007).

Chemical properties
Nitrogen (N): The value of available nitrogen increased

with the increase in the dosage of organic manure in various
combinations of amendments. In FYM+VC+CP @ 7.5, 12.5
and 17.5 t ha-1, the value of N content was 99,104 and 116 kg
ha-1, respectively (Table 2). N content was high (190 kg ha-1)
in the plots amended with farm yard manure @ 17.5 t ha-1. It
was 54.21 percent higher than the control (87 kg ha-1). The
results are in agreement with Defoer et al., (2000) who
revealed that the low values of total N could be as a result of
crop uptake, immobilization by microorganisms and nitrogen
loss through volatilization.

Phosphorus (P):  The level of the phosphorus (P) content
was maximum (123 kg ha-1) in FYM+VC plot @ 12.5 t ha-1

than the control plot (11 kg ha-1). In plots amended with
FYM+CP @ 7.5, 12.5 and 17.5t ha-1 the value of P content was
25, 43.5 and 65 kg ha-1, respectively. The results are in
accordance with those of Jeyamangalam et al., (2012 b).

Potash (K): The value of k increased in all the samples
than the control (122kg ha-1). The maximum (500kg ha-1) was
observed with FYM+VC applied @7.5t ha-1. The K content in
the soil in farm yard manure amended plot @ 7.5, 12.5 and
17.5t ha-1 was 130, 158 and 192 kg ha-1, respectively.  The
acid or acid forming compounds when added in the form of
compost to the soil results in more availability of K to the
plants (Sarwar et al., 2008). Similar results were shown by
Rangaraj et al., (2007) where K availability in the soil was
found to be higher when added with organics, like
composted coir pith and FYM, each @ 12.5 t ha-1, than
without organics.

Physico-chemical properties
pH: The value of pH in FYM+CP combination @ 12.5t

ha-1 was minimum (7.5) against 8.3 in the control plot. The
value decreased with the increase in the dosage of organic
manure as observed in the FYM+VC+CP plot @ 7.5, 12.5 and
17.5 t ha-1 as 8.1, 7.9 and 7.8, respectively. This is similar to
the result of Yaduvanshi et al., (2001).

Electrical conductivity (EC): The EC of the soil was
observed to have considerably reduced in all the plots. It
was lowest (0.11 dsm-1) for FYM+VC @ 17.5t ha-1 against the
maximum (0.28 ds m-1) in the control plot. According to
Jeyamagalam et al. (2012 a), the value EC in CP + TS plot @
17.5t ha-1 was the lowest (0.05 ds m-1) than the control plot
(0.14 ds m-1).
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The data summarized in table 2 and fig. 1 shows that
the plot amended with combination of form yard manure
(FYM) and verimicompost (VC) at equal dose of 12.5t ha-1

proved superior in providing maximum abundant yield of
pearl millet (4953 kg ha-1) against the lowest of 2791 kg ha-1

in the control. The farm yard manure added an appreciable
amount of major micronutrients directly to the soil, which
might have contributed to the enhanced yield as reported by
(Saha et al., 2010). Similar results on increased yield from
plots amended with FYM and sediment from well are
reported by Eyasu Mekkonen et al., (2010).

Organic manures like farm yard manure, composted
coir pith and vermicompost has been receiving much
attention because of its ability to sustain soil health in terms
of fertility. Use of these organic manures in the present
experiment were found to improve the total N and available

P in the soil. The use of farm yard manure and vermicompost
significantly increased soil organic matter and available
water holding capacity but decreased the soil bulk density,
creating a good environment for growth and development of
the crop.
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Table 2. Chemical and physio-chemical properties of organically amended soil before harvest

FYM - farm yard manure, CP - composted coir pith, VC - vermicompost, A - 7.5 t ha-1, B - 12.5 t ha-1, C - 17.5 t ha -1, N - nitrogen,
P - phosphorus, K - potassium, EC - electrical conductivity

    N     P    K    EC Yield Manure Sample 
Kg ha-1 Kg ha-1 Kg ha-1 

pH 
ds m-1 kg ha-1 

FYM 
FYM 
FYM 
FYM + CP 
FYM + CP 
FYM + CP 
FYM + VC 
FYM + VC 
FYM + VC 
FYM + VC + CP 
FYM + VC + CP 
FYM + VC + CP 
Control 

T1-A 
T1-B 
T1-C 
T2-A 
T2-B 
T2-C 
T3-A 
T3-B 
T3-C 
T4-A 
T4-B 
T4-C 
T5 

134c 
152b 
190a 
91h 
88i 
106f 
109f 
126d 
156b 
99h 
104g 
116e 
87i 

40g 
62de 
55f 
25h 
43.5g 
65d 
59ef 
123a 
72c 
26h 
64d 
117d 
11i 

130j 
158i 
192g 
210f 
370c 
190g 
500a 
270e 
189h 
285d 
135j 
400b 
122k 

7.9b 
8.0cde 
8.1def 
8.0cd 
7.5a 
7.9bc 
8.2ef 
7.9bc 
8.1def 
8.1def 
7.9bc 
7.8b 
8.3f 

0.23e 
0.18d 
0.26g 
0.12a 
0.18d 
0.18d 
0.14b 
0.24f 
0.11a 
0.15c 
0.25fg 
0.24f 
0.28h 

4206 
4285 
4206 
4206 
2909 
3098 
3341 
4953 
4285 
3333 
3727 
4010 
2791 

Grand mean                                 119.5128     58.8333     243.1026    7.9615       0.1949        3798.25 
Significance                                      **               **            **                 **               **                 ** 
SED                                                1.9260        2.0945      2.1741         0.0874        0.0049       57.2239 
CD (P=0.05)                                   3.9750        4.3228      4.4870         0.1803       0.0101       118.104 
CV%                                               1.97            4.36           1.10            1.34            3.07             1.85 
 

Fig. 1. Abundant yield of pearl millet in organically amended
plots.
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Guava (Psidium guajava L.) is one of the important fruit
crops of West Bengal particularly in the alluvial zone of West
Bengal. Its fruits are rich in minerals, vitamin C and pectin
and are consumed fresh after harvest alongwith skin and
pulp. The vitamins C content in guava fruits may acts as an
antioxidant or as agent that contributes to anticarcinogenic
or cardioprotective properties (Rice-Evans et al., 1996,
Rapisarda et al., 1999). The water soluble antioxidant in it
protects compounds in extracellular and intracellular spaces
in most biological systems, and reduces tocopherol radicals
back to their active form at the cellular membranes. It can
also directly scavenge superoxide radicals singlet oxygen,
hydrogen peroxide and hydroxyl radicals (Kaur and Kapoor,
2001, Klimezak et al., 2007). So, the importance of guava fruit
is important for the purpose of health benefits. The quality of
organic fruit is offen higher as compared to conventional
one. A greater vitamin C content in citrus from organic
compared with conventional training system was also
reported by Tarozzi et al., (2006). But scant information is
available in guava fruit. Keeping this in view, the present
investigation was undertaken.

MATERIALS AND METHODS
The study was conducted at the farmer’s field nearby

Regional Research Station, Bidhan Chandra Krishi
Viswavidyalaya, Gayeshpur during 2012-2014 on 8 years
old guava trees cv L-49 having uniform growth and vigour.
Two growing systems were followed. The first was with
recommended dose of chemical fertilizers (N-260 g, P2O5 –
320g and K2O-260 g plant-1 year-1) i.e. conventional system
and the second with the organic system, whose trees were

Vitamin C content of guava in conventional versus organic
farming system
P. Datta and K. Das
Department of Fruits and Orchard Management, Faculty of Horticulture, Bidhan Chandra Krishi Viswavidyalaya
P.O. Mohanpur, Nadia, W.B. Pin-741252
e-mail:pallab_bckv@rediffmail.com

ABSTRACT

Investigations on the quality profile of organic and conventional guava grown in new alluvial zones of West
Bengal, with special emphasis on vitamin C content of the fruit, revealed that the guava fruits grown under conventional
system was although had higher weight (142.33 g) and yielded maximum (41.27 kg tree-1), the organically produced
fruits showed higher vitamin C content (139.27 mg 100 g-1) as compared to conventional one. Besides the organic
fruits were found richer in minerals like phosphorus, potassium, zinc, manganese and calcium. Based on the findings,
growing of guava under organic system was recommended.

Key words : Vitamin C, guava, organic farming

grown with Azotobacter (200 g plant-1 year-1) + Azospirillum
(100 g plant-1 year-1) +VAM (100 g plant-1 year-1) + potassium
mobilizer (100 g plant-1 year-1) + 2.5 kg vermicompost
plant-1 year-1. In this system, plant protection was made
through organic means. The mature fruit from each system
were harvested and brought to the laboratory for physico-
chemical analysis following standard methods as described
by Ranaganna et al. (2000). The mineral content of fruit was
estimated following standard methods.

RESULTS AND DISCUSSION
Mineral content of fruits varied significantly in the two-

growing systems (table 1). Phosphorus, potassium, zinc,
manganese and calcium content of fruit were higher in
organically grown fruits, while nitrogen and iron in fruits
grown conventionally with chemical fertilizers were
obtained. Similar results were also reported in oranges
(Neuhoff et al., 2011), tomato (Shankar et al., 2012) and mango
(Dutta and Talang 2014). The absorption of micro-nutrient
such as iron and zinc from soil was significantly influenced
by the application of organic manures and biofertilizers. Soils
that has been managed organically has more micro-organism
which produce many compounds that influences the plant
to absorb more micronutrients from soil. It is also reported
that substances such as citrate and lactate combined with
the soil minerals make them more available to plant roots.
For iron in particular, this is especially important because
many soils contain adequate iron but not in an available
form. The presence of these micro-organisms explains the
trend showing a higher mineral content of organic food crops
(McClintock, 2004).
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Quality parameters were also influenced by different
growing systems (table 2). Fruit weight and yield were
maximum in conventional farming as compared to organic
farming while biochemical parameters like total soluble
solids, total sugar and ascorbic acid content of fruit were
maximum in organically fruits grown compared to
conventional system. Organically grown fruits also exhibited
maximum (9 days) shelf life at ambient room temperature.
The increased fruit quality may be explained from the fact
that organic growing system enhanced the nutrient
availability by enhancing the capability of plant for better
uptake of nutrients from rhizosphere. The results are in close
conformity with the findings as reported by Korwar et al.
(2006) and Pathak et al. (2005) in aonla. Dutta and Talang
(2014) also found similar result in mango. Based on the
findings, organic farming of guava to harvest quality fruits
rich in vitamin C content, was recommended.
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Table 1: Mineral content of organically and conventionally
grown guava fruit

Parameter Organic Conventional Level of  
Significance 

Nitrogen (% dry weight) 0.49 0.51 P0.01 
Phosphorus (% dry 
weight) 

0.11 0.09 P0.01 

Potassium (% dry 
weight) 

0.75 0.61 P0.01 

Zn (ppm) 41.00 23.00 P0.01 
Fe (ppm) 57.00 58.00 N.S 
Mn (ppm) 17.90 11.20 P0.01 
Ca (% dry weight) 0.074 0.069 P0.01 

 
Table 2: Effect of growing systems on quality parameters of

guava fruit

Parameter Organic Conventional Level of  
significance

Fruit weight (g) 138.10 142.33 P0.01 
Fruit yield (kg tree -1) 36.77 41.27 P0.01 
Fruit length (cm) 7.22 7.31 N.S. 
Total sugar (%) 6.97 6.11 P0.01 
Acidity (%) 0.31 0.37 P0.01 
Ascorbic acid  
(mg 100g -1) 

139.27 12.397 P0.01 

Shelf life (days) 9 5 P0.01 
Total soluble solids 
(°Brix) 

10.20 9.80 P0.01 

 



Journal of Eco-friendly Agriculture 12(1) 2016 19

Impact of nutrient management practices on yield and economics attributing parameters in soybean-maize intercropping systemJournal of Eco-friendly Agriculture 12(1): 19-21: 2016

©2016

Impact of nutrient management practices on yield and economics
attributing parameters in soybean-maize intercropping system
Archana Rajput1, Satyakumari Sharma*2 and Sujit Singh Rajput3
1Department of Agronomy, J.N.K.V.V., Jabalpur (M.P.)
2Department of Agronomy, J.A.U., Junagadh (Gujarat)
3Department of Food Technology, J.N.K.V.V., Jabalpur (M.P.)
*Email- satya.sharma77@yahoo.com

ABSTRACT

The field experiment conducted at Research farm, College of Agriculture, Indore (Madhya Pradesh) during
Kharif season of 2007-08 revealed that soybean and maize as sole crops although yielded higher seed and straw of
16.66, 20.50 and 36.75, 90.74 q ha-1, respectively, the soybean + maize intercropping in 4:2 rows ratio at 30 cm apart
receiving 50.0 percent with RDF + seed inoculation with rhizobium and PSB culture to soybean and 1/3 RDF + seed
inoculation with azotobacter and PSB culture to maize and 5 t FYM ha-1 to both crops with common basal application
of FYM + biofertilizer + 17 kg N + 20 kg P2O5  + 17 kg K2O ha-1 and remaining N as split application to maize crop
proved superior by recording grain and stover yield of 19.75 and 59.35 q ha-1, respectively in comparison to other
intercropping treatments. The treatment also proved best in terms of overall performance recording increase SEY
(24.71 q ha-1), LER (1.45), gross return (Rs. 45199 ha-1), net return (Rs. 28527 ha-1) and B:C ratio (2.71).

Key word: Intercropping, yield, soybean, fertilizer, net return and B:C ratio

Intercropping is a part of intensive cropping aimed at
to crop intensification in temporal and spatial dimensions.
The benefit of this system is maximizing utilization of
physical resources like rainfall, solar radiation, irrigation,
and the soil for better crop production. Intercropping
provides biological insurance against crop failure as well as
better stability in yield during weather aberrations and
ensures higher total yield advantage due to efficient
utilization of resources. The legume and cereal
intercropping, in which crops show complementary effects,
is most commonly practiced. The system is economically
viable due to substantial saving of nitrogenous fertilizers
applied in cereal crop. The present investigation was aimed
at to studying the compatibility of soybean and maize in
intercropping, consisting row arrangement and different
fertilizer doses. Soybean is taken as main crop and maize as
subsidiary crop and determines the economics of the
treatments.

MATERIAL AND METHODS
The experiment was conducted at Research farm,

College of Agriculture, Indore J.N.K.V.V., Jabalpur (Madhya
Pradesh) during Kharif season of 2007-08. It comprised of
six treatments in four replications and tested in a randomized
block design. The experiment site situated in Malwa plateau
in the Western Madhya Pradesh has typically sub-tropical
climate with temperature range of 21oC to 45oC and 6oC to
31oC in summer and winter season, respectively. The soil

was medium black and slight alkaline Ph (7.8), low in
available nitrogen (210 kg N ha-1), medium in available
phosphorus (10.8 kg P2O5 ha-1), and high in available potash
(410 kg K2O ha-1). Soybean ‘JS-335’ and maize ‘JM-216’ were
sown at treatment based spacing using seed rate of 80 kg ha-

1 and 20 kg ha-1, respectively. Soybean was taken as main
crop and maize as subsidiary crop to compare the yield of
crop components between intercropped and sole cropped
stands. LER for different treatments were calculated to
determine the total productivity or biological efficiency of
system. It may be defined as the ratio of yield of an individual
crop (in the intercropping system) to it’s in the sole or pure
crop and adding the fraction. The economics of the treatment
was calculated by the method suggested by Yang and
Dhondyal (1971). The data was analyzed by method of
analysis of variance as described by Panse and Sukhatme
(1967).

RESULT AND DISCUSSION
The results (table 1) revealed that fertilizer management

strategies influenced the yield parameters significantly.
Soybean and maize as sole crops gave higher seed and straw
yields of 16.60 and 20.50 and 36.72, 90.74 q ha-1, respectively.
The intercropping treatment with soybean + maize in 4:2
rows ratio at 30 cm apart with 50 percent RDF + seed
inoculation with rhizobium and PSB culture to soybean, 1/3
RDF + seed inoculation with azotobacter, PSB culture to maize,
5 t FYM ha-1 to both crops with common basal application of
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FYM + biofertilizer + 17 kg N + 20 kg P2O5  + 17 kg K2O ha-1

out of total fertilizer applied and remaining N as split
application to maize crop although recorded comparatively
lower yield of soybean and maize grain and its straw (14.83
and 18.39 q ha-1; 19.75 and 59.35 q ha-1, respectively the
treatment showed the highest value of SEY (24.71 q ha-1),
LER (1.45), gross return (Rs. 45199 ha-1), net return (Rs. 28527
ha-1) and B:C ratio (2.71). Shivay et al. (2002) also reported
the highest grain yield (3.22 ton ha-1) of maize in maize and
soybean intercropping as against 43.29 q ha-1 of sole maize
and soybean 29.13 q ha-1 as observed in the present study.
Arya and Saini (1989) recorded the highest maize equivalent
yield of 5.93 and 5.90 t ha-1 in intercrop of 2:1 and 2:2 row
ratios, respectively when compared with 1.16 and 5.09 t
ha-1 yield for maize and soybean in pure stand, respectively.

Ni et al. (1994) recorded higher yield of intercropped
maize + soybeans and the land equivalent ratio than for
either crop alone. Singh and Singh (2001) revealed that among
different intercropping patterns of maize and soybean, the
paired rows of maize (30/90cm) and 2 rows of soybean gave
the highest value of total yield (29.6 q ha-1), LER (1.36),
monetary advantage (Rs 4970) and net returns (Rs 10770).
Pirzad et al. (2002) reported that the interaction of maize and
soybean was complementary, because land equivalent ratio
in all intercropping treatments was greater than unity. This

indicated the superiority of intercropping of these two crops
over their respective pure stands. Meena et al. (2006) reported
highest maize equivalent yield with 2:2 maize + soybean
intercropping sown at 30 cm distance. Ullah et al. (2007)
reported the maximum land equivalent ratio (1.62) in 90 cm
spaced double row strips, maize intercropped with soybean.
Yogesh et al. (2014) reported that the yield of sole soybean
was significantly superior (21.80 q ha -1) over other
intercropped treatments. Highest net return (Rs. 57,926 ha-1)
and B:C ratio (3.57) were obtained with maize intercropped
with soybean in 2:6 paired row. Similarly, higher LER (1.54)
was also noticed with maize and soybean intercropping in
2:6 paired row than other treatments. Jha et al. (2015) reported
that the intercropping of maize with soybean in 1:2 ratio
also gave the maximum LER (1.57) than the sole maize. Ullah
et al. (2007) reported that all intercropping systems gave
substantially higher net income over mono-cropping with
higher net income (Rs 56043.50 ha-1) in case of maize +
soybean followed by sole crop of maize (Rs 52653.50 ha-1).

It was thus concluded that economical production of
soybean & maize in western Madhya Pradesh can be
achieved by  intercropping soybean + maize in 4:2 rows at
30 cm apart, applied with 50% RDF + seed inoculation with
rhizobium and PSB culture to soybean, 1/3 RDF + seed
inoculation with azotobacter and PSB culture to maize, 5 t

Table 1: Mean effect of different nutrient management treatments on seed yield, SEY and LER in soybean+ maize intercropping
system.

RDF = Recommended dose of fertilizer, FYM = Farm yard manure, SEY = Seed equivalent yield, LER = Land equivalent ratio

Seed and straw yield  
(q ha-1) 

Soybean Maize 

 
 

Treatments 

Seed  Straw  Seed  Straw  

SEY 
(q ha-1) 

LER 

T1 Sole soybean 45 cm rows apart with 100% RDF 16.66 20.50 - - 16.66 1 
T2 Sole maize 60 cm rows apart with 100% RDF - - 36.72 90.74 18.36 1 
T3 Soybean + maize intercropping 4:2 rows 30 cm apart with 

100% RDF to soybean and 2/3 RDF to  maize   
13.66 

 
17.71 17.71 

 
57.59 22.52 

 
1.31 

 
T4 As T3  with common basal application of 33 kg N+100 kg  

P2O5 + 33 kg K2O /ha out of total   fertilizers applied in  T3 

and remaining N in two splits to maize. 

13.86 
 
 

18.15 18.82 
 
 

57.84 23.27 
 
 

1.35 
 

T5 Soybean + maize intercropping 4:2 rows30 cm apart with 
50% RDF+ seed Inoculation with Rhizobium and PSB 
culture to soybean and 1/3 RDF + seed inoculation with 
Azotobacter and PSB culture to maize and 5 t FYM /ha to 
both crops  

14.19 
 
 

18.03 19.51 
 
 

59.19 23.94 
 
 

1.39 
 
 

T6 As T5 with common basal application of FYM + 
biofertilizer +17 kg N + 20 kg P2O5 + 17 kg K2O /ha out  of 
total fertilizer applied in T5  and remaining N as split 
application to maize crop only 

14.83 18.39 19.75 59.35 24.71 1.45 

 SEm  0.60 0.74 0.91 2.79 0.62 0.04 
 CD 5 % 1.85 NS 2.80 8.59 1.83 0.12 
 CV % 8.2 8.01 8.07 8.59 5.75 6.07 
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Table 2: Economics of different nutrient management practices in soybean + maize intercropping system

Market price (Rs q-1): soybean seed –Rs 1600, maize seed -Rs 800 soybean straw–Rs 50, maize stover –Rs 80.

Monetary return  
(Rs ha-1)  

Treatments Cost of cultivation 
(Rs ha-1) 

Gross Net 

B: C  
Ratio 

T1 Sole soybean 45 cm rows apart with 100%RDF 12630 27677 15252 2.21 
T2 Sole maize 60 cm rows apart with  

100% RDF 
13630 36635 

 
23005 

 
2.69 

 
T3 Soybean + maize intercropping 4:2 rows 30 cm apart with100% RDF to soybean and 

2/3 RDF to  maize   
15663 

 
41520 

 
25858 

 
2.65 

 
T4 As T3 with common basal application of 33 kg N+100 kg  P2O5 + 33 kg K2O /ha out 

of total   fertilizers applied in  T3 and remaining N in two splits to maize. 
15843 

 
 

42889 
 
 

27046 
 
 

2.71 
 
 

T5 Soybean+ maize intercropping 4:2 rows 30 cm apart with 50% RDF+ seed 
Inoculation with Rhizobium and PSB culture to soybean and 1/3 RDF + seed 
inoculation with Azotobacter and PSB culture to maize and 5 t FYM /ha to both 
crops 

16492 43944 27452 2.66 

T6 As T5 with common basal application of FYM + biofertilizer +17 kg N + 20 kg P2O5 + 
17 kg K2O /ha out  of total fertilizer applied in T5  and remaining N as split 
application to maize crop only 

16672 
 

45199 28527 2.71 

SEm  - 940 938 0.07 
CD 5 % - 2773 2768 0.20 
CV % - 4.74 7.65 5.08 

 

FYM ha-1 to both crops with common basal application of
FYM + biofertilizer + 17 kg N + 20 kg P2O5  + 17kg K2O ha-1, of
the total fertilizer applied and the remaining N as split to
maize crop only. The treatment showed highest value of SEY
(24.71 q ha-1), LER (1.45), gross return 45199 ha-1), net return
(28527 ha-1) and B:C ratio (2.71).
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ABSTRACT

Genetic diversity studied in 22 ivy gourd genotypes of Assam and other North Eastern states (Arunachal
Pradesh, Nagaland and Tripura) one from IIVR, Varanasi, at the Experimental Farm, Department of Horticulture,
Assam Agricultural University, Jorhat revealed that 25 random decamer primers at molecular level generated a total
of 124 amplification products of which 52 bands were polymorphic. Total polymorphism was 41.94 percent. The
extent of polymorphism was higher with RAPD primers such as OPB-08 (83.33%), OPC-01 (71.43%) and OPD-05
(66.66%). The dendrogram showed that UPGMA cluster analysis grouped the genotypes into 4 major clusters. IG-14,
the only one genotype in cluster one was out grouped from the rest of the genotypes. A fairly wide range of Jaccard’s
similarity coefficient (0.10 to 1.09) indicating high level of genetic diversity was observed. RAPD analysis revealed
that for assessment of genetic diversity in ivy gourd, the primers OPB-08, OPC-01 and OPD-05, based on the level of
polymorphism are most informative. Diverse genotypes like IG-14, IG-17, IG-7 and IG-22 identified from diverse
clusters of UPGMA dendrogram can be used as parents in future hybridization programme.

Key words: Ivy gourd,  genotypes,  DNA,  dendrogram, RAPD

Ivy gourd, Coccinia grandis (L.) Voigt, belonging to the
family Cucurbitaceous, is an indigenous underexploited
dioecious semi-perennial cucurbit known by names like
Kundru, tondli, little gourd, scarlet gourd and kunduli. It is
anti-inflammatory, antioxidant, antimutagenic, antidiabetic,
antibacterial, antiprotozoal, antiulcer, hepatoprotective and
expectorative (Yadav and Mishra, 2010) and is gaining the
status of an important commercial vegetable crop in Assam.
Practically, very little crop improvement work has been
attempted on this crop. Locally available cultivars are
prevalent among the farmers. The North Eastern Region of
India exhibits a great diversity of genetic resources in
cucurbits. Although there is substantial variation in ivy gourd
vegetative traits and fruit characters, it is difficult to
distinguish genotypes on their external morphology alone.
Assessment of genetic diversity based on phenotype has
limitations, since most of the morphological characters are
greatly influenced by environmental factors and the
development stage of the plant. But molecular markers based
on DNA sequence polymorphism are independent of
environmental conditions and show a higher level of
polymorphism (Pandey et al., 2008). In addition, an
unambiguous, reliable, fast and cost-effective assessment of
genetic diversity is important for determining the uniqueness
and distinctiveness of the phenotypic and genetic
constitution of genotypes to protect breeder’s intellectual
property rights (Franco et al., 2001). Among the different types

of molecular markers, randomly amplified polymorphic
DNAs (RAPDs) are useful for the assessment of genetic
diversity owing to their simplicity speed and relatively low
cost compared to other molecular markers. Research records
on the genetic diversity based on RAPD in this minor cucurbit
is very limited.

MATERIALS AND METHODS
The plant materials used in the study comprised of 22

genotypes of ivy gourd. Total genomic DNA was extracted
from fresh young leaves of all the genotypes using modified
CTAB method (Doyle and Doyle, 1990). For genomic DNA
isolation, 200 mg fresh leaf tissue was ground to fine powder
using liquid N2. 1 ml DNA extraction buffer (2% CTAB, 1.5M
NaCl, 20 mM EDTA, 100 mM Tris-Cl, pH 8.0) was added to
it. The mixture was incubated at 65°C for 45 minutes in
waterbath with intermediate tapping. Equal volume of
phenol : chloroform : isoamyl alcohol (25 : 24 : 1) was added
and after of mixing it gently was centrifuged at 10000 rpm
for 10 min at 4°C. The supernant was transferred to fresh
tube and DNA was precipitated in 1 ml of 3 M sodium acetate
and 2/3 volume of chilled isopropanol. The DNA was
spooled out using pipette tips and dissolved in 70% ethanol.
Samples were centrifuged at 10,000 rpm for 5 min. Finally,
DNA was dissolved in TE buffer (pH 8.0). To estimate the
quality of isolated DNA in terms of degree of shearing and
RNA contamination, the genomic DNA was subjected to
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agarose gel electrophoresis in 0.8% submarine agarose gel.

Twenty five decamer random primer (Operon
Technologies, GmbH, Cologne, Germany) were employed
for RAPD analysis. Master mixture was prepared for 10
samples to avoid pipetting error. The amplified products
were then subjected to Agarose gel electrophoresis in 1.0
percent Agarose gel and the bands were detected by ethidium
bromide staining. The gel was observed under UV light in
Gel Documentation System (Biorad). The 1 kb DNA ladder
(MBI Fermentas) was used as molecular size marker. An
agglomerative method of clustering genotypes was employed
utilizing the Unweighted Pair Group Method with
Arithmetic averages (UPGMA) (SPS, 1990). The analysis was
performed using NTSYS software.

RESULTS AND DISCUSSION
The 25 random decamer primers generated a total of

124 amplification products (Table 1) of which 52 bands were
polymorphic. Total polymorphism percentage was 41.94
percent. On an average, each primer amplified 4.72 products.
The extent of polymorphism was higher with the primers
OPC-01 (71.43%), OPD-05 (66.66%) and OPB-08 (83.33%).
Maximum number of polymorphic bands were observed in

the primer OPD-05 (6) followed by OPC-01(5) and OPB-08
(5) respectively ( Plate 1, 2 and 3 ). The primers OPC-01,
OPD-05 and OPB-08 were found to be most informative based
on the level of polymorphism detected by them.

The higher number of polymorphic products indicated
that the genotypic used in the present study possessed a
higher degree of polymorphism. The degree of polymorphism
was higher (41.94%) as compared to 41.34 percent in
indigenous and exotic genotypes of Momordica charantia L.
(Dalamu et al., 2012); 31.03%  in pointed gourd (Adhikari et
al., 2014). The high polymorphism found in this study might

Table 1. List of primers along with their sequences and amplification characteristics
Primer Primer sequence Total number of bands No. of polymorphic bands Polymorphism (%) 
OPC-01 5'-TTCGAGCCAG-3' 7 5 71.43 
OPC-02 5'-GTGAGGCCTG-3' 4 2 50.00 
OPC-04 5'-CCGCATCTAC-3' 5 3 60.00 
OPC-05 5'-GATGACCGCC-3' 5 3 60.00 
OPC-06 5'-GAACGGACTC-3' 5 3 60.00 
OPC-07 5'-GTCCCGACGA-3' 8 1 12.50 
OPC-08 5'-TGGACCGGTG-3' 7 0 0.00 
OPC-09 5'-CTCACCGTCC-3' 6 3 50.00 
OPC-10 5'-TGTCTGGGTG-3' 7 3 42.85 
OPC-11 5'-GCCTTACGCA-3' 8 2 25.00 
OPD-01 5'-GTCCCGACGA-3' 3 2 66.66 
OPD-02 5'-GTGACGTAGG-3' 6 2 33.33 
OPD-03 5'-GGGTAACGCC-3' 5 2 40.00 
OPD-04 5'-GTGATCGCAG-3' 6 3 50.00 
OPD-05 5'-CAATCGCCGT-3' 9 6 66.66 
OPD-07 5'-TCGGCGATAG-3' 4 0 0.00 
OPD-10 5'-CAGCACCCAC-3' 3 2 66.66 
OPB-01 5'-GTTTCGCTCC-3' 2 0 0.00 
OPB-02 5'-TGATCCCTGG-3' 3 3 100.00 
OPB-04 5'-GGACTGGAGT-3' 4 0 0.00 
OPB-06 5'-TGCTCTGCCC-3' 2 0 0.00 
OPB-07 5'-GGTGACGCAG-3' 2 0 0.00 
OPB-08 5'-GTCCACACGG-3' 6 5 83.33 
OPB-09 5'-TGGGGGACTC-3' 3 1 33.33 
OPB-10 5'-CTGCTGGGAC-3' 4 1 25.00 

 Total 124 52 41.94 

 

Plate 1. Amplification profile of ivy gourd genotypes with RAPD
primer OPB-08
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Plate 2. Amplification profile of ivy gourd genotypes with RAPD
primer OPC-01

Plate 3. Amplification profile of ivy gourd genotypes with RAPD
primer OPD-05

The major cluster IV was again sub divided into 3 sub-
clusters (i, ii and iii). In sub-cluster (i) – 3 genotypes were
grouped but IG-25 was out grouped from the other two
genotypes. IG-25 was separated alone because it was a
collection from IIVR, Varanasi. In the same major cluster IV,
IG-25, might be due to its originality in Varanasi, has out
grouped from the rest of the genotypes. Similarly 3 genotypes
viz., IG-23, IG-22 and IG-10 were placed together in sub-
cluster (ii) under major cluster IV. However, the genotype
IG-23 was found to be out grouped from the other two
genotypes. The genotypes IG-16, IG-12, IG-20 and IG-8 formed
a small sub-cluster and placed inside the sub-cluster (ii). On
the other hand, sub-cluster (iii) of major cluster IV was formed
by 3 local collections i.e. IG-2 (Jorhat), IG-3 (Golaghat) and
IG-1 (Jorhat).

Cluster analysis showed the grouping of genotypes
mainly on the basis of geographical location with a few
exceptions. The partitioning and distribution of variability
complex might be the reason for the grouping of genotypes
in different cluster. Similar findings were also reported by
Dalamu et al. (2012) in Momordica charantia L.

Estimation of genetic similarities
A fairly wide range of Jaccard’s similarity coefficient

(0.10 to 1.09) was observed among the 22 genotypes (Fig. 1).
This indicates high level of genetic diversity among 22
genotypes of ivy gourd. The highest dissimilarity coefficient
(1.09) was observed between the genotype IG-14 and the rest
of the genotypes. Dissimilarity of IG-14 might be due to its
originality. The lowest value (0.10) was revealed between
IG-1 and IG-3 as both the genotypes were collected from
nearby districts of Assam (Jorhat and Golaghat, respectively).

Although, there is controversy regarding the use of some
specific markers as diagnostic marker due to the poor

Table 2. Major clusters produced by UPGMA cluster analysis
Cluster-I Cluster-II Cluster-III Cluster-IV 
IG-14 IG-17 IG-15 IG-25 
 IG-13 IG-7 IG-19 
 IG-11 IG-6 IG-18 
  IG-5 IG-23 
   IG-22 
   IG-10 
   IG-16 

IG-12 
   IG-20 
   IG-8 
   IG-4 
   IG-2 
   IG-3 
   IG-1 

 

be due to higher genetic diversity within these genotypes.
Moreover, the use of primer with higher GC content (60-70%)
might reveal higher polymorphism. Since primers used in
the present study were different with varied sequence,
different DNA profiles were obtained. The number of
amplification products for each primer depends on the
primer sequence, the genomic DNA sequence and the
genome size. Associations among the 22 genotypes revealed
by UPGMA cluster analysis based on RAPD is presented in
Fig. 1. The dendrogram shows that UPGMA cluster analysis
grouped the 22 genotypes of ivy gourd into four major clusters
(Table 2). In cluster I, only one genotype i.e. IG-14 was
included which was out grouped from the rest of the
genotypes. IG-14 was collected from Arunachal Pradesh.
Therefore, originality of the genotype might be the reason of
out grouping of this genotype from the rest of the genotypes.
The cluster II, 3 genotypes viz., IG-17, IG-13 and IG-11 were
present. However, IG-17 out grouped from the other two
genotypes which is a collection from West Tripura. Four
genotypes viz., IG-15, IG-7, IG-6 and IG-5 grouped together
in major cluster III which is again subdivided into two small
sub-clusters. IG-15 (collected from Nalbari) and IG-7
(collected from Barpeta) were grouped together whereas IG-
6 and IG-5 collection from Numaligarh and Nagaon
respectively) were grouped together.
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reproducibility of RAPD assay, as this technique is found to
be sensitive to reaction conditions. Based on these
considerations, the development of SCAR (Sequence
Characterized Amplified Region) primers from these specific
amplification profiles will enhance their utility of these
genotype specific bands for a better discrimination of ivy
gourd genotypes.

The study revealed that PCR based fingerprinting
techniques as RAPD is effective, promising and informative
for estimating the extent of genetic diversity as well as to
determine the pattern of genetic relationships between
different genotypes of ivy gourd. RAPD analysis of ivy gourd
would be useful to select parents to be crossed for generating
appropriate populations intended for both genome mapping
and breeding purposes.
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ABSTRACT

The experiment, conducted during the kharif seasons of 2010-11 and 2011-12 at Krishi Nagar farm, Department
of Agronomy, JNKVV Jabalpur (M.P.), involving three crop geometries two depths of planting and three varieties of
rice, revealed that the growth and yield of rice in system of rice intensification were significantly influenced by plant
geometry and the depth of planting. Rice variety, MR-219 with shallow depth of planting (2.5 cm) was markedly
superior in growth parameters (number of tillers/m2 at harvest) and almost all the yield parameters (test weight,
harvest index, grain and straw yields).

