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Feature Article
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ABSTRACT
Soil sodicity has been a major worldwide problem limiting agricultural production. Most of the earlier work
carried out to ameliorate these soils primarily included chemical measures. Since, these chemicals are expensive,
governments have been subsidizing it. An environment-friendly and inexpensive approach to tackle this problem is to
exploit the use of soil sodicity tolerance or resistance in crops. Uttar Pradesh has the largest area under sodic soils in
India and large patches of barren sodic waste lands can still be found despite execution of large scale governmentsupported reclamation programmes. Experiments were conducted in two research farms in Uttar Pradesh to test the
potential role of biological reclamation. The results showed that (i) sodic soils, if left undisturbed, get reclaimed by
itself, provided no cattle grazing or removal of vegetation from the area takes place, and (ii) there are many tolerant
varieties of different crops, which can be grown on these soils and in this process also reclaim the land without any
cost.
Biorejuvination of sodic waste lands has not been well recognized till now either by the government or the public.
Our studies of 17 years proved that lands reclaimed by these methods did not revert back to soil sodicity, as long as
it was kept under cultivation. The approach will lead to a major saving to the government and farmers, increase
agricultural production substantially and not cause environmental contamination.
Key words: Biorejuvenation, sodic lands, host-plant resistance, waste land

Sodic soil waste land has been a major worldwide
problem, limiting agricultural production and causing
diverse environmental concerns. The total salt-affected area
of the world was over 930 million hectares in 1988. India,
with 23.8 million hectares, ranked sixth in the list (Abrol et
al., 1988). It has kept on expanding at the rate of 1-1.5 million
hectares per year (Umali, 1993). Thus, there has been an
urgent need to overcome this problem.
Soil sodicity is a biodegradation problem of soil, initially
denuded by heavy cattle grazing, deforestation, blockage of
water drainage system by various infrastructures such as
irrigation canals, highways, railroad tracks, etc. After the
water evaporates, the dissolved salts get deposited on the
soil surface and in the subsoil. Seed germination and plant
growth are thereby restricted, rendering the soil barren. These
cause global losses, ranging from US$12 billion (Ghassemi,
1995) to $27.3 billion annually (Qadir et al., 2014).
The soil application of gypsum has been recommended
for the chemical amelioration of the sodic soil (Swarup, 2004;
Tripathi et al., 2004), but it is expensive and even though its
price is subsidized by the governments, still very large areas
remain untreated.
In order to find out a sustainable solution, which relied
on varietal tolerance of crops, a 6 ha patch of sodic waste
land was experimented in village Pipersand near Lucknow,
Journal
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U.P. It was a deflocculated soil surface barren land except
for few grasses and shrubs. Its soil sodicity ranged from pH
8.7 to 10.8 and Ec 0.288 to 2.474ds/m. Selected rice
germplasm and breeding lines from the International Rice
Research Institute, Manila Philippines (IRRI) research farm
were seeded in the Pipersand farm. The work of the first
author, while at IRRI, had revealed the sources of plant
resistance to two different species of leaf hopper and plant
hopper pests of the rice plant (Pathak et al., 1969). It was
further possible to incorporate in it resistance to Tungro and
Grassy stunt viruses, bacterial leaf blight, bacterial leaf streak
diseases and resistance to several other insect pests and
diseases. It was released by IRRI as the rice variety IR 20
(Pathak et al., 1973). Subsequently, IR 20 was also recorded
as tolerant to iron toxicity, and to iron, phosphorus, and
zinc deficiencies. (Ikehashi and Ponnamperuma, 1978).
Thus, IR 20 was the first multi-pest and diseases resistant,
excellent grain quality and tolerant to several problem soils
including soil sodicity, high yielding rice variety. It became
widely grown rice cultivar in Asia, Africa and Latin
American countries, fetching the Borlaug award in 1973 and
the first prize of the Research Accomplishment Award of the
International Year of Rice, 2004. This established that sodic
soil can be reclaimed to non sodic condition without using
chemo ameliorants. That greatly enhanced the reclamation
of the highly sodic Pipersand farm to non sodic status
1
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without using any chemical soil ameliorant.
Self biorejuvination of sodic waste and marginal land at
research farm in Pipersand, Lucknow
Fifteen acres of highly sodic waste land was purchased
in Pipersand, Lucknow where we started our initial research
on reclamation of sodic waste land. Much of this area is still
a highly sodic waste land covered with white deflocculated
soil (Fig. 1).

seeds and the sodic waste land soil in restoring the latter’s
fertility.
An exception to all these was the German chamomile
plant, which had normal plant growth and yield even on
the highly sodic soil. It was subsequently confirmed as being
tolerant to soil sodicity.
Four years after starting these experiments, the entire
15-acre farm became fully fertile without any symptoms of
soil sodicity and its soil pH dropped to normal sodicity levels.
To further confirm this, the entire farm was transplanted
with rice (25 day old seedling and cultivated without using
any chemical amelioration treatment) following the standard
rice production technology. It developed a bumper crop
which yielded an average of 3.5 tons of rice per hectare (Fig.
3). This confirmed that the soil sodicity problem was solved
and the land had become fertile.

Fig. 1. Sodic soil waste land prior to start of the experiment in
1994.

In this land a 40 x 60 meter plot was divided into two
halves by a common bund. The sub plot on the left served as
untreated control. Few weeds germinated initially in it
during the first six months, but it could cover the entire plot
by the end of the third year and developed a thick weed
cover (Fig. 2). It was an example of self-reclamation of a highly
sodic waste land, which was left totally undisturbed. The
right side was planted with rice-wheat cropping system with
standard crop production and irrigation treatments. It started
producing normal crops after three years.
Fig. 3. After 4 years rice (transplanted with 25 day old seedling)
produced bumper crop (3.5 t ha-1) in entire 15 ha farm.

Fig. 2. The undisturbed left side of plot developed a thick weed
cover in a period of 3 years. The right side good crop with
rice-wheat cropping system.

Thus, these four years of experiments on
biorejuvination could change the entire 15 acres of highly
sodic waste land in to normal productive agricultural land.
No chemical amelioration was used in any of these
experimental or production plots. It becomes especially
significant when we consider that billions of hectares of sodic
waste land remains barren or of low productivity in many
parts of the world, which would become fertile by leaving
them undisturbed or by starting cultivating them.

Simultaneously, ten different crops were seeded on the
rest of this well cultivated, fertilized and irrigated farm. These
had the same general performance of sparse plant growth
during the first three years but normal crop growth and yield
after 3 years. This indicated an interaction between the plant

Varietal tolerance to soil sodicity
Another 10 ha of highly waste land was acquired
during 2001 at 40 km away from Lucknow in village Kursi,
District Barabanki, U.P. A philanthropic organization was
formed i.e. Centre for Research and Development of Waste

2
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and Marginal Land (CWAML, 2001) to start reclamation of
sodic land, which is described as below.
Intensive investigations were conducted on varietal
differences in various crops and agroforestry plants at the
Kursi farm. Its soil surface was covered with deflocculated
soil powder and occasional small patches of weeds. Its soil
sodicity ranged from pH 8.7 to 10.5 and EC 0.29 to 2.47dS/
m. The farm was demarcated into three areas of sequential
increasing sodicity levels (i) soil pH 9.0–9.5, EC 0.43–0.53dS/
m, (ii) soil pH 9.5–10.0, EC 0.45–1.35 dS/m, and (iii) soil pH
10.0–10.5 and EC 1.35–4.85 dS/m. These allowed
simultaneous evaluation of sodicity tolerance of the test
plants at these three levels of soil sodicity.

several crops, this decline was by pH 0.5 per crop. These
rendered the reclamation of sodic soils simple and cost free
with remarkable potential for biorejuvenating the expanding
millions of hectares of sodic lands around the world.
In these experiments 17 varieties/breeding lines of
various crop had normal germination and plant growth in
the very highly soil sodicity plots (Fig. 4, 5 and 6).
Spinach, garlic and mustard varieties had normal
germination and plant growth (Fig. 4). The other did not
survive in soil pH 10.0 - 10.5 (CWAML 2001). Different pigeon

In the first exploratory experiment, 300 germplasm of
22 different crops were sown after minimum soil tillage only.
One germplasm of each, barley, linseed, mustard and rice
crops could germinated normal with normal growth and
yield, while others either failed to germinate or their seedlings
did not survive. Subsequently 4,194 germplasm of 21
different crops were evaluated for their germination and
survival at the three different levels of soil sodicity (Table 1).
The selected lines of these crops were further evaluated and
intensively hybridized. Their progenies were screened for
their survival at various levels of soil sodicity (Table 1).
A major finding of these experiments was that their
cultivation lowered the soil sodicity levels of all plots. In

Fig. 4. Normal germination and plant growth of spinach, garlic
and mustard varieties.

Table 1. Tolerance to different levels of soil sodicity in various crops at CWAML 2001.
Crop
Scientific name
Oryza sativa
Rice
Linum usitatissimum
Linseed
Carthamus tinctorius
Safflower
Capsicum annuum
Chili
Solanum melongena
Brinjal
Beta vulgaris
Sugar beet
Allium sativum
Garlic
Spinacia oleracea
Spinach
Matricaria chamomilla
German chamomile
Cajanus cajan
Pigeon pea
Abelmoschus esculentus
Okra
Brassica campestris
Mustard
Cicer arietinum
Chick pea
Lycopersicon esculentum
Tomato
Benincasa hispida
Ash gourd
Triticum vulgare
Wheat
Allium cepa
Onion
Sesamum indicum
Sesame
Ricinus communis
Castor
Trichosant hesdioica
Pointed gourd
Pisum sativum
Pea
Total number of germplasm tested
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No. of germplasm tested
800
500
406
226
192
73
28
19
1
436
418
374
200
91
28
21
14
277
53
30
7
4,194

Level of soil sodicity and croping
***
***
***
***
*** pH 10.0-10.5
***
***
***
**
**
**
**
**
pH 9.5-9.9
**
**
**
**
*
*
*
pH 8.7-9.4
*
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pea germplasm could grow successfully in soil pH 9.4 - 9.9.
Two rows (germplasm) failed to germinate or survive after
germination (CWAML, 2001).
In follow-up experiments, these lines produced normal
crop yields in the highly sodic soil fields which after their
two-three plantings rendered the soil non-sodic on a
sustained basis.
Pigeon pea showed a moderate level of sodicity
tolerance and its deep root system also helped in percolating
the soil salts to lower depths (Fig. 5).
Similar performance was recorded in other highly sodic
soil fields planted with soil sodicity tolerant crops, which
eventually produced high yields without any soil
amelioration treatments (CWAML, 2001).
These experiments revealed that neutral soil condition
is optimum for both the soil and the plant. Thus, it becomes
a very valuable and inexpensive soil plant interaction, which
supports high crop yields and sustains the biorejuvenation
of sodic soils. Most of the other fields were fully
biorejuvinated and were planted with various crops, which
had normal growth and yield.
In our 20 years of research, there was no reversal of the
reclaimed land to soil sodicity condition. This harmonic
sodic soil and sodicity tolerant plant interaction is uniquely
advantageous in restoring the productivity of sodic soils on
a sustained basis.
It is a highly favourable situation as compared to the
durability of plant resistance to pests and diseases which
develop insect biotypes or plant pathotypes to overcome host
plant resistance.
Several crop hybridizations were made to improve crop
yields and also to minimize itself within a further improve
their soil sodicity tolerance level. These showed that several
of breeding lines had higher yields than the existing entries.
It is noteworthy that one bred line 3173 (CWAML bred) gave
highest yield (Table 2) of all entries in both the plots of soil,
pH 8.5-9.0 and 9.0- 9.50.
Several lines had better tolerance than others
In another experiment, Kala Namak a popular superior
grain quality aromatic rice variety which had low yields
due to its low tillering and tall plants was hybridized with
a semi-dwarf, high yielding rice plant to produce high
yielding semi dwarf aromatic Kala Namak rice. The soil
sodicity tolerance was genetically transferable and
compatible with the desirable attributes of modern, high
yielding, semi dwarf, heavy tillering plants. This resulted in
rice plants tolerant to soil sodicity of superior aromatic grain
4

Table 2. Tolerance to soil sodicity as reflected in the yields
of selected rice lines identified in these experiments
grown in two separate fields of different soil
alkaline levels.
Rice line
3173*
IRRI-75
IRRI-102
3065AR 117
Sarju-52(check)**
3216*
3078*
RI-6
3214*

Yield q ha-1
Soil pH 8.5-9.0
Soil pH 9.0-9.5
60
40
60
35
55
35
48
30
47
38
45
33
40
30
40
30
30
23

*CWAML bred lines, **Sarju 52 a widely grown rice variety in
U.P. developed by NDUA&T, Faizabad was used as a check line.

quality and yields of about 5 t ha-1 as compared to 2 t ha-1
yield of the conventional tall Kala Namak rice (Fig. 6).
Newly developed aromatic rice progenies of Kala
Namak had twice the yield (5.0 t ha-1) of their tall and sodic
soil susceptible parent the Kala Namak rice.
The evaluation of six sugarcane varieties showed major
differences, confirming that highly soil sodicity tolerant
varieties can be developed (Table 3). Each variety was planted
in a 5 meter long 4 rows wide plot per replication, and was
replicated 4 times. Also, these confirmed that more tolerant
soil sodicity sugarcane varieties can be developed.
Thus, these simple methods converted the waste land
in to commercial farm providing high return to the farmers.
Performance of agroforestry and fruit crops at Kursi
research farm, Barabanki
The agroforestry approach has good potential for
rehabilitation of degraded sodic waste land, especially given
the large area suitable for agroforestry and fruit crops in
Uttar Pradesh, which remains barren or has scanty tree cover.
A comprehensive seed collection from such degraded
areas was made and evaluated for its soil sodicity tolerance
at soil pH 10.0-10.5 at the Kursi research farm (CWAML,
2011). Of the 1,540 plants evaluated, 482 were found to be
highly tolerant including several trees of high economic
importance (Table 4). These soil sodicity tolerant fruit and
timber trees, aided by their fibrous, lateral and deep root
systems, produced high yields and lowered the soil sodicity
to about pH 8.0. They had good growth, normal fruiting and
could be grown as commercial orchards on sodic soil
wastelands without requiring soil amelioration treatment
(Table 4).
Journal of Eco-friendly Agriculture 12(2) 2017
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Table 3. Growth and yield of 6 sugarcane varieties in a highly alkaline field plot (average pH 10.0, EC 3ds/m) CWAML 1999.
Variety
CoS 88216
CoS 91269
CoS 882303
CoS 687
UP 39
CoS 90265

No. of internodes cane-1
23.0
21.0
18.0
22.0
18.0
19.0

Millable cane
(000 ha-1)
44.2
42.5
32.0
26.0
24.0
23.0

Cane height
(cm)
180.9
150.6
117.5
142.0
129.8
114.8

One cane weight
(gms)
813
750
617
510
380
360

Cane yield
(t ha-1)
35.94
31.87
19.74
13.26
9.12
8.28

Table 4. Agroforestry and fruit tree plants evaluated for their
tolerance to soil sodicity.

Fig. 5. Different pigeon pea germplasm grown in soil pH 9.4 9.9. The central two rows failed to germinate or survive
after germination (CWAML 2001).

Tree crops
Common name Scientific name
Subabul
Leucaena leucocephala
Psidium guajava
Guava
Aonla
Emblica officinalis
Mango
Mangifera indica
Papaya
Carica papaya
Jatropha
Jatropha sp.
Poplar
Liriodendron tulipifera
Aegle marmelos
Bael
Azadirachta indica
Neem*
Eucalyptus
Eucalyptus sp.
Karonda
Carissa carandas
Citrus
Citrus sp.
Custard apple Annona squamosa
Blackberry*
Rubus biflorus
Punica granatum
Pomegranate
Total

No. of plants
Tested
Tolerant
200
200
279
78
237
49
161
37
41
31
45
25
40
15
18
15
*
9
250
6
200
6
60
5
6
4
*
1
3
1
1,540
482

*Self germinated, not seeded

In another experiment three hundred mango seeds
collected from diverse areas were sown in a highly sodic
soil, pH 10.0-10.5. The surviving seedlings were grafted with
the scions of high fruit quality mango varieties. These
developed into high quality, heavy fruiting mango plants
tolerant to sodic soils. Their planting helped bring down the
soil sodicity to normal non-sodic levels.
Fig. 6. The yield performance (5.0 t ha -1) of newly developed
aromatic rice progenies of Kala Namak, tolerant to sodic
soil.

The cent-percent survival rate of the sodicity tolerant
and fast-growing subabul plant was remarkable. It is a
leguminous plant which can be used as cattle feed and its
root nodules add substantial amount of rhizobial nitrogen
to the soil. Also mango appears to be a very promising
possibility for the reclamation of sodic waste land. There
were many highly productive mango orchards in area of the
Kursi farm, giving good returns to the owners.

Journal of Eco-friendly Agriculture 12(2) 2017

Change in soil characteristics after biorejuvenation
Soils of CWAML research farm at Kursi initially
(February 1998) represented a typical sodic soil of Uttar
Pradesh. The surface layer was light-textured (varying from
sandy loam to loam), whereas sub-surface layers were heavytextured (silt loam to clay loam). Soils were calcareous
throughout the profile. Powdery calcium carbonate was
present in the surface layer at one site and in the sub-surface
layer at other sites, below which CaCO3 concretions (locally
known as kankar) were present, starting at 60 cm depth. The
drainage in these sodic soils was restricted, resulting in
development of brown mottles at 60 cm or lower depths.

5
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Small sized nodules of Fe and Mn were also present in the
upper soil layers. However, the surface drainage of the farm
was good, as there is a stream nearby, on the northern side.
The chemical characteristics of the soils showed considerable
spatial variability, the pH (1:2 soil-water) of the surface soil
varying from 9.7 to 10.7 and electrical conductivity (EC) from
0.6 to 1.3 dS/m in the composited samples collected from
different plots. The exchangeable sodium content in the soil
was also very high compared to calcium and magnesium,
resulting in sodium adsorption ratio (SAR) as high as 82.5
in the surface layer, which reduced with depth to about 10.6
at 60 cm. This highly alkaline condition also restricts water
movement in the soil, resulting in low hydraulic conductivity,
which ranged from 0.08 to 0.12 cm/hr in the surface and
0.05 to 0.08 cm/hr at 60 cm depth.
At the end of the experiments, analysis of soil samples
in 2014 showed the pH (1 : 2 soil-water) of the top 25 cm
surface soil was significantly reduced to the range of 8.2 to
9.0 and of the sub-surface from 9.0 to 9.6. The electrical
conductivity (EC) also reduced to the range of 0.06 to 0.28
dS/m in the surface samples and in the sub-surface ranging
from 0.09 to 0.42 dS/m. This shows that the top soil up to 25
cm has become suitable for the cultivation of all grain crops.
SUMMARY AND CONCLUSIONS
The overall success and emerging popularity of the soil
sodicity reclamation technology was monitored through
periodic satellite image surveys of the Kursi research farm
and its surrounding areas. Satellite image of CWAML
research farm and surrounding areas 17 years after
completing research activities Kursi, Barabanki, 2015. No
salt patches are visible within the farm now (Fig. 7). Highly
sodic soil efflorescence was scattered over the entire area
when research activities started during 1998. The entire area
looked like the white patches on its lower left and the upper
right corners prior to starting the experiments. However, they
were not a part of our research farm, which was within the
broad white outline, in the centre of the photograph (Fig. 7).
In satellite image no white patches is seen with in the
experimented area confirming that it is fully reclaimed in
four years after beginning of field trials. Soil sodicity declined
from pH 9.00-10.50 to pH 8.00 rendering it suitable even to
the plants, which are not tolerant to sodic soil. Its crop yields
ranged from 3.0-5.0 t ha-1. Thin white lines within the farm
were of bunds of the field plots, used for walking. As the
research progressed, most of the surrounding farmers began
following our reclamation methods. They thereby
biorejuvinated their own sodic fields and have been reaping
high yields.
The large white patches in the upper right and lower
6

left corners were not parts of our research farm but may be
considered as untreated control area (Fig. 7).
The overall reclaimed status of the CWAML farm was
re-assessed four years after stopping the research activities
in 2011. The farm had been left uncultivated and unirrigated,
but was protected from excessive cattle grazing and other
disturbances. The entire area has remained fertile and the
soil surface is covered with grasses and various trees are
having good fruiting.
At 14 years after the beginning, the biorejuvenation
reclamation approach, the entire farm remained fully fertile
and productive.
Thus, biorejuvenation is a fast, simple and inexpensive
method of correcting soil sodification. Through, testing of
nearly 6,000 varieties of crop, fruits and trees, 21 varieties
were identified as tolerant/resistant to highest levels of soil
sodicity. The highest rate of decline in sodicity level of the
research farm up to by pH 0.5 per season. Once reclaimed, it
was not needed to continue planting salt tolerant varieties,
as long as the land was kept under cultivation or protected
from excessive cattle grazing etc. Also, the cultivation of salttolerant plants reduced soil erosion and environmental
pollution through the reduction of soil particles in the air.
With these considerations, the cost free and easy to
follow sustained biorejuvenation technology deserves to be
promoted on high priority basis. With these result it is
feasible to reclaim much of the world’s sodic wastelands
within a period of 5-10 years and save tens of billions of
dollars globally from economic losses, and also, keeping
the environment clean.

Fig. 7. Satellite image of CWAML research farm and surrounding
areas 17 years after completing research activities at Kursi,
Barabanki, 2015. No salt patches are visible within the
farm.
Journal of Eco-friendly Agriculture 12(2) 2017
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Growing plants on the waste land is the most
convenient and efficient method of reclaiming sodic soil
waste land. The reclaimed land does not revert back to soil
sodicity unless the planted material is susceptible to soil
sodicity. This is shown in case of six sugar cane varieties
planted in a field of soil pH 10.0 and Ec 3 ds/m. The best line
produced 35.94 t ha-1, while the susceptible line produced
the lowest yield of 8.28 t ha-1.

Ikehashi, H. and Ponnamperuma, F. 1978. Varietal tolerance of
rice for diverse soils. In : Soils and Rice, International Rice
Research Institute, pp. 801-824.
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Screening for lignolytic enzyme activity in native lignin
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ABSTRACT
The twenty five bacterial and twenty five fungal isolates were grown on selective lignin enriched medium and
screened for efficient lignin degradation by tannic acid method. In this method, bacterial isolate KGSB-2 was found to
be superior over the reference strain with OD value of 1.040 among bacteria and total eight bacteria were at par with
reference bacterial strains and eleven fungal strains were at par with reference fungal strains. Better enzyme production
was found in fungal isolates as compare to bacterial isolates. The selected eight bacterial and eleven fungal strains
were subjected for series of enzymatic test mainly to know the diversity of enzyme production viz., Lignin peroxidase
(LiP), Managanese Peroxidase (MnP) and Laccase activity by tannic acid method, Dye Decolouration and finally on
birch wood agar medium with and without glucose. From the results obtained finally five fungal strains viz., KGST1, KGST-2, KGSA, KKSP and RMSP and two bacterial strains viz., KGSB-1 and RMSP-2 were found performing better
as compared to the reference strains.
Key words : Degradation, lignin, laccase, lignin peroxidases and manganese peroxidases

Lignin is the second most abundant biopolymer next
to cellulose in terrestrial vascular plants. It is the most
abundant renewable carbon source on earth. The majority of
plant biomass, including stems and leaves are composed of
lignocellulose. Because of the size and complexity of lignin,
its decomposition rate is slow. Fungi especially
Basidiomycetes are generally recognized as the major group
responsible for lignin degradation. The lignolytic enzymes
are being used in food, textile, paper industries and in the
degradation of lignin rich agro-waste. The degradation of
lignin is brought about by fungi mainly belonging to
Basidiomycetes (Rao, 2008). Over 600 species of
Basidiomycetes have been found to be lignolytic converting
lignin to CO2, by secreting extracellular lignin peroxidase
and manganese-dependent peroxidase isozyme (Kumar and
Gupta, 2006). There are many fungi and bacteria in soil which
are producing lignolytic enzymes and are involved in
biodegradation of lignin. Among them wood-rotting
basidiomycetous fungi that cause white rot in wood are the
most efficient lignin degraders in nature (Kirk and Farrell,
1987; Eriksson et al., 1990). These microbes produce an array
of powerful ligninolytic enzymes such as Laccases, Lignin
Peroxidases (LiP’s) and Manganese Peroxidases (MnP’s)
(Arantes et al., 2007 and Shary et al., 2008). These fungal
lignin degrading enzymes are used for the degradation of
many compounds and also for biological functions such as
textile, food, paper and pulp industries, organic, medical,
pharmaceutical, cosmetic, nanotechnology applications and
8©2017

also for bioremediation too. They may also have specific
advantages for the depolymerization of the modified lignin
residues typically encountered in waste streams from the
pulping or 2nd generation biofuel or biobased chemicals
industry.
The solid state fermentation treatment using lignin
degrading microbes improves the nutritive value of paddy
straw (Reddy et al. 2008). The lignin degrading microbes can
be used for the bioleaching of coir, a lignin rich agro-waste.
Coffee husk and areca husk, the two important agricultural
wastes are highly resistant to degradation because of their
complex structure. Areca husk contain 13-24 per cent of
lignin. Coffee husk is rich in tannins and caffeine which
makes it toxic in nature and also resistant to degradation.
The present study is on evaluation of lignin degrading ability
enzymes such as Laccases, Lignin Peroxidases (LiP’s) and
Manganese Peroxidases (MnP’s) for native lignin degrading
isolates of fungi and bacteria from organic forming fields of
Hyderabad and Karnataka region.
MATERIALS AND METHODS
Estimation of enzyme activity : The twenty five bacterial
and twenty five fungal isolates were used in the study. The
enzyme activity (Lignin Peroxidase, Manganese Peroxidase
and Laccase) was estimated by tannic acid method. The
isolates were inoculated into Malt Extract Tannic Acid
(META) agar broth and incubated on rotary shaker,
Journal of Eco-friendly Agriculture 12(2) 2017
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centrifuged at 10,000 rpm for 10 minutes and supernatant
was collected and used as enzyme extract. The enzyme
extract was mixed with 1 per cent tannic acid solution. A
blank was maintained. After 10 minutes of incubation at
30ºC, 90 per cent ethanol was added to terminate the reaction.
The optical density was read at 330 nm using colorimeter.
The amount of enzyme activity was determined (Padmaja
and Lavanya, 2006). Identification of production of
extracellular oxidases and lignolyase was done by
Bavendamm test. The microbes were spotted on indicator
media like Malt extract tannic acid agar medium (META)
and low nitrogen agar medium amended with phenol red
(0.02 %) and methylene blue (0.02 %) separately.
The colonies showing halo zones surrounding them
on META medium and low nitrogen with methylene blue
medium were considered positive for lignin degradation.
The colonies showing red color surrounding them on low
nitrogen agar medium amended with phenol red were
considered as positive. The isolates positive on all these
media were purified and maintained on nutrient agar and
potato dextrose agar plates and refrigerated till further use.

BKST (0.768), RLST-1 (0.711), RLSP-2 (0.742), RMSP-1 (0.739)
and KKSU-2 (0.721) were at par with reference strains, while
rest all others were lower than the reference strains (Table 1).
So, the above mentioned eight bacterial strains and eleven
fungal strains were selected for further studies as all these
strains were at par with reference strains (Fig 1 and 2).
Similar studies were also conducted by (Padmaja and
Lavanya, 2006). They studied on lignin degrading bacteria
and fungi were isolated from the litter of evergreen forest of
Kodagu district. About 58 per cent of the total bacteria and
fungi isolated were found to be potential lignin degraders.
The isolates were tested for enzyme activity by tannic acid
method and those showing maximum activity were tested
for their efficiency to degrade areca and coffee husk. The
Chaetomium sp., Penicillium sp., Aspergillus sp. and
Trichoderma sp. were found to degrade areca and coffee husk
effectively.
Lignin degrading enzyme production on liquid media:
Efficient isolates from preliminary screening were tested for
further production of lignin degrading enzymes viz., Lignin

Dye decolourization activity on NA and PD plates : In dye
decolorization tests, PDA medium containing 0.04 % w/v
Ramazol Brilliant Blue R, (RBBR) (R8001, Sigma), 0.04 %
w/v methyl green (M5015, Sigma) or 0.01% w/v guaiacol
(G5502, Sigma) were used. Guaiacol was added into PDA
before sterilization while RBBR and methyl green were added
as a sterilized filtered solution. Each fungal strain was
inoculated onto all media, incubated at 30oC and the growth
was followed for a period of two weeks. The cultivation was
done in duplicate.
RESULTS AND DISCUSSION
Screening of native isolates for lignolytic enzyme activity
Preliminary screening for lignolytic enzyme activity by
tannic acid method: The screening for different enzyme
activities was done with an intension to explore the isolates
capacity to produce wide range of different lignolytic
enzymes, so that out of twenty five bacterial and twenty five
fungal isolates further selection of efficient isolates were
made based on the lignolytic enzyme production activity by
tannic acid method. In this method, bacterial isolate KGSB-2
was found to be superior over the reference strain with OD
value of 1.040 and KGSP (0.807), KGSB-1 (0.880), KKSB-2
(0.861), BKSB (0.850), RMSP-1 (0.869), RMSP-2 (0.868) and
RMSB (0.876) strains on par with reference strains and rest
all others were lower than the reference strains. Among the
twenty five fungal isolates KGST-1 (0.730), KGST-2 (0.737),
KGSA (0.725), KKST (0.737), KKSU-1 (0.733), KKSP (0.754),
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Fig. 1. Preliminary screening of native bacterial isolates for
enzyme activity by tannic acid method

Fig. 2. Preliminary screening of native fungal isolates for enzyme
activity by tannic acid method
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Table 1. Preliminary screening of native isolates for enzyme
activity by tannic acid method
Bacteria
Isolate
KGSB-1
KGSP
KGSB-2
KKSB-1
KKSB-2
KKSB-3
BKSB
BKSP
BBSU
RLSU
RLSB-1
RLSB-2
RLSP
RMSP-1
RMSP-2
RMSB
YSSB
YSSP-1
YSSP-2
YSSU
YYSP-1
YYSP-2
KKSU-1
KKSU-2
KASU
Pseudomonas
putida*(BR1)
Bacillus
subtilis*(BR2)
S.Em±
CD @ 1%

OD value
at 330 nm
0.807
0.880
1.040
0.200
0.861
0.291
0.850
0.290
0.341
0.321
0.396
0.387
0.437
0.869
0.868
0.876
0.243
0.213
0.266
0.407
0.317
0.452
0.490
0.436
0.446
0.872

Fungal Isolate
KGST-1
KGST-2
KGSA
KKST
KKSU-1
KKSP
BKST
BKSP
BBST
RLSP-1
RLST-1
RLST-2
RLSP-2
RMSP-1
RMST
RMSP-2
YSST
YSSP-1
YSSP-2
YSSU
YYSP-1
YYSP-2
KKSU-2
KKSA
KASA
Phanerochaete
chrysosporium*(FR1)

OD value
at 330 nm
0.730
0.737
0.725
0.737
0.733
0.754
0.768
0.395
0.380
0.304
0.711
0.356
0.742
0.739
0.214
0.336
0.330
0.267
0.299
0.280
0.269
0.322
0.721
0.201
0.204
0.751

0.854

Pleurotus ostreatus*(FR2)

0.725

0.009
0.034

S.Em±
CD @ 1%

0.002
0.007

Note: *BR1 = Bacteria Reference 1
*BR2 = Bacteria Reference 2

* FR1 = Fungi Reference 1
* FR2 = Fungi Reference 2

Peroxidase (LiP), Manganese Peroxidase (MnP) and Laccase
on liquid media. The results (Table 2) revealed that all the
isolate were positive for Lignin Peroxidase, but were lesser
efficient than Phanerochaete crysosporium reference fungi
(FR1). Native fungal isolates KGST-1, RLST-1, RLSP-2, RMSP
and KKSU-1 were on par with the Pleurotus ostreatus reference
fungal strain (FR2). But few fungi KGST, KGSA, KKST, KKSU2 and BKST were negative for Manganese Peroxidase. The
Laccsae enzyme production was positive for all bacterial
isolates. But in fungal isolates KGST-1, KGSA, KKST, KKSU1, KKSP and BKST were positive for Laccase production and
these were superior over both reference fungal stains for
Laccase enzyme production. The fungal isolates KGST-2,
RLST-1, RLSP-2, RMSP and KKSU-2 were negative for
Laccase production. Enzyme production was found to be
better in bacterial isolates when compared to fungal isolates.
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Table 2. Characterisation of efficient isolates for lignin
degrading enzyme production on liquid media
Isolate
Phanerochaete
chrysosporium*(FR1)
Pleurotus ostreatus*(FR2)
Native Fungal Isolates
KGST-1
KGST-2
KGSA
KKST
KKSU-1
KKSP
BKST
RLST-1
RLSP-2
RMSP
KKSU-2
Pseudomonas putida* (BR1)
Bacillus subtilis* (BR2)
Native Bacterial Isolates
KGSB-1
KGSP
KGSB-2
KKSB-2
BKSB
RMSP-1
RMSP-2
RMSB

Lignin
Peroxidase
+++

Manganese
Peroxidase
+

Laccase

+

+++

+

++
+
++
+
+
++
++
++
+
+
+
+
+

–
+++
–
–
–
–
–
+++
+++
+++
+++
+
+++

+++
–
++
+++
+++
+++
+++
–
–
–
–
+++
++

+
+
+
+
+
+
+
+

+
++
++
++
+
++
++
+

+++
++
++
++
++
++
++
++

+

Note: * FR1 = Fungi Reference 1, *FR2 = Fungi Reference 2, *BR1
= Bacteria Reference 1, *BR2 = Bacteria Reference 2
Note: +++ = Indicates very good growth, ++ = Indicates moderate
growth, + = Indicates less growth, “ = Indicates no growth

Similar studies were also conducted by Bandounas,
et al. (2011), Rodriguez et al. (2011), Gong et al. (2013) and
Rahman et al. (2013). The results revealed that bacterial and
fungal isolates have highest potential to degrade lignin due
to presence of ligninolytic enzymes viz., Laccase, Manganese
peroxidase (MnP) and Lignin peroxidase (LiP). The bacterial
and fungal isolates might have an alternative type of
ligninolytic system. Thus, a new and presumably vast source
may be tapped for novel ligninolytic enzyme activities.
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Performance of cashew cv. Venurla-4 under organic
management
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ABSTRACT
An experiment was conducted to study the performance of cashew cv. Venurla-4 under organic management
during 2015-16 at RFRS, Vegurle, Maharastra in Randomized Block Design with three replications and eight treatments.
Treatments comprises of different source of manures which were applied in June. Among the different manures,
application of 100 per cent N as Vermicompost + BCF produced highest nut yield of cashew cv. Vengura-4 (6.92 kg
tree-1 and 1.41 t ha-1) with comparatively good shelling percentage (30.32%), cashew apple TSS (17.3 oB) and export
grade kernel count (189.3 Ib-1 ). Maximum apple juice percentage (74.0%) was observed when organic residue was
recycled with addition of 20 per cent cow dung slurry. Available soil N content after harvest was noted maximum
with application 50 per cent N as FYM + BCF + Rock phosphate, available P2O5 when organic residue recycled with the
addition of 20 per cent cow dung slurry and available K2O in green leaf manuring + planting cowpea.
Key words: Cashew apple, cashew, green leaf manuring and organic manures

Cashew is one of the important major plantation crops
of Konkan region of Maharashtra. The area under cashew in
Maharashtra is 1.86 lakh ha with production of 2.45 lakh
tones and productivity 1367 kg ha-1 (Anon., 2015). This is
contributing 18 per cent in area and 31.49 per cent of total
production of the country. Maharashtra ranks first in both
production and productivity. The high cashew productivity
in Maharashtra is due to the fact of major areas of the cashew
has been established with high yielding varieties. In order to
get better yield, it is essential to maintain adequate N : P : K
ratio in the soil. Application of 10-15 kg of farmyard manure
per plant is recommended to ensure adequate organic matter
in the soil. The fertilizers recommended for a 4 year and
onward age of cashew tree are 1000 g N (2.1 kg urea), 250g
P2O5 (1.56 kg SSP) and 250 g K2O (400 g MOP). Integration of
organic and inorganic nutrient inputs could therefore be
considered as a better option in increasing fertilizer use
efficiency and providing a more balanced supply of nutrients.
Vanlauwe et al. (2002) reported that combination of organic
and inorganic nutrient sources result into synergy and
improved conservation and synchronization of nutrient
release. With this view, to see the effect of different organic
manures either alone or in integrations on yield and quality
of cashew cv. Vengurla-4, a trial was initiated.
MATERIALS AND METHODS
An experiment was conducted to study the effect of
organic manures on yield and quality of cashew cv. Vengurla4 during 2015-16 at Regional Fruit Research Station,
Vengurle under AICRP-Cashew programme. Uniform 7 year
old cashew grafts of cv. Vengurla-4 planted at 7 m x 7 m
during 2008 under organic management was utilized for
12
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present study. The experiment was laid out in Randomized
Block Design with three replications and 8 treatments
(T1 - 100% N as FYM, T2 – 100% N as FYM + Biofertilizers
consortium (BCF) (200 g tree-1), T3 – 50% N as FYM + BCF
(200 g tree-1) + Rock phosphate, T4-100% N as Vermicompost
+ BCF (200 g tree-1), T5 - Recycling of organic residue with the
addition of 20 per cent cow dung slurry (20% weight of
organic residue as cow dung slurry), T6 - green leaf manuring
to meet 100 per cent (Retain litter + planting cowpea) T7 25% N as FYM + Recycling of organic residues + green leaf
manuring + BCF (200 g tree-1) and T8 - Control - recommended
dose of fertilizer + 10 kg FYM). The soil nutrient status after
harvest of crop was estimated. Uniform package of practices
were simultaneously followed. Similarly the data recorded
at appropriate stages during investigation period were
statistically analyzed as per procedure given by Panse and
Sukhatme (1995). The physical soil properties were estimated
by adopting standard method as mentioned by Black (1965)
and chemical properties were estimated as per the procedure
given by Jackson (1973), Subbaih and Asija (1956) and
Tondon (1993).
RESULTS AND DISCUSSION
Effect of organic manures on yield and quality parameters
of cashew: Application of various manures through both
organic and inorganic sources significantly affected the yield
and quality attributes of cashew cv. Vengurla-4 (Table 1).
The nut yield of cashew cv. Vengurla-4 at under organic
management was recorded significantly, the maximum 6.92
kg tree-1 and 1.41 t ha-1 when trees were supplied with 100
per cent N as Vermicompost + BCF (T4); however, it was at
par with treatments T8 (6.53 kg tree-1 and 1.33 t ha-1), T6 (6.30
Journal of Eco-friendly Agriculture 12(2) 2017
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kg tree-1 and 1.28 t ha-1), T2 (6.17kg tree-1 and 1.27 t ha-1) and
T1 (4.76 kg tree-1). While, significantly maximum shelling
percentage (31.16 %) was noticed with application of 50% N
as FYM + BCF + Rock phosphate (T3) and followed by 100%
N as Vermicompost + BCF (T4) i.e. 30.83%. In present
investigation, application of Vermicompost + BCF produced
the higher nut yield because of fact that, integration of
vermicompost and biofertilizer consortium (BCF) enriches
the physical and biological properties of soil, fixed the
atmospheric nitrogen that increased availability of nutrients
to the plants and further their uptake. The present findings
are in agreement with Kumar and Kumar (2013). They also
observed maximum number of fruits and fruit yield
(kg tree-1) with application of vermicompost 75 kg tree-1 in
mango. Maheswarappa (2011) obtained significantly higher
nut yield in coconut with application of vermicompost.
Increased yield also recorded with application of
RDF + 10 kg FYM (T8). When the fertilizer was given through
inorganic source in the soil that lead to immediate and
readily available of nutrients that further help in more
photosynthesis and dry matter production that might be
significantly increased the yield in treatment T8. Earlier study
also indicated that cashew gives very good response to RDF
in different states (Rupa and Bhat, 2010).
Increased yield in T6 treatment due to application of
green manure that decomposed in the soil and converted in
to humus further planting of cowpea fix the atmospheric

nitrogen that readily available to plant in uptake form that
might have enhanced the cashew yield. Whereas, increase
in yield by application of 100 per cent N through FYM due to
fact that application of FYM supply optimum level of N, P, K
and addition of biofertilizers consortium that also help in
nutrients availability for uptake of plant. The integrated effect
of both might have increased the cashew yield.
The depression in values of yield of cashew in other
organic treatments might be due to the fact that some of the
nutrients applied to the soil were immobilized by soil microfauna, soil organic matter and other edaphic factors thereby
making them unavailable to the cashew tree. This observation
is consistent with the findings of Ibiremo et al. (2012).
Application of manures through both organic and
inorganic sources significantly affected the quality
parameters of cashew cv. Vengurla-4 (Table 1). Recycling of
organic residue with addition of 20 per cent cow dung slurry
(T5) recorded highest juice percentage (74.0%), maximum
acidity (0.25 %) and bold size kernel with minimum kernel
count per pound (185.3  b-1) and found superior over rest of
the treatments, however, it was at par with T6 (183.0) and T2
(183.3) in respect of kernel count per pound. While, cashew
apple volume recorded at full maturity stage was observed
significantly maximum (95.4 ml) when the trees were fed
with RDF + 10 kg FYM (T8 - Control). The cashew apple
sweetness in the form of TSS (oB) was recorded significantly
maximum 17.3oB with application of vermicompost + BCF

Table 1. Effect of organic manures on yield and quality parameters of cashew
Treatment

Yield
(kg tree-1)

Yield
(t ha-1)

Shelling
(%)

4.76

0.97

28.83

6.17

1.27

30.00

64.5

83.6

15.8

0.21

189.3

3.81

0.77

31.16

65.8

79.4

16.5

0.20

192.7

6.92

1.41

30.83

65.6

81.0

17.3

0.18

195.0

2.65

0.54

29.50

74.0

84.3

15.6

0.25

185.3

6.30

1.28

29.16

65.3

84.8

14.5

0.20

189.0

4.34

0.75

29.33

64.6

82.0

14.2

0.16

198.7

6.53

1.33

29.83

63.2

95.4

13.7

0.21

196.0

0.79
2.41

0.14
0.43

0.30
0.93

1.86
5.64

0.99
3.00

0.21
0.63

0.006
0.020

1.33
4.03

100 % N as FYM
100 % N as FYM + Biofertilizers
consortium (BCF) (200g tree-1)
50% N as FYM + BCF (200 g tree-1) +
Rock phosphate
100 % N as Vermicompost + BCF
(200 g tree-1)
Recycling of organic residue with the
addition of 20% cow dung slurry
(20% weight of organic residue as cow
dung slurry)
In situ green manuring /green leaf
manuring to meet 100% (Retain litter +
planting cowpea)
25% N as FYM + Recycling of organic
residues + In situ green manuring/green
leaf manuring + BCF (200 g tree-1)
Recommended dose of fertilizer + 10 kg
FYM (Control)
SEm ±
CD @ 5%
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Cashew Cashew apple Cashew
apple juice
vol.
apple TSS
(%)
(ml)
(oB)
65.1
75.0
16.5

Cashew
Kernel count
apple acidity (Kernels pound-1)
(%)
0.19
199.6
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Table 2. Effect of organic manures on soil nutrient status after harvest under organic management of cashew during the year
2015-16
Treatment
100 % N as FYM
100 % N as FYM + Biofertilizers consortium (BCF)
(200g tree-1)
50 % N as FYM + BCF (200g tree-1) + Rock phosphate
100 % N as Vermicompost + BCF (200 g tree-1)
Recycling of organic residue with the addition of 20% cow
dung slurry (20% weight of organic residue as cow dung
slurry)
In situ green manuring/green leaf manuring to meet 100%
(Retain litter + planting cowpea)
25% N as FYM + Recycling of organic residues + In situ
green manuring/ green leaf manuring + BCF (200g tree-1)
Recommended dose of fertilizer + 10 kg FYM (Control)
SEm ±
CD @ 5%

pH
4.32

EC
dSm-1
0.062

OC
(%)
1.87

N
(kg ha-1)
265.10 (L)

P2O5
(kg ha-1)
15.38 (M)

K2O
(kg ha-1)
288.89 (H)

4.98

0.054

1.52

268.26 (L)

16.76 (M)

318.15 (VH)

4.10
4.61

0.036
0.029

1.60
1.17

359.78 (M)
318.76 (M)

14.93(M)
14.56 (M)

360.02 (VH)
394.58 (VH)

3.92

0.071

1.91

240.08 (L)

18.64 (M)

300.40 (H)

4.13

0.068

1.75

302.98 (M)

17.84 (M)

421.68 (VH)

4.09

0.047

1.21

312.44 (M)

14.68 (M)

381.27 (VH)

3.98

0.038

1.05

265.10 (L)
4.35
13.19

18.25 (M)
0.27
0.84

326.83 (VH)
5.20
15.78

H- high, L-low, M-medium and VH-very high

(T4) and it superior over rest of the treatments. The present
results might be due to treatment effects. The present findings
are in line with Mahendra and Singh (2009). They obtained
the maximum TSS, minimum acidity with application of
FYM + 100 per cent NPK + Azotobacter + PSB during both
the years. Highest fruit weight and total soluble solid was
reported with FYM + vermicompost + Azotobacter and PSB
by Patel et al. (2005).

percentage (74.0%) was observed when organic residue was
recycled with addition of 20 per cent cow dung slurry.
Available soil N content after harvest was noted maximum
with application 50 per cent N as FYM + BCF + Rock
phosphate, maximum available P2O5, when organic residue
recycled with the addition of 20 per cent cow dung slurry
and maximum available K2O in green leaf manuring +
planting cowpea.

