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Cutting edge research in organic farming
D.K. Singh1, M. Rani, A. K. Dubey and Priyanka Tripthi
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E- Mail dhananjayrahul@rediffmail.com
ABSTRACT
Researches on organic farming going on at G.B. Pant University of Agriculture & Technology since 2004-05 to find out
the effect of organic, chemical and integrated mode of cultivation on soil, environment and productivity and to
develop organic package and practices for different crops and cropping system revealed that after two year of
conversion period highest grain yield was recorded during 2007 to 2009, in organic input management followed by
integrated. Rice produce organic mode was found to be of superior quality and liked most by the panelist followed by
that produced using integrated method of farming. Milled rice produced using organic mode of farming had highest
contents of carbohydrates and crude fiber and length, L/B ratio, however yield of rabi crop (wheat and vegetable pea)
was also influenced by the different mode of cultivaton. Highest grain yield of wheat was recorded in the year 201011 in integrated mode of cultivation. In case of vegetable pea maximum grain yield was recorded in organic mode of
cultivation in the year 2010-11. Economic analysis of different cropping systems revealed that during the years 200607, 2007-08 & 2010-11, highest net return & B: C ratio was recorded in organic mode of cultivation.
Key words: Cropping system, organic farming, organic inputs, productivity, rice

Organic agriculture is one of the most dynamic and
rapidly-growing sectors of the global food industry (Ellis et
al. 2006). It has been defined differently by different people,
but the description offered by Lampkin (1990) appears to be
the most comprehensive one covering all essential features.
Furthermore, organic farming is one of several approaches
to sustainable agriculture (FAO 1999), because of its
commercial viability, and it may provide solutions to the
current problems in conventional agriculture (Scialabba
2000; Wheeler 2008). Organic agriculture is frequently
promoted as an exit strategy from poverty for small-scale
marginal producers in developing countries (Cary and
Wilkinson 1997). A great deal of the literature focuses on
understanding factors that motivate farmers to adopt organic
farming practices. Lampkin and Padel (1994) and Padel
(1994) reviewed the evidence on the motivations of organic
farmers, and identified the most common factors among
organic producers as concerns about their family’s health,
concerns about husbandry (e.g., soil degradation, animal
welfare), lifestyle choice (ideological, philosophical,
religious) and financial considerations.

Organic farmers use animal and crop wastes, botanical,
biological, or non synthetic pest controls, and allowed
synthetic materials that can be broken down quickly by
oxygen and sunlight. Organic farmers also use specific
methods to minimize air, soil, and water pollution. Pratap et
al (2008) reported that the factors that encourage individual
farmers to adopt organic agriculture were continuing rising
costs of agricultural inputs which is making farming
increasingly unprofitable. Green manure is cheaper
alternative to mounting price of fertilizer nitrogen and has
become an effective technology in economizing the
agriculture production system, ensuring productive capacity
of soil without causing any impoverishment and combating
many ecological and environmental problems (Bana and
Pant, 2000). Organic farming enhanced crop production with
a minimal environmental load with keeping ecological
balance contains the general meaning of the holistic
production (Otto, 2003).
The aim of this study was to investigate the impact of
organic, inorganic and integrated management practices in
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crop productivity and on soil fertility status, thereafter
manage soil fertility in a proper way for the long-term rice
cultivation using organic farming.
MATERIALS AND METHODS
The study was conducted at the G.B. Pant University
of Agriculture & Technology, Pantnagar, India for a
consecutive period of five years from 2006-07 to 2010-11.
The soil of the experimental site was silty loam in texture
(31.40% sand, 45% silt and 22.8% clay), medium in organic
carbon (0.65%), available N (238kg ha-1), P (16.7kg ha-1), K
(156kg ha-1) and high in available sulphur (29.3 kg ha-1).
Electrical conductivity and pH were 0.34 dS/m and 7.4,
respectively. Three modes of cultivation viz., organic,
inorganic and integrated under different basmati rice based
cropping system were evaluated. Under organic mode of
cultivation Sesbania was incorporated as green manure,
thereafter 25 kg N was applied through vermicompost just
before first hand weeding i. e. 20 DAT to the basmati rice and
FYM 20 & 10 t ha-1 applied to the wheat and V. pea,
respectively. However, under inorganic mode, recommended
dose of N, P, K i.e. 120, 60 and 40 kg ha-1 for rice, wheat and
B. napus and 25, 60 and 40 kg ha-1 for lentil and vegetable
pea were applied. In integrated management system 50%
nutrient through organic sources and rest 50% through
chemical fertilizers were applied.
Varieties “Pusa basmati-1” of rice, “PBW-502” of
wheat, “Arkel” of vegetable pea were taken in the experiment.
Irrigation was applied on the basis of critical physiological
stage of different crops. Two hand weeding were done at 20
and 40 DAT/DAS for kharif/rabi crops to control the weeds.
Trichocards (one card acre-1, 5 releases) and pheromone traps
(20 ha -1 @ 5mg trap -1 ) were used within a week of
transplanting of rice crop in organic plots to control the insect
pest. Cow urine mixed with neem leaves sprayed @ 10% (23 sprays) before flowering and at every 15 days interval to
control insect pest in both kharif and rabi season in organic
mode seed treatment with Pseudomonas and Trichoderma @
5g kg-1 seed each prior to sowing was done to control soil
and seed borne pathogen in both kharif and rabi crops.
Spraying of Pseudomonas fluorescence (PSF) and Trichoderma
each @ 5g lit-1 were done before soil preparation to control
soil borne plant pathogens in rabi crop under organic and
integrated plots. Streptocycline @ 6g ha -1 and copper
oxychloride @ 15g ha-1 was sprayed both in organic and
integrated mode to control the bacterial leaf blight in rice.
The observations on important yield attributing character
and grain yield were recorded after every crop cycle.
Economics was calculated as per the prevailing market price
of the input and produce of individual crop.
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Grain yield of Basmati rice
In the year 2006, maximum grain yield was recorded
through inorganic mode of nutrient management followed
by integrated and lowest grain yield observed in organic
mode of nutrient application (Fig.1). However, during 2007
to 2009, maximum grain yield was recorded in organic input
management followed by integrated and least in case of
inorganic mode. Similar results of gradual increase in grain
yield of rice with the use of organics over a period of time
was also observed by Surekha (2007). The highest yield under
organic treatment was mainly due to build of organic matter,
accumulation of nutrients over year and improvement in
physic chemical properties of soil. Similar trend was also
reported by Mankotia (2007). In 2010, it was maximum in
integrated mode of nutrient management. This trend in grain
yield over the years clearly signifies that organic mode after
3 years of conversion period was helpful in maintaining
yield sustainability.

Fig.1: Grain yields of basmati rice

Quality of Basmati rice
The mean scores for aroma, appearance, texture, taste
and overall acceptability of cooked rice varied from 6.78 to
7.62, 7.18 to 7.65, 7.00 to 7.50, 6.87 to 7.53 and 6.94 to 7.53,
respectively on 9 – point hedonic scale. Organoleptic
characteristics of rice produced by the three modes of
cultivation differed significantly (P<0.05). The results
indicated that rice produced using organic mode was found
to be of superior quality and liked most by the panelist
followed by that produced using integrated method of
farming (Fig:2)
Milled rice kernels exhibited average length 7.05 to 7.39
mm, breadth 1.61 to 1.63 mm, thickness 1.44 to 1.51 mm, L/
B ratio 4.33 to 4.53 & 1,000 kernel weight 13.60-15.03 g,
Significant differences in above parameters (except breadth)
were observed among various samples of milled rice (P=
Journal of Eco-friendly Agriculture 9(1) 2014
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Fig. 2: Overall acceptability

0.05). Milled rice produced using organic mode of farming
had highest length, L/B ratio, whereas rice produced using
integrated mode exhibited highest thickness. Breadth was
highest for rice kernels grown using both organic and
inorganic methods of cultivation (Table: 1).
Ash, carbohydrates (by difference) and crude fiber
content in milled rice of different rice samples were 0.54 to
0.98, 76.11 to 77.98 and 0.24 to 0.37 per cent, respectively.
Proximate composition and calorific value of milled rice
produced by different modes of farming showed significantly
different values (P= 0.05). Milled rice produced by organic
mode of farming had highest contents of carbohydrates and
crude fiber, whereas rice produced by integrated mode
exhibited highest fat and ash contents. (Table: 1).

Fig.3: Wheat yield as influenced by different mode of
cultivation

In case of vegetable pea, where first year recorded
significantly lower yield in organic treatments, followed by
inorganic treatments and finally in the year 2010-11
significantly higher grain yield was recorded with organic
treatments (Fig. 4). These results suggest that yield gap
between the inorganic fertilizer treatments and organic
treatments narrowed year after year in case of legume crops.

Wheat and Vegetable pea yields
Wheat grain yield showed a similar trend over the years
i.e. grain yield was significantly higher in 100 per cent
inorganic treated plots followed by integrated plot and
minimum was recorded in case of organic treatment (Fig.3)
and finally in the year 2010-11 significantly higher grain
yield was recorded in the integrated treated plots followed
by organic and chemical treated plots.

Fig. 4 V. pea yield as influenced by different modes of
cultivation

Table 1. Length, breadth, thickness, L/B ratio and proximate composition, calorific value of milled rice produced under
different modes of farming
Mode of
farming
Organic
Inorganic
Integrated
SEmean±
CD at 5%

Length
(mm)
7.39c
7.05a
7.15b
0.01
0.05

Breadth
(mm)
1.63
1.63
1.61
0.01
ns

Thickness
(mm)
1.47b
1.44a
1.51c
0.01
0.03

L/B
ratio
4.53c
4.33a
4.43b
0.02
0.06

Ash
(%)
0.59ab
0.54a
0.98c
0.02
0.06

Carbohydrates
(by difference) (%)
77.98c
76.26ab
76.11a
0.16
0.56

Crude fiber
(%)
0.37c
0.26ab
0.24a
0.01
0.03

* Means followed by different superscripts in a column differ significantly at 5 % level.
ns: non - significant
Journal of Eco-friendly Agriculture 9(1) 2014
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Also lower grain yield in the plots with organics may have
been associated with the less readily available nutrients in
the initial years of transition as nutrient cycling processes in
first year organic systems change from inorganic N
fertilization to organic sources (Harris et al., 1994) and slow
release rates of organic materials (Mac Rae et al., 1993).
Relative economics of different modes of cultivation
Economic analysis of different cropping systems (Fig.5))
revealed that during the years 2006-07, 2007-08 & 2010-11,
highest net return & B: C ratio was recorded in organic mode
of cultivation whereas in 2008-09 to 2009-10, it was
maximum with integrated mode under rice wheat cropping
system. But highest net return & B:C ratio was recorded in
organic mode of cultivation in rice- lentil cropping system
and organic mode of cultivation in rice-vegetable pea
cropping system during most of the years. Inorganic mode
of cultivation showed the highest net return & B: C ratio
during 2006-07, 2007-08 and 2009-10 whereas during 200809 and 2010-11 net return & B: C ratio was highest with
organic mode of cultivation under Rice-B. napus cropping
system.

Fig: 6 Percent change over initial after seven consecutive crop
cycles

integrated mode. Under rice-wheat and rice-vegetable pea
system available P was higher with organic mode of
cultivation; however integrated mode of cultivation exhibited
higher available P in rice-lentil and inorganic mode, it was
higher under rice-mustard system. Inorganic mode of
nutrient management resulted higher available K in most of
the cropping systems. Whereas available S in soil was
maximum with organic mode of cultivation under all the
cropping system except rice-wheat where it was higher in
integrated mode followed by inorganic.
References

Fig: 5 Total net return from basmati rice based cropping
systems

Nutritional status of soil after completion of seven years of
crop cycles
Organic carbon status of soil after completion of 7 years
of crop cycle was significantly influenced by cropping
systems and different modes of cultivation (Fig: 6). Organic
carbon content in rice-wheat system was found significantly
higher under organic mode of cultivation followed by
integrated and inorganic modes of cultivation.
Results from Fig: 6 revealed that available N was found
significantly higher in inorganic mode with all the cropping
systems except rice-mustard in which it was higher with
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Comparative performance of different varieties of wheat
(Triticum aestivum L.) and various composts on its
productivity under organic conditions
Rameshwar, J.P. Saini, Neelam Bhardwaj, Sanjay Chadha, Punam and Neemisha Pathania
Department of Organic Agriculture, COA, CSK Himachal Pradesh Krishi Vishwavidyalaya, Palampur-176062,H.P., India
Email: drrameshwar@gmail.com
ABSTRACT
Field experiments were conducted during Rabi 2008-09 and 2009-10 at Chaudhary Sarwan Kumar Himachal Pradesh
Krishi Vishvavidyalaya, Palampur, India, using different organic composts. Wheat variety HPW-147 produced
significantly more grain yield, i.e., 22.6 and 10.9 per cent higher during respective years of study. Among the various
composts, Him-compost (HC) produced 11.6 and 17.5 per cent higher yield under irrigated conditions, while it was
34.4 and 41.9 per cent higher under rainfed conditions over FYM and Nadep compost. The performance of HC was
further improved when applied in combination with vermi-compost (VC) or FYM at 50 per cent doses. HC 2.5 t + VC
5.0 t ha-1 and HC 2.5 t + FYM 7.5 t ha-1 resulted in 8.9 and 1.3 per cent higher yield under irrigated and 13.8 and 6.0
per cent under rainfed conditions, over HC 5.0 t ha-1.
Key words: Composts, Him-compost, Vermi-compost, Nadep, wheat.

Wheat (Triticum aestivum L.) is one of the most important
cereal crops of the country. It is the staple food of about one
third of the world’s population and is commonly grown after
rice (Bodruzzaman et al., 2010). The variety and nutrient
management practices are important factors which determine
the productivity of this crop. Modern production system has
emphasized the wide spread use of chemical fertilizers and
pesticides at higher level over a prolonged period which has
not only polluted our water and air but also deteriorated
physical, chemical and biological properties of soil. The
continued use of chemical fertilizers, causes health and
environmental hazards. Hence, it is the need of hour to
maintain and improve the soil fertility for sustainable crop
production on long term basis through the use of organic
manures and biofertilizers. Organic farming is considered a
remedy to cure the ill effects of modern chemical agriculture
(Dauda et al., 2008). Organic systems do not use synthetic
fertilizers and in the long term may be more sustainable than
the conventional systems. Organic manures have the
capacity to fulfill nutrient demands of crops adequately and
promote the activity of beneficial macro and micro-flora in
the soil. The application of organic manure results in
increased crop yield, improved soil fertility, increased soil
organic matter, microbiological activities and improved soil
structure (Blair et al., 2005). Therefore, the present
investigation was carried out to find the best varieties of
wheat to be grown under organic conditions and to evaluate

©2014

the performance of different composts under irrigated and
rainfed conditions.
MATERIALS AND METHODS
Organic manures
FYM: Farm yard manure is a mixture of animal dung and
absorbed urine, bedding material.
Vermi-compost: Vermi-compost consists of remains/waste
material from plants or any biomass, dung of the animals
(dung and biomass ratio 50:50), improved species of
earthworms like Eisenia foetida or Eudrilus eugeniae and the
appropriate quantity of water for decomposition of material.
Him compost: It is an enriched compost, prepared with
locally available biomass, cow dung, cow urine, oil seed cake,
rock phosphate, gypsum, slaked lime, bone meal, ash, egg
shell etc. in the structure which is plastered with soil and
dung to check the loss of nutrients and early decomposition
of the biomass and dung.
Nadep compost: In this method of composting perforated
structure is made either with bricks or locally available sticks
of bamboo or any other material to make it airy. Afterwards
agricultural waste (dry or green), dung or slurry and soil
from the cultivated fields are added in the ratio of 10:1:10
along with appropriate quantity of water.

Comparative performance of different varieties of wheat (Triticum aestivum L.) and various composts

Analysis of physico-chemical properties of organic manures
All the liquid organic manures were analysed for pH
(digital pH meter), organic carbon (Walkley and Blacks
method), nitrogen (Kjeldhal method), phosphorous
(molybdenum blue method) and potassium (Flame
photometer method).
Isolation and enumeration of micro-organisms
The serial dilution plate technique was employed to
enumerate microbial flora in different organic manures using
nutrient agar for total bacteria, potato dextrose agar for fungi,
actinomycetes isolation agar for actinomycetes, Jensen’s
medium for Azotobacter and Pikovskaya’s medium for P
solubilizers. The inoculated plates were incubated at 28±1°C
for 5 days.
Field experiment
Field experiments were conducted during Rabi 200809 and 2009-10 at the experimental farm of Department of
Organic Agriculture, Chaudhary Sarwan Kumar Himachal
Pradesh Krishi Vishvavidyalaya, Palampur. The area
represents mid-hill wet temperate zone of Himachal Pradesh,
situated at an altitude of 1290.8 m, a.m.s.l. The soil of the
experimental site was silty clay loam in texture, acidic in
reaction having pH 5.7, low in organic carbon (0.40 %),
medium in available nitrogen (282.2 kg ha-1), phosphorus
(11.5 kg ha-1) and potassium (270.0 kg ha-1). The experiment
was laid out in split plot design with 24 treatments and each
treatment replicated thrice. The organic treatments used
were, FYM (15 t ha-1), Vermi-compost (VC 10 t ha-1), Himcompost (HC 5 t ha-1), Nadep (Nad 10 t ha-1), FYM + HC (7.5
+ 2.5 t ha-1) and VC + HC (5.0 + 2.5 t ha-1). The wheat varieties
selected for experiment were HPW-184, HPW-147, HPW249 and HPW-155 (standard check).

Fig. 1. Nutrient status and pH of different organic composts.

RESULTS AND DISCUSSION
Nutrient and microbial status
The nutrient and microbial status of different organic
composts were higher in case of Him- and Vermi-composts
(Fig. 1,2). The application of composts increases the
percentage of organic matter, nutrient level, microbial
biomass and improves soil physical properties (Bertran et al.
2004). Higher microbial counts were observed in different
organic manures which could be attributed to the bulky
nature of organic manures and supplement the crop with
major (NPK) and minor nutrients and encourages the
proliferation of soil microflora (Lakshmi et al., 1997).
Yield and yield attributes of wheat varieties
Wheat variety HPW-147 produced significantly higher
Journal of Eco-friendly Agriculture 9(1) 2014

Fig. 2. Microbial status of different organic composts.

yield attributes viz., number of spikes m-1 row length, grains
spike-1 and 1000-grain weight (Table 1) and hence, resulted
in 22.6 and 10.9 per cent higher grain yield during 2008-09
and 2009-10 over standard check, HPW-155 under irrigated
conditions. HPW-249 being statistically at par with HPW147 performed better and recorded significantly higher yields
over other varieties. Him-compost (5 t ha-1), being at par with
Vermi-compost (10 t ha-1), FYM+HC and VC+HC, resulted
in significantly higher number of spikes m-1 row, grains
7
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Table 1. Effect of organic manures (composts) on various yield attributes of different wheat varieties
Treatment
Varieties:

Number of spikes (m-1 row)
under
Irrigated
Rainfed
2008-09

HPW-184
HPW-147
HPW-249
HPW-155 (std. check)
CD (P= 0.05)
Composts:
Farm yard manure
(15 t ha-1)
Vermi-compost
(10 t ha-1)
Him-compost (5 t ha-1)
Nadep compost
(10 t ha-1)
FYM (7.5t ha-1 ) + HC
(2.5 t ha-1)
VC (5.0 t ha-1) +
HC (2.5 t ha-1)
CD (P= 0.05)

1000 grain weight (g) under
Irrigated

Rainfed

54.8
64.2
61.3
56.3
3.0

200910
62.7
70.4
69.8
60.6
2.5

200809
46.7
50.9
44.8
52.2
4.5

200910
51.6
57.7
52.5
60.2
3.2

200809
32.6
43.4
40.1
32.9
3.7

200910
35.4
38.2
37.0
34.6
2.8

200809
29.5
35.7
32.0
35.1
2.6

200910
31.0
34.3
33.0
33.8
1.8

200809
43.7
52.2
48.8
41.7
4.2

200910
40.2
44.3
43.0
39.4
3.5

200809
31.0
36.0
32.5
37.8
3.5

200910
34.2
35.7
34.8
35.6
NS

55.9

64.1

44.1

47.5

34.1

34.9

28.0

32.5

44.8

42.1

32.7

35.4

62.2

67.9

48.6

57.7

39.0

38.5

34.3

34.9

45.1

42.4

34.3

36.2

55.1
56.6

67.3
61.7

50.9
4.36

59.5
48.2

39.9
32.7

38.2
32.5

37.7
29.6

34.8
29.9

48.5
44.5

42.7
40.0

36.7
30.9

35.8
33.5

61.5

66.4

51.8

59.2

40.8

38.2

35.7

32.0

50.1

41.0

37.0

33.9

63.6

68.0

52.9

61.3

39.4

39.0

34.5

34.1

49.8

42.8

37.5

36.1

2.8

2.7

3.1

2.6

3.9

1.4

4.2

2.4

3.4

2.4

2.7

2.1

spike-1 and 1000-seed weight over all other treatments during
both the years. Successful production of organic grain crop
is dependent on physical, chemical and biological
components of soil in which it is grown (Majeed et al. 2010).
Similarly, Sarwar (2005) reported an increase in yield
components (plant height, number of fertile tillers and 1000
grain weight) of rice and wheat with the application of
different organic materials and composts.
Him-compost, FYM and Vermi-compost both under
irrigated and rainfed conditions showed the best results
compared with other treatments (Table 2). On an average,
Him-compost produced 11.6 and 17.5 per cent higher yield
under irrigated conditions and 34.4 and 41.9 per cent higher
under rainfed conditions over FYM and Nadep compost,
respectively. The performance of Him-compost improved
further when applied in combination with VC or FYM at 50
per cent doses. HC (2.5 t ha-1)+ VC (5.0 t ha-1) and HC (2.5 t
ha-1) + FYM (7.5 t ha-1) resulted in 8.9 and 1.3 per cent higher
yield under irrigated and 13.8 and 6.0 per cent under rainfed
conditions over Him-compost (5.0 t ha-1). Ibrahim et al. (2008)
reported that application of organic amendments resulted
8

Number of grains (Spike-1 )
under
Irrigated
Rainfed

in 11.13 to 13.53 g plant-1 increase in wheat yield which is in
concurrence with the results obtained in the present study.
Table 2. Effect of organic manures (composts) on yield of
different wheat varieties
Treatment
Varieties:

HPW-184
HPW-147
HPW-249
HPW-155 (std. check)
CD (P= 0.05)
Composts:
Farm yard manure (15 t ha-1 )
Vermi-compost (10 t ha-1)
Him-compost (5 t ha-1 )
Nadep-compost (10 t ha-1 )
FYM (7.5 t ha-1)+ HC (2.5 t ha-1)
VC (5.0 t ha-1) + HC (2.5 t ha-1)
CD (P= 0.05)

Grain yield (q ha-1) under
Irrigated
Rainfed
2008- 2009- 2008- 200909
10
09
10
21.0
20.7
10.5
14.7
25.5
25.4
14.8
17.3
23.9
24.3
12.0
15.8
20.8
22.9
15.5
18.2
2.4
2.7
1.8
1.5
19.5
21.4
23.3
19.9
25.7
26.8
2.8

22.7
23.5
23.8
20.2
22.0
24.5
1.0

10.9
12.8
15.7
10.8
16.3
17.6
2.2

13.8
16.7
17.5
12.6
18.8
20.2
2.2
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Table 3. Interaction effect of organic manures (composts) and wheat varieties on grain yield of wheat
V1
Irrigated
Compost** 2008- 2009
09
-10
C1
18.4 20.2
C2
19.4 21.1
C3
21.4 21.2
C4
18.4 18.6
C5
23.3 19.7
C6
24.8 23.4
CD (P=0.5) 2.4
2.8

Wheat varieties* under
V3
V4
Rainfed
Irrigated
Rainfed
Irrigated
Rainfed
2008- 2009- 2008- 2009- 2008- 2009- 2008- 2009- 2008- 200909
10
09
10
09
10
09
10
09
10
12.2 15.5 19.6 24.4 9.9
11.6 18.9 21.1 12.8 16.4
13.9 17.9 22.4 23.6 11.6 16.4 19.8 23.7 14.8 17.6
17.0 19.0 25.6 24.2 14.9 17.6 20.4 23.9 17.7 18.2
11.7 12.0 20.2 20.7 9.2
12.6 19.1 19.8 13.0 15.3
17.6 19.1 27.5 23.2 15.9 16.9 23.1 21.3 18.1 21.1
18.1 20.6 27.8 29.7 17.1 19.4 23.5 27.4 20.1 21.1
2.5
2.0
2.4
2.8
2.5
2.0
2.4
2.8
2.5
2.0

V2

Rainfed
Irrigated
2008- 2009- 2008- 200909
10
09
10
8.2
11.5 21.1 25.1
10.3 15.1 24.0 25.6
12.5 15.2 25.8 26.1
8.6
10.3 21.9 21.8
12.7 17.5 28.9 23.9
13.7 18.9 31.1 29.9
2.5
2.0
2.4
2.8

* V1 (HPW-184); V2 *HPW-147(; V3 (HPW-249); V4 (HPW-155)
** C1 (Farm yard manure 15 t ha-1); C2 (Vermi-compost 10 t ha-1); C3 (Him-compost 5 t ha-1); C4 (Nadep compost 10 t ha-1); C5 (FYM 7.5 t ha-1 +

Edwards and Burrows (1988) reported that Vermi-compost
have a much finer structure than composts and contain
nutrients in forms that are readily available for plant uptake.
In the present study, Vermi-composts resulted in better yield
attributes and yield of wheat which may probably be due to
the presence of plant growth regulators in the Vermicomposts (Tomato and Galli, 1995).

the growth and yield of crops (Javid and Arshad, 1997). The
increase in the yield of crops could be attributed to the slow
release of nutrients, reduced losses (Chang and Janzen,
1996), increased P mobilization and soil microbial activities.
All these factors results in improved nutrition and proper
development of crop root system which ultimately affects
crop productivity.

The variety HPW-249 produced significantly higher
grain yield as compared to other treatments in the first year
of experiment under irrigated conditions with the treatments
of VC (5 t ha -1) + HC (2.5 t ha -1) or FYM (7.5 t ha-1) + HC (2.5
t ha -1). In the second year under irrigated conditions, HPW147, HPW-249 and HPW-155 produced significantly higher
yield as compared to other treatments with the application
of VC (5.0 t ha-1) + HC (2.5 t ha-1). Under rainfed conditions
the variety HPW-155 produced more yield with VC (5.0
t ha-1) + HC (2.5 t ha-1) in both the years which was at par
with other combination of same variety or other varieties
(Table 3). Generally, cultivar HPW-147 produced better yield
with treatment VC (5.0 t ha-1) + HC (2.5 t ha-1) under irrigated
conditions, while cv. HPW-155 produced higher yield under
rainfed conditions.

It can be concluded from the study that the application
of Him-compost and Vermi-compost resulted in higher wheat
grain yield under irrigated and rainfed conditions over other
treatments. The performance of Him-compost was further
improved when it was applied in combination with Vermicompost or FYM. The use of organic composts either alone
or in combination resulted in higher crop yields, hence, these
composts can be used as an ecofriendly means for increasing
and sustaining agricultural production.

Organic fertilizers can improve the health and
productivity of soil and plant as they provide different
essential nutrients to encourage plant growth (Ajwa and
Tabata, 1994). The application of organic residues and
composts as a source of organic matter and plant nutrients
is a common practice to improve soil physical and chemical
properties that ultimately improve soil fertility status and
hence, reduce the needs for inorganic fertilizers (Mc Andrews
et al. 2006). Soil harbours a variety of micro-organisms, which
exerts beneficial effect on various crops thereby increasing

Journal of Eco-friendly Agriculture 9(1) 2014
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Variability, correlation of flag leaf nitrogen content and
selection indices in rice (Oryza sativa L.)
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ABSTRACT
Seven rice varieties viz., Samba mahsuri, Polasa prabha, Jagtial samba, Nellore mahsuri, Indra, Vijetha and Prabhat
crossed in diallel mating design without reciprocals expressed considerable range of variation for the traits indicating
good scope for genetic improvement. The genotypic coefficient of variations (GCV) were higher for l000 grains weight,
chlorophyll content and iron content among yield components, physiological traits and quality traits, respectively.
The higher GCV values for these traits suggested the possibility of yield improvement through selection. High values
of broad sense heritability estimates recorded for 1000 grain weight, flag leaf nitrogen content and the milling percent
indicated predominance of additive gene action in expression of these traits. All the yield contributing characters and
physiological traits except chlorophyll content and specific leaf weight, exhibited significant correlation with flag leaf
nitrogen content. The results revealed that ear bearing tillers plant-1, number of grains panicle-1 and weight of 1000
grains showed significant correlation besides their high heritability indicating the importance of these traits for
selection. The hulling per cent and milling per cent exhibited highly significant correlation with yield justifying their
importance for selecting genotypes with good milling recovery.
Key words : Genetic advance, correlation, GCV, PCV, Variability

Research programmes undertaken to increase the
production and productivity is of great value in the service
of mankind and the nation (Barwale, 1993). A well planned
plant breeding programme for developing high yielding
genotypes requires complete knowledge of the genetic
variations available in the population. Rice breeding strategy
involves assembling or generating variability by utilizing
the germplasm and selection of superior genotypes for
getting good yields. A knowledge of association between
yield and morpho-physiological and quality traits will help
to make simultaneous selection for more characters.
Partitioning the correlation coefficients into direct and
indirect effects will help in estimating the actual contribution
of an attribute and its influence through other characters.
The nitrogen content in the flag leaf, which contributes more
for photosynthesis and translocation of source to sink needs
to be taken into consideration for realizing higher yields.
MATERIAL AND METHODS
Seven rice varieties viz., Samba mahsuri, Polasa prabha,
Jagtial samba, Nellore mahsuri, Indra, Vijetha and Prabhat
selected on the basis of their attributes for grain quality,
cooking quality, reaction to pests and diseases and high yield
were crossed in diallel mating design (without reciprocals).
The parental line Samba mahsuri possessed excellent
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cooking quality; Polasa prabha, Jagtial samba and Nellore
mahsuri the good grain quality; Indra possesses biotic and
abiotic stress tolerance for disease like brown plant hopper
(BPH) and salinity while Vijetha and Prabhat are high
yielder. These varieties showed great diversity for
morphological and physiological traits. Twenty one F1s and
seven parents were grown at the experimental farm of Andhra
Pradesh Rice Research Institute and Regional Agricultural
Research station, Maruteru, in randomized block design
(RBD) with three replications at 3m row length and 20 x 15
cm spacing. Each replication comprised of one row of parent
and three rows of F1s. Recommended agronomic practices
were followed. The data on mean values on yield components
viz., days to 50% flowering, plant height (cm), total tillers
plant-1, ear bearing tillers plant-1, panicle length (cm), filled
grains panicle-1, unfilled grains panicle-1, 1000 grain weight
(g); physiological traits viz., chlorophyll content (mg g-1),
specific leaf weight (g/m2), harvest index (%), biological yield
(%) and flag leaf nitrogen content (%); quality characters viz.,
hulling percent, milling percent, head rice recovery (%),
length: breadth ratio, volume expansion ratio (VER),
elongation ratio (ER), gelatinization temperature (GT),
amylose content (%) protein content (%), iron content (ppm),
zinc content (ppm) and the yield plant-1 (g) were collected
and analyzed by the procedure suggested by Dewey and Lu
(1959).
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RESULTS AND DISCUSSION

with the earlier findings of Shantha Kumar et al., 1998.

The analysis of variance of the parents and F1s are
presented in Table 1. The range, mean, standard error of
mean, genotypic and phenotypic coefficient of variation (GCV
and PCV), broad sense heritability and genetic advance
(expressed as per cent of mean) are presented in Table 2. The
range of variation expressed for the traits indicated good
scope for genetic improvement (T-2). The genotypic
coefficient of variation were higher for l000 grain weight
(22.02%) followed by ear bearing tillers (17.76%) among yield
components. The GCV for chlorophyll content (17.49%) was
higher among physiological traits, where as iron content,
gelatinization temperature and zinc exhibited higher values
of 51.6, 36.97 and 26.79 per cent, respectively among quality
traits. The phenotypic coefficients of variation (PCV) followed
almost similar trend. The higher values of GCV for these
traits suggested possibilities of yield improvement through
selection on these traits. These results are in confirmation

Broad sense heritability estimates ranged from 42.50
percent for ear bearing tillers to 99.60 percent for 1000 grain
weight (Anuradha et al., 1991). Plant height, 1000 grain
weight, flag leaf nitrogen content, milling percent, volume
expansion ratio, gelatinization temperature, amylase
content, iron content and zinc content showed high GCV
along with high heritability, indicating effectiveness of
selection based on these traits (Venkatesan et al., 2008 and
Nayak et al., 2003 ). Although days to 50% flowering, no of
seeds per panicle, specific leaf weight, hulling percent and
head rice recovery exhibited high heritability and low GCV,
the genetic advance as per cent of mean was highest for
gelatinization temperature (75.36) (Nayak et al., 2003),
followed by zinc content (54.17), iron content (45.85)
(Gregario et al., 2000) and 1000 grain weight (45.29) This
indicated predominance of additive gene action in
expression of these traits.

Table 1. Analysis of variance of seven parents and their F1s (without reciprocals)

Mean sum of squares
Characters
Days to 50% flowering
Plant height (cm)
Ear bearing tillers/plant
Panicle length (cm)
No of seeds /Panicle
1000 grain weight (g)
Chlorophyll Content (mg/g)
Specific Leaf Weight (g/m2)
Harvest Index (%)
Biological yield (g)
Flag leaf N content (%)
Hulling (%)
Milling (%)
Head rice recovery (%)
L/B ratio
Volume Expansion Ratio
Elongation ratio
Gelatinization Temperature
Amylose content (%)
Protein content (%)
Iron (ppm)
Zinc (ppm)
Grain yield/plant (g)

Replications
d.f =2
0.16
14.08
11.29
5.96
180.34
0.15
1.21
0.00
0.85
6.77
0.01*
0.79*
1.80
1.57
0.03*
0.15*
0.01
0.01
0.29*
0.22*
42.92*
4.27*
0.99

Treatment
d.f = 27
137.4
520.5
33.6
10.4
2692.8
58.9
41.1
0.5
31.3
164.5
0.1
6.7
141.9
60.1
0.2
1.8
0.1
5.3
36.2
3.1
1481.7
50.7
37.3

Error
d.f.= 54
0.82
7.45
10.44
2.00
60.33
0.07
6.31
0.01
5.54
12.30
0.00
0.18
0.57
0.50
0.01
0.03
0.00
0.03
0.09
0.04
4.29
0.63
1.33

F ratio
167.35**
69.84**
3.22**
5.2**
44.63**
848.67**
6.51**
176.87**
5.66**
13.37**
92.22**
35.86**
246.65**
118.52**
22.83**
56.02**
22.9**
140.03**
397.73**
73.43**
345.4**
80.48**
27.93**

*: significant at 5 % level ** : significant at 1% level.
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Table 2. Range, mean, coefficient of variation, heritability and genetic advance for 23 characters in 21 F1 progenies
Coefficient of variation
(%)
Character
Days to 50% flowering
Plant height (cm)
Ear bearing tillers/plant
Panicle length (cm)
No of seeds /Panicle
1000 grain weight (g)
Chlorophyll
Content
(mg/g)
Specific
Leaf
Weight
(g/m2)
Harvest Index (%)
Biological yield (g)
Flag leaf N content (%)
Hulling (%)
Milling (%)
Head rice recovery (%)
L/B ratio
Volume Expansion Ratio
Elongation ratio
Gelatinization
Temperature
Amylose content (%)
Protein content (%)
Iron (ppm)
Zinc (ppm)
Grain yield/plant (g)

Genotypic

Phenotypic

Heritability
(Broad
Sense, %)

102.26±0.52
96.33±1.57
15.65±1.91
22.33±1.86
200.65±0.82
20.12±4.48

6.60
13.58
17.76
7.51
1.76
22.02

6.66
13.87
27.24
9.83
15.26
22.06

98.20
95.80
42.50
58.40
93.60
99.60

19.48±4.45

17.49

21.07

64.70

5.65

28.99

39.40-53.36
48.99-73.95
1.23-1.95
76.86-81.36
61.43-69.88
51.62-66.65
2.42-3.54
4.09-7.33
1.17-1.79

5.15±6.24
46.68±0.15
59.48±1.45
1.61±0.03
78.57±1.36
65.27±2.03
60.11±0.02
2.93±0.25
5.25±0.44
1.50±0.41

8.30
6.29
11.98
12.84
1.88
10.52
7.41
9.34
14.76
11.72

8.37
8.06
13.35
13.04
1.96
10.58
7.51
9.96
15.16
12.50

98.30
60.90
80.50
96.80
92.10
98.80
97.50
87.90
94.80
88.00

0.87
4.71
13.16
0.42
2.92
14.06
9.06
0.53
1.56
0.34

16.96
10.10
22.13
26.02
3.72
21.54
15.08
18.04
29.61
22.65

1.67-5.40
15.80-25.60
6.35-10.47
21.13-86.77
10.23-22.83
25.01-33.75

3.56±0.05
23.81±0.11
8.62±0.04
43.00±0.11
15.26±0.17
27.68±0.12

36.97
14.57
11.72
51.61
26.79
12.52

37.37
14.63
11.96
51.83
27.29
13.20

97.90
99.20
96.00
99.10
96.40
90.00

2.69
7.12
2.04
28.52
8.27
6.77

75.36
29.90
23.66
45.85
54.17
24.47

Range

Mean±SE

97.66-105.03
67.67-118.0
13.67-18.00
17.66-26.33
145.33-261.33
13.93-32.05
12.23-25.17

Genetic advance
Value
% mean
(k=206)
13.78
13.47
26.37
27.38
3.74
23.86
2.64
11.88
39.03
29.42
9.11
45.29

4.45-6.00

Nitrogen content in the leaf is an essential component
for high photosynthesis. All the yield contributing characters
and physiological traits except chlorophyll content and
specific leaf weight exhibited significant correlation with
flag leaf nitrogen content, besides harvest index and
biological yield. The flag leaf nitrogen content exhibited
positive and significant association with days to 50%
flowering, plant height, ear bearing tillers plant-1, panicle
length, number of seeds panicle-1, 1000 grain weight, hulling
per cent, milling per cent, protein content, and the yield
plant-1. It exhibited negative correlation with specific leaf
weight, gelatinization temperature and amylose content.
Since nitrogen content in the leaf is important for high
photosynthesis, the importance of nitrogen fertilizer for crop
growth rate and yield needs emphasis. Nitrate reductase
enzyme acts as catalyst and converts the nitrate to nitrite
form and consequently enhance the assimilation of inorganic
N. Positive association of nitrate reductase with grain protein
and nitrogen content reported by Asghari et al,. (1980) is in
Journal of Eco-friendly Agriculture 9(1) 2014

agreement with the present study.
For developing high yielding cultivars with improved
yield and other desirable traits the breeder has the option of
selecting desirable genotypes in early generations or
delaying intense selection until advanced generations, when
progenies are nearly homozygous. Yield component
breeding to increase grain yield would be most effective, if
the components involved are highly heritable and genetically
independent or positively correlated. The selection criteria
for production may be yield, one or more of the morphological
components of yield; number of panicles per unit area, the
number of grains panicle-1, or the grain weight.
The results revealed that ear bearing tillers plant-1,
number of grains panicle-1 and 1000 grain weight showed
significant correlation besides high heritability indicating
the importance of these traits for selection (fig.1). Similar
results were reported by Halil Surek Necmi Beser (2005).
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Table 3. Correlation of yield components, physiological and quality traits with yield
char DFF PH EBT
1.00 0.066 -0.09
DFF
1.000 .230
PH
1.000
EBT
PL
NSP
P
GW
CC
SLW
HI
BY
FNC
HP
MP
HRR
L/B
VER
ER
GT
AC
PC
Fe
Zn
YPP

PL
-0.06
.449**
.146
1.000

NSPP
0.109
.338**
.097
.154

GW
0.021
.185
.104
.332**

CC
-0.166
.223*
-.033
.096

SLW
-0.44
-.321*
.204
-.126

1.000 -.260* -.145 -.078
1.000 .097 -.040
1.000 .153
1.000

HI
-0.038
.056
.215*
.227**

BY
0.002
.268*
.241*
.086

FNC
.309**
.341**
.239*
.267*

.140
.113
.205
-.069
1.000

.293** .414**
.317**
.181 .049
-.069 -.138
.286** .251
1.000 .581**
1.000

HP
-0.099
.143
.235*
.217*

MP
0.296
-.040
.113
.210

HRR
0.11
.198
.356**
.130

L/B
-0.114
.208
.004
.265*

VER
0.068
-.096
.261
.055

ER

GT
0.06 ..223*
-.357 -.008
-.256* -.361
.242* -.197

AC
.677*
.043
-.135
.006

PC
-0.12
.132
-.121
.032

Fe
0.179
.081
-.083
.243*

ZN
0.24
-.134
.067
-.040

YPP
-0.009
.303**
.356**
.221*

-.054
.241**
.210
.060
.454**
.214
.223*
1.000

.285**
.069
.172
.103
.367**
.052
.400**
.294**
1.000

.279*
.101
-.078
.148
.321**
.117
.206
.564**
.278*
1.000

.322**
.289**
.177
.065
.196
.177
.321**
.103
.288**
0.081
1.000

-.204
.156
.065
.001
.074
.005
.160
.124
.218*
-0.14
-.190
1.000

.144
-.367**
-.039
-.007
.032
-.066
.114
-.056
-.151
-0.044
.097
-.080
1.000

.019
.129
-.154
.401**
.093
.254*
-.047
.017
.044
.228*
-.368**
.035
-.061
.108
1.000

.020
-.106
.249*
-.106
.073
.258*
.234*
.082
.040
-.236*
.426**
.045
.081
-.322**
-.083
1.000

.035
.229*
-.301**
-.120
-.254*
.067
.183
-.211
-.026
-0.186
.231*
.146
-.018
-.030
.158
.066
1.000

.377**
-.102
-.111
-.244*
.147
..144
.225*
-.042
.221*
0.008
-.075
.031
.150
.045
.182
-.194
.270*
1.000

.388**
.283**
.292**
-.021
.332**
.805**
.739**
.495**
.279*
.315*
.302**
.049
-.014
.310**
-.196
.299**
-.063
.227*
1.000

.062
-.011
-.148
-.182
-.186
.216*
-.180
-.299**
.040
-.256*
-.130
-.115
-.009
1.000

* significant at 5% level ** significant at 1% level
DFF: Days to 50% flowering, PH-Plant height, EBT-Ear bearing tillers, PL-Panicle length, NSPP-Number of seeds per panicle, GW- 1000 Grain
weight, CC-Chlorophyll content, SPLW-Specific leaf weight, HI-Harvest Index, BY-Biological yield, FLN-Flag leaf N content, HP-Hulling percent,
MP-Milling percent, HRR-Head rice recovery, L/B- L/B ratio, VER-Volume expansion ratio, ER-Elongation ratio, GT-Gelatinization temperature,
AC-Amylose content, PC-Protein content, Fe- Iron, Zn-Zinc YPP-Yield per plant.

