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In growth and development of grape vines
the bio-chemicals have an important role.
Chlorophyll a, b and proline plays significant
role in photosynthesis. Minerals like N, P, K,
and Na are also useful for vine growth and
development Sulphate salinity in soil is
adversely affecting such biochemicals. The
work on sulphate salinity on biochemical of
grape varieties was not attempted so far in
grapes except few workers on limited grape
varieties (Alsaidi et al. 1985, Divate and
Pandey, 1985). 

Materials and Methods

The experiment was conducted in pot
culture. Six months old uniform rooted cuttings
of Dog ridge,  De Grasset, Jawahar and
hybrids-ARI H-516 and ARI H-1204 were
obtained from the germplasm maintained at
ARI, Hol farm. Earthen pots were filled with 5
kg of soil and were used for the experiment To
evaluate the such grape rootstocks for salt

tolerance at various levels of sodium sulphate
salinity, the experiment was carried out in
factorial completely randomized design with
three replications and seven levels of
treatments. Electrical conductivity (EC) levels of
irrigation water were, control, 2, 4, 6, 8,10 and
12 dsm-1. To prevent the leaching of salts,
inner sides of the pots were lined with 400
gauge impervious polythene sheets. The pots
were filled with soil mixed with well-rotted farm
yard manure in 3:1 proportion and 100 g of
single super phosphate for each pot and
irrigated immediately. The experiment was
carried out as per the method adopted by
Pandey and Divate (1976) with certain
modification.

Results and Discussion

The results (Table 1) indicated that
chlorophyll 'a' and 'b' content in leaves of all the
rootstocks decreased significantly with increase
in EC levels under Na2SO4 salinity. The
reduction in chlorophyll 'a' and 'b' was higher
under sulphate salinity in Jawahar and De
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Abstract
Effect of Sodium sulphate (Na2SO4) salinity was recorded on various biochemicals of grape rootstocks of

Vitis champini (Dogridge, De Grasset), Vitis vinifera L (Jawahar) interspecific hybrid of labrusca x vinifera
ARI H-516 (Catawba x Beauty Seedless) and Vitis vinifrea x Vitis lanata ARI H-1204 (Gulabi x V. lanata).
Various concentrations of Na2SO4 had a significant effect on the reduction in chlorophyll content, nitrogen
and phosphorus in leaf, increase in level of proline, potassium, sodium and K/Na ratio in leaf which can be
considered as the criteria for relative salt tolerance. Based on these criteria Jawahar and De Grasset recorded
the minimum reduction in chlorophyll a and chlorophyll b content in leaves respectively, while ARI H-1204
and Jawahar exhibited the higher level of proline content in leaves respectively. The highest K/Na ratio was
recorded in ARI H-516.

Key words : Na2SO4 effect, bio-chemicals, grape rootstocks.

1. Asstt. Prof., 2. Scientist Agharkar Research Institute,
Agarkar Road, Pune-41 1004.



Grasset, respectively. The adverse effect of salt
in the reduction of chlorophyll depends upon
the specific nature of the ion, plant species,
stages of plant growth and development.
Salinization with Na2SO4 has been reported to
reduce chlorophyll content in grape vines
(Reddy and Dass 1978 and Nilchar Ray 1985).
Chittirai et al. (1985) opined that the loss of
dark green colour of leaves near the margin and
between veins followed by the yellowing of
leaves was due to carbonates. Divate (1974)
observed greater reduction in chlorophyll
content under sulphatesalinity in grape vines.
Desai and Singh (1983 ) noticed reduction in
total chlorophyll content, photosynthesis and
soluble protein in guava due to salt stress. The
decrease in chlorophyll content in leaves might
be due to the reduction in leaf N. P, K, Mg
contents of plants under salinity conditions
(Reddy and Dass, 1978). Nitrogen is a
constituent of chlorophyll and 70 per cent leaf
N is present in the chloroplast (Stocking and
Ongun, 1962). Reduced P content caused
general loss of chlorophyll (Childois, 1966) and
the reduction in potassium content caused
collapse of chloroplast (Bissank, 1973).
Magnesium is a constituent of chlorophyll and
deficiency of Mg leads to chlorosis. Chloroplast
structure is also adversely affected by deficiency
of Mg (Thompson and Weir, 1962). Among the
rootstocks the least reduction in chlorophyll 'a'
and 'b' was observed in H-1204. This indicates

its relative tolerance under sulphate salinity.

The data regarding proline concentration in
leaves as influenced by rootstock varieties and
EC levels presented in Table 1, indicated that
the genotypic differences exist in the ability of
rootstocks species to increase free proline level
under salt stress condition. Proline is an amino
acid, which could play therapeutic role in plants
(Singh 1973). Proline accumulation increased
with increase in salt concentration in soil
solution. These findings are in conformity with
those of Divate and Pandey (1981). According
to them at 0.15 per cent salt concentration in
soil, proline accumulated at faster rate in grape
leaves. The results of the present study are also
in conformity with those of Downton and
Loveys (1978).The data further showed that all
the rootstocks had higher level of accumulation
of proline than Dog Ridge. (19.17 m mole g-1

FW).

It was supported by Strogonov (1962) who
opined mat salinity induces hydrolysis of
storage proteins as well as decrease in the
synthesis of free amino acids. Proline is such
amino acid, which could play a therapeutic role
in plant. It may be a source of energy and
nitrogen during the post stress metabolism.
Flowers and Tisdall (1977) stated that the
accumulation of proline or some other organic
solute associated with stress might be serving as
a compatible solute in order to maintain the
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Table 1. Mean values of biochemicals under Na2SO4 salinity in grape rootstocks.

Biochemicals Dog Ridge De Grasset Jawahar H-516 H-1204 Mean

Chlorophyll 'a' (mg g-1FW) 0.61 0.59 0.44 0.53 0.63 0.56
Chlorophyll 'b' (mg g-1FW 0.51 0.27 0.46 0.56 0.59 0.55
Proline m mole g-1FW N% 19.17 21.86 22.23 19.78 23.35 21.28
P% 1.75 1.47 0.98 1.5 1.18 1.37
K% 0.24 0.27 0.25 0.22 0.24 0.24
Na% 1.62 1.49 1.43 1.55 1.76 1.57
K : Na 0.51 0.43 0.57 0.57 0.56 0.52
Mean 3.47 2.81 2.79 3.66 3.41 3.22
S.E.+ 3.47 3.68 3.78 3.55 3.96 3.68
C.D. at 5% 6.39 7.39 8.15 6.65 7.9 7.18



osmotic balance between cytoplasm and the
vacuofe. These findings are in conformity with
Kaul (1981) indicating that proline
accumulation is primarily ionic rather than an
osmotic effect. He further emphasized that an
increase in free amino acid and decrease in
protein content indicated that salt stress may
have either accelerated the degradation of
protein or impaired the incorporation of amino
acids into protein. However, Kishore et al.
(1986) reported that proline content in leaves
of salt stressed grape vines decreased initially
but later on it accumulated in all the vines that
survived under salt stress.

The data regarding the nitrogen
concentration in rootstocks and EC levels is
presented in Table 1. The results revealed that
nitrogen content of leaves significantly
decreased in all the rootstocks as EC levels
increased under Na2SO4 salinity. In all the
rootstocks reduction in nitrogen content of
leaves was severe under Na2SO4 salinity. Such
decrease in nitrogen concentration in leaves
due to soil salinity has been reported by Mataix
and Mansfield (1985), Saurial et al. (1985) and
Taylor and Greenway (1987). However
Khanduja et al. (1980) stated that mineral
composition of leaf and shoot showed
significant increase in nitrogen of leaves and
increase in shoot N with increase in
exchangeable sodium percentage (ESP) from
30-60. Divate and Pandey (1981) reported that
the increase and decrease in mineral
compositions were proportional to salt
concentration in grape vine. Nitrogen level in
plant organs varied according to material tested
and components of saline media (Downton
1977a, b, Hawker and Walker 1978, Khanduja
et al. 1980). The decrease in nitrogen of leaves
might be due to water stress and nutritional
imbalance caused by excessive salinity ions in
plant tissue and soil. The variation observed in
nitrogen concentration in leaves of rootstocks

at higher salinity levels might be due to genetic
differences in rootstocks and their adaptability
to soil salinity. Among the rootstocks De
Grasset (1.47%) and Dog Ridge (1.75%)
recorded the highest nitrogen content of leaves
under Na2SO4 salinity, whereas the least
nitrogen content in leaves was observed in
Jawahar.

It is evident from the results that phosphorus
concentration in leaves of all the rootstocks
decreased with increasing salinity due to
Na2SO4. The reduction in phosphorus content
in leaves was greater under sulphate salinity
(44.76%). Strogonov (1964) was of the opinion
that sulphate salinised plants were well
established. Thus utilization of phosphorus a
major constituent of nucleic acid and energy
rich compound appears to be responsible for
continued cell division under SO4 salinity. The
reduction in phosphorus concentration in
leaves has also been reported by Joolka et al.
(1977), he pointed out that phosphorus content
was low under chloride salinity and high in
sulphate salinity in Thompson Seedless.
Khanduja et al. (1980) showed that
phosphorus concentration decreased
significantly in all parts of grape vine with
increase in ESP levels. Downtan and Loveys
(1978) stated that chloride alone did not
increase phosphorus concentration in lamina of
Cabernet Sauvignon cufttvar but it was affected
with combination of boron and chloride. Saurial
et al. (1985) reported that phosphorus content
of cv. Banta (Thompson Seedless) and Romi
Red decreased with increase in salinity. The
reduction of phosphorus content was
associated with reduction of dry matter content.
These results are in agreement with those
reported by Downton (1985). However, the
results contradict those reported by Divate and
Pandey (1981) who stated that the salinity due
to different combinations of salt treatments
increased leaf phosphorus in grape leaves.
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The decrease in phosphorus concentration
in leaves might be due to osmotic effect and
also there might be changes in pH of cell sap in
leaves, which caused phosphate equilibrium to
get shifted significantly (Singh, 1973). The
variation observed in phosphorus concentration
in leaves of different rootstocks at chloride and
sulphate salinity might be due to genetic
differences in rootstocks used and their
differences in adaptability to soil salinity. Out of
the five rootstocks the highest phosphorus
content in leaves was recorded under sulphate
salinity in De Grasset (0.27 %).

It is evident from the results that potassium
concentration in leaf increased with increase in
salinity due Na2SO4 salts. Such rise in
potassium in leaves has been supported by
TooJka et al. (1977) that potassium content
invariably increased in Early Muscat, Beauty
Seedless. Thompson Seedless and Delight
cuttivars of grapes under chloride and sulphate
salinity. It may have an adaptive protective
mechanism to play. Joolka et al. (1977) further
stated that salinity not only results in imbalance
of nutrient in soil but causes the imbalance even
in plant, mainly governed by its genetic
constitutions. The imbalance may be an effort
either towards avoidance or towards adaptation
to the new environment. Alsaidi (1980) stated
that increase in soil salinity from 3.7 to 6.5 mm
hos/cm caused an increase in potassium
accumulation in grapevine leaves of Dess Aniz
and Jarshi Basrah. Downton and Loveys
(1978) found that boron and chloride lead to
significant increase in potassium content in
Cabernet Sauvignon cultivar. Alsaidi et al.
(1985) stated that higher soluble salts in soil
significantly increased the potassium content in
leaves and stem of Abbassi and Kamali cultivar
of grape vine. It was probably due to new
shoots, which acted as active sink for potassium
(Mengel and Kirkby 1982).

However, Samra (1986) stated that

potassium content in leaves decreased beyond
22 ESP possibly due to break down into
translocation mechanism. After 22 ESP
potassium started accumulating in canes instead
of leaves. Thereby indicating that grapevines
tried to maintain favorable K/Na ratio by
transporting excessive potassium from root to
aerial portion to cope up with sodium toxicity.
The reduction in potassium content in leaves
with increase in salinity has been reported by
Khanduja et al. (1980), Divate and Pandey
(1981), Mataix and Mansfield (1985), Walker et
al. (1997) in grapevines. The variation
observed in potassium concentration in leaves
of different rootstocks might be due to influence
of inherent character in rootstocks used and
their differences in adaptability to soil salinity.

From the results it was observed that sodium
concentration in the leaves increased with
increase in the Na2SO4 salinity in all
rootstocks. The concentration in sodium
content of leaves was lower under Na2SO4
salinity in all the rootstocks. Increase in sodium
content in leaves of grape vine with increase in
salinity have been reported in grapes by
Downton (1977a b), Downton and Loveys
(1978), Alsaidi (1980), Mataix and Mansfield
(1985), Alsaidi et al. (1985, 1987, 1988),
Hooda et al. (1990) and Walker (1994). The
concentration of sodium in leaves associated
with appearance of leaf burning symptoms was
0.55 per cent (Khanduja et al. 1980). Samra
(1985) stated that shoot growth and biomass
production was reduced significantly as sodicity
increased. Large amount of sodium in the soil is
toxic to plants and adversely affect the plant
growth. Sodium exerts secondary effect on
plant growth through adverse structural
modification of soil, causing poor aeration and
low water availability.

The increase in sodium concentration in
leaves with increase in salinity might be due to
more sodium in exchange. The exchange
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complex, which causes increased absorption of
sodium. Due to high accumulation of sodium in
leaves there is severe depression in growth rate
which might be partially attributed to the
reduction of total N and protein or to the effect
of Na2SO4 salt in suppression of growth
process requiring light, for example leaf
expansion and the accompanying net synthesis
of nucleic acid and proteins (Nieman and
Poulsen 1971). The variation observed in
sodium concentration is leaves of different
rootstocks might be due to genetic differences
in rootstocks used and their adaptability to soil
salinity. Out of five rootstocks under study De
Grasset rootstock had the lowest concentration
of sodium in leaves, which indicated that De
Grasset was relatively tolerant to sodium salt
stress as compared to the rest of the rootstocks
irrespective of Na concentration in leaves.

Among all the rootstock H-516 had the
highest K/Na ratio indicating that H-516 was
relatively salt tolerant under sulphate salinity
followed by Dog Ridge and H- 1204
irrespective of K/Na ratio. As per Levitt (1980),
he emphasized that higher K/Na ratio in the
leaves, more is the salt tolerance in plants.
Samra (1986) stated that tolerance seems to be
related to K/Na ratio in the leaf and not with
the absolute contents of sodium. It appears that
there was excessive transportation of K+ from
roots to the aerial parts for coping up with flic
sodium toxiciry until the break down in its
translocation mechanism. Higher the K/Na
ratio more is the tolerance to salts. Similar
results have been reported by Alsaidi (1980)
under saline conditions, higher K/Na was found
in the leaves of Dess-Anizcv of grape indicating
that it was relatively more tolerant. Alsaidi et al.
(1985) stated that higher K/Na ratio in the
leaves of the same cultivar. Alsaidi et al. (1987)
found the highest K/Na ratio in the leaves of
Abbassi cultivar of grape. It can be said that
Abbasi was more salt tolerant. The results of

this investigation were in agreement with those
of Alsaidi (1984) and Alsaidi et al. (1988).

It is concluded that under Na2SO4 salinity
the highest reduction in chlorophyll 'a' in
Jawahar and chlorophyll 'b' in De Grasset was
registered respectively indicating thereby the
less ability to stabilize the chloroplast pigment.
The lowest reduction in total chlorophyll 'a' and
'b' was observed in H-1204 indicating its ability
to stabilize the chloroplast to the maximum
extent. The highest proline content were
noticed in H-1204, which indicated the relative
salt tolerance. The highest N content was
recorded in Dog Ridge, P content in De Grasset
and K content in H-1204 respectively. This
indicated that Dog Ridge, De Grasset and H-
1204 were relatively salt tolerant, it was
observed that the minimum reduction in leaf
K/Na ratio was observed in H-516 followed by
De Grasset. Such salinity tolerant rootstocks-
De Grasset and Dog Ridge have special
significance as rootstock in modem viticulture.
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Okra (Abelmoschus esculentus (L.)
Moench) is an important vegetable consumed in
its tender stage. It is marketed mostly within the
country but has high export potential (Pande
and Singh 1998). To sustain high productivity
of quality okra, judicious nutrient management
is indispensable. Integrated nutrient
management envisages exploitation and
combine use of available sources of nutrients
which are organic and inorganic in nature. On
nutrient point of view the role of organic matter
is very meager. However, its value lies more in
its action as a soil ameliorant, corrective for
physical condition and a parameters of
biological activity to enhance soil productivity.
Nutrient requirement of okra is partially fulfilled
by slow release of nutrients from organics, but
its use alone is not sufficient. Therefore, use of

organic manures alongwith reduced dose of
fertilizers assume special significance. Keeping
this in mind, an experiment was conducted to
find the level of substitution of inorganic
fertilizers with organic manures for maximizing
monetary returns in okra production.

Materials and Methods

The present study was carried out in okra
cv. Phule Utkarsha at Post Graduate Institute
Research Farm, Mahatma Phule Krishi
Vidyapeeth, Rahuri, Dist. Ahmednagar during
summer, 2007. The soil of the experiment was
medium black having pH 8.15, EC 0.28.
dSm-1, organic carbon 0.57 per cent, available
nitrogen 188.16 kg ha-1, available P2O5 14.35
kg ha-1 and available K2O 405.70 kg ha-1. The
experiment was laid out in randomized block
design with four replications. The eight
treatments were tested viz., general
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Abstract
The application of general recommended dose of fertilizer (100:50:50 N, P2O5, K2O kg ha-1 + 20 t

FYM ha-1) attained the maximum growth and yield parameters. The growth characters like plant height
(97.85 cm), number of leaves (20.85), leaf area (26.80 dm2) and dry matter (31.03 g) plant-1 were at par
with T3 and T6 treatments, while significantly superior over rest of the treatments. The yield and yield
parameters were also influenced due to integrated nitrogen management treatments. The yield attributes like
length of fruit (8.75 cm) and number of fruits (7.85) per plant were highest in treatment T1 which remains at
par with T3 and T6 treatments and significantly superior over rest of the treatments. The significantly higher
fruit yield (128.12 q ha-1) was obtained by GRDF (T1) treatment which was at par with T6 (25% N through
vermicompost + 75% N through urea) treatment. As far as the economics of the treatments, the highest gross
returns (Rs. 116469 ha-1) were recorded in GRDF treatment due to higher fruit yield. The treatment T3 and
T6 were at par with each others in net monetary returns (Rs. 78308 ha-1 and Rs. 77369 ha-1 respectively
and significantly superior over rest of the treatments. But the highest B:C ratio (3.72) was recorded in T2
treatment i.e. RDF @ 100:50:50 kg N, P2O5, K2O ha-1 due to only inorganic source of fertilizers which
reduce the cost of production as compared to both organic and inorganic sources in conjuction.
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recommended dose of fertilizer (100:50:50 N,
P2O5 and K2O kg ha-1 + 20 t FYM ha-1),
recommended dose, of only inorganic fertilizer
(100:50:50 N, P2O5 and K2O kg ha-1) and six
combinations of 25, 50 and 75 per cent N
through organic manures namely FYM and
vermicompost coupled with 75, 50 and 25 per
cent N through urea fertilizer.

The okra variety Phule Utkarsha was sown
in the month of March by opening ridges and
furrows. The seeds of okra were dibbled @ two
seeds per hill on the ridges, at a distance of 10
cm within seeds and 30 cm within rows.
Calculated dose of manures and fertilizers was
applied. Full dose of manures, P2O5 and K2O
was applied at the time of dibbling. Urea
fertilizer was given in two split doses, one at the
time of dibbling and other at one month after
dibbling. Biofertilizers viz., Azotobactor and
PSB @ 250 g each per 10 kg of seed were
given as seed inoculation. Picking was done at
appropriate stages. Observations on growth
and yield characters were recorded and
analyzed statistically (Panse and Sukhatme,
1967). The economics of the treatments was
computed on the basis of inputs and output as

per existing market rate.

Results and Discussion

Growth studies : The data in the Table 1
revealed that, the treatment GRDF i.e.
100:50:50 N, P2O5, K2O kg ha-1 +20 t FYM
ha-1 attained the maximum growth attributing
characters viz., plant height (97.85 cm) leaf
area plant-1 (26.80 dm2) and dry matter
plant-1 (31.03 g), however, it was at par with
the treatments T6 - 25 per cent N through
vermicompost + 75 per cent N through urea
and T3 - 25 per cent N through FYM + 75 per
cent N through urea. This might be due to
higher supply of nitrogen through inorganic,
and organic sources which increases plant
height, leaf area results in greater accumulation
of biomass, high photosynthetic activity which
facilitated the higher dry matter plant-1. These
results are in accordance with Naidu et al.
(2000). The positive effect of high availability of
nitrogen on leaf area was reported by Swain et
al. (2003). According to Paramasivan et al.
(2005) increased supply of integrated nutrients
increased dry matter plant-1.

Yield characters : The yield contributing
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Table 1. Growth and yield attributes of okra as influenced by integrated nitrogen management.

Treatment Plant Leaf Dry Number Length Fruit
height area matter of fruits of yield
(cm) plant-1 plant-1 plant-1 fruits (q ha-1)

(dm2) (g) (cm)

T1 : GRDF (100:50:50 N, P205, 97.85 26.8 31.03 7.85 8.75 128.12
K2O kg ha-1 + 20 t FYM ha-1)

T2 : Recommended dose of fertilizer 88.70 26.14 28.05 7.20 8.54 105.79
(100:50:50 N, P205, K2O kg ha-1)

T3 : 25 % N through F YM + 75 % N through urea 92.95 26.55 29.41 7.65 8.67 120.13

T4 : 50 % N through FYM + 50 % N through urea 86.15 26.35 28.60 7.35 8.63 112.2

T5 : 75 % N through FYM + 25 % N through urea 84.65 26.23 28.26 7.25 8.53 109.25

T6 : 25 % N through vermicompost + 75 % N through urea 94.45 26.6 29.86 7.65 8.69 121.47

T7 : 50 % N through vermicompost + 50 % N through urea 88.05 26.39 28.59 7.45 8.63 114.21

T8 : 75 % N through vermicompost + 25 % N through urea 85.95 26.36 28.30 7.40 8.62 111.39

S.E.+ 1.99 0.12 0.69 0.07 0.03 2.48

CD at 5%                             . 5.84 0.36 2.06 0.2 0.09 7.28



characters viz., number of fruits plant-1 (7.85)
and length of fruit (8.75 cm) (Table 1) were
maximum in the treatment GRDF i.e.
100:50:50 N, P2O5, K2O kg ha-1 + 20 t FYM
ha-1 as compared to treatment where only
recommended dose of inorganic fertilizer was
applied (100:50:50 N, P2O5 and K2O kg ha-1).
The treatment GRDF i.e. 100:50:50 N, P2O5,
K2O kg ha-1 + 20 t FYM ha-1 attained the
highest fruit yield (128.12 q ha-1) however, it
was at par with treatment 25 per cent N
through vermicompost + 75 per cent N
through urea. The increase in yield was due to
integrated nutrient management system. This is
in accordance with Naidu et al. (2000). Patil et
al. (2000) reported significant increase in yield
of okra when a dose of 75:50:50 NPK kg ha-1

+ 10 t FYM ha-1 was applied. Yadav et al.
(2006) observed that the total yield of okra was
significantly increased by the application of
FYM and vermicompost in combination with
urea. 

Economics : The treatment GRDF
(100:50:50 N, P2O5, K2O kg ha-1 + 20 t FYM
ha-1) recorded the highest (Rs. 116469 ha-1)
gross monetary returns due to higher fruit yield
and it was followed by the treatment 25 per
cent N through vermicompost + 75 per cent N
through urea (Table 2). The highest cost of
cultivation (Rs. 50089 ha-1) was worked out for
the same treatment. The treatment 25 per cent
N through FYM + 75 per cent N through urea
showed the highest net monetary returns (Rs.
78308 ha-1) over the treatment GRDF
(100:50:50 N, P2O5, K2O kg ha-1 + 20 t FYM
ha-1). However, it was at par with treatment 25
per cent N through vermicompost + 75 per
cent N through urea. Treatment RDF i.e.
100:50:50 N, P2O5, K2O kg ha-1 recorded the
highest benefit cost ratio (3.72) and it was at
par with the treatment 25 per cent N through
FYM + 75 per cent N through urea. The
treatment 100:50:50 N, P2O5, K2O kg ha-1

showed the highest benefit cost ratio than all

other treatments, because in that treatment
only recommended dose of inorganic fertilizer
was applied and hence the cost of production
of said treatment remained lower than all other
treatments. The results are in conformity with
the results of Naidu et al. (2000) and Jain
(2007).

Economics point of view, substitution of
nitrogen through FYM or vermicompost
showed its beneficial effect on net monetary
returns (Rs. ha-1) over general recommended
dose of fertilizers, due to reduced cost of
cultivation and comparable yield levels per
hectare.
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Abstract
The results revealed that application of 50 kg ha-1 N + 75 kg ha-1 P2O5 + 50 kg ha-1 K2O + 5 t ha-1

FYM was found at par with 50 kg ha-1 N + 75 kg ha-1 P2O5 + 50 kg ha-1 K2O + 2.5 t ha-1 FYM and
recorded significantly higher values of growth attributes (plant height, number of branches, number of
compound leaves, leaf area and total dry matter plant-1); yield attributes (number of pods, weight of pods,
number of grains, seed yield plant-1 and 100 seed weight); seed, straw, oil and protein yield and nutrient
uptake as compared with rest of the treatments of different levels of K application alone and in combination
with farm yard manure. Oil content and protein content of soybean was not influenced significantly due to
different treatmennts. Significantly lowest values for different growth attributes, yield attributes, seed, straw,
oil, protein yield and nutrient uptake by soybean were observed with the control.
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______________

Soybean (Glycine max (L) Merrill) is one of
the important pulse and oilseed crops of the
world. It became miracle crop of twentieth
century and designated as "Golden Bean". It has
high nutritive value and wider adaptability to
agro-climatic condition and high market value.
Average productivity of soybean in India (750

kg ha-1) and Maharashtra (810 kg ha-1) is very
low (Anonymous, 2006).

Fertilizers play an important role in crop
production. However, due to high cost of
fertilizers only a few farmers can afford to apply
chemical fertilizers. The available research
indicated that the use of appropriate
combination of inorganic and organic/bio-
fertilizers improve crop productivity and soil
health. Soybean requires proper supply of plant
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nutrients especially NPK for, ensuring good
plant growth and higher yield. The basic
concept underlying the INMS is the
maintenance of yield stability through
correction of marginal deficiencies of secondary
and micro-nutrients, enhancing efficiency of
applied nutrients and providing favourable soil
physical conditions (Bisht and Chandel 1996).
Also, potash plays an important role in protein
formation, disease resistance, balancing effect
of excess N and P etc. Hence, present
investigation was carried out with view to study
the effect of potassium and integrated nutrient
management on growth, yield, quality and
nutrient uptake of soybean.

Materials and Methods

The experiment was conducted during
kharif 2005 at the 'D' block of Central Farm,
Mahatma Phule Krishi Vidyapeeth, Rahuri-413
722, Dist. Ahmednagar (MS), India. The soil of
experimental field was clayey in texture, low in
available nitrogen (209.52 kg ha-1), medium in
available, phosphorous (21.73 kg ha-1) and
high in available potassium (313.20 kg ha-1)
with 8.2 pH. The total seasonal rainfall was
523.8 mm during 2005. The experiment was
laid out in randomized block design with three
replications and eight treatments based on

INMS consisting of different fertilizer levels viz.,
T1 : Control, T2: 50 kg N + 75 kg P2O5, T3 :
50 kg N+ 75 kg P2O5 + 25 kg K2O, T4 : 50
kg N + 75 kg P2O5 + 50 kg K2O, T5 : 50 kg
N + 75 kg P2O5 + 25 kg K2O + 2.5 t FYM
ha-1, T6 : 50 kg N + 75 kg P205 + 25 kg K20
+ 5 t FYM ha-1, T7 : 50 kg N + 75 kg P2O5 +
50 kg K2O + 2.5 t FYM ha-1, T8 : 50 kg N +
75 kg P2O5 + 50 kg K2O + 5 t FYM ha-1. The
fertilizer dose of NPK and FYM was
incorporated at the time of sowing. The seeds
were inoculated with Rhizobium and PSB
culture to all treatments before sowing.
Soybean cv. DS-228 (Phule Kalyani) was sown
during 5th July, 2005 with the spacing of 30 x
10 cm. Protein content, oil content, nutrient
concentration in soybean was estimated with
the recommended standard methods. The
periodical data on growth attributes, yield
attributes, yield, quality and nutrient
concentration of soybean was tabulated,
analyzed and interpreted herein.

Results and Discussion

Growth attributes : The important
growth attributes were significantly influenced
due to different levels of potassium with farm
yard manure application (Table 1). Application
of 50 kg ha-1 N + 75 kg ha-1 P2O5 + 50 kg
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Table 1. Growth and yield attributes of soybean as influenced by different treatments.

Treatments Plant Bran- Comp- Leaf Total Pods Weight Grain Weight 1000
(N:P:K kg ha-1 height ches ound area dry plant-1 of pods plant-1 of seed
FYM t ha-1) plant-1 plant-1 leaves plant-1 matter plant-1 grains weight

plant-1 (dm-2) (g (g) plant-1 (g)
plant-1) (g)

T1 : Control 56.23 5.05 4.38 11.17 42.12 40.16 19.51 117.94 14.23 185.14
T2 : 50:75:00:00 61.20 5.83 5.05 14.48 43.27 42.20 21.06 121.00 17.29 191.06
T3 : 50:75:25:00 62.76 6.17 5.58 16.12 43.77 42.51 21.57 123.20 17.62 193.00
T4 : 50:75:50:00 62.93 6.50 5.89 17.44 44.04 43.00 22.10 124.57 18.00 194.87
T5 : 50:75:25:25 63.34 6.99 6.20 18.08 44.32 44.25 23.03 127.72 18.83 196.72
T6 : 50:75:25:50 66.82 7.69 6.80 19.54 45.00 45.10 24.21 130.64 19.67 199.10
T7 : 50:75:50:2.5 68.94 8.56 7.38 20.23 45.82 45.72 25.04 133.76 20.64 202.08
T8 : 50:75:50:5.0 70.18 8.92 7.63 21.73 46.08 46.13 25.53 134.50 21.02 203.82
CD at 5% 1.94 0.76 0.48 0.64 0.67 0.41 0.58 2.72 0.41 1.98



ha-1 K2O + 5 t ha-1 FYM was found at par with
50 kg ha-1 N + 75 kg ha-1 P2O5 + 50 kg ha-1

K2O + 2.5 t ha-1 FYM and recorded
significantly higher values of all the growth
attributes viz., plant height, number of
branches, number of compound leaves and
total dry matter plant-1 as compared with rest
of the treatments. However, application of 50
kg ha-1 N + 75 kg ha-1 P2O5 + 50 kg ha-1 K20
+ 5 t ha-1 FYM recorded significantly higher
leaf area per plant than rest of the treatments
of different levels of K application alone and in
combinnation with farm yard manure. The
increase in plant vigour in terms of plant
height, branches, leaves per plant due to higher
levels of K and FYM treatments were found to
be useful in increasing photosynthetic activities
and there by accumulation of more
carbohydrates and consequently higher dry
matter in plant. These results are in agreement
with findings of Sharma and Mishra (1997).
Significantly lowest values for different growth
attributes were observed with the control.

Yield attributes : Yield contributing
characters of soybean were influenced
significantly by the application of organic
manure in combination with inorganic
.fertilizers with different K levels (Table 1).
Application of 50 kg ha-1 N + 75 kg ha-1 P2O5
+ 50 kg ha-1 K2O + 5 t ha-1 FYM was found at
par with 50 kg ha-1 N + 75 kg ha-1 P2O5 + 50
kg ha-1 K2O + 2.5 t ha-1 FYM and recorded
significantly higher number of pods, weight of
pods, number of grains plant-1 and 100 seed
weight. However, application of 50 kg ha-1 N +
75 kg ha-1 P2O5 + 50 kg ha-1 K2O + 5 t ha-1

FYM recorded significantly higher seed yield
plant-1 as compared with rest of the treatments.
This may be attributed due to supplementary
use of organic manue with the inorganic
fertilizers which improved the physico-chemical
and biological conditions of soil and enhanced
the yield contributing character of soybean.
These results are conformity with findings of

Bisht and Chandel (1996). Significantly the
lowest values for different yield attributes was
noticed under control treatment.

Yield and quality : Application of 50 kg
ha-1 N + 75 kg ha-1 P2O5 + 50 kg ha-1 K2O +
5 t ha-1 FYM (28.01 q ha-1) was found at par
with 50 kg    ha-1 N + 75 kg ha-1 P2O5 + 50
kg ha-1 K2O + 2.5 t ha-1 FYM (26.50 q ha-1)
and 50 kg ha-1 N + 75 kg ha-1 P2O5 + 25 kg
ha-1 K2O + 5 t ha-1 FYM (26.33 q ha-1) and
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Table 2. Yield and quality of soybean as influenced by
various treatments.

Treat- Grain Straw Oil Oil Pro- Protein
ment yield yield content yield tein yield

(q (q in grain (q (%) (q 
ha-1) ha-1) (%) ha-1) ha-1)

T1 17.61 24.39 18.35 3.23 39.68 6.99
T2 20.93 26.08 18.42 3.86 39.85 8.34
T3 22.03 27.13 18.54 4.08 39.91 8.79
T4 23.10 27.26 18.63 4.30 40.02 9.24
T5 24.45 28.50 18.70 4.57 40.14 9.81
T6 26.33 29.64 18.82 4.96 40.19 10.58
T7 26.50 31.93 18.93 5.02 40.31 10.68
T8 28.01 33.32 19.02 5.33 40.36 11.30
CD 2.88 1.52 N.S. 0.60 N.S. 1.80
at 5%

Table 3. Nutrient content (%) of soybean as influenced by
various treatment.

Treat- Nitrogen Phosphorus Potassium
ment ––––––––––––– ––––––––––––– –––––––––––––

Grain Straw Grain Straw Grain Straw

T1 6.95 0.54 0.55 0.20 0.73 2.80
T2 6.98 0.55 0.57 0.22 0.80 2.82
T3 6.99 0.55 0.58 0.23 0.81 2.84
T4 7.01 0.57 0.59 0.24 0.88 2.85
T5 7.03 0.59 0.59 0.26 0.91 2.87
T6 7.04 0.59 0.60 0.27 0.93 2.89
T7 7.06 0.60 0.65 0.29 0.95 2.93
T8 7.07 0.62 0.66 0.30 0.96 2.96
CD 0.07 0.04 0.03 0.04 0.07 0.03
at 5%



recorded significantly higher soybean seed yield
as compared with rest of the treatments. Straw
yield of soybean was significantly higher with
the application of 50 kg ha-1 N + 75 kg ha-1

P2O5 + 50 kg ha-1 K2O + 5 t ha-1 FYM (33.32
q ha-1) which was found at par with 50 kg ha-1

N + 75 kg ha-1 P2O5 + 50 kg ha-1 K20 + 2.5
t ha-1 FYM (31.93 q ha-1) as compared with
rest of the treatments and control. Significantly
the lowest seed yield and straw yield of soybean
was recorded with control (17.61 and 24.39 q
ha-1, respectively). Conjoint use of organic
manure and inorganic fertilizers might have
favoured root nodulation and enhanced nutrient
uptake which increased yield attributing
characters and yield of soybean (Table 2). The
results reported are in harmony with those
reported by Varma et al. (1994).

Protein and oil content were well within the
desirable limits  with treatments and there were
no significant differences-among integrated
nutrient management treatment (Table 2).
Although, it improved with integrated nutrient
management and recorded significantly the
highest oil and protein yield of soybean with the
application of 50 kg ha-1 N + 75 kg ha-1 P2O5
+ 50 kg ha-1 K2O + 5 t ha-1 FYM which was
at par with 50 kg ha-1 N + 75 kg ha-1 P2O5 +
50 kg ha-1 K2O + 2.5 t ha-1 FYM. Protein and
oil yield of soybean was significantly increased
by the combination of K levels with FYM
application. The results are in accordance with
those reported by Sharma and Dixit (1987).

Nutrient contents : There was a
significant effect of integrated nutrient
management on N, P and K content of both
soybean grain and straw (Table 3). The N, P
and K content increased with increased

fertilizers and FYM levels. Application of 50 kg
ha-1 N + 75 kg ha-1 P2O5 + 50 kg ha-1 K2O +
5 t ha-1 FYM registered maximum nitrogen,
phosphorus and potassium in grain and straw
(7.07, 0.62, 0.66 and 0.30, 0.96 and 2.96 %
respectively). These were found significantly
higher as compared with the application of 50
kg N + 75 kg P2O5 ha-1 and 50 kg N + 75 kg
P2O5 + 25 kg K2O ha-1 and control.
Significantly the lowest nitrogen, phosphorous
and potassium concentration in soybean grain
and straw was recorded with control treatment
which was found at par with the application of
50 kg N + 75 kg P2O5 ha-1 and 50 kg N + 75
kg P2O5 + 25 kg K2O ha-1. Nitrogen,
phosphorous and potassium content at
harvesting stage significantly enhanced due to
increased levels of fertilizers. Similar, results
were also reported by Patel and Charidravanshi
(1996).
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In recent years, concern about global
warming and consequent climatic change has
led a worldwide interest in the study of green
house gas emission. Methane (CH4), the major
component of natural gas, is second in
importance next to CO2 as a green house gas.
Methane concentration in the atmosphere has
more than doubled during the last 200 years.
One molecule of methane traps approximately
30 times as much heat as does carbon dioxide.
Continuous increase in atmospheric green
house gas concentrations at the current rate is
likely to deteriorate the climate with
unpredictable consequences for the whole
chemistry of the atmosphere.

Rice fields are an important source of
methane and methane emission from the rice
fields is estimated to be globally 60 to 150 Tg
(Terra gram) yr-1 (Anon., 1994), accounting for
15 to 20 per cent of the world's total
anthropogenic CH4 emission. Irrigated and
rainfed rice fields contributed 70.4 and 27.5
per cent to the total emission, respectively.

Whereas, deep water rice fields had a very small
share (Yuan et al. 2003). The number of tillers
per area, the root mass, the rooting pattern and
metabolic activity also influence the gas fluxes.
Oxygen diffusion and exudation of oxygen
radicals combined with abundant methane-
oxidizing bacteria result in oxidation of
methane in the rhizosphere, whereas organic
root exudates and root litter area are the source
of methane formation (Neue, 1993).

To reduce methane emission from wetland
rice fields, it may be necessary to minimize
rather than maximize organic amendments. But
green manures and recycling of crop residues
are sometimes the only soil conditioner and
nutrient source for many resource poor
farmers. The direct impact of chemical fertilizer
applications on methane emission is not clear.
Because most methane is emitted through the
rice plant, improved rice growth (more tiller and
roots) in response to fertilizer application
increases emission. But source and mode of
application may also have direct effects (Schutz
et al. 1989).
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Abstract
The System of rice intensification (SRI) establishment technique recorded significantly higher methane

emission during early stages of crop growth (40 and 50 DAS). The methane emission under aerobic
establishment technique was lower than normal transplanting during early stages (40 and 50 DAS), mainly
due to creation of anaerobic condition and decrease in gas exchange in transplanting technique. During early
stages of crop growth (30 DAS), application of FYM with recommended NPK recorded significantly higher
methane emission, this might be attributed to higher degree of humification of FYM. At later stages,
incorporation of paddy straw with recommended NPK recorded higher methane emission. Because paddy
straw contains wider C:N ratio (80:1), it lowers the soil redox potential (Eh) and provides C to methanogens.
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Materials and Methods

Field experiment was undertaken during dry
season (Feb-June) of 2006 at Agricultural
Research Station, Kathalagere, Karnataka in
red clay loam soil having pH 6.60 and organic
carbon 0.72 per cent. The initial status of
available N, P2O5 and K2O of the experimental
site was 342.6, 19.4 and 248.9 kg ha-1,
respectively. Three crop establishment
techniques viz. transplanting (M1), system of
rice intensification (SRI) (M2) and aerobic (M3)
and four sources of nutrients viz.,
recommended NPK (S1), in-situ green manure
(sunnhemp) + recommended NPK (S2), paddy
straw manuring (5 ha-1) + recommended NPK
(S3) and FYM (10 t ha-1) + recommended NPK
(S4). The experiment was laid out in split plot
design with three replications. The
recommended fertilizer dose of 125:62.5:62.5
kg ha-1 was applied. Full dose of P2O5 and
K2O was applied at the time of seeding or
transplanting by using single super phosphate
and muriate of potash. The 50 per cent of
nitrogen was applied basal and other 50 per
cent nitrogen was applied in two splits. Rice cv.
KRH-2 was taken as the test crop.

Methane fluxes were measured by closed
chamber method (Adhya et al. 2000) at 10
days intervals from 30th day of seeding in either
aerobic, SRI or transplanting method.
Sampling for methane efflux measurement was
done during morning (9.00 to 10.30 AM) and
in the afternoon (2.00 to 3.30 PM) and the
average of the morning and evening flux was
used as the flux value of the day. Individual
planted pots were placed on a tray and covered
with locally fabricated Perspex chambers
(53x37x71cm: length x breadth x height). The
tray was filled with water to a depth of 5 cm,
which acted as an air seal when the Perspex
box was placed on the tray. In field the Perspex
chambers were placed on four (aerobic and SRI)
and fourteen (transplanting) hills of rice plants.

The chamber was placed in the grooves of the
aluminum bases to avoid air leakage. A battery
operated air circulation pump was connected
inside the chamber at top of the chamber. The
glass sample tubes and syringes with stopcock
were used to collect the sample from the
chamber. The air samples from the sample
tubes or syringes were analyzed for methane in
gas chromatography equipped with flame
ionized detector. The column and detector were
maintained at 70°C, and oven was maintained
at 100°C. The carrier main was maintained at
55 PSI or 4.5 kg cm-2, discharge gas was
maintained at 60 PSI and column was
maintained at 10 PSI. Stainless steel column
molecular sieve B x 60 x 80 mesh, 2 mts. Lt.,
l/3rd inch diameter was used. The one ml gas
samples were injected through a sample loop
with the help of column injector using a
multiport valve. The GC was calibrated before
and after each set of measurements using 95
per cent pure methane obtained from
Chemtron Sciences Laboratories Pvt. Ltd., EL-
47, Electronics, Mahape, Navi Mumbai and
used as primary standard. Under these
conditions the retention time of methane was
0.18 minutes.

Data were analysed statistically for test of
significance following the Fishers method of
"Analysis of variance" as outlined by Sundararaj
et al. (1972). Critical differences were worked
out wherever necessary at one and five per cent
probability level.

Results and Discussion

Crop establishment techniques registered
significant influence on methane emission
throughout the crop growth stages. During
initial stages of crop growth (40 to 50 DAS),
SRI establishment technique recorded
significantly higher methane emission (2.28
and 2.68 mg plant-1 at 40 and 50 DAS,
respectively) over aerobic establishment
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technique and normal transplanting (Table 1).
The increased methane emission in SRI
establishment technique at initial stages (40 to
50 DAS) may be attributed to planting of young
seedlings at wider spacing (25 x 25 cm) under
puddled condition, which leads to large root
volume, profuse and strong tillers resulted in

more biomass and release of methane was
more.

The methane emission under aerobic
establishment technique was lower (1.46 and
1.58 mg plant-1 at 40 and 50 DAS,
respectively) than normal transplanting. In
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Table 1. Methane emission of rice as influenced by establishment techniques and sources of nutrients during summer, 2006.

Treatments Methane emission (mg plant-1 day-1) DAS
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
30 40 50 60 70 80 90 Total

Establishment techniques : 
M1 0.106 2.20 2.62 4.46 5.42 5.83 4.13 24.76
M2 0.160 2.28 2.68 3.25 4.25 5.26 3.93 21.80
M3 0.180 1.46 1.58 2.21 2.43 2.77 1.76 12.31
S.Em± 0.001 0.07 0.03 0.13 0.17 0.09 0.22 0.56
C.D. at 5% 0.002 0.26 0.10 0.51 0.66 0.37 0.88 2.18

Sources of nutrients :
S1 0.122 1.19 1.50 2.54 2.87 3.06 1.94 13.23
S2 0.125 2.15 2.31 3.15 3.64 4.57 3.03 18.98
S3 0.124 2.43 2.96 4.20 5.39 5.84 4.54 25.48
S4 0.127 2.14 2.41 3.32 4.23 5.01 3.57 20.81
S.Em± 0.001 0.08 0.07 0.12 0.15 0.18 0.14 0.31
C.D. at 5% 0.004 0.25 0.21 0.35 0.45 0.53 0.40 0.93

Interaction :
M1S1 0.102 1.29 2.00 3.06 3.54 3.60 2.59 16.18
M1S2 0.110 2.63 2.48 4.32 5.03 5.58 3.10 23.25
M1S3 0.105 2.38 3.42 5.83 7.59 8.09 6.29 33.71
M1S4 0.108 2.49 2.59 4.61 5.52 6.05 4.52 25.89
M2S1 0.158 1.34 1.45 2.94 3.18 3.40 2.06 14.53
M2S2 0.160 2.22 2.81 3.04 4.17 5.21 4.10 21.71
M2S3 0.159 3.06 3.50 3.92 5.14 6.58 5.20 27.56
M2S4 0.162 2.50 2.96 3.08 4.51 5.84 4.35 23.40
M3S1 0.105 0.95 1.05 1.63 1.89 2.18 1.16 8.97
M3S2 0.106 1.60 1.64 2.10 1.72 2.91 1.89 11.97
M3S3 0.108 1.86 1.95 2.84 3.45 2.85 2.12 15.18
M3S4 0.112 1.42 1.67 2.28 2.66 3.14 1.85 13.13
S.Em± 0.002 0.14 0.12 0.21 0.26 0.31 0.24 0.55
C.D. at 5% NS 0.43 0.37 0.61 0.78 0.93 0.70 1.62

Main plot (M) : Establishment techniques Sub plot (S): Sources of nutrients
M1 : Transplanting S1 : Recommended NPK
M2 : SRI S2 : In-situ green manure (sunnhemp) + Recommended NPK
M3 : Aerobic S3 : Paddy straw manuring + Recommended NPK 

S4 : FYM + Recommended NPK
DAS: Days after seeding, NS   : Non significant



normal transplanting the methane emission
was more due to creation of anaerobic
condition. The possible reason for increased
methane emission under submerged condition
might be decrease in gas diffusion by a factor of
more than 104, resulting in several changes in
soil physico-chemical and biological conditions
that favour CH4 production and its emission.
The results are in line with the findings of Wang
et al. (1999). They reported that direct seeded
rice on wet and dry soil reduced the CH4
emissions by 12 and 37 per cent compared to
transplanting.

At later stages (60 to 90 DAS) of crop
growth and total methane was significantly
higher in normal transplanting (4.46, 5.42,
5.83, 4.13 and 24.76 mg plant-1 at 60, 70,
80, 90 DAS and total methane emission,
respectively) when compared to SRI
establishment technique. The increase in
methane emission under normal transplanting
might be due to flooding which intensifies soil
reaction and the decomposition of organic
matter in the soil, which favours
methanogenesis (Mariko et al. 1991). The
results obtained in this investigation are also in
line with the findings of Bharati et al. (2001)
and Majumdar (2003).

Aerobic establishment technique recorded
significantly lower methane emission than
normal transplanting later stages (2.21, 2.43,
2.77, 1.76 and 12.31 mg plant-1 at 60, 70,
80, 90 DAS and total methane emission,
respectively) over normal transplanting. The
reduction in methane emission under aerobic
establishment technique may be attributed to an
increase in soil redox potential (Eh) which
resulted in total seasonal CH4 emissions (22-
28%) compared to continuously flooded
treatment without reducing rice yields (Sass et
al. 1992 and Mishra et al. 1997).

During early stage of crop growth (30 DAS),
application of FYM with recommended NPK

recorded significantly higher methane emission
(0.127 mg plant-1) than application of
recommended NPK only (Table 1). This might
be attributed to higher degree of humification of
FYM resulted in slightly increased methane
formation and fluxes (Yagi and Minami, 1990).
Addition of FYM increased the methane
emission, while inorganic fertilizers suppressed
methane emission in uncultivated rice soil
(Mphande et al. 1995).

At 40 to 90 DAS and total methane
emission was significantly higher in paddy straw
manuring with application of recommended
NPK (2.43, 2.96, 4.20, 5.39, 5.84, 4.54 and
25.48 mg plant-1 at 40, 50, 60, 70, 80, 90
DAS and total, respectively) when compared
with application of recommended NPK only.
Because paddy straw contains wider C:N ratio
(80:1), it lowers the soil redox potential (Eh)
and provides C to methanogens, resulting in
more production and emission of methane.
Several fold increase in CH4 emission with
straw addition to rice fields have been reported
by many workers (Nugroho et al. 1996;
Bronson et al. 1997 and Wang et al. 1999).

Application of FYM and recommended
NPK registered higher CH4 emission (0.127,
2.14, 2.41, 2.32, 4.23, 5.01, 3.57 and 20.81
mg plant-1 at 30, 40, 50, 60, 70, 80, 90 DAS
and total emission, respectively) as compared to
application of recommended NPK (Table 1). In
the same manner incorporation of green
manure (sunnhemp) with application of
recommended NPK recorded higher methane
emission (0.125, 2.15, 2.31, 3.15, 3.64,
4.57,, 3.03 and 18.98 mg plant-1 at 30, 40,
50, 60, 70, 80, 90 DAS and total emission,
respectively), over recommended NPK only.
The possible reason might be the content of
readily mineralizable carbon is more in FYM,
followed by green manure. The results obtained
in this investigation are in conformity with the
findings of Yagi and Minami (1990); Denier and
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Neue (1995) and Adhya et al. (2000).