Effect of organic manures on NPK status of soil after crop
harvest: Application of 50 per cent N as FYM + BCF + Rock
phosphate (T3) recorded significantly maximum available
soil N (359.78 kg ha-1), while, available P2O5 was found
significantly maximum (18.64 kg ha-1) when organic residue
recycled with the addition of 20 per cent cow dung slurry
(T5) and at par with T8 - RDF + 10 kg FYM (18.25 kg ha-1).
Whereas, available K2O recorded sinficantly maximum
(421.68 kg ha-1) in T6 - green leaf manuring + planting cowpea
(Table 2). The similar findings also reported by
Chattopadhyay and Dolai (1991) that the available nutrient
status of a mango orchard increased with application of
green manures. Marimuthu et al. (2001) noticed that the
highest N, P and K contents in the soil with application of 50
kg FYM along with RDF in coconut are in agreement with
the present findings.
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Therefore, it is concluded that among the different
manures studied, application of Vermicompost + BCF
produced highest nut yield of cashew cv. Vengura-4 (6.92 kg
tree-1 and 1.41 t ha-1) with comparatively good shelling
percentage (30.32%), cashew apple TSS (17.3oB) and export
grade kernel count (189.3 Ib -1). Maximum apple juice
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ABSTRACT
A field experiment was carried out at Bhubaneswar during 2013-14. Rice-rice sequence was previously taken
for six consecutive years with seven organic nutrient management treatments in Randomized Block Design in the
same plot. Organic nutrient management expressed significant effect on plant height, number of tillers per hill,
effective tillers, root volume per hill, leaf area index (LAI) etc. Plant height was found the highest in treatment
receiving Dhanicha + FYM + vermicompost (split) in kharif and corresponding treatment receiving FYM + vermicompost
(split) in summer (T5) at 90 DAT (121.90 and 120.08 cm, respectively). Tiller number also followed the same trend
(number of tillers per hill at 45 DAT i.e. 30.67 and 30.59 in kharif and summer, respectively in T5 ). The conversion of
maximum tiller to effective tiller was the maximum for T5 in kharif (84.87%) and T6 in summer season (84.34%). At 75
DAT, the root volume per hill was found the highest in T5 i.e. 86.78 and 86.02 cc, respectively. Highest leaf area index
was recorded in the same treatment in kharif and summer at 60 DAT (5.48) and (5.47) respectively.
Keywords: Effective tillers, conversion percentage, LAI, organic nutrient management

According to the United Nations’ World Population
Prospects report (Anonymous, 2013), the world
population is currently growing by approximately 80 million
people per year. It is getting increasingly difficult to satisfy
the rising global demand for food in a sustainable manner.
A number of factors contribute to uncertainty about the
world’s ability to meet the food demand of this burgeoning
population. In order to fulfil this huge nutrition demand, a
considerable number of countries are adopting conventional
farming, more specifically chemical agriculture. For heavy
profit and quick food supply, our farming community is
using high amount of chemical fertilizers and pesticides.
But conventional agriculture has resulted in declining factor
productivity and hence, is no more sustainable. Furthermore,
it has propped up many environmental problems including
soil, air and water pollution and finally human health
hazards (Singh et al., 2011). With an effort to minimize these
threats in conjunction with sustainability of agriculture,
many systems such as integrated arable farming systems,
low external input system and organic farming system have
been tried and tested in many parts of our country and the
world, as well. The growing concern about environmental
degradation, dwindling natural resources and urgency to
meet the food needs of the increasing population are
compelling farm scientist and policy makers to seriously
examine alternative to chemical agriculture. Nemecek et al.
(2005) found green house warming potential in organic
systems 29 to 32 per cent lower on per ha basis than in a
mineral fertilizer system and 35 to 37 per cent lower than in
16
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the conventional manure-based system. Various studies
have confirmed that organic agriculture is productive and
sustainable (Mader et al., 2002). In this perspective, organic
farming is the best available alternative.
This experiment mainly focuses on how the growth
parameters of rice are being influenced by organic nutrient
management showing luxuriant crop growth without the
use of any external chemical inputs.
MATERIALS AND METHODS
A field experiment was conducted during 2013-2014
at the Organic Block of Central Research Station of Orissa
University of Agriculture and Technology, Bhubaneswar
located at 200 15' N latitude and 850 52' E longitudes and at
an altitude of 25.9 m above mean sea level. The station comes
under the East and South Eastern Coastal Plain Agro-climatic
Zone of Orissa. The region is characterized by a sub-tropical
climate with a hot and humid summer (March-June), hot
and wet monsoon (late June-mid October) and a mild and
dry winter (November-February). The soil of the experiment
was sandy loam in texture with pH 6.0. Kharif rice followed
by summer rice was cultivated for six consecutive years in a
fixed site and layout with seven treatment combinations
(Table 1).
The experiment was laid out in a randomized block
design with three replications. Rice cv. Lalat was cultivated
in both the seasons in all six years. 10 days old seedlings
were transplanted, one seedling per hill with spacing of 25
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Table 1. Treatment details
Treatment
T1
T2
T3
T4
T5
T6
T7
T1
T2
T3
T4
T5
T6
T7

Kharif
Dhanicha (Sesbania spp.) @ 25 kg seed ha-1
T1 + FYM 5t ha-1 (basal)
T1 + Vermicompost 2t ha-1 (basal)
T1 + Vermicompost 2t ha-1 (split)
T1 + FYM + Vermicompost 2t ha-1 (split)
T1 + FYM + Vermicompost 2t ha-1 (basal)
T1 + FYM + Panchagavya
Summer
Control
FYM 5t ha-1 (basal)
Vermicompost 2t ha-1 (basal)
Vermicompost 2t ha-1 (split)
FYM + Vermicompost 2t ha-1 (split)
FYM + Vermicompost 2t ha-1 (basal)
FYM + Panchagavya

× 25 cm in individual plot of size 12m length × 6m width.
Organic management options were adopted as per the
treatments along with biodynamic formulation Panchagavya,
which provides availability of macro (N, P, K and Ca) and
micro (Zn, Fe, Cu and Mn) nutrients besides total reducing
sugars (glucose). Panchagavya is an organic bio-dynamic
formulation, which was prepared by the blend of five
products obtained from cow i.e. milk, ghee, curd, dung and
urine. In India, use of Panchagavya in organic farming is
gaining popularity in recent years especially in states like
Tamilnadu and Kerala. Perumal et al. (2006) reported that
presence of growth regulatory substances such as Indole
Acetic Acid (IAA), Gibberrlic Acid (GA3), Cytokinin and
essential plant nutrients from Panchagavya. The plots were
kept moist all along. Cono weeder was used thrice at 15
days interval starting from 10 DAT in order to manage the
weed menace (Pradhan et al., 2015). No major incidence of
disease and insect pest was noticed. However, as a
prophylactic measure, pot manure (5 kg cow dung + 5 litre
urine + 250 g gur + 1.0 kg each of Azadirachta indica, Pongamia
pinnata and Calotropis gigantia leaves, fermented for 15 days)
was sprayed four times at 15 days interval, starting from 15
DAT in both the seasons (Bastia et al., 2013; Kar et al., 2013).
Observations on different growth parameters were
recorded at fortnightly interval commencing from 15 days
after transplanting (DAT) up to the harvest on randomly
selected and pegged 5 hills from every treatment plots. Fourth
row was selected for destructive sampling. Random
sampling technique was adopted in selecting five hills from
each plot for recording biometric observations. Plant height,
tiller number, root volume were recorded from the five hills
in each plot. Plant height was measured from ground level
up to the tip of the top most leaf of each sampling hill. Then
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the average figure was worked out. The height at maturity
was recorded from ground level up to the tip of the top most
panicle. The observations were recorded from all the
replications and put into statistical analysis. Total number
of tillers in 5 sample hills from each plot were counted
periodically and averaged to find out the mean number of
tillers per hill and then analyzed statistically. Root volume
of five sample hill from each plot were calculated periodically
and averaged out to find out the mean root volume per hill.
For Leaf Area Index (LAI) third leaf from the top of five hills
from one replication at each sampling date was taken afresh
and actual leaf area was recorded with the help of a leaf area
meter. The actual leaf area of a leaf was multiplied by the
number of leaves hill-1 to obtain the leaf area hill-1. Leaf area
index is expressed as total leaf area of a hill (only one side)
per unit ground area occupied by the hill (25 cm x 25 cm.).
Formula adopted for determining leaf area index is
furnished below:

LAI =

[Total leaf area (m) 2 ]
[Unit land area (m) 2 ]

RESULTS AND DISCUSSION
Plant height increased progressively up to 90 DAT
irrespective of organic nutrient management and followed
same trend in both the seasons (Table 2 and 3). The average
plant height at maturity (115.12 and 112.64 cm in kharif and
summer, respectively) and there was significant difference
due to treatments after 45 DAT. Treatment receiving Dhanicha
+ FYM + vermicompost (split) in kharif and corresponding
treatment receiving FYM + vermicompost (split) in summer
(T5) produced the tallest plants at 90 DAT (121.90 and 120.08
cm, respectively). The average tiller number of 21.68 and 21.38
(Table 4 and 5) and leaf area index of 3.79 and 3.75 were
found at harvest in kharif and summer seasons, respectively.
Higher tiller number to the tune of 56.14 and 57.42 per cent
and higher LAI 73.04 and 73.64 per cent was recorded, in
respective seasons due to treatment T5 over T1. The conversion
of maximum tiller to effective tiller was the maximum for T5
in kharif (84.87%) and T6 in summer season (84.34%) (Table
6). But the conversion percentages were very close to one
another for treatments T4 to T7. The average leaf area index at
15, 30, 45, 60, 75, 90 DAT and at harvest were 0.21 and 0.20,
1.16 and 1.15, 3.22 and 3.17, 4.40 and 4.35, 4.28 and 4.20,
4.22 and 4.19, 3.79 and 3.75 in kharif and summer season,
respectively. Highest leaf area index was recorded in the
treatment receiving Dhanicha + FYM + vermicompost (split)
in kharif and corresponding treatment receiving FYM +
vermicompost (split) in summer (T5) at 60 DAT (5.48) and
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(5.47) respectively, which were at par with those of T4 andT6
in both the seasons (Table 7 and 8). The average root volume
at harvest was found to be 49.84 and 49.09 cc in respective
seasons. T5 expressed 120.0 and 123.29 per cent higher root
volume than T1 in kharif and summer seasons, respectively
(Table 9 and 10).
Application of FYM improves physical properties of
soil, availability of plant nutrients and encourages enzymatic
activities that encourage root development and growth of
crop (Rao et al., 2004; Kumari et al., 2010; Shekara et al., 2010).

Sesbania green manure slowly but continuously maintains
nitrogen supply during most of the rice growing season
thereby enhancing Leaf Area Index (Vennila et al., 2007;
Surekha et al., 2008). Rao et al. (2004) also reported that
increase in plant height is due to FYM application might be
due to the fact that application of FYM increases the soil
organic carbon, which holds more moisture in soil and
creation of suitable condition for better root growth and
proliferation and also opportunity to extract nutrients from
larger profile area. Beneficial effects of FYM with increased

Table 2. Effect of organic nutrient management on plant height (cm) of kharif rice
Treatment
T1
T2
T3
T4
T5
T6
T7
SE (m) ±
CD (0.05)
CV (%)

15
30.57
27.67
27.53
31.03
31.53
35.12
31.00
1.285
3.96
7.26

30
56.67
58.13
68.60
68.43
72.53
69.89
69.28
3.079
9.46
8.03

45
76.37
83.27
86.87
88.97
92.53
83.43
83.30
2.507
7.69
5.09

Days after transplanting
60
83.30
90.92
95.25
96.27
100.58
97.68
95.93
2.744
8.46
5.04

75
97.33
101.03
109.97
113.43
115.07
114.33
111.90
3.371
10.40
5.36

90
102.22
109.30
116.97
118.80
121.90
120.90
117.90
3.462
10.70
5.19

At harvest
102.14
108.40
116.50
118.53
121.73
120.77
117.77
3.572
11.01
5.37

Table 3. Effect of organic nutrient management on plant height (cm) of summer rice
Treatment
T1
T2
T3
T4
T5
T6
T7
SE (m) ±
CD (0.05)
CV (%)

15
26.30
30.48
30.44
28.72
25.89
32.05
26.85
1.181
3.63
7.13

30
59.41
62.41
61.53
68.03
72.49
69.87
67.54
2.432
7.49
6.39

45
74.92
79.15
81.42
87.07
91.37
82.89
80.54
2.721
8.38
5.71

Days after transplanting
60
75
82.88
95.67
89.94
99.76
92.65
107.71
93.87
109.90
100.03
113.43
97.87
112.00
95.25
111.33
2.755
3.423
8.48
10.55
5.11
5.53

90
99.89
104.29
114.91
117.58
120.08
118.11
115.26
3.287
10.13
5.04

At harvest
99.69
104.22
114.24
117.15
119.92
118.09
115.10
3.448
10.62
5.30

Table 4. Effect of organic nutrient management on tiller number of kharif rice
Treatment
T1
T2
T3
T4
T5
T6
T7
SE (m) ±
CD (0.05)
CV (%)

18

15
2.85
2.71
2.82
4.13
5.41
4.32
2.67
0.322
0.99
15.70

30
11.18
11.37
12.17
13.83
14.77
14.73
13.27
0.754
2.32
10.00

45
22.82
25.70
27.49
29.94
30.67
29.59
24.51
1.515
4.67
9.63

Days after transplanting
60
75
21.26
19.25
24.70
21.95
27.36
22.42
29.28
25.67
30.50
29.66
29.23
25.89
24.47
24.98
1.664
1.688
5.12
5.20
10.80
12.06

90
18.46
19.89
20.38
24.77
27.19
24.54
20.77
1.518
4.64
11.70

At harvest
16.67
19.51
20.38
24.12
26.03
24.36
20.69
1.611
4.96
12.87
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Table 5. Effect of organic nutrient management on tiller number of summer rice
Treatment
T1
T2
T3
T4
T5
T6
T7
SE (m) ±
CD (0.05)
CV (%)

15
2.59
2.39
2.52
3.72
5.05
3.85
2.45
0.320
0.98
17.19

30
11.62
10.63
11.87
13.55
14.78
14.39
13.11
0.768
2.36
10.35

45
21.52
25.57
27.36
29.49
30.59
28.55
24.45
1.597
4.92
10.33

Days after transplanting
60
75
21.36
18.84
25.44
21.62
27.21
22.13
29.06
25.38
30.36
29.34
28.48
25.54
22.54
22.45
1.506
1.655
4.63
5.09
9.89
12.14

90
18.10
19.57
20.18
24.50
26.95
24.31
20.54
1.505
4.63
11.83

At harvest
16.37
19.22
20.07
23.79
25.77
24.08
20.40
1.609
4.95
13.03

Table 6. Effect of organic nutrient management on effective tillers per hill
Treatment
T1
T2
T3
T4
T5
T6
T7

Maximum
tillers
22.82
25.70
27.49
29.94
30.67
29.59
24.51

Kharif season
Effective
tillers
16.67
19.51
20.38
24.12
26.03
24.36
20.69

Conversion
(%)
73.04
75.91
74.13
80.56
84.87
82.32
84.41

Maximum
tillers
21.52
25.57
27.36
29.49
30.59
28.55
24.45

Summer season
Effective
tillers
16.37
19.22
20.07
23.79
25.77
24.08
20.40

Conversion
(%)
76.06
75.16
73.35
80.67
84.24
84.34
83.43

Table 7. Effect of organic nutrient management on root volume (cc) per hill of kharif rice
Treatment
T1
T2
T3
T4
T5
T6
T7
SE (m) ±
CD (0.05)
CV (%)

15
7.35
8.42
7.80
10.79
8.50
7.90
12.66
0.791
2.44
15.10

30
15.60
16.20
17.16
22.37
27.51
24.63
22.70
1.602
4.92
13.20

45
36.38
39.31
42.88
47.67
50.90
47.89
43.97
1.906
5.84
7.44

Days after transplanting
60
75
50.12
53.27
54.49
57.74
55.32
58.60
59.39
64.72
82.73
86.78
74.10
81.54
67.91
77.03
2.962
3.219
9.13
9.89
8.09
8.11

90
37.36
41.27
48.47
62.54
78.72
75.33
68.97
2.738
8.41
8.02

At harvest
32.44
36.06
41.37
52.43
71.39
65.47
49.77
2.462
7.59
8.56

90
36.82
40.73
48.03
62.07
78.13
74.79
68.49
2.724
8.39
8.07

At harvest
31.64
35.35
40.64
51.66
70.65
64.72
49.00
2.490
7.67
8.78

Table 8. Effect of organic nutrient management on root volume (cc) per hill of summer rice
Treatment
T1
T2
T3
T4
T5
T6
T7
SE (m) ±
CD (0.05)
CV (%)

15
6.89
7.92
7.38
9.72
8.06
7.53
11.73
0.707
2.17
14.47
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30
14.52
15.23
16.74
22.12
26.18
24.28
21.22
1.288
3.96
11.13

45
35.37
38.58
42.07
46.96
50.29
47.19
43.39
1.920
5.91
7.65

Days after transplanting
60
75
49.33
52.48
53.78
56.98
54.59
57.81
58.62
63.93
81.99
86.02
73.35
80.75
67.14
76.39
2.968
3.157
9.14
9.72
8.20
8.06
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Table 9. Effect of organic nutrient management on Leaf Area Index (LAI) of kharif rice
Treatment
T1
T2
T3
T4
T5
T6
T7
SE (m) ±
CD (0.05)
CV (%)

15
0.19
0.26
0.24
0.20
0.22
0.17
0.19
0.013
0.04
10.77

30
0.81
0.85
0.99
1.22
1.60
1.51
1.17
0.097
0.27
12.96

45
2.31
2.66
2.79
3.67
4.37
3.87
2.93
0.190
0.59
10.18

Days after transplanting
60
75
3.30
3.27
3.45
3.42
3.93
3.79
4.78
4.74
5.48
5.33
5.22
5.17
4.65
4.26
0.254
0.258
0.78
0.76
10.00
10.01

90
3.14
3.34
3.74
4.82
5.09
5.15
4.26
0.187
0.54
7.26

At harvest
2.82
2.83
3.27
4.49
4.88
4.79
3.48
0.155
0.48
7.06

90
3.26
3.41
3.64
4.60
5.13
5.07
4.23
0.173
0.53
7.17

At harvest
2.77
2.93
3.22
4.44
4.81
4.76
3.37
0.167
0.51
7.71

Table 10.Effect of organic nutrient management on Leaf Area Index of summer rice
Treatment
T1
T2
T3
T4
T5
T6
T7
SE (m) ±
CD (0.05)
CV (%)

15
0.17
0.25
0.25
0.20
0.21
0.16
0.18
0.017
0.05
14.14

30
0.82
0.84
1.01
1.21
1.62
1.41
1.14
0.106
0.32
15.93

45
2.30
2.60
2.64
3.63
4.48
3.84
2.70
0.150
0.46
8.19

plant height, LAI over other organics were observed by
Ramasamy (1998). Vennila et al. (2007) reported significant
increase in growth factors due to application of FYM.
Matiwade and Sheelavantar (1994) reported that green
manuring enhanced the values of dry matter production,
LAI, CGR, LAD and there by increased rice growth.
It has been reported that due to green manure
decomposition, high concentration of organic acids, phenolic
substances and other organic compounds are released which
could influence the growth and establishment of rice
seedlings (Diekmann and De Dutta, 1992). Green manuring
had positive correlation with plant height and dry biomass
as reported by Virdi et al., (2006). Similarly, application of
FYM in increasing dose up to 15 t ha-1 increased the growth
and yield attributes of Basmati rice. The tillers sq m-1 increased
from 260 to 300, grains per panicle were 115 to 122 and test
weight was 21 to 24 g and application of 20 t FYM ha-1
recorded significantly higher plant height and dry matter
accumulation in both the years observed by Shekara et al.
(2010). In organic rice cultivation, vermicompost also plays
a key role in growth and development. Reddy (1988) found
that application of vermicompost increased the plant height
(81.5 cm) about 30 per cent more than that of control treatment.
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Days after transplanting
60
75
3.27
3.20
3.42
3.34
3.87
3.69
4.75
4.72
5.47
5.23
5.10
5.15
4.61
4.13
0.260
0.178
0.80
0.54
10.35
7.32

As per the experimental findings, it is concluded that
combination of organic nutrients such as Dhanicha + FYM +
vermicompost (split) in kharif and FYM + vermicompost
(split) in summer rice are encouraging as regards to crop
growth parameters.
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ABSTRACT
The quality profile of organic and conventional guava grown in new alluvial zones of West Bengal were
compared with emphasis on vitamin C content of fruit. In total 400 fruits (both growing system) were analyzed for
a range of quality parameters. Data were analysed by ANOVA and means were compared by using t-test. Compared
with conventional system, organic fruits were found rich in minerals like phosphorus, potassium, zinc, manganese
and calcium. Maximum fruit weight (142.33 g) and yield (41.27 kg tree-1 ) were obtained from conventional growing
system, while quality parameter were higher in organically grown fruits. Vitamin C content of fruit was higher (139.27
mg 100 g-1 ) in organic fruit as compared to conventional one. Finally, it is suggested that organic system can be
recommended for the purpose of obtaining maximum vitamin C and other quality parameter.
Key words : Organic farming system, guava, conventional

Guava (Psidium guajava L.) is one of the important fruit
crops of West Bengal particularly in the alluvial zone of West
Bengal. The fruits are rich in minerals, vitamin C and pectin.
Guava is such a horticultural crop, where fruits are
consumed fresh with skin and pulp after harvest, hence it is
necessary that it should be free from any residue of chemicals.
There is feasibility of growing of organic guava which is
healthy and safe as well as nutritive. Vitamin C content in
guava fruit may act as antioxidant or as agent that contributes
to anti-carcinogenic or cardio-protective properties (RiceEvans et al., 1996, Rapisarda et al., 1999). This vitamin is also
considered as a very important water soluble antioxidant as
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 for the purpose of health benefits. The quality
of organic fruit is often 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 scanty 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.
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The two growing systems were followed. First, with
recommended dose of chemical fertilizers (N- 260 g P2O5 320 g and K2O- 260 g plant-1 year-1) i.e. conventional system
and the second was organic system. In organic system trees
were 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 fruits from
each system were harvested and brought to the laboratory
for physico-chemical analysis following all standard
methods as described by Ranaganna et al. (2000). Mineral
content of fruit was also estimated following all standard
methods.
RESULTS AND DISCUSSION
Mineral content of fruits varied significantly in two
growing system (Table 1). Phosphorus, potassium, zinc,
manganese and calcium content of fruit were higher in
organically grown fruits, while more nitrogen and iron
content of fruit were obtained from fruits grown
conventionally i.e. with chemical fertilizers. Similar results
were also obtained by Neuhoff et al. (2011) in oranges,
Shankar et al. (2012) in tomato and Dutta and Talang (2014)
in mango. The absorption of micro-nutrients, such as iron
and zinc from soil have significantly influenced by the
application of organic manures and biofertilizers. Soil 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 combine with the
Journal of Eco-friendly Agriculture 12(2) 2017
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Table 1. Mineral content of organically and conventionally
grown guava fruit
Parameter
Nitrogen (% dry wt.)
Phosphorus (% dry wt.)
Potassium (% dry wt.)
Zn (ppm)
Fe (ppm)
Mn (ppm)
Ca (% dry wt.)

Organic Conventional
0.49
0.11
0.75
41.00
57.00
17.90
0.074

0.51
0.09
0.61
23.00
58.00
11.20
0.069

Level of
significance
P? 0.01
P? 0.01
P? 0.01
P? 0.01
N.S
P? 0.01
P? 0.01

soil minerals and 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).
Quality parameters were also influenced by different
growing systems (Table 2). Fruit weight and yield were
recorded maximum in conventional farming as compared to
organic farming, while biochemical parameters like total
soluble solids, total sugar and ascorbic acid content were
maximum in fruits grown organically as compared to
conventional system. Organically grown fruit 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.
Finally, it is concluded that organic growing system
can be recommended for obtaining maximum fruit quality
including vitamin C content.

Table 2. Effect of growing systems on quality parameters of
guava fruit
Parameter
Fruit weight (g)
Fruit yield (kg tree - 1 )
Fruit length (cm)
Total sugar (%)
Acidity (%)
Ascorbic acid (mg 100g -1 )
Shelf life (days)
Total soluble solids
(°Brix)

Organic Conventional
138.10
36.77
7.22
6.97
0.31
139.27
9
10.20

142.33
41.27
7.31
6.11
0.37
12.397
5
9.80

Level of
significance
P0.01
P0.01
N.S.
P0.01
P0.01
P0.01
P0.01
P0.01

orange juices. Journal of Food Composition Analysis, 20 : 313322.
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Influence of organic and inorganic on growth, yield of
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ABSTRACT
Field experiment was conducted at Central Research Station, OUAT, Bhubaneswar during rabi, 2013-14 to find
out the response of various weed control treatments on nutrient uptake and yield of wheat. The experiment was laid
out in randomized block design comprised of twelve treatments viz. pre-emergence application of pendimethalin
@ 1.0 kg ha -1 and metribuzin @ 0.3 kg ha -1 , metsulfuron @ 0.02 kg ha -1 , pendimethalin + one HW at 25 DAS,
pendimethalin + 2, 4-D EE @ 0.5 kg ha-1, metsulfuron + one HW at 25 DAS, metsulfuron + 2, 4-D EE @ 0.5 kg ha-1 at
25 DAS, pendimethalin + metsulfuron, metribuzin + metsulfuron, 2, 4-D @0.5 kg ha -1 at 25 DAS and two hand
weeding at 25 and 45 DAS were compared with unweeded control. The wheat variety Kalyansona was taken for the
purpose. The uninterrupted growth of weeds in unweeded control permitted the weeds to take up the maximum
23.19 kg N, 5.73 kg P and 28.20 kg K ha-1. Application of pendimethalin + one hand weeding to wheat crop removed
the greater amount of N, P and K of 79.94, 9.06, 48.87 kg ha-1 respectively. The unrestricted growth of weeds enabled
the lowest depletion of nutrients by crop (47.68 kg N, 6.93 kg P and 27.22 kg K ha-1). All the weed control treatments
increased significantly the grain and straw yield over the unweeded control. Pre-emergence application of pendimethalin
@ 1 kg ha-1 + one hand weeding produced the highest grain (2784 kg ha-1) and straw (2734 kg ha-1). Harvest index was
also found to be maximum with the treatment. Maximum reduction in grain yield to the extent of 38.33 per cent was
found in unweeded control.
Key words: Weed control, wheat, nutrient uptake, yield and nutrient depletion.

During the post-green revolution period, the
productivity of wheat (Triticum aestivum L.) has increased
tremendously but is still far below the potential yield (11.2 t
ha-1) (Singh et al., 2010). Of the several constraints to low
productivity of wheat, weeds have been recognized as an
important one, which compete with crop plants for nutrients
and other growth factors and remove considerable quantity
of applied nutrients resulting in higher loss in yield. Jain
et al. (2007) found that nitrogen, phosphorus and potassium
uptake by the crop was 67.07, 65.97 and 64.97 per cent less
respectively when the weed were allowed to grow. Weed
infestation during the crop period causes more than 43.63
per cent reduction in grain yield, depending on the weed
densities and type of weed flora present (Verma et al., 2008).
Weeds in wheat are generally controlled with manual
manipulations. Hand weeding is laborious, time consuming,
energy intensive and only possible on small scale and
effective on annual weeds. Mechanical means are economical
but it controls only inter row weeds and not intra row weeds.
Herbicides offer effective and economical means of reducing
early weed competition and crop production losses (Chhokar
et al., 2012) but continuous use of some herbicides has led to
development of resistant weeds and has increased weed
problems. For example, in rice-wheat cropping system of
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Punjab and Haryana, Phalaris minor has developed resistance
against isoproturon.
Integrated weed management (IWM) involves
deployment of different methods of weed prevention and
control in right proportion and at appropriate time against
the target weeds (Gupta et al., 2008). The concept of IWM is
not new but limited numbers of studies have been reported
on non-chemical methods of IWM. Virk et al. (2003) reported
that combination of early sowing (October, 25) with quick
growing wheat variety (PBW 343 or HD 2687) significantly
reduced P. minor. Closer row spacing of 15 cm and cross
sowing (22.5 cm) showed distinct advantage in reducing
the weed population and dry weight (Mongia et al., 2005).
Integrated application of isoproturon @ 1.0 kg ha-1 as
post emergence (POE) at 30 DAS and one hand weeding at
45 DAS registered minimum weed index (3.41%) with
maximum grain yield (41.7 q ha -1) and net income
(Rs.35104/- ha -1) at Pantnagar (Kumar et al., 2009).
Pedimethalin @ 1.0 kg ha-1 as per emergence (PE) with one
hand weeding at 45 DAS exhibited greater growth, yield
and NPK uptake by the wheat crop in comparison to
metsulfuron-methyl, Clodinafop, 2-4 D amine salt and
unwedded control (Pisal and Sagarka, 2013). In wheat crop
of rice-wheat system, surface placement of rice residues at
Journal of Eco-friendly Agriculture 12(2) 2017
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6 and 7 t ha-1 + POE of clodinafop 60 g ha-1, sulfosulfuron
25 g ha-1 and mesosulfuron + iodosulfuron 14.4 g ha-1
significantly reduced the P. minor dry weight and nutrient
uptake (Brar and Walia, 2008).
Considering the above facts in mind an attempt has
been made in the present investigation to devise the most
effective and economical method of integrated weed
management in non-traditional wheat growing belt of
Odisha.
MATERIALS AND METHODS
The experiment was conducted at Central Research
Station of Orissa University of Agriculture and Technology,
Bhubaneswar, Odisha for rabi seasons in 2013-14 in
randomized block design with twelve treatments, replicated
three times. The experimental site was located at 20.150 N
latitudes and 85.530 E longitudes with average annual
rainfall of 1520 mm. The soil of experimental field was
medium deep with pH 5.1 and 257.0 kg, 26.3 kg and 152.8 kg
ha-1 available N, P2O5 and K2O respectively. The details of
treatments are given in table 1. Bold and healthy seeds of
wheat was selected and treated with captan @ 2 g kg-1 of
seed. Wheat variety Kalyansona was sown in first fortnight
of December during 2013-14 with plant spacing of 20 x 5 cm
on flat beds. Nitrogen, phosphorous and potassium were
applied at the rate of 60 : 30 : 30 kg N, P2O5, and K2O ha-1 in
the form of urea, single super phosphate and murate of potash
respectively. The entire quantity of P and K fertilizer along
with 50 per cent N fertilizer was applied at the time of sowing
and rest 50 per cent N at 25 DAS. The inter cultivation and
hand weeding were carried out as per the treatment details.
Randomly five plants were selected from each plot and
regular biometric observations of crop and weed parameters

were recorded from 30 DAS up to harvest. Weed density (no.
per m2) and dry weight of weeds (g per m2) were recorded by
putting a quadrate of 0.25 m2 at two random spots in each
plot. Weed control efficiency and weed index was calculated
by standard formulae. For economics of the crop, prevailing
market price was used for different outputs and inputs.
RESULTS AND DISCUSSION
Nutrient content and their uptake by weeds: Nutrient
content and uptake data by weeds are presented in table 1. It
indicated that maximum content of N (1.26%), P (0.32%) and
K (1.53%) was recorded in unweeded control. The nutrient
content of weed was observed to be minimum with hand
weeding containing N, P and K of 1.10, 0.21 and 1.2 per cent
respectively. The corresponding values in pendimethalin +
one hand weeding treated plots giving the next least content
were 1.3, 0.25 and 1.33 per cent. The absence of weed
management treatment permitted the weeds to deplete
maximum of 23.19, 5.73 and 28.20 kg of N, P and K
respectively. Weed control treatments reduced the nutrient
uptake of weeds drastically recorded the lowest nutrient
removal (1.04 kg N, 0.2 kg P and 1.2 kg K ha-1).
Nutrient content of grain and straw of crop: It was revealed
that maximum content of N, P and K were observed in
metribuzin + metsulfuron giving the values of 2.59, 0.28 and
0.32 respectively in the growth (Table 1). The corresponding
maximum nutrient content of straw in the pendimethalin +
one hand weeding were 3.89, 0.08 and 2.48. The maximum
of N, P and K in grain was observed in unweeded check. The
nutrient content of grain and straw in hand weeding
treatment was slightly lesser than pendimethalin + one hand
weeding and found more than other herbicidal and
unweeded control treatments.