Key words: Varieties, yield, test weight and rice

Rice (Oryza sativa L.) is the most important cereal food
crop of the developing world and the staple food of more
than 3 billion people or more than half of the world’s
population. India is considered to be one of the original centers
of rice cultivation covering 44.6 million hectares, producing
132 MT of rice with an average productivity of 2.96 t ha-1

(Pandian, 2009). Around 65 percent of the total populations
in India eat rice accounting for 40 percent of their food
production. India is the world’s second largest producer of
white rice, accounting for 20 percent of all world rice
production. Rice-based production systems provide the main
source of income and employment for more than 50 million
households (IRRI, 2008 data).World production of rice has
risen steadily from about 200 million tonnes of paddy rice in
1960 to over 678 million tonnes in 2009, Rice production in
India is an important part of the national economy. Among
the different agronomic practices, planting geometry and
depth of planting play a vital role in achieving higher yield
levels of improved varieties of rice solely because of proper
distribution of crop plant per unit area, efficient utilization
of available nutrients and other resources including the
environment. Therefore, the experiment to find out optimum
planting geometries and depths of planting of improved rice
varieties for getting maximum yield in the system of rice
intensification was conducted.

MATERIAL AND METHODS
The experiment was conducted at research farm of

Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur during
kharif season of 2010-11 and 2011-12. Three planting
geometries i.e., 20 x 20 cm2, 25 x 25 cm2 and 30 x 30 cm2

between hills and rows were kept for growing the crop and

to identify their effect on grain yield parameters. Three
varieties of rice (MR-219, WGL-32100 and PS-3) and two
depths of planting shallow (2.5 cm) and normal (5.0 cm)
were taken into consideration. The layout of the trial was
split-split plot design with three replications having
planting geometry as main plots and the varieties and depths
of planting shallow and normal as sub-sub plot treatments.
The area of each plot was 3 x 7m2. Seedlings were
transplanted with an average of one seedling per hill in the
SRI method of planting. FYM @ 10 t ha-1 was applied
uniformly to all the plots before final puddling and leveling.
N, P and K through urea, DAP and MOP in a uniform dose
of 120: 60: 40 kg ha-1 was applied in all the plots. Half dose of
nitrogen and full dose phosphorus and potassium were
applied as basal application just before transplanting. The
remaining half dose of nitrogen was applied in two split
doses at tillering and panicle initiation stages.

RESULTS AND DISCUSSION

Effect on growth parameters
Plant density is an important agronomic factor that

greatly influences the micro climate of the field and
eventually the yield of agricultural crops. Planting geometry
had significant influence on growth and yield of rice. Results
showed that number of tillers/m2 was significantly higher
in 20 × 20 cm spacing as compared to wider spacing of 25 ×
25 cm and 30 × 30 cm. The significant reduction of dry weight
of plant with increase in plant geometry might be due to
higher mortality of tillers per hill. Some of the late emerged
tillers did not develop well and even died. Thus, a little
reduction in number of tillers hill-1 was noted at maturity
compared to its preceding stage.
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Effect on yield and yield attributes
The 1000-grain weight was significantly higher in 30

× 30 cm in comparison to 20 × 20 cm and 25 × 25 cm. Similar
results have also been obtained by Bari et al. (1984). Rice
variety, MR-219 was markedly superior in various growth
attributing characters viz; test weight and harvest index over
WGL-32100 and PS-3. The growth parameters and yield
attributes were significantly greater under shallow depth of
planting than deeper planting depth.

The grain yield was significantly influenced by
planting geometries at harvest during both the years. Result
showed that rice varieties had worked effect on grain yield.
Thus, the 25 x 25 cm planting geometries produced
significantly higher grain yield (6.86 t ha-1 and 7.00 t ha-1) in
comparison to 20 x 20 cm planting geometries (6.34 t ha-1

and 6.51 t ha-1) and 30 x 30 cm planting geometries (5.81 t
ha-1 and 6.04 t ha-1) during the years 2010 and 2011,
respectively and mean value of pooled grain yield was also
higher in 25 x 25 cm planting geometries (6.93 t ha-1) which
was significantly higher than 20 x 20 cm planting geometries
(6.43 t ha-1) and 30 x 30 cm planting geometries (5.92 t ha-1).
The grain yield was significantly higher at optimum spacing
of 25 × 25 cm as compared to 20 × 20 cm and 30 × 30 cm,
which might be due to production of than high number of
tillers per hill and number of plant per m2. Ultimately, 20 cm
× 20 cm produced significantly higher straw yield (9.53 and
9.23 t ha-1) over 25 cm × 25 cm (8.82 and 9.70 t ha-1) and 30 cm
× 30 cm spacing (8.15 and 9.19 t ha-1) during both the years
of experimentation.

Harvest index was significantly higher at optimum
spacing of 25 × 25 cm in compared to 20 × 20 cm and 30 × 30
cm which may be due to higher mortality of tillers per hill in
wider spacing and closer spacing which reduced grain ratio
in total biological yield. Similar results are also reported by
Verma et al. (2002). The cumulative effects of superior growth
and yield attributes were finally reflected in terms of higher
grain yield. Grain and straw yields were higher in the MR-
219 over WGL-32100 and PS-3. The variety MR-219
produced significantly higher grain (6.83 and 7.05 t ha-1)
and straw (9.46 and 10.71 t ha-1) yields over WGL-32100
with grain yield of 6.22 and 6.41 t ha-1 and straw yield of
8.83 and 8.67 t ha-1 and PS-3 having grain yield of 5.95 and
6.08 t ha-1 and straw yields of 8.21 and 8.80 t ha-1 during
both the years.

The grain yields of rice was directly correlated to the
no. of tillers per unit area, NAR, test weight and other
physiological parameters. These growth attributing
characters were significantly superior in MR-219 as
compared to WGL-32100 and PS-3, which was attributed to
produce higher grain yield. Thus, rice MR-219 gave 9.94 and
9.98 percent more grain yield over WGL-32100 and 14.78
and 15.98 percent over PS-3, during 2010 and 2011,
respectively and MR-219 gave 9.94 percent more grain yield
over WGL-32100 and 15.37 percent over PS-3, during pooled
average analysis. Straw yield of rice is directly related to
growth parameters. viz; number of tillers per unit area and
this being superior in MR-219 may be held responsible for
the differences in straw yield in comparison to WGL-32100

Table 1. Effect of planting geometries, varieties and depth of planting on growth and yield contributing attributes of rice
Number of tillers/m2 

at harvest 
Grain yield  

(t ha-1) 
Straw yield  

(t ha-1) 
Harvest index  

(%) 
1000- grain weight 

Treatments 
2010 2011 Mean 2010 2011 Mean 2010 2011 Mean 2010 2011 Mean 2010 2011 Mean 

Planting geometry 
S1 - 20 cm x 20 cm 538 544 541 6.34 6.51 6.43 9.53 9.29 9.41 40.06 41.32 40.69 18.9 20.0 19.4 
S2 - 25 cm x 25 cm 499 504 502 6.86 7.00 6.93 8.82 9.70 9.26 44.14 41.97 43.05 21.0 22.1 21.6 
S3 - 30 cm x 30 cm 312 317 315 5.81 6.04 5.92 8.15 9.19 8.67 41.64 39.89 40.76 22.8 23.9 23.3 

SEm ± 5.96 5.79 5.87 0.10 0.09 0.09 0.42 0.21 0.25 1.17 0.50 0.70 0.6 0.6 0.6 
CD. at 5% 23.39 22.72 23.05 0.38 0.36 0.37 1.64 0.83 1.00 NS NS 1.95 1.8 1.8 1.8 

Variety    
V1 - MR-219 511 516 513 6.83 7.05 6.94 9.46 10.71 10.08 42.12 39.74 40.93 23.2 24.2 23.7 

V2 - WGL-32100 448 453 450 6.22 6.41 6.31 8.83 8.67 8.75 41.45 42.55 42.00 19.1 20.2 19.7 
V3 - PS-3 391 396 394 5.95 6.08 6.02 8.21 8.80 8.51 42.26 40.89 41.58 20.5 21.5 21.0 
SEm ± 7.68 7.59 7.64 0.09 0.08 0.08 0.22 0.21 0.14 0.61 0.70 0.50 0.6 0.6 0.6 

CD. at 5% 23.66 23.39 23.52 0.26 0.26 0.26 0.69 0.65 0.43 1.33 1.53 1.09 1.3 1.3 1.3 
Depths    
D1 - Shallow Depth (2.5 cm) 455 461 458 6.49 6.68 6.58 9.11 9.61 9.36 41.79 41.07 41.43 21.5 22.6 22.1 
D2 - Normal Depth (5 cm) 444 449 447 6.18 6.36 6.27 8.56 9.17 8.87 42.10 41.05 41.58 20.3 21.4 20.8 

SEm ± 5.27 5.26 5.26 0.08 0.08 0.08 0.19 0.15 0.13 0.83 0.44 0.59 0.4 0.4 0.4 
CD. at 5% NS NS NS 0.24 0.24 0.24 0.57 0.44 0.39 NS NS NS 0.7 0.7 0.7 
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and PS-3. Harvest index (HI) of rice was significantly
influenced due to varieties during both the years. PS-3 had
significantly higher HI (42.26 and 40.89%) as compared to
MR-219 (42.12 and 39.74%) and WGL-32100 (41.45 and
42.55%), which may be owing to greater partitioning of
photosynthesis towards the production of straw rather than
the grain yield (Table 1). The varieties might have high
coefficient for partitioning of photosynthesis in production
of grain out of the total crop biomass and accordingly the
higher HI was obtained under it. Significantly higher grain
yield of rice was obtained under shallow depth of planting
(6.49 and 6.68 t ha-1) in compared to normal depth of planting
(6.18 and 6.36 t ha-1) during both the years (Table 1) which
may be ascribed to cumulative effect of growth. Significantly
higher values of growth attributing characters viz; functional
leaves hill-1, dryweight of plant hill-1, test weight, and more
harvest index under shallow depth of planting than normal
depth of planting. The shallow depth of planting did not
show significant effect on straw yield and harvest index (HI)
during 2010 but during 2011 significantly higher straw yield
was obtained under shallow depth of planting (9.61 t ha-1)
as compared to normal depth of planting (9.17 t ha-1).

The results conclude that growth and yield parameters
in the system of rice intensification system get significantly
influenced with the planting geometry and depths of rice
planting. The rice variety, MR-219 which resulted in
production of more 1000-test weight, sterility percentage and
higher grain yield (6.94 t ha-1) showed superiority over WGL-
32100 (6.31 t ha-1) and PS-3 (6.02 t ha-1) when planted at
shallow depth (2.5 cm) with 25 cm × 25 cm plant geometry.
Interaction between varieties and planting geometry on the
grain yields was found significant.
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ABSTRACT

The survey was conducted and focused on disease incidence, severity and infestation of insect pests on
vegetable crops grown during the cropping season in three sub zobas of Hamelmalo, Hagaz and Adi-Tekeliezan of
Zoba Anseba in Eritrea. During the survey 100 subsistence farmers were selected randomly for interview using
structured questionnaires. The main vegetables grown in the three sub zobas were tomato, potato, chilli, egg plant,
okra, onion, zucchini and carrot. Samples of the vegatables (plants and fruits) were brought to the laboratory for
identification of disease and insect pests. The major vegetable diseases observed during the cropping season were
early blight, powdery mildew, late blight, leaf curl virus and blossom end rot on tomato, downy mildews and purple
blotch on onion, wilt, anthracnose, late blight, collar rot and scab on potato.  Leaf minor, fruit borer, whitefly, African
boll worm, aphids, cutworm, potato tuber moth, spider mites, jassids, less wing bug and thrips were observed as the
major insect pests.  Wherever the insect pests occurred, there was also incidence of leaf curl disease because of the
transmitted viruses. Leaf curl virus and powdery mildews appeared in tomato and chilli; collar rot in potato;
powdery mildews in zucchini and carrot almost in all villages where the crops are grown. On the other hand,
percentage of severity prevailed due to whiteflies and infestation by fruit borer and aphids and registered in all grown
crops of sub-zoba Hamelmalo. Tomato and okra showed low to medium percentage of disease severity. Powdery
mildew was recorded medium to high in Hagaz and low to high in Derotay.

Key words: Vegetable, disease incidence, severity, insect pests, infestation, management practices.

Vegetable crops are widely grown by the farmers of
Eritrea, where agriculture is the mainstay. The sector
accounts for about 16 per cent of GDP and contributes 20 to
30 per cent of the country’s export earnings and also it is
largely dependent on smallholders  production of crops. The
Government of the State of Eritrea (GoSE) has made
agriculture its top priority and through the Ministry of
Agriculture has extended its structure to regional (Zoba) and
sub-regional (sub-zoba) level (Osan, 2009). Few of the
farmers grow vegetables under irrigation during the winter
dry season, where underground water is available. The area
along the bank of the river ‘Anseba’ is particularly suitable
for production under irrigation of all kind of vegetables
(MoA, 1995 and Leipzig, 1996). Vegetables are essential to
tackle the problems of malnutrition and improve quality of
life (Choudhary, 2009).

Production of these crops is also greatly affected by
biotic and abiotic constraints and by the lack of knowledge
of the modern production technologies. This fact is clearly
reflected by low yields in spite of the expansion of the total
area under production.

Many of the crops are attacked by different insect pests
and diseases right from the seedling stage to harvest. The
diseases are caused by various pathogens such as fungi,

bacteria and virus. The viral diseases are transmitted by
various insect pests due to improper use of insecticides by
the growers. Survey has been taken on the diseases of major
vegetable crops cultivated in the study areas that include
the occurrence of disease incidence and severity. Low or no
educational level, unproper irrigation, fertilizer application
and pesticide use may be the main reasons for low crop
productivity (Rao et al. 2016). Tomato, potato and capsicum
(chillies) are widely grown and intensively used in Eritrea.
However, its production is quite low. The annual production
of tomato from a total area of 1074 hectares was over 59,126
tons. However, the actual commercial production is 20–25
tons per hectare but the actual production level of small farms
is 8–18 tons per hectare.

Some economically important biotic constraints include
African boll worm (Helicoverpa armigera), Tuta absoluta,
whitefly (Bemisia tabacci) etc., which seriously damages
tomato fruits in Eritrea. The disease caused by the virus lead
to complete failure of crop. Early blight, late blight, powdery
mildew diseases are also important in Hamelmalo region
(Syed Danish et al. 2014).

Therefore, it is important to identify the major diseases
and pests of vegetables and its control. This will help the
farmers to increase their total production and per capita

mailto:syeddanishnaqvi84@gmail.com
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income.  Hence, this survey was conducted to evaluate
diseases/pest, determine its incidence and severity in Zoba
Anseba.

MATERIALS AND METHODS
Survey was conducted in Zoba Anseba (Fig.1) located

in North Western lowland agro-ecological zone of the
country. The altitude of the area is about 1280 m above the
mean sea level and latitude 16o, 01’N, and longitude 38o,
20’E with an average rainfall and temperature of 479.2 mm
and 24oc respectively. The soil is sandy and sandy loam
with low water retention capacity and pH of 6-7 (Anonymous,
2000).

Five villages in sub-zoba-Hamelmalo (Hamelmalo,
Genfelom, Zeron, Genfelom, Wazantet and Basheri), 5
villages in sub-zoba-Adi-Tekeliezan (Adi-Tekeliezan,
Dekemhare, Golagul, Melati and Dekighebru) and 3 villages
in sub-zoba-Hagaz (Hagaz, Derotay and Hagaz Agro
Technical School) were selected.

Zoba-Anseba falls under semi-arid midland region of
the country. Annual rainfall in the region ranged from 370

mm to 663.1 mm with a mean value of 488 mm in the past six
years. The temperature of the area varies from 16°C to 38°C
during the winter and summer seasons and has an average
of 27°C.

Data and samples collected from the major vegetable
crops were tomato, chilli, brinjal, potato, okra, zucchini,
carrot, cabbage, pumpkin and onion. Tomato, chillies, onion
and okra are been cultivated in all these three sub-zobas
whereas, potato and zucchini are grown in both Hamelmalo
and Adi-Tekeliezan sub-zobas. A few vegetables crops such
as carrot is grown only in Hamelmalo. Cabbage and
pumpkin are cultivate only in Adi-Tekeliezan.

The survey was conducted during 2015 in two seasons,
i.e. autumn season which starts from August to November
and winter which starts from January to March. Data were
collected using questionnaires, by visiting farmer’s fields in
the selected villages with representative farmers. From each
village two farmers were selected for interviewing. A total of
100 farmers in each of the three locations were interviewed
to gather quantitative information on cultural crop
production, disease control methods, yields and yield loss

Fig 1. Sub-zobas Hamelmalo, Hagaz and Adi-Tekeliezan (shown with arrows) of Zoba-Anseba (Department of Land Recourse and
Environmental Science, HAC)
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due to the diseases and infestation on each crop. Group
discussion was also organized with 20-30 key informants
using open ended topics for collecting qualitative data.

Farmers’ fields were selected for data collection and a
total of 20 plants randomly selected for disease and insect
pest identification in each field. Soil samples and diseased
plant samples were collected for pathogen isolation and
identification.

The data were collected from five different fields in
Hamelmalo sub-zoba and each field was visited four times
at an interval of three weeks. The disease incidence and
severity were assessed randomly.

The formulae used for calculating disease incidence
and disease severity are:

Percentage of Disease Incidence (PDI)=

100  
assesed plants ofnumber  Total

plants infected ofnumber  Total
?

Percentage of Disease Severity (PDS)=

scale Maximum
100

  
assesed plants ofNumber 

raitngs individual ofNumber 
?

The disease percentage was determined by a rating
scale of low to high, where, Low = less than 15%; Moderate=
between 16 and 50% and High= more than 50 percentage of
disease. All the collected data were subjected to analysis of
variance at an end of the study by using GenStat Release
10.3 (2011) software.

RESULTS AND DISCUSSION
Survey of disease occurrence and infestation of insect

pests was done in five villages of sub-zoba-Hamelmalo
(Hamelmalo, Genfelom, Zeron, Wazentit and Basheri) on
tomato potato, chilli, egg plant, okra, onion, zucchini
(Cucurbita pepo L.) and carrot.

The major diseases observed were early blight
(Alternaria solani), downy mildews (Peronospora,spp.),
powdery mildew (Leveillula taurica), wilt (Bacterial and
Fusarium spp.), late blight (Phytropthora parasistica), leaf curl
virus (tomato leaf curl virus disease-TLCV), blossom end rot
(Botrytis spp.), anthracnose (Colletotrichum spp.), collar rot
(Phytropthora spp. or Alternaria spp.) and purple blotch
(Bacterial) were noticed (Table1).

Leaf minor (Liriomyza trifolii), fruit borer (Helicoverpa
armigera (L), whitefly (Bemisia tabaci), african boll worm
(ABW), aphids, cut worm, potato tuber moth, spider mites

(Tetranychus urticae (Koch), jassids, less wing bug and thrips
were observed as the major insect pests. Leaf curl viral disease
transmits by an insect vector (white fly, B. tabaci) is another
major problem in tomato.

Among all vegetable crops, tomato, okra and chilli
crops were more affected by fungal diseases and insect pests
compared to other vegetable crops. It is an interesting
phenomenon that disease incidence was not found in potato,
brinjal, zucchini and carrot crops in Zeron, Wazentit and
Basheri villages.

The fungal diseases observed were early blight, late
blight, downey mildews, powdery mildews, anthracnose
and  collar rots; the viral infections i.e. leafy curl diseases
was very common. The early blight caused by Alternaria spp.
was widespread and was predominant in all villages on
tomato, chilli, potato zucchini and egg plant crops. On the
other hand, mildews either downy mildews or powdery
mildews were found in the crops of zucchini, carrot, okra
and chilli. Purple blotches which is caused by fungal and
bacterial pathogens, only affected onion in Hamelmalo,
Genfelom and Zeron villages.

The major insect pests were whiteflies on tomato, chilli,
potato and okra; thrips on onion; less wing bug, jassids and
spider mites on egg plant; aphids, jassids and whiteflies on
okra. ABW on tomato appeared in all villages but cutworms
which are the caterpillars of the Order Lepidoptera were
clearly visible on potato crops at Genfelom village.

Hamelmalo and Genfelom villages experienced almost
all types of diseases and insect infestations in all crops.

It is obvious, that, wherever the insect pests occurred,
there was the occurrence of the leafy curl disease. Viruses
were transmitted by the whitefly Bemisia tabaci in the non-
persistent manner. Whiteflies (are also known as the silver
leaf whitefly) acquire the virus after feeding for 10 minutes
or more, but their efficiency increases with feeding durations
up to one hour or longer.

The occurrence of diseases and insect pests on tomato,
chilli, okra, egg plant and onion was recorded (Table 1) in
three villages, Hagaz, Derotay and Hagaz Agro Technical
School. There is no cultivation of egg plant and onion in
Hagaz Agro Technical School village.

Blights, mildews and leaf curl were common in tomato,
chilli and okra whereas, purple blotch and thrips devastated
onion in Hagaz and Derotay villages. Fungal and bacterial
wilts were noticed in tomatoes only. The fungal infection,
collar rot appeared in Derotay on chilli crop. A large amount
of disease incidence was recorded in Derotay village, but no
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disease was found in the crop of egg plant in Hagaz village.

The insect pests such as whitefly, fruit borer (Helicoverpa
armigera (L.), aphids, ABW, cutworm, potato tuber moth,
jassids, less wing bug and thrips and spider mites occurred
commonly. Aphids (Aphididae; Order Homoptera) are the
most important insect vectors of plant viruses and transmit
the great majority of all stylet-borne viruses.

Tomato, chilli, potato, okra, onion, zucchini, cabbage
and pumpkin were the vegetable crops grown in sub-zoba
Adi-Tekeliezan, Dekemhare, Golagul, Melati and Dekighebru
(Table 1). Minimum disease incidence was recorded in
Golagul, Melati and Dekighebru, relatively. However, blights
and whiteflies were noted in tomato, chilli and okra.

Diamond back moth (Plutella xylostella) on cabbage,
cabbage butterfly on cabbage and zucchini, cutworms
(Agrotis spp.) on potato and ABW on tomato appeared as
very common pathogens.

The percentage of disease incidence on tomato, chilli,
potato, okra, egg plant, onion, zucchini and carrot vegetable
crops in five villages of sub-zoba Hamelmalo is given in
Table 2.  Maximum disease incidence was recorded for carrot,
zucchini, chilli, potato and tomato in sub-zoba Hamelmalo.
There was a heavy toll of pathogens causing powdery
mildews and the disease incidence was high in tomato (65%),
chilli (65%), zucchini (60%) and carrot (70%); however,
blossom end rot, late blight, purple blotch and wilt disease
incidence were recorded less (10%) in Hamelmalo village.

*ABW=African bollworm (Helicoverpa armigera)

Table 1. Occurrence of diseases and insect pests on major vegetable crops in three sub-zobas of Anseba
Sub-zobas Sub-zoba Hamelmalo1 Sub-zoba Hagaz2 Sub-zoba Adi-Tekeliezan3 
Crop/ Disease 
and Pest Diseases Insect pests Diseases Insect pests Diseases Insect pests 

Early blight Leaf minor Early blight Spider mites Early blight ABW* 
Powdery mildew Fruit borer Powdery mildew Fruit borer Powdery mildew Spider mites 
Wilt Whitefly Wilt Whitefly Late blight Whitefly 
Late blight ABW Leaf curl virus Aphid Leaf curl virus Fruit borer 
Leaf curl virus Spider mites --- --- Blossom end rot --- 

Tomato 

Blossom end rot Aphid --- --- --- --- 
Early blight Aphid Early blight Aphid Early blight Whitefly 
Late blight Whitefly Late blight Whitefly Late blight --- 
Powdery mildew -- Powdery mildew Potato tuber moth Leaf curl virus --- 
Anthracnose -- Collar rot Spider mites Anthracnose --- 
Leaf curl virus -- Anthracnose Cut worm --- --- 

Chilli 

--- --- Leaf curl virus --- --- --- 
Early blight Potato tuber moth --- --- Early blight Whitefly 
Late blight Cut worm --- --- Late blight Potato tuber moth Potato 
Collar rot Whitefly --- --- --- --- 
Blight Aphid Blight Aphid Blight Aphid 
Powdery mildew Jassid Powdery mildew Jassid Leaf curl virus Whitefly 
Leaf curl virus ABW Leaf curl virus Whitefly --- --- 
Downy mildew Whitefly Downy mildew Less wing bug --- --- 

Okra 

--- --- --- Thrips --- --- 
Alternaria blight Less wing bug --- Less wing bug  --- --- 
 Jassid --- Jassid --- --- Egg plant 
 Spider mite --- Spider mite --- --- 

Onion Purple blotch Thrips Purple blotch Thrips   Thrips 
Powdery mildew -- --- --- Alternaria blight Cabbage butterfly 
Alternaria Blight -- --- --- Powdery mildew --- Zucchini 
    --- --- Downy mildew --- 

Carrot Powdery mildew -- --- --- --- --- 
--- --- --- --- Blight Diamond back moth 

Cabbage --- --- --- --- --- Cabbage butterfly 
--- --- --- --- Powdery mildew --- 

Pumpkin 
--- --- --- --- Downy mildew --- 
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Percentage of incidence of early blight, leaf curl, collar
rot and powdery mildews were high (50-60%) in Genfelom
and Zeron villages whereas, anthracnose, downy mildew
and wilt (5%) were observed in lower percentage of incidence
in Genfelom village. Powdery mildew on tomato, chilli and

okra was high in the Zeron, Wazentit and Basheri villages,
but the incidence of early blight was moderate in tomato and
chilli. The disease incidences on onion were very low in
Hamelmalo Genfelom and Zeron villages.

Table 2. Percentage of disease incidence (DI) and disease severity* (DS) on vegetable crops in five villages of sub-zoba Hamelmalo

*H=High; M=Moderate; L=Low

Crop Tomato Chilli Potato Okra Egg plant Onion Zucchini Carrot 
Village/ Disease DI DS DI DS DI DS DI DS DI DS DI DS DI DS DI DS 
Hamelmalo                 
Anthracnose  ? - 15 L - - - - - - - - - - - - 
Blossom end rot 10 L - - - - - - - - - - - - - - 
Collar rot - - - - 65 H - - - - - - - - - - 
Early blight 45 M 40 M 15 L 40 M 20 L - - 20 L - - 
Late blight 20 L 15 L 10 L - - - - - - - - - - 
Leaf curl virus 60 H 65 H - - 15 L - - - - - - - - 
Downy mildew - - - - - - 15 L - - - - - - - - 
Purple blotch - - - - - - - - - - 10 L - - - - 
Powdery mildew 65 H 65 H - - 30 M - - - - 60 H 70 H 
Wilt 10 L - - - - - - - - - - - - - - 
Genfelom                 
Anthracnose  - - 5 L - - - - - - - - - - - - 
Blossom end rot 10 L - - - - - - - - - - - - - - 
Collar rot - - - - 50 H - - - - - - - - - - 
Early blight 30 M 40 M 60 H 10 L 10 L - - - - - - 
Late blight 10 L 10 L 40 M - - - - - - - - - - 
Leaf curl virus 55 H 60 H - - 30 M - - - - - - - - 
Downy mildew - - - - - - 5 L - - - - - - - - 
Powdery mildew 50 H 20 L - - 60 H - - - - - - - - 
Purple blotch - - - - - - - - - - 10 L - - - - 
Wilt 5 L - - - - - - - - - - - - - - 
Zeron                 
Anthracnose - - 15 L - - - - - - - - - - - - 
Blossom end rot 10 L - - - - - - - - - - - - - - 
Early blight 45 M 40 M - - 5 L - - - - - - - - 
Late blight 20 L 15 L - - - - - - - - - - - - 
Leaf curl virus 60 H 65 H - - 5 L - - - - - - - - 
Powdery mildew 65 H 65 H - - 50 H - - - - - - - - 
Purple blotch - - - - - - - - - - 5 L - - - - 
Wilt 10 L - - - - - - - -   - - - - 
Wazentit                 
Anthracnose  - - 10 L - - - - - - - - - - - - 
Early blight 40 M 35 M - - 5 L - - - - - - - - 
Late blight - - 10 L - - - - - - - - - - - - 
Leaf curl virus 40 M 70 H - - 15 L - - - - - - - - 
Powdery mildew 50 H - - - - 55 H - - - - - - - - 
Basheri                 
Anthracnose  - - 15 L - - - - - - - - - - - - 
Blossom end rot 10 L - - - - - - - - - - - - - - 
Early blight 45 M 40 M - - - - - - - - - - - - 
Late blight 20 L 15 L - - - - - - - - - - - - 
Leaf curl virus 60 H 65 H - - - - - - - - - - - - 
Powdery mildew 65 H 65 H - - 70 H - - - - - - - - 
Wilt 10 L - - - - - - - - - - - - - - 
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Maximum percentage of disease severity of leaf curl
virus and powdery mildews appeared in tomato and chilli,
collar rot in potato and powdery mildews in zucchini and
carrot almost in all villages where the crops are grown. Crops

suffered minimum disease severity of anthracnose and
blossom end rots in sub-zoba Hamelmalo.

The Table 3 shows, spider mites, aphids, cutworms,

Table 3. Percentage of infestation (PI) and severity* (DS) of insect pests on vegetable crops in five villages of sub- zoba Hamelmalo

*H=High; M=Moderate; L=Low

Crops Tomato Chilli  Potato Okra Egg plant Onion Zucchini Carrot 
Insect pest PI DS PI DS PI DS PI DS PI DS PI DS PI DS PI DS 
Hamelmalo                 
Spider mites 40 M - - 60 H - - 60 H - - - - - - 
Aphid 5 L 25 L - - 65 H - - - - - - - - 
Cut worm - - - - 5 L - - - - - - - - - - 
Jassid  - - - - - - 20 L 20 L - - - - - - 
Leaf minor 30 M - - - - - - - - - - - - - - 
Potato tuber moth - - - - 5 L - - - - - - - - - - 
Fruit borer 65 H - - - - - - - - - - - - - - 
Less wing bug  - - - - - - - - 45 M - - - - - - 
Whitefly 60 H 80 H 50 H 10 - - - - - - - - - 
Thrips  - - - - - -  - - - 50 H - - - - 
ABW 15 L - - - - 10 L - - - - - - - - 
Genfelom                 
Spider mites 45 M - - 60 H - - 40 M - - - - - - 
Cut worm - - - - 5 L - - - - - - - - - - 
Aphid 5 L 25 L - - 60 H - - - - - - - - 
Jassid  - - - - - - 10 L 10 L - - - - - - 
Leaf minor 10 L - - - - - - - - - - - - - - 
Less wing bug - - - - - - - - 30 M - - - - - - 
Fruit borer 40 M - - - - - - - - - - - - - - 
Whitefly 50 H 70 H 30 M 10 L - - - - - - - - 
Thrips - - - - - - - - - - 50 H - - - - 
ABW 5 L - - - - 5 L - - - - - - - - 
Zeron                 
Spider mites 40 M - - - - - - - - - - - - - - 
Aphid 5 L 25 L - - 60 H - - - - - - - - 
Jassid - - - - - - 10 L - - - - - - - - 
Leaf minor 30 M - - - - - - - - - - - - - - 
Fruit borer 65 H - - - - - - - - - - - - - - 
Whitefly 60 H 80 H - - 5 L - - - - - - - - 
Thrips  - - - - - - - - - - 10 L - - - - 
ABW 15 L - - - - - - - - - - - - - - 
Wazentit                 
Aphid 5 L - - - - 70 H - - - - - - - - 
Jassid  - - - - - - 5 L - - - - - - - - 
Fruit borer 60 H - - - - - - - - - - - - - - 
Whitefly 10 L 55 H - - 5 L - - - - - - - - 
ABW 10 L - - - - - - - - - - - - - - 
Basheri                 
Spider mites 40 M - - - - - - - - - - - - - - 
Aphid 5 L 25 L - - 65 H - - - - - - - - 
Leaf minor 30 M - - - - - - - - - - - - - - 
Fruit borer 65 H - - - - - - - - - - - - - - 
Whitefly 60 H 80 H - - - - - - - - - - - - 
Thrips  - - - - - - - - - - 15 L - - - - 
ABW 15 L - - - - - - - - - - - - - - 
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jassid, leaf minor, potato tuber moth, fruit borer, less wing
bug, whitefly, thrips and ABW are the major insect pests not
only causing damage to crops but also transmitting viral
diseases. Percentage of infestation of these insect pests were
high by whiteflies (80%), (70%), (80%), (55%) and (80%) in
Hamelmalo, Genfelom, Zeron, Wazentit and Basheri villages
on chilli crops, respectively. Infestation by cut worms and
potato tuber moth in Hamelmalo; cut worms and ABW in
Genfelom; whiteflies on okra in Genefelom, Wazentit and
Zeron; jassid and whiteflies on okra in Wazentit and Zeron
showed less (5%) infestation. Onion crop was devastated
highly (50%) by thrips in Hamelmalo, Genfelom; and less
(10 and15%) infestation occurred in Zeron and Basheri
villages, respectively.

The maximum percentage of disease severity prevailed
due to whiteflies and infestation by fruit borer and aphids. It
was registered in all grown crops of sub-zoba Hamelmalo.
Aphids on tomato in all villages; cutworm, ABW and potato
tuber moth exhibited lowest percentage of disease severity.

The percentage of disease incidence on tomato, chilli,
okra and onion vegetable crops in Hagaz, Derotay and Hagaz
Agro Technical school villages of sub-zoba Hagaz is shown
in table 4. Collar rot, leaf curl and powdery mildews were

more prevalent on chilli crop in Hagaz and Derotay villages.
The same frequency of incidence was also recorded in Hagaz
and Agro Technical School villages on tomato. Apart from
these diseases, early and late blights cause moderate
incidence in the crops. Purple blotch was noticed very low
frequency on onion crop.

Tomato and okra showed low to medium percentage
of disease severity, powdery mildews were recorded medium
to high in Hagaz and low to high in Derotay. Disease severity
of anthracnose, early blight, downy mildew, purple blotch
and wilt were relatively low.

According to the farmers’ perceptions, except the ABW,
fruit borer, whitefly, spider mites, aphids are commonly
causing diseases on tomato crop. Table 5 shows, due to
whitefly the infestation (80%) in tomato; (80%) in chilli in
Hagaz village; 50 and 70 per cent in tomato and chilli
respectively in Derotay village; 50 per cent in both in tomato
and chilli in Hagaz Agro Technical school villages was
found. Cutworm, jassid and potato tuber moth infestations
were less (5%) in three villages on various crops.

Percentage of disease severity due to jassids, ABW,
potato tuber moth and cutworm was low. However,
infestation by whiteflies, spider mites and thrips showed

Table 4. Percentage of disease incidence (DI) and severity* (DS) on vegetable crops in three villages of sub-zoba Hagaz

*H=High; M=Moderate; L=Low

Crop Tomato Chilli  Okra Onion 
Village/ Disease DI DS DI DS DI DS DI DS 
Hagaz         
Collar rot - - 65 H - - - - 
Early blight 10 L 5 L 30 M - - 
Late blight - - 10 L - - - - 
Leaf curl virus 5 L 65 H 5 L - - 
Downy mildew - - - - 15 L - - 
Powdery mildew 30 M 50 H 30 M - - 
Purple blotch - - - - - - 5 L 
Wilt 5 L - - - - - - 
Derotay         
Anthracnose  - - 5 L - - - - 
Collar rot - - 50 H - - - - 
Early blight 5 L 30 M 5 L - - 
Late blight - - 40 M - - - - 
Leaf curl virus 55 H 5 L 5 L - - 
Downy mildew - - - - 5 L - - 
Powdery mildew 5 L 20 L 50 H - - 
Purple blotch - - - - - - 10 L 
Wilt 5 L - - - - - - 
Hagaz Agro Technical School         
Early blight 30 M 5 L - - - - 
Leaf curl virus 60 H 65 H 5 L - - 
Powdery mildew 50 H 15 L 50 H - - 
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medium to high. Medium disease severity appeared in
almost, all villages due to the infestation by aphids.