Govindarasu et al. (2000), reported the importance of high
density grains for forming selection index, while McNeal
(1960) reported for kernels plant-1 and Knott and Talukdar
(1971) for kernel weight.

GRAIN YIELD

Harvest Index

Biological Yield

Ear Bearing Tillers

Hulling Percent

No. of grains/panicle

Milling Percent

1000 grain weight

REFERENCES
Indirect contributors

Direct Contributors

Protein content

Flag leaf N
content

Chlorophyll
content

Fig. .1 Schematic representation showing direct and indirect
contributors to grain yield based on path coefficient analysis.

Selection to improve total milled rice should concentrate
on increasing both rough rice yield and head rice. Rough
rice yield received greater importance than head rice in
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selecting stable genotypes (Kenneth A. Gravois, 1998).
Similarly in the present study hulling per cent and milling
percent exhibited highly significant correlation contributing
to the yield through indirect effect and proving their
importance for selecting good genotypes.
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ABSTRACT
A field experiment was conducted to evaluate the effect of different organic amendments and their combinations on
various physical properties of theri soil during the year 2010-2011. The treatments included tank silt (TS), farm yard
manure (FYM) and composted coir pith (CP) using groundnut crop. Results revealed that the yield of groundnut
pods was 40.51 per cent higher in comparison to control plot with the combination of CP and TS (12.5 t ha-1 each). The
bulk density (BD) and particle density (PD) decreased in all plots compared to control. Increase in water holding
capacity (WHC), pore space (PS), saturated moisture (SM), hydraulic conductivity (HC) and permeability (PE)
percentage was noticed. Step wise regression performed on physical properties with yield showed that the increases
in soil moisture has positive correlation with pore space. The findings revealed that the fertility and productivity of the
theri soil may be improved on sustainable basis using organic farming.
Key words: Organic amendment, physical properties, theri soil, correlation, regression.

Red sandy dunal soil of Tamil Nadu is called Theri
soil occupying around 20,000 ha along the coastal areas of
Tuticorin, Tirunelveli and Kanyakumari districts of the state.
These soils are made up of deep sand zones and have high
permeability. It is susceptible to soil and wind erosion, low
nutrient and mineral contents and are poor in water holding
capacity and therefore unsuitable for agriculture. Motsara
(2002) estimated that 90.0 per cent of the soils are presently
deficient in available N, 80 per cent in P and 50 per cent in K.
It is realized that organic manures are the vital source to
sustain the microbial activity and improve the physical
constituents apart from partially substituting the requirement
of N, P and K fertilizers. Tank silt (TS), farm yard manure
(FYM) and composted coir pith (CP) are used as soil
amendment in different soils for better production of crops,
improvement of soil fertility and its physical properties
(Malathesh, 2005). In the present investigation the effect of
organic manures (amendments) viz., FYM, CP and TS on the
favourable changes in physical properties of theri soil and
the groundnut yield using regression and correlation
analysis was studied.

The experiment was conducted under Randomized Block
Design with plot size of 5 x 8 m and each treatment replicated
thrice. The soil samples were collected using V shaped cut at
the depth of 15 cm, air-dried, grind, mixed, passed through
sieve (pore size 2 mm) and analyzed for physico-chemical
and physical properties. The physical properties such as
bulk density (BD), particle density (PD), water holding
capacity (WHC), pore space (PS), saturated moisture (SM),
hydraulic conductivity (HC) and permeability (PE) were
analysed by Keen Raczkowski (KR) box as per description
of Keen and Raczkownki (1921). The data were analysed
statistically using ANOVA and least significant difference
(LSD) between individual treatments (Gomez and Gomez,
1984). Statistical software SPSS (Statistical package for social
sciences, Version 16.0) was used to compute the correlation
(r) for all possible correlations among soil parameters
(Montgomery et al., 2003). The software was used to calculate
the regression parameters A and B of the straight line
Y=A+BX by applying the well-known method of least
squares (Wonnacott and Wonnacott, 1981; Gupta, 1974) to
fit the experimental data to give straight line.

MATERIALS AND METHODS

RESULTS AND DISCUSSION

The experiment was conducted at farmer’s field using
groundnut variety TMV-7 during 2010-2011. The field was
prepared by proper ploughing and manuring with
amendments (CP, FYM &TS) prior to 30 days of showing.

Physical properties

©2014

Bulk density: The value of bulk density (BD) decreased
with higher doses (12.5 t ha-1) of different organic manure
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(Table 3). The minimum value (1.43 g cm-3) of BD was noticed
in plot applied with TS which was 9.50 per cent less than
control (without amendment). BD dropped down to 1.46 g
cm-3 (Table 1)and 1.43 g cm-3 (Table 3) with combination of
TS+CP+FYM at the doses of 7.5 and 12.5 t ha-1, respectively.
Similar conclusions were drawn by Melis et al., 2008 who
found decreased BD with increasing organic matter sources
such as tobacco waste and manure. Similarly, Jeyamangalam
et al. (2011b) also recorded minimum BD in the treatment
FYM+CP+TS at equal combinations, i.e., 12.5 t ha-1 which is
in conformity of the present results.
Particle density: The value of particle density (PD) also
decreased with use of organic manure. The value of PD was
minimum in 12.5 t ha-1 FYM+TS (2.19 g cm-3) while it was
2.49 g cm-3 in control (Table 3).The PD was little higher at 7.5
t ha-1 of TS and FYM + TS but lower than control (Table 1).
Generally in the normal soil the particle density used to be
approximately 2.65 g cm-3 but with an increase of organic
matter of the soil the particle density decreases (Das, 1999)

which is similar to the present findings. Jeyamangalam et al.
(2012 b) reported that the combination of TS, CP and FYM
reduced the PD value in comparison to control plot, when
applied @ 7.5, 12.5 and 17.5 t ha-1.
Water holding capacity : Water holding capacity
(WHC) increased due to the addition of organic manure.
The WHC was maximum (Table 3) in the treatment FYM+TS
(31.05%) which was 25.86 per cent more than control
(23.02%) at 12.5 t ha-1. It was also higher (28.00 %) than
control at its lower dose (Table 1). It has been reported that
the coconut coir pith has a high water holding capacity,
ideal porosity, high cation exchange capacity and high
stability (US.2009/0113791 A1). Similar results were
obtained by Saha et al. (2010), whre continuous application
of balanced nutrition through lime, FYM, and microbial
inoculants induced substantial buildup of SOC (68.58%),
improved soil aggregate size (48.82%) and stability (39.57%),
water retention and porosity (32.41%) of the soil over fertilizer.

Table 1. Effect of amendments (7.5 t ha-1) on physical properties of Theri soil after harvest
Amendments
(7.5 t ha-1)
FYM
CP
TS
FYM+CP
CP+TS
FYM+TS
FYM+CP+TS
Control

BD
(g cm-3)
1.53
1.51
1.50
1.57
1.54
1.45
1.46
1.58

PD
(g cm-3)
2.36
2.43
2.31
2.48
2.45
2.32
2.47
2.49

WHC
(%)
23.61
24.60
23.41
25.36
24.30
28.00
26.01
23.02

Soil physical property
PS
SM
HC
(%)
(%)
(cm hr-1)
36.45
24.57
0.26
38.35
26.16
0.26
36.02
24.77
0.27
38.08
26.98
0.25
40.89
24.58
0.26
38.84
24.42
0.25
38.40
27.04
0.36
35.74
23.56
0.25

PE
(mm hr-1)
2.62
2.56
2.70
2.48
2.56
2.54
3.58
2.47

Yield
(Kg ha-1)
2430
2698
3090
2210
2620
2690
2935
1865

*FYM = Farm Yard Manure, CP = Composted coir pith, TS = Tank silt

Table 2. Correlation values of physical parameters for the plots supplied with amendments (7.5 t ha-1)

Yield
BD
PD
WHC
PS
SM
HC
PE
Range

Yield
1
-0.798(*)
-0.546
0.281
0.251
0.296
0.518
0.518
122

BD

PD

WHC

PS

SM

HC

PE

1
0.576
-0.663
-0.220
-0.173
-0.552
-0.552
0.127

1
-0.174
0.183
0.360
0.182
0.182
0.182

1
0.525
0.344
0.241
0.241
4.972

1
0.280
0.087
0.087
5.153

1
0.524
0.524
3.477

1
1.000(**)
0.112

1
1.105

* Correlation is significant at the 0.05 level
** Correlation is significant at the 0.01 level
BD = Bulk density, PD = Particle density, WHC = Water holding capacity, PS = Pore space, SM = Saturated moisture, HC = Hydraulic
conductivity, PE = Permeability
Journal of Eco-friendly Agriculture 9(1) 2014
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Table 3. Effect of amendments (12.5 t ha-1) on physical properties of Theri soil after harvest
Amendments
(12.5 t ha-1)
FYM
CP
TS
FYM+CP
CP+TS
FYM+TS
FYM+CP+TS
Control
Grand Mean
Significance
CD (P=0.05)

BD
(g cm-3)
1.48
1.51
1.43
1.50
1.54
1.45
1.43
1.58
1.490
NS
0.133

PD
(g cm-3)
2.33 abc
2.39 ab
2.31 bc
2.40 ab
2.45 ab
2.19 c
2.47 ab
2.49 a
2.378
*
0.176

WHC
(%)
23.61
25.07
23.97
26.76
27.04
31.05
26.23
23.02
25.500
NS
9.012

Physical property
PS
SM
(%)
(%)
36.45
24.57
38.35
26.16
38.55
24.87
40.91
28.38
41.96
28.24
41.88
24.42
41.99
27.04
35.74
23.56
38.750
25.500
NS
NS
9.984
6.485

HC
(cm hr-1)
0.35 abc
0.38 a
0.27 c
0.25 c
0.28 bc
0.26 c
0.39 a
0.25 c
0.303
*
0.109

PE
(mm hr-1)
3.47 ab
3.77 a
2.70 bc
2.48 c
2.80 bc
2.58 c
3.86 a
2.47 c
2.974
**
0.761

Yield
(kg / ha-1)
2773 bc
3065 ab
2833 abc
2945 ab
3135 a
2498 c
2868 ab
1865 d
2748.541
**
343.556

NS- Non-significant,* - Significant,** - Highly significant, BD- Bulk density,PS- Pore space,PE- Permeability
PD- Particle density,SM- Saturated moisture, WHC-Water holding capacity,HC- Hydraulic conductivity, TS = Tank silt, CP = Composted coir
pith; FYM = Farm Yard Manure

Pore space: The addition of organic manure increased
the pore space of soil. It was higher (41.99%) in FYM+CP+TS
plot (Table 3), which was 14.89 per cent more than control
plot value 38.74% at 12.5 t ha-1 but it was highest (40.89%) in
CP+TS as compared to other treatments (Table 1) at lower
dose. This is in line with the findings of Maragatham and
Samual (2010) where porosity increased with the increase
in particle size of coir pith. Similar increase in pore space
was reported by Jeyamangalam et al. (2012a) at higher (17.5
t ha-1) dose of CP alone.
Saturated moisture : The saturated moisture (SM)
increased (Table 3) due to addition of organic manure and it
was higher (28.38%) in FYM+CP (12.5 t ha-1) in comparison
to control (23.56 %) but at 7.5 t ha-1, it was more in FYM + CP
+ TS (Table 1). Palve et al. (2011) have found that the soil
moisture and soil moisture efficiency were more in RDF with
FYM @ 5 t ha-1. Results similar to our findings are reported
by earlier researchers (Jadoon et al. 2003; Dong et al. 2006;
Shamsher Ali et al. 2008; Jeyamangalm et al. 2011a). The
experiment of Osman (2008) revealed that the addition of
tank silt at diferent doses improved the available water
content by 0.002, 0.007, 0.012 and 0.032 g per g soil. In our
findings also soil moisture increased due to addition of tank
silt (TS) as compared to control but was higher in mixtures
of CP + FYM and CP + FYM + TS.
Hydraulic conductivity : The value of HC increased
due to the addition of various organic manures, i.e, FYM, CP
and TS (Table 1, 3). It was higher (0.39 & 0.36 cm hr-1) in
FYM+CP+TS plot as compared to control plot (0.25 cm hr-1)
at 12.5 and 7.5 t ha-1. Annandurai et al. (2005) reported that,
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the mixture of tank silt and press mud when amended to
soils, improved the physical condition of soil by regulating
the hydraulic conductivity which is similar to present
findings. The available water in soil receiving tank sediment
was 60 per cent higher than that of unamended native soil.
Amended soil took 20 days to deplete from field capacity to
wilting point as against 12 days with control plot (Osman et
al. 1997).
Permeability : The value of PE was also highest (Table
1, 3) in FYM+CP+TS treated plot (3.86 & 3.58 mm hr-1) in
comparison to control (2.47 mm hr-1) at both the doses of
amendments. The results were in accordance with Malathesh
(2005) who concluded that the farm yard manure seems to
act directly by increasing crop yields either by acceleration
of respiratory process by cell permeability or by hormone
growth action. It supplies nitrogen, phosphorus and sulphur
in available forms to the plants through biological
decomposition. Indirectly, it improves physical properties
of soil such as aggregation, aeration, permeability and water
holding capacity. Similarly, Desai et al. (2011) reported that
the incorporation of different sludges and soil conditioners
to soil decreased the infiltration rate and retain high moisture
content in soil in comparison to control plot.
Correlation with parameters and yield
The parameter BD is negatively (Table 1,2) correlated
with yield (r=-798*,p=0.018). The fitted linear regression
equation due to Step Wise Regression (SWR) for the plot
applied with soil amendments @7.5 t ha-1 is given in equation
(1).
Journal of Eco-friendly Agriculture 9(1) 2014
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Y = 13009.29** – 6854.82** BD R2= 64** % (1)
(3222.22) (2114.44)
Here, contrary to the sign of increase in the yield, the
coefficient of BD is negative, indicating the decreasing value
of the BD with respect to the increase in the values in the
amendments. It means, a unit increase in the value of the
amendment level would produce a decrease in 6854.82 units
in the BD. This is again justified by the highly significant
negative value of yield in the correlation between yield and
BD.
Solving for BD the linear equation would be:

BD 

13009.29  Y
6854.82

BD can be calculated by the above equation to get
desired level of amendment. Thus the amendments help in
fixing desired value of BD in the soil. The variables PD
(0.705), WHC (0.201), PS (0.782), SM (0.564), HC (0.739) and
PE (0.739) were excluded from contributing to yield since p
is greater than 0.05.

properties of theri soil were discussed. In plot A where
amendments applied @ 7.5 t ha-1, regression equation showed
the increase in yield when BD is reduced. In case of higher
dose (12.5 t ha -1) regression equation showed positive
influence of pore space and negative of WHC with yield.
The increase in yield was maximum (3135 kg ha -1) as
compared to control (1865 kg ha-1). This might be possible
due to the high values of PS (41.96%) and SM (28.24%). This
is in line with the findings of Shamsher Ali et al. (2008).
The present finding revealed that the organic farming
would be able to sustain the soil fertility for a longer period
by meeting the demands of present and future generation.
Considering the salient findings in perspective, organic
farming favourably influenced the soil’s physical property
over the inorganic, which in turn paved way for better crop
yield and quality.
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ABSTRACT
An efficient in vitro regeneration of Kinnow was established from epicotyl segments excised from seedlings cultured
on a basic MS medium supplemented with various concentrations of benzyl adenine (BA) and Kinetin. The surface
sterilization of the seeds with mercuric chloride (0.1%) was optimum at five minutes exposure with highest survival
of 86.67 per cent. The MS medium supplemented with 1 mg l-1 BAP was found to be significantly superior to all the
concentrations of BAP and kinetin as well as MS basal on the shoot regeneration parameters such as time taken for
shoot initiation (12.40 days) and completion (27.46 days), number of adventitious buds produced explant-1 (3.74),
number of shoots explants-1 (3.26), shoot length (2.51 cm), leaf density (4.30 leaves shoot-1), leaf size (2.03 x 1.49 cm)
and the shoot regeneration percentage. The shoot regeneration parameters observed in the media supplemented with
1 mg l-1 kinetin were comparable to those at BAP 1 mg l-1. The most suitable combination of media and growth
regulator for rooting was MS and 0.5 mg l-1NAA resulting in earliest initiation of rooting (23.30 days), highest rooting
percentage (91.67%) , maximum number of roots plantlet-1 (3.90) and length of roots (3.16 cm) compared to other
media and growth regulator combinations.
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Citrus species, cultivated in most tropical and
subtropical regions of the world are valued chiefly for their
edible fruit, peel and juice. They are a rich source of vitamin
C. Besides, the essential oil extracted from their peel, leaves
and shoots, the extracted oil from seed and the juices are
used for aromatherapeutic uses, making of soap and
medicines for colds and coughs. Of several factors that limit
its cultivation, their low resistance to chilling injury and
susceptibility to phytopathogens and pests are the major
constraints. Its breeding has also been limited due to several
factors: viz., the reproductive biology (partial and complete
pollen and ovule sterility, gametophytic systems of self- or
cross-incompatibility, apomixes from nucellar cells; long
juvenile periods ; other genetic factors (Gmmiter et al., 1992).
Plant biotechnology appears to be a viable option for
the improvement of the citrus species by means of plant tissue
culture and genetic transformation. The establishment of an
efficient in vitro plant regeneration system suitable for genetic
transformation is the first step in this approach. In vitro citrus
regeneration via organogensis has been described from
several tissues, including roots (Bhat et al., 1992; Sauton et
al., 1982; Sim et al., 1989), leaf sections (Chaturvedi and Mitra
1974), and stem internodes (Barless and Skene, 1982; DuranVilla et al., 1989; Moore, 1986). Previous studies have shown
difference in the response of each species to in vitro culture
and intra specific response to culture conditions.
The present study was conducted with determining
the object of optimal conditions for in vitro plant regeneration
via organogenesis of Kinnow, a hybrid product of two parent
©2014

species (Citrus nobilis x C. deliciosa), using epicotyl segments
taken from in vitro cultured seedlings.
MATERIALS AND METHOD
Plant material and explant preparation
Kinnow seeds were extracted from ripe fruits collected
from experimental orchard of Department of Fruit Science
PAU, Ludhiana and Regional Fruit station Abohar. Seed
teguments were removed and disinfected with 0.1 %
mercuric chloride for 5 minutes. Three washes in distilled
and sterilized water were done before the seeds were
introduced in test tubes (150 x 25 mm) containing 15 ml of
MS medium (Murashige and Skoog, 1962), supplemented
with 30 g L-1 sucrose. The seeds were maintained at 27 ± 2°C
in the dark for three weeks, followed by one week exposure
to 16-h photoperiod. After this, approximately 1.0 cm long
epicotyl was excised.
Shoot induction media (SIM)
The segments were introduced horizontally in petri
dishes (100 x 15 mm) containing 25 ml of MS culture medium
solidified with 0.8% agar and supplemented with 30 g l-1
sucrose and different concentrations of benzylaminopurine
(BAP): 0.0, 0.25, 0.5, 1.0, 1.5; 2.0 mg l-1 and kinetin: 0.0, 0.25,
0.5, 1.0, 1.5; 2.0 mg l-1. Cultures were maintained at 27 ± 2°C,
under 16-h photoperiod for 45 days. The adventitious buds
were transferred to MS medium with 30 g l-1 sucrose, 0.8%
agar. A completely randomized factorial was used, with 10
different concentrations of growth regulators, and 10
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replications. Each replication consisted of six petri dishes,
with 3 segments each. The observations on time taken for
initiation and completion of regeneration; number of
adventitious buds explant-1; number of shoots explant-1;
shoot length; average leaf number shoot-1; leaf size and
regeneration percentage were recorded for the evaluation of
suitable shoot regeneration media combination and explant.
Rooting induction media (RIM)
Culture media with auxins were used for rooting of the
adventitious shoots. Full and half strength MS medium with
30 g l -1 sucrose, 0.8% agar supplemented different
concentrations was designed with 10 replications and 2
shoots replication-1 for root induction. The evaluation was
done by the determination of time taken for initiation and
completion of rooting, rooting percentage, root length and
number of roots shoot-1. The data were transformed by (x +
0.5) and subjected to ANOVA with 5% significance level.
RESULT AND DISSCUSSION
Surface sterilization of seeds: The data on per cent
contamination and seed germination with mercuric chloride
(0.1%) with exposure time of 2, 3, 4, 5 and 6 minutes for
surface sterilization are presented in fig 1. The surface
sterilization showed an inverse correlation between
contamination and the period of exposure. In general, the
contamination percentage decreased with an increase in the
duration of exposure to the HgCl2 (0.1%). The maximum
explant survival of 86.67 per cent was achieved at 5 minutes

Fig 1 Effect of exposure time of Mercuric chloride (HgCl2)
(0.1%) on contamination and per cent survival of Kinnow
seeds.
22

exposure time which consequently reduced the
contamination to 6.67 per cent. The contamination
percentage reduced further exposure of 6 minutes; however
this proved detrimental reducing the explant survival to
48.33 per cent compared to survival at 5 min exposure. The
reduction in explant survival percentage with increase in
the duration of exposure might be due to the phytotoxicity
caused by mercury (Hg2+) present in mercuric chloride
(Kumar and Tiwari 2001). With respect to contamination
percentage and mean explant survival with mercuric chloride
(0.1%), five minutes exposure time proved suitable for both
the citrus species. The 0.1 per cent HgCl2 proved to be the
suitable surface sterilant in rough lemon (Saini and Gill 2010)
and three citrus cultivars of Kinnow (Usman et al., 2005. In
general, the contamination percentage decreased with the
increase in the duration of exposure time to the HgCl2 (0.1%).
Effect of plant growth regulators for optimal shoot
proliferation
The use of growth regulators for shoot proliferation in
tissue culture is of fundamental importance and
identification of their optimal concentrations on shoot
multiplication and root differentiation in citrus becomes a
prerequisite for standardizing an efficient regeneration
protocol. Cytokinins and auxins are the two most important
plant growth regulators used in plant tissue culture (Carmi
et al., 2003) as well as citrus (Begum et al., 2001). BAP at
different concentrations has been the most commonly used
cytokinin for the multiplication of citrus shoots. The epicotyl
segments supplemented with BAP 1.0 mg L-1 caused early
shoot initiation at 12.40 days which was significantly early
compared to other media combinations as well as MS basal
(Table 1). The lower and higher concentrations of the BAP
and kinetin caused significantly low and late shoot initiation
compared with higher concentrations, the latter also proved
detrimental compared to the optimum dose i.e. BAP 1.0 mg
L-1. The similar trend was observed in completion of shoot
regeneration with minimum time taken for completion of
regeneration observed in BAP 1.0 mg L-1 (27.46 days). Thus,
supplementing the optimal dose (1.0 mg l-1) of this growth
regulator caused shoot initiation 17.2 days early as
compared to the MS basal providing an advantage of 18.09
days in initiation and completion of regeneration. However,
all the levels of growth regulators compared to MS basal
proved significantly better in initiation and completion of
regeneration. Usman et al., 2005 observed reduction in the
time taken for shoot induction in Kinnow and sweet lime in
the BA treated media as compared to the MS basal media.
Similar observations were recorded by Normah et al., 1997
and Paudyal and Haq (2000) reporting inverse relation of
time required for shoot induction and completion both in
Kinnow and Mosambi with higher doses of BAP. These
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Table 1. Effect of different concentrations of BAP and Kinetin on morphogenetic response in epicotyl segments of Kinnow
Number of
Number
Days for
Number of
of
Media
days for
completion
Adventiti
of
initiation of
ous buds
regeneration regeneration
MS control
29.60 ± 0.39
45.55 ± 0.81 1.14 ± 0.07
MS+ BAP 0.25 16.75 ± 0.40
37.00 ± 0.52 2.00 ± 0.11
MS+BAP 0.5
14.85 ± 0.33
32.46 ± 0.69 2.52 ± 0.14
MS+BAP 1.0
12.40 ± 0.36
27.46 ± 0.92 3.74 ± 0.09
MS+BAP 1.5
12.80 ± 0.28
28.24 ± 0.69 2.84 ± 0.23
MS+BAP 2.0
14.30 ± 0.35
28.77 ± 0.61 2.38 ± 0.11
MS+KIN 0.25 19.25 ± 0.25
36.90 ± 0.58 1.92 ± 0.10
MS+KIN 0.5
16.05 ± 0.35
35.00 ± 0.53 2.24 ± 0.13
MS+KIN 1.0
13.90 ± 0.28
30.20 ± 0.81 3.06 ± 0.11
MS+KIN 1.5
13.10 ± 0.29
28.31 ± 0.85 2.02 ± 0.11
MS + KIN 2.0 15.15 ± 0.37
30.92 ± 0.65 1.86 ± 0.14
± SEm
0.97
1.97
0.36
LSD (p=0.05)

Number
of Shoots
explant-1

Shoot
length

Leaf
density

Leaf
length

Leaf
breadth

Shoot
regeneratio
n (%)

0.24 ± 0.07
1.24 ± 0.09
1.98 ± 0.11
3.26 ± 0.18
2.10 ± 0.10
1.96 ± 0.08
0.20 ± 0.05
1.00 ± 0.07
2.48 ± 0.12
2.22 ± 0.15
1.78 ± 0.11
0.31

0.31 ± 0.06
1.01 ± 0.05
1.60 ± 0.05
2.51 ± 0.06
1.65 ± 0.04
1.03 ± 0.05
0.93 ± 0.04
1.45 ± 0.05
2.62 ± 0.03
2.29 ± 0.04
1.15 ± 0.03
0.13

1.90 ± 0.15
3.20 ± 0.31
3.70 ± 0.23
4.30 ± 0.20
3.95 ± 0.28
3.55 ± 0.23
1.50 ± 0.20
2.10 ± 0.16
3.95 ± 0.19
2.90 ± 0.16
1.80 ± 0.17
0.60

1.32 ± 0.08
1.46 ± 0.05
1.52 ± 0.05
1.85 ± 0.06
1.41 ± 0.05
1.03 ± 0.04
1.43 ± 0.04
1.54 ± 0.02
1.77 ± 0.03
1.66 ± 0.05
1.26 ± 0.04
0.14

0.92 ± 0.03
1.15 ± 0.05
1.30 ± 0.03
1.52 ± 0.03
1.15 ± 0.04
1.07 ± 0.03
1.12 ± 0.05
1.21 ± 0.03
1.45 ± 0.02
1.21 ± 0.02
1.05 ± 0.03
0.10

13.89 ± 0.29
29.44 ± 0.36
43.89 ± 0.37
79.44 ± 0.35
47.78 ± 0.30
29.44 ± 0.28
26.67 ± 0.33
32.22 ± 0.29
67.22 ± 0.33
40.56 ± 0.32
32.78 ± 0.23
1.62

results are also in tune with those of Usman et al., 2005,
Normah et al., 1997 and Paudyal and Haq, 2000.
The number of shoots explant and the per cent response
of explants for shoot proliferation increased when BAP and
kinetin was supplemented in the medium. Among different
levels of BAP and kinetin, significantly higher shooting
percentage (79.44) was observed in BAP (1.0 mg l -1).
Maximum number of adventitious buds explant-1 (3.74) were
observed in BAP (1.0 mg l-1) and were significantly higher as
compared to all other media combinations. The number of
adventitious buds were directly proportional to the
concentration of different growth regulators in the media
and the buds increased with the increase in the concentration
of BAP or kinetin. However, their number declined at higher
concentrations of > 1.0 mg l-1 in all the explants. The
constituents of the culture medium played important role in
the process of tissue differentiation. Similar findings in khasi
mandrains (Citrus reticulata Blanco) are reported. BAP @ 0.75
mg l-1 was optimal for shoot proliferation (Parthasarathy
and Nagaraju 1996). Cytokinins (BAP) have been reported
in the induction of shoot bud primodia in different crop
plants (Lesham, 1973) which may be due to more synthesis
of nucleic acids and proteins required for organogensis
(Torres 1988). MS media supplemented with 0.5 mg l-1 BAP
induced 8.6 adventitious buds explants-1 (Saini et al., 2010),
however the other supplemented with 1.0 mg l-1 induced 8
adventitious buds in C. aurantifolia (Al-khayri and ALBahrany 2001). The results are also supported by the findings
of AL-Bahrany (2002), Luckman et al., 1990 and Tapati et al.,
1995 for the higher number of adventitious buds regenerated
from citrus cultivars at optimal level of growth regulators.
Journal of Eco-friendly Agriculture 9(1) 2014

Maximum number of shoots explant-1 (3.26) were observed
in BAP (1 mg l-1) and these were significantly higher as
compared to all other media combinations. The number of
shoots explants -1 was directly proportional to the
concentration of different growth regulators. The number of
shoots or buds obtained per explants varied with genotype
(Carimi and De Pasquale 2003; Sim et al., 1989; Kitto and
Young, 1981). The shoot number increased with the increase
in the concentration of BAP or kinetin, however at higher
concentrations of > 1.0 mg l-1 the number of shoots declined
in all the explants. The shoot induction response in C. sinesis
and C. aurantifolia was also optimum at BAP 1.0 mg l-1 which
decreased with the increase in hormone concentration
(Mukhtar et al., 2005; Rahaman et al., 1996). The present
results are also in tune with those of Gloria et al. (2000),
Kumar et al., 2001. Parthasarathy and Nagaragu (1996)
reported varying level of shooting response in different citrus
species with serial concentrations of cytokinins. The BAP
1.0 mg l-1 proved to be the optimum level. The results with
kinetin 1.0 mg l-1 were also promising with respect to few
shoot proliferation parameters. Maximum shoot length (2.62
cm) was observed in Kinetin (1 mg l-1) and was significantly
higher as compared to all other combinations except BAP
1.0 mg l-1 (2.51 cm). Parthasarathy and Nagaragu (1993)
reported maximum shoot length (1.25 cm) on BAP (0.75 mg l1
) in khasi mandrain. Singh et al., 1994 also reported
maximum shoot length in khasi mandarins cultured on MS
media containing BAP (0.5 – 1 mg l-1) and Kinetin (0.5 – 1 mg
l-1). BAP at optimal level produced a large number of shoots,
increased shoot length and buds in citrus explants (DuranVila et al., 1989; Kumar et al., 2001). The number of leaves
shoot-1 were maximum in (4.30) MS + BAP 1.0 mg l-1 and
23
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these were significantly higher as compared to all the other
combinations except MS + BAP 1.5 mg l-1 (3.95 leaves shoot1
) and MS + Kin 1.0 mg l -1 (3.95 leaves shoot -1). The
concentration of growth regulators differed significantly for
their effect on leaf density. The serial increase of
concentration in MS media was reflected by the increase in
leaf density mostly up to 1.0 mg l-1 BAP or kinetin. The
increase in concentration beyond this level caused slight to
significant decrease in the number of leaves shoot-1. In an
agreement to results of this study, Singh and Rajam (2010)
reported that BAP too have strong promotive effect on
adventitious shoot regeneration in sweet orange. BAP 1.0
mg l-1 was found optimum for leaf density (4.72 leaves
shoot-1) in khasi mandarin (Rahaman et al., 1996). The level
of BAP/ kinetin in the medium was directly proportional to
the leaf size which increased with the increase in the
concentration of BAP/ kinetin compared to the basal
medium up to a certain level and beyond that proved
detrimental causing reduction in shoot length. BAP at
optimal level produced a large number of shoots, increased
shoot length and buds in citrus explants (Duran-Vila et al.,
1989; Kumar et al., 2001). The requirement for exogenous
growth regulators varies with the explants type and species
and apparently depends on the endogenous level of plant
growth hormone (Quoirin et al., 1998).
Effect of different plant growth regulators and their
concentrations on rooting of shoots
The shootlets cultured on half MS+ NAA 0.50 mg l-1
induced rooting in as early as 23.30 days compared to 35.20
days on MS basal (Table 2). The supplementation of either of
NAA or IBA reduced the rooting time compared to the basal
medium; however the optimum concentration can be

designated to NAA 0.5 mg l-1 that provided an advantage of
22 days compared to the basal medium. Dejam et al., 2006
also reported better rooting in Bakari microshoots on media
containing IBA. The results are also in tune with those of
Barless and Skene 1982, Kitto and Young 1981 and Normah
et al., 1997 reporting varying response in citrus species to
invitro rooting with serial concentrations of auxins.
Significantly higher number of roots (3.90 planlet-1) on MS+
NAA 0.5 mg l-1 were found as against compared all other
media combinations. Kim et al., 2002 however, reported that
MS media supplemented with 1.5 mg l-1 of NAA was most
effective for root induction in Yooza mandrain. Dejam et al.,
2006 reported best rooting in Bakrai micro shoots with IBA.
The present findings are also in line with those of Dejam et
al. (2002) and Mooreira-Dias et al., 2000 reporting higher
number of roots with NAA and IBA. In contrast, rooting
induction in citrus has been obtained by use of culture
medium with no growth regulators or auxin
supplementation as also as in the medium with half the salt
concentration (Filho et al., 2001, Moura et al., 2001, Almeida
et al., 2002, Silva et al., 2005). The root length (3.16 cm) was
significantly higher on MS +NAA 0.5 mg l-1 as compared to
all the treatments. Gill et al., (1994) obtained 3.1-3.8 cm long
roots on MS medium containing NAA (1-2 mg l-1) + IBA(1
mg l-1). As auxins play multiferous role in rhizogenes that
include division of meristematic cells, their elongation and
differentiation into primordial (Nanda, 1979). Among
different levels of IBA, and NAA, maximum rooting
percentage (91.67) was observed in MS+IBA 0.5 mg l-1, which
was significantly superior over all the media combinations.
Pervious studies on supplementation of MS media with NAA
alone (Gill et al., 1995, Das et al., 2000), IBA alone (Oh et al.,
1991) or in combination has induced roots in the shoots of
different species. Thus, in present findings, rooting initiation,

Table 2. Root development of in vitro regenerated shoots of Kinnow on different levels of NAA, IBA and MS media
Media
MS control
MS+ NAA 0.25
MS+NAA 0.50
MS+NAA 1.00
MS+IBA 0.25
MS+IBA 0.50
MS+IBA 1.0
I/2MS+NAA 0.25
1/2MS+NAA 0.50
I/2MS+NAA I.00
I/2MS+IBA 0.25
1/2MS+IBA 0.50
I/2MS+IBA I.00
± Sem
LSD (p=0.05)
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Number of days for
initiation rooting
35.20 ± 0.49
27.90 ± 0.59
23.30 ± 0.52
26.30 ± 0.60
28.80 ± 0.70
24.20 ± 0.53
27.20 ± 0.73
31.00 ± 0.61
26.30 ± 0.63
29.00 ± 0.68
31.50 ± 0.83
26.90 ± 0.52
30.30 ± 0.64
1.75

Number of Days for
completion of rooting
53.10 ± 0.80
41.40 ± 0.93
36.10 ± 0.87
39.90 ± 0.71
42.70 ± 1.19
37.90 ± 0.60
43.50 ± 0.89
47.40 ± 0.69
42.30 ± 0.58
45.20 ± 0.61
48.60 ± 0.73
41.50 ± 0.66
49.30 ± 0.79
2.23

Number of
roots/shoot
0.55 ± 0.14
1.85 ± 0.15
3.90 ± 0.19
2.60 ± 0.10
0.65 ± 0.17
2.25 ± 0.15
1.95 ± 0.12
2.20 ± 0.15
2.10 ± 0.22
3.15 ± 0.11
2.65 ± 0.13
2.40 ± 0.14
2.00 ± 0.10
0.42

Root length

Rooting (%)

0.72 ± 0.03
1.79 ± 0.10
3.16 ± 0.10
2.70 ± 0.08
0.89 ± 0.03
2.04 ± 0.05
1.71 ± 0.03
1.97 ± 0.05
2.00 ± 0.06
2.82 ± 0.04
2.47 ± 0.09
2.71 ± 0.05
2.25 ± 0.04

31.48 ± 0.23
72.22 ± 0.33
91.67 ± 0.24
65.74 ± 0.24
37.04 ± 0.26
75.00 ± 0.25
77.78 ± 0.19
78.70 ± 0.24
81.48 ± 0.29
87.96 ± 0.22
82.41 ± 0.24
83.33 ± 0.27
70.37 ± 0.27

0.18

1.18
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number of roots produced per shoot and the root length
varied with concentration and combination of auxins used
as in the media. Based on the present findings the
supplementation of BAP @ 1.0 mg l-1 was found to be the
most suitable for shoot regeneration, while the combination
of MS supplemented NAA @ 0.5 mg l-1 was concluded to be
the optimum level for rooting in Kinnow.
The efficient and rapid protocol, established from
epicotyls segments of in vitro grown seedlings, can be an ideal
source of homogenous material for transformation
experiments and may be of great help in tissue culture and
genetic transformation of Kinnow.
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ABSTRACT
A set of forty six genotypes of soybean was used for estimation of genetic diversity. On the basis of D2 estimates, these
genotypes were grouped into nine clusters. The maximum divergence was observed between a Nigerian Soybean line
EC-528643 and PK-416, a high yielding variety of North India followed by PK-327 and PK-416 and minimum
between cluster 1 having 31 genotypes (27 of those from Nigeria) and cluster 4 with EC-528677 and EC-528681. The
generalized intra-cluster distance ranged from 0.00 to 4.77 and the inter-cluster distance ranged from 4.60 to 8.25. The
number of pods per plant contributes the maximum (11.98%) towards the genetic divergence followed by biological
yield (10.24%), days to flowering (9.75%), days to maturity (9.66%), plant height (9.56%) and 100 - seed weight
(8.88%).
Keywords: Soybean, Glycine max, genetic divergence, cluster distance and D2 analysis.