Table 1. Effect of weed control treatments on Nitrogen, Phosphorus and Potassium content and their uptake by weed at
harvest and on nutrient concentration of grain and straw
Treatment
Pendimethalin @ 1.0 kg ha-1
Metribuzin @ 0.3 kg ha-1
Metsulfuron @ 0.02 kg ha-1
Pendimethalin + One HW
Pendimethalin + 2, 4-D EE @ 0.5 kg ha-1
Metsulfuron + One HW at 25 DAS
Metsulfuron + 2, 4-D EE @ 0.5 kg ha-1 at 25
DAS
Pendimethalin + Metsulfuron
Metribuzin + Metsulfuron
2, 4-D @ 0.5 kg ha-1 at 25 DAS
Two hand weeding at 25 & 45 DAS
Unweeded control

Journal of Eco-friendly Agriculture 12(2) 2017

Nitrogen (%)
Phosphorus (%)
Content Uptake Content Uptake
1.15
2.23
0.24
0.487
1.17
12.6
0.21
2.58
1.18
12.59
0.25
2.66
1.13
2.18
0.25
0.478
1.16
12.09
0.26
2.7
1.14
2.21
0.23
0.477
1.17
12.56
0.22
2.63
1.16
1.17
1.16
1.10
1.26

2.20
12.3
12.58
1.04
23.19

0.22
0.20
0.24
0.21
0.32

0.467
2.57
2.65
0.2
5.73

Postassium (%)
Content Uptake
1.32
2.5
1.38
14.8
1.40
14.93
1.29
2.3
1.41
14.94
1.31
2.4
1.40
14.92
1.31
1.37
1.30
1.29
1.53

2.7
14.7
13.89
1.2
28.20

N
2.45
2.45
2.45
2.45
2.1
2.1
2.45

Grain
P
0.33
0.26
0.27
0.31
0.28
0.28
0.29

K
0.33
0.36
0.35
0.35
0.27
0.34
0.33

N
3.85
3.85
3.49
3.89
3.85
3.85
3.85

Straw
P
0.10
0.09
0.10
0.08
0.08
0.09
0.08

K
2.19
2.25
2.32
2.48
2.04
2.18
2.00

2.31
2.59
2.45
2.45
2

0.28
0.28
0.27
0.30
0.39

0.31
0.32
0.29
0.38
0.25

3.85
3.85
3.85
3.85
3.15

0.08
0.08
0.09
0.10
0.08

2.22
2.25
2.12
2.32
2.00

25
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Table 2. Effect of weed control treatments on nutrient uptake by crop and yield.
N (kg ha -1)
Treatment
Pendimethalin @1.0 kg ha-1
Metribuzin @ 0.3 kg ha-1
Metsulfuron @ 0.02 kg ha-1
Pendimethalin + One HW
Pendimethalin + 2, 4-D EE @ 0.5 kg ha-1
Metsulfuron + One HW at 25 DAS
Metsulfuron + 2, 4-D EE @ 0.5 kg ha-1 at
25 DAS
Pendimethalin + Metsulfuron
Metribuzin + Metsulfuron
2, 4-D @ 0.5 kg ha-1 at 25 DAS
Two hand weeding at 25& 45 DAS
Unweeded control

P (kg ha-1)

K (kg ha-1)

57.94
51.44
50.36
63.14
50.72
48.93

16.1
14.7
14.7
16.8
14.0
13.6

79.06
66.14
65.06
79.94
65.12
62.53

7.80
5.54
5.47
7.83
6.76
5.52

1.61
1.28
1.32
1.23
1.32
1.29

9.41
6.82
6.79
9.06
8.08
6.81

7.80
7.56
7.14
8.68
6.52
6.87

39.54
35.78
32.43
40.19
33.52
30.84

47.52
43.34
39.57
48.87
40.18
37.71

Grain
yield
(kg ha-1)
2365
2333
2284
2784
2415
2219

49.72

11.2

60.92

5.89

1.17

7.06

6.75

35.25

42.00

2255

41.58
49.41
48.88
59.03
36.78

14.7
15.8
14.2
15.1
10.9

56.28
65.21
63.08
74.13
47.68

5.54
5.57
5.46
7.23
6.05

1.23
1.12
1.30
1.63
0.88

6.77
6.69
6.76
8.86
6.93

6.04
6.43
5.81
9.03
3.86

33.86
34.67
36.53
39.98
23.36

39.90
41.10
42.34
49.01
27.22

2200
2241
2217
2677
1717

Grain Straw Total Grain Straw Total Grain Straw Total

Straw
yield
(kg ha-1)
2690
2434
2206
2734
2660
2448

Harvest
Weed
Index (%) Index (%)
46.79
48.94
50. 87
50.45
47.59
47.55

15.05
16.20
17.96
0.00
13.25
20.29

2398

48.46

19.00

2443
2231
2485
2720
1947

47.38
50.11
47.15
49.60
46.86

20.98
19.50
20.37
3.84
38.33

Nutrient uptake by crop: The weed management practice
caused greater variation in nutrient uptake with respect to
unweeded control. Application of pendimethalin + one hand
weeding recorded the maximum uptake of N and K both in
grain and straw along with total uptake followed by
pendimethalin alone, while the later treatment recorded
maximum uptake of P (Table 2). The same treatment permitted
the crop to remove 63.14 kg N, 7.83 kg P and 8.68 kg K ha-1 in
the grain 16.8 kg N, 1.23 kg P and 40.19 kg K ha-1 in straw.
The total N, P and K uptake in said treatment was 79.94, 9.06
and 48.87 kg ha-1 respectively. Unrestricted growth of weeds
permitted the lowest total depletion of nutrients by crop
amounting to 47.68, 6.93 and 27.22 kg of N, P and K
respectively.

loss to the extent of 38.3 per cent. Minimum yield reduction
was observed with two hand weeding at 25 and 45 DAS
(3.07%) followed by pendimethalin @1.0 kg ha-1 + 2, 4-D EE
@ 0.5 kg ha-1 (13.25%).

Yield: Weed control treatments exerted the significant effect
in increasing the grain yield and straw yield over unweeded
control (Table 2). Pendimethalin + one hand weeding at 45
DAS (2784 kg ha-1and 2734 kg ha-1) significantly increased
the grain yield and straw yield over other treatments. It
remained at par with two hand weeding at 25 and 45 DAS
(2677 kg ha-1 and 2720 kg ha-1). Absence of weeding in crops
reduced the grain yield by 38.3 and 35.8 per cent due to
pendimethalin + one hand weeding and two hand weeding
treatments, respectively over unweeded control.
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Growth and yield response of soybean (Glycine max L.) in
relation to agro-meteorological indices in Madhya Pradesh
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ABSTRACT
The field experiment conducted to study the heat units required during different phenophases in soybean (JS
335, JS 93-05 and 97-52), sown at different times (first and third week of July and first week of August) during 2008
and 2009 showed that the crop sown early (first week of Jyly) accumulated higher GDD, HTU, PTU and resulted in
maximum HUE. Among the varieties, highest value of heat units and HUE was found in cv. JS 97-52 at Jabalpur. The
growing degree days (GDD), heliothermal units (HTU), photo thermal unit (PTU) and heat use efficiency (HUE) were
worked out for different phenophase.
Key words: Growth and yield, soybean, temperature, photopriyd, sunshine

Soybean is the world’s leading source of high-protein
meal and edible oil and is considered as the most despised
member of oil seeds and pulses in our country. It has assumed
an important position in India, as it is one of the stable kharif
crop yielding cost effective production in varied agro-climatic
condition, unlike kharif pulses and oil seeds in the country.
Optimum temperature for germination of soybean is
approximately 10ºC (Ghadekar, 2001). Soybean is the
classical short day plant (Lawn, 1989). The variation of
photoperiod sensitivity among soybean genotypes allows
the crop to grow successfully across the wide range of
latitudes (Doorenbos and Kassam, 1979). It influences the
rate of development in pre-and post flowering stages. Change
in photoperiod and temperature are reported to alter the
growth and dry matter in thermo sensitive short day C 3
crops (Lawn, 1989). A change in optimum temperature
during vegetative or reproductive growth stages adversely
affects the initiation and duration of different phenophases
of field crops. It is therefore essential to know the exact
duration of development phases in a particular environment
and determine their association with yield (Kumari et al.,
2009).
MATERIALS AND METHODS
The field experiment was conducted during two
consecutive kharif seasons (2008 and 2009) at the research
farm of Department of Physics and Agro meteorology,
Jawaharlal Nehru Krishi Vishwa Vidyalay, Jabalpur (23 0
09' N, 79 0 08 E, 411 mamsl). The experiment was laid out in
split plot design with three replications keeping three date
of sowing viz., first and third week of July and first week of
August in main plots and three cultivars viz., JS 335, JS 9305, and JS 97-52 in sub plots. The crop was raised following
28
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the recommended packages of practices for the region. The
occurrence of different phenophases of the crop was observed
on the basis of external morphological characteristics under
three sowing dates and varieties. Agro-meteorological
indices like growing degree days (GDD), heliothermal unit
(HTU), photethermal unit (PTU) and heat use use efficiency
(HUE) were calculated as per standard methods. Growing
degree days were computed by considering the temperature
at 10ºC. The sum of HTU for particular phenophase was
determined by multiplying degree days with actual bright
sun shine hours. The PTU for the day represent the product
of GDD. The possible sun shine hours for Jabalpur, latitude
(23 0 09" N) was calculated. HUE (kg ha-1 ºC day-1) was
computed as per following formula:
Heat Use Efficiency = Biomass/Seed yield heat unit required.
RESULTS AND DISCUSSION
Phenological phases: In the present investigation, the whole
life cycle of soybean crop was sub divided into five
phenological growth stages viz., emergence, flower initiation,
pod initiation, physiological maturity and harvest maturity
(Table 1). The results revealed that the average number of
days taken by July first week sown crop for maturity was the
highest (112 days). This gradually reduced in crops sown
late in the third week of July (103 days) and first week of
August (92 days). Delay in sowing induced early flowering
as the day length increased with the increase in temperature.
Similar results were reported by Kumar et al. (2008) and
Dhingra et al. (1981).
The shortening of duration in growth stages in the late
sown crop might be the reason of reduction in total biomass.
Further, the variations in the time of maturity under different
Journal of Eco-friendly Agriculture 12(2) 2017
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Table 1. Heat unit indices for varieties under various growing dates
Days taken
GDD
2008
D1-Ist week of July
D2-III week of July
D3-Ist week of August
D1-Ist week of July
D2-III week of July
D3-Ist week of August
D1-Ist week of July
D2-III week of July
D3-Ist week of August
D1-Ist week of July
D2-III week of July
D3-Ist week of August

2009
2008
2009
Sowing to 50% flowering
52
48
690
836
51
45
870
782
46
44
775
753
Sowing to 50% podding
69
58
1177
1023
69
57
1160
987
63
55
1062
949
Sowing to physiological maturity
103
97
1736
1695
102
82
1147
1415
96
75
1464
1297
Sowing to harvest maturity
113
111
1850
1889
110
96
1732
1601
97
87
1480
1446

sowing dates can be explained on the fact that the
temperature in late sown crop was higher than the early
sowing. The decrease in the vegetative period was due to
prevailing of lower maximum temperature, higher relative
humidity and vapour pressure. This reduced overall
covariation in development of phenological phases
compared to early and late sowing. These results are in close
agreement with the findings of Kumar et al. (2008), Sharma
(1994) and Singh et al. (1974). The variety JS 97-52 took more
number of days for maturity than the JS 335 and JS 93-05.
Accumulated GDD: The accumulated GDD required in
different growth stages showed marked variations among
the date of sowing and varieties in both the crop season
(Table 1). The early crop accumulated highest GDD to attend
various phenophases. Crop sown in last week of July
accumulated highest GDD (1850 and 1889) from sowing to
maturity followed by that sown in third week of July and
first week of August. This was due to longer growth period
available for early sowing crop. The cultivar JS 97-52
accumulated highest GDD. Similar results were reported by
Shanker et al. (1996), Sunil (2005) and Singh et al. (2007).
Accumulated HTU: The accumulated HTU ranged from
2809 to 9754ºC day from sowing to 50.0 per cent flowering at
maturity during first year of experimentation, whereas, the
value in second year ranged from 2656 to 9115ºC day. The
highest HTU accumulated was 9741 and 9115ºC day in 2008
and 2009, respectively. August sown crop minimum PTU
accumulated during both the years. The highest HTU
required to reach to maturity was noted in JS 97-52 during
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Accumulated
HTU
2008
2009

2008

2009

2809
3295
3741

2656
3257
3479

12258
11777
10239

11586
10582
10041

4550
5116
5787

3643
4240
4399

16035
15499
13801

14071
13245
12531

8490
9001
9248

7298
6977
6962

23020
21474
18464

22588
18581
16823

9541
9754
9321

9115
8710
8375

24405
22489
18843

24990
20847
18634

PTU

both the crop season. Similar findings for different sowing
dates and cultivars were reported by Singh et al. (2007).
Accumulated PTU: The PTU ranged from 10239 to 24405ºC
day and 10041 to 24490ºC day in the completion of different
stages (from sowing - flowering and sowing - maturity) in
the first and second crop season, respectively. The highest
accumulated value of the PTU experienced by the crop during
sowing to maturity stage in the early sowing was 24405 and
24490ºC day followed by second sowing (22489 and 20847ºC
day) and third sowing date (18634 and 18843ºC day) during
both the years, respectively. The variety JS 93-05 accumulated
lowest value of PTU whereas JS 97-52 accumulated the
highest durings both the years of experimentation.
Heat use efficiency (HUE): HUE of three soybean varieties
for biomass and seed yield under three sowing dates based
on two field experiments are given in table 2. HUE was
highest in early sown crop (first week of July) followed by
third week sown crop. Lowest HUE was observed under
August sown crop. The results are in conformity with the
finding of Shanker et al. (1996) for the soybean crop in
Jabalpur region of Madhaya Pradesh. Highest HUE was
noted in JS 97-52 followed by JS 335, while lowest was
recorded in JS 93-05 during both the crop seasons.
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Table 2. Heat unit for different soybean varieties
Variety

Days taken
GDD
2008

2009

2008
2009
Sowing to 50% flowering
860
777
793
770
682
825
Sowing to 50% podding
1151
960
1079
947
1168
1052
Sowing to physiological maturity
1628
1478
1582
1438
1636
1490
Sowing to harvest maturity
1699
1641
1648
1649
1715
1645

V1 (JS 335)
V2 (JS 93-05)
V3 (JS 97-52)

51
47
52

45
44
48

V1 (JS 335)
V2 (JS 93-05)
V3 (JS 97-52)

68
64
69

55
55
60

V1 (JS 335)
V2 (JS 93-05)
V3 (JS 97-52)

101
98
102

85
83
86

V1 (JS 335)
V2 (JS 93-05)
V3 (JS 97-52)

108
103
109

97
98
98

Sowing dates
D1-Ist week of July
D2-IIIrd week of July
D3-Ist week of August
Mean
Varieties
V1 (JS 335)
V2 (JS 93-05)
V3 (JS 97-52)
Mean

Accumulated
HTU
2008
2009

2008

2009

3320
3072
3453

3097
3040
3255

11618
10748
11909

10557
10471
11182

5279
4745
5429

3953
3889
4440

15347
14430
15557

12947
12787
14113

9021
8652
9066

7166
6806
7265

21189
20655
21297

19454
18957
19580

9644
9237
9735

8693
8772
8735

22052
21452
22233

21439
21538
21494

2008

PTU

2009

Grain yield
0.57
0.42
0.36
0.45

Straw yield
0.56
0.36
0.36
0.43

Grain yield
0.73
0.47
0.42
0.54

Straw yield
0.35
0.51
0.43
0.44

0.33
0.27
0.76
0.45

0.26
0.29
0.76
0.44

0.52
0.38
0.59
0.49

0.33
0.41
0.62
0.45

GDO, HTU and PTU denote growing degree days, heliothermal units and photothermal units, respectively.
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ABSTRACT
Nutritional characteristics of local adzuki bean, evaluated at Department of Food Science nutrition and
Technology, CSK HPKV, Palampur showed varied level of nutrient concentration in different genotypes. The genotype
HPV-51 possessed high level of protein (24.03%), crude fat (0.42%) and moderate level of crude ash (4.8%), crude
fiber (6.63%) and carbohydrate (52.09%). Local tortru, on the other hand, possessed highest per cent level of crude
fiber (7.52%), crude ash (4.82%), moderate protein (27.07%) and carbohydrate (52.27%). The calorie value was in
variety EC-340264 was highest (316.4 k cal) followed by HPO (308.29 (k cal) and local tortru (303.47 k cal). The study
suggested use of adzuki bean, as a substitute of meat for low income group of people.
Key words: Nutritional characteristic, legume, Adzuki bean

Legumes are an important source of protein in
developing countries (Allen and Allen, 1981). Legumes have
a special significance in agriculture as they provide a
sustaining source to other crops in the system through soil
enrichment by symbiotic nitrogen fixation. They also add
value to human diets by providing high protein food. Besides
major pulses, such as chickpea, pigeonpea, green gram, black
gram, lentil and peas, there are several other legumes which
are cultivated in marginal lands mainly in remote areas for
multifarious uses and have tremendous scope to become
important component of agricultural system. The important
ones include rice bean, faba bean, adzuki bean and winged
bean. Many of them are nutritionally better as compared to
major pulses.
Adzuki bean, (Vigna angularis (Willd.) Ohwi and
Ohashi), syn. (Phaseolus angularis (Willd.) Weight), Dolichos
angularis Willd. and (Azukia angularis (Willd.) Ohwi of
Legumimosae family is an erect, bushy annual, usually 3040 cm tall, determinate, late maturing and slightly viny crop
with trifoliate leaves and short auxillary inflorescence having
6-12 clustered bright yellow flowers. Its pods are cylindrical,
6-12 cm long with 4-12 seeds. Seeds are cylindrical to cordate
with smooth, wine red, occasionally buff, black or mottled
seed coat. Adzuki bean is a self pollinated crop (Bhagmal,
1994). The importance of legume seeds as food and functional
ingredients has stimulated much attention to their utilization.
They have been used by food industries as ingredients and
supplements in food products for many years. The objective
of this study was to determine the nutritional characteristics
of three genotypes of adzuki beans.
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MATERIALS AND METHODS
Three genotypes of adzuki bean namely, Local totru,
HPU-51, and EC- 340264 procured from the Department of
Organic Agriculture, College of Agriculture, CSK Himachal
Pradesh Agricultural University, Palampur were evaluated.
The chemicals used in the experiment were of analytical
grade, procured from the reputed suppliers. The proximate
composition was assessed by using standard methods of
AOAC (2010). The nitrogen free extract was calculated by
AACC (2000) by using the expression:
NFE = 100 – (% Crude protein + % Crude fat + % Crude
fiber + % Ash)
The non-protein nitrogen was calculated as per the
method given by Pellet and Young (1980) and energy content
was determined by the method of O’shea and Maguire (1962).
The free fatty acid was calculated and expressed as per cent
oleic acid (AACC, 1990). The data were statistically analyzed
and compared at 5% level of significance (P=0.05).
RESULTS AND DISCUSSION
Proximate composition of different genotypes of adzuki
bean : The data pertaining to the proximate composition of
different genotypes of adzuki bean is presented in table 1.
The moisture content ranged between 12.00 to 12.22 per cent,
the maximum observed in EC- 340264 followed by in Local
totru (12.12%) and HPU-51 (12.00%). The crude ash content
ranged from 4.80 (EC 340264) to maximum of 4.82 per cent
in the Local totru followed by HPU -51 (4.81%). Similarly, the
crude fat content varied from 0.31 to 0.42 per cent with highest
amount detected in the HPU-51 (0.42%) followed by EC-
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Table 1. Proximate composition of different genotypes of
adzuki bean seeds
Parameter
(%)
Moisture content
Crude ash
Crude fat
Crude protein
Crude fiber
Carbohydrates

EC-340264
12.22
4.80
0.39
22.31
4.33
55.91

Genotype
HPU-51 Local totru
12.00
12.12
4.81
4.82
0.42
0.31
24.03
23.03
6.63
7.52
52.09
52.27

CD
(P0.05)
NS
NS
0.02
4.60
0.58
5.77

340264 (0.39%) and local totru (0.31%). The crude protein
content varied from 22.31 to 24.03 per cent, the maximum
recorded in HPU-51. The crude fiber was in range from 4.33
(EC 340264) to the highest of 7.52 per cent in Local totru
followed by HPU-51 (6.63%). The carbohydrate content
ranged between 52.09 to 55.91 per cent, the highest observed
in the EC-340264, followed by Local totru (52.27%).

Table 2. Nutritional constituents of adzuki bean
Parameter
Calorific values (kcal)
Free fatty acid
(% oleic acid)
Non protein nitrogen (%)
Nitrogen free extract (%)

Genotype
EC-340264 HPU-51 Local totru
316.4
308.29
303.47
0.15
0.17
0.16
0.22
68.15

0.25
64.11

0.24
54.37

CD
(P 0.05)
9.67
0.02
0.02
9.20

340264. Being cheap source of protein they play a significant
role in alleviating the protein energy malnutrition and can
be used as a substitute of meat by low income group of
population.
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Nutritional characteristics of adzuki bean: The data
pertaining to the nutritional constituents of adzuki bean
genotypes is presented in table 2. The calorific values was
found to be highest in the EC-340264 (316.40 kcal) followed
by HPU-51 (308.29 kcal) and Local totru (303.47 kcal). The
free fatty acid was found to be in the range of 0.15 to 0.17 as
per cent oleic acid. The non-protein nitrogen ranged between
0.22 to 0.25 per cent, whereas the nitrogen free extract was
observed in the range of 54.37 to 68.15 per cent. A significant
difference (P=0.05) was observed in all the parameters among
all the genotypes.

O’shea, J.O. and Maguire, M.P. 1962. Determination of calorific
value of food stuff by chromic acid oxidation. Journal of the
Science of Food and Agriculture, 13 : 530-532.

The study concluded that selected genotypes of adzuki
bean seeds had high nutritive value with ample amounts of
proteins, crude ash and crude fiber, and thus can play an
important role in the diet because of their various health
benefits. The crude ash content was maximum in Local totru
genotype followed by HPU-51 and EC-340264 with non
significant variations. Various genotypes under study varied
significantly in terms of protein content with maximum
protein content in HPU-51 followed by Local totru and -
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genotypes for yield and yield contributing traits
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ABSTRACT
Field screening of groundnut genotypes for their quantitative and seed quality traits carried out at Field
Experimentation Center, Department of Genetics and Plant Breeding, Sam Higginbottom Institute of Agriculture,
Technology and Sciences, Allahabad during Kharif-2015 showed highly significant differences among genotypes for
12 quantitative and 4 quality characters studied. Genotype (ICG 13942) registering maximum pod and kernal yield
of 66.4 and 36.67 g plant-1 was identified as the best genotype. Genotype (ICG 3037) performed best in terms of pod
and kernel length.
Key words: Groundnut (Arachis hypogea L.), quantitative, yield contributing characters.

Groundnut (Arachis hypogea L.), of family Leguminosae,
is an important crop among oilseeds grown in tropical and
sub-tropical regions of the world. It is believed to be the native
of Brazil. Its cultivation in India is mostly confined to the
southern states viz. Gujarat, Karnataka, Andhra Pradesh,
Tamil Nadu and Maharashtra. The other important states
growing groundnut are Madhya Pradesh, Rajasthan, Uttar
Pradesh and Punjab. The area under groundnut cultivation
in Uttar Pradesh during 2011-2012 was 0.17 million hectare
and production was 0.39 million tons (Anonymous, 2012).
Groundnut seeds are a good source of protein (25-30%), lipid
and fatty acids for human nutrition (Tai and Young, 1975).
The seed containing 44-56 per cent oil and 22.30 per cent
protein on dry seed basis and also being a rich source of
minerals (phosphorus, calcium, magnesium and potassium)
and vitamins, E, K and B (Savage and Keenan, 1994) serves
as good source of oil and protein (Atasie et al., 2009). The oil
content is of primary importance, which in Indian cultivated
varieties range from 47 to 54.6 per cent (Bishi et al., 2013).
Likewise, the protein content in groundnut kernels varies
from 22-36 per cent depending on cultivar, location, season,
seed maturity and agronomic practices. Average protein
content is higher than that of eggs, dairy products, meat and
fish and the digestibility of groundnut protein is very high .
So it plays an important role in decreasing protein mal
nutrition in the developing countries. The soluble sugars
content in groundnut varies from 9.2 to 13.3 per cent (Asibuo
et al., 2008). Keeping in view its economic importance 11
groundnut genotypes were screened for better yield and
quality traits.
Journal
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MATERIALS AND METHODS
The field experiment was conducted during Kharif2015 at Field Experimentation Centre of Department of
Genetics and Plant Breeding, Faculty of Agriculture, Sam
Higginbottom Institute of Agriculture, Technology and
Sciences, Allahabad, (U.P.) The experiment was laid out in
randomized block design (RBD) with 3 replications.
Standard agronomic practices and plant protection measures
were adopted as per schedule. Observations were recorded
on five randomly selected plants per replication for field
emergence, plant height, primary branches plant-1, pod yield
plant-1, pod yield, sound mature kernel, hundred kernel
weight, shelling, kernel yield and kernel uniformity.
Observations on days to 50 per cent flowering and days to
maturity on plot basis and four quality characters viz., pod
length, pod width, kernel length and kernel width were
recorded. The field data were analyzed statistically as per
randomized block design (RBD) as suggested by (Panse and
Sukhatme, 1967).
RESULTS AND DISCUSSION
The mean sum of squares due to genotypes showed
significant difference for all the quantitative (Table 1) and
qualitative characters (Table 2) studied. Genotype ICG 81
had highest field emergence at 60 DAS (84.33%) and ICG
3037 the lowest (63.00%). Genotype ICG 81 recorded
minimum of 19.66 days for 50 per cent flowering against
maximum for ICG 5236 (30.00). Genotype ICG 13942 showed
highest plant height (52.20), while ICG 81, the lowest (36.06).
Genotype ICG 81 and ICG 13942 recorded the highest and
lowest primary branches plant -1 of 6.73 and 4.13,
respectively. Genotype ICG 513 (117.0), ICG 5221 and ICG
33
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Table 1. Mean performance of groundnut genotypes for different quantitative characters
Genotype

Field
emergence

Plant ht.
(cm)

Days to 50%
flowering

ICG-81
ICG-513
ICG-3037
ICG-4670
ICG-5221
ICG-5236
ICG-5827
ICG-9666
ICG-13723
ICG-13942
Kadiri-6
Mean
C.V.
S.E.
C.D. 5%
Min.
Max.

84.33
77.00
63.00
76.33
74.00
72.00
74.33
77.33
74.33
73.33
72.00
74.36
7.58
1.87
9.57
63.00
84.33

36.06
48.73
42.86
43.83
44.36
44.70
43.80
49.10
48.46
52.20
46.10
45.48
8.11
1.23
6.28
36.06
52.20

19.66
27.66
26.66
24.66
26.00
30.00
28.33
26.00
28.00
26.33
26.66
26.36
8.11
0.71
3.64
19.66
30.00

Primary
branches
plant-1
6.73
6.40
5.86
5.86
5.66
5.73
5.66
5.26
5.53
4.13
4.80
5.60
7.95
0.15
0.76
4.13
6.73

5827 had earliest days of maturity, while genotype ICG 5236
was the latest (124.33). ICG 513 and ICG 81 recorded the
highest and lowest pods plant -1 of 66.40 and 9.73,
respectively. Genotype ICG 13942 had highest pod yield
plant-1 (66.4 g) and ICG 5827 the lowest (44.93 g). Genotype
ICG 13942 also recorded the highest seed yield
plant-1 (36.67 g) followed by ICG 13723 (35.00 g) and lowest
in ICG 4670 (28.67 g). Genotype ICG 5221 had the highest
weight of hundred kernel (43.86 g) of ICG 3037 (36.66 g).
Genotype ICG 81 had highest sound mature kernel per cent
(74.26) against lowest in ICG 5236 (64.28). Genotype ICG 81
and ICG 5221 had the highest and lowest kernel uniformity
per cent of 91.06 and 68.84, respectively. Genotype Kadri 16
showed maximum shelling per cent (72.60), while ICG 13942
the minimum (69.46). Genotypes ICG 3037 and ICG 81 had
the highest (32.86 mm) and lowest pod length (28.20 mm),
respectively. Genotypes ICG 3037 and ICG 9666 exhibited
maximum and minimum pod width of 15.06 and 10.86 mm,
while ICG 3037 and ICG 4670 recorded the maximum and
minimum seed length of 17.70 and 14.49 mm, respectively.
Genotypes ICG 9666 and ICG 5236 showed maximum and
minimum seed width of 10.26 and 7.03 mm, respectively.
The growth, yield and quality of seed are governed by
soil and weather condition, besides management practices.
Crop performance under given environmental conditions
also depends on methods of cultivation and the genotypes
used. Therefore, there is a need to study the variations for
growth, yield and quality traits (Anonymous 2015). The
variation in growth parameters among the genotypes can be
attributed due to the response of different genotypes to
34

Days to
Pod Pod yield
maturity plant-1 (g plant-1)
123.00
120.00
121.00
123.33
120.00
124.33
120.00
122.00
124.00
121.00
120.33
121.72
1.43
0.58
2.96
120.00
124.33

9.73
18.30
11.80
15.86
13.80
11.43
16.50
13.23
14.00
15.16
14.13
13.99
8.14
0.38
1.94
9.73
18.30

52.60
55.60
53.00
53.56
48.03
49.00
44.93
53.76
54.00
66.40
56.00
53.35
7.99
1.42
7.26
44.93
66.40

Kernel Shelling
yield
(%)
(g plant-1)
32.77
71.20
34.00
70.46
32.33
70.16
28.67
72.60
32.67
71.60
33.33
70.00
35.00
69.53
32.67
70.40
35.00
72.20
36.67
69.46
32.33
70.60
33.22
70.74
6.05
1.53
0.67
0.36
3.43
1.84
28.67
69.46
36.67
72.60

100
kernel
wt.
40.36
42.26
36.66
41.33
43.86
41.03
41.76
38.60
42.66
42.50
43.23
41.30
5.53
0.76
3.89
36.66
43.86

S.M.K. K.U.
(%)
74.26
68.35
66.86
71.58
67.29
64.28
70.64
68.47
68.99
72.41
68.32
69.23
3.88
0.89
4.57
64.28
74.26

91.06
78.55
90.88
76.66
68.84
89.36
84.01
79.77
83.81
80.13
79.69
82.07
7.88
2.16
11.02
68.84
91.06

environment and genetic makeup of the genotype. Among
the genotypes studied the earliest days of 50 per cent
flowering was found in ICG 81 (19.66 days). The highest
plant height in ICG 13942 (52.20 cm) and the highest number
of primary branches in ICG 81 (6.73) was recorded. The
genotype requiring minimum number of days for
physiological maturity were ICG 513, ICG 5221 and ICG
5827 (120.00). Such variation with respect to field
performance of different genotype is reported by Desale et al.
Table 2. Mean performance of groundnut genotypes for
different qualitative characters
Genotype

ICG-81
ICG-513
ICG-3037
ICG-4670
ICG-5221
ICG-5236
ICG-5827
ICG-9666
ICG-13723
ICG-13942
Kadiri-6
Mean
C.V.
S.E.
C.D. 5%
Min.
Max.

Pod
width
(mm)
11.90
12.10
15.06
13.70
12.13
11.73
13.66
10.86
13.43
13.76
14.46
12.98
8.03
0.35
1.78
10.86
15.06

Pod
length
(mm)
28.20
32.63
32.86
28.60
28.70
29.43
29.23
30.63
32.70
31.93
32.60
30.73
6.26
1.57
3.28
28.20
32.86

Kernel
length
(mm)
15.63
16.73
17.70
14.49
15.26
16.46
16.80
15.00
16.06
16.60
16.06
16.12
5.68
0.75
1.56
14.49
17.70

Kernel
width
(mm)
8.00
7.13
10.26
7.56
9.20
7.03
7.50
7.43
8.16
9.83
6.73
8.07
8.43
0.23
1.16
6.73
10.26
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(1987), Mallikarjuna et al. (2003). The pod yield plant–1 was
significantly higher in ICG 13942 (66.40 g). Genotype ICG
513 was observed with more number of pods plant–1 (18.30).
Similar findings were reported by Khan et al. (2000), Borkar
& Dharanguttikar (2014), Sah et al. (2000), Kumar et al. (2014)
and Bhagat et al. (1984). Higher kernel yield was mainly
attributed to greater shelling per cent, kernel yield plant-1,
seeds pod-1, 100 kernel weight, sound matured kernel and
kernel uniformity in different genotypes. The highest kernel
yield plant-1 was recorded in ICG 13942 (36.67). The shelling
per cent was significantly highest in ICG 4670 (72.60%),
while sound matured kernel was significantly higher in ICG
81 (74.26). The kernel uniformity was significantly higher in
ICG 1(91.06). Similar findings were reported by Khan et al.
(2000), Borkar & Dharanguttikar (2014), Kumar et al. (2014),
Shukla & Rai (2014) and Saxena et al. (2014).
The study concluded that the genotype ICG-13942 was
identified as the best genotype for pod and kernel yield
plant–1, while ICG-81 was best for days to 50 per cent
flowering, sound matured kernel (74.26), kernel uniformity
(91.06) and primary branches per plant (6.73). Genotype ICG
1427 recorded the highest 100 kernel weight (44.33 g). The
genotype ICG 3037 was identified the best genotype for pod
and kernel length.
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Synchronizing nitrogen and potassium supply with crop
demand to enhance nutrient use efficiency and water use
efficiency on Bt. cotton hybrid (NSPL-999)
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ABSTRACT
A field experiment was conducted to assess N and NK split application to synchronize nutrient application
with crop demand. Eight timings of application and different dose of N and NK both were taken as different
treatments. Timings were planned to supply the fertilizer at different crop growth stages i e., at 10, 30, 45, 60 and 75
DAS. Split application of N and NK did not have any significant effect on plant height, monopodia plant-1, sympodia
plant -1 , boll plant -1 , boll weight and G.O.T. (Ginning Percentage). Bolls plant -1 was affected significantly with the
different mode of fertilizers application as well as timing of split application. The seed cotton yield did not deviate
significantly due to split-cum-basal fertilizer application, however timings of split application of fertilizers resulted
in significant changes in this productivity parameter. The extra net income from F2 was only Rs. 2884 ha-1 over F1 .
Amongst the timing of split application, S4 and S5 having three splits up to 60 DAS proved significantly superior to
some of the remaining treatments. Seed cotton yield ranged from 21.15 to 21.19 q ha-1 with extra net income from Rs.
6109 to Rs. 6205 ha-1 over S1. Other treatments except S7 showed monetary loss from Rs. 900 to Rs. 2250 ha-1 . The
treatment interactions were found to be significant GMR and NMR the characters under study.
Key words: Bt cotton, nitrogen, potassium, split application, water use efficiency and nutrient uptake

Cotton is a prime cash crop and plays vital role in
Indian economy. In India, it is cultivated in about 9 million
hectares area, the largest of any nations in the world, this
acreage is about 25 per cent of the total acreage in the world
and 5 per cent of India’s cultivated area. None the less,
productivity levels are very low with only 502 kg ha-1 as
against world acreage of 731 kg ha-1. In northern cotton
growing states, viz. Punjab, Haryana and Rajasthan, six Bt
cotton hybrids were approved for commercial cultivation,
two each have been developed by Mahyco (MRC 6301 Bt
and MRC 6304 Bt), Rasi seeds (RCH 134 Bt and RCH 317 Bt)
and Ankur seeds (Ankur 651 Bt and Ankur 2534 Bt) (Singh
and Kaushik, 2007). Split application of both nitrogen and
potassium is recommended in many states. Nitrogen is most
essential nutrient for plant growth needs to be supplied in
proper time and quantities. A positive correlation between
vegetative growth and the number of fruiting points produced
by cotton is well known. N supplement therefore by split
application becomes important as it is supplied ideally in a
time when crop critically requires it.
Application of nitrogen in two or more than two splits
doses can help growers enhance nutrient efficiency, promote
optimum yield and mitigate the loss of nutrient. Potassium
(K) is the third major essential plant nutrient along with N
and P. It plays a specific role in most plant species in opening
and closing of stomata which cannot be done by other cation
36
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(Saxena, 1985). It increases root growth and improves
drought resistance, activates many enzymes systems, reduce
water loss and willing, prevent energy losses and aids in
photosynthesis, respiration and food formation (Tiwari,
2001). As the requirement of plants to potassium differ from
stage to stage (Brady, 1996) and there might be better response
of plants to potassium, if potassium is applied in splits at
different stages.
Hence, the present study was carried out using Bt cotton
as test crop to assess the nutrient uptake pattern and fertility
balance.
MATERIALS AND METHODS
The field experiment was conducted in medium black
clay loam soil at the JNKVV, Regional Agricultural Research
Station, Khandwa (M.P.) during 2010-11 and 2011-12. The
soil was slightly alkaline (pH) with low in organic carbon
(0.30-0.20%), available N (191-198 kg ha-1), medium in P2O5
(13.0-19.2 kg ha-1) and K2O (282-288 kg ha-1). The treatments
consist of 02 : Mode of fertilizers application - (F1- N120 as
split & P60, K40 as basal and F2- N120, K40 as split & P60 as
basal) and 08 : Time of split application- (S1-2 Splits (10 & 45
DAS), S2- 3 Splits (10, 45 & 75 DAS), S3- 3 Splits (10, 30 & 45
DAS), S4- 3 Splits (10, 30 & 60 DAS), S5- 3 Splits (10, 45 & 60
DAS), S6- 3 Splits (10, 30 & 75 DAS), S7- 4 Splits (10, 30 45 &
60 DAS) and S8- 4 Splits (10, 30, 45 & 75 DAS).
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The experiment was laid out in split – plot design with
three replications. The hybrid cotton Bt NSPL-999 was sown
on 26.05.2010 and 28.05.2011 and keeping 90 x 90 cm
planting geometry. The fertilizers were applied @ 120 kg N,
60 kg P2O5 and 40 kg K2O ha-1 through Urea, SSP and MOP,
respectively as per the treatments. In NK split dose plots,
only P was applied as recommended dose, while N and K
was applied at the same rates in splits as per treatments. The
crop was grown as per recommended package of practices.
The crop was harvested in three pickings ending by 25 and
28 February in 2011 and 2012, respectively. Samples were
analyzed for N by colorimetric method (Snell and Snell, 1939),
P content was determined by Vanadomolybdo phosphoric
acid yellow method (Jackson, 1973) and K by flame chloral
meter photometer. The soil fertility balance was estimated
by standard formula.
RESULTS AND DISCUSSION
Seed cotton yield (SCY) per kg fertilizer applied : The data
on FUE with respect to SCY kg 1 N, P and K applied are
highlighted in table 1, 2, 3. In this case, the applied mode of
fertilizer application (F1 and F2) indicates that there was no
significant impact due to these treatments with respect to
quantitative fertilizer use efficiency. Nitrogen and K in splits
might have supplied adequate quantity of nutrients to
coincide with peak demand for nutrients to cotton. Besides,
the external application of K might have increased the
quantity of readily available K to cotton, thus, resulting in
higher K uptake (Srinivasan, 2003). The range in seed cotton
yield (SCY) was 13.57 to 14.86 kg kg-1 N applied, 25.35 to
27.86 kg kg-1 P applied and 36.10 to 39.74 kg kg-1 K applied

under F1 and F2 having N120K40 as split performed little better
than F1 having only N120 as split. Thus, the split application
of K40 proved better than K40 applied as basal application.
This is related to the increased availability of potassium to
the growing plants. In fact, potassium is universally required
by all living organism. Munson (1985) reported that in fields
absence of potassium application often decreases efficiency
of fertilizers. The deficiency of potassium directly or indirectly
affects photosynthetic activity (Huber, 1985), disturbs
carbohydrate metabolism (Beringer et al., 1986), inhibits
chlorophyll development, induces accumulation of certain
elements and increases soluble nitrogenous compound
contents (Kock and Mengel, 1977). Potassium is known to
play a vital role in osmoregulation (Hsiao and Lauchli, 1986)
and it is the most efficient cation for activation of several
enzymes (Suelter, 1970). Quality of plant produces is also
influenced by changes in potassium concentration as it is
the quality nutrient. In the deficiency of potassium size,
shape, colour, taste and shelf life of fruits are disturbed
(Hughes and Evans, 1969). The varied changes in cotton
metabolism due to potassium stress have been reported by
Gopal et al. (2010).
As regards with the timings of split application of N
and K fertilizers, S4 and S5 having three splits of these
nutrients (at 10, 30, 60 DAS or 10, 45, 60 DAS) performed the
best, maximum FUE was 16.50 to 16.52 kg SCY kg-1 N applied,
31.10 to 31.19 kg SCY kg-1 P applied and 44.72 to 44.86 kg
SCY kg-1 K applied. This was closely followed by S6 having
three splits of fertilization (10, 30, 75 DAS), where N, P and K
efficiency was 15.40, 28.93 and 41.48 kg SCY, respectively.