Table 6 clearly indicates the disease incidence of early
blight, late blight, leaf curl and mildews on tomato and chilli
crops were 15 to 85per cent and 10 to 65 per cent respectively
in Adi-Tekeliezan village. Powdery mildews (50%) occurred
on tomato and 35 per cent on pumpkin crops whereas, least
infection by anthracnose (5%) on chilli. In Dekemhare village,
early and late blights (5-50 and 35% respectively) and
powdery mildews (45-55%). High incidence were recorded
on tomato, potato, zucchini and pumpkin crops. Leafy curl
disease which is transmitted by vectors is more in Golagul
(60%) and Milati (70%) villages on tomato crops.

The percentage of disease severity was noted very high
in tomato, chilli and potato due to leaf curl virus, powdery
mildew and blights. It is also observed that low severity found
by anthracnose, late blight and downy mildews in all grown
vegetables.

Table 7 shows the percentage of infestation of insect

pests on vegetable crops in five villages sub Zoba Adi-
Tekeliezan. Fruit borer, whitefly and ABW in Adi-Tekeliezan
village; spider mites, fruit borer and whitefly in Dekemhare
village and whitefly in Golagul village on tomato were
common insect pests. Potato tuber moth, cutworm and
whitefly were found on potato crops in three villages.
Cabbage butter fly on zucchini crop; thrips on onion; ABW
on tomato were noticed which showed low infestation.

Disease severity due to infestation by insect pests was
found minimum in cabbage, onion, chilli and zucchini,
whereas, potato tuber moth, fruit borer and whiteflies caused
medium severity on various crops.

The diamond back moth and aphids (B. brassicae,
Lipaphis erysimi and Myzus persicae) have been identified as
the most damaging pests of vegetables in most of Eastern
and Southern Africa (Grzywacz et al., 2010; Kfir, 2003;
Sibanda et al., 2000) and the present survey confirmed this
in Zoba Anseba too.

Crop Tomato Chilli  Okra Egg plant Onion 
Village/ Disease PI DS PI DS PI DS PI DS PI DS 
Hagaz           
Aphid  - - - - 40 M - - - - 
Fruit borer 30 M - - - - - - - - 
Jassid  - - - - 5 L 5 L - - 
Less wing bug - - - - - - 45 M - - 
Whitefly  80 H 80 H 10 L - - - - 
ABW 5 L - - - - - - - - 
Spider mites 40 M 60 H - - 60 H - - 
Potato tuber moth - - 5 L - - - - - - 
Thrips - - - - - - - 50 H - 
Cut worm - - 5 L - - - - - - 
Derotay           
Whitefly  50 H 70 H - - - - - - 
ABW 5 L - - - - - - - - 
Jassid  - - - - 10 L - - - - 
Spider mites 45 M 60 H 40 H - - - - 
Aphid 30 M - - 10 L - - - - 
Cut worm - - 5 L - - - - - - 
Thrips  - - - - - - - 50 H - 
Less wing bug - - - - 30 M - - - - 
Hagaz Agro Technical School 
Whitefly 50 H 50 H 5 L - - - - 
Aphid - - 5 L 50 H - - - - 
Jassid - - - - 5 L - - - - 
Thrips - - - - 30 M - - - - 
*H=High; M=Moderate; L=Low 
 

Table 5. Percentage of infestation (PI) and severity* (DS) of insect pests on vegetable crops in three villages sub-zoba Hagaz
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Table 6. Percentage of disease incidence (DI) and severity* (DS) on vegetable crops in five villages sub-zoba Adi-Tekeliezan
Crop Tomato Chilli Potato Okra Cabbage Zuchini Pumpkin 
Village/ Disease DI DS DI DS DI DS DI DS DI DS DI DS DI DS 
Adi Ateklezan               
Anthracnose  - - 5 L - - - - - - - - - - 
Early blight 15 L 35 M 10 L - - 5 L - - 45 M 
Late blight 20 L 10 L 5 L - - - - - - - - 
Leaf curl virus 85 H 65 H - - - - - - - - - - 
Powd.mildew 50 H - - - - - - - - - - 35 M 
Dekemhare               
Anthracnose  - - 10 L - - - - - - - - - - 
Blossom end rot 10 L - - - - - - - - - - - - 
Early blight 40 M - - 50 H - - - - 5 L - - 
Late blight   - - 35 M - - - - - - - - 
Leaf curl virus 55 H 55 H - - - - - - - - - - 
Downy mildew - - - - - - - - - - 10 L 5 L 
Powd.mildew - - - - - - - - - - 45 M 55 H 
Golagul               
Early blight 40 M - - - - - - - - - - - - 
Leaf curl virus 60 H - - - - - - - - - - - - 
Melati                
Early blight 30 M - - - - - - - - - - - - 
Leaf curl virus 70 H - - - - - - - - - - - - 
Dekighebru                
Early blight 40 M - - - - 10 L - - - - - - 
Leaf curl virus - - - - - - 15 L - - - - - - 
*H=High; M=Moderate; L=Low 
 Table 7. Percentage of infestation of insect pests (PI) and severity* (DS) on vegetable crops in five villages sub-zoba Adi-

Tekeliezan
Crop Tomato Chilli  Potato Okra Cabbage Onion Zuchini 
Village/Insect pest PI DS PI DS PI DS PI DS PI DS PI DS PI DS 
Adi Ateklezan               
Aphid - - - - - - - - 5 L - - - - 
Diamond back moth - - - - - - - - 30 M - - - - 
Fruit borer 55 H - - - - - - - - - - - - 
Potato tuber moth - - - - 15 L - - - - - - - - 
Cut worm - - - - 5 L - - - - - - - - 
Whitefly 50 H 10 L - - - - - - - - - - 
ABW 5 L - - - - - - - - - - - - 
Dekemhare               
Spider mites 45 M - - - - - - - - - - - - 
Fruit borer 35 M - - - - - - - - - - - - 
Potato tuber moth - - - - 55 H - - - - - - - - 
Whitefly 10 L 10 L 30 M - - - - - - - - 
Cut worm - - - - 10 L - - - - - - - - 
Cabbage butterfly - - - - - - - - - - - - 5 L 
ABW 5 L - - - - - - - - - - - - 
Golagul               
Cabbage butterfly - - - - - - - - 10 L - - - - 
Whitefly 10 L - - - - - - - - - - - - 
Melati                
Aphid - - - - - - 30 M - - - - - - 
Whitefly - - 10 L - - 5 L - - - - - - 
Dekighebru                
Thrips  - - - - - - - - - - 10 L - - 
*H=High; M=Moderate; L=Low 
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Powdery mildews on okra Blight on okra

Blight on poato Collar rot in tomato

Leaf curl disease Leaf minor



Journal of Eco-friendly Agriculture 12(1) 2016 39

Occurrence and prevalence of diseases and insect pests on vegetable crops in Zoba Anseba, Eritrea

Diamond back moth on cauliflower leaf Whiteflies on okra leaf

ABW-Helicoverpa,

Bemisia tabaci  on tomato Diamondback moth, Plutella xylostella
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ABSTRACT

Adjustments in sowing dates in correlation to abiotic factors, assessed for expansion of aphidophagy by
predators (Coccinellids, Syrphids) and parasitoides, to achieve within-season mortality of aphids infesting mustard,
revealed that the crop seeded during mid October 20th and late November 10th harboured higher number of predators
(3.31coccinellids, 2.20 syrphid fly) and parasitoids (8.60 mummified aphids) per plant. The elevated population of
natural enemy complex could be attributed to its positive correlation with maximum, minimum and mean relative
humidity. The augmented count of parasitoids was credited to the positive association of parasitoid population with
maximum, minimum and mean temperature. The results of abiotic relationship with the population build up of
natural enemies of aphid could be highly informative for achieving the expected produce of mustard crop sown even
late in the season.

Key words: Predators, parasitoid, abiotic factors, Lipaphis erysimi, Brevicoryne brassicae, Myzus persicae.

Aphids, an extremely destructive group of insect pests
(Nelson and Rosenheim 2006; Blackman and Eastop 2000;
Stacey and Fellows, 2002), damage both the agronomic and
horticultural crops by sucking the sap of leaves and young
shoots resulting into distortion, stunting of plants and
premature leave fall (Dixon 1973, Ali, 2013). Many species
of aphids exploit a single host-plant species and have to
cope with changing environmental conditions as changes
in its population numbers depend on the quality of the host
plant (Stadler, 2004). As far as the losses caused by different
aphid species are concerned, the highest of 83.0 per cent to
cruciferous crops in India have been reported by Brevicoryne
brassicae Linn., Myzus persicae Sulz. and Lipaphis erysimi
(Kaltenbach). Losses up to 96.0 per cent by L. erysimi
(Kaltenbach) alone under certain instances are also reported
(Bakhetia 1983; Mandal et al., 1994, Kular and Kumar 2011).
The symptoms of damage on plants appear in the form of
leaf curling, stunting, drying of leaf tissues along with the
development of sooty mold fungi, restricting photosynthesis
(Borror et al., 1976, Singh and Sachan, 1994, DiFonzo et al.,
1997, Raboudi et al., 2002 and Ali and Rizvi, 2007a).

Predation of aphids by coccinellid beetles (Coccinella
septempunctata L., Coccinella transversalis Fabricius, Coccinella
undecempunctata L. and Menochilus sexmaculata Fabricius) and
syrphid fly (Ischiodon scutellaris Fabricius) under natural
environment during early period of crop growth, and its
parasitisation by Diaeretiella rapae Mc’Intosh, Oligosita spp,
Syrphophagas spp towards the maturity of crop is well known

to manage their population effectively. The damage caused
by cabbage aphid, B. brassicae (Linn.) peaks late towards the
crop maturity (Thompson and Kelly, 1979), whereas the
mustard aphid Lipaphis erysimi attack the crop at early stage.
Therefore, by shifting the date of planting, the aphid stress
on mustard crop can be reduced by establishing the
synchrony with the periods of high natural enemies
incidence (Klingaman and Oliver, 1994). Also, the
detrimental impact of aphids can be restricted by
manipulating the date of planting (Ali and Rizvi, 20012)
along with the actively feeding generalist predators more
effectively (Stary and Gonzalez, 1992; Briese and Jupp 1995,
Ehler 1998, Symondson et al., 2002, Michels et al., 2001 and
Cardinale et al., 2003).

To expand the assistance of natural enemies (Predators
and parasitoides) in containing the pest population
throughout the growth period of mustard, the approach of
scheduling the sowing dates of mustard might act as a bridge
in creating the balance between the two natural suppressors.
In the present study, the comparative dynamics of aphid
and its natural enemies in the mustard crop seeded at
different sowing times was assessed with regard to abiotic
factors.

MATERIALS AND METHODS
The experiment was carried out with mustard crop

variety chamatkar, sown at three subsequent dates viz.,
October 3, October 20 and November, 10 during 2011-12 and

mailto:shabistanisar08@gmail.com
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2012-13 in randomized block design at the experimental
fields of Department of Plant Protection, Faculty of
Agricultural sciences, Aligarh Muslim University, Aligarh,
India. The soil of experimental site was illitic fine sandy
loam with 1:2.5 soil water ratio and 7.3 to 8.1 pH range. Field
preparation was done by applying farmyard manure and
recommended dozes of fertilizers (60 Kg Nitrogen + 40 Kg
P2O5 + 40 Kg K2O) in soil before sowing. The crop was raised
by preparing micro-plots of size 4×3 m.

Observations on population indices of parasitoides
and predators in all three trials were recorded one month
after the date of sowing. The population fluctuation of
predators (C. septempunctata , C.  transversalis,  C.
undecempunctata, M. sexmaculata and syrphid fly I. Scutellaris,
Episyrphus balteatus) and parasitoides (mummified aphids
parasitized by Diaeretiella rapae (Mc’Intosh), Oligosita spp,
Syrphophagas spp.) of aphid species were scouted weekly
and continued till harvesting of crop on 15 randomly selected
plants with three replications each. Observations on
parasitisation were made under the head “mummified
aphids”. In case of Syrphid flies, since the adults were seen
hovering over the plants, only the larvae and the pupae were
observed under the head “immatures/ plant”. Similarly, in
the case of coccinellids also, the population of only the
immature stages i.e grubs and pupae were recorded.

Abiotic parameters including temperature, relative
humidity and rainfall were recorded on weekly basis to find
out the impact on appearance, perpetuation and population
build up of natural enemies during cropping season under
natural conditions. The meteorological data  (mean
maximum and minimum (ºC), mean maximum and minimum
relative humidity (%) and average rain fall (mm) for two study
years (2011-2013) on weekly basis were recorded and their
correlation with the population of parasitoides and
predators of aphids was computed by selecting the Pearson’s
correlation. The recorded data were subjected to statistical
analysis by using SPSS version 16 and microsoft excel.

RESULTS AND DISCUSSION
Various species of coccinellid beetles i.e Coccinella

septempunctata , Cheilomenes sexmaculata , Coccinella
undecimpunctata and Coccinella transversalis predating on
aphid species infesting mustard crop were observed, since
the crop had attained the seedling stage. Their activity in the
early october (3rd) sown mustard crop was primarily noticed
during first week of November during both the years of
experimentation. However, the peak period of coccinellid
activity with 2.93 coccinellids plant-1 was observed during
seventh standard week (16/02/2012). The correlation and
regression analysis of abiotic factors with population indices

of natural enemies for both the years 2011-12 and 2012-13
summarized in table 1 and 2 revealed significant positive
relation of coccinellid species with parameters of maximum
(r=0.282, 0.532**), minimum (r=0.222, 0.686**) and mean
relative humidity (r=0.256, 0.625**). The predatory beetles
exhibited significantly negative association with maximum
(r= -0.309, -0.614**), minimum (r=-0.396*, -0.645**), mean
temperature (r= -0.355*, -0.629**) and rainfall (r= -0.141, -
0.319).

The mustard crop sown on 20th October harboured
higher predatory beetles population (0.05, 0.07 plant-1) as
compared to early sowing (3rd Oct.). The population kept on
increasing with the subsequent crop stages and reached to
its maximum (3.31 coccinellids plant-1) during second
fortnight of January (26/01/2012) and 2.27 coccinellids
plant-1 on 02/03/2013 in the 2011-12 and 2012-13 crops,
respectively. The population of coccinellids was positively
correlated with the maximum (r= 0.275, 0.434*), minimum
(r= 0.17, 0.172), and mean relative humidity (r= 0.224, 0.31)
while a negative correlation was witnessed with maximum
(r= -0.344, -0.338), minimum (-0.437*,-0.285), mean
temperature (r= -0.393*, -0.314) and rainfall (r= -0.133). The
late sown (10th November) mustard crop was observed to be
accessed by all the three species of natural enemies at a high
level. With the beginning of 0.47, 0.20 coccinellid plant-1 on
15/12/2011-12, the population increased with the
successive crop growth and the peak activity of 3.13, 3.20
coccinellids plant-1 was observed during the second fortnight
of february (23/02/2012-13). A positive relationship of
population with maximum (r= 0.226, 0.43*), minimum (r=
0.337, 0.209), and mean relative humidity (r= 0.293, 0.327)
and negative with maximum (r= -0.47, -0.368), minimum (-
0.436*,-0.314), mean temperature (r= -0.466*, -0.343) and
rainfall (r= -0.031) during 2011-12 was established.

The activity of syrphid fly (Ischiodon scutellaris and
Episyrphus balteatus) with an initial level of 0.04 immatures
plant-1 was witnessed during second week of December,
which gradually increased to the peak level of 2.04 plant-1

on 9/02/2012. Highly significant negative correlation of
syrphid population with maximum (r= -0.497**, -0.621 **),
minimum (r= -0.576**, -0.613**) and mean temperature (r = -
0.544**, -0.617**) and rainfall (r= -0.159, -0.096) was found.
The relative humidity favoured syrphids multiplication
exhibiting positive correlations with maximum (r= 0.349,
0.47*), minimum (r= 0.255, 0.564**) and mean RH (r= 0.305,
0.531**) values.

The crop sown on 20th October recorded maximum of
2.07, 2.20 immatures plant-1 during second week of february
(16/02/2012). The population declined with maturity of crop
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and reduced to nil during first week of March. The maximum
(r= -0.481*), minimum (r= -0.441*) and mean temperature (r=
-0.463*) played a negative role in syrphid’s population build
up whereas, the humidity (maximum r= 0.127, 0.531**,
minimum r= 0.162, 0.421*, mean r= 0.149, 0.488*) impacted
positively. Rainfall affected negatively (r= -0.079) to the
population build up of syrphid fly during 2011-12 (table 1)
while affected positively (r= 0.572**) during 2012-13 crop
season (table 2).

The syrphid fly population in crop sown on 10th

November was initially low (0.27, 0.07 larvae plant-1), the
maximum being 1.93, 2.0 immatures plant-1 during second
fortnight of February (W7-W8) in 2011-13 and 2012-13 crop
seasons, respectively. The temperature (max. r= -0.465*, -0.24,
min. r= -0.482*, -0.185, mean r= -0.484*, -0.215) and rainfall
(r= -0.082) affected the population negatively. Whereas the
multiplication was favoured by humidity with maximum
(r= 0.268, 0.365), minimum (r= 0.299, 0.086) and mean RH
(r= 0.291, 0.231).

The parasitoid (D. rapae, Syrphophagas spp. and
Oligosita spp.) activity in the crop sown on 3rd October

commenced late in february (16/02/2012) with low level
(0.03, 0.13 mummies plant-1) in both the years. A positive
association between mummified bodies and relative
humidity exhibited with the maximum (r = 0.022, 0.14) and
mean RH (r= 0.055, 0.056). Rainfall data contributed towards
the negative association (r=  -0.063) of population build up
of parasitoid during 2011-12 (table 1), whereas a positive (r=
0.152) trend of correlation was documented during 2012-13
(table 2). The extent of mummification in 20th October sown
crop was initially low (0.13, 0.20 mummies plant-1) but
increased abruptly attaining the peak level of 6.60, 8.80
mummies plant-1 due to conducive abiotic conditions
coinciding with the parasitoid activity. Significant and
positive correlation of mummies count was recorded with
the temperature, the maximum (r= 0.468*, 0.600**), minimum
(r= 0.412*, 0.598**) and mean (r= 0.454*, 0.599**) whereas
the relative humidity, maximum (r= -0.347, -0.66**), minimum
(r= -0.394*, -0.683**) mean (r= -0.381, -0.689**) and rainfall
(r= -0.106, -0.06) affected the parasite activity negatively
(Table 1, 2). The crop sown on 10th November was more
favourable for parasite activity as evident with the highest
number mummified aphids (6.60, 8.80 mummies plant-1)

Table 1: Correlation and regression analysis between abiotic variables and population of natural enemies on mustard crop of
different sowing dates during 2011-12.

*Significant at 0.05 level, **Significant at 0.01 level, RH = Relative humidity; Max. = Maximum; Min. = Minimum; Av. = Average.

Regression equation Regression square Correlation coefficient 
Sowing dates Sowing dates Sowing dates Parameters 

3rd Oct. 20th Oct. 9th Nov. 3rd Oct. 20th Oct. 9th Nov. 3rd Oct. 20th Oct. 9th Nov. 
Coccinellid species          
Max. temperature y = -2.508x + 27.06 y = -2.044x + 26.99 y = -3.377x + 28.15 0.085 0.118 0.22 -0.309 -0.344 -0.47 
Min. temperature y = -2.494x + 13.91 y = 0.246x + 9.526 y = -2.437x + 14.41 0.156 0.176 0.19 -0.396* -0.437* -0.436* 
Av. temperature y = -2.501x + 20.48 y = -2.031x + 20.42 y = -2.907x + 21.28 0.126 0.154 0.216 -0.355* -0.393* -0.466* 
Maximum RH y = 4.126x + 66.50 y = 2.948x + 66.81 y = 2.922x + 66.38 0.079 0.075 0.05 0.282 0.275 0.226 
Minimum RH y = 3.768x + 50.89 y = 2.115x + 51.46 y = 5.073x + 49.25 0.049 0.028 0.113 0.222 0.170 0.337 
Average RH y = 3.947x + 58.70 y = 2.532x + 59.13 y = 3.998x + 57.82 0.065 0.050 0.085 0.256 0.224 0.293 
Rainfall y = -0.087x + 0.149 y = -0.060x + 0.141 y = -0.016x + 0.123 0.019 0.017 0.00 -0.141 -0.133 -0.031 
Syrphid species          
Max. temperature y = -4.454x + 27.72 y = -3.099x + 27.19 y = -4.691x + 27.90 0.246 0.098 0.216 -0.497 -0.313 -0.465* 
Min. temperature y = -4.013x + 14.41 y = -2.353x + 13.76 y = -3.782x + 14.39 0.332 0.093 0.232 -0.576 -0.306 -0.482* 
Av. temperature y = -4.234x + 21.06 y = -2.726x + 20.47 y = -4.236x + 21.15 0.296 0.100 0.233 -0.544 -0.318 -0.484* 
Maximum RH y = 5.624x + 66.07 y = 2.253x + 67.38 y = 4.866x + 66.27 0.121 0.016 0.071 0.349 0.127 0.268 
Minimum RH y = 4.783x + 50.64 y = 3.342x + 51.21 y = 6.314x + 49.93 0.065 0.026 0.089 0.255 0.162 0.299 
Average RH y = 5.203x + 58.36 y = 2.797x + 59.29 y = 5.590x + 58.10 0.093 0.022 0.084 0.305 0.149 0.291 
Rainfall y = -0.108x + 0.154 y = -0.059x + 0.135 y = -0.063x + 0.138 0.025 0.006 0.006 -0.159 -0.079 -0.082 
Mummified aphids          
Max. temperature y = -2.121x + 26.13 y = 1.378x + 24.78 y = 1.397x + 24.33 0.009 0.219 0.27 -0.098 0.468* 0.52** 
Min. temperature y = -0.647x + 12.89 y = 0.942x + 12.03 y = 0.981x + 11.69 0.001 0.169 0.221 -0.038 0.412* 0.47* 
Av. temperature y = -1.384x + 19.51 y = 1.160x + 18.41 y = 1.189x + 18.01 0.005 0.206 0.26 -0.073 0.454* 0.51** 
Maximum RH y = 0.853x + 68.20 y = -1.838x + 69.86 y = -2.151x + 70.81 0.000 0.12 0.20 0.022 -0.347 -0.445* 
Minimum RH y = 3.681x + 52.26 y = -2.426x + 54.62 y = -2.562x + 55.54 0.006 0.155 0.208 0.081 -0.394* -0.456* 
Average RH y = 2.267x + 60.23 y = -2.132x + 62.24 y = -2.356x + 63.17 0.003 0.145 0.213 0.055 -0.381 -0.462* 
Rainfall y = -0.105x + 0.119 y = -0.024x + 0.133 y = -0.020x + 0.136 0.004 0.011 0.009 -0.063 -0.106 -0.098 
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during both the years of experimentation. Highly significant
positive correlation existed between the parasite population
and maximum (r= 0.52**, 0.490*), minimum (r= 0.47*, 0.501**)
and mean (r= 0.51**, 0.496**) values of temperatures.
However, significantly negative correlation of population
with maximum (r= -0.445*, -0.517**), minimum (r= -0.456*, -
0.591**), mean (r= -0.462*, -0.569**) humidity and rainfall
(r= -0.098, -0.124) was observed (table 6).

Mustard crops of different sown dates experienced
insignificant impact on the appearance and perpetuation of
coccinellid beetles. The coccinellid population on the crop
sown on 20th October (II date of sowing) reached to peak
much earlier (W4 - W5) as compared to 3rd October and 10th

November sown crops where the peak was achieved on w7
and W8, respectively. The beetles population that occupied
the crop in maximum number from W4 and remained on
crop up till W9, coincided with the low population of aphid
species during early period of crop growth that resulted in
escape of pest damage as reported by Jagdev et al., (2012).
The population of coccinellid species lowered down
subsequently due to decline in host (aphids) density as the

crop tended towards the maturity, as the population of
predatory beetles has been observed to be host dependent
and noticed to be greatly influenced by the host density as
confirmed with the findings of Ostman and Ives, (2003).  The
correlation and regression analysis of abiotic factors with
population build up of natural enemies for both the years
(2011-12, 2012-13) revealed positive relationship of
coccinellid species with maximum, minimum and mean
humidity levels. The negative correlation established with
temperature and rainfall data (maximum, minimum, mean)
that caused the decline in population and disappearance of
coccinellids is in great agreement with the work of Aslam et
al. (2005) on wheat aphid.

With the hovering activity of syrphid fly over the crop
inflorescence, the larvae on plants were perceived during
first fortnight of December (8/12/2011-13) on first (3rd

October), second (20th October) and third date of planting of
mustard. Similar to coccinellid predators, the temperature
and rain fall (maximum, minimum and mean) had
significant negative correlation on syrphid population
whereas the positive correlation was exerted with variables

Table 2: Correlation and regression analysis between abiotic variables and population of natural enemies on mustard crop of
different sowing dates during 2012-13.

*Significant at 0.05 level, **Significant at 0.01 level, RH = Relative humidity; Max. = Maximum; Min. = Minimum; Av. = Average.

Regression equation Regression square Correlation coefficient 
Sowing dates Sowing dates Sowing dates Parameters 

3rd Oct. 20th Oct. 9th Nov. 3rd Oct. 20th Oct. 9th Nov. 3rd Oct. 20th Oct. 9th Nov. 
Coccinellid species          
Max. temperature y = -8.108x + 25.08 y = -3.413x + 23.35 y = -3.436x + 23.72 0.376 0.114 0.135 -0.614** -0.338 -0.368 
Min. temperature y = -7.396x + 21.69 y = -2.501x + 19.79 y = -2.547x + 20.08 0.415 0.081 0.098 -0.645** -0.285 -0.314 
Av. temperature y = -7.752x + 23.38 y = -2.957x + 21.57 y = -2.991x + 21.90 0.395 0.098 0.118 -0.629** -0.314 -0.343 
Maximum RH y = 15.49x + 70.58 y = 9.656x + 72.19 y = 8.841x + 71.71 0.282 0.188 0.184 0.532** 0.434* 0.43* 
Minimum RH y = 20.22x + 47.67 y = 3.861x + 54.46 y = 4.344x + 53.75 0.47 0.029 0.043 0.686** 0.172 0.209 
Average RH y = 17.85x + 59.12 y = 6.758x + 63.32 y = 6.592x + 62.73 0.391 0.096 0.106 0.625** 0.31 0.327 
Rainfall y = -4.178x + 4.480 y = 4.533x + 0.221 y = 3.461x + 0.434 0.101 0.205 0.139 -0.319 0.53* 0.374 
Syrphid species          
Max. temperature y = -6.701x + 24.22 y = -5.553x + 23.84 y = -2.732x + 22.67 0.385 0.231 0.057 -0.621** -0.481* -0.24 
Min. temperature y = -5.743x + 20.76 y = -4.419x + 20.30 y = -1.824x + 19.22 0.375 0.194 0.034 -0.613** -0.441* -0.185 
Av. temperature y = -6.222x + 22.49 y = -4.986x + 22.07 y = -2.278x + 20.95 0.381 0.214 0.046 -0.617** -0.463* -0.215 
Maximum RH y = 11.19x + 72.87 y = -4.986x + 22.07 y = 9.160x + 73.51 0.22 0.214 0.133 0.47* 0.531** 0.365 
Minimum RH y = 13.58x + 51.06 y =10.83x + 52.00 y = 2.166x + 55.61 0.318 0.176 0.007 0.564** 0.421* 0.086 
Average RH y = 12.39x + 61.97 y = 12.17x + 61.86 y = 5.663x + 64.56 0.282 0.238 0.053 0.531** 0.488* 0.231 
Rainfall y = -1.030x + 3.064 y = 6.553x - 0.088 y = 5.925x + 0.158 0.009 0.327 0.275 -0.096 0.572** 0.524** 
Mummified aphids          
Max. temperature y = -1.121x + 21.61 y = 1.686x + 19.20 y = 1.442x + 19.66 0.003 0.359 0.24 -0.06 0.600** 0.490* 
Min. temperature y = -0.529x + 18.49 y = 1.460x + 16.44 y = 1.279x + 16.80 0.001 0.357 0.251 -0.032 0.598** 0.501** 
Av. temperature y = -0.825x + 20.05 y = 1.573x + 17.82 y = 1.361x + 18.23 0.002 0.359 0.245 -0.047 0.599** 0.496** 
Maximum RH y = 5.786x + 76.91 y = -4.091x + 83.00 y = -3.353x + 81.69 0.019 0.435 0.267 0.14 -0.66** -0.517** 
Minimum RH y = -1.234x + 56.62 y = -4.280x + 62.42 y = -3.877x + 61.53 0 0.465 0.349 -0.03 - 0.683** -0.591** 
Average RH y = 2.276x + 66.76 y = -4.185x + 72.71 y = -3.615x + 71.61 0.003 0.474 0.323 0.056 -0.689** -0.569** 
Rainfall y = 2.847x + 2.424 y = -0.166x + 2.879 y = -0.361x + 3.116 0.023 0.00 0.015 0.152 -0.06 -0.124 
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of relative humidity (maximum, minimum and mean) during
both the years of analysis, except for population build up on
plants seeded on second and third date of sowings, where
the positive support to the population number was
witnessed with the rain showers during 2012-13. Results
are in complete corroboration with the investigations of
Manzar et al., (1998) where temperature, relative humidity,
rainfall and wind speed exhibited negative correlation with
the predators population along with prey aphids. Similar
observations recording negative correlation of predators
with temperature and rainfall were reported by Paul and
Konar (2005), while Jalali et al., (2004) had reported positive
association between the temperature and predator. Hong
and Hung (2010) reported that high temperature curtailed
the developmental rate and shortened the life cycle of syrphid
species.

The mustard crop planted on 3rd October, received
insignificant count of parasitoid complex, as the crop had
gotten matured up till the reach of period of parasitoid
emergence. Whereas the remarkable count of mummified
aphids on second and third dates of showing could be
explained due to the easy availability of required number of
host (aphid species) and more importantly, the weather
variables prevailing during period of parasitoid activity.
Highly significant and positive correlation with temperature
and highly negative association with humidity, established
between the population build up of mummified bodies and
abiotic factors during the course of investigation (2011-13)
could be explained due to conducive weather parameters
that favoured the emergence of parasitoid under field
conditions. Similar results are reported by Akhtar et al. (2010),
Pawar et al. (2010), Khedkar (2011), Kavad and Korat (2013).
Abiotic variables, specifically the temperature and moisture
can be concluded as the sole factors responsible for the
delayed appearance of parasitoides, that proved
advantageous for late planting of crops. The mustard crop
grown during second and third planting dates received very
high population of parasitoids as well as predators that could
be attributed to the suppression of aphid species in an
efficient manner (Jagdev et al., 2012).

Due to the negligible attack of aphids on early sown
crop, the role of natural enemies remain unadvantageous
which results in depleting the activities of parasitoides and
predators. The delay in seeding of crops not only evades the
aphid attack but also provides opportunities for the
augmentation and perpetuation of bio-agents as well.
Therefore, the late appearance of parasitoides could be a
protective measure against the heavy infestation of aphids
for the late sown mustard crop.
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ABSTRACT

A field survey was carried out for vegetables in three sub-zobas of zoba Anseba, Eritrea. The farmers were
interviewed with the objectives of the types of cultivation and management practices, diseases and pests attacking the
vegetable crops and the education level of farmers and understanding management practices. In sub-zoba Hagaz,
about 62.50 per cent farmers were using the locally available seed and 37.50 per cent used seed stored from previous
crop. In Adi-Tekeliezan only 34.88 per cent used their own seed, whereas 65.51 per cent of farmers buy from market,
which could be a reason for low disease severity and infestations. In Hamelmalo, 64.51 per cent and 61.29 per cent of
growers used the seed from their previous crops and purchased from market, respectively.  Potato varieties Ageba,
Sudan White, Red and Yemani; tomato variety Sumberson and okra variety Bloctihona were the major seed sources used
by most of the farmers.  About 51.72 per cent of farmers use irrigation in Adi-Tekeliezan and the rest of 49.27 per cent
depend on rainfed cultivation. Farmers invariably do hand weeding and on an average three weedings are done in a
cropping season, whereas in Wazantet and Zeron it was for 5-6 times. In sub-zoba Hamelmalo, many farmers
(19.35%), sun-dry their seeds before growing seedlings. The application of cow dung ash or pure wood ash on the seed
is also practiced by 58.06, 89.65 and 81.25 per cent of the farmers in sub-zobas Hamelmalo, Adi-Tekeliezan and
Hagaz, respectively. Tuta absoluta, african boll worm, whitefly, Helicoverpa and aphids are major pests on tomato,
cucumber, cabbage and chillies; Jassids, potato tuber moths and whitefly were of potato; thrips of onion; aphids and
whitefly of okra, chilies, egg plant and pepper in all the three zobas. Alternaria blights reported on potato, tomato, okra
and chilies from all the three sub zobas; powdery mildews in chilies and okra noticed from medium to high intensity;
viral disease mosaic in cucumber and okra; dieback diseases observed on onion in the fields of Hagaz. Though, some
educated farmers use few pesticides, others do not have proper education and awareness for the use of the chemicals.

Key words: Vegetables, crop husbandry, diseases, pests, education level.

Eritrea is a country of northeastern Africa bordered on
the east by the Red Sea and in south by Djibouti and Ethiopia
and the north and west by Sudan. The country has an
estimated annual population growth of 3.3 per cent (Leipzig,
1996). Of the country’s land area of 12.2 million hectares
only about 417,000 hectares (3, 4%) are under rainfed
cultivation or fallow, while mere 22,000 hectares (0.18%) are
irrigated. Nevertheless, agriculture is the most important
sector of the Eritrean economy. In Eritrea the greatest part of
the agricultural sector is run by subsistence farmers, who
cultivate more or less from one to three hectares depending
on the availability of land according the different locations.
Main source of their production are a wide range of rainfed
crops grown in the above mentioned different agro-ecological
zones of the country.  Eritrea has, in spite of its limited area,
a wide range of agro-climatic conditions related with
altitude, which goes from below sea level to 2,400m and in
few locations even above. Based on agro-climatic and soils
parameters, the region can be grouped in six zones i.e. central
highland zone, western escarpment zone; south western low

land zone, north western low land zone, unique green belt
zone and coastal plain zone (Leipzig, FAO Report, 1996).

Among the most important of cereals are barley, wheat,
teff, sorghum, maize, millets; pulses - chick pea, faba bean,
field pea, lentil, grass pea; oilseeds - linseed, sesame, niger,
groundnut; fibre crops –cotton; spices, medicinal plants and
others. However, some farmers, grow vegetables, where water
is available during the winter dry season.

The area crossed by the river Anseba, the western
escarpment zone, is particularly suitable for production
under irrigated condition, the crops like citrus, grapes, a wide
range of tropical fruits and all kind of vegetables (Anonymous,
2012).

Vegetables are important and essential to tackle the
problem of malnutrition and improve quality of life
(Choudhary, 2009). But there are many unsighted diseases
occur in these sub-zobas on various vegetable crops (Syed et
al. 2014, Sham et al. 2016) on which information is necessary
for boosting production. Since, there was little or no
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information available in this area, this study was undertaken.