Treatment combination of M2S4 i.e., SRI
establishment technique and application of
FYM with recommended NPK recorded higher
methane emission in the initial stage (30 DAS).
Combination M2S3 i.e. SRI establishment
technique with paddy straw manuring and
application of recommended NPK recorded
higher methane emission at 40 and 50 DAS.
However, combination of M1S3 i.e., normal
transplanting and paddy straw manuring with
application of recommended NPK recorded
higher methane emission from 60 to 90 DAS
and total emission (Table 1).

It is concluded that the system of rice
intensification (SRI) recorded higher methane
emission during early stages. However, at later
stages normal transplanting recorded higher
methane emission compared to SRI
establishment technique. During early stages
(30 DAS), FYM + recommended NPK recorded
higher methane emission than recommended
NPK only. At later stages, the increase in
methane emission was higher when compared
to NPK only.
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Hybrid technology has been widely
acclaimed as a modern approach for the
genetic improvement of yield in various crop
species including rice. Rice, the traditional self
pollinated crop has witnessed all round success
of hybrid cultivars in China, where hybrid rice
technology has enabled to increase in both
biomass and harvest index (Yuan, 1992 and
Virmani, 1994). Rice hybrids are commercially
cultivated in China, India and Vietnam on large
scale. Several rice improvement programmes
are associated with commercial exploitation of
heterosis. The objectives of the present
investigation were therefore, to find out the
extent of standard heteorosis over popular
commercial rice hybrid Sahyadri and to identify
heterotic hybrids for yield, its component and

quality traits using diverse CMS lines.

Materials and Methods

One hundred twenty five crosses were made
in line x tester mating design using five CMS
lines form different CMS sources (KJTCMS-6A
- WA sources. RTN 2A-ARC source, RTN 3A -
mutant of IR 62829B source, RTN 13A -
Gambiaca source and RTN 17A -Dissi source)
and twenty five males by hand pollination at
National Agricultural Research Project Farm,
Navsari during rabi-2007-2008. Before
pollination, sterility of female plants was
checked and insured to have 100 per cent
sterility. The 125 F1s were evaluated in a
randomized block design, replicated thrice in
the three different locations viz., Navsari (Loc-
I), Bardoli (Loc-II) and Vyara (loc-III) by planting
a single row plot of 30 plants, placed at 20 x
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Abstract
Among the hybrids produced by 5 x 25 LT crossing programme, maximum positive standard heterosis

for grain yield plant-1 over hybrid check, Sahyadri was observed in RTN-3A x BL-184AR (58.03%) followed
by RTN-2A x NVSR-20 (48.61%) and RTN-13A x GR-7 (31.54%). The range of standard heterosis over Jaya
was -17.75 per cent (KJTCMS-6A x GR-7) to 86.60 per cent (RTN-3A x BL-184AR), -10.68 per cent
(KJTCMS-gA x GR-7) to 102.65 per cent (RTN-30 x BL-184R) over GR-11 and -30.34 (KJTCMS-6A x Gr-
7) to 58.03 per cent (RTN-3A x BL-184AR) over Sahyadri hybrid check. Among the hybrids with positive
and significant SCA effects for grain yield, the frequency of good x good combiner was more. Among top 10
hybrids both the parents of five hybrids viz., RTN-3A x Bl-184AR, RTN-2A x NVSR-20, RTN-3A x NVSR-
20, RTN-3A x RDN-97-3-2-37-14 and RTN-2A x IR-8866 found to be good combiners. Among the five
male sterile cytoplasm sources, mutant based CMS line (RTN-3A) gave top yielding hybrid combination
followed by ARC (RTN-2A) and Gambiaca (RTN-13A) based CMS lines. Among ten top performing hybrids,
three hybrids viz., RTN-3A x BL-184AR (58.03), RTN-2A x NVSR-20 (48.61) and RTN-13A x GR-7 (31.54)
exhibited significant favourable heterobeltiosis, standard heterosis, GCA and SCA effects for yield and most
of the related traits could be utilized for commercial cultivation after extensive testing in state and national
trials.
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15 cm during kharif-2008. All the agronomical
practices and plant protection measures were
followed as per recommendations. The
observations were recorded on five randomly
selected plants in each replication for 125
hybrids, their respective parents and three
checks viz., Jaya (coarse variety check, SC-I),
Sahyadri (hybrid check, SC-II) and GR-11 (fine
variety check, SC-III) on seventeen characters
viz., days to 50 per cent flowering, productive
tillers plant-1, plant height, panicle length,
number of filled spikelets panicle-1, grain yield
plant-1, straw yield plant-1, harvest index (%),
pollen fertility (%), spikelet fertility (%), milling
(%), head rice recovery (%), 1000-grain weight,
kernel length, L:B ratio, protein content (%)
and amylose content (%). For the estimation of
general and specific combining ability variances
the line x tester analysis as outlined by
Kempthorne (1957) was followed.

Results and Discussion

Earliness is desirable character and helps to
develop early varieties. The cross, KJTCMS-6A
x NVSR-20 recorded maximum significant
negative heterosis (Table 1) and SCA effects
over Jaya (-10.87 %), GR-11 (-11.39 %) and
Sahyadri (-11.74 %). The cross combinations
viz., RTN-2A x 1R-54742-22-19-3 and RTN-
17A x IR-8866 also recorded significant
negative heterosis over all three checks next to
KJTCMS-6A x NVSR-20 cross. The standard
heterosis over check Sahyadri hybrid ranged
from -11.74 (KJTCMS-6A x NVSR-20) to
12.30 per cent (RTN-3A x Super Basmati).
This observation will be helpful to isolate early
genotypes. Significant negative heterosis for
days to 50 per cent flowering in hybrid have
also been reported by Hariprasanna et al.
(2001), Singh et al. (2002), Joshi et al. (2004),
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Table 1. Range of standard heterosis for yield, its components and quality traits and number of hybrids exhibiting significant
heterosis.

Characters Range (%) SE± No. of hybrids showing desirable 
significant heterosis over

–––––––––––––––––––––––––––––––––––––––––––
BP Jaya GR-11 Sahyadri 

(hy.)

Days to 50 % flowering -11. 74 to 12.30 1.614 30 50 53 57
Productive tillers plant-1 -38.11 to 26.64 0.337 60 88 92 12
Plant height (cm) -30.85 to 9.91 2.221 4 60 17 109
Panicle length (cm) -10.75   to 8.63 0.464 66 104 125 21
No. of filled spikelets panicle-1 -40. 16 to 20.84 3.549 46 59 39 18
Grain yield plant-1 (g) -30.34 to 58.03 1.532 63 47 74 15
Straw yield plant-1 (g) -16.06 to 47.40 2.219 11 37 73 30
Harvest index (%) -18.00 to 5.25 1.327 60 22 29 0
Pollen fertility (%) -16.01 tol2.40 1.469 25 82 72 47
Spikelet fertility (%) -17.32 to 7.42 1.631 31 83 69 16
Milling (%) -28. 14 to 15.90 1.105 21 48 18 26
Head rice recovery (%) -34.40 to 32.15 0.719 32 47 8 39
1000-grain weight (g) 9.44 to 82.33 0.363 38 0 124 0
Kernel length (mm) -25.26 to 25.90 0.072 20 97 104 56
L:B ratio 46.53 to -24.26 0.058 29 115 61 75
Protein content (%) -62.93 to 19.05 0.125 56 19 71 10
Amylose content (%) -33.82 to 11.16 0.300 40 43 85 23

BP-Better parent



Shiv Datt and Mani (2004) and Kshirsagar et
al. (2005).

Dwarf plant stature is desirable to develop
semi-dwarf high yielding varieties which will be
lodging resistant and fertilizer responsive. The
extent of standard heterosis for plant height
ranged from -30.85 (RTN-3A x GR-3) to 9.91
per cent (RTN-17A x BL-184AR) over check
Sahyadri hybrid. The cross, RTN-3 A x GR-3
recorded maximum negative heterosis for plant
height over better parent (-16.15 %), Jaya
(-10.87 %), GR-11 (-11.39 %) and Sahyadri
(-11.74 %). Maximum negative heterosis for
plant height was recorded in cross, RTN-3A x
GR-3 followed by RTN-3A x PR-115 and
KJTCMS-6A x GR-11 over better parent and
all the three checks. Significant negative
standard heterosis was also observed in the
study of Vishwa Karma et al. (1999), Joshi et
al. (2004), Yadav et al. (2004) and Kshirsagar
et al. (2005) for this trait.

Number of productive tillers plant-1 is

generally associated with higher productivity.
The cross, RTN-2A x IR-63879-195-195-2-2-
3-2 recorded highest heterosis for productive
tillers plant-1 of 67.53, 26.64 and 69.30 per
cent over Jaya, GR-11 and Sahyadri
respectively. Maximum significant positive
heterosis for productive tillers plant-1 was
exhibited in cross RTN-2A x IR-63879-195-
195-2-2-3-2 followed by RTN-2A x PR-116
and RTN-13A x PR-116 over all three checks.
Longer panicle length is associated with more
number of spikelets panicle-1 resulting in higher
productivity. The hybrid combinations, RTN-
3A x IR-8866 (8.63%), RTN-17A x NVSR-20
(6.43%) and RTN-3A x NVSR-20 (6.20%) were
found to be the best hybrids for this trait.
Significant heterosis for panicle length over
standard check has been reported by Joshi et
al. (2004); Yadav et al. (2004) and Kshirsagar
et al. (2005).

Number of filled spikelets panicle-1 Is one of
the most important yield component. Thus, the
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Table 2. Three best performing cross combinations, their GCA effects, SCA effects, heterobeltiosis and standard heterosis
for various traits in rice.

Character Best performing hybrids GCA SCA Hetero- Standard heterosis 
effects effects beltiosis over checks
––––––– (%) –––––––––––––––––––––––––––––
P1 P2 Jaya GR-11 Sahyadri

(Hy. Ch.)

Days to 50% KJTCMS-6A x NVSR-20 G G -7.91** -8.70** -10.87** -11.39** -11.74**
flowering RTN-2A x IR-54742-22-19-3 P P -12.19** -12.19** -10.65** -11.18** -11.52**

RTN-17A X IR-8866 G G -6.40** -0.72 -10.55** -11.07** -11.41**

Productive RTN-2A x IR-63879-195-195-2-2-3-2 G G 3.22** 70.41** 67.53** 69.30** 26.64** 
tillers plant-1 RTN-2A x PR-116 G G 1.75** 24.94** 60.40** 62.09** 21.25** 

RTN-13A x PR-116 G G 2.25** 21.29** 55.71** 57.36** 17.71**

Plant height RTN-3A x GR-3 G G -16.65** -16.15** -26.17** -21.12** -30.85**
(cm) RTN-3A x PR-115 G G -7.01** -0.53 -16.86** -11.18** -22.13**

KJTCMS-5A x GR-11 G G -7.23** 1.66 -14.47** -8.62** -19.89**

Panicle length RTN-3A x IR-8866 G G 1.66** 6.39** 17.72** 33.89** 8.63**
(cm) RTN-17A x NVSR-20 A G 0.32 11.12** 15.34** 31.19** 6.43**

RTN-3A x NVSR-20 G G 0.07 10.88** 15.09** 30.90** 6.20**

Filled spikelets RTN-3A x BL-184AR G G 35.56** 45.73** 48.44** 39.30** 25.04**
panicle-1 RTN-3A x RDN-97-3-2-37-14 G G 24.84** 37.51** 43.45** 34.62** 20.84**

RTN-3A x NVSR-20 G G 26.17 40.64** 43.26** 34.44** 20.68**



hybrids with positive heterosis for number of
filled spikelets panicle-1 are desirable for higher

yields. The maximum positive standard
heterosis for number of filled spikelets panicle-1
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Table 2. Contd.

Character Best performing hybrids GCA SCA Hetero- Standard heterosis 
effects effects beltiosis over checks
––––––– (%) –––––––––––––––––––––––––––––
P1 P2 Jaya GR-11 Sahyadri

(Hy. Ch.)

Grain yield RTN-3A x BL-184AR G G 18.39** 66.85** 86.60** 102.65** 58.03**
plant-1 RTN-2A x NVSR-20 G G 14.08** 77.75** 75.48** 90.57** 48.61**

RTN-13A x GR-7 G G 17.23** 66.31** 55.33** 68.68** 31.54**

Straw yield RTN-3A x BL-184AR G G 13.42** 28.96** 51.00** 61.80** 47.40**
plant-1 (g) RTN-2A x NVSR-20 G G 10.65** 29.73** 37.80** 47.65** 34.52**

RTN-13A x GR-7 G G 10.95** 18.18** 31.58** 40.98** 28.44**

Harvest RTN-2A x NVSR-20 A G 2.09* 14.64** 13.63** 14.45** 5.25
index (%) RTN-2A x KJT-3-2-861-25-15-5 A A 5.39** 9.51** 13.02** 13.84** 4.69

RTN-3A x BL-184AR G G 2.99** 14.41** 11.95** 12.76** 3.70

Pollen RTN-3A x GR-3 G G 6.58** 7.44** 16.65** 15.35** 12.40** 
fertility (%) RTN-13A X IR-54742-22-19-3 P G 7.35** 6.25** 14.45** 13.18** 10.29** 

RTN-13A x Phule Radha P G 8.96** 9 29** 13.45** 12.19** 9.32* 

Spikelet RTN-3A X GR-3 G G 4.76** 4.88* 16.31** 13.74** 7.42** 
fertility (%) KJTCMS-6A x Pusa Sugandh-5 A G 3.29** 6.80** 15.94** 13.37** 7.08** 

RTN-3A x Pusa Sugandh-5 G G 2.77** 4.15* 15.50** 12.94** 6.67**

Milling (%) RTN-3A x NVSR-20 A G 5.55** 20.08** 20.35** 14.37** 15.90**
RTN-17A x RDN-97-3-2-37-14 P A 14.54** 12.53** 19.80** 13.85** 15.38**
RTN-2A x Pusa Sugandh-5 G G 8.15** 10.04** 15.77** 10.03** 11.50** 

Head rice RTN-2A x PKV-Makarand G G 15.51** 24.63** 33.28** 17.62** 32.15** 
recovery (%) RTN-3A x IR-54742-22-19-3 G G 11.37** 20.15** 31.52** 16.06** 30.40**

RTN-2A x Pusa Sugandh-5 G G 15.03** 19.79** 28.10** 13.04** 27.01**

1000-grain RTN-13A x GR-7 G G 3.29** 19.65** 2.28 82.33** -3.63**
weight (g) RTN-17A x GR-11 P G 5.67** 40.85** 2.26 82.31** -3.64**

RTN-13A x NVSR-20 G G 2.34** 3.29* 0.05 78.36** -5.73**

Kernel RTN-3A x GR-11 G G 1.31** 2.61** 37.18** 38.73** 25.90**
length (mm) RTN-13A x Phule Radha G G 1.18** 12.37** 35.63** 37.16** 24.47**

RTN-3A x Pusa Sugandh-5 G G 1.07** -8.43** 34.28** 35.80** 23.24** 

L:B ratio RTN-3A x PR-114 G G -0.46** 14.93** 67.00** 41.95** 46.53** 
KJTCMS-6A x PR-116 P G 1.06** 22.47** 64.54** 39.86** 44.37**
RTN-13A x Phule Radha P G 0.94** 16.15** 60.68** 36.57** 40.98**

Protein RTN-3A x PR-114 G G 4.15** 54.68** 40.27** 79.36** 19.05**
content (%) RTN-2A x GR-7 A G 3.35** 95.25** 39.48** 78.35** 18.38** 

RTN-2A x PR-115 A A 4.78** 72.20** 37.50** 75.82** 16.69**

Amylose RTN-3A x IR-22273 G G 3.45** 12.83** 10.53** 11.69** 1.19
content (%) RTN-2A x RP-BIO-226 G G 2.53** 15.86** 21.28** 22.55** 11.03** 

RTN-17A x GR-7 A G 3.02** 19.71** 20.40** 21.66** 10.23**

*,** Significant at 5 and 1 per cent probability levels, respectively, G=Good parent having significant GCA effect in desired
direction, A=Average parent having either positive or negative but non-significant GCA effects, P=Poor parent having
significant GCA effects in undesired direction, P1-First parent and P2-Second parent



was recorded in RTN-3A x BL-184AR
(25.04%), RTN-3A x RDN-97-3-2-37-14
(20.84%) and RTN-3 A x NVSR-20 (20.68%)
over hybrid check. Heterosis for number of
filled spikelets panicle-1 contributing increased
yield was also reported by Singh and Maurya
(1999), Hariprasanna et al. (2001), Singh et
al. (2002), Yadav et al. (2004) and Kshirsagar
et al. (2005).

The maximum positive standard heterosis

for gram yield plant-1 over hybrid check
Sahyadri was observed in RTN-3A x BL-
184AR (58.03 %) followed by RTN-2A x
NVSR-20 (48.61 %) and RTN-13A x GR-7
(31.54%). The range of standard heterosis was
-17.75 (KJTCMS-6A x GR-7) to 86.60 per
cent (RTN-3A x BL-184AR) over Jaya and -
30.34 (KJTCMS-6A x GR-7) to 58.03 per cent
(RTN-3A x BL-184AR) over Sahyadri hybrid
check. Singh et al. (2002) and Kshirsagar et al.
(2005) also found varied range of heterosis for
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Table 3. Promising hybrids for grain yield with heterosis, combining ability and component traits showing significant desired
heterosis pooled over environments in rice.

Hybrid Grain Hetero- Standard GCA SCA Useful and significant for 
yield belti- heterosis (%) effects effects component traits
plant-1 osis ––––––––––––––––––––––––– heterobeltiosis

(%) SC-I SC-II SC-III

RTN-3A (Mutant) x 67.18 66.85** 86.60** 58.03** 102.65** GXG 18.39** DF, PL, FG, SY, HI, AC,
BL-184AR 

RTN-2A (ARC) x 63.17 77.57** 75.48** 48.61** 90.57** GXG 14.08** PT, PL, FG, SY, HI, PF, 
NVSR-20 SF, KLN, PC, AC

RTN-13A (Gambiaka) x 55.92 66.31** 55.33** 31.54** 68.68** PXG 17.23** PT, PL, SY, HI, TWT, AC
GR-7 

RTN-3A (Mutant) x 55.79 56.99** 54.98** 31.25** 68.30** GXG 5.24** PT, PHT, PL, FG, SY, HI, 
NVSR-20 MI, HRR, PC, AC

RTN-13A (Gambiaka) x 52.62 52.42** 46.15** 23.77** 58.72** PXG 10.31** FG, SY, HI, TWT, 
IR-63879-195- KLN, LBR, AC
195-2-2-3-2

RTN-3A (Mutant) x 52.49 55.42** 45.81** 23.48** 58.35** GXP 12.36** PL, FG, HI, KLN, LBR
GR-11 

RTN-3A (Mutant) x 51.21 51.63** 42.26** 20.47** 54.49** GXA 10.16** PT, PL, FG, SY, HI, 
PKV-Ganesh HRR, LBR

RTN-2A (ARC) x 51.14 42.89** 42.06** 20.31** 54.28** GXG 11.77* PT, PL, HI, SF, HRR, 
KJT-3-2-861-25-15-5 TWT, PC, AC

RTN-3A (Mutant) x 48.32 43.07** 34.23** 13.67** 45.77* GXG 2.48** PT, FG, HI, TWT, PC
RDN-97-3-2-37-14

RTN-2A (ARC) x 47.65 49.06** 32.35** 12.08** 43.73** GXG 5.31** PT, PL, FG, HI, PF, SF, PC
IR-8866 

*, ** Significant at 5 and 1 per cent probability levels, respectively;, G = Good parent having significant GCA effect in desired
direction; A = Average parent having either positive or negative but non-significant GCA effects; P = Poor parent having
significant GCA effects in undesired direction; SC-I- Jaya; SC-II- Sahyadri; SC-III- GR11.

DF = Days to 50 % flowering
PT = Productive tillers plant-1

PHT = Plant height (cm)
PL = Panicle length (cm)
FG = No. of filled spikelets panicle-1

ML = Milling (%)

PF = Pollen fertility (%)
SF = Spikelet fertility (%)
TWT = 1000-grain weight (g)
KLN = Kernel length (mm)
LBR = Length to breadth ratio
HRR = Head rice recovery (%)

GY = Grain yield plant-1 (g) 
SY = Straw yield plant-1 (g) 
HI = Harvest index (%) 
PC = Protein content (%) 
AC = Amylose content (%)



grain yield and yield contributing traits in their
investigations. The cross RTN-3A x BL-184AR
recorded the highest standard heterosis for
straw yield   plant-1 of 51.00 per cent over
Jaya, 61.80 per cent over GR-11 and 47.40
per cent over Sahyadri hybrid. Standard
heterosis varied from -16.06 (KJTCMS-6A x
PKV-Ganesh) to 47.40 per cent (RTN-SA x
BL-184AR) over Sahyadri hybrid. The
maximum positive standard heterosis for
harvest index (%) was recorded by the cross
RTN-2A x NVSR-20 over Jaya, GR-11 and
Sahyadri hybrid were 13.63, 5.25 and 14.45
per cent respectively. 

The range of standard heterosis for pollen
fertility was -16.01 (RTN-13A x IR-22273) to
12.40 per cent (RTN-3A x GR-3) over Sahyadri
hybrid check. The maximum positive standard
heterosis for pollen fertility recorded by the
RTN-3A x GR-3 over Jaya, Sahyadri hybrid
and GR-11 were 16.65, 12.40 and 15.35 per
cent respectively. The maximum positive
standard heterosis recorded for spikelet fertility
by the RTN-3A x GR-3 over Jaya, GR-11 and
Sahyadri hybrid were 16.31, 7.42 and 13.74
per cent respectively. The range of standard
heterosis for milling was -28.14 to 15.90 per
cent over Sahyadri hybrid. The maximum
positive standard heterosis was recorded for
milling by the RTN-3A x NVSR-20 over better
parent, Jaya. GR-11 and Sahyadri hybrid were
20.08, 20.35 and 15.90, 14.37 per cent,
respectively. The range of standard heterosis
for head rice recovery was -33.83 to 33.28 per
cent over Jaya, -34.40 to 32.15 over Sahyadri
hybrid while -41.61 to 17.62 per cent over GR-
11. The maximum positive standard heterosis
for head rice recovery recorded by the RTN-2A
x PKV-Makarand over Jaya, Sahyadri hybrid
and GR-11 were 33.28, 32.15 and 17.62 per
cent respectively.

The range of standard heterosis over check
GR-11 was -9.44 (KJTCMS-6A x GR-11) to

82.33 per cent (RTN-13A x GR-7). The
maximum positive standard heterosis for kernel
length was exhibited in RTN-3A x GR-11
(25.90%). The cross, RTN-3A x PR-114  was
associated with maximum heterosis for L:B
ratio over Jaya, Sahyadri and GR-11 (67.00,
46.53 and 41.95%, respectively) and minimum
by cross, RTN-13A x KJT-3-2-861-25-15-5
(-13.67, -24.26 and 26.62%, respectively).
The cross. RTN-3A x PR-114 exhibited
maximum standard heterosis for protein
content over Jaya (40.27%), GR-11 (79.36%)
and Sahyadri hybrid check (19.05%). The
cross, RTN-3A x IR-22273 exhibited maximum
standard heterosis for amylose content over
Jaya (21.42), Sahyadri hybrid check (11.16%)
and GR-11 (20.70%). Janardhanam et al.
(2001), Reddy et al. (1991), Joshi et al. (2004)
and Kshirsagar et al. (2005), also reported high
and significant standard heterosis for yield and
quality traits.

Hybrids with positive and significant SCA
effects (Table 2) for grain yield were produced
by almost all types of parental combinations
(good x good, good x average, good x poor,
average x good, average x average, average x
poor, poor x good, poor x average and poor x
poor). The crosses with high SCA effects were
in general combinations of parents with good x
good and good x poor or good x average GCA-
effects. This was represented in best three
hybrids for grain yield plant-1 viz., RTN-3A x
BL-184AR (good x good), RTN-2A x NVSR-20
(good x good) and RTN-13A x GR-7 (poor x
good) had significant desired SCA effects and
significant desired heterotic response over
better parent as well as all three standard
checks. The frequency of good x good was
more. Among top 10 hybrids, five hybrids viz.,
RTN-3A x BL-184AR, RTN-2A x NVSR-20,
RTN-3A x NVSR-20, RTN-3A x RDN-97-3-2-
37-14 and RTN-2A x IR-8866 exhibited one of
their parent found to be good general combiner
(Table-3). The high yield potential in cross
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combination (high x low) might be attributed
due to interaction between positive alleles in the
good combiner while heterosis involved in high
x high combiners involved interaction between
positive x positive alleles. In the present study,
low x low combinations also produced hybrids
with high SCA and this can be attributed due to
over dominance or epistasis. Magnitude of
heterosis expressed by hybrids varied between
crosses and both positive as well as negative
heterosis were expressed by different hybrids
for various characters. In present investigation
the performance of hybrids viz., RTN-3A x BL-
184AR, RTN-2A x NVSR-20 and RTN-13A x
GR-7 had recorded more than 30 per cent
heterosis over hybrid check (Sahyadri) and
more than 50 per cent heterosis over variety
checks (Jaya and GR-11), therefore these
combinations are economically viable to exploit
commercially. The prospects of commercial
exploitation of hybrid vigour in self pollinated
crops like rice, comes with atleast more than 25
per cent heterosis against best variety
(Swaminathan et al., 1972).

Among the five male sterile cytoplasm
sources mutant based (RTN-3A) CMS line gave
top yielding hybrid combination followed by,
ARC (RTN-2A) and Gambiaca (RTN-13A)
based CMS lines. In the present study, among
top ten hybrid combinations, three hybrids viz.,
RTN-3A x BL-184AR (58.03%). RTN-2A x
NVSR-20 (48.61%) and RTN-13A x GR-7
(31.54%) exhibited significant favourable
heterobeltiosis, standard heterosis, GCA and
SCA effects for yield and most of the
components and quality traits, could be utilized
for commercial cultivation after extensive
testing in state and national trials.
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Sapota is highly perishable and rated very
poor for processability. Therefore, it is mainly
used for table purpose. The shelf life of sapota
fruits is short at ambient temperature. It is also
sensitive to cold storage. The post-harvest
losses are high in tropical countries particularly
in India and these ranges between 25-30 per
cent for fruits like sapota. Various chemicals
have been used to hasten or delay ripening to
reduce losses and to improve and maintain the
colour and quality by slowing down the
metabolic activities of the produce. This
ultimately leads to an increased shelf life and
maintains the marketability of the fruit for a
longer period. Keeping the above facts in view,
a study was carried out at College of
Agriculture, Dapoli. Dr. Balasaheb Sawant
Konkan Krishi Vidyapeeth, Dist. Ratnagiri
(Maharashtra) during 2007-08.

Materials and Methods

The study involved eleven treatments and

three replications. All the fruit samples used
were treated with 0.2 per cent bavistin. Besides
control, the treatments included under the study
were, bavistin (0.2%), KMnO4 (0.5 and 1.0%),
CaCl2 (1.0 and 2.0%), GA3 (100 and 200
ppm), wax emulsion (1:1 and 1:2 dilution), and
a treatment of film wrapping. Fruits were
dipped in chemical solution, after that excess
solution was drained off and dried under a
ceiling fan. Then they were packed in
polyethylene bags of 150 guage having 0.1 per
cent vents. The experiment was laid out in a
factorial completely randomized design
(FCRD) with two cultivars viz. Kalipatti and
Cricket ball.

The experiment was run separately for each
cultivar and the observations on chemical
analyses were recorded on the 3rd, 6th and 9th

day of ambient storage. Standard procedures
were followed for TSS (by refractometer),
aicidity (A.O.A.C., 1990) and pectin
determinations (Ranganna, 1977). The data on
account of physiological loss in weight was also
recorded.
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Abstract
Effect of post-harvest chemical treatments on physico-chemical parameters of sapota ripening showed

that, the wax emulsion (1:1 dilution) treated fruits had significantly lower values of physiological loss in weight,
minimum rate of increase in TSS and significantly higher value of acidity and pectin indicating that, this
slowed down the process of ripening by retarding the respiration rate and subsequently effect on ethylene
production thereby causing delay in ripening of sapota fruit. The next best treatment for causing delay in
ripening and other related biochemical parameters was observed to be waxol (1:2 dilution) followed by GA3
(200 and 100 ppm), KMnO4 (1.0%) and CaCl2 (2.0%) in that order.
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Results and Discussion

Physiological loss in weight (PLW - %):
The results indicated that the per cent PLW
increased during the entire period of storage
upto 9th day irrespective of the treatment under
study. The maximum loss in PLW was observed
in treatment T1 (control) which was 1.6, 2.5
and 4.06 per cent in kalipatti, and 1.82, 2.70
and 4.40 per cent in Cricket ball at the end of
3rd, 6th and 9th day respectively. The minimum
per cent PLW was observed in treatment T9
(1:1 waxol) 0.35, 1.56 and 1.70 per cent in
kalipatti and 0.64, 1.93 and 2.12 per cent in
Cricket ball at the 3rd, 6th and 9th day
respectively. The per cent PLW of fruits during
the entire period in all other treatments was
comparatively lower than T1 (control).

Both the varieties, Kalipatti and Cricket ball
differ significantly with each other, and the
interaction effect between treatments x varieties
was significant at all the days of sampling. This
reduction in PLW in the treatments could be
due to slow release of free water due to reduced
metabolism and reduced rate of transpiration.
The results obtained in the study agree with the
results of Shinde (1993) who reported waxol
and bavistin dip minimized per cent PLW and
exhibited extended shelf life over control (water
dip) in sapota fruits cv. Kalipatti.

Total soluble solids (TSS - °B) : It is
evident from the data that, the TSS of sapota
fruit increased steadily from day 1 to day 6 in
certain treatments and declined then after.
However, in some treatments it showed an
increase till the 9th day of sampling.

The control treatment (T1) recorded
significantly maximum TSS 23.60°B and
21.0°B on the 6th day in Kalipatti and Cricket
ball, respectively. The per cent TSS content
observed in the sample at the 9th day of storage
in T1 (Control), T2 (Control + 0.2% bavistin),
T3 (0.5% KMnO4), T5 (1% CaCl2) and T11

(Film wrap) showed a decline. However, in the
remaining treatments [T4 (1% KMnO4), T6 (2%
CaCl2), T7 (100 ppm GA3), T8 (200 ppm
GA3), T9 (1:1 waxol) and T10 (1:2 waxol)] the
TSS steadily increased during the entire period
of sampling.

The content of TSS in sapota fruit increased
at ripe stage followed by decrease during
further storage. This could be attributed to
conversion of starch into sugar upto the
ripening and utilization of sugar for respiration
towards the end of the shelf life. Similar
observation were reported by Kumbhar and
Desai (1986) and Gautam and Chundawat
(1989).

Both the varieties Kalipatti and Cricket ball
differ significantly from each other. But the
interaction effect between the treatments x
varieties was non-significant during the entire
period of study.

Acidity : The titrable acidity declined
through out the period of ripening such a
decline in acidity in sapota during ripening was
also reported by Selvaraj and Pal (1989).
However, in Kalipatti, the treatment T9 (1:1
waxol) recorded the lowest drop in acidity
values (0.30 to 0.22), the maximum drop was
recorded in the control treatment (0.20 to
0.07) from day 3 to day 9 of the storage
period. The treatment T1 had lowest acidity
0.07 on 9th day. The acidity of the treatments
T2, T3, T5 and T11 was at par with T1 (control)
and was significantly less than T4, T6, T7, T8,
T9 and T10 treatment suggesting that these
treatments are responsible for causing delay in
the ripening of sapota fruits. In Cricket ball
cultivar. the maximum per cent acidity recorded
was on day 3 in treatments T9, and T10 (0.26).
All the treatments showed a decline in per cent
acidity values from day 3 to day 9 irrespective
of the treatments.
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This could be due to utilization of organic
acids in the respiration process of fruits. The
continuous decline in acidity of treated fruits
during storage was similar to the observation
reported by Krishnamurthy et al. (1960) and
Verma and Bajpai (1971).

The interaction effect between treatments x
varieties was non-significant on 3rd day, but was
significant on 6th and 9th days of storage. 

Pectin content : The values of per cent
pectin content varied from 1.64 to 1.03 in
Kalipatti and 0.94 to 0.47 in Cricket ball from
3rd day of storage to 9th day. The maximum
content of pectin was observed on 3rd day
when compared to 6th and 9th day of sampling
irrespective of the treatment. The pectin
content gradually reduced till the 9th day in all
the different treatments under study. However,
in case of treatments T8, T9 and T10 the rate of
per cent pectin decline was comparatively
slower when compared to rest of the
treatments. Singh and Chauhan (1987) also
reported effect of post harvest application of
waxol-0-12 and KMnO4 changes in pectin
content and pectinase activity and cellulose of
guava fruit. Waxol-0-12 was found to be the
most effective treatment in retaining higher
pectin content and retaining the activity of
these two enzymes during storage, followed by
KMnO4.

Both the varieties differ significantly and the
interaction effect treatment x varieties was non

significant at 3rd and 6th day. However, it was
significant on 9th day of sampling.
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Small seeded legumes in general and
chickpea in particular have been found
recalcitrant to in vitro regeneration
(Disatbanjong and Genev, 1997). Somatic
embryogenesis leading to plant formation from
leaf explants (Rao and Chopra, 1991, Kumar
et al. 1994 and 1995), immature cotyledons
(Sagare et al. 1999), immature leaflets (Bafna
and Wakhlu, 1993), shoot tips (Suryaprakash
et al. 1992) and seed explants (Murthy et al.,
1996). However the response of somatic
embryogenesis remained inconsistent and often
not reproducible. Some of the serious
limitations also include low frequency, genotype
specificity and occurrence of callus phase prior
to embryogenesis. Despite the use of different
methods, including desiccation and plant
growth regulator treatments (Distabanjong and
Genev, 1997) the frequency of conversion of
embryos into plantlets was not improved much.
Kiran et al. (2005) have observed plant
regeneration through hypocotyls derived callus
in two cultivars viz., Annigeri 1 and ICCV 2.

The 19 genotypes were tried for plant
regeneration via somatic embryogenesis
through leaf and hypocotyl explants, in the
investigation.

Materials and Methods

A programme of plant regeneration via
somatic embryogenesis in chickpea cultivars
was undertaken at Biotechnology Laboratory,
Agriculture Research Station, University of
Agril. Sciences, Dharwad (India) during 2005-
2008.

Explant preparation : Seeds were surface
sterilized under aseptic conditions by dipping in
absolute alcohol for 30 seconds followed by 15-
20 minutes in 0.1 per cent mercuric chloride
(HgCl2)and rinsed three times with sterilized
distilled water. Embryo axes along with one
intact cotyledon obtained from over night
soaked seeds were, cultured on half strength
MS medium. Hypocotyl segments of 3-4 mm
from 4 days old seedlings and 2-3 mm leaf from
9 days old seedlings were excised from
aseptically grown seedlings.

J. Agric. Res. Technol., 36 (2) : 212-217 (2011)

Regeneration from Hypocotyl Derived Callus of Chickpea
(Cicer arietinum L.)
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Abstract
Picloram in combination with BAP was found to be better for somatic embryo induction. The well formed,

globular shaped embryos germinated into plantlets with 17.0 per cent frequency on MS medium
supplemented with 10 mg-1 BAP. The frequency of embryogenesis and subsequent plantlet regeneration was
higher in Annigeri 1 followed by ICC 6571 and ICC 9586. Regenerated plants, transferred to potting mixture
containing soil, sand and vermiculite at equal proportion and grown to maturity with 60 per cent survival. The
tissue culture raised plants produced viable seeds. This protocol to produce embryos and their subsequent
conversion to whole plants offers potential for use in gene transfer and development of transgenics in
chickpea, an important grain legume.
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Culture medium and conditions :
Explants were inoculated on Murashige and
Skoog (MS) medium (Murashige and Skoog,
1962) supplemented with 3 mg-1 picloram (Ml)
alone and in combination with 0.5 mg-1 BAP
(M2). All media combinations contained 3 per
cent sucrose (w/v). The pH of the media was
adjusted to 5.8 and solidified with 0.8 per cent
agar, before autoclaving at a pressure of 1.06
kg cm2 for 20 min. All the cultures were in dark
for 2 weeks and then maintained at a
temperature of 25 ± 2°C under 16/8 h (light/
dark) photoperiod at 1000 lux of light intensity.
Somatic embryos obtained were later
transferred to germination medium
supplemented with different concentration of

BAP (2, 4, 6, 10 mg-1) either singly or in
combination with picloram (0.5 mg-1).

Rooting of regenerated shoots :
Elongated shoots were excised from the
cultures and transferred on following root
induction medium (RIM) containing various
strengths of MS supplemented with NAA, IBA,
IAA with different concentrations of sucrose
(1.0-3.0%) and cefotaxime was added to
minimize the effect of antibiotic on rooting
which are hampered after colonization with
Agrobacterium.

RIM1 . MS + 200 mg-1 cefotaxime + 3%
sucrose
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Table 1. Per cent callus induction response in two explants of nineteen different genotypes in two different medium.

Genotype M1 M2 Mean
––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––
Hypocotyl Leaf Hypocotyl Leaf

ICC 3776 100.00 (89.96) 78.33 (62.44) 56.65 (46.87) 69.99 (64.81) 76.24 (66.02)
ICC 12155 98.33 (84.70) 81.86 (64.81) 53.30 (46.87) 64.99 (53.71) 74.57 (62.52)
ICC 15333 93.33 (75.77) 74.99 (59.98) 54.65 (47.65) 68.33 (55.73) 72.82 (59.78)
ICC 9586 98.33 (75.48) 88.33 (70.04) 80.30 (63.68) 79.99 (63.48) 86.73 (68,17)
ICC 2969 100.0 (89.96) 71.66 (57.82) 58.30 (49.78) 63.0 (52.52) 73.24 (62.52)
ICC 67 98.33 (84.73) 69.99 (56.79) 61.65(51.72) 64.99 (53.71) 73.74 (61.74)
ICC 4418 92.08 (74.38) 63.33 (52.79) 56.65 (48.81) 59.99 (50.76) 68.01 (56.68)
ICC 283 100.0 (89.96) 83.33 (65.99) 54.95 (47.82) 74.09 (59.95) 78.24 (65.93)
ICC 7471 100.0 (89.96) 86.66 (68.69) 64.95 (53.71) 78.33 (62.26) 82.48 (68.65)
ICC 10945 98.33 (84.65) 63.33 (52.69) 40.00 (39.21) 56.66 (48.83) 62.57 (56.34)
Annigeri 1 100.0 (89.96) 83.33 (70.06) 63.30 (52.69) 79.99 (63.55) 82.90 (69.06)
ICC 3761 93.30 (75.43) 68.33 (55.73) 30.30 (33.35) 61.66 (51.77) 63.39 (54.08)
ICC 6279 100.0 (89.96) 74.99 (59.98) 43.33 (41.15) 69.99 (56.79) 72.07 (61.97)
ICC 2580 100.0 (89.96) 79.96 (63.72) 58.30 (49.78) 71.66 (57.81) 77.48 (65.32)
ICC 14815 100.0 (89.96) 69.99 (56.90) 64.95 (53.68) 65.00 (53.75) 74.97 (63.57)
ICC 12947 100.0 (89.96) 81.66 (64.63) 66.65 (54.72) 69.99 (56.76) 79.57 (66.52)
ICC 6571 100.0 (89.96) 86.66 (68.69) 93.33 (75.51) 74.99 (60.93) 88.74 (73.61)
ICC 10393 100.0 (89.96) 71.66 (57.81) 38.45 (39.17) 61.66 (51.72) 67.94 (59.66)
ICC 4182 100.0 (50.80) 59.60 (50.80) 39.95 (39.13) 58.33 (49.78) 54.34 (47.63
Mean 96.40 (73.32) 75.69 (60.12) 56.84 (46.90) 74.21 (60.98)

S.E.± CD at 1%
Genotype 0.84 3.16
Medium 2.61 9.75
Genotype x Medium 1.84 6.90

Figures in parenthesis indicates transformed values.
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Fig. 1. Indirect somatic embryogenesis and complete plantlet regeneration through hypocotyl
derived callus of chickpea. a) Development of callus (MS + 3.0 mg L-1 picloram + 0.5 mg
L-1 BAP, b) Development of proembroys (MS), c) Germination of proembryos (MS + 10 mg
L-1 BAP), d) Rooting response in various root induction media (1/2 MS + 0.2 IBA mg L-1

+ 200 mg L-1 cefotaxime + 2% sucrose), e) Establishment of plantlet ( Sand + Soil +
Vermiculite) and f) complete plant with normal pods.



RIM2 . 1/2 MS + 0.2 IBA mg-1 + 200   mg-

1 cefotaxime + 2% sucrose.

RIM3 . MS + 5 mg-1 IAA + 0.5 kinetin   mg-

1 + 200 mg-1 cefotaxime + 3%
sucrose

RIM4 . 1/4 MS + 2.00 mg-1 NAA + 200 mg-

1 cefotoxime + 2% sucrose

RIM5 . 1/4 MS + 2.00 mg-1 NAA + 2.00
mg-1 IBA + 200 mg-1 cefotaxime +
2% sucrose

RIM6 . 1/4 MS + 2.00 mg-1 NAA + 200 mg-

1 cefotaxime + 1% sucrose

RIM7 . MS + 5 mg-1 IAA + 200 mg-1

cefotaxime + 1% sucrose

RIM - Root induction medium

Establishment of plantlets : While
transferring rooted shoots from culture, roots
were gently washed to remove the medium
sticking to them. The individual rooted shoots
were transferred to potting mixtures having
different proportions of soil, sand and
vermiculite and covered with plastic bag. A
small holes were made on bag for air circulation
and pots were kept in growth chamber. For the
initial 15-20 days high humidity was maintained
(90-95%) and then gradually reduced to the
ambient level over a period of 2-4 weeks. After
4 weeks regenerated plants were transferred to
glasshouse and kept till flowering and maturity.

The observations of callus, shoot and root
response expressed in terms of percentage and
were transformed into arc sine values. Twenty
cultures were raised for each treatment and all
the experiment repeated thrice. The
experiment was laid out in a completely
randomized block design and statistical analysis
was done by MSTAT-C software programme.

Results and Discussion

Analysis of variance for callus induction
indicated that there was significant differenence

for callus induction response among genotypes,
between explants, medium and their interaction
effects.

Highest response of callus induction was
observed in genotype Annigeri 1 (94.16%) in
medium supplemented with 3.0 mg-1 picloram
and 0.5 mg-1 BAP (M1) followed by ICC 9586,
ICC 7471, ICC 6571 (93.33%). The highest
callus induction response was observed in
hypocotyls in M1 medium (96.50%) irrespective
of genotypes. Analysis of variance also showed
significant difference in three-way interaction
effect for callus induction response (Table 1).
ICC10393 showed maximum callus induction
response in hypocotyls on M1 medium and
minimum callus induction recorded in M2
medium. The presence of higher response in
M1 medium indicated the necessity of
supplementing the both auxin and cytokinin in
proper proportion. Lo Sohiavo (1995), noticed
that hypocotyls was the strongest modulating
tissue and leaves the weakest. Neelam et al.
(1986) proved that auxin along with cytokinin
was best for callus induction. Several workers
also reported the genotypic difference for callus
induction in chickpea (Sangvan et al. 1989,
Mallikarjun and Moss, 1993, Kumar et al.
1995, Kiran et al. 2005).

Highly organized, round, creamish coloured

Journal of Agriculture Research and Technology215 215

Table 2. Effect of plant growth regulators on rooting.

RIM No. Per cent Mean number Days
response of rootlets required
to rooting plantlet-1 for rooting

RIM 1 23.33 0.35 13
RIM 2 90.00 11.28 5
RIM 3 11.67 0.17 15
RIM 4 80.00 4.57 8
RIM 5 61.67 2.67 12
RIM 6 5.00 0.10 18
RIM 7 21.67 0.48 17
S.E.± 1.77 0.12
CD (1%) 7.67 0.54



callus differentiated from the cut ends of
hypocotyls (Fig. 1a). Proembryos were formed
around explants within 6-10 days of culture in
only eight genotypes suggesting genotypic
dependency on embryogenesis as earlier
reported in other legumes (Venu et al. 1999).
After 15 days proembryos turned into globular
and torpedo (Fig. 1b) shaped embryos. The
maximum number of somatic embryos
(18/explants) was observed in the cultivar
Annigeri 1. Such response was also observed
by Kysely and Jacobsen (1990), Lehminger and
Jacobson (1989) in pea and George and Eapen
(1994) in pigeonpea. It was observed that
germination of axillary buds needs cytokinin.
After 2 to 3 weeks somatic embryos
transplanted on media with less than 8 mg-1

BAP grew and gave calli. Otherwise addition of
10 mg-1 BAP increased percentage of calli
carrying shoots in Annigeri 1 and ICC 9586
(Fig. 1c). Venkatachalam et al. (2000) earlier
described the germination of groundnut
embryos in the presence of BAP. Rooting in
highest number of shoots was recorded in half
strength MS medium supplemented with 0.2
mg-1 IBA and 2 per cent sucrose (Fig. 1d). The
comparison capability of IBA, NAA, IBA+
NAA indicated the high stimulatory effect of
IBA on rooting (90.0%) in the present study
(Table 2) Kiran et al. (2005) suggests that
supply and regulation of endogenous auxin may
play crucial role in root initiation, while
exogenous auxin has an absolute requirement
in rooting. 

Plantlets regenerated from somatic
embryogenesis were transferred to soil, sand
and vermiculite (1:1:1) and maintained in
growth chamber were increased survival
percentage (60%) (Fig. 1e). The humidity was
gradually reduced to the ambient level over a
period of 4 weeks. This probably
recommissions the photosynthetic machinery
of the plants, enabling them to withstand the

subsequent reduction in the ambient relative
humidity and survive under green house.
Similar results of hardening were also reported
by Kiran et al. (2005) in chickpea. Tissue
culture regenerated plants produced normal
flowers and set seeds and no morphological
variations were observed (Fig. 1f). This protocol
of indirect somatic embryogenesis can be used
for large scale production of transgenic
chickpea plants using Agrobacterium-mediated
genetic transformation.
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Abstract
The weed management practice of weed free check (two hand weeding at 20 and 40 days after sowing)

was found superior over rest of the treatments in respect of plant height, number of branches, number of
leaves, dry matter weight, number of pods plant-1, seed yield and net return hectare-1. Lowest dry matter of
weeds and highest weed control efficiency was recorded in weed free check. Maximum B:C ratio was
observed in application of pendimethalin @ 1.0 kg a.i. ha-1 (pre emergence) + one hand weeding at 40 DAS
and it was found most economically feasible integrated weed management practice in soybean.

Key words : Integrated weed management, growth, yield, soybean and economics.
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Soybean  is  very  sensitive  to  early weed competition. Presence of weeds causes
enormous damage to the crop which results in
to 40-45 per cent decrease in crop yield. Weed

1. 4. 5. Jr. Research Asstt., 2 . Asstt. Prof. of
Agronomy and 3. Sr. Research Fellow, IFD- IWM.



free maintenance of soybean crop resulted in a
74 per cent increase in grain yield over the
unweeded control (Chhokar and Balyan, 1999).

Weeding, hoeing etc. are the traditional
methods of weed control but these methods
now found to be costly, tedious and time
consuming. On the other hand, herbicides
alone proved unsuccessful to control weeds
completely because of their selectivity. Hence,
effective combination of cultural and chemical
practices for weed control in soybean is most
important. With this view, present investigation
entitled "Integrated weed management in
soybean" was undertaken to evolve effective
and economically feasible weed control
practices in soybean.

Materials and Methods

The experiment was conducted at BSP
Farm-III, Seed Cell Unit, Mahatma Phule Krishi
Vidyapeeth, Rahuri. A randomized block design

consisting of nine treatments with three
replications, was used for the field experiment.
The nine treatments were T1 - Weed free check
(two hand weeding at 20 and 40 DAS), T2 -
One hand weeding at 20 DAS, T3 -
Pendimethalin @ 1.0 kg a.i. ha-1 (PE), T4 -
Pendimethalin @ 1.0 kg a.i. ha-1 (PE) + one
hand weeding at 40 DAS, T5 - Fluchloralin @
1.0 kg a.i. ha-1 (PPI), T6 - Fluchloralin @ 1.0 kg
a.i. ha-1 (PPI) + one hand weeding at 40 DAS,
T7 - Imazethapyr @ 75 g a.i. ha-1 (POE), T8 -
Imazethapyr @ 75 g a.i. ha-1 (POE) + one hand
weeding at 40 DAS and T9 - Weedy check
(control).

The gross and net plot sizes were 4.8 x 4.0
and 3.6 x 3.0 m2 respectively. Variety JS-335
was used with plant spacing of 30 x 10 cm. Pre
plant application of herbicide was done two
days before sowing. While pre emergence
application was done one day after sowing and
post emergence application was done 20 days
after sowing. Herbicides applied through water

Kalhapure et al.218

Table 1. Various growth and yield attributes and economics of soybean as affected by different treatments.