Table 1. Yield, NUE (kg SCY kg-1 nutrient applied) and N, uptake of Bt. cotton hybrid NSPL-999 as influenced by N and K
supply at different timings of split application (2010-11 and 2011-12)
Treatment

Seed cotton yield
(q ha -1)
2010-11

(A) Mode of fertilizer application
F1 N120 (P60 K40 basal)
F2 N120 K40 (P60 basal)
CD (P = 0.05)
(B) Timings of split applications
S1 2 Splits (10 & 45 DAS)
S2 3 Splits (10, 45 & 75 DAS)
S3 3 Splits (10, 30 & 45 DAS)
S4 3 Splits (10, 30 & 60 DAS)
S5 3 Splits (10, 45 & 60 DAS)
S6 3 Splits (10, 30 & 75 DAS)
S7 4 Splits (10, 30 45 & 60 DAS)
S8 4 Splits (10, 30, 45 & 75 DAS)
CD (P = 0.05)

2011-12 Mean

NUE
(kg SCY kg-1 N nutrient
applied)
2010-11 2011-12
Mean

N, uptake
(kg ha-1)

Nitrogen use efficiency
(%)

2010-11

2011-12

Mean

2010-11

2011-12

Mean

18.15
19.02
NS

18.92
19.79
NS

18.53
19.40
NS

13.33
14.65
NS

13.80
15.07
NS

13.57
14.86
NS

169.86
167.86
NS

183.79
181.77
NS

176.82
174.82
NS

21.52
25.93
3.02

23.42
27.83
3.39

22.48
26.89
3.22

18.50
16.97
17.74
20.81
20.77
16.70
19.77
17.43
3.90

19.28
17.73
18.50
21.58
21.54
17.46
20.53
18.19
3.91

18.88
17.35
18.12
21.19
21.15
17.08
20.15
17.81
3.89

13.53
13.24
12.82
16.31
16.29
15.19
11.87
12.66
3.03

14.17
13.66
13.24
16.73
16.71
15.61
12.29
13.08
3.06

13.85
13.45
13.03
16.52
16.50
15.40
12.08
12.87
3.04

156.88
146.79
154.34
203.06
177.94
167.58
184.14
160.18
12.25

170.85
160.70
168.24
216.97
191.85
181.48
198.04
174.08
12.17

163.83
153.74
161.29
210.02
185.06
174.53
191.09
167.13
12.22

15.58
22.08
24.94
23.24
26.97
28.40
28.39
20.24
6.21

17.48
23.98
26.84
25.14
28.87
30.30
30.29
22.14
6.48

16.54
23.04
25.90
24.20
27.93
29.36
29.35
21.20
6.44
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Table 2. PUE (kg SCY kg-1 nutrient applied) and P, uptake of Bt. cotton hybrid NSPL-999 as influenced by N and K supply at
different timings of split application (2010-11 and 2011-12)
Treatment

Seed cotton yield
(q ha-1)
2010-11 2011-12 Mean

(A) Mode of fertilizer application
F1 N120 (P60 K40 basal)
F2 N120 K40 (P60 basal)
CD (P = 0.05)
(B) Timings of split applications
S1 2 Splits (10 & 45 DAS)
S2 3 Splits (10, 45 & 75 DAS)
S3 3 Splits (10, 30 & 45 DAS)
S4 3 Splits (10, 30 & 60 DAS)
S5 3 Splits (10, 45 & 60 DAS)
S6 3 Splits (10, 30 & 75 DAS)
S7 4 Splits (10, 30 45 & 60 DAS)
S8 4 Splits (10, 30, 45 & 75 DAS)
CD (P = 0.05)

PUE
(kg SCY kg-1 P nutrient
applied)
2010-11 2011-12
Mean

P, uptake
(kg ha-1)

Phosphorus use efficiency
(%)

2010-11

2011-12

Mean

2010-11

2011-12

Mean

18.15
19.02
NS

18.92
19.79
NS

18.53
19.40
NS

25.11
27.65
NS

25.59
28.07
NS

25.35
27.86
NS

60.64
62.41
NS

71.12
72.98
NS

65.84
67.70
NS

14.41
15.44
NS

15.97
17.00
NS

15.19
16.22
NS

18.50
16.97
17.74
20.81
20.77
16.70
19.77
17.43
3.90

19.28
17.73
18.50
21.58
21.54
17.46
20.53
18.19
3.91

18.88
17.35
18.12
21.19
21.15
17.08
20.15
17.81
3.89

25.50
24.83
24.36
30.98
30.89
28.72
22.08
23.68
5.69

26.14
25.25
24.78
31.40
31.31
29.14
22.50
24.10
5.63

25.83
25.04
24.57
31.19
31.10
28.93
22.29
23.89
5.66

54.09
56.98
62.71
70.61
73.32
54.98
66.38
53.12
7.10

64.66
67.55
73.12
81.02
83.87
65.55
76.95
63.69
7.08

59.37
62.27
67.83
75.73
78.59
60.43
71.66
58.41
7.08

11.55
14.70
18.65
14.28
14.36
16.34
12.13
17.39
2.13

13.11
16.26
20.21
15.84
15.92
17.90
13.69
18.95
2.46

12.33
15.48
19.43
15.06
15.14
17.12
12.91
18.17
2.77

Table 3. KUE (kg SCY/kg nutrient applied) and WUE (kg/cm3) of Bt. cotton hybrid NSPL-999 as influenced by N and K
supply at different timings of split application (2010-11 and 2011-12)
Treatment

Seed cotton yield
(q ha-1)

2010-11
(A) Mode of fertilizer application
F1 N120 (P60 K40 basal)
18.15
F2 N120 K40 (P60 basal)
19.02
CD (P = 0.05)
NS
(B) Timings of split applications
S1 2 Splits (10 & 45 DAS)
18.50
S2 3 Splits (10, 45 & 75 DAS)
16.97
S3 3 Splits (10, 30 & 45 DAS)
17.74
S4 3 Splits (10, 30 & 60 DAS)
20.81
S5 3 Splits (10, 45 & 60 DAS)
20.77
S6 3 Splits (10, 30 & 75 DAS)
16.70
S7 4 Splits (10, 30 45 & 60
19.77
DAS)
S8 4 Splits (10, 30, 45 & 75
17.43
DAS)
CD (P = 0.05)
3.90

2011-12 Mean

KUE
(kg SCY kg-1 K
nutrient applied)
2010-11 2011-12 Mean

Potassium use efficiency
(%)

Water use efficiency
(kg/cm3)

2010-11

2011-12

Mean

2010-11

2011-12

Mean

2010-11

2011-12

Mean

18.92
19.79
NS

18.53
19.40
NS

35.48
39.12
NS

36.72
40.36
NS

36.10
39.75
NS

206.26
223.91
13.89

216.88
234.48
13.23

211.55
229.20
13.28

48.65
105.28
20.45

50.35
106.98
21.23

49.50
106.13
21.19

18.06
18.68
NS

19.30
19.92
NS

18.68
19.30
NS

19.28
17.73
18.50
21.58
21.54
17.46
20.53

18.88
17.35
18.12
21.19
21.15
17.08
20.15

36.19
35.04
34.30
44.24
44.10
40.86
30.41

37.43
36.28
35.54
45.48
45.34
42.10
31.65

36.81
35.66
34.92
44.86
44.72
41.48
31.03

206.11
179.61
192.46
233.18
238.31
237.04
227.47

216.68
190.18
203.20
243.75
248.88
247.61
238.05

211.39
184.90
197.74
238.47
243.60
242.32
232.76

66.37
56.79
102.95
75.99
97.41
96.51
71.63

68.07
58.49
104.65
77.69
99.11
98.21
73.33

67.22
57.64
103.80
76.84
98.26
97.36
72.48

16.54
17.77
18.10
20.57
19.06
17.41
19.02

17.78
19.01
19.34
21.81
20.30
18.65
20.26

17.16
18.39
18.72
21.19
19.68
18.03
19.64

18.19

17.81

33.28

34.52

33.90

206.53

217.10

211.81

48.03

49.73

48.88

18.47

19.71

19.09

3.91

3.89

8.79

8.78

8.79

39.39

40.46

38.57

42.76

43.17

43.23

3.03

3.06

2.62

On the other hand, almost significantly lowest FUE of N, P
and K was noticed in case of S7 and S8 treatments, where
N120 and K40 were applied in four splits (10,30, 45, 60 DAS or
10,30, 45, 75 DAS). It is apparent from these results that the
full dose of N and K should be applied earlier in three splits
within 60 days of plant growth. Because in case of four splits,
the applied doses are curtailed for each split for actively
growing plants as compared to the total three splits. Secondly
in case of four splits, the fourth split approaches late after 75
days of sowing, by that time the N and K requirement of
plants might have slightly reduced. Thus, the fertilizer use
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K, uptake
(kg ha-1)

efficiency in the fourth split is eventually reduced as compared
to the complete dose finished upto three splits. Similar
observations have also been reported by Bhatia and Singh
(2015).
The fertilizer use efficiency with respect to either N, P,
K in its percentage or in terms of its seed cotton yield, in both
cases, were found to be non-significant due to mode and
timings of split application of N and K fertilizers. Due to
similar dose of NPK fertilizers in all the treatment
combinations, the reasoning for their interactions to come
significant does not arise. Logically or fundamentally, the
Journal of Eco-friendly Agriculture 12(2) 2017
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interaction between mode x timings of split application of
fertilizers should not be upto the significant extent because
both the such type of treatment play their role always on a
positive direction.
Uptake of nutrients : The uptake of N, P and K nutrients
was found to deviate significantly due to timings of fertilizer
application, whereas only K uptake was significantly
affected due to mode of fertilizer application Phosphorus
and K uptake was highest, when the fertilizer was applied
in 4 equal doses at sowing, 30, 45 and 60 DAS (Bhatia and
Singh, 2015). That means N and P uptake due to mode of
application was statistically identical. The reason behind
this may be ascribed with the fact that the mode of the
fertilizer application in case of N120 and P60 was the same in
F1 and F 2 treatments, whereas the uptake of K was
significantly higher in F2 treatment (229.20 kg ha-1) when K
was splitted as against 211.5 kg ha-1 in F1 where full dose of
K was applied as basal. The splitting of K at different timings
proved more advantageous because of increased availability
of K as per requirement of the speedily growing plants. Those
results have also been supported by Bhatia and Singh (2015).
The splitting of N and K fertilizers at different timings i.e. 2,
3 or 4 times during growth period influenced significantly
upon the uptake N, P and K nutrients. The treatments S4, S5
and S7 comprising 3 to 4 splits, where N and K fertilizer
doses were finished within 60 days growth period of plants,
proved to be the best wherein maximum N, P and K nutrients
were taken up by the plants. This might be due to attributed
to improved utilization of N in the presence of K. Similar
positive effect of potassium application on N uptake was
reported by Senthivel and Paloniappan (1985). Superiority
of split application of N and NK might be attributed to
availability of nutrients at growth stage when cotton crop
starts growing faster. This may be due to prevention of loss
through leaching.
In case of N, it ranged from 184.89 to 210.01 kg ha-1, in
case of P 71.66 to 78.58 kg ha-1. On the other hand, the N, P
and K uptake was comparatively lower when N and K
fertilizers were splitted upto 75 days growth period as
observed in treatments S2, S6 and S8. This was the overall
trend which indicates that the fertilizers should be splitted
only upto 60 days of plant growth period. Beyond this period,
the supply of nutrients decreased against the requirement or
demand of the plants. Moreover, out of the above mentioned
various treatments, N-uptake was maximum (210.01 kg
ha-1) when N, K fertilizers were applied at 10, 30 and 60
days stages (S4). In case of P - uptake, it was maximum (78.58
kg ha-1) when N, K were applied at 10, 45 and 60 DAS (S5),
being very close to S4. However, in case of K uptake, S4, S5, S6
and S7 performed equally better removing 232.75 to 243.59
Journal of Eco-friendly Agriculture 12(2) 2017

kg ha-1 K from the soil in case of splitting almost upto 60
days of growth period. The interaction between mode and
time of fertilizer application also proved significant with
respect to each of the nutrient under study (Table 3). The
combination of the best mode as well as time of fertilizer
application further encouraged the nutrients uptake
synergistically, which was eventually and logically truthful.
This might be attributed to improved utilization of N in the
presence of K. Similar positive effect of potassium application
on N uptake was reported by Senthivel and Paloniappan
(1985).
Fertilizer use efficiency : The data presented in table 1
revealed that nitrogen and potassium use efficiency was
increased significantly (26.89 and 106.13%, respectively),
when N120 K40 was applied as split and P60 as basal (F2). This
was against the treatment F1 when only N120 was applied as
split and P60 K40 as basal (22.48 and 49.50%, respectively).
The significant impact of F2 treatment might be owing to the
fact that nitrogen and potassium both were applied as split
doses, whereas in case of F1, only nitrogen was applied as
split doses. In case of phosphorus, its full dose is applied as
basal fundamentally. It is not applied as split doses as in
case of nitrogen and potassium, which remain mobile and
available in the soil system. The phosphorus use efficiency
did not deviate significantly because of the fact that P60 was
applied as basal both in F1 and F2 treatments. It is a well
known phenomenon that 2/3 of the applied phosphorus, is
generally, fixed in the soil and only 1/3 is available to the
crop plants. Therefore, this situation prevailed in both the
treatments.
The timings of split application of N and K fertilizers
exerted significant impact upon the N, P and K use efficiency
in Bt cotton hybrid. The treatment S6 and S7 having three or
four splits exhibited the highest N use efficiency (29.35 to
29.36%), whereas the significantly lowest was in case of S1
having two splits (16.54%). However, the P use efficiency
was found in the higher range (18.17 to 19.43%) in S3 and S8
treatments having three or four splits. The significantly lowest
P use efficiency (12.33%) was recorded in case of S1 having
only two splits of fertilizer application. As in case of P use
efficiency, the K use efficiency was also found highest
(103.8%) from S3 treatment having three splits. Thus, S3
timings of split application proved the best for maximum P
and K use efficiency. The equally higher K use efficiency
(97.36 to 98.26%) was also obtained from S5 and S6 treatments
having three splits. The significantly lowest K use efficiency
was recorded from S8 treatment having four splits (48.88%).
The overall trend in K use efficiency indicate that splitting of
N and K fertilizers upto 45 DAS brought about the maximum
K use efficiency, whereas splitting of fertilizers beyond 45
39
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DAS tended to reduce the same.
Water use efficiency : The water use was found maximum
under F2 and S4 treatments as well as with their combination
F2S4. The result trend was almost the same as observed in
case of fertilizer use efficiency because water use efficiency
is maximized with the maximization of fertilizer use
efficiency. Hence, FUE and WUE both are complimentary to
each other. A similar trend as for yield was observed for
water productivity. According to Devkota et al. (2013) the
average water productivity of cotton was 0.88 kg m -3 in
respective of the tillage method (Table 3).
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ABSTRACT
The mango fruits from Deogad tahsil of Sindhudurg district having high worth in mango market which gain a
unique importance as grown in hard lateritic rock conditions. The flowering and fruiting of Alphonso, Kesar, Ratna,
Sindhu, Pairi and Goa mankur mango (Mangifera indica L.) varieties were studied under hard lateritic rocky conditions
during the year 2013-14. The maximum flowering was in Kesar variety (74.00%). In Alphonso variety, deviation in
flowering percentage was higher (ó = 24.15) followed by Pairi (ó = 21.50). The longest panicle (37.50 cm) was observed
in Ratna and highest panicle diameter (27.60 cm) was in Pairi variety. The highest percentage of hermaphrodite
flowers (28.35%) was noticed in Sindhu variety. The fruit retention percentage at harvest was maximum in Sindhu
variety (2.08%) followed by Kesar (1.80%). The average weight of fruit was maximum (321.00 g) in Ratna variety. The
highest fruit yield (45.1 kg tree-1) was recorded in Kesar variety followed by Alphonso.
Key words : Mango, varieties, flowering, hermaphrodite flowers, yield

Mango (Mangifera indica L.) is the premier and most
popular fruit among the millions of peoples in India and
has been in cultivation in the Indian subcontinent since
several centuries. It is a dominant fruit crop of Konkan region
of Maharashtra. Alphonso is the most popular and delicious
leading cultivar commercially grown in this region having
peculiar characteristics like firm, fibreless flesh and good
keeping quality. The mango fruits from Deogad tahsil of
Sindhudurg district having high worth in mango market,
which gain a unique importance as grown in hard lateritic
rock conditions, mature early and have excellent quality,
which ultimately fetch high rates in the market. Though the
mango cultivation in this region is renowned, the
productivity is very low compared to national productivity.
There are several reasons that can be attributed for low
productivity of mango, but among them, the major cause is
the dominance of vegetative phase over the reproductive
phase. In the recent years, weather vagaries is affecting the
crop phenology especially the reproductive phenophases
upsetting crop outputs, quality and profitability in Alphonso
production. Kesar, Ratna, Sindhu, Goa mankur and Pairi
are also the imperative varieties of Konkan region, which
play role in share in mango market apart from Alphonso. To
withstand under the changing climate and also to increase
the productivity of mango the selection of suitable cultivar
for the particular area is quite essential with the research
undertaking study of phenology of these cultivars under
distinctive Deogad conditions.
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The flowering and fruiting are inherited character
associated with the productivity of mango varieties. This
parameter is greatly influenced by environment also because
mango cultivars exhibit ecogeographical preference for
flowering and fruiting (Yadav and Rajan, 1993) and the same
cultivar may behave differently under different localities.
Hence, the present investigation was conducted to study the
vegetative flush and flowering behaviour of mango
(Mangifera indica L.) cultivars under hard lateritic rocky
conditions.
MATERIALS AND METHODS
The flowering and fruiting behaviour of six varieties
was assessed at Mango Research Sub-Centre, Rameshwar,
Tal. Deogad, Dist. Sindhudurg (Maharashtra) during the year
2013-14 on 20 years old mango trees. The uniform trees were
selected for the experiment, which were laid out in
randomized block design with four replications and six
treatments on varieties viz., Alphonso, Kesar, Ratna, Sindhu,
Pairi and Goa mankur. The recommended cultural practices
were followed unvaryingly in experimental trees. The
flowering intensity was observed visually and expressed in
terms of percentage. The initiations of flowering and
flowering phases were recorded. The inflorescence
characters like panicle length, diameter and percentage of
hermaphrodite flowers were recorded on randomly selected
panicles of each tree. The fruit retention at harvest per panicle
was also calculated considering fruit set. The standard
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deviation (ó) was computed for each variety to study the
variation in that particular variety. The yield data was
recorded per tree and expressed on hectare basis considering
plant population as 100 trees per hectare. The performance
of these varieties was analyzed statistically (Panse and
Sukhatme 1985).
RESULTS AND DISCUSSIONS
The data recorded on flowering percentage (Table 1)
revealed significant variation and the maximum flowering
was in Kesar variety (74.00%) and minimum flowering was
in Pairi variety (47.50 %). In Alphonso variety, deviation in
flowering percentage was higher (ó = 24.15) followed by Pairi
(ó = 21.50). Ranpise et al. (2013) also reported that cultivar
Kesar recorded maximum number of panicle cubic m-1 (12.94)
under Dapoli condition. The phenomenon of flowering of
particular mango variety is its peculiar character as its bearing
habit depends on the crop load in previous season. In the
present study, the variation in flowering behaviour might be
due to both genetical and climatological factors.
The early flowering was observed in Alphonso variety,
in 43rd standard meteorological week (SMW) and flowering
occurs in 5 phases, while in Kesar variety, four phases were
recorded. In Ratna and Pairi varieties, flowering occurred in
three phases. In Sindhu and Goa mankur varieties, only two

phases occurred. Under normal conditions, three flowering
flushes are noticed in mango cv. Alphonso (Haldankar et al.,
2014). The flowering phases are also governed by several
factors like temperature fluctuation during flowering period,
maturity of shoots, etc.
The data on inflorescence characteristics of different
mango varieties viz; panicle length, panicle diameter,
percentage of hermaphrodite flowers, percentage of fruit
retention and average fruit weight presented in table 2 and
shown significant differences. The longest panicle (37.50 cm)
was observed in Ratna variety, which was at par with Pairi
variety. The shortest panicle was in Sindhu variety. The
highest panicle diameter (27.60 cm) was recorded in Pairi
variety while lowest panicle diameter was in Alphonso
variety. The higher deviation in panicle length and diameter
(ó = 3.94 and 3.16, respectively) was found in Alphonso
variety showing wide range of panicle size. Salvi et al. (2013)
also studied these parameters under Vengurle conditions.
The highest percentage of hermaphrodite flowers
(28.35%) was recorded in Sindhu variety, which was followed
by Goa mankur (23.20%), Keasr (22.48%) and Ratna (21.80%).
The lowest percentage of perfect flowers was recorded in
Alphonso and Kesar varieties. Hermaphrodite flowers
percentages were not as much of other varieties (10.38% and

Table 1. Flowering in different mango varieties.
Variety
Alphonso
Kesar
Ratna
Sindhu
Pairi
Goa mankur
SE +
CD at 5%

Initiation of flowering
(SMW)
43
46
48
51
51
49
-

No. of flowering flushes in
season
5
4
3
2
3
2
-

Flowering
(%)
69.00 (56.78) *
74.00 (59.52)
63.75 (53.11)
62.50 (52.56)
47.50 (43.56)
55.50 (48.27)
3.57
10.76

Standard deviation (σ ) in flowering
percentage
24.15
15.23
18.21
12.30
21.50
16.50
-

*Figures in the parenthesis indicates the corresponding arc sine transformed values
SMW = Standard Meteorological Week

Table 2. Inflorescence characteristics of different mango varieties
Variety
Alphonso
Kesar
Ratna
Sindhu
Pairi
Goa mankur
SE +
CD at 5%

Panicle length
(cm)
23.45 (±3.94)*
31.53 (±3.71)
37.50 (±3.86)
22.73 (±2.26)
35.68 (±3.82)
27.53 (±2.79)
1.35
4.06

Panicle diam.
(cm)
13.88 (±3.16)
25.10 (±2.38)
21.38 (±2.18)
20.93 (±1.78)
27.60 (±2.54)
22.45 (±1.83)
1.21
3.63

Hermaphrodite flowers
(%)
10.38
22.48
21.80
28.35
11.90
23.20
1.19
3.58

Fruit retention at harvest
(%)
1.01
1.80
1.35
2.08
0.93
1.63
0.22
0.66

Av. fruit wt.
(g)
207.00 (±14.25)
280.50 (±13.22)
321.00 (±15.45)
182.25 (±10.35)
218.50 (±11.63)
223.75 (±10.06)
5.59
16.84

*Figures in the parenthesis indicates the corresponding arc sine transformed values
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Table 3. Yield of different mango varieties for two seasons
Variety
Alphonso
Kesar
Ratna
Sindhu
Pairi
Goa mankur
SE +
CD at 5%

2012-13
41.7
46.9
28.8
25.6
23.5
30.8
1.59
4.79

2013-14
31.5
43.3
30.8
24.4
19.9
29.3
2.93
8.83

Yield (kg tree-1)
Cumulative yield
73.2
90. 2
59.6
50.0
43.4
60.1
-

11.90% respectively). The number of hermaphrodite flowers
in a panicle is an important criteria related to yield. The
percentage of hermaphrodite flowers varies with cultivar,
place and temperature during flowering. Desai et al. (1985)
and Ranpise et al. (2013) also reported the varietal difference
in ex ratio. The retention of fruits at harvest was maximum
in Sindhu variety (2.08%) followed by Kesar (1.80%). The
lowest fruit retention was in Pairi (0.93%), which was at par
with Alphonso (0.99%). Ranpise et al. (2013) observed similar
trends under Dapoli conditions of Maharashtra. Fruit set is
a varietal character, which depends upon several factors
such as time of flowering, sex ratio, efficiency of cross
pollination, intensity of drop as well as climatic conditions,
etc. Cultivars differ from one another in these respects and
this leads to variation in fruit set which affect the productivity
and yield. The average weight of fruit was maximum (321 g)
in Ratna variety followed by Kesar (280.50 g). The lowest
fruit weight was recorded in Sindhu variety as its bearing is
in cluster. The size and weight of fruit is a specific character
of cultivar and also it might be affected by crop load on tree.
Such varietal difference was also observed by Desai and
Dhandar (2000).
As the many varieties of mango have irregular bearing
habit, the yield data for two seasons were recorded (Table 3).
The significant highest fruit yield (43.34 kg tree-1) was
recorded in Kesar variety, followed by Alphonso. These
findings were in accordance with Manveer Kour et al. (2014).
The yield of mango varies with variety, periodicity of
flowering, growing conditions etc.
As many varieties of mango have irregular bearing
habit, the yield data for two seasons were recorded (Table 3).
The significantly highest fruit yield in both the years
(46.9 kg tree-1 and 43.3 kg tree-1) with average yield of
45.1 kg tree-1 was recorded in Kesar variety followed by

Mean
36.6
45.1
29.8
25.0
21.7
30.1
2.07
6.76

2012-13
4.17
4.69
2.88
2.56
2.35
3.08
0.16
0.48

Yield (t ha-1)
2013-14
3.15
4.34
3.08
2.44
1.99
2.93
0.29
0.88

Mean
3.66
4.51
2.98
2.50
2.17
2.93
0.21
0.64

Alphonso. These findings were in accordance with Manveer
Kour et al. (2014). The yield of mango varies with variety,
periodicity of flowering, growing conditions, etc.
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Studies on performance of sprouting broccoli
(Brassica oleracea var. italica) under different
growing conditions
M. Ravindra Babu and R.V.S.K. Reddy
Dr. Y.S.R. Horticultural University, Venkatarammannagudem, West Godavari Dist, Andhra Pradesh, India
ABSTRACT
A field experiment was conducted to study the performance of sprouting broccoli cv. Green Magic under
polyhouse, 50 per cent shadenet and open field conditions during winter season of 2012-13 at Horticultural Research
Station, Aswaraopeta, Khammam district, Telangana state (erstwhile Andhra Pradesh). The experiment was laid out
in RBD with three treatments and seven replications. Among the three different conditions naturally ventilated
polyhouse (NVPH) with retractable shadenet recorded highest head diameter (9.29 cm), head weight (265.0 g) and
marketable yield (7.95 t ha-1 ), which was at par with open field conditions in case of head diameter (9.22 cm), head
weight (234.34 g) and marketable yield (7.03 t ha -1). Number of days for head initiation was lowest in open field
conditions (61.14 days), which was at par with NVPH (62.14 days) and number of days for head development was
lowest in open field conditions (26.71 days) followed by NVPH (29.86), which was at par with 50 per cent shadenet
(30.14 days).
Key words : Sptouting broccoli, agro-condition

Sprouting broccoli (Brassica oleracea var. italica) is an
exotic vegetable crop with rich nutritive values and
medicinal properties, which is becoming popular in India.
Morphologically, sprouting broccoli resembles cauliflower.
The plant forms a kind of head, consisting of green buds and
thick fleshy flower stalks. It is widely cultivated in Europe
and North America. Sprouting broccoli is rich in proteins,
vitamins, antioxidants and contains a chemical compound
called ‘indole-3-carbinol’, which can combat breast cancer.
Broccoli also has the phytochemical sulforaphane, a product
of glucoraphanin believed to aid in preventing some types
of cancer, like colon and rectal cancer. Sulforaphane induces
the production of certain enzymes that can deactivate free
radicals and carcinogens (Mukhrjee and Mishra, 2012).
Low temperature coupled with humid climate is
favourable for head formation and development. The plants
are hardy and can withstand fairly heavy frost without any
considerable damage. Low light intensity and high
temperatures lead to formation of loose heads. Therefore, it
is mainly grown in temperate and subtropical climate and
in North Indian plains it is grown during winter (Sharma et
al., 2004). In plains of Andhra Pradesh the temperatures
range between 15º–45ºC during the year, hence it is difficult
to cultivate cole crops year round in outdoor condition. In
several parts of the state biotic stresses, mainly during rainy
season, do not allow successful production of vegetables
like tomato, cauliflower, cabbage etc., Protected cultivation
is a potential approach for cultivation of exotic vegetable
crops like broccoli, brussel’s sprout etc,. Sprouting broccoli
can be grown during winter months (October, February).
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Keeping in view of the tremendous potential of
sprouting broccoli in domestic and foreign market, present
investigation was undertaken to study its performance under
different growing conditions.
MATERIALS AND METHODS
The experiment was conducted at Horticultural
Research Station, Aswaraopeta, Khammam district,
Telangana State (erstwhile Andhra Pradesh) during winter
season of 2012-13. The location is situated at 17o 15’ 00.5" N,
80" 06’00.6" E and 166 m above mean sea level. The soil is
red sandy loam with a pH of 6.7. The experiment was laid
out in Randomized Block Design with three treatments viz.,
open field (T1), 50 per cent shadenet (T2) and naturally
ventilated polyhouse (NVPH) (T3) replicated seven times.
Green Magic variety was selected for the study, which is
considered to have more potential in this locality. The soil
was tilled to fine tilth by repeated ploughings. Raised beds
of 30 cm height and 70 cm wide on the top 90 cm wide at the
bottom were prepared leaving 30 cm between beds to facilitate
intercultural operations. Twenty five days old seedlings
grown on raised nursery bed were transplanted during first
week of November at 50 x 50 spacing in zig-zag row planting
system on either side of the inline drip line with 4 lph
drippers placed at 50 cm distance. Naturally ventilated
polyhouse was provided with movable shadenet of 50 per
cent shade to provide additional shade during noon hours.
The soil was applied with well decomposed FYM
@10 kg sqm-1 mixed well with the soil while preparing the
beds. The essential cultural operations like weeding,
Journal of Eco-friendly Agriculture 12(2) 2017
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irrigation, fertilizer application, plant protection etc., were
carried out regularly in all the three growing conditions.
Five plants from each treatment were randomly selected for
recording the observations on growth and yield. The data
collected were analysed statistically by using computer
based online statistical program OPSTAT (Pasne and
Sukhatme, 1985).

Fresh weight of leaves was highest in NVPH (331.29 g
plant-1) which was at par with open conditions (319.70 g
plant-1), whereas, significantly lowest fresh weight of leaves
was recorded in 50 per cent shadenet (203.60 g plant-1), which
might be due to reduced photosynthetic activity due to
insufficient light under 50 per cent shadenet.
Number of days taken for head initiation was least in
open field condition (61.14 days), which was at par with
NVPH (62.14 days). Significantly highest number of days
for head initiation was recorded in 50 per cent shadenet
(69.71 days). Number of days for head development was
lowest in open field condition (26.71 days), where as highest
in 50 per cent shadenet (30.14 days), which was at par with
NVPH (29.86 days). This might be attributed to increased
accumulation of photosynthates under low light intensity
conditions prevailed under 50 per cent shadenet.

RESULTS AND DISCUSSION
The data on growth parameters as influenced by
different growing conditions are presented in the table 1.
The plant height of sprouting broccoli differed significantly
for different growing conditions at all the stages of crop
growth viz., 30 DAT, 60 DAT and at harvest. At 30 DAT, the
plant height was highest in NPVH (14.36 cm), which was at
par with 50 per cent shadenet (14.09 cm) and were
significantly superior over open field condition (13.16 cm).
At 60DAT, significantly highest plant height was recorded
in NPVH (27.40 cm) over open field condition (24.64 cm)
and 50 per cent shadenet (24.75 cm). Similarly, plant height
was highest in NPVH (239.68 cm) at harvest, which was
significantly superior over open field condition (36.99 cm)
and 50 per cent shadenet (35.57 cm). Plant height was highest
in NVPH, which might be attributed to the enhanced
metabolic activities like photosynthesis and respiration due
to favourable climatic conditions prevailed inside the
polyhouse as compared to shadenet.

Head diameter was highest in NVPH (9.29 cm), which
was at par with open field (9.22 cm) conditions and
significantly lowest head diameter was recorded in 50 per
cent shadenet (8.01 cm) (Table 2). Significantly highest head
weight was recorded in NVPH (265.00 g) followed by open
field conditions (234.34 g), where as the lowest head weight
was recorded in 50 per cent shadenet (167.39 g). Similarly,
yield per plot was significantly highest in NVPH (9.59 g
plant-1) followed by open field conditions (8.44 g plant-1)
and lowest yield per plant was recorded in 50 per cent
shadenet (6.03 g plant-1). Among all the growing conditions
highest marketable yield was recorded in NVPH (7.95 t ha-1)
followed by open field conditions (7.03 t ha-1), whereas lowest
yield was recorded in 50 per cent shadenet (5.02 t ha-1)
(Table 2).

There is no significant difference among different
growing conditions in case of number of leaves at 30 DAT
and 60 DAT. Significantly highest number of leaves at
harvest was recorded in NVPH (26.52), whereas least number
of leaves at harvest was recorded in 50 per cent shadenet
(23.87), which was at par with open field condition (24.76).
Reduced number of leaves in open conditions and 50 per
cent shadenet conditions was probably due to slow rate of
leaf initiation, which would be due to lack of sufficient light
in shadenet, which might have resulted in reduced
photosynthesis. These results are in agreement with previous
investigation in capsicum (Thapa et al., 2013).

Increased yield under polyhouse condition was due to
favourable climatic conditions particularly inside the
polyhouse, which led to higher vegetative growth
contributing to early head initiation, increased accumulation
of food material and increased yield. Increased yield under
open condition might be due to increased light interception
and favourable climatic conditions prevailed during the

Table 1. Effect of different growing conditions on growth of sprouting broccoli
Treatment

T1
T2
T3
CD at 0.05
SEm
CV (%)

Plant height
(cm)

13.16
14.09
14.36
0.88
1.28
5.36

24.64
24.75
27.40
1.39
1.45
7.63

Journal of Eco-friendly Agriculture 12(2) 2017

Number of leaves

36.99
35.57
39.66
1.53
1.49
6.47

7.74
7.80
7.94
NS
1.21
7.06

16.43
15.27
15.96
NS
1.30
5.05

24.76
23.87
26.52
0.85
2.27
7.88

Fresh wt. of
leaves at
harvest
(gm)
319.70
283.60
331.29
21.05
6.76
9.74

No. of days for
head initiation

No. of days for head
development

61.14
69.71
62.14
1.49
1.48
4.96

26.71
30.14
29.86
1.64
1.53
4.82
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Table 2. Effect of different growing conditions on yield and
yield attributes of sprouting broccoli
Treatment

Head
Head wt.
Yield
Marketable
diam.
plot-1
yield
(gm)
(cm)
(kg)
(t ha-1)
T1
9.22
234.34
8.44
7.03
T2
8.01
167.39
6.03
5.02
T3
9.29
265.00
9.54
7.95
CD at 0.05
0.21
12.82
0.46
0.39
SEm
1.07
4.11
2.15
0.12
CV (%)
6.99
11.90
8.90
8.93
T1 : Open field condition, T2 : 50 per cent shadenet, T3 : Naturally
ventilated polyhouse (NVPH).

season of crop growth. Broccoli being a thermosensitive plant
responds well to the seasons and temperature variations
very quickly, hence being winter season crop open conditions
also received lower temperature during entire period of crop
growth resulting in increased head size and marketable yield
(Thakur, 2015).

Thus, it can be concluded that among three different
growing conditions NVPH with retractable shadenet of
50 per cent shade recorded highest marketable yield
(7.95 t ha-1) as it provided favourable climatic conditions
during entire period of crop growth.
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ABSTRACT
Overall result of two year’s experiment conducted during summer, 2008 and 2009 revealed that out of nine
neem based treatments, neem seed kernel extract (NSKE) 5 per cent applied as six round of foliar sprays proved to be
the most effective in reducing the population of two spotted spider mite (Tetranychus urticas Koch) resulting in 88.80
per cent mite pest reduction. All other neem based formulated products almost remained at par in this regards,
causing mite pest reduction ranging from 81.00 to 83.60 per cent (Neem Ban) (Rakshak Gold). The highest fruit yield
(172.80 q ha-1) of okra was obtained also in case of NSKE-5 per cent and other neem based formulations of pesticides
viz. Neembecidine, Achook, Neemark, Neemguard, Rakshak Gold and Uttam Neem remained statistically at par in
this regard. Neem Ban and Neemazal appeared to be little inferior to the neem products in terms of yield realization,
inspite of their equivalent acaricidal efficacy against T. urticae. So far as the overall efficacy of both neem based and
chemical pesticides tested under the experimentation, propargite 57 EC @ 1.250 l ha -1 proved to the most efficacious
against T. urticae infesting okra causing maximum reduction in the mite population to the tune of 81.50, 86.70 and
98.50 per cent recorded at 4,7 and 10 DAA (days after application). The maximum yield of 180.50 q ha -1 also
registered in case of propargite with minimum yield of 124.80 q ha-1 which was obtained from the unprotected crop.
The present findings suggest that NSKE (neem seed kernel extract) 5 per cent being the most effective against the mite
pest could have the better place in IPM for eco-friendly management of T. urticae for sustainable cultivation of okra
during summer season. Propargite can be used in the extreme situation of severe mite pest incidence.
Key words : Okra, T. urticae, neem based pesticides, NSKE, propargite

Okra (Abelmosches esculentus L. Moench.) is one of most
important vegetable crop of Jharkhand. The crop is normally
grown during rainy, spring and summer season. The fruit of
the crop is used for various preparations in the form of
vegetables, having high nutritional values. Spring and
summer crop of okra is badly damaged by the two spotted
spider mite (Teranychus urticae Koch.) during spring and
summer season. The mite pest is responsible for causing loss
in yield of okra ranging from 9.12 to 12.72 per cent during
spring and from 32.22 to 36.41 per cent during summer season
(Prasad and Singh, 2007). Late sown summer crop sometimes
suffers from 60-70 per cent loss in yield in the region where
atmospheric temperature rise up to 44-480C (Prasad, 2006).
During summer, plucking of fruits is made twice and thrice
in a week. Hence, broad spectrum chemical insect acaricides/
acaricides are used by farmers, which pose high pesticide
residues in fruits, which is injurious for human health.
Botanical insecticides in general and neem based pesticides
in particular could be of immense value in eco-friendly
management of the mites. But information on this aspect is
scarcely available in the literature. Therefore, the present field
studies were undertaken to evaluate the acaricidal efficacy
Journal
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of certain neem based pesticides against T. urticae infesting
okra.
MATERIALS AND METHODS
An experiment was conducted in the farmer’s field in
village Pithoriya of Ranchi district during summer season
for two consecutive years, 2008 and 2009. There were 11
treatments replicated thrice in plot size of 4.0 x 2.5 square
meters. The seeds of okra (var. Pusa Sawani) were sown on
26th and 28th February, 2008 and 2009, respectively. The crop
was raised under the normal recommended packages of
practices except plant protection measures. There were nine
treatments comprising of certain neem based formulations
(Table 1) and one each treatment comprised of propargite 57
EC and untreated control (water spray) for their comparison
with the test neem based products. Altogether, six rounds of
foliar sprays with the respective toxicants were provided
over the crop on judicious and need based basis. The
untreated plots were left unprotected for their relative
comparison with test treatments. Six randomly selected
leaves were plucked, each of two from lower, middle and top
canopy region from 5 randomly selected plants and they
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were kept in separate polyethylene bags (treatment and
replication wise). They were brought to the laboratory for
the population estimation of mite. The leaf bits were cut in
the size of 4 square centimeters from each of selected okra
leaves. Mite populations were counted under the stereoscopic
binocular microscope on each of the leaf bites and they were
registered on leaf-bit-basis for all the treatment replicationwise. Finally, mean population of the live mite (T. urticae)
were calculated at 4, 7 and 10 days after application (DAA)
of the test pesticides treatment and replication wise. Pretreatment count of population of the mite pest was recorded
one day before the spray of the respective pesticides.
RESULTS AND DISCUSSION
The experimental data, resulting out from pooled mean
results of two years’ field experimentation (i.e. 2008 & 2009)
pertaining to the reduction in the population of the mite pest
caused by the respective treatments and their ultimate impact
on the yield of okra fruits are shown in table 1.
Reduction in the mite population: All the test treatments
could be able to cause significant reduction in the mite pest

population of okra over the untreated control (Table 1).
Among the test, neem based formulation of pesticides, NSKE
5 per cent proved to be the most effective in reducing the
incidence of the TSM, two spotted spider mite (T. urticae),
Uttam Neem, Rakshak Gold and Achook remained almost
at par at almost all the three observational dates viz. 4, 7 and
10 DAA based on the pooled mean results of 2008 and 2009
and six round of spray (Table 1). As such, the highest
reduction, over control, in the mite population recorded in
case of NSKE 5 per cent were to the tune of 74.60,78.50 and
88.80 per cent at 4,7 and 10 days after its foliar treatment in
the present studies. Patel et al. (1993) and Singh and Singh
(1999) also found that commercial neem products like
Neemark (0.5%) and Margocide CK (0.1%) caused more than
90 per cent mortality of T. cinnabarinus on Indian bean only
next to the conventional acaricide, dicofal. Acaricidal efficacy
of 32 plant products were reported and among them Mucuna
prurita, Gymnema sylvestre and Euphorbia geniculata exhibited
promising results. Botha (1984) and Botha et al. (1994) found
that propargite was found most effective against T. urticae
infesting apple plant in the agro-climatic condition of South

Table 1. Acaricidal efficacy of certain neem based pesticides against red spider mite (Tetranychus urticae Koch) infesting okra.
(Based on pooled mean of 2008 and 2009).
Treatment

Azadirachtin content
(%)

Dose*
l ha-1

T1 Neem Ban

1.00

1.00

T2 Neemazal

1.00

1.00

T3 Neembecidine

0.03

3.00

T4 Achook

0.03

3.00

T5 Neemark

0.03

3.00

T6 Neemguard

0.03

3.00

T7 Rakshak Gold

1.00

1.00

T8 Uttam Neem

0.03

3.00

T9 NSKE 5%

-

-

T10 Propargite

57EC

1.50

-

-

-

-

T11 Untreated control
(Water spray)
S.E.M. ±
CD (P=0.05)

Percentage reduction** in the mite population
recorded at
4 DAA
7 DAA
10 DAA
67.70
75.00
81.00
(55.30)
(60.00)
(64.16)
66.80
73.90
82.00
(54.82)
(59.28)
(64.90)
68.50
72.80
81.70
(55.86)
(58.63)
(64.67)
70.50
74.50
82.70
(57.10)
(59.67)
(65.42)
69.80
73.60
83.20
(56.67)
(59.08)
(65.81)
68.50
74.30
82.50
(55.86)
(59.55)
(65.28)
70.50
72.90
83.60
(57.10)
(58.63)
(66.12)
70.20
72.70
83.00
(56.91)
(59.51)
(65.65)
74.60
78.50
88.80
(59.74)
(62.37)
(70.45)
81.50
86.70
98.50
(63.79)
(68.62)
(74.12)
0.00
0.00
0.00
1.76
5.25

2.26
6.75

2.45
7.32

Yield of okra fruits
(q ha-1)
166.00
166.30
167.70
168.50
168.20
168.00
167.80
167.50
172.80
180.00
124.80
1.94
5.78

* Dose of the formulated products (s), ** Mean of six sprays each applied for two years, DAA – Days after spray, Figures in parenthesis
are angular transformed value.
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Africa. Prasad (2002) reported that Amrut guard (Aza.0.03%)
and Neemectin (Aza 0.15%) could cause substantial
reduction in the incidence of T. urticae on okra and Aceria
lycopersicae on egg plant in the agro-climatic conditions of
Varanasi region of Eastern Uttar Pradesh. Out of all the
eleven test treatments, the chemical acaricids, Propargite 57
EC @ 1.25 l ha-1 could cause maximum reduction in the
incidence of the mite (T. urticae) to the tune of 81.50, 86.70
and 98.50 per cent at 4, 7 and 10 DAA in the present studies.
It is reported that chlorfenaphyr @ 1.5 ml l-1 of water proved
most effective fallowed by spiromesifen @ 0.6 ml l-1 of water
against yellow mite (Polyphagotarsonemus latus Banks)
infesting chilli (Capsicum annum L.) in the agro-climate
condition of Varanasi.
Yield of fruits: Perusal of the results (Table 1) indicated that
okra plants receiving need based foliar protection with NSKE
5 per cent realized the highest yield of fruits (172.80 q ha-1)
followed by the other neem based pesticides viz. Achook
(aza. 0.03%), Neemark (aza. 0.03%) and Neemguard (aza.
0.03%) etc. among the neem formulations. However, so far
as the overall efficacy of the test treatments is considered, the
chemical acaricide, Proparagite 57 EC @ 1.25 l ha-1 applied
as need based foliar spray, gave rise to the maximum yield
(180.50 q ha-1) in the present studies. Experimental finding
of Prasad (2002) also revealed that foliar spray with Amrut
guard and Neemectin gave appreciably higher reduction in
the incidence of T. urticae, which realized higher yields of
okra almost in the similar trends of the present studies.
It may be concluded that NSKE 5 per cent among the
neem based and Propargite 57 EC in the form of chemical
acaricide proved to be highly promising in management of
T. urticae for sustainable cultivation of okra in the agroclimate conditions of Ranchi of Jharkhand state.
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ABSTRACT
Chilli (Capsicum annum Linn.) is one of the important vegetables and spice crops in India. Yellow mite
(Polyphagotarsonemus latus Banks) is an important pest, which is responsible for causing loss in yield from 15 to 28 per
cent. Based on the mean results of field experiment conducted in the two consecutive years, it was found that need
based foliar spray with neem oil proved to be the most effective in management of mite (P. latus) causing upto
71.50 per cent mortality of the pest, which in turn result the highest yield of green chilli (96.80 q ha-1). However, all the
neem based pesticides viz. Multineem, Neembecidine, Neemazal and Neemguard were found significantly effective
against the pest causing 67.90 to 69.80 per cent mortality of the pest resulting in appreciably higher yield of green
fruits of chilli ranging from 90.60 to 93.60 q ha-1. Moreover, the chemical acaricide, propargite 57EC @ 2.50 ml l-1 of
water caused the overall maximum mortality of the mite (87.00%) and dicofol 18.50 EC @ 2.5 ml l-1 of water remained
at par resulting in the overall highest yield of green fruits of chilli viz. 105.60 and 102.70 q ha-1 . The pongamia oil
(5 ml l-1 of water) also gave rise to the appreciable pest killing (68.50%) with higher yields of fruits (92.40 q ha-1).
Key words : Chilli, yellow mite, pongamia oil, azadirachtin, acaricides, yields.