MATERIAL AND METHODS
Zoba Anseba is the one of the largest and potential

vegetable growing areas in Eritrea (altitude 1280 m above
the mean sea level and latitude 16o, 01’N, and longitude 38o,
20’E with an av. rainfall of 479.2 mm and av. temp. of 24oC).
The soil is sandy and sandy loam with low water retention
capacity and pH of 6-7 (Anonymous, 2000). Three sub-zobas
were selected including some villages where vegetables
grown in both winter and summer seasons, i.e. sub-zoba
Hamelmalo with nine villages (Hamelmalo, Genfelom,
Zeron, Genfelom, Wazantet, Basheri, Dadu, Brakanti and
Kibirbered)  sub-zoba Hagaz with three villages (Hagaz,
Kebab-I and Kebeb-II) and sub-zoba Adi-Tekeliezan with
seven villages (Adi-Tekeliezan, Wara, Dekemhare, Mealti,
Golagul, Embaderho and Guritat).

A field survey was carried out during the cropping
seasons of vegetables in three sub-zobas i.e. sub-zoba
Hamelmalo, sub-zoba Hagaz and sub-zoba Adi-Tekeliezan
of Zoba Anseba. The farmers were interviewed based on a
developed questionnaire for knowing cultivating crops in
the area, varieties, husbandry practices, diseases and pests
of the crops, management practices and farmers’ educational
level.  This survey was executed with the specific objectives
of:

1. to know the major vegetable crops and varieties
cultivating in the  zoba Anseba.

2. the types of cultivation and management practices i.e
how they procure seed, wheter doing seed treatment,
fertilizers and manures being used.

3. to evaluate the major diseases and pests attacking on
crops and the incidence and severity of diseases and
insect pests and the extent of losses due to it.

4. to know the education level of farmers and its effect on
vegetable cultivation and pest/ disease management.

RESULTS AND DISCUSSION
The collected data were critically analysed and

following results were obtained.

Seed source used
Most of the farmers mainly use the local varieties, which

were purchased either in the local market or were available
from the co-farmers. Some of them used stored propagating
material of the previous crop season. In sub-zoba Hagaz,
about 62.50 per cent farmers used the seed bought from the
local markets and 37.50 per cent used their own seed stored
from previous crop. In Adi-Tekeliezan, it was quite different.
Only 34.88 per cent of vegetable growers used their own

seed, whereas, 65.51 per cent of farmers purchased it from
market.  It could be a reason, where disease severity and
infestations are low. In Hamelmalo, 64.51 and 61.29 per cent
of growers used the seed as source from their previous crops
and purchased from market, respectively.

Varieties cultivated
The varieties of potato Ageba, Sudan White, Red and

Yemani were cultivated in sub-zoba Adi-Tekeliezan. Variety
Sumberson of tomato and variety Bloctihona of okra were the
major seed sources used by the most the farmers. Local
varieties of egg plant, lettuce were used in sub-zobas
Hamelmalo and Hagaz.

Cultivation period
The usual cultivation period is June/July to August/

September of summer season and November/ December to
May/June in winter season in the sub-zoba Hamelmalo. In
sub-zoba Hagaz the cultivation period is mainly June to
October for majority of the crops, but for the lettuce the
cultivation period is January to March. This cultivation
period could also be one of the reasons for infestation and
disease intensity appearance in those areas.

Crop husbandry practices
The crop husbandry practices include the type of

cultivation, seed treatment, weeding and application of
fertilizers and manures.

Cultivation type : Cultivation depended on the availability
of water either irrigated or rainfed or with both. Areas, where
water reservoirs were available or the areas, which were
located by the side of the river, the crops were irrigated.
However, where no such facilities were available, rainfed
cultivation was done. In Hagaz, majority of farmers used
irrigation. In sub-zoba Adi-Tekeliezan both irrigated and
rainfed crops were grown in different areas. About half of
the growers, i.e. 51.72 per cent of farmers used irrigation in
the villages of Adi-Tekeliezan, Mealti,  Golagul and Guritat
and the rest of 49.27 per cent depended on rainfed cultivation
in Wara, Dekemhare and Embaderho villages. It is recorded,
in the village Hamelmalo of sub-zoba Hamelmalo that only
9.67 per cent of the farmers cultivate chillies, okra and onion
as rainfed crops.

Weeding : Farmers invariably do hand weeding manually
as per the need. On an average 3 weedings are done during
a cropping season. In Wazantet and Zeron villages, farmers
go for 5-6 weedings in tomato and pepper crops.

Seed treatment: On an average, the majority of farmers do
not do seed treatment for managing pests and disease in all
the three sub-zobas. Some of the farmers (19.35%) sundry
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their seeds before growing seedlings in sub-zoba Hamelmalo.
The application of cow dung ash or pure wood ash on the
seed is also practiced by 58.06, 89.65 and 81.25 per cent of
the farmers in sub-zobas Hamelmalo, Adi-Tekeliezan and
Hagaz respectively. Zolpho (sulphur powder) is used as a
seed treatment by some of the advanced farmers in some
villages of Adi-Tekeliezan, though it is expensive (Fig.1).

okra and pepper and thrips as a vector causing leaf curl in
onion.

Common diseases: Alternaria blights were reported in potato,
tomato, okra and chilies from all the three sub zobas. Medium
to high intensity of powdery mildews were found in chilies
and okra. Viral disease (mosaic) observed in cucumber and
okra. Dieback disease was observed in onion in the fields of
Hagaz. Anketsi (vegetative part of the plant dry) disease was
identified on potato in the village Guritat of sub-zoba
Hamelmalo. Leaf curl in tomato was also found from place
to place (Fig 2).

Fig. 1. Seed treatment against percentage of Disease Intensity of
various diseases in three Subzobas

Fertilizer application: The survey revealed that the
undeveloped agronomic practices and unawareness in
fertilizer application aggregated the disease intensity.
Farmers generally used urea in the most of the crops.
Approximately 15 to 100kg per Tsimidi [Tsimidi is a local term
of the cultivating land which is ploughed in a day by a pair of
oxen] in sub-zoba Hagaz and 50kg to 1q/ Tsimidi are applied
by the farmers in sub-zoba Hamelmalo, without any soil
testing. About 50-100kg/T uria used in Adi-Tekeliezan.
Interestingly 2 to 4q of compost per Tsimidi and 5-40 sacks
also used in Hagaz and Adi-Tekeliezan farmers respectively,
depending upon the availability and the awareness of the
farmers. Though, this fertilizer application is not relevant, it
agrees with the report of Tiwari and Krishna Moorthy (1984)
that the incidence of disease in farmers’ field showed yield
loss up to 40 per cent.

Pest and diseases
Pests and diseases were common in all vegetable crops

cultivated in the zoba Anseba as a major problem. It was
recorded in various vegetables from all the three sub-zobas.

Common pests : During the survey Tuta absoluta, african boll
worm, whitefly, Helicoverpa and aphids were recorded on
tomato; jassids, tuber moths and whitefly on potato; thrips
on onion; aphids on cucumber, cabbage and chilies; aphids
and whitefly in okra; whiteflies in chilies, egg plant and
pepper. These occurred in more or less intensity in all the
three zobas. The aphids, whiteflies, thrips, jassids were found
as vector to cause leaf curl in tomato. Jassids as a vector in

Fig. 2. Images show Helicoverpa, Tuta absoluta infestations; blight
and leaf curl diseases on tomato in the field conditions.

The disease intensity was observed from low to
moderate i.e. 8 to20 per cent in sub-zoba Adi-Tekeliezan. On
the other side, it was estimated that 60 to 100 per cent and
50-70 per cent in Hagaz and Hamelmalo, respectively. The
disease influence was observed moderate to high in all crops
and areas but it was low in the crop of egg plant cultivated
in Hagaz.

Management practices
The use of pesticides was sparingly adopted and the

current management practices are not up to the standard.

Fig. 3. Education level of farmers in three sub-zobas of Zoba
Anseba
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The pesticides were demetox (dimethoate), malathion,
cypermethrin and fungicides zolpho (sulphur), ridomil used
for controlling insect pests and diseases. DDT used on
tomato, egg plant, okra and pepper crops. Nevertheless, ash
also used as one of the pesticides to control the disease on
lettuce in Hagaz region. Ridomil was used to control early
and late blight of tomato and potato and downy mildews/
powdery mildews in chilies, cucumber and okra.

Only the progressive farmers who are educated, use
these pesticides. The non-availability and unawareness for
usage of these chemicals were also the reasons for not using
the pesticides. The results of this study also support earlier
reports of incorrect use. The incorrect use some times
increases the problem by encouraging the emergence of
resistant pest populations as the diamond back moth
developed resistance to a wide range of common insecticides
in Africa and Asia (Grzywacz et al., 2010).

Education level of farmers
The level of education of the farmers was not upto the

standard for identifying the diseases and pests and their
role in the damaging of the crops. Majority of the farmers
(34.96%) were only educated below secondary school in zoba
Anseba. The farmers who have completed their secondary
level of education were 44.82 per cent in sub-zoba Adi-
Tekeliezan, 37.50 per cent in Hagaz and only 22.58 per cent
in Hamelmalo. Primary education level of farmers 18.75,
24.13 and 29.03 per cent were recorded in Hagaz, Adi-
Tekeliezan and Hamelmalo respectively. The uneducated
farmers were 12.20, 20.08 and 25.80 per cent in Hagaz, Adi-
Tekeliezan and in sub-zoba Hamelmalo respectively (Fig.3).
This education standard also considered as one of the impact
factors for their cultivation practices and for controlling the
disease as well as insect pests.

Hence, it was concluded that :
 The major crops grown in sub-zobas are potato, tomato,

okra and chilies. The other crops such as onion, egg
plant, cucumber, lettuce, pepper and ginger are also
alternatively grown in these areas.

 The level of education and the cultural practice
awareness about the improved cultivation practices is
less among the farmers.

 Farmers are not aware about the pests and diseases of
the crops.

 The management practices for these pests and diseases
are not appropriate.

 The seed source is local and the varieties grown are
mainly poor and not improved ones.
It will, therefore, be appropriate, if the extension of

technology transfer in these crops with properly laid out

cultivation practices are demonstrated. The farmers needs
to be educated with respect of time of sowing, type of seed
(varieties) for each crop, seed treatment method, doses of
fertilizers and manure application for each crop both under
rainfed and irrigated conditions etc. The major emphasis
should be given on pests and disease management. The
supply of good seeds, reliable pesticides, proper irrigation,
water pipes and improved tools should be made easily
available through extension agencies for increasing
production.
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Lucerne or Alfalfa (Medicago sativa L.), the world’s most
important forage legume, is considered as an insectary due
to the large number of insects it attracts. Although only a few
species infest lucerne, they can cause substantial yield and
quality losses if present in high numbers. Of four species of
aphids viz., Therioaphis trifolii,  Acyrthosiphon pisum, A. kondoi
and Aphis craccivora infesting Lucerne in India, A. craccivora
cause considerable loss in quality and quantity of green
forage and seed yield of lucerne especially in south Indian
conditions.

The cowpea aphid, Aphis cracivora, can readily be
distinguished from other aphids in - festing lucerne because
of its shiny black colour and relatively smaller size. It feeds
on the undersurface of the lucerne leaves, young stems and
pods. Its populations in southern India are highest during
August-September with peak numbers observed in second
fortnight of August. Young colonies of these small aphids
are found on growing points of plants in association with
ants. In addition to lucerne, it infests many other legumes
including cowpea. It injects a powerful toxin into the plant
while feeding. Severe infestations retard growth, reduce hay
yield, lucerne’s feed value and may even kill lucerne plants.
While feeding, this aphid produces considerable amount of
honeydew upon which sooty mold grows. The black sooty
mold reduces photosynthesis making the leaves unpalatable
to livestock. The honeydew also makes the lucerne sticky,
which causes problems with harvest. Aphids were found
responsible for spreading of Verticillium wilt (Verticillium
alboatrum) in Egypt (Adawy et al., 2001). They are gaining
importance during summer months, in western and southern

Field evaluation of entomopathogenic fungi for the
management of cowpea aphid, Aphis craccivora  in lucerne
N.S. Kulkarni*
IGFRI, RRS, Opposite UAS- Dharwad, PB Road, Dharwad - 580 005, Karnataka
*Email: narendrask@yahoo.co.in

ABSTRACT

The field experiment conducted with four entomopathogenic fungi, namely Verticillium lecanii, Beauveria bassiana
Metarhizium anisopliae and Nomuraea rileyii and their half dose combination with each other revealed that the effectiveness
of fungi, V. lecanii and B. bassiana @ 4x106 cfu/ml (2g/l) and half dose of each in managing A. caracivora population
were at par with each other than against other treatments. Fungi M.anisopliae and  N.rileyii  proved least effective when
tried solely. However, these could be used against beetle and lepidopteron pests, respectively. Aphid incidence
significantly affected the green forage yield, dry matter yield and seed yield in lucerne. V.lecanii treated plots registered
the highest green forage yield (390.33 q ha-1) , dry matter yield (82.0 q h-1) and seed yield (2.20 q ha-1) followed by
B.bassiana when used sole or in combination. All the entomopathogens were found absolutely safe and showed no
adverse effect on aphid predators and pollinators of lucerne.

Key words: Entomopathogenic fungi, aphids Aphis craccivora  and lucerne

India. Several management practices have been found
effective in managing the aphids, but biological control
agents started gaining importance due to pesticide residues
and other environmental and health hazards (Yardm et al.,
2001).

MATERIAL AND METHODS
The field experiment was conducted with Anand-2

variety of Lucerne during 2014-15 at Regional Research
Station, IGFRI, Dharwad. A total of 11 treatments containing
four entomopathogenic fungi namely, Verticillium lecanii,
Beauveria bassiana, Metarhizium anisopliae  and Nomuraea
rileyii @ 4x106 cfu/ml (2g/l) and combination of half doses
of each other and an untreated check in three replications
were tested. Experimental design followed was Randomized
Block Design (RBD) with the plot size of 3x4 m2. Treatments
were imposed twice during the period of pest activity.
Observations on aphids, predators and pollinators count
before and after 7 days of treatment (DAT) and green forage
yield (GFY), dry matter yield (DMY) and seed yield as q ha-1

at harvest was recorded.

RESULTS AND DISCUSSION
Aphid incidence in the experimental blocks before

treatment was non-significant between the treatments.
However, all the treatments significantly influenced the
aphid incidence. Entomopathonic fungi, namely Verticillium
lecanii and Beauveria bassiana @ 4x106 cfu/ml 2g/l) and half
dose of each were at par in providing maximum control of
aphids population (table 1). However, treatments with
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V.lecanii or B.bassiana combined with M.anisopliae or N.rileyi
also controlled the aphids. In this case, mortality of aphids
was purely due to V.Lecanii or B.bassiana  and not due to
either M.anisoplea or N.rileyi. This was evident in the sole
treatment of M.anisopliae or N.rileyi. Both the fungi, namely
M.anisopliae and N.rileyi caused least mortality to aphids,
however, these can be used against beetle pests and
lepidopteron pests, respectively. Aphid incidence
significantly affected the green forage yield, dry matter yield
and seed yield in lucerne. Highest green forage yield, dry
matter yield and seed yield in V.lecanii and B.bassianna treated
plots, used either sole or in combination, were recorded. All
the entomopathogens were found absolutely safe and did
not adversely affect the natural enemies, especially the

Table 1. Effect of entomopathogenic fungi in the management of aphids and lucerne yield

Figures in parentheses denote data for second application, DAT= Days after treatment, GFY = Green forage yield and DMY= Dry matter
yield

Aphid population Treatment 
Pre-count  after 7 DAT 

GFY 
(q ha-1) 

DMY 
(q ha-1) 

Seed yield 
(q ha-1) 

Foliar application of V. lecanii @ 4x106 cfu/ml (2g/l) 96.33 50.66 (17.66) 390.33 82.00 2.20 
Foliar application of B. bassianna @ 4x106 cfu/ml (2g/l) 92.33 53.33 (18.66) 380.00 80.00 2.14 
Foliar application of M. anisopliae @ 4x106 cfu/ml  (2g/l) 98.00 82.00 (60.33) 322.33 78.66 1.80 
Foliar application of N. rileyi @ 4x106 cfu/ml ( 2g/l) 94.33 84.66 (58.66) 348.33 79.33 1.70 
T1 + T2 (half dose of each) 98.00 53.33 (18.33) 385.00 84.00 2.17 
T1 + T3 (half dose of each) 92.00 64.66 (30.00) 383.66 82.00 1.65 
T1 + T4 (half dose of each) 94.00 61.33 (28.33) 380.00 85.66 1.60 
T2 + T3 (half dose of each) 97.33 63.66 (28.66) 378.00 81.00 1.70 
T2 + T4 (half dose of each) 99.66 82.00 (32.33) 386.33 83.00 1.65 
T3 + T4 (half dose of each) 97.33 88.00 (58.33) 336.66 76.66 1.50 
Untreated control 95.00 92.66 (64.66) 333.33 64.00 1.40 
CV 8.20 5.10 (5.40) 4.30 7.20 0.50 
CD at 5% NS 5.40 (3.70) 13.20 7.10 0.12 
SEM± 2.84 1.80 (1.32) 4.40 2.40 0.14 

 

Table 2. Effect of entomopathogenic fungi on the population of predators and pollinators
After first application After second application 

Pre-count Post-count after 7 days Pre-count Post-count after 7 days 
Treatment 

Predators Pollinators Predators Pollinators Predators Pollinators Predators Pollinators 
V. lecanii @ 4x106 cfu/ml (2g/l) 8.00 7.66 8.33 7.66 5.33 7.66 6.00 7.00 
B. bassianna @ 4x106 cfu/ml (2g/l) 8.33 7.00 8.00 7.33 5.00 7.33 6.00 7.33 
M. anisopliae @ 4x106 cfu/ml  (2g/l) 8.66 7.66 8.66 7.66 4.66 7.00 5.66 7.66 
N. rileyi @ 4x106 cru/ml (2g/l) 9.00 7.66 8.33 8.00 5.00 7.00 5.33 8.00 
T1 + T2 (half dose of each) 8.33 8.33 8.33 8.00 4.33 7.66 5.66 8.00 
T1 + T3 (half dose of each) 7.33 7.33 8.66 8.33 5.33 7.00 6.00 8.00 
T1 + T4 (half dose of each) 8.00 7.66 8.33 8.00 6.33 7.00 6.66 7.66 
T2 + T3 (half dose of each) 7.66 8.33 7.66 6.66 5.66 6.66 6.33 7.00 
T2 + T4 (half dose of each) 8.66 7.66 7.33 7.66 6.33 6.66 6.33 7.33 
T3 + T4 (half dose of each) 8.00 7.66 8.00 8.00 5.33 6.66 6.00 7.66 
Untreated control 8.00 7.33 8.33 7.66 5.00 8.00 6.00 7.33 
CV 6.70 6.50 5.60 6.20 6.10 6.70 5.45 6.20 
CD at 5% NS NS NS NS NS NS NS NS 
SEM± 2.35 1.40 1.80 1.80 1.65 1.70 1.50 1.50 

 

predators of aphids as well as the pollinators of lucerne (table
2). Present studies are in agreement with the studies
conducted by Safavi et.al., 2002 on pathogenicity and
virulence of entomopathogenic fungus, Verticillium lecanii
on pea aphid (Acyrthosiphon pisum). Results indicated that
Verticillium lecanii can be used as an effective agent against
pea aphids. It was found that Verticillium lecanii (VL-3)
showed higher percent mortality of 73.99 and 57.73 of adult
and nymphs of Aphis craccivora, respectively. Under field
condition VL-3 @ 1×109 spores/ml showed higher per cent
mortality of aphids (71.62) compared to other two lower
concentrations. This study indicates the scope of using V.
lecanii for the management of cowpea aphid under field
condition (Suresh et al., 2012)
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ABSTRACT

Investigations on species richness and abundance of insect pollinators on pear blossoms in Kashmir Himalayan
region carried out in 3 experimental orchards during March-April, 2013, revealed preponderance of 18 species of
insect pollinators, falling under 14 genera, 3 orders and 8 families, visiting pear flowers in the area. Analysis of data
on their relative abundance indicated that the native bee, Lasioglossum marginatum with relative abundance of 12.6,
12.2 and 13.2 per cent in the 3 experimental orchards, respectively was the most abundant insect visitor. Foraging
population of honey bee responded differently to abiotic factors. Peak activity of hymenopteran and trichopteran
visitors was observed between 12:00-02:00 p.m. and showed a positive and significant correlation with temperature
and negative correlation with relative humidity. Activity of dipteran visitors at peak was recorded between 08:00-
09:00 a.m. and showed a negative and significant correlation with the temperature but positive and significant
correlation with relative humidity.

Key words: Species richness, relative abundance, insect pollinators, pear blossom, Kashmir Himalayan

Pear belonging to family Rosaceae and genus Pyrus is
an important fruit of temperate region. Due to its wider
adaptability under different agro-climatic conditions it is
grown in different parts of the world, the major producers
being China, USA, Italy, Spain, USSR, Turkey and Germany.
In India, European pear is cultivated in Kashmir valley,
upper hills of Himachal Pradesh and Uttar Pradesh. The
Jammu and Kashmir state has an area of 13,883 hectare under
pear cultivation with the production of 54,847 metric tonnes
(Anonymous, 2013). Most of the cultivars introduced in the
state are doing exceedingly well under the agro-climatic
condition of the state. The pear flowers are perfect with five
styles, each associated with a carpel bearing a pair of ovules
and numerous stamens. The flowers are self-incompatible
requiring cross-pollination with pollen from an appropriate
pollinizer cultivar carried by insects in order to set fruit and
produce seeds (Slingerland et al., 2002). This cross pollination
is carried by the agencies in which the insects play an
important role and are considered as very effective
pollinators (Morse and Calderone, 2000). The largest, most
symmetrical and most valuable pears are produced when
full pollination occurs. Unfertilized flowers drop poorly
fertilized fruits shed within a short period of time while those
that develop from poorly pollinated flowers will are
malformed and small (Free, 1993). Early fertilization is also
desirable to allow the development of mature fruit. Pears are
pollinated by insects, honey bees and many native pollinators
including several species of solitary bees which serve as
effective pollinators. Worldwide, pollination services,
including both, those provided by managed bees imported

to crop fields and those freely provided by wild bees, are
valued at $219 billion/year, 9.5 percent of global crop value
(Gallei et al., 2009). Attracting bees to pear flowers can be
difficult, as the sugar concentration of the nectar is very low
(Konarska et al., 2005), although pollen foragers find the
flowers appealing. This characteristic may have developed
due to early flowering time and lack of competition for
pollinators from other plant species. Also pear blossoms in
spring and pollinators may suffer from low insect activity
due to inclement weather.

Pollination, as an essential ecosystem service provided
by insect pollinators, is many times taken for granted and
little attention is paid to the need of studying the species
richness and abundance of insect pollinators visiting pear
blossoms. Keeping in view the importance of insect
pollinators in pear, the present investigation to study the
species richness and abundance of insect pollinators on pear
was carried out.

MATERIALS AND METHODS
Studies were carried at three experimental sites in

Anantnag, Pulwama and Srinagar districts of Kashmir valley
(India) during March-April, 2013, in orchards at Pampore
and Anantnag (Government Pear orchards) and also at Lalit
Palace, Dalgate, Srinagar. Visual observations on insect
pollinator abundance per number of open flowers per field
at each study site was recorded. Five pear trees in each field
were observed for abundance of insect pollinators throughout
the day, (09:00-10:00; 10:00-11:00; 11:00-12:00, 12:00-13:00;
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13:00-14:00 and 14:00-15:00). For this one branch of one
meter length on each of the experimental tree was selected
randomly. Numbers of insect species visiting the pear
blossom were counted in the beginning of each hour for fifteen
minutes on each branch. The sampling efforts were repeated
four times in each seasonal flowering phenology. When pear
bloom ended (10 days after bloom initiation). The insect
pollinators visiting pear blossom were brought to the
laboratory and were identified up to specie level. Species
richness and abundance were computed by using the
following formula:

Species richness, ma=s-1/log10N   (Pielou, 1966)

Abundance= Mean number of insect pollinators per
meter length of branch / 15 minutes.

RESULTS AND DISCUSSIONS
Eighteen species of insect pollinators/visitors

belonging to Hymenoptera (10), Diptera (6) and Trichoptera
(2) were identified during the study period (Table 1). The
hymenopterans insets species recorded were Apis cerana, Apis
mellifera, Bombus tunica, Xylocopa vulga, Xylocopa violacea
(Apidae), Andrena patella, Andrena floridulla, Andrena cineraria
(Andrenidae), Vespa velutina (Vispidae), Camponotus longus
(Formicidae) and Lasioglossum marginatum (Halticidae). The
dipterans belonging to family syriphidae were Eristalis tenax,
E. cerealis, E. paria, Metasyrphus bacculatus, Episyrphus balteatus
and Scathophaga. The trichopteran insect pollinator species
were Bibo spp. (Bibionidae) and Lepidostoma inerme
(Lepidostomotidae).

The richness of insect species was highest in Pulwama
(1.78354) followed by 1.649135 in Anantnag and 1.202732
in Srinagar. The undisturbed surrounding orchards offered
a good refuge to native pollinators as compared to those
with clean cultivation. The perusal of data on relative
abundance revealed that Lasioglossum marginatum was the
most abundant insect visitor to pear blossom in all the 3
study sites. The results (Table 1) revealed that Lasioglossum
marginatum with mean number of insect pollinators was
highest in Srinagar (13.2) followed by Anantnag (12.6) and
Pulwama (12.2). The mean number of insect pollinator, Apis
cerana topped second in the list with 7.8 in Srinagar, 6.6 in
Anantnag and 6.2 in Pulwama. Pollinators provide
pollination services which are carried for managing the
productivity of agriculture and natural ecosystems. An
estimated 35.0 percent of the global production of plant
based food comes from crops that benefit from animal
pollination (Klein et al., 2007). The results indicated that
foraging activity of hymenopterans were at peak between
1200-1500 pm whereas dipterans showed their peak activity

in morning hours and declined at noon and further declined
in the afternoon. However, insect pollinators/ visitors
belonging to family formicidae showed their activity in
evening hours.

The perusal of data (Table 2) revealed that Apis mellifera,
Andrena, Xylocopa, Lepidostoma and Lasioglossum showed
highly significant correlation with temperature whereas Apis
cerana, dipterans and Bombus tunicatus exhibited slight
correlation with temperature. Further, Apis mellifera,
Lasioglossum and Xylocopa recorded negative correlation with
relative humidity. Mayer et al. (1990) reported that 10-15
bees/tree/min are required for adequate pollination of pear.
Morse and Calderone (2000) found that native bees are
known to be effective pollinators in several crops grown
worldwide including apple, pear, cherries, blue berries,
tomatoes, cucumbers, pumpkins and squashes while there
are over 30 species of native bees that visit apple and pear
trees during bloom period. The buck of pear pollination is
often attributed to the managed honey bees. Studies
conducted by Thakur (2005) showed that apple flowers were
visited by 48 species of insects belonging to 5 orders and 18
families of class Insecta whereas, Guwda et al.2005 studied
foraging and high profiles of Indian honey bee, Apis cerana
indica and revealed that number of pollen foragers were more

Table 1: Relative abundance of insect pollinators/visitors
visiting pear during March-April 2013

Figures are the mean of 5 observations

Mean number of insect pollinators/meter/branch 
length/15 minutes 

 
Species 

Srinagar Anantnag Pulwama 
Apis cerana 7.8 6.6 6.2 
Apis mellifera 5.2 4.2 3.8 
Xylocopa vulga 4.2 3.6 3.4 
Xylocopa violaceae 1.8 1.4 1.2 
Bombus tunicatus 1.3 1.4 1.8 
Lasioglossum 
marginatum 

13.2 12.6 12.3 

Andrena patella - 2.3 - 
Andrena floridula 1.4 - - 
Andrena cineraria - 0.8 - 
Eoseristalis cerealis - 0.6 - 
Eristalodes paria - 1.0 0.8 
Metasyrphus 
bucculatus 

- 0.4 - 

Episyrphus 
balteatus 

1.8 0.6 - 

Eristalis tenax - 0.2 - 
Bibio spps - - 0.8 
Lepidostoma inerme - - 0.6 
Vespa velutina - - 1.2 
Camponotus longus - 0.4 0.6 
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during 0900-1100 hrs and nectar foragers were maximum
during 1300-1600 hrs of the day. Jasara (2008), Jasara and
Rafi (2000) concluded that abundance, richness and evenness
of hymenopteran pollinator bees were found at peak during
the successional flowering time on the orchards of both pome
and stone fruits in various localities. Our results are in
agreement with the findings of the above authors. Our
findings are also in accordance with the results of Beni (2013)
who reported that importance of the Dipteran species such
as hover flies (Syrphidae) as a pollinator service stabilizers
as they were present in all weather conditions and during
all the periods and are considered efficient pollinators. These
studies are also in agreement with the findings of Saeed et at.
(2012) who concluded that the pollinator community
composed of 15 insect species belonging to 3 orders and 10
families and that bees were the most abundant (435
individuals) flower visitors followed by butterflies (345
individuals) and other flies 248 individuals), while moths
and wasps were observed occasionally. Our results also
coincide with the finding of Mc Gregor (1976) who found
that bees accomplish more than 80.0 percent of the insect
pollination, yield of fruits, legumes and vegetable seeds often
have been doubled or tripled by providing adequate number
of bees for pollination. Several studies carried out by early
investigators revealed that bees from the families halictidae,
apidae were the most frequent native insect visitors to the
flowers with 803 and 267 individuals, respectively. However,
megachilidae (192 individuals) and andrenidae (170
individuals) families were intermediately abundant whereas
least abundant bees represented the families collactidae (29
individuals only), (Al-GHzawis et al., 2006). Conclusions
drawn from the studies of Vazquez (2005) indicated that
pollination services strongly depend on the total of all
individuals in a community, the so called aggregate
abundance of flower visitors. Honey bees provide pollination
services for the majority of crop species but in some areas

crops are solely pollinated by species of wild non-honey
bees (Kramen et al., 2004). Our studies are in coincidence
with the work of the above authors. In the present study
maximum abundance was shown by Lasioglosssum
marginatum (Halictidae, Hymenoptera). The higher values
of rank abundance of these species can be attributed to the
fact that these species are supposed to have greater
adaptability to local environmental conditions. Similar
findings were also reported by Hussain et al. (2012), the
results of which concluded that 9 species of which 5 genera
belonged to hymenoptera as per rank abundance. Similar
findings were also reported by Paray et al. (2014), which
concluded that a total of 15 species belonging to 8 genera
that fall in 4 families were identified from Apple.

Each bee pollinator has a specific ecological threshold
for foraging activity which differ inter and intra spatially
depending upon the level of adaptation of a given species in
an environment (Burill and Dietz, 1981). Foraging activity
in the evening decline at slightly higher temperatures.
However, the hive bees, Apis cerana, can forage at lower
temperature than Apis mellifera  (Lundie, 1925).
Hymenopteran and dipteran pollinators increased with
increasing temperature and sunshine and had negative
relationship with relative humidity and rainfall. Our
findings are in accordance with Abrol and Kapil (1986) who
also reported that bee activity increased with temperature
and sunshine. The present findings are also in accordance
with the findings of Kakar (2006) who reported that
temperature and humidity influenced the bee activity during
the bloom period of the apple flowers.
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The most part of the world especially in the third world
countries, the food deficit and its quality is one of the biggest
problems. The protection of stored grain and seeds against
insect pests has been a major problem for the sustainability
of agriculture. Plant products such as insecticides, insect
repellents and insect anti-feedants have been successfully
exploited. Higher plants are a rich source of novel natural
substances and can be used to develop environmental safe
methods of insect control. In recent decades, the traditional
pests control methods, specially botanicals, have attracted
entomologists attention because of their easy, cheap and safe
use. The deleterious effects of plant extracts or pure
compounds on insects can be manifested in several manners
including toxicity, mortality, growth inhibitor, suppression
of reproductive behaviour and reduction of fecundity and
fertility. Bullen (2007) reviewed the literature on plants used
in insect control.

Grain managers tend to look only at chemical
alternatives to control stored-grain insect pests but interest
in non-chemical methods of controlling insects in stored
grain is increasing, as consumers become less tolerant of
pesticide residues in their food. The choice of pesticides for
storage pest control is very limited because of the strict
requirements imposed for the safe use of synthetic insecticides
on or near food. Several researchers (Oerke, 2005 and Pearls,
2006) reported that resistance to pesticides used to protect
grain and other stored food stuffs is widespread and involves
all groups of pesticides and most of the important pests.
Some of the contact insecticides have become ineffective
because of widespread resistance in insect population.
Current research and the increasing knowledge about the

Insecticidal potential of phytogenic grain protectants against
stored grain pests of wheat in different storage structures
Ritu Srivastava1 and Diwakar Singh
1Department of Botany, University of Lucknow, Lucknow
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ABSTRACT

Investigations of affectiveness of grain protectants, containing Eucalyptus citriodora and Rauwolfia serpentina, in
protecting wheat grain from insect pests under storage (S. oryzae, R. dominica and T. castaneum) for longer duration
showed that the grain protectant (4:1 ratio) @ 1.25% w/w could suppress stored grain insect pests infestation up to
95.0-99.0 and 86.0-98.0 per cent over a period of six and twelve month, respectively, in different storage receptacles.
Significance of viability indicated that the treated grain stored in different structure was more viable even after twelve
month’s storage as compared to untreated grain. The rate of increase in weight loss in treated grains due to insect
infestation was also observed very slow i.e. from 0.00 to 0.06 percent in jute bag, 0.07 percent in polythene lined jute
bags, 0.19 percent in cotton, 0.08 percent in polythene bags and 0.03 percent in plastic jar after twelve months.

Key words: Eucalyptus citriodora, Rauwalfia serpentine, S. oryzae, R. dominica, T. Castaneum, wheat grains

harm derived from the indiscriminate use of synthetic
insecticides have encouraged studies related to options like
the use of botanical insecticides. Plant materials with
insecticidal properties, are one of the most important locally
available, biodegradable, and inexpensive methods for
control of stored-grain pests.

These species were chosen because of being scarcely
attacked by insects and are easily available to farmers either
as ornamental and medicinal plants or as weeds. Therefore,
the insecticidal potential of Eucalyptus citriodora and
Rauwolfia serpentine against stored grain pests S. oryzae, R.
dominica and T. castaneum was investigated.

MATERIALS AND METHODS
The experiment was conducted in the Stored Grain

Research Laboratory of Entomology Section, Govind Ballabh
Pant University of Agriculture and Technology, Pantnagar.
The wheat variety HUW 234 with a moisture content of 13.0
percent was stored in jute, polythene lined jute, cotton,
polythene and plastic jars of 2 kg capacity after mixing the
grain protectant containing Eucalytus citriodora (ash) and
Rauwalfia serpentine (powder) in the ratio 4:1 with
corresponding control. Each treatment was replicated thrice.
After adjusting the moisture content at 13.0 per cent, 2 Kg
wheat grain was filled in each container. The grain protectant
was mixed thoroughly in each replication at the rate of 1.25
per cent (w/w) except in control, which was left untreated.
After tying the mouth of the bags and closing the lid of plastic
jar, all the containers were arranged in completely
randomized design in the laboratory. In addition to natural
infestation, one hundred adults each of R. domanica, S. oryzae,

mailto:ritu2864@rediffmail.com
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and T. castaneum released in some wheat grains were kept
open in the vicinity of experimental site to ensure infestation
of stored wheat.