Treat- Plant Bran- Leaves Dry Pods Seed Dry Weed Gross B:C
ment height ches plant-1 matter plant-1 yield matter control return ratio

(cm) plant-1 weight (q ha-1) of weeds effici- (Rs. ha-1)
plant-1 (g m-2) at ency
(g) harvest (%)

T1 60.87 6.80 20.53 31.53 54.00 22.18 3.93 81.22 52605.00 1.95
T2 48.10 3.87 13.19 23.84 40.10 13.79 8.46 59.57 32806.00 1.59
T3 47.30 3.74 13.00 25.85 37.33 13.23 8.31 60.29 31487.00 1.47
T4 56.85 6.00 18.66 30.12 50.34 20.09 4.64 77.83 47694.00 2.13
T5 44.63 3.62 13.21 24.54 36.22 12.27 8.47 59.53 29249.00 1.53
T6 51.24 4.59 15.03 27.49 43.33 15.81 7.27 65.26 43235.00 1.76
T7 46.65 3.73 13.17 25.09 35.69 12.91 8.34 60.15 28026.00 1.61
T8 54.03 5.27 16.85 28.81 46.68 17.97 6.23 70.23 42666.00 1.93
T9 35.19 2.90 11.17 19.12 22.66 10.16 20.93 - 15295.00 -
S.E ± 0.88 0.22 6.60 0.30 0.88 0.65 0.34 - - -
CD at 5% 2.66 0.67 1.80 0.90 2.66 1.95 1.02 - - -

T1 - Weed free check as two hand weeding at 20 and 40 DAS, T2 - One hand weeding at 20 DAS, T3 - Pendimethalin @
1.0 kg a.i. ha-1 (PE), T4 - Pendimentalin @ 1.0 kg a.i. ha-1 (PE) + one hand weeing at 40 DAS, T5 - Fluchloralin @ 1.0 kg
a.i. ha-1 (PPI), T6 - Fluchloralin @ 1.0 kg a.i. ha-1 (PPI) + One hand weedig at 40 DAS, T7 - Imazethapyr @ 75 g a.i. ha-1

(POE), T8 - Imazethapyr @ 75 g a.i. ha-1 (POE) + One hand weeding at 40 DAS, T9 - Weedy check control.
(PE-Pre emergence application, PPI- Pre plant incorporation, POE- Post emergence application).



at the rate of 500 liters of water per hectare by
using knapsack sprayer. The soil moisture at
the time of application was at nearly field
capacity.

Results and Discussion

Significantly taller plants were observed in
weed free check (two hand weeding at 20 and
40 DAS) at 90 days after sowing followed by
application of pendimethalin @ 1.0 kg a.i. ha-1

(PE) + one hand weeding at 40 DAS and lowest
plant height was recorded in weedy check.

In respect of number of branches, number
of leaves and dry matter weight plant-1, weed
free check (two hand weeding at 20 and 40
DAS) showed significant superiority over rest of
the treatments. While application of
pendimethalin @ 1.0 kg a.i ha-1 (PE) + one
hand weeding at 40 DAS found at second place
and weedy check at the last place in respect of
above growth characters.

Various yield attributes of soybean were also
affected by different treatments of weed
control. Weed free check (two hand weeding at
20 and 40 DAS) recorded significantly higher
number of pods per plant and seed yield
hectare-1 over all other treatments. Application
of pendimethalin @ 1.0 kg a.i. ha-1 (PE) + one
hand weeding at 40 DAS was at second place
in respect of these yield attributes and found
significantly superior over rest of the treatments
excluding weedy check. These findings
corroborate with the findings of Pratap Singh et
al. (2006) and Chauragade (2008).

Significantly lowest dry matter of weeds at
harvest was observed in weed free check (two
hand weeding at 20 and 40 DAS) and
application of pendimethalin @ 1.0 kg a.i. ha-1

(PE) + one hand weeding at 40 DAS which

were on par with each other. Highest dry
matter of weeds was recorded in weedy check
at harvest. Numerically highest and lowest weed
control efficiency was recorded in weed free
check (two hand weeding at 20 and 40 DAS)
and weedy check, respectively. Similar results
were reported by Chandel and Saxena (2001).

Weed free check (two hand weeding at 20
and 40 DAS) recorded highest net return per
hectare over rest of the treatments while lowest
net return was observed in weedy check.
Highest B:C ratio was observed in a treatment
with application of pendimethalin @ 1.0 kg a.i
ha-1 (PE) + one hand weeding at 40 DAS while
lowest was observed in weedy check. Though
net return hectare-1 was maximum in weed free
check, according to B:C ratio application of
pendimethalin @ 1.0 kg a.i. ha-1 (PE) + one
hand weeding at 40 DAS was found more
economically feasible than all other treatments.
The results are in conformity with those
obtained by Giriwanshi et al. (2004).
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Banana is an important fruit crop grown in
Maharashtra state having area of 72,200 ha
with productivity of 62.9 mt ha-1. In
Maharashtra state, maximum area is
concentrated in North Maharashtra region.
Jalgaon district ranks first in respect of area
(49,200 ha) and total production (Anonymous,
2007). In this state every year new planting of
banana is done during June and October
respectively known as Mrig baug and Kande
baug (Singh, 2007). The major crops in this
area under cultivation are sorghum, black gram,
green gram, sesamum, deshi Cotton, wheat,
groundnut, soybean and vegetable crops like
onion etc.

Crop rotation plays an important role in
improvement of quality and total production
and also helps for maintaining soil health and
fertility. Banana being a biennial irrigated crop,
proper crop rotation for this crop is more
important. It has been observed that only few
farmers are adopting proper crop rotations for
banana crop. Desired target of production can

be achieved only when majority of the farmers
are motivated to adopt the new technology.
The information in respect of suitable crop
rotations for banana is scanty.

By taking advantage of long term
experience (> 85 years) of banana growers in
adoption of various types of crop rotations, the
present study was proposed to know the most
suitable and more commonly adopted crop
rotation for banana. The generated information
will be helpful to banana growers for adoption
of most suitable crop rotation for banana crop.

Materials and Methods

The present study was conducted in four
major banana growing tahasils of Jalgaon
district viz., Chopda, Yawal, Raver and Erandol
in 15 villages randomly selected during 2006-
07. The 180 banana gardens (Ninety each for
June and October planting) owned by 50
farmers were selected by random sampling
method. The data was collected by using
personal interview method and processed by
using appropriate statistical method to generate
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In all nineteen types of crop rotations have been adopted for banana crop. For June planting, 12 types

of crop rotations were adopted, out of which Sorghum-Deshi cotton-Banana, Deshi Cotton-Sorghum-Banana
and Banana-Sorghum-Banana were more common. For October planting, seven types of crop rotations were
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of various location specific crop rotations for banana on farmers' fields be organized. 
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the information on most suitable and
commonly adopted crop rotation for banana
crop by banana growers.

Results and Discussion

From the data depicted in Table 1, it is
revealed that, in all 12 crops rotations have
been used by farmers for June planting of
banana however, seven types of crop rotations
for October planting. For June planting,
maximum use of crop rotation was recorded in
Chopda tahasil followed by Yawal and Raver
tahasils. Out of these 12 crop rotations, the first
best three crop rotations on the basis of their
adoption percentage were sorghurm deshi
cotton-banana  (31.9%), deshi cotton-banana
(16.5%) and banana-sorghum-banana

(11.11%). Among these three, first two crop
rotations were more popular and beneficial as
they include two rainfed crops viz., sorghum
and deshi cotton having shallow fibrous and
deep tap root system respectively. This means
complete two years rest have been given to the
soil before banana planting, this might be useful
for maintaining soil fertility. In last crop rotation
i.e. banana-sorghum-banana, after harvesting
of banana crop, sorghum was sown in next
kharif and then June planting of banana was
taken up. The adoption of other crop rotations
is in the range of 1.11 to 9.9 per cent. Banana
after banana was followed by 2.2 per cent
farmers. The maximum adoption of these first
three crop rotations for June planting is
indicating their suitability and their priority over
others.

Journal of Agriculture Research and Technology 221

Table 1. Various types of crop rotations adopted for banana crop with different planting times.

Types of crop rotations No. of rotations adopted Per cent
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––– adoption
Chopda Yawal Raver Erandol Total

June planting (mrig baug) :
Black gram-Safflower-Banana 00 01 00 00 01 1.11
Sorghum-Deshi Cotton-Banana 10 10 06 03 29 31.9
Banana-Deshi Cotton-Banana 01 02 01 00 04 4.4
Banana-Sorghum-Banana 02 03 04 01 10 11.0
Banana - Banana 00 01 01 00 02 2.2
Deshi Cotton-Sorghum-Banana 08 01 04 02 15 16.5
Groundnut-Wheat-Banana 02 02 02 03 09 9.9
Deshi Cotton-Groundnut-Banana 03 00 00 01 04 4.4
Sunhemp-Deshi Cotton-Banana 01 01 02 00 04 4.4
Deshi Cotton-Sesame-Banana 01 00 00 01 02 2.2
Green gram-Wheat-Banana 01 00 00 02 03 3.3
Gram-Onion-Banana 03 00 01 03 07 7.7
Total 32 21 21 16 90

October planting (kande baug) :
Sorghum-Black gram-Banana 04 07 08 05 24 26.4
Sorghum-Green gram-Banana 02 04 04 06 16 17.6
Cotton-Green gram- Banana 06 03 03 02 14 15.4
Sorghum-Sesame-Banana 04 00 00 04 08 8.8
Banana-Fallow-Banana 03 02 04 02 11 12.1
Sorghum-Fallow-Banana 01 01 01 02 05 5.5
Deshi Cotton-Sorghum-Banana 04 04 02 02 12 13.2
Total 24 21 22 23 90



For October planting in all, seven crop
rotations were followed by banana growers for
cultivation. The first top three rotations were
sorghum-blackgram-banana, sorghum-green-
gram-banana and deshi cotton-greengram-
banana having adoption of 26.4, 17.6 and
15.4 per cent respectively. The range of
adoption for remaining rotations were 5.5 to
13.2 per cent. Adoption of suitable crop
rotation for banana crop is related to age of
farmers, education of farmers, location and
farming experience reported earlier by Patil
(1987), Patil and Waghdhare (1989), Kadam
and Jagtap (1991), Deshmukh et al. (1992),
Pandya and Vekaria (1994), Lambe (1996).

During first year sorghum and deshi cotton
were cultivated, then during next kharif green
gram and black gram followed by banana as a
October planting. Thus for banana crop the
crop rotation practice was found beneficial.
Hence, farmers should not cultivate banana
after banana. Rotate banana crop with rainfed
crops having different types of root system.
This rotation helps for maintaining soil health
and fertility, also prevent for building nematode
population in the soil.
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In Maharashtra, the area and productivity of
sweet corn is very low which needs to be
increased substantially by way of developing
suitable improved package of practices. The
cultural practices coupled with balanced use of
fertilizer and optimum use of irrigation water
playing a vital role in enhancing the productivity
of sweet corn. Among the various natural
resources, which are governing agricultural
crop production, water is the most important
resource for exploiting yield potential of
selected crop.

The soils often require replenishment of
nutrient deficit by application of manures and
fertilizers to increase crop yield. Fertigation is
timely application of small amount of water
soluble fertilizer through drip tubes directly to
the root zone. Compared to conventional soil
application, fertigation improves fertilizer use
efficiency (Granberry, 1996).

Considering the commercial demand of
sweet corn, its productivity needs to be
increase. This can be possible through

manipulation of major input factors like
irrigation and fertigation. Therefore, by
considering the importance of these aspects in
sweet corn production the present investigation
was planned.

Materials and Methods

The experiment was conducted at the
ASPEE Agriculture Research and Development
Foundation, Tansa Farm, At, Met/Nare, Dist-
Thane (Maharashtra) during rabi season of the
year 2008-09. During the period of
experimentation mean maximum temperature
varied from 28.6 to 39°C and mean minimum
temperature varied from 11.3 to 20.8°C and
minimum pan evaporation was 2.1 mm day-1

and maximum was 7.5 mm day-1.

The experimental plot soil was well drain,
leveled and uniform in topography having
medium black colour with good drainag, clay
loam in texture and having porosity 44.12 per
cent and maximum water holding capacity
64.11 per cent. The bulk density was 1.20
g/cc. The soil was moderately high in nitrogen
and phosphorus and very high in available
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potassium with high content of organic matter.

The experiment was laid out in spilt plot
design with four main plot treatments I0 :
surface irrigation, I1 : 0.6 x P.E through drip, I2
: 0.8 x P.E through drip and I3 : 1.0 x P.E
through drip. Where 0.6, 0.8 and 1.0 were the
integrated factors derived from crop coefficient
(Kc), pan factor (Kp) and wetted area (Wa).

Five sub plot treatments were F0 : control,
F1 : 100% RDF through fertigation, F2 : 75 per
cent RDF through fertigation, F3 : 50 per cent
RDF through fertigation and F4 : 100 per cent
RDF as soil application. Thus, there were total
20 treatment combinations, replicated 3 times,
with gross plot size of 4.50 x 3.20 m. The
buffer of 1m was left between two successive
treatment plots in order to avoid movement of
water from one plot to another. Water soluble
fertilizer of grade 19:19:19 and urea used for
treatment with fertigation levels from F1 to F3
while urea (46% N), single super phosphate
(16% P) and muriate of potash (60% K) were
used for treatment with fertigation level F4. The

basal dose of 100 per cent P, K and 1/3rd

quantity of N was given in first month in the
split of 10,20,30,40 per cent at 7 days interval
up to one month through 19:19:19 grade and
extra quantity of N was given as urea by
calculating the quantity of fertilizer. Then after
remaining 2/3rd quantity of N was applied as
top dressing. The top dressing was also given in
four splits of 25,25,25,25 per cent and applied
to every week up to 60 DAS. After 60 DAS no
any fertigation was given. For treatment F4 100
per cent P, K and 1/3 quantity of N was
applied as a basal dose and remaining 2/3 dose
of N was applied at 30 and 60 DAS as top
dressing. The N, P, and K were supplied
through urea, SSP and MOP respectively. For
F0 treatment no fertigation was applied.

Results and Discussion

Effect of irrigation : Data pertaining to
yield attributes indicated that all of the yield
attributing characters viz., number of cobs
plant-1; length of cob, girth of cob, number of
cobs hectare-1, average weight of cob, number
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Table 1. Mean values of different yield attributing characters of sweet corn.

Treatments Cobs Length Girth Cobs Average Kernel Kernels
plant-1 of cob of cob ha-1 weight row cob-1

(cm) (cm) of cob (g) cob-1

Irrigation levels :
I0 - Surface irrigation 1.19 18.69 17.98 37795.99 300.57 14.29 498.14
I1 - 0.6 x P.E through drip 1.64 20.39 18.45 43335.45 329.71 14.83 532.28
I2 - 0.8 x P.E through drip 1.75 21.65 19.14 49572.79 355.83 15.87 554.53
I3 - 1.O x P.E through drip 1.93 23.03 20.65 53451.25 373.59 16.28 584.41
S.E± 0.02 0.28 0.12 494.29 3.07 0.05 3.73
C.D at 5% 0.07 0.96 0.42 1710.26 10.63 0.18 12.89

Fertigation levels (% RDF through) :
F0 - Control 1.12 17.6 16.27 24894.12 190.7 13.61 381.7
F1 - 100 fertigation 2.12 22.92 21.5 59440.93 411.69 16.63 623.31
F2 - 75 fertigation 2.05 22.8 20.64 54346.66 406.78 16.41 602.75
F3 - 50 fertigation 1.52 19.25 17.9 43844.72 313.12 14.45 520.57
F4 - 100 soil application 1.67 20.93 18.96 48167.93 367.33 15.3 564.39
S.E.± 0.08 0.48 0.34 1450.93 7.09 0.26 10.03
C.D at 5% 0.23 1.38 0.97 4177.08 190.7 13.61 381.7



of kernel rows cob-1 and number of kernels
cob-1 were significantly influenced by different
treatments of irrigation (Table 1). Beyond these
all irrigation levels, treatment, I3 recorded
significantly superior values of these entire yield
attributing characters, over the remaining
treatments (I2, I1 and I0). All these above
referred yield attributes were decreased with
subsequent decrease in the level of irrigation.
This might be due to the water stress resulted in
poor plant growth due to restriction imposed
on nutrient translocation, photosynthesis and
metabolic activities of plant system. These
findings are in close conformity with those of
Bharti et al. (2007) who reported that all yield
attributes except number of cobs plant-1 and
grain yield of maize increasd significantly with
increase in IW:CPE ratio.

Effect of fertigation : Similarly, yield
attributing characters of sweet corn were
differed statistically due to various fertigation
levels (Table 1). The treatment F1 recorded
significantly superior values of all above
referred yield attributes over F4 (100% RDF
through soil application), F3 (50% RDF through
fertigation) and F0 (control). However, the
treatment F1 (100% RDF through fertigation)
was at par with F2 (75% RDF through
fertigation) except number of cobs hectare-1

where treatment F1 was significantly differed
from all the fertigation levels under study.
Furthermore, in case of number of cobs plant-1

treatment F4 (100% RDF through soil
application) was on par with treatment F3 (50%
RDF through fertigation). This effect was
obviously due to high efficiency and easy
availability of plant nutrients through the liquid
fertilizers. As availability of source in respect of
sweet corn increased with the increase in level
of fertigation, the production in sink in the crop
also followed same trend.

Effect on yield : Irrigation levels
significantly influenced the green cob yield of

sweet corn. Drip irrigation at 1.0 x P.E. (I3)
registered significantly higher green cob yield
(Table 2.), which was  in tune of 30.50, 25.02
and 13.27 per cent over the treatments I0, I1
and I2 respectively. This clearly revealed that,
the crop experienced soil moisture stress due to
varying amount of irrigation water applied.
Similarly, the frequency of irrigation caused
significant variation in green cob yield of sweet
corn.

Significantly superior green cob yield (18.06
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Table 2. Green cob yield of sweet corn as influenced by
different treatments.

Treatments Yield
(t ha-1)

Irrigation levels :
I0 - Surface irrigation 12.30
I1 - 0.6 x P.E through drip 13.27
I2 - 0.8 x P.E through drip 15.35
I3 - 1.O x P.E through drip 17.70
S.E± 0.25
C.D at 5% 0.86

Fertigation levels (% RDF through) :
F0 - Control 8.91
F1 - 100 fertigation 18.06
F2 - 75 fertigation 17.85
F3 - 50 fertigation 13.08
F4 - 100 soil application 15.30
S.E.± 0.57
C.D at 5% 1.64

Table 3. Interaction effect of irrigation and fertigation
levels on green cob yield (t ha-1) of sweet corn.

Irrigation Fertigation levels
levels ––––––––––––––––––––––––––––––––––––––

Green cob yield (t ha-1)
––––––––––––––––––––––––––––––––––––––
F0 F1 F2 F3 F4

I0 7.80 15.21 15.07 11.36 12.23
I1 8.70 15.71 15.62 11.86 13.94
I2 9.45 19.04 18.93 13.12 16.24
I3 9.69 22.27 21.78 15.97 18.77
S.E.± 0.61
CD at 5% 1.76



t ha-1) was obtained in treatment F1 (100%
RDF through fertigation), which was on par
with F2 (75% RDF through fertigation) over rest
of the fertigation treatments under study.
Increase in the green cob yield of sweet corn
due to treatment F1 was in the tune of 1.17,
27.57, 15.28 and 50.66 per cent over the
treatments F2, F3, F4 and F0, respectively. This
data on green cob yield indicated that saving of
25 per cent nutrients with increase of green
cob yield with 15-20 per cent in comparison
with treatment F1 (100% RDF through
fertigation) with considerable labour saving in
application of straight fertilizers as in case of
treatment F4. Similar results were also reported
by Granberry (1996).

Interaction effect : The statistical analysis
(Table 3) revealed the treatment combination
I3F1 (1.0 x P.E. through drip with 100% RDF
through fertigation) recorded significantly
superior green cob yield than rest of the
treatment combinations. However, the former
treatment was at par with the treatment
combination I3F2 (1.0 x P.E. through drip with
75% RDF through fertigation) and lowest yield
was recorded by treatment combination I0F0
(surface irrigation with control and no
fertigation). This might be due to application of

water soluble fertilizer through fertigation
because such fertilizer are become readily
available to crop and also fertigation is
scheduled at weekly interval instead of applying
fertilizers at a time or twice in crop growth
period. Similarly straight fertilizers were
leachecd out or get fixed on soil colloids and
due to this their availability gets reduced and
hence yield of crop was less. Ponnuswamy and
Santhi (2008) also clearly, indicated that drip
fertigation with 125 per cent recommended
dose of fertilizer recorded more grain yield of
maize (6852 and 6933 kg ha-1), but it was at
par with 100 per cent of RDF. Surface
irrigation with soil application of 100 per cent
RDF recorded lowest grain yield of 3661 and
5627 kg ha-1 during 1st and 2nd year.
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Among vegetables, Okra, Abelmoschus
esculentus (L.) Moench occupies an important
position and is grown throughout India mainly
for its immature fruits. The pest problem of
okra is more or less similar to that of cotton
crop. It is usually attacked by sucking pests right
from the early seedling stage to last fruit
harvest. The important pests among them are
jassid (Amrasca biguttula biguttula, Ishida)
and aphid (Aphis gossypii, Glover) (Devasthali
and Saran, 1997). The heavy infestation of
these sucking pests in younger stage results into
the stunted growth, reduced vigour of plants,
viral diseases and gradual death of the plant.
Krishnaiah (1980) reported that losses in okra
due to leafhopper (A. biguttula biguttula) and
fruit borer (E. vittella) were. 50 to 52 and 49
to 74 per cent respectively. The residual
toxicity resulting from foliar spray of
insecticides could be of great significance in
indicating an effective period over which an
insecticide could persist in biologically active

stage and the periodic evaluation for their
effectiveness is also essential under the field
conditions. The present study was undertaken
to study the residual toxicity of different
insecticides against okra aphid.

Materials and Methods

The experiment was conducted during
kharif 2007 at the Experimental Farm,
Department of Entomology, College of
Agriculture, Latur,Marathwada Agricultural
University, Parbhani. Randomized block design
was used with three replications. Arka Anamika
cultivar was sown in plot size of 3.90 x 3.00 sq
m. Six insecticides were tested for their
persistence and residual toxicity against first
and third instar nymphs of Aphis gossypii on
okra leaves. Three round of foliar spray were
given at 20 days interval with pneumatic
knapsack sprayer, using 500 liters of spray fluid
per hectare. The culture of aphids, A. gossypii
Glover, was maintained on the plants of okra
planted in the pots throughout the period of
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Abstract
The highest persistent toxicity to first and third instar nymphs of A. gosssypii in terms of PT values to

the extent of 489.65 and 425.6 was observed due to the application of cypermethrin 0.01 and imidacloprid
0.004 per cent, respectively. Highest PT values were recorded due to imidacloprid 0.004 per cent (431.55)
for first instar and cypermethrin 0.01 per cent (370.3) for third instar nymphs of A. gossypii. On the basis
of LT50 values cypermethrin 0.01 per cent and imidacloprid 0.004 per cent persisted in biologically active
stage to the highest extent of 2.98 and 2.41 days against first and third instar nymphs of A. gossypii,
respectively. It was also followed by imidacloprid 0.004 per cent against first instar (2.95 days) and
cypermethrin 0.01 per cent against third instar (1.23 days) nymphs of A. gossypii. Cypermethrin 0.01 per
cent and imidacloprid 0.004 per cent concentration showed comparatively high percentage mortality and
residual toxicity against first and third instar nymphs of A. gossypii. 
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experimentation in order to study residual
toxicity of insecticides under investigation
against them on okra leaves.

The nymphs were slightly disturbed allowing
them to draw their proboscis from the host
plant and then introduced on treated leaf which
was kept in the petri plate at 0.1, 1, 3, 7 and
14 days after second application of insecticide.
Care was taken to cover the entire plant while
application of insecticides. In order to identify
the leaves receiving the second insecticidal
application they were tagged by white threads
before the second application of insecticide.
The number of test insects used for the bioassay
studies was ten for each treatment in each

replication. The tagged leaves were brought
into the laboratory at the prescribed day
intervals. The treated leaves were kept into
petri plate. The petioles of leaves were covered
with moistened cotton wool in order to retain
their turgidity for 24 hours. The numbers of
dead or moribund test insects were counted
after 24 hours of exposure. Similarly control
mortality of test insects was also observed by
releasing them on untreated okra leaves. Data
obtained on mortality of test insects were
converted into percentage mortality. The
average percentage mortality was calculated
from the observations in 3 replications. The
observations on percentage mortality thus
obtained were corrected with Abbott's (1925)
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Table 1. Persistence of different insecticides in / on leaves of okra applied as second spray against first instar nymphs of A.
gossypii.

Insecticides Conc. Corrected percentage mortality P T PT R.E. O.
(%) after different intervals (days) R.

–––––––––––––––––––––––––––––––––––––––––– E.
0.1 1 3 7 14

Spinosad 0.005 85.00 53.30 46.60 20.00 0 7 51.22 358.57 1.04 4
Indoxacarb 0.01 80.00 60.00 40.00 16.60 0 7 49.15 344.05 1.00 6
Imidacloprid 0.004 100.00 93.30 40.00 13.30 0 7 61.65 431.55 1.25 2
Cypermethrin 0.01 90.00 86.60 56.60 46.60 0 7 69.95 489.65 1.42 1
Profenofos 0.08 100.00 63.30 30.00 10.00 0 7 50.82 355.77 1.03 5
Endosulfan 0.06 90.00 76.60 33.30 6.60 0 7 51.62 361.37 1.05 3

Table 2. Relative efficacy of different insecticides against first instar nymphs of A. gossypii on leaves of okra applied as
second spray.

Insecticides Conc. Heterogeneity Regression equation Log LT50 + S.Em LT50 Fiducial R.E. O.
(%) –––––––––––––– (y = …….) (days) limit R.

d.f. χ2 (days) E.

Spinosad 0.005 3 0.995 y = 5.1414 - 1.2980x 0.1089 ± 0.6534 1.29 0.40 1.17 4
2.75

Indoxacarb 0.01 3 1.3585 y = 4.0762 - 1.1906x -0.0200 ± 0.5176 0.96 0.28 1.00 6
2.13

Imidacloprid 0.004 3 2.219 y = 6.9211 - 4.0874x 0.4700 ± 0.6447 2.95 1.84 2.70 2
4.30

Cypermethrin 0.01 3 2.3169 y = 5.6274 - 1.3195x 0.4755 ± 1.3835 2.98 1.2 3.14 1
6.97

Profenofos 0.08 3 0.1434 y =5.5171 - 2.3037X 0.2245 ± 0.5937 1.66 0.71 1.53 3
2.78

Endosulfan 0.06 3 1.4125 y = 5.1763 - 1.7539x 0.1005 ± 0.5209 1.26 0.49 1.15 5
2.37



formula.

The values of LT50 (time required to give 50
per cent mortality) for different insecticides
applied on okra plants were calculated by using
software of probit analysis as suggested by
Finnay (1971 ). The product (PT) of average
residual toxicity (T) and the period (P) for which
the toxicity persisted was used as an index of
persistent toxicity. The values of corrected
percentage mortalities at various specified
periods were added. This sum was then divided
by number of observations in order to obtain
residual toxicity (T). The procedure followed by
Saini (1959) and elaborated further by Pradhan
(1967) and Sarup et al. (1970) was utilized.

Log LT50 values obtained for different
insecticides were compared by employing the 't'
test.

Results and Discussion

First instar : Result indicated that (Table 1)
cypermethrin 0.01 per cent concentration
showed comparatively high percentage
mortality of first instar nymphs of A. gossypii
(46.60 per cent) at 7 days after spraying. On
the basis of PT values the order of persistent
toxicity was cypermethrin 0.01 per cent
(489.65) > imidacloprid 0.004 per cent
(431.55) > endosulfan 0.06 per cent (361.37)
> spinosad 0.005 per cent (358.57),
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Table 3. Persistence of different insecticides in / on leaves of okra applied as second spray against third instar nymphs of A.
gossypii.

Insecticides Conc. Corrected percentage mortality P T PT R.E. O.
(%) after different intervals (days) R.

–––––––––––––––––––––––––––––––––––––––––– E.
0.1 1 3 7 14

Spinosad 0.005 60.00 40.00 10.00 6.60 0 7 29.15 204.10 1.00 6
Indoxacarb 0.01 70.00 40.00 33.30 10.00 0 7 38.32 268.20 1.31 5
Imidacloprid 0.004 100.00 73.30 36.60 33.30 0 7 60.80 425.60 2.08 1
Cypermethrin 0.01 75.00 53.30 43.30 40.00 0 7 52.90 370.30 1.81 2
Profenofos 0.08 90.00 46.60 36.60 10.00 0 7 45.80 320.60 1.57 3
Endosulfan 0.06 85.00 43.30 36.60 6.60 0 7 42.87 300.10 1.47 4

Table 4. Relative efficacy of different insecticides against third instar nymphs of A. gossypii on leaves of okra applied as
second spray.

Insecticides Conc. Heterogeneity Regression equation Log LT50 + S.Em LT50 Fiducial R.E. O.
(%) –––––––––––––– (y = …….) (days) limit R.

d.f. χ2 (days) E.

Spinosad 0.005 3 1.241 y = 4.2920 - 1.1775x -0.6013 ± 0.1992 0.25 0.07 1.00 6
0.63

Indoxacarb 0.01 3 1.0643 y = 4.6613 - 1.0169x -0.3330 ± 0.3646 0.46 0.07 1.91 5
1.19

Imidacloprid 0.004 3 1.7033 y = 5.7768 - 2.0299x 0.3827 ± 0.8503 2.41 1.08 10.04 1
4.20

Cypermethrin 0.01 3 2.3534 y = 5.0795 - 0.8869x 0.0897 ± 0.9740 1.23 0.21 5.08 2
3.55

Profenofos 0.08 3 0.557 y = 4.9331 - 1.4386x -0.0465 ± 0.4295 0.90 0.30 3.70 3
1.85

Endosulfan 0.06 3 1.354 y = 4.8460 - 1.5766x -0.0977 ± 0.3890 0.80 0.27 3.29 4
1.62



profenofos 0.08 per cent (355.77) >
indoxacarb 0.01 per cent (344.05).

LT50 values of insecticides against first instar
nymphs of A. gossypii on okra leaves are
presented in Table 2 shows that the relative
order of persistence of insecticides in days was
found to be cypermethrin 0.01 per cent (2.98)
> imidacloprid 0.004 per cent (2.95) >
profenofos 0.08 per cent (1.66) > spinosad
0.005 per cent (1.29) > endosulfan 0.06 per
cent (1.26) > indoxacarb 0.01 per cent (0.96).
Thus it indicated that cypermethrm 0.01 per
cent followed by imidacloprid 0.004 per cent
showed higher residual toxicity to first instar
nymphs of A. gossypii as compared to other
insecticides.

Third instar : It is repored (Table 3) that
none of the insecticides showed any mortality
of third instar nymphs of A. gossypii at 14 days
after spray. However, cypermethrin 0.01 per
cent recorded the highest mortality of third
instar nymphs of A. gossypii to the extent of
40 per cent at 7 days after spray as compared

to other insecticides under investigation. It was
followed by imidacloprid 0.004 per cent (33.30
per cent) at 7 days after second spray. Based on
PT index the order of relative efficacy was
imidacloprid 0.004 per cent (425.6) followed
by cypermethrin 0.01 per cent, (370.3),
profenofos 0.08 per cent (320.6), endosulfan
0.06 per cent (300.1), indoxacarb 0.01 per
cent (268.2) and spinosad 0.005 per cent
(204.1).

However, based on LT50 values (Table 4) the
order of relative efficacy was imidacloprid
0.004 per cent (2.41 days) followed by
cypermethrin 0.01 per cent (1.23 days),
profenofos 0.08 per cent (0.90 days),
endosulfan 0.06 per cent (0.80 days),
indoxacarb 0.01 per cent (0.46 days) and
spinosad 0.005 per cent (0.25 days).

It is noted from Table 1 and 2 that the
highest persistent toxicity to first and third
instar nymphs of A. gosssypii in terms of PT
values to the extent of 489.65 and 425.6 was
observed due the application of cypermethrin
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Table 5. "t" values for testing the differences between Log LT50 values of different insecticides used against first instar
nymphs of A. gossypii on okra leaves.

Treatment Log LT50 ± S.Em 1 2 3 4 5 6

Spinosad (0.005%) 0.1089 ± 0.6534 -
Indoxacarb (0.01%) 0.0200 + 0.5176 0.107 -
Imidacloprid (0.004%) 0.4700 ± 0.6447 0.393 0.544 -
Cypermethrin (0.01%) 0.4755 ± 1.3835 0.240 0.308 0.004 -
Profenofos (0.08%) 0.2245 ± 0.5937 0.131 0.26 0.280 0.167 -
Endosulfan (0.06%) 0.1005 ± 0.5209 0.010 0.110 0.446 0.254 0.157 -

Table 6. "t" values for testing the differences between Log LT50 values of different insecticides used against third instar
nymphs of A. gossypii on okra leaves.

Treatment Log LT50 ± S.Em 1 2 3 4 5 6

Spinosad (0.005%) -0.6013 ± 0.1992 -
Indoxacarb (0.01%) -0.3330 ± 0.3646 0.646 -
Imidacloprid (0.004%) 0.3827 ± 0.8503 0.250 0.054 -
Cypermethrin (0.01%) 0.0897 + 0.9740 0.515 0.234 0.227 -
Profenofos (0.08%) -0.0465 ± 0.4295 1.172 0.508 0.353 0.040 -
Endosulfan (0.06%) -0.0977 ± 0.3819 1.169 0.446 0.060 0.008 0.089 -



0.01 and imidacloprid 0.004 per cent,
respectively. It was followed by imidacloprid
0.004 per cent (431.55) for first instar and
cypermethrin 0.01 per cent (370.3) for third
instar nymphs of A. gossypii. 

On the basis of LT50 values cypermethrin
0.01 per cent and imidacloprid 0.004 per cent
persisted in biologically active stage to the
highest extent of 2.98 and 2.41 days against
first and third instar nymphs of A. gossypii,
respectively. It was also followed by
imidacloprid 0.004 per cent against first instar
(2.95 days) and cypermethrin 0.01 per cent
against third instar (1.23 days) nymphs of A.
gossypii (Table 3 and 4).

The values of 't' for testing differences of log
LT50 Values of different insecticides against
first and third instar are presented in Table 5 to
6. On the basis of 't' values no significant
differences were observed in the residual
toxicity among all the groups of insecticides
against the test insects under investigation.

There exists little information on the
residual toxicity of some of the insecticides
under investigation against nymphs of A.
gosspyii infesting okra. However, the results of
the present investigations in respect of residual
toxicity of cypermethrin 0.01 and endosulfan
0.06 per cent against first and third instar
nymphs of A. gossypii are in good line with
that of Bodhade et al. (1992) who recorded PT

values of cypermethrin 0.01 per cent and
endosulfan 0.05 per cent to the extent of
613.07 and 351.34 and LT50 values of these
insecticides to the tune of 6.00 and 3.66 days,
respectively against A. gossypii infesting okra.
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The development of molecular marker
based diagnostic tools for the selection of
resistant genotypes is one of the goals of rice
breeding programs (Blair and McCouch, 1997).
Breeding and deployment of resistant cultivars
carrying major resistance (R) genes has been
the most effective approach to control BLB
disease. To date, 29 R genes for BLB have
been identified, mostly from cultivars belonging
to Oryza sativa spp. indica type, and some
belonging to japonica type and related wild
species including O. longistaminata, O.
rufipogon, O. minuta and O. officinalis (Lee
et al. 2003; Gu et al. 2004). Molecular
markers offer great scope for improving the
efficiency of conventional plant breeding by
selecting markers closely linked to the trait
rather than the trait itself. In case of disease
resistance, availability of markers tightly linked
to the resistant genes will help in identifying
plants carrying these genes simultaneously,

without subjecting them to pathogen or insect
attack and with no limitation on the number of
rounds of selection in a year.

Microsatellites or SSRs are considered to be
ideal molecular genetic markers which consist
of simple tandemly repeated di- to penta-
nucleotide sequence motifs. Since they are
abundant, hyper-variable, multi- allelic, more
robust, efficient and evenly distributed
throughout nuclear genomes of eukaryotes as
well as some prokaryotes, they provide a
valuable source of polymorphism. Presence of
high level of allelic diversity at these loci makes
them informative and valuable markers, with
many applications in agriculture.

SSRs have been found to be discriminate
between closely related accessions and
genotypes with a narrow genetic base (Yang et
al. 1994; Olufowote et al. 1997). These
second generation markers are somatically
stable and inherited in a co-dominant
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Abstract
A set of 29 bacterial leaf blight resistant and susceptible rice genotypes was subjected to SSR analysis.

PCR with 12 microsatellite markers specific for BLB resistance applied to 29 rice genotypes. The SSR
analysis with 12 microsatellites produced 73 alleles. The average number of alleles per locus were found to
be 6.25 while effective number of alleles were 4.39. The maximum number of alleles were recorded for
marker RM21 (10 alleles). The highest PIC value was recorded for RM21 (0.86); whereas mean PIC value
from all tested microsatellite markers was 0.75. The average heterozygosity for 12 SSR markers was 0.062.
Allelic information using different SSR markers specific to BLB resistance revealed the possibility of genotype
possessing resistant genes are GR-3, GR-7, GR-4, Kamod Deshi, Jaya and Purple indicator with xa4 while
GR-102, GR-103, GR-104 and PR-115 may possess xa21. Dandi and Gurjari with xa2l and xa4; GR-12
and Kamod Deshi may have xa13 and GR-104 has xa7. Presence of the resistant gene xa5 was shown by
GR-9, GR-101, GR-102, GR-103, PR-115 and Kamod Deshi.
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Mendelian manner and can, therefore,
distinguish between heterozygotes and
homozygotes (Morgante and Olivieri, 1993;
Thomas and Scott, 1993).

PCR based microsatellite/SSR markers
have played a major role for estimation of
genetic variation between indica and japonica
cultivars (Wu and Tanksley, 1993, Yang et al.
1994, Panaud el al. 1996) and upland rice
accessions (Thanh et al. 1999).

Various rice research institutes across the
India have released several varieties which are
moderate to highly resistant to BLB. Although
the reaction to Xanthomonas oryzae pv.
oryzae is known but genes responsible for
resistance are unknown in most of the
varieties/genotypes released in India. Some of
the varieties/genotype released by Main Rice
Research Station, Anand Agricultural
University, Navagam have shown varied
resistant reaction to BLB and the gene type is
not known.

In this investigation, microsatellites were
employed to study the divergence using SSR
markers present in cultivar/genotype and to
assess the possibility of possessing the resistant
genes in genotypes according to their ability to
produce same alleles as that of NILs or other
established resistant genotypes possessing
known genes for resistance. This study was also
carried out to identify any polymorphism and
heterozygosity existing in different genotypes
using SSR markers.

Materials and Methods

Plant material : The seeds of 29 rice
genotypes (Table 1) used in the study were
obtained from the Main Rice Research Station,
Anand Agricultural University, Nawagam. The
genotypes selected including NILs namely,
CRMAS-2231-36, CRMAS-2231-37,
CRMAS-2231-48 carrying resistance genes

xa5, xa13 and xa21 as well as IRBB7 with xa7
gene and IR72 with xa4 gene and some
genotypes with known resistance reaction but
unknown gene as well as few susceptible
genotypes. 
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Table 1. List of genotypes used in the present
investigation.

Genotype Pedigree Re-
action
to X00

GR 3 Nawagam l9 x IR 60 MS

GR 4 Zinnia 31 x IR 8-246 S

GR 6 GR 3 x Pusa 33 MR

GR 7 GR 3 x Basmati 370 MR

GR 8 Pure line selection -
(Vyara 55, IET 17510)

GR 9 Sathi 34-36 x CR 544-1-2 -

GR 11 Zinia 31 x IR 8-246 S

GR12 GR4 x IR64 MR

GR 101 IR 8 x Pankhali 203 MR

GR 102 IR 8 x Pankhali 203 MR

GR 103 Gr 11 x Mahsuri R

GR 104 GR 101 x Basmati 370 R

Dandi PNL 2 x IET 8320 R

Gurjari Asha x Kranti MR

Narmada T(N) 1 x Basmati 370 MR

SK20 Selection from local Sukhwel -

Kamod Deshi Selection from local Kamod -

Jaya TN 1 x T 141 S

IR72 IR 19661-9-2-37/ R
IR 15795-199-3-37/
IR 9129-209-2-2-2-1

PR 106 IR 8/7 Peta 5/Bella Patna S

PR 115 RP 215/-173-1-8/-PR133 R

IRBB 7 DRR culture MS

TN 1 Dwarf Chow-wu-gen x HS
Tsai-Yuan-Chunj

Purple Indicator Selected from Nagkesar -
Nungi (?)

CRMAS-2231-36 IR64/IRBB13/IRBB21 MR

CRMAS-2231-37 IR64/IRBB13/IRBB21 MR

CRMAS-2231-48 IR64/IRBB13/IRBB21 MR

IET-16312 Basmati restorer line MS

IET-16309 Basmati restorer line MS

MS : Moderately susceptible, S : Susceptible, HS : Highly
susceptible, MR : Moderately resistant, R : Resistant, - :
Not observed



DNA extraction and PCR : The tender,
fresh 3 g of leaves were ground to a fine
powder with liquid N2 and added 15ml of DNA
extraction buffer [3% CTAB, 100 mM Tris-HCl
(pH 8.0), 20 mM EDTA (pH 8.0), 1.4 M NaCl
and 1% PVP] and 120 µl of Proteinase K
(Fermentas, AG) and mixed thoroughly. The
tubes were incubated at 65°C for 60 minutes in
water bath with occasional mixing. Equal
volume of Chloroform:Isoamyl alcohol was
added and mixed gently by inversion. The tubes
were then ccntrifuged at 10,000 rpm for 10
minutes at 4°C. The upper aqueous phase was
transferred to a fresh tube and re-extracted with
equal volume of C:I solution. The DNA was
precipitated with 1/10th volume of 3M Sodium
acetate (pH 5.2) and double volume of chilled
ethanol (absolute) and mixed. These tubes were
kept overnight at -20°C. The DNA was pelleted

by centrifugation at 15.000 rpm for 15 min at
4°C. The DNA pellet was washed twice with 70
per cent ethanol, air dried and dissolved in
800µl of TE buffer. 16 µl of DNase free RNase
A (conc. 10 mg ml-1) (Fermentas, AG) was
added to the crude DNA and incubated in a
water bath at 37°C for one hour.

The 12 microsatellite markers linked or
close to one of the BLB gene were selected and
got synthesized from MWG-Biotech, AG. The
DNA amplification reactions were performed in
a volume of 25 µl containing approximately
50ng genomic DNA, 25pmol forward and
reverse primer each, PCR master mix IX
(Fermentas, AG).

The amplification was performed in a
thermocycler (Biometra Gradient, AG)
programmed as follows: 1 cycle of 94°C for 5
minutes followed by 35 cycles of 1 minutes at
94°C, 1 minutes at 55°C and 2 minutes at
72°C and finally 1 cycle of 72°C for 7 minutes.
Aliquots of 10 µl of amplification products were
loaded in 3 per cent (w/v) agarose gels for
electrophoresis in 0.5X TBE buffer (Sambrook
et al. 1989). Gels were stained with ethidium
bromide 0.5 µg ml-1 and photographed under
UV light using Alpha EaseFC4.0.0 Gel
Documentation system (Alpha Innotech
Corporation, USA). 

Data scoring : The data was scored for
computer analysis as a, b, c........ etc. for n
number of alleles produced by each of the
primer-genotype combination. The
homozygous and heterozygous alleles scored
separately for dominant or recessive reaction as
AA, aa, AB, ab,..... .etc.

Data analysis : The data generated by
SSR loci were analyzed with the software
POPGENE 32 version 1.31 (Nei, 1978).
Diploid data analysis for co-dominant marker
was performed.
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M-20 bp DNA ladder, 1- GR 4, 2- GR 6, 3- GR 7, 4- GR
8, 5- GR 9, 6- GR 11, 7- GR 12, 8- GR 101, 9- GR 102,
10- GR 103, 11- GR 104, 12- Dandi, 13- Gurjari, 14-
Narmada.

M-20 bp DNA ladder, 15- IR 72, 16- SK 20, 17- JAYA, 18-
IET, 19- IET 16309, 20- PR 106, 21- PR 115, 22-
CRMAS 2231-36, 23- CRMAS 2231-37, 24- CRMAS
2231-48, 25- IRBB, 26- KAMOD DESHI, 27- TN 1, 28-
Purple indicator, 29- GR 3.

Fig. 1. SSR Patterns of different rice
genotypes produced by marker RM13.



Results and Discussion

Allele variation : The 12 SSR markers
revealed 73 alleles in the 29 rice genotypes.
The number of alleles per locus varied widely
among these markers ranging from 3 (RM230
and RM390) to 10 (RM21) with an average of
6.25 (Fig. 1). These findings are similar with
the observations of Ni et al. (2002). The
maximum number of unique alleles was
documented in RM206 while multiple alleles
shown by RM21 and RM167 were recorded
maximum in present study (Table 2). The lack
of allelic diversity for RM390 may be explained
by its location in the transcribed region of the
cytochrome b5 gene rather than in non-
transcribed DNA (Blair and McCouch, 1997).
Simple sequence repeats occurring in
transcribed DNA may cause disruptions
through frame-shift mutations and small scale
insertions/deletions that limits the number of
alleles possible at these loci (Morgante and
Olivieri, 1993). The similar observations were
made by Olufowote et al. (1997); Davierwala
(2001) and Joshi and Behera (2006) for the
number of alleles generated using all
microsatellites marker used in present study. 

SSR polymorphism : The 12 markers set
which are distributed through 5 different rice

chromosomes revealed total 73 polymorphic
alleles. RM21 gave maximum PIC value as
0.86 (Table 2). Ren et al. (2003); Olufowote et
al. (1997); Ni et al. (2002) and Joshi and
Behera (2006) also obtained the PIC value for
SSR analysis mostly similar to the findings of
the present investigation. RM21, RM224 and
RM167 were very informative due to their high
degree of polymorphism while microsatellite
locus RM390 was not.

Genotypes analysis : Screening of 29 rice
genotypes with SSR markers RM13, RM390,
RM122 and RM164 and comparing their
alleles with the NILs for xa5 resistant gene
revealed the possibility of possessing gene for
resistance in genotypes viz., GR9, GR101,
GR12, GR103 and Kamod Deshi. The PCR
amplification at optimum condition for the
marker RM230 which is linked to xa13
resistant gene showed the two genotypes viz.,
G12 and Kamod Deshi within 29 genotypes
which may possess this gene for resistance. The
major resistant gene for BLB was reported to
be xa21 and the marker RM21. Upon
amplification with marker RM21, NILs and
Gurjari gave same allele whereas the genotypes
GR102. GR103 and GR104 also produced
same allele as that of NILs when amplified with
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Table 2. Level of polymorphism detected by 12 SSR markers.

Marker Alleles Unique Allele size High frequency PIC Average 
alleles (bp) allele size (bp) % value heterozygosity

RM13 6 1 124 - 245 145 0.70 0.19
RM21 10 2 109 - 215 116 0.86 0.22
RM122 5 0 237 - 268 237 0.77 ND
RM164 6 1 250 - 283 275 0.76 ND
RM167 7 0 45 - 163 122 0.81 0.12
RM206 8 3 110 - 175 165 0.81 0.10
RM224 8 2 42 - 178 140, 178 0.82 0.03
RM230 3 0 266 - 289 275 0.63 ND
RM251 6 1 113 - 145 142 0.79 0.02
RM254 5 1 160 - 187 171,180 0.76 ND
RM263 6 0 160 - 220 214 0.75 0.02
RM390 3 0 177 - 196 196 0.51 ND



RM167 marker. The alleles produced by these
genotypes suggest that it may possess gene for
resistance.

Two markers i.e. RM167 and RM224 were
used to depict the presence of resistant gene
Xa4 with the help of inclusion of genotype
IR72. The allele analysis revealed that
genotypes GR3, GR4, Jaya, Dandi, GR7, and
Kamod Deshi may possess Xa4 gene for
resistance.

The one NIL viz., IRBB-7 possessing Xa7
gene for resistance and marker RM251was
used to assess possibility of presence of gene in
the selected genotypes and only given by
GR104. As a result by allele comparison and
pedigree information we can conclude that
GR104 may possess gene for resistance.
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Onion (Allium cepa L.), the biannual
bulbous herb, is the most important vegetable
crop in India and ranks second in its
importance as a vegetable in tropics.
Maharashtra has prominent position in onion
cultivation occupying more than 20 per cent
area and 30 per cent production. It's intensive
cultivation in the state has posed serious threat
of pest like thrips (Thrips tabaci Lindemann)
that became a limiting factor for yield. T. tabaci
causes 40 to 60 per cent foliage injury and 10
to 20 per cent yield losses annually (Hajdu and
Nagyimre, 1984).

Onion thrips lacerate the tissues and suck
the oozing cell sap thereby develop spotted
appearance on leaves, that turn into white
patches. The pest is difficult to control because
of glossy nature of leaves, which prevents spray
solution reaching the pest and hiding habit of
pest in central axis near the bulb. At present,
the pest is being managed by spraying of
insecticides like cypermethrin 0.0075 per cent
(Anonymous, 2003). However, this remedy did

not give encouraging results. Hence, the
attempt was made to find out the source of
resistance to onion thrips and its management
by using certain newer insecticides under field
conditions.

Materials and Methods

Field experiments were conducted for
screening varieties and evaluation of nine
insecticides against onion thrips at the research
farm of Vegetable Improvement Project,
Mahatma Phule Krishi Vidyapeeth, Rahuri,
Dist. Ahmednagar, during rabi 2006-2007.
The onion seedlings of 14 varieties (IET: 6,
AVT : 6 and 2 standard checks viz., Akra
Niketan and N-2-4-1) were grown on raise beds
and transplanting of seedlings was carried out
in 3.0 x 2.0 m2 plots at 15 x 10 cm spacing in
two separate sets under IET and AVT
programme alongwith checks. For evaluating
insecticides, seven week old seedlings of onion
var. N-2-4-1 grown on raise bed were
transplanted in flat beds of 3.0 x 2.0 m2 size at
15 x 10 cm plant spacing. Three sprays were
given at 15 days interval starting from 30 days
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after transplanting. These experiments were
laid out in a randomized block design with three
replications. All the recommended crop
management practices were employed except
plant protection measures to maintain healthy
crop growth. The crop was harvested 110 days
after transplanting when the bulbs matured.