Soybean is a miraculous crop due to its extraordinary
qualities. It contains good quality protein (37-42%), ash (6%),
carbohydrate (29%) and oil (17-24%) comprising 85 per cent
poly unsaturated fatty acid with two essential fatty acids
(lenoleic and linolenic acid) which are not synthesized by
the human body (Antalina, 2000; Balasubramaniyan &
Palaniappan, 2003). It has great potential for use as human
food because of its high level of good quality proteins and
their unique functional and nutritional properties.
In order to widening the genetic base, consolidation of
exotic germplasm to breed adaptable cultivar for wide agroclimatic zones selection of suitable parents is important. D2
statistics is a powerful tool for determining the degree of
divergence between populations and relative contribution
of different components to the total divergence in isolating
suitable parents (Shukla and Singh, 2002). Such studies are
very meagre in soybean, hence, an effort has been made to
assess (i) the genetic diversity among soybean parents and
(ii) germplasm grouped in relation to contribution of each
character towards the divergence.
MATERIALS AND METHODS
The experimental material consisted of forty six
genotypes consisting of ten landraces and commercial Indian
varieties and thirty six germplasm lines of soybean procured
from IITA, Ibadan, Nigeria with the courtesy of Pantnagar
Center of Plant Genetic Resources, Govind Ballabh Pant
©2014

University of Agriculture and Technology, Pantnagar
(GHPUA&T). The material was planted in randomized
complete block design with two replications at Crop Research
Center of GBPUA&T, Pantnagar. Each plot consisted of two
rows of 1.5 meter length spaced 45 cm apart, plant to plant
distance was kept 5-6 cm. Observations were recorded on
five competitive plants selected randomly. Further, the
observations were recorded on thirteen characters viz. days
to 50% flowering, days to maturity, plant height, basal pod
height, number of pods per plant, number of primary
branches, number of seeds per pod, biological yield, 100 seed weight, seed yield per plant, harvest index, oil per cent
and crude protein per cent. The statistical analysis was
computed on the mean basis across the genotypes following
Mahalanobis ‘D2’ generalized group distance to determine
the degree of difference among n(n-1)/2 pairs of ‘n’
populations and grouping was done according to Tochar’s
method (Rao, 1952).
RESULTS AND DISCUSSION
Forty six genotypes could be grouped into nine clusters
(Table 1). Cluster I contained 31 genotypes followed by cluster
III (4 genotypes), cluster V (3 genotypes) and cluster II and IV
(2 genotypes) each, while cluster VI, VII, VIII and IX had one
genotype each.
Analysis of variance indicated significant variations
among all the forty six populations for each of the thirteen
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characters, suggesting adequate variability among the
genotypes. A wide range of variability was noticed for
different agronomic and economic traits (Table 2).
The range of variation was from 38.50 to 56.50 for days
to flowering, 97.00 to 135.00 for days to maturity, 44.00 to
98.50 cm for plant height, 7.50 to 14.50 for basal pod height,
17.50 to 72.00 for number of pods plant-1 , 1.50 to 3.58 for
number of primary branches plant-1 , 1.25 to 2.52 for number
of seeds pod-1 , 13.50 to 54.90 for biological yield , 7.78 to
12.20 for 100-seed weight, 4.09 to 34.70 for seed yield
plant-1 , 0.21 to 0.35 for harvest index, 16.79 to 20.00 per cent
for oil content and 38.40 to 47.00 for crude protein per cent.
The maximum coefficient of variability was noticed for
Table1.

Intra- and inter-cluster distances (vd) between 46
lines of soybean

Clus1
ters
I
3.86
II

2

3

4

5

6

7

8

9

4.67
3.67

4.91
5.60

4.64
5.20

4.78
5.75

5.05
6.37

5.20
5.64

4.82
5.64

7.14
7.44

4.77

5.54
4.21

5.63
5.60
4.74

6.15
5.30
5.94
0.00

5.90
5.90
6.23
5.96
0.00

5.82
5.47
5.27
6.27
6.14
0.00

7.72
7.30
7.50
8.08
7.86
8.25
0.00

III
IV
V
VI
VII
VIII
IX

number of primary branches (25.49) followed by basal pod
height (18.90 cm). Based on the D2 analysis, these strains
were accommodated into IX clusters. The cluster I had highest
cluster mean for days to maturity (115.96), and plant height
(65.38). Cluster II had highest cluster mean for days to
maturity (135), and plant hight (73.50). Cluster III for days to
maturity (118.00) and plant height (98.50). Cluster IV for days
to maturity (115.00) and number of pods per plant (73.00). ),
Cluster V for days to maturity (120.00) and plant height
(56.16). Cluster VI for days to maturity (97.00) and plant
height (44.00). Cluster VII for days to maturity (112.00) and
days to 50% flowering (56.50). Cluster VIII for days to maturity
(118.50) and plant height (81.00) and Cluster IX for days to
maturity (110.5) and plant height (66.00). These genotypes
can be used as donor parent in future breeding programme
for those characters which have shown higher value of cluster
mean. Number of pods per plant contributed maximum
towards genetic divergence followed by biological yield,
days to 50% flowering, days to maturity, plant height, 100 seed weight, crude protein per cent, basal pod height and oil
per cent. Number of pods per plant which have contributed
maximum towards the divergence was also reported earlier
(Das et al. (2000) and Ganesamurthy and Seshadri (2002).

In the present investigation, the lines selected from
different geographical origin showed greater diversity
despite common parentage. This genetic diversity among
the genotypes may be due to factors like history of selection,
heterogeneity, selection under diverse environments and
genetic drift. So, for hybridization, the selection of parents
* Each cluster involves the following strains; Cluster1: PS-1042, PSshould be based on genetic diversity besides per se
1241, JS-335, MACS-450, EC-528683, EC-528662, EC-528659, EC528671, EC-528645, EC-528672, EC-528652, EC-528676, EC-528648,
performance and geographical origin. The intra cluster
EC-528650, EC-528653, EC-528646, EC-528682, EC-528675, ECvalues varied from 0.00 to 4.77 (cluster III). The generalized
528680, EC-528674, EC-528667, EC-528657, EC-528661, EC-528679,
inter-cluster cluster distance ranged from 4.64 (between I
EC-528663, EC-528666, EC-528655, EC-528647, EC-528658, ECand IV) to 8.25 (between cluster VIII and IX). The relative
528660, EC-528684; Cluster 2: EC-528678, EC-528649; cluster 3: Bhatt,
EC-528669, Kalitur, EC-528681; Cluster-4: EC-528677, EC-528651;
divergence of each cluster from other clusters indicated high
Cluster 5: EC-528664, EC-528665, EC-528673; Cluster 6: PK-327;
degree of divergence between VIII and IX, followed by cluster
Cluster 7: PK-1029; Cluster 8: EC-528643; Cluster 9:PK-416
VI and IX, cluster VII and IX, cluster III and IV, cluster VI and
Table2. Cluster means of different agronomic traits of evaluated soybean germplasm
Clusters

I
II
III
IV
V
VI
VII
VIII
IX
28

Days to Days to Plant Basal Number Number Number Biologica 100-seed
50%
maturity height pod of pods
of
of seeds l yield (g) weight
flowering
(cm) height
per
primary per pod
(g)
(cm)
plant branches
47.75
43.50
51.75
42.50
46.30
40.00
56.50
38.50
48.00

115. 96
135. 00
118. 00
115. 00
120. 00
97. 00
112. 00
118. 50
110. 5

65.38
73.50
98.50
65.50
56.16
44.00
48.00.
81.00.
66.00

9.72
7.50
9.75
7.75
10.00
10.50
7.50
14.50
9.50

56.51
51.00
62.87
73.00
29.33
17.50
55.00
53.00
34.50

3.04
2.75
3.25
3.00
2.16
1.50
1.50
2.50
2.50

2.20
2.52
2.08
2.17
2.01
1.25
1.80
2.22
2.25

37.47
53.60
25.80
54.90
18.80
13.50
25.20
52.00
19.80

10.38
12.20
7.78
8.42
8.15
7.80
10.65
11.00
11.60

Seed
yield
per
plant
(g)
13.50
21.61
8.63
22.78
4.09
6.15
8.60
11.20
34.70

Harveast
index

Oil
per
cent

Crude
protein
per cent

6.35
0.39
0.32
0.41
0.21
0.45
0.34
0.21
0.34

18.5
19.31
18.11
18.08
16.79
18.61
19.75
18.04
20.00

38.40
38.73
39.46
38.61
39.45
38.99
4.700
38.84
38.89
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IX, cluster II and IX, cluster IV and IX and cluster I and IX.
Hybridization between genotypes from highly divergent
groups could produce new heterotic unknown gene
combinations (Shwe et al., 1972). Genetic diversity is the most
important tool to select divergent parents for crop
improvement programme. The genotypes belonging to the
clusters separated by high estimated distance could be
utilized in hybridization programme for obtaining wide
variations among the segregates (Singh et al., 1998).
In a breeding programme aimed at crop improvement,
the choice of parents is quite important and only component
characters of yield should be taken into account for selecting
genetically divergent parents. The hybridization among
genetically diverse parental genotypes for specific trait may
be helpful in bringing the new gene pool in populations and
expanding the range of adaptation. For example the
genotypes of the cluster III for plant height and cluster IX for
seed yield per plant can be utilized as donor parents for
enhancing the yield of other genotypes grouped in a cluster
in F1’s and can be fixed by selecting transgressive segregants
followed by continued selection in advanced generations
which may lead to the development of a high yielding
varieties with desired component characters.
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ABSTRACTS
The studies on efficacy of organics (cow dung+cows urine, vermiwash, NSKE and bio digester solution) and insecticides
(imidacloprid, acetamaprid and dimethoate) tested against citrus leaf miner, Phyllocnistis citrella at Regional Agricultural
Research Station, Bijapur during 2008-09 and 2009-10 revealed that acetamaprid 20 SP @ 0.25 g l -1 of water,
recording the lowest live mines leaf-1 (1.40) followed by biodigester solution @ 1: 3 ratio and imidacloprid 17.8 SL @
0.30 ml l-1 (1.7 and 1.7 live mines leaf-1, respectively) was significantly superior over all other treatments. However, the
biodigester treatment of showing highest fruit yield and net returns 25.6 tones ha-1 and Rs. 144780, respectively
proved to be the best alternative to the insecticides in the management of citrus leaf miner.
Key words: Citrus, Phyllocnistis citrella, Biorationlas, Insecticides

Citrus cultivars including lemon, lime, mandarin,
sweet orange and grape fruits, the third important fruit crop
after mango and banana, are grown commercially in tropical
and subtropical Indian climate. India ranks sixth in citrus
fruits production in the world. The citrus leaf miner,
Phyllocnistis citrella Staint is its most destructive pest in India.
This is also a major pest in Taiwan, Southern Japan, the
Philippines, Indonesia, New Guinea, Australia, South
Africa, parts of West and East Africa, the Mediterranean area
of Europe, Saudi Arabia, Caribbean Islands, Central America,
Mexico and South America (Sasscer, 1915; Fletcher, 1920;
Clausen, 1927; Kalshoven, 1981; Chiu, 1988; Wilson,1991;
Heppner, 1995; Ruiz and Blanco, 1994; Ware, 1994; Hoy
and Nguyen, 1997; Bermudez et al., 2004; Hoy and Jessey,
2004).
The damage by P. citrella is caused by their larvae which
mines in the leaves and feed the chlorophyll content. The
infested leaves showing zigzag whitish galleries devoid of
chlorophyll content, curl down and dry out affecting
photosynthetic function and adversely leading to the reduced
yield. Damage in nurseries, young plantation and tender
flushes are severe, although significantly less in mature trees
(Hasan et al., 2007). Its management through chemical
pesticides as an effective tool is widely under practice across
the world (Karimullah and Ahmad, 1988; Boulahia et al.,
1996; Besheli, 2010; Rezk et al., 1996; Hasan et al., 2007; Powell
et al., 2006; Shivankar et al., 2000). Actara 25 WG and thiodan
35 EC are reported to be the best insecticides against citrus
leaf miner in Peshawar, Pakistan (Ullah et al.., 2005). Keeping
in view the ill effects of their indiscriminate uses on human
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health and the environment, as documented by entomologists
acros the world, the present study on eco friendly approaches
in its management was conducted.
MATERIAL AND METHODS
The experiment was laid out with twenty four citrus
plants, at Regional Agricultural Research Station, Bijapur,
University of Agricultural Sciences, Dharwad during 200809 and 2009-10 in Randomized Block Design (RBD) with
eight treatments in three replications. The organic treatments
were prepared as per details given in the POP of University
of Agricultural Sciences, Dharwad. The observations on
number of mines in treated as well as untreated check plots
at a day before and after seven days of treatments were
recorded. The data were subjected to ANOVA.
RESULTS AND DISCUSSION
The data on efficacy of organics (cow dung+cows urine,
vermiwash, NSKE and bio digester solution) compared to
insecticides (imidacloprid, acetamaprid and dimethoate)
presented in the table 1 reveal that the mean number of mines
leaf-1 recorded a day before spray was statistically on par
with each other in all the treatments during both the years of
experimentation. However, the number of mines leaf-1 was
more during 2008-09 compared to 2009-10. During 2008-09,
the lowest (1.80) number of live mines leaf-1 was recorded in
the acetamaprid 20 SP treatment applied @ 0.25 g lit-1 of
water followed by imidacloprid 17.8 SL @ 0.30 ml l-1 (2.00
mine leaf-1) and biodigester (1:3) solution (2.00 mines leaf-1)
and were statistically on par with each other. The highest

Eco friendly approaches in the management of citrus leaf miner, Phyllocnistis citrella Staint (Gracillariidae: Lepidoptera)

Table 1. Effect of organic v/s insecticidal treatments and their impact on cost economics in the management of citrus leaf
miner

Treatments

Dosage

DBS (n = 10) mean
no of mines leaf-1

Mean no of live
mines

Mean
Cost of
Gross
Net
Yield treatments ha-1 returns ha-1 returns ha-1
(t ha-1)
(Rs.)
(Rs.)
(Rs.)

2008- 20092008- 2009Mean
Mean
09
10
09
10
Cow dung +
cows urine
Vermiwash
NSKE
Biodigester
Solution
Imidacloprid
17.8 SL
Acetamaprid
20 SP
Dimethoate
30% EC
Control
(Untreated)
Sem±
CD (5%)

(1:1): 10

4.8

3.6

4.2

2.4

1.9

2.2

21.6

750

3,24,000

84,750

1:5
5%

5.0
5.5

3.8
3.4

4.4
4.5

2.6
2.4

1.9
1.8

2.3
2.1

21.5
20.6

1,000
1,300

3,22,500
3,09,000

83,000
69,200

1:3

4.8

3.4

4.1

2.0

1.4

1.7

25.6

720

3,84,000

1,44,780

0.3ml

5.3

3.6

4.5

2.0

1.4

1.7

25.2

1,600

3,78,000

1,37,900

0.25 g

4.9

3.8

4.4

1.8

1.0

1.4

25.2

1,400

3,78,000

1,38,100

1.7 ml

4.9

4.0

4.5

2.8

1.8

2.3

18.9

1,100

2,83,500

45,000

-

5.4

3.8

4.6

7.2

4.2

5.7

15.9

-

2,38,500

-

NS

NS

NS

0.13
0.4

0.11
0.3

0.13
0.4

DBS – Days before spray

(2.8) number of live mines leaf -1 was recorded with
dimethoate 30% EC @ 1.75 ml l-1 of water followed by
vermiwash (1:5), cow dung + cows urine (1:1): 10 recording
2.6, 2.4 and 2.4 live mines leaf-1, respectively seven days after
treatment and were on par with each other. All the treatments
were significantly superior to untreated control in reducing
the leaf miner incidence. The experiment conducted during
2009-10 also reveled similar trend in the reduction of the leaf
miner incidence. Theacetamaprid (@ 0.25 g l-1 of water)
recorded the lowest number of live mines leaf-1 (1.00)
followed by biodigester solution @ 1:3 (1.4) and imidacloprid
(1.4 live mines leaf-1) and were on par with each other. The
other treatments viz., NSKE @ 5 %, dimethoate, cow dung +
cows urine @ (1:1): 10 and Vermiwash @ 1:5 recorded 1.8,
1.8, 1.9 and 1.9 live mines leaf-1 seven days after treatments
and were statistically on par with each other. The untreated
control recorded the highest number of live mines (4.2 leaf-1).
The mean numbers of live mine leaf-1 ranged from 1.4 to 5.7.
Acetamaprid although recorded the lowest mean number of
live mines (1.4 leaf-1), the biodigester treatment with 1.7 mines
leaf-1 ranked second best and was at par with imidacloprid
treatment. Dimethoate 30 EC @ 1.75 ml l-1 recorded the highest
number of live mines (2.3), while NSKE, cow dung + cow
urine and vermiwash with next highest number of live mine
leaf-1 appeared less effective.
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Fruit yield and Cost economics
The biodigester treatment @ 1:3 recorded higher mean
yield (25.6 t ha -1 ) than with the acetamaprid and
imidacloprid (25.2 t ha -1) against lowest (1.9 t ha -1) in
untreated control and was significantly superior to all other
treatments. The biodigester treatment besides incurring
lowest cost of treatment (Rs 720) showed highest net returns
(Rs 144780) than all other organic treatments (Table 1).
The results (Table 1) indicated that the management of
leaf minor through organic approach (biodigester treatment)
was on par with insecticidal treatments. Besides, the treatment
also resulted in high net returns at comparatively low cost of
treatment. However, even the best foliar insecticides confer
protection of leaf miner infestations only for 2 weeks
(Michaud and Grant, 2003), because of their larvae remaining
concealed within the mines and the pupal stage protected
within rolled leaf margins (Raga et al., 2001). Hence,
biodigester treatment appeared to be the best alternative to
chemicals in the management of citrus leaf miner.
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ABSTRACT
THe field experiment conducted at Regional Agricultural Research Station, Bijapur, UAS, Dharwad during 2009-10
and 2010-11 to find out effective IPM components against the shoot fly, shoot bug and aphid infestation in rabi
sorghum revealed that the treatments involving intercropping of chickpea (2:2) + seed treatment with imidacloprid 70
WS @ 3 g kg-1 seed, seed treatment with imidacloprid 70 WS @ 3 g kg seed-1 + spray of NSKE @ 5% at 45 days after
emergence of crop (DAE) and seed treatment with imidacloprid 70 WS @ 3 g/kg seed-1 + spray of endosulfan @ 0.07%
at 45 DAE registering lower mean per cent shoot fly dead hearbs, per cent aphid index, the shoot bug population, the
best IPM components higher sorghum grain equivalent yield, fodder yield and maximum net returns were rated .
Key words: Sorghum, Atherigona soccata, Peregrinus maidis, Melanaphis sacchari, IPM

INTRODUCTION
Sorghum (Sorghum bicolor (Linn.) Meonch), ranking
fourth among the cereals in the world, is the major source of
food and fodder for millions of people in Asia, Africa,
America and Australia. The stem and foliage are used as
green fodder, hay silage and pasture, apart from using as
fuel and building material. Of a total area of 42.07 million ha
under its cultivation and 58.80 million tones annually
produced in the world, India, occupying an area of 9.69
million ha and producing 7.0 million tones at 7.33 q ha-1
productivity level (Anon., 2004), is the third largest sorghum
growing country after rice and wheat (Chhidda Singh, 2002).
Karnataka with an area of 18.91 lakh ha and 2.38 lakh tones
of grain production is one of the leading state in its cultivation
after Maharashtra and is grown both in rainy and post-rainy
season in the Northern districts of Karnataka viz., Bagalkot,
Bellary, Bidar, Bijapur, Dharwad, Gadag, Gulbarga, Haveri,
Koppal, and Raichur (Anon., 2004).
Sorghum yield in the farmers field is generally low
mainly due to the insects pest damage. Of nearly 150 insect
pests reported (Sharma, 1985) on the crop, the sorghum
shootfly (Atherigona soccata Rondani), shoot bug (Peregrinus
maidis Ashmead) and aphids (Melanaphis sacchari Zehntner),
are most damaging. While A. soccata is reported to cause 75.6
and 68.6 per cent loss in grain and fodder yield (Pawar et al.,
1984) P. maidis transmits the sorghum stripe virus disease
and M. sacchari results in premature drying of leaves, nonfilling of grains and deterioration of fodder quality (Balikai
and Bhagwat, 2009).
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Chemical control has been the first line of defence
against any insect pest’s management in agricultural
ecosystem. Many number of field trials through insecticides
have been carried out (Anaji and Balikai, 2007; Bheemanna
et al., 2003; Balikai, 2003; Kotikal, 1992; Katole et al., 2003;
Karibasavaraja et al., 2005; Shivpuje and Thombare, 1983;
Patil et al., 1992; Panchabhavi and Kotikal 1992). However,
its non-indicious use leading to problems such as
phytotoxicity to the crop foliage, the major source of animal
feed (fodder) in northern Karnataka and the increased cost
of cultivation lower the profit. Hence, the farmer’s practices
and different other IPM components were evaluated.
MATERIALS AND METHODS
The field trial with seven treatments including the
control was laid out at the Regional Agricultural Research
Station, Bijapur, Karnataka (India) during rabi seasons of
2009-10 and 2010-11 under rainfed conditions. The
commercial sorghum variety CSV 216R was planted by
dibbling the seeds at 60 x 15 cm spacing in 3.6 x 5.0 m plots,
each having six rows of 5.0 m length. For intercropping (T3
and T4), paired rows of sorghum, 45 cm within and 90 cm,
between pairs was followed where in two rows of chickpea
variety A-1 was sown between sorghum pairs with 30 cm
row spacing in such away that six rows of sorghum and
four rows of chickpea were accommodated. In the case of
farmer’s practice, seed hardening was done i.e., the seeds
were soaked in water for 8 hours, dried in shade and used
for sowing. Thinning of sorghum plants were done a week
after crop emergence. Sorghum seeds were treated with test
insecticide using 1 per cent acacia gum followed by shade

A.P. Biradar, V. R. Bhagwat, B.D. Biradar and R.A. Balikai

drying for three hours before sowing. Total number of healthy
as well as those showing deadheart were recorded on 28th
day after emergence of the crop. The shoot bug population
was counted on ten randomly selected plants at 55 days
after sowing while aphid incidence and per cent aphid index
was worked out by following Balikai and Lingappa (2002)
methods after 80-85 days of sowing. Sorghum grain
equivalent yield (of sorghum and chickpea) and fodder yields
were recorded.
The data were subjected to ANOVA using completely
randomized design (CRD) and the means were separated by
DMRT (p = 0.05).

shoot fly incidence (4.67) followed by , T5 (seed treatment
with imidacloprid 70 WS @ 3 g kg-1 seed + spray of NSKE @
5% at 45 DAE), T6 (seed treatment with imidacloprid 70 WS
@ 3 g kg-1 seed + spray of endosulfan @ 0.07% at 45 DAE)
and T2 (seed treatment with imidacloprid 70 WS @ 3 g kg-1
seed) with 5.13, 5.36 and 6.77 per cent deadhearts,
respectively. These were significantly superior over other
treatments and were also on par with each other in reducing
the shootfly incidence. The treatment T7 (farmers practiceseed hardening), T1 (commercial cultivar CSV 216R-without
treatment) and T3 (intercropping with legume (chickpea)
recorded highest shootfly incidence with 32.00, 31.76 and
28.46 per cent deadhearts, respectively.

RESULTS AND DISCUSSION

Aphid

Shootfly

Aphids incidence was very high during 2009-10
compared to 2010-11. The mean of two consecutive years
revealed that the treatment T6 (seed treatment with
imidacloprid 70 WS @ 3 g kg-1 seed + endosulfan @ 0.07% at
45 DAE) recorded the lowest per cent aphid index (19.27)
followed by T5 (24.17) (seed treatment with imidacloprid 70
WS @ 3 g kg seed-1 + spray of NSKE @ 5% at 45 DAE). These

The results on efficacy of IPM components against
different insect pests are presented in the table 1. Among the
treatments imposed over two consecutive years, the T4
(intercropping with legume (chickpea) - as per agronomic
cropping system recommendations), + seed treatment with
imidacloprid 70 WS @ 3 g kg-1 seed) recorded the lowest

Table 1: Efficacy of integrated pest management components against shootfly, shootbug and aphid

Treatments
(T 1) Commercial cultivar CSV 216R
(without treatment)
(T 2) Seed treatment with Imidacloprid 70
WS @ 3 g/kg seed
(T 3) Intercropping
with
legume
(Chickpea) with out any treatment
(as per agronomic cropping system
recommendations)
(T 4) Intercropping
with
legume
(Chickpea)
(as per agronomic
cropping system recommendations) +
seed treatment with Imidacloprid 70
WS @ 3 g/kg seed
(T 5) Seed treatment with Imidacloprid 70
WS @ 3 g/kg seed + spray of NSKE @
5% at 45 DAE
(T 6) Seed treatment with Imidacloprid 70
WS @ 3 g/kg seed + spray of
endosulfan @ 0.07% at 45 DAE
(T 7) Farmers practice (seed hardening)
Sem±
CD at 5%
CV (%)

Shootfly DH (%)
(28 DAS)

Per cent Aphid index
(80-85 DAS)

2009-10
36.00
(36.82)a
6.27
(14.41)c

2010-11
27.53
(31.59)a
7.27
(15.59)b

Mean
31.76
(34.20)
6.77
(15.00)

2009-10
88.73
(70.46)a
53.67
(47.11)b

2010-11
60.87
(51.27)c
17.53
(24.74)d

Mean
74.80
(60.86)
35.60
(35.92)

30.13
(33.29)b

26.80
(31.12)a

28.46
(32.20)

87.33
(69.40)a

64.00
(53.13)a

75.66
(61.26)

Shoot bug population 10
plants-1
(55 DAS)
2009-10 2010-11 Mean
40.60
43.27
41.93
(39.56)a (41.12)a (40.34)
16.13
16.27
16.20
(23.40)b (23.78)b (23.59)
37.63
31.93
43.33
(37.76)
(34.36)a (41.16)a

3.60
(10.89)d

5.73
(13.81)b

4.67
(12.35)

55.80
(48.33)b

14.13
(22.07)e

34.96
(35.20)

22.40
(28.19)b

14.33
(22.23)b

5.47
(13.48)cd

4.80
(12.39)b

5.13
(12.93)

32.27
(34.51)c

16.07
24.17
(23.60)de (29.05)

15.72
(23.31)b

9.87
(18.28)c

6.20
(14.39)c

4.53
(12.25)b

5.36
(13.32)

27.47
(31.59)c

11.07
(19.41)f

19.27
(25.50)

15.20
(22.94)b

10.60
(18.97)c

35.07
(36.30)a
0.88
2.72
6.72

28.93
(32.44)a
1.62
5.01
13.21

32.00
(34.37)
1.25
3.86
9.96

92.53
(74.68)a
2.31
7.11
7.44

66.93
(54.90)b
0.71
2.21
3.49

38.23
(64.79)
1.51
4.66
5.46

38.07
(38.09)a
1.73
5.33
10.00

43.20
(41.08)a
0.74
2.28
4.35

25.21
(25.21)

12.79
(20.79)
12.90
(20.95)
40.63
(39.58)
1.23
3.80
7.17

Figures in the parentheses are arcsine transformed values; DH- Deadhearts; DAS- Days after sowing
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Table 2. Effect of different IPM components on fodder and sorghum grain equivalent yield and their cost economics

Treatments

(T 1) Commercial cultivar CSV
216R (without treatment)
(T 2)
Seed
treatment
with
imidacloprid 70 WS @ 3 g kg
seed -1
(T 3) Intercropping with legume
(chickpea) without any treatment
(as per agronomic cropping
system recommendations)
(T 4) Intercropping with legume
(chickpea)
(as per agronomic
cropping
system
recommendations)
+
seed
treatment with imidacloprid 70
WS @ 3 g kg seed -1
(T 5)
Seed
treatment
with
imidacloprid 70 WS @ 3 g kg
seed -1 + spray of NSKE @ 5% at 45
DAE
(T 6)
Seed
treatment
with
imidacloprid 70 WS @ 3 g kg
seed -1 + spray of endosulfan @
0.07% at 45 DAE
(T 7)
Farmers
practice
(seed
hardening)

Sorghum grain equivalent
yield
(q ha -1)

Fodder yield
(t ha -1)

Returns
Extra cost
from
including
increased
protection
yield (Rs
(Rs ha -1)
Mean
-1
ha )

Net profit
(Rs ha -1)

2009-10

2010-11

Mean

2009-10

2010-11

2.94 d

2.78 c

2.86

17.47 cd

17.40 cd

17.43

-

-

-

3.51-c

3.54 b

3.52

24.67 a

24.17 a

24.42

10485

180

10305

2.59 e

2.75 c

2.67

17.43 d

18.20 d

17.81

570

625

-55

3.81 ab

3.73 a

3.77

20.04 c

20.17 c

20.10

4005

805

3200

3.87 a

3.83 a

3.85

22.47 b

23.00 b

22.73

7950

430

7520

3.58 bc

3.53 b

3.55

25.30 a

24.20 a

24.75

10980

330

10650

2.93 de

2.83 c

2.88

17.50 cd

17.83 cd

17.67

360

-

360

0.96
0.29
5.05

0.01
0.10
2.60

0.48
0.19
3.82

0.61
1.90
5.28

0.40
1.10
3.30

0.50
1.50
4.29

-

-

-

Sem±
CD at 5%
CV (%)

DAE- Days after emergence; NSKE - Neem seed Kernel Extracts
Market Rates: Sorghum grains- Rs. 1500 q-1; Chickpea seeds- Rs. 2500 q-1

These were on par with each other in suppressing aphid
incidence and were significantly superior over all other
treatments. T4 (intercropping with legume (chickpea)-as per
agronomic cropping system recommendations) + seed
treatment with imidacloprid 70 WS @ 3 g kg seed-1), T2 (seed
treatment with imidacloprid 70 WS @ 3 g kg-1 seed) and T7
(farmers practice-seed hardening) were on par with 34.96,
35.60 and 38.23 per cent aphid index, respectively.
Shootbug
The results on shootbug incidence were consistent
during both the years of experimentation. Lowest (12.79) was
noticed in T5 (seed treatment with imidacloprid 70 WS @ 3 g
kg-1 seed + spray of NSKE @ 5% at 45 DAE) followed by T6
(seed treatment with imidacloprid 70 WS @ 3 g kg-1 seed +
spray of endosulfan @ 0.07% at 45 DAE) and T2 (seed
treatment with imidacloprid 70 WS @ 3 g kg-1 seed) with
12.90 and 16.20 shootbug 10 plants-1, respectively. These
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were significantly superior over all other treatments. The
rest of the treatments (T3, T7, T1) recorded maximum
population of 37.63, 40.63 and 41.93 shootbug 10 plants-1,
respectively and were ineffective.
Fodder and grain yield
The treatment T5 (seed treatment with imidacloprid 70
WS @ 3 g kg seed-1 + spray of NSKE @ 5% at 45 DAE) recorded
significantly the highest (3.85 t ha-1) fodder yield followed
by T4 (3.77t ha-1), T6 (3.55t ha-1) and T2 (3.52t ha-1). The
remaining treatments viz., T3, T1 and T7 recorded the lowest
fodder yield of 2.67, 2.86 and 2.88 t ha-1, respectively and
were on par with each other. The highest sorghum grain
equivalent yield (24.75 t ha -1) was recorded with the
treatment T6 (seed treatment with imidacloprid 70 WS @ 3 g
kg-1 seed + spray of endosulfan @ 0.07% at 45 DAE) followed
by T2 (seed treatment with imidacloprid 70 WS @ 3 g kg-1
seed) (24.42t ha-1) T1, T7 and T3 recorded the lowest grain
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equivalent yield of 17.43, 17.67 and 17.81 t ha-1, respectively.
The results revealed that seed treatment with
imidacloprid 70 WS @ 3 g kg seed-1 used alone or in addition
with endosulfan spray could effectively manage all the three
major sorghum pests with higher net profit over all other
components. However, the seed treatment with imidacloprid
+ one spray of NSKE @ 5 per cent at 45 days after crop
emergence (based on incidence of the sucking pests) stood
second in its effectivity against shoot fly, shoot bugs and the
aphid and the net profit ha-1.
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ABSTRACT
Life table of Plutella xylostella studied under the influence of biopesticides, neemazal and neemix, at 12, 18, 22, 27, 30
and 34°C, 70 ± 5 percent relative humidity and 10:14 LD under BOD incubator conditions revealed that the larval
survival and life table of P. xylostella under neemazal influence was significantly affected in respect to different
temperature. The minimum and maximum number of egg hatching was recorded at 27°C, and 34°C, respectively. The
neemazal was more effective at 34, 27 and 25°C in comparison to other temperatures. The lowest larval mortality was
recorded at 12°C followed by 18, 22, 27, 30 and 34°C, respectively. However, the pattern of larval mortality varied
with neemazal and neemix at different temperatures.
Key words: P. xylostella, life table, development, temperature

Diamondback moth (DBM), Plutella xylostella (Linn)
(Lepidoptera:Yponomeutidae) is the most destructive insect
pest of Brassicaceous crops worldwide (Sarfaraz, et al. (2006).
Krishnakumar et al., (1984) reported estimated loss of 52.0
per cent in marketable cabbage due to DBM attack.
Srinivasan, 1984 reported that unprotected cabbage crop
could incurr 90-92 per cent losses. Ibrahim et al., (2005)
established yield losses of 6.8 tons ha-1 or US$ 452.9 ha-1, at
US$ 7.9 million per year in Kenya with control costs,
amounting to US$ 118.9 ha-1. Outbreaks of P. xylostella
occurred frequently in many parts of the world. In India it
was recorded in 2006 (Ahmad, et al., 2009). Temperature and
humidity significantly affects the life cycle and life table of P.
xylostella (Shirai, 2000) completing 13-14 generation in a
year. It is stated that diamondback moth breed and develop
at 10-40°C with adult’s longevity of 3-6 days. The effects of
temperature can be described by its influence on survival,
reproduction and population growth. A number of
temperature dependent models have been developed to
describe the relationship between temperature and insect
development (Roy et al., 2002 and Golizadeh et al., 2007).
Life table is one of important tools to assess the population
growth under field condition and the effective number of
different applications to regulate the pest population. The
present study deals with life table of P. xylostella at different
temperature under laboratory condition with neemazal and
neemix.
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MATERIALS AND METHODS
Rearing of diamondback moth
The diamondback moth, P. xylostella culture was
maintained under laboratory condition at 22±2°C and 75±5
per cent relative humidity with 10:14 (L:D). The larvae and
pupae were collected from cauliflower cultivated area of
Aligarh district. These were kept separately in glass jars
(20x10 cm) and covered over by muslin cloth tightly fixed
with rubber band. The fresh cauliflower leaves were provided
to the larvae as a source of food. The leaves were changed on
alternate days in order to maintain hygienic condition. The
pupae were sorted out from the jars and kept for emergence.
Adults were separated and maintained in other glass jars
provided with 10 percent honey solution soaked in cotton
swab for their feeding.
Preparation of desired solution
Desired concentrations i.e. 1.00, 0.05, 0.01 percent of
neemazal and neemix were prepared in tap water. Small
pieces of fresh cauliflower leaves were dipped in different
concentrations of neemazal and neemix and dried at room
temperature. Ten second instar larvae obtained from stock
culture were released in a jar. Thereafter, insecticide
impregnated leaf was provided to them. They were replaced
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by fresh ones after 24 hours. The second instar larvae
changed to 3 rd instar, pupated and finally the adults
emerged. The experiment was replicated fifteen times for each
concentration of neemazal and neemix. Dead larvae were
counted and removed from the jar after every 24 hour.
Emerged adults were counted and transferred in other jars.
Malformed adults were also counted and discarded daily.
Life table studies
Surviving adults were used to study the stage specific
life table. One pair of male and female was kept in one jar
and twenty such pairs were selected from each concentration
and kept in separate jars. Eggs laid by each female were
recorded daily till death. The number of eggs were divided
on the basis of sex ratio of 1:1 (based on 100 adults) to get the
number of female birth (mx). Observations on hatching of
eggs were taken after every 24 hr.
The life table of P. xylostella was constructed as
proposed by Morris and Miller (1954) and Harcourt (1969):
x = age interval (egg, larva, pupa, adult), Ix = number
surviving at the beginning of stage x, d x = (apparent
mortality) the number dying as a percentage of the numbers
entering that stage, Sx = survival rate within the stage x,
100qx = percentage of mortality, IM =indispensible mortality
that would not occur should the dX under consideration be
removed, as a percentage of the initial number, MSR =
(mortality- survival ratio) measure the increase in population.
K-value= is the key factor, responsible for increase or
decrease in number of generation (Varley and Gradwell, 1960,
and Southwood, 1978).
Result and Discussion
The effect of neemazal on larval survival and life table
of P. xylostella were significantly affected with respect to
different temperature (Fig 2). The minimum and maximum
number of egg hatching was recorded at 27, and 34°C,
respectively. The k-values were found similar in all the
treatments, indicating that generations per year of P. xylostella
were not affected by neemazal and neemix at different
temperatures. The neemix also affected hatching pattern of
P. xylostella. Maximum number of eggs unhatched at 34°C
and minimum at 27°C. The 34°C temperature was observed
more conducive for development of diamondback moth
larvae. By observation, it was clear that temperature between
20 to 28°C was optimum for incubation of eggs. Similar
observations were reported by Liang et al., 2003. Eggs treated
with agroneem, ecozin and neemix changed into neonates
by 61.6, 66.2 and 75.2 per cent, respectively, although the
larval hatching rates with neemix treatment were
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Figure 1. Effect of neemazal and neemix on life table of Plutella
xylostella

Figure 2. Effect of neemazal and neemix on larval survival of
P. xylostella at different temperature
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significantly different from that of control. The number of
second instar larvae was maximum at 27°C and minimum
at 15°C under neemazal treatment. On the other hand,
highest mortality of immature stage was found at 34°C. The
neemazal was effective at 34, 27 and 25°C in comparison to
other temperatures. The lowest larval mortality was recorded
at 12°C followed by 18, 22, 27, 30 and 34°C (Fig 1). Effect of
neemix on larval survival and life table of P. xylostella at
different temperatures was significantly affected. Minimum
number of larvae at 34°C and maximum at 27°C was
recorded. The egg hatching and mortality was similar as
recorded with neemazal. However, the pattern of larval
mortality in comparison to neemazal varied. P. xylostella
larvae fed with agroneem, ecozin and neemix treated leaves
died before 7 days compared with 70.0-74.0 per cent larvae
surviving to adult in the control (Liang et al., 2003). Hamilton
et al. (2005) compared the development time of larvae of P.
xylostella reared on two cultivars viz., Savoy King and Green
Coronet cabbages reported that larvae developed more
rapidly on Green Coronet than Savoy King. In a similar study
on P. xylostella, the thermal constant for egg to adult
development was estimated to be 268.2 DD with a base
temperature of 7.4oC on common cabbage. The scatter in
development values among studies can be attributed to the
influence of multiple factors, including the differences in
temperature and humidity conditions and control (constant
vs. fluctuating temperatures), photoperiod, host plants used
in the experiments, source of P. xylostella and frequency of
checking (Mohandass and Zalucki, 2001, Liu et al., 2002).
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Seasonal incidence of insect pests of guava, aonla and bael
trees under horti-pasture systems
N. S. Kulkarni*, A.K.Shukla and S.K. Seth
Grassland and Silvipasture Management Division, IGFRI, Jhansi
ABSTRACT
Survey of insect pests of economic importance on guava, aonla and bael trees, grown along with pastures, namely
Cenchrus cillaris and Stylosanthus hamata in the horti-pasture system of Grassland and Silvi-pasture Division of Indian
Grassland and Fodder Research Institute, Jhansi during July 2009 - March 2010, revealed incidence of guava leaf and
bark eating caterpillar (Indarbella quadrinatala) on guava and Papilo polytes, the common mormon on bael tree during
second fortnight of August to second fortnight of October and the shoot and stem gall maker (Betousa stylophora) on
aonla during August to first week of November with peak larval population of 15.2, 12.2 and 16.4 tree-1 during first
week of September, second week of September and 1st week of October, respectively. Correlation studies with
weather parameters and insect incidence revealed that rainfall and minimum humidity were significantly and positively
correlated with population of guava leaf and bark eating caterpillar (0.64** and 0.30*), aonla shoot and gall maker
(0.52** and 0.38*) and leaf eating caterpillar of bael (0.42** and 0.32*).
Key Words: Seasonal incidence, correlation, horti-pasutre, insect pests, seasonal incidence, weather parameters.