The samples were drawn from different depths of the
container, mixed well and a measured quantity (about 50
gm) was analysed to record the species of insect, their
number, per cent infestation and per cent weight loss at
biomonthly intervals. The weight loss in grain was calculated
by using following formula (Adams and Shulten, 1978):

Per cent weight loss = (Wu x Nd) – (Wd x Nu)

           Wu x (Nd + Nu)

Weight of healthy and damaged grains, number of
healthy and damaged grains and germination of treated and
untreated grain stored in different receptacles was recorded
at 6 and 12 months interval. The vigour index was calculated
as suggested by Abdul-Baki and Anderson (1973):

Vigour Index = Per cent germination (Length of
hypocotyls in mm + length of radical in mm)

Significance of viability (Vs) was calculated by the
following formula as described by Prakash et al., 1987:

Vs (±) = Per cent germination in treated grain

Per cent germination in control

RESULTS AND DISCUSSION
Bimonthly observations recorded on treated and

untreated grains stored in different storage receptacles are
presented in table 1. The data revealed that the infestation of
grains treated with grain protectant (Eucalyptus citriodora and
Rauwalfia serpentina in the ratio 4:1) was significantly lower
as compared to corresponding control in each storage
receptacles. A marked difference was noticed in the rate of

increase of infestation of untreated and treated grains stored
in different receptacles. The infestation in the untreated
grains increased from 4.39, 8.55, 28.84 and 6.13 per cent after
two months to 15.06, 25.24, 56.37 and 23.24 per cent after
twelve months in jute bag, polythene lined jute bag, cotton
bag and plastic jar, respectively (graph 1). Treated grains on
the other hand recorded lowest rate of increase from 0.0 to
0.68, 1.46, 2.06, and 0.42 per cent in jute bag, polythene lined
jute bag, cotton and plastic jars, respectively after twelve
months (graph 2). The polythene bag recorded the lowest
infestation in treated and untreated grains. Higher insect
pest infestation in untreated grains stored in cotton bag was
recorded in all the observations, which increased from 28.84
per cent after two month to 56.37 per cent after twelve months
of storage. On the other hand, infestation in plastic bag was
very low it increasing from 0.12 after two month to 3.48 per
cent after twelve months. Treatment of grains resulted in
95.43, 95.73, 99.51 and 98.65 per cent suppression after six
months, and 95.48, 94.22, 96.35 and 98.19 percent after twelve
months in jute bag, polythene lined jute bag, cotton bag and
plastic jar, respectively (graph 2). Regression analysis also
revealed that there was a sharp increase in infestation of
untreated grain stored in jute bag, polythene lined jute bag,
cotton bag and plastic jar where it increased 1.83, 1.55, 2.88
and 1.94 times, respectively, in each successive months.
Infestation of grain stored in polythene bag increased slowly
at the rate of 0.31 times per month (table 1).

Graph 1 : Per cent infestation of untreated wheat stored in
different storage receptacles

Graph 2 : Per cent infestation of treated wheat stored in different
storage receptacles

Table 1 : Rate of increase of infestation and weight loss in
treated and untreated grain stored in different
structures

PI = Per cent infestation    PWL: Per cent weight loss

Regression equation Storage  
structures 

Treatments 
PI PWL 

Treated Y = 0.150+0.90X Y = 0.00+0.01X Jute bag 
Untreated Y = 3.47+0.91X Y = 0.47+0.23X 
Treated Y = 0.45+0.17X Y = 0.06+0.003X Polythene lined  

jute bag Untreated Y = 7.09+1.55X Y = 0.80+0.36X 
Treated Y = 0.67+0.17X Y = 0.08+0.02X Cotton bag 
Untreated Y = 22.40+2.88X Y = 5.93+1.05X 
Treated Y = 0.21+0.09X Y = 0.01+0.01X Polythene bag 
Untreated Y = 1.05+0.31X Y = 0.05+0.02X 
Treated Y = 0.15+0.06X Y = 0.01 + 0.003X Plastic jar 
Untreated Y = 0.89+1.94X Y = 0.82+0.80X 
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Treatment of grain with phytogenic grain protectant
(Eucalyptus citriodora and Rauwolfia serpentina in the ratio
4:1) significantly checked the rate of increase of infestation
in all storage structures. The infestation in treated grain
increased at the rate of 0.09, 0.17, 0.19, and 0.06 times in jute
bag, polythene line jute bag, cotton bag, polythene bag and
plastic jar, respectively, in each successive months. The rate
of increase in the infestation in untreated grain stored in jute
bag, polythene lined jute bag, cotton bag, polythene bag and
plastic jar was approximately 10, 9, 17, 3 and 32 times higher
as compare to treated grains storage structures, respectively
(table 1).

The rate of increase of weight loss due to insect
infestation was also very slow in case of treated grain where
it increased from 0.00 after two months to 0.06, 0.07, 0.19,
0.06 and 0.03 per cent in jute bag, polythene lined jute bag,
cotton bag, plastic bag and plastic jar, respectively, after
twelve months (graph 3). Treatment of grain with plant base
grain protectant resulted in 98.07, 98.43, 99.04 and 99.61 per
cent suppression in weight loss due to insect pests in different
storage structures, respectively. The rate of increase of weight
loss in untreated grain stored in jute bag, polythene lined
jute bag, cotton bag, polythene bag and polythene jar was
23, 120, 52, 2 and 267 times higher as compare to treated
grains in different storage structures, respectively (graph 4).

Graph 3 : Per cent weight loss of treated wheat stored in different
storage receptacles

Graph 4 : Per cent weight loss of untreated wheat stored in
different storage receptacles

Table 2 clearly indicates that after six months storage
the germination of treated and untreated grain stored in
different structures was very high and varied non
significantly from 96.6 to 100.0 per cent. However,
significantly lower germination was recorded in untreated
grain stored in different storage structures after twelve months
storage. A comparison of germination of treated grain stored
in different receptacles indicates that it was significantly
higher in grain storing jute bag and polythene lined jute bag
as compared to cotton bag, polythene bag and plastic jar.

Higher vigour index for treated against the untreated
grain, stored in different structures, was recorded (table 2).
Treated grain stored in cotton bag and plastic jar showed
significantly higher vigour index as compared to untreated
grain after twelve month storage. Among the treated grain
stored in different structure highest vigour index was
recorded in jute bag followed by cotton bag, polythene bag,
polythene lined jute bag and plastic jar. Significance of
viability also indicate that the treated grain stored in different
structure were more viable after six and twelve months
storage as compared to untreated grain. It has been proved
beyond doubt that active ingredients of this formulation are
completely removed when the treated grain is washed
thoroughly in water (Datta and Tiwari, 1998a).

No past work was found in the literature where similar
type of plant extracts (used in the present study) was used
previously against the stored grain pests. However, results
of some of the previous research work may be comparable
with the present findings. Saljoqi et al., 2006 reported that by
considering the percent mortablity of the insect, Sitophilus
oryzae L. as a main index, bakain drupes (Melia azadarach)
proved to be the most effective of six plant materials, showed
61.2 per cent mortality, followed by habulas (Myrtus
communis) (48.40%), mint (Mentha longifolia) (47.40%) and
bakain leaves (46.80%), while harmal (Peganum harmala)
(16.80%) was found less effective followed by lemon grass
(Cymbopogon citratus) (35.20%). Pugazhvendan et al., 2012
evaluated the repellent activity of five plant oils against
Tribolium castaneum and maximum repellency was recorded
in tulsi oil, wintergreen oil and Lavender oil at higher
concentration. Padin et al., 2013 also reported highest
mortality (68%) of T. castaneum was caused by V. arvensison
grain, followed by M. chamomilla (57%), B. campestris (56%)
and J. mimosifolia (49%) after 7 days. Moreover, J. mimosifolia,
M. chamomilla and T. minutaex hibited high repellency (IR =
0.04) against insects.

The present formulation was found more effective than
the powder of A. calamus, which was reported to provide
92.0 per cent protection for 6 months against S. oryzae that



Journal of Eco-friendly Agriculture 12(1) 2016 61

Insecticidal potential of phytogenic grain protectants against stored grain pests of wheat in different storage structures

too at a high level of 5.0 per cent under control condition
(Chander and Ahmed, 1983). Tiwari (1994) also evaluated
the powders of Rauvolfia serpentine and Acorus calamus as a
grain protectant against Rhyzopertha dominica. In the present
study, the formulation containing E. citriodora and R.
serpentine suppressed 95.0 per cent infestation and weight
loss due to three major insect pests of stored grain, S. oryzae,
R. domanica and T. castaneum over a period of 12 months that
too at a low level of 1.25 percent (w/w).
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Vigour  
index 

Significance  
of viability 

Per cent 
germination 

Vigour 
index 

Significance 
of viability 

Jute bag Control 
Treated 

97.3 
(82.5) 
99.3 

(87.3) 

553966.7 
 

617601.3 

1.02 90.0 
(72.7) 
97.3 

(80.7) 
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937066.7 

1.06 

Poly lined 
jute bag 
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ABSTRACT

In India Colletotrichum gloeosporioides cause anthracnose disease of many horticultural crops, including grapes.
Carbendazim resistance in the pathogen is commonly observed. Eighty-seven endophytic bacteria were isolated from
mature shoots of Thompson Seedless variety located at ICAR-National Research Centre for Grapes, Pune  and
screened for their antagonistic activity. Ten bacteria inhibited the radial growth of carbendazim resistant C. gloeosporioides
isolates by 77.59-84.59 per cent in dual culture assay. Four of these bacteria completely prevented anthracnose
infections in detached leaf bio-assay and were subsequently evaluated at 104,105,106 CFU/ml on field grown vines.
Vines treated with bacteria TS-31, TS-45 and TS-46 recorded low disease severity even at the lowest concentration of
104 CFU/ml and area under disease progress curve (AUPDC) were 456.31, 355.31, and 446.25, respectively; while in
fungicide control and untreated control AUDPC was 435.19 and 756.88. In detached berries, TS-45 showed almost
complete control of berry infection (2.38±4.12%), while TS-46 (20.39±3.33) and TS-31 (35.46±32.65) were less effective.
These three promising bio-control bacteria were identified as Bacillus amyloliquefaciens based on morphological,
biochemical and molecular characterization.

Key words: Colletotrichum gloeosporioides, carbendazim, resistance, grape berry

In India, grape is commercially cultivated for table and
raisin purpose, mainly in the states of Maharashtra and
Karnataka. Due to prevalence of warm and wet weather
during the monsoon period the tender green shoots, leaves
and tendrils are severely affected by anthracnose disease
(Sawant et al., 2012). If left uncontrolled, it completely burns
the young new shoots. Infections on berries are rare as the
wet and warm weather does not prevail during fruiting
season. Anthracnose management is chemical intensive and
at present carbendazim 50% WP, copper oxychloride 50%
WP and propineb 70% WP are recommended for its
management in India (http://cibrc.nic.in/mupf.pdf).

The benzimidazole group is of high risk for
development of resistance to it in a pathogen (FRAC, 2016).
Reduced sensitivity to carbendazim in the pathogen in
Maharashtra was first reported by Deokate et al. (2002).
Narkar et al. (2012) found C. gloeosporioides isolates with
broad range of sensitivity to carbendazim, including few
highly resistant isolates, which could not be controlled even
at 10,000 µg/ml carbendazim concentration. In such
situations, introduction of antagonistic microorganisms in
disease management schedule can help. It inhibits the
development and spread of resistant biotypes.

Antagonistic bacteria, especially Bacillus species,
present many advantages in term of sustainability, mode of

action and toxicity as compared to chemical fungicides and
can be an alternative to synthetic fungicide treatments
(Gnanamangai and Ponmurugan, 2012). Bacillus sp. is
reported to suppress anthracnose in red peppers (Lee et al.,
2011). B. amyloliquefaciens and B. licheniformis has shown
inhibitory activity against C. gloeosporioides in grapes and
strawberry and potential for biocontrol (Mochizukia et al.,
2012; Sawant et al., 2016). The success of a biological control
depends on finding a highly antagonistic strain, hence
systematic screening from a large population of naturally
occurring microbes is essential for selection of the most
promising strain (Mari et al., 1996).

Bacillus spp. are known to produce volatile organic
compounds, which have been evaluated as a new approach
for postharvest management of mango anthracnose disease
(Zheng et al., 2013). B. subtilis and B. amyloliquefaciens are
also known to produce non-volatile metabolites like Iturin A
which inhibit Colletotrichum and the diseases they cause
(Cho et al., 2003). B. subtilis also produce biofilms, which are
structured communities of cells adherent to a surface and
encased in an extracellular polymeric matrix and are thought
to be an essential trait for effective biocontrol (Bais et al., 2004).
This study was therefore undertaken to identify the Bacilluss
strains antagonistic to carbendazim resistant isolates of C.
gloeosporioides for the eco-friendly management of
anthracnose disease of grapes.

mailto:Indu.Sawant@icar.gov.in
http://cibrc.nic.in/mupf.pdf).
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MATERIALS AND METHODS

Isolation and purification of bacteria
One carbendazim sensitive and 13 carbendazim

resistant C. gloeosporioides isolates from the culture collection
of ICAR-NRC Grapes were selected for this study. The
isolates were maintained on Czapek-Dox agar (CDA) at 40C
and later they were sub-cultured and grown on potato
dextrose agar (PDA) plates for five days at 28±0.1°C. Studies
were conducted on a 12-year old plants of Thompson Seedless
raised on Dogridge rootstock at the experimental field of
ICAR-National Research Center for Grapes, Pune. The vines
were spaced 10 ft. and trained on extended ‘Y’ trellises with
four cordon horizontal training system. Approximately 1
inch piece from the base of mature shoots was debarked and
cut into thin sections, and surface sterilized using sodium
hypochlorite solution for 1 min, then rinsed thrice in sterile
distilled water and placed on sterile nutrient agar (NA)
plates. The plates were incubated at 28±1°C for 10-15 days.
The emerging bacterial colonies were transferred to fresh
NA plates and purified by spread plate method. Eighty-seven
single colony bacteria were isolated.

Antagonism and bio-control mechanism
The eighty-seven bacteria were evaluated for their

antagonistic activity against C. gloeosporioides by dual culture
assay on agar plates (Cubeta et al., 1985) and production of
volatile and non-volatile metabolites by method suggested
by Mousivand et al., 2012. The ability of the bacteria to form
biofilm was studied by tube assay (Christensen et al., 1982)
and quantitative estimation of biofilm was done by the
procedure of Auger et al., 2006.

The in vivo antagonism was studied by detached leaf
bio-assay against a resistant isolate of C. gloeosporioides. A
48 h old shake culture of the ten antagonistic bacteria was
pelleted by centrifugation at 7000 rpm for 5 min and diluted
with SDW to provide 104, 105 and 106 CFU/ml and applied
to the leaves using an atomizer (Narkar et al., 2012). After 24
h conidial suspension of C. gloeosporioides containing 106/
ml conidia was applied to the leaves and the disease severity
was recorded as necrotic area covered on the leaf using a 0–
4 scale (Horsfall and Heuberger, 1942). Each treatment was
replicated six times.

Bacterial strains TS-20, TS-31, TS-45 and TS-46 were
identified as four potential biocontrol bacteria. These were
evaluated on field grown vines for control of anthracnose
disease under natural epiphytotic conditions at 104, 105 and
106 CFU/ml concentrations (Sawant et al., 2016). Vines
treated with 1g/l carbendazim (Bavistin 50% WP) were used
as fungicide control and untreated vines were used as control.

The small scale experiment was laid out in CRD with twelve
vines per treatment. Disease was recorded on the central
two vines and the ten surrounding vines were treated as
guard vines. Six applications were made at four day interval
and anthracnose ratings were recorded on ten leaves on each
of the 20 canes using a 0–4 grade scale. Ratings were
converted to PDI (McKinney, 1923) and used to calculate the
area under disease progress curve (AUDPC) (Jeger and
Viljanen, 2001). Bacterial strains TS-31, TS-45 and TS-46,
which gave good control of anthracnose on leaves of field
grown vines were evaluated for biocontrol potential on
detached grape berries (Sawant et al., 2016).

Characterization of bio-control strains
The three biocontrol bacteria, TS-31, TS-45, and TS-46

were characterized to the species level by standard
morphological, biochemical and molecular tests (Holt et al.,
1994).  Homology search comparisons of 16s RNA were
carried out using the database available at NCBI BLAST
(http://www.ncbi.nlm.nih.gov/).The phylogenetic tree was
constructed in MEGA6 program.

RESULTS AND DISCUSSION

Antagonism and bio-control mechanism
Eighty-seven endophytic bacteria were isolated from

mature shoots of grapevines and purified as single colony
isolates. Ten bacterial isolates showed variation in
antagonism against the fourteen C. gloeosporioides isolates.
On an average, these bacteria inhibited the radial growth of
all the isolates by 77.70 to 84.48 per cent in dual culture
assay, by 29.78 to 82.15 per cent through production of
volatile metabolites and by 44.67 to 82.80 per cent through
production of non-volatile metabolites (Table 1). Strain TS-
45 was effective against all the C. gloeosporioides isolates as
seen by the minimum and maximum inhibition values. The
present study clearly shows that the antagonistic features of
these bacterial strains against C. gloeosporioides are not
affected by the mutation conferring carbendazim resistance.
All ten bacteria formed surface biofilm in tube assay, but the
maximum biofilm formation was observed by the bacteria,
TS-45, TS-46, TS-31 and TS-20 (Table 1). These attributes
show that the bacteria are potential bio-control agents.

After five days of incubation, the disease rating on the
detached leaves treated with carbendazim resistant C.
gloeosporioides isolate 38-P-2(Cg38-P-2) was 3.67and all the
ten bacteria suppressed infections, except strains TS-3 and
TS-32 at the lowest concentration of 104 CFU/ml (Table 2).
The most effective bacteria, TS-45, TS-20, TS-46, and TS-31
were taken for evaluation on field grown vines. In the field
trial, the area under disease progress curve (AUDPC) in

http://www.ncbi.nlm.nih.gov/).The
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untreated control was 756.88 and in the carbendazim treated
vines it was 435.19 (Table 3). At the lowest concentration of
104 CFU/ml, the AUDPC in the bacteria treated vines was
equal to that in the carbendazim treatment, while at the
higher concentration of 106 CFU/ml, the AUDPC in bacteria
treated vines was significantly lower than the AUDPC in
carbendazim treatment, except in TS-20. This shows that
TS-45, TS-46 and TS-31 can be used as biological control
agents for anthracnose.

The efficacy of B. subtilis as a bio-fungicide for control
of chilli anthracnose (Narasimhan and Shivakumar, 2015)

and black Sigatoka disease on banana plants (Gutierrez-
Monsalve, et al., 2015) has been shown earlier. On detached
berries, berry cracking and presence of C. gloeosporioides
mycelial growth with acervuli was observed on infected area
in all grapes inoculated with the Cg38-P-2 after seven days
of incubation (Fig.1). In grapes treated with bacteria TS-45
negligible infection (2.38 ± 4.12%) was observed showing
good control of berry infection. The control was
comparatively less in grapes treated with TS-46 (20.39±3.33)
and TS-31(35.46±32.65). Earlier (Wu and Chang, 1993)

Table 1.Growth inhibition and bio-film production by the ten antagonistic bacteria

* based on the inhibition of each of the fourteen C. gloeosporioides isolates
Means followed by same letter are not significantly different (P=0.05) using Tukey’s Studentized Range (HSD) Test using SAS system

Per cent inhibition of radial growth of C. gloeosporioides* 
Volatile metabolites Non-volatile metabolites 

Biofilm production 
Bacterial strain 

Min. Max. Av. Min. Max. Av. O.D. at 595nm 
TS-3 8.11 55.46 29.78i 32.83 56.19 47.37f 0.77f 
TS-8 13.72 63.98 41.42f 39.79 59.43 48.36de 0.097de 
TS-20 12.58 63.98 39.66g 32.33 57.72 47.72ef 0.109c 
TS-21 27.39 56.85 44.50e 31.33 54.24 46.33f 0.082f 
TS-31 34.60 80.92 59.30c 66.87 79.24 73.25c 0.183b 
TS-32 30.85 61.37 45.96d 30.82 57.08 48.12e 0.101cd 
TS-39 10.66 47.54 34.47h 39.80 56.00 49.84d 0.93e 
TS-44 12.17 66.39 35.09h 32.34 55.18 44.67g 0.095de 
TS-45 66.47 87.62 81.15a 77.56 86.79 82.80a 0.214a 
TS-46 19.90 78.14 61.62b 69.17 83.48 76.54b 0.191b 
Control - - - - - - 0.033g 
CD (P=0.05) - - 1.30 - - 1.60 0.07 

 

Table 2. Control of anthracnose infection on detached leaves
by the ten antagonistic bacteria at three
concentrations

Means followed by same letter are not significantly different
(P=0.05) using Tukey’s Studentized Range (HSD) Test using SAS
system

Anthracnose rating 
Bacterial concentrations (CFU/ml) Bacteria 

104 105 106 
TS-3 1.50ab 0.67a 0.00a 
TS-8 1.17a 0.33a 0.00a 
TS-20 0.33a 0.00a 0.00a 
TS-21 1.17a 0.33a 0.00a 
TS-31 0.67a 0.33a 0.00a 
TS-32 1.50ab 0.33a 0.00a 
TS-39 1.17a 0.17a 0.00a 
TS-44 1.33a 0.17a 0.00a 
TS-45 0.00a 0.00a 0.00a 
TS-46 0.50a 0.33a 0.00a 
Pathogen control 3.67b 3.67b 3.67b 
CD P=0.05 2.28 1.01 0.30 

 

Table 3. Evaluation of four potential biocontrol bacteria
against anthracnose disease on field grown
grapevines

Means followed by same letter are not significantly different
(P=0.05) using Tukey’sStudentized Range (HSD) Test using SAS
system

Bacterial strain Concentration (CFU/ml) or  
g/L 

AUPDC 

104 489.38 h 
105 451.13 gh TS-20 
106 408.19 efg 
104 456.31 gh 
105 381.00 def TS-31 
106 321.06 abcd 
104 355.31 bcde 
105 311.19 ab TS-45 
106 268.88 a 
104 446.25 gh 
105 375.38 cdef TS-46 
106 316.06 abc 

Carbendazim   1.0 435.19 fgh 
Control (No spray) - 756.88 i 
CD (P=0.05) - 61.45 

 



Journal of Eco-friendly Agriculture 12(1) 2016 65

Isolation and identification of Bacillus amyloliquefaciens strains for bio-control of grapevine anthracnose

showed the capability of Bacillus species to antagonize C.
gloeosporioides and control naturally occurring grape ripe
rot.

Characterization of bio-control strains
The colony morphology of strains TS-31, TS-45, and

TS-46 (size, shape, colour, margin, opacity, consistency,
elevation) are described in Table 4. The strains were gram
positive and the cells were rod shaped in chains and spore
forming. These characters showed that the strains belonged
to Bacillus genera. Further characterization based on
physiological tests (pH, temperature sensitivity, salt
tolerance) and biochemical tests (catalase, oxidase,
gelatinase, starch hydrolysis, Voges Proskauer, citrate
utilization, methyl red) and carbon source utilization showed
that the strains belonged to Bacillus amyloliquefaciens.

Molecular analysis of the partial 16S rDNA sequences
of TS-45, TS-46 and TS-31showed the highest homology

(99%) with B. amyloliquefaciens strain FZB42 (Gen-Bank
accession no.: 075005) available in the NCBI database. In
the phylogenetic tree the strains TS- 31, TS-45 and TS- 46
formed a clade with B. amyloliquefaciens sequences at a
bootstrap value of 95 per cent (Fig.2). The 16S rDNA
sequences of these strains have been deposited in the NCBI
nucleotide sequence database under the accession numbers
KU500635 (TS-31), KU500636 (TS-45) and KU500637 (TS-
46).

Thus, three Bacillus strains, TS-31, TS-45 and TS-46,
isolated from grape vines showed strong antagonistic effects
against carbendazim resistant C. gloeosporioides isolates and

Table 4. Morphological, biochemical and physiological
characteristics of the three bio-control bacterial
strains

(+): positive; (-): negative

Bio-control bacterial strain 
Characteristic 

TS-31 TS-45 TS-46 
Size 3 mm 2 mm 2 mm 
Shape Wrinkle Irregular Irregular 
Colour White Chreamy 

white 
White 

Margin Lobate Lobate Undulate 
Opacity Opaque Opaque Opaque 
Consistency Rough Dry Rough 
Elevation Raised Flat Flat 
Gram’s reaction Gram 

positive 
Gram 

positive 
Gram positive 

Endospore formation + + + 
Growth at pH 6.0 + + + 
Growth at 450C + + + 
Growth at 150C + + + 
Growth in 7% NaCl + + + 
Growth in 10% NaCl + + + 
Catalase + + + 
Oxidase + + + 
VogesProskauer + + + 
Methyl red - - - 
Citrate utilization - - - 
Starch hydrolysis + + + 
Acid production from    
Xylose - - - 
Manitol + + + 
Manose + + + 
Maltose - - - 
Sorbitol + + + 

 

Fig. 1. Bio-control potential of the three biocontrol bacteria for
control of ripe rot on detached grape berries. Values are
means of three replicates, error bars represent SD and
letters represent (P=0.05).

Fig. 2. Neighbor-joining phylogenetic tree constructed from
partial 16S rDNA nucleotide sequences of the promising
bi-control Bacillus strains TS-31, TS-45 and TS-46 and 16S
rDNA nucleotide sequences of type species retrieved from
Gene Bank. Percentages at nodes indicate levels of boot
strap support from 1000 resampled data sets.
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showed good control of anthracnose disease of grapevines
under natural epiphytotic conditions. These strains can be
useful in integrated disease management (IDM) to minimize
the development of fungicide resistant population of the
pathogen. The strains were identified as B. amyloliquefaciens
based on morphological, bio-chemical and molecular
studies. Further, large-scale field studies are required to
assess their potential in commercial viticulture.
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ABSTRACT

The evaluation of four each of systemic, non-systemic fungicides and combi-products against cowpea rust
revealed that hexaconazole 5 EC, propiconazole 25 EC at (0.1% and 0.15% concentrations) and zineb 68 WP +
hexaconazole 5 EC (at 0.2% and 0.25% concentrations) were found very effective against rust pathogen. Similar
results under in vitro condition on pea plants treated with seven fungicides viz., fenarimal, difenconazole, triadimefon,
cyperconazole, flusilazole, henconazole and hexaconazole and two non-systemic, mancozeb and chlorothalonil
fungicides, after being inoculated with Uromyces viciae fabae aeciospores for 72 hr, was reported by Gupta and Shyam
(2000). Cyperconazole, flusilezole, penconazole and hexaconazole inhibited incidence and severity of rust on leaves
completely. Mancozeb and chlorothalonil resulted in 22.91 and 38.75 per cent rust severity, respectively.

Key words: Pulses, biological nitrogen fixation, difenconazole, aeciospores

Cowpea (Vigna unguiculata L.), commonly known as
Lobia, is one of the most ancient human food sources among
the pulses and is grown extensively in tropical and
subtropical countries. The name (cowpea) originated from
the fact that the plant was an important source of hay for
cows in the south-eastern United States and in other parts of
the world. It is native to India, as wild cowpeas only exist in
Africa and Madagascar (Steele, 1976). It was introduced to
the Indian sub-continent from Africa approximately 2000 to
3500 years ago.

Cowpea is cultivated for seeds (shelled green or dried),
pods or leaves and are consumed as green vegetable/pasture,
hay, silage and green manure. It fits well in a variety of
cropping systems and is grown as a cover crop, mixed crop,
catch crop or green manure crop in Punjab, Delhi and
Haryana. It is also called as vegetable meat due to high
amount of protein in grain with better biological value on
dry weight basis. Its grain contains 23.4 per cent protein, 1.8
per cent fat and 60.3 per cent carbohydrates and is a rich
source of calcium and iron (Gupta, 1978). It has a unique
characteristic of maintaining and restoring soil fertility
through biological nitrogen fixation which plays a vital role
in sustainable agriculture (Asthana, 1998). It is usually the
first crop to be harvested before the cereals crops are ready
and therefore is referred to as “hungry-season crop”. Apart
from this, the cowpea is an excellent forage crop which with
heavey vegetative growth cover the ground and check soil
erosion. As a leguminous crop, it fixes about 70 -240 kg per

hectare of nitrogen per year and is a valuable component of
farming systems in many areas because of its ability to restore
soil fertility for succeeding cereals crops grown in rotation
with it.

MATERIALS AND METHODS
Four each of systemic fungides (propicoriazole 25 EC,

hexaconzol 5 EC, tubeconazol 250 EW and ditenconazol 25
EC) in 01 of, 0.1 and 0.15 (%) cocentrations, non-systemics
(mancozeb 75 WP, chlorothatoril 70 WP, copper oxychloride
50 WP) and combi-prodcts (carbendazim 12 WP + mancozeb
68 WS, trifloxystrobin 25% + tubuconazol 50% W/W,
hexaconazol 4 + zineb 68 and hexaconazol 5% + captan
70% WP) in 0.1, 0.2 and 0.25 (%) concentrations each were
evaluated by spore germination technique under in vitro
conditions. The required concentrations were prepared by
dissolving known quantity of fungicides in sterile distilled
water separately under aseptic conditions. The uredospores
spores suspension was prepared separately in sterile distilled
water. A drop of a spore suspension was mixed with one
drop of fungicide solution in a cavity slide to achieve the
required concentration. In each treatment, three replications
were maintained. Slides were then incubated at a room
temperature (25±1°C) for 24 hours. The observation on the
spore germination was recorded at different intervals viz., 0
hours, 12 hours, 24 hours, 48 hours, and 72 hours after
incubation under microscope at 400 x magnifications. A
control with only sterile water was maintained. per cent
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uredospores germination was calculated by the following
formula given by Vincent (1947). The bioassay of each
fungicide was done under in vitro condition

                         C - T
                  I = ————— x 100
                            C
I = Per cent inhibition

C = Number of spores germinated in control

T = Number of spores germinated in treatment

Glasshouse experiment was conducted during kharif

2014, at the Department of Plant Pathology, College of
Agriculture, University of Agricultural Sciences, Dharwad
in order to find out suitable fungicides and its concentration
in managing the disease. A susceptible variety C-152 was
used. Three pots, each with 12 treatments, viz., spraying with
mancozeb 75% WP @ 0.25 at 50% flowering, chlorothalonil
75% WP @ 0.25% at 50% flowering, copper oxychloride 50
WP @ 0.25% at 50% flowering, zineb 75% WP @ 0.25% at
50% flowering, propiconazole 25% EC @ 0.1% at 50%
flowering, hexaconazole @ 0.1% at 50% flowering,
tebuconazole 25% EC @ 0.15% at 50% flowering,
difenconazole 25% EC @ 0.15% at 50% flowering, mancozeb

Table 1: In vitro evaluation of different fungicides against Uromyces phaseoli var. vignae

*Non-systemic and combitungides evaluated at 0.1, 0.2 and 0.25 per cent concontration

Per cent spore germination inhibition 
Concentration (%) Fungicides 

0.05 0.1 0.15 
Mean 

Systemic     

Difenconazole 25% EC 86.88 
(68.74)* 

91.74 
(73.27) 

93.33 
(75.00) 

90.65 
(72.17) 

Hexaconazole 5% EC 96.59 
(79.33) 

100.00 
(89.96) 

100.00 
(89.96) 

98.56 
(83.07) 

Propiconazole 25 EC 95.62 
(77.32) 

100.00 
(89.96) 

100.00 
(89.96) 

98.86 
(83.84) 

Tebuconazole 25% EC 86.00 
(68.00) 

91.78 
(73.31) 

96.67 
(79.45) 

91.77 
(73.30) 

 Fungicides (F) Concentration (%) F x C  
S.Em+ 0.68 0.57 0.38  

CD at 1% 2.04 1.42 1.52  
Non systemic*     

Chlorothalonil 70 WP 84.67 
(66.92)* 

91.41 
(72.93) 

98.33 
(82.54) 

92.02 
(73.56) 

Copper oxychloride 50 WP 80.95 
(64.10) 

86.58 
(68.48) 

92.83 
(74.44) 

86.59 
(68.49) 

Mancozeb 75 WP 85.33 
(67.45) 

90.95 
(72.46) 

98.33 
(82.72) 

91.53 
(73.05) 

Zineb 68 WP 89.67 
(71.22) 

90.96 
(72.42) 

100.00 
(89.96 ) 

92.99 
(74.62) 

 Fungicides (F) Concentration (%) F x C  
S.Em± 0.75 0.37 1.00  

CD at 1% 1.87 0.92 2.50  
Combi-fungides*     

Carbendazim 12% + Mancozeb 68% WS 90.52 
(72.21)* 

100.00 
(89.96) 

100.00 
(89.96) 

96.84 
(79.73) 

Hexaconazole 5% + Captan 70 % WP 97.00 
(79.99) 

100 
(89.96) 

100 
(89.96) 

99.00 
(84.23) 

Trifloxystrobin 25% + Tebuconazole 50% 
W/G 

98.00 
(81.84) 

100 
(89.96) 

100 
(89.96) 

99.33 
(85.27) 

Zineb 68% + Hexaconazole 4% 96.00 
(78.49) 

100.00 
(89.96) 

100.00 
(89.96) 

98.66 
(83.32) 

 Fungicides (F) Concentration (C) F x C  
S.Em+ 0.56 0.48 0.61  

CD at 1% 1.40 1.21 1.73  
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63% + carbendazim 12% WP @ 0.25% at 50% flowering, zineb
68% + hexaconazole 4% @ 0.1% at 50% flowering,
trifloxystrobin 5% + tebuconazole 50%W/W @ 0.1% at 50%
flowering, captan 70% + hexaconazole 5% @ 0.1% at 50%
flowering and the control in three replications were kept for
observation. The disease severity at periodical intervals at 0-
9 scale was worked out as par Wheeler (1969).

RESULT S AND DISCUSSION
Among the systemic fungicides (table 1) tested against

Uromyce phaseoli var.vignae (Barcl.), hexaconazole 5 EC and
propiconazole 25 EC at (0.1%) recorded the maximum (100%)
inhibition of uredospores germination. Tebuconazole 25 EC
at (0.1%) was found the next best (96.67%). The least per cent
inhibition of uredospores germination was observed in
difenconazole 25 EC at 0.05% and 0.1% per cent (86.88%).
Irrespective of concentrations of fungicides tested, the
treatments involving propiconazole 25 EC recorded
maximum inhibition of uredospores germination (98.86%)
followed by hexaconazole 5 EC (98.56%). Least inhibition
was recorded in difenconazole 25 EC 10% EC (90.65%).

Zineb 68 WP, among non-systemic fungides, at 0.25
percent recorded cent per cent inhibition of uredospores
germination followed by chlorothalonil 70 WP at 0.25%
(98.33%) and mancozeb 75 WP at 0.25% (98.33%) (table 1).
The minimum per cent inhibition (92.83%) of uredospores
germination was recorded with copper oxychloride 50 WP
at (0.25%). Irrespective of concentrations of fungicides tested,
zineb 68 WP treatment recorded maximum inhibition of
uredospores germination (92.99%) followed by
chlorothalonil 70 WP (92.02%) which were on par with each
other. Least inhibition was recorded with copper oxychloride
50 WP (86.59%).

Among the combi fungicides (table 1) the hexaconazole
5 EC + captan 70 percent WP at 0.1 inhibition of uredospores
germination and trifloxystrobin 25 percent + tebuconazole
50% W/W at 0.1 percent shaved percent 100 which were
statically on par with each other. Least per cent inhibition of
uredospore germination was recorded with carbendazim 12
percent + mancozeb 68 percent WS at 0.1 per cent (90.52%).
Irrespective of concentrations of fungicides tested, the
treatments involving trifloxystrobin 25 percent +
tebuconazole 50 percent W/W at 0.1 percent (100%) recorded
maximum inhibition of uredospore germination (99.33%)
which was followed by hexaconazole 5 EC + captan 70%
WP at 0.1 percent (100%), and least inhibition was recorded
with carbendazim 12 percent + mancozeb 68 percent WS
(96.84%).

Efficacy of fungicides against cowpea rust disease
under glasshouse condition are summarized in table 2.