Observations on thrips population plant-1

were recorded on five randomly selected plants
from each variety and insecticidal treatment
plots in three replicates. In varietal screening
test, thrips population was recorded at 30, 45
and 60 days after transplanting (DAT), averages
worked out and correlated with yield parameter.

Whereas in insecticidal evaluation test, thrip
population was recorded 3, 7 and 14 days after
each of the three sprays. Yield data were
recorded from each treatment plots at harvest
and then converted into tonnes per hectare.
The thrip population recorded at different
intervals in both the experiments were
converted into √x+1 values and then the data
including yield were subjected to analysis of
variance.

Results and Discussion

Onion varieties : Among the IET varieties
tested (Table 1), the variety Agrifound White
was observed least susceptible to thrip

Pokharkar et al.238

Table 1. Screening of different onion varieties (IET) against T. tabaci.

Variety Thrip population plant-1 at Yield
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– (t ha-1)
30 DAT 45 DAT 60 DAT Mean

Agrifound White 26.20 (5.21) 28.00 (5.38) 24.40 (5.03) 25.97 (5.19) 25.4
Line 355 52.40 (7.30) 44.00 (6.70) 48.20 (6.98) 48.19 (7.01) 19.5
RO 595 53.20 (7.36) 51.40 (7.25) 49.60 (7.10) 51.36 (7.23) 18.2
RO 597 44.00 (6.70) 45.20 (6.79) 44.60 (6.75) 44.26 (6.74) 21.0
Indam-44 59.20 (7.75) 61.40 (7.89) 57.00 (7.61) 59.20 (7.75) 17.4
L-28 40.60 (6.42) 43.00 (6.63) 41.80 (6.54) 41.44 (6.51) 24.2
Arka Niketan 42.60 (6.60) 41.20 (6.50) 44.00 (6.70) 42.59 (6.59) 22.8
N-2-4-1 42.20 (6.57) 39.40 (6.34) 36.60 (6.13) 39.37 (6.34) 25.0
SE± (0.16) (0.13) (0.20) (0.09) 0.10
CD at 5% (0.49) (0.40) (0.63) (0.27) 0.29

Figures in parentheses are √ x + 1 transformed values.

Table 2. Screening of different onion varieties (AVT) against T. tabaci.

Variety Thrip population plant-1 at Yield
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– (t ha-1)
30 DAT 45 DAT 60 DAT Mean

PRO-6 25.20 (5.11) 17.20 (4.25) 21.20 (4.71) 21.20 (4.70) 25.8
Sel. 383 55.20 (7.49) 49.60 (7.11) 44.00 (6.70) 49.59 (7.11) 21.0
Sel. 402 57.80 (7.67) 61.20 (7.88) 54.40 (7.44) 57.79 (7.66) 19.2
JNDWO 207 52.40 (7.30) 61.60 (7.91) 57.00 (7.61) 56.99 (7.61) 20.1
SYN-3 49.00 (7.07) 48.61 (7.04) 48.20 (7.01) 48.59 (7.03) 21.3
PKV Sel. White 24.60 (5.06) 29.00 (5.47) 26.80 (5.26) 26.79 (5.27) 23.6
Arka Niketan 47.20 (6.94) 41.80 (6.56) 42.60 (6.60) 43.86 (6.70) 22.4
N-2-4-1 42.40 (6.58) 36.30 (6.10) 38.00 (6.24) 38.90 (6.31) 25.0
SE± (0.11) (0.15) (0.14) (0.08) 0.16
CD at 5% (0.34) (0.45) (0.42) (0.24) 0.49

Figures in parentheses are √ x + 1 transformed values.



infestation with minimum pest population
(25.97 thrips plant-1) and maximum yield of
25.4 t bulbs ha-1. However, the varieties N-2-4-
1, L-28 and Arka Niketan were the next best
ones in this respect. The onion variety PRO-6
from the AVT was found least susceptible to
onion thrips with average 21.20 thrips plant-1

and yielded maximum of 25.8 t bulbs ha-1.
However, the variety PKV Selection White
recorded minimum pest population (24.60
thrips plant-1) at 30 DAT, which was at par with
PRO-6. The standard check var. N-2-4-1
showed average 38.90 thrips plant-1 with yield
of 25.0 t bulbs ha-1 and ranked second in
respect of yieid (Table 2). Several onion
varieties have been screened by Mote and
Sonone (1977), Patil (1983) and Khan (1997)
and none of them were observed to be resistant

to onion thrips. However, the variety N-2-4-1
was found promising with relatively low
population of thrips (Mote and Sonone, 1977;
Patil, 1983; Pawar et al. 1986). Thus, the
current results corroborate with the
observations of these workers. The onion
varieties tested under IET and AVT in the
present study could not be compared with the
findings of earlier workers as these are not
evaluated so far for their susceptibility to thrips.

Further, the data on average thrip
population plant-1 and yield of onion varieties
from IET and AVT were correlated and there
was positive correlation (r = 0.8449) at 5 per
cent level which indicated that the thrip
infestation could influence the yield of onion
bulbs.
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Table 3. Effect of different insecticides on thrip (T. tabaci) population in onion.

Treatment Pre- Surviving population of thrips plant-1, after Yield Incr-
(conc.) count –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– (t ease

(thrips 1st spray 2nd spray 3rd spray ha-1) over
plant-1) ––––––––––––––––––– ––––––––––––––––––– –––––––––––––––––––– cont-

3 7 14 3 7 14 3 7 14 rol
DAS DAS DAS DAS DAS DAS DAS DAS DAS (%)

Cypermethrin 22.40 14.80 13.80 15.40 8.60 8.20 9.00 2.40 1.00 1.80 20.3 26.08
0.01% (4.84) (3.97) (3.85) (4.05) (3.80) (3.03) (3.16) (1.84) (1.41) (1.67)
Fipronil 21.60 12.00 11.20 14.60 6.40 6.00 7.60 1.80 0.60 1.00 23.2 44.09
0.075% (4.75) (3.61) (3.49) (3.95) (2.72) (2.65) (2.93) (1.67) (1.26) (1.41)
Imidacloprid 22.00 16.20 15.40 17.00 10.80 10.20 11.00 3.20 1.80 2.60 18.07 16.14
0.0071% (4.80) (4.15) (4.05) (4.24) (3.44) (3.35) (3.46) (2.05) (1.67) (1.90)
Spinosad 22.80 15.60 14.20 16.40 10.20 9.40 10.60 3.00 1.40 2.20 19.8 22.98
0.0025% (4.88) (4.07) (3.90) (4.17) (3.35) (3.22) (3.41) (2.00) (1.55) (1.79)
Carbosulfan 22.40 14.20 13.40 15.20 7.80 7.20 8.20 2.00 0.80 1.60 21.8 35.40
0.025% (4.84) (3.90) (3.79) (4.02) (2.97) (2.86) (3.03) (1.73) (1.34) (1.61)
Deltamethrin+Triazophos 21.60 11.00 10.40 14.40 5.00 5.20 6.80 1.60 0.40 0.80 24.1 49.68
(spark) 0.07% (4.75) (3.46) (3.38) (3.92) (2.45) (2.49) (2.79) (1.61) (1.18) (1.34)
Profenofos 21.20 10.00 9.20 13.20 3.20 3.00 5.80 1.00 0.00 0.20 25.2 56.52
0.05% (4.71) (3.32) (3.19) (3.77) (2.05) (2.00) (2.61) (1.41) (1.00) (1.10)
NSKE 22.00 17.60 17.00 18.80 12.40 12.20 12.80 3.80 3.20 3.60 22.3 38.50
4.0% (4.80) (4.31) (4.24) (4.45) (3.66) (3.63) (3.71) (2.19) (2.05) (2.14)
Novaluron 20.80 16.80 16.00 17.40 11.40 11.00 11.80 3.40 2.80 3.20 17.8 10.50
0.005% (4.67) (4.22) (4.12) (4.29) (3.52) (3.46) (3.58) (2.10) (1.95) (2.05)
Untreated control 21.60 26.40 27.20 28.60 29.20 29.60 30.40 31.80 32.80 35.40 16.1 -

(4.75) (5.23) (5.31) (5.44) (5.50) (5.53) (5.60) (5.73) (5.81) (6.03)
SE± (0.02) (0.03) (0.03) (0.03) (0.04) (4.04) (0.03) (0.03) (0.04) (0.04) 0.12
CD at 5% (NS) (0.09) (0.10) (0.09) (0.12) (0.11) (0.10) (0.10) (0.11) (0.11) 0.36

Figures in parentheses are √ x + 1 transformed values; DAS : Days after spray.



Insecticides : Data in Table 3 revealed that
thrip population recorded before
commencement of spray schedule showed non-
significant differences among various treatment
plots indicating homogenous distribution of
pest in experimental area. However, there were
significant differences between the treatments
after each of the three sprays in respect of thrip
population as well as yield.

All the nine insecticidal treatments differed
significantly from untreated control. Among
them, profenophos 0.05 per cent was found to
be most effective in suppressing the thrip
population recorded at 3, 7 and 14 days after
each of the three sprays. It was however,
followed by deltamethrin + triazophos (Spark)
0.07 per cent and fipronil 0.075 per cent.
Spraying of NSKE 4 per cent was least effective
in comparison with rest of the chemical
insecticides, but it differed statistically from
untreated control.

Yield data showed that, profenophos 0.05
per cent recorded significantly highest yield
(25.2 t ha-1) with 56.52 per cent increase over
untreated control. Similarly, deltamethrin +
triazophos (Spark) 0.07 and fipronil 0.075 per
cent were the next best with 49.68 and 44.09
per cent increase in yield, respectively.

The effectiveness of profenophos against
onion thrips reported by Gupta and Sharma
(1998) and Chandrakar and Shrivastava (2001)
is in conformity with present findings.
Moreover, deltamethrin + triazophos (Spark)
which gave better control of onion thrips than
remaining insecticides in the present
investigation, is in agreement with results of
Boas et al. (1995), Goncalves (1996), Gupta
and Sharma (1998) and Chandrakar and
Shrivastava (2001).

Thus, it is concluded from the present
investigations that, the onion varieties
Agrifound White (from IET) and PRO-6 (from
AVT) could be recognized as promising ones

and relatively less susceptible to onion thrips in
comparison to N-2-4-1. Besides, three sprays
of profenophos 0.05 per cent given at fortnight
interval proved to be the best in suppressing the
thrip population under field conditions. Hence,
these two components could be considered in
the integrated management of onion thrips.
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Rose is cultivated commercially for cut
flowers, both for traditional flower market and
contemporary florist shop. Rose flowers
without stem are used for making garland while
flourish shop sell cut flowers with stem mainly
in bouquets and floral arrangements. Besides,
rose is cultivated for attar, garland and pankhuri
(Chaddha, 2001).

It is attacked by number of insect and non
insect pests during its different stages of
growth. About 50 insect and non insect pests
have been recorded on this crop.(Butani,
1974). Among those the sucking pests viz.,
thrips, aphids, scales, mites and whiteflies are
of most serious. These pests cause heavy losses
by reducing the production and quality of rose
flowers and their control continues to be a
major problem as some of them developed
resistance to conventional insecticides.

Hence, it was felt necessary to undertake
the studies on incidence of sucking pest

complex on rose in relation to weather factors
under polyhouse condition.

Materials and Methods

The studies on incidence of sucking pest
complex on rose in relation to weather factors
under polyhouse condition was carried out at
Hi-tech Floriculture and Vegetable Project,
College of Agriculture, Pune. The rose cultivar
was planted in soil media at a distance of 0.50
x 0.15 m in a plot size of 1.5 x 2.25 m. Five
plants in the center of each plot were marked
for recording the observation of pests
throughout the experimental period. The
population count of each pest was taken at
weekly interval as below.

The observation on nymphal thrips were
recorded on two randomly selected flowers of
each of the five observation plants. The
selected flowers were dissected and floral parts
were examined under microscope. Twenty
tender shoots comprising four from each
tagged plant were taken at random for

J. Agric. Res. Technol., 36 (2) : 241-244 (2011)

Seasonal Incidence of Sucking Pest Complex on Rose in
Relation to Weather Parameters under Polyhouse Conditions

S. S. Shelke1, M. M. Suryawanshi2 and A. V. Naphade3

Entomology Section, College of Agriculture, Pune - 411 005 (India)
(Received : 11-07-2010)

Abstract
The population of thrips flower-1, aphids tender-1 shoot, scales 10 cm-1 stem length, mites leaf-1 and

whiteflies leaf-1 varied from 4.12 to 59.48, 0.03 to 44.17, 0.18 to 57.82,3.2 to 58.92 and 0.28 to 41.96,
respectively. However, their peak population was observed in 31st and 48th, 52nd, 37th, 24th and 42nd and
23rd and 48th meterological weeks respectively. There was significant positive correlation between population
of thrips and maximum temperature, population of scales and maximum and minimum temperature and
population of mite and maximum temperature and bright sunshine hours. The population of scales, mites and
whiteflies were significantly and negatively correlated with morning relative humidity, morning and evening
relative humidity and bright sunshine hours and evening relative humidity, respectively. 

Key words : Rose, sucking pest, weather parameters, polyhouse.

1. Asstt. Professor, 2. and. 3. M.V.Sc and  M.Sc. (Agri.)
students.



recording the nymphs and adults of aphids as
per the method adopted by Shukla (1983).The
observations on nymphs and adults of scale
insects were recorded on 10 cm length of single
stem of each of the five observation plants as
per the method described by Nandakumar et al.
(1998).Three leaves comprising each from
lower, middle and upper part of each of the five
tagged plants were selected for recording the
nymphs and adults mite and whitefly as per the
work carried out by Pokharkar et al. (1986).

Weekly meteorological data during the course
of investigation were taken from the Indian
Meteorological Department, College of
Agriculture, Pune.

Results and Discussion

The data presented in Table 1 revealed that
the population of thrips on rose varied from
4.12 to 59.48 flower-1. Their peak population
was reached in 31st and 45th meteorological
weeks when maximum and minimum
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Table 1. Seasonal incidence of pests on rose (Rosa spp.) under polyhouse condition.

M.W. Tmax Tmin RH-I RH-II BSH Mean survival population
–––––––––––––––––––––––––––––––––––––––––––––––––––––
Thrips Aphids Scales Mites Whiteflies

23 35.8 24.7 77 45 8.3 4.12 0 0.18 56.34 27.18
24 32.7 24.6 77 53 7 7.68 0 2.32 58.92 22.18
25 31.6 22.9 89 66 3.8 8.39 0 4.1 33.76 20.86
26 27.5 22.5 90 84 2.1 15.24 0 6.5 23.47 11.03
27 27.2 22.9 84 80 1.8 20.39 0 9.02 13.85 10.74
28 27.7 22.9 85 74 2.3 32.56 0 11.34 10.28 7.02
29 29 22 86 67 4.7 47.28 0 15.6 8.74 5.92
30 30.8 22.2 86 59 5.9 56.85 0 17.93 5.93 2.37
31 28.4 22.4 88 73 3 59.48 0 22.17 4.43 0.75
32 27 22.1 87 79 2.3 52.88 0 25.2 4.53 0
33 27.3 21.7 87 76 2.2 45.38 0 30.67 3.2 0
34 29.2 21.5 89 68 5.3 39.19 0 38.96 3.78 0
35 28.4 22.8 91 77 2.5 31.12 0 42.64 5.67 0
36 28.6 21.8 91 72 4.4 28.43 0 50.19 7.82 0
37 30.5 21.4 91 62 5.8 27.76 0.03 57.82 9.93 0
38 28.8 22.2 88 72 3.6 25.6 0.82 44.1 11.56 0
39 29.2 21.8 84 59 5 24.82 1.04 39.84 23.85 0
40 32.7 20.7 88 33 7 20.03 3.92 32.63 40.39 0.28
41 32 20.9 89 39 5.5 17.5 8.27 24.16 43.71 1.03
42 32.6 16.6 85 28 8.6 14.3 14.83 20.33 56.54 3.07
43 32.9 16.2 75 26 9.6 9.17 18.29 15.28 53.45 7.5
44 30.5 17.9 89 43 6 6.42 22.83 13.22 46.24 10.28
45 28.7 17.2 91 33 7.9 15.24 25.39 10.95 34.65 18.65
46 31.3 14.3 89 25 8.1 18.96 27.81 9.29 26.34 28.66
47 29.2 9.9 86 24 9 21.17 30.56 7.83 23.21 33.85
48 29.6 12.3 88 33 7.2 26.83 26.17 6.02 15.98 41.96
49 27.6 12.7 88 38 6 15.33 24.75 4.5 12.34 35.95
50 29.8 14.4 91 39 6.5 9.37 34.56 3 9.78 24.06
51 30.1 15.6 83 39 8 4.15 43.75 0.59 9.23 19.47
52 32.7 13 91 28 9.1 0.48 44.17 0.21 4.1 14.53



temperature, morning and evening relative
humidity and bright sunshine hours were 28.4
and 29.06°C, 22.4 and 12.3°C, 88 and 88 per
cent, 73 and 33 per cent and 3 and 7.2 hrs,
respectively. There was significant positive
correlation between the population of thrips
and maximum temperature (0.386) (Table 2).
This indicated that increase in maximum
temperature helped to increase the population
of thrips on rose. Similar results were reported
by Hole (1993) and Abhyankar (2003).

The first incidence of aphids on rose was
noticed in the 37th meteorological week. While
its peak population was observed in 52nd

meteorological week when there were 32.7 and
13.0°C maximum and minimum temperature,
91 and 28 per cent morning and evening
relative humidity and 9.1 bright sunshine hours.
The results are in line with Hole and Salunkhe
(1998).

The incidence of scales on rose was
observed in 23rd meteorological week.
However, its population reached its peak
(57.82 scales/10cm stem length) in 37th

meteorological week when the maximum and
minimum temperature, morning and evening
relative humidity and bright sunshine hours
were 30.5°C, 21.4°C, 91 per cent, 62 per cent
and 5.8 hours respectively. The data presented

in Table 2 revealed that the population of scales
was significantly and positively correlated with
maximum and minimum temperature (0.455
and 0.365). While it was significantly and
negatively correlated with morning relative
humidity (-0.168). The variation in its
population to the tune of 38 per cent was due
to meteorological parameters. Similar result
was reported by Hole and Salunkhe (1999).

The population of mite on rose varied from
3.2 to 58.92 leaf-1. It's peak population was
observed in 24th (58.92 leaf-1) and 42nd (56.54
leaf-1) meteorological weeks when there were
32.7 and 32.6°C maximum temperature 24.6
and 16.6°C minimum temperature, 77 and 85
per cent morning relative humidity, 53 and 28
per cent evening relative humidity and 7.6 and
8.6 bright sunshine hours. The results on
correlation between mite population and
weather parameters indicated that its
population was significantly and positively
influenced by maximum temperature and bright
sunshine hours (0.706 and 0.499), while it was
significantly and negatively affected by morning
and evening relative humidity (-0.536 and -
0.493). R2 value indicated that 71 per cent
variation in the population of mite on rose was
observed to be because of weather factors. The
results are in line with Hole and Salunkhe
(1997), Abhyankar (2003) and Sudhirkumar
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Table 2. Correlation and regression co-efficient values of sucking pest complex of rose with respect to weather parameters.

Weather Correlation co-efficient Regression co-efficient
parameters –––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––

Thrips Aphids Scales Mites White- Thrips Aphids Scales Mites White-
flies flies

Maximum temperature 0.386* -0.196 0.455* 0.706** 0.567** -4.68 0.51 -3.61 -1.08 1.68
Minimum temperature 0.280 0.215 0.365* 0.020 0.022 1.71 2.96 3.38 3.45 -2.89
Morning relative humidity -0.161 0.278 -0.168* -0.536* -0.013 0.30 0.15 1.86 -1.25 -0.85
Evening relative humidity -0.043 0.151 0.025 -0.493** -0.369* 0.16 0.02 0.17 -1.39 0.06
Bright sunshine hours 0.101 -0.169 0.138 0.499** 0.340 2.54 0.80 5.92 -4.42 -1.74
A  value - - - - - 81.61 34.79 -142.15 130.01 97.81
R2 value - - - - - 0.41 0.83 0.38 0.71 0.47

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



and Shelke (2008).

The incidence of whiteflies on rose to the
extend of 27.18 leaf-1 was recorded in 23rd

meteorological week. Thereafter, its population
decreased gradually and reached its lowest
(0.75 whitefly leaf-1) in 31st meteorological
week when the maximum and minimum
temperature, morning and evening relative
humidity and bright sunshine hours were
28.4°C, 22.4°C, 88, 73 per cent and 3 hours,
respectively. Again its population increased
gradually and reached its peak (41.96 whiteflies
leaf-1) when maximum and minimum
temperature, morning and evening relative
humidity and bright sunshine hours were
29.6°C, 12.3°C, 88 per cent, 33 per cent and
7.2 hours, respectively. There was significant
positive correlation between population of
whiteflies and maximum temperature (0.567).
While it was significantly and negatively
correlated with evening relative humidity
(-0.369). The multiple regression studies
revealed that there was 47 per cent variation in
the population of whiteflies on rose due to
weather parameters.
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Mushrooms being rich in proteins (all amino
acids) vitamins, carbohydrates, minerals crude
fibre, ash and low in fat, sugar and energy
when supplemented with wheat flour in varying
proportions, it may enrich wheat flour by
significant increase in mineral content, protein,
crude fibre and vitamin etc. The mushroom
supplemented wheat flour thus prepared would
be helpful in alleviating moderate to severe
problem of anemia prevailing in 88 per cent of
the children and 70 per cent of the women in
Chhattisgarh. Moderate to severe deficiency of
vitamin B complex, folic acid, iron and ascorbic
acid has been reported. Daily intake of
mushroom supplemented wheat flour in terms
of Chapati, halwa or other item may alleviate
the problem of malnutrition and under nutrition
in infants, children's and pregnant ladies of
Chhattisgarh state. Developed product would
be enriched with all major and minor nutrients
and may be helpful in feeding school children

during mid-day meals, also for balwadi
nutrition. hospitals and day care centers.
Keeping in mind these views present study was
undertaken.

Materials and Methods

The development of fortified wheat flour
was accomplished with different sets of
experiments. The oyster mushroom Pleurotus
eous was cultivated in Mushroom Research
Laboratory at the Department of Plant
Pathology IGAU, Raipur (C.G.), and wheat
flour of different categories were purchased
from local shopkeepers.

Pleurotus eous was dehydrated in
mechanical electric dryers at 50°C for 16
hours. These dried mushroom bodies were
grinded separately and subjected to analysis for
major physico-chemical constituents like
moisture, protein, fat, crude fibre, and ash as
per the standard methods described by
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Ranganna (2000) and carbohydrates were
analysed as per method given by Oi- Wah-Lau
(1982).

Preparation of mushroom supple-
mented wheat flour : Marketed wheat flour
was fortified with dehydrated oyster mushroom
fruit bodies. The fruit bodies of Pleurotus eous
were grinded and mixed at 1, 1.5 and 2 per
cent levels wheat flour. These mushroom
supplemented wheat flour were subjected to
analyses such as protein, fat, crude fibre,
carbohydrates, ash and moisture as per
standard procedure.

To study the physico-chemical changes of
wheat flour supplemented with varying per cent
of mushroom powder, they were packed in a
polyethylene bags (100 gauge), the bags were
made airtight by sealing properly. Wheat flour
without supplementation served as control.
Three replications were maintained. Mushroom
supplemented wheat flour packed in PP bags
were kept in an incubator at 31°C for three
months. At every month, samples were taken
out for analyzing the major chemical
constituents like, protein, fat, crude fibre,
carbohydrates, ash and moisture as per
standard procedures.

Mushroom supplemented wheat flour stored
up to 90 days were used to prepare chapati.
Panel of five judges based on 9 point hedonic
scale performed the sensory evaluation. They

evaluated sensory characters like appearance,
texture, taste and overall acceptability.

Economics : The cost of developed
fortified wheat flour was estimated by
considering the cost of dried oyster mushroom
species and cost of wheat flours in the market.

Results and Discussion

Physico-chemical analysis of dehydrated
oyster mushroom (P. eous} revealed that it was
rich in all major chemical constituents such as
protein, fat, crude fibre, carbohydrate and ash
(Table 2). It was observed that the content of
protein in P. eous was 33.89 per cent, fat 3.10
per cent, crude fibre 13.66 per cent,
carbohydrate 32.60 per cent, ash conten 8 per
cent, and moisture was 6.64 per cent.
Similarly, proximate composition of oyster
mushroom species were analysed by various
workers (Bano et al., 1981a).

Wheat flours composition : All the
chemical constituents analysed (Table 1)
differed significantly among four different type
of wheat flours. Moisture content was
significantly less (7.10%) in Nature fresh wheat
flour followed by Annapurna wheat flour
(7.4%). However, it was significantly higher in
Sharbati wheat flour (7.66%) followed by
Chhappanbhog (7.5%). Highest protein
content was recorded in Chhappanbhog
(12.02%) followed by Nature Fresh (11.70%).
The protein content was significantly less in
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Table 1. Chemical analysis of commercially available wheat flour.

Wheat flour brand/ Moisture Protein Crude Fat Carbo- Ash
price kg-1 (%) (%) fibre (%) hydrate (%)

(%) (%)

Chappanbhog @ Rs. 10 kg-1 7.50 12.02 0.93 2.40 31.60 1.05
Sharbati @ Rs. 13 kg-1 7.66 10.95 1.00 1.65 32.20 1.12
Annapurna @ Rs. 15 kg-1 7.40 11.41 1.03 2.20 32.50 1.70
Nature fresh @ Rs. 18 kg-1 7.10 11.70 1.30 2.10 35.60 1.40
SEm± 0.10 0.11 0.04 0.07 0.64 0.08
CD (5%) 0.33 0.37 0.15 0.24 2.12 0.26



Sharbati flour (10.95%). The crude fibre
content was maximum.in Nature fresh (1.3%)
whereas it was minimum in Chhappanbhog
(0.93%) followed by Sharbati (1.0%) and
Annapuma (1.03%). Fat content was maximum
in Chhappanbhog (2.4%) followed by
Annapurna (2.2%) while it was significantly less
(1.65%) in Sharbati wheat flour. Carbohydrate
content was significantly higher in Nature fresh
(35.60%) while it was significantly lower in
Chhappanbhog (31.60%). The carbohydrate
content of Sharbati (32.20%) and Annapurna
(32.50%) were at par with that of
Chhappanbhog. Significantly higher ash
content was observed in Annapurna flour
(1.7%), whereas lowest ash content was found
in Chhappanbhog (1.05%) which was at par
with Sharbati wheat flour (1.12%).

From the above results, it can be inferred
that the Nature fresh wheat flour which costed
maximum Rs. 18 kg-1 had low moisture, rich in
crude fibre and carbohydrate but was moderate
in protein, fat and ash contents. On the
contrary, Chhappanbhog brand of wheat flour
which costed lowest i.e., Rs. 10 kg-1 had
moderate moisture but was highly rich in
protein and fat but was moderate in crude fibre,
carbohydrate and ash content. Hence,
Chhappanbhog brand of wheat flour costed
minimum was used for all the fortification study.
Mean values of whole wheat flour (12 varieties)
for all physico-chemical constituents was also
reported by Raghuvanshi et al. (1993).

Composition of suplimented wheat
flour : Supplementation of wheat flour with P.
eous fruit body powder in different proportions
greatly increased the chemical constituents like,
protein, crude fibre and ash, while fat and
carbohydrate content were not much increased
(Table 2). Moisture content of fortified wheat
flour did hardly vary from 7.47-7.50 per cent
with respect to different supplementation rate.
Protein content was considerably higher

(12.48%) at 2 per cent supplementation while
it was less (12.18%) at 1 per cent
supplementation compared to control
(12.02%). Increase in protein content of
fortified wheat flour was observed with
increasing rate of supplementation of fruit body
powder (12.18-12.48%). The per cent increase
in protein content varied from 1.3-3.70 per
cent at various supplementation levels. Fat
content though did not differ significantly but it
varied from 2.40-2.44 per cent. Crude fibre
content was also higher in wheat flour
supplemented with 2 per cent fruit body
powder (1.22%) followed by 1.5 per cent
supplementation (1.14%) and at 1 per cent
supplemented wheat flour (1.10%) over the
control (0.93%). The crude fibre content was
remarkably improved from 17.80-30.70 per
cent at 1-2 per cent supplementation.
However, there were no significant changes
observed in carbohydrate content of fortified
wheat flour which ranged from 31.60-31.66
per cent compared to control (31.60%).
Average ash content of wheat flour
supplemented with various proportion of P.
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Table 2. Chemical analysis of Pleurotus eous fruit body
supplemented wheat flour in different
proportions.

Chemical Mush- Supplementation Mean
constituents room rate (% mix)

––––––––––––––––––––––––
1 1.5 2

Moisture (%) 6.64 7.50 7.48 7.48 7.49
(0.001)* (-0.28) (-0.28)

Protein (%) 33.89 12.18 12.30 12.48 12.32
(1.30) (2.07) (3.70)

Fat (%) 3.10 2.40 2.41 2.44 2.42
0.00 (0.20) (1.60)

Crude fibre (%) 13.66 1.10 1.14 1.22 1.15
(17.80) (22.10) (30.70)

Carbohydrates 32.60 31.60 31.65 31.66 31.63
(%) 0.00 (0.15) (0.18)

Ash (%) 8.00 1.12 1.16 1.17 1.15
(6.66) (10.40) (11.40)

* Figure in parenthesis indicates the per cent increase/
decrease in nutritive content.



eous fruit body powder was significantly higher
(1.15%) compared to control (1.05%). Higher
ash content were observed in both 1.5 and 2
per cent supplemented wheat flour (1.16 and
1.17 respectively). Ash content did not change
much with respect to supplementation rate.
The per cent increase in ash content also varied
from 6.66-11.40 per cent. In this way,
dehydrated oyster mushroom P. eous
supplemented wheat flour was enriched in
protein, crude fibre and ash content. Tsen et al.
(1973) also reported increase in protein
content of cookies, which were made up to
wheat flour supplemented with soy flour.
Sharma and Chauhan (2000) also studied
fenugreek supplemented wheat flour also found
enriched in various major nutrients.

Physico-chemical changes : Among
different chemical constituents studied, there
were slight deviation in chemical constituents
such as ash, carbohydrate, crude fibre, fat and
protein of fortified wheat flour but there was
rapid increase in moisture content during
different period of storage. Moisture content of
fortified wheat flour was increased from 7.5 to
8.11 per cent within the period of 30 days of
storage. The moisture content was then
doubled (18.6-18.9 %) in the second month of
storage whereas it was quadruplicated (33-
33.3%) in third month of storage (Table 3).
There was no difference in moisture content of
wheat flour with supplementation (1-2%) and
without supplementation (control). As regards
to protein, there was no much variation in
fortified wheat flour stored upto 90 days. The
deterioration in protein content of wheat flour
supplemented with 1 to 2 per cent mushroom
powder was more as compared to wheat flour
without supplementation at different periods of
storage. The deterioration was more at 2 per
cent supplementation compared to that of 1.5
and 1 per cent supplementation. Fat content
was also found to be variable during different
periods of storage. There was no much change
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in fat content when the fortified wheat flour was
stored upto-30 days (0.0-0.2%) but the fat
content was slightly decreased at 60 days of
storage (0.2-0.8%) and further deterioration in
fat content at 90 days of storage (1.0 to 1.6%)
was noticed compared to control (2.1%). No
perfect trend in deterioration of fat content was
recorded with respect to different
supplementation rate. Crude fibre content of
fortified wheat flour did not change much in the
initial periods of storage but there was
considerable deterioration (3.6 to 10 %) in
crude fibre content of fortified wheat flour upto
90 days of storage compared to that of control
(0.3%). Wide variations in crude fibre content of
wheat flour was noticed with varying
percentage of supplementation. Changes in
carbohydrate content of fortified wheat flour
were almost static during different periods of
storage. The deterioration in carbohydrate
content of fortified wheat flour and wheat flour
without fortification was almost same. The per
cent deterioration in ash content of fortified
wheat flour was less (0.18 to 3.7%) compared
to that of control (5 to 10 %). The per cent
deterioration in ash content of fortified wheat
flour was almost same at 30, 60, and 90 days
of storage. Thus, it can be inferred that the
deterioration in chemical constituents like fat,
carbohydrate and ash per cent of fortified
wheat flour was less compared to that of wheat
flour without fortification. On the other hand,
protein and crude fibre content showed more
deterioration in fortified wheat flour than
without fortification. This finding is in
disagreement with those of Leelawati and Rao
(1993) who reported shelf life of biscuits for
about 90 days with high fibre content. More
crude fibre deterioration was observed during
different periods of storage which may be due
to increase in phosphate and amino acidities.

Sensory evaluation : In analysing score of
chapati with regards to appearance, texture,
taste and overall acceptability, it can be said

that, chapatis prepared from wheat flour
supplemented with P. eous at 1 and 2 per cent
were quite acceptable by the panel of judges.
Sensory score obtained in these cases were
almost at par with that of control where wheat
flour was not fortified. In case of appearance,
maximum score was obtained for control (8.4)
and lowest score was for 1.5 per cent
supplemented chapati (6.6) whereas 1 and 2
per cent supplemented chapati scored 7 and
7.8 respectively (Table 4). With regards to
texture and taste low score was observed in 1.5
per cent supplemented wheat flour but still it
was acceptable. The finding of Singh and
Grewal (2000) are in agreement with present
study. They reported improvement in texture
flavor and aroma of wheat bread supplemented
with 10-20 per cent of okra powder.

Economic : In order to popularize the
fortified wheat flour, it is necessary that the
product developed be economical as compared
to that of wheat flour brands available in the
market. To reduce the cost of product under
investigation, low cost wheat flour (Rs. 10 per
kg) was used for fortification, which contained
almost all the major nutritional constituents
such as protein, fat, crude fiber, carbohydrate
and ash. These constituents were comparable
to that of high cost wheat flour brand (Rs. 18/-
kg-1), The cost of 1 per cent fortified wheat
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Table 4. Sensory evaluation of chapati made from
Pleurotus eous fruit body supplemented wheat
flour after 90 days of storage.

Supplemen- Appea- Texture* Taste* Overall
tation rate rance* accepta-

bility

0.01 7.00 7.60 6.60 7.00
0.02 6.60 7.20 6.40 6.73
0.02 7.80 8.00 6.80 7.50

* Mean of five judges

Like extremely : 9 Like very much : 8
Like moderately : 7 Like slightly : 6
Neither like nor dislike : 5 Dislike slightly : 4
Dislike very much : 2 Dislike extremely : 1



flour was lowest (Rs. 12.90 kg-1) followed by
Rs. 14.35 for 1.5 per cent supplementation
and Rs. 15.80 kg-1 for 2 per cent
supplemented wheat flour. Though, the cost of
2.0 per cent supplemented flour was slightly
more than Annapurna brand (Rs. 15 kg-1) but it
was considerably less than Nature fresh. On the
other hand, 1.5 and 2 per cent fortified wheat
flour contained all major constituents in higher
proportion.
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Sweet potato (Ipomea batatas L.) produces
more food per hectare per day than any of the
other major crops. A hectare of sweet potato
can provide various major nutrients in one day
to a number of people. This crop is capable of
yielding highly nutritious commodities from a
single plant. However, such a nutritious crop
has major storage problem i.e. sprouting,
which results in deteriorating the quality and
decreases shelf life and fetchess price in the
market. Considering this if sweet potato is
processed in the form of chips, it will lead to
value addition and also reduction of losses
during post harvest. This aspect needs to be
considered and accordingly an investigation
was carried out to evaluate the sweet potato
genotypes for their value addition.

Materials and Methods

On the basis of yield performance of twenty
sweet potato genotypes during four successive

seasons i.e. kharif 2003, rabi 2003, kharif
2004 and rabi 2004, first ten genotypes viz.,
Doorshet Khandala, H 82/6, IB 90-11-1, IB
90-15-9, IB 700, Konkan Ashwini, S 56-2, S
73, Sree Bhadra and Sree Vardhini were
selected on the basis of yield performance for
their value addition. During processing study,
thin chips of uniform thickness (3-4 mm) of
these ten genotypes were prepared separately
and placed in 0.1% KMS solution for 10
minutes. Chips were divided into equal quantity
for drying and dehydration. For drying, sweet
potato chips were placed on clean muslin cloth
followed by covering with it in open sunny
situation. Drying was carried out for 4-5 days till
the chips become crisp and brittle. For
dehydration, chips were placed in thin layer in
aluminum trays in cabinet dryer at the
temperature of 55°C for 3-4 hrs till the chips
become crisp and brittle. Then dried and
dehydrated chips were packed separately in
polythene bags. On next day chips were
evaluated for their sensory qualities by panel of
five judges by using a 10 point Hedonic scale
(Amerine et al., 1965). After 15 days dried and
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dehydrated sweet potato chips were rehydrated
in water by adding common salt and baking
soda at the rate of 0.1 per cent each for 10
minutes. Drained sweet potato chips were fried
in groundnut oil. After cooling they were
packed in polythene bag. On next day, panel of
five judges evaluated dried and dehydrated fried
chips for sensory qualities by using a 10 point
Hedonic scale (Amerine et al., 1965). During
sensory evaluation study of cooked tubers, 4-5
days stored, sound, healthy tubers of same ten
sweet potato genotypes were selected, cleaned
in running tap water and blotted dry. Then
cooked in boiling water for 10-15 minutes.
Cooked tubers were cut into small pieces and
evaluated for their sensory qualities viz., colour,
flavour and texture by panel of 5 judges, using
a 10 point Hedonic scale (Amerine et al.,
1965).

Results and Discussion

Drying and dehydration : Data
presented in Table 1 revealed that colour score

was significantly varied in genotypes only. In
dried chips the genotype, S 73 recorded
significantly the highest colour score (8.50) and
significantly superior over all the genotypes.
Above mean, value of colour score was noticed
in the genotypes IB 90-1 1-1, IB 90-15-9, IB
700, S 73, Sree Bhadra and Sree Vardhini. In
dehydrated chips, the same genotype S 73
recorded highest colour, score (8.60) and
significantly superior over all the genotypes.
Above mean (7.00), value of colour score was
noticed in the genotypes IB 90-1 1-1, IB 90-
15-9, IB 700, S 73 and Sree Bhadra. Even
though, non-significant variation in colour score
was observed due to drying methods;
dehydrated chips of all genotypes secured
higher score than dried chips.

However, flavour score was significantly
varied in the genotypes as well as drying
methods. Among genotypes, S 73 recorded
significantly the highest flavour score (8.40) and
was superior over all the varieties. Further it
could be observed that the genotypes IB 90-1
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Table 1. Sensory score of dried and dehydrated sweet potato chips.

Genotype Dried Dehydrated
–––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––
Colour Flavour Texture Mean Colour Flavour Texture Mean

D. Khandala 6.00 6.60 6.50 6.37 6.60 6.80 7.20 6.87
H82/6 5.50 6.30 6.50 6.10 5.80 6.70 7.00 6.50
IB90-11-1 7.00 7.20 7.10 7.10 7.10 7.30 7.20 7.20
IB90-15-9 7.20 7.00 6.60 6.93 7.30 7.10 6.70 7.03
IB700 8.00 7.10 7.70 7.60 8.00 8.00 7.90 7.97
K. Ashwini 6.00 6.00 5.90 5.97 6.20 6.30 6.40 6.30
S 56-2 6.50 6.00 6.20 6.23 6.50 6.20 6.30 6.33
S 73 8.50 8.40 8.00 8.30 8.60 8.60 8.40 8.53
Sree Bhadra 7.00 7.40 7.20 7.20 7.00 7.50 7.40 7.30
Sree Vardhini 6.90 6.60 6.70 6.73 6.90 7.10 6.90 6.97
Mean 6.86 6.86 6.84 6.85 7.00 7.16 7.14 7.10
S.E.(V)± 0.06 0.05 0.06
C.D. at 5% 0.18 0.15 0.18
S.E.(T)± 0.01 0.01 0.01
C.D. at 5% N.S. 0.03 N.S.
S.E.(V x T)± 0.12 0.1 0.12
C.D. at 5% N.S. N.S. N.S.



1-1, IB 90-1 5-9, IB 700, S 73 and Sree
Bhadra had higher value for flavour than mean
of 6.86. In dehydrated chips, the same
genotype i.e. S 73 recorded significantly the
highest flavour score (8.60) and was superior
over all the varieties. Further it could be
observed that the genotypes IB 90-11-1, EB
90-15-9, IB 700, S 73 and Sree Bhadra had
higher value for flavour than mean of 7.16. It is
interesting to note that flavour score was
significantly varied due to sun as well as oven
drying methods.

Sensory score for texture was significantly
varied in genotypes only. In dried chips, the
same genotype i.e. S 73 recorded significantly
the highest texture score (8.00) and was
superior over all the genotypes. Further, it could
be observed that the genotype IB 90-11-1, IB
700, S 73 and Sree Bhadra had higher texture
score than mean (6.84). In dehydrated chips,
the same genotype i.e. S 73 recorded
significantly the highest texture score (8.40)
and was superior over all the genotypes.

Further, it could be observed that the genotypes
Doorshet Khandala, IB 90-11-1, IB 700, S 73
and Sree Bhadra had higher texture score than
mean (7.14). In non-sigmficantly varied drying
methods, the dehydrated chips (7.14) recorded
relatively higher score than dried chips (6.84).
Thus, genotype S 73 recorded significantly the
highest sensory score in dried as well as
dehydrated chips for colour, flavour and
texture. Marwaha (1997) also successfully
prepared dehydrated sweet potato chips.
Sabale (2005) noticed that sensory qualities of
dehydrated chips prepared from different sweet
potato cultivars were acceptable and showed
variation in sensory score.

Processing quality : Data presented in
Table 2 pertaining to processing quality of these
genotypes revealed that sensory scores noted
by panel of five judges for colour, flavour and
texture of fried chips of sweet potato genotypes
were varied significantly.

With regards to colour, fried chips of the
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Table 2. Sensory score of fried  (dried and dehydrated) chips of sweet potato.

Genotype Dried Dehydrated
–––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––
Colour Flavour Texture Mean Colour Flavour Texture Mean

D. Khandala 6.40 6.50 6.70 6.53 6.40 6.60 6.80 6.60
H82/6 5.80 6.10 6.00 5.97 6.10 6.50 6.60 6.40
IB90-11-1 7.20 7.20 7.70 7.13 7.30 7.30 7.10 7.23
IB90-15-9 6.80 6.70 6.80 6.77 6.90 6.80 6.90 6.87
IB700 7.00 7.20 7.50 7.23 7.80 7.30 7.90 7.67
K. Ashwini 6.10 6.00 5.90 6.00 6.60 6.50 6.30 6.47
S 56-2 6.30 6.10 6.00 6.13 6.30 6.60 6.60 6.50
S 73 8.40 8.20 7.90 8.17 8.60 8.40 8.60 8.53
Sree Bhadra 7.10 7.30 7.80 7.40 7.30 7.60 7.90 7.60
Sree Vardhini 6.70 6.90 7.50 7.03 6.90 7.10 7.60 7.20
Mean 6.78 6.82 6.91 6.86 7.02 7.07 7.23 7.11
S.E.(V)± 0.06 0.06 0.07
C.D. at 5% 0.19 0.19 0.21
S.E.(T)± 0.01 0.01 N.S.
C.D. at 5% 0.03 0.03 0.03
S.E.(V x T)± 0.13 0.13 0.15
C.D. at 5% 0.39 0.39 0.45



genotype S 73 recorded significantly the
highest score (8.40) and superior over all the
genotypes. Further the genotypes S73, EB 90-
11-1, IB 90-15-9, IB 700 and Sree Bhadra had
higher colour score than mean colour score of
6.78. In dehydrated fried chips the similar trend
was observed. Further it was observed that
irrespective of genotypes, average colour score
recorded by dehydrated fried chips was more
(7.02) than dried fried chips (6.78).

While observing flavour score, significant
variation was observed in genotypes as well as
drying methods. Dried fried chips of the
genotypes, S 73 recorded highest flavour
scores (8.20) and was significantly superior
over all the genotypes. Above mean, flavour
score was recorded in the genotypes IB 90-11-
1, IB 700, Sree Bhadra and Sree Vardhini. In
dehydrated chips similar trend was observed in
all the genotypes. Further, variation was also
observed in drying methods. With irrespective
of genotypes, dehydrated fried chips had higher
flavour score (7.07) than dried fried chips (6.82)
when used for frying.

Among different genotypes, dried fried
chips prepared from S73 recorded the highest
texture score (7.90) and significantly superior
over all the genotypes except Sree Bhadra.
Among all genotypes, IB 90-11-1, IB 700,
Sree Bhadra and Sree Vardhini had above
mean value for texture (6.91). In dehydrated
fried chips also the genotype S 73 recorded the
highest texture score (8.60) over all the
genotypes. Even though, non-significant
variation was observed in drying methods.
Dehydrated fried chips had secured higher
score (7.23) than dried fried chips (6.91).

Thus, in all 10 genotypes, S 73 secured the
highest score for colour, flavour and texture
among all the genotypes for processing.
Further dehydrated fried chips showed relatively
higher score than dried chips in all genotypes

under study.

Cooking quality : It is revealed from the
data presented in Table 3, colour and texture of
cooked tubers of 10 sweet potato genotypes
varied significantly. However, flavour score was
found non-sigmficantly varied. With regards to
colour score, it was observed that significantly
the highest colour score was recorded in the
genotype Sree Bhadra (8.40) and was
significantly superior over all other genotypes.
The genotypes IB 700, Konkan Ashwini, and S
73 recorded the greater value of colour score
than general mean of 7.81. These genotypes
had more colour score than mean might be due
to whitish flesh colour of cooked tubers as
compared to other genotypes. Thus, the
genotypes IB 700, Konkan Ashwini and Sree
Bhadra had colour rating 8 and above i.e. in the
class of like very much for colour.

Even though, flavour score was found non-
significantly varied among all genotypes under
study; the highest score was recorded in the
genotype IB 90-15-9 (8.50) while lowest in the
genotype IB 90-11-1 and Sree Vardhini (7.50).
Above mean, the flavour score was noticed in
the genotypes Doorshet Khandala, H 82/6, IB
700 and S 73. Thus, the genotypes Doorshet
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Table 3. Sensory score of cooked sweet potato tubers.

Genotype Colour Flavour Texture Mean

Doorshet Khandala 7.60 8.10 7.10 7.60
H82/6 7.80 7.90 8.00 7.90
IB90-11-1 7.40 7.50 7.50 7.47
IB90-15-9 7.40 8.50 7.80 7.90
IB700 8.00 8.10 8.30 8.13
K. Ashwini 8.20 7.70 8.10 8.00
S 56-2 7.70 7.70 7.50 7.63
S 73 7.90 8.10 8.20 8.07
Sree Bhadra 8.40 7.80 8.20 8.13
Sree Vardhini 7.70 7.50 7.70 7.63
Mean 7.81 7.89 7.84 7.85
S.E.± 0.05 0.05 0.04 -
CD. at 5% 0.15 N.S. 0.12 -



Khandala, IB 90-15-9, IB 700 and S 73 had
flavour score of 8 and above.

Sensory score for texture was significantly
varied among all genotypes. Significantly the
highest score was noticed in the genotype IB
700 (8.30) and was superior over all the
genotypes except S 73 and Sree Bhadra.
Further H 82/6, IB 700, Konkan Ashwini, S
73 and Sree Bhadra had higher value of texture
score than general texture mean of 7.84. Thus,
the genotype H 82/6, IB 700, Konkan
Ashwini, S 73 and Sree Bhadra had score 8
and above and are in class of like very much for
texture.

Thus, the genotypes IB 700 and Sree
Bhadra had secured first rank followed by S 73.
and then Konkan Ashwmi in average sensory
score of 8 and above. These four genotypes
were in class like very much when evaluated by

panel of five judges. Parulekar (2002) also
studied cooking quality of different sweet potato
varieties and concluded that most of the
varieties were acceptable. However, significant
variations among varieties for cooking and
sensory qualities were observed.
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Abstract
The guava fruit based carbonated beverage was standardized by using 10 per cent pulp juice (extracted

by hot process) at 12° Brix TSS and 0.30 per cent acidity, carbonation under pressure of 60 or 80 psi level
and filled in glass or pet bottles. Among all the combinations, the fresh carbonated beverage prepared by
using 10 per cent guava fruit juice under 60 psi carbonation pressure, filled and packed in glass bottle was
superior among other combinations.

Key words : Carbonated beverage, guava pulp, guava juice.

______________

India being a tropical country, cold drinks are demanded almost throughout the year to
quench the thirst. Recently some of the
carbonated beverage became more popular
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which contain synthetic colour and flavour
those are low in nutritive value and which may
be potentially allergic.  The non-alcoholic, fruit
juice based carbonated beverage is a recent
addition to the food processing industry
prepared from different fruits like guava
(Khurdiya et al. 1996 and Ghume 2003),
orange (Khurdiya, 1990), Tamarind (Jadhav et
al. 2002), ber (Vaidya et al. 1998)  and
pomegranate (Shelar, 2001 and Sandhan,
2003).

Guava is a fruit of good nutritive value with
inferior keeping quality.  Therefore, its
utilization in the production of carbonated
beverages will be economical, nutritive and long
lasting.  The present work was therefore,
undertaken to standardize protocol for
development of guava fruit carbonated
beverages.