Hortipasture system is an integration of fruit trees with
pasture (grasses or legumes) in the same unit of land and are
considered to be the most important upcoming enterprises
to reduce soil erosion and land degradation besides
providing timber, fruits, nutritious fodder for live stock
population in the poor soil areas. Due to increase in human
and live stock population in India, the pressure on land in
terms of food, fodder, fuel wood and timber demands is
increasing day by day. To over come this problem and
minimize the land degradation in the country, silvi-horti
pasture systems have been recommended as alternate land
use systems for sustainable agriculture in semi-arid
ecosystem for efficient soil plant management and soil
fertility management.
Insects are considered to be ubiquitous creatures on
the planet influencing almost every ecosystem (Vaivaran et.
al., 2001, Roy et al., 1998). Insect pest incidence of guava
ecosystems were reported worldwide (Ogol et. al., 1998;
Molina et.al., 2002). Several reports on insect and disease
pests of pastures namely, Stylosanthus spp. and Cenchrus
ciliarus are available worldwide. (Wilson et. al., 2000; Martin
et.al., 1995). Leaf and bark eating caterpillar Indarbella
quadrinatala is a serious pest of guava affecting growth and
fruiting capacity of the tree. The infested tree could easily be
identified by the presence of ribbons of wood chips, frass
and silken thread over the bark surface. Aonla shoot gall
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maker, Betousa stylophora forms galls of 2.3 to 2.5 cm in length
and 1.0 to 1.9 cm width on aonla stem and shoot. The larva
of this moth tunnels in the apical portion of the shoot leading
the infested portion to bulge into galls. Reddish gum-like
secretion extrudes through a hole at one end. Fresh galls are
formed during July and August.
Heavy incidence of common mormon, Papilio polytes
caterpillar during Sept-Oct was noticed on young bael trees.
The caterpillars feed on leaves leaving behind the midrib
alone and affecting the growth of younger trees. Younger
bael trees suffered from Fusarium wilt against which proper
management measures were initiated. Incidence of guava
leaf and bark eating caterpillar, aonla gall shoot maker and
bael leaf eating caterpillar was reported earlier (Vasquez
2002, Bharpoda 2009 and Kunte, 2006). However, no reports
on the studies of correlation with weather parameters were
available. Therefore, the present study was made.
MATERIAL AND METHODS
Fixed plot survey of economically important insect pest
of guava, aonla and bael tree, planted along with pastures,
Cenchrus ciliaris and Stylosanthus hamata planted during July,
2008, was carried out in the hortipasture system of Grassland
and Silvi-pasture Division of Indian Grassland and Fodder
Research Institute, Jhansi during July 2009 - March 2010 at
weekly interval. Observations were recorded on two varieties
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Table 1. Seasonal incidence of insect pests under horti-pasture systems at IGFRI, Jhansi

ISW

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
1
2
3
4
5
6
7
8
9
10
11
12
13

Month/
period

Jul 23-29
30-5 Aug
6-12
13-19
20-26
27-2 Sep
3-9
10-16
17-23
24-30
1-7 Oct
8-14
15-21
22-28
29-4 Nov
5-11
12-18
19-25
26-2 Dec
3-9
10-16
17-23
24-30
31-6 Jan
7-13
14-20
21-27
28-3 Feb
4-10
11-17
18-24
25-2 Mar
3-9
10-16
17-23
24-30

No of Leaf &
bark eating
caterpillars on
Guava
0.0
1.2
3.4
5.2
6.4
15.2
10.2
8.2
4.2
3.6
2.2
1.0
1.4
0.8
0.4
0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

No of
Shoot &
gall makers
on Aonla
1.0
1.4
1.8
4.6
8.2
10.4
12.6
15.4
12.0
15.4
16.4
12.2
10.0
6.2
4.8
3.2
2.4
1.2
1.4
1.2
1.0
1.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

No. of
Leaf eating
caterpillars
on Bael
0.0
0.0
0.0
1.0
3.0
4.2
6.4
12.0
10.2
8.4
6.0
4.8
3.2
2.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

of guava i.e. Shweta and Lalit, planted during October, 2007
along with border rows of Allahabad safed and aonla and
bael trees planted along with Cenchrus ciliaris and Stylosanthus
hamata .The population of important insect pests namely
guava leaf and bark eating caterpillar, aonla shoot gall maker
and bael leaf eating caterpillar were recorded on per tree
basis. Data on weather parameters were collected daily and
converted in to weekly interval as per Indian Standard Week
Journal of Eco-friendly Agriculture 9(1) 2014

Rain
(mm)

Max
Temp

Min
Tempoc

oc

0.0
0.0
11.6
88.8
5.6
47.2
86.0
9.2
0.0
0.0
54.8
0.0
0.0
0.0
0.0
0.0
10.6
0.0
0.0
0.0
0.0
13.8
0.0
0.0
1.8
0.0
0.0
0.0
2.2
0.0
1.4
0.0
0.0
0.0
0.0
0.0

32.5
35.2
35.8
31.9
34.3
32.0
31.4
32.2
36.9
37.0
30.2
33.7
34.2
33.3
33.0
31.6
26.2
25.9
27.6
27.5
26.0
22.2
22.4
20.4
14.4
17.1
24.2
25.9
24.2
24.3
27.2
32.6
31.8
35.3
38.9
40.2

25.7
26.4
26.6
24.8
24.9
24.6
24.1
23.4
23.0
21.8
23.2
20.6
16.1
10.7
11.2
13.4
17.3
6.5
7.9
9.7
10.6
8.0
7.1
4.9
5.9
4.9
4.9
7.4
10.2
11.1
9.4
12.8
12.7
14.1
17.0
18.2

Relative
Humidity (% )
Max
86
74
79
95
89
95
96
91
86
83
94
88
87
89
87
88
90
89
91
90
90
89
91
93
94
94
92
90
90
91
91
85
80
79
62
57

Min
68
53
54
73
66
73
80
60
40
43
70
43
31
24
27
38
75
33
36
42
62
54
56
60
86
69
43
40
47
56
42
29
30
23
16
22

(ISW) bases. Correlation between incidence of insect pests
and weather parameters was studied.
RESULTS AND DISCUSSION
The data revealed guava leaf and bark eating caterpillar,
I. quadrinatala activity during second fortnight of August to
second fortnight of October (fig 1). The highest caterpillar
population (15.2 tree-1) was observed during first week of
41
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Table 2. Correaltion of weather parameters with insect pest
incidence .
Insect
Leaf &
bark eating
caterpillars
on Guava
Shoot &
gall
makers on
Aonla
Leaf eating
caterpillars
on Bael

Rainfall
(mm)

Temperature (oC)

0.64**

Max
0.09

Min
0.14

0.52**

0.18

0.16

Relative
Humidity (%)
Max
Min
0.12
0.30*

0.16

0.38*

The incidence of all the three insect pests coincided
with the rainy season. This may be attributed to the growth
stages and availability of moisture for egg laying and
hatching and helping the young ones to scrape the leaves
and bark. The information gathered may be of great help in
regular monitoring and management of concerned insect
pests over period of years.
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0.42**

0.14

0.18

0.20

0.32*

September. Field activity of shoot and gall maker, B. stylophora
on aonla was observed during August to first week of
November with peak of 16.4 larva tree-1 during first week of
October. The leaf eating caterpillar, P. polytes, the common
mormon population on young bael trees was recorded during
second fortnight of August to second fortnight of October
with peak population of 12 caterpillars tree-1 during second
week of Septemebr.The pastures (C. ciliaris and S. hamata)
grown along with guava, aonla and bael were almost free
from insect pests.
The correlation studies with weather parameters and
the insect incidence revealed that rainfall and minimum
humidity were significantly positively correlated with
population of guava leaf and bark eating caterpillar (0.64**

Fig.1. Seasonal incidence of insect pests under horti-pasture
system
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Biology of Spodoptera litura on chewing tobacco in vitro
M. Latha, B.K. Shivanna, M. Manjunatha and M.C. Kumaraswamy
Department of Entomology, University of Agricultural Sciences, Bangalore-560 065, India
E-mail: lathamscj21@gmail.com
ABSTRACT
The study on the biology of Spodoptera litura (Fabricius) on chewing tobacco revealed that average incubation period
was of 4.10 ± 0.32 days. Total larval development period on an average was 19.90 ± 2.33 days. The fully grown larva
measures 39.45 ± 1.14 mm. The pre pupal period was 1.10 ± 0.32 days and measures 19.10 ± 1.58 mm. The pupa
is elongated, oval in shape and brown in colour. The average length of pupal stage was 19.08 ± 0.96 mm and 21.18 ±
1.36 mm, in male and female with average duration of 13.00 ± 0.82 days. On an average the male and female with
expanded wings measured 16.20 ± 0.84 mm and 18.60 ± 1.14 mm in length and 35.80 ± 1.92 mm and 39.20 ± 1.92 mm
in breadth, respectively. The average pre-oviposition, oviposition and post-oviposition periods were of 1.42 ± 0.49,
5.50 ± 1.38 and 1.50 ± 0.55 days, respectively. The average longevity of male and female was 6.67 ± 1.37 and 9.17 ±
1.47 days. The total life cycle completed in 45.50 ± 1.58 days in case of male and 48.20 ± 2.10 days in female.
Key words: Chewing tobacco, Spodoptera litura, biology.

Tobacco (Nicotiana tobaccum L.) is an important
commercial cash crop grown extensively in India as a narcotic
crop. In India, all types of tobacco are grown in an area of
about 0.4 million hectare producing around 700 million Kg
of cured leaf annually. India is the third largest producer in
the world after China and Brazil while Karnataka is the third
largest tobacco growing State in India. Chewing tobacco
alone accounts for 0.03 million ton of leaf production grown
in an area of 0.07 million hectare in Karnataka. The tobacco
crop is subjected to severe damage throughout its growth
period by a number of insect pests viz., cut worm, aphids,
stem borer and bud/capsule borers. The cut worm, Spodoptera
litura (Lepidoptera: Noctuidae) causing serious damage by
defoliation, is most important (Zhou et al. 2007). It is a
polyhagous pest, reported damaging more than 112 species
of plants belonging to 44 families, of which 40 species are
known from India (Chari and Patel, 1983) and many other
countries (Shivayogeshwara et al., 1991). The available
literature reveals that very little work has been done on the
biology of S. litura on the crop. Hence, the biology of S. litura
on chewing tobacco was studied. This study will help in
formulating IPM schedule.
MATERIALS AND METHODS
Biology
The study was carried out in the laboratory at the
Department of Entomology, College of Agriculture, Shimoga.
The larvae were reared separately in the clean specimen glass
petri dishes (15 x 1.5 cm). Small pieces of fresh chewing
©2014

tobacco leaves were provided daily in each petri dish as the
food for the larvae. Grown up larvae were transferred into
the rearing boxes, one third filled with moist soil to provide
the appropriate site for pupation to the grown up larvae.
After pupation, the pupae were kept as such in boxes
containing soil till the emergence of adults. A pair of newly
emerged male and female was confined in a new box along
provided with blotting paper and the fresh leaf. The boxes
were covered with muslin cloth /perforated lid to prevent
the escape of the adults. Fresh healthy leaves were kept in
the boxes for egg laying. Honey solution (5%) was provided
as food to the adults by dipping a piece of cotton in the
solution. The leaves, muslin cloth, paper and box were
observed every morning for egg laying. The eggs were kept
in separate petri dishes and later used to maintain a pure
culture.
Egg : Twenty five eggs were examined under microscope
to study their colour, shape and size. The breadths of the
eggs were measured with the help of ocular micrometer and
average diameter was worked out. Freshly laid eggs were
observed under microscope daily in the morning and evening
till they hatched. Hatching percentage was calculated from
the number of eggs hatched out of total number of eggs kept
under observation.
Larva: With a view to determine the number and
duration of different larval instars and total larval period,
the newly emerged larvae (first instars) were placed
individually in petri dishes (15 x 1.5 cm) with the help of
fine camel hair brush.Tender and fresh chewing tobacco
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leaves were kept inside the petri dish as the food and replaced
daily with fresh leaves. The number of larval instars, the
size of individual larva as well as exuviumand casted off
head capsule were observed daily. The moulting was
confirmed by casted off head capsule and increased size of
larvae of subsequent instars. The larvae of each instar were
observed for colour, shape and size. Observations on number
of instars, duration of each instar and total larval period
were recorded separately. Measurements of first two instars
and head capsule length of all the six instars were recorded
under microscope with the help of stage and ocular
micrometer. However, the length of the remaining third to
sixth instars were measured with millimeter scale. The total
larval duration was calculated from the date of hatching
from egg to the date of pre-pupae formation.
Pupa: The pupal length was measured by using
millimeter scale. The pupal period was considered from the
date of formation of pupa to the date of adult emergence. Sex
of the adult, emerged from the pupa was differentiated from
the pupal length, markings of genital and anal openings on
the pupa.
Adult: The newly emerged male and female adults were
used to study the colour, shape, size and appearance. The
size of the adults with wing expansion was measured using
millimeter scale.
Pre- mating, mating, pre-oviposition, oviposition and
post-oviposition periods : The time of emergence of adults
till the mating starts is considered as pre-mating period.
Similarly once the mating completes that period is known as
mating period. To study the pre-oviposition, oviposition and
post-oviposition periods, the freshly emerged male and
female adults were paired and confined in boxes separately
for egg laying. The eggs laid by each female on leaves, boxes,
muslin cloth or lid and paper were removed daily with the
help of fine camel hair brush and total number of eggs laid
by each female was recorded separately. A time gap between
mating and commencement of egg laying was considered as
the pre-oviposition period. Period between starting and
cessation of egg laying was noted as oviposition period,
while, the period between cessation of egg laying to the death
of female was considered as post-oviposition period.
Fecundity: Number of eggs laid by each female was
recorded daily till the death of the female. Average fecundity
of the each female was worked out separately.
Longevity : Longevity of male and female was
calculated separately from the date of emergence to survival
of the adults.
Total life cycle : Total life period of cut worm was
44

calculated by recording the number of days taken by the
insect in completing different stages, i.e., from egg to adult.
RESULTS AND DISCUSSION
The freshly laid eggs were pale green in colour, eggs
became pearly white after 24 hours and turned yellow on
second day. Eggs were covered by brown scales from the
body of the female. The present findings are in accordance
with Cardona et al. (2007). The eggs were flat and
hemispherical in shape. Each egg mass had 300-350 eggs
which were arranged in rows up to 3 layers. The incubation
period ranged from four to five days with an average of 4.10
± 0.32 days (Table 2). The egg measured 0.2 to 0.4 mm in
length with an average of 0.31 ± 0.06 mm (Table 1). Report on
egg period is not reported in case of this insect on chewing
tobacco but reported in cotton (Patel et al. 1986), castor
(Cardona et al. 2007) and banana (Shukla and Patel, 2011)
which is similar to present findings.
Larva : During its developmental period the caterpillar
moulted five times and had six larval instars. The total larval
period ranged from 15 to 23 days with an average of 19.90 ±
2.33 days (Table 2).
First instar : The newly hatched larvae were initially
sluggish in nature which became active later. Young larvae
were translucent green with dark thorax and having
prominently big head. The larvae were of smooth-skin with
a pattern of red, yellow and green lines, and having a dark
patch on back of the head (mesothorax). The body had a
number of short hairs arising from dark coloured tubercles.
The length of first instar larva varied from 1.1 to 1.7 mm with
an average of 1.33 ± 0.18 mm (Table 1). The duration of first
instar larva ranged from 3 to 4 days with a mean of 3.80 ±
0.42 days (Table 2).
Second instar : As the larva advanced to second instar,
the body grew faster and as a result the body turned wider
than the head. The biggest part of the larval body was the
third and fourth segment from the head. The larva was
translucent light green in colour with prominent setae and
tubercles. Longitudinal light brown stripes (4) found on the
sub-dorsal and lateral sides of abdomen. The spiracles were
black in colour and were more prominent as compared to
the first instar. The length of second instar larva ranged from
2.4 to 3.9 mm with an average of 3.28 ± 0.46 mm (Table 1)
with duration range of 2.00 to 3.00 days (Table 2).
Third instar: The third instar larva was
morphologically similar to that of second instar with
prominent setae and tubercles. The body was elongated and
longer than second instar. The larva was yellowish green in
colour with many scattered black spots on the body. Three
Journal of Eco-friendly Agriculture 9(1) 2014
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thin yellow lines were present in the middle and each sides.
The spiracles were black in colour and are nine in number.
The three pairs of prothoracic legs were distinct. The tip of
the leg was black. Pro legs were situated on the sixth, seventh,
eighth and ninth segments of abdomen. The length of third
instar larval ranged from 7.6 to 8.5 mm (Table 1). The third
instar larvae period (Table 2) varied from 2 to 3days (Av.
2.80 ± 0.42 days).
Fourth instar : The larva was comparatively stout and
long with variations in colour and number of longitudinal
strips. The larva was dark green in colour with many yellow
and green longitudinal stripes. Head and prothoraxic shield
were dark green. Crochets on prolegs were distinct. The body
length of fourth instar larvae (Table 1) ranged from 20 to 24
mm (Av. 22.45 ± 1.19 mm). The duration period of fourth
instar was 2 to 3 days (Table 2).
Fifth instar: Fifth instar larva was almost similar to
fourth instar, except for its size. Colour of fifth instar larva
was yellowish brown with a row of black dots and
conspicuous row of dark triangle, decorated its side on back
of the larva. Head was reddish brown. The tubercles and
thoracic legs were black in colour. The spiracles were very
prominent. The length of fifth instar larva ranged from 31 to
35 mm (Table 1) with duration of 2 to 4 days (Table 2).
Sixth instar : The fully grown larva was stout and
cylindrical, dark brown in colour with numerous transverse
and longitudinal bands. Subdorsal spiracular stripes of
different colours were present. The head of the larva was
dark brown, whereas the thoracic and anal shield and
thoracic legs were black in colour. The length of sixth instar
larva ranged from 38 to 41 mm (Table 1) with life duration
of 4 to 6 days (Table 2).
Head capsule width of larvae after moulting: Head
capsule width of S. litura ranged from 0.2 to 0.32, 0.4 to 0.5,
0.6 to 0.7, 1 to 1.2 and 1.7 to 1.9 mm after 1st, 2nd, 3rd, 4th and
5th moults (Table 3).
Total larval period: The total larval life period lasted
for15 to 23 days with an average of 19.90 ± 2.33 days. The
average duration of six larval instars was 3.8, 2.8, 2.8, 2.7,
3.3 and 4.5 days, respectively (Table 2). Present findings of
six larval instars are in close agreement with the reports of
earlier workers (Patel and Chari, 1987; Soondo, 1999).
Pupa: Pre-pupal stage was characterized by the
shortening of larva in length, suspended feeding and
movement to periphery. The colour of the larva became black
with less prominent stripes. The length of the pre-pupa
ranged from 17 to 22 mm with an average of 19.10 ± 1.58 mm
(Table 1). The duration of pre-pupal period ranged from 1 to
Journal of Eco-friendly Agriculture 9(1) 2014

Table 1. Measurement of different stages of Spodoptera litura
on chewing tobacco
Stage of insect

No.
observed Minimum

Egg
Larva

10
10
10
10
10
10
10
10
10
10

I Instar
II Instar
III Instar
IV Instar
V Instar
VI Instar
Pre- Pupa
Pupae Male
Female

0.2
1.1
2.4
7.6
20
31
38
17
17.8
19.5

Length (mm)
Maximum
Average ±
SD
0.4
0.31 ± 0.06
1.7
1.33 ± 0.18
3.9
3.28 ± 0.46
8.5
8.07 ± 0.28
24
22.45 ± 1.19
35
32.70 ± 1.14
41
39.45 ± 1.14
22
19.10 ± 1.58
20.5
19.08 ± 0.96
24
21.18 ± 1.36

Table 2. Life duration of different stages of Spodoptera litura
on chewing tobacco under laboratory conditions
Stage of insect

Egg
Larva

No.
observed Minimum

I Instar
II Instar
III Instar
IV Instar
V Instar
VI Instar
Total

Pre- Pupa
Pupa
Adult
Male
Female
Entire
Male
life
Female
span

25
25
25
25
25
25
25
25
20
20
10
10
10
10

4.00
3.00
2.00
2.00
2.00
2.00
4.00
15.00
1.00
9.00
5.00
7.00
43.00
45.00

Period (days)
Maximum
Average ±
SD
5.00
4.10 ± 0.32
4.00
3.80 ± 0.42
3.00
2.80 ± 0.42
3.00
2.80 ± 0.42
3.00
2.70 ± 0.48
4.00
3.30 ± 0.67
6.00
4.50 ± 0.71
23.00
19.90 ± 2.33
2.00
1.10 ± 0.32
14.00
13.00 ± 0.82
9.00
6.60 ± 1.26
11.00
9.10 ± 1.20
48.00
45.50 ± 1.58
52.00
48.20 ± 2.10

Table 3. Measurement of head capsule of Spodoptera litura
during different moults on chewing tobacco
Stage of
insect
1st moult
2ndmoult
3rdmoult
4thmoult
5thmoult

No.
observed
10
10
10
10
10

Head capsule width (mm)
Minimum
Maximum
Average ± SD
0.20
0.32
0.25 ± 0.04
0.40
0.50
0.42 ± 0.04
0.60
0.70
0.68 ± 0.04
1.00
1.20
1.08 ± 0.06
1.70
1.90
1.80 ± 0.07

2 days with an average of 1.10 ± 0.32 days (Table 2).
Observation similar to present finding are reported by Shukla
and Patel (2011) on banana but no information in case of
tobacco.
Pupation occurred in the soil. The pupa was elongated
and oval in shape. The eyes and the antennal marks were
prominent. It was light greenish-yellow in colour when
freshly formed but changed to brown within a few hours
and become darker prior to emergence of moth. These
45

M. Latha et al.

findings are in agreement with Cardona et al. (2007).
Abdomen of pupa was distinctly marked into ten segments
with sharp dark brown spine on terminal segment. The
covering of the wing was similarly prominent and was darker
than the rest of the body. The abdomen has movable incisures
with dark spiracles. Six of these spiracles were visible on
either side. Female pupa was longer than male pupa in length.
Pupa was obtect type with the anterior end broad, round
and tapering posterior to a pointed tip. Their legs and
appendages were not capable of free movement. In case of S.
litura the sexes could be easily differentiated at the pupal
stage based on the position of the genital opening. In case of
female, genital opening found on the eighth abdominal
segment like a slit and away from anal slit, whereas in males
the genital slit was on the ninth segment, smaller and closer
to anal slit. The length of the male pupa ranged from 17.8 to
20.5 mm with an average of 19.08 ± 0.96 mm, while it was
found to range from 19.5 to 24 mm with an average of 21.18
± 1.36 mm in case of female (Table 1). The pupal life period
ranged from 9.00 to 14.00 days with an average of 13 ± 0.82
days (Table 2).
Adult: In general the adults emerged from pupa in night
time. The adult females and males were hairy and brown in
colour. The head, thorax and abdomen were distinct. The
antennae and legs were dark brown. It had a very prominent
rounded bluish black eyes occupying almost 1/3 of the facial
head. Two long segmented antennae were located dorsally
on the head and close to eyes. The lower edges of the wings
were surrounded with hair like structure having grey to
brown margins and pale veins.
Male moth was narrower than female and the body
was brown in colour. The male had a bluish streak on the
forewing at the wing base and tip and possesses a prominent
large wide yellow oblique patch while, hindwing were white
in colour with brown border. The length of male and female
moth varied from 15 to 17 mm (average 16.20 ± 0.84 mm) and
17 to 20 mm (average 18.60 ± 1.14 mm). It has been reported
by Robert et al. (2003) that the length of male and female
Spodoptera moths varied from 14 to 17 mm and 15 to 18 mm,
which is almost similar to present findings.
Results presented in Table 4 indicate that the average
pre-mating period was 1.24 ± 0.15 days with a range of 1 to
1.41 days and mating period ranged from 0.25 to 0.37 days
with an average of 0.30 ± 0.06 days. The pre-oviposition period
varied from 1 to 2, ovipositional period 3 to 7 and postoviposition period 1 to 2 days, respectively. The present
observations are in accordance with Cardona et al. (2007) in
case of castor. Similarly, Seth and Sharma (1998) reported
pre-oviposition period as 1.72 ± 0.08 days on castor. Ou-
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Yang and Chu (1991) reported pre-oviposition period of 2
days and oviposition period of 6 days on artificial diet, which
is similar to present findings.
Table 4. Pre-mating, mating, pre- oviposition, oviposition
and post- oviposition periods and longevity of
Spodoptera litura on chewing tobacco
Parameter
Pre-mating period
Mating period
Pre-oviposition period
Oviposition period
Post-oviposition period
Adult
Male
longevity
Female

Minimum
1.00
0.25
1.00
3.00
1.00
5.00
7.00

Period (days)
Maximum Average ± SD
1.41
1.24 ± 0.15
0.37
0.30 ± 0.06
2.00
1.42 ± 0.49
7.00
5.50 ± 1.38
2.00
1.50 ± 0.55
9.00
6.67 ± 1.37
11.00
9.17 ± 1.47

Total life cycle: The total life span of male and female
cut worm varied from 43 to 48 days with an average 45.50
±1.58 days and 45 to 52 days with an average of 48.20 ±2.10
days, respectively. These findings are in line with earlier
reports of Patel and Chari (1987) in case of tabacoo and
Shukla and Patel (2011) in case of banana.
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Biophysical basis of induced resistance as influenced by
bio-rational nutrient management on lepidopteran pests of
soybean
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ABSTRACT
Biophysical basis of induced resistance as influenced by the nourishment in soybean grown under organic and
inorganic situations that imparted resistance to the crop against lepidopteran defoliator and pod borer pests were
studied in the field, during kharif 2010-11. Results revealed the least larval population of Spodoptera litura and
Thysanoplusia orichalcea (0.08 & 2.50 larvae m-1 row length) at 40 DAS and minimum pod damage (3.32%) by Cydia
ptychora in treatments that received 100 per cent N through organic sources. The standard check, i.e., recommended
dose of fertilizers (RDF) + FYM recorded significantly higher larval density (0.17 & 3.28 larvae m-1 row lenght at 40
DAS) and pod damage (5.86%) followed by full inorganic, natural farming and integrated nutrient management. The
studies on biophysical factors showed that the plants which received 100 per cent organics had significantly lower leaf
succulency (78.28%) and maximum leaf thickness (5.69 mg cm-2) at 45 DAS as compared to RDF + FYM (80.03% &
4.91 mg cm-2). There was significant positive correlation between leaf succulency and leaf area with insect activity,
negative with leaf thickness and non-significant between plant height and insect activity.
Key words: Biophysical factors, induced resistance, lepidopteran pests, soybean.

Insect resistance in crop plants is attributed to various
biophysical (Norris and Kogan, 1980; David and
Easwaramoorthy, 1988; Peter et al., 1995) and biochemical
factors. But the expression of biophysical or biochemical
factors is influenced by various factors including the nutrients
supplied to the plants, which in turn influences its resistance
or susceptibility to the infecting herbivores. Incremental doses
of chemical fertilizers though enhance yield, often induces
susceptibility to insect pests (Selvanarayanan et al.. 2009).
Moreover, indiscriminate use of chemical fertilizers and
insecticides has led to problems such as environmental
pollution, low profit from farming, loss in soil fertility,
resistance development etc., (Jayaraj and Ignacimuthu, 2005).
With the increasing relevance of organic farming, biorationalising nitrogen (N) application by amending with
organic manures like compost, vermi-compost, farmyard
manure (FYM), biofertilizers etc. are being popularised.
Hence, it is imperative to investigate the influence of such
bio-rational nutrient management practices on insect
resistant traits in crop plants. Knowledge on the influence of
various bio-rational nutrient management practices on the
biophysical basis of induced resistance in soybean crop
against major defoliators, green semilooper (Thysanoplusia
orichalcea Fab, Lepidoptera: Noctuidae), tobacco caterpillar
(Spodoptera litura Fab. Lepidoptera: Noctuidae) and pod borer
(Cydia ptychora Meyk., Lepidoptera: Torticidae) is lacking.
Hence, the attempt was made to explore the possibility for
©2014

source of resistance in bio-rational nutrient management in
soybean against lepidopteran pests and result thus obtained
are reported.
MATERIALS AND METHODS
The field study was carried out during kharif 2010-11
using soybean variety JS-335 in the organic block of the Main
Agricultural Research Station, University of Agricultural
Sciences (UAS), Dharwad. The experiment was laid out in a
Randomised Complete Block Design with six treatments and
four replications. The plot size of each treatment was 50 x 20
m2. The treatments involved N application, either organically
by bio-rationalising recommended dose of N fertilizer, by
amending one third of N requirement through green leaves
of Glyricidia maculata, one third through vermi-compost and
one third through enriched compost or inorganically (NPK
@ 40:80:25 Kg ha-1 in the form of urea, single super phosphate
and muriate of potash). The treatments were, T1- 75 per cent
N applied through organic sources (balanced to 75 per cent
of the full rate of recommended dose), T2- 100 per cent N
applied through organic sources (balanced to full rate of
recommended dose), T3- completely inorganic (NPK in
inorganic form alone), T4- integrated nutrient management
(50% organic + 50% NPK fertilizer), T5- standard check
(recommended dose of fertilizers, RDF+FYM @ 6 t ha-1) and
T6- natural farming (seed treatment with beejamrut,
jeevamrut application in soil one day after sowing, (DAS)
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and surface mulch with Glyricidia leaves (15-30 DAS). In all
other treatments seeds were treated with Trichoderma
harzianum 4 g Kg-1 and 500 g ha-1 each of Bradyrhizhobium
japonicum and Pseudomonas flurescence. All the recommended
agronomic practices were followed to grow the crop except
the measures for crop nutrition and insect pest management.
Observations on the larval population of the defoliator insect
pests, S. litura and T. orichalcea, were made at five days interval
on three randomly selected spots of one meter row length
(mrl) in each treatment and the per cent defoliation was also
recorded. Data were also recorded on per cent pod damage
due to pod borer, C. ptychora on ten randomly selected plants,
which was calculated using the formula (per cent pod
damage= number of damaged pods/ total number of pods x
100). Biophysical parameters like leaf succulency, leaf
thickness, leaf area and plant height were recorded at 30, 45
and 60 DAS and simple correlation studies were made. Seed
yield from each plot was recorded separately and expressed
as Kg ha-1. The data on the larval population of T. orichalcea
were transformed to square root and of S. litura to square
root+0.5. The per cent pod damage was subjected to arc sin
transformation and analysed using M-STATC software
package by two-way ANOVA.
RESULTS AND DISCUSSION
Insect pest status
The population of defoliators was above economic
threshold level (ETL) at 30 DAS. T. orichalcea crossed ETL
much early, i.e., at 30 DAS, whereas S. litura incidence in

appreciable numbers was noticed at 45 DAS. The larval
population of T. orichalcea ranged from 2.42 to 3.44 larvae
mrl-1 (Table 1). The organic treatments T1 and T2 recorded
lower larval population (2.51 & 2.50 larvae m rl-1) followed
by T3, T4 and T6 (2.94, 2.90 & 2.84 larvae mrl-1) at 40 DAS.
The population was highest (3.28 larvae mrl-1) in standard
check. The trend remained same even at 65 DAS.
The larval population of S. litura varied from 0.00 to
2.25 larvae mrl-1 (Table 2). The initial larval population at
40 DAS was higher in T3- inorganic treatment, T4- INM and
T6-natural farming (0.25, 0.24 & 0.25 larvae mrl-1 ), whereas
at 45 DAS, T1 and T2 recorded significantly lower larval
density (0.08 & 0.25 larvae mrl-1) and was superior to others.
At 50 DAS, larval density was significantly highest in T3
(2.08 larvae mrl-1) followed by standard check (1.78 larvae
mrl-1). The population was significantly less in T2 (0.75 larvae
mrl-1) at 50 DAS and similar trend has been noticed at 55, 60
and 65 DAS too.
The per cent defoliation (Table 3) was least in T1 and T2
(20.30 & 17.46%), followed by T6 (37.43%). Highest defoliation
(66.59%) was recorded in T3. Minimum defoliation in organic
treatments was possibly due to lower activity of defoliator
pests. It could be inferred from results (Table 3) that the
organically nourished soybean (T1 & T2) registered least pod
damage (3.37 & 3.32%) as compared to standard check
(5.86%). Reduced activity of defoliators and pod borers in
soybean (Meenatchi et al. 2010) and S. litura and H. armigera
in groundnut receiving vermi-compost, FYM and neem (Rao,
2003) are reported which is similar to present findings.