Chilli (Capsicum annum L.) is one of the most important
vegetable and spice crops in human diet in India. Among
the several pest fauna, yellow mite (Polyphagotarsonemus latus
Banks) alone causes enormous damage by sucking the sap
of foliage, young growing tender twigs, buds and flower and
resulting in loss in yield ranging from 15 to 30 per cent in the
agro-climatic conditions of Jharkhand (Prasad, 2007). Since,
green chilli fruits are directly consumed as vegetables and
spices, it is not desirable to apply foliar spray with broad
spectrum chemical acaricides due to their side effects viz.
residue problems and environmental hazards. Botanical
pesticides such as neem and pongamia oil and their
commercial formulations could play important role in
managing the pest up to significant extent resulting in
minimum reduction in the yield caused by the pest. But,
information on this aspect is lacking in the literature. Hence,
the present field experiment was conducted to fulfill the
objective of eco-friendly management of the pest for
sustainable cultivation of chilli in the agro-climatic
conditions of Jharkhand.
MATERIALS AND METHODS
A field experiment was conducted in the farmers field
in the village Hochar of Kanke block of Ranchi district during
two consecutive years, 2008-09 and 2009-10 in spring season.
The experiment was conducted in RBD with nine treatments
and three replications (Table 1). The test treatments
50
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comprised of 5 neem based pesticides, pongamia oil and 2
conventional acaricides viz. propargite and dicofol for
determination of their comparative acaricidal bioefficacy
against P. latus on chilli.
The transplanting of seedlings of chilli (var. Pusa Jwala)
was done in 2nd week of November during both of the years
of experimentation. The plot size was 5 x 3 m. The control
plot was sprayed with water. The spraying was done by
knap sack sprayer and at the time of spraying cloth screen
was erected to avoid drifting from plot to plot. As such, 5
round of foliar sprays with the test treatments were provided
to the standing crop on need based basis and observations
on the mite pest incidence were recorded on 4,7 and 10 days
after application (DAA) of the respective treatments and
finally data of all the 5 sprays were pooled together of all the
three DAA’s treatment and replication wise after calculation
of percentage of mite mortality, For taking observations, five
plants from each plot were randomly selected, tagged and
numbered. A total of 5 terminal leaves from each randomly
selected plants were plucked and kept in the separate
polyethylene bags treatment and replication wise and they
were brought to the laboratory for counting of live mite
population on the leaves. The live mite population was
counted under the stereoscopic binocular microscope on 4,
7 and 10 days after application (DDA) of the pesticides. The
mean percentage of mite mortality (PMM) was calculated by
Journal of Eco-friendly Agriculture 12(2) 2017
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employment of following formula:
Pmm 

treatments were found to be significantly effective in reducing
incidence the mite pest (P. latus).

Na.T – Na.C
 100
Na.C

Where, Na. T= No. of alive mite in the treatment
Na.C. = No. of alive mite in the untreated check
Periodical plucking of the green chilli fruits were
plucking at the attain meet of their proper age and zone of
maturity. The yield of green chilli was recorded in kg plot-1
in each plucking. Ultimately yield of all the plucking
(harvesting) wise and converted into q ha-1. The gain and
loss in yield, over control were calculated by employing the
following formula.
Gain in yield (%) 

T–C
 100
C

Loss in yield (%) 

T–C
 100
C

Where, T = yield obtained from protected crop
C = yield obtained from unprotected (i.e. control)
The experimental data were subjected to statistical
analysis after suitable transformation for their interpretation
and documentation. Finally, data on mite mortality and fruits
yield of two years experiment were pooled together for their
statistical analysis. The results are presented in table 1.
RESULTS AND DISCUSSION
Reduction in the pest incidence and yield of fruits
A perusal of data (Table 1) revealed that all the

Among the neem based acaricides/pesticides, neen oil
@ 4 ml l-1 was found responsible for causing the maximum
mortality of the mite pest (P. latus) at 4, 7 and 10 days after its
application (DAA), resulting in the highest yield of green
chilli fruits (96.80 q ha-1). The other neem products viz.
Multineem, Neembecidine, Neemazal and Neemguard also
caused significantly higher mortality of the mite pest
amounting to 69.70, 67.90 and 68.88 per cent which, in turn,
realized the higher yield of fruits viz. 93.90, 90.60, 93.50 and
93.20 q ha-1, respectively. Pongamia oil @ 5 ml l-1 of water
also proved highly effective against the mite with 57.50, 62.80
and 68.50 per cent mortality of the pest at 4, 7 and 10 DAA in
the present studies. Rai et al. (2014) reported that neem oil
and pongamia oil proved to be highly effective against the
pest (P. latus) on chilli. Singh and Singh (1999) also found
higher mortality of the red spider mite (T. urticae) on okra,
through foliar spray of neem oil in the agro-climatic condition
of Varanasi region of Eastern Uttar Pradesh. As such in the
present studies, pongamia oil @ 5 ml l-1 could be able to
cause upto 68.50 per cent mortality in the mite pest, realizing
higher yield of chilli fruits (92.40 q ha-1), which is in tune of
the findings of Rai et al. (2014).
Among the chemical acaricides, propargite 57 EC @
2.50 ml l-1 of water proved to be the most effective in terms of
mortality of the mite pest viz. 78.60, 82.70 and 87.00 per cent
mortality of the mite at 4, 7 and 10 DAA, which, in turn,
realized the highest yield of fruits (105.60 q ha-1). Dicofol
18.50 EC @ 2.5 ml l-1 of water remained almost at par in this
regard in the present investigation. Earlier workers (Singh
and Singh, 1992, Singh and Singh, 1999 and Rai et al., 2014
obtained almost similar results with the chemical pesticides

Table 1. Relative acaricidal bio-efficacy of botanical pesticides and conventional acaricides against yellow mite
(Polyphagotarsonemus latus Banks) (Based on pooled mean results of 2008-09 & 2009-10).
Pesticide

Neem oil
Multi neem (Aza. 0.03%)
Neembecidine (Aza. 0.03%)
Pongamia oil
Neemazal (Aza. 1.0%)
Neem guard (Aza. 0.03%)
Propargite 57 EC
Dicofol 18.50 EC
Untreated control (Plain water)
CD (P=0.05)
C.V. (1%)

Dose
(ml l-1. of water)
4.00
5.00
5.00
5.00
2.50
5.00
2.50
2.50
-

Percentage of the mite mortality recorded at days
after application
4 DAA
7 DAA
10 DAA
60.40 (51.00)
65.80 (54.21)
71.50
(57.73)
59.50 (50.48)
63.40 (52.77)
69.70 (56.61)
58.40 (49.84)
63.70 (33.95)
67.90 (55.49)
57.50 (49.31)
62.80 (51.83)
68.50 (55.86)
65.70 (54.15)
68.60 (55.93)
69.80 (56.66)
57.60 (49.37)
64.50 (53.43)
68.88 (56.06)
78.60 (62.45)
82.70 (65.44)
87.00 (68.88)
75.80 (60.55)
80.25 (63.59)
85.40 (67.55)
4.50 (12.25)
5.60 (13.69)
6.20 (14.44)
(1.67)
(1.76)
(1.44)
(10.48)
(12.48)
(11.33)

Yield of green
fruits of chilli
(q ha-1)
96.80
93.90
90.60
92.40
93.50
93.20
105.60
102.70
76.50
5.24
12.83

Avoidable loss
in yield
(%)
20.97
18.53
15.56
17.21
18.18
17.92
27.56
25.51
-

Gain in yield
(%)
26.53
22.74
18.43
20.78
22.22
21.83
37.25
34.25
-

Aza. = Azadirachtin, Figures in parentheses are angular transformed values, DAA – Days after application of the test treatment.
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viz. wettable sulphur and dicofol.
Computation of gain and loss in yield of chilli fruits
The overall finding reveals that the yellow mite (P. latus)
could be able to cause considerable loss in yield of green
chilli’s fruits varying from 15.56 to 27.56 per cent in the
present studies. Rai et al. (2014) reported that the chilli thrips
(Scirtothrips dorsalis) and yellow mite (P. latus) caused loss in
yield of chilli from 30-55 per cent at national level. The
protection cover of chilli against P. latus through the chemical
acaricides viz. propargitye and dicofol were found
responsible for gain in yield to the tune of 37.25 and 34.25
per cent. The protection of the crop through need based foliar
spray with neem oil (4ml l-1 of water) and pongamia oil (5 ml
l-1 of water) could be able to result in 26.53 and 20.78 per cent
increase in yield of chilli. The other neem products viz.
Mutineem, Neembecidine, Neemazal and Neem gaurd,
applied as foliar spray against the chili mite, gave rise to
increase in yield ranging from 22.74, 18.43, 22.22 and 21.83
per cent with respect to the unprotected crop of chilli in the
present studies. Patel et al. (1993) obtained considerable
enhancement in yield of okra, brinjal and Indian bean
through foliar spray of botanicals used against the red spider
mite in Gujarat, India.
Based on overall results of two years experimentations,
it is concluded that neem oil (4.00 ml l-1 of water) and
pongamia oil (5.0 ml l-1 of water) proved highly effective
against P. latus among the botanicals and propargite and
dicofol remained overall most effective against the pest

(P. latus) realizing appreciably higher yield of green chilli
fruits to the tune of 96.80, 92.40, 105.60 and 102.70 g ha-1,
respectively.
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ABSTRACT
Based on field studies conducted during 2009 and 2010 in spring-summer on acaricidal efficacy of certain
chemical and neem based pesticides for management of the red spider mite (Tetranychus ludeni Zacher) infesting
french bean (Phaseotus vulgaris L.) it was found that dicofol 18.5 EC@ 2.50 l ha-1 proved to be the most effective against
the mite. Propargite 57 EC@ 1.20 l ha -1 and milbectin 1.0 EC@ 0.50 l ha -1 were at par. Among the neem based
pesticides, NSKE 5 per cent caused the maximum reduction to the tune of 80.70 per cent in the mite population.
Neembecidine (Aza. 0.03%) @ 3.0 l ha-1 , Rakshak Gold (Aza.1.0%) @ 1.0 l ha-1, Neemazal (Aza. 0.03%) @ 1.0 l ha-1 ,
Neemgurd (Aza. 0.03%) @ 3.0 l ha-1 were at par. Realization of yields of green pods of french bean were also found
almost in similar trends as those of reduction in the population of the mite pest (T. ludeni). As such, yield of green
pods ranging from, 82.60 to 90.50 q ha-1 and 75.40 to 80.70 q ha-1 were obtained through protection provided with
chemical and neem based pesticides, respectively. The lowest yield of 60.80 q ha -1 was obtained from the unprotected
crop. Thus, the experimental findings gave rise to certain alternative options to the farmers for effective management
of T. ludeni for sustainable cultivation of french bean.
Key words: French bean, T. ludeni, neem based acaricides, yield

French bean (Phaseolus vulgaris L.) is one of most
important and common leguminaceous vegetable crops
grown in Ranchi region of Jharkhand. The crop is raised
almost throughout the year for its green pods, which is used
as green vegetable. The spring and summer season crop is
badly attacked by the red spider mite (Teteanychus ludeni
Zacher). The adults and nymphs suck cell sap along with
chlorophyll content from leaves, green tender stems, leaves,
flower buds and green pods as well. Green leaves are more
prone to attack of the mite pests. Large number mites are
seen on leaves in general with more presence on the under
surface. As such, considerable loss ranging from 10-30 per
cent in yield of green pods is caused by the pest (Prasad,
2006). Farmers are using general insecticides for managing
the pest and they get disappointment as they fail to solve the
pest problem. Selective insecto-acaricides and some neem
based pesticides could be effective in suppressing the pest
upto the optimum extent for sustainable cultivation of french
bean. Information on this aspect is scarcely available in the
literature. Therefore, the experiments were undertaken to
identify alternative options for eco-friendly management of
the mite for reducing the yield loss of the crop in the
agro-climatic condition of Ranchi region of Jharkhand.
MATERIALS AND METHODS
The experiment was conducted in the farmer’s field of
Journal
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village Pithoriya of Ranchi district in spring-summer season
during 2009 and 2010. There were 11 treatments including
untreated control with 3 replications in the plot size of 5 x 2
m in the randomized block design. Seeds of the crop (var.
Arka Komal) were sown on 16th and 18th February of 2009
and 2010, respectively. The crop was raised under the
recommended agronomical packages of practices. Need
based foliar sprays of the test pesticides were applied in the
respective treatments except in the untreated control plot.
Six rounds of foliar sprays were applied during the cropping
season. Six randomly selected leaves were plucked each of
two from lower, middle and top canopy region from the 5
randomly selected and tagged plants in each treatment and
replication and they were kept in the separate polyethylene
bags and were brought to the laboratory. Leaf- bits were cut
in the size of 4 square centimeters from each of the selected
leaves. Mite populations were counted under the stereoscopic
binocular microscope on each of the leaf bits and they were
recorded on leaf bit basis on all treatments replication wise.
Finally, mean populations of the live mite (T. ludeni) were
calculated at 4, 7, and 10 days after application (DAA).
Pre-treatment counts of population of the mite pest were
recorded one day before the spraying of the respective
pesticides. As such, the mite population was counted on the
basis of number of mites per 4 square centimeter of leaf area
and finally mean number of mites/ 4 sq. cm of six leaves was
53
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calculated. Based on the surviving individuals of mite
population of the treatment, the per cent reduction in the
pest population was calculated by using Henderson and
Tiltons formula (1955) which is mentioned below:
 Ta Cb 
Per cent reduction = 1 –  
  100
 Tb Ca 

Where, Ta= Population in the treated plot after spray
Tb= Population in the treated plot before spray
Ca= Population in the control plot after spray
Cb= Population in the control plot
The mean date of six rounds of spray was pooled and
finally two years data were also pooled for their analysis
and interpretation. The data on per cent reduction in the
mite population were transformed into Arc sin percentage
for their statistical analysis. Green pods (fruits) were plucked
regularly at proper time and weighed per plot basis (kg
plot-1). Ultimately, yield data were converted into q ha-1

treatment and replication wise and they were also subjected
to the statistical analysis for their proper documentation and
interpretation.
RESULTS AND DISCUSSION
The experimental data resulted out from pooled mean
results of two years field experimentations pertaining to the
reduction in the population of the mite pest caused by the
respective treatments and their ultimate impact of fruits (pods)
yield are shown in table 1.
Reduction in the mite population: All the test treatments
could cause significant reduction in the mite pest population.
Propargite 57 EC @1.20 l ha-1 proved to be the most effective
and dicofol 18.5EC @ 2.50 l ha-1 and milbectin 1.0 EC @ 0.50
l ha-1 remained at par in terms of reduction in the pest
incidence almost at all the three dates of observations eg. 4, 7
and 10 DAA (days after application) of the toxicant. Among
the neem based formulations, neem seed kernel extract
(NSKE) 5 per cent showed the maximum efficacy and other
neem products remained at par in terms of suppression of

Table 1. Comparative evaluation of chemical and neem based pesticides for their acaricidal efficacy against the red spider mite
(Tetranyuchus ludeni Zacher) infesting french bean (Pooled mean of 2009 and 2010)
Acaricide

Formulation

Dose*
(l ha-1)

Dicofol

18.5 EC

2.50

Wettable sulphur

80 W.P

2.50

Propargite

57 EC

1.20

Diafenthiuron

50 EC

1.00

Milbectin

1.0 EC

0.50

NSKE

5% EC

3.00

Neembecidine

(0.03% Aza.)

3.00

Rakshak Gold

(1.1% Aza.)

1.00

Neemguard

(0.03% Aza.)

3.00

Neemazal

(1.0% Aza.)

1.00

-

-

-

-

Untreated control
(Water spray)
S.E.M. ±
CD (P=0.05)

Percentage reduction** in the mite population
recorded at
4 DAA
7 DAA
10 DAA
81.50
86.80
98.50
(64.23)
(68.70)
(82.96)
75.80
82.50
87.50
(60.53)
(65.27)
(69.30)
83.80
88.90
98.90
(66.27)
(70.45)
(83.98)
80.50
85.30
89.80
(63.79)
(67.46)
(71.38)
84.50
87.60
97.80
(66.81)
(69.38)
(81.48)
69.50
72.50
84.60
(56.48)
(65.28)
(66.89)
68.80
73.60
82.30
(56.04)
(59.08)
(65.13)
69.70
71.90
80.30
(56.60)
(57.99)
(63.65)
66.70
69.30
81.50
(54.76)
(53.91)
(65.54)
65.30
72.50
80.30
(53.91)
(58.37)
(63.66)
0.00
0.00
0.00
(2.28)
(6.83)

(1.62)
(4.84)

(1.97)
(5.87)

Yield of okra fruits
(q ha-1)
90.50
85.60
89.70
82.60
84.70
80.70
79.50
78.50
75.40
76.70
6.80
1.92
5.66

* Dose of the formulated products (s); Aza. – Azadirachtin, ** Mean of six sprays.
DAA – Days after application, Figures under the parenthesis are angular transformed value.
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the pest. Out of the four commercial neem based pesticides,
Neembecidine (0.03% Azadirachtin) applied @ 3 l ha -1
caused maximum mortality of the mite pest and Rakshak
Gold, Neemguard and Neemazal remained at par at almost
all the three observational dates of the test treatments.
The percentage reduction in the mite population ranged
from 68.80 to 84.50, 71.90 to 88.90 and 80.30 to 98.90 per cent
recorded at 4, 7 and 10 DAA (days after application) of the
test treatment, respectively. Mite pest reduction recorded at
10 DAA could be considered as the ultimate suppression of
the pest. However, it was noticed that reduction in the mite
pest incidence was found to be gradually increased from 4
DAA to 10 DAA and maximum being at 10 DAA. As such,
the highest reduction in the mite pest (98.90%) was registered
in case of propargite 57 EC @ 1.20 l ha-1 and dicofol 18.5 EC
@ 2.50 l ha-1, milbectin 1.0 EC @ 0.50 l ha-1 remained at par in
the present studies. The supremacy of dicofol against the
red spider mite was also reported by many earlier workers
(Patel and Yadva, 1988; Kumar and Sharma, 1993;
Umamaheswari et al., 1999). The eco-friendly products viz.
wettable sulphur 80 WP @ 2.50 kg ha-1, diafenthiuron 50 WP
@ 1.0 kg ha-1 and milbection 1.0 EC @ 0.50 l ha-1 could do
appreciable reduction in the mite pest to the tune of 87.50,
89.80 and 97.80 per cent in the present studies.
Iskander et al. (1994) found in Egyptian condition that
abamectin and dicofol remained highly effective against the
oriental red spider mite (Eutetranyches orientalis) and false
spider mite (Brevipalpus californicus). The findings of
Manjunatha and Puttaswamy, 1995 indicating wettable
sulpher was effective against the vegetable spider mite
(T. neocaledonicus) infesting french bean. The present results
are almost to the tune of their findings. In present studies
neem based formulation of pesticides could cause
appreciable reduction in the incidence of the pest mite
ranging from 80.30 to 84.60 per cent. Prasad (2002) reported
that Amrutguard (Aza. 0.03%) and Neemectin (Aza. 0.15%)
could cause substantial reduction in the incidence of T. urticae
on okra and Aceria lycopersicae on egg plant in the agroclimatic condition of Varanasi.
Yield of green pods: The highest yield (90.50 q ha-1) of green
pods was obtained when the crop was provided foliar
protection with dicofol 18.5 EC @ 2.50 l ha-1, which in turn
remained at par with those of propargite 57 EC @ 1.2 l ha-1
and wettable sulphur 80 WP @ 2.50 l ha-1 realizing pods
yields of 89.70 and 85.60 q ha-1, respectively. Manjunatha
and Puttaswamy (1995) also realized higher yield of french

bean with foliar spray with wettable sulphur. So far as the
protection effects of neem based products on yields is
concerned, NSKE 5 per cent gave the highest pod yield of
80.70 q ha-1, which remained at par with Rakshak Gold,
Neembecidine, Neemazal and Neemguard realizing pods
yields of 78.50, 79.50 76.70 and 75.40 q ha-1 respectively. As
such, dicofol, propargite, diafenthiuron and milbectin could
emerge as promising acaricides among the chemical ones
and NSKE 5 per cent, Neembecidine, Rakshak Gold, Neem
Gaurd and Neemazal were effective against the red spider
mite (T. ludeni zacher) infesting french bean, which in turn
realized appreciable higher yields of green pods.
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ABSTRACT
Effectiveness of botanical grain protectants viz., red chilli Capsicum annuum L. fruit powder, black pepper Piper
nigram L. seed powder, neem Azadirachta indica, neem leaf powder, turmeric Curcuma longa L. rhizome powder and
tulsi Oscimum basilicum L. leaf powder in the management of Rhyzopertha dominica (Fabricius), a serious insect pest of
sorghum under storage, studied under controlled laboratory conditions, revealed that black pepper seed powder
(0.5%) exhibited maximum adult mortality of 65 and 29.75 per cent at 4 and 60 DAT, respectively. The next effective
treatments were red chilli fruit and neem seed Kernal powder (5.0%). The germination of sorghum grains was found
above 80 per cent with neem leaf, tulsi leaf and turmeric rhizome powder treatments while neem seed kernel, red chilli
fruit and black pepper seed powder showed somewhat detrimental effect.
Key words: Rhyzopertha dominica, botanicals powders, sorghum storage, adult mortality, germination

Sorghum, Sarghum bicolor (L.) Moench, the most widely
adopted staple food crop for the mankind specially in semiarid tropics, occupies fifth position among the cereal crops
in terms of production following rice, wheat, maize and
barley in the world. About 80 per cent of produce, estimated
to be stored at farm or village level, suffers from different
insects, micro-organisms and vertebrates (birds and rodents).
As a result 7 to 8 per cent of stored grain worth Rs. 600 to 700
crore is lost (Jadhav, 2006). Sorghum is attacked by many
insect pests in field as well as under storage condition.
Among these the lesser grain borer, Rhyzopertha dominica, as
an internal and primary feeder, is very important. Females
lay eggs singly or in a row on the exterior part of the grain.
Eggs hatch and the active larvae bore inside a grain, where it
completes its development up to the adult stage. Upon
reaching to the adult stage, the insect emerges from the grain
and creates a large exit hole. Therefore, the best method to
manage this pest is to control adults before they colonize
and reproduce in the stored grain, or control larvae before
they enter into the grains. Control of insects by insecticide
has serious drawbacks, such as the development of
resistance, toxic residues, workers safety and increasing costs.
Applying a grain protectant may offer long-term protection
against adults and larvae of R. dominica in stored grain.
Among various grain protectants, some plants have been
found to posses the most effective and most acceptable active
ingredients. There is an urgent need to develop pest
management strategies which will be commercial and safer
in small and large scale storage. These strategies could be
achieved by exploiting the plants of insecticidal property,
which are also easily available to farmers. The plant
materials are inevitable favorites by virtue of lesser impact
56
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on the environment. Keeping this in view the effectiveness of
different plant parts powder on the mortality and progeny
production of R. dominica in sorghum grains was evaluated
under laboratory conditions.
MATERIALS AND METHODS
The test insect collected from infested sorghum grains,
procured from local market were mass multiplied on stored
sorghum grains disinfested at 55ºC temperature in an oven
for 4 hrs before use, under laboratory conditions.
Leaves of neem (Azadirachta indica A. Juss) and tulsi
(Oscimum basilicum L.) (collected from College farm, Block-E,
NAU field, Navsari), dry fruits of chili (Capsicum annuum L.),
neem seeds, black pepper (Piper nigram L.) and rhizomes of
turmeric (Curcuma longa L.) (collected from local market) were
shade dried for a week and ground into powder with the
help of mixer. The neem seed kernel, obtained after decoating
neem seed, were dried, ground to powder form and stored in
airtight plastic containers at room temperature.
The sorghum grains of variety GJ-42 (100 gm) and the
test materials (seed protectant in powder from) in respective
doses kept in glass jar (9.5×7.0 cm) were mixed thoroughly
until the materials were evenly distributed among the grains.
Four such replications were maintained in each case. Ten
pairs of 2 to 3 days old adults of R. dominica were released in
each jar at an interval of 4, 7, 15, 30 and 60 days of treatment.
The jars were covered with two-fold muslin cloth and tied
with rubber band to ensure ventilation and prevent escape
of adults. The per cent adult mortality was calculated on the
basis of the number of dead insects. Insects showing
movement of legs and antennae were considered as alive.
Journal of Eco-friendly Agriculture 12(2) 2017
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The mortality counts were recorded 48 hours after release of
adults. The percentage mortality of the adults was corrected
by following the formula given by Abbott’s (1925) and
subjected to ANOVA after transforming them to arc sine.
The data so, obtained were statistically analysed by
employing arc sine transformation.
Per cent weight loss = UNd – DNu × 100
U (Nd + Nu)
Where, U = Weight of undamaged grains, D = Weight
of insect damaged grains, Nu = Number of undamaged
grains, Nd = Number of insect damaged grains.
The effect of seed protectants on viability of seeds,
germination test was conducted at 60 days after treatment.
For this 100 untreated (control) seeds were treated with
different seed protectant. Three replications each having 100
seeds were maintained for germination test. The seeds were
soaked in distilled water and later transferred in sterilized
petri plates (1.5×9 cm) consisting a piece of wetted blotting
paper at the bottom. Blotting papers were moistened by
applying distilled water. Germination per cent after 72 hours
was calculated (Patel, 2001) and the data was statistically
analysed by employing arc sine transformation.

red chili powder was almost of par after 15 days of treatment.
The data presented on 30 DAT indicated maximum
corrected per cent adult mortality (20.0%) with red chilli fruit
powder (5.0%), while black pepper seed powder (0.5%)
exhibited 17.50 per cent adult mortality. Tulsi leaf and
turmeric rhizome powder (5.0%) exhibited the lowest
corrected per cent mortality of 15.0 and 10.0 and 15.0 and 7.5
per cent at 4 and 7 DAT, respectively.
The corrected per cent mortality of adults of R. dominica
at 60 days after treatment indicated that neem seek kernel
powder and red chilli fruit powder (5.0%) gave the maximum
protection i.e. 10.00 and 8.75 per cent, respectively. No adult
mortality was found with turmeric rhizome powder.
The overall mean adult mortality of R. dominica
recorded at 48 hours after release of adults with different
intervals i.e. 4, 7, 15, 30 and 60 DAT as figure 1 showed that
black pepper seed powder (0.5%) remained effective up to 60
days and gave significantly higher mortality (29.75%) over
rest of the treatments. The minimum per cent adult mortality
was found with the treatment of turmeric rhizome powder

RESULTS AND DISCUSSION
Perusal of the data presented in table 1 revealed
significantly higher corrected adult mortality (65.0%) with
black pepper seed powder (0.5%) after 4 days of treatment
and the lowest (10.0%) with turmeric rhizome powder (5.0%).
The treatment could maintain its maximum effectiveness till
7 days of treatment (40.0%) but declined thereafter drastically.
The red chili fruit powder (5.0%) exhibiting 35.0 and
25.5 per cent adult mortality at 4 and 7 days of treatment,
respectively and providing little lower but static mortality
21.25 per cent up to 60 DAT was found to be the second best
protectant. Effectiveness of black pepper seed powder and

Fig. 1. Influence of various plant products against adult of R.
dominica in stored sorghum

Table 1. Effectiveness of various plant products against R. dominica
Treatment
T1 Red chilli fruit powder
T2 Black pepper seed powder
T3 Neem seed kernel powder
T4 Neem leaf powder
T5 Turmeric rhizome powder
T6 Tulsi leaf powder
S.Em. ±
C.D. at 5%
C.V. (%)

Dosage
(%) w/w
5.0
0.5
5.0
5.0
5.0
5.0
-

4 DAT

7 DAT

15 DAT

30 DAT

60 DAT

36.27 (35.00)*
53.76 (65.00)
29.99 (25.00)
26.55 (20.00)
18.39 (10.00)
22.76 (15.00)
0.75
2.21
5.59

28.28 (25.50)*
39.23 (40.00)
28.24 (22.50)
14.40 (6.25)
15.85 (7.50)
22.78 (15.00)
0.84
2.48
7.90

26.55 (20.00)*
26.57 (20.00)
22.78 (15.00)
14.30 (6.25)
14.37 (6.25)
18.34 (10.00)
0.83
2.46
9.48

26.57 (20.00)*
24.73 (17.50)
20.61 (12.50)
12.92 (5.00)
12.92 (5.00)
12.89 (5.00)
0.66
1.94
8.33

17.20 (8.75)*
14.47 (6.25)
18.43 (10.00)
9.06 (2.51)
0.57 (0.01)
11.04 (3.75)
0.48
1.40
9.37

Mean corrected
percentage mortality
26.97 (21.25)*
31.75 (29.75)
24.01 (17.00)
15.45 (8.00)
12.42 (5.75)
17.57 (9.75)
1.20
3.47
20.39

*Figures are in parenthesis are retransformed values, while those outside are arc sine transformed values.

Journal of Eco-friendly Agriculture 12(2) 2017

57

Manisha Meena, G.G. Radadia and C.U. Shinde

(5.75%) and neem leaf powder (8.00%). Red chilli fruit
powder and neem seed kernel powder recorded 21.25 and
17.00 per cent adult mortality, respectively, which was at
par with each other. Ashouri and Shayesteh (2009) reported
that the red papper fruit powder did not show complete adult
mortality as compared to black pepper seed powder against
R. dominica. Capsicum annum L. fruit powder @ 5.00 g
exhibited 10.40 per cent adult mortality of Sitophilus zeamais
(Mostch) after 48 hours (Oni, 2011), while Piper guineense L.
applied @ 0.50 g per 20 g of wheat exhibited 33.30 per cent
adult mortality of R. dominica after 48 hours (Kayode and
Daniel, 2012). The present findings corroborates with Oni
(2011) and Kayode and Daniel (2012) but disagree with
Ashouri and Shayesteh (2009). The discrepancy so observed
in the adult mortality might be due to variation in
methodology opted and the prevailing climate conditions.

rhizome powder maintained more than 80.0 per cent
germination, while red chilli fruit powder, black pepper seed
powder and neem seed kernel powder were comparatively
detrimental in respect to per cent germination of stored
sorghum.

Effect on germination of treated grains (60 DAT)
The date on per cent germination presented in table 2
revealed higher germination with neem leaf powder (91.33%)
and tulsi leaf powder (89.00%) treatment. Significantly the
lower germination (69.00%) was found in red chilli fruit
powder. More or less similar findings were also reported by
Savitri et al. (1994) and Singh and Singh (2005).

Ashouri, S. and Shayesteh, N. 2009. Insecticidal activities of black
pepper and red pepper in powder form on adults of
Rhyzopertha dominica (F.) and Sitophilus granaries (L.). Pakistan
Entomology, 31 : 122 - 127.

The study concludes that the black pepper seed powder
(0.5%) was found effective in controlling R. dominica up to 60
days. Neem leaf powder, tulsi leaf powder and turmeric
Table 2. Influence of various botanicals on germination of
sorghum (Variety GJ-42)
Treatment
T1 Red chilli fruit powder
T2 Black pepper seed powder
T3 Neem seed Kernel powder
T4 Neem leaf powder
T5 Turmeric rhizome powder
T6 Tulsi leaf powder
T7 Control (Untreated)
S.Em. ±
C.D. at 5%
C.V. (%)

Dosage
(%) w/w
5.0
0.5
5.0
5.0
5.0
5.0
-

60 DAT
56.17 (69.00)*
60.01 (75.00)
61.13 (76.67)
72.95 (91.33)
70.35 (88.67)
70.64 (89.00)
64.92 (82.00)
0.80
2.43
2.13

*Figures in parenthesis are retransformed values while, those
outside are arc sine transformed values.
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ABSTRACT
Indian grape growing system is facing various biotic and abiotic stresses. Powdery mildew is main biotic threat
and load of fungicides goes in the berries during the management of the disease. Applications of fungicides increases
input cost and badly affect grape quality. Prevailing hot conditions during harvesting of grape bunches in the main
grape growing areas, result in deterioration in quality and shortening of shelf life. Application of Agro-Rakshak
(aqueous solution of chlorine dioxide) at 150 ppm was found effective in controlling powdery mildew, while application
at 200 ppm dose was effective in maintaining the berry quality during storage at ambient conditions. Application of
chlorine dioxide minimized the growth of bacteria and yeast in raisins during storage under ambient conditions.
Key words : Aqueous chlorine dioxide, powdery mildew, PDI, berry quality, firmness, raisins.

Grape production in India is increasing every year. As
per an estimate, total grape production in India was 2597
thousand tonnes from an area of 121 thousand hectares
during 2015-16 (Anonymous, 2016). About 71 per cent of
total grapes production of country is consumed as fresh fruit
and 27 per cent is converted into raisins. In India,
Maharashtra is the leading state in area and production,
followed by Karnataka. Biotic stresses namely powdery
mildew and downy mildew adversely affect grape growing.
Powdery mildew caused by Erysiphe necator (earlier Uncinula
necator) is a serious biotic constrain during cloudy winter
season, which threatens the sustainable production of
grapes. It can develop on bunches, if humid and cloudy days
prevail during flowering to fruit set period. If it develops on
bunches before fruit set, it is very difficult to control the
disease in the later stages in the vineyard. The green stalks
of bunches can be infected by powdery mildew at any stages,
till harvest, which reduces shelf life of bunches in storage
due to rapid desiccation. Therefore, one to two preventive
sprays for the management of powdery mildew are
necessarily given during flowering to fruit set stage and 4-5
sprays are given to manage powdery mildew after fruit set,
till fruit maturity.
Chlorine dioxide (ClO‚ ) is a versatile biocide and has
previously been used in a gaseous form for bacterial
decontamination (Buttner et al., 2004). It has also been shown
to have a degree of fungicidal activity in solution (Price and
Ahearn, 1999). Hot water and chlorine dioxide treatments
reduce the total number of microorganisms, fungi and
bacteria populations on the surface of the berries. Chlorine
in aqueous solutions consists of a mixture of chlorine gas
(Cl2), hypochlorous acid (HOCl) and hypochlorite ions. The
Journal
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concentrations generally used in postharvest applications
are 50 to 200 µg ml-1 (Suslow, 1997) but the information of
the same as foliar spray was wanting.
Besides, being a disinfectant, application of ClO‚ was
earlier found to improve the appearance of grapes after
storage. Grapes treated with 20 ppm ClO2 had less weight
loss, less mold growth and better overall appearance. This
may be due to a delay in the growth of mold in clean packaged
film, compared to fruit placed in a box after sterilizing the
surface of grapes (Chung et al., 2006). Zhong et al. (2009)
found that ClO2 treatment is effective for extending the shelf
life and maintaining the quality of Jufeng and Red Globe
table grapes. López-Gálvez et al. (2010) demonstrated that
the use of aqueous ClO‚ did not cause any deleterious effect
on the content of ascorbic acid and phenolics of fresh-cut
iceberg lettuce. Considering the beneficial effects of ClO‚ the
present study was carried out to access the effects of a
commercial formulation of ClO‚ (Agro-Rakshak) in managing
powdery mildew, on shelf life of Thompson Seedless grapes
and raisins made from treated grapes.
MATERIALS AND METHODS
Location and variety: The present study was conducted on
6 years old vineyard of Tas-A-Ganesh, a clonal selection of
Thompson Seedless, trained on extended ‘Y’ trellis system
at the experimental farm of ICAR-National Research Centre
for Grapes, Pune during the cropping season of 2015-16.
Chlorine di-oxide formulation: A commercial product AgroRakshak having 5 per cent stabilized chlorine dioxide as its
active ingredient was used in this study. Agro-Rakshak has
2 reagents (Reagent-1 is sodium chlorite with stabilizers and
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Reagent-2 is hydrochloric acid with stabilizers). To prepare
the required concentrations of ClO‚ solutions, 1 ml of
Reagent-1 + 1 ml of Reagent-2 were dissolved in 1 litter of
distilled water (50 ppm of ClO‚ ), 2 ml Reagent-1 + 2 ml
Reagent-2 (100 ppm of ClO‚ solution) and 4 ml Reagent-1 +
4 ml Reagent-2 (200 ppm of ClO‚ ) was dissolved in 1 litter of
distilled water. The prepared solutions of chlorine dioxide
were applied as foliar spray in the early morning just before
sunrise.

and then expressed as per cent weight loss with reference to
the initial weight. In case of decayed and dropped berries
during storage of bunches at ambient conditions, dropped
and decayed berries were collected every day in punnets
and counted and recorded. The parameters like rachis
browning, discoloration and berry shrinking are purely
qualitative types and were recorded based on visual
observations only. Nil : (-), very light browning: (+), browning:
(++) and dark browning: (+++).