Table 2: Evaluation of fungicides against cowpea rust under
glasshouse during 2014

PDI 
Under glasshouse Fungicides Con  

(%) 
10 days after 2nd spray 

Captan 70% + Hexaconazole 5% 0.25 26.22 
(31.44)* 

Chlorothalonil 75% WP 0.25 22.55 
(28.34) 

Copper oxychloride 50 WP 0.25 29.93 
(33.15) 

Difenconazole 25 EC 0.1 27.07 
(31.34) 

Hexaconazole 5 EC 0.1 21.18 
(27.83) 

Mancozeb 63% + Carbendazim 12% 
WP 

0.25 26.19 
(30.77) 

Mancozeb 75% WP 0.25 23.85 
(29.22) 

Propiconazole 25 EC 0.1 19.55 
(26.23) 

Tebuconazole 25 EC 0.1 24.85 
(29.89) 

Trifloxystrobin 5%+Tebuconazole 
50% W/W WP 

0.1 25.86 
(30.48) 

Zineb 68% + Hexaconazole 4% 0.1 25.18 
(30.11) 

Zineb 75% WP 0.25 21.81 
(29.44) 

Control - 39.22 
(38.76) 

SEm±  0.41 
CD at 1%  1.62 

 
The fungicides evaluated against cowpea rust revealed

that propiconazole 25 EC @ 0.1 and 0.15 per cent, showed
100 percent inhibition of uredospores, zineb 68 percent +
hexaconazole 4 percent @ 0.2 percent and 0.25 percent
concentrations showed 100 percent inhibition of uredospores
and zineb 68 WP @ and 0.25 percent showed of 100 percent
inhibition of uredospores over control. These results are in
agreement with Kale (1992).

It is possible that the cultural practices may provide
the desired level of disease control but additional
precautionary measures in the form of chemical protection
is essential  in case  of outbreak of the disease or when
resistant genotypes become susceptible. Use of chemicals
has become more popular in recent times because of their
quick results especially in absence of resistant varieties. In
vitro fungicidal evaluation helped to know their efficacy in
laboratory conditions eliminating the non effective ones.
Therefore, twelve fungicides were evaluated on the bases of
inhibition of uredospore germination.
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The study revealed that systemic fungicides such as
hexaconazole 5 EC, propiconazole 25 EC at (0.1% and 0.15%
concentrations) and zineb 68% + hexaconazole 4 percent (at
0.2% and 0.25% concentrations) were very effective against
the rust pathogen. Similar results by Gupta and Shyam (2000)
are reported. According to them the of seven fungicides viz.,
fenarimal, defenoconzole, triadimefon, cyperconazole,
flusilazole, henconazole and hexaconazole and two non-
systemic mancozeb and chlorothalonil, evaluated on pea
after being inoculated with Uromyces viciae fabae aeciospores
for 72 hr., the cyperconazole, flusilezole, penconazole and
hexaconazole completely inhibited rust incidence and rust
severity on leaves. Mancozeb and chlorothalonil resulted in
a rust severity of 22.91 and 38.75 per cent, respectively.
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Indians being basically vegetarian are dependent on
plant based diet, where protein requirement is supplemented
by pulses. Pulse crops play an important role in Indian
agriculture and are the best known as “poor man’s meat”
and constitute the major source of dietary protein. Greengram
is the third most important pulse crop after chickpea and
pigeon pea (Rajendra Prasad, 2006). It is grown mainly as a
kharif season crop. However, its cultivation in rabi season is
restricted to the eastern and southern parts of the country.
The major greengram growing states are Orissa,
Maharashtra, Andhra Pradesh, Rajasthan, Karnataka and
Gujarat. India alone accounts for 65 percent of its world
acreage and 54 per cent of the production. In India it occupies
an area of 3.55 m ha with a total production of 1.82 m t at an
average productivity of 500 kg ha-1 (Anon., 2013). In
Karnataka, it occupies an area of 2.84 m ha with a production
of 0.69 m t and an average yield of 258 kg ha-1 (Anon., 2013).
The crop suffers from many foliar diseases caused by fungi
and viruses which affects the yield by reducing the
photosynthetic activity. Although extensive studies on
various aspects of greengram diseases were carried out on
individual disease basis, the attempts made in managing
these through integrated approach are limited. The integrated
seed treatment and foliar spray options tried here in may
help in bringing out and effective and economical way to
manage these fungal pathogens.

MATERIALS AND METHODS
The field experiment was conducted during kharif  2013

at experimental plot at MARS, University of Agricultural
Sciences, Dharwad. The treatments involved seed dressing
fungicide and bio agent along with common foliar spray of
effective fungicides. The seeds were treated with

Integrated management of foliar fungal diseases of greengram
(Vigna radiata L.)
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ABSTRACT

The field experiment conducted during kharif 2013 to assess the efficacy of seed treatment options involving
seed dressing with fungicide and bio agent along with common foliar spray of effective fungicides in the management
of foliar fungal diseases of greengram revealed that the combi fungicide, trifloxystrobin 25 per cent + tebuconazole 50
per cent WG @ 0.05 per cent followed by hexaconazole 5 per cent EC @ 0.1 per cent with or without seed treatment
combinations were found effective in managing all the foliar fungal diseases of greengram.

Key words:  Greengram, fungal foliar diseases, spray schedule, management

carbendazim 25 per cent + mancozeb 50 per cent @ 2g Kg-1

and Trichoderma harzianum @ 10 g Kg-1 before sowing. The
foliar spray was taken at 50 per cent flowering of the crop.
The data on disease severity, yield and yield parameters in
each treatment were recorded and the benefit cost ratio was
computed.

RESULTS AND DISCUSSION
The results presented in table 1 revealed that the

integrated seed treatment with foliar fungicide spray were
most effective in reducing the severity of foliar fungal diseases
and resulting in an increased seed yield and the profit
compared to untreated check.

Lowest severity of Cercospora leaf spot was recorded
with carbendazim 25 percent + mancozeb 50 percent @ 2g
Kg-1 + spray with trifloxystrobin 25 percent + tebuconazole
50 percent WG @ 0.05 percent (19.04 PDI) treatment. This
was on par with Trichoderma harzianum @ 10 g Kg-1 of seed
treatment + spray with trifloxystrobin 25 percent +
tebuconazole 50 percent WG @ 0.05 percent (19.42 PDI) and
only spray with trifloxystrobin 25 percent + tebuconazole
50 percent WG @ 0.05 percent (20.14 PDI) followed by spray
with hexaconazole 5 EC @ 0.1 percent (25.05 PDI). The
highest disease severity was recorded in untreated control
(57.39 PDI) after ten days of spray indicating sufficient
disease pressure of Cercospora leaf spot. The results are in
agreement with Veena (2012) and Kunthi et al. (2005). Kunthi
et al. (2009) reported that hexaconazole at 0.1 percent
effectively reduced the disease severity of powdery mildew
and Cercospora leaf spot of mungbean under field condition.

Least severity of powdery mildew was recorded when
seed treatment with carbendazim 25 percent + mancozeb 50
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percent @ 2g Kg-1 + spray with trifloxystrobin 25 percent +
tebuconazole 50 percent WG @ 0.05 percent (14.32 PDI)
followed by only spray with trifloxystrobin 25 percent +
tebuconazole 50 percent WG @ 0.05 percent (16.10 PDI) was
done. These treatments were followed by only spray with
hexaconazole 5 percent EC @ 0.1 percent (25.47 PDI).
Sufficient disease pressure was confirmed by recording
maximum PDI (54.83 PDI) in untreated control. These results
are similar with the reports of Divya Jyothi (2012) and
Channaveeresh (2013) in managing the powdery mildew of
greengram and blackgram, respectively.

In case of anthracnose, the least disease severity was
recorded in the plot receiving carbendazim 25 percent +
mancozeb 50 percent @ 2g Kg-1 seed treatment + spray with
trifloxystrobin 25 percent + tebuconazole 50 percent WG @

0.05 percent (14. 80 PDI) which was on par with the seed
treatment with Trichoderma harzianum @ 10 g Kg-1 + spray
with trifloxystrobin 25 percent + tebuconazole 50 percent
WG @ 0.05 percent (15.30 PDI). The next best treatment in
managing the anthracnose was the seed treatment with
carbendazim 25 percent + mancozeb 50 percent @ 2 g Kg-1 +
spray with hexaconazole 5 percent EC @ 0.1 percent (23.65
PDI) and only spray with trifloxystrobin 25 percent +
tebuconazole 50 percent WG @ 0.05 percent. These results
are in confirmation with Deeksha and Tripathi (2002c);
Laxman (2006). Nagaraj (2013) reported propiconazole,
hexaconazole and carbendazim as effective fungicides
against anthracnose of blackgram and greengram.

The yield and yield parameters such as number of pods,
pod length, number of seeds per pod, test weight were highest

Table 1: Integrated management of foliar fungal diseases of greengram

* Arcsine values

PDI 
Treatments Chemicals Cercospora 

leaf spot 
Powdery 
mildew 

Anthracnose 
(on pods) 

No.  of 
pods  

plant-1 

Pod 
length 

(cm) 

No. of 
seeds   
pod-1 

Test 
weight 

(g) 

Yield 
(q  

ha-1) 
T 1 Seed treatment with Carbendazim 25% +  

Mancozeb 50% @ 2 g/kg 
47.52 

(43.57)* 
51.57 

(45.86) 
39.22 

(38.76) 
10.27 8.01 9.77 3.25 5.57 

T 2 Seed treatment with Trichoderma harzianum @ 10 
g/kg 

52.06 
(46.19) 

49.26 
(44.58) 

43.30 
(41.13) 

10.73 7.78 9.63 3.23 5.25 

T 3 T1+ Spray with Penconazole @ 0.1% at 50% 
flowering. 

38.68 
(38.44) 

26.68 
(31.10) 

32.90 
(34.98) 

13.52 8.83 11.96 4.31 6.41 

T 4 T2+ Spray with Penconazole @ 0.1% at 50% 
flowering 

39.80 
(39.10) 

30.96 
(33.81) 

33.03 
(35.06 

14.29 
 

8.69 12.77 4.03 6.29 

T 5 T1+ Spray with Propiconazole @ 0.1% at 50% 
flowering 

33.30 
(35.23) 

41.38 
(40.03) 

29.98 
(32.99) 

14.84 8.27 12.59 4.29 7.05 

T6 T2+ Spray with Propiconazole @ 0.1% at 50% 
flowering 

33.64 
(35.43) 

38.58 
(38.40) 

31.15 
(33.87) 

13.07 8.44 12.63 3.94 6.83 

T 7 T1+ Spray with Hexaconazole @ 0.1% at 50 % 
flowering 

25.05 
(30.01) 

27.25 
(31.47) 

23.65 
(29.05) 

19.29 9.22 13.74 
 

5.53 8.42 

T 8 T2+ Spray with Hexaconazole @ 0.1% at 50 % 
flowering 

28.12 
(31.99) 

30.48 
(33.51) 

26.17 
(30.69) 

19.17 9.13 13.43 5.22 8.05 

T 9 T1+ Spray with Trifloxystrobin 25% + 
Tebuconazole 50% WG @ 0.05% at 50% flowering. 

19.04 
(25.85) 

14.32 
(22.23) 

14.80 
(22.53) 

18.93 9.54 14.51 5.76 8.80 

T 10 T2+ Spray with Trifloxystrobin 25% + 
Tebuconazole 50% WG @ 0.05% at 50% flowering 

19.42 
(26.13) 

20.79 
(27.12) 

15.30 
(22.92) 

18.10 9.11 13.62 
 

5.70 8.56 

T 11 Spray with Penconazole @ 0.1% at 50% flowering 39.31 
(38.81) 

26.10 
(30.72) 

35.20 
(36.37) 

13.47 8.53 12.29 4.43 6.99 

T 12 Spray with Propiconazole @ 0.1% at 50% 
flowering. 

34.81 
(36.14) 

34.50 
(35.97) 

34.41 
(35.81) 

14.73 8.81 12.77 4.72 7.08 

T 13 Spray with Hexaconazole @ 0.1% at 50% flowering 25.92 
(30.60) 

25.47 
(30.31) 

31.43 
(34.08) 

18.71 9.04 13.37 5.55 8.27 

T 14 Spray with Trifloxystrobin 25% + Tebuconazole 
50% WG (Nativo) @ 0.05% at 50% flowering 

20.14 
(26.65) 

16.10 
(23.65) 

20.00 
(26.55) 

17.85 9.28 14.03 5.61 8.40 

T 15 Untreated control 57.39 
(49.26) 

54.83 
(47.77) 

47.38 
(43.79) 

8.6 7.55 9.62 3.07 4.97 

- S.Em.± 1.41 1.52 1.79 0.68 0.33 0.57 0.24 0.43 
- CD (0.05%) 4.08 4.57 5.20 1.96 0.96 1.66 0.71 1.24 
- CV (%) 6.87 7.94 9.31 8.07 6.56 8.08 9.25 10.43 
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in treatments involving spray with trifloxystrobin 25 percent
+ tebuconazole 50 percent WG @ 0.05 percent (8.80 q ha-1)
followed by hexaconazole 5 percent EC with and without
seed treatment options. Although, the yield and gross returns
were highest in treatments containing trifloxystrobin 25
percent + tebuconazole 50 percent WG @ 0.05 percent, the
highest benefit cost ratio of 2.85 was found with
hexaconazole 5 percent EC @ 0.1 percent treatment (Table 2).

The fungicides hexaconazole and trifloxystrobin 25
percent + tebuconazole 50 percent WG belong to triazoles
group and their combinations, respectively. These
fungicides interfered with the biosynthesis of fungal sterols
and inhibited ergosterol biosynthesis (Rawal, 1993), which
is essential for the structure of cell wall whose absence causes
irreparable damage to the fungus cell wall. Apart from this,
it also interferes in conidia and haustoria formation. These
changes in a sterol content and saturation of the polar fatty
acids lead to alterations in membrane fluidity and behaviour
of membrane bound enzymes (Nene and Thapliyal, 1993).

The study concluded that the combi fungicide,
trifloxystrobin 25 percent + tebuconazole 50 percent WG @
0.05 percent followed by hexaconazole 5 percent EC@ 0.1
percent with or without seed treatment combinations were
very effective in managing all the foliar fungal diseases of
greengram. However, only seed treatment options with

Table 2: Economics of different management schedules for foliar fungal diseases of greengram

* (Land rent – Rs 1000, land preparation- Rs 1500, seed cost- Rs 1200, sowing- Rs 1400, labour cost – Rs 1570, firtilizer cost- Rs 3921, Pest
management cost- Rs 400, Weed management cost- Rs 175, fungicides cost -Rs/ Kg (Carbendazim 25 % + Mancozeb % WS- 480,
Trichoderma harzianum- 200, Penconazole-2400, propiconazole-1500, hexaconazole-375, Trifloxystrobin 25 %+ Tebuconazole  50% WP-
6980), Water requirement for spray-500 lit/ha, Harvesting & Threshing cost-2500,  Price for seed- Rs 5000/q)

Treatments Chemicals 
Cost of  

cultivation 
(Rs)* 

Gross returns 
(Rs) 

Net returns 
(Rs) B:C ratio 

T 1 Seed treatment with Carbendazim 25% +  Mancozeb 50% @ 2 g/kg 14987 29590 14603 1.97 
T 2 Seed treatment with Trichoderma harzianum @ 10 g/kg 14981 28045 13064 1.87 
T 3 T 1+ Spray with Penconazole @ 0.1% at 50% flowering. 16551 33866 17315 2.05 
T 4 T2+ Spray with Penconazole @ 0.1% at 50 % flowering 16545 33316 16771 2.01 
T 5 T1+ Spray with Propiconazole @ 0.1% at 50% flowering 16051 37230 21179 2.32 
T6 T2 + Spray with Propiconazole @ 0.1% at 50% flowering 16045 36142 20097 2.25 
T 7 T1+ Spray with Hexaconazole @ 0.1% at 50% flowering 15488 44200 28712 2.85 
T 8 T2+ Spray with Hexaconazole @ 0.1% at 50% flowering 15482 42410 26928 2.74 
T 9 T1 + Spray with Trifloxystrobin 25% + Tebuconazole 50% WG @ 0.05% 

at 50% flowering. 
17046 46220 30244 2.71 

T 10 T2 + Spray with Trifloxystrobin 25% + Tebuconazole 50% WG @ 0.05% 
at 50% flowering 

17040 44960 28990 2.64 

T 11 Spray with Penconazole @ 0.1% at 50% flowering 16491 36870 20379 2.24 
T 12 Spray with Propiconazole @ 0.1% at 50% flowering. 15991 37440 21449 2.34 
T 13 Spray with Hexaconazole @ 0.1% at 50% flowering 15424 43570 28146 2.82 
T 14 Spray with Trifloxystrobin 25% + Tebuconazole 50% WG (Nativo) @ 

0.05% at 50% flowering 
16986 44304 28388 2.61 

T 15 Untreated control 14127 25530 11403 1.81 

 

carbendazim 25 percent + mancozeb 50 percent @ 2g Kg-1

and Trichoderma harzianum @ 10 g kg-1 are insufficient in
managing the foliar diseases as this recorded higher levels
of Cercospora leaf spot (52.06 PDI), powdery mildew (51.57
PDI) and anthracnose (43.30 PDI) diseases severity. The
results are in confirmation with management of soybean
anthracnose as reported by Nagaraj (2013).

REFERENCES
Anonymous, 2013, Fully revised estimation of principal crops in

Karnataka for the year 2012-13. Directorate of Economics
and Statistics, Bangalore, p. 118.

Channaveeresh, 2013, Studies on integrated management of
powdery mildew of blackgram caused by Erysiphe polygoni
DC. M.Sc. (Agri.) Thesis, University of Agricultural Sciences,
Dharwad (India).

Divya Jyothi, 2012, Epidemiology and management of powdery
mildew of greengram caused by Erysiphe polygoni DC.  M.Sc.
(Agri.) Thesis, University of Agricultural Sciences, Dharwad
(India).

Deeksha, J. and Tripathi, H. S., 2002c, Perpetuation of
Colletotrichum capsici in infected seeds and crop debris of
urdbean. Journal of Mycology and Plant Pathology, 32: 28-30.

Kunthi, J. P., Bhoraniya, M. F. and Vora, V. D., 2005, Management
of powdery mildew and Cercospora leaf spot of mung bean
by some systemic fungicides. Legume Research, 28: 65-67.



74 Journal of Eco-friendly Agriculture 12(1) 2016

M. C. Kavyashree, K. B. Yadahalli and Shamarao Jahagirdar

Kunthi, J. P., Bhoraniya, M. F. and Patel, V. N., 2009, Efficacy of
various fungicides for control of powdery mildew of
blackgram under dry land farming. Journal of Mycology and
Plant  Pathology, 28: 65-67.

Laxman, R., 2006, Studies on leaf spot of greengram caused by
Colletotrichum truncatum (Schw.) Andrus and Moore. M.Sc.
(Agri.) Thesis. University of Agricultural Sciences, Dharwad,
(India).

Nagaraj, B. T., 2013, Studies on anthracnose of soybean caused by
Colletotrichum truncatum (Schw.) Andrus and Moore. M.Sc
(Agri.) Thesis, University of Agricultural Sciences, Dharwad,
Karnataka (India).

Nene, Y. L. and Thapliyal, P. N., 1993, Fungicides in Plant Disease
Control. Third Edition, Oxford and IBH Publishing Co. Pvt.
Ltd., New Delhi, India, pp. 311-348.

Rajendra Prasad., 2006, Text book of field crops production. Pub.
Directorate of Information and Publication of Agriculture,
ICAR, New Delhi, pp. 258.

Rawal, R. D., 1993, Management of powdery mildew of grape
through the use of systemic fungicids.  Advances in Biological
Reseach, pp. 121-127.

Veena, 2012, Investigation on leaf spot of greengram caused by
Cercospora canescens Ellis and Martin. M.Sc. (Agri.) Theses,
University of Agricultural Sciences, Dharwad (India), p.
69.

Manuscript received on 4.5.2016
Manuscript accepted for publication on 16.7.2016



Journal of Eco-friendly Agriculture 12(1) 2016 75

Virulence studies and in vitro evaluation of antibiotics/antibacterial chemicals against citrus canker (Xanthomonas axonopodis pv. citri)
on acid lime

Journal of Eco-friendly Agriculture 12(1): 75-77: 2016

©2016

Virulence studies and in vitro evaluation of antibiotics/
antibacterial chemicals against citrus canker (Xanthomonas
axonopodis pv. citri) on acid lime
S.P. Nethravathi and K.B. Yadahalli
Department of Plant Pathology, College of Agriculture, Vijayapur - 586 101
University of Agricultural Sciences, Dharwad - 580 005, Karnataka, India
E-mail: nethrasp66@gmail.com

ABSTRACT

The experiment, conducted to screen virulent isolate with compatible host and pathogen combination in acid
lime and canker causing pathogenic culture of Xanthomonas axonopodis pv. citri (Xac) under controlled environment
condition using pinprick method and the best antibiotics/antibacterial chemical to manage the disease pathogen
revealed that the isolate Xac8, among the 10 isolates collected from acid lime growing areas of northern Karnataka,
was the most virulent followed by Xac5. Chloramphenicol, exhibiting a minimum inhibition zone of 3.22 cm against
the two highly virulent isolates of X. axonopodis pv. citri by inhibition zone assay method, was adjudged the most
significant and superior antibiotics.

Key words: Acid lime, virulence, pinprick, Xanthomonas axonopodis pv. citri, inhibition zone.

Citrus canker caused by Xanthomonas axonopodis pv.
citri is an important and devastating disease on acid lime
causing huge economic losses to citrus industry. The disease
occurs in epiphytotic proportions worldwide. Acid lime
(Citrus auruntifolia Swingle) ranks third in area and
production among citrus species in India. Though a large
amount of variability exists in acid lime (Bhattacharya and
Dutta, 1956; Chakrawar and Jature, 1980; Prasad, 1989;
Prasad and Rao, 1989), the citrus canker caused by
Xanthomonas axonopodis pv. citri is one of the major constraints
in its cultivation (Pal and Chand, 1983) and chemical control
of the disease is reported not to be successful (Balraman and
Prusotaman, 1981; Krishna and Neema, 1981). Since all the
acid lime isolates collected from different parts of northern
Karnataka were susceptible to citrus canker (Prasad et al.,
1991), efforts to screen out the most virulent among different
isolates, under controlled environment conditions, was
attempted. Besides, in vitro efficacy of different antibiotics/
antibacterial chemicals against two virulent isolates on acid
was also evaluated.

MATERIALS AND METHODS

Virulence studies of different leaf isolates
Ten bacterial cultures, isolated from lime plant foliage

collected from Vijayapur and Bagalkot (table 1), were
maintained separately on NA. The bacteria were multiplied
in nutrient broth by inoculating a loopful of culture into the
broth contained in separate Erlenmeyer flask; the inoculated
flasks were incubated at 28±1o C for 72 hrs.

Before inoculation, five months old 40 lime plants raised

in pots were divided into three replications and one control
for all the ten isolates. The plants after water spray were
covered with a polythene sheet for 24 hours. Different
representative isolates were artificially inoculated (using
pinprick method for predisposition). Bacterial culture
adjusted to 108 cfu/ ml was sprayed on to the surface of
healthy citrus seedlings with an atomizer, the sprayed plants
covered with a polythene sheets and kept in a tent, where
humidity was maintained by constant spraying of water at
25 - 30o C for the next 72 hours. Plants sprayed with sterilized
distilled water were kept as a control.

The virulence of each of these isolates was assessed
using the scale (Seif and Hillocks, 1999) for their disease
severity, symptom types etc.

A set of four commercially available antibiotic
compounds (streptocycline, bacterinashak, binol-100 and
chloramphenicol) and one antibacterial chemical (copper
oxychloride) each at three concentrations (500, 1000 and 1500
ppm) were evaluated under in vitro condition for their efficacy
against the two highly virulent isolates of X. axonopodis pv.
citri by inhibition zone assay method.

Inhibition assay test was performed for identified X.
axonopodis pv. citri strains. The medium was prepared and
sterilized by autoclaving at 121°C for 15 min, 15 lb/ inch2.
The medium was then plated on sterile petri dishes and
allowed to solidify. 5 ml nutrient broth was dispensed in
screw-capped test tubes and sterilized for inoculum
preparation. The X. axonopodis culture after autoclaving were
inoculated in the sterilized test tubes containing the medium
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and placed in an incubator for 24 hr at 28°C. For each
inhibition assay test, 250 ìl of microbial inoculum from
cultured nutrient broth was spread using glass spreader on
the surface of nutrient agar.

The bactericide solutions with desired concentrations
were prepared. The filter paper discs (Whatman No. 42)
measuring 0.5 cm in dia were soaked in the respective
chemical solution for 5 minutes and transferred on to the
surface of the seeded medium in petriplates and incubated
at 28±1ºC for 72 hours in an inverted position. The results
were recorded as zone of inhibition. The diameters of the
clear zone were measured indicating the areas of inhibition
zone they produced around them. The results obtained were
analyzed statistically.

RESULTS AND DISCUSSION

Virulence studies of different leaf isolates
Virulence of different isolates summarized in table 2

shows that all the ten isolates of Xac, expressing the typical
canker symptoms, were pathogenic on acid lime leaves.
Pinhead size lesions appeared within seven days after
inoculation. The symptoms were circular, raised, corky, 4-
5mm in diameter with yellow halo around the lesions
becoming crater like later. The isolate collected from Salotagi
(Xac8) was most virulent with maximum per cent disease
index of 55.66 per cent. It was followed by Xac5 recording
PDI of 47.22 per cent and minimum PDI (27.78% and 28.57%)
in Xac3 and Xac7 collected from Lokapur and Bandal
villages, respectively. The present findings are in accordance
with the report of Manonmani et al. (2009).

The virulence of different isolates depends mainly on
the compatible combination between the host and pathogen
and also controlled environment conditions and the amount
of inoculum and susceptibility of the host plant. The present

findings are in conformity with Shiotani et al. (2007) and
Amaral et al. (2010). Resistance of citrus genotypes to Asian
citrus canker, caused by Xanthomonas citri subsp. citri (Xcc)
was evaluated on 582 accessions (319 varieties of sweet
orange), including varieties with a potential commercial use.
A wide range of reaction was observed, with approximately
13.0 percent of all accessions resistant to citrus canker, 42.0
percent moderately resistant, 20.0 percent susceptible, and
25.0 percent highly susceptible.

In vitro evaluation of antibiotics / antibacterial chemicals
against Xanthomonas axonopodis pv. citri

The results (table 3) revealed that, among the different
bactericides and antibiotics evaluated against the growth of
the pathogen in isolate Xac5 (Atharga), chloramphenicol
was found significantly superior over the rest of the
treatments even at minimum concentration of 500 ppm
(inhibition of 4.5 cm) and the efficacy of chloramphenicol
was significantly superior to its higher concentrations of
1500 ppm with maximum inhibition zone of 4.91 cm. The
next best bactericides were streptocycline (3.96 cm) and
Binol-100 (3.89 cm) which were found moderately effective
and were on par with each other. Among the chemicals
significantly lower efficacy was exhibited by the copper
oxychloride (3.72 cm) even at the higher concentration of
1500 ppm. Efficacy among the concentrations was found
significant in all the chemicals.

The results for the isolate Xac8 revealed that among
the different bactericides and antibiotics evaluated against
the growth of the pathogen, chloramphenicol was found
significantly superior than rest of the treatments with mean
inhibition zone of 3.22 cm followed by streptocycline (2.52
cm) and bacterinashak (2.09 cm). Significantly lower efficacy
among the chemicals was exhibited by copper oxychloride
(1.70 cm). Efficacy between the concentrations was significant
in all the chemicals at 1500 ppm and 1000 ppm

Table 2. Virulence studies of different citrus canker isolates

*Figures in parenthesis are arcsine-transformed values

Place of collection Isolates Per cent disease index (PDI) 
Sokkanadgi Xac1 36.11 (36.94)* 
Mulwad Xac2 41.67 (40.20) 
Lokapur Xac3 27.78 (31.81) 
Nagathan Xac4 38.89 (38.58) 
Atharga Xac5 47.22 (43.41) 
Naad Xac6 33.33 (35.26) 
Bandal Xac7 28.57 (32.31) 
Solatagi Xac8 55.66 (48.19) 
Kannolli Xac9 41.67 (40.20) 
Kadlewad Xac10 30.56 (33.56) 
S.Em± 0.52  
C.D. at 5% 1.51  

 

Table 1. List of citrus canker isolates (Xanthomonas
axonopodis pv. citri) collected from different
geographical regions from Vijayapur and Bagalkot
district during 2014 -2015

Districts Taluks Origin Leaf  isolate 
number 

Fruit isolate 
number 

Bagalkot Sokkanadgi Xac1 Xac11 
Bagalkot Mulwad Xac2 Xac12 Bagalkot 
Mudhol Lokapur Xac3 Xac13 
Vijayapur Nagathan Xac4 Xac14 
Indi Atharga Xac5 Xac15 
Indi Naad Xac6 Xac16 
Sindagi Bandal Xac7 Xac17 
Indi Solatagi Xac8 Xac18 
Sindagi Kannolli Xac9 Xac19 

Vijayapur 

Sindagi Kadlewad Xac10 Xac20 
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Table 3. In vitro evaluation of antibiotics/ bactericides against Xanthomonas axonopodis pv. citri

*No inhibition in control

Inhibition zone (cm) 
Concentration (ppm) 

Xac5 Xac8 
Antibiotics 

500 1000 1500 Mean 500 1000 1500 Mean 
Bacterinashak 3.67 3.86 4.09 3.87 1.64 1.93 2.69 2.09 
Streptocycline 3.84 3.98 4.06 3.96 2.22 2.68 2.66 2.52 
Binol-100 3.78 3.86 4.02 3.89 1.80 1.88 2.21 1.96 
Chloramphenicol 4.50 4.59 4.91 4.67 2.71 3.36 3.58 3.22 
Copper oxychloride 3.69 3.71 3.75 3.72 1.45 1.60 2.05 1.70 
Mean 3.90 4.00 4.17 4.02 1.964 2.29 2.638 2.30 
Source S.Em.± C.D. @ 1 % S.Em.± C.D. @ 1 % 
Treatments (A) 0.01 0.03 0.01 0.06 
Concentration (B) 0.03 0.13 0.06 0.22 
A x B 0.02 0.07 0.03 0.13 

 
concentrations. Suryawansi and Gangawane (2011) reported
that streptomycin + Cu were highly efficient against X.
axonopodis pv. citri about 82.62 per cent. Results obtained by
Manjula et al. (2002) on in vitro efficacy of bactericides against
Xanthomonas axonopodis pv. punicae indicated that,
paushamycin (500 ppm) and K cycline (500 ppm) produced
the highest inhibition zone followed by bacterinol and
bacteriomycin. Copper oxychloride @ 2000 ppm was found
moderately effective and kasugamycin @ 500 ppm
concentration was ineffective.

The present findings were in agreement with the report
of Islam et al. (2014) which revealed that all the isolates offered
high degree of resistance against the commonly used
antibiotics. By comparing the zone created by the isolates
with the standard zone of inhibition, all isolates were 100
percent resistant to a cefotaxime (CTX). Chloramphenicol
was found as the most effective among the tested antibiotics.
X. axonopodis pv. citri  were found resistant (R) for gentamycin
(GEN)-33.3%, bacitracin (B)-77.7%, streptomycin (S)-55.5%,
cefotaxime (CTX)-100%, chloramphenicol (C)-0%,
intermediate (I) were GEN-44.4%, B-22.2%, S-0%, CTX-0%,
C-22.2% and susceptible (S) were GEN-22.2%, B-0%, S-44.4%,
CTX-0%, C-77.7%.
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Tomato (Lycopersicon esculentum Mill.), belonging to the
family Solanaceae, originated in the Andian region of South
America. Its cultivation became popular because of its varied
climatic adaptability and high nutritive value since mid
nineteenth century. The crop is grown for its edible fruits,
which is consumed either fresh or in processed forms such
as puree, paste, soup, juices, ketchup and whole canned
fruits etc. It is a crop of medicinal importance as the pulp and
juice is digestible, promoter of gastric secretion and blood
purifier. It is a good source of vitamins A, B, C and minerals.
The attractive red colour of fruit is due to lycopene and the
yellow colour is due to carotenes. Hence, tomatoes are called
as “Poor man’s apple”. Amongs factors operating in
successful cultivation and marketing of quality tomato, the
diseases play an important role. Among the diseases, early
blight, also known as target spot diseases, incited by
Alternaria solani (Ellis and Martin) Jones and Grout, is one of
the world’s most catastrophic disease incurring loss both at
pre and post harvest stages in tomato growing tracks of India,
so also in Karnataka. The present attempt has been made to
identify the relationship of weather parameters for disease
occurrence, survival and dissemination of the pathogen in
nature, which help in devising forecasting systems and
developing an appropriate model for prediction of the disease
to avoid epidemics.

MATERIALS AND METHODS
Aerobiological studies were carried out to trap the

conidia of Alternaria solani present in the air current during
2011. An aeroscope exposure of stationary slide was done
by mounting it on a wind vane and placed inside tomato
field at Saidapur farm of UAS, Dharwad. A glass slide thinly
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severity of early blight of tomato
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ABSTRACT

The studies carried out to understand the epidemiology of Alternaria blight of tomato during 2011 revealed that
per cent disease index (PDI) that progressed at linear rate throughout the plant growth, was negatively correlated
with minimum temperature, relative humidity (morning and evening) and the rainfall, while it was positively correlated
with the maximum temperature. The spore load of Alternaria solani in the open air, found maximum during October
and November, showed positive correlation with the maximum temperature, and significant negative correlation with
the minimum temperature and evening relative humidity.

Key words: Alternaria solani, spore load, aerobiology, weather factors

smeared with vaseline to trap spores was keept in the slot
inside the box. The slide was removed every day at 8.00 am
and average number of conidia per microscopic field was
recorded under low power. Ten such counts were taken into
considerations to assess spore load and PDI at different
intervals and correlated with meteorological parameters. The
effect of meteorological factors viz., temperature, relative
humidity, rain fall and number of rainy days on the incidence
and development of early blight of tomato was recorded.
The observations on disease incidence and severity starting
from first day of its appearance till the end of the crop were
recorded. The data were correlated with weather parameters
by simple correlation. The planting was taken on 10th August
during 2011. Observations were taken from 37th standard
week at weekly interval. The data are presented in Table 1.

RESULTS AND DISCUSSION
The data revealed that the PDI, which was lowest (4.25)

during 37th standard weeks, increased throughout the
cropping period. It was at its peak of 71.30 and 80.30 during
last stage that is 47th and 48th standard week, respectively
(Table 1).

The maximum temperature during the cropping period
ranged from 26.03ºC (37th standard week) to 30.63ºC (46th

standard week) and the, minimum temperature from 12.97ºC
(48th standard week) to 26.03ºC (37th standard week). The
relative humidity (morning) ranged from 62.71 per cent (47th

standard week) to 95.29 per cent (37th standard week) and
relative humidity (evening) from 28.57 per cent (48th standard
week) to 80.71 per cent (37th standard week). The rainfall
was very erratic. It ranged from 0.00 mm (46th standard week)
to 18.97 mm (42nd standard week).

mailto:kbyadahalli@gmail.com
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Correlation and multiple linear regression analysis
between early blight severities of tomato in relation to
weather parameters

The PDI obtained at different stages of crop growth
were correlated with weather parameters prevailed during
the respective stage. The correlation coefficients are presented
in Table 2. The results revealed that during 2011, maximum
temperature (r = 0.661) was significantly positively
correlated with PDI, minimum temperature (r = -0.849) was
significantly negatively correlated with PDI. Morning relative
humidity (r = -0.820) and evening relative humidity (r = -
0.930) were significantly negatively correlated with PDI.
While, rainfall (-0.278) was non-significantly negatively
correlated with PDI. The data we are subjected to multiple
linear regression analysis.