Table 1. Activity of Thysanoplusia orichalcea in soybean crop under different nutrient management practices
Treatment
T1- 75% N through
organic nourishment
T2 - 100% N through
organic nourishment
T3 - Completely inorganic
nourishment
T4 - Integrated nutrient
management
T5 - Standard check(RDF+FYM @ 6 t ha-1
T6 - Natural farming
C.D. (p=0.05)

30
DAS*
3.09
(1.75)*
3.12
(1.76)
3.27
(1.81)
3.23
(1.79)
3.15
(1.77)
3.20
(1.79)
NS

Number of larvae per meter row length (mrl-1) at
35
40
45
50
55
60
DAS
DAS
DAS
DAS
DAS
DAS
2.83
2.51
2.51
2.49
2.47
2.45
b
c
c
d
d
(1.68)
(1.56)
(1.58)
(1.56)
(1.56)
(1.57)d
2.81
2.50
2.47
2.45
2.44
2.42
(1.67) b
(1.56)c
(1.57) c
(1.55)d
(1.55)d
(1.53)d
2.87
2.94
2.91
3.11
3.12
3.10
(1.69) b
(1.71)b
(1.69) b
(1.71)b
(1.76)b
(1.753)b
2.83
2.90
2.88
2.95
3.01
3.07
b
b
b
bc
b
(1.68)
(1.70)
(1.69)
(1.75)
(1.73)
(1.746)b
3.16
3.28
3.41
3.44
3.42
3.40
(1.78)a
(1.81)a
(1.84) a
(1.87)a
(1.85)a
(1.841)a
2.83
2.84
2.81
2.79
2.77
2.75
(1.68) b
(1.68)b
(1.68) b
(1.64)c
(1.66)c
(1.651)c
0.22
0.32
0.20
0.27
0.21
0.25

65
DAS
2.44
(1.54) d
2.42
(1.56) d
3.17
(1.78) b
3.11
(1.76) b
3.42
(1.85) a
2.76
(1.66) c
0.23

*DAS- Days after sowing; NS = non-significant; figures in parentheses are ( x ) transformed values; means in the columns followed by same
letters are significant (non-p =0.05) by DMRT
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Table 2. Activity of Spodoptera litura in soybean crop under different nutrient management practices

Treatment
T1 - 75% N through
organic nourishment
T2 - 100% N through
organic nourishment
T3 - Completely inorganic
nourishment
T4 - Integrated nutrient management
T5 - Standard check (RDF+FYM @ 6 t
ha-1)
T6 - Natural farming
C.D. (p=0.05)

40
DAS*
0.00
(0.71)d
0.08
(0.76)c
0.25
(0.87)a
0.24
(0.86)a
0.17
(0.82)b
0.25
(0.87)a
0.04

45
DAS
0.08
(0.76)d
0.25
(0.86)c
0.75
(1.11)a
0.84
(1.16)a
0.54
(1.02)b
0.42
(0.96)b
0.16

Number of larvae (mrl-1) at
50
55
DAS
DAS
0.92
1.33
(1.19)e
(1.35)c
0.75
1.33
f
(1.12)
(1.35)c
2.08
2.13
(1.61)a
(1.62)a
1.50
2.08
(1.41)c
(1.59)a
1.78
2.25
b
(1.51)
( 1.65)a
1.09
1.75
(1.25)d
(1.49)b
0.13
0.25

60
DAS
1.56
(1.43)c
1.44
(1.39)c
2.15
(1.63)ab
2.17
(1.63)a
2.18
(1.64)a
2.03
(1.59)b
0.13

65
DAS
1.92
( 1.55)c
1.83
(1.53)c
2.18
(1.64)ab
2.18
(1.64)ab
2.21
(1.64)a
2.07
(1.60)b
0.12

*DAS = Days after sowing; figures in parentheses are ( x +0.5) transformed values; means in the columns followed by same letters are non significant (p =0.05) by DMRT

Table 3. Per cent pod damage due to Cydia ptychora, defoliation due to defoliators and yield in soybean crop under different
nutrient management practices
Treatment
T1 - 75% N through
organic nourishment
T2 - 100% N through
organic nourishment
T3 - Completely inorganic
nourishment
T4 - Integrated nutrient management
T5 - Standard check- (RDF+FYM @ 6 t
ha-1)
T6 - Natural farming
C.D. (p=0.05)

Pod damage (%)
3.37c
(10.45)
3.32c
(10.48)
4.99ab
(12.90)
4.62abc
(12.39)
5.86a
(14.00)
4.20bc
(11.82)
1.46

Defoliation
(%)
20.30
(26.78)d
17.46
(24.70)d
66.59
(54.69)a
48.83
(44.33)bc
52.63
(46.51)b
37.43
(37.72)c
9.66

Grain yield
(Kg ha-1)
2846.38bcd
2994.25bc
2692.03cd
3204.78ab
3375.75a
2601.38d
347.43

Figures in parentheses are arcsine transformed values; means in the columns followed by same letters are non - significant (p=0.05) by DMRT.

Similarly, crop amended with vermi-compost recorded lower
fruit borer damage in chilli (Gundannavar et al. 2007).
Biophysical factors and its correlation with insect activity
At 30 DAS leaf succulency was significantly highest
(83.64 %) in T3 (Table 4) followed by standard check (81.49%),
whereas organic treatments T1 and T2 had the lowest (79.85
& 79.84%). At 45 and 60 DAS, T3 (82.49 & 75.26%) recorded
significantly highest leaf succulency. Correlation values
50

between leaf succulency and larval population of S. litura
and T. orichalcea (r=0.744 & 0.809) at 60 DAS were
significantly positive (Table 5). There is no information
available on the impact of organics on leaf succulency and
defoliators in soybean crop but Elanchezhyan et al. (2009)
obtained positive significance between moisture content and
fruit borer in brinjal.
The results pertaining to leaf thickness indicated that
the maximum thickness was obtained in organic treatment,
Journal of Eco-friendly Agriculture 9(1) 2014
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Table 4. Biophysical parameters in soybean as influenced by different nutrient management practices
Treatment

T1 - 75% N through
organic nourishment
T2 - 100% N through
organic nourishment
T3 - Fully inorganic
nourishment
T4 - Integrated
nutrient management
T5 - Standard check
(RDF+FYM @ 6 t ha-1)
T6 - Natural farming
C.D. (p=0.01)

Leaf succulency
Leaf thickness
Leaf area
Plant height
(RWC%)
(mg cm-2)
(cm2)
(cm)
30
45
60
30
45
60
30
45
60
30
60
90
DAS* DAS DAS DAS DAS DAS
DAS
DAS
DAS
DAS
DAS
DAS
79.85bc 78.41c 60.55c 3.97ab 5.52b 5.06b 140.36bc 364.23d 483.70c 17.54ab 28.91ab 33.97bc
79.84bc 78.28c 55.78d 3.94ab

5.69a

5.55a

83.64a

82.49a 75.26a 3.81ab

4.86b

4.63bc 186.98a 500.60a 647.56a 19.58a

31.75a 33.25bc

80.45bc 80.62b 67.15b 3.71b

4.98b

4.89b

203.86a 469.36ab 593.93b 19.52a

31.97a

40.64a

81.49b 80.03bc 69.23b 3.83ab

4.90b

4.39c

148.96b 439.59bc 663.92a 18.66ab 32.28a

38.41a

79.03c
2.89

4.91b
0.38

4.85bc 120.78c 373.03d 568.67b 16.49b
0.38
24.11
37.76
33.17
2.03

78.63c 57.87d 4.19a
2.57
3.29
0.38

156.90b

414.91c 508.64c 17.55ab 29.42ab 36.72ab

27.13b
3.23

31.83c
3.95

*DAS = Days after sowing; means in the columns followed by same letters are non - significant (p =0.01) by DMRT

Table 5. Relationship of biophysical parameters of soybean crop under different nutrition with larval density of defoliators
Biophysical
character
Leaf succulency
Leaf thickness
Leaf area
Plant height

Larval density of defoliators (‘r’ value)
Spodoptera litura
Thysanoplusia orichalcea
45
60
45
60
DAS
DAS
DAS
DAS
0.278NS
0.744 *
0.333 NS
0.809*
NS
*
NS
-0.243
-0.778
-0.271
-0.518*
NS
*
NS
0.157
0.777
0.115
0.527*
0.324 NS
0.341 NS
0.256 NS
0.197 NS

Per cent leaf
damage
(‘r’value)
0.778*
-0.632*
0.712*
0.128 NS

* Significant at 1 per cent; NS = Non-significant; DAS- Days after sowing

T2 (5.69 mg cm-2) at 45 DAS (Table 4). Significantly lower leaf
thickness was in standard check at 60 DAS (4.39 mg cm-2).
Correlation studies also indicated a negative relationship
between leaf thickness and larval population of the two
defoliators (r= -0.778 & -0.518) at 60 DAS (Table 5). The
literature pertaining to the effect of organics on leaf thickness
is scanty except a solitary report where rice plants treated
with organic sources of nutrients having maximum leaf
sheath thickness resulted in lowest incidence of major insect
pests of rice (Chandramani et al., 2009). Further, organic
treatments recorded lower leaf area compared to inorganic
treatments in all the crop growth stages. Correlation (Table
5) between leaf area and larval density were positive and
non-significant (r=0.777 & 0.527) at 60 DAS. Literature scan
reveals quite a few reports on positive correlation of leaf area
and soybean looper infestation in soybean (Amjad et al. 2003)
and in brinjal, concerning leaf area and jassid infestation
(Gaikwad et al. 1999; Subbaratnam et al. 1983).
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Studies on the plant height recorded higher values in
standard check at 30, 60, 90 DAS of crop whereas the latter
treatments in turn did not differ significantly with each other
(Table 4). Correlation studies indicated a non-significant
relationship (Table 5) between plant height and larval
population of defoliators (r=0.341 & 0.197). Thus, it revealed
that the plant height does not have impact in inducing
resistance against pest infestation in soybean. There is little
information available in literature on this account in soybean.
However, Majumdar et al. (1984) reported an association
between plant height and leaf folder infestation in rice.
The grain yield of soybean ranged from 2601.38 to
3375.75 Kg ha-1 (Table 3). The standard check registered
significantly higher grain yield 3375.75 Kg ha-1 as compared
to other treatments. However, the organic treatments T1 and
T 2 recorded 2846.38 and 2994.25 Kg ha -1 and was
comparable with standard check.
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It can be inferred from the results of present finding
that the lower lepidopteron pest infestation in soybean crop
nourished with organic amendments can be attributed to
various biophysical factors which is influenced by the type
and availability of nutrients in soil, thus imparting induced
resistance to the crop without compromising yield potential
significantly.
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Seasonal incidence of major insect pests and their natural
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ABSTRACT
The study carried out at Agricultural College, Shimoga during 2009-2010 revealed maximum activity with highest
leaf hopper(Amrasca biguttula biguttula Ishida) population during second fortnight of April (11 three leaves-1 plant-1)
aphid, Aphis gossypii Glover (23.33 three leaves-1plant-1) during second fortnight of March, lacewing bug, Urentius
hystricellus Richter during October first fortnight (9.33 three leaves-1 plant -1 ), Epilachna beetle (Henosepilachna
vigintioctopunctata Fabr. (35.33 plant-1) during August first fortnight.The incidence of shoot and fruit borer (Leucinodes
orbonalis (Guen)) on shoot and fruit was maximum (22.68 and 22.7 %) during second fortnight of August and
October, respectively. Among natural enemies, the incidence of predatory coccinellids was maximum (1.47 plant-1)
during second fortnight of March and that of spiders during first fortnight of April (1.87 plant-1). Materological
parameters with respect to their influence on maximum and minimum incidence of insect pests are described in detail
Keywords: Seasonal incidence, brinjal, natural enemies

Brinjal fruit is primarily consumed as cooked vegetable
in various ways and the dried plants are used as fuel in
rural areas. It contains mostly water, some protein, fiber,
carbohydrates and is low in calories and fats. The global
area under its cultivation has been estimated at 1.85 million
ha with total production of about 32 million MTs (FAO data,
2005, http://faostat.fao.org/). India, occupying an area of
566.1 thousand hectares, produced 9595.8 thousand MTs
during 2007-08. The crop is attacked by more than 70 insect
pests (Subbaratnam and Butani, 1982), of which the major
ones are the shoot and fruit borer (Leucinodes orbonalis Guen),
stem borer (Euzophera perticella Ragonot), leaf hopper
(Amrasca biguttula biguttula Ishida), aphid (Aphis gossypii
Glover), leaf roller (Antoba olivacea Walker), leaf beetle
(Henosepilachna vigintiopunctata Fab), whitefly (Bemisia tabaci
Gennadius), lace wing bugs (Urentius echinus Distant and U.
sentis Distant) , mealy bug ( Coccidohystrix insolitus Green :
Pseudococcidae) and red spider mite (Tetranychus macfurlanei
Baker and Pritchard) which cause about 70-92 per cent loss
in the fruit yield (Vevai, 1970). The losses caused by brinjal
pests vary from season to season depending environmental
factors as reported by Gangawar and Sachen (1981) and
Patel et al., 1988. Meteorological parameters play a pivotal
role in the biology of any pest. Temperature is the most crucial
abiotic factor influencing the life of organisms. It is between
any single climatic factor and pest activity because the impact
of weather elements on pest is usually confounded (Narendra
Reddy et al., 2001). However, temperature, rainfall, relative
humidity and wind speed are the chief weather parameters
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that largely direct the activity of a given species of insect.
The interaction between pest activity, biotic and abiotic
factors helps in deriving predictive models that aids in
forecast of pest incidence.
MATERIALS AND METHODS
Study on the effect of weather parameters on major insect
pests of brinjal and their natural enemies was conducted at
fortnightly intervals during 15-02-2009 to 1-02-2010 by
following standard procedures. An unprotected crop of
brinjal cultivar Mysore green long was raised in 5 x 5 m2
plots in three replications. The occurrence/incidence of
selected pests were recorded. Observations on the population
of sucking insect pests were recorded on three leaves, one
each from top, middle and bottom canopy of the five plants
selected randomly in each replication. The incidence of
Epilachna beetle was recorded from selected five plants
randomly. Total number of active form of beetle were counted
and expressed in terms of beetles per plant. The incidence of
brinjal shoot and fruit borer on shoot and fruit was recorded
by counting total number of damaged and healthy shoots
and fruits. The population of natural enemies was also
recorded on five plants selected randomly in each replication
and the population plant-1 was calculated. Abiotic factors
i.e. maximum and minimum temperature, relative humidity
and rainfall were recorded from meteorological observatory,
Agriculture College, Shimoga, during all the three seasons.
The data obtained on pest density were correlated with
abiotic factors.
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RESULTS AND DISCUSSION
A)

Leaf hopper, Amrasca biguttula biguttula

The leaf hopper population ranged from 0.07 to 11.00
leaf hopper 3 leaves-1 plant-1. The highest population of 11.00
leaf hopper 3 leaves-1 plant-1 was observed during April
second fortnight, while the lowest (0.07 leaf hopper 3 leaves1
plant-1) was during August second fortnight. Incidence of
leafhopper was not noticed in July second fortnight.(Table.
1) The multiple correlations between the populations of leaf
hopper in relation to weather parameters indicated
significant positive correlation with maximum temperature
(0.63*), while it was non-significant with minimum
temperature (0.03) and relative humidity (0.17). However,
correlation with rainfall was significant and negative with
the population (-0.56*) (Table 2). The coefficient of
determination (R2) for leafhopper population was 0.83,
which showed that the abiotic factors together were able to
explain the variation in the population of A. biguttula biguttula
to the extent of 83 per cent (Table. 4). The present findings
are in close conformity with that of Senapati and Mohanty
(1980) who reported that leafhopper population decline from
April to July and increase further from January to March.
The results indicated significant positive relationship
between the leaf hopper population with coccinellid (0.67)
and spider’s population (0.54). This is in agreement with
the findings of Chinnababu et al., 2009.
B)

Aphid, Aphis gossypii Glover

The aphid population ranged between 0.07 to 23.33
three leaves-1 plant-1, the lowest being during October first
fortnight and May second fortnight and the maximum during
March second fortnight (Table 1). The population declined
drastically through May second fortnight to September
second fortnight. This may be due to the continuous rainfall
received during the period. The coefficient of determination
(R2) for aphid population was 0.80. This showed that the
abiotic factors together were able to explain the variation in
aphid population to the extent of 80 per cent (Table. 4). The
present findings are in close conformity with the finding of
Roy and Behura (1979). Heavy infestation was observed
during September-November and March- April. The
significant positive correlation of aphid population with
maximum temperature (0.41*) and significantly negative
association with rainfall (-0.57*) are in agreement with the
finding of Singh et al., 2000.
C)

Lacewing bug. Urentius hystricellus

The lacewing bug incidence was noticed from August
first fortnight to January first fortnight with its peak
population noticed during October first fortnight (9.33 three
54

leaves-1 plant-1) and declined their after (Table. 1). It is evident
from the data that the population build up is associated with
the decrease in temperature. The present findings are in close
conformity with the findings of Singh and Mann (1986) who
reported that all the stages of the bug were present during
May to September while during October and April only adult
stage was found, because the later undergo hibernation in
the plant debris from November through March.
D) Epilachna beetle, Henosepilachna vigintioctopunctata
(Fab.)
The incidence of H. vigintioctopunctata with a
population of 35.33 beetles plant-1 was noticed during
August first fortnight. Steady decline in population was
noticed from July second fortnight to November second
fortnight (Table. 1) and fluctuated without a definite pattern
thereafter depending on temperature. The coefficient of
determination (R2) for Epilachna beetle population was 0.50,
which showed that the abiotic factors together were able to
explain the variation in the population of Epilachna beetle to
the extent of 50 per cent (Table. 4). The present findings are
in close conformity with the finding of Sunil kumar and
Senpati (2001) who reported beetle activity from April to
middle October. Significantly negative correlation of
Epilachna population with maximum temperature (-0.53*)
and minimum temperature (-0.42*) was in agreement with
the finding of Masarrat et al. (2009).
E)

Shoot and fruit borer Leucinodes orbonalis (Guen)

The incidence of L. orbonalis on shoot was maximum
(22.68%) during August second fortnight and lowest (1.21%)
during November first fortnight. On initiation of flowering
the pest infestation on the shoot continuously declined and
at this critical stage the infestation shifted over to flower and
fruit. The incidence on fruit was maximum (22.77%) during
October second fort night and the lowest (0.00 %) during
February second fortnight, January first fortnight and
February first fortnight (Table. 1). It was evident from the
data that low temperature gradient and moderate rainfall
favored shoot and fruit borer out break. Its incidence showed
positive correlation with maximum temperature (0.02),
minimum temperature (0.17) and rainfall (0.01), while relative
humidity showed negative relationship with shoot
infestation (-0.10).The incidence on fruits was correlated
significantly positive with minimum temperature (0.48*),
while maximum temperature (0.05) and rainfall (0.01) was
positive(Table. 2). However, the relative humidity (-0.06) was
negatively correlated with fruit infestation. This was in
agreement with the finding of Sunil and Senapati (2009).
The coefficient of determination (R 2) for shoot borer
population being 0.14 and fruit borer population 0.29,
Journal of Eco-friendly Agriculture 9(1) 2014
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indicated that the abiotic factors together were able to explain
the variation in the population of shoot and fruit borer to the
extent of 14 and 29 per cent.) (Table. 4)
F)

Natural enemies

The coccinellids, Menocheilus sexmaculata and Coccinella
septumpunctata were constantly associated with sucking pests
feeding upon eggs, nymphs and adults of jassid and aphid.
The coccinellids population was maximum during March
second fort night (1.73 plant-1) and minimum (0.13 plant-1)
during June second fortnight. The spiders population was
maximum during April first fort night (4.13 plant-1), and
minimum (0.20 plant -1) during June first fortnight. It was
evidently low or nil during rainy season (Table. 1). The
coccinellid population showed significantly negative
association with rainfall (-0.43*). The present findings are in
close agreement with the finding of Sunil et al. (2007) who
reported that the peak population of coccinellid was recorded
during middle of March and that coccinellid population had

Table 2. Correlation between brinjal pests, natural enemies
and weather parameters
Insects
Leaf hopper
Aphids
**Shoot
borer
**Fruit
borer
Epilachna
beetle
Lace wing
bug
Coccinellids
Spiders

Temp.
Max.
Min
0.63*
0.03
0.41*
-0.36
0.02
0.17

Avg. RH(%) Rainfall
0.17
0.29
-0.10

-0.56*
-0.57*
0.30

0.05

0.48*

-0.06

0.01

-0.53*

-0.42*

0.05

0.48*

-0.55*

0.03

0.39

-0.01

0.30
0.36

-0.26
0.24

0.26
0.20

-0.43*
-0.42*

* Significantly correlated at 5%. Table 'r' value = 0.404
**- Per cent incidence

Table 1. Seasonal incidence of major insect pests and their natural enemies on brinjal at Shimoga (Karnataka)
Period of Mean no. of
observation leaf hopper
3 leaves-1
plant-1 *
Feb II,2009
6.13
Mar I
6.00
Mar II
10.07
April I
8.67
April II
11.00
May I
10.40
May II
0.27
June I
0.47
June II
1.27
July I
0.20
July II
0.00
Aug I
0.80
Aug II
0.07
Sep I
0.20
Sep II
0.40
Oct I
0.67
Oct II
1.47
Nov I
1.07
Nov II
1.60
Dec I
2.13
Dec II
3.40
Jan I, 2010
2.60
Jan II
5.33
Feb I
7.27

Mean no.
of aphid
3 leaves-1
plant-1*
19.40
21.20
23.33
12.80
15.93
10.53
0.07
0.40
0.00
0.00
0.00
0.60
0.09
0.11
0.10
0.07
0.33
1.00
1.47
5.40
10.47
5.47
10.87
13.07

Mean no. of
lacewing bug
3 leaves-1
plant-1*
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.80
0.73
2.47
7.87
9.33
6.67
7.33
3.60
2.33
2.53
0.40
0.00
0.00

Infestation (%)
Shoot
Fruit

4.89
7.33
12.89
15.89
18.68
6.46
9.49
4.89
3.34
14.21
11.51
19.82
22.68
14.16
5.85
1.48
5.25
1.21
2.33
7.50
8.43
4.91
6.22
0.00

0.00
0.00
5.00
7.90
9.00
14.20
15.55
10.20
7.27
4.52
0.00
0.00
0.00
14.30
10.48
15.42
22.27
13.24
8.72
14.51
7.97
3.61
3.24
0.00

Beetles
plant-1*

Mean no. of
Coccinellids
plant-1*

Spiders
plant-1*

20.20
2.47
1.27
0.87
0.80
0.53
1.73
1.27
35.07
31.53
35.33
23.07
20.13
16.40
11.27
9.13
5.03
1.80
2.87
7.07
1.53
2.73
10.73

1.47
1.73
1.07
1.2
0.87
0.53
0.33
0.13
0.07
0.00
0.4
0.47
0.53
0.67
0.2
0.00
0.00
0.00
0.93
1.33
0.73
0.33
0.27

0.73
1.07
4.13
1.87
0.73
0.33
0.2
0.27
0.47
0.00
0.00
0.00
0.27
0.00
0.33
1.27
1.8
2.07
1.2
0.47
0.53
1.13
1.87

Mean of three replications; five plants/replication
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the negatively correlation with rainfall. The coccinelid
population showed a significant positive correlation with
leafhopper (0.67*) and aphid (0.82*). The spider population
registered a significant positive correlation (0.54*) with leaf
hopper population (Table. 3).
Table 3. Correlation between brinjal pests and natural
enemies
* Significantly correlated at 5%
Predators

Coccinellids
Spiders

Leaf
Aphids Shoot
hopper
borer
0.67*
0.54*

0.82*
0.37

0.26
-0.05

Fruit
borer

Epilachna
beetle

-0.20
0.11

-0.18
-0.46

Lace
wing
bug
-0.33
-0.03

Table ‘r’ value = 0.404

Table 4. Multiple linear regression coefficients between
abiotic factors and the insect pests on brinjal
Where;

Pests
Leaf
hopper
Aphid
Lacewing
bug
Shoot
borer
Fruit borer
Epilachna
beetle

Regression Equation
Y=-93.29+3.50X1-4.08X2+0.83X3-0.18X4

R2
0.83

Y=-88.51+1.88X1-0.70X2+0.55X3-0.04X4
Y=-0.74-0.91X1+1.04X2+0.15X3-0.01X4

0.80
0.44

Y=-69.14+0.51X1+1.00X2+0.50X3+0.49X4

0.14

Y=-44.95-0.75X1+3.14X2+0.12X3-0.038X4
Y=-140.99-1.82X1-2.95X2-0.14X3+0.81X4

0.33
0.50

X1- Maximum temperature
X2- Minimum temperature
X3- Relative humidity
X4- Rain fall
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ABSTRACT
Relative toxicity of neem oil and azadirachtin (1%) along with sweet flag, Acorus calamus to nymphs of Asian citrus
psyllid (Diaphorina citri Kuwayama), citrus blackfly (Aleurocanthus woglumi Ashby) and larvae of leaf miner (Phyllocnistis
citrella Stainton) as against dimethoate was determined. Based on LC50 values dimethoate was more toxic. However,
neem oil, azadirachtin (1%) and sweet flag were 0.22, 0.41 and 0.91 times more toxic to Asian citrus psyllid nymphs,
0.17, 0.44 and 0.46 times more toxic to blackfly nymphs and 0.33, 0.66 and 0.58 times toxic to larvae of leaf miner,
respectively. The field experiment conducted during 2007-09 on efficacy of botanicals viz., neem oil and azadirachtin
(1%), sweet flag, neem soap and pongamia soap against Asian citrus psyllid, blackfly and leaf miner showed that
neem soap and pongamia soap followed by neem oil and azadirachtin were effective in reducing the citrus leaf miner,
Asian citrus psyllid and citrus blackfly population considerably.
Key words: Relative toxicity, Efficacy, neem, botanicals, Asian citrus psyllid, citrus blackfly, leaf miner

Citrus plantation suffers heavily due to the insect pests
like Asian citrus psyllid (Diaphorina citri Kuwayama), citrus
blackfly (Aleurocanthus woglumi Ashby) and leaf miner
(Phyllocnistis citrella Stainton). Asian citrus psyllid is one of
the serious most insect pests of citrus grown across India
(Shivankar and Rao, 2010). Citrus blackfly infests Nagpur
mandarin (Citrus reticulata Blanco) and is endemic to Nagpur,
Katol, Narkhed (Nagpur Distt.), Warud, Morshi (Amravati
Distt.) and Arvi (Wardha Distt.) of Vidarbha region in
Mahrashtra. It causes cognizable threat to citrus cultivation
in central India (Thakre et al., 1984). Similarly, leaf miner
infests more than 80.0 per cent nurseries in central India
(Kalidas and Shivankar, 1994). Of the total damage caused
by the citrus pest complex, 30.0 per cent is claimed by citrus
leaf miner alone. The pest assumed epidemic status in Warud
area of Vidarbha in 1981 summer with more than 87.0 per
cent leaf damage.
A number of synthetic insecticides have been evaluated
against Asian citrus psyllid (Singh et al., 1995; Patel et al.,
1998), blackfly (Shivankar and Singh, 2000; Katole et al., 1994)
and leaf miner (Radke and Kandalkar, 1990; Katole et al.,
1993). However, a safer, cheaper and effective alternative to
synthetic insecticides is the need of the hour. In this context,
neem based products may play a key role in sustainable
citriculture. Therefore, critical studies on relative toxicity and
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efficacy of neem products against blackfly, psylla and leaf
miner were carried out.
MATERIALS AND METHODS
Insect culture: The seedlings of rough lemon, Citrus
jambheri Lush., Rangpur lime, Citrus limonia L. and acid lime,
Citrus auarantifolia Swingle, maintained in the cage house,
were pruned at staggered intervals so that new flush is
available for release and multiplication of pure culture of
Asian citrus psyllid, blackfly and leaf miner round the year.
Citrus leaves / twigs infested with Asian citrus psyllid,
blackfly and leaf miner were collected from the field and
kept in BOD. The emerged adults were released on the
rootstock and acid lime seedlings.
Bio-assay: The test neem products viz., neem oil (crude
extract), azadirachtin (1%) along with dimethoate 30EC were
diluted to different concentrations using the commercial
grade compound with distilled water. In case of sweet flag
(Acorus calamus), shade-dried rhizome was extracted in
ethanol and stock solutions were prepared. Citrus twigs
infested with second instar nymphs of Asian citrus psyllid,
first instar nymphs of blackfly and second instar larvae of
leaf miner were considered for bioassay studies following
direct spray method. Selected citrus twigs with respective
insect pest infestations were secured in a conical flask (25ml
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capacity) with its cut end dipped in water. Each treatment
was uniformly sprayed on citrus twigs with respective insects
using hand atomizer. Mortality counts were taken 48 hours
after treatment and moribund insects were considered as
dead. The mortality data obtained were subjected to probit
analysis (Finney, 1971) to get LC50 values from which the
relative toxicity values were calculated by taking LC50 values
of dimethoate as unity.
Field Evaluation: Field trial of neem oil, azadirachtin
along with neem soap and pongamia soap at determined
doses, against targetted insect pests, was conducted in a 10
year old orchard of acid lime, Citrus aurantifolia cv. Pramalini
during Ambia (Spring) 2007, 2008 and 2009 at Experimental
Farm of NRC for Citrus, Nagpur. The test products viz., neem
oil, azadirachtin (1%) along with dimethoate 30 EC were
procured from the market. In case of sweet flag (Acorus
calamus), shade-dried rhizome was extracted in ethanol
whereas neem soap and pongamia soap were procured from
IIHR, Bangalore. The experiment was laid out in completely
randomized block design and the treatments were replicated
three times. Each replication consisted of two trees.
Observations were taken on population of Asian citrus
psyllid, blackfly and leaf miner at 3,7,11 and 15 days after
the treatment. Reduction in Asian citrus psyllid, blackfly
and leaf miner population was computed in to percentages.
RESULTS AND DISCUSSION
Relative toxicity
The data on relative toxicity of different neem products

to second instar nymphs of Asian citrus psyllid, first instar
blackfly nymphs and second instar larvae of leaf miner was
in the order of toxicity as follows: dimethoate > azadirachtin
> neem oil> sweet flag (Table 1).
Field Evaluation
Per cent reduction of Asian citrus psyllid, blackfly and
leaf miner population was consistently more in dimethoate
than the botanicals irrespective of days after treatment
(pooled mean : % reduction - 46.1, 40.0 and 72.3%,
respectively).
Asian citrus psyllid: Neem soap and pongamia soap
gave consistent per cent reduction of the Asian citrus psyllid
nymphs upto 15 days after treatment (DAT). Highest per
cent reduction was observed with neem soap (pooled mean:
34.7%) followed by pongamia soap (34.2%). Neem oil and
azadirachtin was on par (32.7%) (Fig.1). Least per cent
reduction of the Asian citrus psyllid population was
obtained with sweet flag (21.6%).
Citrus blackfly: Per cent reduction of citrus blackfly
was highest in neem soap treatment (pooled mean: 31.5%)
followed by neem oil (30.5%), pongamia soap (30.4%) and
azadirachtin(30.0%) (Fig.2). From the data recorded at 3, 7,
11 and 15 DAT, all the botanicals were effective in reducing
blackfly population upto 11 DAT. Beyond this, their effect
on the target pest was insignificant.
Citrus leaf miner: Highest per cent reduction (pooled
mean) was obtained with neem soap (54.1%) followed by

Table 1. Toxicity of neem products against nymphs of Asian citrus psyllid, citrus blackfly and citrus leaf miner
Treatments
Asian citrus psyllid
Neem oil
Azadirachtin (1%)
Sweet flag
Dimethoate 30 EC
Citrus blackfly
Neem oil
Azadirachtin (1%)
Sweet flag
Dimethoate 30 EC
Citrus leaf miner
Neem oil
Azadirachtin (1%)
Sweet flag
Dimethoate 30 EC
*%
58

Heterogenity
X2

Regression equation
(y=)

LC50
ml/L

Fiducial limits

Relative
toxicity

4.02
5.53
0.38
4.39

1.41+0.38x
0.87+1.87x
1.18+1.21x
1.56+0.05x

6.76
3.65
1.63 *
1.49

5.23 – 8.74
2.54 – 5.25
1.17-2.26
1.19 – 1.87

0.22
0.41
0.91
1.0

4.41
2.83
0.38
4.84

1.23+0.26x
1.30+0.53x
1.17+1.0x
1.24+1.05x

6.87
2.71
2.58*
1.19

5.03 - 9.38
2.0 - 3.66
1.54 - 4.35
0.87 - 1.6

0.17
0.44
0.46
1.0

7.07
0.94
0.61
0.87

1.29+0.11x
1.37+0.25x
0.98+1.57x
1.51+0.03x

6.05
3.02
3.40*
1.98

4.18-8.77
2.02-4.52
1.22-9.47
1.49-2.63

0.33
0.66
0.58
1.00
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pongamia soap (52.8%), neem oil (49.9%) and azadirachtin
(49.5%) and lowest with sweet flag (21.6%) (Fig.3). All the
botanicals, except the sweet flag, were effective in reducing
the leaf miner population upto 15 DAT.
The laboratory bioassay studies conducted to assess
the relative toxicity of neem oil and azadirachtin (1%) along
with sweet flag on nymphs of Asian citrus psyllid, citrus
blackfly and larvae of leaf miner showed that irrespective of
the test insects, highest toxicity was recorded with
dimethoate. Azadirachtin was relatively more toxic to the

test insects than neem oil followed by sweet flag. The
experiment showed that neem soap and pongamia soap
followed by neem oil and azadirachtin were effective in
reducing the citrus leaf miner, Asian citrus psyllid and citrus
blackfly population.
Neem based products have been reported to be effective
in managing the immature stages of sucking insect pests as
well as the lepidopterans. Use of neem kernel extract or neem
cake in citrus gardens reduces psyllid population. Compared
to broad spectrum chemical insecticides, neem formulations
were found effective (Savithri et al., 1997). Azadirachtin
(0.03%) and neem oil achieved high level of control (around
90.0%) against citrus psylla and was on par with the
insecticides tested (Chakravarthi et al., 1998). Pongamia,
mahua and neem oils has been reported to be effective against
citrus leaf miner (Katole et al., 1993) while neem seed kernel
(2.0%) was more effective than neem, mahua, pongamia oils
(2.0% and 4.0%) and pongamia seed extracts (2.0%) is
reported against citrus leaf miner on lime (Jothi et al., 1993,
Bono, 1997, Howard, 1995).
Although dimethoate was found to be the most effective
and superior treatment against the targetted insect pests, the
neem based products with next best results would be an
alternative especially when the pest population is low and
when there are chances of development of resistance owing
to continuous exposure to insecticides.
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ABSTRACT
Fluorescopic determination of AG group, using specific primers in Rhizoctonia solani isolates collected from conventional
and organically cultivated rice, maize and soybean crops in north east India revealed predominance of AG 1-1A and
AG 1-1B anastomosis groups in isolates from conventionally cultivated rice, maize and soybean crops, respectively.
Similar groups predominanted in organically cultivated rice and soybean also. ITS 1-5.8S-ITS 2 nrDNA sequences of
rice, maize and soybean isolates also used for phylogenetic analysis using maximum parsimony, clearly indicated the
presence of AG1-IA on rice and maize and AG 1-IB on soybean. AG determination using specific primers proved that
isolates from rice and maize were AG 1-IA while AG 1-IB from soybean.
Key words: Rhizoctonia, AG group, Phylogenetic, organic

Rice, maize and soybean crops are of immense
importance in enhancing food security of rural households
in northeast India. Soybean enhances nitrogen status of the
soil through nitrogen fixation (Jaiswal et al., 2011). The
diseases caused by Rhizoctonia sp., a soil borne fungal
pathogen existing in nature in different groups in terms of
nuclei in its cells, as well as its cultural features, hosts and
virulence, cause huge losses on these crops. The most
common diseases in rice are the sheath blight, sheath spot,
and aggregate sheath spot disease. Rice sheath blight
continues to be a major problem in rice production in India
(Dagupta and Vilgalys, 1997; Roy, 1993; Premalatha, 1990).
R. soloni is the most common belonging to multi-nucleate
Rhizactonia group. The host specific toxin which is a
carbohydrate containing glucose, mannose, Nacetylgalactosamine, and N-acetylglucosamine has been
identified from R. solani (Vidhyasekaran et al., 1997). R. oryzaesativae detected on rice, is known to cause aggregate sheath
spot of rice (Neeraja et al., 2002). In few studies, R. oryzaesativae was reported to be weakly pathogenic as compared
to R. solani (Taheri et al., 2007). Even subgroup IB and IC of
AG 1 detected on rice was reported to be pathogenic (Taheri
et al., 2007). R. zeae and R. solani AG 2 and AG 4 cause root rot
of corn (Sumner and Bell 1982). R. zeae is also reported to
cause ear and stalk rot of maize (McGee, 1988). According to
Carling et al., 2002 R. solani contains 13 AG groups and AG
BI (bridging isolate). They further proposed that AG-BI
should be redefined as a subset of AG-2. Apart from using
AG tester isolates, other methods like pectic zymograms
(Cruickshank, 1990; Macnish et al., 1993), PCR-RFLP
(Guillemaut et al., 2003), fatty acid profiles (Priyatmojo et al.,
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2002) and rDNA ITS sequencing are being used for
classifying Rhizoctonia (Sharon et al., 2006). Specific primers
for detection of various AG’s and subgroups have also been
devised and used successfully for identification (Matsumoto
2002; Carling et al., 2002; Matsumoto and Matsuyama 1998).
This method is more promising as tester isolates and
sequencing is not required. Many a times hyphal anastomosis
reaction based method is occasionally imprecise and
considered to be subjective. Although studies related to AG
grouping and population studies in South India have been
made (Linde et al., 2005; Taheri et al., 2007), this information
is lacking in northeast India. Therefore, detailed studies on
presence of R. solani or others like R. oryzae sativa, R. oryzae,
R. zeae in the area, to find out the spectrum of R. solani AG
groups and subgroups in the three important crops and to
observe difference, if any, between the AG groups on organic
and conventional agriculture using molecular tools were
made .
MATERIALS AND METHODS
R. solani isolates were obtained through isolations from
different symptomatic parts of rice, maize and soybean crops
on PDA amended with streptomycin (100 ppm). Nuclear
number was confirmed using DAPI (2-(4-amidinophenyl)1H -indole-6-carboxamidine) (Roche, Germany) staining
(Kulik and Dery 1995). Nikon Eclipse 80i equipped with
camera Nikon DS Ri1-U2 and NIS-Elements AR imaging
software was used for fluorescent microscopy.
AG
determination
based
on
specific
primers for subgroup IA and IB of AG1. The primers
used were 5-CTCAAACAGGCATGCTC-3, 5-
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CAGCAATAGTTGGTGGA-3 and 5-AAGGTCCTTT
GGGGTTGGGG-3 (Matsumoto, 2002). ITS 1, 2 and 5.8 S
sequence of rDNA of a rice isolate was also amplified using
universal primers ITS 1 and 4 (White et al., 1990). Mycelium
obtained after multiplying fungus on potato dextrose broth
for 4 days was used for DNA isolation using standard
phenol-chloroform extraction method. Reaction volume used
was 50 µl containing template DNA, Master mix (Fermentas,
Vilnius, Lithuania) and primers. Cycling conditions were 5
min initial denaturation at 94ºC, denaturation at 94ºC for 1
min, 52ºC for annealing (30 s) and 72º C (1 min) for extension
and final extension step of 7 min at 72º C. PCR was done in
a thermal cycler 2720 (Applied Biosystems). PCR amplified
products were checked through electrophoresis using
ethidium bromide, band identification and validation was
done under UV transillumination. PCR products, one isolate
each, obtained from rice, soybean and maize were sequenced
using universal primers ITS1 and 4. Living culture of rice
isolate has also been deposited (NFCCI-2662) in MACS
Agharkar Research Institute, Pune, India. Phylogenetic
analysis was conducted using MEGA 5.03 (Tamura et al.,
2011), alignment was also done in MEGA. The Maximum
Parsimony (MP) tree was obtained using the Close-NeighborInterchange algorithm in which the initial trees were obtained
with the random addition of sequences (Felsenstein, 1985;
Tamura et al., 2011).
RESULTS AND DISCUSSION
Fluorescence microscopy revealed the isolates to be
multinucleate. Hyphae were observed branched at 900 with
lateral branches having constriction at the point of origin.
Branching was present near the distal septum in case of
young hyphae. Cortex and medulla differentiation was not
present in sclerotia. Hyphal diameter was 6-9 µm. These
characters putatively identified the isolates as
Rhizoctonia solani Kühn [teleomorph = Thanatephorus
cucumeris (A. B. Frank) Donk] (Sneh et al., 1991).
All the isolates from rice and maize gave a specific pcr
product when specific primers for AG 1-IA were used and
only single band was observed in all the cases. Isolates from
soybean gave a pcr product of size ~ 300 bp when specific
primers for AG 1-IB were used. In this case also a single
band was observed. The ITS (integral transcribed spacers)
sequences from the rice, maize and soybean isolates have
been deposited in Genbank (JQ 675537, JX 089962 and JX
911746). MP analysis placed isolates of rice and maize in
AG 1-IA clade and of soybean in AG 1-IB (1000 replicates).
ITS sequence of Athelia rolfsii (AY684917.1) was used to root
the tree.
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The study indicates that AG 1-IA is the most dominant
group on conventionally grown maize and rice crop grown
under conventional as well as organic system of cultivation.
AG 1-IB dominance was registered on soybean under both
the system of cultivation (Table 1). The studies also confirm
the usefulness of the primers (developed by Matsumoto,
Table 1. AG groups of the isolates from rice, maize and
soybean

Source
Maize leaf
”
Cob
Maize leaf
”
”
Maize leaf (RCM 76)
Maize leaf
Maize leaf (RCM 1-3)
Maize Cob
Rice leaf (Shah Sarang)
” (local variety)
” (IR64)
”
(Shah Sarang, organic plots)
Soybean leaf
”
(organic plots)
”
”

AG 1 subgroup
AG1- IA
”
”
”
”
”
”
”
”
”
”
”
”
”
AG1- IB
”
”
”

2002) in direct detection of AG 1-IA and IB that obviate the
need for anastomosis reactions and sequencing of ITS region
of nrDNA. This enhances the diagnostic capability in the
areas where sequencing is considered costly and availability
of tester strains is a problem. Identification of R. solani isolates
of AG 2-2 IIIB group on Canavalia ensiformis, Sechium edule,
Glycine max and Dolichos lablab, AG 1-1A on Zea mays, AG
4HG-II on a weed Galinsoga parviflora based on anastomosis
reactions in our earlier studies during 2008 and AG 2-1 on
Ctenanthe oppenheimiana by Baiswar et al., 2010 a,b indicated
that there is a wide diversity present in northeast India
however, limited on rice, maize and soybean. AG 1-IB seemed
becoming more prominent on Glycine max. No AG 2-2 IIIB
group on soybean sample from Meghalaya, India could be
detected. Recent detection of this subgroup on Basella alba,
Mucuna pruriens and Tagetes patula (using ITS region of nr
DNA) and on few other plant species also indicates that this
subgroup is becoming prominent and IA subgroup continues
to be prominent on maize and rice. The same AG subgroups
exhibited prominance on rice and soybean in organic system
of cultivation also.
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Efficacy of fluorescent pseudomonads (Pf1) formulations in
the management of sheath blight disease of rice
Jyoti Jain* and Jagjeet Singh Lore
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ABSTRACT
The field trial revealed that the foliar spray of conventional fungicides hexaconazole and triclazole (0.1%) although
exhibited their superiority in managing 77.23 and 61.54 per cent incidence of sheath blight disease in rice, the seed and
seedlings treatment followed by soil and foliar application of liquid formulation of bacterial bio agent, Pseudomonas
fluoroscence leading to 59.6 per cent mean disease control and grain yield (6.15 t ha-1), almost at par with hexaconazole
(6.4 t ha-1), appeared promising.
Key Words: Rice, Sheath blight, Rhizoctonia solani, Pseudomonas fluorescence.