Powdery mildew management: Three doses of AgroRakshak were used for the study, viz. 50 ppm, 100 ppm and
150 ppm along with two check fungicides, Sulphur 80 WDG
@ 2 g l-1 and Hexaconazole 5% EC @ 1 ml l-1. Experiment was
laid out in RBD with four replications. Three sprays of these
chemicals were given, when disease was present in the field.
The disease incidence on leaves was recorded on 2-3 days
after last spray, adopting 0-4 scale, where 0 means no disease
and 4 means more than 75 per cent leaf area affected.

To see the effect of ClO‚ on raisin quality, grapes were
dried at temperature of 35-40°C and a lot of 50 g raisins were
dipped for the duration of 2 minutes in solution and after
treatment these lots were placed under ambient conditions
for 3 days to study the effect of chlorine dioxide on raisin
quality. Microbial status in raisins was noted in the form of
numbers of bacterial and yeast colonies. For this purpose
Nutrient Agar Medium was used for bacterial count, while
in case of yeast count, Yeast Extract Peptone Dextrose (YEPD)
medium was used. Serial dilution and pour plate method
was followed for colony counting. The collected data were
statistically analysed.

Percent Disease Index (PDI) was calculated by
following formulae
Sum of numerical ratings  100
PDI = Number of leaves observed  Maximum rating

The ratings on minimum ten leaves and a bunch were
recorded on randomly selected canes. Ten such canes per
plant were observed. The observations on 8 plants spread
over four replication were recorded. Thus, the data presented
on PDI is average of randomly selected 80 canes.
Quality of grapes and raisins: The doses of ClO‚ were 0, 50,
100 and 200 ppm comprising four treatments and each
treatment was replicated four times. The bunches were
dipped in the prepared solution. In each treatment, 10
bunches each on 4 vines were dipped in solution for 2
minutes. The treatments were applied on 3rd and 7thday
before harvesting on separate bunches. The treated grape
bunches were harvested and individual bunch was placed
in 21 punnets per treatment and kept at ambient conditions
for 7 days. Observations were recorded on three per treatment
on each day, considering each punnet as a replicate. For
recording TSS and Acidity, OenoFoss (a FTIR based
analyzer) was used. The berries were crushed and juice was
collected. The collected juice was centrifuged at 500 rpm for
5 minutes and TSS and acidity was measured in °B and
g l-1. The firmness of berries was recorded by using
AGROSTA®100Usb digital firmness tester in percentage. For
calculating the physiological loss in weight (PLW), weight
of bunches were recorded from first to last day of storage.
Physiological loss in weight (PLW) was recorded by
subtracting final weight from the initial weight of the bunch
60

RESULTS AND DISCUSSION
Powdery mildew management: Observations recorded after
spray showed remarkable decrease in disease in all the doses
of Agro-Rakshak on leaves as well as on bunch (Table 1). In
leaves the best control was observed in the dose of 150 ppm
followed by 100 ppm with a PDI value of 5.6 and 10.8
respectively. Similar trend was followed in bunches, where
Agro-Rakshak @ 150ppm rendered the best control of the
disease with a PDI value of 24.4 as compared to untreated
control, which had a PDI value of 30.6 and 85.6 in the leaves
and bunches respectively. The standard check fungicides
sulphur 80 WDG and hexaconazole 5% EC showed reduction
in disease, but it was less than the control obtained by AgroRakshak.
In the present study Agro-Rakshak (50 ppm to 150 ppm)
as a foliar spray showed good control of the powdery mildew
on leaves and bunches. At concentration of 50 µg ml-1,
chlorine significantly inhibited germination of Botrytis
cinerea, but did not control disease in previously inoculated
pear fruit (Spotts and Peters, 1980). A technique involving
the generation of chlorine dioxide gas by dissolution of
sodium chlorite followed by foliar application of the
solution/gas to the vines has been reported (Westerman and
Riggle, 2007). It also reduced the risk of introduction of other
microbes to the grapes, which are undesirable from a food
safety point of view (White, 1999). Furthermore, post harvest
rinses with chlorine can remove and degrade many pesticide
residues as well (Ong et al., 1996). However, ammonium
Journal of Eco-friendly Agriculture 12(2) 2017
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Table 1. Bio-efficacy of Agro-Rakshak in control of powdery mildew in Tas-A-Ganesh grapes after fruit pruning
Treatment

Dose

Untreated
(Control)

50 ppm

ClO2

100 ppm

ClO2

150 ppm

ClO2

2 g l-1

Sulphur 80 WDG

1 ml l-1

Hexaconazole 5% EC
CD (at 5%)
CV

PDI of powdery mildew on leaf
(%)
Before spray
After spray
24.0
30.6
(29.33)
(33.56)
23.6
13.4
(29.03)
(21.50)
25.6
10.8
(30.41)
(19.19)
22.9
5.6
(28.57)
(13.71)
25.5
18.1
(30.32)
(25.19)
23.8
15.8
(29.16)
(23.43)
0.94
0.99
4.59
4.59

PDI of powdery mildew on bunch
(%)
Before spray
After spray
73.1
85.6
(58.77)
(67.73)
71.6
40.3
(57.77)
(39.41)
72.2
30.6
(58.17)
(33.60)
73.4
24.4
(58.97)
(29.58)
74.7
53.1
(59.79)
(46.79)
72.5
45.3
(58.37)
(42.31)
1.59
1.43
4.59
4.59

Table 2. Dynamics of berry firmness (%)*during storage
Treatment
T1 ClO2 0 ppm
T2 ClO2 50 ppm
T3 ClO2 100 ppm
T4 ClO2 200 ppm
CD (at 5%)
SEm±

1
70.33
69.33
73.67
70.67
NS
3.219

2
63.67
64.00
66.33
65.67
NS
2.958

3 days before harvesting
3
4
5
60.33
55.00
54.00
59.00
59.33
57.33
60.33
61.33
61.00
62.33
61.67
59.00
NS
NS
NS
2.415
1.936
1.616

6
48.67
54.33
56.67
58.00
5.148
1.555

7
46.00
48.00
50.00
54.00
3.447
1.041

1
69.67
64.33
71.33
74.67
NS
2.571

2
65.00
66.00
67.33
71.33
NS
2.375

7 days before harvesting
3
4
5
62.33
60.33 57.00
71.00
67.33 65.67
68.67
70.33 74.33
76.00
73.67 72.67
8.692
9.236 4.167
2.625
2.789 1.258

6
54.00
60.33
67.33
68.67
4.875
1.472

7
50.00
50.67
58.33
60.00
7.922
2.392

*A reading of 85% corresponds to 4.5 kg per 0.5 cm2 with a penetrometer.

bicarbonate and chlorine, when combined, can form nitrogen
trichloride, a gas which can comprise a safety hazard (White,
1999).
Quality and shelf life of grapes: The TSS and acid content
of grapes at harvest was 22.6p B and 2.6 g l-1. No differences
were noted among the treatments for these two parameters
for the duration of the study. Firmness of berries plays an
important role in deciding shelf life of grapes. When ClO2
was applied, 3 days before harvesting, non-significant
differences were noted among the treatments up to 5 days of
storage. But, after 5 days of storage, ClO2 treated grapes were
found significantly firmer than control (Table 2). When ClO2
was applied 7 days before harvesting, non-significant
differences were noted during 1stand 2ndday of storage.
Advancement of storage registered in significant differences
among the treatments (Table 2). The firmness decreased
during the storage at ambient conditions and highest
firmness was noted in grapes treated with ClO2 200 ppm
followed by ClO2 100 ppm and ClO2 50 ppm. When ClO2 was
applied 3 days before harvest, recorded data on firmness
was in same manner and T4 was recorded with maximum
firmness. The data on physical loss in weight (PLW)

Journal of Eco-friendly Agriculture 12(2) 2017

presented in table 3 showed significant differences among
the treatments during the storage at ambient conditions.
Control (T1) recorded higher PLW than all the treatments.
By increasing the storage duration, the PLW also increased.
On third day of storage, PLW in control reached up to 7.49
per cent, when the grapes were treated with Agro-Rakshak 3
days before harvest. PLW in T2 was 5.05 per cent, which
was significantly lesser than control, while T3 and T4
registered with values of less than 5 per cent. On 4th day,
PLW values were more than 5.0 in all the treatments, but the
control had the highest value of 14.47 per cent. PLW value in
T4 was only 7.56 per cent. On 3rd day of storage, the PLW
crossed the limit of 5 per cent in all the treatments, when
ClO2 was applied 7 days before harvest. But in control (T1) it
was highest i.e. 11.37, while in T4 it was only 6.50 per cent.
Application of ClO2, 3 days before harvesting registered better
results than 7 days before harvest. It is clear that, application
of ClO2 played an important role in reducing the PLW and
higher dose i.e. 200 ppm was found better than others.
Qualitative parameters namely rachis browning and
berry shrinkage were also observed (Table 4). On the basis of
observations it was clear that Agro-Rakshak treated bunches
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were better than control and better results were observed in
T4 followed by T3. Even T4 showed deterioration in
qualitative parameters after 3rd or 4th day of storage. Grapes
from T2, T3 and T4 were found better than control when
application was done 7 days before harvesting. Among the
treatments, application of ClO2 with 200 ppm dose is noted
superior over others across the recorded qualitative
parameters. The results were in similar trend when the ClO2
was applied 3 days before harvest.

minutes only, while Chung et al. (2006) had given ClO‚ as
dipping of bunches for 10 minutes also have better results at
40 ppm. A study was conducted to minimize microbial
contamination of fresh produce by using chlorine dioxide
(ClO‚ ) gas. It was recorded that the titratable acidity tended
to fall rapidly during storage at either 25°C or 0°C (Chang
et al., 2007). In our study, similar trend was noted and acidity
was decreased in ClO2 treated grapes during storage at
ambient. The reduction in PLW is good sign for prolonged
shelf life and in present study positive results were observed
on this parameter. In case of firmness of berries, berries from
control resulted in lower firmness and ClO2 maintained better
firmness than control. Dung et al. (2016) also noted increased
shelf life of grapes after application of chlorine dioxide and
higher concentration was found better.

Chlorine dioxide was the most effective treatment in
reducing the total number of microorganisms, fungi and
bacteria populations on the minimally processed Alphonse
Lavallée grape cultivar (Çelikkol and Türkben, 2012). The
studies performed by researchers showed that 1-MCP and
ClO‚ treatments exhibited significant effects on controlling
ripening and senescence in many harvested fruits, such as
melons, peaches, and grapes (Xiao et al., 2009; Xie et al., 2009;
Zhong et al., 2006). In the present study, application of ClO2
was found to increase the shelf life of Thompson Seedless
grapes effectively. Fruit treated with 20 ppm ClO‚ for 10
minutes, had less mold growth than those treated with 40
ppm ClO. Grapes treated with 20 ppm ClO‚ had less weight
loss, mold growth and better overall appearance than fruit
treated with 40 ppm ClO (Chung et al., 2006). In our study
ClO2 was applied through dipping of grape bunches for 2

Microbial status in raisins : The data was recorded up to 3
days after treatments and maximum bacterial count was
noted in control and application of ClO2 drastically reduced
the presence of bacteria on raisins (Table 5). No bacterial
count was noted up to 2nd day after treatment when the
highest dose of 200 ppm was applied. Same pattern was
noted in case of yeast counts in raisins. Application of ClO2
minimized the yeast presence, even at the dose of 100 ppm.
The applications of ClO2 clearly stopped growth of microbes
in raisins. In a study, Karabulut et al. (2009) also noted

Table 3. Physiological loss in weight (PLW in %) during grape storage
Treatment
T1 ClO2 0 ppm
T2 ClO2 50 ppm
T3 ClO2 100 ppm
T4 ClO2 200 ppm
CD (at 5%)
SEm±

1
1.93
1.56
1.38
1.06
0.067
0.020

2
3.44
2.68
2.35
2.15
0.166
0.050

3 days before harvesting
3
4
5
7.49
14.47
14.84
5.05
11.06
14.04
4.68
9.04
10.18
4.04
7.56
9.68
0.353
0.412
0.551
0.107
0.124
0.166

6
16.28
15.86
12.56
11.04
0.790
0.239

7
19.82
16.91
14.46
12.38
0.745
0.225

1
2.30
1.44
1.21
0.63
0.091
0.027

2
3.22
2.87
2.34
2.32
0.103
0.031

7 days before harvesting
3
4
5
11.37
13.47 16.53
10.37
12.74 13.93
7.75
11.11 12.92
6.50
9.84
11.08
0.292
0.554 0.458
0.088
0.167 0.138

6
17.63
15.41
14.13
13.18
0.867
0.262

7
20.22
18.11
16.83
14.31
0.726
0.219

Table 4. Effect of ClO2 on rachis browning and berry shrinkage in Thompson Seedless grapes
Treatment

Rachis browning

T1 ClO2 0 ppm
T2 ClO2 50 ppm
T3 ClO2 100 ppm
T4 ClO2 200 ppm

1
-

2
++
++
-

3 days before harvesting
3
4
5
+++
+++
+++
++
+++
+++
+
++
+++
+
+
++

T1 ClO2 0 ppm
T2 ClO2 50 ppm
T3 ClO2 100 ppm
T4 ClO2 200 ppm

1
-

2
-

3 days before harvesting
3
4
5
+
++
+++
+
++
+++
+
++
+
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6
+++
+++
+++
+++

7
1
2
+++
+
+++
+
+++
+
+++
+
Berry shrinkage

6
+++
+++
+++
++

7
+++
+++
+++
+++

1
-

2
-

7 days before harvesting
3
4
5
6
++
+++
+++
++++
+
++
+++
++++
+
+
++
+++
+
+
+
++

7
++++
++++
+++
++

7 days before harvesting
3
4
5
+
++
+++
+
++
+++
+
+
++
+
+

7
+++
+++
+++
+++

6
+++
+++
+++
++
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Table 5. Effect of ClO2 on microbial status of raisins
Treatment

T1 ClO2 0 ppm
T2 ClO2 50 ppm
T3 ClO2 100 ppm
T4 ClO2 200 ppm
CD (at 5%)
SEm±

1
136.33
32.33
13.67
0.00
12.862
3.884

Days after treatment at ambient conditions
Bacterial count 105
Yeast count 105
(Initial bacterial count 132)
(Initial bacterial count 48.33)
2
3
1
2
139.33
153.33
50.67
57.00
42.67
56.33
12.33
21.33
23.67
33.33
0.67
0.00
0.00
4.67
0.00
0.00
9.560
12.909
9.367
9.186
2.887
3.898
2.828
2.774

significant reduction in total microorganisms, fungal and
bacterial populations in fig by fogging with ClO. The present
study also confirms the above findings. As chlorine dioxide
works as surfactant, so lower microbial load was found in
treated raisins than control.
On the basis of present results it may be concluded that
the application of Agro-Rakshak (aqueous solution of
chlorine dioxide) is effective in controlling powdery mildew
in grape. It has beneficial impact on quality of Thompson
Seedless grapes with increased shelf life. Microbial status of
raisins was also maintained by Agro-Rakshak application.
Overall application of chlorine dioxide in aqueous form is
found effective.

3
62.67
26.33
5.00
3.00
6.805
2.055

/www.phtnet.org/research/ download/pdf/md646.pdf
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ABSTRACT
Laboratory evaluation of different fungicides against foliar fungal pathogens of greengram revealed that
hexaconazole 5 EC (0.1% and 0.15%), carbendazim (25%) + mancozeb (50%) WS (0.05, 0.1 and 0.2%) or mancozeb
75 WP (at 0.1, 0.2 and 0.25%) and propiconazole 25 EC, trifloxystrobin (25%) + tebuconazole (50%) w/w (at 0.05, 0.1
and 0.15%) or copper oxychloride 50 WP (at 0.25%) resulted into 100 per cent inhibition of mycelial growth of
Cercospora canescens and Colletotrichum gloeosporioides, respectively. Copper oxychloride showed submerged growth
under poisoned food technique. The slide germination bioassay of fungicides against Erysiphe polygoni revealed cent
per cent inhibition of conidial germination with hexaconazole 5 EC and azoxystrobin (250%) SC at 0.15 per cent.
Key words: Fungicides, in vitro evaluation, Cercospora canescens, Erysiphe polygoni, Colletotrichum gloeosporiodes

Greengram is a versatile crop grown for green manure,
forage and seeds. The crop is widely cultivated throughout
South Asia including India, Pakisthan, Bangladesh, Sri
Lanka, Thailand, Cambodia, Vietnam, Indonesia, Malaysia,
and South China. The major portion of seeds is utilized in
making dal, curries, soup, sweets and snacks. In India, it 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 per cent of its world
acreage and 54 per cent of the production. India occupies an
area of 3.55 m ha with a total production of 1.82 mt at an
average productivity of 500 kg ha-1 (Anon., 2013). Karnataka
occupies an area of 2.84 m ha under its cultivation producing
0.69 mt at an average yield of 258 kg ha-1 (Anon., 2013). The
fungal foliar diseases, powdery mildew, Cercospora leaf spot
and anthracnose are the major constraints in production of
green gram. In vitro evaluation of fungicide helps in knowing
the effective fungicides against more than one pathogen
which can further be evaluated in field conditions. Use of
chemicals has become more popular in recent times because
of their quick results, especially in absence of resistant
varieties.
MATERIALS AND METHODS
Four systemic tungicides (hexaconazole 5 EC,
propiconazole 25 EC, propiconazole 25 EC, penconazole 10
EC, azostrobin 250% EC), three combi-fungicides
Journal
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(carbendazim 25% + mancozeb 50% WS, trifloxy strobin 25%
+ tebuconazole 50% w/w, hexaconazole 5% + captan 70%
WP, zineb 68% + hexaconazole 4% WP) in 0.05, 0.1 and 0.15
per cent concentrations and four non-systemic fungicides
(mancozeb 75 WP, copper oxychloride 50 WP, chlorothalonil
70 WP, wettable sulphur 80%) in 0.1, 0.2 and 0.25 per cent
concentrations were evaluated under in vitro conditions for
their effectiveness in inhibiting the mycelial growth of three
major fungal diseases, namely Cercospora canescens,
Collatotrichum gloeosporides and Erysiphe polygony DC using
poisoned food technique/spore germination assay at
Department of Plant Pathology, College of Agriculture,
Hanumanamatti, UAS, Dharwad, Besides, slide
germination bioassay againt Erysiphe polygoni was also
studied. Data recorded on different parameters were
subjected to statistical analysis and the results are reported
in table 1, 2 and 3.
RESULTS AND DISCUSSION
In vitro evaluation of fungicides against Cercospora
canescens
The data on four systemic, four non systemic and four
combi fungicides, evaluated at three concentrations in the
laboratory, efficacy against Cercospora canescens are presented
in the table 1.
All the fungicides were significantly superior over
control with respect to per cent mycelial growth inhibition.
The non-systemic fungicide, mancozeb 75 WP recorded 100
per cent mycelial growth inhibition at 0.1, 0.2, 0.25 per cent
concentrations followed by copper oxychloride 50 WP at
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0.25 per cent (94.73%). The least inhibition of mycelial growth
was observed with wettable sulphur at 0.05 per cent (20.18%).
Irrespective of concentrations tested, the treatment involving
mancozeb 75 WP followed by copper oxychloride 50 WP
recorded maximum mean per cent mycelial growth
inhibition. Wettable sulphur recorded the least mean per
cent mycelial growth inhibition.
Among the systemic fungicides, hexaconazole 5 EC at
0.1 and 0.15 per cent recorded 100 per cent inhibition
followed by propiconazole at 0.15 per cent (92.80%). The
least inhibition of mycelial growth was observed in
azoxystrobin (250%) SC at 0.05 per cent (43.14%). Irrespective
of concentrations, the treatment with hexaconazole 5 EC
recorded maximum mean per cent mycelial growth inhibition
(96.86%) followed by propiconazole 25% EC (90.46%). Least
mean mycelial inhibition was recorded with azoxystrobin
(250%) SC (47.35%).
The combi-fungicide, carbendazim (25%) + mancozeb
(50%) WS at 0.05, 0.1 and 0.15 per cent concentration recorded
maximum per cent mycelial growth inhibition, which was
significantly superior over all other treatments. It was
followed by trifloxystrobin 25% + tebuconazole 50% w/w at
0.15 per cent. The least per cent mycelial growth inhibition
was recorded in treatment with zineb 68% + hexaconazole
4% WP at 0.05% concentration (54.63%). Irrespective of
concentrations tested, the treatment involving carbendazim
25% + mancozeb 50% WS recorded the highest mean per
cent mycelial inhibition (100%) followed by hexaconazole
5% + captan 70% WP ( 93.24%) and least mean mycelial
inhibition was recorded in zineb 68% + hexaconazole 4%
WP ( 64.69%). These results are in agreement with Kunthi et
al. (2005) and Veena (2012).
In vitro evaluation of fungicides against Colletotrichum
gloeosporioides
The data is summarized in tables 2. All the fungicides
evaluated were significantly superior over control with
respect to per cent mycelial growth inhibition with the non
systemic fungicides. The maximum per cent mycelial
inhibition was recorded in treatments containing copper
oxychloride 50 WP at 77.26 per cent, which was found
significantly superior over all the treatments. The least per
cent mycelial inhibition (42.96%) was recorded in treatments
with wettable sulphur (80%) at 0.05 per cent. Irrespective of
concentrations tested, the copper oxychloride 50 WP
recorded the highest mean per cent mycelial inhibition
(71.20%) followed by chlorothalonil 70 WP (55.71%) and
least mean per cent mycelial inhibition with (51.41%) wettable
sulphur (80%).
The systemic fungicide propiconazole 25 EC at all the
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three concentrations recorded maximum per cent mycelial
growth inhibition followed by hexaconazole 5 EC at 0.15
per cent (99.36%). The least per cent mycelial growth
inhibition was observed in azoxystrobin (250%) SC at 0.05
per cent (30.36%). Irrespective of concentrations tested, the
treatment involving propiconazole 25% EC recorded
maximum mean per cent mycelial growth inhibition (100%)
followed by hexaconazole 5% EC (94.98%) and least mean
per cent mycelial growth inhibition was recorded in
azoxystrobin 250% SC (32.76%).
Among the four combi - fungicides tested, the maximum
per cent mycelial growth inhibition (100%) was recorded in
treatment with trifloxystrobin (25%) + tebuconazole (50%)
w/w (0.05, 0.1 and 0.15%), which was significantly superior
over all the treatments and was followed by hexaconazole
(5%) + captan (70%) WP at 0.15 per cent. The least per cent
mycelial growth inhibition was recorded in treatments with
zineb (68%) + hexaconazole (4%) WP at 0.05 per cent
(81.02%). Irrespective of concentrations tested, the treatment
involving trifloxystrobin (25%) + tebuconazole (50%) w/w
recorded the highest mean per cent mycelial growth
inhibition (100%) followed by hexaconazole (5%) + captan
(70%) WP (96.50%) and least per cent mycelial growth
inhibition (86.21%) was recorded in wettable sulphur (80%).
Copper oxychloride showed submerged growth under
poisoned food technique. These results are in agreement with
Laxman (2006); Kullkarni (2009) and Nagaraj (2013).
Spore germination bio assay of fungicides against Erysiphe
polygoni DC
The data presented in the table 3 showed that among
the non-systemic fungicides tested at three concentrations
(0.1, 0.2 and 0.25%), the maximum per cent inhibition of
conidial germination was recorded with treatment involving
wettable sulphur 80 per cent at 0.25 per cent (80.75%), which
was significantly superior over all other treatments followed
by copper oxychloride 50 WP at 0.25 per cent (77.11%). The
least per cent inhibition of conidial germination was
recorded in treatment with mancozeb 75 WP at 0.05 per cent
(59.04%). Irrespective of concentrations tested, the treatments
involving wettable sulphur 80 per cent recorded highest
mean inhibition of conidial germination (74.48%) followed
by copper oxychloride 50 WP (69.17%). Least mean inhibition
was recorded in mancozeb 75 WP (64.90%).
Among the systemic fungicides maximum per cent
inhibition of conidial germination (100%) was recorded in
hexaconazole 5 EC and azoxystrobin (250%) SC at 0.15 per
cent followed by propiconazole 25 EC (91.76%). The least
inhibition of conidial germination was observed in
penconazole10 EC at 0.05 per cent (78.01%). Irrespective of
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Table 1. In vitro evaluation of different fungicides against Cercospora canescens
Chemical

0.05%

Systemic
T1
Hexaconazole 5 EC
T2

Propiconazole 25 EC

T3

Penconazole 10 EC

T4

Azoxystrobin 250% SC
Mean

90.58
(72.13)*
87.87
(69.62)
87.65
(69.43)
43.14
(41.06)
77.31
(63.06)

For comparing means of
Fungicides (F)
Concentration (C)
FxC
Nonsystemic**
T1

Mancozeb 75 WP

T2

Copper oxychloride 50 WP

T3

Chlorothalonil 70 WP

T4

Wettable sulphur 80%
Mean

Carbendazim 25% + Mancozeb 50% WS

T2

Trifloxystrobin25% + Tebuconazole 50% w/w

T3

Hexaconazole 5% + Captan 70% WP

T4

Zineb 68% + Hexaconazole 4% WP
Mean

100.00
(90.00)
90.72
(72.27)
89.91
(71.48)
47.59
(43.62)
82.06
(69.34)

100.00
(90.00)
92.80
(74.44)
91.54
(73.09)
51.33
(45.76)
83.92
(70.82)

S.Em.±
0.36
0.31
0.62
0.1%
100
(90)*
76.66
(61.11)
33.29
(35.23)
20.18
(26.69)
57.53
(53.26)

For comparing means of
Fungicides (F)
Concentration (C)
FxC
Combi-fungicide
T1

Per cent inhibition of radial growth over control
0.1%
0.15%

0.25%
100
(90)
94.73
(76.73)
59.59
(50.52)
35.73
(36.71)
72.51
(63.49)

S.Em.±
0.40
0.34
0.69

For comparing means of
Fungicides (F)
Concentration (C)
FxC

100
(90.00)
86.76
(69.46)
44.17
(41.58)
26.57
(30.86)
C.D. at 1%
1.60
1.39
2.78

0.1%
100
(90.00)
90.50
(72.05)
93.51
(75.25)
61.48
(51.63)
86.37
(72.23)
S.Em.±
0.31
0.27
0.54

96.86
(79.80)
90.46
(72.01)
89.70
(71.23)
47.35
(43.47)
C.D. at 1%
1.44
1.24
2.49

0.2%
100
(90)
88.91
(70.55)
39.62
(39.01)
23.80
(29.20)
63.08
(57.91)

0.05%
100
(90.00)*
88.30
(70.00)
90.68
(72.23)
54.63
(47.65)
83.40
(69.97)

Mean

0.15%
100
(90.00)
95.55
(77.38)
95.22
(77.81)
77.96
(61.99)
92.18
(76.80)

100
(90.00)
91.39
(72.89)
93.24
(74.94)
64.69
(53.76)
C.D. at 1%
1.25
1.08
2.17

*Arcsine values **evaluated at 0.1, 0.2 and 0.25 per cent concentration
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Table 2. In vitro evaluation of different fungicides against Colletotrichum gloeosporioides
Chemical
Systemic
T1
Hexaconazole 5 EC
T2

Propiconazole 25 EC

T3

Penconazole10 EC

T4

Azoxystrobin 250% SC
Mean

0.05%
90.89
(72.43)*
100
(90.00)
88.58
(64.64)
30.36
(33.440
77.46
(66.53)

For comparing means of
Fungicides (F)
Concentration (C)
FxC
Nonsystemic**
T1

Mancozeb 75 WP

T2

Copper oxychloride 50 WP

T3

Chlorothalonil 70 WP

T4

Wettable sulphur 80%

Mean

Carbendazim 25% + Mancozeb 50% WS

T2

Trifloxystrobin 25% + Tebuconazole 50% w/w

T3

Hexaconazole 5% + Captan 70% WP

T4

Zineb 68% + Hexaconazole 4% WP
Mean

94.69
(76.67)
100
(90.00)
90.37
(72.28)
31.88
(34.38)
79.33
(68.33)

99.36
(85.41)
100
(90.00)
96.17
(78.27)
36.04
(36.89)
82.89
(72.76)

S.Em.±
0.52
0.45
0.90
0.1%
54.44
(47.55)*
65.66
(54.13)
49.81
(44.89)
42.96
(40.95)
53.31
(40.95)

For comparing means of
Fungicides (F)
Concentration (C)
FxC
Combi-fungicides
T1

Per cent inhibition of radial growth over control
0.1%
0.15%

0.25%
56.47
(48.72)
77.26
(61.52)
60.29
(50.94)
58.88
(50.28)
63.32
(50.12)

S.Em.±
0.33
0.26
0.51

For comparing means of
Fungicides (F)
Concentration (C)
FxC

55.61
(48.22)
71.20
(57.55)
55.71
(48.29)
51.41
(45.81)
C.D. at 1%
1.32
1.14
2.28

0.1%
87.88
(69.63)
100
(90.00)
97.36
(80.65)
86.06
(68.07)
92.82
(77.09)
S.Em.±
0.49
0.42
0.85

94.98
(78.17)
100
(90.00)
91.83
(73.75)
32.76
(34.90)
C.D. at 1%
2.08
1.80
3.61

0.2%
55.92
(48.40)
70.67
(57.22)
57.03
(49.04)
52.4
(46.38)
59.02
(46.38)

0.05%
86.33
(68.30)*
100
(90.00)
93.73
(75.49)
81.02
(64.17)
90.27
(74.49)

Mean

0.15%
91.48
(73.03)
100
(90.00)
98.43
(82.79)
91.54
(73.79)
95.36
(79.73)

88.56
(70.23)
100
(90.00)
96.50
(79.22)
86.21
(68.20)
C.D. at 1%
1.97
1.71
3.42

*Arcsine values **evaluated at 0.1, 0.2 and 0.25 per cent concentrations
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Table 3. Spore germination bioassay of different fungicides against Erysiphe polygoni DC
Chemical
Systemic
T1 Hexaconazole 5 EC
T2

Propiconazole 25 EC

T3

Penconazole10 EC

T4

Azoxystrobin 250% SC
Mean

For comparing means of
Fungicides (F)
Concentration (C)
FxC
Nonsystemic**
T1

Mancozeb 75 WP

T2
T3

Copper oxychloride 50
WP
Chlorothalonil 70 WP

T4

Wettable sulphur 80%
Mean

For comparing means of
Fungicides (F)
Concentration (C)
FxC
Combi-fungicides

0.05%

Germination (%)
0.1%

16.48
(23.95)*
16.33
(23.83)
18.55
(25.51)
5.31
(13.31)
14.17
(21.39)
S.Em.±
0.17
0.15
0.30

8.95
(17.40)
13.61
(21.64)
17.21
(24.50)
5.09
(13.04)
11.22
(17.73)

0.1%
35.09
(36.33)*
32.50
(34.75)
33.24
(35.20)
26.76
(31.14)
31.90
(37.30)
S.Em.±
0.29
0.25
0.515

0.2%
25.58
(30.38)
27.02
(31.31)
27.80
(31.82)
22.25
(28.13)
25.66
(30.41)

0.05%
24.39
(29.59)*
7.27
(15.55)
19.43
(26.15)
28.58
(32.32)
19.92
(25.90)
S.Em.±

0.1%
18.97
(25.81)
4.2
(11.82)
13.15
(21.26)
22.00
(27.95)
14.57
(21.71)

0.15%

Mean

0.05%

0.00
8.48
(0.00)
(13.78)
7.00
12.31
(15.34)
(23.66)
9.99
15.25
(18.41)
(20.59)
0.00
3.58
(0.00)
(8.78)
4.25
(10.98)
C.D. at 1%
0.71
0.61
1.23

80.61
(63.87)
80.79
(64.01)
78.01
(62.03)
93.74
(75.51)
83.29
(66.36)

0.25%
26.54
29.07
(31.01)
(32.57)
19.58
26.37
(26.26)
(30.78)
24.19
28.41
(29.46)
(32.16)
16.46
21.82
(23.91)
(27.73)
21.69
(27.66)
C.D. at 1%
1.198
1.03
2.06

0.1%
59.04
(50.21)
62.00
(53.23)
61.14
(51.44)
68.71
(55.99)
62.72
(52.39)

0.15%
3.13
15.497
(10.19)
(23.18)
0.00
15.49
(0.00)
(11.25)
6.78
3.82
(15.07)
(21.23)
16.67
13.12
(24.09)
(28.25)
6.64
(12.33)
C.D. at 1%

0.05%
71.30
(57.60)
91.44
(72.99)
77.14
(61.44)
66.39
(61.44)
76.57
(61.67)

Per cent inhibition
0.1%
0.15%

Mean

89.46
(71.06)
84.08
(66.48)
79.76
(63.26)
94.01
(75.83)
86.83
(69.15)

100.00
90.02
(90.00)
(74.97)
91.76
5.54
(73.32)
(67.93
88.25
82.00
(69.95)
(65.08)
100.00
95.92
(90.00)
(80.45)
95.00
(80.82)
C.D. at 1%
0.74
0.64
1.28

0.2%
66.69
(54.75)
68.41
(55.80)
67.50
(55.24)
73.99
(59.34)
69.15
(56.28)

0.25%
68.97
64.90
(56.14)
(53.67)
77.11
69.17
(61.42)
(56.27)
71.71
66.78
(57.87)
(54.81)
80.75
74.48
(63.98)
(59.66)
74.64
(59.85)
C.D. at 1%
1.75
1.51
3.04

0.1%
77.69
(61.81)
95.06
(77.15)
84.52
(66.83)
74.11
(66.83)
82.85
(66.31)

S.Em.±
0.18
0.16
0.32

S.Em.±
0.43
0.37
0.76

S.Em.±

0.15%
96.31
84.56
(78.93)
(66.11)
100.00
81.77
(90.00)
(80.08)
91.02
84.06
(73.59)
(67.29)
80.39
73.63
(73.59)
(59.24)
92.18
(76.56)
C.D. at 1%

Fungicides (F)

0.43

1.52

0.36

1.45

Concentration (C)

0.33

1.32

0.31

1.25

FxC

0.66

2.64

0.62

2.51

T1
T2
T3
T4

Carbendazim 25% +
Mancozeb 50% WS
Trifloxystrobin 25% +
Tebuconazole 50% w/w
Hexaconazole 5% +
Captan 70% WP
Zineb 68% +
Hexaconazole 4% WP
Mean

*Arcsine values **evaluated of 0.1, 0.2 and 0.25 per cent concentrations.
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concentrations tested, the treatments involving azoxystrobin
(250%) SC recorded maximum mean inhibition of conidial
germination (95.92%) followed by hexaconazole 5 EC
(90.02%) and least mean inhibition was recorded in
penconazole 10 EC (82.00%).
Among the combi-fungicides tested at three
concentrations (0.1, 0.2 and 0.25%), the maximum per cent
inhibition of conidial germination was recorded in treatment
involving trifloxystrobin (25%) + tebuconazole (50%) w/w
at 0.05 per cent (100%), which was found significantly
superior over all other treatments followed by carbendazim
25% + mancozeb (50%) WS at 0.15 per cent (96.31%). The
least per cent inhibition of conidial germination was
recorded in treatment with zineb (68%) + hexaconazole (4%)
WP at 0.05% (66.39%). Irrespective of concentrations tested,
carbendazim (25%) + mancozeb (50%) WS recorded
maximum mean inhibition of conidial germination (84.56%),
which was statistically at par with treatments receiving
hexaconazole (5%) + captan (70%) WP (84.06%) and least
mean inhibition was recorded in zineb (68%) + hexaconazole
(4%) WP (73.63%). The results are in confirmation with Biju
(2003); Dhruj et al. (2000); Audichya (2000); Kalra et al. (2000);
Sharma et al. (2002); Khunthi and Bhoraniya (2002); Dinesh
(2009); Channaveeresh (2013) in powdery mildews of
different crops. Divya Jyothi (2012) reported maximum
conidial inhibition in greengram powdery mildew was with
azoxystrobin (250%) SC @ 0.1 per cent followed by
trifloxystrobin (25%) + tebuconazole (50%) WG @ 0.05%.
Although chemical control through fungicides may
have negative environmental effects and limitations but these
still constitute the predominate part of the control measures
used against foliar diseases. The study revealed that systemic
fungicides such as hexaconazole 5 EC, propiconazole 25 EC
and trifloxystrobin (25%) + tebuconazole (50%) w/w (at 0.05,
0.1 and 0.15%) were very effective against all the foliar
pathogens tested.
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ABSTRACT
Roving survey carried out in citrus canker affected acid lime growing areas of Vijayapur and Bagalkot districts
showed that the acid lime leaves were more vulnerable to the disease attack than the fruits, irrespective of locations.
Among the two districts surveyed, maximum disease intensity on leaf and fruit was recorded in Bagalkot district and
the lowest in Vijayapur district. The disease severity on fruits differed with that of incidence indicating that the acid
lime in Vijayapur district suffered slightly more than the Bagalkot district. Taluk wise incidence and severity of the
disease registered maximum disease severity on leaf and fruit in Indi taluk of Vijayapur district. On the contrary,
Basavana Bagewadi taluk of Vijayapur district recorded the minimum disease intensity and incidence on leaf and
fruit.
Key words: Roving survey, acid lime, incidence, severity, citrus canker

Acid lime (Citrus aurantifolia Swingle), belonging to
family Rutaceae and sub family Aurantiodeae. It has got
high nutritive and refreshing value and is considered to be
the best source of Vitamin C, sugars, amino acids and other
nutrients (Ahmed and Khan, 1999). In India citrus enjoys
third place among 30 other fruit crops with respect to the
area (1077.7 000 hectares) and production (11147.1 000
tonnes) with the productivity of 10.3 metric t ha -1
(Anonymous, 2014). This accounts to about eight per cent of
the total area under fruits. In India, it is widely grown in the
states of Assam, Meghalaya, Karnataka, Andhra Pradesh,
Maharashtra, Punjab, Rajasthan and Madhya Pradesh.
Karnataka occupies an the area of 17.3 thousand hectares
under citrus and produces 379.3 thousand tonnes annually
(Anonymous, 2014).
Citrus canker caused by Xanthomonas axonopodis pv.
citri is one of the most feared diseases infecting all types of
important citrus crops. The severity of its infection varies
with species, the varieties and the prevailing climatic
conditions. The disease is endemic in India, Japan and other
south-east Asian countries. In India, citrus canker was first
reported from Punjab (Luthra and Sattar, 1942 and Bedi,
1961), while in Karnataka it was first reported by
Venkatakrishnaiah, 1957.
Although citrus canker on Kagzi lime is considered as
a serious disease in major lime growing regions of northern
Karnataka, there is little information available on
distribution, its incidence, extent of severity and variability
of diseases, which has complicated the task of developing
resistant varieties and the management successfully.
Journal
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MATERIALS AND METHODS
The roving survey was conducted to assess the
incidence and severity of citrus canker in major acid lime
growing areas comprising Vijayapur and Bagalkot districts
of Karnataka. About 200-250 representative leaves/fruits
were collected from five randomly selected trees from different
acid lime orchards and those showing typical symptoms of
canker infection were sorted out. The disease incidence per
cent on fruits (Wheeler, 1969) and disease severity was
calculated by using the standard scale given below and
developed by Seif and Hillocks, 1999.
No. of fruits infected
Per cent disease incidence =

x 100
Total number of fruits

Sum of all the disease rating
PDI =
x
Total number of leaves examined

100
Max. disease grade

Infected plant parts from the areas of survey were
collected for isolation of the pathogen and were utilized for
further studies.
RESULTS AND DISCUSSION
The results (Table 1) revealed that the overall incidence
of citrus canker over different regions of northern Karnataka
on fruits was 31.21 per cent. Whereas, per cent disease index
on leaves and fruits was 22.43 and 20.20 per cent, respectively.
Similarly, highest disease incidence on fruit (49.10%) in Naad
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village of Indi taluk followed by 47.96 per cent in Atharga
(Indi), 46.40 per cent in Hegadihal (Vijayapur), 44.80 per
cent in Yakkundi (Vijayapur), 44.40 per cent in Salotagi (Indi)
and 43.89 per cent in Nagathan village of Vijayapur taluk
was observed. The lowest incidence on fruit was 8.60 per
cent in Ukkali village of Basavana Bagewadi taluk. The
villages viz., Mulwad (35.80%), Lokapur (31.96%), Arjunagi
(30.08%), Rampur (36.60%) and Chikkarugi (33.00%)
recorded fruit incidence between 30 to 40 per cent.
In the disease severity on fruits in terms of per cent
disease index ranged from lowest of 4.12 per cent at Ukkali
village of Basavana Bagewadi taluk and the highest (32.80%)
in Hegadhihal village of Vijayapur taluk.
The per cent disease index on leaf ranged between 7.50
at Basavana Bagewadi village of Basavana Bagewadi taluk
to in Salotagi village of Indi taluk followed by 33.32 per cent
in Mulwad (Bagalkot) and 30.95 per cent in Naad (Indi). The
disease intensity was severe in Lokapur (20.62%),
Madarakhandi (26.27%), Nagathan (20.98 %), Hegadhihal
(21.00%), Rampur (21.82%), Atharga (23.00%), Chikkarugi
(24.47%), Kadlewad (21.52%) and Kannoli (22.29%) villages.