Materials and Methods 

The present investigation was conducted at
Post Harvest Technology Unit, Department of
Horticulture, MPKV, Rahuri during the year
2002-03.  The healthy guava fruits of cultivar,
Sardar (L-49) were harvested at turning stage
(i.e. dark green to light green) and washed
under clean tap water and used for extraction of
pulp and juice.

The pulp or juice was extracted by hot
process. The guava fruits were cut into slices
with stainless steel knife. The pieces were
mixed with water in 1:1.5 ratio (w/v) and
cooked for five minutes at boiling temperature
in a stainless steel pan and crushed with a
wooden ladle. Then after the whole mass was
cooled and passed through pulper and strained
through musline cloth (Pandey and Singh
1999). The extracted pulp was kept overnight
for sedimentation to get the clear juice. This
extracted pulp and juice was initially adjusted at
60°B TSS and 2 per cent acidity and used to
prepare the concentrate syrup containing 50

per cent juice and 500 ppm sodium benzoate
as a preservative. About 40 ml of syrup was
filled in pre-sterile glass or pet bottle of 200 ml
capacity followed by carbonation at 60 or 80
psi with the help of carbonation machine.  Thus
carbonated beverage was prepared by post mix
method as described by Khurdiya (1989).

The protocol for carbonated guava beverage
was standardized with three variable factors i.e.
10 per cent juice or pulp, two carbonation
levels (60 and 80 psi), two containers (glass and
pet bottles).  The carbonated beverage was
prepared with 12°Brix TSS and 0.30 per cent
acidity by adding cane sugar and citric acid,
respectively. 

The estimation of per cent acidity, ascorbic
acid and per cent sugars were carried out as per
the protocol described by Ranganna (1997).
The organoleptic evaluation was undertaken on
9 point hedonic scale. The TSS, pH was
measured as per the standard method. 
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Table 1. Physico-chemical composition of guava fruit,
pulp and juice.

Parameter Observation

Physical parameters of fruit :
Shape Round
Colour Greenish Yellow
Weight of fruit (g) 135
Seed (%) 5.4
Pomace (%) after filtration 8.3
Recovery of total pulp (%) after filtration 82.20
Recovery of clear juice (%) after 65
sedimentation
Processing losses 4.1

Chemical parameters : Pulp Juice
T.S.S. °Brix 11 9
Acidity (%) 0.19 0.17
Total sugars (%) 7.30 7.00
Reducing sugars (%) 5.10 4.90
Non-reducing sugars (%) 2.20 2.10
Ascorbic acid (mg 100 ml-1) 236 208
pH 3.80 3.50



Results and Discussion

The data of physico-chemical composition
of guava fruit (Table 1) indicated that the pulp
recovery was found 82.20 per cent whereas
juice recovery was 65 per cent.  The
biochemical status of guava pulp was found
superior than the clear juice content e.g. acidity
was 0.19 and 0.17 per cent, total sugar 7.30
and 7.00 per cent, reducing sugars 5.10 and
4.90 per cent and non-reducing sugars 2.20
and 2.10 per cent, pH 3.80 and 3.50,
respectively.

Furthermore, the ascorbic acid content was
higher in pulp (236 mg 100 ml-1) than the clear
juice (208 mg 100 ml-1). Thus, it is clearly
displayed higher quality of guava pulp than the

juice. The chemical compositions of guava
fruits recorded in present investigation are
comparable with those reported by Chikale
(2001).

The chemical composition of carbonated
beverage prepared from various three factors is
given in Table 2.  Among three variable factors,
only fruit source showed variation for
biochemical content of carbonated beverage
where beverage prepared from fruit pulp
showed comparatively higher biochemical
values than the fruit juice.  It is important to
note that ascorbic acid content of carbonated
beverage due to three variable factors was
around 8 mg 100 ml-1.  It means that around
16 mg ascorbic acid supplied through 200 ml
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Table 2. Chemical composition of carbonated beverage.

Treatment Ascorbic acid Total sugars (%) Reducing sugars (%) Non-reducing sugars (%)
(mg 100ml-1)

Fruit source :
Juice 10 % 7.79 ± 0.7 11.35 ± 0.06 8.08 ± 0.03 3.27 ± 0.03
Pulp 10 % 8.32 ± 0.8 11.41 ± 0.07 8.10 ± 0.04 3.30 ± 0.04

Carbonation pressure :
60 psi 8.05 ± 0.0 11.35 ± 0.02 8.09 ± 0.02 3.28 ± 0.03
80 psi 8.05 ± 0.0 11.37 ± 0.03 8.09 ± 0.02 3.28 ± 0.02

Packing material :
Glass bottle 8.05 ± 0.0 11.35 ± 0.02 8.09 ± 0.03 3.28 ± 0.02
Pet bottle 8.05 ± 0.0 11.37 ± 0.03 8.09 ± 0.02 3.28 ± 0.03

Constant parameters: TSS = 12° B, Acidity = 0.3 % and pH = 2.85

Table 3. Sensory evaluation of carbonated beverage.

Treatment Colour Flavour Taste Overall acceptability Mean

Fruit :
Juice 10 % 8.23 ± 0.04 8.10 ± 0.10 8.10 ± 0.10 8.38 ± 0.08 8.20 ± 0.08
Pulp 10 % 7.95 ± 0.05 8.35 ± 0.05 8.00 ± 0.10 7.93 ± 0.08 8.05 ± 0.07

Carbonation pressure :
60 psi 8.10 ± 0.16 8.15 ± 0.15 8.15 ± 0.05 8.18 ± 0.24 8.14 ± 0.15
80 psi 8.08 ± 0.13 8.30 ± 0.10 7.95 ± 0.05 8.12 ± 0.24 8.11 ± 0.13

Packaging material :
Glass bottle 8.12 ± 0.13 8.23 ± 0.15 8.05 ± 0.11 8.23 ± 0.23 8.16 ± 0.15
Pet bottle 8.05 ± 0.15 8.23 ± 0.14 8.05 ± 0.11 8.08 ± 0.23 8.10 ± 0.16



guava carbonated beverage which is nearly half
of daily requirement of vitamin C.

According to the organoleptic score, the
production of carbonated beverage from fruit
juice was more acceptable than the fruit pulp
(Table 3). Though the overall acceptability
scores was high i.e. 8 for all the variable factors
tried. The combination of 10 per cent juice with
60 psi CO2 level and glass bottle packaging was
the most acceptable recipe for production of
fresh carbonated beverage from guava fruit.
These results were in agreement with the
findings of Vaidya et al. (1998) and also proved
more economic than protocol of Khurdiya
(1990) who suggested use of fruit juice upto 30
- 37.5 per cent. 

The present investigation concluded that
guava carbonated beverage can be prepared by
using 10 per cent fruit juice which carbonated
at 60 psi and packed in glass bottles with
highest organoleptic score.
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Rabri is an indigenous milk product of great
delicacy. It is most popular in northern and
eastern India. Rabri is a partially desiccated
sweetened whole milk product containing
several layers of clotted cream. Though the
Indian dairy industry in recent years has
successfully adopted the manufacture of several
traditional indigenous dairy products on
commercial scale, so far no serious attention
has been paid to improve the existing
technology for rabri. The aroma and flavour of
any food or drink, if they are enticing and
satisfying to the consumer, make eating or
drinking more pleasurable. Earlier studies show
that fortification of different milk products with
fruit pulp improves their acceptability to
considerable extend. Mango is the most
choicest fruit of the tropic. It is well known
because of its high palatability, excellent taste,
flavour and nutritive value. Alphonso is one of
the leading commercial cultivar of mango. It
thrives and yields best under hot and humid
climate of Konkan region. It is recognized as
the best variety for table as well as for
processing purpose. Hence, this variety was
selected for the present study.

Materials and Methods

For the preparation of rabri, the fresh
buffalo milk was obtained from the buffaloes
maintained at College dairy farm. The mango
pulp of Alphonso variety and other ingredients
were purchased from the local market. Rabri
was manufactured by using the method
described by De (1980) with slight
modifications. The rabri prepared was fortified
with mango pulp. The levels of mango pulp
were 0 (control-no pulp), 2, 4, 6, and 8 per
cent of initial quantity of milk. The trial was
conducted with seven replications.

Samples of rabri were examined and
analyzed for various chemical constituents. The
fat content was determined by Gerber method
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Abstract
Present study was undertaken to study the physico-chemical and sensory characteristics of rabri blended
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with 6 per cent mango pulp was found to be most acceptable quality.
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Table 1. Chemical quality of mango pulp (per cent).

Ingradient Content

Total solids 30.83
Fat 0.86
Protein 0.89
Total sugar 15.94
Reducing sugar 5.35
Non-reducing sugar 10.59
Ash 0.32
Acidity 0.43



as described in IS:1224(Part-I) 1977. Total
solids were determined by gravimetric method
as per IS:1479 (Part-II), 1961. Acidity was
estimated according to the procedure given in
IS:1479 (Part-I), 1960. Protein was estimated
according to the Kjeldhal's method given in
IS:1479 (Part-II), 1961. Reducing and non-
reducing sugars were determined as per the
procedure given in ISI (1981). The sensory
characteristics of the product such as colour
and appearance, body and texture were
evaluated by panel of ten judges using nine
point hedonic scale as per IS:6273 (Part II,
1971).

Results and Discussion

Buffalo milk used for rabri preparation had
on an average fat 6.45 per cent, total solids
15.99 per cent and acidity 0.12 per cent. The
values are within the range of legal standards
for buffalo milk as prescribed by PFA (1976).

From Table-2 it was observed that higher fat
content in rabri (17.78 per cent) was obtained
at control (T0) whereas lower at 8 per cent
(16.53 per cent) of mango pulp. Increase in
level of mango pulp decreased fat content of
rabri. It may be due to the fact that mango pulp
contained less fat than rabri prepared, by using
buffalo milk. The average fat content of rabri
(17.78%) prepared without mango plulp
compared well with the value reported by.
Chatterjee et al. (1994), Agarwal and Sharma

(1961) and Gayen and Pal (1991a, b) as
18.1,20.0 and 15.8 per cent, respectively.

In case of total solids, it was increased
significantly with increase in level of mango
pulp. The average value for total solids content
of rabri without mango pulp was 55.36 per
cent. The readings are in agreement with those
of Chatterjee et al. (1994) and Gayen and Pal
(1991a, b). They reported 55.9 per cent and
55.29 per cent total solids in market samples,
respectively. Addition of mango pulp
significantly reduced the moisture content of
rabri which may be the reason for increase in
total solids content of rabri with increase in the
level of mango pulp.

The protein content of rabri in control
sample was 11.88 per cent. The value is in
agreement with those reported by
Bandopadhyay and Mathur (1987) and
Chatterjee et al. (1994). They reported 13.0,
12.4 per cent protein in market samples,
respectively. It was observed that protein
content of rabri was decreased with increased
level of mango pulp.

The reducing and non- reducing sugar
content of rabri without mango pulp was
11.37 and 12.66 per cent, respectively. These
findings are in accordance with the values
reported by Chatterjee et al. (1994), Gayen
and Pal (1991a). They reported 11.8 to 13.8
and 11.48 to 12.24 per cent reducing sugar in
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Table 2. Chemical quality of rabri (per cent).

Treatment Fat Total Protein Reducing Non-reducing Acidity Ash
solids sugar sugar

Control (T0) 17.78 55.36 11.88 11.37 12.66 0.26 2.38
2%  Mango pulp (T1) 17.61 56.81 11.81 12.08 13.56 0.27 2.35
4%  Mango pulp (T2) 17.31 57.44 11.75 12.81 14.73 0.28 2.32
6%  Mango pulp (T3) 16.90 58.49 11.67 13.17 15.48 0.32 2.28
8%  Mango pulp (T4) 16.53 60.02 11.68 13.97 16.82 0.35 2.22
SE± 0.011 0.042 0.28 0.23 0.02 0.02 0.01
C.D. at 5% 0.031 0.123 0.12 0.05 0.61 0.04 0.04



market samples of rabri, respectively where as
11.9 to 15.1 per cent and 11.48 to 12.24 per
cent non-reducing sugar in market samples of
rabri, respectively.

There was significant increase in reducing
sugars with increase in the level of mango pulp.
Mango pulp dose not contain lactose, one of
the reducing sugars, however, the other
reducing sugars content viz., glucose and
fructose in mango pulp was 5.35 per cent
(Table-2). This value is slightly higher than the
value for reducing sugar in buffalo milk
(Lactose) which is about 5 per cent as reported
by De, (1980). The difference between the
lowest and the highest value of reducing sugars
in rabri prepared under different treatments
was only 5 to 6 per cent.

In case of non-reducing sugar the highest
value was recorded as 16.82 per cent for
treatment, 8 per cent mango pulp. The
increase in sucrose content of rabri due to
addition of mango pulp may be attributed to
significant amount of non-reducing sugar
(sucrose) in mango pulp.

The titratable acidity of rabri in control
sample was 0.26 per cent. The value
collaborated well with the value 0.30 per cent
and 0.31 per cent reported by Chatterjee et al.
(1994) and Gayen  and Pal (1991b). The acidity
gradually increased from 0.26 to 0.33 per cent
with the increased level of mango pulp. This
may be due to significantly higher acidity of
mango pulp(0.43 per cent) compared to buffalo
milk (0.12 per cent).

The ash content of rabri without mango
pulp (T0) was observed to be 2.38 per cent.
The findings are in agreement with those of
Chatterjee et al. (1994), Gayen and Pal
(1991a, b). They recorded the ash content of
2.5 to 2.0 per cent and 2.99 per cent in
market samples. The ash content of rabri
increased with the increase in level of mango

pulp.

From Table-3 it was observed that treatment
T3 recorded highest score for general
appearance. Rabri prepared with 6 per cent
level of mango pulp showed comparatively dark
shed of yellow colour. The control sample
without mango pulp showed characteristic
creamish white colour with slight tinge of
browning and it showed presence of coagulated
flakes well distributed in mass.

Addition of mango pulp resulted in
significant increase in score for flavour of rabri.
Mango pulp has very distinct ability to impart
pleasant flavour to any food product. Among
different varieties of mango, Alphonso has
outstanding characteristic flavour. Increase in
mango pulp at higher level (i.e. 8 per cent)
resulted in slightly sweetness in product. Rabri
prepared without addition of mango pulp
recorded less score because it had slightly
cooked aroma and sweet creamy taste.

Body and texture characteristic of rabri has
great influence on its acceptability. The good
quality rabri has semi-solid thickened body
containing uniformly distributed hard layers of
clotted solids (Malai) (Bandopadhyay and
Mathur (1987); Gayen and Pal (1991a)). Rabri
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Table 3. Sensory quality of rabri.

Treat- Colour Flav- Body Consis- Overall
ment and our and tency accept-

appea- text- ability
rance ure

T0 6.86 6.78 7.52 6.39 6.73
T1 7.10 7.26 7.28 6.77 7.07
T2 7.61 7.63 7.55 7.08 7.21
T3 8.02 7.79 7.55 7.20 7.54
T4 7.12 7.44 6.89 6.77 7.10
SE± 0.24 0.18 0.23 0.25 0.14
C.D. 0.70 0.54 NS NS 0.41
at 5%

(NS - Non significant)



prepared with all the treatments had desirable
body and texture quality as mentioned above.

The good quality rabri has semi solid and
creamy consistency with malai flakes spread
uniformly in the body (Bandopadhyay and
Mathur l987; Gayen and Pal 1991a). The
treatment differences were non-significant
suggesting that mango pulp had no significant
influence on the consistency of rabri.

The blending of rabri with mango pulp
showed positive and significant effect on overall
acceptability of product. The rabri samples T0
(control) indicated lower score of 6.73 which
significantly increased from treatment T1 to T3
with the average score of 7.07, 7.21 and 7.54,
respectively and decreased to 7.10 for T4
treatment The major contributing factors for
improvement in the sensory quality of rabri due
to addition of mango pulp were colour and
flavour imparted by the pulp.

From the results of the present study, it may
be concluded that blending of rabri with mango
pulp improved sensory quality and acceptability
of the product. The optimum level of mango
pulp fortification of rabri was found to be 6 per
cent.
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Pomegranate (Punica granatum L.) is one
of the most important and favorite table fruits
has great significance in arid region of
Maharashtra, which is also valued highly for its
refreshing juice with nutritional and medicinal
properties. Due to its high export potential,
drought hardy in nature and suitable to
marginal lands, it is gaining popularity among
Indian farmers. Studies in the country have
shown that the problem is mainly related to
nutritional imbalance viz., deficiency of boron,
zinc, calcium, sulphur, magnesium and also an
excess of boron, calcium and iron etc.
However, no study was undertaken to ascertain
the cause of pomegranate yield decline in
Solapur district. Hence, the present
investigation was undertaken to assess the
nutritional status of soils and to correlate the
availability of major and micronutrients with

yield and quality of pomegranate.

Materials and Methods

The forty orchards (20 well-managed and
20 neglected) of pomegranate from all eleven
tahsils of Solapur district were randomly
selected for survey purpose. The criteria for
classification of well managed and neglected
orchards was decided on the basis of previous
information regarding yield, quality of fruits and
per cent infestation of disease and pests of the
existing plants and general management
practices. The variety Ganesh was used for all
pomegranate orchards of 8 years plantation
age. Thirty three orchards were selected on
very shallow to shallow soils (up to 30 cm soil
depth) and seven gardens were on medium
deep soil (up to 60 cm soil depth). Considering
importance and general adaptability of Bahar
in the region, Haste Bahar was selected for
study purpose.
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The soil samples from orchards were
collected from two spots. The samples collected
at center of four plants presented the original
soil fertility and sample near the plant
represented the developed fertility by the
farmers. The soil sample from root zone near
the plant and in the center of 4 plants were
taken in one or two layers by considering soil
profile depth (0-30 cm and 30-60 cm). The soil
samples were collected before the bahar
treatment and analysed for physico-chemical
properties as per the method described by Page
et al. (1982). The DTPA extractable
micronutrients were determined by using the
method described by Lindsay and Norvell
(1978). Out of 20 well managed orchards, 11
orchards were having sandy loam or sandy clay
loam texture and remaining nine orchards were
having clay or clay loam texture. Regarding
neglected orchards, 9 orchards were having
sandy loam or sandy clay loam texture and
remaining 11 orchards were having clay or clay
loam texture. The statistical analysis was carried
out as per the methods of Gomez and Gomez
(1984).

Results and Discussion

The data showed that pH of soils were
increased with depth of soil (Table 1). However,
the EC increased in neglected gardens, which
might be attributed to accumulation of salts in
soils in subsurface soils (30-60cm) and lower
uptake of nutrients by plants. At 0-30 and 30-
60 cm soils exactly similar values of EC was
observed in well-managed gardens. The organic
carbon, available N, P and K content of soil
decreased with increase in depth of soils in well-
managed gardens. The overall mean decrease
in organic carbon, available N, P and K were
also observed in neglected garden. It might be
attributed to imbalance of nutrients added
either through organic or inorganic fertilizer
which resulted in decrease in quality, quantity
and sustainability of pomegranate. The Ex. Ca

and Mg were increased in depth in neglected
and well managed gardens.

The soils of well-managed gardens recorded
higher content of organic carbon, Av. N, P, K
and Ex. Ca in 0-30 cm depth of soils. The
lower values of pH and EC were observed in
surface soils than subsurface soils in both types
of the gardens before the bahar treatment of
pomegranate. However, the higher content of
CaCO3 was noticed in subsurface soils than
surface soils in well-managed gardens. As per
the available nutrients is concerned the higher
values of available N, P and K were found to be
higher in surface soils (0-30 cm) than
subsurface soils (30-60 cm) in both the gardens
of pomegranate. The higher content of
available N, P and K nutrients in surface soils of
well managed gardens might be attributed to
greater plant and microbial activities as well as
balanced use of nutrients before the bahar
treatment. The exchangeable Ca and Mg
showed increasing trend with depth i.e.
subsurface soils than surface soils in both the
soils which may be due to leaching of these
from surface to the lower horizons. The results
are in agreement with the findings and
Gathalam et al. (2004), Dhale and Prasad
(2009). The surface (0-30 cm) soils of well-
management gardens of pomegranate before
bahar treatment observed the higher values of
N (mean 207.67 kg ha-1); P (mean 26.48 kg
ha-1) and K (mean 566.52 kg ha-1) and Ex. Ca
(mean 14.88 kg ha-1) than neglected gardens in
profile I.

The results indicated that the distribution of
all the nutrients (N, P and K) decreased with
increasing depth of soils in both the profiles and
both types of gardens. However, pH, EC, Ex.
Ca and Ex. Mg increased with increasing depth
of soil in both the gardens. The considerable
decrease in OC, Av. N, P and K were observed
in the soils collected before bahar treatment in
neglected gardens of pomegranate, which was
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responsible for decrease in yield of
pomegranate. The higher values of CaCO3
content was noticed in neglected garden in
surface soil (0-30 cm) than well-managed
garden. The lower value of available P was
recorded in neglected garden than well-
managed gardens. As per the soil fertility
norms for pomegranate of Raghupati and
Bhargava (1998) the soils of neglected gardens
having high content of total soluble salts (EC,
mean 0.33 dS m-1) than the well managed
garden (EC 0.28 dS m-1), but the optimum level
of TSS was observed (EC-0.28 dS m-1) in well
managed gardens.

The optimum to high content of
micronutrients were observed in both the soils
of pomegranate as per the soils fertility norms

reported by Raghupati and Bhargava (1998) for
pomegranate soils, The eight times higher
values of Fe and five times higher values of Mn
were observed in pomegranate gardens (Table
2). The lower values of micronutrients had been
observed in neglected gardens in both the soil
profile than well-managed gardens. It might be
because of supply of micronutrients for better
yield in well-managed gardens. The Fe and Mn
contents were did not influence due to
management practices but the Cu and B
content were decreased in neglected gardens as
compared with well managed gardens. The Mn,
Zn and Cu content decreased with increase in
depth of soil. The data did not show any
definite trend on mean of hot water soluble B
content with distribution in depth of soil profile.
Results of present investigation revealed that
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Table 1. Range and mean of chemical properties of soil before bahar treatment of pomegranate of well-managed and
neglected garden in Solapur district of Maharashtra.

Para- Profile I Profile II
meters –––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––

Well Neglected Well Neglected Well Neglected Well Neglected
managed 0-30 cm managed 30-60 cm managed 0-30 cm managed 30-60 cm
0-30 cm 30-60 cm 0-30 cm 30-60 cm

pH Range (7.6-9.1) (7.8-9.4) (8.0-9.1) (8.1-9.6) (7.7-8.6) (7.6-9.1) (8.1-8.6) (7.9-9.3)
Mean 8.3 8.41 8.41 8.68 8.15 8.32 8.37 8.35

EC Range (0.12-0.45) (0.1-0.66) (0.14-0.74) (0.14-0.64) (0.13-0.78) (0.1-0.95) (0.13-0.56) (0.13-0.71)
(dS m-1) Mean 0.209 0.27 0.257 0.31 0.35 0.38 0.28 0.36

Organic Range (0.4-1.03) (0.23-1.09) (0.46-0.87) (0.19-0.77) (0.61-1.21) (0.35-1.08) (0.45-0.91) (0.34-0.74)
carbon (%) Mean 0.708 0.61 0.626 0.5 0.869 0.72 0.67 0.55

CaCO3 (%) Range (2.7-12.9) (1.7-16.9) (5.4-19.8) (4.8-11.8) (2.0-13.2) (3.7-16.2) (3.6-14.3) (1.9-13.6)
Mean 7.22 9.28 10.56 8.20 6.70 8.71 9.33 7.24

Av. N Range (164-284) (113-208) (153-252) (126-189) (171-310) (124-230) (195-282) (130-225)
(kg ha-1) Mean 207.67 162.2 199.4 154.5 256 185.7 232.4 179.1

Av. P2O5 Range (18-44) (8-28) (18-34) (12-18) (20-49) (10-48) (21-27) (8-30)
(kg ha-1) Mean 26.48 16.40 22.00 14.83 31.74 24.22 24.29 16.25

Av. K2O Range (331-880) (229-576) (346-597) (175-428) (397-979) (197-840) (346-540) (187-604)
(kg ha-1) Mean 566.52 368.35 488.57 305.67 663.26 454.83 459.29 375.12

Ex. Ca  Range (11-21.6) (4.7-22.6) (11.4-21.8) (5.5-28.6) (8.8-22.6) (5.9-22.6) (12-26.6) (7.1-27.2)
(cmol Mean 14.88 13.08 16.6 14.68 14.52 12.84 18.33 15.54
(p+) kg-1)

Ex. Mg  Range (0.6-6.0) (1.8-7.4) (0.6-5.4) (1.6-8.0) (0.8-6.5) (1.8-7.4) (0.4-6.6) (2.4-7.2)
(cmol Mean 3.16 3.73 3.50 5.48 3.53 4.39 4.27 4.55
(p+) kg-1)



the status of N, P, K, Ca and Mg in
pomegranate orchards under study was
sufficiently high. These nutrients need to be
taken care of, an application of these would
improve the plant nutrient level and have the
growth and fruit yield may be improved. The
higher values of EC and CaCO3 and Ex. Mg
content and lower values of organic carbon,
available N, P, K and Ex. Ca were observed in
neglected gardens as compared with well-
managed gardens (Table 3). However, the pH
value does not influence the management
practices. Exactly reverse trend was observed
when the soil collected before bahar treatment
in respect of availability of nutrients (N, P and
K). The similar trend was noticed in case of EC
of soils when the sample collected before the
bahar treatment.

The data revealed that yield contributing
parameters viz., average fruit weight, number
of fruits ha-1 and average volume of fruits
showed the modest to very strong significant
and positive correlation with yield of
pomegranate in well managed gardens. Among
the yield contributing parameters number of
fruits was found to be the most strong positive
significant correlation with yield of

pomegranate. The fruit yield of pomegranate
was significantly and positively correlated with
average fruit weight (r = 0.68), fruit weight kg
tree-1 (r = 0.57), number of fruit ha-1 (r = 0.91)
and average volume of fruits ha-1 (r = 0.69).
The positive correlation between TSS and
TSS/Acidity ratio with yield were noticed.
Significant negative correlation between acidity
and yield was observed. Vit. C and RS did not
show any relationship with yield of
pomegranate in well-managed gardens. Lal et
al. (2002) studied the suitability, of
pomegranate cultivars to semi arid conditions
on the basis of plant height, plant spread, stem
girth, fruit length, fruit breadth, fruit weight,
yield (kg tree-1) and acidity. Among the soil
chemical properties, DTPA extractable Mn
showed the strong correlation with yield of
pomegranate. However, exchangeable Mg,
DTPA extractable Fe and Cu showed the
positive correlation with yield. Hence, the
application of Mg, Fe and Cu containing
fertilizers are essential for increasing the yield of
pomegranate. The pH, OC, CaCO3, available
N, P, K and exchangeable Ca and DTPA Zn did
not show any relationship with yield of
pomegranate.
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Table 2. Range and mean of micronutrient (ppm) status of soils before plantation of pomegranate in well managed and
neglected garden in Solapur district of Maharashtra.

Para- Profile I Profile II
meters –––––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––––

Well Neglected Well Neglected Well Neglected Well Neglected
managed 0-30 cm managed 30-60 cm managed 0-30 cm managed 30-60 cm
0-30 cm 30-60 cm 0-30 cm 30-60 cm

Fe (5.1-15.5) (3.3-10.9) (5.4-12.9) (4.1-12.3) (5.8-12.1) (4.6-14.3) (5.1-11.5) (4.2-13.4)
9.04 7.87 9.09 7.98 8.47 8.69 8.58 8.91

Mn (6.0-18.0) (7.0-18.0) (5.0-11.0) (7.0-10.0) (6.0-23.0) (8.0-23.0) (6.0-16.0) (6.0-17.0)
11.00 10.14 8.50 8.60 12.30 13.00 9.13 10.44

Zn (0.32-1.8) (0.24-1.1) (0.32-0.60) (0.28-0.95) (0.28-2.9) (0.34-0.98) (0.28-0.80) (0.30-0.99)
0.70 0.49 0.43 0.46 0.84 0.56 0.50 0.52

Cu (1.2-5.1) (1.6-4.3) (1.50-4.40) (1.4-2.4) (1.9-7.1) (1.9-8.6) (1.7-4.1) (1.2-3.3)
3.14 2.28 2.78 2.00 4.05 3.31 2.63 2.23

B (0.20-0.73) (0.21-0.75) (0.25-0.78) (0.30-0.52) (0.23-0.80) (0.25-0.65) (0.20-0.85) (0.2-0.47)
0.41 0.41 0.43 0.37 0.47 0.39 0.52 0.31

Figures in and outside the parenthesis indicate range and mean values respectively.



The average fruit weight (g) of pomegranate
has shown significantly positive correlation with
fruit wt. (kg/tree, r = 0.95), average volume of
fruits (r = 0.99), available P (r=0.45) and DTPA
extractable Fe (r = 0.66), Mn (r = 0.62) and Cu
(r = 0.43). Earlier studies demonstrated the
similar positive correlation of soil fertility
parameters (Av. N, P, K, Ex Mg and DTPA Fe,
Mn and Zn) with fruit yield of Nagpur mandarin
(Srivastava and Sham-Singh, 2001). However,
there was negative correlation with specific
gravity (r = -0.61), acidity (r = -0.63), vitamin C
(r = -0.54), CaCO3 (r = -0.44). It indicated that
increasing CaCO3 content of soil, the yield of
pomegranate decreased considerably. The fruit
wt. (kg/tree) has shown significant positive
correlation with yield (r = 0.57), average
volume of fruit (0.95), available P (r = 0.54),
DTPA extractable Fe (r = 0.64) and Mn (r =
0.57) and TSS/Acidity ratio (r = 0.43). The

findings are in agreement with the results
obtained by Marathe and Bharambe (2007) in
citrus and Dhillon and Dhatt (1988) in Kinnow
Mandarin. However, significant negative
correlation between fruit wt.(kg/tree), Vit. C (r
= -0.47), CaCO3 (r = -0.49), exchangeable Ca
(r = -0.54) were noticed in well-managed
gardens. The other biochemical properties of
fruits (TSS and RSS), chemical properties of
soil (pH, EC, OC, available N and K and
exchangeable Mg, DTPA Zn and Cu and hot
water soluble B) did not show any correlation
with fruit wt. in well-managed pomegranate
gardens. In general, the specific gravity was
negatively correlated with either in yield
contributing parameters or biochemical
properties of fruits. 

The reducing sugars of juice did not
correlate with any other property except pH,
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Table 3. Range (in bracket) and mean of chemical properties of soil after harvest of pomegranate of well-managed and
neglected garden in Solapur district of Maharashtra.

Parameters Profile I Profile II
––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––
Well Neglected Well Neglected Well Neglected Well Neglected
managed 0-30 cm managed 30-60 cm managed 0-30 cm managed 30-60 cm
0-30 cm 30-60 cm 0-30 cm 30-60 cm

pH (7.6-9.0) (7.7-9.3) (8.1-9.1) (8.1-9.6) (7.7-8.6) (7.6-9.1) (8.1-8.6) (7.8-9.2)
8.28 8.38 8.44 8.60 8.19 8.28 8.34 8.30

EC (dS m-1) (0.12-0.45) (0.13-0.64) (0.14-0.70) (0.14-0.64) (0.13-0.59) (0.1-0.90) (0.13-0.56) (0.12-0.71)
0.21 0.28 0.25 0.32 0.31 0.37 0.29 0.35

Organic carbon (0.38-0.88) (0.26-1.0) (0.46-0.82) (0.19-0.78) (0.61-1.20) (0.37-1.1) (0.45-0.82) (0.30-0.74)
(%) 0.68 0.60 0.61 0.48 0.85 0.72 0.64 0.56

CaCO3 (%) (2.8-12.0) (2.5-13.0) (5.4-15.8) (4.6-10.8) (2.4-13.2) (3.6-13.2) (3.8-14.3) (2.6-12.8)
7.09 8.53 9.53 8.00 6.79 8.21 9.30 7.19

Av. N (kg ha-1) (171-286) (109-203) (150-252) (126-186) (162-305) (134-234) (191-290) (130-214)
209.71 165.00 198.90 153.50 243.32 185.83 224.00 177.10

Av. P2O5 (19-42) (9.0-26.0) (17-24) (10-19) (21-50) (10-35) (20-29) (8-30)
(kg ha-1) 27.81 16.50 20.60 14.67 32.26 22.28 24.43 16.25

Av. K2O (255-809) (229-589) (384-567) (185-501) (397-915) (198-677) (459-708) (187-548)
(kg ha-1) 547.8 382.15 485.86 301.30 723.53 504.44 546.00 354.38

Ex. Ca (cmol (9.5-18.6) (6.0-16.0) (10.2-17.0) (5.5-13.8) (11.2-20.8) (6.8-20.0) (11-18.2) (8.0-18.8)
(p+) kg-1) 13.35 11.11 16.60 9.35 15.71 12.84 13.61 10.99

Ex. Mg (cmol (1.7-5.3) (2.2-6.0) (1.8-5.0) (2.0-6.0) (1.8-5.2) (2.6-7.0) (2.0-6.6) (2.2-8.9)
(p+) kg-1) 2.92 3.65 2.94 3.80 3.32 4.39 3.01 4.31



available K and DTPA Fe. The pH of soil and
available K were positively correlated with RS.
However, the DTPA Cu has significant negative
correlation with Fe content in soil. Acidity of
fruit juice was negatively correlated with
TSS/Acidity (r = -0.79), available P (r = -0.53),
Fe (r = -0.50). Mn (r = -0.48) and Cu (r=-0.44).
The TSS/Acidity ratio was significant positively
correlated with available K, Fe and Mn content
of soil. All the chemical properties of soil do not
show any correlation with Vit. C except Ca
content of soil.

Correlation study of the neglected gardens
showed that yield contributing parameters viz.,
number of frults plant-1, fruit weight (kg tree-1),
number of fruits ha-1 showed very strong
significant and positive correlation with yield of
pomegranate in neglected gardens. The fruit
yield (t ha-1) of pomegranate was significantly
and positively correlated with number of fruits
tree-1, fruit wt. (kg tree-1), number of fruits
ha-1. The positive correlation at one per cent
level of significance was noticed between yield
of pomegranate (t ha-1) with TSS, RS and
TSS/Acidity ratio but it had significant negative
correlation with acidity of fruit juice. However,
the organic carbon, available P and DTPA Cu
were positively significant correlated with yield
at 5 per cent level of significance. The Vit. C
did not showed any relationship with yield of
pomegranate in neglected garden.

The Vit. C content was negatively correlated
but the data was not statistically significant. It
indicated that increasing acidity and Vit. C
contents in fruit juice the yield of pomegranate
decreaseed considerably. The volume of fruit
and specific gravity had no relationship with
any other properties except N had positive
relationship with N (r = 0.40). The TSS showed
positive correlation with yield contributing
characters' viz., number of fruits tree-1 (r =
0.84), kg tree-1 (r = 0.79), number of fruits
ha-1 (r = 0.74), RS (r = 0.95), TSS/Acidity (r =

0.99), av. P (r = 0.44) and DTPA extractable
Zn (r = 0.44). The significant positive
correlation between acidity and Vit. C was
recorded. Vit. C recorded the negative
correlation with number of fruits tree-1 (r =
-0.70), kg tree-1 (r = -0.68) and DTPA Fe (r =
-0.45). Other properties did not showed any
relationship with Vit. C.

Among the soil properties yield of
pomegranate showed significant positive
corelationship with OC (r = 0.46), available P (r
= 0.51) and DTPA Cu (r = 0.49). The strong
negative correlation between pH with av. N (r =
-0.73) and av. P (r = -0.46) was observed. No
relationship between EC with yield
contributing, biochemical properties of fruit
juice and chemical properties of soil was
observed. More or less exactly similar trend was
observed in case of CaCO3 in neglected garden
of pomegranate. The significant negative
correlation between CaCO3 and DTPA Fe (r =
-0.60) was observed at 1 per cent level of
significance. The available N content of soil
showed the positive correlation with fruit
weight (r = 0.41), volume of fruit (r = 0.40) and
available P (r = 0.50) at five per cent level of
significance. The positive significant
relationship between available N and DTPA Zn
(r = 0.57) was noticed at 1 per cent level of
significance. Available P showed positive
correlation with fruit weight kg tree-1 (r = 0.55),
RS (r = 0.52) and available K (r = 0.460) at 1
per cent level of significance. The non-
significance correlation of available K and
exchangeable Ca were observed with all the
properties studied. The positive correlation
between exchangeable Mg and pH (r = 0.50)
was noticed. DTPA Fe showed positive
correlation with kg tree-1 (r = 0.49) while it was
negatively correlated with acidity (r = -0.44),
Vit. C (r = -0.45), pH (r = 0.40) at 5 per cent
level of significance and with CaCO3 (r= -0.60)
at 1 per cent level of significance. The DTPA
Mn did not showed any relationship with all the
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properties studied except N. The positive co
relationship between Zn with TSS (r = 0.44),
TSS/Acidity (r = 0.47), OC (0.465), N (r =
0.57), Mn (r = 0.73) was noticed. Negative
correlation* between Zn and acidity (r= -0.50)
was observed. The DTPA Cu showed positive
correlation with number of fruits tree-1 (r =
0.44), kg tree-1 (r = 0.51), yield ha-1 (r = 0.49),
RS (r = 0.43), TSS/Acidity (r = 0.42), Av. N (r
= 0.42), Mn (r= 0.78) and Zn (r = 0.65). No
significant positive or negative correlation was
observed between hot water soluble B and all
the properties studied.

The study concluded that the fruit yield of
pomegranate was significantly and positively
correlated with yield contributing parameters.
The positive correlation between TSS/Acidity
ratio with yield were noticed in well-managed
gardens. However, significant negative
correlation between acidity and yield was
observed.   The Vit. C and RS did not showed
any relationship with yield of pomegranate in
well-managed gardens. The positive correlation
at one per cent level of significance was noticed
between yield of pomegranate (t ha-1) with
TSS, TSS/Acidity ratio but it had significant
negative correlation with acidity of fruit juice.
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Soil and water conservation measures are
the effective means of increasing ground table.
Singh (1995) observed that land treatments
employed for moisture conservation and runoff
control have helped in improvement in ground
water table during post project in Model
Watershed Rendhar, Jalaun, Uttar Pradesh. It
has been recognized that only through a holistic
development like the watershed development
programme, economic condition of people
living in rainfed areas, can be improved.
However, it is necessary to find out whether
watershed development programme
implemented properly or not. It will assists
scientists, extension specialists, policy makers,
planners and farmers for determing the
progress of development programme.
Keeping this in view, an attempt has been
made to evaluate watershed development
programme with respect to impact of soil and
water conservation measures on irrigation
potential.

Materials and Methods

Attharwadi watershed is located in Hingoli
district of Marathwada region, Maharashtra
between 9°0' E longitude and 19°48' latitude. It
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Abstract
The water table in the wells, which were located at downstream side of the earthen nala bund and farm

pond, was found to be increased by 3 m and 2.98 m respectively in the year 2007-2008 over pre-
development stage. It was found that number of wells increased, from 21 to 30. Irrigated area also increased
tremendously from 14 to 255 ha due to increase in water table and No. of wells. Thus it is concluded that
soil and water conservation structures constructed under National Watershed Development Programme
increased the irrigation potential in the Attharwadi watershed. Construction of farm pond and earthen nala
bund in watershed area resulted in substantial and assured availability of surface and ground water.
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Table 1. Water table fluctuations in the wells down stream
side of earthen nala bund I.

Month Water level depth, in the Increase in
wells from ground level (m) water 

––––––––––––––––––––––––––––– level (m)
Pre- Post –––––––––––
development development W1 W2
2002-03 2007-2008
–––––––––––––– –––––––––––––
W1 W2 W1 W2

May 13.9 13.1 12.3 9.2 1.6 3.9
June 12.9 12.6 9.5 7.8 3.4 4.8
July 10.4 11.4 6.1 5.8 4.3 5.6
Aug. 8.6 9.6 4.1 3.6 4.5 6.0
Sept. 8.5 9.1 5.0 4.8 3.5 4.8
Oct. 7.9 8.7 6.7 4.6 1.2 4.1
Nov. 8.2 9.9 6.9 5.2 1.3 4.7
Dec. 8.9 10.5 8.6 5.6 0.3 4.9
Jan. 10.2 10.9 9.1 6.1 1.1 4.8
Feb. 11.6 11.1 9.7 6.5 1.9 4.6
Mar. 12.2 11.9 10.8 7.3 1.4 4.6
April 12.9 12.3 11.6 8.1 1.3 4.2



is 30 km away from Hingoli city. The total
geographical area of the watershed is 550 ha
with undulating topography. The general slope
of cultivable land in the watershed ranges from
1 to 5 per cent. However, at some locations
maximum slope of 8 per cent is observed. In
non-cultivated area at hilly and elevated
degraded lands maximum slope of 15 - 20 per
cent is observed. Attharwadi watershed receives
on an average 822 mm rainfall annually.

In order to study the impact of soil  and
water conservation measures, on irrigation
potential, eight open dug wells located at
downstream side of the earthen nala bund and
farm ponds were monitored. Out of eight wells
four wells were selected at downstream side of
earthen nala bund and remaining four were
selected at downstream side of farm pond.

Water levels in the wells were measured
monthly by using tape with respect to reference
point. For estimating the irrigation potential
information on number of well and increase in
irrigated area during pre and post development
of watershed were recorded from the
beneficiaries by personal interview method
(Gawali, 2005).

Results and Discussion

It is revealed from the data in Table 1 that,
increase in water level ranged between 1.6-4.5
m and 3.9-6.0 m in wells W1 and W2,
respectively from May to April as compared to
water levels before development. Similarly
Goyal et al. (2007) observed that, soil and
water conservation measures resulted in
increase in ground water level by 0.33 and
0.75 m year-1.

It is observed from the Table 2 that in year
2007-08, on an average, water table was found
to be increased by 3.0 m, over the
predevelopment stage. It was due to water
impounded in earthen nala bund, which

recharged the wells on the downstream side of
the structure.
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Table 2. Water table fluctuations in the wells down stream
side of earthen nala bund lI.

Month Water level depth, in the Increase in
wells from ground level (m) water 

––––––––––––––––––––––––––––– level (m)
Pre- Post –––––––––––
development development W3 W4
2002-03 2007-2008
–––––––––––––– –––––––––––––
W3 W4 W3 W4

May 13.7 12.8 11.4 11.5 2.3 1.3
June 12.7 12.2 9.6 13.1 3.1 2.1
July 10.2 10.3 6.8 8.3 3.4 2.0
Aug. 9.6 8.3 5.4 5.7 4.2 2.6
Sept. 9.4 7.6 5.6 5.1 3.8 2.5
Oct. 9.9 7.9 6.7 5.3 3.2 2.6
Nov. 10.1 8.0 7.1 5.7 3.0 2.3
Dec. 10.4 8.1 7.6 6.3 2.8 1.8
Jan. 10.6 8.8 8.0 6.9 2.6 1.9
Feb. 11.2 9.8 8.8 8.0 2.4 1.8
Mar. 12.6 10.7 9.6 8.2 3.0 2.5
April 13.0 11.7 10.4 10.6 2.6 1.1

Table 3. Water table fluctuations in the wells down stream
side of the farm pond I.

Month Water level depth, in the Increase in
wells from ground level (m) water 

––––––––––––––––––––––––––––– level (m)
Pre- Post –––––––––––
development development W5 W6
2002-03 2007-2008
–––––––––––––– –––––––––––––
W5 W6 W5 W6

May 12.9 13.8 10.8 11.4 2.1 2.4
June 11.9 12.5 9.6 9.9 2.3 2.6
July 10.7 11.6 8.1 8.4 2.6 3.2
Aug. 9.1 10.6 5.8 6.5 3.3 4.1
Sept. 8.8 10.1 5.7 6.3 3.1 3.8
Oct. 9.3 10.5 6.5 6.8 2.8 3.7
Nov. 9.7 10.8 6.7 7.1 3.0 3.7
Dec. 10.0 11.1 6.9 7.6 3.1 3.5
Jan. 10.4 11.3 7.5 8.1 2.9 3.2
Feb. 10.6 11.7 7.9 8.6 2.7 3.1
Mar. 11.2 12.5 8.6 9.4 2.6 3.1
April 11.7 13.1 9.5 10.2 2.2 2.9



From the Table 3, it is revealed that increase
in the water table in wells W5 and W6 ranged
between 2.1 to 3.3 m and 2.4 to 4.1 m
respectively as compared to the pre-
development water levels.

From the Table 4, it is revealed that on an
average, increase in water table depth was
found to be 2.98 m. Farm pond plays vital role
in increasing water table depth as well as for
irrigation purpose.

Table 5 indicated that number of open wells,
which were 21 before development of
Attharwadi watershed, increased to 30 in year
2007-08. After development of the watershed
6 bore wells were excavated. Increase in
number of open wells and bore wells, resulted
in increase in irrigated areas, which was found
to be 255 ha in year 2007-08. There were 27
electric pumps and 10 oil engines in year
2007-08. All above figures shows that soil and
water conservation measures have positive
effects on irrigation potential. Ranade et al.
(1995) and Manivannan et al. (2007) observed
that irrigated area in the watershed was
increased due to project implementation.
Bangar and Sthool (2004) reported that No. of
wells and bore wells were increased from 102
to 460 and none to 108 over pre-development
period at village Ajnale from district Solapur.
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Table 4. Water table fluctuations in the wells down
streamside of the farm pond II.

Month Water level depth, in the Increase in
wells from ground level (m) water 

––––––––––––––––––––––––––––– level (m)
Pre- Post –––––––––––
development development W7 W8
2002-03 2007-2008
–––––––––––––– –––––––––––––
W7 W8 W7 W8

May 13.2 13.1 11.1 10.8 2.1 2.3
June 12.6 12.1 9.8 9.9 2.8 2.2
July 11.4 10.6 8.2 7.9 3.2 2.7
Aug. 9.9 8.8 6.0 5.2 3.9 3.6
Sept. 9.3 8.2 5.8 4.9 3.5 3.3
Oct. 9.5 8.5 6.3 5.6 3.2 2.9
Nov. 9.9 8.9 7.0 5.9 2.9 3.0
Dec. 10.3 9.5 7.4 6.4 2.9 3.1
Jan. 10.8 10.1 7.6 7.0 3.2 3.1
Feb. 11.3 10.8 8.2 7.5 2.7 3.3
Mar. 11.7 11.5 8.9 8.1 2.8 3.4
April 12.2 12.2 9.9 9.1 2.3 3.1

Table 5. Impact of soil and water conservation measures
on irrigation potential.

Item Pre- Post 
development development
status status 
(2002-03) (2007-08)

No. of open wells 21 34
No. of bore wells - 6
Irrigated area (ha.) 14 255
Electric pumps 12 27
Oil Engines 4 10

______________



The continuous growth of global energy
consumption raises urgent problems related to
energy availability, safe operation and its
efficiency. The larger part of mineral oil and gas
reserves energy supply is located within a small
group of countries, forming a vulnerable energy
supply. Moreover, this supply is expected to
reach its limits. On the other side, the use of
fossil fuels causes numerous environmental
problems, such as local air pollution and
greenhouse gases (GHGs) emission (Carlo et al.
2005). A possible way to deal with these
problems is the development of cleaner and
renewable energy sources. Modern use of
biomass is an interesting option, because
biomass is worldwide available, it can be used
for power generation and biofuels production,
and it may be produced and consumed on a
CO2 - neutral basis (Hall et al. 1993; Rogner,
1999, Turkenburg, 2000). Biomass is used
since millennia for meeting myriad human
needs including energy. Main sources of

biomass energy are trees, crops and animal
waste. Until the middle of 19th century,
biomass dominated the global energy supply
with as seventy per cent share (Grubler and
Nakicenovic, 1988). Biomass gasification is the
process of converting solid into combustible
gases; it is a thermo-chemical process in which
the fuel gas is formed due to the partial
combustion of biomass (Tripathi et al. 1999;
Pletka et al. 2001; Dasappa et al. 2003). This
technology  played an important role in
generating motives power till other fuels made
their appearance (Rathore et al. 2007). The
use of biomass as an energy source has high
economic viability, large potential and various
social and environmental benefits.
(Ravindranath et al. 2004). Inexpensive
materials such as forest residue, wood residue,
and rice straw are few potential feed stocks for
biomass gasification. However, the cellulose,
hemicelluloses and lignin composition of these
materials may differ significantly (Minowa et al.
1998).
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Abstract
The system evaluated for power generation using Prosopis juliflora (Vilaytee babool) and Leucaena

leucocephala (Subabool) wood. Specific biomass consumption was found to be decreased from 3.9 to 1.7 kg
kWh-1 at different loading conditions. Thermogram of Leucaena leucocephala and Prosopis juliflora were
found better for getting sufficient amount of tar in case of gasification of this material. The quantum of lighter
volatile for Leucaena leucocephala and Prosopis juliflora ranges from 55 and 52 per cent,
respectively. Heavier volatile for Leucaena leucocephala and Prosopis juliflora during gasification ranged
from 15 and 17 per cent, respectively.  However, on the basis of TGA analysis biomaterial can be gasified
effectively.
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Materials and Methods

A wood based gasifier engine system was
procured and installed at Department of
Unconventional Energy Sources and Ele.
Engg., College of Agricultural Engineering, Dr.
PDKV, Akola. The project was undertaken for
testing and evaluate performance of downdraft
gasifier for power generation using different
woody biomass.

The biomass based power plant is of 10 kW
rated capacity and the system consists of a
gasifier, water scrubber filters and gas engine
coupled with AC generator. The details of the
system are given in Fig 1.

Gasifier : The gasifier is downdraft type
and the ash is removed through ash collection
pit. The gasifier outlet is connected with
ventury water scrubber. In a ventury, negative
pressure is created through which producer gas
is supplied to burner for starting of gasifier.