Sheath blight disease (ShB) in rice caused by the
soilborne fungal pathogen, Rhizoctonia solani Kuhn, is one of
the most devastating diseases causing highest yield loss (6%)
across all the production situations in south and Southeast
Asia (Savary et al., 2000) and threaten rice production
worldwide. Susceptible cultivars grown under favourable
environmental conditions without timely control measures
are reported to loose upto 50 per cent of rice grain yield
(Limeng et al., 2011). Its management relies primarily on an
integration of chemicals and cultural practices. Fungicides
efficient in controlling the disease are available but field
scouting, their untimely application to flooded rice fields
and increase in production cost limit the success (Pinson et
al., 2005). Besides, indiscriminate use of chemicals being
highly hazardous to living beings affect the microbial
population present in the ecosystems adversely. Its
management through use of resistant cultivars because of
inadequate level of host resistance has not been successful
and no rice variety immune to ShB have been reported till
date (Srinivasachary 2012).
The biological management of the disease, as a suitable
alternative to fungicides, appears most imminent and
promising. Fluorescent pseudomonads are a group of PGPR
that can promote growth and suppress plant pathogens.
Their applicability as biocontrol agents has drawn wide
attention because of production of secondary metabolites
such as siderophores, antibiotics, volatile compounds, HCN,
enzymes and phytohormones (Gupta et al., 2001). Many
workers have pointed out the mechanisms of disease
suppression by rhizobacteria for antagonizing soil borne
pathogenic fungi through production of antibiotics/or lytic
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enzymes (chitinase) and through competition for nutrition
as well as by inducing systemic resistance in the plant
against the infection of pathogens (Dube, 2001, Pande and
Chaube, 2003, Surendran et al., 2011).
The present study was aimed at evaluation of talc and
liquid formulation bacterial biocontrol agent, Pseudomonas
fluorescence against Rhizoctonia solani under in vivo conditions
and devise strategies for its management.
MATERIALS AND METHODS
The field trials with highly susceptible rice variety
PR116 were conducted during kharif 2010-11 and 2011-12
at PAU, Ludhiana with recommended package of practice
in rice crop (Anonymous 2010). The experiment was laid
out in 5.0 × 2.5 m3 sized field plots and 20 × 15 cm spacing in
a randomized block design (RBD) with four replications of
five treatments. The seeds were treated as per treatment
details and raised in nursery.
The biocontrol agent, Pseudomonas fluorescence (Pf1)
formulations were received from DRR Hyderabad. The details
of different treatments were as under :
T1: Talc formulation of Pf1:
Seed treatment: Seeds of PR116 variety mixed with
talc formulation of P. flouorescence @ 10g kg-1 were soaked in
water for overnight, excess water decanted, allowed to sprout
and finally were sown after 24 hours.
Seedling treatment: Seedling soaked for 10 min in
water stagnating in an area of 25 sq. m. and added with 2.5
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kg of talc formulation were transplated.

RESULTS AND DISCUSSION

Soil application: Pf1 formulation @ 2.5kg ha-1 mixed
with 50 kg of sand was applied in the field after 30 days of
transplanting.

Application of both the bio-agents Pseudomonas
fluorescence (Pf1) formulations (talc and liquid), applied as
seed treatment, seedling root dip, soil application and foliar
spray significantly reduced the mean disease severity under
artificial inoculation conditions as against the control (Table
1). Foliar spray of hexaconazole 5 per cent SC was found
best with minimum mean disease severity (2.77 %) over two
years followed by tricyclazole and Pf1 (liquid formulation)
at 4.62 per cent and 4.86 per cent, respectively. However, no
significant difference was observed between tricyclazole and
Pf1 (liquid formulation). The inoculated check plots showed
14.69 per cent disease severity. Singh and Sinha (2005) also
reported maximum reduction in disease severity (60 %) and
incidence (35.6 %) after application of Pfr1 @8g l-1. Maximum
reduction in disease severity (56.6%) and infected tillers hill1
(32.2%) as recorded with Pfr1+ talc + CMC formulation. It
was attributed to establishment and maintenance of
antagonist in large numbers on host surface. Vidhyasekaran
and Muthamilan (1995) observed that PpV14i reduced sheath
blight by up to 60 per cent when the bio-control agents were
applied by seed mixing, and when it was used as seed
treatment + root dip + 2 foliar sprays. It was at par with that
of validamycin. Chen et al. (2000) reported significant
reducion in sheath blight disease severity and increased
grain yield through foliar sprays with Pseudomonas sp.

Foliar application: Pf1 formulation @ 0.2%
concentration (1kg ha-1) was sprayed thrice at 10 days
interval, the first after 45 days of transplanting and two days
after inoculation.
T2: Liquid formulation of Pf1:
Seed treatment: The volume/concentration of liquid
formulation used in seed/seedling treatment, and soil as
well as foliar applications was @ 10 ml dissolved in 100 ml
distilled water kg-1 of seeds, 500 ml ha-1 added to stagnated
water, 500 ml ha -1 mixed with 50 kg sand and 0.5%
concentration, respectively. Other methodologies followed
were similar to that of T-1.
Treatments T3 and T4 involved spraying of crop with
0.1% concentration of hexaconazol and tricyclazole
fungicides. T5, as untreated control was kept for comparison.
Mass multiplication and artificial inoculation of R. solani
The causal organism of sheath blight, Rhizoctonia solani
was isolated from sheath blight infected rice variety PR116.
The pathogen was grown on Potato dextrose agar (PDA)
medium. To prepare mass inoculum, one week old culture
(mycelium) was cut into bits and transferred to maize meal sand (1:3) medium supplemented with 20g sucrose.
Inoculation was done with this medium at maximum tillering
stage by broadcasting the inoculum @ 40g/ m 2 (Lore et al
2012).
The severity of sheath blight was recorded 10 days after
last spray as per standard evaluation system (SES) for rice
(Anon., 1996), and calculated as:
Further to work out the efficacy of different formulations
Per cent
disease =
control

PDS in control- PDS in
treatment
PDS in control

× 100

per cent disease control (PDC) was calculated as follows:
Disease severity  DS  

Sum of all disease ratings
x 100
Total number of plants x Maximum rating

All the plants from experimental plot were harvested
and threshed separately for grain yield (tones ha-1).

66

All the treatments differed significantly from each other
in terms of mean disease incidence. Minimum disease
incidence (5.75%) was recorded in T3 (foliar spray with
hexaconazole @ 1ml l-1) followed by T4 (foliar spray with
tricyclazole @ 1ml l-1). Similar results were recorded in terms
of disease severity also. The foliar spray with fungicide
hexaconazole (0.1%) provided maximum of 77.23 per cent
disease control. Both tricyclazole (0.1%) and Pf1 (liquid
formulation) were statistically at par with each other in
controlling the disease by 59.60 per cent and 61.54 per cent,
respectively. The results that fluorescent pseudomonads
isolates (PF43+PF46+PF47) were very effective in reducing
the disease incidence of sheath blight in rice are in agreement
with those of Surendran et al. (2011).
The present investigation indicated that both the
chemical treatments and biocontrol treatments significantly
reduced the disease incidence. Though it was more on plants
treated with Pf1 formulations than those treated with
fungicides hexaconazole and tricyclazole , the grain yield
was almost at par in all the treatments and was significantly
higher as compared to check where average yield was 5.29t
ha-1 (Table 1). The results are in agreement with Prasad et al.
(2011) who reported similar increase in grain yield in
Trichoderma and hexaconazole treated plants. Singh and
Journal of Eco-friendly Agriculture 9(1) 2014
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Table 1. Comparative efficacy of different formulations of Pseudomonas fluorescence (Pf1) and fungicides on Sheath blight
disease incidence, its severity and grain yield in rice.
Treatment

T1 (Talc
Formulation Pf1)
T2( Liquid
Formulation Pf1)
T3 Hexaconazole
5% SC @ 1.0ml/l
(Std. check)
T4 Tricyclazole @
1ml/l
(Std. Check)
T5 Control
(Untreated check)
CD (0.05%)

Disease Incidence
Disease Severity (%)* Disease Control (%)*
Yield t/ha*
(%)*
2011- 2012- Mean 2011- 2012- Mean 2011- 2012- Mean 2011- 2012- Mean
12
13
12
13
12
13
12
13
12.22 43.46 27.84 6.87
6.65
6.76
28.57 54.32 44.12 5.70
5.83
5.76
11.55

34.32

22.93

5.05

4.67

4.86

47.38

67.56

59.60

6.15

6.12

6.14

5.55

5.95

5.75

3.62

1.92

2.77

62.10

87.12

77.23

6.4

6.44

6.43

9.04

10.79

9.92

5.70

3.54

4.62

39.93

75.18

61.54

5.77

5.67

5.72

15.85

69.93

42.89

9.62

14.69

12.16

0.00

0.00

0.00

5.50

5.08

5.29

1.59

5.18

2.57

1.12

1.67

6.23

10.34

9.14

7.20

2.23

3.18

2.27

*mean of four replicationsReferences:

Sinha (2009) also recorded higher grain yield plant-1 and
1000-grain weight of rice with biocontrol agents (Pfr1 and
Pfr5). Baby and Rao (1993) observed 25 per cent increase in
rice plant’s growth, when antagonists were applied to soil.
Foliar sprays with CMC formulation of the isolates Pfr 1 and
Pfr 5 showed minimum increase in grain yield of 17.9 and
16.4 per cent, respectively (Ramanathan et al., 2002).
It is thus concluded that liquid formulation of P.
fluorescence can effectively be used as an alternative to
fungicides application in controlling sheath blight disease
in rice under the field conditions.
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of some plants against Ralstonia solanacearum causing
bacterial wilt and brown rot of potato
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ABSTRACT
In-vitro testing of aqueous extracts of bark, root and stem of eighteen locally grown plants were carried out in the year
2009-10 in the Deptt. of Plant Pathology,Orissa University of Agriculture and Technology,Bhubaneswar-3 against
Ralstonia solanacearum causing bacterial wilt and brown rot of potato following inhibition zone technique. It was
observed that all the plant extracts exhibited antibacterial property.The maximum zone of inhibition was observed in
root extracts of Achyranthes asper (12.03mm) followed by the root extract of Raouwolfia serpentina (11.66mm),bark
extract of Saraca .arjuna (10.99mm),S.indica(10mm). Minimum zone of inhibition was observed in Solanum
xanthocarpum(6.31mm).
Key words:In-vitro,aqueous extracts ,bacterial wilt.

Potato is one of the most popular vegetable crop
cultivated in all the districts of the Odisha state. The yield
there is much below the national average due to occurrence
of different diseases. Bacterial wilt and brown rot caused by
R.solanacearum is the most dreaded affecting the crop from
emergence till harvest as also as to some extent at the early
period of the country stores.. The disease is both soil and
tuber borne and is endemic in coastal plains of
Odisha(Shekhawat et al.,1978) . Extent of damage caused by
this disease depends on age of the crop and the prevailing
weather conditions accounting for more than 70 per cent
yield loss. Pre-mature wilting before tuberization results in
100.0 per cent crop loss. The effectiveness of different cultural
practices (summer ploughing, crop rotation), use of disease
free seed, chemical methods,i.e. soil application of bleaching
powder, tuber treatment with boric acid and use of bio-agents
have already been established in field. (Shekhawat et al.,1990,
Biswal et al.2008). Plant parts that represent as reservoir of
the effective chemotherapeutants, which are systemic,
nonphytotoxic and bio degradable, can also be used as
natural pesticides (Cowan, 1999; Newman et al.,2000 and
Gibbons,2005).The effectiveness of some plant extracts has
been reported against R solanacearum. The use of plant
products,i.e.essential oils in the management of plant
diseases has remarkable effects (Predhanang, 2003). Hence,
in vitro testing of some plant extracts against the Ralstonia
solancearum was carried out.
MATERIALS AND METHODS
Aqueous bark extracts of Azadirachata indica
©2014

(Neem),Saraca ashoka (Ashoka), Sternchos nux vomica (kochila),
Sizigium cumini (black berry),Cinnamomum zeylanicum
(dalchini),Saraca arjuna (arjuna); aqueous root extracts of
Achyranthes asper (apamaranga), Beta vulgaris (beet),Calotropis
procera (arakha), Solanum xanthocarpum (Ankaranti),
Raouwolfia serpentina (patal garuda), Daucuous carota (carrot)
and stem extract of Curcuma longa (turmeric), Zingiber
officinale (ginger ), Curcuma ambada (mango ginger) were used.
The whole parts of all the plant were washed several times
in clean water and air dried. Fifty grams each of the selected
plant part along with 50ml of double distilled water were
taken and pounded in a mortar and pestle to a fine pulp. The
paste was then filtered through two layers of muslin cloth
with the application of gentle external pressure to collect
maximum filtrate. The filtrate from each plant part was
collected separately in different sterile specimen tubes. Each
filtrate was then centrifuged at 1500 rpm for 15 minutes to
separate out the suspended coarse plant parts. The
supernatant liquid was drawn carefully into a 5ml syringe
and then passed through a membrane filter unit of 0.45nm
size to filter sterilize the extract. The filter sterilized of each
plant part extract was collected in a sterilized specimen tube
with screw cap and stored in deep freeze maintained at 200C. Each extract was considered as 100 per cent solution
and subsequently diluted to desirable concentration before
use. Each plant extract was properly labelled with regards
to plant species, date of collection and extraction and the
part of the plant, transferred into 2ml vials and finally stored
in deepfreeze at -200C. These were later tested for their
antibacterial property following inhibition zone technique.
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In this technique , two drops of bacterial suspension of
each test bacterium was transferred on to the petriplate
containing NSA medium and spread over the surface of the
medium with the help of a sterile glass spreader. Three sets
of Hi-media discs(5mm), soaked for one minute in each plant
extracts were placed on the media surface of each petriplate
at equidistance from the centre. In each set, four numbers of
discs were used to hold sufficient quantity of the plant extract.
Two sets of petridishes were used for testing each plant
extract petriplates incubated at 27+10C for 24 hours in a
BOD incubator. After the incubation period, the petriplates
were examined for development of inhibition zone around
the discs (Fig-1). The diameters of each zone of inhibition
was measured to assess the antimicrobial properties of plant

Fig-1. Development of inhibition zone around the discs
soaked with aqueous plant extracts
Plate 1. Inhibition zone in root extract of Raouwolfia serpentine,
Plate 2. = Inhibition zone in root extract of Solanum
xanthocarpum Plate 3. No inhibition zone in sterilized water

Table 1. In-vitro testing of bark, root and stem extracts of
some plants against Ralstonia solanacearum
Plant parts
used

Common name
(Scientific Name)
Neem (Azadirachata
indica)
Ashoka (Saraca indica)

Bark

Kochila (Strynchos nux
-vomica)
Black berry (Sizigium
cuminum)
Dalchini (Cinnamomum
zeylanicum)
Arjuna (Saraca arjuna)

Bark

Apamaranga
(Achyranthes asper)
Beet (Beta vulgaris)

Root

Arkha (Calotropis
procera)
Ankaranti (Solanum
xanthocarpum)
Patal garuda
(Raouwolfia serpentina)
Carrot (Daucus carota)

Root

Bishalya karani (Tridax
procumbens)
Nirmuli (Cuscuta sp)

Stem

Balubaluca (Portulaca
oleracea)
Turmeric (Curcuma
longa)
Ginger (Zingiber
offcinale)
Mango ginger
(Cucurma amba)
Sterile water

Stem
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Bark
Bark
Bark

Root

Root
Root
Root

Stem

stem
Stem
Stem

SE(m)±
CD(P=0.05)
Figure-2.Histogram showing zone of inhibition of growth of
R.solanacearum in aqueous extracts of stem,root and bark of
different plant species.

Bark

Mean diameter
of inhibition zone
(mm)
7.68
(2.68)
10.00
(3.24)
7.01
(2.74)
7.34
(2.80)
10.00
(3.24)
10.99
(3.99)
12.03
(3.54)
7.01
(2.74)
8.03
(2.92)
6.31
(2.61)
11.06
(3.34)
2.74
(7.01)
7.01
(2.74)
7.51
(2.82)
8.32
(2.97)
7.01
(2.74)
8.92
( 2.99)
8.99
(3.08)
0.00
(0.71)
0.19
0.58

*x+0.5 transformed values

Journal of Eco-friendly Agriculture 9(1) 2014

In-vitro evaluation of aqueous extracts of root, stem and bark of some plants against Ralstonia solanacearum

extracts against each test bacterium. In control, the paper
discs soaked in sterilized distil water was placed over the
bacterial smear.

The aqueous extracts of bark, root and stem of all the
plants used in the study possessed antibacterial property
against R.solanaearum and were suggested to be further
evaluated in the field against the bacterial wilt.

RESULTS AND DISCUSSION
All the test extracts showed antibacterial property
against R.solanacearum( Table-1,Figure-1).Root extract of A
asper revealed maximum inhibition zone (12.03mm) followed
by the root extract of R. serpentina(11.66mm)(Fig-1),bark
extract of S.arjuna (10.99mm),S.indica(10mm). The inhibition
range in other cases, i.e three types of stem extract ,
T.procumbens ,Cuscuta spp., P.oleracea and three of modified
stem extracts (C.longa,Z.offcinale,C.ambda in bark extract of
A.indica,S.nuxvomica,S.cuminum and also in B vulgaris, D.
carota varied from 7.0 to 8.99mm. Least inhibition zone was
observed in S. xanthocarpum (6.31mm).In sterile water no
inhibition zone was observed.(Fig-1)Recico (1989)recorded
the antibacterial property of medicinal plants.
The effectiveness of aqueous leaf extract(10.0% and
20.0%) of A.indica,S nux vomica,T. procumbens,rhizome extract
(both at 10.0% and 20.0% )of Z.officinale,C. longa against
Xanthomonas oryzae pv. oryzae, Xanthomonas oryzae
pv.oryzicola,, Pseudomonas syringae,Erwinia herbicola were
reported by Senapati (2011).Srilatha (2007)also recorded the
efficacy of Z. officinale against R solanacearum.The
antibacterial property of S. ashoka, S. nux vomica, S. cumini, C.
zeylanicum, S. arjuna, root extract of A. aspe, Beta vulgaris, C.
procera ,S. xanthocarpum, R. serpentine, Daucus carota, stem
extract of C ambada against R solanacearum is reported to be
new in India.
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ABSTRACT
Field experiments conducted during kharif 2005 and 2006 revealed that the brown spot (Drechslera oryzae) disease
incidence, severity and the grain yield in rice were significantly influenced by different soil macronutrient levels.
Appearance of disease symptoms delayed, the disease severity decreased and the crop yield increased with increasing
levels of NPK. Nitrogen (@180 kg ha -1), phosphorus and potassium @ 66 kg ha -1 ) recorded maximum days in
appearance of symptom (11, 13, 17 days) and minimum mean disease severity (25.87, 30.10, 24.56) as against 7, 7,
6 days and 48.83, 49.73 and 43.46 per cent in the control (0 kg), respectively under artificially inoculated conditions.
Potassium played a significant role in delaying the appearance of the symptoms and decreasing disease severity. The
grain yield decreased significantly with decreasing levels of potassium. A combination of FYM and nitrogen in the
form of urea was better in the management of the disease than nitrogen (urea) applied alone. Grain yields obtained
from a combination of FYM and nitrogen (15t ha-1=80kg N ha-1) and nitrogen alone @ 120 kg N ha-1 were at par with
each other.
Key Words: Brown spot, Rice, Drechslera oryzae, Nitrogen, Phosphorus, Potassium, Farmyard Manure

Brown spot disease in rice caused by the fungus.
Drechslera oryzae (Breda de Haan) Sub. & Jain, is one of the
most prevalent fungal diseases leading to significant
reducion in the yield and the milling quality of the grain
(Sato et al., 2008). In Punjab, the disease, considered earlier
to be of minor importance and restricted to sub-montaneous
regions, it has assumed serious status in all the rice growing
regions of Punjab state due to adoption of intensive cropping
system in recent years (Bala et al., 2008). In Punjab, soils are
generally low in organic content and intensive cultivation
of rice over years has led to deficiency of micronutrients like
iron (Fe), manganese (Mn), copper (Cu) and zinc (Zn). Such
factors coupled with wide adoption of susceptible varieties
are responsible for occurrence of disease in high proportions
in the recent years (Chahal, 2005). Hence, management of
soil nutrients appears to be a first entry point for disease
management. Brown spot can be managed by improving soil
fertility through regular monitoring of nutrients in the soil
and the application of required fertilizers. Keeping this in
view, the field experiment on relationship between
nutritional factors and brown spot disease incidence in rice
variety PR116 was conducted.
MATERIALS AND METHODS
Isolation of the Pathogen and Mass Culturing

leaves of rice variety PR 116 on Potato Dextrose Agar (PDA)
slants. The culture was purified using single spore isolation
technique (Choi et al., 1999). Mass inoculum was prepared
in Erlenmeyer flasks of 250ml capacity with 100ml of PDA.
Each flask was inoculated aseptically with 5mm bit of 10
days old actively growing culture and incubated at 28 ± 2oC
for 10 days.
Artificial Inoculation of the Crop
Conidial suspension of D. oryzae was prepared by
adding sterilized distilled water to the culture flasks and
gentle scrapping of the spores followed by filtration through
double layered muslin cloth. The conidial concentration was
adjusted to 1× 106 conidia ml-1 using haemocytometer and
was sprayed on the plants using spray inoculation technique
70 days after transplanting (DAT). Inoculations were done
during the evening between 4 to 5 p.m. Observations on
incubation period (time taken in appearance of disease
symptom) and the disease severity at 100 DAT were recorded.
To calculate the disease severity, five sampling units of 1 m2
area were marked in each plot randomly. Disease was scored
as per standard evaluation system of IRRI (Anonymous
1996).
Percent disease severity was calculated by using
following formula:

Drechslera oryzae was isolated from brown spot infected

Percent disease severity 
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Sum of n  V
 100
NS
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Where,

RESULTS AND DISCUSSIONS

N = Number of samples observed
n = number of leaves in each index value
V = particular index value
S = Maximum index value

Effect of different levels of nitrogen with the disease
incidence

Application of NPK and FYM
The experiments were laid during kharif 2005 and 2006
in a Randomized Block Design (RBD) with three replications
in plot sizes of 7.5m2. Composite soil samples from 0-15cm
depth were taken from the experimental area, Department of
Plant Pathology, PAU, Ludhiana and the inherent nutrient
status of the soil was determined by getting the soil sample
analysed from soil testing laboratory of Department of Soils
at PAU. In general, the soil from the experimental area was
low in organic carbon and high in phosphorus and potash.
Nitrogen: Five different levels of nitrogen viz., 180, 120,
60, 30 and 0 kg N ha-1 (control) were applied in the form of
urea. The urea was applied in three equal doses, the first at
the time of transplanting i.e. 0 DAT (days after transplanting),
the second at 21 DAT and third dose at 42 DAT. Phosphorus
@30kg P2O5 ha-1 in the form of single super phosphate (SSP)
was applied in all the treatments at transplanting (0 DAT).
Phosphorus: Four different levels of phosphorus viz.
60, 30, 15 and 0kg P 2O5/ha (Untreated control) were
maintained by applying single super phosphate (SSP). In all
the treatments whole of the phosphorus was applied at
transplanting (0 DAT). In all the treatments, nitrogen @120
kg ha-1 in the form of urea in three equal split doses (0, 21
and 42 DAT) and potassium @ 30 kg ha-1 in form of muriate
of potash was applied.
Potassium: Potassium was applied @ 50, 30, 12.5 and
0 kg K2O ha-1 (untreated control) in the form of muriate of
potash (MOP) at transplanting (0 DAT). All the treatments
were given nitrogen @120 kg ha-1 and phosphorus @ 30 kg
ha-1.
Farmyard Manure: Fully decomposed dry FYM @ 15,
7.5 and 0 t ha-1 (untreated control) at the time of land
preparation was applied. The amount of the nitrogen
supplied by FYM in each treatment was calculated and
accordingly the nitrogen in the form of urea was applied to
maintain constant level of overall nitrogen (120 kg N ha-1) in
all the three treatments. It is known that 15 tonnes of FYM
ha-1 provides 40 kg of N (Anon 2006). Accordingly, to
maintain constant level of N (120kg N/ha), N @ 80, 100 and
120 kg ha-1 in the form of urea was added to the plots having
FYM @ 15, 7.5 and 0 tonnes ha-1, respectively.
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The incubation period (number of days required for
appearance of symptoms) varied with the level of nitrogen
(Table 1). The disease started appearing 7 days after
inoculations in the plots applied with 30 kg N ha-1 as well
as in the control plots during kharif 2005. However, plots
receiving higher dose of N, showed disease symptoms at 10
days after inoculations. Similar trend was observed during
2006.
Table 1. Influence of different levels of nitrogen, potash and
phosphorus and FYM on brown spot disease
incidence in rice during kharif 2005 and 2006
Nutrients
(kg ha-1)

Appearance
Per cent
of
disease
symptoms
index
(days after
(PDI)*
inoculation)
2005 2006 2005 2006

Nitrogen
180
10
120
10
60
10
30
7
0 (Control)
7
CD (p=0.05)
Phosphorus (P2O5)
60
13
30
13
15
10
0 (Control)
10
CD (p=0.05)
Potassium (K2O)
60
15
30
15
15
12
0 (Control)
6
CD
(p=0.05)
(FYM + N)
T1
15
T2
12
T3
10
(Control)
CD (p=0.05)

11
10
10
8
7

25.25
29.83
36.32
42.44
47.55
4.05

26.50
32.78
38.36
46.03
49.32
3.43
31.32
34.47
45.31
51.76
4.85

Mean
PDI

Grain
yield
(q ha-1)**

25.87
31.31
37.34
44.24
48.43

58.44
56.33
46.77
36.29
28.07
5.59

11
10
8
8

28.88
31.55
42.29
47.70
5.67

30.10
33.01
43.80
49.73

17
16
12
7

23.77
27.10
36.80
42.82
3.25

25.36
30.99
38.32
44.10
4.78

24.56
29.04
37.56
43.46

59.07
56.40
47.29
37.66
6.03

13
11
9

23.85
28.87
30.18

26.51
31.72
33.68

25.18
30.29
31.93

57.96
50.77
59.99

4.67

4.64

4.97

* Average of three replicates, each consisting of twenty plants.
** Grain yield data of Kharif 2006. T1: FYM @ 15ton ha-1 + 80kg N ha-1
(urea) T2: FYM @ 7.5ton ha-1 + 100kg N ha-1 (urea) T3: No FYM +
120kg N ha-1 (urea)
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Significant reduction in disease severity was recorded
at all the nitrogen levels compared with the control (47.55
and 49.32 %) during both years. Minimum disease severity
was observed in the plots applied with 180 kg N ha-1 (25.25%
and 26.50%) during 2005 and 2006 (Table 1). The disease
severity increased thereafter with decreasing nitrogen levels
during kharif 2005. In the plots applied with 30kg, 60kg and
120kg N ha-1 the disease severity observed was 29.83, 36.32
and 42.44 per cent, respectively during kharif 2005 and 32.78,
38.36 and 46.03 per cent, respectively during kharif 2006.
Sunder et al. (2005) also reported minimum disease severity
at 180kg N ha-1. Anita 2004 reported minimum mean disease
severity (3.38 %) at 160kgN acre-1 and the highest (19.3%) in
plots with no nitrogen.
Significant differences with respect to grain yield (Table
1) were recorded in the plots applied with different nitrogen
levels. The maximum yield (58.44 q ha-1) was obtained in
plots with 180kg N ha-1 followed by 56.33 q ha-1 with 120kg
N ha-1 as against 28.07 q ha-1 in the control receiving no
nitrogen. All the nitrogen treatments differed significantly
with respect to grain yield except at 180kg N ha-1 and 120kg
N ha-1. Singh et al (2005) studied the effect of nitrogen levels
on the grain quality and yield of scented rice varieties and
reported that the grain yield increased significantly with the
increasing N level upto 90 kg ha-1. The percentage increase
in the mean grain yield under 30, 60 and 90 kg N ha-1 over
the control was 24.9, 53.1 and 56.0 per cent, respectively.
Further, it was found that application of 90 kg N ha -1
increased the panicle number (280 m-2) and panicle weight
(2.44g) leading to the higher grain yield.
Effect of different levels of phosphorus (P2O5) with the
disease incidence
After inoculation at 70 DAT, the incubation period in
plots applied with 15kg P2O5 ha-1 as well as in control plots
during kharif 2005 was 10 days. However, in the plots applied
with 30kg P2O5 ha-1 and 60kg P2O5 ha-1, the disease appeared
late (13 days after inoculation). Similar trend was observed
during kharif 2006. Application of phosphorus increased
the incubation period by delaying the development of the
disease symptoms. Significant reduction in disease severity
at all phosphorus levels over untreated control was observed
during both the seasons. Minimum disease severity (28.9%
and 31.3%) was recorded in the plots applied with 60kg
P 2 O 5 ha -1 and increased on decreasing P 2 O 5 -levels.
Treatments of 60kg and 30kg P2O5 ha-1 were at par with each
other. It was observed that maintenance of 30 kg P2O5 ha-1 in
the soil was the optimum level of phosphorus to avoid brown
spot disease. The results are similar to that observed by Phelps
and Shand (1995) and Goel et al (2003), stating that the soils
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deficient in P2O5 are prone to brown leaf spot.
Effect of different levels of potassium with the disease
incidence
The disease symptoms in the control plots (without
added K2O) were observed at the earliest (after 6 days of
inoculations). However, in all other treatments applied with
varying levels of K2O the disease took more time to express.
At 15kg K2O ha-1, symptoms did appear after 12 days of
inoculations, whereas, at higher levels i.e. 60kg K2O ha-1
and 30kg K2O ha-1, it appeared 15 day after inoculations
during kharif 2005 and 2006. From these results it was
inferred that potassium plays more significant role in
delaying the disease appearance and its further progression
as compared to nitrogen and phosphorus.
The per cent disease severity decreased significantly
from 42.82 per cent at zero K2O level (control) to 23.77 per
cent at 60kg K2O ha-1 after 30 days of inoculations during
2005. Similar trend in the disease severity during kharif 2006,
being maximum (44.18%) at zero level and minimum
(25.36%) at 60kg K2O ha-1 was also recorded. This clearly
indicated that the increased potassium levels resulted in
significant reduction in severity of brown spot disease. The
results are similar to that of Haerdter (1997) who reported
that incidence of brown spot disease in the soil poor in
potassium is high. However, with improved potassium in
the soil the incidence of brown spot decreased and yield
was increased.
Maximum grain yield of 59.07 q ha-1 was obtained in
the plots applied with 60kg K2O ha-1 as against 37.66 q ha-1
in the control. The grain yield decreased significantly with
decreased levels of potassium. These results are also in
accordance with Haerdter (1997).
Effect of different levels of farmyard manure (FYM) with
the disease inicdence
Symptoms of the disease in the plots applied with
combination of urea and FYM compared with plots applied
with urea alone (no added FYM) appeared late. It was 15
days after inoculations in treatment T1 (FYM @15t ha-1 +
80kg N ha-1), and 10 days in T3 (Control, 120kg N ha-1 and no
added FYM) during 2005. Similar trend with maximum of
13 days after inoculations in T1 as compared to 9 days in T3
control was observed during 2006.
The data revealed minimum per cent disease severity
of 23.85 and 26.51 per cent in the plots receiving FYM@15t
ha-1 + 80kg N ha-1 (T1) followed by T2 (28.87% and 31.72%)
receiving 7.5t FYM ha-1 + 100kg N ha-1 as against maximum
disease severity (30.18% and 33.68%) in T3 (control) during
Journal of Eco-friendly Agriculture 9(1) 2014
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2005 and 2006, respectively. Based on mean value of disease
severity the combination of FYM (15 t ha-1) + 8.0 kg N ha-1
through urea proved better in the disease management than
the nitrogen (urea) applied alone. These results are
completely in agreement with Smith (1976) who reported
that ethylene, a volatile component produced during the
decomposition of organic matter, caused the lysis of soil
borne pathogens. Meena and Muthusamy (1999) also
observed reduced disease severity when the soil was applied
with organic amendments like FYM, neem cake and coir pith.
The study concludes that brown spot disease incidence
and its severity in rice could effectively be managed through
maintenance of higher levels of NPK in the soil.
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ABSTRACT
The field experiment conducted to examine the effect of different land configuration and weed management practices
on microbial population of soil in onion (Allium cepa L.) during rabi 2006-07 and 2007-08 revealed significantly higher
population of bacteria, actinomycetes and fungi in flat and raised bed planting with rice straw incorporation treatments
than without rice straw. Similarly, highest microbial population in control plots as compared to those with herbicidal
treatments was also observed. Decrease in viable counts of bacteria, actinomycetes and fungi after 15 days spray than
against at zero day after spray was observed. Thereafter, the microbial population started to regain and an increase
was observed in counts, indicating reduced toxicity, probably due to degradation of herbicidal chemicals.
Key words: Land configuration, Microbial population, Onion, Productivity, Weed management

Onion (Allium cepa L.), one of the most important
vegetable crops in India, occupies an area of 0.75 million
hectares with a production of 12.2 million tonnes accounting
for one third of the world production. The Punjab state with
an area of 8.1 thousand hectares under its cultivation,
produced 174.1 thousand tonnes during 2009-10
(Anonymous 2010).
Weed in onion constitute a global problem. It interferes
with the development of onion bulb by competing for
moisture, nutrients, light and space and thereby reducing
bulb yield to the extent of 40-80% (Kohle, 2001). Weed control
in agricultural and non-agricultural lands is rapidly shifting
towards chemical methods because of its time, labour and
cost advantages. The toxicity of these chemicals to the soil
micro-organism could be a cause of concern because the loss
of microbial biodiversity can affect the functional stability of
the soil microflora and hence the soil health (Girvan et al.,
2004). Beneficial organisms including bacteria and fungi are
known to be affected negatively by specific herbicides
(Barman and Varshney, 2008). However, the chemical weed
control through herbicides in conjunction with various land
configuration and weed management techniques may
beneficially affect the microbiological equilibrium of soil as
well as nutrient status and health of the soil. The present
studies are an attempt in this direction to enumerate the viable
counts of microbial population at different stages of cropping
after herbicides application vis-à-vis various land
configurations.
MATERIALS AND METHODS
The experiment was conducted at the Research Farm,
©2014

Department of Agronomy, Punjab Agricultural University,
Ludhiana situated between 30 ?56' N latitude, 75 ?52' E
longitude and at an altitude of about 247 m above msl during
the crop years 2006-07 and 2007-08. The experimental site
was a loamy sand in texture, low in organic carbon (0.29%)
and available nitrogen (180 kg ha -1), high in available
phosphorus (29.6 kg ha -1 ) and medium in available
potassium (153 kg ha-1) in 0-15 cm soil depth. The soil was
slightly alkaline in reaction (pH- 7.5) with an electric
conductivity of 0.2 ds/m. The experiment was laid out in
split plot design with four replications consisting of four
land configuration viz., flat bed (FB), flat bed with rice straw
incorporation (FBRI), raised bed (RB) and raised bed with
rice straw incorporation (RBRI) in main plots and five
weedicide control treatments viz., pendimethalin @ 0.75 kg
ha-1, oxyflourfen @ 0.225 kg ha-1, fluchloralin @ 1.125 kg ha1
, two hand weedings at 3 and 6 weeks after sowing and the
control (unweeded) in sub-plots. The gross sub plot and net
plot size of flat bed and raised bed was 30 m2 and 24 m2,
respectively. After harvesting the rice, main field was
ploughed twice with disc harrow and once with a cultivator
followed by planking in case of conventional tillage and
after applying rice residue (5 t ha-1) in case of residue
incorporation treatments. Fluchloralin @ 1.25 kg ha-1 was
sprayed pre-plant while oxyflourfen @ 0.225 kg ha-1 and
pendimethalin @ 0.75 kg ha-1 were applied one week after
sowing (after first irrigation) with the help of knapsack
sprayer fitted with flat fan nozzle with a discharge rate of
500 lit ha-1.
The composite soil samples were collected at 0, 15, 30
and 60 days after spray on crop. Four samples of soil under
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each treatment were taken at 0-15 cm depth from different
plots and mixed aseptically in a polythene bag (brand new,
first time opened) so as to have a representative of the
treatment. The viable microbial counts were analyzed by the
standard technique of serial dilution and pour plating on
selective culture media (Anonymous, 1981).
The media as well as 9 ml dilution blanks (0.85% NaCl
solution) were sterilized in an autoclave at 15 psi for 20
minutes. Similarly glass apparatus such as petridishes and
pipettes were sterilized in hot air oven at 160 oC for two hours.
The soil sample polybags were brought to the laboratory
and analysed immediately or stored at 4 oC. The bags were
opened under asceptic conditions and a part of the sample
was drawn for determination of moisture and another for
serial dilution. For the later, approximately 1g soil sample
was transferred to a pre-sterilized, sample bottle and
weighed. Serial dilutions were prepared as usual. One ml
each of appropriate dilutions was transferred to a petridish.
Sets of triplicate petridishes were prepared, melted agar gel
(at 45-50oC) of different media, poured, mixed, allowed to
cool and solidify. These agar plates were incubated at 30 ±1
o
C in an inverted position for 5 to 7 days until the countable
colonies of each type developed on the agar surface. The
respective colonies (bacteria, actinomycetes and fungi) were
counted by visual observations of their growth characteristics.
Invariably 30-300 colonies per petridish were counted and
the microbial count expressed as colony forming units g-1
(cfu g-1), for which mean of the replicates was calculated for
1 g sample and multiplied by the dilution factor.