Taluk wise mean per cent disease incidence on fruit
(Table 2) revealed highest per cent disease incidence (47.15%)
in Indi taluk followed by 40.35 per cent in Vijayapur taluk.
Lowest per cent incidence (14.75%) was noticed in Basavana
Bagewadi taluk. Per cent disease incidence in Vijayapur
district (31.78 %) was almost of par in Bagalkot district
(30.64%). The disease severity on leaf revealed the highest
mean PDI (30.10%) in Indi taluk followed by 25.83 per cent
in Bagalkot and 23.44 per cent in Mudhol taluks. The lowest
PDI of 11.23 per cent was noticed in Basavana Bagewadi
taluk. Among the two districts surveyed, highest disease
intensity (24.63%) was observed in Bagalkot and the lowest
in Vijayapur district.
The taluk wise disease intensity on fruit showed
maximum mean PDI (26.74%) in Indi taluk followed by
Mudhol (25.52%) and Vijayapur (21.91%), while the lowest
intensity (6.40%) was observed in Basavana Bagewadi taluk.
Among the two districts, Bagalkot recorded highest disease
intensity (22.46%), while Vijayapur the lowest (17.95%).
Maximum disease severity on leaf and fruit was recorded in
Indi taluk of Vijayapur district. On the contrary, Basavana

Table 1. Survey for the incidence and severity of citrus canker in major acid lime growing regions of northern Karnataka
District

Taluk

Village

Bagalakot

Sokkanadgi
Mulawad

Mudhol

Lokapur
Madarakhandi

Vijayapur

Nagathan
Hegadihal
Yakkundi
Arjunagi
Rampur

Indi

Atharga
Naad
Salotagi

Sindagi

Chikkarugi
Kadlewad
Kannoli
Bandal

Basavana
Bagewadi

Basavana Bagewadi
Managuli
Ukkali
Dindavar

Bagalkot

Vijayapur

72

No. of orchard
surveyed

Disease incidence on
fruit (%)

5
2
Mean
2
2
Mean
3
2
2
2
2
Mean
5
2
2
Mean
2
3
2
2
Mean
2
2
2
2
Mean

25.41
35.80
30.60
31.96
29.41
30.68
43.89
46.40
44.80
30.08
36.60
40.35
47.96
49.10
44.40
47.15
33.00
27.46
22.20
16.90
24.89
13.40
17.60
8.60
19.40
14.75

Per cent disease index
Leaf
Fruit
18.35
18.35
33.32
20.47
25.83
19.41
20.62
26.85
26.27
24.20
23.44
25.52
20.98
17.91
21.00
32.80
19.10
21.00
16.05
19.50
21.82
18.37
19.79
21.91
23.00
24.11
30.95
27.50
36.34
28.61
30.10
26.74
24.47
13.65
21.52
19.53
22.29
18.12
13.52
15.83
20.45
16.78
7.5
7.97
11.68
8.31
12.75
4.12
13.00
5.21
11.23
6.40

Journal of Eco-friendly Agriculture 12(2) 2017

Survey of acid lime growing regions of northern Karnataka for the incidence and severity of citrus canker

Table 2. Mean incidence and severity of citrus canker in
major acid lime growing areas of northern
Karnataka districts
District

Taluk

Bagalkot
Mudhol
District mean
Vijayapur
Indi
Vijayapur Sindagi
Basavana,
Bagewadi
District mean
Overall mean
Bagalkot

Disease incidence Per cent disease index
on fruit (%)
Leaf
Fruit
30.60
25.83
19.41
30.68
23.44
25.52
30.64
24.63
22.46
40.35
19.79
21.91
47.15
30.10
26.74
24.89
20.45
16.78

favored the disease development and spread to a large extent.
This is in addition to that of nature of variety, resistant/
susceptible, inoculum density and susceptible potentially/
virulence of location specific isolate of the pathogen and the
plant protection measures.
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ABSTRACT
Recently the use of biocontrol agents in place of hazardous chemicals is gaining importance for managing
pathogens and promoting plant growth. Phenolics are large group of antimicrobial compounds that act as signaling
molecules in plant defense mechanisms after induction of induced systemic resistance (ISR) as well as in plantmicrobe symbiosis. They also play important roles in plant growth promotion and nodule morphogenesis. So, it is
imperative to estimate the total phenol content (TPC) in microbe-treated plants. Current study focus on the effects of
Bradyrhizobium spp, Pseudomonas spp. and Glomus spp. in pigeonpea plants for enhanced plant growth and phenol
production after their separate application. Bradyrhizobium spp. were tested for nodulation in pigeonpea plants
through sterilized soil in pots. Growth promotion study was performed after seed bio-priming of pigeonpea in
sterilized soil in pots under net house condition. Total phenol content (TPC) was produced maximally in plants
treated with G. mossae (LGC-4). There was growth promoting effects of bio-agents on different growth parameters
were variable but in all cases enhanced growth promotion was observed as compared to the healthy control plants.
Key words: Pigeonpea, PGPR, AMF, Bradyrhizobium spp., Pseudomonas spp., Glomus spp., total phenol, bio-priming

Plant growth promoting rhizobacteria (PGPR) are root
colonizing bacteria in soil having beneficial effects on plant
growth promotion and disease control. Many reports are
available which indicate the role of metabolites produced by
PGPR in inducing systemic resistance (ISR) in plants against
many plant diseases (Yu et al., 2002; Mavrodi et al., 2001).
Fluorescent pseudomonads produce siderophores,
phenazine, pyoluteorin, pyrrolnitrin and 2,4diacetylphloroglucinol (Persello-Cartieaux et al., 2003) and
Bacillus strains produce several cyclic peptides,
aminopolyols and aminoglycosides, which are having an
influence in the ISR development (Yu et al., 2002).
Rajpoot and Pawar (2013) reported three rhizobacterial
strains (Rp1, Rp2, Rp3) were tested for their effect on root,
shoot and number of root nodules of Vigna radiata plant in
green house condition. Rp1 strain was found to be most
effective in increasing the plant growth in all the growth
parameters. Pseudomonas spp. are effective root colonizers
and bicontrol agents by their production of antibiotics and
other antifungal metabolites (Shanmugaiah et al., 2009).
Legume growth and yields have been shown to increase with
inoculation with rhizobia. Co-inoculation of P-solubilizing
bacteria and Rhizobium stimulated plant growth more than
their separate inoculations (Morel et al., 2012; Walpola and
Yoon, 2013).
Akhtar et al. (2008) reported that arbuscular
mycorrhizal (AM) fungi are widely distributed and form
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symbiotic relationships with roots of most of the terrestrial
plants resulting in improved plant nutrition, plant growth
and survival due to their greater ability to uptake the soil
nutrition.
Pieterse and Van Loon (1999) indicated the important
role of polyphenols in microbe inhibition, enzyme hydrolysis
and repair process. Many reports are available regarding
synthesis of phenolic compounds. These are observed to be
synthesized when pattern recognition factors of plants
recognize pathogen associated molecular pattern (PAMPs)
of plant pathogens or microbe associated molecular pattern
(MAMPs) of beneficial microbes (Schuhegger et al., 2006; Bittel
and Robatzek, 2007; Nicaise et al., 2009). Phenolic
compounds play important roles in attracting and repelling
different micro-organisms in the rhizosphere of the plants
and act as protective agents or inhibitors by the plants
(Dakora and Phillips, 1996; Treutter, 2005). Phenolics may
also act as signaling molecules in defense mechanisms of
plants (Mandal et al., 2010) and poses high antifungal
activity (Nicholson et al., 1992; Sarma and Singh, 2003).
Lawton et al. (1996) suggested that phenolic compounds play
very important role in the plant growth regulation and
supposed that these are not the passive by-product of the
plants. Many reports suggest the sudden increase in
phenolics concentration after inoculation of the pathogen
challenged plants with beneficial micro-organisms (Sarma
et al., 2000; Mandal and Mitra, 2007; Singh et al., 2011). Mishra
et al. (2006) reported enhanced accumulation of phenolic
Journal of Eco-friendly Agriculture 12(2) 2017
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compounds in Rhizobium-inoculated rice plants as
compared to the uninoculated healthy control plants,
whereas maximum induction of phenolic compounds
occurred in plants co-inoculated with RRE6 (Rhizobium
leguminosarum pv. phaseoli) and Rhizoctonia solani. Microbe
treated plants showed higher grain yield and yield
components like number of panicles, root dry weight, shoot
dry weight, as compared to the untreated control plants.
As limited literature is available on individual growth
promotion ability of different biocontrol agents on pigeonpea
and estimation of total phenolics from the inoculated plants,
the present study had been decided with the objectives of
isolation of Bradyrhizobium spp. from root nodules of legume
plants, collection of fluorescent Pseudomonas and mycorrhizal
strains, nodule test of Bradyrhizobium spp. by sterilized soil
in pots, compatibility test between Bradyrhizobium and
Pseudomonas, test of growth promotion activities of the
individual biocontrol agents through seed bio-priming on
pigeonpea plants on pots and estimation of total phenol
content from the inoculated plants.
MATERIALS AND METHODS
Collection of biocontrol agents: For this study three isolates
Bradyrhizobium spp. (Brd1, Brd2 & Brd3) which were isolated
from Aeschenomene americana, Desmodium gangeticum and
Vigna radiata respectively. The isolation from root nodules
was performed by following the method of Vincent (1970)
on yeast extract mannitol agar (YEMA) and maintained on
YEMA slants. Five strains of Pseudomonas spp. like
Pseudomonas putida (S1), fluorescent Pseudomonas (MO2),
Pseudomonas aeruginosa (PW09), fluorescent Pseudomonas
(AKC011) and fluorescent Pseudomonas (Bhj13) were collected
from the Department of Mycology and Plant Pathology,
Banaras Hindu University, Varanasi and maintained on
King’s B medium. Two strains of Glomus spp. namely G.
mossae (LGC-4) and G. fasciculatum (LGC-5) were collected
from ICRISAT, Patancheru, India. Glomus strains were
maintained on maize roots in earthen pots (Sharma et al.,
2000).
Test for nodulation by Bradyrhizobium spp. in sterilized
pots : Test for nodulation in sterilized soil by Bradyrhizobium
was done in small plastic pots of 6 cm diameter. The pots
were filled with the mixture of sterilized soil and sand in
ratio 1:1 (Bakshi et al., 2006). After that pigeonpea seeds of
‘Bahar’ variety were sown after seed bacterization with
Bradyrhizobium. Seed bio-priming was done by the procedure
followed by Yadav et al. (2013). In control pots healthy seeds
were sown in the pots. To avoid moisture stress sterilized
distilled water was poured in the pots. Fifteen days old
seedlings were uprooted from both control and treated pots
Journal of Eco-friendly Agriculture 12(2) 2017

and observed for nodulation.
Test of growth promotion activities of the individual
bioagents through seed bio-priming on pigeonpea plants
in pots : The growth promoting effects of Bradyrhizobium spp.,
Pseudomonas spp. and mycorrhizal fungi were tested on 15cm
diameter earthen pots in the net house. The earthen pots
were surface sterilized with 1 per cent formalin and filled
with sterilized sand and soil in the ratio of 3:7. Seeds of
pigeonpea variety ‘Bahar’ were treated with Bradyrhizobium
and Pseudomonas strains separately and sown in the pots.
For mycorrhiza, the maize root cultures were properly mixed
in the pots @ of 200 g kg-1 of soil. Then the pigeonpea seeds
were sown in the mycorrhiza treated pots. Untreated seeds
sown in un-inoculated pots served as control. The seedlings
were maintained in each pot with three replications.
Observations on growth promotion were recorded
separately for each treatment. Effect on the plant height and
numbers of leaves were recorded at 10, 20, 30 and 40 DAS.
Data on the other growth parameters like shoot fresh
weight, shoot dry weight, root fresh weight, root dry weight
without nodule, no. of root nodules, nodule fresh weight,
nodule dry weight, total root dry weight, total plant fresh
weight and total plant dry weight were taken at 40 DAS.
Eleven treatments including control were studied under
current experiments (Table 1, 2, 3, 5 and Fig. 1).
Statistical analysis : Experiments were repeated once using
one way ANOVA. The data are expressed as the mean of
three independent replications ± standard deviations. Means
were compared by DMRT (P d” 0.05), using SPSS version 16.
Different letters superscript in the column data indicates
significant difference between the variants across the
treatments.
RESULTS AND DISCUSSION
Nodule test of Bradyrhizobium spp. on pigeonpea by
sterilized soil in pots: Healthy root nodules appeared in
Bradyrhizobium treated pigeonpea seedlings, whereas
untreated seedlings were devoid of root nodules. The height
and number of leaves of the nodulated seedlings appeared
to be more as compared to the seedlings devoid of root
nodules giving a clear indication of role of nodulating
bacteria in plant growth promotion (Fig. 2 & 3). Bakshi et al.
(2006) examined 11 strains of Rhizobium and 5 strains of
Bradyrhizobium for survival, nodulation and N2 fixation
ability under different nutritional regimes including
sterilized soil-sand mixture and observed better survival and
nodulation of bradyrhizobia than rhizobia under each
nutritional condition.

75

Sushreeta Naik and H.B Singh

Study of growth promotion activities of the individual
bioagents through seed biopriming on pigeonpea plants
in pots : In the present study, growth promoting effects of
individual biocontrol agents on pigeonpea were observed.
Data on growth parameters like plant height and number of
leaves were recorded up to 40 days of sowing at 10 days
interval and are presented in table 1 and 2 respectively. Data
on other growth parameters like shoot fresh weight, shoot

dry weight, root fresh weight without nodule, number of
nodules, nodule fresh weight, nodule dry weight, total root
dry weight, total plant fresh weight and total plant dry
weight were recorded at 40 DAS (Table 3). As shown in the
table 1, highest plant height was observed in plants treated
with P. putida (S1) i.e. 68.16 cm followed by Bradyrhizobium
spp. (Brd1) i.e. 61.2 cm at 40 DAS. Among VAM species,
Glomus mossae (LGC-4) showed highest plant height of 46.9

Fig. 1. The per cent increase in total plant fresh weight, total plant dry weight, nodule fresh weight, nodule dry weight and total phenol
content (TPC) of microbe-treated plants over control at 40 DAS

Fig 2. Appearance of root nodules in Fig. 3. Absence of root nodules in Fig. 4. Pot experiment for evaluation of growth
Bradyrhizobium spp. (Brd1) treated
Bradyrhizobium
spp.
(Brd1)
promotion of bio-agents on pigeonpea
pigeonpea plants in sterilized soil
untreated pigeonpea plants in
under wirenet house condition
sterilized soil
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Table 1. Effect of individual bio-agents on plant height of pigeonpea
Treatment/ Bioagent
Ta Control
Tb Brd 1
Tc Brd 2
Td Brd 3
Te S1
Tf MO2
Tg PW09
Th AKC011
Ti Bhj 13
Tj G. mossae
Tk G. fasciculatum

10 DAS
8.55±0.30a
12.4±0.10 d
8.72±0.92 a
8.86±0.17 a
14.15±0.077 e
8.71±0.18a
11.96±0.30cd
11.46±0.32c
10.23±0.085b
15.37±0.080 f
13.6±0.18 e

Plant height in cm
20 DAS
30 DAS
21.79±0.56 ab
28.28±1.34a
25.19±0.50 cd
37.14±0.71 d
24.55±0.92 bcd
33.97±0.56bc
23.27±0.91abcd
33.8±2.66 bc
27.39±4.82 bcd
46.33±0.51 f
22.21±0.58abc
34.32±1.75bcd
23.73±0.67 bcd
40.63±2.65e
abc
22.52±0.86
36.48±1.22cd
20.59±0.87a
34.75±0.58 cd
25.71±0.25 d
33.89±2.23bc
23.26±0.34abcd
31.43±0.51 b

40 DAS
36.27±20.60a
61.2±35.054 g
57.38±33.016 f
56.95±30.98 f
68.16±39.19 h
50.93±28.80 d
60.78±34.38 g
51.52±28.63 de
53.48±30.86 e
46.9±25.54 c
44.81±25.52 b

Note : The data are expressed as the mean of three independent replications ± standard errors. Means were compared by DMRT (P d”
0.05), using SPSS version 16. Different letters superscript in the column data indicate significant difference between the plant height
across the treatments.

Table 2. Effect of individual bio-agents on number of leaves of pigeonpea
Treatment/ Bioagent
Ta Control
Tb Brd 1
Tc Brd 2
Td Brd 3
Te S1
Tf MO2
Tg PW09
Th AKC011
Ti Bhj 13
Tj G. mossae
Tk G. fasciculatum

10 DAS
1.33±0.33 a
4.21±0.50 f
2.33±0.19 bc
2.11±0.16 b
3.99±0.33 f
2.99±0.33 cd
3.33±0.33 de
3.11±0.16 de
2.88±0.38 cd
3.66±0.33 ef
3.21±0.35 de

Total numbers of leaves DAS
20 DAS
30 DAS
6.66±0.33a
10.33±0.67a
10.55±0.50 e
12.44±1.68 abc
abc
7.55±0.69
12.1±2.50 ab
7.33±0.33 ab
11.66±0.88 ab
9.55±0.50 d
16.33±0.33 d
7.11±0.84 ab
11.99±0.33 ab
8.11±0.66 abc
14.44±0.69 cd
8.11±0.84 bc
13.55±1.01 bc
6.66±0.33 b
12.99±0.33 bc
c
8.43±0.51
12.44±0.50 abc
7.33±0.33 ab
12.22±1.68 abc

40 DAS
13.77±0.50 a
21.44±0.69 de
20.55±0.50 d
20±1 d
26.44±0.69g
18.55±0.50 c
22.88±1.17 f
20.99±0.33 de
22.22±0.69 ef
20.55±1.38 d
16.77±0.69 b

Note : The data are expressed as the mean of three independent replications ± standard deviations. Means were compared by DMRT (P
d” 0.05), using SPSS version 16. Different letters superscript in the column data indicate significant difference between the plant height
across the treatments.

Table 3. Effect of individual bio-agents on different growth parameters of pigeonpea (40 DAS)
Treatment/
Bioagent
Ta Control
Tb Brd 1
Tc Brd 2
Td Brd 3
Te S1
Tf MO2
Tg PW09
Th AKC011
Ti Bhj 13
Tj G. mossae
Tk G. fasciculatum

Shoot fresh
wt. g. pl-1
7.71±1.46 a
11.53±0.63ab
9.55±1.58 a
9.41±2.25 a
14.63±3.23 b
7.83±20 a
9.7±2.60 a
10.19±2.36 a
10±2.76 a
9.91±4.32 a
9.61±0.71 a

Shoot dry
wt. g. pl-1
2.6±0.51 a
3.95±0.40ab
3.2±0.72 ab
2.83±0.71 a
4.65±0.61 b
2.68±0.95 a
3.35±0.97ab
3.23±0.61ab
3.18±1.12ab
3.46±1.33ab
3.29±0.19ab

Root dry wt.
Root fresh
without
wt. g. pl.-1 nodule g. pl.-1
0.98±0.10 a
0.29±0.12a
1.56±0.26 ab
1.08±0.12c
1.53±0.50 ab
1.05±0.31c
1.41±0.25 ab 0.59±0.025ab
2.09±0.44 b
0.7±0.047 b
1.05±0.27 a
0.39±0.032ab
1.35±0.50 ab
0.47±0.15ab
1.49±0.37 ab
0.66±0.33 b
1.27±0.54 ab
0.54±0.26ab
2.03±0.75 b
0.5±0.18 ab
1.50±0.18 ab
0.49±0.07ab

No. of Root
nodules
10.16±2.08a
23.83±4.31cd
21±1.32bc
17.33±4.64 b
27.66±3.81 d
11.33±0.76 a
17.33±2.25 b
21.33±0.57bc
20.33±4.48bc
43.66±3.81 f
36.33±4.50 e

Nodule fresh Nodule dry Total root dry
wt. g. pl.-1
wt. g. pl.-1
wt. g. pl.-1
0.06±0.02a
0.02±0.01 a
0.3±0.11a
0.19±0.055e
0.07±0.03 b
1.16±0.095 d
0.15±0.047 cde 0.06±0.032ab 1.12±0.303 d
0.13±0.01abcde
0.03±0.01 a
0.62±0.032abc
0.18±0.03 de 0.06±0.032 ab 0.77±0.079 c
0.07±0.025 ab 0.02±0.005 a 0.41±0.037 ab
0.15±0.055 cde 0.04±0.026 ab 0.51±0.18 abc
0.12±0.02abcd
0.03±0.03ab
0.7±0.31bc
0.09±0.026 abc 0.05±0.026ab 0.59±0.25 abc
0.14±0.036bcde 0.05±0.01ab
0.55±0.17 abc
0.13±0.03abcde 0.05±0.017 ab 0.54±0.055 abc

Total plant fresh
wt. g. pl.-1
8.75±1.52 a
13.29±0.66ab
11.23±2.17 a
10.95±2.17 a
16.9±3.61 b
8.96±2.047 a
11.21±3.05 a
11.81±2.75 a
11.36±3.23 a
12.09±4.60 a
11.25±0.88 a

Total plant dry
wt. g. pl.-1
2.91±0.62a
5.11±0.49bc
4.32±0.99 abc
3.46±0.76 ab
5.42±0.67c
3.1±0.98 a
3.86±1.14 abc
3.94±0.93 abc
3.77±1.33 abc
4.02±1.48 abc
3.83±0.24 abc

The data are expressed as the mean of three independent replications ± standard errors. Means were compared by DMRT (P d” 0.05),
using SPSS version 16. Different letters superscript in the column data indicate significant difference between different growth parameters
across the treatments.
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cm at 40 DAS. The per cent increase in plant height in plants
treated with P. putida (S1), Bradyrhizobium spp. (Brd1) and
Glomus mossae (LGC-4), as compared to the control plants
were 87.92, 68.73 and 22.66 per cent respectively. Table 2
revealed that highest number of leaves were observed in case
of P. putida ( S1) treated plants among Pseudomonas spp. at 40
DAS i.e. 26.44. Among Brdyrhizobium spp. Brd1 showed the
highest numbers of leaves i.e. 21.44 and among VAM species,
G. mossae (LGC-4) showed the highest leaves numbers i.e.
46.9 at 40 DAS. The per cent increase in the number of leaves
as compared to the control plants were 92.01, 55.7 and 49.23
per cent respectively. Data (Table 3) showed that, besides
plant height and number of leaves, other growth parameters
were also highest in Brd1 treated plants among the
Bradyrhizobium spp. After 40 days of sowing, the per cent
increase in total plant fresh weight was highest in P. putida
(S1) i.e. 93.14 per cent followed by Bradyrhizobium spp. (Brd1)
i.e. 51.88 per cent and G. mossae (LGC-4) i.e. 38.17 per cent as
compared to the control plants. Highest increase in total plant
dry weight was found in P. putida (S1) i.e. 86.25 per cent
followed by Bradyrhizobium spp. (Brd1) i.e. 75.6 per cent and
G. mossae (LGC-4) i.e. 38.14 per cent as compared to the
control plants. Nodule fresh weight was observed to be
highest in Bradyrhizobium spp. (Brd1) i.e. 216.66 per cent
followed by P. putida (S1) i.e. 200 per cent and G. mossae (LGC4) i.e. 133.33 per cent as compared to the control plants.
These results are in the agreement with Rajpoot et al.
(2013) who tested three rhizobacterial strains (Rp1, Rp2, Rp3)
for their effects on root, shoot and numbers of nodules of
Vigna radiata plant in green house condition. Rp1 strain was
found to be most effective in positively increasing the plant
growth in all the growth parameters. Legume growth and
yields have been shown to increase with inoculation with
rhizobia. Co-inoculation of P-solubilizing bacteria and
Rhizobium stimulated plant growth more than their separate
inoculations (Morel et al., 2012; Walpola and Yoon, 2013).
Akhtar et al. (2008) reported that arbuscular mycorrhizal
Table 4. Calculation of x value with different concentration
of gallic acid
Concentration of Gallic acid
(µg ml-1)
25
50
75
100
125
150
175
200
300

78

OD value at 725nm

x values

0.268
0.442
0.726
0.893
1.083
1.264
1.502
1.641
1.937

93.28
113.12
103.31
111.98
115.42
118.67
116.51
121.87
154.87

(AM) fungi are widely distributed and form symbiotic
relationships with roots of most of the terrestrial plants,
resulting in improved plant nutrition, plant growth and
survival due to their greater ability to uptake the soil
nutrition.
Estimation of total phenol content in the inoculated plants:
In the present study, total phenol content (TPC) was extracted
and estimated from the microbe-treated plants as well as
control plants after 40 days of sowing. The absorbance (OD)
value and the ‘x’ value for each concentration i.e. 25, 50, 75,
100, 125, 150, 175, 200 and 300 µg ml-1 were presented in
table 4. The average of the ‘x’ was found to be 116.55. The
result of isolation and estimation of total phenol content in
µg g-1 fresh weight of pigeonpea seedlings treated with
individual biocontrol agents and the OD value of each
sample at 725 nm are presented in table 4. The OD value and
phenol content of each treatment are presented in table 5. It
was observed that the highest amount of total phenol content
(TPC) was present in plants treated with G. mossae (LGC-4)
i.e. 232.15 µg g-1 fresh weight with OD value 0.398 followed
by Bradyrhizobium spp. (Brd1) and Bradyrhizobium spp.
(Brd2). The total phenol content of plants treated with
Bradyrhizobium spp. (Brd1) was found to be 224.4 µg g-1 fresh
weight with OD value 0.385 and whereas in case of Brd2 the
phenol content was found to be 223.78 µg g-1 fresh weight
with OD value 0.384. In untreated healthy plants the phenol
content was found to be minimum i.e. 142.96 µg g-1 fresh
weight with OD value 0.245 at 725 nm. Among the
Pseudomonas isolates, the highest amount of phenol content
was observed in plants treated with P. putida (S1) i.e. 212.9 µg
g-1 fresh weight with OD value 0.365 at 725nm. Thus, the
Table 5. Estimation of total phenol content (TPC) from
pigeonpea leaves treated with different bio-agents
(40 DAS)
Treatment/
Bioagent
Ta Control
Tb Brd 1
Tc Brd 2
Td Brd 3
Te S1
Tf MO2
Tg PW09
Th AKC011
Ti Bhj 13
Tj G. mossae
Tk G. fasciculatum

OD Value
0.245±0.01 a
0.385±0.021 d
0.384±0.019 d
0.327±0.018 c
0.365±0.015 d
0.304±0.011 bc
0.281±0.011 b
0.294±0.014 bc
0.249±0.019 a
0.398±0.02 d
0.379±0.018 d

Total phenol
(µg ml-1)
28.59±1.22 a
44.88±2.53 d
44.75±2.27 d
38.12±2.13 c
42.58±1.8 d
35.47±1.35 bc
32.75±1.37 b
34.3±1.73 bc
29.06±2.22 a
46.43±2.39 d
44.17±2.150 d

Total phenol
(µg g-1)
142.96±6.10 a
224.43±12.691 d
223.78±11.36 d
190.58±10.69 c
212.9±9.03 d
177.36±6.75 bc
163.75±6.89 b
171.33±8.68 bc
145.3±11.1 a
232.15±11.95 d
220.86±18.62 d

Note : The data are expressed as the mean of three independent
replications ± standard errors. Means were compared by DMRT
(P d” 0.05), using SPSS version 16. Different letters superscript in
the column data indicate significant difference between the
phenolic compounds across the treatments.
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increase in TPC in the plants treated with G. mossae (LGC-4),
Bradyrhizobium spp. (Brd1) and Bradyrhizobium spp. (Brd2)
were 62.38, 36.29 and 56.53 respectively over control plants.
The highest per cent increase in TPC was observed in plants
treated with G. mossae (LGC-4) followed by Bradyrhizobium
spp. (Brd2) and G. fasciculatum (LGC-5) which were 62.53,
56.53 and 54.49 per cent respectively. The per cent increase
in plant growth parameters and TPC at 40 DAS is shown in
Fig 1.
These results corroborate with the findings of Jain et al.
(2011) and Patel et al. (2016), which showed that plants
treated with single biocontrol agents or by co-inoculation,
exhibited higher amount of total phenol as compared to
untreated control plants. Mishra et al. (2006) also reported
enhanced accumulation of different phenolic compounds
in Rhizobium-inoculated rice plants as compared to the
uninoculated healthy control plants with maximum
induction of phenolic compounds in plants co-inoculated
with RRE6 (Rhizobium leguminosarum pv. phaseoli) and
Rhizoctonia solani. Microbe-treated plants showed higher
grain yield and yield components, like number of panicles,
root dry weight, shoot dry weight, as compared to the
untreated control plants. From the available literatures, one
can have an clear indications of correlation between
accumulation of phenolic compounds in plants inoculated
with beneficial microbes and plant growth parameters
including the yield components.
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ABSTRACT
The biological control using antagonistic microorganisms has proved to be very successful for managing
various plant diseases. Among the bio-agents, Trichoderma harzianum has been widely studied and is presently
marketed as biopesticides, biofertilizers and soil amendment material due to its ability to protect plants, enhance
vegetative growth and reduce pathogen populations under numerous agricultural conditions. The present study was
conducted to identify optimum incubation period and pH for the production of biomass and sporulation of T.
harzianum Th 14. Biomass and sporulation was measured in (mg 100ml-1 ) and (spores ml-1) respectively. Maximum
biomass and sporulation (958 mg; 4.54x10 8) was obtained at 15 days after incubation (DAI) followed 12 DAI (922
mg; 4.28x108) and both were at par with each other, while minimum at 5 DAI (703 mg; 2.64x108). The influence of pH
on production of biomass and sporulation of T. harzianum was clearly observed. Significantly maximum biomass and
sporulation was obtained at pH 6.0 (1102 mg; 5.00 x108) followed by pH 5.0 (993 mg; 3.75 x108) and pH 7.0 (966 mg;
4.25x108 ). Twelve days incubation period (12days) and pH (6.0) could be recommended for the mass multiplication
of T. harzianum Th 14.
Keywords: Incubation period, pH, biomass and sporulation, Trichoderma harzianum

The microbial inoculants as biocontrol agents are
effective and attractive alternatives to the exclusive reliance
on chemicals (Nakkeeran et al., 2002). Among the different
bio-control agents so far identified, species of Trichoderma
are the most effective in reducing disease incidence of various
crops. They are opportunistic, avirulent plant symbionts, as
well as being parasites of other fungi (Harman et al., 2004).
The abiotic factors deteriorate the antagonistic properties of
Trichoderma, against the phytopathogenic fungi
(Dlu¿niewska et al., 2003). Besides the effect of temperature,
moistutre and other factors, pH also influence on mycelial
growth of phytopathogenic fungi as well as biocontrol
agents. As in other microorganisms, in Trichoderma also, the
external factors modify its morphological characteristics as
well as physiological functions. Probably pH is one of the
most important environmental parameter affecting the
mycoparasitic activities of Trichoderma strains (Kredics et al.,
2004). A specific pH is required for the maximum growth,
where these biocontrol agents can be multiplied and
pathogens can be controlled.
Considering the above facts, the present investigation
was undertaken to evaluate the growth performance of
T. harzianum Th 14 on different incubation period and pH.
MATERIALS AND METHODS
The antagonist: The Trichoderma harzianum isolate Th14
Journal
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obtained from culture collections of Biocontrol Laboratory,
Department of Plant Pathology, GBPUA&T, Pantnagar was
used for the present investigation. The fungal antagonist
was maintained on potato dextrose agar (PDA) slant and
stored in refrigerator for further studies.
Determination of mycelial biomass and sporulation: After
required incubation (DAI) the fungal mycelial mass in each
flask of each treatment was separated by Whatman paper
No.1, dried at room temperature for 48 hours and then after
obtaining constant waight, measured with electronic
balance. The mycelial mat was air dried and made into fine
powder. The powder obtained was properly mixed in their
respective culture broth. One ml of Trichoderma from well
shake culture broth (in which spore of mycelial powder was
mixed) it in suspended in 10 ml of sterilized distilled water,
stirred well. One ml of this suspension, well shaken, was
added to 9 ml of sterilized distilled water to make 10-1
dilution. The procedure was repeated till the desired
dilutions were obtained. The spore concentration was
measured using haemocytometer. A final count of spores
ml-1 was calculated using following formula:
Spores ml-1= n x 25 x 104 x diluation factor
N= average no. of spore in a medium square of
haemocytometer (0.2 x 0.2 x 1mm3)
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Effect of incubation period on mycelial growth and
sporulation of Trichoderma harzianum (Th14): The flasks
(250 ml capacity) containing 100 ml sterilized potato dextrose
broth (PDB) were inoculated with 5 mm discs (2 Nos.) cut
from 4 days old actively growing culture of T. harzianum
(Th14) in three replications and were incubated in BOD at
27±10C 5, 7, 10, 12 and 15 days.
The observation of cultural characteristics of fungus
was recorded. Dry weight of fungus mycelium was recorded
at 5,7,10, 12 and 15 days after incubation (DAI). Spore
concentration on each treatment was recorded at 5, 7, 10, 12
and 15 DAI using haemocytometer as described above.
Effect of different pH on growth and sporulation of
Trichoderma harzianum (Th14): The pH viz. 4.0, 5.0, 6.0, 7.0
and 8.0 was maintained by adding N/10, HCl/ NaOH in
the medium which was measured by pH meter. The flasks
(250 ml capacity) containing 100 ml sterilized potato dextrose
broth were inoculated with 5 mm discs (2 Nos.) cut from 4
days old actively growing culture of T. harzianum (Th14).
The flasks were incubated at 27±10C for 12 days. Three
replications were kept for each treatment. The observations
on cultural characteristics, dry weight of fungus mycelium
and spore concentration in each treatment were recorded up
to 12 DAI.
Statistical design: The experiment was conducted in
completely randomized design (CRD) with three replications.
The experimental data were statistical analysed using
software STPR1. Data were subjected to analysis of variance
and treatment means were compared by an appropriate
Duncan’s multiple range test (P < 0.05) under software SPSS
16.
RESULTS AND DISCUSSION
Effect of incubation period on growth and sporulation of
Trichoderma harzianum (Th14): Perusal of data (Table 1)
indicated that the incubation period significantly influenced
biomass and spore production of T. harzianum in Potato
dextrose broth. Maximum biomass and spore production
(958 mg; 4.54x108) were obtained in the treatment 15 days
after incubation (DAI) followed 12 DAI (922 mg; 4.28x108)
and both were at par with each other. The treatment 12th and
10th DAI (887 mg; 3.91x108) were also at par with each other,
while 15th DAI was significantly better than 10th DAI in
biomass and spore production. Minimum biomass and spore
production were observed at 5 DAI (703 mg; 2.64x108). In the
present investigation, since maximum biomass and
sporulation was observed in the treatment 15th DAI but it
was at par with 12th DAI. Hence, 12 day incubation period
could be recommended for the biomass multiplication
T. harzianum Th 14 in liquid medium.
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The present finding is more or less supported the
finding of Das et al. (1997) and Sangle and Bambawale (2005),
who reported increased biomass and sporulation of
Trichoderma spp. after incubation period 14 days, then 7 days
in potato dextrose broth. Both quality and quantity of viable
spore can be manipulated by their physical and nutritional
environment. It can be utilized during biomass production
of antagonistic for getting more viable propagules in the
bioformulation.
Effect of different pH on growth and sporulation of
Trichoderma harzianum (Th14): Results in present study
(Table 2) revealed that biomass and spore production of T.
harzianum was greatly influenced by pH of the medium.
Among different pH (4, 5, 6, 7 and 8) level of PDB, significantly
Table 1. Effect of incubation period on mycelial growth and
sporulation of Trichoderma harzianum
Days after Cultural characters
incubation
(DAI)
5
Thin mycelial mat with slight
sporulation
7
Thick mycelia mat with dark
green sporulation
10
Thick mycelial mat with very
good dark green sporulation
12
Thick mycelial mat with very
good dark green sporulation
15
Thick mycelial mat with very
good dark green sporulation
CD (0.05)
CV (%)

Dry mycelial
weight*
(mg100 ml-1)
703a

Spores
ml-1*
(x108)
2.64a

773b

3.19b

887c

3.91c

922cd

4.28cd

958d

4.54d

52
3.37

0.46
6.82

*Mean of three replicates, Values in each vertical column followed
by same letter do not differ significantly

Table 2. Effect of different pH on mycelial growth and
sporulation of Trichoderma harzianum
pH

Cultural characters

4

Thin mycelial mat with slight
sporulation
Thick mycelial mat with
optimum sporulation
Thick mycelial mat with very
good dark green sporulation
Thick mycelial mat with
good dark green sporulation
Thick mycelial mat with
good dark green sporulation

5
6
7
8
CD (0.05)
CV (%)

Dry mycelial
weight*
(mg 100ml-1)
568a

Spores ml1* (x108)