Cooling and cleaning system : The gas
produced from gasifier is passed through a
cooling and cleaning system consisting of a
ventury, one course filter, and one security
filter. The gas coming out from the gasifier is
cooled in a ventury scrubber. The cooled gases
received after ventury scrubber is further sent
through the fine filter. The fine filter is filled
with sawdust in which the tar is further removed
and the gas is sent to security filter. The security
filter is fitted with fabric cloth. The gases are
passed through fabric cloth to arrest the
remaining dust particles present in the producer
gas. The cleaned gases are supplied to SI
Engine coupled with AC generator.

Engine : The producer gas engine coupled
with gasifier is spark ignition water cooled
engine having 1500 RPM, 20 HP/12 kW, two
cylinders. The carburetor has been fitted to
regulate mixing of producer gas and air for
smooth running of the engine at different load.

Gas engine : The gasifier efficiency was
calculated by following formula,

Hg X Qg
Gasifier efficiency (ng) = –––––––––– x 100

Hs x Ms

Where, Hg = Heating value of gas, kJ m-3

Qg = Volume flow of gas, m3 s-1

Hs = Heating value of solid fuel, kJ kg-1

Ms = Gasifier solid fuel consumption, kg s-1
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Fig. 1. Schematic of producer gas based
power generation unit.

Table 1. Mean value of physical and thermal properties of
biomass fuel.

Fuel GSP LI PJ

Length, mm 25 24.9 24.7
Diameter, mm 20 25 25
Moisture content (wb) % 9.2 8.4 8.6
Bulk density, g cc-1 1.1 0.364 0.407
Tumbler resistance (%) 96.63 - -
Shatter resistance (%) 98.03 - -
Resistance to water 85.84 - -
penetration (%)
Volatile matter (%) 64.87 82.17 83.05
Ash contentf (%) 7.54 1.47 1.7
Fixed carbon ('%) 15.78 16.94 15.94
Calorific value, kcal kg-1 4123.15 479.35 4856.45

Where, GSP=Groundnut shell pallet, LI=Leucaena
leucocephale (Subabool), PJ=Prosopis juliflora (Vilaytee
babool)



AC generator : The AC Generator is of
three phase operating at 1500 rated rpm, 415
V, 3 phase. The rating of AC generator is 15
kVA at 50 Hz. The generator has self-regulated
exciter including battery charger DC output at
12 V.

Fuel : The biomass used for testing the
gasifier is firewood chips of Prosopis juliflora,
Leucaena leucocephala and pellets prepared
from agricultural residue such as groundnut
shell of approx. size of 25 x 20 x 25 mm3

having moisture content 12-14 per cent. Fuel
properties of various fuels used in gasifier is
summarized in Table 1.

Thermo gravimetric analysis : Thermo
gravimetric analyzer is used for determination
of gasification related properties of biomass
such as volatile, fixed carbon and ash content.
Thermo gravimetric analysis (TGA) is a type of
testing that is performed on samples to
determine changes in weight in relation to
change in temperature. Such analysis relies on
a high degree of precision in three
measurements: weight, time and temperature
range. TGA is commonly employed in research
and testing to determine characteristics of
material such as polymers, to determine
degradation temperatures, absorbed moisture
content of materials, the level of inorganic and
organic compounds in material, decomposition
points of explosives and solvent residues. The
analyzer usually consists of a high-precision
balance with a pan (generally platinum) loaded
with the sample of Leucaena leucocephala,
Prosopis julilflora and groundnut shell pellets
weighted 0.25 g, each. The pan is placed in a
small electrically heated oven with a
thermocouple to accurately measure the
temperature. The atmosphere may be purged
with an inert gas to prevent oxidation or other
undesired reactions. A computer is used to
control the instrument. Thermo gravimetric
analysis of the biomass samples were carried

out at Power and Energy Division, Central
Institute of Agricultural Engineering, Bhopal
(M.P.).

Results and Discussion

TGA of subabool wood material :
Leucaena leucocephala wood material was
used for TG analysis. Typical thermogram is
given in Fig. 2 and 3 showed four distinct
segments. The moisture removal last up to
240°C for which 15 min. was required. The
release of lighter volatile initiated in the range
of 240°C and continued up to 400°C. The
lighter volatile were noticed in the range of 55
per cent. Heavier volatile range from 400-
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Fig. 2. Thermo gram of Subabool at a rate of
10°C min-1.

Fig. 3. Loss in weight with respect to time for
Subabool at HR 10°C min-1.



610°C. It took 62 min for total devolatization.
The lignin decomposition initiated at about
610°C and last upto 830°C. The oxidation
temperature of biomaterial which is measure of
thermal stability of biomaterial was found to be
385°C.

TGA of Prosopis juliflora : The typical
thermogram for Prosopis juliflora are given in
Fig. 4 and 5 which showed four distinct
segment. The moisture removal last for 250°C
which took 22 min. In this material release of
lighter volatile initiated at 250°C and last up to
380°C. The lighter volatile were noticed in the
range of 50 per cent. After release of lighter

volatile, release of heavier volatile start at
380°C and continued up to 590°C. Oxidation
temperature of Prosopis juliflora was found to
be 390°C.

Groundnut shell pellet : Groundnut shell
pellet was grinded in powdery form and then
used for TGA. The typical thermo gram is given
in Fig. 6 and 7 showing four distinct segment.
In this moisture removal last for 220°C. The
lighter volatile release initiated at 220°C and
continued up to 380°C. The lighter volatile
were in the range of 44 per cent. The heavier
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Fig. 4. Thermo gram of Prosopis juliflora at a
rate of 10 °C min-1.

Fig. 5. Loss in weight with respect to time for
Prosopis juliflora at a HR 10 °C
min-1.

Fig. 6. Thermo gram of GS pallet at a rate of
10 °C min-1.

Fig. 7. Loss in weight with respect to time for
Groundnut shell pallet at HR 10 °C
min-1.



volatile release initiated at 380°C and last about
600°C. The lignin started to decompose at
600°C and continued up to 760°C.

Loading device : The resistive loading
device of 10 kW capacity was developed.

Power measurement : The energy meter
is used to measure the current, voltage,
frequency and power factor of the output of AC
generator coupled with the producer gas
engine.

Measurement of tar : The tar samples
were collected in copper tube condenser dipped
in ice bath. The length of the condenser was
5.0 m long. The temperature water bath in
which condenser was placed maintained to be
5±1 °C to cool the gases passing through
condenser.

Gasifier : The performance of gasifier was
monitored at different engine loading. The
producer gas temperature at exit from the
gasifier varied from 217 to 318°C. The tar
content at the outlet of gasifier was 200 mg
Nm-3 and whereas after the cleaning unit tar
was 10 mg Nm-3. The biomass consumption at
different load varied from 9.0 to 15.0 kg h-1.
The variation of biomass consumption and
pressure drop at different filter are shown in
Figure 8 and 9, respectively. The pressure drop
in the fine and fabric filters was not changed
significantly with the hours of operation.

However, the pressure drop at fine filter
touched 30 mm of water column, at that stage
stir whole filter media, level it and observe the
pressure drop.

The producer gas engine genset coupled
with 3-phase alternator was evaluated at
different loadings. The plant was continuously
run for more than 8 hours in a day, current and
frequency variation at different loading were
shown in Fig. 10. Quality of electricity
generation from power plant was assured at
different loadings. The frequency remains
within allowable range i.e., 50 ± 1 Hz. Voltage
ranged as 420 ±10 V.The gas engine has found
to respond well to load change as high as 9 kW.
The performance of engine genset above 9 kW
load is not responsive to change in load and
frequency drops down to as low as 45 Hz. The
overall system efficiency of generating the
electricity from biomass was 16.3 per cent at
maximum power. 
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Fig. 8. Variation of biomass consumption and
specific biomass consumption with
respect to load.

Fig. 9. Variation of pressure drop at different
filters.

Fig. 10. Variation of power and frequency with
time.



Integration of power plant with utility:
The power plant generating the power was
integrated with wood cutter used for cutting the
biomass and departmental laboratory. The
wood cutter was run with power plants for
more than 20 hours of operation. No major
problem was noticed in operation of wood
cutter.

Biomass based power generation having
power rating of 10 kW system was evaluated
and specific biomass consumption was found to
be decreased from 3.9 to 1.7 kg kWh-1 at
different loading conditions. Thermogram of
Leucaena leucocephala and Prosopis juliflora
were found better for getting sufficient amount
of tar in case of gasification of the material. The
quantum of lighter volatile for Leucaena
leucocephala, and Prosopis juliflora ranged
from 55 and 52 per cent respectively. Heavier
volatile for Leucaena leucocephala and
Prosopis juliflora during gasification ranged
from 15 and 17 per cent, respectively.
However, on the basis of TGA analysis
biomaterial can be gasified effectively.
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Biomass gasification and power generation
technology can reach reasonable efficiency at a
certain scale, and provide high quality power
supply to the users, so that it may be suitable
for rural areas in developing countries (Wu et
al. 1997, 1999 and Dai 1998). Gasification of
woody biomass has been a well known
technology for more than five decades (Bungay,
1981 and Rathore, et al. 2006). India is
potentially rich in biomass resources and it is
estimated that such sources account for about
34 and 41 per cent of the country's primary
energy supply (Reddy, 2000).

In the present study, suitability of gasifier
using agricultural residue based fuel such as
subabool (Leucaena leucocephala), vilaytee
babool (Prosopis juliflora) and groundnut
(Arachis hypogae) shell pellet of size 20-25
mm was judged after experimentation. The 11
kVA downdraft gasifier system used in the study
is installed at the Department of
Unconventional Energy Sources and Ele.
Engg., Dr. PDKV, Akola (22° 70' N 77° 07'E),
Maharashtra state, India.

Materials and Methods

The biomass-based power plant installed at
CAET is of 10 kW rated capacity. The system
consists of a gasifier, water scrubber filters and
gas engine coupled with AC generator. The
details of the system are given in Table 1.

I. Gasifier : The gasifier is downdraft type
and the ash is removed through ash collection
pit. The gasifier outlet is connected with
ventury water scrubber. In a ventury, negative
pressure is created through which producer gas
is supplied to burner for starting of gasifier.

II. Cooling and cleaning system : The
gas produced from gasifier is passed through a
cooling and cleaning system consisting of a
ventury, one course filter, and one security
filter. The gas coming out from the gasifier is
cooled in a ventury scrubber. The cooled gas
received after ventury scrubber was further sent
through the fine filter. The fine filter is filled
with sawdust in which, the tar is further
removed and the gas is sent to security filter.
The security filter is fitted with fabric cloth. The
gases are passed through fabric cloth to arrest
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the remaining dust particles present in the
producer gas. The cleaned gases are supplied
to SI engine coupled with AC generator.

III. Engine : The producer gas engine
coupled with gasifier is spark ignition water
cooled engine having 1500 RPM, 20 HP/12
kW, two cylinders. The carburetor has been
fitted to regulate mixing of producer gas and air
for smooth running of the engine at different
load.

Gas engine : The gasifier efficiency was
calculated by following formula,

Hg x Qg
Gasifier efficiency (ng) = –––––––––– x 100

Hs x Ms

Where,

Hg = Heating value of gas, kJm-1

Qg = Volume flow of gas, m3 s-1

Hs = Heating value of solid fuel, kJ kg-1

Ms = Gasifier solid fuel consumption, kg s-1

IV. AC generator : The AC generator was
operating at 1500 rated rpm, 415 V, 3 phase.
The rating of AC generator was 15 kVA at 50
Hz. The generator had self-regulated exciter
including battery charger DC output at 12V.

Economic analysis : Economic analysis of
the system was carried out by employing net
present worth, Benefit-Cost ratio and pay back
period.

The following parameters were considered
to carry out economic analysis of gasifier
system. The life of biomass gasifier system was
considered as 20 years. Repair and
maintenance cost at 20 per cent of initial
investment spread over 20 years. Discount rate
for the system was assumed 10 per cent. The
labour cost was taken @ Rs. 100 day-1. The

cost of groundnut shell pellet and woody
biomass (for 1:1 proportion) were Rs. 2.5 and
Rs. 1.5 kg-1, respectively. Thus average fuel
cost was Rs. 2 kg-1. The annual operating days
of the system was 300 days. System was
operated for 12 hour per day as per
requirement and sale price of electricity was Rs.
6 kW-1 h-1.

Net present worth (NPW) : The
difference between the present value of all
returns and the present money required to
make an investment is the net present worth or
net present principals for the investment. The
present value of the future returns was
calculated through the use of discounting.
Discounting essentially a technique by which
future benefits and cost streams can be
converted to their present worth (Rathore et
al., 2009; Sharma and Panwar, 2009).

Benefit cost ratio : This is the ratio
obtained when the present worth of the benefit

Wakudkar and Kalbande280

Table 1. Technical specification.

Gasifier :
Model : WBG-20 in scrubbed, clean gas

mode

Mode : Gas Power Pack/Model GAS-11
giving a gross output

Gasifier types : Downdraft

Gas flow : 50NM3/hr

Fuel Storage capacity : 150kg

Fuel type and size : Woody fuel with maximum
dimension not exceeding 25 mm

Typical gas composition :CO - 19+3%, H2 - 18+2%,
CO2 - 10+3%, CH4 - up to
3%,N2 - 50%

Engine system :
Description : Twin cylinder, 1500 RPM, 20

HP/12 KW, 2.6 Amp, 12 volts
water cooled

Electric generator :
Description : Directly coupled to engine,

1500 rpm, 415 V, 3-phase, 15
kVA Alternator



stream is divided by the present worth of the
cost stream. The formal selection criteria for
project worth is to accept projects for a benefit
cost ratio of one or greater. Mathematically
benefit-cost ratio can be expressed as:

N

Σ Rt / (1+i)t

t=1
B-C ratio = ––––––––––––––––––––

N

Σ Ct / (1+i)t

t=1

The decision criteria are 

If B-C > 1 Investment is worthwhile,

B-C < 1 Investment is not worthwhile, 

B-C = 1 Neutral case. 

Payback period : The pay back period is
the length of time from the beginning of the
project until the net value of the incremental
production stream reaches the total amount of
the capital investment. It shows the length of
time between cumulative net cash outflow
recovered in the form of yearly net cash inflow.
Mathematically it can be expressed as P = I/C.

Where, P is the payback period, I is the
initial investment, C is the yearly net cash flow. 

Results and Discussion 

Overall efficiency : Overall system
efficiency was found to be 16 per cent
maximum. Total output power generated of the
system was worked out to be 10 kW.

Economics of gasifier system :
Economics of 11 kVA power generation system
was examined by computing net present value,
benefit cost ratio and pay back period.  The
economics of the system (Table 2) was
evaluated for 12 hour of operation. The

economic analysis was carried out for
considering subsidy and without subsidy on
initial investment. To bring the past and future
cost to present, discounted cash flow was
determined with a 10 per cent discount rate.

Net present worth : When the system
was operated for 12 hours (Table 3) per day,
net present worth calculated by considering
subsidy on initial investment was found to be
Rs. 78054. When the system was operated for
12 hours per day, net present worth
determined by excluding subsidy was found to
be Rs. (-) 41280 Thus, the project is feasible for
operating on 12 operated hour with the
government subsidy. However, the system was
not feasible for further consideration operated
12 hour per day without subsidy.

Benefit-cost ratio : It was found that
benefit cost ratio for the system operated for 12
hour per day with considering the subsidy was
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Table 2. Capital statement for a 11 kVA downdraft
gasifier.

Particular Parameter

Power (kW) 10
Installation cost (Rs) 6,50,000
Subsidy (Rs) 1,10,000
Net Installation cost (Rs) 5,50,000
Project lifetime (years) 20
Sale price of electricity (Rs/kW-h) 6
Annual interest rate (%) 10

Table 3. Economic indicators for 11 kVA producer gas
based power generation system.

Particular 12h
–––––––––––––––––––––––––––––––
With Without
subsidy subsidy

NPW(Rs) 78054.73 -41280.19
B-C ratio 1.04 0.97
Payback period 3 year and 6 days -
Cost of operation 3.98 -
(Rs. kW-1)



1.04. Thus, it is concluded that the investment
is justified and the project is economically
viable.

Payback period : Payback period
discriminates whether the project is feasible or
not for the threshold lifetime. The net cash flow
was calculated by deducting yearly operating
costs from the gross annual income of the
gasifier system. The cumulative net cash flow
was then calculated for different years. For the
system operating 12 hour per day, the pay
back period was worked out to be 3 year and 6
days.

Net saving of power generation by 11 kVA
downdraft gasifier (Cash in flow)

= Rs. 6 kW-1 x 300 days year-1 x 12 h

day-1 x 10 kW

= Rs. 216000
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Table 4. Computation of pay back period with subsidy.

Year PW of total Cash Present Cumu-
cash outflow Inflow worth of lative
in 20 years, Rs. cash cash
Rs. inflow inflow

0 1760845.04
1 216000 196363.64 196363.64
2 216000 178512.40 374876.04
3 216000 162284.00 537160.03
4 216000 147530.91 684690.94

PBP=3 yr and 6 days.

______________



Rainfall is one of the important factors
responsible for increase in agricultural
production. India receives 119.4 cm rainfall
annually (Michael, 1978). This rainfall is
received through South West Monsoon (74 %),
North East Monsoon (3 %), pre-monsoon (13%)
and post monsoon (10 %) (Dabral et al. 2006).
The distribution of rainfall in time and space is
erratic. It either results in droughts or
sometimes occurrence of flood. Hence, there
may be limitation on the length of crop growing
period. The absence of certain amount of
rainfall at critical time can determine the
success or failure of crops. Also the intensity,
duration and amount of rainfall are important
factors responsible for runoff and soil erosion.

Consecutive days rainfall analysis provides
valuable information for planning and
management of runoff in watershed. Analysis
of consecutive days maximum rainfall of
different return periods is a basic tool for safe
and economical planning and design of
structural and non structural measures, small
and medium hydraulic structures such as dams,

bridges, culverts, spillways, check dams, ponds,
irrigation and drainage works in watershed
management and command area development
(Sethy et al. 2005). Dingre and Shahi (2006)
studied daily rainfall data of Srinagar region of
19 years to investigate the predictability of
various consecutive days rainfall from one day
rainfall of 1-20 years return period.

Depending upon the 2, 3, 4, 5 and 6 days
(consecutive days) maximum rainfall, period of
crop tolerance, storage and drainage of water
from the agricultural fields can be planned.
Thus the knowledge of consecutive days
maximum rainfall can lead to successful crop
planning.

Materials and Methods

Rainfall data : The daily rainfall data of
Niphad for 28 years, Kasbe Digraj for 14 years,
and Pune for 33 years were collected from the
respective stations. 

Analysis of rainfall data : The available
rainfall data for these three stations from Plain
Zone were analysed using following
methodology. 
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Computation of extended day duration
rainfall : The 2, 3, 4, 5 and 6 days were
considered as extended day duration.
Cumulative rainfall totals were computed from
dailly rainfall data of all the years, for these
extended day durations by using moving total
rainfall method (Pardhe, 2002). 

Selection of annual maximum values
of rainfall : The daily rainfall data and
extended days rainfall data were arranged in
descending order of magnitude for each year.
The maximum value of rainfall for one day and
consecutive days rainfall for each year were
selected for analysis.

Plotting positions analysis of rainfall
data : The one day and extended days annual
maximum rainfall data were arranged in
descending order of magnitude and rank
number were assigned to each observation. The
probability analysis of one day maximum
rainfall and extended days maximum rainfall
was carried out by using Weibull's method and
Gringorten's method (Hann, 1977).

Comparison of Weibull's and
Gringortens plotting positions : The
plotting positions obtained by Weibull's and
Gringorten's methods were compared by using
the criteria given by Hann (1977) for plotting
position. 

Relationship between annual
maximum values of 1 day and D-day
rainfall : The relationship between 1-day
maximum and D-day maximum rainfall (2, 3, 4,
5 and 6 days) were developed. The data pairs
of 1-day and D-days, duration annual maximum
rainfall for same return period were considered
for developing the relationships.

Linear, Logarithmic, exponential, power
and polynomial functions were tried to fit the
data. The relationship giving maximum value of
R2 was selected as the appropriate relationship.
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Table 1. Maximum values of one day and extended days
rainfall (mm) for Kasbe Digraj for different years.

Year 1D 2D 3D 4D 5D 6D

1990 31.0 55.2 62.2 67.2 69.6 69.6
1991 27.8 41.4 42.0 42.4 65.0 68.6
1992 26.8 30.4 30.4 33.2 35.4 41.9
1994 29.0 36.4 46.6 51.8 67.8 83.8
1995 88.2 88.6 88.6 88.6 88.6 89.2
1996 34.6 62.2 85.4 97.6 97.6 101.2
1997 28.2 55.2 55.2 55.2 60.2 60.2
1998 36.8 45.0 70.4 77.2 79.2 83.8
1999 27.8 45.0 47.2 61.0 69.2 91.2
2000 32.0 34.8 42.6 43.2 52.8 63.6
2001 60.2 60.2 80.0 96.4 97.2 99.0
2002 23.4 42.0 48.4 58.1 65.3 75.5
2003 23.4 43.9 54.1 63.7 72.6 85.4
2004 87.4 114.6 117.4 119.2 120.4 120.4

Table 2. Maximum values of one day and extended days
rainfall (mm) for Niphad for different years.

Year 1D 2D 3D 4D 5D 6D

1972 28.0 50.3 76.6 81.8 89.1 90.3
1973 43.6 65.8 83.2 95.4 109.2 121.4
1974 75.5 94.7 102.8 106.0 122.0 129.6
1975 56.8 82.4 83.6 108.4 108.4 108.4
1976 101.1 170.4 209.7 213.0 216.2 218.0
1977 71.8 83.5 112.6 128.4 143.7 147.5
1978 70.2 77.4 90.6 93.2 93.2 106.6
1979 51.4 99.0 111.2 111.6 128.6 130.6
1980 59.8 79.8 88.4 89.2 89.2 89.2
1982 33.2 60.6 70.7 84.9 95.0 95.0
1983 47.3 91.8 121.1 144.2 145.2 162.6
1984 81.3 83.3 96.6 98.6 99.8 101.8
1985 53.2 70.4 77.8 93.0 96.3 104.4
1986 27.0 36.5 39.0 44.6 49.7 52.2
1987 131.2 135.4 144.8 195.0 196.3 203.1
1989 87.0 104.0 108.3 113.5 117.8 128.5
1990 43.4 71.5 87.6 87.6 90.7 116.9
1991 68.0 122.0 171.0 188.3 193.3 193.3
1992 98.2 152.5 155.7 157.1 157.5 157.5
1993 75.2 79.8 82.8 83.4 85.8 113.0
1994 162.0 162.0 162.0 162.0 228.3 228.3
1995 92.1 117.4 161.7 161.7 161.7 163.0
1996 60.0 60.0 67.7 75.0 92.2 94.3
1997 53.5 61.5 77.0 92.6 113.1 126.1
1998 65.4 66.6 106.4 117.2 121.2 134.6
1999 61.4 102.4 105.1 114.1 139.2 166.5
2002 64.2 112.3 135.5 167.1 167.1 177.5
2005 61.0 76.3 97.8 112.4 136.3 141.1



Results and Discussion

Computation of extended day duration
rainfall and selection of annual maximum
values of rainfall : Extended day duration
rainfall for 2, 3, 4, 5 and 6 days for Kasbe
Digraj, Niphad and Pune were computed from
the daily rainfall. Single largest values of one
day and D-day rainfall for each year were

identified. All such values for Kasbe Digraj,
Niphad and Pune are given in Table 1 to 3.
From these tables it is observed that maximum
values of one day rainfall for Kasbe Digraj
ranged from 23.4 to 88.2 mm, for Niphad
from 27.0 to 162.0 mm, whereas, for Pune it
ranged from 14.7 to 123.3 mm.

Plotting position analysis of rainfall
data : Plotting position analysis of annual
maximum values of one day and D-days rainfall
were carried out by Weibull's and Gringorten's
formulae. The return period was obtained by
the inverse of probability of exceedence. The
probabilities and return periods of annual
maximum one day and consecutive days for
Kasbe Digraj, Niphad and Pune are given in
Table 4 to 6, respectively. The results showed
that all the observations could be plotted, as the
plotting positions were greater than zero by
both the methods for all three stations. The
plotting position lies between (m-1)/n and m/n
for all values of m and n by both the methods
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Table 3. Maximum values of one day and extended days
rainfall (mm) for Pune for different years.

Year 1D 2D 3D 4D 5D 6D

1970 28.5 49.1 68.4 89.0 89.0 89.0
1971 117.2 120.2 120.2 141.5 146.4 146.6
1972 44.8 75.5 101.3 110.0 117.5 118.6
1973 90.8 153.0 181.4 196.3 206.4 212.4
1974 58.0 86.7 88.6 91.1 103.6 103.6
1975 43.6 53.4 61.5 76.4 101.2 108.1
1976 101.5 171.1 233.4 244.4 259.3 270.3
1977 73.6 74.6 89.3 92.7 93.7 98.8
1978 29.4 48.7 48.7 48.7 49.1 52.5
1979 83.4 102.0 110.0 126.5 129.3 180.3
1980 71.6 106.6 162.3 168.6 168.6 178.2
1982 52.6 76.2 102.3 112.7 112.7 113.1
1983 110.7 121.8 130.7 144.7 167.1 191.1
1984 97.8 106.2 122.4 166.7 167.0 179.1
1985 64.6 117.3 132.0 134.0 137.8 145.6
1986 46.0 59.2 71.0 79.9 84.8 98.0
1987 14.7 24.0 33.9 43.9 51.6 58.6
1988 63.5 126.3 126.5 162.8 172.6 173.5
1989 86.9 127.5 137.7 150.8 156.7 158.4
1990 68.9 94.8 108.7 109.7 123.6 133.4
1991 123.3 228.2 298.0 357.5 385.5 404.9
1992 50.7 73.7 94.2 101.0 126.4 144.7
1993 49.7 60.9 85.1 99.8 119.4 126.7
1994 81.7 97.8 111.7 126.6 142.7 151.6
1995 67.3 70.7 83.0 92.1 105.7 111.5
1996 55.9 116.6 140.8 144.3 144.3 153.2
1997 71.2 140.4 171.9 185.3 205.0 205.0
1998 67.9 85.3 94.6 100.5 101.4 104.2
1999 52.5 68.5 84.4 98.6 119.2 148.4
2000 45.1 66.9 89.2 105.3 113.5 120.9
2001 37.5 66.1 90.9 106.7 106.7 109.8
2003 57.8 60.4 67.7 68.5 68.5 70.1
2004 76.2 113.4 127.9 150.0 166.8 183.0

Table 4. Observed values of one day maximum rainfall
with probability and return period by Weibull's
method and Gringorten's method for Kasbe
Digraj.

Rank 1-day Weibull's Gringorten's
maxi- method method
mum –––––––––––––––– –––––––––––––––––
rainfall Proba- Return Proba- Return
(mm) bility period bility period

(years) (years)

1 88.2 0.0667 15.0000 0.0397 25.2143
2 87.4 0.1333 7.5000 0.1105 9.0513
3 60.2 0.2000 5.0000 0.1813 5.5156
4 36.8 0.2667 3.7500 0.2521 3.9663
5 34.6 0.3333 3.0000 0.3229 3.0965
6 32.0 0.4000 2.5000 0.3938 2.5396
7 31.0 0.4667 2.1429 0.4646 2.1524
8 29.0 0.5333 1.8750 0.5354 1.8677
9 28.2 0.6000 1.6667 0.6062 1.6495
10 27.8 0.6667 1.5000 0.6771 1.4770
11 27.8 0.7333 1.3636 0.7479 1.3371
12 26.8 0.8000 1.2500 0.8187 1.2215
13 23.4 0.8667 1.1538 0.8895 1.1242
14 23.4 0.9333 1.0714 0.9603 1.0413



for all three stations. The return periods
obtained by Weibull's formula for all stations
showed that for largest value of rainfall it
approached n and for smallest value of rainfall
it approached 1. However, the return period
obtained by Gringorten's formula for all the
stations for largest value of rainfall, become
very large as compared to n and for smallest

value of rainfall it approached 1. The difference
between the plotting position of the (m + 1)th

and mth value was same for all values of m and
n by both the methods. Both the methods safer
simple and easy to use.
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Table 5. Observed values of one day maximum rainfall
with probability and return period by Weibull's
method and Gringorten's method for Niphad.

Rank 1-day Weibull's Gringorten's
maxi- method method
mum –––––––––––––––– –––––––––––––––––
rainfall Proba- Return Proba- Return
(mm) bility period bility period

(years) (years)

1 162.0 0.0345 29.0000 0.0199 50.214
2 131.2 0.0690 14.5000 0.0555 18.026
3 101.1 0.1034 9.6670 0.0910 10.984
4 98.2 0.1379 7.2500 0.1266 7.899
5 92.1 0.1724 5.8000 0.1622 6.167
6 87.0 0.2069 4.8330 0.1977 5.058
7 81.3 0.2414 4.1430 0.2333 4.287
8 75.5 0.2759 3.6250 0.2688 3.720
9 75.2 0.3103 3.2220 0.3044 3.285
10 71.8 0.3448 2.9000 0.3400 2.941
11 70.2 0.3793 2.6360 0.3755 2.663
12 68.0 0.4138 2.4170 0.4111 2.433
13 65.4 0.4483 2.2310 0.4467 2.239
14 64.2 0.4828 2.0710 0.4822 2.074
15 61.4 0.5172 1.9330 0.5178 1.931
16 61.0 0.5517 1.8130 0.5533 1.807
17 60.0 0.5862 1.7060 0.5889 1.698
18 59.8 0.6207 1.6110 0.6245 1.601
19 56.8 0.6552 1.5260 0.6600 1.515
20 53.5 0.6897 1.4500 0.6956 1.438
21 53.2 0.7241 1.3810 0.7312 1.368
22 51.4 0.7586 1.3180 0.7667 1.304
23 47.3 0.7931 1.2610 0.8023 1.246
24 43.6 0.8276 1.2080 0.8378 1.194
25 43.4 0.8621 1.1600 0.8734 1.145
26 33.2 0.8966 1.1150 0.9090 1.100
27 28.0 0.9310 1.0740 0.9445 1.059
28 27.0 0.9655 1.0360 0.9801 1.020

Table 6. Observed values of one day maximum rainfall
with probability and return period by Weibull's
method and Gringorten's method for Pune.

Rank 1-day Weibull's Gringorten's
maxi- method method
mum –––––––––––––––– –––––––––––––––––
rainfall Proba- Return Proba- Return
(mm) bility period bility period

(years) (years)

1 123.3 0.029 34.000 0.017 59.143
2 117.2 0.059 17.000 0.047 21.231
3 110.7 0.088 11.333 0.077 12.938
4 101.5 0.118 8.500 0.108 9.303
5 97.8 0.147 6.800 0.138 7.263
6 90.8 0.177 5.667 0.168 5.957
7 86.9 0.206 4.857 0.198 5.049
8 83.4 0.235 4.250 0.228 4.381
9 81.7 0.265 3.778 0.259 3.869
10 76.2 0.294 3.400 0.289 3.464
11 73.6 0.324 3.091 0.319 3.136
12 71.6 0.353 2.833 0.349 2.865
13 71.2 0.382 2.615 0.379 2.637
14 68.9 0.412 2.429 0.409 2.442
15 67.9 0.441 2.267 0.440 2.275
16 67.3 0.471 2.125 0.470 2.129
17 64.6 0.500 2.000 0.500 2.000
18 63.5 0.529 1.889 0.530 1.886
19 58.0 0.559 1.789 0.560 1.784
20 57.8 0.588 1.700 0.591 1.693
21 55.9 0.618 1.619 0.621 1.611
22 52.6 0.647 1.545 0.651 1.536
23 52.5 0.677 1.478 0.681 1.468
24 50.7 0.706 1.417 0.711 1.406
25 49.7 0.735 1.360 0.742 1.349
26 46.0 0.765 1.308 0.772 1.296
27 45.1 0.794 1.259 0.802 1.247
28 44.8 0.824 1.214 0.832 1.202
29 43.6 0.853 1.172 0.862 1.160
30 37.5 0.882 1.133 0.893 1.120
31 29.4 0.912 1.097 0.923 1.084
32 28.5 0.941 1.063 0.953 1.049
33 14.7 0.971 1.030 0.983 1.017



From above discussion, the Weibull's
formula satisfies all five criteria for plotting
position. The Gringorten's formula satisfies all
criteria except the third criteria for plotting
position formulae. Hence, only the values
obtained by Weibull's method were used for
further analysis.

The relationships between 1-day and D-day
annual maximum rainfall were developed for
Kasbe Digraj, Niphad and Pune.

Relationship between annual maxi-
mum values of 1-day and D-day rainfall :
The relationships were established by using the
observed maximum rainfall of 1-day and
computed D-days maximum rainfall values for
same return period, which are given in Table 7,
8 and 9. All the relationships were found to be
logarithmic in nature with R2 values ranging
from 0.8050 to 0.9688 for Kasbe Digraj,
0.9600 to 0.9831 for Niphad and 0.9371 to
0.9562 for Pune.

It is concluded that Weibull's method of
plotting position was found to be better than
Gringorten's method of plotting positions
observed rainfall data at all three stations. The
relationships between one day and D-days
annual maximum rainfall were found to be
logarithmic in nature for Kasbe Digraj, fourth
order polynomial in nature for Niphad and
exponential in nature for Pune.
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Table 7. Relationship between 1-day and D-day annual
maximum rainfall for Kasbe Digraj.

D-days Relationship R2

2 Y = 51.337 Ln(x) - 128.58 0.9688
3 Y - 50.717 Ln(x) - 119.00 0.9447
4 Y = 53.503 Ln(x) - 122.48 0.9224
5 Y = 41.342Ln(x) -73.918 0.8662
6 Y = 39.325 Ln(x) - 59.128 0.8050

x = One day maximum rainfall, mm (23.4 < x < 88.2), 
Y = Extended day maximum rainfall, mm.

Table 8. Relationship between 1-day and D-day annual
maximum rainfall for Niphad.

D-days Relationship R2

2 Y = 5E - 07 x4-0.0003 x3 + 0.9831
0.0459 x2 - 1.538 x + 60.303

3 Y = 2E - 06 x4- 0.0009 x3 + 0.9704
0.1228 x2 - 4.9045 x + 119.43

4 Y = 2E - 06 x4 - 0.0008 x3 + 0.96
0.1094 x2 - 4.4439 x + 121.2

5 Y = 2E - 0x4 - 0.0007 x3 + 0.9733
0. 101 1 x2 - 4.0783 x + 122.1

6 Y = IE - 06 x4 - 0.0006 x3 + 0.9749
0.0796 x3 - 2.5144 x + 94.412

Table 9. Relationship between 1-day and D-days annual
maximum rainfall for Pune.

D-days Relationship R2

2 Y = 29.286 e0.0165x 0.9371
3 Y = 35.752 e0.0162x 0.9562
4 Y = 40.891 e0.0159x 0.9483
5 Y = 45.174e0.0156x 0.9395
6 Y = 48.295 e0.0155x 0.9445

Y = Extended day maximum rainfall, mm,  x  = One-day
maximum rainfall (14.7 < x < 123.3)
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Genetic characterization of native breeds is
the first step in conservation programme, as it
will helps the decision makers to identify
genetically unique breeds so that they may be
prioritized for the purpose of breed
conservation. In genetic characterization,
though identification methods such as typing of
blood groups and biochemical polymorphisms
had proved their usefulness to some extent, the
discriminating power of these techniques is less
than that of DNA markers. The DNA markers
are more powerful and not affected by
environmental influences. At present,
microsattellites are being used successfully to
define genetic structures and genetic
relationships among different breeds.
Microsatellite analysis of genetic diversity
provides two distinct levels of information. In
addition to allele frequency differences among
populations, it also provides information about
the cladistic relationships between alleles on the
basis of differences in allelic repeat units.

The microsatellites also provide improved
resolution in the measurement of variation and
population structure in rare and endangered
breeds/species, permitting the study of
bottlenecks in this population with high degree
of consanguineous mating. The abundance of
microsatellite markers and their high
polymorphic nature makes them very useful for
construction of genomic maps.

There are eight indigenous standard breeds
of buffalos, which are well known for their
milking qualities and constitute valuable animal
genetic resources by virtue of the production,
adaptation to tropical climate and resistance to
many diseases. All the breeds are recognized on
the basis of their physical attributes and docility.
The importance of indigenous livestock breeds
lies in their capacity to withstand adaptation to
local biotic and abiotic stress and to traditional
husbandry systems. The deccan buffaloes are
remarkably distinct than the northern types
breeds (Cockrill, 1974). But differentiation
within the regional types is warranted as the
phenotypes are insufficient to set clear
boundaries between them. In view of this, the
local buffalo population of Marathwada, named
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as Marathwadi (Gujar et al. 1999, 2003) was
compared with known regional types like
Nagpuri and Pandharpuri with the help of
microsattelite markers.

Materials and Methods

The Food and Agriculture Orgnaization of
United Nations (FAO) has proposed an
integrated programme for the global
management of genetic resources using
microsatellite methodology for breed
characterization. Following five microsatellite
markers were used in the present study (Table
1).

A total of 47 blood samples were collected
from three regional buffalo breeds selected
randomly and   distributed in different regions
of Maharashtra State (i.e. 20 samples each of
Marathwadi and Pandharpuri and 7 samples of
Nagpuri buffalo). Care was taken to include
related and unrelated individuals. The 5-6 ml
blood from Marathwadi and Pandharpuri
buffaloes spread over in respective breeding
pockets was collected aseptically in vaccutainer
tubes containing anticoagulant solution. While,
the Nagpuri herd of dairy farm located at Dr.
P.D.K.V., Akola was used for the purpose.
Genomic DNA was isolated from 200 µl of
blood by combination of phenol chloroform

method and high salt method (Senthil et al.
1996) with some modifications. The quality of
DNA were checked by agarose gel
electrophoresis and quantification was done by
UV-spectrophotometry. The amplication
reactions were carried out using a thermal
cycler (Biometra Ltd., Eppendorf) PCR
machine in reaction volume of 25 µl. Each 25
µl PCR reaction contained 60 to 90 ng
template DNA, 10 Pmole of each primer, 200
µM each of dNTPs; 1 unit of Taq DNA
polymerase; 0.75 to 1.0 µl of 1.5 mM MgCl2.
The primer annealing for 45 sec at the desired
temperature of 57, 59, or 60 °C was adopted.
The amplified PCR products were
electrophoresed in 7 per cent denaturing urea
polyacrylamide gel at a constant voltage of
1900 volts for a period of 1.5 to 2 hours,
depending upon the expected size of PCR
amplified products and then silver stained
(Bassam et al., 1991). The gels were dried
naturally for 4 to 5 hours. The alleles were
scored by software aided gel documentation
system (Bio-Rad, USA). The exact allele sizes
were determined by direct comparison with
adjacent PCR bands and 10 bp, 50 bp DNA
ladder. Allelic frequency, number of alleles and
heterozygosity was calculated using computer
programme GenAlEX, Version 6 (Peakall and
Smouse, 2006).
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Table 1. Microsatellite markers used.

Micro- Primer sequences (5'-3') Chrom- Reference
satelite osomal

location

CSSM043 F: AAAACTCTGGGAACTTGAAAACTA 27 Barker et al. (1997) 
R: TTCATATAAGCAGTTTATAAACGC Moioli et al. (2001)

CSSM038 F : TTCATATAAGCAGTTTATAAACGC 10 Barker et al. (1997) 
R : ATAGGATCTGGTAACTTACAGATG Moioli et al. (2001)

ILSTS 005 F : GGAAGCAATGAAATCTATAGCC 10 Moioli et al. (2001) Ritz et al. (2000) 
R : TGTTCTGTGAGTTTGTAAGC Brezinsky et al. (1993)

SRCRSP8 F : TGCGGTCTGGTTCTGATTTCAC unknown Li et al. (2002) Luikar et al. (1999) 
R :GTTTCTTCCTGCATGAGAAAGTCGATGCT TAG Maudet et al. (2002)

OarFCB 48 F : GAGTTAGTACAAGGATGACAAGAGGCAC 17 Barker et al. (2001) Maudet et al. (2002)
R : GACTCTAGAGGATCG CAAAGAACCAG Luikart et al. (1999)



Results and Discussion

The genetic polymorphism in 47 individuals
belonging to Marathwadi (n=20), Pandharpuri
(n=20) and Nagpuri (n=7) buffalo breeds was
assesed using five microsatellite loci. All the loci
amplified successfully and produced
distinguished banding patterns, from which
individual genotypes could be assessed.
Estimated parameters viz., number of alleles,
allelic frequency and observed and expected
heterozygosity at each of the microsatellite
locus are provided (Tales 2 to 4).

The number of alleles at different marker
loci and their frequencies are simple indicators
of the genetic variability. The mean number of
alleles (Table 2) observed in all the three
regional buffalo breeds at all the five
microsatellite loci was higher than that reported
previously in exotic buffalo (Moioli et al. 2001)
and exotic goats (Adrina et al., 2006). All the 5
microsatellite loci studied were effective for

demonstration of polymorphism which gives
>2 alleles at each locus. From the entire data
set for number of alleles at each locus, it is
observed that microsatellite locus oarFCB48
was highly polymorphic with 20 alleles and
microsatellite locus CSSM038 was least
polymorphic with 10 alleles than any other
locus studied. Mean number of alleles through-
out all the five microsatellite loci was observed
to be higher i.e. 10.2 alleles in Marathwadi
buffalo and lower, having 3.80 alleles in
Nagpuri buffalo breed. The allelic size range
reported by previous workers (Luikart, et al.
1999, Moioli et al. 2001) are observed to be
nearly in close agreement with present findings
(158 bp to 239 bp) for all the microsatellite
primers except primer CSSM038 which gave
allelic size range from 36 to 50 bp.

Allele frequency (Table 3) is the proportion
of a particular allele found among the
chromosomes carried by individuals in a
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Table 2. Number of alleles and allelic size range in three regional buffalo types.

Microsatellite No. of alleles Entire Allele size range (bp)
marker –––––––––––––––––––––––––––––––––––––––––– data ––––––––––––––––––––––––––––

Marathwadi Pandharpuri Nagpuri set Expected Observed

ILSTS005 12 8 3 16 (173-86) 170-194
SRCRSP8 11 8 5 16 215-255 216-239
OarFCB48 13 10 5 20 149-173 158-182
CSSM043 9 8 4 15 222-258 198-229
CSSM038 6 7 2 10 163-187 36-50
Mean 10.2 8.2 3.8 15.4 - -

Table 3. Allelic frequency range and average allelic frequency in three regional buffalo breeds.

Microsatellite Allele frequency range Average allele frequency
marker –––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––

Marathwadi Pandharpuri Nagpuri Marathwadi Pandharpuri Nagpuri

ILSTS005 0.013-0.138 0.025-0.175 0.075-0.175 0.0482 0.0860 0.1313
SRCRSP8 0.016-0.188 0.016-0.188 0.047-0.125 0.0753 0.0705 0.0844
OarFCB48 0.011-0.860 0.014-0.143 0.029-0.143 0.0594 0.0558 0.0802
CSSM043 0.015-0.121 0.030-0.160 0.061-0.121 0.0671 0.0757 0.0947
CSSM038 0.013-0.167 0.013-0.308 0.090-0.308 0.0683 0.1173 0.1990
Mean - - - 0.0683 0.0810 0.1170



population, which are simple indicators of
genetic variability. The average allelic frequency
observed in all the three studied buffalo
population (Table 3) was lower than reported
previously (Luikart, et al. 1999, Moioli, et al.
2001). The mean average allelic frequency was
observed to be higher i.e. 0.117 in Nagpuri
buffalo. However, it was lower (0.0683) in
Marathwadi buffalo breed throughout all the
five microsatellite loci studied.

The mean observed and expected
heterozygosity (Table 4), for all the five
microsatellite loci studied was 0.674 and
0.840, respectively in Marathwadi buffalo.
Whereas in Pandharpuri and Nagpuri buffalo, it
was observed to be 0.607 and 0.815, 0.182
and 0.591, respectively. For entire data set,
mean observed and expected heterozygosity
was 0.557 and 0.891, respectively. The
highest observed heterozygosity was found in
'Marathwadi buffalo breed followed by
Pandharpuri buffalo and lowest in Nagpuri
buffalo breed. The average observed
heterozygosity was however lower than
expected.

Heterozygosity is an appropriate measure of
genetic variability within a population when
populations are expanding, hence
heterozygosity was used as an estimation for
variability of surveyed sheep population
(Hansilk et al.,2000). The high heterozygosity
values implies a higher amount of genetic

variability (better adaptability in their natural
habitat) that can be exploited even in
population of small sizes and employed in
planning breeding strategies. However, lower
values of heterozygosity within population
reflects a considerable loss of biodiversity as a
consequence of decline in number and
inbreeding (Moioli et al., 2001). Failure of
significant variation between observed and
expected heterozygosity suggests random
mating in the breed. In the context of setting
priorities for conservation of breeds, Barker
(1997) reported that breed with highest average
heterozygosity should be preferred in choosing
breeds that otherwise have equal priority.
Considering this view, Marathwadi buffalo
needs to be conserved and the reproductive
isolation imposed in-advertantly be lifted at an
earliest.

It is thus evident that the use of
microsatellite markers, that are well distributed
on the genome, are an efficient tool in the
detection of animal genetic diversity, in
particular, the heterozygosity calculated from
these markers provides an indication of
presence of large number of polymorphic loci
among the regional buffalo populations.
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Osmanabadi is an important goat meat
breed found in Ahmednagar district of
Maharashtra State. Osmanabadi goats are
hardy, capable of walking long distance and
have strong disease resistance power. The
growth performance has positive effect on
reproduction and production performance of
goats. The present investigation was
undertaken to study the effects of non-genetic
factors on post-weaning growth performance
of Osmanabadi kids.

Materials and Methods

The data pertaining to 1037 Osmanabadi
kids born during 1993 to 2005 at Post
Graduate Goat Unit, Rahuri, Dist.
Ahmednagar, Maharashtra State were used for
study. The kids were reared under semi-
intensive system of management. The data
were classified according to period of birth (P1

to P4), season of birth (S1 to S3), sex, type of
birth and birth weight groups (W1 to W3). The
least squares means of body weights of kids at
6, 9 and 12 months of age considering non-
genetic factors were worked out as suggested
by Harvey (1990). Phenotypic correlations
among growth traits and heritability of post-
weaning growth traits by paternal half-sib
method were also estimated.

Results and Discussion

The overall least squares means for body
weights of Osmanabadi kids at 6, 9 and 12
months of age were 10.800 ± 0.818, 13.938
± 1.131 and 16.935 ± 2.260 kg respectively
(Table 1). These body weights were close to
those reported by Sheikh et al. (1996) and
Mandakmale (2002) in Osmanabadi kids.
Comparatively lower weights were reported by
Singh and Singh, (2000) in Black Bengal and
Nahardeka et al. (2001) in Assam local and
Beetal x Assam local kids. However, Rai et al.
(2004) in Marwari and Swami et al. (2006) in
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Sirohi and Beetal Sirohi kids reported higher
weaning weights.

Effect of period of birth : The effect of
period of birth on post-weaning body weight at
6, 9 and 12 months of age of Osmanabadi kids,
was significant (P < 0.01). These results were in
agreement with those recorded by Singh et al.
(2002) in Beetal, Black Bengal and their
crossbreds and Roy et al. (2003) in Jamunapari
kids. The results indicated that the 6 (11.470 ±
0.836 kg), 9 (15.030 ± 1.154 kg) and 12
months weights (18.108 ± 2.586 kg) of kids,
born during P2 were significantly higher than
kids born in P3 and P4 and on par with P1
group (Table 1). Significant difference in body
weights of kids might be attributed to variation
in environmental condition and availability of
feed and fodder during different periods.

Effect of season of birth : The season of
birth had significant (P < 0.01) effect on post-
weaning weights of kids at 6, 9 and 12 months
of age. The results revealed that the kids born
during rainy season had significantly higher 6
months (10.913 ± 0.826 kg), 9 months
(14.711 ± 1.143 kg ) and 12 months weights
(17.970± 2.573 kg) than those born in winter
season and summer season (Table 1). This
indicated that the rainy season is favourable
birth season for obtaining higher 6, 9 and 12
months weights in Osmanabadi kids. Hence,
attempt be made to breed the goats to get
maximum kidding during rainy season. These
results were similar to those of Roy et al.
(2003) in Jamunapari goats and Swami et al.
(2006) in Sirohi and Beetal x Sirohi kids. The
difference in 9 and 12 months weights of kids
born during winter and summer season were on
par with each other. 
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Table 1. Least squares means for post-weaning body weights (kg) in Osmanabadi goats.