RESULTS AND DISCUSSION
Effect of land configuration
The population of bacteria, actinomycetes and fungi
(moulds), although differed during both the years of
investigation, it showed similar pattern. The results revealed
the highest mean viable bacterial, actinomycetes and fungal
counts in flat bed and raised bed planting respectively with
rice straw incorporation and these were significantly higher
than that in flat bed planting and raised bed planting without
rice straw incorporation at different time intervals (0, 15, 30
and 60 days after spray) (Table 1, 2 & 3). The reason for
higher microbial population in rice straw incorporated
treatments could be that the bacteria, actinomycetes and fungi
were nutritionally balanced for better multiplication rate with
complex energy source in rice straw (Jat et al. 2004).
Generally, an increase in viable counts of bacteria,
actinomycetes and fungi at 30 days after spray than what
was recorded earlier at 15 days, though with some
exceptions, was observed. A cropping system that includes
crop rotation and crop residue retention can increase overall
biomass and micro-flora activity and diversity compared
with common farming practices (Govaerts et al., 2007). The
data recorded at 60 days after spray showed an overall
upswing in the microbial population as compared to that
noticed at 30 days. However, the preceding trends of
microbial populations in land configuration treatments
continued in the data collected at 60 days after spray.

Table 1. Effect of land configuration and weed management on bacterial population (×106) of soil at different intervals.

Viable counts (cfu g-1)

Treatment

0
Land configuration
FB
FBRI
RB
RBRI
SEm±
CD (p=0.05)
Weed control
Pendimethalin
Oxyflourfen
Fluchloralin
Two hand weedings
Control
SEm±
CD (p=0.05)

2006-07
Days after spray
15
30

60

0

2007-08
Days after spray
15
30

60

42.7
31.2
40.9
30.3
1.0
2.4

21.4
15.1
20.1
16.3
1.8
4.4

28.4
19.1
28.1
17.3
1.6
4.0

32.8
26.7
31.7
28.1
0.86
2.1

50.7
30.0
48.3
32.2
1.6
3.8

23.3
15.6
22.7
16.2
1.2
2.9

31.2
19.4
29.5
21.8
1.3
3.1

36.0
24.4
32.8
24.6
1.59
3.9

30.9
31.6
32.3
43.9
42.7
1.4
2.8

13.4
13.1
12.9
25.6
26.1
1.5
3.0

18.4
18.1
17.9
30.6
31.1
1.5
3.0

24.8
24.6
23.8
37.3
38.7
2.2
4.4

34.8
34.6
37.1
47.9
47.2
1.8
3.6

14.4
15.6
15.3
25.0
26.8
1.3
2.7

19.4
20.8
20.6
32.3
34.3
1.4
2.9

23.5
26.4
26.7
35.6
34.9
2.2
4.5
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Table 2 Effect of land configuration and weed management on actinomycetes population (×104) of soil at different intervals.
Treatment

Viable counts (cfu g-1)

0
Land configuration
FB
FBRI
RB
RBRI
SEm±
CD (p=0.05)
Weed control
Pendimethalin

2006-07
Days after spray
15
30

60

0

2007-08
Days after spray
15
30

60

34.9
26.9
32.9
28.2
0.8
2.0

30.4
25.6
29.7
26.2
1.3
3.2

31.2
25.4
31.5
24.8
1.2
3.0

32.6
24.0
31.4
24.2
1.59
3.9

54.3
37.3
52.3
37.6
0.9
2.1

49.6
44.8
47.9
44.4
1.4
3.5

50.2
39.4
48.5
39.8
1.1
2.6

53.6
46.0
52.4
44.2
1.59
3.9

24.5

22.9

23.2

24.6

38.8

43.3

39.3

43.6

Oxyflourfen
Fluchloralin
Two hand weedings
Control

24.3
23.5
41.3
40.1

24.1
23.8
33.6
35.5

24.6
24.3
34.1
35.1

24.4
24.7
33.6
32.9

38.6
37.8
55.5
56.2

42.6
42.3
53.1
52.1

40.8
40.5
50.3
51.3

43.4
45.7
56.6
55.9

SEm±

2.2

1.4

1.4

2.2

2.2

1.4

1.4

2.2

CD (p=0.05)

4.4

2.9

2.9

4.5

4.5

2.8

2.9

4.5

Table 3. Effect of land configuration and weed management on fungal population (×103) of soil at different intervals.
Treatment

Viable counts (cfu g-1)

0
Land configuration
FB
FBRI
RB
RBRI
SEm±
CD (p=0.05)
Weed control
Pendimethalin

2006-07
Days after spray
15
30

60

0

2007-08
Days after spray
15
30

60

32.2
22.4
31.5
23.8
1.2
3.0

18.6
11.0
17.4
11.2
1.5
3.6

23.3
12.7
22.5
13.8
0.9
2.2

29.4
21.1
28.1
21.3
1.80
4.4

41.3
33.3
40.4
32.6
0.9
2.1

22.7
15.2
23.9
13.3
1.0
2.4

31.1
19.5
28.3
18.6
1.0
2.4

37.7
29.2
36.9
28.3
0.98
2.4

21.4

11.1

13.1

20.1

30.4

14.4

18.6

27.6

Oxyflourfen
Fluchloralin
Two hand weedings
Control

22.8
22.6
34.3
36.3

10.9
11.2
20.1
19.5

13.8
14.5
24.2
24.9

19.8
19.7
32.4
32.9

30.1
29.3
47.0
47.8

15.1
15.8
24.4
24.2

20.3
20.0
30.7
32.4

28.3
29.0
40.7
39.4

SEm±

1.4

2.2

1.3

1.5

2.1

1.4

1.4

1.4

CD (p=0.05)

2.9

4.4

2.6

3.1

4.3

2.8

2.8

2.8

Interaction: All interactions NS
FB- Flat bed; FBRI- Flat bed with rice straw incorporation; RB- Raised bed;
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RBRI- Raised bed with rice straw incorporation
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Effect of weed management
The maximum bacterial, actinomycetes and fungal
counts were observed in the control and in hand weeding
treatment which were significantly higher than those in
pendimethalin, oxyflourfen and fluchloralin treatments. This
showed that the herbicide chemicals exhibited inhibitory
behaviour towards growth and multiplication of these microorganisms (Kaur, 2005). A close look at the data discussed
above (Table 1, 2 & 3), indicates decrease in viable counts of
microbes at 15 days after spray than at zero day indicating
that the herbicides took time to percolate in the soil and hence
affect the microflora there. Actinomycetes appeared less
affected as compared to bacteria and fungi. Actinomycetes
are reported relatively resistant to herbicides and get affected
at high concentration only (Sondhia, 2008). The experiment
in the year 2007-08 too depicted a trend similar to the above
for the microbial counts among planting patterns as well as
weed control treatments during 2007-08. Total fungi and
bacterial populations’ activity were higher in soil with
residue incorporation than no residues (Reddy et al., 2003).
The pesticides inhibited some of the C cycling activities, but
the inhibition was temporary and was associated with their
effect on soil fungi (Atlas et al., 1978).
An increase in the microbial counts at 30 and 60 days
after spray over the preceding figures was observed. This
pattern of events was true during both the years under report.
The most probable reason for this behavior could be the
toxicity of herbicides chemical in the initial stages. At a later
stage, the microbes could adapt to the degaradtion products
of these chemicals and cells could multiply (Patel et al., 2005).
The present observations on 30 and 60 day sampling after
herbicidal treatments lead to infer that the microbial
population started building up because the weeds killed by
the herbicides got mixed and decomposed in the soil to
supplement nutrients and also the herbicides themselves
got degraded to undo the inhibition of microbial growth.
The degradation products might serve to improve the soil
health (Simon-Sylvester and Fourier, 1979). The degradation
products of herbicides may serve as carbon sources for the
growth of microbes (Ramesh, 2003).
The experiment revealed higher population of bacteria,
actinomycetes and fungi in flat and raised bed planting with
rice straw incorporation treatments than without rice straw.
Similarly, the highest microbial population in control and
handweeded plots as compared to those in herbicidal
treatments was also observed. There was decrease in viable
counts of bacteria, actinomycetes and fungi at 15 days after
spray as compared to that at zero day after spray. Thereafter,
the microbial population started to regain and an increase
was observed in counts, indicating reduced toxicity,
probably due to degradation of herbicidal chemicals.
Journal of Eco-friendly Agriculture 9(1) 2014
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Efficacy of wrapping materials in reducing postharvest decay
loss of banana fruits
Abhilasha A. Lal, Renu Srivastava, Lakhveer Singh , Vinod Sharma, Satish Sharma and Sobita Simon
Department of Plant Protection, SHIATS, Agriculture College, Naini, Allahabad, India
E-mail: princesatish1@gmail.com, aalalplantpathology@gmail.com
ABSTRACT
The effect of different wrapping materials on postharvest decay loss of banana fruits under ambient conditions (1725 oC & RH 70-80%) was studied. Results revealed that postharvest decay loss can be minimized significantly
through proper wrapping of fruits during storage. Fruits wrapped with newspaper exhibited low per cent of decay
loss upto 15 days of storage. In general, the fruit loss due to fungal attack increased with increasing duration of
storage.
Key words: Banana, postharvest, decay, wrapping materials.

Banana (Musa paradisiaca L.) has occupied the prime
position among other fruits particularly grown in North
India. In India, banana ranks first in production and third
in area among fruit crops (Anon, 2009). According to the
standard nutrition value (Gowen, 1995; Rao, 2006) 100g
banana fruit contains carbohydrates (27%), proteins (1.2%),
fat (0.3%), iron (0.5mg) and energy (cal‘s 104). Wide range
of adaptability, precocious and prolific bearing capability
of babana coupled with an excellent fruit quality has resulted
in a popularity among growers and consumers. There is often
glut in the market during the period of harvesting and also
the demand for fresh fruits during intense cold is less.
Therefore, prolonging its storage life is of prime importance,
so that it could be marketed profitably during the early
summer months. Fungal decay is the main constraint in
prolonging storage life of banana fruits. The conservative
estimation on post-harvest losses (spoilage) of banana fruits
has been around 40 per cent .Considerable quantity (40-80%)
of the fruits get spoiled during transit due to bulk
transportation without using packaging materials
(Thompson, 1996). Various fungicides have shown
promising results in controlling the postharvest rotting of
this fruit. In view of the development of the possible
mammalian toxicity of more effective fungicides (Madan and
Ulasa, 1993), alternative methods to control fruit loss due to
fungal decay during the storage is urgently needed. The
postharvest life of fruits can be increased without involving
fungal toxicants by cooling and controlled atmospheric
storage. However, these technologies being expensive, is not
possible to readily adopt. Fruits can be stored successfully
under ambient conditions without loss of quality by proper
wrapping . Therefore, investigations on the effect of different
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wrapping materials on the post- harvest decay loss of banana
fruits was studied.
MATERIALS AND METHODS
Healthy and mature banana fruits of nearly equal size
were collected from Kaushambi for the experimental trial.
Fruits were washed with chlorinated (0.02%) water and air
dried under shade. These were used for wrapping to evaluate
suitable strategy to minimize decay during storage. The
wrapping materials used were newspaper, butterpaper,
polythene sheet and nylon net, and used within 24 hours of
harvesting. The fruits without wrapping served as control.
Each of five treatments including check were replicated thrice
and each replication contained 6 fruits. The fruits were stored
under ambient conditions, at the temperature range of 180C
to 300C and RH of 70 to 80 per cent. The quality of wrapped
fruits was determined in terms PLW of total soluble solids
by using hand refractometer, acidity measured by titration
with fruit juice against 0.1 NaOH and ascorbic acid measured
by titration against 2,6 dichlorophenol indophenol dye
sugars.The decay reduction index (DRI%) was calculated
by using formula: DRI= decay in control - decay in treatment/
decay in control x100.
RESULTS AND DISCUSSION
Physical and chemical characteristics of fruits
The physiological loss in weight (PLW) of banana fruits
increased during storage period (Table 1). Minimum weight
loss in fruits wrapped with newspaper (5.54 - 20.00%) and
maximum in those wrapped with nylon net (15.71 - 23.20%)
and control (9.80 - 24.50%) was recorded. This may be due to

Efficacy of wrapping materials in reducing postharvest decay loss of banana fruits

higher rate of respiration and transpiration of fruits on 5th,
10th and 15th day of storage. Similiar findings have been
reported in apple fruits (Pandey et al., 2006). Increase in PLW
with increase in storage period in the present investigation
is in conformity with the earlier findings where gradual
increase in weight loss with the increase in storage period
has been reported .

newspaper and control. The increase in total sugars during
storage might be due to water loss and fast hydrolysis of
acids, starch and polysaccrides to soluble form of sugars.The
rise in sugars during storage has also been attributed mainly
due to PLW and decay loss and partially by the hydrolysis
of starch during the early periods, which resulted in lowering
of starch content due to conversion of phenolics, aminoacids
and organic acids. Similar results have been reported by
Sharma and Singh, 2010. Maximum ascorbic acid content
(7.67 - 10.02 mg 100g-1) was observed in newspaper wrapped
fruits, whereas it was minimum (2.21-3.05 mg 100g-1) in the
control (Table 1). It may be attributed to the process of
oxidation due to which the changes is largely in pH. At
neutral pH ascorbic acid is rapidly decreased.

Total soluble solids increased significantly with the
increase in storage period.The rate of increase was more upto
5 days of storage and thereafter it decreased. TSS was
maximum after 10 days of storage (24.500 B)and was at par
with 15 days of storage (22.300 B) in fruits wrapped in
newspaper and the lowest after 5 days of storage in fruits
wrapped in polythene sheet (15.50 0 B) and control
(16.200 B). The increased TSS might be due to hydrolysis of
starch into sugars and loss of moisture (Ulrich, 1974).The
level of acidity in juice was less in polythene film and control
than that of newspaper wrapped fruits during storage.
Maximum (0.46%) acidity was recorded in fruits wrapped
with newspaper, while it was less in polythene sheet (0.31%)
and control (0.23%) after 15 days. Such loss of acidity with
the advancement in storage period could be attributed to use
of organic acids in the respiratory process (Bandey, 1996).
Total sugar increased with advancement in storage period
from 5 to 10 days, with further increase in storage period
from 10 to 15 days but the increase was non- significant
(Table 1). The interaction between wrappers and storage
period was significant with a maximum of 15 days in

Effect of wrapping on decay loss
The data revealed that fruits wrapped with different
wrappers exhibited significantly less decay loss in
comparison to unwrapped fruits (Table 1). The least decay
(16.4 %) was observed in fruits wrapped with newspaper.
Butter paper and nylon net were next in order of superiority.
Wrapping with polythene sheet proved to be the least
effective (Maini et al., 1984). The decay incidence showed
progressive increase with increasing period of storage. There
was significant difference among the loss estimated at 15
days of storage. The findings are in agreement with earlier
workers (Klotz and Harding, 1970).The difference in rotting
in different wrappers might be attributed to the presence of

Table 1. Effect of wrappers on physico- chemical characteristics of banana (Musa paradisiaca L.) fruits during storage at
ambient temperature
Wrapper

Control
Newspaper
Butter
paper
Perforated
polythene
sheet
Nylon net
CD
(p=0.05%)
Wrappers
Days
Interaction

5
9.8
5.54

10
15.2
10.6

15
24.5
20.0

Ascorbic acid (mg
100g-1)
DAS
5
10
15
3.05
2.52
2.21
10.02
8.95
7.67

5.72

13.3

21.3

8.54

7.94

5.41

0.46

0.46

0.34

10.9

13.4

27.8

19.5

22.1

20.1

35.4

6.73

13.2

19.0

4.50

4.92

8.52

0.47

0.35

0.31

13.9

16.4

34.2

16.2

17.5

16.4

46.4

5.71

10.3

23.2

7.52

5.95

4.52

0.62

0.53

0.35

10.4

13.4

26.4

19.5

20.5

18.2

28.5

PLW (%)
DAS

Acidity (%)
DAS

Sugar( % )
DAS

TSS( 0B)
DAS

5
0.52
0.71

10
0.97
0.63

15
0.23
0.46

5
15.3
8.27

10
20.1
11.4

15
24.1
29.8

5
16.2
21.2

10
18.4
24.5

15
14.2
22.3

15
0.00
41.5

1.5

1.5

0.52

1.3

1.3

1.2
1.4

1.2
2.4

1.1
2.1

1.0
2.1

1.1
2.3

Journal of Eco-friendly Agriculture 9(1) 2014

DRI(%)
DAS

1.4
1.0
1.1
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fungal propagules on the wrap surface and variation in the
surrounding atmosphere of the fruits. Fruit loss due to fungal
decay increased with increasing period of storage.It might
be due to the weakening of defence system of the fruits against
fungal attack.
It can be concluded that the post harvest decay loss in
banana can be minimized by wrapping the fruits with
newspaper during the storage at ambient conditions up to
15 days.
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ABSTRACT
Foxtail millet is assumed to be native of china and considered as one of the oldest cultivated crop in the world. It is
rich in crude fiber and protein content which are very important for consumers to have a nutritious development.
Hence, a study was conducted to develop ready-to-eat millet based kurkure type product using foxtail millet grits and
maize grits (BS 18 mesh) using hot extrusion technique. Three blend ratios of foxtail millet (@ 50, 60 & 70%) and
maize (@ 50, 40 & 30%) were tried in the twin screw extruder. The expansion ratio, water solubility index, water
absorption index, bulk and true density and sensory attributes of extrudates were determined. Based on various
quality parameters of extrudates and for foxtail millet studied, the best millet and maize ratio was 60:40. With twin
screw extruder, it was possible to get good quality ready-to-eat kurkure type expanded products from foxtail millet
based blends at barrel temperature of 110°C and screw speed of 350 to 400 rpm.
Key words: Extrusion, foxtail millet, twin screw extruder, ready-to-eat, physical parameter.

Millets are a group of crops grown in semi-arid regions
of Asian and African countries. The millets form a staple
food for a large segment of the population, mainly those with
low socio-economic status, especially during drought or
famine. Among these millets, foxtail millet (Setaria italica) is
the second-most widely planted species of millets and the
most important in East Asia. Foxtail millet is making a
comeback again as this is more healthy than rice. In India,
foxtail millet cultivation is confined mainly to the states of
Karnataka (49%), Odisa (11%), Maharashtra (16%), Tamil
Nadu (9%) and Andhra Pradesh (7%). In Karnataka, the area
and production of foxtail millet are 42436 ha and 14001
tones, respectively (Anonymons, 2004). It is a good source of
phosphorous, iron and vitamins like thiamine, riboflavin,
folin. Ready-to-eat cereals are processed grain formulations
suitable for human consumption without requiring further
cooking. These formulations, are made primarily from maize,
wheat, oats or rice, usually with added flavour and fortifying
ingredients (Fast, 1993). Puffed cereals are commonly used
as ready-to eat breakfast foods or as ingredients in snack
formulations. These are appreciated mainly for their
lightness and crispness qualities related to their cellular
structure (Peleg, 1997). There was no significant research on
the development of the snack products from the foxtail
millets. Hence, the investigation was carried out with the
objective of developing foxtail millets based on hot extruded
kurkure type product under different formulations to know
the product physical parameters like expansion ratio, water
solubility index and water absorption index.
©2014

MATERIALS AND METHODS
The foxtail millet was processed (dehusked) using a
Domestic Burr Mill subsequently polished in a friction type
Rice Polisher to get millet rice grains. A domestic grain
pulverizer was used to mill different millet rice grains into
suitable flours/grits, which was later sieved using BS-18
mesh screen to remove rough particles, if any.
Formulation and preparation of samples: After several
trials it was found that, blending foxtail millet flour with
maize grits (BS 18 mesh size) showed the best blending effect
which was followed in the present study and all the trials
were conducted at optimized extruder operated conditions
(Screw speed, 350 rpm; Heater No.1, 110 oC, Heater No.2 ,
50 oC). The details of the different formulations followed with
various foxtail millet has been given in Table 1. The foxtail
millet and corn grits were thoroughly blended and 90 ml of
water (Kg-1 blend) was added to bring its moisture content to
about 18 to 20 per cent. The material was equilibrated for
about 30 minutes before extrusion.
Table 1. Different formulations of foxtail millet based
kurkure product
Foxtail millet
and code
Fc1
Fc2
Fc3

Foxtail millet
grits
(%)
50
60
70

Maize
grits
(%)
50
40
30

Moisture content of
blend
(% wb)
18
18
18
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Operating procedure of extruder: The extruder was
primed half-an-hour to actual operation. After fixing the
required ‘die’ (3 mm circular hole) the main switch was put
on. The heater no.1 and 2 were set at 110oC and 50oC and
were switched on for barrel heating. Cooling water line to
solenoid valve is shut till required temperature was reached.
The other operational settings namely, screw speed (350 rpm),
feeder speed (42% of max) and cutter (36% of max) were set
in the main control panel.
Recipe and procedure for preparation of millet kurkure
type masala: Since the extrudates from the twin screw
extruder were bland in taste, they were first prepared like
the commercial kurkure product before serving to sensory
panel. The foxtail millet based kurkure type products were
prepared by frying with commercial masala. The recipe for
the preparation of kurkure type products, fry experimental
kurkure in 3 tsp of sunflower oil (100 g-1) and add 2 tsp of chat
masala as a flavoring agent (M/s Sonram Company,
Doddbalapur, Bangalore) and serve.
Sensory evaluation of fry kurkure type products: The
prepared products were evaluated for sensory characteristics
using nine point hedonic scale method (Ranganna, 1997) by
a panel of 10 trained judges along with the commercially
available product as a control. Among the three formulations
tried, one best kurkure product based on good colour, texture,
flavour, taste, crispness and overall acceptability, was used
for further studies to optimize the operating parameters of
the twin screw extruder.
Optimization of twin screw extruder operating
parameters: The operating parameter of the twin screw
extruder mainly, the screw speed as optimized for the various
‘best selected’ three foxtail millet based kurkure products in
which barrel temperature was kept constant (1100C). Three
screw speeds were selected in factorial combinations to
produce extrudates from the already finalized foxtail millet
and maize grit combinations. The extrudates were analysed
for physical parameters like expansion ratio, water
absorption index (WAI) , water solubility index (WSI), true
density and bulk density. The foxtail millet and maize grit
combination of barrel temperature was kept constant, where
as screw speed was varied from 350 to 450 rpm.
The developed product (kurkure) under above
optimized extruder conditions was subjected to quality
analysis to determine, expansion ratio, WAI,WSI, true density
and bulk density using standard procedure and methods as
details below:
Expansion ratio: It was determined as described by Fan
et al., 1996. The extrudates expansion ratio was then
84

calculated as:

Expansion ratio (M / M ) 

Extrudate Diameter (mm )
Die Diameter (mm )

Water absorption index (WAI) and water solubility
index (WSI): These where calculated as per Anderson (1982):

WAI=

WAS =

Weight of wet sediment(g)
×100
Intial weight of dry solids taken(g)

Weight of dissolvedsolids in supernatant(g)
×100
Weight of dry solids (g)

True density: True density of extruded foxtail millet
based kurkure type product was determined as per the method
suggested by Deshpande and Poshadri (2011) and then true
density was calculated as:
True density (Kg m -3 )=

Weight of ground sample of extrudate (Kg)
Rise of toulene level (m 3 )

Bulk density: The average sample diameter (d) and
length (L) of 25 extrudates were determined using a vernier
caliper (least count 0.02 mm) assuming the extrudates as
cylinder (Launay and Lisch, 1983).
Bulk density (Kg m  3 ) 

Mass of extrudates ( Kg )
Volume of extrudates (m 3 )

RESULTS AND DISCUSSION
Selection of best kurkure product through sensory
evaluation: Sensory evaluation of foxtail millets based readyto-eat kurkure type expanded products has showed that,
foxtail millet and maize grit combinations (60:40, Fc2) was
the best. Further studies and factorial experimental
combinations of three screw speeds (350, 400 & 450 rpm)
and constant barrel temperature (110 °C) were selected and
the resultant products were analysed for the physical
parameters viz., expansion ratio, water solubility index,
water absorption index, true density and bulk density
(Table 2).
Expansion ratio: The result of expansion ratio of
extrudates crispness, a prime concern of expanded snacks,
is directly correlated with expansion formed due to the
flashing of moisture from the product at the die during
extrusion. The expansion ratio ranged from 3.48 to 4.28.
(Fig. 1).The Fig. 1 indicates that the expansion ratio increases
with increased in screw speed in the FC2 treatment. This
Journal of Eco-friendly Agriculture 9(1) 2014
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Table 2. Mean sensory scores of different foxtail millet based kurkure product
Millet formulation
Fc1
Fc2
Fc3
Control
General Mean
F-test
CD at 5%
NS = Non-significant,

Colour
7.84
8.12
8.12
8.46
8.13
NS
-

Texture
7.62
8.00
8.12
8.40
8.03
NS
-

Flavour
7.7
8.00
8.02
8.54
8.06
*
0.55

Taste
7.74
8.02
8.00
8.54
8.03
NS
-

Crispness
7.58
8.04
7.96
8.28
7.96
NS
-

Over all acceptability
7.45
8.00
7.84
8.41
7.93
*
0.59

* Significant at 5 %

Fig. 2. Effect of screw speed on water absorption index of
kurkure

increase in screw speed increases WSI in foxtail millet based
kurkure type products. The result proves that the product is
easily soluble in water. Similar results were reported by
Bhattacharya and Hanna (1987) in case of corn.
Fig. 1. Effect of screw speed on expansion ratio of kurkure

shows the better crispiness of product which is most
necessary property of any snack product. Similar result was
recorded by Bhattacharya and Hanna (1987) for corn.

True density and bulk density: The effect of twin screw
extruder screw speed on the true and bulk density of foxtail

Water absorption index: The effect of twin screw
extruder barrel temperature and screw speed on the water
absorption index of foxtail millet based kurkure type products
is presented in Fig 2. It ranged from 5.42 to 6.55. It has been
found that the decrease in screw speed increases WAI.
Similar results were recorded by Williams (1977). The
research was oriented towards the development of low water
absorption index product which succeeded in the present
study that helped in maintenance of more air pockets in the
product, which is desirable for kurkure type hot extruded
materials.
Water solubility index: The effect of twin screw
extruder operating parameters namely, screw speed on the
WSI of foxtail millets based kurkure type products is presented
in (Fig. 3). It ranges from 16.7 to 22.97, indicating that the
Journal of Eco-friendly Agriculture 9(1) 2014

Fig. 3. Effect of screw speed on water solubility index of
kurkure
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index value and highest expansion ratio, water solubility
index, bulk density and true density was observed in the
product developed under the extruder screw speed of 450
rpm.
The study recommends the development of kurkure
under 60:40 combination (foxtail and corn grits) and 450
rpm screw speed yields acceptable product for commercial
application.
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Fig. 4. Effect of screw speed on bulk density of kurkure

Fig. 5. Effect of screw speed on true density of kurkure
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ABSTRACT
The experiment carried out at Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushinagar during
2010-11 revealed the highest values of growth and yield attributes of wheat crop viz., plant height at harvest (68.9
cm), effective tillers per meter row length (55), ear head length (8.10 cm), number of grains per ear head (34.20), grain
(33.58 q) and straw yield (50.14 q) as well as the benefit : cost ratio (1.92) with the application of castor cake along
with 125.0 per cent RDF + Zn (T11) and was superior over rest but significantly at par with 125% RDF + Zn + FYM;
RDF + Zn + CC and 125% RDF + CC. Besides, the nitrogen, phosphorus, potash and zinc uptake by wheat crop were
recorded to be higher under these treatments (T11 and T5) and followed the similar pattern to yield response. On the
other hand, the application of 125.0 per cent RDF along with Zn or FYM (T12) appreciably improved the soil fertility
status with respect to available nitrogen, phosphorus, potash and zinc in the soil after harvest of wheat crop.
Key words: Castor cake, FYM, Late Sown Wheat and Zinc

Wheat (Triticum aestivum L.) has been described as one
of the most important staple food crop cultivated in 43
countries of the world. Because of being rich in carbohydrate
and protein, it has its own outstanding importance as a
human food. Indiscriminate use of fertilizers adversely affects
the nutrient status of soil resulting in poor wheat production.
To get maximum benefit from applied fertilizers, its optimum
quantity through right sources needs to be applied in the
normal as well as late sown wheat crop. In Gujarat, middle
of November, when temperature ranges between 20 to 25°C,
is the proper time for sowing of wheat crop. However, its
sowing in fields occupied by kharif crops like bajra, jowar,
groundnut, cotton etc is done after their harvest in December.
Integrated approach involving organic manures with
inorganic fertilizers not only increases the fertilizer use
efficiency but also improves the soil physical, chemical and
biological properties. Keeping in view the importance of FYM,
castor cake and zinc in sandy soils and integration of organic
manures with inorganic fertilizers to late sown wheat
(Mishra, 2006), the present experiment was undertaken.
The field experiment with wheat variety GW 173 was
conducted during the rabi season of 2010-11 at Agronomy
Instructional Farm, C. P. College of Agriculture, S. D.
Agricultural University, Sardarkrushinagar, Gujarat. The
soil of the experimental field was sandy loam in texture, low
in organic carbon and available nitrogen, medium in
available phosphorus and available potash and was
deficient in available zinc. The soil was slightly saline in
reaction (pH 7.2 - 7.7). Twelve treatments viz., T1 (RDF 80: 40:
00 NPK kg ha-1), T2 (RDF + Zn, (ZnSO4) @ 25 kg ha-1), T3
©2014

(RDF + caster cake (CC) @ 500 kg ha-1), T4 (RDF + farm yard
manure (FYM) @ 10 t ha-1), T5 (RDF + Zn + CC), T6 (RDF + Zn
+ FYM), T7 (125% RDF), T8 (125% RDF + Zn), T9 (125% RDF
+ CC), T10 (125% RDF + FYM), T11 (125% RDF + Zn + CC)
and T12 (125% RDF + Zn + FYM) in four replications were
evaluated four times. Wheat seed @ 125 kg ha-1 was sown on
25th December, 2010. Required quantity of well decomposed
FYM, castor cake and zinc sulphate individually or mixed
with one another as per treatments were incorporated in to
the soil in respective plots. The entire quantity of phosphorus
and half dose of N in form of DAP and urea were applied
before sowing of the crop in the furrows. The remaining half
dose of N in the form of urea was applied in two equal split
(25% at CRI and 25% at flag leaf stage) after 1st and 4th
irrigation. The observations were recorded on growth
parameters, yield attributes, yield and nutrient uptake during
crop growth and at harvest. The plant and soil samples were
collected at harvest and analyzed for nitrogen, phosphorus,
potash and zinc content in grain and the soil straw. The
total nutrient uptake by the crop was worked out by
multiplying nutrient content in grain and the straw with
their respective mass and summing uptake values of grain
and straw. The benefit : cost ratio was calculated.
The data (Table 1) revealed maximum plant height at
harvest in plots applied with 125% RDF + Zn along with CC
(72.2 cm); 125% RDF + Zn + FYM (68.9 cm) and RDF + Zn +
CC (67.1 cm). The effective tillers meter-1 row length, ear head
length and grains ear head-1 were appreciably affected with
different treatments. Integration of either RDF or 125% RDF
along with Zn along with CC recorded significantly higher
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Table 1. Effect of different treatments on growth and yield attributes, yield and B:C ratio of wheat crop.

Treatments
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12

RDF (80:40:00 NPK kg ha-1)
RDF + Zn (ZnSO4, 25 kg ha-1)
RDF + CC (Castor cake, 500 kg ha-1)
RDF + FYM (10 t ha-1)
RDF + Zn + Castor cake
RDF + Zn + FYM
125% RDF
125% RDF + Zn
125% RDF + Castor cake
125% RDF + FYM
125% RDF + Zn + Castor cake
125% RDF + Zn + FYM
S.Em. ±
C. D. at 0.05 %
C. V. (%)

Plant
height
(cm)
56.5
57.9
63.2
59.3
67.1
66.6
60.4
61.1
66.1
64.2
70.2
68.9
2.98
8.55
9.39

Effective Length of
Tillers
ear head
(cm)
49
6.20
49
6.46
54
7.21
51
6.95
55
7.70
54
7.08
50
6.89
52
6.90
55
7.46
54
7.40
57
8.16
55
7.88
1.78
0.36
8.10
1.04
6.70
10.13

Number of
grains per
ear head
27.90
28.01
29.53
28.56
32.90
29.83
28.56
29.33
30.20
30.18
34.20
33.60
1.37
3.94
9.08

Grain
yield
(kg ha-1)
2388
2418
2752
2587
3039
2791
2512
2637
2979
2859
3358
3249
164.57
472.11
11.77

Straw
yield
(kg ha-1)
3590
3627
4108
3886
4559
4140
3780
3963
4469
4271
5010
4890
242.04
694.33
11.55

B:C
Ratio
1.64
1.59
1.66
1.23
1.77
1.29
1.69
1.70
1.77
1.34
1.92
1.48

RDF- recommended dose of fertilizer CC- castor cake, FYM- farm yard manure

number of effective tillers meter row length-1 (57) than the
rest.

by the crop. These results are in agreement with those of
Sepat et al., 2010.

Similarly, the length and grains ear head-1 were also
significantly enhanced with 125% RDF + Zn along with CC
(8.16 cm) or FYM (7.88 cm) than with chemical fertilizer
applied alone. Although, the application of 125% RDF + Zn
+ CC (T11) or RDF + Zn + CC (T5) recorded highest length of
spike it was at par with the application of CC along with
either RDF or 125% RDF. This might be due to application of
25% higher fertilizer than other treatments. Stimulated
vegetative growth of wheat on account of adequate and
prolonged supply of essential nutrients receiving either CC
or FYM and Zn in addition to RDF, recorded increased
number of effective tillers meter row length-1. The beneficial
effect of castor cake on yield attributes rests with the fact that
after proper decomposition and mineralization, these are
readily available to the plants leading to higher spike length.
Similar results were also reported by Dudhat et al. (1997)
and Pandey et al. (2009).

Uptake of N,P,K and Zn increased with progressive
increase in the supply of N,P,K and Zn nutrients to the crop
(Table 2). Maximum uptake by the crop was recorded at 125%
RDF with CC + Zn together and was statistically at par with
RDF + Zn or 125% RDF +Zn along with FYM and CC. This
might be due to favorable effects of castor cake and FYM in
conjunction with either the RDF or 125% RDF on growth
and yield parameters which resulted in more grain and
straw yields and consequently more utilization of nutrients
by the crop. Similar conclusion was drawn by Gupta et al.,
2007 and Jain and Dhama (2006).

The crop fertilized with 125% RDF along with Zn + CC
(T11) recorded significantly maximum seed (33.58 q ha-1) and
straw yield (50.10 q ha-1) accounting for 40.62 and 39.55
percent, respectively than with fertilizer alone. It was found
at par with Zn and CC along with RDF (T5). The increase in
the yield under these treatments was mainly due to the
improvement in growth as well as yield attributing
characters, as their application improve the fertility status
which ultimately results in the better utilization of nutrients
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The application of FYM in conjunction with Zn or 125%
RDF (T12) appreciably improved the N, P, K and Zn status of
the soil was superior to rest of the treatments. However,
application of RDF + Zn along with FYM recorded higher
available nutrients status as compared to application of RDF
+ Zn along with CC. Higher amount of available nutrients
might be due to increased activity of micro-organism, leading
to greater mineralization of applied and inherent nutrients..
The treatment with single fertilizer application (T1) recorded
lowest amount of available N, P, K and Zn after harvest of
wheat crop. The maximum available nutrients in the soil
were due to addition of FYM along with chemical fertilizers.
The results are in accordance with those of Pandey et. al.
(2009), Gupta et. al. (2007) and Singh et. al. (2004).
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Table 2. Effect of different treatments on nutrient uptake and available nutrients status of soil.