993c

3.75bc

1102d

5.00d

966c

4.25c

857b

3.25ab

100
6.16

0.73
10.47

2.75a

*Mean of three replicates, Values in each vertical column followed
by same letter do not differ significantly
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maximum biomass (mg 100ml-1) and sporulation (spores
ml-1) was obtained at pH 6 (1102 mg; 5.00 x108) followed by
pH 5 (993 mg; 3.75 x108) and pH 7 (966 mg; 4.25x108). The
biomass and sporulation at pH 5 &7 were at par with each
other. However, minimum biomass and sporulation were
observed at pH 4 (568 mg; 2.75x108) and was at par with pH
8 (3.25x108 sporulation).
The present findings match with the finding of Jackson
et al. (1991) who observed optimum biomass and sporulation
of Trichoderma at a pH range of 4.6-6.8; Shahid et al. (2011) at
a pH range of 6.5 to 7.5; Abiodun et al. (2012) at a pH range of
4.5 to 6.0 and Singh et al. (2014) at pH range of 5.5 to 7.5pH.
From the above investigation it is evident that the
production and sporulation of the bio-agent T. harzianum
Th14 also is influenced by incubation period and pH. As
Trichoderma is an eco-friendly bio-control agent against
several soil borne plant pathogens, it is necessary to grow it
at suitable condition before it is used for commercial
purposes. This study may be helpful for the mass production
and large scale production of biomass for use as biocontrol.
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ABSTRACT
Ash gourd, classified under cucurbits is of minor importance, though it is cultivated in almost every part of
India. The ash gourd fruit is generally prized for its medicinal value, which has been explored by ayurvedic practioners.
Ash gourd ready-to-serve beverage was developed with salt (0.5%) and pepper (0.2%) as taste enhancers. The
developed fresh ash gourd RTS was analyzed for chemical composition and sensory attributes. It recorded total
soluble solids as 2.5°B, acidity (as % citric acid) 1.28 per cent. It was found to be good source of ascorbic acid, which
was recorded as 10.8 mg 100 ml-1. Total and reducing sugar of the developed ready-to-serve beverage were found to
be 0.5 mg and 0.75 mg respectively. Although fresh RTS was not sour, pH was recorded as 5.14. The extract was liked
moderately by the panelists as the RTS obtained mean scores of 7.4, 7.9, 7.0, 7.1 and 7.2 for colour, consistency,
aroma, taste and overall acceptability respectively. Colour of the RTS was not much affected by the addition of
pepper and possessed optimum salt-spicy flavor, which was acceptable by the panelists.
Key words: Ash gourd, ready-to-serve beverage

Ash gourd (Benincasa hispida) fruit is widely used as a
vegetable in India and other tropical countries. The fruit is
an important ingredient of an ayurvedic medicine Kusmanda
lehyam, which is widely used in treating epilepsy and other
nervous disorders. Some of the important constituents of
B. hispida were triterpenes, sterols and glycosides (Yoshizumi,
et al., 1998) and volatile oils (Wu et al., 1987). It has special
potency as nervine tonic. It alleviates nausea (Vatta) and
acidity (Pitta dosha). The properties of fruit changes according
to stage of ripening. It is interesting to note that the tender
fruits alleviates acidity, medium ripened fruit alleviates
cough, where as fully ripened fruit alleviates all of them
(http://www.herbalcureIndia. com). The watery juice that
oozes out from the pulp of the matured fruit preserved for
various ailments. Being extremely low in calories, ash gourd
juice is also used in treating of obesity. Ash gourd is composed
of higher amount of moisture 96.50 per cent, low calories
10 K cal, protein 0.40 g, fat 0.1g, carbohydrates 1.9 g, ascorbic
acid 1 mg, fiber 0.80 g, iron 0.8 mg and 30 mg of calcium
(Gopalan et al., 1997). In developing countries like India large
population of all income and age groups consume freshly
squeezed fruit and vegetable juice because of the health and
nutritional benefits. With change in life style, people always
are on lookout for health drinks to boost the immune system
as well as to feel energetic. Health drinks provide a
foundation for the body’s curative process by cleaning and
restoring the vitality. Limited information on the
development of ash gourd based RTS beverage has been
documented. In view of this rationale, the present
84
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investigation is directed to add value to ash gourd in terms
of ready-to-serve (RTS) beverage and to evaluate its quality
attributes in terms of nutritional and sensory profile.
MATERIALS AND METHODS
The protocol for the development of the RTS beverage
was designed (Fig.1). Initially fruit pieces were subjected to

Fig. 1. Processing of ash gourd into juice
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Table 1. Preliminary trials for the development of ash gourd RTS beverage
Ingredient

Variation
Sugar (1.75%)
Sugar and
Sugar (1.75%) + Pepper (0.2%)
pepper powder Sugar (1.75%) + Pepper (0.3%)
Sugar (1.75%) + Pepper (0.4%)
Sugar and
Sugar (1.75%) + Cumin seed (0.2%)
cumin seed
Sugar (1.75%) + Cumin seed (0.3%)
powder
Sugar (1.75%) + Cumin seed (0.4%)
Rock salt (0.5%)
Rock salt and
Rock salt (0.5%) + Pepper (0.2%)
pepper
Rock salt (0.5%) + Pepper (0.3%)
powder
Rock salt (0.5%) + Pepper (0.4%)
Rock salt (0.5%) + Cumin seed powder (0.2%)
Rock salt and
Rock salt (0.5%) + Cumin seed powder (0.3%)
cumin seed
powder
Rock salt (0.5%) + Cumin seed powder (0.4%)
Plain salt (0.5%)
Plain salt and
Plain salt (0.5%) + Pepper (0.2%)
pepper
Plain salt (0.5%) + Pepper (0.3%)
Powder
Plain salt (0.5%) + Pepper (0.4%)
Plain salt and Plain salt (0.5%) + Cumin seed powder (0.2%)
cumin seed
Plain salt (0.5%) + Cumin seed powder (0.3%)
powder
Plain salt (0.5%) + Cumin seed powder (0.4%)

Descriptive characteristics*
Cream-yellow colour, translucent, prominent sweet taste (Unacceptable)
Light brown colour, semi clear, sweet and sensible spiced flavour (Unacceptable)
Light brown colour, semi clear, sweet and moderate spiced flavour (Unacceptable)
Dark brown, semi clear, strong spicy flavour (Unacceptable)
Cream-yellow colour, clear sweet with no spiced flavour (Unacceptable)
Cream-yellow colour, clear, sweetish without spicy flavour (Unacceptable)
Cream-yellow colour, clear, moderately sweet and spiced flavour (Unacceptable)
Brown colour, semi clear, unique aroma and taste (Unacceptable)
Dark brown colour, unclear, distinct flavour (Unacceptable)
Dark brown colour, unclear, strong spicy flavour (Unacceptable)
Dark brown colour, unclear, Pungent flavour after taste (Unacceptable)
Brown colour, semi clear, distinct aroma without spicy flavour (Unacceptable)
Brown colour, semi clear, unique aroma with moderate spicy mouth feel
(Unacceptable)
Brown colour, semi clear, distinct aroma with strong spicy flavour (Unacceptable)
Cream-yellow, transparent, plain salty taste (Unacceptable)
Cream-yellow, transparent, optimum salt-spicy flavour (Acceptable)
Light brown, transparent, strong spicy flavour (Unacceptable)
Dark colour, semi clear, biting spicy flavour (Unacceptable)
Light brown, transparent, plain taste with no spicy flavour (Unacceptable)
Light brown, transparent, strong spicy flavour (Unacceptable)
Light brown, clear, strong, pungent mouth feel after taste (Unacceptable)

*as judged expert panelist

blanching, which inhibits the enzymatic activity that brings
undesirable changes (Karla, 1990). Since, the extracted juice
was bland in taste, various taste enhancers viz., common
salt, rock salt, sugar, cumin seed powder and pepper were
tested at the different concentrations. Preliminary trails were
conducted to study the permutations and combinations for
most acceptable concentrations of taste enhancers with
developed Ash gourd beverage which were organoleptically
evaluated by trained panelists. Developed ash gourd RTS
beverage was chemically analyzed for total soluble solids,
titrable acidity, pH, ascorbic acid, total and reducing sugars
by using standardized procedures (Anon.1995).
RESULTS AND DISCUSSION
The developed ash gourd RTS beverage was found to
be better accepted with salt and pepper, as pepper is one of
the commonly used spices in the food. The details of the
trials are presented in the table 1. Product had appealing
Table 2. Sensory evaluation of fresh ash gourd RTS beverage
Parameter
Colour
Consistency
Aroma
Taste
Overall acceptability

Scores*
7.4 ±0.96
7.9 ±0.87
7 ± 0.94
7.1 ±0.73
7.2 ± 0.6

Descriptive characters
Light cream-yellow colour,
clear, mild salt-spicy flavour

Note: 1.Values are Mean ± SD, 2.*Ratings on 9 point Hedonic
scale
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spicy flavour, taste and acceptable salt and pepper blend for
Indian market. Pepper contributed to the mild flavour
without affecting the colour of the RTS beverage (Table 2).
The developed ash gourd RTS beverage was filled in
sterilized glass bottles and pasteurized (80°C, 20 mins) to
extend the shelf life by reducing the microbial load.
Preliminary trials were conducted to study the acceptability
of the ash gourd RTS beverage with different concentrations
of taste enhancers. Ash gourd RTS beverage with different
taste enhancers was evaluated by expert panelists (n=10).
The ash gourd extract was cream-yellow and translucent
with optimum sweet taste after the addition of sugar (1.75%).
Further, addition of the pepper (0.2, 0.3 and 0.4%) changed
the colour and consistency. Strong spicy flavour was
observed at the higher concentration of pepper. Addition of
the cumin seed powder (0.2, 0.3 and 0.4%) has not affected
the colour, consistency and flavour. The extract mixed with
sugar (1.75%) and different concentrations of pepper and
cumin seed powder (0.2, 0.3, and 0.4%) was found to be
unacceptable by the experts as the extract was not blending
with the any of the taste enhancers properly. Addition of
rock salt (0.5%) resulted in the brown coloured, semi clear
ash gourd extract with unique flavour. Further addition of
the pepper (0.2, 0.3 and 0.4%) darkened the colour, with the
strong appealing spicy flavour. The colour and characteristic
aroma of the rock salt contributed to the unacceptability of
the extract by the panelists.
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Table 3. Chemical composition of fresh ash gourd RTS
beverage
Parameter
Total soluble solids (B)
Titrable acidity (%)
Ascorbic acid (mg 100 ml-1)
Total sugars (mg 100 g-1)
Reducing sugars (mg 100 g-1)
pH

Content
2.50±0
1.28±0.2
10.8±1.0
2.93±0.10
0.75±0.19
5.14±0.01

Values are Mean ± SD

Addition of the cumin seed powder (0.2, 0.3 and 0.4%)
along with the rock salt (0.5%) also found to be unacceptable,
as the ash gourd extract was dark brown, semi clear with
aroma and spicy mouth feel. Ash gourd extract was further
blended with plain salt (0.5%), pepper and cumin seed
powder (0.2, 0.3, and 0.4% respectively). Addition of pepper
(0.2%) resulted in the cream-yellow coloured, clear extract,
with the optimum spicy flavour, hence, judged as acceptable
by the judges. Addition of higher amount of the pepper (0.3
and 0.4%) found to be spicy. Addition of the cumin seed
powder (0.2 and 0.3%) did not change the colour, consistency
and flavour of the extract, but at the higher concentration
(0.4%) the extract was found to be pungent after taste and
hence, it was not acceptable. Thus, 0.5 per cent of plain salt
and 0.2 per cent of pepper was found to be acceptable
combination of the taste enhancers for the development of
ash gourd RTS beverage.
Sensory quality attributes of fresh ash gourd RTS
beverage evaluated by nine point Hedonic scale by 10 trained
panelists are given in table 2. The extract was liked
moderately by the panelists as the RTS beverage obtained
mean scores for colour, consistency, aroma, taste and overall
acceptability were 7.4, 7.9, 7.0, 7.1 and 7.2 respectively. Colour
of the RTS was not much affected by the addition of pepper.
The RTS beverage possessed optimum salt-spicy flavour
which was acceptable by the panelists. Low calorie RTS
drink from bitter gourd fruit was developed with 10 per cent
bitter gourd juice with 12.5°B TSS (Barwal et al., 2005).
Sucrose was replaced with low calorie sorbitol and the RTS
beverage was found to be acceptable by the panelists.
The data pertaining to the chemical composition of ash
gourd RTS beverage are presented in table 3. The RTS

beverage recorded total soluble solids as 2.5°B, acidity (as %
citric acid) 1.28 per cent. RTS beverage was found to be good
source of ascorbic acid which was recorded as 10.8 mg
100ml-1. Total and reducing sugar of the developed RTS
beverage were found to be 0.5 mg and 0.75 mg respectively.
Although fresh RTS beverage was not sour, pH was recorded
as 5.14. The bottle gourd RTS beverage contained TSS 15ºB,
acidity 0.32 per cent, total sugars 12.13 per cent, reducing
sugars 6.33 per cent, ascorbic acid 1.59 mg and potassium
7.5 mg 100 ml-1 (Sawate et al. 2008). When compared with
the matured ash gourd fruit, RTS beverage contained
considerably higher amount of total sugars (2.93 mg) and
reducing sugars (0.75 mg). Ascorbic acid content of the
developed ash gourd RTS beverage was estimated to be low
(10.8 mg 100ml-1), when it was compared with ascorbic acid
content of the fruit (11.04 mg 100g-1), which was due to the
heat treatment applied during pasteurization, which might
have degraded the vitamins (Table 3).
Therefore, it is quite clear that ash gourd can be utilized
for the development of ready-to-serve beverage with the
different taste enhancers, which is beneficial for health
conscious people.
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ABSTRACT
The importance of agriculture in the economy of India is profound. Despite the growth of industries and
commerce, it continues to be the principal economic activity of the people of India. Thus, approx 70 per cent of the
people are engaged in agriculture but more than 70 per cent of these farms at subsistence level. The Food and
Agriculture Organization, (FAO) suggested that in order to enhance sustainable agricultural development, new
commodities and new methods of production must be adopted by farmers in Eco-friendly way. The present rate of
agriculture production could be increased, if the available technology is appropriately transferred to the farmers for
its adoption. It is however reported that not more than 30 to 40 per cent of the technologies have gone to the farming
communities so far, even though there is strong network of extension mechanism operating for accelerating agriculture
production. The study was conducted in Ladpura Block of Kota District with 120 vegetable growers of 10 villages,
which were selected randomly and considered for study on the basis of larger area coverage. Maximum vegetable
growers had low extent of adoption of the eco-friendly management practices followed by medium and high extent
of adoption of the eco-friendly management practices respectively.
Key word : Eco-friendly farming, ecological balance, agrochemical, sustainable farming.

Eco-friendly agriculture originated as a response to a
growing awareness that the health of the land is linked to
the health and future of the people. It is a holistic and
philosophical approach to agriculture, which has as its goals
the protection and conservation of the land for future
generations, the production of high-quality food, the return
to many traditional agricultural methods, and the
harmonious balance with a complex series of ecosystems.
Land, water, plants, animals and people are all seen as
interlinked and interdependent. The final rule of the United
States Department of Agriculture (USDA), which implements
the eco-friendly foods production Act of 1990, describes
organic production as one which will “respond to sitespecific conditions by integrating cultural, biological and
mechanical practices that foster cycling of resources, promote
ecological balance and conserve biodiversity.” Eco-friendly
farming is an alternative agricultural system which
originated early in the 20th century in reaction to rapidly
changing farming practices. Eco-friendly agriculture
continues to be developed by various eco-friendly agriculture
organizations today. It relies on fertilizers of eco-friendly
origin such as compost, manure, green manure, and bone
meal and places emphasis on techniques such as crop
rotation and companion planting. Biological pest control,
mixed cropping and the fostering of insect predators are
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encouraged. In general, eco-friendly standards are designed
to allow the use of naturally occurring substances while
prohibiting or strictly limiting synthetic substances. For
instance, naturally occurring pesticides such as pyrethrin
and rotenone are permitted, while synthetic fertilizers and
pesticides are generally prohibited. Synthetic substances that
are allowed include, for example, copper sulfate, elemental
sulfur and Ivermectin. Genetically modified organisms,
nanomaterials, human sewage sludge, plant growth
regulators, hormones, and antibiotic use in livestock
husbandry are prohibited. Reasons for advocation of ecofriendly farming include real or perceived advantages in
sustainability, openness, self-sufficiency, autonomy/
independence, health, food security and food safety, although
the match between perception and reality is continually
challenged. Eco-friendly agricultural methods are
internationally regulated and legally enforced by many
nations, based in large part on the standards set by the
International Federation of Organic Agriculture Movements
(IFOAM), an international umbrella organization for ecofriendly farming organizations established in 1972. Since,
1990 the market for organic food and other products has
grown rapidly, reaching $63 billion worldwide in 2012. This
demand has driven a similar increase in organically
managed farmland that grew from 2001 to 2011 at a
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compounding rate of 8.9 per cent per annum. As of 2011,
approximately 37,000,000 hectares (91,000,000 acres)
worldwide were farmed organically, representing
approximately 0.9 per cent of total world farmland.
The modern agriculture has been successful in meeting
the increased food needs of alarmingly growing population.
But, the problem associated with modern agriculture like,
the high cost of inorganic or chemical fertilizers and plant
protection chemicals, stagnated yield level. Over the years
and the mounting health and environmental hazards have
forced many farmers and scientists to focus attention on
ecologically sound, viable and sustainable alternative nonchemical farming. In order to mitigate these health hazards
and bring out natural balance and protection of ecosystem,
organic movement has started in several parts of the world,
in which no chemical fertilizers and plant protection
chemicals are used in the cultivation of field crops, vegetables
and fruits. It is ascertained that the indiscriminate use of
agro-chemicals and pesticides cause adverse changes in the
ecological balance. Keeping the above facts in view, the
present study was designed to analyze the entrepreneurial
behavior of vegetable growers. The following specific
objectives have been formulated for the study.
1.

To study the attributes of vegetable growers.

2.

To determine the adoption behaviour of vegetable
growers towards eco-friendly techniques.

3.

To analyze the relationship between attributes of
vegetable growers and their adoption behaviour of
vegetable growers towards eco-friendly techniques.

4.

To enlist the problems of vegetable growers towards
eco-friendly techniques.

MATERIALS AND METHODS
The study was conducted at Ladpura Block of Kota
District in Rajasthan. In the study the sample were drawn
through application of multi stage sampling method. Kota
district comprises of five blocks out of which only block,
namely Ladpura was selected purposively because, the block
has maximum area under vegetable cultivation. The total
number of vegetable grower’s villages in block was 145
(approx). Out of which 10 villages were selected randomly.
A list of vegetable growers from 10 selected villages was
prepared with the help of RHEO/RAEO. Out of which an
equal number of growers were selected through random
sampling method to make the total sample size of 120 for
investigation. The data were collected personally with the
help of a pre-tested interview schedule. The interview
schedule was designed for collecting the relevant
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information of selected variables. All the respondents
answered the questions fully, which was indicative of the
fact that good rapport could be established between the
investigator and respondents. After establishing rapport
with the respondents they were interviewed and their
responses recorded in interview schedule, for analysis of
data. Secondary data were collected from records and
statistical office. Statistical tools like- mean, SD, percentage
and Chi-square test were used for analysis of data
RESULTS AND DISCUSSION
Profile and entrepreneurial behaviour of vegetable growers:
The data in table 1 shows that most of the respondents
(65.83%) belonged to middle age group and higher percentage
(33.33%) of vegetable growers were educated up to primary
and middle school level followed by 15.00 per cent of the
respondents had education up to high school level. Majority
of vegetable growers (52.50%) had a medium level of farming
experience. The data in table 1 indicates that maximum
(40.83%) vegetable growers possessed up to 2.1 to 5 ha. of
land. Majority (41.67%) of the vegetable growers had medium
level of annual income. The perusal of data indicates that
majority (51.67%) of the respondents had medium level of
mass media participation and the 48.33 per cent of
respondents were from medium category of extension contact.
The majority of vegetable growers (68.33%) had medium level
of information seeking behaviour. The perusal of data
indicates that majority (65.00%) of the respondents had
medium level of market orientation and 64.17 per cent of
respondents were from medium category of economic
motivation. Majority 64.17 per cent of the vegetable growers
had medium attitude towards use of eco-friendly
management practices, while 20.83 per cent had high attitude.
Almost similar findings were reported by Chaudhari Ratan
Ranuji (2006), Badodiya et al. (2010) and Patel et al. (2014).
Extent of adoption of eco-friendly management practices
by vegetable growers: The finding of the study clearly shows
that there was less percentage of respondents who had
complete adoption practices of eco-friendly management
(Fig. 1). Higher percentage of farmers partially adopted the
simple practices like field preparation, seed rate, sowing time
and method, manures and fertilizers management and
irrigation management, while as regard to complex practices,
majority of the farmers had low adoption towards integrated
disease management, weed management, integrated insect
and pest management. Thus, it concludes that maximum
vegetable growers had low extent of adoption of the ecofriendly management practices followed by medium and
high extent of adoption of the eco-friendly management
practices respectively. The data clearly indicates that the
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Table 1. Profile of the vegetable growers
Traits
Age

Education

Farming experience

Annual income

Land holding

Extension contact

Mass media participation

Market orientation

Economic motivation

Information seeking behaviour

Attitude towards use of Eco-friendly
management practices

Category
Young (below 35 yrs)
Middle (35-55 yrs)
Old (above 55 yrs)
Illiterate
Up to primary
Up to middle
High school
Higher sec. & above
Low (below 5 yrs)
Medium (5-10 yrs)
High (above 10 yrs)
Low (<2.35)
Medium (2.35-3.54)
High (>3.54)
Marginal (up to 1 ha.)
Small (1.1 to 2 ha.)
Medium (2.1 to 5 ha.)
Large (above 5.1 ha.)
Low (<2.35)
Medium (2.35-3.51)
High (>3.51)
Low (<1.76)
Medium (1.76-2.02)
High (>2.02)
Low (<2.12)
Medium (2.12-2.80)
High (>2.80)
Low (<2.92)
Medium (2.92-3.14)
High (>3.14)
Low (<5.54)
Medium (5.54-8.66)
High (>8.66)
Low (<3.28)
Medium (3.28-4.51)
High (>4.51)

Frequency
22
79
19
10
40
40
18
12
20
63
37
23
50
47
13
14
49
44
34
58
28
38
62
20
16
78
26
24
77
19
24
82
14
18
77
25

Percentage
18.33
65.83
15.83
8.33
33.33
33.33
15.00
10.00
16.67
52.50
30.83
19.17
41.67
39.17
10.83
11.67
40.83
36.67
28.33
48.33
23.33
31.67
51.67
16.67
13.33
65.00
21.67
20.00
64.17
15.83
20.00
68.33
11.67
15.00
64.17
20.83

Mean

SD

2.69

0.74

1.78

2.6

2.39

0.83

2.35

1.19

2.13

1.12

2.35

1.16

1.76

0.26

2.12

0.68

2.92

0.22

5.54

3.12

3.28

1.23

high gap may be due to nature of the particular technology
and less penetration of extension services in this area. The
practices which contributed major part of the gap were
precaution in using chemicals, insect, disease management
and seed treatment practices, which require careful attention
of extension workers through making appropriate extension
strategies for grass root level. The finding is similar to the
work of Bhople et al. (2001) and Darling and
Vashanthakumara (2004).

Fig. 1. Distribution of respondents according to their adoption
of the eco-friendly management practices
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Association between attributes of vegetable growers with
their adoption of eco-friendly management practices: The
data in table 2 shows the significant association was found
between education, annual income, farming experience, land
holding, attitude towards use of eco-friendly management
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practices, mass media exposure, extension participation,
economic motivation, information seeking behaviour with
adoption of the eco-friendly management practices of the
vegetable growers and non significant association was found
between age and marketing orientation with adoption of the
eco-friendly management practices of the vegetable growers.
To identify the constraints perceived by vegetable growers:
The results in table 3 show that the respondents faced several
constraints in adopting the eco friendly management
practices. High yielding resistant varieties were costly and
thus, the respondents were unable to purchase those at
ranked I (81.66% of respondents). Low marketing orientation
due to less awareness about new marketing trends and
strategies prevented them from adopting the practices at
ranked III (70.83% of respondents). Moreover less training
on eco-friendly management practices was received by the
farmers at ranked II (76.66% of respondents) along with less
subsidies and technical support by the government at ranked
IV (62.50% of respondents). Low knowledge about the
environmental issues at ranked V (50.00% of respondents),
less participation of the farmers to the extension programmes
at ranked VI (41.66% of respondents) and inadequate
environmental education at the secondary level at ranked
VII (29.16% of respondents) also hindered the adoption of

eco friendly management practices by the vegetable growers.
Thus, the study revealed that maximum vegetable
growers had low extent of adoption of the eco-friendly
management practices followed by medium and high extent
of adoption of the eco-friendly management practices
respectively. It shows the significant association was found
between education, annual income, farming experience, land
holding, attitude towards use of eco-friendly management
practices, mass media exposure, extension participation,
economic motivation, information seeking behaviour with
adoption of the eco-friendly management practices of the
vegetable growers and non significant association was found
between age and marketing orientation with adoption of the
eco-friendly management practices of the vegetable growers.
The major constraints expressed by vegetable growers were
high yielding resistant varieties were costly and thus, the
respondents were unable to purchase. Low marketing
orientation due to less awareness about new marketing
trends and strategies prevented them from adopting the
practices at ranked III. Moreover less training on eco-friendly
management practices was received by the farmers at ranked
II. These factors can be taken care of by the implementing
agencies in the state, while selecting the beneficiaries for
eco-friendly farming management programmes.

Table 2. Association between attributes of vegetable growers with their adoption of eco-friendly management practices
Variables
Age
Education
Annual income
Farming experience
Land holding
Attitude towards use of
eco-friendly management practices
Market orientation
Economic motivation
Mass media exposure
Extension participation
Information seeking behaviour

χ2 Value
χ2= 6.783
χ2 = 13.34
χ2 = 10.93
χ2 =14.29
χ2 = 12.28
χ2 = 14.83

Association with
adoption
Non-significant
Significant
Significant
Significant
Significant
Significant

Degree of
freedom
4 d.f
4 d.f
4 d.f
4 d.f
4 d.f
4 d.f

Level of
probability
0.05
0.01
0.05
0.01
0.05
0.05

χ2 = 7.268
χ2 = 16.28
χ2 = 13.39
χ2 = 10.42
χ2 = 13.78

Non-significant
Significant
Significant
Significant
Significant

4 d.f
4 d.f
4 d.f
4 d.f
4 d.f

0.05
0.01
0.01
0.05
0.01

Table 3. Constraints faced by vegetable growers
Constraints faced by vegetable growers
Costly high yielding resistant varieties
Low marketing orientation due to less awareness about new marketing trends and
strategies
Less training on eco-friendly management practices received by the farmers
Less subsidies and technical support provided by the government
Low knowledge about the environmental issues
Less participation of the farmers to the extension programmes
Inadequate environmental education at the secondary level
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Frequency
98
85

Percentage
81.66
70.83

Rank
I
III

92
75
60
50
35

76.66
62.50
50.00
41.66
29.16

II
IV
V
VI
VII
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ABSTRACT
Lucerne, Medicago sativa L., is among the most prized of forages and is grown worldwide as a feed for all classes
of livestock. Among several production constraints, insect pests considered to be important ones as this crop is
considered an insectary due to the large number of insects it attracts. Among several insect pests, aphids are
important ones and damage crop throughout the world. They are gaining importance during summer months in
western and southern India. Host resistance to aphids is poorly understood. Twenty six lucerne annual exotic
Medicago accessions comprising nine species were screened against resistance to cowpea aphid Aphis craccivora under
pot culture at southern regional research station at Dharwad. Accessions were scored on a 1-5 scale. Among the
accessions screened, Medicago scutellata accessions (EC 541685, EC 541686, EC 547739 and EC 547741) and
M. orbicularis (EC 541641) were found to be highly tolerant and no incidence of pea aphid was noticed. Genotypes like
M. polymorpha accessions (EC 541648, EC 541650, EC 541653 & EC 541655), M. soleirolii (EC 547747 & EC 547745)
and M. truncatula (EC 547750 & EC 547751) were found to be tolerant (up to 10% insect incidence). Germplasm lines
M. suffruticosa (EC 541695), M. orbicularis (EC 547709) and M. polymorpha (EC 547715 & EC 547717) were found to
be moderately tolerant (11-25%). However, genotypes like M. polymorpha (EC 547716) and M. rugosa (EC 547733)
were found to be highly susceptible (>50% aphid incidence). The above annual Medicago spp. possess dense glandular
stem and leaf hairs as a mechanism for insect resistance. Transfer of glandular hair trait from annual M. scutellata and
M. orbicularis (EC 541641) into agronomically acceptable cultivars would increase the management options of lucerne.
Key words: Lucerne germplasm, aphids, resistance, genotypes and accessions

Lucerne is considered an insectary due to the large
number of insects it attracts. Over 1000 species of arthropods
have been observed in lucerne fields. Of these fewer than 20
causes injury, and fewer still are serious pests. Although
only a few species infest lucerne, they can cause substantial
yield and quality losses if present in high numbers. Four
species of aphids Therioaphis trifolii, Acyrthosiphon pisum, A.
kondoi and Aphis craccivora were found in India and cause
damage on Lucerne. Aphids feed in groups, often on the
growing tips of plants. They have piercing-sucking
mouthparts that extract the plant sap (phloem). Excess plant
sap is excreted as sticky material called honeydew. Severe
aphid infestations can retard growth, reduce hay yield and
may even kill lucerne plants. Damage can also reduce the
lucerne’s feed value. Furthermore, a black fungus called
sooty mold that grows readily on the honeydew excreted by
aphids reduces palatability of the lucerne hay. 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 India. Host resistance to aphids is poorly
understood.
In the present study, cowpea aphid Aphis craccivora
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was found infesting the lucerne cultivars. Cowpea aphid is
readily distinguishable from other aphids inhabiting lucerne
because it is the only black aphid found infesting the crop. It
is a relatively small aphid and the adult is usually shiny
black, while the nymph is slate gray. The appendages are
usually whitish with blackish tips. Cowpea aphid has been
a long time resident of lucerne in most part of the world
including India. In Southern India, populations are highest
from August-September and numbers peak in second
fortnight of August. Is a shiny black aphid, feeding on the
undersurface of the lucerne leaves, young stems and pods.
Parthenogenetic reproduction occurs all year round. The
aphid is ovoviviparous; the females retain eggs inside their
bodies and give birth to small larvae. Young colonies of these
small aphids are found on growing points of plants in
association with ants. This aphid has an extensive host
range. In addition to lucerne, it infests many other legumes
including cowpea. Cowpea aphid injects a powerful toxin
into the plant while feeding and when populations are large;
this can stunt or kill plants. While feeding, this aphid
produces a considerable amount of honeydew, upon which
sooty mold grows. The black sooty mold reduces
photosynthesis and may make leaves unpalatable to
livestock. The honeydew also makes the Lucerne sticky,
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which causes problems with harvest.
Twenty six exotic lucerne cultivars were evaluated
against tolerance to cowpea aphid Aphis craccivora under
pot culture experiment. Each accession was grown in two
pots along with the check c. Anand-2 and RL-88. These were
screened and scored on a 1-5 scale. [1= highly tolerant (No
incidence); 2= tolerant (up to 10% insect incidence);
3= moderately tolerant (11-25%); 4= susceptible (26-50%);
5= highly susceptible (>50%)] and the results are given in
the Table-1.
Medicago scutellata cultivars (EC 541685, EC 541686,
EC 547739 and EC 547741) and M. orbicularis (EC 541641)
Table 1. Rating of lucerne germplasm against tolerance to
cowpea aphid Aphis craccivora
Genotype
Medicago doliata
Medicago lupilina
Medicago orbicularis
Medicago polymorpha
Medicago polymorpha
Medicago polymorpha
Medicago polymorpha
Medicago polymorpha
Medicago polymorpha
Medicago sativa subsp. sativa
Medicago scutellata
Medicago scutellata
Medicago suffruticosa
Medicago orbicularis
Medicago polymorpha
Medicago polymorpha
Medicago polymorpha
Medicago rugosa
Medicago scutellata
Medicago scutellata
Medicago soleirolii
Medicago soleirolii
Medicago truncatula
Medicago truncatula
Medicago truncatula
Medicago truncatula

Accession No.
EC 541604-1
EC 541623
EC 541641
EC 541648
EC 541650
EC 541651
EC 541652
EC 541653
EC 541655
EC 541681
EC 541685
EC 541686
EC 541695
EC 547709
EC 547715
EC 547716
EC 547717
EC 547733
EC 547739
EC 547741
EC 547744
EC 547745
EC 547747
EC 547749
EC 547750
EC 547751

Rating
3
3
1
2
2
3
3
2
2
2
1
1
3
3
3
5
3
5
1
1
2
2
2
3
2
2

Scored on a 1-5 scale : 1= highly resistant (No incidence);
2= resistant (up to 10% insect incidence); 3= moderately resistant
(11-25%); 4= Susceptible (26-50%); 5= highly susceptible (>50%).

with rating 1 were found to be highly resistant as no pea
aphid Incidence was noticed (Table 1). M. rugosa (EC 547733)
and M. polymorpha (EC 547716) were observed to be in rating
5 and were reported to be highly susceptible, as more than
50% incidence was noticed. Most of the M. polymorpha
accessions (EC 541648, EC 541650, EC 541653 & EC 541655),
M. soleirolii (EC 547747 & EC 547745) and M. truncatula (EC
547750 & EC 547751) were found be moderately resistant
(rating 3) (Table 1). However, genotypes like M. polymorpha
(EC 547716) and M. rugosa (EC 547733) were found to be
highly susceptible (>50%). Annual Medicago spp. possesses
dense glandular hairs on the stems and leaves, as a
mechanism for insect resistance. Bournoville et al., 1999
reported that antibiosis was the cause for resistance against
pea aphid in lucerne. Dense, simple hairs (in addition to
glandular hairs) on both leaf surfaces that may hinder insect
feeding (Ferguson et. al., 1982). Significant reduction of dry
matter production in aphid susceptible varieties than in
aphid resistant varieties was observed (Lodge, 1980).
Transfer of glandular hair trait from annual M. scutellata
and M. orbicularis into agronomically acceptable cultivars
would increase the management options of lucerne.
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ABSTRACT
Rural or farm tourism is now a novel attraction for the metro city people in India as well as the foreigners. Rural
tourism will emerge as an important instrument for sustainable human development including poverty alleviation,
employment generation, environmental regeneration and development. The study was conducted at Dooars area of
Jalpaiguri, Alipurduar and Coochbehar District of West Bengal, India. The study was conducted during June, 2015
to November, 2015. The respondents were selected from rural people and from the tourists. The sample sizes were 200
in case of selection rural people and 50 in case of selected tourists. The objective of the study was to identify the threat
and opportunity of the Dooars area for making farm tourism place. Descriptive research design was followed to
obtain pertinent and precise information. It was found from the study that the Dooars area of west Bengal has a good
potential to become an established rural tourism spot.
Key words: Farm, rural, tourism, employment, sustainable

Tourism is the largest industry in the world employing
the large number of people and generating the heavy
revenues. Tourism is the only industry, which can allow the
wealth of developed nations to flow directly into the hands
of the most under-developed people. Worldwide tourism is
ranked second highest revenue generating industry next to
the oil industry. Rural tourism is reflected as unique patterns
of the rural environment, economy, culture and history. The
activity that is not employing local resources cannot be
considered rural tourism (Lane, 1994). The rural tourism can
also be said as farm tourism, green tourism and eco-tourism.
Within the framework of rural tourism, farm tourism
enterprises are more closely related to agriculture. Farm
tourism develops social, cultural and educational values in
rural areas. It was found from the different study that farm
tourism was prominently attracted by the tourist in the
country of Austria, England, France and Germany, where it
became a large service sector industry (Frater, 1982; Weaver
and Fennel, 1997). The model of rural or farm tourism was
different between developed and developing country (Tosun,
2001; Fletcher, 2005). In addition, the desire for short term
economic benefits may lead to high expectations among the
host communities. After independence, government is
focusing on development of the key areas like agriculture,
industry, infrastructure, etc. in rural India. Tourism was
never seen as a potential business, it was growing at its own
pace. Although, tourism has started receiving some attention
from last decade, but farm tourism was never given much
priority.
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In England on an average 44 per cent of visitors’
expenditures remain in the local economy (Anonymous,
1991). The relations between rural tourism and agriculture
were symbiotic and the income of the farmers from the rural
tourism was greater than that obtained from their
agricultural activities (Cox and Fox, 1992; Stevens, 1993).
The intervention of different organization in rural areas
affected the rural or farm tourism directly or indirectly
(Beeton, 1999; Das, 2011). Rural tourism can earn foreign
exchange by attracting the foreign tourists (Maulick, 2012;
Parmar, 2012).
Dooars area of Alipurduar, Jalpaiguri and Coochbehar
districts were identified as potential area for farm tourism. It
was identified in consultation with tourism department of
Government of West Bengal as well as private tour agents
(Anonymous, 2015). The study was conducted during June,
2015 to November, 2015.
Dooars is the area, where nature has kept its doors
open. Derived from the word doors (doors to Bhutan), this
region is located in the district of Jalpaiguri, Alipurduar and
Coochbehar and forms a gateway to the hill stations of North
Bengal, Sikkim, Bhutan and North Eastern states. The dense
natural forests, interwoven with lush green tea garden, crisscrossed by teest, torsha, jaldhaka, kaljani and other rivers
and their innumerable tributaries rolling down the hills
increase your senses with sublimity. The average rainfall of
the Dooars area is about 3000 to 3,500 mm. Rainy season
generally starts in the month of May and continues till
Journal of Eco-friendly Agriculture 12(2) 2017
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September. Winters season is cold. Summer season is slightly
warm. The native people are generally schedule tribes (Bodo,
Rabha, Mech, Toto, Tamang/Murmi, Limbu, Lepcha) and
the Schedule caste (Rajbongshi). The familiar tourist places
in Dooars are Jhallong, Samsing, Totopara, Rajabhatkhawa,
Jayanti, Baneswar and Nagrakata. Tea is the major crop in
Dooars. Pine apple is the most attractive fruit cultivated
nearby Dooars area (Latimer, 1985).

As Dooars areas are scenic places and well connected
by roads, if proper steps are taken to promote the rural
tourism and marketing rural tourism can be established in
this area and it can bring lots of benefit to rural people of this
area and Dooars may become a sustainable revenue
generating project for rural development programme of the
government.

The respondents covered were the rural stakeholder,
functionaries and tourists at the survey time. Both primary
and secondary data were collected. Purposive as well as
simple random samplings were followed. For selection of
district, block, villages purposive sampling method were
followed and for selection of respondents random sampling
method was followed. In this way total of 200 rural
respondents and 50 number of tourist respondent were
selected. A structured interview schedule was prepared for
collection of data. Descriptive research design was followed
to obtain pertinent and precise information concerning the
current status of the phenomena and to draw a valid
conclusion.

Anonymous 1991. English Tourist Board. Tourism and the
Environment - Maintaining the Balance. Report of the
Countryside Working Group: London.

It was found from the study that majority of the
respondent directly or indirectly associated with the ecotourism and rural tourism. Tourists were interested to stay
with rural people to watch their daily activities and
participate in their different cultural ceremonies in the scenic
place. These rural areas are well connected with roads and
main roads. So, the communication is convenient. As tea is
the major crop cultivated in this area majority of rural women
are involved as tea labours. Majority of the male respondent
were drug-addicted. In this area, the houses are generally
made by wood and tin. The education level of majority of
rural population is either primary school passed or middle
school passed and their annual income is less than
Rs. 1,00,000. Respondent perception on alternative source
of income was very low. They are fully dependent on tea
state, so if tea gardens are suddenly closed, they are in trouble.
It is required to make proper policy by government and
private organizations to change the motivation of the dooars
rural people through empowerment of the rural women by
formation of self healp group (SHGs), establishment of
different rural tourism hot spots. Involvement of rural people
is required for work as local guide to voyeur tourist, arrange
for their proper fooding and lodging facilities etc. Training
of the rural youth on making handicrafts and marketing it
may enhace rural tourism (Cox and Fox, 1992; Stevens, 1993;
Stevens, 1993; Das, 2011).
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