The regression equation is

Y = 169.425 – 0.192X1 + 0.377 X2 + 0.455X3 – 1.881 X4 +
0.089X5

With R2 = 0.91 (where, Y = PDI; X1 = maximum
temperature (0C); X2 = minimum temperature (0C); X3 = relative
humidity (morning) (%); X4 = relative humidity (Evening)
(%) and X5 = rainfall (mm).

The multiple regression fit was highly significant for
the data with R2=0.91 for the PDI. The significance of the
coefficients is presented in Table 3. The evening relative
humidity left significantly negative impact on PDI, while all
other variables were non-significant.

The relationship between spore load of A. solani and
weather factors during 2011 (Table 4) indicated that
maximum temperature (r = 0.796) was significantly positively
correlated with spore load, while the minimum temperature
(r = -0.620) was significantly negatively correlated with spore
load. The relative humidity of the morning (-0.314) was non-

Table 1: Effect of environmental factors in relation to spore load of Alternaria solani and disease progression during 2011
Temperature (C) Relative humidity (%) Standard 

week No. Month and  date Average 
spore load  PDI 

Maximum Minimum Morning Evening 
Rainfall 

(mm) 
37 Sept10-16 0 4.25 26.03 26.03 95.29 80.71 6.51 
38 Sept 17-23 5.2 9.33 28.87 20.33 91.43 66.86 0.69 
39 Sept 24-30 11.4 15.46 28.20 19.54 90.00 64.14 1.00 
40 Oct 1-7 16.5 21.65 30.03 18.54 87.86 53.29 0.77 
41 Oct 8-14 13.4 28.12 30.00 20.00 91.00 62.00 6.00 
42 Oct 15-21 22.6 35.50 29.94 20.20 92.00 58.43 18.97 
43 Oct 22-28 18.5 43.80 29.99 19.73 91.29 58.29 6.33 
44 Oct 29-Nov 4 16.3 50.20 29.66 19.29 85.43 50.71 0.29 
45 Nov 5-11 21.4 58.90 29.97 18.27 88.86 49.57 0.37 
46 Nov 12-18 13.7 66.20 30.63 15.67 69.86 31.29 0.00 
47 Nov 19-25 17.6 71.30 30.33 14.96 62.71 31.43 0.00 
48 Nov 26-Dec 2 19.1 80.30 29.63 12.97 68.14 28.57 0.00 

 

Table 2: Correlation between per cent disease index of early
blight of tomato in relation to weather parameters

*Significant at 1% probability; *Significant at 5% probability

Parameter Y X1 X2 X3 X4 X5 
Y 

PDI 
1.00      

X1 
Maximum 

Temperature 
(C) 

0.661* 1.00     

X2 
Minimum 

Temperature 
(C) 

-0.849** -0.732** 1.00    

X3 
Morning RH (%) 

-0.820** -0.475 0.856** 1.00   

X4 
Evening RH (%) 

-0.930** -0.719** 0.954** 0.919** 1.00  

X5 
Rainfall (mm) 

-0.278 -0.088 0.440 0.460 0.40 1.00 

 

Table 3: Multiple linear regression of per cent disease index
of tomato early blight in relation to weather
parameters

Parameter 

X1 

Maximum 
Temperature 

(C) 

X2 

Minimum 
Temperature 

(C) 

X3 

Morning 
RH (%) 

X4 

Evening 
RH (%) 

X5 

Rainfall 
(mm) 

β –Value 
(RC) 

-0.192 0.377 0.455 -1.881 0.089 

SE of β (r) 5.199 3.473 1.002 1.085 0.690 
Intercept 

() 
169.425 

R2 Value 0.91 
Multiple linear regression equation Y= α+ β1X1 + β2X2+  β3X3 + β4X4 + β5X5

Y= 169.425 – 0.192X1 +0.377 X2 + 0.455X3-1.881 X4+0.089X5
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significantly negatively correlated while that of evening (-
0.601) was significantly negatively correlated with weekly
spore load. The rainfall (0.167mm) was non-significantly
positively correlated. The data were again subjected to
multiple linear regression analysis.

The regression equation is:

Y = – 17.116 + 0.092X1 – 0.333 X2 + 1.211X3 – 1.485X4 +
0.363X5

With R2 = 0.86 (where, Y= PDI; X1 = maximum
temperature (°C); X2 = minimum temperature (°C); X3 =
relative humidity (morning) (%); X4 = relative humidity
(evening) (%) and X5 = rainfall (mm))

The multiple regression fit was found highly significant
for the data with R2= 0.86 for the spore load. Since all the
variables were non significant, none of the weather
parameters affected the spore load.

Studies on aerobiology of the pathogen are important
in order to forecast the occurrence of disease and in devising
supervisory management practices. In the present
investigation, the sampling of air borne conidia of Alternaria
solani in tomato field was carried out under different
environmental conditions. The inoculums were continuously
available in the form of conidia throughout the crop season.
Hence, air sampling for presence of conidia was carried out
by mounting spore trap in tomato experimental field. The
data on intensity of early blight in relation to atmospheric
spore load and weather parameters are presented in Table 5.
To measure conidial load, several techniques have been used.
Kulkarni and Ramakrishnan (1977) used Burked volumetric
spore trap. In the present study, the spore trap for stationary
slide was used.

The relationship between weather factors and disease

Table 4: Multiple linear regression of spore load of tomato
early blight caused by Alternaria solani in relation
to weather parameters

Parameter 

X1 

Maximum 
Temperature 

(C) 

X2 

Minimum 
Temperature 

(C) 

X3 

Morning 
RH (%) 

X4 

Evening 
RH 
(%) 

X5 

Rainfall 
(mm) 

β –Value 
(RC) 0.092 -0.333 1.211 -1.485 0.363 

SE of β (r) 1.624 1.085 0.313 0.339 0.216 
Intercept 
() 

-17.116 

R2 Value 0.86 
Multiple linear regression equation Y= α+ β1X1 + β2X2+  β3X3 + β4X4 + 

β5X5 
Y= -17.116 +0.092X1 -0.333 X2 + 1.211X3-1.485 X4+0.363X5 

 

Table 5: Correlation between spore load of early blight of
tomato in relation to weather parameters

*Significant at 1% probability, Significant at 5% probability

Parameter Y X1 X2 X3 X4 X5 
Y 
Spore load 

1.00      

X1 
Maximum 
Temperature 
(C) 

0.796** 1.00     

X2 
Minimum 
Temperature 
(C) 

-0.620* -0.732** 1.00    

X3 
Morning RH 
(%) 

-0.314 -0.475 0.856** 1.00   

X4 
Evening RH 
(%) 

-0.609* -0.719** 0.954** 0.919** 1.00  

X5 
Rainfall (mm) 

0.167 -0.088 0.440 0.460 0.40 1.00 

 

severity progressed at linear rate with the plant age. Older
leaves were more susceptible than the young leaves. The
minimum temperature had significant negative effect on the
PDI. The Alternaria blight of tomato depended mainly on the
weather. Excessive sporulation of the conidia and good
incubation temperature resulted in progressive increase of
the disease. Bhaskaran and Kandaswamy (1980) have
reported that prolonged minimum temperature of 20oC is
very much congenial for the development of the disease. The
relative humidity (morning and evening) had negative
correlation with PDI. The results obtained are contrary to
the previous studies conducted by Hiremath et al. (1990) and
Rajiv Kumar and Singh (1996) in case of Alternaria blight of
sunflower. This may be due to variations in relative humidity
that prevailed during morning hours in the cropping period.
Benagi (1995) noticed that, RH-I and II of kharif 1993, RH-I
and maximum temperature of kharif, 1994 were found to have
negative relationship with the disease severity of late leaf
spot of groundnut.

The rainfall, during the cropping period that ranged
between 0.00 mm to 18.97 mm, had non-significant negative
effect on PDI. This may be due to its highly erratic nature
during the cropping year. Hiremath et al., 1990 reported
influence of rainfall on diseases development. Erratic nature
of rainfall does not give clear picture in correlation studies.
The present situation was very much similar to the findings
of Rajivkumar and Singh (1996) who reported that rainfall
was not correlated with disease development of Alternaria
blight of sunflower because of its erratic nature. The multiple
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linear regression equation developed for 2011 was Y =
169.425 – 0.192X1 + 0.377 X2 + 0.455X3 – 1.881 X4 + 0.089X5
With R2 = 0.91 i.e., the weather factors put together influence
PDI to the extent of 90.0 per cent. Champawat and Sharma
(2009) studied the influence of environmental factors on the
development of Alternaria blight of tomato.

REFERENCES
Benagi, V. I. 1995. Epidemiology and management of late leaf

spot of groundnut caused by Phaeoisariopsis personata (Berk.
and Curt.) V. Arx. Ph. D. Thesis, University of Agrilcultural
Sciences, Dharwad, Karnataka (India).

Bhaskaran, R. and Kandaswamy, T. K. 1980. Epidemiology of
leaf spot disease of sunflower. East African Agricultural and
Forestry Journal, 43: 5-8.

Champawat, R, S., and Sharma, R. S. 2009. Influence of
temperature, relative humidity and rainfall on Alternaria
blight of tomato. Journal of Mycology and Plant Pathology, 39:
550.

Hiremath, P. C., Kulkarni, M. S. and Lokesh, M. S. 1990. An
epiphytotic of Alternaria blight of sunflower in Karnataka.
Karnataka Journal of Agricultural Sciences, 3: 277-278.

Kulkarni, S. and Ramakrishnan, K. 1977. Epidemiology and
control of brown leaf spot of rice caused by Drechslera oryzae
(Breda de Haan.) Subram and Jain in Karnataka. Mysore
Journal of Agricultural Sciences, 11: 598.

Rajivkumar and Singh, S. B. 1996. Influence of weather factors on
Alternaria leaf spot development in sunflower. Indian
Journal of Mycology and Plant Pathology, 26: 196-198.

Manuscript received on 4.5.2016
Manuscript accepted for publication on 6.7.2016



82 Journal of Eco-friendly Agriculture 12(1) 2016

Pushpa Chethan Kumar, Abhay Dikshit, Neelima Garg and Kaushlesh YadavJournal of Eco-friendly Agriculture 12(1): 82-86: 2016

©2016

Evaluation of mango-papaya blended fruit bar for quality and
acceptability attributes under storage
Pushpa Chethan Kumar1*, Abhay Dikshit, Neelima Garg and Kaushlesh Yadav
Division of Post Harvest Management, ICAR-Central Institute for Subtropical Horticulture, Rehmankhera, P.O. Kakori, Lucknow, Uttar Pradesh,
India-226101
1Author’s present address:
 Division of Post Harvest Technology, ICAR-Indian Institute of Horticultural Research, Hessaraghatta Lake Post, Bengaluru, Karnataka, India-
560089
*Corresponding author’s Tel: 91-80-28466420-23, Ext. 374, Fax: 91-80-28466291,
E-mail: pushpa@iihr.res.in; pushpa0908@gmail.com

ABSTRACT

Evaluation of mango-papaya fruit bars, for their microbiological and sensory parameters under storage at
ambient temperature for up to 180 days revealed that the fruit bar prepared with 60 and 40 percent of manago and
papaya pulp, respectively scored high values throughout the storage period. The study showed that titratable acidity
of the product increased whereas the total soluble solids and total carotenoids content decreased with the advancement
of storage period. Non-enzymatic browning increased during the storage period. Statistical analysis revealed that
different combination of mango-papaya blend had significant effect on sensory score of the product. It was found
that 40.0 percent RH in room temperature was the optimum storage condition for storing the fruit bars.

Keywords: Mango, papaya, blended fruit bar, quality parameters

Mango (Mangifera indica) and Papaya (Carica papaya)
are commercially important fruits with a production share
of 20.7 and 6.3 percent, respectively among major fruit crops
in India (Indian Horticulture Database, 2014). These being a
very good sources of vitamins and minerals, especially
vitamin A precursor carotenoids, beneficial to human health
care and known to reduce the risk of different types of cancers,
eye diseases and cardiovascular diseases (Johnson, 2002),
are consumed as table fruit. Mango is used for preparation
of juice, squash; jam etc., whereas papaya is unsuitable for
juice preparation because of its poor taste after processing
(Sindhumathi and Premalatha, 2015). It has therefore been
used in blended form of ready to serve (RTS) beverages with
fruits like pineapple (Sindhumathi and Premalatha, 2015),
guava (Tiwari, 2000), bael (Tandon et al., 2007) and squash
with banana and carrot (Kayshar et al., 2014).

Fruit bar is one of the dehydrated confectionery
products prepared by mixing dry fruit pulp with appropriate
quantities of sugar, pectin, acid and color (Narayana et al.,
2007). These are nutritionally rich, convenient and snacky
food. Mango bar/leather with fruits like banana (NIIR, 2001)
and guava (Hemakar et al., 2000) has been developed but
was not tried with papaya. Hence, the fruit bar using mango
cv. Dashehari was prepared and its quality and sensory
parameters as also its consumption suitability under different
period of storage was evaluated.

MATERIALS AND METHODS
Preparation of mango-papaya blended fruit bar: Mango
cv. Dashehari procured from the orchard of Central Institute
for Subtropical Horticulture, Lucknow and papaya
purchased from local market was used in the experiment.
Pulp from mango and papaya was extracted, heated up to
80 ºC and preserved after cooling with 1000 ppm KMS in
food grade carboys separately. The pulp was blended in six
combinations 100:0, 80:20, 60:40, 40:60, 20:80 and 0:100 ratios
with a total soluble solids (TSS) and the acidity adjusted to
25 ºB and 0.3 percent, respectively in all treatments. The
blends so prepared were spread into glycerin smeared trays
at 12.5 kg pulp/m2 area. The mango - papaya blended bar
was dried at 60 ºC in an electric dehydrator up to a moisture
level of 15-20%, cut into desirable shape, wrapped with butter
paper and stored at room temperature in food grade
packaging up to six months.

Quality parameters of different bars was studied using
samples withdrawn regularly at an interval of 60 d up to
180 d and analyzed for total soluble solids (TSS) by making
the sample into paste by soaking in distilled water and
measured using hand held refractometer (ERMA, Japan 0-
30%) and adjusting the reading with the correction factor at
20 ºC temperature and expressed as ºBrix(ºB) by converting
using dilution factor. Titratable acidity was measured by
titrating the sample aliquot against 0.1N NaOH using
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phenolphthalein as indicator and expressed as % citric acid.
Total carotenoids were estimated spectrophotometrically by
measuring absorption at 452 nm (Ranganna, 2000).

Non-enzymatic browning (NEB) was determined by
measuring the optical density (OD) of methanol extracted
samples at 440 nm in UV-VIS spectrophotometer (Labomed.
Inc., USA) and equilibrium relative humidity (ERH) studies
were done as per the methods described by Ranganna (2000).
Mango-papaya blend fruit bars were exposed to different
relative humidity (RH) conditions of 0, 20, 40, 60, 80 and 100
percent using sulphuric acid solutions at room temperature.
The moisture content of the samples was determined at
regular intervals until the samples showed water
condensation and mold growth. Accordingly moisture
sorption isotherms of samples were drawn. The samples
were critically observed for water condensation and mold
growth during the study.

Sensory evaluation was done by a group of 10 semi-
trained panelists acquainted with fruit bar quality. The
sensory data was collected for parameters viz., color, flavor,
taste, texture and overall acceptability on Hedonic scale with
a maximum score of 9 for “like extremely” and minimum of
1 for “dislike extremely” (Amerine et al, 1965). For
microbiological quality analysis, samples were analyzed for
the presence of aerobic microbial counts as per the procedure
of Speck (1985).

A complete randomized block experimental design was
used for the study. Data were analyzed using WASP
statistical software (Web Agri Stat Package, Version 2.0, ICAR
Research Complex for Goa, Ela, Goa, India.).

RESULTS AND DISCUSSION

Quality parameters
Data on changes in quality parameters of mango-

papaya fruit bar are summarized in table 1. The results
showed that the changes in TSS (ºB) of mango-papaya

blended fruit bar during storage was significantly affected
showing a decreasing trend in all the treatments (Table 1).
Initially, T6 showed high TSS (94.00 ºB) followed by T1 (93.00
ºB) and least in T2, T3, T4 and T5 (90.00 ºB). High TSS in
papaya bar compared to their blends could be attributed to
their high carbohydrate content (Kumar et al., 2010). Lowest
TSS in T3 (80.00 ºB) and highest in T4 (88.00 ºB) was recorded
after 180 d of storage period. Similar decrease in TSS in wild
apricot fruit bar under six months of storage (Sharma et al.,
2013) and papaya fruit bar under nine months of storage
(Aruna et al., 1999) was reported.

Initial titratable acidity of different treatments ranged
between 0.76 and 0.90%. High acidity in T6 and lowest in T3
and T5 was observed during initial storage period. An
increasing trend of acidity was observed during storage.
Highest acidity in T1 and T2 (0.93%) whereas lowest in T6
(0.78%) was observed at the end of storage period. The
increase in acidity might be attributed to loss of moisture
(Aruna et al., 1999). Similar trend of increased acidity during
storage of guava fruit bar was also reported (Kumar et al.,
2007; Khan et al., 2014).

Effect of storage period on total carotenoids content
(Figure 1) showed decreasing trend throughout the storage
period. High carotenoids content was observed in T2 (2.92
mg/100g) followed by T3 and T1 (2.90 mg/100g) during
initial storage period. However, highest retention of
carotenoids was observed in T6 (1.86 mg/100g). The
degradation of carotenoids in blended fruit bars may be
attributed to its sensitivity to light, oxygen and temperature
(Sablani, 2006). Similarly, decrease in total carotenoids was
observed in carrot bar after four months storage period
(Aggarwal and Kaur, 2014).

A significant change in non enzymatic browning was
observed during storage.  Papaya and mango fruit bar
without any blend (T1, T6) and T2 showed high NEB values
from an initial value of 0.121, 0.118 and 0.123, respectively

Table 1. Changes in quality parameters of Mango-papaya blended fruit bar during storage.

Mean values with different superscript in each column are significantly different (P=0.05) Figures denoted with A, B and C are data on
TSS (ºB), titratable acidity (%) and non-enzymic browning

Storage period ( in days) Treatment combinations (%) 
0 60 120 180 

 Mango Papaya A B C A B C A B C A B C 
T1 100 0 93.00b 0.85b 0.121a 95.00a 0.97a 0.118 89.50a 0.85a 0.114b 86.00b 0.93a 0.132ab 
T2 80 20 90.50c 0.85b 0.123a 90.50c 1.01a 0.115 85.00a 0.89a 0.132a 86.00b 0.93a 0.136a 
T3 60 40 90.00c 0.76c 0.114b 92.50b 0.85b 0.101 86.50a 0.85a 0.081c 80.00d 0.84b 0.092d 

T4 40 60 90.00c 0.85b 0.115b 93.00b 0.85b 0.102 90.50a 0.89a 0.106b 88.00a 0.84b 0.121bc 
T5 20 80 90.00c 0.76c 0.113b 90.50c 0.80b 0.104 86.00a 0.84a 0.115b 85.00c 0.84b 0.115c 

T6 0 100 94.00a 0.90a 0.118ab 95.00a 0.85b 0.123 88.00a 0.88a 0.120ab 86.00b 0.78c 0.132ab 
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to 0.132 and 0.136 after 180 d of storage period. High NEB
values may be because of oxidation of vitamin C content and
polyphenols present in the fruits (Okilya et al., 2010). Similar
increase in NEB value in papaya leather with increasing
composition of papaya was also observed by Kumar et al.,
2010 and Babalola et al., 2002. Lowest NEB value of 0.092 in
T3 after 180 d of storage period was observed. So, a blend of
60 percent mango and 40.0 percent papaya retained good
color during storage period. Babalola et al (2002) reported
non-enzymatic browning as one of the major causes of
quality deterioration in processed fruit products.

Equilibrium moisture content - relative humidity (EMC-
RH) studies

The equilibrium moisture content and relative humidity
(EMC-RH) data is one of the important aspects of dehydrated

products to identify the proper storage condition and type of
packaging. The isotherms plotted using the data on
equilibrium moisture content and relative humidity of
blended mango papaya fruit bars (Fig. 2) revealed that fruit
bars at 60.0 percent RH showed adsorption of moisture and
changed in colour. The lump formation and microbial growth
on fruit bars appeared at 80.0 percent RH. The optimum RH
for storing the fruit bars at room temperature was found to
be 40.0 percent.

Sensory evaluation
Sensory evaluation of mango- papaya blended fruit bar

for overall acceptability during storage (Figure 3) showed
significant difference among treatments for overall
acceptability during storage. The score for overall
acceptability of different combinations of mango-papaya

Fig. 1. Changes in total carotenoids content (mg/100g) of mango-
papaya blended fruit bar during storage. Bars represent
standard error, n=3

Fig. 2. Moisture sorption isotherm of different combinations of
mango-papaya blended bar

Fig. 3. Changes in sensory score for overall acceptability of
mango-papaya blended fruit bar during storage period.
Bars represent standard error, n=10. Column with
different letters differ significantly at 5% level.

Fig. 4. Effect of storage period on growth of osmophillic microbes
in mango-papaya fruit bar
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blended fruit bar decreased towards the end of storage period.
During initial storage period, T3 scored high (7.95) followed
by T4 and T5 (7.68) whereas least was scored by T1 (7.00).
After 180 d of storage period, highest score was retained in
T3 and least in T1. Babalolo et al., (2002) reported that papaya
leather was rated high than guava leather in terms of
sweetness. Therefore, T3 having 40 percent papaya pulp
scored high throughout the storage period with overall
acceptability score of 7.95 from zero day to 7.56 even after
180 d of storage period.

Microbial studies
Slight increase in total plate count (TPC) was observed

during the period under investigation. The initial osmophilic
microbial count was negligible to low in all the treatments
(Fig. 4). There was gradual increase in microbial growth over
the incubation period of first 60 days and then increased
slightly. Among treatments, T4, T5 and T6 showed higher
osmophilic growth than in T1, T2 and T3 which may be
attributed to higher carbohydrate content of papaya. Less
growth of microbes after 60 days can be attributed to
increased acidity of fruit bars over the storage period which
is not congenial for most of the microbes as increased acidity
restricts the growth of microbes. The observations were
similar to studies by Rattanapanone et al., (2001) on fresh-
cut mangoes. Bacterial load also increased up to 60 days in
all the treatments and stabilized thereafter (Fig. 5). T2 showed
rapid increase in bacterial load compared to other treatments.
Similar to osmophilic microbial count, the bacterial growth
too decreased owing to increase in acidity of the product.
The absence of coliforms and enteric genera indicated that
the microbial growth was due to genera Bacillus as a common
contaminant which may be from air or might be due to
inadequate hygiene of processors and operators. Similar
observations were reported by Sharma, 2014.

The study concluded that mango and papaya fruit pulp
can be blended together to prepare a fruit bar with good
sensory, nutritional and keeping quality up to six months of
storage under ambient condition.
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Most of the developing countries are facing a problem
of various forms of protein energy malnutrition.
Approximately, one out of every three children under five is
malnourished and half of the world’s malnourished children
are found in Bangladesh, India and Pakistan (Gulati 2010).
In a recent As per world bank report (2005), 47.0 percent of
Indian child population under five is still malnourished.
Approximately 40.0 percent of children are underweight,
44.9 percent are stunted and 22.9 percent are wasted. In
Punjab, 25.00 percent children under five years are
underweight (NEHS 2006). It is the third most common
disease of childhood in tropical and subtropical regions of
world (Akuyam 2007). Global progress on stunting has been
extremely slow. The proportion of stunted children fell down
from 40.0 percent in 1990 to 27.0 percent in 2010 at an average
of just 0.6 percentage points per year (Onis et al., 2011).
Malnutrition can cause physical, cognitive and
psychological impairment, which overtime causes
permanent learning disabilities. Adequate and regular
complimentary feeding of infants with home based foods
from the age of six months, while continuing breast feeding,
is crucial for their healthy growth and development (UNICEF
2009). Popularization of low cost nutritious food particularly
for vulnerable groups like infants, young children, pregnant
and lactating women is the main concern.

Peanuts (Arachis hypogaea L.), among the major oilseeds
in the world, as an edible source of protein for human as
well as animal consumption. India is the world’s second
largest producer of peanuts after China, accounting for
nearly 30.0 per cent of total world peanut production. In
India, 80.0 percent of total peanut production is used for oil

Organoleptic and nutritional evaluation of peanut flour
supplemented food products
Payal Bansal and Anita Kochhar
Department of Food and Nutrition, Punjab Agricultural University, Ludhiana, Punjab
Email: bansal.payal19@gmail.com

ABSTRACT

Partially defatted peanut flour evaluated for its sensory quality and nutritional composition revealed that the
acceptable percentage of peanut flour was 10.0 per cent for mathi, tikki, biscuits and 20.0 per cent for seviyan and burfi.
Overall acceptability score was 7.56, 8.47, 7.86, 8.18 and 8.08. The developed products were observed to be highly
nutritious. Mathi provided 506.67 Kcal of energy, 14.45 per cent protein, 28.10 mg calcium and 4.10 mg of iron, tikki
466.53 Kcal of energy, 6.57 per cent of protein, 15.41 mg calcium and iron 0.62 mg 100 -1 g, biscuits 570.90 Kcal of
energy, 16.16 per cent of protein, 26.50 mg of calcium and 4.00 mg iron 100-1 g iron; seviyan 439.68 Kcal, 27.19 per cent
of protein, 58.50 mg of calcium and 4.80 mg of iron while burfi provided 64.28 Kcal of energy, 24.25 g of protein, 57.00
mg of calcium and 4.50 mg of iron. The microbial estimation showed that the partially defatted peanut flour could
safely be stored in polythene bags for use beyond 3 months.

Key words: Malnutrition, peanut flour, nutritional composition, microbial estimation

extraction while the rest is used for snacks. Peanuts have
aroused great interest as a source of low-cost protein to
supplement human diets. In addition to its traditional food
uses, peanut butter and roasted peanuts have been utilized
in supplemented foods such as bakery products extenders
in meat product formulations, in soups and desserts (Ismail
et al., 1991; Wu et al., 2007). The peanut cake or meal has also
been used as nutritional source for the manufacture of bakery
products (Ory and Conkerton, 1983) like cookies (Tate et al.,
1990), breads (Jan et al., 2003) and chapattis (Bhat, 1977),
breakfast cereals. Recent studies have demonstrated that oil
extraction produces a protein-rich co-product which may be
used for human consumption, if processed from edible-grade
peanut seed by commercially accepted food processed
(Cherry, 1990). Generally, this material is available as flakes
or grits and may be further processed to partially defatted
peanut flour (DPF). DPF, as a protein-rich, inexpensive and
underutilized product that offers the same health and dietary
benefits of peanut with less fat (Liu et al., 1996), generally
contains 47-55% high quality protein with high essential
amino acid content (Basha and Pancholy 1982) which lends
itself being used in many food applications. In most of the
countries it has been seen that peanuts are usually processed
for oil and the residual meal is used either as animal feed or
as fertilizers.

Peanuts is a significant source of resveratrol, an
antioxidant associated with reduction in risk of
cardiovascular disease and cancer (Sanders et al., 2000). The
average amount of resveratrol in one ounce of commonly
eaten peanuts (15 whole peanut kernels) is 73 µg. This being
a good source of niacin contribute to brain health and blood
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flow. Regular peanut consumption reduces risk of
developing Type II diabetes (Jiang et al., 2002), cardiovascular
disease, colon, prostate and breast cancer (Awad et al., 2000).
It also seems to reduce osteoporosis and deficiencies in
protein intake (Messina, 1999). Recently, it has been
associated with metabolic benefits in the context of
counteracting metabolic dysfunction associated with the
increasing prevalence of obesity and metabolic syndrome
(Coates and Howe, 2007).

The peanut flour, made from crushed partly defatted
peanuts, is very low in saturated fat and cholesterol. It is
also a good source of dietary fiber, thiamin, folate, potassium
and zinc, and is very good source of protein, niacin,
magnesium, phosphorus, copper and manganese (Fekria et
al., 2012). It is most commonly used for fortification as it
blends well with cereal flour to yield products with excellent
flavour texture and color.

Keeping the therapeutic value of peanut flour and
consumers increased interest in health foods in view, the
food products (mathi, tikki, seviyan, salti biscuits and burfi)
prepared by adding partially defaulted peanut floor were
evaluated for their organoleptic and nutritional values.

MATERIALS AND METHODS

Preparation of peanut flour
To prepare peanut flour, the peanut procured from local

market was shelled, roasted at 85-90ºC for 5 to 10 minutes,
and deskinned on cooling. The deskinned peanut was freed
from oil through oil extractor and the meal cake so obtained
was dried and ground into flour. Dried peanut flour was
packed in polythene bags, sealed and stored at ambient
temperature (25-35ºC) for three months. The flour to be used
for making food product was tested for microbial growth.
The raw and partially defatted peanut flour was analyzed
for moisture, protein, carbohydrate, fat, fiber, iron and
calcium employing standard methods of AOAC. A factor of
6.25 was used to convert nitrogen into crude protein.

The food products namely, mathi, tikki, biscuits, seviyan,
burfi supplemented with partially defatted peanut flour at
different levels were prepared using standardized recipe.
The proximate composition was determined. Four samples
of all the products were prepared using ingredients like
cereals, pulses, green leafy vegetables for control and the test
samples. The control was supplemented with partially
defatted peanut flour, at 10-20.0 percent levels.

Mathi
Add peanut flour (10 g), salt (1/5th) and ajwain (1/

5th) to the refined wheat flour (90g). Add ghee (30g) to the

flour as shortening and mix thoroughly. Knead it into a stiff
dough. Divide the dough into small ball. Roll the balls into
the shape of mathi. Prick the rolled mathi with knife so that
it remain flat even after frying. Deep fry the mathi till golden
brown colour.

Tikki
Boil potatoes (90g), peel and mash them. Mix peanut

flour (10g), salt (to taste), mango powder (a pinch), coriander
powder (2 pinch), chopped green chilly (1/2) and onion (1/
8th tsp) in mashed potatoes. Make it into shape. Fry them.
Garnish it with coriander leaves (2 pinch). Serve hot with
tomato sauce.

Salty biscuits
Cream the ghee (50g) on clean surface. Add baking

powder (1/2 tsp), peanut powder (10g) in refined peanut
flour (90g) and sieve 2-3 times. Mix sugar (15g) and salt (1
tsp) in water (25 ml). Mix water in refined wheat flour, add
creamed fat in maida mix thoroughly. Knead evenly till
smooth dough. Roll the dough, sprinkle ajwain on dough.
Cut into shape and bake at 150ºC for 15-20 minute.

Seviyan
Mix besan (80g), peanut flour (20g), red chili (1/4th

tsp) and salt (to taste). Add water and mix well. Fill the
mixture in seviyan making machine. Heat the oil, rotate the
machine over the oil. Fry the seviyan till brown colour.

Burfi
Add ghee (50g) in a thick pan, add besan (80g) and

cook on slow fire till light brown colour. Add peanut flour
(20g) in it mix thoroughly cook for few min. remove from fire,
add powder sugar (80g) and mix well. Grease a try and
spread the mixture over it. Keep it for some time at cool place.
Garnish with dry fruits and cut into pieces before serving.

The developed products were tested for their
organoleptic score. Sensory attributes like colour,
appearance, texture, flavor, taste and overall acceptability of
developed products were assessed using nine point hedonic
scales by a group of panelists. The judges were served used
three test samples and a control of each preparation. Control
sample was prepared from ingredients used in the normal
and usual recipes and test samples were prepared by
supplementing partially defatted peanut flour at different
levels for different recipes. The samples were coded to avoid
any bias judgment.

The developed mixture and value added products were
popularized among the self help groups in two villages,
namely Lohara and Ayali, Ludhiana for the nutritional and
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health benefits of vulnerable group. Charts describing
preparation of partially defatted peanut flour and its nutrient
composition with comparison to raw peanuts were prepared.
Demonstrations, lectures and booklet on value added
products were given in each village.

The data on all the parameters viz., food and nutrient
intake, anthropometic measurements and blood parameters
of the subjects were analyzed statistically. The mean,
standard error, percentages, paired t-test and their statistical
significance was ascertained using a computer programme
package.

RESULTS AND DISCUSSION

Proximate composition
The proximate composition of peanut flour in

comparison to raw peanuts and that of developed products
(on dry matter basis) are summarized in table 1 and 2,
respectively.

Data (table 2) showed that Mathi prepared from 10.0
percent partially defatted peanut flour contained 3.45 percent

moisture as compared to 3.50 percent in the control, with
non-significant difference. Addition of partially defatted
peanut flour showed significant increase in protein and fibre
and decrease in fat. Significantly higher protein content
(14.45%) was observed in mathi as compared to control with
10.20 percent. The fat content was in the range of 27.10 percent
for control to 25.83 percent for acceptable level and the
difference was found to be statistically significant (p>0.05).
The iron content was found to be 4.5 mg 100 g-1 which
decreased to 4.10 mg 100-1 g when supplemented with
partially defatted flour control.

The moisture, protein and the fat content in tikki ranged
between 4.50 to 4.15, 6.57 to 1.45 percent and 19.0 to 18.45
percent in control and acceptable level (10%), respectively in
the test sample. The crude fiber content was 0.30 percent for
control and 1.35 percent for acceptable level. The iron and
calcium content in tikki was 0.4 and 8.9 mg 100 g-1 in the
control sample to 0.62 and 15.41 mg 100-1, in the acceptable
level.

Biscuits showed the moisture content from 0.46 for
control to 0.67 for the most acceptable level i.e. 10.0 percent
of partially defatted peanut flour with significant difference.
The protein content of the accepted level was higher (16.16%)
than the control (10.67%). The fat content in case of acceptable
level decreased as compared to control i.e. 36.50 and 35.20
percent, respectively. Supplementation of peanut flour
showed increase in fiber from 0.27 for control to 1.23 for
acceptable level. The ash content of biscuits ranged from
0.54 percent for control to 1.00 percent for acceptable level,
while the difference was significant. The iron and calcium
content for the acceptable level was 4.0 and 21.5 mg 100 g-1,
respectively.

Table 1: Nutritive composition of peanuts and partially
defatted peanut flour (per 100 g)

Nutrients Raw peanuts Partially defatted peanut flour 
Moisture (g) 6.5 2.5 
Energy (Kcal) 611 396.91 
Protein (g) 25.8 g 52.75 
Carbohydrates (g) 16.13 14 
Fat (g) 49.24 14.39 
Fibre (g) 8.5 11.02 
Iron (mg) 4.58 2.6 
Calcium (mg) 92 74 

 
Table 2: Proximate composition of developed products (on dry matter basis)
Treatment Moisture  

(%) 
Protein  

(%) 
Fat  
(%) 

Fiber  
(%) 

Ash  
(%) 

Iron  
(mg) 

Calcium  
(mg) 

Peanut flour 2.55±0.015 52.75±0.25 14.39±.60 11.02±0.3 5.2±0.08 - - 
Mathi        
Control 3.50±0.03 10.20±0.10 27.10±0.29 0.20±0.1 0.50±0.04 4.50±0.11 23.00±0.4 
Acceptable 3.45±0.06 14.45±0.005 25.83±5.05 1.25±0.25 0.92±0.01 4.10±0.10 28.10±0.23 
Tikki        
Control 4.50±0.39 1.45±0.2 19.00±0.39 0.30±1.1 0.05±0.2 0.40±0.02 8.90±0.08 
Accepted 4.15±0.05 6.57±0.3 18.45±1.12 1.35±0 0.97±0.3 0.62±0.01 15.41±0.10 
Biscuits        
Control 0.46±0.005 10.67±0.2 35.20±0.07 0.27±0.15 0.54±0.06 4.40±2 21.50±1.5 
Acceptable 0.67±0.01 16.16±0.1 36.50±0.01 1.23±0.42 1.00±0.04 4.00±0.02 26.50±1.6 
Seviyan        
Control 3.33±0.017 17.05±0.25 15.50±1.17 1.95±0.05 1.50±0.05 5.10±0.03 54.45±0.01 
Accepted level 3.17±0.086 27.19±0.15 15.20±0.97 3.76±0.25 2.15±0.01 4.80±0.2 58.50±0.04 
Burfi        
Control 0.55±0.03 19.50±0.25 35.80±0.01 2.46±0.02 1.54±0.05 4.80±0.452 51.78±1.7 
Accepted 0.95±.002 24.25±0.12 31.20±2.21 3.89±0.22 2.12±0.15 4.50±0.3 57.00±1.2 
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The moisture content of seviyan ranged from 3.33-3.17
for control and acceptable level respectively. The differences
were statistically non-significant. The protein content ranged
from 17.05 percent (control) to 27.19 percent (acceptable level)
with significant difference. The increase in the protein content
was observed due to the 20.0 percent addition of partially
defatted peanut flour. The fat content of all the treatments of
seviyan was found to be 15.50 percent for control and 15.20
percent for acceptable level. The crude fiber content in control
sample of seviyan was 1.95 percent. It significantly (p£0.05)
increased to 3.76 percent on supplementation with 20.0
percent of partially defatted peanut four. Ash content to
decreased in S1 as compared to control i.e. 2.15 and 1.50
percent, respectively. The iron and calcium content at 10.0
and 200 percent level of peanut flour supplementation was
4.0 and 58.5 mg 100-1, respectively.