Factors N 6 months body N 9 months body N 12 months body
weight weight weight

Mean 1037 10.800 ± 0.818 749 13.938 ± 1.131 458 16.935 ± 2.560
Period of birth :
P1 (1993-1996) 185 11.191 ± 0.835cd 115 14.548 ± 1.158cd 75 17.718 ± 2.592cd

P2 (1996-1999) 190 11.470 ± 0.836d 153 1 5.030 ± 1.154d 98 18.108 ± 2.586d

P3 ( 1999-2002) 366 10.689 ± 0.826b 207 13. 520 ± 1.144b 114 16.951 ± 2.577bc

P4 (2002-2005) 296 09.848 ± 0.837a 274 12.655 ± 1.155a 171 14.966 ± 2.585a

Season of birth :
Winter (S1) 432 11.016 ± 0.822c 306 13.730 ± 1.136a 205 16.216 ± 2.566a

Summer (S2) 293 10.470 ± 0.824a 225 13.374 ± 1.138a 120 16. 619 ± 2.566a

Rainy (S3) 312 10.913 ± 0.826bc 218 14.711 ± 1.143b 133 17.970 ± 2.573b

Sex :
Male 549 11.145 ± 0.821b 366 14.476 ± 1.136b 127 17.792 ± 2.570b

Female 488 10.455 ± 0.821a 383 13.400 ± 1.134a 331 16.080 ± 2.560a

Type of birth :
Single 436 11.132 ± 0.820c 319 14.017 ± 1.135bc 201 17.320 ± 2.536
Twins 549 10.210 ± 0.819a 387 13.360 ± 1.135a 234 16.737 ± 2.536
Triplets 52 11.057 ± 0.863bc 43 14.437 ± 1.178c 23 17.267 ± 2.602

Birth weight group :
Up to 1.5 kg (W1) 25 9.500 ± 0.911a 16 13.050 ± 1.264a 13 16.107 ± 2.660
1.5 to 2.0 kg (W2) 720 11.109 ± 0.811b 532 14.153 ± 1.121a 322 17.135 ± 2.561
Above 2.0 kg (W3) 292 11.790 ± 0.819c 201 14.611 ± 1.131b 123 17.565 ± 2.570



Effect of sex : The sex of the kid was
found to have significant (P < 0.01) effect on all
post-weaning body weights of kids. The six
(11.145 ± 0.821 kg), nine (14.476 ± 1.136
kg) and twelve months weight (17.792 ±
2.570kg) of males were significantly higher
than females. Higher body weights in males
than females might be due to anabolic effect of
sex hormones, their higher birth weights and
feeding behavior. These findings corroborated
with the results of Mandakmale (2002), Rai et
al. (2004) and Swami et al. (2006).

Effect of type of birth : The influence of
type of birth was significant ( P < 0.01) on 6
and 9 months weights and non-significant on
12 months weights of Osnianabadi kids. The
single born kids had significantly higher six
months (11.132 ± 0.820) and nine months
(14.017 ± 1.135) weights than twins.
Significantly higher post-weaning weights of
singles than twins might be due to carry-over
effect of higher birth and weaning weights,
which sustained up to 9 months. Similar results
were reported by Mandakmale (2002) and Roy
et al. (2003).

Effect of birth weight group : The
variation due to birth weight group on 6
months and 9 months weights of Osmanabadi
kids were significant (P < 0.01) and 12 months
weights were non-significant. The six months
weights of kids of W3 (11.790 ± 0.819 kg)
group was significantly higher than W2 and W1
groups. However, nine months weight (14.611
± 1.131 kg) of kids of W3 group was
significantly higher than W2 group. These
results indicated that to obtain higher post-
weaning weights, it is essential to have desirable
and proper birth weights. These results were in
conformity with that reported by Deshmukh
(1996) in Osmanabadi and Sheikh et al. (1996)
in Changthangi goats.

Phenotypic correlation and h2

estimates : The phenotypic correlation of
birth weight with six (0.510), nine (0.417) and
twelve months weights (0.162) in Osmanabadi
kids were positive and significant. These results
indicated that to obtain higher post weaning
body weights in Osmanabadi goats selection of
kids at birth itself can be done on the basis of
their higher weights. The phenotypic
correlations of 6 month weight with 9 months
(0.693) and 12 months (0.635) and 9 months
weights with 12 months (0.570) in kids were
positive and significant (P < 0.01). Rai et al.
(2004) reported similar results in Marwari and
Tomar et al. (2004) in Sirohi goats.

The heritability of weight at 6, 9 and 12
months of age of Osmanabadi kids was low to
medium and values were 0.1 83± 0.124,
0.273 ± 0.172 and 0.435 ± 0.256
respectively. Similar results were reported by
Tomar et al. (2004) in Sirohi goats. This
indicated that there is little scope for improving
these growth traits in kids through selective
breeding. However, improvement in growth
traits can only be made by adopting
appropriate management practices.
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The jamun (Syzygium cuminii L.) is a
evergreen tree belongs to family Myrtaceae. In
India, the maximum number of Jamun trees are
found scattered through out the tropical and
subtropical regions. It is one of the hardy and
underutilized fruit crop which can easily be
established in neglected and marshy areas
where other fruit crops fails to grow
successfully. Virtually every part of the tree has
been utilized by both urban and rural dwellers,
which has valuable medicinal and nutritional
properties. The fruit is good source of iron,
sugars, minerals, protein and carbohydrate etc.
Fully ripe fruits are consumed fresh and can be
processed into beverages, jelly, jam, squash,
wine and vinegar etc. Fruits are used as an
effective medicine against diabetes. Seeds
contains an alkaloid jambosin and glycoside,
jambolin and antimelin, which reduce the
diastic conversion of starch into sugars. A wide
range of variability occurs with regard to fruit
size and quality owing to the seed propagation
which need to be conserved and exploited.
Despite its varied advantages, it could not
attract suitable scientific attention towards its
propagation. Hence, there is need to
standardized multiplication method with high
success. Hence trial was undertaken with a view
to find out proper time for softwood grafting.

The experiment was laid out in randomized
block design with twelve treatments of softwood
grafting replicated four times at University
Department of Horticulture, Dr. Panjabrao
Deshmukh Krishi Vidyapeeth, Akola. The
softwood grafting was carried out at fifteen days
interval from 1st February to 1st April and 1st

July to 1st October. Ten plants in each

treatment formed a unit. The observations were
recorded 120 days after grafting for final
survival, length of scion, leaves per plant, leaf
area and stionic:ratio.

Data presented in Table 1 indicated that, the
significantly maximum length of scion (11.17
cm) was observed in grafts which were grafted
on 15th February was statistically at par with
length of scion (10.40 cm) grafted on 1st

February and 15th July (10.21cm). However,
minimum length of sprout was recorded on 1st

October (3.31 cm). The maximum number of
leaves per plant (13.25) were noticed when the
grafting was done on 1st February which was
statistically at par with 15th February (12.22
cm). These findings are in line with the results
of Patel and Amin (1981) in mango, Chovatia
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Effect of Time of Grafting on Success in Jamun

Table 1. Effect of time of softwood grafting on growth and
survival of jamun grafts.

Time of Length Leaves Leaf Final Stionic
propagation of plant-1 area sur- ratio

scion (cm2) vival
(cm)

T1 - 1st Feb. 10.40 13.25 20.12 20.00 1.23
T2 - 15th Feb. 11.17 12.22 20.05 20.00 1.24
T3 - 1st March 6.48 9.36 22.20 17.50 1.12
T4 - 15th March 6.77 6.33 43.29 70.00 1.13
T5 - 1st April 6.04 6.49 27.12 27.50 1.14
T6 - 1st July 7.71 4.99 33.13 52.50 1.27
T7 - 15th July 10.21 5.72 29.47 47.50 1.22
T8 - 1st Aug. 7.64 6.08 21.59 37.50 1.40
T9 - 15th Aug. 6.00 4.63 17.42 60.00 1.27
T10 - 1st Sept. 5.64 4.68 25.68 32.50 1.14
T11 - 15th Sept. 7.19 6.13 28.91 85.00 1.24
T12 - 1st Oct. 3.31 4.04 24.23 42.50 1.31
SE(M) ± 0.93 0.90 1.32 4.78 -
CD at 5 % 2.61 2.54 3.71 13.42 -



and Singh (2000) in Jamun and Palande et al.
(2004) in Tamarind. As regards the leaf area,
the time of propagation significantly influenced
the leaf area. The significantly maximum leaf
area (43.29 cm2) was found in plants
propagated on 15th March as compared to rest
of the treatments. Minimum leaf area was
noticed in plants propagated on 15th February
(20.05 cm2). This could be attributed to the fact
that, water is one of the driving forces for cell
elongation and multiplication and the grafting
operation done during late summer and early
monsoon period got the favorable soil
moisture, atmospheric humidity and optimum
temperature which showed the favorable effect
on leaf area. These results are similar to those
reported by Haldankar and Jadhav (2001) in
clove.

The significantly higher percentage of
survival (85.00 %) was found in plants
propagated on 15th September and followed by
15th March (70.00%) whereas minimum final
survival (17.50 %) was observed when grafting
was done during 1st March. The maximum final
survival of the grafts during September might
be due to the fact that, the period between
August to October was the best time for
grafting due to higher humidity and optimum
temperature that resulted in better bud take for
longer duration. These factors might have
contributed for maximum final survival of the
grafts. These observations are in agreement
with the findings of Tayde et al. (1988) in
mango and Bharad et al. (1999) in tamarind.
The favorable stock:scion ratio(closer to one)
was observed when softwood grafting
performed on 1st March (1.12) and 15th March
(1.15). Softwood grafted plants particularly

during March showed the compatible union
which might be due to the result of cambium
continuity. Same results were reported by
Verma et al. (2000) in ber.
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Gerbera (Gerbera jamesonii) is one of the
nature's beautiful creations. Gerbera has come
as a new potential flower crop for protected
cultivation. It is one of the most popular
commercial cut flower in the world and
according to global trends in floriculture; it
occupies fourth place among the cut flower
(Desh Raj, 2005). To meet the greater
demands, it is necessary to develop the suitable
agro technique to enhance production of
quality flowers. The nutrients play a crucial role
in quality production of cut flower. A suitable
nutrients dose will certainly help in deciding the
quantities and periods of fertilizers and
micronutrients application for higher yield in
gerbera. The present investigation was,
therefore, undertaken to determine the suitable
dose of NPK and micronutrients for gerbera
under polyhouse conditions.

A pot culture experiment in partially
controlled polyhouse on gerbera was conducted
during July 2007 to January 2008 at Satpuda
Botanic Garden, College of Agriculture,
Nagpur (M.S.) in completely randomized block
design with three replications and with 10
treatment combinations viz., three levels of
RDF nitrogen (21 mg {100%}, 15.75 mg {75%}
and 10.5 mg {50%}, phosphorus (7 mg
{100%}, 5.25 mg {75%},and 3.5mg {50%} and
potash (21 mg {100%}, 15.75 mg {75%} and
10.5 mg {50%} pot-1 at two days interval were
applied. Three levels of micronutrients ZnSO4
(0.05, 0.1  and 0.15%), MnSO4 (0.05, 0.1 and
0.15%) and FeSO4 (0.05, 0.1 and 0.15%) per
treatment at fortnight interval were applied.
Two months old tissue culture gerbera (variety
Ruby red) plants were used for planting. Pots of
equal size were filled with soil + sand + rice
husk + FYM (2:1:1:1). The fertilizers as per

treatments were applied in the form of NPK,
potassium sulphate and urea at 2 days interval.
Plant protection and all other cultural
operations were timely followed for successful
growth of the crop. The data were recorded for
different growth, flowering and qualitative
characters and subjected to statistical analysis as
per Gomez and Gomez (1984).

The treatment difference due to fertilizer
and micronutrients application were significant
for plant height, leaves plant-1, leaf area and
suckers pot-1. The data presented in Table 1
revealed that, among the treatments, treatment
75 per cent RDF + 0.15 per cent ZnSO4,
MnSO4, FeSO4, recorded the maximum height
of plant (35.46 cm), leaves plant-1 (25.48), leaf
area (178.88 cm2) and suckers pot-1 (4.37).
Manganese plays essential role in respiration,
chlorophyll synthesis and its break down. Zinc
and manganese resulted vigorous leaf
developments. Nitrogen might have been a
determinative factor for production of more
cytokynin and its transport in the plant system
irrespective of levels of P and K applied. Similar
results were obtained by Muthumanickam et al.
(1999).

The treatment 75 per cent RDF + 0.15 per
cent (ZnSO4, MnSO4, FeSO4) recorded the
minimum No. of days for flower bud initiation
(51.16 days) and it was at par with treatment
T7. The maximum No. of days for colour fading
recorded under treatment T6 (12.83 days).
Plant receiving all three micronutrients showed
early bud appearance and also increased the
longevity of flowers (T6). Similar result were
noted by Jadhav et al. (2005). Lower level of
nitrogen and moderate level of phosphorus and
potash recorded early bud appearance.
Phosphorus increased life of cut flower due to

J. Agric. Res. Technol., 36 (2) : 299-301 (2011)

Effect of Nutrients on Growth, Yield and Quality of Gerbera
Var. Ruby Red Under Polyhouse Condition



enhanced photo-synthetic activities of plant.
Similar result was obtained by Hunmili and
Paswan (2003).

Significantly highest flower stalk length
(49.28 cm) maximum stalk thickness (0.57 cm),
diameter (10.94 cm) and flower yield plant-1

(7.03) recorded under treatment T6.
Micronutrients produced flower with larger
diameter which helps to provide more food
material for development of lower ladder of
flower. Zinc, manganese and iron play an
important role by involving in photosynthesis,
break down of IAA, auxin and protein synthesis
increased flower yield through foliar application
of micronutrients. Similar result were obtained

by Jadhav et al. (2005). Nitrogen is a
constituent of protein and is essential for the
formation of protoplasm. It affected the cell
division and cell enlargement and therefore,
increased the number of flowers plant-1

(Sujatha et al. 2002).
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Table 1. Effect of nutrients on growth, yield and quality of gerbera variety Ruby Red under polyhouse condition.

Treatments Height Leaves Leaf Suc- Initial Days Stalk Stalk Flower Yield
of plant plant-1 area kers flower taken length thick- dia- plant-1
after at (cm2) pot-1 bud for (cm) ness meter (nos.)
135 (135 initioa- fading (cm) (cm)
days days) tion
(cm) (days)

T1 - 21 mg + 7 mg + 28.49 19.86 167.36 3.08 60.53 10.06 38.06 0.49 9.10 4.96
21mg NPK RDF (plant-1)

T2 - 100% RDF + 0.05% 29.30 21.60 169.12 2.92 61.00 10.99 38.82 0.48 9.22 5.28
(ZnSO4 + MnSO4 + FeSO4)

T3 - 100% RDF + 0.1% 30.06 22.00 172.33 3.54 59.73 10.97 41.21 0.51 9.45 5.84
(ZnSO4 + MnSO4 + FeSO4)

T4 - 100% RDF+0.15% 31.08 23.06 172.19 3.28 55.21 11.34 42.76 0.52 9.74 6.51
(ZnSO4 + MnSO4 + FeSO4)

T5 - 75% RDF + 0.05% 32.87 22.30 171.97 3.73 55.00 10.82 45.19 0.53 9.57 5.42
(ZnSO4 + MnSO4 + FeSO4)

T6 - 75% RDF + 0.1% 35.46 25.48 178.88 4.37 51.16 12.83 49.28 0.57 10.94 7.03
(ZnSO4 + MnSO4 + FeSO4)

T7 - 5% RDF + 0.15% 32.98 24.10 176.46 4.00 53.59 11.85 46.38 0.55 10.05 6.06
(ZnSO4 + MnSO4 + FeSO4)

T8 - 50% RDF + 0.05% 30.66 22.56 171.26 2.96 56.66 11.56 39.07 0.47 9.42 5.13
(ZnSO4 + MnSO4 + FeSO4)

T9 - 50% RDF + 0.1% 29.50 20.05 169.52 2.46 59.43 10.39 39.35 0.45 9.26 4.34
(ZnSO4 + MnSO4 + FeSO4)

T10 - 50% RDF + 0.15% 39.87 18.93 169.27 2.53 58.73 10.89 38.97 0.50 9.36 4.50
(ZnSO4 + MnSO4 + FeSO4)

SE m± 0.82 0.45 2.03 0.09 1.23 0.31 0.96 0.01 0.28 0.16

C. D. at 5% 2.44 1.35 6.05 0.26 3.75 0.93 2.86 0.03 0.84 0.49
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Effect of Sulphur, Molybdenum and Boron on Forage Yield
and Quality of Lucerne (Medicago sativa L.)

______________

Sulphur is an essential element and its
application to the soil not only improves the
yield but quality of fodder will also be improved
(Aulakh et al., 1976). Sulphur is the best
known for its role in the synthesis of proteins,
oils and vitamins. It also promotes nodulation in
legumes thereby promoting nitrogen fixation.
Effect of boron and molybdenum application
on berseem in respect of nodulation and
nitrogen fixation and 16 per cent yield increase
has been reported by Datta and Gurubasava Raj
(1953). This not only raised the fodder yield but
also affected the colour, total number and
weight of root nodules and enhanced the soil
fertility. Boron is essential for pollen
germination and pollen tube growth during
fertilization. The efficacy of sulphur,
molybdenum and boron especially in forage
crops is yet to be fully assessed. Considering the
importance of sulphur, molybdenum and boron
in crop production and protein quality of
forages, the present experiment was conducted
during, rabi season of 2006-07 at Forage
Crops Research Project, MPKV, Rahuri in a
randomized block design with three
replications. Fifteen treatment combinations
formulated due to different levels of
recommended dose of chemical fertilizers, farm

yard manure and micronutrients sulphur,
molybdenum and boron (Table 1). The soil of
the experimental field was alkaline in reaction
(pH-7.68), low in organic carbon (0.33 %) and
available nitrogen (205.27 kg ha-1), medium in
available phosphorus (13.42 kg ha-1) and high
in available potassium (348.3.8 kg ha-1) and
also low in available sulphur (6.72 ppm),
molybdenum (0.040 ppm) and boron (0.40
ppm). The recommended dose of fertilizer
(20:80:40 kg NPK ha-1) was applied as per the
treatments. The recommended dose of sulphur
(30 kg ha-1) through elemental sulphur,
molybdenum (1 kg ha-1) through sodium
molybdate and boron (4 kg ha-1) through borax
were applied as per the treatments. Lucerne
variety RL-88 was sown at 30 cm apart by
using seed rate of 25 kg ha-1. Total twelve cuts
were taken for green forage yield. From each
plot a representative sample was collected to
estimate the dry matter content to determine
the dry matter yield.

The data presented  in Table 1 revealed that
application of recommended dose of fertilizers
+ FYM @ 10 t  ha-1 along with application of
recommended dose of micronutrients i.e.
sulphur (30 kg ha-1) + molybdenum (1 kg ha-1)



+ boron (4 kg ha-1) the treatment T14 recorded
maximum plant height (79.75 cm) and also the
number of tillers metre-1 row length (114).
Significantly higher leaf stem ratio (1.04) was
recorded with treatment T15 (RDF + FYM @
15 t +S+Mo+B) than T1, T2, T3, T4 and T5.
The treatments T15 and T14 recorded highest
number of tillers metre-1 row length (114). The
green forage yield, dry matter yield, crude
protein per cent and crude protein yield were
differed significantly due to different treatments
under study. The significantly higher green
forage yield of 1390.12 q ha-1, dry matter yield
of 320.80 q ha-1 and crude protein yield of
66.52 q ha-1 were obtained with treatment T15
(RDF+FYM @ 15 t +S+Mo+B) as compared to
other treatments except T14 where it was found
at par. However, crude protein content
(20.87%) was registered highest with
application of recommended dose of fertilizer +
FYM @ 10 t +S+Mo+B (T14) than all other

treatments under study, however it was at par
with T7, T8, T13 and T15. Increased dose of
FYM from 10 to 15 t ha-1 along with RDF and
micronutrients did not cause any significant
increase in yields. The minimum yields and
growth attributes were noticed in control. An
increase of green forage yield by 79.96 and
83.10 per cent, dry matter yield by 100,85 and
102.56 per cent and crude protein yield by
157.39 and 157.43 per cent were observed
with treatment T14 and T15 over control. Also
the green forage yield increase by 18.55 and
20.62 per cent, dry matter yield by 17.88 and
18.65 per cent and crude protein yield by
38.02 and 38.06 per cent were observed with
treatment T14 and T15 over only the
application of recommended dose of fertilizer
(T2). Wang et al. (2003) reported that
application of 15 kg borax and 0.45 kg
ammonium molybdate increased plant
intensity, number of nodules, number of
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Table 1. Growth, yield and quality of lucerne as influenced by different treatments (12 cuts).

Treatment Plant Tillers L:S Green Dry Crude Crude
height m-1 ratio forage matter protein protein
(cm) row yield yield content yield

length (q ha-1) (q ha-1) (%) (q ha-1)

T1 - Control 64.24 109 0.80 759.22 158.37 16.30 25.84
T2 - RDF 73.59 111 0.85 1152.49 254.67 18.91 48.19
T3 - FYM @ 5 t ha-1 64.56 108 0.87 887.08 185.59 18.26 33.93
T4 - FYM @ 10 t ha-1 65.93 109 0.88 908.07 191.39 18.30 34.99
T5 - FYM @ 15 t ha-1 67.21 108 0.89 933.82 199.87 18.60 37.15
T6 - RDF + FYM @ 5 t ha-1 74.25 110 0.98 1150.96 257.77 19.21 49.58
T7 - RDF + FYM @ 10 t ha-1 76.05 109 0.99 1210.54 272.84 19.50 53.20
T8 - RDF + FYM @ 15 t ha-1 76.66 110 0.95 1254.73 284.43 20.12 57.35
T9 - RDF + S + Mo + B 75.16 110 0.92 1190.16 264.04 19.01 50.20
T10 - FYM @ 5 t ha-1 + S + Mo + B 78.47 110 0.93 956.09 208.40 18.62 38.78
T11 - FYM @ 10 t ha-1 + S + Mo + B 69.62 109 0.94 1002.62 219.91 18.77 41.32
T12 - FYM @ 15 t ha-1 + S + Mo + B 71.09 110 0.94 1067.83 234.78 18.83 44.26
T13 - RDF + FYM @ 5 t ha-1 + S + Mo + B 77.18 110 1.00 1275.09 291.82 20.58 60.04
T14 - RDF + FYM @ 10 t ha-1 + S + Mo + B 79.75 114 1.01 1366.33 318.08 20.87 66.51
T15 - RDF + FYM @ 15 t ha-1 + S + Mo + B 78.73 114 1.04 1390.12 320.80 20.73 66.52
S.E.± 2.74 5.86 0.05 31.79 7.28 0.48 2.21
C.D. at.5% 7.95 NS 0.13 92.14 21.09 1.40 6.40



branches shoots and plat height of lucerne.
Pathan et al. (2005) reported that application
of molybdenum @ 0.5 kg ha-1 and boron @ 2.0
kg ha-1 was beneficial for the green forage
production of lucerne. Similar results were also
reported by Mehrotra and Gangwar (1964),
Bhagat et al. (1985), Mishra and Patil (1987)
and Joshi and Bhilare (2006).

The aforesaid results indicated that growing
of lucerne with application of recommended
dose of fertilizer (20:80:40 NPK kg ha-1) +
FYM @ 10 t + sulphur (30 kg ha-1) +
molybdenum (1 kg ha-1) + boron (4 kg ha-1)
showed better preposition for achieving higher
green forage yield.

S. H. Pathan 
R. L. Bhilare
S. V. Damame

Forage Crops Research Project 
Mahatma Phule Krishi Vidyapeeth,
Rahuri - 413 722 (India)
January 25, 2009.
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Effect of Seed Rate and Source of Nutrient on Yield and
Monetary Returns of Ashwagandha

______________

Ashwagandha (Withania somnifera) has
been used in morethan 150 herbal formulations
(Kambaj, 2000). Ashwaganda roots, leaves and
seeds are used in Ayurvedic and Unani
formulations. The pharmacological activity of
the root is attributed to the presence of several
alkaloids and withanoils. Roots are prescribed
in medicines for sexual weakness, female
disorder, bronchitis, skin diseases etc. Leaves
are used in treatment of eye diseases (Gupta,
1995). The crop is grown on sandy loamy soils
in parts of M.P., U.P, Rajasthan, A.P. and

Maharashtra. Ashwangandha is an important
cash crop for arid and dry land zones. In
Maharashtra, the meager information is
available regarding seed rate and fertilizer
requirement of this crop. Hence, a field
investigation was taken under at Agronomy
Department Farm, MAU Parbhani during
kharif season of 2007.

A field experiment was conducted in a
FRBD in three replications with 16 treatment
combinations of 4 nutrient sources (FYM 5 t



ha-1, vermicompost 2 t ha-1, RDF 60:30 kg NP
ha-1 and control (No nutrient) and 4 seed rates
(6, 7, 8 and 9 kg ha-1). The variety, Jawahar
was sown at 45 cm  row distance by dibbling on
26th June 2007 and after 170 days, the crop
was harvested. Plants were pulled from net plot
and roots were separated, dried and weighed.

The data collected was analysed and
presented in Table 1. It indicated that root, seed
and stalk yields significantly affected with
sources of nutrients. Maximum dry root yield
(633 kg ha-1) was recorded with RDF and was
significantly higher than all other sources of
nutrients. Similarly highest seed and stalk yield
was recorded with RDF. Such improvement in
root yields of Ashwagandha was also reported
by Maheshwari and Yadav (1981), Dahatonde
et al.(1983) and Nigam (1984).

The dry root yield was also significantly
influenced by seed rate. Root yield was
significantly higher with application of 8 kg
seed rate as compared to lower seed rates and
it was on par with 9 kg ha-1 seed rate.

Net returns were highest with application of
RDF (Rs. 16,300 ha-1) and seed rate of 9 kg
ha-1 (Rs. 16,200 ha-1), but it was on par with
8 kg ha-1 (Rs. 15,500 ha-1). 

It clearly indicated that, for higher root yields
and monetary returns of Ashwagandha, the
crop should be sown with 8 kg ha-1 seed rate
and supplied with RDF (60:30 N, P2O5 kg
ha-1).

A. S. Jadhav
G. M. Kote

Department of Agronomy
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Table 1. Dry root yield, seed and stalk yield,monetary returns of Ashwagandha as influenced by various treatments.

Treatments Yield (kg ha-1) Monetary returns (Rs. ha-1)
–––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––
Dry root Seed Stalk Gross Net

Nutrient sources (F) :
FYM (5 t ha-1) 536.48 69.31 2432 20174 13857
Vermicompost (2 t ha-1) 531.12 66.52 2407 19972 13718
RDF (60:30 kg NP ha-1) 633.74 76.93 2871 23831 16369
Control 431.33 53.09 1955 16220 11141
SE± 15.02 1.21 68 564 387
CD at 5% 43.45 3.51 196 1648 1122

Seed rates kg ha-1 (S) :
6 408.64 48.88 1852 15366 10555
7 491.11 60.51 2226 18468 12685
8 603.00 72.22 2733 22675 15575
9 629.23 84.25 2852 23662 16253
SE± 15.02 1.21 68 564 387
CD at 5% 43.45 3.51 196 1648 1122

Interaction (F x S) :
SE± 30.14 2.43 136 1133 778
CD at 5% NS NS NS NS NS
Mean 53317 66.47 2417 20049 13767

Prices : Ashwagandha Root @ Rs. 3500/q FYM @ Rs. 150/q
Urea @ Rs. 5/kg
Seed @ Rs. 20/kg, Vermicompost @ Rs. 300/q
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Effect of Irrigation Intervals on the Incidence of Sugarcane
Shoot Borer (Chilo infuscatellus Snellen) in Punjab

______________

The average cane yield in Punjab is very low
due to the improper irrigation, adoption of
uncertified seed, late sowing and harvesting,
imbalance of nutrition bad ratooning, insect-
pests and diseases (Riaz 2003). The early shoot
borer (Chilo infuscatellus Snellen) is a serious
insect-pest and it causes considerable losses to
sugarcane crop in Punjab. The symptom of
early shoot borer incidence is seen in the form
of 'dead heart' at the apex of cane which when
pulled out shows blackish coloration and emits
foul smell. When the mother shoot gets infested
and dies generally clumps get destroyed and
gaps occur in the field. When mother shoot is
affected, tillering is stimulated, but in case of
early attack of the pest about 50 per cent of the

shoots get eliminated (Anonymous 2008a).

A number of insecticides are recommended
for the control of this insect. But these
insecticides are not only costly but also have
many side effects such as residue, resistance,
resurgence, secondary pest out break,
destruction of parasitoids and predators and
environmental problems, (Bull et al. 1979).

For combating this insect-pest, there is dire
need to develop, more economical, efficient
and safe pest control method, which could be
used singly or in combination with hazardous
insecticides. The present study was, therefore
undertaken to find out the utility of timely
irrigation in the newly planted sugarcane crop

Table 1. Effect of irrigation intervals on incidence of early shoot borer of sugarcane.

Irrigation Per cent incidence during different years Cane yield during different years
interval –––––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––
(days) 2006 2007 Mean 2006 2007 Mean

8 4.75 (2.39) 5.25 (2.48) 5.00 (2.44) 350.00 348.00 349.00
16 9.00 (3.15) 8.50 (3.07) 8.75 (3.12) 340.75 341.00 340.87
24 13.00 (3.73) 13.25 (3.77) 13.13 (3.75) 334.00 332.75 333.90
32 16.25 (4.13) 17.00 (4.24) 16.63 (4.19) 328.65 330.90 329.50
CD (0.05) -0.61 -0.39 -0.38 7.51 5.77 2.80

Figures in the parentheses are square root transformations.



(cv. Co85) for the control of shoot borer.

The experiment was conducted in 8.0 x
4.5m plots with four replications at Regional
Research Station, PAU,Gurdaspur, Punjab.
Recommended agronomic practices were
followed to raise sugarcane crop. Four
irrigation intervals i.e 08, 16, 24 and 32 were
planned during pre-moonsoon period. The
incidence of early shoot borer was recorded at
20 days intervals from April toJune from the
two middle rows of each plot by counting the
healthy plants and characteristic dead hearts
formed by the early shoot borer. At harvest, the
data of cane yield was also recorded. 

The data revealed that during the year 2006
the incidence of shoot borer in 08, 16, 24 and
32 days irrigation interval treatments was 4.75,
9.00, 13.00 and 16.25 per cent respectively
whereas during the year 2007 the incidence of
shoot borer was 5.00, 8.50, 13.25 and 17.00
per cent respectively and the differences
between the irrigation intervals were also
significant in both the years.

When the mean per cent incidence of early
shoot borer of the two years was taken into
considerations, it was observed that per cent
incidence in these four irrigation intervals was
5.00, 8.75, 13.13 and 16.63 per cent
variations in each irrigation intervals were also
significant.It showed that the frequent irrigation
caused adverse effect on the borer
multiplication. The lowest early shoot borer
incidence being recorded at 08 days intervals as
compared to 16, 24 and 32 days interval.
Similar results were also achieved by different
workers and Krishnamurthy and Sheshgiri Rao
(1971), Patil et al. (1982) and Mrig et al.
(1995) and Sardan (2000). 

The pooled data regarding cane yield for
both the years (2006 and 2007) presented in
the Table 1. observed the mean cane yield due
to 08, 16, 24 and 32 days irrigation intervals

were 349.00, 340.00, 332.87 and 332.25
quintals per acre respectively. The differences
due to irrigation intervals were significant. This
showed that each shorter irrigation interval had
significantly higher cane yield as compared to
longer irrigation. The present studies also
confirm the earlier observation of Milik and
Chaudhar (1990) and Mrig et al. (1995). The
growth of cane is maximum during February to
May during which the crop is subjected to
drought, (Anonymous 2009). Therefore, it is
desirous to provide adequate irrigations during
these critical months.

H. S. Randhawa
K. S. Thind
J. S. Chhina

Regional Research Station
Punjab Agricultural University
Gurdaspur - 143 521 (India)
March 8, 2009.
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The heterozygous and polyploidy nature of
sugarcane crop have resulted in generation of
greater genetic variability, hence recorded data
from this experiment of genotype testing was
treated for genetic variability. Genotypic and
phenotypic coefficients of variation along with
heritability as well as genetic advance are very
essential to improve any trait of sugarcane
because this would help in knowing whether or
not the desired objective can be achieved from
the material (Tyagi and Singh, 1998).

The experimental material comprised of 10
early sugarcane genotypes received from
Central Sugarcane Reserch Station, Padegaon
for testing the performance of variety in high
rainfall and lateritic soil condition of Konkan
region. The experimental material was grown
in a randomized block design in three
replications during 2007 at Sugarcane
Research Scheme, Central Experimental
Station, Wakawali. All recommended package
of practices were followed during the
experimental period. Observations for quality,
yield and yield contributing characters were
recorded on randomly selected 5 plants and on
plot basis. The analysis of variance was carried
out as per procedure given by Panse and
Sukhatme (1967). The genotypic and

phenotypic coefficient of variation were
calculated as suggested by Burton (1952).

The variance for various characters were
highly significant except cane height which was
significant at 5 per  cent level, indicating
presence of considerable amount of variability
among genotypes (Table 1).

Germination per cent at 30 days after
planting (Table 2) ranged from 28.52 to 77.28
per cent with an average of 62.51 per cent.
Number of tillers ha-1 before earthing up
ranged from 81,270 to 1,63,170 with an
average of 1,31,630. Cane height ranged from
2.18 to 3.07 m with an average of 2.58 m.
Cane girth ranged from 8.33 to 11.07 cm with
an average of 10.10 cm. Cane weight ranged
from 1.07 to 2.31 kg with an average of 1.72
kg. Number of milliable cane ha-1 at harvest
ranged from 57,000 to 1,01,030 with  an
average of 75,470. The mean for commercial
cane sugar was 11.96 per cent whereas 17.61
per cent was the average value of brix. The
average value for sucrose per cent was 13.24.
The purity per cent of juice ranged from 62.62
to 96.79 with an average of 76.63 per cent.
Milliable cane yield ranged from 88.48 to
170.78 tons ha-1 with an average of 125.51

J. Agric. Res. Technol., 36 (2) : 307-309 (2011)

Genetic Variability in Early Sugarcane

Table 1. Analysis of variance for yield and yield contributing characters of sugarcane (early).

Character d Germi- Tillers Cane Cane Cane NMC CCS Brix Suc- Prrity Milliable CCS
f nation ha-1 height girth weight ha-1 at % % rose % cane (t 

(30 before (m) (cm) (kg) harvets % juice yield ha-1)
DAP) earthing '000' (t ha-1)
(%) up '000'

Replication 2 36.64 155.07 0.07 1.40 0.00 42.53 0.31 2.52 0.04 48.59 20.30 0.66
Treatment 9 751.51**1579.48** 0.26* 2.37** 0.352** 591.52** 10.00** 21.17** 7.50**451.49** 1747.14** 57.92**
Error 18 18.74 99.39 0.10 0.38 0.03 39.05 1.44 0.0005 0.87 26.46 315.26 6.90

*and ** significant at 5 and 1 per cent level respectively.



tons ha-1 whereas, commercial cane sugar yield
ranged from 10.29 to 24.07 tons ha-1 with an
average of 15.17 tons ha-1. Highest genotypic
variance was recorded by character number of
tillers ha-1 before earthing up followed by
milliable cane yield ha-1 and germination per
cent 30 days after planting. There were little
difference between GGV and PCV for
germination per cent 30 days after planting,
number of tillers ha-1 before earthing up, cane
girth, cane weight, number of milliable cane at
harvest, brix per cent, sucrose per cent, purity
per cent of juice indicating that there was less
influence of environment. For rest of the
characters i.e. cane height, commercial cane
sugar per cent, milliable cane yield ha-1 and
commercial cane sugar ha-1 the diffrences were
more between GCV and PCV indicating the
influence of environment on these characters.
Heritability ranged from 36.06 (cane height) to
99.99 (brix per cent) per cent. High heritabiiity
has been observed for brix per cent followed by
germination per cent 30 days after planting.
There was highest genetic advance for number
of tillers ha-1 before earthing up (41.75 per
cent) followed by milliable cane yield ha-1

(34.93 per cent).

The germination per cent 30 days after
planting, number of tillers ha-1 before earthing
up, number of milliable cane at harvest ha-1 and
purity per cent in juice had high heritability with
high genetic advance which indicated presence
of additive gene effects. These results are in
conformity with those reported by Das et al.
(1996), Kadian et al. (1997), Kamat and Singh
(2001) and Delvadia and Patel (2006).

The germination per cent 30 days after
planting, number of tillers ha-1 before earthing
up, cane weight, number of milliable cane at
harvest, brix per cent, purity per cent, milliable
cane yield ha-1 and commercial cane sugar
ha-1 reported high GCV and PCV.

The character germination at 30 days after
planting, number of tillers ha-1 before earthing
up, number of milliable cane ha-1 at harvest and
purity per cent in juice have high heritability
with high genetic advance indicating presence
of additive gene effects which would be helpful
for selection of these character for fur-ther
improvement in early sugarcane genotype. 

More et al.308

Table 2. Parameters of genetic variability for yield contributing characters in sugarcane (early).

Characters Range Gen- Geno- Pheno- GCV PCV Herit- Gen- EGA
eral typic typic % % ability etic (%)
mean varience varience (%) adv-

(σ2 g) (σ2 p) ance

Germination (30 DAP) (%) 28.52-77.28 62.51 244.26 263.00 25.00 25.94 92.87 31.03 49.63
Tillers ha-1 before earthingup '000' 81.27-163.17 131.63 493.37 592.75 18.88 18.50 83.23 41.75 31.72
Cane height (m) 2.18-3.07 2.58 0.05 0.15 9.05 15.06 36.06 0.29 11.19
Cane girth (cm) 8.33-11.07 10.10 0.66 1.04 8.06 10.10 63.76 1.34 13.26
Cane weight (kg) 1.07-2.31 1.72 0.11 0.14 19.00 21.68 76.82 0.59 34.30
NMC ha-1 at harvest '000' 57.00-101.03 75.47 184.16 233.21 17.98 19.80 82.50 25.39 33.65
CCS % 9.24-14.38 11.96 2.85 4.30 14.12 17.32 66.38 2.83 23.69
Brix % 10.86-19.83 17.61 7.06 7.06 15.09 15.09 99.99 5.47 31.08
Sucrose % 10.51-15.10 13.24 2.21 3.08 11.23 13.25 71.83 2.60 19.60
Purity % Juice 62.62-96.79 76.63 141.68 168.14 15.53 16.92 84.26 22.51 29.37
Milliable cane yield (t ha-1) 88.48-170.78 125.51 477.29 792.56 17.41 22.43 60.22 34.93 27.83
CCS (t ha-1) 10.29-24.07 15.17 17.01 -23.91 27.19 32.24 71.13 7.17 47.25

GCV = Genotypic coefficient of variation, PCV = Phenotypic coefficient of variation.
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Screening of Maize (Zea mays L.) Genotypes Under Limited
Moisture Conditions for Mid-Season Drought Tolerance

______________

Among various abiotic stresses, inadequate
water availability at critical stages of crop
growth and development is the major limiting
factor for maize production and productivity.
Global warming is likely to increase the
incidence of drought in many established maize
growing areas. Rosenzweig et al. (1995)
revealed that decline in yield will result largely
from temperature induced acceleration of crop
growth and development, hastened crop
maturity and reduced soil moisture. Maize is
very sensitive to stress at tasseling and silking
stage. Schussler and Westgate (1995)
established that stress due to limited moisture
can play significant role in reducing yield of
maize. Understanding the nature of the higher
grain potential and enhanced yield stability
especially in stress prone environments, will
provide opportunities to improve the breeding
process for selection of stress tolerant
genotypes. The present study was carried out to

identify the genotypes tolerant to mid-season
drought conditions.

The experiment was carried out at
Agricultural Research Station, Karimnagar
during the rabi season of 2007-08 with 12
maize genotypes. The experiment was laid out
in a randomized block design with three
replications in two experimental conditions viz.,
irrigated condition and moisture stress
condition. In moisture stress condition,
irrigation is timed so that severe drought stress
is predicted for flowering. An additional
irrigation is applied about 14 days after the end
of tasseling to ensure that small amount of grain
formed will fill adequately. In irrigated and
moisture stress conditions recommended
agronomic practices were followed to raise a
good crop. Each genotype was sown in 4 rows
of 5 m length with row to row distance of 75
cm. Observations were recorded on five
morpho-physiological characters viz., days to



50 per cent tasseling, days to 50 per cent
silking, plant height (cm), ear height (cm) and
ear weight (g) in each entry and in each
replication in irrigated and moisture stress
conditions. Drought susceptibility index was
calculated for ear weight and other attributes
over moisture stress and non-stress
environments by using the formula, DSI = [1-
YD/YP]/D where YD = mean of the genotype
in stress environment, YP= mean of the
genotype under non-stress environment; D = 1-
[mean YD of all genotypes/mean YP of all
genotypes]. The DSI values were used to
characterize the relative tolerance of genotypes
based on minimization of yield losses compared
to normal environmental condition. The
difference between genotypes for different
characters were tested for significance by using
standard techniques for analysis of variance.

The results obtained from the analysis of
variance studies showed highly significant
differences among all the characters and
genotypes in both irrigated and moisture stress
conditions indicating the influence of sowing
conditions on genotypes and traits. Further, it
was observed that all the characters responded
to moisture stress in different way in different
genotypes.

Drought susceptibility index (DSI) (Table 1)
indicated that days to 50 per cent tasseling,
days to 50 per cent silking, plant height and ear
height were less affected as compared to ear
weight plant-1 under moisture stress conditions.
These findings revealed that days to 50 per
cent tasseling, days to 50 per cent silking
significantly contributing towards ear weight.
Therefore, in drought condition selection for
shorter or even negative anthesis silking interval
(ASI) results in increase of plant's current
photosynthates to the ear. Similar results were
reported by Zaidi et al. (2003 b).

Results of DSI    revealed that genotypes
viz., KDTML-3, KDTML-19, KDTML-23,

KDTML-66 and KDTML-82 showed tolerance
in ear weight plant-1 (value of DSI below unity)
with low or negative values for days to 50 per
cent tasseling and days to 50 per cent silking.
These results showed that in drought
conditions, ASI is more important trait for
breeding of drought tolerant genotypes. Similar
findings were also reported by Westgate and
Bassetti (1990).

These genotypes need to be further tested in
moisture stress condition and may be used for
crop improvement programme. The study
suggest that, more emphasis should be given to
selection for short ASI while identifying the
drought tolerant genotypes. Thus selection for
short ASI is one of the most important way to
identify the genotypes suitable to mid- season
drought tolerance.

K. Sumalini
T. Shobha Rani

Agricultural Research Station
Karimnagar - 505 001 (India)
October 31, 2009.
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Tablel 1.Drought susceptibility index for different
characters in maize (under limited moisture).

Characters/ Days Days Plant Ear Ear
genotype to to height height weight

50% 50% (cm) (cm) plant-1
tass- silking (g)
eling

KDTML-3 0.000 0.438 -1.765 0.397 0.937
KDTML-5 4.413 2.195 1.479 0.658 0.819
KDTML-6 2.610 1.501 1.177 1.180 1.063
KDTML-10 1.449 1.700 -1.459 0.138 1.340
KDTML-11 3.864 1.523 -2.750 0.353 2.217
KDTML-16 -0.498 1.254 3.701 2.627 1.045
KDTML-19 0.462 0.438 4.447 1.854 0.633
KDTML-23 0.462 0.864 2.531 2.208 0.902
KDTML-37 -0.462 0.438 0.147 0.707 1.505
KDTML-49 1.449 1.523 1.446 1.285 0.525
KDTML-66 -1.932 -0.305 1.650 0.706 0.645
KDTML-82 0.476 0.609 3.763 1.246 0.733
D. Value -0.031 -0.095 -0.048 -0.290 0.137
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Cytogenetic Characterization of Osmanabadi Goats

______________

Osmanabadi is one of the important
recognized goat meat breeds of Maharashtra.
This breed is hardy, has high prolificacy and
can walk for a long distance. Genetic
characterization of Osmanabadi breeds is a
major prerequisite in breed conservation and
improvement programme. The number, shape
and relative size of chromosome are
characteristics of breed or species. Karyotyping
study of Osmanabadi goat will be useful for
genome mapping of breed. Chromosome
complements vary in length and hence breed
identification on the basis of length of
chromosome may be useful. Genetic evaluation
and characterization for establishing standard
norms of breed, study on cytogenetic
characterization of Osmanabadi goat including
model karyotype, relative length of
chromosomes and centromeric index of breed
is essential.

The study was conducted on 5 bucks and 10
does of Osmanabadi goats maintained at Goat
Project, Mahatma Phule Krishi Vidyapeeth,
Rahuri - 413 722 Dist. Ahmednagar (M.S.).
Short-term whole blood lymphocyte culture
technique was used for preparation of
chromosome necessary for staining. During the

preparation of karyotype of Osmanabadi goats,
all the chromosome pairs were arranged
according to their length.

The mean relative length of chromosomes
was measured by taking the length of 2
homologues chromosomes within each pair of
autosomes. The mean length of chromosome
was divided by length of total haploid genome
and expressed as percentage. The ideograms
were constructed from the average relative
length of chromosomes of male and female
goats. The mean relative lengths of
chromosomes between sexes were compared
by using 2 sample 't' test.

In present investigation, Osmanabadi goats
exhibited a model diploid number of 60
chromosomes in both the sexes. Out of 30
pairs of chromosomes in genome, 29 pairs
were autosomes and one pair was sex
chromosome. The X chromosome was the
longest acrocentric in nature in male and
female Osmanabadi goats. The Y chromosome
was the smallest and metacentric one.

Karyotyping : During prepartation of
karyotype of Osmanabadi goats all
chromosome pairs were arranged according to



their size in decending order. In case of male,
the smallest metacentric chromosome was
denote as X chromosome. The Y chromosome
was biarmed and smaller in size.

Mean relative length of chromosomes:
Mean relative length of chromosomes indicated
that the longest autosomes conctributed 5.17
and 5.32 per cent of haploid genome in male
and female Osmanabadi goats respectively
(Table 1). However, the smallest autosomes in
female and male goats were 1.88 and 1.76
per cent of the total haploid genome. These
results are in close agreement with that
reported by Deb and Biswas (1995) in
Pashmina goats. The mean relative length of X
chromosomes in male and female goats
contributed 5.52 and 5.34 per cent of total
haploid genome. However, Y chromosome
contributed 1.37 per cent of the total haploid
genome.

The influence of sex on mean relative length
of chromosome was significant (P<0.05), as
reported by Bhatia and Shanker (1992) in
White Bengal goats. The mean relative length
of chromosomes in female was significantly
longer than in males except chromosomes
numbers 8, 14, 14, 16, 17 and 26.

N. B. Wagh
U. Y. Bhoite
S. U. Bhoite

Dept. of Animal Science and Dairy Science,
Mahatma Phule Krishi Vidyapeeth, 
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October 31, 2009

References 
Batia, S. and Shanker, V. 1992. Chromosomal profile of

White Bengal goats. Indian J Anim. Sci. 62(10): 993-
996.

Deb, S. M. and Biswas, J. C. 1995. Chromosome
complements of Pashmina (Cashmere) goats. Indian J.
Anim. Sci. 62(4):472-473.

Wagh et al.312

Table 1. Relative length of chromosomes of Osmanabadi
goats.

Chromo- Female Male
some –––––––––––––––––– ––––––––––––––––

M.R.L. S.E.± M.R.L. S.E.±

1 5.17 0.050 5.32 0.053
2 4.82 0.060 4.75 0.044
3 4.60 0.050 4.48 0.047
4 4.49 0.050 4.35 0.047
5 4.31 0.050 4.25 0.031
6 4.20 0.025 4.18 0.012
7 4.06 0.022 4.02 0.041
8 3.94 0.034 3.94 0.053
9 3.80 0.034 3.87 0.056
10 3.77 0.031 3.58 0.018
11 3.57 0.034 3.51 0.009
12 3.42 0.047 3.31 0.041
13 3.35 0.028 3.27 0.044
14 3.22 0.022 3.21 0.028
15 3.15 0.025 3.14 0.034
16 3.06 0.034 3.05 0.018
17 2.92 0.025 2.91 0.025
18 2.84 0.028 2.82 0.041
19 2.77 0.034 2.76 0.031
20 2.69 0.034 2.68 0.022
21 2.67 0.031 2.57 0.009
22 2.54 0.022 2.49 0.009
23 2.41 0.022 2.35 0.031
24 2.32 0.028 2.30 0.028
25 2.25 0.037 2.22 0.031
26 2.16 0.031 2.15 0.047
27 2.08 0.031 2.01 0.056
28 2.00 0.041 1.92 0.063
29 1.88 0.028 1.76 0.063
X 5.52 0.117 534 0.120
Y - - 1.37 0.088

______________



The use of organic manure in the
maintenance of long-term soil productivity and
sustainable agriculture is well known. But low
nutrient content of organic manures is a major
discouraging factor in their use. Nitrogen and
phosphorus are the two most essential plant
nutrients for maximizing the crop productivity.
During the recent years there are encouraging
reports for the use of efficient non-symbiotic
nitrogen fixing bacteria and phospho-
microorganisms for meeting nutritional
requirements and fertility of soil. Therefore,
attempts were made to study the effect of
Azotobacter and Bacillus polymyxa enriched
organic manures on chemical and biological
properties of soil when applied in pot culture
experiment. Four organic manures viz.,
farmyard manure, vermicompost, poultry
manure and pressmud cake were incubated
with commercial microbial inoculants of
Azotobacter and Bacillus polymyxa
individually or in combination for a period of
one month. After incubation period these
microbial enriched organic manures were
mixed with pot soil in 1:1 proportion.

The design of experiment was factorial
completely randomized design with two
replications. Initial soil sample was collected
and analysed by standard methods for total
nitrogen by microkjeldahl method,available
phosphorus by 0.5 M NaHCO3 method.
Azotobacter and Bacillus polymyxa count by
serial dilution and plate count method. Initial
total nitrogen, available phosphorus,
Azotobacter and Bacillus polymyxa count
were 0.056 per cent, 5.54 kg ha-1, 1 x 104

and 0.5 x 104 CFU g-1 of soil respectively. The
maize crop was grown up to 90 days when it
attained full tasseling stage. During crop growth

period total nitrogen, available phosphorus,
Azotobacter and Bacillus polymyxa count
were recorded at regular interval of 30, 60 and
90 days after sowing. The data obtained were
computed statistically as described by Panse
and Sukhatme (1967). 