Treatments
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12

RDF (80:40:00 NPK kg ha-1)
RDF + Zn (ZnSO4, 25 kg ha-1)
RDF + CC (Castor cake, 500 kg ha-1)
RDF + FYM (10 t ha-1)
RDF + Zn + Castor cake
RDF + Zn + FYM
125% RDF
125% RDF + Zn
125% RDF + Castor cake
125% RDF + FYM
125% RDF + Zn + Castor cake
125% RDF + Zn + FYM
S.Em. ±
C. D. at 0.05 %
C. V. (%)

N
(kg
ha-1)
50.95
53.97
61.64
56.38
74.15
70.67
56.02
58.68
67.91
61.06
79.91
77.76
3.09
8.88
9.66

The highest benefit: cost ratio was recorded with
treatment T 11 (1.92), which was closely followed by
treatments T5, T9 and T8 with 1.77, 1.77 and 1.70 BRC,
respectively (Table 1). The lowest benefit: cost ratio (1.23)
was recorded with RDF + FYM (T4) due to higher cost of
cultivation.
The results indicated scope of achieving maximum
grain yield and benefit cost ratio in late sown wheat crop
with the application of 125% RDF (80+40+00 NPK kg ha-1)
along with ZnSO4 (25 kg ha-1) and castor cake (500 kg ha-1).
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Nutrient uptake
P
K
(kg
(kg
ha-1)
ha-1)
12.64
58.37
13.54
60.81
16.22
69.45
15.00
66.17
18.61
80.02
16.49
72.16
14.49
62.84
15.56
65.63
18.15
72.39
17.00
69.65
20.18
81.04
18.79
80.31
0.89
3.75
2.55
10.77
10.86
10.74
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(g
ha-1)
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45.30
44.69
49.59
48.41
44.18
48.15
47.67
46.82
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51.61
1.79
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N
(kg
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139.12
141.12
142.46
145.22
144.25
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151.92
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ABSTRACT
The field experiment laid out in randomized complete block design (RCBD) with ten treatments in three replications
revealed that application of 75% of recommended NPK through inorganic + FYM @ 10 t ha-1 + BGA (blue green algae)
@ 15 kg ha-1 recorded significantly higher plant height, no. of tillershill-1 and the yield.
Key words: Organic, Inorganic, INM, Hybrid rice, BGA.

Rice in India is one of the most important cereal crops
cultivated in an area of 43.7 million ha contributing about
96.43 mt. Meeting its targetted demands of 130 mt by 2025, to
feed the evergrowing population, under the prevailing
conditions of decrease in soil fertility and increase in water
scarcity, is a challenging task. Hence, technologies to
overcome these constraints need to be developed. The role of
organic fertilizer in plant nutrition is attracting the attention
of agriculturists and soil scientists throughout the world.
Chemical fertilizers, although exert positive impact on crop
growth and yield, these demonstrate negative impact on soil
organic matter, soil structure, and microbial population.
However, application of organics along with inorganic
fertilizers results in increase in crop productivity and also
sustain the soil health for longer period. In low land rice
cultivation, biological nitrogen fixation (BNF), ftoube to be
the most effective system in sustaining production, is being
considered not only as a strategic necessity but also as an
economic advantage. The main agents of BNF in a paddy
field are blue green algae (BGA) and the water fern Azolla
that assimilates atmospheric nitrogen in association with N
fixing blue green algae, Anabaena azollae. The rice field water
surface provides suitable environment for their growth and
multiplication. This Azolla-Anabaena complex is considered
to be the potential biological system for increasing rice yield.
BGA besides fixing atmospheric nitrogen also ameliorate
the soil water. It is reported that BGA growth in soil influence
the physical and chemical properties of soil (Roy and
Choudhry 1979). Keeping above factors in mind, the effect of
Integrated Nutrient Management on growth and yield of
hybrid rice was studied.
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The experiment was conducted during kharif season of
2010 at Central Research Farm, SHIATS, Allahabad. The soil
of the experimental site was sandy loam with pH (7.7) and
medium in organic carbon (0.4%). The initial status of
available N, P2O5 and K2O of the experimental site was 220.0,
18.8 and 250.0 kg ha-1, respectively. The experiment was laid
out in a Randomized Complete Block Design with ten
treatments replicated thrice. The treatments were control (T1)
BGA @ 15 kg ha-1 (T2) FYM @ 10 t ha-1 + BGA @ 15 kg ha-1
(T3) 50% of recommended NPK through inorganic (T4) 50%
of recommended NPK through inorganic + BGA @ 15 kg ha1
(T5) 50% of recommended NPK through inorganic + FYM
@ 10 t ha-1 + BGA @ 15 kg ha-1 (T6) 75% of recommended
NPK through inorganic (T7) 75% of recommended NPK
through inorganic + BGA @ 15 kg ha -1 (T8) 75% of
recommended NPK through inorganic + FYM @ 10 t ha-1 +
BGA @ 15 kg ha-1 (T9) 100% of recommended NPK through
inorganic (T10). Observations on various growth and yield
attributes were recorded.
The data on growth and yield attributes are
summarized in table 1.
Growth attributes: The data revealed significantly
higher plant height (128.80 cm) with application of 75% of
recommended NPK through inorganic + FYM @ 10 t ha-1 +
BGA @ 15 kg ha-1 against lowest (78.33 cm) in the control. It
was on par with 100% of recommended NPK through
inorganic (128.08 cm). Increase in plant height under these
treatments may be attributed to greater availability and steady
release of nutrients from organic sources (FYM, poultry
manure). Devaraju et al. (1998) opined that adequate supply

Yield maximization of hybrid rice (Oryza sativa L.) through integrated nutrient management

Table 1. Influence of Integrated Nutrient Management on growth and yield components of hybrid Rice.
Treatment

Plant
height
(cm)

T1-Control
T2-BGA @ 15 kg ha-1
T3-FYM @ 10 t ha-1 + BGA @ 15 kg ha-1
T4-50% of recommended NPK through inorganic
T5-50% of recommended NPK through inorganic
+ BGA @ 15 kg ha-1
T6-50% of recommended NPK through inorganic
+ FYM @ 10 t ha-1 + BGA @ 15 kg ha-1
T7-75% of recommended NPK through inorganic
T8-75% of recommended NPK through inorganic
+ BGA @ 15 kg ha-1
T9-75% of recommended NPK through inorganic +
FYM @ 10 t ha-1 + BGA @ 15 kg ha-1
T10-100% of recommended NPK through
inorganic
S.Em ±
C.D. at 5%

78.33
86.00
93.60
106.27
114.47

Number
of
tillers
hill-1
7.20
8.27
8.70
10.07
10.67

120.43

11.57

117.90
123.63

10.77
13.73

128.80

15.47

128.08

15.43

0.99
2.08

0.20
0.43

of plant nutrients influenced the plant height. Nitrogen
increases the chlorophyll content at later stages of crop
growth as it might have increased the photosynthesis
resulting in increased plant height (Gill and Harsharan
Singh, 1985). Significantly more number of tillers per hill
(15.47) was recorded with application of 75% of
recommended NPK through inorganic + FYM @ 10 t ha-1 +
BGA @ 15 kg ha-1 as against minimum (7.20) with the control
treatment. However, it was on par with 100% of
recommended NPK through inorganic (15.43). The
development of larger leaf area, an important factor that could
affect crop response to added nitrogen, aided in more
interception of light leading to higher dry matter production
(Vijayalakshmi and Nagarajan, 1994).
Yield attributes: The panicle length (cm), grains panicle(No.), and weight of thousand grains (g) differed
significantly due INM in hybrid rice (Table 1). Significantly
higher panicle length was recorded with 75% of
recommended NPK through inorganic + FYM @ 10 t ha-1 +
BGA @ 15 kg ha-1 (29.67 cm). It was closely followed by the
100% of recommended NPK through inorganic (29.30).
Minimum panicle length (23.60 cm) was recorded with the
control treatment. It was found to be statistically significant.
Singh et al (2001) reported similar results. Use of higher dose
of nitrogen, phosphorus and potassium through organic
sources might have helped in inducing good vegetative
growth (Dhurandher and Tripathi, 1999), which in turn
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Panicle
length
(cm)

Grains
panicle-1
(No.)

Test
weight
(g)

Grain
yield
(q ha-1)

23.60
24.30
25.30
26.00

92.10
97.50
98.40
120.20

21.50
22.20
22.20
22.30

17.20
19.10
22.50
48.20

26.40

122.40

22.30

48.90

27.00

130.00

22.80

54.30

26.70

123.10

22.50

50.20

29.00

140.80

22.90

55.40

29.67

155.80

23.40

57.20

29.30

145.10

23.20

55.80

0.14
0.29

0.43
0.89

0.08
0.16

0.19
0.39

produced higher number of panicles leading to higher yield
The increased panicle length may be attributed to steady
supply of nutrients which enhanced the dry matter
production due to more availability of photosynthates.
Significantly more number of grains panicle-1 (155.8) was
recorded with 75% of recommended NPK through inorganic
+ FYM @ 10 t ha -1 + BGA @ 15 kg ha -1 against 92.10
panicle-1 recorded under control. It was closely followed by
the treatments 100% of recommended NPK through
inorganic (145.10). Singh et al (2001) also reported similar
results. Organic manure contains growth promoting
hormones and produce better root growth than inorganic
fertilizer (Garg et al., 1971). Poultry manure containing most
of the nutrients might have helped in resulting better growth
parameters viz., number of tillers per hill, dry matter per hill,
leaf area and yield parameters such as total number of grains,
number of filled grains, decrease in unfilled grains and least
chaffiness per cent. The treatment with 75% of recommended
NPK through inorganic + FYM @ 10 t ha-1 + BGA @ 15 kg
ha-1 recorded significantly highest test weight (23.40). It was
closely followed by 100% of recommended NPK through
inorganic (23.20). Minimum test weight (21.50 g )was
recorded with the control. Singh et al. (2001) also reported
similar results. Application of higher dose of nitrogen,
phosphorus and potassium through organic sources helped
in formation of bolder seeds which in turn increased the test
weight of aerobic rice. This result is in accordance with
findings of Raghuraj Singh et al. (2001).
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Grain yield: The grain yield differed significantly due
to INM in hybrid rice (Table 1). The highest grain yield (57.20
q ha-1) was recorded with the application of 75% of the
recommended NPK through inorganic + FYM @ 10 t ha-1 +
BGA @ 15 kg ha-1 (57.20 q ha-1). It was closely followed by
100% of recommended NPK through inorganic (55.80
q ha-1). The minimum test weight (17.20 q/ha) was recorded
with the control treatment. It was found to be statistically
significant. Singh et al., 2001 reported similar results. The
dry matter production increased significantly due to more
leaf area and more light interception resulting into significant
increase in straw yield. These results confirm the findings of
Sharu and Meerabai (2001) who reported that the
application of equal ratio of chemical fertilizer and organic
manure increase the nutrient levels. As the nitrogen supply
increased, the extra protein content might have induced the
plant leaves to grow larger and made more surface area for
photosynthesis.
It was thus concluded that application of 75% of
recommended NPK through inorganic + FYM @ 10 t ha-1 +
BGA @ 15 kg ha- recorded maximum plant height, more
number of tillers hill-1, panicle length, grains panicle-1, grain
weight (g) and the rice yields.

REFERENCES:
Devaraju, K.M., Gowda, H. and Raju, B.M., 1998, Nitrogen
response of Karnataka Rice Hybrid-2. International Rice
Research Notes, 23: 43.
Garg, A.C., Indrani, M.A. and Abraham, T.P., 1971, Organic
manures, ICAR, Technical Bulletin, New Delhi.
Gill, H.S. and Harsharan Singh, 1985, Effect of Mixtalol and
Agromix in relation to varying levels of N on growth and
yield of paddy. Journal of Research, (PAU), 22: 617-623.
Muneshwar Singh, Singh, V.P. and Sammi Reddy, K., 2001, Effect
of integrated use of fertilizer nitrogen and FYM or GM on
transformation of NKS and productivity of rice-wheat system
on a vertisol. Journal of Indian Society of Soil Sciences, 49: 430435.
Raghuraj Singh, Sardhar Singh and Kedar Prasad, 2001, Effect of
fertilizers, FYM and row spacing on transplanted rice, Crop
Research, 22: 295-296.
Sharu, S.R. and Meerabai, M., 2001, Effect of integrated nutrient
management on shoot-root ratio and leaf area index in chilli.
Spice India, pp. 14-15.
Vijayalakshmi, C. and Nagarajan, M., 1994, Effect of rooting
pattern in rice productivity under different water regimes.
Crop Science, 173: 113-117.

Manuscript Received on 24.3.2013
Manuscript accepted for publication 28.7.2013

92

Journal of Eco-friendly Agriculture 9(1) 2014

Journal of Eco-friendly Agriculture 9(1): 93-95 : 2014

SHORT COMMUNICATION

Response of bone meal, fish meal and phosphorus fertilizer
on lentil (Lens esculenta Moench.) growth and grain yield
Gaurav Vishnoi1, Arun Kumar, J. S2* and P.J. George 3.
1. Department of Agronomy, Allahabad school of Agriculture, SHIATS, Allahabad, Uttar Pradesh.
2. Department of Agronomy, University of Agricultural Sciences Bangalore - 560065.
3. Department of Agronomy, Allahabad school of Agriculture, SHIATS, Allahabad, Uttar Pradesh.
ABSTRACT
The field experiment conducted during the Rabi season of 2011 at Central Research Farm, SHIATS, Allahabad to
study response of different organic and inorganic sources of phosphorus on growth and yield of lentil (Lens esculenta
Moench.) indicated that application of 75% of recommended doze of phosphorus through SSP and 25% through fish
meal ha-1 recorded significantly higher plant height (39.6 cm), no. of branches plant-1 (16.6), dry weight as well as the
grain (1722 kg ha-1) and straw yield (2743 kg ha-1).
Key words: Lentil, bone meal, fish meal

Lentil (Lens esculenta Moench.) contributes about 20.0
per cent of the world human food requirements. It contains
23.7% protein, a level double than that of cereals and slightly
higher than that of meat, egg and fish (Pellet and
Shadarevian, 1970). It is an herbaceous, low growing not
exceeding 50-60 centimeter in height, mostly erect and bushy
type annual plant with four to six primary branches. It
contains considerable amount of phosphorus (350-370 mg),
potassium (790-801 mg), calcium (68-79 mg), magnesium
(80 mg) 100 g-1 of seed (Watt and Merrill, 1963) and energy
content of 357 Kcal 100 g-1 of seed (Manan et al., 1985).The
average lentil yield is low due to continuous cultivation of
low yielding, less input responsive and stress susceptible
genotypes, declining soil fertility and inadequate nutrients
application. The only way to increase unit area production
rests with the judicious use of the nutrients and selection of
high yielding and fertilizer responsive genotypes with wider
adaptability (Harmsen, 1995). Use of organic manures which
enhances availability of micronutrients to plants (Reddy,
2008) would be an inevitable practice in the years to come
for sustainable agriculture. Kundu (2010) opined that
adequate supply of phosphorus influence plant height while
Singh (2003) reported that it increases nitrogen fixing
capacity and the chlorophyll content in the legume. Keeping
this in view, effect of organic phosphorus sources viz., bone
meal, fish meal and poultry manure that contain 20-25, 6.0
and 2.63 per cent P as well as considerable amount of organic
nitrogen and potash was evaluated.
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The field experiment was conducted during Rabi season
of 2011 in a Randomized Complete Block Design with ten
treatments in three replications at Central Research Farm,
SHIATS, Allahabad. The soil of the experimental site was
sandy loam with pH (7.7) and medium in organic carbon
(0.4%). The initial status of available N, P2O5 and K2O of the
experimental site was 220.0, 18.8 and 250.0 kg ha -1 ,
respectively. The treatments were T1- 100% RDP through
SSP (control), T2- 75% RDP through SSP + 25% RDP through
BM, T3- 75% RDP through SSP + 25% RDP through PM, T475% RDP through SSP + 25% RDP through FM, T5- 50%
RDP through SSP + 50% RDP through BM, T6- 50% RDP
through SSP + 50% RDP through FM, T7- 50% RDP through
SSP + 50% RDP through PM, T8- 25% RDP through SSP +
50% RDP through BM+ 25% RDP through FM, T9- 25% RDP
through SSP + 50% RDP through BM + 25% RDP through
PM and T10- 25% RDP through SSP + 25% RDP through FM
+ 25% RDP through BM + 25% RDP through PM.
Observations on various growth and yield attributes were
recorded.
The results presented in Table 1 showed highest plant
height (39.6 cm) with the application of 75% RDP through
SSP + 25% RDP through FM against the lowest of 33.4 cm
with 25% RDP through SSP + 50% RDP through BM + 25%
RDP through PM. However, the values obtained with 100%
RDP through SSP (control) (39.3 cm), 50% RDP through SSP
+ 50% RDP through FM (37.8 cm) and 75% RDP through SSP
+ 25% RDP through BM (37.2 cm) were statistically at par.
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The significant increase in plant height with these treatments
was attributed to greater availability and steady release of
nutrients from fish meal.
Application of 75% RDP through SSP + 25% RDP
through FM recorded the highest number of branches plant1
(16.6). However, the values with 100% RDP through SSP
(control) (16.0) 50% of RDP through SSP + 50% of RDP
through FM (15.5), 75% of RDP through SSP + 25% of RDP
through BM (15.4), 50% of RDP through SSP + 50% of RDP
through BM (14.3) and 75% of RDP through SSP + 25% of
RDP through PM (14.2) were found statistically at par. The
lowest number of branches (11.0) was recorded from the
treatment 25% of RDP through SSP + 50% of RDP through
BM +25% of RDP through FM. The highest number of
branches recorded might be due to greater availability of
nutrients. Babu and Reddy (2007) reported that the increase
in the number of branches may be due to slow release of
nutrients from the organic sources at later stages of crop
growth. The results are in accordance with the finding of
Sharma (2004).
Seed yield and stover yield was influenced significantly
due to different organic and inorganic sources of phosphorus
in lentil. Highest seed yield (17.22 q ha-1) was recorded with
75% of RDP through SSP + 25% of RDP through FM as
against lowest (13.47 q ha-1) with 25% of RDP through SSP +
50% of RDP through BM + 25% of RDP through FM. However,
the values obtained from the treatments 100% RDP through

SSP (16.49 q ha-1), 50% of RDP through SSP + 50% of RDP
through FM (16.01 q ha-1), 75% of RDP through SSP + 25% of
RDP through BM (15.89 q ha-1), 75% of RDP through SSP +
25% of RDP through PM (15.51 q ha-1) and 50% of RDP
through SSP + 50% of RDP through BM (15.39 q ha-1) were
statistically at par. Fish meal contain highest concentration
of macro and micronutrients, hence, the treatments 75% of
RDP through SSP + 25% of RDP through FM and 50% of
RDP through SSP + 50% of RDP through FM obtained highest
seed yield. These findings are in agreement with the findings
of Koushik (2008) and Brahmachari (2004). Stover yield (q
ha-1) was significantly influenced by organic and inorganic
sources of phosphorus in lentil. Highest stover yield (27.43
q ha-1) was recorded with 75% of RDP through SSP + 25% of
RDP through FM. However, the data recorded with 100%
RDP through SSP (27.19 k q ha-1), 75% of RDP through SSP +
25% of RDP through BM (26.73 q ha-1), 50% of RDP through
SSP + 50% of RDP through FM (26.90 q ha-1), 50% of RDP
through SSP + 50% of RDP through BM (26.32 q ha-1) and
75% of RDP through SSP + 25% of RDP through PM (26.30 q
ha-1) were at par. The lowest stover yield (23.23 q ha-1) was
obtained from 25% of RDP through SSP + 50% of RDP
through BM + 25% of RDP through PM. The data on harvest
index (%) was non-significant. However, highest harvest
index was recorded with 75% of RDP through SSP + 25%
through FM (38.57%) followed by 38.38% with 75% of RDP
through SSP + 25% through BM. The lowest harvest index
(35.94%) was recorded with 25% of RDP through SSP + 50%
through BM + 25% through FM.

Table 1. Effect of different organic and inorganic sources of phosphorus on growth and yield attributes in lentil.

Treatments

T1- 100% RDP through SSP (control)
T2- 75% P through SSP + 25% P through BM
T3- 75% P through SSP+ 25% P through PM
T4- 75% P through SSP + 25% P through FM
T5- 50% P through SSP + 50% P through BM
T6- 50% P through SSP + 50% P through FM
T7- 50% P through SSP + 50% P through PM
T8- 25% P through SSP + 50% P through BM +
25% P through FM
T9 - 25% P through SSP + 50% P through BM +
25% P through PM
T10 - 25% P through SSP + 25% P through BM +
25% P through PM + 25% P through FM
S.Em (±)
CD (P=0.05)

39.3
37.2
36.7
39.6
36.7
37.8
36.4

Number of
branches
plant-1
16.0
15.4
14.2
16.6
14.3
15.5
13.6

33.9

11.0

1347

2401

35.94

33.4

12.4

1381

2323

37.25

34.8

14.7

1421

2425

37.03

0.78
2.35

0.9
2.8

71
214

85
255

2.93
8.93

Plant height
(cm)

Seed yield
(kg ha-1)

Stover yield
(kg ha-1)

1649
1589
1551
1722
1539
1601
1475

2719
2673
2630
2743
2632
2690
2456

Harvest
index
(%)
38.28
38.38
37.03
38.57
36.86
37.26
37.56

RDP recommended dose of phosphorus, BM = bone meal, PM = poultry manure and FMC = fish meal and SSP = single super phosphate
(inorganic source)
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The finding indicated that application of 75%
phosphorus through inorganic source (SSP) and 25%
through fish meal increases lentil plant height, no. of
branches in the plant and the grain as well as stover yield at
harvest.
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Helicoverpa armigera is a cosmopolitan and
polyphagous insect pest damaging numerous crops of
agricultural importance all over the world (Kranz et al., 1987).
In West Bengal, it attacks tomato, okra, sunflower, cole crops,
pulses, rabi summer cotton etc severely. Due to indiscriminate
use of conventional insecticides the pest has developed
resistance (Armes et al., 1992). The cost of its management is
also increasing day by day along with harmful effect on
environment. Hence, there is a need for the use of safer
pesticides, preferably the biopesticides, which could be
feasible and effective in its management. The present study
was aimed at to assess the fate of H. armigera exposed to
different concentrations of commercially available
biopesticide, Bacillus thuringiensis var. kurstaki (halt & dipel).
The experiment was conducted under laboratory
conditions at 20 to 300 C temperature and relative humidity
of 60 to 70 per cent against 3rd instar larvae of H. armigera
collected from tomato crop. Four concentrations of both the
formulations of B. thuringiensis var. kurstaki (B.t.k.), i.e., halt
and dipel were used for infecting the larvae and were
compared with untreated check. For every concentration, 10
larvae starved for 6 hours were used and placed individually
in glass vials (7.5 x 2.5 cm). Water soaked chick pea seeds
were dipped in each of the bacterium concentrations,
separately. The treated seeds were air dried in shade and fed
to the larvae for 24 hours by keeping one larva in each vial to
avoid cannibalism. Fresh and untreated seeds were supplied
daily for feeding. Another set of 10 larvae fed with seeds
treated with sterile distilled water were kept as control. Each
treatment was replicated thrice. Observations on larval
mortality were recorded daily at 24 hour intervals upto 6th
day. The data on per cent mortality were corrected by using
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Abbott’s (1925) formula and analysed statistically after
angular transformation.
Results on the toxicity of different formulations of B.t.k.
(dipel & halt) at different concentrations (0.2, 0.1, 0.05 &
0.025%) against 3 rd instar of Helicoverpa armigera are
presented in Table 1. No significant larval mortality of H.
armigera in the biopesticides concentrations and untreated
control was observed on the 1st day of observation. However,
all the treatments exhibited significant mortality over control
from the 2nd day onwards and highest mortality (50.00%)
was in B.t.k. 8L (0.2%) followed by 46.67 and 43.33 per cent
in B.t.k. 5% WP (0.02%) and B.t.k. 8L (0.1%) which were
statistically at par to each other. More or less similar trends
were recorded on the remaining consecutive days. Complete
mortality (100.00%) was noticed in B.t.k. 8L (0.2%) on 5th
day, which was at par (95.83%) in B.t.k. 5% WP (0.2%).
However, B.t.k. 5% WP (0.2%) gave cent per cent mortality on
6th day and was statistically at par with B.t.k. 5% WP (0.1%)
with mortality of 96.08 per cent. An increasing trend in
mortality with the increasing concentration of B.t.k. was
observed for both the formulations at different days after
treatment. Higher efficacy, (100% mortality) of B.t.k. at 96 h
after application against 3rd and 4th instar larvae of H.
armigera, was earlier reported by Dabi et al. (1979) and Gupta
et al., 1997. A laboratory experiment conducted by Manjula
and Padmavathamma (1999) showed higher larval mortality
of H. armigera at higher concentration of B.t.k. All these
evidences are in conformity with the present studies.
It may thus be concluded that B.t.k. in form of dipel or
halt at 0.2 and 0.1 per cent concentrations may be used to
combat H. armigera menace.

Efficacy of Bacillus thuringiensis var. kurstaki against Helicoverpa armigera

Table 1. Efficacy of Bacillus thuringiensis var kurstaki against Helicoverpa armigera
Biopesticide
B.t.k 8L (Halt)

Dose
(%)
0.2
0.1
0.05
0.025

B.t.k 5% WP
(Dipel)

0.2
0.1
0.05
0.025

Control
CD at 5%

-

1
6.67
(12.62) a
6.67
(12.62) a
3.33
(6.80) a
0.00
(0.99) a
6.67
(12.62) a
3.33
(0.99) a
3.33
(6.80) a
0.00
(0.99) a
0.00
(0.99) a
11.37

Mortality at different days after treatment (%)
2
3
4
5
50.00
82.96
88.43
100.00
(45.00) a
(65.80) a
(70.12) a
(89.19) a
43.33
55.19
61.57
72.22
(41.15)abc
(47.99) b
(51.72) b
(58.25) bc
36.67
48.15
50.00
56.02
(37.22) bcd
(43.94)bc
(45.00) c
(48.48) cd
26.67
30.74
34.72
47.69.
(31.00) de
(33.52)d
(36.09) de
(43.65) d
46.67
82.59
84.72
95.83
(43.08) ab
(65.62)a
(67.23) a
(82.56) a
33.33
58.52
65.28
75.93
(35.22) cde
(49.99)b
(53.91) b
(60.62) b
26.67
37.78
42.59
52.31
(31.00) de
(33.89)d
(40.69) cd
(46.35) d
23.33
31.11
26.85
43.52
e
cd
e
(28.78)
(37.91)
(31.13)
(41.24) d
0.00
3.33
13.33
16.67
(0.99) g
(6.80)e
(21.14) f
(23.86) e
5.949
8.85
5.96
9.90

6
100.00
(89.19) a
88.21
(69.92) b
68.79
(56.10) c
56.54
(48.81) cd
100.00
(89.19) a
96.08
(82.77) a
64.84
(53.80) cd
52.83
(46.63) d
16.67
(23.86) f
8.73

Figures in parenthesis are angular transformed value
Figures followed by a common letter(s) are non-significant (p = 0.05)
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The European honey bee, Apis mellifera L., an exotic
species adapted to different climates, plays an important
role in crop pollination amounting to higher yield of honey
and other bee product. This has made a considerable
progress in northern India including Jammu and Kashmir,
Himachal Pradesh, Uttar Pradesh, Haryana, Bihar and
Punjab (Atwal, 2000). However, during last 2-3 years,
microbial brood diseases have been noticed in honey bee
colonies in some of the north Indian states. Diseases in honey
bee are the serious problems causing economic losses to bee
keepers hampering the expansion of beekeeping and the bee
industry worldwide (Ronan and Petrenes, 1998). Among
these, the european foulbrood (EFB) caused by the bacterium
Melissococcus plutonius, is a serious disease of honeybee (Apis
mellifera L.) colonies (Shimauki and Knox, 1997). The
bacterium was previously known as M. pluton (Bailey and
Collins, 1982). In Apis mellifera, the first incidence of EFB in
India was reported in Himachal Pradesh and Dharwad area
of Karnatak during 1998 (Singh and Garg, 2000) and in
Punjab during 1999 (Gatoria et al., 2000). The clinical signs
of the disease are an irregular brood pattern with swollen
and twisted larvae having opaque and creamy white to pale
yellow guts, which finally turns brown to black and dries
down to soft and scales emits vinegar like odour (Morton
and Brown, 1996). The antibiotic, terramycin (oxytetracycline)
is mainly used to control EFB (Sanjaram and Rana, 2006)
but its ill effects observed on the brood, honey and royal jelly
contamination alarms caution (Matsuka and Nakamura,
1990; Miyagi et al., 2000; Thompson et al., 2005). Therefore, it
is the need of time to re-evaluate the efficacy of traditional
methods of disease management for better honey production.
Saville (1998) reported the efficacy of Azadirachta indica (neem)
oil mixed in sugar syrup at dosage of 2-3 drops per colony
against the bacterial infections in Apis cerana colonies. Out
of the many non-synthetic insecticidal control methods, uses
of animal originated products are gaining more attention. It
has been reported earlier that the animal origin product, cow
urine can be used in honey bee disease management under
field conditions (Tiwari and Mall, 2007). Keeping these
points in mind, the impact of cow urine on the growth of
©2014

bacteria in vitro was studied.
Bacterial colonies were isolated from infected bee hives
from the apiaries at Pantnagar, Ramnagar and Haldwani.
Diseased brood comb was removed from the hive and
transported to the laboratory. Five suspected diseased larvae
were removed from their cells with sterilized (70% ethanol)
forceps and spatula. The diseased larvae were placed under
microscope on slide and pulled apart, to expose the mid-gut.
A sterile swab stick was used to collect material from the gut
(larval gut smear - LGS).
The cow urine of desi breed was tested against bacterial
pathogen. Antibacterial screening of the cow urine and
standard antibiotic (terramycin) against test bacteria was
carried out on nutrient agar medium following food
poisoning method of Nene and Thapliyal (2002) with slight
modifications. The concentrations of cow urine used were
25, 50, 75 and 100 per cent, while of terramycin these were
50, 100, 200 and 400 ppm. The discs prepared from
whatmann filter paper (7 mm) dipped in test bacterial culture
(suspension) and placed in poisoned nutrient agar medium
in petri plates of 9.00 cm with the help of fine pointed forceps,
separately. These inoculated plates were incubated at 37±1
0
C overnight. Data were recorded on the growth of bacteria
around the discs in cow urine and standard antibiotic,
treated agar plates. Growth of bacteria around the plain disc
(untreated) was also recorded.
The data presented in Table 1 clearly show the effect of
cow urine in controlling the growth of bacteria in-vitro which
was at par with standard antibiotic terramycin. In the
treatment of 100 per cent cow urine, the growth of bacteria
was 1.63mm, which was almost at par with terramycin
400ppm (1.50mm).The growth of bacteria was checked by
the cow urine and terramycin almost in a similar fashion
showed the effectiveness of cow urine, a natural product in
comparison to the synthetic antibiotic, terramycin. The
growth of bacteria was 2.03, 2.50 and 3.00 mm in 75, 50 and
25 per cent cow urine, which was almost similar to the
growth of bacteria in terramycin 200, 100 and 50 ppm (1.80,

Effect of cow urine on bacterial disease of honey bee, Apis mellifera L.

Table 1. Effect of cow urine and, terramycin on the growth
of bacteria (Melisococcus plutonius) in-vitro
Cow urine /
antibiotic
Cow urine

Terramycin

Control (untreated)

Concentration
(%/ppm)
100%
75%
50%
25%
400
200
100
50
-

Growth of
bacteria (mm)
1.63
2.03
2.50
3.00
1.50
1.80
2.33
2.80
7.78

2.33 & 2.80 mm). The growth of bacteria in untreated control
(without cow urine and terramycin) was 7.78mm. The
findings on the inhibition of growth of bacteria by
incorporating cow urine (100%) and terramycin (400ppm)
separately into the nutrient media showed 80.0 to 90.0 per
cent inhibition of bacterial growth in comparison to control.
The cow urine (25-75%) treatment showed higher inhibition
in bacterial growth in comparison to terramycin (50200ppm), which showed higher efficacy of cow urine in
inhibiting bacterial growth and recovery in EFB infection.
Th results also confirmed the results obtained under
field conditions that cow urine makes the infected honey bee
colonies healthy by inhibiting the bacterial growth ( Tiwari
and Mall, 2007). Achliya et al. (2004) reported that the cow
urine (go-mutra) is an important component of some ayurvedic
formulations, which are used to treat various diseases and
disorders. They checked the antimicrobial activity of cow
urine and found inhibited growth of bacteria viz.,
Staphylococcus aureus, Salmonella typhi, Bacillus subtilis,
Pseudomonas aeruginosa, E. coli, Bacillus cereus, Micrococcus
luteus and yeast in vitro. Alonso et al. (1994) studied the
effect of cow urine in vitro growth of Fusarium subglutinans
(Gibberella fujikuroi var subglutinans), using cow urine filtered
through a millipore membrane mixed with PDA and PDA
amended with autoclaved urine and reported severe
reduction in mycelial growth. Kumar and Sehgal (1998) also
reported the use of cow urine as antipathogenic material.
Uttarakhand, being an organic state of India, has
tremendous scope of development of cow urine based
formulations as people in rural areas there maintain cattle
(mainly cows) as an additional source of income. The
formulations would reduce pressure on chemicals and
antibiotic in disease management. While this sounds a little
unconventional for many, it could be a major step in
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increasing the honeybee population. Traditional methods
of pest control will also get promoted by this eco-friendly
approach.
It was concluded that the use of cow urine against
bacterial disease of honey bee is safe, eco-friendly and is
readily available, almost free of cost to farmers in India.
Further research is, however, needed to assess its
effectiveness against bacterial disease outbreaks of honey
bee.
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Soybean (Gycine max (L.) Merril.) is considered as an
alternative as well as substitute for sustainable farming in
northeast India. Deoiled cake, rich in protien is also exported
to European countries from India (Khot et al., 2007). Many
fermented products of soybean like Hawaichar, Axoni,
Trumbai etc. are being used in northeast India. Productivity
of soybean is very low (1.1 t ha-1) as compared to world
average of 1.8 t ha-1 (Deosthali et al., 2005; Chauhan, 2007).
One of the main reasons behind low productivity is severe
infection of rust (Phakopsora pachyrhizi (Syd. & P. Syd.) which
causes heavy defoliation. Due to this, photosynthetic area is
lost and the crop yield is reduced. Hence, it is imperative to
devise strategies to minimize the loss caused by this disease.
Although host plant resistance is considered as the best
economic and sustainable option when it comes to
management but in case of soybean rust sources of resistance
are almost negligible. Its management using fungicides
though is highly effective but it results in increased cost of
cultivation and also causes environmental pollution. In
northeast India, use of external inputs like fungicides,
fertilizers etc. are very less except Tripura and Manipur.
Under these conditions biological control option is better
suited for preserving the organic conditions. Keeping this in
view, experiments were conducted to find out the effect of
various fungi on P. pachyrhizi and results are reported in
this communication.
Experiments were carried out in Plant Pathology
laboratory of ICAR Research Complex for NEH Region,
Umiam, Meghalaya. Ten fungi viz., Trichothecium roseum,
Trichoderma sp., Mycogone perniciosa, Aspergillus sclerotiorum,
Metarhizium anisoplae, Lecanicillium lecanii, Beauveria bassiana,
Verticillium epiphytum, Cladosporium cladosporiodes and
Eudarluca filum were evaluated against soybean rust fungus,
P. pachyrhizi. All the fungal cultures were maintained on
PDA (potato dextrose agar) and V. epiphytum on potato carrot
agar (peeled potatoes- 40 g, peeled carrots-40 g & tap water 1 l). Living cultures have been deposited in MACS Agharkar
©2014

Research Institute, Pune, India and the accession numbers
are provided (Table 1).
Table 1. Different fungi used for mycoparasitism evaluation
against soybean rust pathogen (Phakopsora
pachyhizi)
Fungus
Trichothecium roseum
Trichoderma sp.
Mycogone perniciosa
Aspergillus sclero tiorum
Metarhizium a nisoplae
Lecani cillium lecanii
Beauveria bassiana
Verticillium epiphytum
Cladosporium cladosporiodes
Eudarluca filum

Accession number
NFCCI 1948
NFCCI 1949
NFCCI 1946
NFCCI 2603
NFCCI 1952
NFCCI 1951
NFCCI 1950
NFCCI 2283
-

A detached leaf assay was done for evaluation of these
fungi. Aqueous spore suspensions of different fungi at three
(concentrations (103, 105 & 107 spores ml-1 in 0.02% Tween
20) was used to inoculate leaves containing rust pustules.
The inoculated leaves were kept in moist chamber using petri
dishes lined with blotting paper. Distilled water was used
to keep the lined blotting paper wet throughout the
experiment. Observations were recorded on 3rd, 5th and 8th
day after inoculation. Dissecting microscope used for initial
confirmation and afterwards light microscopy was done
using a Leitz ialux 22 microscope attached with camera.
Rust pustules were picked using cellotape and mounted in
KOH (3%) for observation under light microscope (Correll et
al. 1987). Scanning electron microscopy (SEM) (JEOL JSM
6360 SEM, JEOL, Tokyo, Japan) was also conducted for
confirmation. Dissecting microscope was used for selecting
the areas of the leaves for SEM studies. Leaf bits of ~3 mm
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size were placed on double sided cellotape on metal stubs,
then the samples were sputter coated with gold using a JFC1100 fine coat ion sputter device (JEOL, Tokyo, Japan) under
vacuum. The gold-coated samples were used for SEM
observations.
There was no mycoparasitism in any combination on
3rd and 5th day but on 8th day it was observed in case of T.
roseum. All the concentrations (103, 105 & 107 spores ml-1) of
T. roseum were effective against soybean rust pathogen but
105 and 107 were more effective where 74.20 and 73.33 per
cent pustules were parasitized. In case of 103 spores ml-1 of
T. roseum only 55.00 per cent pustules were parasitized.
Further, confirmation was done using SEM for presence of
mycoparasitism. Lysis of uredospores as a result of
mycoparasitism was evident under SEM, which provided
additional support to the observations of light and dissecting
microscope (Fig. 1).

and after rust inoculation and the number of uredopustules
were lower when T. roseum was applied before inoculation.
There are reports from Thailand and Taiwan that the
Verticillium psalliotae on parasitize uredosori of P. pachyrhizi
and the Asian isolates of V. psalliotae found better colonizers
on P. pachyrhizi than the isolates from European countries.
Extracellular enzymes were implicated for this phenomenon
(Saksirirat and Hoppe, 1990). V. lecanii was reported to
parasitize rust pustules of Uromyces appendiculatus and it
grew faster as compared to Cladosporium cladosporioides
(Sultana et al., 2000). Fungus Simplicillium lanosoniveum has
also been shown to suppress uredia formation and after
wards colonization and germination of uredospores was
also very low (Ward et al., 2012). Normally high moisture is
required for multiplication and survival of antagonistic fungi
and in NE Region, availability of high humidity during the
whole growing season helps in establishment and spread of
the antagonists.
The results show that the fungus Trichothecium roseum
has good potential of mycoparasitism of soybean rust
pathogen, Phakopsora pachyrhize in northeast India and can
be exploited in bio-control of this pathogen.
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