The burfi prepared by supplementing 20.0 percent
partially defatted peanut flour recorded 0.95, 24.25, 31.20,
3.89 and 2.12 percent of moisture, protein, fat, fiber and ash
respectively. The iron and calcium content was 4.5 and 57.0
mg 100-1, respectively.

Organoleptic Evaluation
The mean scores of acceptability trials of mathi by expert

panel of judges using nine-point Hedonic Rating scale
presented in Fig. 1 revealed the highest scores for mathi at
10.0 percent of peanut flour (7.56) against the of control (7.3).
The acceptability scores for tikki at 10.0 percent level of peanut
flour was highest (8.47) followed by the control (8.46) which
was liked very much. The overall acceptability of biscuts at
10.0 percent supplementation was 7.86 than 7.84 in the
control. The highest scores for all the attributes were obtained
by seviyan with 20% of partially defatted peanut flour
supplementation with scores of overall acceptability as 8.18
which was liked very much than that of control i.e. 8.06.
These scores were found to the comparatively higher than
control. The results revealed the highest scores for overall
acceptability of burfi (8.08) at 20.0 percent of peanut flour
showing means that it was liked more than the control.

Popularization of developed products using peanut flour
among self help groups

Highly acceptable products (mathi, tikki, biscuits, seviyan
and burfi) were popularized among the self help groups at
village level through lectures, demonstrations and circulation
of booklets peanut based recipes for nutritional and health
benefits for children. Charts describing the preparation of
partially defatted peanut flour and its nutrient composition
with comparison to raw peanuts were prepared.

It was concluded that the incorporation of the peanut
flour in traditional recipes at a level of 10.0-20.0 percent is
highly acceptable and is recommended to improve the
nutritional value of the diets in terms of energy, protein, fiber,
potassium and niacin. Keeping this in view, the food
industries were recommended to incorporate defatted peanut
flour in their products and improve their nutritive values.
However, further research to study the shelf life of developed
mixtures and their products by using different packaging
material is required.
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Sandpear (Pyrus pyrifolia L.), also known as Asian pear
or Apple pear, is one of the most prominent cultivars in pear
growing areas of the country. It is grown in mid and low
hills at an elevation ranging between 1400 to 4500 feet from
mean sea level in Jammu and Kashmir, Himachal Pradesh,
Uttar Pradesh, Haryana, Punjab and some hilly areas in
South India (Anonymous, 1989). In Himachal Pradesh, pear
is the second important pome fruit after apple and the state
has taken a lead over other states. The fruit is round, green
and hard and is commonly called Patharnakh. When fully
ripened, it is firm and juicy and has a crisp, grainy texture. It
is highly nutritious and contains protein, fat, carbohydrates,
thiamine, riboflavin, niacin, malic acid, citric acid, fructose,
sucrose, ascorbic acid and other organic elements. The juice
is low in acid, bland in flavor and pulpy and because of
being too thick is generally not liked by most of the people.
Therefore, blending of the sandpear juice with juice of
different fruits that influences the flavor, taste and
consistency of the product, is generally practiced. Keeping
this in view, the sandpear based appetizer using standard
methodology was prepared and that fortified with ascorbic
acid was evaluated for its quality in terms of chemical and
sensory characteristics.

MATERIAL AND METHODS
The sandpear (Pyrus pyrifolia) fruits, procured from

Regional Research Station, Bajaura (Kullu), CSK HPKV,
Palampur, were sorted, washed under running tap water
and then graded according to the size. After grading, pulping
of fruit was done using various methods for maximum pulp
recovery. Hot lye peeling of sandpear fruit was done by
immersing the whole sandpear fruit in 2 per cent boiling
sodium hydroxide solution for 10 minutes. The skin of the

Quality evaluation of sandpear (Pyrus pyrifolia) based
appetizer under storage conditions
S. Sharma, R. Verma, R. Modgil and Y.S. Dhaliwal
Department of Food Science, Nutritionand Technology, College of Home Science,
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ABSTRACT

Evaluation of sand pear based appetizer fortified with ascorbic acid for its quality parameters under storage at
ambient conditions for 6 months revealed that the product under storage registered an increase in the level of acidity,
brix/acid ratio, reducing sugars and total sugars. The ascorbic acid content of the prepared appetizer declined after
three and six months of storage. Similarly, the sensory scores of appetizer also decreased with storage.

Key words: Sandpear, appetizer, development, nutritional and quality evaluation

fruit was loosened by the hot lye. The fruit, after peeling was
thoroughly washed under running water, cut into four halves
with stainless steel knife, seeds and core removed and than
were blended with 200 ml cold water in a mixer grinder. The
pulp so obtained was bottled for preparation of product.
Ginger, mint, chemicals and other ingredients were procured
from the local market.

Preparation of sandpear based appetizer
Appetizer is a beverage prepared by using fruit juice,

sugar syrup and blended with different spices, condiments,
herbs (capable of providing appetizing effect) and is usually
served before meals in the diluted form. Sandpear appetizer
was prepared by adopting standard mehodology (Anon,
1995 and Bhutani and Joshi, 1995) with some modifications
using ingredients as per Table 1.

The requisite amount of sugar added to water was
heated to prepare syrup. The mint leaves, soaked in equal
amount of water overnight, was grinded in mixer and
grinder. Ginger was scrapped and crushed to squeeze out
the juice. Spices were dry roasted, ground to fine powder
and mixed with syrup. To this, citric acid, salt, ginger juice,
mint extract and sandpear pulp were added and
homogenized. The prepared appetizer was strained and
fortified with ascorbic acid. After adding preservative the
appetizer was bottled and stored at room temperature for
further studies.

The chemical attributes of the appetizer were assessed
using standard methods AOAC, 2000. The sensory
evaluation was conducted by using a panel of judges for
evaluating the samples on a 9- point hedonic scale ranging
from 0-9 points (Larmond, 1977). Judges were given a set of
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the sample and asked to evaluate the samples for different
sensory attributes such as colour, flavor, texture/consistency
and taste. Mean scores for each attribute were calculated by
summing up the scores of judges and divided by the number
of attributes.

RESULTS AND DISCUSSION
Data in table 2 represents the chemical characteristics

of sandpear based appetizer as affected under different
periods of storage. The TSS content of appetizer decreased
from 49.67 in the fresh one to 48.67 and 48.000B with the
increase in storage periods of 3 and 6 months, respectively.
The acidity content increased from 1.36 per cent (in fresh) to
1.53 and 1.75 per cent after 3 and 6 months of storage. This
could be attributed to the degradation of ascorbic acid
resulting in formation of organic acid. Similar results have
been reported by Krishnaveni et al. (2001), Sirohi et al. (2005)
and Minhas (2006). On the contrary, the ascorbic acid content
which initially was 505 mg and 100 ml-1 decreased to 329.50

mg 100 ml-1 and to 241.50 mg 100 ml-1 after 3 and 6 months of
storage, respectively. The pH value of fresh sand pear based
appetizer (3.09) decreased slightly to 3.01 and 2.94 after 3
and 6 months of storage. The mean brix/acid ratio was
recorded as 31.47. However, the total and reducing sugar
contents increased slightly with increase in storage from
22.40 and 15.84 to 23.75 and 17.25 per cent, respectively
after 6 months. The mean total, reducing and non-reducing
sugars content was observed as 23.05, 16.53 and 6.52 per
cent, respectively.

The sensory scores of sandpear appetizer as affected
by storage revealed that the color score of freshly prepared
appetizer (7.67) decreased significantly to 7.33 and 7.25 after
3 and 6 months of storage, respectively (Table 2). Similar
findings have been reported by Saravana and Manimegalai
(2005). As is evident from data, the mean flavor and taste
scores were recorded as 7.89 and 7.58, respectively. The taste
scores of the fresh appetizer decreased from 8.0 to 7.67 and
7.08 after 3 and 6 months of storage. The consistency score of
appetizer (7.67) also decreased to 7.58 and 7.33 after 3 and 6
months of storage, respectively. Similar observations have
been reported by Hassan and Ahmad (1998) and Kumari
(2007). Similarly, the flavor scores also decreased to 8.00 and
7.33 after 3 and 6 months of storage, respectively. The overall
acceptability score of freshly analyzed sandpear appetizer
was 7.92 which declined to 7.65 and 7.25 after storage of 3
and 6 months. Although, the acceptability scores decreased
with storage the values received was of moderate to high
acceptance. Variations in sensory scores under storage may
be due to its effect on the color pigments and thereby reducing
the colour scores. Degradation in volatile substances of flavor
constituents upon storage, affecting it, might be the possible
reason for decrease in taste and flavor scores.

The study concludes that good quality sandpear
appetizer, prepared by using ginger and mint extracts, not
only suggest the ways for its utilization but also add to the
wide spectrum of processed nutritious products at household
as well as on commercial level.
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Table 1. Quantity of ingredients used for preparation of
appetizer

Ingredients  Amount Ingredients Amount  
Juice 500 ml Ginger extract 50 ml 
Water 250 ml Mint extract 50 ml 
Sugar 800 gm Salt (white + black) 10 g + 30 g 
Cumin powder 10 g Black pepper powder 10 g 
Cardamom 2.5 g Citric acid 20 g 
Ascorbic acid  5 g KMS 350 ppm 

 
Table 2. Effect of storage on the chemical and sensory

parameters of sandpear based appetizer

Storage intervals Parameters 

Fresh 3 month 6 months Mean 

Acidity (%) 1.36 1.53 1.75 1.55 

TSS (0B) 49.67 48.67 48.00 48.78 

Ascorbic acid (mg/100 ml) 505.00 329.50 241.50 358.67 

Brix /Acid ratio 35.29 31.81 28.38 31.47 

pH 3.09 3.01 2.94 3.01 

Total sugars (%) 22.40 23.00 23.75 23.05 

Reducing sugars (%) 15.84 16.50 17.25 16.53 

Non-Reducing sugars (%) 6.56 6.50 6.50 6.52 

Colour 7.67 7.33 7.25 7.42 

Flavor 8.33 8.00 7.33 7.89 

Taste 8.00 7.67 7.08 7.58 

Consistency 7.67 7.58 7.33 7.53 

Overall acceptability 7.92 7.65 7.25 7.66 
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Cucumber (Cucumis sativus L.) is a major cucurbitaceous
crop among the cucurbits, widely cultivated in India mainly
during the warm season. It is mostly consumed as salad and
sometimes as cooked vegetables. Naturally ventilated
polyhouse exhibited 3-5°C or more temperature than the
ambient temperature during winter months.  Jizhe (1993)
reported that cucumber as a typical vegetable can be
cultivated in warm as well as cool climate under protected
condition. Therefore, growing cucumber under naturally
ventilated polyhouse is an alternative production technology
to make it available during lean period. More over hybrids
are more yielder than the ordinary monoecious varieties. Till
now very less information is available on production of
hybrid cucumber under protected conditions. Therefore, the
present investigation to observe their performance under
naturally ventilated polyhouse was carried out.

The experiment was carried out under naturally
ventilated polyhouse at the experimental field of Department
of Horticulture, Assam Agricultural University, Jorhat
during 2012-13. Seeds of six cucumber hybrids viz. Alisha
F-1, 243 Malav F-1, Manorama F-1, Sedona F-1, Neelima F-1
and Champion F-1 were sown during first week of January
in portray containing a mixture of  three parts of cocopeat,
one part vermiculite and one part of perlite.  Before sowing,
priming of seeds with 0.2% KNO3  to enhance  germination
was done. Seedlings were planted 20 days after planting by
maintaining the spacing of 60 cm x 30 cm between the lines
and plants, respectively. During seedling raising 19:19:19,
liquid fertilizer @ 2g per liter of water was applied twice
weekly. The plants were trained in umbrella system. No side
branches were allowed to develop and were trained with
coconut rope. The crop was grown in accordance with

Performance of hybrid cucumber varieties during off season
under naturally ventilated polyhouse conditions
Deepa Borbora Phookan and Sapna Barua
Department of Horticulture, Assam Agricultural University, Jorhat – 785 013

ABSTRACT

The experiment, carried out at Assam Agricultural University, Jorhat, to evaluate six cucumber F-1 hybrids,
grown under naturally ventilated polyhouse, for their performance on growth and yield parameters revealed that the
hybrid Alisha-F-1 recording the highest yield (5.13 kg plant-1), fruit weight (249.75 g), fruit volume (260.00 cc) as also
as the highest amount of ascorbic acid content (9.80 mg 100-1) proved the best followed by hybrid 243 Malav F-1 in
terms of giving next best yield (4.65 kg plant-1). The hybrid Monorama F-1 recorded the highest vine length (3.11 m)
and node numbers (24.22 main vine-1).

Key words: NV polyhouse, off season, hybrid, cucumber, vine

package of practices of Assam Agricultural University,
Jorhat, Assam. Observations on different growth and yield
attributing parameters were recorded as per standard
procedures.

The results summarized in table 1 revealed that the
mean vine length differed significantly among the hybrids.
The highest vine length of 3.11m was recorded in Monorama
F-1 followed by 3.00m in Champion F-1. The lowest vine
length of 2.89m was recorded in Alisha F-1. Monorama F-1
recorded the highest node number (24.22) followed by
Sedona F-1 (24.00). 243 Malav F-1 recorded the least node
(22.80) but the highest number of fruits (20.75 plant-1)
followed by Alisha F-1 (20.50 plant-1). No significant
difference between Alisha F-1 and 243 Malav F-1 was
observed. The hybrid Manorama F-1, Champion F-1 and
Sedona F-1 were at par. Variety Neelima F-1 recorded the
least number of fruits per plant (14.0). Fruit yield per plant
and per m2 were determined. Among the hybrids, the highest
yield of 5.13 kg was found in Alisha F-1 followed by 4.65 kg
in the hybrid 243 Malav F-1. Yield per metre2 was also
determined and the highest value of 14.22 kg was found in
Alisha F-1. The variation of different growth and yield
attributing parameters has been widely documented by many
researchers (Manyvong, 1997; Ajisefinanni, 2004).

Alisha F-1 recorded the highest fruit weight (249.75g)
followed by in Monorama F-1 (237.50g). Least fruit weight of
196.25 g was recorded in the variety Sedona F-1. As regards
the fruit length, it was highest (22.33cm) in Monorama
followed by Neelima F-1 (20.16 cm). Sedona F-1 recorded the
highest fruit girth (4.32 cm), Alisha F-1 recorded highest
ascorbic acid content (9.80 mg 100 g-1).
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This study so concluded that cucumber hybrids
performed well during cool weather under naturally
ventilated polyhouse as off season production. The hybrid
Alisha F-1 performed best in terms of highest yield plant-1,
fruit weight, fruit volume and ascorbic acid content.
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Table 1: Performance of cucumber hybrids on growth and yield parameters
Hybrid Main vine 

length  
(cm) 

Nodes/ 
main vine 

Yield/vine  
(kg plant-1) 

Yield-1 m2 Fruits  
plant-1 

Weight   
(g fruit-1) 

Fruit 
length 
(cm) 

Fruit 
girth 
(cm) 

Fruit 
volume 

(cc) 

Ascorbic acid 
(mg 100g-1) 

Alisha F-1 2.89 23.00 5.13 14.22 20.50 249.75 19.76 4.07 260.00 9.80 
243 Malav F-1 2.65 22.80 4.65 12.88 20.75 225.00 19.10 4.20 230.00 5.88 
Manorama F-1 3.11 24.22 4.21 11.67 17.75 237.50 22.33 4.05 250.00 1.96 
 Champion F-1 3.00 23.82 4.06 11.26 17.25 235.00 18.60 4.15 285.00 3.92 
Sedona F-1 2.94 24.00 3.44 9.54 17.50 196.25 18.73 4.32 240.00 3.92 
Neelima F-1 2.95 23.56 2.93 8.13 14.00 210.00 20.16 4.10 255.00 3.92 
CD (0.05) 0.07 0.84 0.78 2.15 2.65 25.57 1.33 0.60 14.73 0.18 
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ABSTRACT

Studies carried out to determine the effect of different media on the radial growth, sporulation and mycelium
weight of Beauveria bassiana revealed that the maximum radial growth on 2 percent malt extract agar and malt
mycological agar followed by corn meal agar, Richard’s medium, potato dextrose agar, potato carrot agar, malt
extract agar and rose bengal agar media, respectively. Highest mycelium (1.76 g dry weight) was harvested from malt
extract (mycological peptone) broth followed by Richard’s medium (1.18 g), potato dextrose broth (0.51 g), Sabarouds’s
dextrose broth (0.43 g), malt extract (dextrose peptone) broth (0.35 g), Czapek’s dox  broth (0.31 g) and potato carrot
broth (0.19 g), respectively. Results revealed 2 percent malt extract agar and malt extract (mycological peptone) broth
media were the best for growths B. bassiana. Besides, the fungus grown on rice culture showed excellent amount of
spore production.

Key words: Evaluation, growth media, sporulation, B. bassiana.

Among more than 750 species of fungal insect
pathogens known, Beauveria bassiana, B. brongniartii,
Metarhizium anisopliae, M. flavoviridae, Verticillium lecanii,
Hirstitella thompsonii, Nomuraenileyi, Paecilomyces farinosus,
P. fumosoroseus, Fusarium spp., Entomophthora spp. and
Aspergillus species have most intensively been used as
mycoinsecticides in crop pest management. B. bassiana has
been used at large scale against several crop pests over a
number of years because of it having no health hazards and
also being safer to environment. It has been found pathogenic
to all the stages of Helicoverpa armigera (Hubner, 1809), the
most destructive and highly polyphagus insect of many
agricultural crops, particularly the chickpea and pigeon pea
worldwide (Zalucki et al., 1986; Guo, 1997). Indiscriminate
use of insecticides has subjected this pest population to
development of resistance (Dhingra et al., 1988; Armes et al.,
1996; Kranthi, et al. 2001), while spraying of B. bassiana spores
@ 2.68 x 107 / ml on chickpea crop has minimized H. armigera
infestation and increased the yield. The idea that the
combination of insecticide and fungus may provide multiple
mortality factors against the target insect has been applied
at commercial scale. Keeping in view the pathogenic
potential of B. bassiana in containing H. armigera infestation,
suitability of media promoting growth and mass
multiplication of local strain of B. bassiana was studied.

The experiment was carried out with local strain of B.

bassiana isolated from naturally infected larval of H. armigera,
at department of botany, University of Lucknow, Lucknow.
Eight readymade solid media (malt mycological agar,
richard’s synthetic medium, potato dextrose agar, rose
bengal agar, corn meal agar, 2% malt extract agar, potato
carrot agar,  malt extract agar base-peptone and dextrose)
and seven liquid media namely, potato dextrose broth
(Himedia), potato carrot broth (Himedia), malt extract broth
(mycological peptone), sabouraud’s dextrose broth,
Richard’s synthetic medium broth, Czapek’s dox medium
broth and Malt extract broth were evaluated. The fungus on
different solid media was grown in 90 mm petri plates and
in replicated five times. The colony diameter in each plate
was measured along two axis, perpendicular to each other,
at 15th day and 30th day after inoculation. Measurements of
radial growth were calculated to obtain the final value.
Variation in extent of sporulation on different media was
also evaluated from 30 day-old cultures. Ten mm diameter
mycelium discs were cut and each disc was placed in a test-
tube containing 10 ml of distilled water with 0.1% Tween-
80. The spores present in the disc were allowed to disperse
uniformly in water by rotating the test-tube on a vortex shaker
for one minute. The suspension was serially diluted and the
spores counted with the help of Neubaeur Haemocytometer
under a compound microscope at 40 x magnification and
the number of spore present per ml was calculated using the
formula of Aneja (1996).
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No. of spores/ml = Total no. of spores in 5 randomly
selected square of Haemocytometer × 5 × 104.

The liquid media used in standard recommended
amounts were dispensed into 100 ml distilled water filled in
conical flasks and sterilized at 121°C for 20 minutes.  After
sterilization, the flasks were allowed to cool and then were
inoculated with 5.0 mm mycelium disc cut from fresh culture
of fungus. The flasks were incubated at 25±1ºC an BOD
incubator for 15-30 days to develop a mycelial mat (Mythili
et al., 2010). The mycelial mats with media were transferred
to filter paper lined in Funnels. Filter paper retaining fungal
mat was washed thoroughly with distilled water to remove
the traces of chemicals associated with the mycelial mat and
then allowed to dry at 40ºC in oven until the constant weight.
Subsequently, dry weight of dried mycelium was recorded
by weighing on electric balance.

Mass culturing of Beauveria bassiana on rice culture was
done using protocol described by Yadav et al. (2013). White
rice was preferred as an ideal substrate as it provides high
surface area to volume ratio with the individual particles
remaining separate to provide inter-particle spaces for
aeration and formation of conidia. It was prepared carefully
to provide limited moisture to have them separate from each
other after autoclaving and inoculation. Once the conidia
formation process was complete and conidia were formed
over the whole surface of the rice grains in about 15-20 days
after inoculation, some degree of drying was achieved simply
by opening up the containers with the substrate and allowing
the contents to air dry. Once the moisture content of the
conidia and substrate reached between 20 and 30 percent,
these were extracted from the substrate by sieving, dried to
approximately 5 percent moisture level and stored. The data
were subjected to statistical analysis using F test in computer
system with SPSS version 16.

Analysis of data on solid media (Table 1) showed

highest fungal growth (75.8 mm) on 2 percent malt extract
agar, malt mycological agar (74.0 mm) and corn meal agar
(73.0 mm) followed by potato carrot agar (67.0 mm), potato
dextrose agar (64.2 mm); malt extract agar (61.2 mm);
Richard’s medium (54.4 mm) and rose bengal agar (47.2 mm).
Almost similar trend of growth on different media was also
recorded at 15th day after inoculation. The radial growth of
B. bassiana among the media varied due to its varied
nutritional status. Highest spore count was recorded on
Richard’s medium followed by 2% malt extract, malt
mycological, corn meal, rose bengal agar, corn meal, malt
extract and potato dextrose agar. On the basis of this study,
2 percent malt extract, malt mycological and corn meal media
were considered the best for culturing B. bassiana against the
most commonly used potato dextrose agar medium due to
its high nutritional value (Trinade, 1994). Goettel and Inglis
(1997) reported PDA as the best medium for culturing
B. bassiana.

Table 1: Growth of Beauveria  bassiana on different solid media

The same superscript letters in columns are statistically non-significant.

Growth at 15th day Growth at 30th day Spore count Media 
 Mean (mm) Std. Dev Mean (mm) Std. Dev Mean No. Std. Dev 
2% Malt extract agar 42.0 d 1.6 75.8 e 1.3 216.2 ab 31.6 
Malt Mycological agar  43.0 d 1.6 74.0 e 2.8 200.8 ab 38.5 
Potato carrot agar 32.6 bc 1.1 67.0 d 3.2 193.2 ab 16.2 
Potato dextrose agar 32.8 bc 4.1 64.2 cd 1.8 319.0 c 55.1 
Malt extract agar base 29.0 ab 4.9 61.2 c 3.8 274.0 bc 60.6 
Rose Bengal agar 23.2 a 1.3 47.2 a 1.3 193.0 ab 51.8 
Richard’s synthetic medium 33.2 bc 8.5 54.4 b 1.7 152.8 a 42.1 
Corn meal agar 39.2 cd 3.6 73.0 e 3.5 207.6 ab 24.9 
F 13.541  74.85  7.562  
CD 2.86  3.81  24.424  

 

Table 2: Mass culturing of Beauveria bassiana on different
broth media

The same superscript letters in columns are statistically non-
significant.

Mycelial dry 
weight at 15th 

day 

Spore count Media 

Weight  
(g) 

Std.  
Dev 

No. of 
Spore 

Std. 
Dev 

Potato carrot broth  0.19 a 0.01 197.8 19.2 
Potato dextrose broth 0.51 b 0.05 307.6 32.1 
Sabourauds dextrose broth  0.43 ab 0.01 167.2 17.6 
Richard’s medium (broth) 1.18 c 0.03 173.6 23.5 
Czapek’s Dox broth 0.31 ab 0.01 123.4 16.1 
Malt extract (mycological peptone) 
broth 

1.76 d 0.40. 212.6 29.2 

Malt extract (dextrose peptone) broth 0.35 ab 0.03. 261.8 36.5 
F 70.222  39.31  
CD 0.23  36.22  
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The data on effectiveness of liquid media (table 2)
indicated that B. bassiana can grow very well on a wide range
of broth media. Highest mycelium (1.76 g dry weight) was
harvested from malt extract (mycological peptone) broth (50
ml) followed by Richard’s medium (1.18 g), potato dextrose
broth (0.51 g), Sabarouds’s dextrose broth (0.43 g), malt extract
(dextrose peptone) broth (0.35 g), Czapek’s dox  broth (0.31
g) and potato carrot broth (0.19 g).

Keeping in view the application of bio-control agents
as spray treatment, it was felt best to produce fungus spore
and mycelium in liquid medium and to use them directly
after homogenizing.
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ABSTRACT

The study carried out at Mycology and Plant Pathology laboratory, University of Lucknow during 2015-16
revealed that the growth media impregnated with recommended concentration of imidacloprid, allowing the highest
radical growth (70.2 mm) and maximum spore count per ml of spore suspension (297.2) of B. bassiana, next only to
the untreated control at 76.0 and 332.2, respectively after 30 days of inoculation, proved comparatively most
compatible. Tobacco extract with 50.0 mm radical growth and 295.2 ml-1 spore appeared next best in the compatability
test with B. bassiana.

Key words: Helicoverpa armigera, Beauveria  bassiana, insecticides, compatibility

Helicoverpa armigera (Hubner, 1809) is the most
destructive and polyphagus insect pest of many agricultural
crops worldwide (Zalucki et al., 1986; Guo, 1997). It causes
severe damage and great loss to a wide range of food, fiber,
oilseed, vegetables, fodder, horticultural, ornamental,
aromatic and medicinal plants (Fitt, 1989; Moral Garcia,
2006) and has attained the status of the top most agricultural
insect pest in India. The cultivation of most important pulse
crops, chickpea and pigeon pea has been at risk (Dhingra et
al., 1998). Indiscriminate use of insecticides to manage this
pest has led to development of resistance, as first reported
from eastern Andhra Pradesh during 1987 (Dhingra et al.,
1988) and later by Armes et al., 1996 and Kranthi et al., 2001.

Historical evidences indicate that entomopathogenic
fungi were the first to be recognized as biocontral agents
and B. bassiana has been used at large scale for control of
several crop pests. It has shown great success under
favourable set of weather conditions against H. armigera
(Gopalkrishnan and Narayanan, 1990). However, it is fact
that this alone can not protect a crop satisfactorily. The idea
that the combination of insecticide and fungus may provide
multiple mortality factors against the target insect is looking
far better results, making the insect physiology weak to a
desired degree and also help in the dealing the response for
expression of resistance to new insecticides. Keeping this in
view the compatibility of B. bassiana, (isolated from field
population of H. armigera larvae) with different insecticides
and botanicals used against H. armigera was studied.

The desired quantity of recommended dose of
insecticides and botanical extracts (prepared as per method
of Mamun et al., 2009) were transferred in 2.0 percent malt

extract agar media sterilized at 121ºC for 20 minutes, cooled
to 55ºC and after through mixing of the content in 100 ml
and was poured in sterilized petri plates.

A mycelial mat of Beauveria bassiana (5 mm diameter,
10-15 day old) was inverted on the centre of malt extract
medium plate amended with insecticides and botanicals.
The insecticide free malt extract agar media, inoculated with
a mycelial disc, was kept as control. The plates were sealed
and incubated at 26±2ºC in BOD incubator for 15 and 30
days. Five replicates were maintained. Radial growth of the
fungus in the treated as well as untreated control plates was
measured using a measuring scale after 15 and 30 days.

Circular discs of 5 mm diameter were cut randomly
from the 10-day-old uniformly grown culture plates. Each
disc was placed in a test tube containing 10 ml of distilled
water. The spores present in the disc were allowed to disperse
uniformly in water by rotating the test tube on a vortex shaker
for one minute, with proper care taken to avoid spillage of
the suspension. The suspension was serially diluted and
the spores counted with the help of an improved Neubaeur
Haemocytometer under compound microscope at 40x
magnification and the number of spores present per ml was
calculated using the formula of Aneja (1996).

No. of spores / ml = Total no. of spores in 5 randomly
selected squares of    Haemocytometer × 5 × 104

The data obtained were subjected to statistical analysis
using F test in computer system with SPSS version 16.

The compatibility results showed that almost all the
pesticides tested inhibited the growth and sporulation of B.
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bassiana to a certain level (Table 1). Imidacloprid at its
standard dose, recorded the highest radial growth of fungus
(70.2 mm), next only to untreated control (76.0 mm) after 30
days of inoculation followed by tobacco extract and
chlorpyriphos (50.0 mm), indoxacarb (44.8 mm), lambda
cyahalothrin (40.6 mm), cypermethrin (39.2 mm), neem
extract (37.4 mm), spinosad (30.4 mm), carbaryl (25.6 mm),
profenofos (19.2 mm) and dimethoate (22.2 mm), respectively.
The fungal growth media impregnated with imidacloprid
also recorded highest number of spore production per ml
spore suspension (297.2) against control (332.2) followed by
tobacco extract (295.4), spinosad (261.4), indoxacarb (221.6),
lambda cyahalothrin (210.2), chlorpyriphos (188.8), carbaryl
(185.2), neem extract (181.8), profenofos  (166), dimethoate
(161) and cypermethrin (136.8), respectively.

The imidacloprid thus rated least toxic to B. bassiana
and was found to be highly compatible. Neem and tobacco
leaf extracts, similar to chemical insecticides, caused varying
levels of colony inhibition of B. bassiana. The suppression of
fungus under controlled conditions indicated the possibility
of its application in combination with pesticides because it
had a good chance to survive and multiply under natural
conditions. Gupta et al. (2002) reported that higher
concentrations of neem formulations like achook, field
marshal, margocide and nimbecidine in 10,000, 1000, and
100 ppm concentration were also compatible to B. bassiana
under in vitro conditions. Such variations of inhibitory action
may be due to variations of the composition of different
formulations. The enhanced effects of B. bassiana on the
process of germination, radial growth and sporulation varied
depending on the fungal isolates and the nature and
concentrations of the insecticide. Bhattacharya et al. (2004)

observed no detrimental effects of imidacloprid on B. bassiana.
Incompatibility of chlorpyriphos with various
entomopathogens was also reported by Gupta et al. (2002),
de-Oliveira et al. (2003), Isaiah et al. (2005) and Puzari et al.
(2006).

The study concludes that imidacloprid followed by
tabacco extract can best be used along with B. bassiana in
pest management. This combination would give an added
advantage where the insecticide-pathogen mixtures will
introduce multiple mortality factors against the target pest
with insecticide making the insect physiology weak to a
desired degree, which may make it more susceptible to the
attack of the fungus (Fedorinehik, 1974) and delay the
chances of expression of resistance to new insecticides
(Georghiou, 1983).
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OBITUARY

With a deep grief and great sorrow we record here the sad news of untimely death of my close
friend and well wisher Dr. Ram Kishun, a well known bacteriologist and retired Head, Division of
Crop Protection, Central Institute for Subtropical Horticulture, Lucknow and one of the Editors of
Journal of Ecofriendly Agriculture, who passed away after a brief illness and finally heart attack on
4th July, 2016.

Dr. Ram Kishun was born on 31 July, 1946 in a farmer’s family of District Basti (Uttar Pradesh).
He did his B.Sc. (Ag.) from Gorakhpur University during 1967 and M.Sc. in Plant Pathology in 1971
and Ph.D. in 1975 from Government Agriculture Collage, Kanpur. Earlier, he worked at Department
of Plant Pathology, Government Agriculture College, Kanpur and entered in ARS service as Scientist
S-1 in 1977 and promoted to S-2 in 1983. Later, he was transferred to CISH, Lucknow during 1989
and subsequently promoted to Principal Scientist during 1998. At IIHR, Bangalore and CISH, Lucknow
he handled the projects on phyto-bacterial diseases of fruit and vegetable crops. He became Head,

Division of Crop Protection, Central Institute for Subtropical Horticulture, Rehmankhera, Lucknow on August 17, 2005 after
selection from ASRB and continued on the same post till his superannuation, i.e., July 31, 2008. Being the senior most Head in
the institute, he was involved in many developmental activities of the Institute either as Chairman or member of different
committees and as Director In-charge in absence of Director. Dr. Kishun was conferred FPSI during 1987 and elected councillor
of IPS (Southern Zone) in 1986. He worked as a member of ICAR team, constituted for assessment of damage, caused by Kokkan
disease of banana in Kerala and prepared a status paper on Moko disease (bacterial wilt) of banana. He was member of
Institute’s Management Committee of CISH, Lucknow, CARI, Port Blair and NRC on Banana, Trichy and Member Secretary,
QRT of CISH, Lucknow and AICRP (STF) QRT. He edited scientific articles either as a member of editorial board or referee of
scientific journals such as Indian Journal of Plant Pathology, Indian Phytopathology, Indian Journal Mycology and Plant
Pathology, Plant Disease Research, Indian Journal Agricultural Sciences, Current Science, Indian Journal of Eco-Friendly
Agriculture, Indian Journal of Horticulture and Indian Journal of Applied Horticulture. He worked on different aspects of
bacterial diseases of mango, citrus, grapevine, pomegranate, radish, carrot, onion, zennia, pigeon pea, sun hemp, castor,
paddy, etc. The emphasis was on the prevalence, epidemiology, variability in pathogens, production of toxic metabolite (s) and
management through resistant breeding (5 varieties of tomato and brinjal released), chemicals and bio-control organisms. He
isolated a number of antagonistic microorganisms (fungi & bacteria) and effective ones were identified. Apart from bacterial
diseases, Dr. Ram Kishun also worked on fungal root and basal stem rot of soybean and on association of soil micro-organisms
with Rhizobium leguminasarum of pea and gram. He was member of 7 societies and published 85 research papers in national
and international journals. He has published 5 books, 3 bulletins, 9 book chapters and several popular articles and edited book
of abstracts and proceedings of a number of seminars/symposia/conferences.

Dr. Ram Kishun was methodical, systematic with habit of cleanliness and was popular, helpful and sincere with his
colleagues and friends. His passing away is a great lose to advancement of plant bacteriology in India and especially to our
journal, as he was one of the editors of this Journal. He leaves behind his wife and a son. May the departed soul rest in peace.

A.K. Misra,
Editor, Journal of Ecofriendly Agriculture and

Ex. PC, AICRP (STF) and Head, Division of Crop Protection, CISH, Lucknow
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