Total nitrogen content : Total nitrogen
content of soil during crop growth period (Table
1) increased significantly from initial to tasseling
over their respective uninoculated control.
Maximum nitrogen content in all the soils
mixed with various enriched composts was
recorded at 90 DAS. At 90 days, maximum
total nitrogen (0.320%) was observed in the soil
mixed with poultry manure enriched with
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Effect of Azotobacter and Bacillus polymyxa Enriched
Organic Manures on Biochemical Properties of Soil

Table 1. Interaction between organic manures and their
microbial enrichment on total nitrogen and
available phosphorus content (%) in soil at 90
DAS of maize.

Microbial Organic manures (OM) Mean
inoculants ––––––––––––––––––––––––––––––
(MI) FYM VC PM PMC

Nitrogen (%) :
Control 0.120 0.180 0.225 0.150 0.169d

Azo 0.185 0.245 0.285 0.215 0.263b

B.p. 0.145 0.205 0.255 0.175 0.225c

Azo + B.p. 0.220 0.285 0.320 0.240 0.296a

Mean 0.198d 0.259b 0.301a 0.225c 0.246
OM MI OMxMI

S.E.± 0.004 0.004 0.007
C.D. at 5% 0.011 0.011 NS

Phosphorus (kg ha-1) :
Control 14.98 17.93 16.93 19.38 17.30d

Azo 16.39 18.72 18.00 20.40 18.37c

B.p. 17.68 19.57 18.63 21.54 19.35b

Azo + B.p. 18.8 20.38 19.91 22.38 20.36a

Mean 16.96d 19.15b 18.36c 20.92a 18.35
OM MI OMxMI

S.E. ± 0.12 0.12 0.24
C.D. at 5% 0.36 0.36 NS



Azotobacter and Bacillus polymyxa and
lowest in the soil mixed with FYM alone
(0.120%).

The significantly highest nitrogen content
(0.296 %) was recorded due to combined
inoculation of Azotobacter and Bacillus
polymyxa across the organic manures followed
by individual inoculation of Azotobacter
(0.263%) and Bacillus polymyxa (0.225%).
The lowest nitrogen content (0.169%) was
recorded due to uninoculated control. While
considering organic manures across the
microbial inoculants poultry manure recorded
highest nitrogen content (0.301%) followed by
vermicompost (0.259%), pressmud cake
(0.225%) and FYM (0.198%). The interaction
due to organic manure and microbial inoculants
for the availability of total nitrogen in the soil at
the end of 90 days were found to be non
significant. 

Available phosphorus content : Table 1
revealed that application of enriched organic
manure increased the available phosphorus
content in soil significantly over their respective
uninoculated control with advancement in crop
growth period recorded at initial, 30, 60, 90
DAS. Maximum available phosphorus (22.38
kg ha-1) was observed in the soil mixed with
pressmud cake enriched with Azotobacter +
Bacillus polymyxa and lowest in soil mixed
with FYM alone (14.98 kg ha-1) at 90 DAS.The
significantly highest phosphorus content (20.36
kg ha-1) across the organic manures was
recorded due to combined inoculation of
Azotobacter + Bacillus polymyxa followed by
Bacillus polymyxa (19.35 kg ha-1) and
Azotobacter (18.37 kg ha-1) alone. The lowest
available phosphorus content (17.30 kg ha-1)
was recorded in uninoculated control. In case of
organic manures across the microbial
inoculants, pressmud cake recorded
significantly highest phosphorus content (20.92
kg ha-1) over vermicompost (19.15 kg ha-1),

poultry manure (18.36 kg ha-1) and FYM
(16.96 kg ha-1). The interaction due to organic
manures and microbial inoculants were found
to be non significant.

Azotobacter count : There was
increasing trend of Azotobacter count due to
various treatments at different growth intervals
i.e. initial, 30, 60 and 90 DAS. The highest
Azotobacter count was observed (24.50 x 104

g-1 of soil) in soil mixed with Azotobacter and
Bacillus polymyxa enriched poultry manure
and lowest in soil mixed with FYM alone (4.25
x 104 g-1 of soil) at 90 DAS (Table 2).

Combined inoculation of Azotobacter and
Bacillus polymyxa across the organic manures
showed highest Azotobacter count (20.69 x
104 g-1 of soil) which was significantly superior
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Table 2. Soil Azotobacter and Bacillus polymyxa count at
90 DAS maize as influenced by interaction
between different organic manures and their
enrichment with microbial incubation (CFU x
104 g-1 of soil).

Microbial Organic manures (OM) Mean
inoculants ––––––––––––––––––––––––––––––
(MI) FYM VC PM PMC

Azotobacter :
Control 4.25 6.50 7.25 5.25 5.81d

Azo 13.75 18.00 19.75 15.5 16.75b

B.p. 6.25 7.75 8.95 7.00 7.49c

Azo + B.p. 16.25 22.25 24.50 19.75 20.69a

Mean 10.13d 13.63b 15.11a 11.88c 12.68
OM MI OMxMI

S.E.± 0.16 0.16 0.32
C.D. at 5% 0.48 0.48 0.96

Bacillus polymyxa :
Control 4.75 6.75 5.75 7.50 6.19d

Azo 5.25 7.50 6.75 8.50 7.00b

B.p. 15.75 20.25 17.25 24.25 19.38c

Azo + B.p. 21.25 23.75 22.75 26.75 23.63a

Mean 11.75d 14.56b 13.13c 16.75a 14.05
OM MI OMxMI

S.E.± 0.16 0.16 0.31
C.D. at 5% 0.47 0.47 0.94



over individual inoculation of Azotobacter
(16.75 x 104 g-1 of soil) and Bacillus
polymyxa (7.49 x 104 g-1 of soil). The least
Azotobacter count was recorded in
uninoculated control (5.81 x 104 g-1 of soil).
Among the organic manures across the
microbial inoculants, poultry manure showed
highest count (15.11 x 104 g-1 of soil) followed
by vermicompost (13.63 x 104 g-1 of soil),
pressmud cake (11.88 x 104 g-1 of soil) and
FYM (10.13 x 104 g-1 of soil). Interaction due
to organic manures and microbial inoculants
were found to be significant.

Bacillus polymyxa count : Bacillus
polymyxa count increased during crop growth
period recorded at different intervals starting
from initial and 30 days thereafter upto 90
DAS. At 90 days, highest count (26.75 x 104

g-1 of soil) was observed in soil mixed with
pressmud cake enriched with Azotobacter +
Bacillus polymyxa and lowest count (4.75 x
104 g-1 of soil) was recorded in soil mixed with
FYM alone. Across the organic manures,
highest Bacillus polymyxa count was recorded
(23.63 x 104 g-1 of soil) in soil mixed with
Azotobacter + Bacillus polymyxa enriched
organic manures followed by Bacillus
polymyxa (19.38 x 104 g-1 of soil),
Azotobacter (7.00 x 104 g-1 of soil) and
uninoculated control (6.19 x 104 g-1 of soil).
Results due to Bacillus polymyxa were found
to be significantly superior over Azotobacter
enrichment. Among organic manures across
the microbial inoculants, highest count (16.75 x
104 g-1 of soil) was recorded in pressmud cake
which was significantly superior over
vermicompost (14.56 x 104 g-1 of soil) and
poultry manure (13.13 x 104 g-1 of soil).
Results due to vermicompost were significantly
superior over poultry manure. Least count was
recorded in uninoculated FYM (11.75 x 104

g-1 of soil).

In general total nitrogen and Azotobacter

count were increased with an advancement in
crop growth period which were due to
combined application of Azotobacter and
Bacillus polymyxa. During crop growth
period, phosphorus availability was increased
by Bacillus polymyxa which further increased
the root system of growing plants which
secretes organic substances and were
responsible for fast growth, multiplication and
increased nitrogen fixation by Azotobacter.
Similar results were also reported by Mishustin
(1970), Hazra (1994), Dhanawade (2000) and
Kumar and Singh (2001).

Bacillus polymyxa count and available
phosphorus content were also increased with
advancement in crop growth period. Highest
count was recorded in pressmud cake enriched
with Azotobacter + Bacillus polymyxa.
Bacillus polymyxa multiplied faster in presence
of Azotobacter and root exudates of growing
healthy plants. Similar results were also
reported by Gaur (1990).As pressmud cake
contained higher phosphorus, increased the
Bacillus polymyxa population as compared to
other organic manures. Similar results were
also reported by Rasal et al. (1996) and
Shankaraiah et al. (2000a).

It was concluded that Azotobacter and
Bacillus polymyxa enriched organic manures
increased total nitrogen and available
phosphorus content along with Azotobacter
and Bacillus polymyxa population in the soil.

S. M. Nirphal
P. H. Rasal
H. B. Kalbhor
S. W. Jadhav
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College of Agriculture, Pune - 411 005 (India)
December 31, 2009.
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Performance Evaluation of Soil and Water Conservation
Structures in Darakwadi Watershed

______________

Land and water are the most precious
heritage and physical base of biomass
production. Major source of water for dry land
agriculture is the rainfall received from south
west monsoon during the period from June to
September, which is erratic in nature,
unevenly distributed and sometimes inadequate
to meet the soil moisture requirement of
crops. Watershed development is the only way
to make efficient and judicious use of rain
water.

The Darakwadi watershed has been
developed by 'Dilasa Janvikas Pratishthan'
Aurangabad (Maharashtra) in the year 2002-
03. Major activities undertaken in this
watershed were continuous contour trenches
(CCT), earthen gully plugs (EGP), earthen nala
bunds (ENB), composite cement nala bund,
gabion cum wall (GCW), cement check dam
(CCD) and percolation tank (PT). In view of an
efficient water management, there
performance was needed to be evaluated.

Measurement of silt deposition : The
data on silt deposition i.e. depth of silt
deposited in the storage, area in which the silt
was deposited were collected. For this, small
pits were made in impounding area of the
structure up to a depth of original ground
surface at different locations and an average
depth of silt deposited was determined.

The area of silt deposited was measured by
dividing it into regular triangles and rectangles.
Volume of silt deposited was measured by
multiplying the area of silt deposition and depth
of deposited. Weight of silt deposited was
calculated by multiplying the volume of silt by
bulk density of silt. The bulk density of silt was
found to be 1.25 g cc-1.

Socio-economic study : The socio-
economic study was carried out in the
Darakwadi watershed to asses the impact of the
watershed development programme on village
peoples and farming system. The data



pertaining to the socio economic conditions of
the farmers by personnel interview method on
various aspects such as land use pattern,
cropping pattern etc. These data was
compared with predevelopment data.

Continuous contour trenches (CCT) :
The data on silt deposition revealed that total
619.87 tones of silt arrested in the trenches
over the period of two years after the
construction of continuous contour trenches.

Earthen gully plug (EGP) : An average
annual soil loss of different earthen gully plug
was found to be 0.312, 0.306, 0.305, 0.324,
0.273 and 0.348 tones ha-1 yr-1 respectively.
This was in permissible limit (Less than 5 tones
ha-1 yr-1) of soil erosion (Suresh, 2004). Total
silt deposited in six earthen gully plug (EGP)
was found to be 32.76 tones during the period
of two years after the construction of structures.

Earthen nala bund (ENB) : The total silt
deposited in impounding area was found to be
1291.96 tones. Per cent reduction in storage
capacity of all the six earthen nala bund was
found to be 8.07, 10.38, 5.92, 10.30, 6.82
and 5.08 respectively over the period of two
years after construction.

Permanent structures : The total silt
deposited in all the structures was found to be
1356.4 tones during the period of two years
from the catchment's area of composite cement
nala bund(CCNB), gabion cum wall (GCW),
cement check dam 1(CCD-1) and cement
check dam 2(CCD-2). The average annual soil
loss was found to be 1.84, 0.297, 1.78 and
0.606 tones ha-1 yr-1 respectively which was in
permissible limit (less than 5 tones ha-1 y-1).
The storage capacity of these storage structures
was reduced by 7.68, 11.38, 6.02 and 5.43
per cent respectively as compared to the design
storage capacity.

Percolation tank : The total silt deposited

in impounding area of percolation tank was
found to be 1307.53 tones. An average annual
soil loss from the catchment area was found to
be 1.83 tones ha-1 yr-1. The storage capacity of
the tank was reduced by 0.20 per cent over the
period of two years.

Socio-economic impact of soil and
water conservation structures : Land use
pattern over that area, under cultivation,
pasture and forest was increased from 77.78 to
83.97 and 7.97 to 9.46 per cent respectively.
It was also seen that, in post development
period area under fallow land was brought
under cultivation.

Also, considering the cropping pattern, area
under cultivation during kharif, rabi and
summer season was found to be increased by
7.96, 7.43 and 248.67 per cent respectively
during the post development period.

It is concluded that silt deposition in
continuous contour trenches, earthen gully
plugs, earthen nala bund and permanent
structures was 619.87, 32.76, 1291.96 and
1307.53 tones respectively with an average
reduction in storage capacity of 3.55, 7.76,
7.62 and 0.2 per cent respectively over the two
years period after its construction. Increased in
area under cultivation, pasture and forest was
6.19 and 1.49 per cent in the post
development period. Also area under follow
land was brought under cultivation.

M. D. Abuj
A. P. Magar
V. T. Bombale 
P. G. Popale

Department of Soil and Water Conservation
Engineering
Aditya College of Agril. Engineering and
Technology,
Beed - 431 112 (India)
December 31, 2009.

Journal of Agriculture Research and Technology 317



References
Gavande, C. P., Gill, C. B. and Rao, K. S. K. 1974. An

assessment of soil conservation programmes. Madhya
Pradesh Soil Conserv. Digest. 2(2): 54-58.

Gaikwad, S. T. and Ramesh Kumar, S. C. 1997. Impact of
soil and water conservation program  on  farming
community.  Nat. Conf. on  soil and water
conservation for sustainable farming system: 39-40.

Gore, K. P., Pendke, M. S. and Jallawar, D.N. 2001.
Impact assessment of soil and water conservation
structure in Darakwadi watershed, Karnataka J. of
Agric. Sci. 13(3), pp: 676-681.

Koppad, A. G., Manjappa, K. and Chandrasekharajan, A.
M. 2001. Impact of different conservation measures
on rehabilitation of graded lands and agricultural
productivity. Indian J. of Soil Cons. 29(2): 148-151.

Lavarale, M. S. 2003. Evluation of soil and water

conservation structures in Kchighati watershed. M.
Tech. (Agril. Engg.) thesis submitted to MAU,
Parbhani.

Rane, R. S. 1998. Evaluation of engineering and vegetative
measures for gully control in Kandi region of Himachal
Pradesh. Indian J. of Soil Cons. 23(3): 219-225.

Ram Babu. 1976. Economic evaluation of water storage
structures. Indian J. of Soil Cons., 15(3), pp: 145-
156.

Rathod, M. K. and Ingole, P. O. 2002. Impact of watershed
development programmes on tribals of Melghat in
Maharashtra. Indian J. of Soil Cons., 30(3), pp: 268-
272.

Suresh, R. 2004. Soil and Water Conservation
Engineering. Standard Publ. and Distributor, New
Delhi.:702.

Abuj et al.318

J. Agric. Res. Technol., 36 (2) : 318-320 (2011)

Investigations on Root Growth of Khirni (Manilkara
hexandra, L.) Seedlings under Open and Shade Net House

Conditions

______________

Sapota is one of the most important tropical
fruit belonging to the family sapotaceae. India is
a leading producer of sapota. Though the
scope is much, expansion of area under sapota
is limited because of non-availability of planting
material of desirable size. The most common
commercial method of propagation of sapota
at present is inarching and softwood grafting on
khirni or rayan which is considered as the best
rootstock for sapota in India. The growth of the
khirni seedlings is dead slow and to attain
graftable size, it requirs about 2-3 years. With
this view, the present study was undertaken at
Marathwada Agricultural University, Parbhani
(M.S.), India to study the root growth of khirni
seeding by adopting the following treatments
and using randomized block design for open
condition and completely randomized block
design for shade net house condition. The
various treatments were T0 : control (no spray),

T1 : water spray, T2 : GA3 (100 ppm) spray, T3
: GA3 (125 ppm) spray,  T4 : GA3 (150 ppm)
spray, T5 : urea spray (0.5%), T6 : urea spray
(1.0%), T7 : urea spray (1.5%), T8 : cow urine
(50%), T9 : cow urine (75%) and T10 : cow
urine (100%) spray. Two foliar sprays with all
above treatments were given after fifth and
sixth month from the date of sowing on khirni
seedlings and after that treated seedlings were
kept under 50 per cent shade net house and
open condition for further studies. Seeds were
soaked in distilled water for 24 hours as a
common treatment and sowing was done in
polythene bags filled with 2 parts of soil + 1
part of sand and 1 part of FYM. Observations
on root growth of khirni like root: shoot ratio,
length of tap root, number of secondary roots,
number of fibrous roots, fresh and dry weight of
roots were recorded at the end of the
experiment i.e. 210 days after the spraying.



Statistical analysis of the data was carried out by
the method suggested by Panse and Sukhatme
(1985).

Under open condition, it was observed that
GA3 150 ppm recorded maximum root:shoot
ratio (1.38:1), which was at par with cow urine
75 per cent (1.37:1) and cow urine 100 per
cent (1.36:1). However, minimum root:shoot
ratio (1.09:1) was recorded in control. Under
shade net house condition, maximum
root:shoot ratio (1.40:1) was produced by the
treatmen GA3 150 ppm spray which was at par
with cow urine 100 per cent (1.39:1) and cow
urine 75 per cent (1.38:1) and minimum
root:short ratio (1.10:1) was recorded in
control. Similar results were also obtained by
Nema et al. (1996) and Wankhede (2006) in
khirni.

Maximum length of tap root (40.63 cm) was
produced by the treatment GA3 150 ppm spray
which was at par with cow urine 100 per cent
spray (39.16 cm), cow urine 75 per cent spray
(36.96 cm) and GA3 125 ppm spray (36.32
cm) under open condition. However, minimum
length of tap root (12.88 cm) was recorded in
control. Under shade net house condition,
maximum length of tap root (41.68 cm) was
produced by the treatment GA3 150 ppm spray
which was at par with cow urine 100 per cent
spray (40.74 cm) and cow urine 75 per cent
spray (39.14 cm). However, control recorded
minimum length of tap root (13.93 cm). This
might be due to vigorous shoot growth in GA3
treatment, which produced more number of
leaves resulting in more production of
photosynthetic products and their translocation
through pholem to the root zone which might
have helped in increasing the length of the tap
root. These findings are in conformity with the
findings of Jadhav (2000) in jambheri and
rangpur lime and Kherdekar (2003) lin kagzi
lime.

Under open condition, GA3 150 ppm spray
recorded maximum secondary (38.25) and
fibrus (138.81) roots. This treatment was
statistically at par with cow urine 75 per cent
spray (35.67). However, least number of
secondary and fibrus roots (4.81 and 78.35)
were noticed in control. Treatment GA3 150
ppm spray recorded maximum secondary and
fibrus roots (39.30 and 139.84) under shade
net house condition. This treatment was
statistically at par with cow urine 100 per cent
(36.72 and 137.31). The results obtained. in
the present study are in accordance with the
findings of Jadhav (2000) in rangpur lime,
Kherdekar (2003) in kagzi lime and Wankhede
(2006) in khirni.

Thus, it may be concluded that foliar spray
of GA3 150 ppm or cow urine 75 or 100 per
cent could be recommended for increasing the
root growth of khirni seedllings bringing early
graftable size of khirni seedlings under shade
net house and open conditions when applied at
fifth and sixth months after sowing. Also shade
net house was found superior over open
condition in respect of root growth of khirni.

P. B. Sable
D. P. Waskar

Department of Horticulture
Marathwada Agricultural University, 
Parbhani - 431 402 (India)
February 28, 2010.
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Effect of Plant Growth Regulators on Growth and Flowering
of Rose cv. Gladiator

______________

Many research workers studied the effect of
various plant growth regulators on growth and
flowering of roses (Nanjan and Muthuswami,
1975, Goyal and Gupta 1996 and Chakradhar
2002). However, work has not been done
under Parbhani conditions to exploit the
potential benefits obtained from application of
plant growth regulators for growth and better
quality of cut flowers of rose cv. Gladiator.
Therefore, present investigation was
undertaken to study the effect of different plant
growth regulators on growth and quality of rose
cv. Gladiator at Department of Horticulture,
Marathwada Agricultural University, Parbhani
during 2006-2007 in a randomized block
design with three replications and seven
treatments. The treatment consisted of T1 -
GA3 100 ppm, T2 - GA3, 150 ppm, T3 - BA
75 ppm, T4 - BA 100 ppm, T5 - NAA 150
ppm, T6 - NAA 200 ppm and T7 - Control
(water spray). The recommended dose of
inorganic fertilizer i.e. 14 g N, 10 g P2O5 and
10 g K2O was applied per plant throughout the
experimental period. Pruning of rose plant was
done on 10th June keeping four branches per
plant. Nitrogen was applied in 4 split doses,
first immediately after pruning and remaining
three doses at monthly interval. Phosphorus
and potash were added in two split doses, first
immediately after pruning and second dose two
months thereafter. The first foliar application of
growth regulators was given one month after

pruning and second spray was applied 15 days
after the first spray in the month of July. The
plot had a size of 23.04 m2. One year old rose
plants cv. Gladiator planted at a spacing of 120
x 120 cm was selected for investigation.
Twenty one individual plots with spacing of 1.2
x 1.2 m size were demarcated in experimental
field leaving 50 cm distance between two plots
and 100 cm distance between two replications.
The branches were pruned uniformly at a
height of 40 cm above ground level. Regular
weeding was carried out. Irrigations were given
to the plots at an interval of 8-10 days. The
pests viz., thrips, jassids, white ants, leaf eating
caterpillars were controlled effectively by
application of 0.05 per cent quinolphos.
Observations on growth and flower quality were
recorded and analyzed statistically..

From the data presented in Table 1, it was
revealed that GA3 150ppm spray recorded
maximum plant height (121.40 cm), stem
length (94.46 cm), leaves (19.66), leaf area
(1087.6 cm2) and plant spread (99.0 cm2) at
90 days after first spray followed by GA3 100
ppm (116.66 cm, 86.0, 14.88, 1025.80 cm2

and 72.0 cm2 respectively) and NAA 200ppm
(108.00 cm, 74.46 cm, 17.76, 986.20 cm2

and 87.60 cm2 respectively). Treatments BA
75 ppm and control were statistically at par
with each other. Lowest plant height (91.46
cm) but highest number of shoots (22.40



plant-1 were recorded with treatment BA 100
ppm. The increase in plant height, leaves and
their area with the application of GA3 are
primarily due to cell division and cell elongation
resulting in increase in internodal distance and
number of internodes thereby the mean plant
height was increased (Noggle and Fritz, 1992)
This results are in accordance with the findings
of Padmapriya and Chenziyan (2003) in rose
cv. Queen Elizabeth and Sadanand et al.
(2000) in rose cv. First Red. The increased
number of shoots per plant with BA is due to its
effect on cell division. Modification of apical
dominance by BA may be the another reason
for increasing the number of lateral shoots. The
results are in accordance with the earlier
findings by Goyal and Gupta (1996) with BA in
rose cv. Super star and Chakradhar (2002) in
cv. Gladiator.

The treatment BA 100 ppm (0.65 mm) was
found significantly superior for stem girth over
rest of the treatments. Treatment GA3 150
ppm (0.46 mm) was found with minimum stem
girth. The decrease in stem girth by BA at
higher concentration might be due to the
increased number of shoots per plant and thus
diversion of food material to many shoots. The
results are in accordance with the earlier
findings by Chakradhar (2002) in rose cv.
Gladiator.

The minimum leaf area was observed with
treatment BA 100 ppm (810.60 cm2). The leaf
area is dependent on number of leaves. More
leaves appeared on shoot by application of
GA3 attributed to increased shoot lenght, more
nodes as well as the physiological role played by
GA3 in increasing the area of photosynthesis to
produce more carbohydrates. These findings
are in confirmity with the results of Nanjan and
Muthuswamy (1975) in Edward Rose.

It was revealed that maximum length and
diameter of flower bud (6.12 and 6.56 cm) was

observed with treatment GA3 150 ppm.
Treatment BA 100 ppm (4.48 cm) showed
minimum length (4.48 cm) and diameter (5.09
cm) of flower bud. Similar results were reported
by Sadanand et al. (2000) in rose cv. First Red
and Chakradhar (2002) in rose cv. Gladiator.

The treatment GA3 ppm was found
significantly superior in graduation of pedicel
length (9.13 cm), number of petals (59.00
flower-1), weight of flower (44.06 g) and
longivity of flower (21.06 days) over rest of the
treatments followed by treatment GA3 100
ppm (8.75 cm, 40.06, 42.66 g and 10.86 days
respectively). The minimum pedicel length
(6.60 cm) was observed with control treatment.
Whereas, treatment BA 100 ppm showed
minimum number of petals flower-1 (40.06),
weight of flower (33.36 g) and longivity of
flower (10.86 days). Similar results were noted
by Gowda (1988) in rose cv. American
Heritage with GA, Dutta et al. (1993) in
chrysanthemum and Chakradhar (2002) in rose
cv. Gladiator. Thus, foliar application of GA3
150 ppm was found to be the best treatment
for increasing the growth and quality of rose cv.
Gladiator.

D. P. Waskar
S. S. Kadam
P. B. Sable
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Parbhani - 431 402, (India)
February 28, 2010.
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Performance of Soil and Water Conservation Measures in
Watershed

______________

Implementation of soil and water
conservation measures is the heart of
watershed development programme. It is
generally recommended that soil conservation
works be planned on the watershed basis.
Various soil and water conservation measures
are in use from last two decade. These soil and
water conservation measures need to be
evaluated for its qualitative performance.
Pendke (1997) and Lavrale (2003) reported
that cross sectional area of soil and water
conservation measures was changed in due
course of time. Watershed development
programme has been in operation in the state
from last two decade. It is, therefore, essential
to evaluate the performance of soil and water
conservation measures adopted in watershed.

Attharwadi watershed is located in Hingoli
district of Marathwada region, Maharashtra. It
is located between 9°0' E longitude and
19°48'N latitude. The total geographical area
of the watershed is 550 ha with undulating
topography. The general slope of cultivable
land in the watershed ranges from 1 to 5 per
cent with maximum slope of 8 per cent. In non-

cultivated hilly and elevated degraded lands,
maximum slope of 15-20 per cent is observed.
Attharwadi watershed receives 822 mm
average annual rainfall. The pH of the soil
ranges between 7.10 and 7.40 and organic
carbon 0.40 - 0.70 per cent. According to the
soil, climatic and topographic condition, soil
and water conservation measures were
adopted. The continuous contour trenching
was constructed in 36 ha area having slope 8-
20 per cent to control runoff and soil erosion.
The designed top width was 0.60 m, bottom
width 0.45 m and depth 0.30 m and cross
section was 0.158 m2. There were 285 loose
boulders structures constructed in watershed,
from which eight structures were selected for
evaluation in the present investigation. Their
top width ranges from 0.50 to 1.40 m, bottom
width 2 to 3.10 m. Height ranges between
0.75 to 2.85 m. and their cross section area
was in the range of 1.21- 6.41 m. Two nala
bunds were constructed in watershed and both
were selected for evaluation study. Their top
width was 1.60 and 1.15 m, bottom width
18.10 and 12.65 m, height 4.75 and 3.98 m
and cross section area was 46.78 and 27.62



m2, respectively. Capacity of both earthen nala
bund was 7.32 TCM. Out of eight, four farm
ponds were selected for evaluation study.
Dimensions of all farm ponds were 20 x 20 x 3
m and capacity of each farm pond was 0.875
TCM. All the farm ponds under study were
unlined.

Designed dimensions of individual structures
were recorded from State Agriculture
Department, Hingoli, developing agency of
Attharwadi watershed. The data on silt
deposition i.e. depth of silt deposited in storage
area, area of silt deposited were collected. Area
of siltation on the upstream side of each
structure was actually measured by demarcating
the silt deposition area and then dividing it into
regular triangles and rectangles. Volume of silt
deposited at each structure was determined by
multiplying the area of silt deposition and depth
of silt deposited. Weight of silt deposited was
calculated by multiplying the volume of silt by
bulk density of silt. The bulk density of silt was
1.37 g cc-1.

In case of continuous contour trenches,
comparison of designed and present
dimensions indicated that top width of
continuous contour trenches was increased
while bottom width and depth was reduced due
to siltation. Therefore, it served good measure
of soil and water conservation, as there was
development of vegetation due to conservation
of moisture by trenches. Similarly Nagdeve et
al. (2002) observed that continuous contour
trenches (0.6 x 0.3 m) were most useful for
uniform in-situ rainwater and soil conservation
and better growth of vegetation. Reduction in
cross sectional area ranged between 5.69 to
55.69 per cent. On an average reduction in
cross sectional area of continuous contour
trenches was found to be 30.45 per cent.

The per cent reduction in cross sectional
area of loose boulder structures was found to be

ranged between 7.58 and 35.54 per cent as
compared to designed cross section. An
average per cent reduction in cross sectional
area of loose boulder is 15.18. Similar result
(6.46%) was also reported by Gawali (2005) in
Daregaon watershed.

The designed dimensions of top width of
both earthen nala bunds were found to be
increased by 0.5 and 0.2 m, respectively.
Increase in top width might be due to the loose
compaction of earthen embankment. On an
average 11.16 per cent reduction in cross
sectional area of earthen nala bunds was found
as compared to the designed cross sectional
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Table 1. Silt deposition at various structures implemented
in Attharwadi watershed.

Structure Average Area Volume Weight
depth of of silt of silt of silt
silt depos- depo- depo-
depos- ition sition sition
ition (m) (m2) (m3) (tonnes)

Continuous 0.124 512.0 63.49 86.98
contour 0.076 487.5 37.05 50.76
trenches 0.134 520.0 69.68 95.46

0.069 390.0 26.91 36.86
0.039 429.0 16.24 22.94
0.079 444.0 35.07 48.04
0.197 608.0 119.78 164.09
0.106 549.4 58.24 79.79
0.192 414.0 79.49 108.90
0.205 422.5 86.62 118.66

Loose boulder 0.10 16.70 1.67 2.30
structure 0.20 12.52 2.50 3.45

0.14 15.33 2.14 2.95
0.25 14.36 3.69 5.09
0.22 16.54 3.63 5.00
0.25 16.66 4.16 5.74
0.20 16.95 3.39 4.67
0.19 15.04 2.95 4.07

Earthen nala 0.40 147.00 58.80 81.14
bund 0.33 76.28 25.18 34.49
Farm bund 0.40 196.00 78.40 107.40

0.30 196.00 58.80 80.56
0.40 196.00 78.40 107.40
0.20 196.00 39.20 53.70



area. The designed dimensions such as length
and width of the farm pond were found
unchanged but the depth of farm pond was
reduced due to silt deposition. Due to this silt
deposition, volume i.e. storage capacity of farm
pond was also reduced. Per cent reduction in
volume was in range between 8.0-15.89 per
cent as compared to designed volume. From
the Table 1, it is revealed that average depth of
silt deposited and area of silt deposited in
continuous contour trenches ranged between,
0.039-0.205 m and 390 - 549.4 m2,
respectively. Total 812.48 tones of silt has been
deposited in trenches over the period after five
years of their constructions. This indicated that
continuous contour trenches proved its
efficiency of soil conservation and arrested the
silt in the trenches rather than to flow from
watershed. Patil et al. (2007) also reported that
continuous contour trenches had highest soil
and water conservation efficiency as compared
to other treatments.

Table 1 showed that the average depth of
silt deposition in loose boulder structure ranged
between 0.10 to 0.25 m. Volume of silt
deposition was maximum at upper reaches
(4.16 m3) whereas it was minimum at
downstream side (1.67 m3). The total 33.27
tones of silt was trapped by eight loose boulder
structers. An average depth of silt deposition at
earthen nala bund I and II was found to be 0.40
and 0.33 m respectively.  Area of silt deposited
in earthen nala bund was found to be 147 and
76.28 m2, respectively. Total silt deposited in
impounding area of earthen nala bund was
found to be 115.63 tonnes. The 349.06
tonnes of soil was found to be deposited in the
farm pond during 3 years period may be due to
untreated catchment area and improper inlet
condition.

It was concluded that reduction in cross
sectional area of continuous contour trenches,
loose boulder structures, earthen nala bunds

and farm ponds was found to be 28.62, 15.18,
11.16 and 17.28 per cent respectively.
Comparison of data on silt deposition revealed
that, total silt deposition in ten continuous
contour trenches, eight loose boulder
structures, two earthen nala bunds and four
farm ponds was found to be 812.48, 33.27,
115.63 and 349.06 tonnes respectively. An
adoption of various treatments in Attharwadi
watershed helped to control soil erosion and
recharge the ground water table. Continuous
contour trenches serves good measure of soil
and water conservation as there was
development of good vegetation.

A. P. Deshmukh
A. S. Kadale

Department of Soil and Water Conservation
Engineering, College of Agricultural
Engineering and Technology,
Parbhani - 431 402 (India)
February 28, 2010.
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Mole drains are unlined cylindrical channels
formed in subsoil, which function like clay or
plastic drainpipes. Mole drainage is an effective
method of drainage, which is widely used in the
clay soils of temperate region such as United
Kingdom, Northern Europe and in New
Zealand. It is generally confined to soils having
clay content of about 30-35 per cent. Though,
the life of these drains is short as compared to
pipe drainage, the initial investment for these
drains will be comparatively very less. By
keeping these points in view a mole plough was
developed to make pipeless conduits below the
ground surface and evaluated for rate of work,
power requirement and fuel consumption.

The mole plough fabricated was having a
rigid mild steel frame to mount the mole plough
to the 3 point linkage of the tractor. A 1.0 m
height mild steel plate with 250 mm top width,
200 mm bottom width and 40 mm thickness
was used to serve the purpose of shank. The
front edge of the shank was beveled at about
30° angle up to 55 cm length from the bottom
end. The provision was made to operate the
shank at a depth from 40 to 80 cm with an
increment of 5 cm. A mild steel rod with 75
mm diameter and 500 mm length was used for
bullet and the shank was welded with the bullet
at 80° angle (Fig. 1). The front working end of
the bullet was chamfered up to 200 mm length
to reduce the draft and easy penetration of the
bullet. A 85 mm diameter mild steel rod of 250
mm length worked as a expander and was
beveled uniformly up to 50 mm diameter. The
expander was connected behind the bullet with
chain (Fig. 1).

The higher horse power tractors easily
available in the market and purchased by the

farmers are of 60 and 72 HP, were selected for
the study. The mole plough was operated with
these two selected tractors at an average speed
of 1.0 km h-1 in clay soil with clay content of
55 per cent. The test plot had a moisture
content of 22 per cent and a grade of 1.5 per
cent. All the tests were conducted on the
research farm of the ARS, Digraj, Dist. Sangli
(MS) in the year 2007. The mole channels were
formed at a spacing of 2, 4 and 6 m. A rule of
thumb is that the expander to mole draining
depth should be in 1:7 proportions. As the
diameter of expander selected was 85 mm, the
depth of drains was planned to achieve up to
70 cm. The 72 HP tractor was operated at 65
cm depth of ploughing and 60 HP tractor was
operated at 60 cm depth of ploughing. An
attempt to increase the depth beyond these
limits caused the serious slipping of the tires.
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Mole Plough for Drainage of Agricultural Lands

Fig. 1. Mole plough



The measurement of fuel consumption was
made with an auxiliary fuel supply and
measuring system and the draft required to pull
the mole plough was measured with digital
hydraulic dynamometer by towing two tractors.

The rate of work was calculated on the basis
of time required to cover unit area whereas, fuel
consumption was determined on the basis of
fuel requirement to cover total length of mole
channels per unit area and fuel consumed in
turning the tractor.

The success of formation of mole was
determined by visual observations of roundness
of the mole, formation of the leg fissures and
collapse of the soil through the fissures in the
mole. To check the uniformity of the mole
formation throughout the length of the field
water is poured at some distance away from the
outlet and the discharge of the water through
the mole was observed.

An average rate of work (0.1633 ha h-1)
with 60HP tractor was observed higher than 72
HP tractor (0.1585 ha h-1). It may be due to
reason that depth of mole ploughing for 60 HP
tractor (60 cm) was lesser than 72 HP tractor
(65 cm) at 2m spacing of drains.

Similarly for 4 and 6 m spacing of drains
average rate of work with 60 HP tractor
(0.3143 and 0.4562 ha h-1 respectively) was
higher than 72 HP tractor (0.3222 and 0.4728
ha h-1 respectively).

An average fuel consumption for 60 HP
tractor (38.98 Lit ha-1) was observed to be
lesser than 72 HP tractor (47.22 Lit ha-1) at 2
m spacing of drains. Similarly for 4 and 6 m
spacing of drains average fuel consumption rate
with 60 HP tractor (38.73 and 38.89 Lit ha-1

respectively) was lesser than that of 72 HP
tractor (46.69 and 46.47 Lit ha-1).

S. B. Patil
S. D. Rathod

Agricultural Research Station
K. Digraj - 416 305 (India)
February 28, 2010.
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Performance Evaluation of Soil and Water Conservation
Structures in Kacchighati Watershed

______________

Soil and water are the two basic natural
resources. Efficient management and utilization

of these resources are important to increase the
crop production and productivity per unit area.



In order to achieve economic upgradation of
human life in rainfed areas, it becomes
imperative to improve rainfed agricultural
system through the adoption of watershed
technology. Implementation of soil and water
conservation measures is the heart of
watershed development programme.
Therefore, under watershed development
programme various soil and water conservation
measures were implemented according to land
capability classification. Prasad et al. (1993)

reported that, due to adoption of conservation
measures, reduction in siltation of reservoirs by
83 per cent was observed. To find out if
watershed development programmes generate
both direct and indirect benefits, effective
monitoring and evaluation of soil and water
conservation measures is necessary. Keeping
this in view an attempt has been made to
evaluate the watershed development progra-
mme with respect to soil and water conser-
vation structures at Kacchighati watershed.
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Table 1. Designed and present dimensions and silt deposition in loose boulder dam.

LBD Designed dimensions Present dimensions Per cent Total silt 
No. (1997-98) (2002-03) reduction deposition

–––––––––––––––––––––––––––– –––––––––––––––––––––––––––– in cross –––––––––––––––––––––––––––––––
Top Bottom Height C/S Top Bottom Height C/S sectional Depth Area Volume Weight
width width (m) area width width (m) area area (m) (m2) (m3) (tonnes)
(m) (m) (m2) (m) (m) (m2)

1 1.20 3.00 1.80 3.78 1.00 3.00 1.70 3.40 10.00 0.80 60.00 48.00 62.40
2 1.25 2.75 1.40 2.80 1.10 2.90 1.20 2.40 7.14 0.90 62.70 56.43 73.35
3 1.55 3.50 3.00 7.57 1.40 3.60 2.20 5.50 27.34 0.91 35.75 32.53 42.28
4 1.10 5.00 3.00 9.15 0.90 5.10 2.10 6.30 31.14 0.82 33.32 27.32 35.51
5 1.00 4.00 2.50 6.25 0.80 4.20 2.20 5.50 12.00 0.80 67.00 53.60 69.68

Table 2. Designed and present dimensions and silt deposition in gabion structure.

GS Designed dimensions Present dimensions Per cent Total silt 
No. (1997-98) (2002-03) reduction deposition

–––––––––––––––––––––––––––– –––––––––––––––––––––––––––– in cross –––––––––––––––––––––––––––––––
Top Bottom Height C/S Top Bottom Height C/S sectional Depth Area Volume Weight
width width (m) area width width (m) area area (m) (m2) (m3) (tonnes)
(m) (m) (m2) (m) (m) (m2)

1 1.20 3.00 1.75 3.67 1.00 3.00 1.70 3.40 7.30 0.80 81.90 655.20 85.17
2 2.30 4.00 2.10 6.60 2.29 4.20 1.90 6.16 6.60 0.55 132.0072.60 94.38
3 1.50 4.30 1.80 5.22 1.50 4.34 1.50 4.38 16.09 0.85 79.20 67.32 87.51
4 1.00 2.60 1.70 3.06 0.90 2.70 1.50 2.70 11.76 0.80 85.12 68.09 88.52

Table 3. Designed and present dimensions and silt deposition in earthen nala bund.

ENB Designed dimensions Present dimensions Per cent Total silt 
No. (1997-98) (2002-03) reduction deposition

–––––––––––––––––––––––––––– –––––––––––––––––––––––––––– in cross –––––––––––––––––––––––––––––––
Top Bottom Height C/S Top Bottom Height C/S sectional Depth Area Volume Weight
width width (m) area width width (m) area area (m) (m2) (m3) (tonnes)
(m) (m) (m2) (m) (m) (m2)

1 1.00 13.10 4.60 32.43 1.55 13.10 3.90 28.56 11.93 0.98 1719.70 1685.30 2190.80



Kacchighati watershed located in
Aurangabad district of Maharashtra state has
been developed by non-governmental
organization named  Dilasa Janvikas
Prathisthan with the support of Indo-German
watershed project during year 1997-99. The
total geographical area of the watershed is
780.92 ha. The average annual rainfall is 690
mm, which is uneven and erratic in time and
space.

Five loose boulder dams, one cement plug,
four gabion structures, one earthen nala bund,
one gabion cum wall, composite cement nala
bund, one gabion cum central impermeable
wall were evaluated for their qualitative
performance.

The present dimensions of the structures i.e.
top width, bottom width, and height were
measured and compared with designed
dimensions for determining the per cent
reduction in different dimensions of the
structures. Designed dimensions of individual
structures were noted from the project report of
this watershed. The data on silt deposition i.e.
depth of silt deposited, area of silt deposition
were measured. Volume and weight of silt
deposited were determined for evaluating the
efficiency of the structures with respect to
prevention of soil loss from the area.

The per cent reduction in cross-sectional
area of loose boulder dams ranged between
7.14-31.14 per cent as compared to designed
cross-section (Table 1). Pendke (1997) reported
that cross-sectional area of loose boulder
structure dam reduced by 2.33 to 24.66 per
cent in 1996-97 as compared to original cross
sectional area at Ghodegaon watershed. The
present results confirm this. The per cent
reduction in cross sectional area of gabion
structures ranged between 6.6-16.09 per cent
(Table 2).

The bottom width of the earthen nala bunds
remained constant. Reduction in height of
earthen nala bunds was occurred due to
compaction of earthen nala embankment. On
an average 15.11 per cent reduction in cross
sectional area of earthen nala bund was found
as compared to the designed cross sectional
area (Table 3).

The designed dimensions of all the
permanent structures, viz., cement nala plug,
gabion cum wall, composite cement nala bund
and gabion-cum-cement impermeable wall,
were found unchanged as these structures were
constructed with cement, sand and stones. The
total silt deposited in loose boulder was 283.22
tones (Table 1). Amount of silt deposited in
gabion structures was 355.58 tones during 5
years. Total 957.33 tones of soil was found to
be deposited at other different permanent
structures. A maximum silt deposition i.e.
2190.80 tone of soil was found in earthen nala
bund. (Table 3). Gore et al. (2000) reported
that, about 1622.58 tones soil was deposited
under various structures in Wagarwadi
watershed. The results of this study are in
conformity with the reference.
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Increase in Seed Set Due to Change of Female Cytoplasm in
GMS Okra

______________

In production of hybrid vegetable crops,
okra (Abelmoschus esculentus (L) Moench)
has a place of pride. Singh et al. (1971), Jalani
and Graham (1973) and Peter (1998) have
reviewed the work on heterosis in okra.
Thombre and Deshmukh (2006) have reported
genetic male sterility in gamma rays irradiated
okra cv. AOL-64. The commercial hybrid seed
in okra at present is produced by hand
emasculation and pollination for want of CMS
or GMS inbreds.

From gamma rays irradiation programme of
2001, one GMS line was isolated during 2003
from germplasm collection AOL-115, following
the procedure described earlier by Thombre
and Deshmukh (2006) which is named as
AGMS-65. This GMS line was promising in
yield and fruit characters and gave good fit for
1:1 ratio when sterile plants were pollinated by
heterozygous mamtainer. But the pod-1 seed
set in this line, when crossed with maintainer or
fertile plants for F1 seed production was on an
average 28-30 seeds with rest of the seeds
being aborted or immature. For increasing the
No. of seeds pod-1, four generations of AGMS-
65 were raised one each in summer and kharif
of 2004 and 2005 by pollinating sterile plants
with selected heterozygous plants with good
fruit number and fewer aborted seeds; but the

average seeds pod-1 did not increase beyond
30. The added efforts made by way of
pollinating GMS plants twice on the same day,
treatment of 40 ppm GA3 to seed or its foliar
application before flowering did not show
improvement in crosses with heterozygous or
fertile individuals.

In summer 2006, five new okra lines, AOL-
10, 69, 179, 217 and 218 were selected,
emasculated and pollinated by pollen from
heterozygous AGMS-65. All F1 in these five
crosses were fertile, and out of 20 F2 progenies
raised per cross, 3 to 4 segregated for sterile
and fertile individuals in 3:1 ratio. The selected
sterile plants were pollinated by heterozygous
and fertile plants for testing seed number
pod-1. The average seed number in each of five
crosses were worked from minimum 25
random plants per cross, which were 35, 37
and 38 seed in crosses of AOL-10, 69 and 179
whereas, the same were 46 and 49 seeds
pod-1 in crosses of AOL-217 and 218
respectively with no immature and aborted
seeds.

The seeds pod-1 in sterile x fertile crosses
were similar as above. From the selection work
in the cross AOL-218, a promising GMS line
AGMS-218 has been isolated on the basis of



fruits and quality, branches, and good tolerance
to YVM. Test seeds produced in this GMS line
were compared to that of hand emasculated
crosses, in kharif 2009. Fifty GMS-218 female
plants each gave average pod-1 seeds in
AGMS-218 x heterozygous 50, AGMS-218 x
fertile 49 and hand emasculated AOL-65 x
fertile 54, thus confirming the previous season's
observations.

The average increase of about 20 seeds
pod-1 in the AGMS-218 okra line appears due
to transfer of GMS gene from the female
AGMS-65 with different cytoplasm and the
increase in pod-1 seed number is comparable to
that obtained in hand emasculated and
pollinated plants. The AGMS-218 line can be
used for commercial hybrid seed production
programme. Poor seed set in GMS plants has
often been a problem with the result that only a
few selected GMS mutants are being used in
large scale hybrid seed production (Kaul,
1998).

A GMS mutant in soybean with low seeds
pod-1 was reported by Brim and Young (1971).
The seed set in this mutant line, was improved
by using heterozygous plants from this line as
male parent for developing new GMS
populations with good seed set (Brim and
Stuber, 1973). In the present case, it is likely
that minor mutations might have taken place in
the cytoplasm or plastids of the line okra AOL-
65 when irradiated. Kuckuck et al. (1991) have
described such mutations as 'plasmons' or
'plastidome'. However, in the present case, this

needs confirmations. It thus appears that in
GMS mutants, heterozygous plants can prove
useful in increasing the seed set as well as for
developing new diverse GMS populations.

M. V. Thombre
S. U. Deshmukh

Ajeet Seeds Ltd.
Gut No. 233, Chitegaon
Aurangabad - 431 105 (India)
March 28, 2010.
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The mango hopper, a hemipteran pest is
monophagous and mango is only the host of
this pest. Both nymphs and adult suck the sap
from tender shoots, leaves, inflorescence and
from tender developing fruits causing severe
drop of inflorescence and fruits. Apart from
feeding injury, they also secrete honeydew like
substance on which black sooty mould is
developed, which hinders photosynthetic
activity of the plant and deteriorates fruit quality
and yield losses to the extent of 60 per cent.
(Kumar et al. 1985).

A field experiment was conducted during
four consecutive years from 2005-06 to 2008-
09 at College of Agriculture Farm, Dapoli, Dist.
Ratnagiri (M.S.) located at 17° 45' latitude, 76°
16' longitude and 250 m altitude. The
population build up of mango hopper was
monitored throughout the year. For recording
observations, ten plants of alphanso mango
were selected and observations on the pest
activity was recorded starting from panicle
initiation at an interval of two days till the
maturity of the fruits. Mango hopper nymph as
well as adults population was recorded on all
the twenty randomly selected shoots and
panicles from all the four directions of each
selected plants. Both the nymphs and adult
populations were recorded early in the
morning, when hoppers are slightly sluggish or
inactive. The average population per plant was
worked out. The correlation analysis of weekly
average weather parameters collected from
1972 to 2009 with average hopper population
was carried out during individual year of
experiment as well as four consecutive years to
find out the effect of various weather
parameters viz., maximum and minimum
temperature, afternoon relative humidity and

degree of association between population of
mango hopper and weather parameters.

The average weekly weather parameters
from 1972 to 2009 along with mango hopper
population (nymphs and adults) presented in
Table 1 revealed that, during 2005-06, 2006-
07, 2007-08 and 2008-09, hopper population
was initiated in 42nd and 43rd MW, respectively
when the maximum, minimum temperature
and afternoon relative humidity ranged
between 31.4°C to 32.4°C, 20.3°C to 18.8°C
and 68 to 60 per cent, respectively and
attained its peak values in 4th MW (2005-06),
3rd MW (2006-07), 5th MW (2007-08) and in
2nd MW (2008-09), when the average
maximum, minimum temperature and
afternoon relative humidity ranged between
30.8°C to 31.4°C, 11.8°C to 12.5°C and 44.8
to 47.4 per cent, respectively and thereafter it
was reduced from 9th MW onwards.

During 2005-06, there was negative
correlation with maximum temperature (r = -
0.268) whereas highly significant negative
correlation between the hopper population in
mango and minimum temperature (r = -
0.537**) and afternoon relative humidity (r = -
0.544**). Similar trend was also observed in the
year 2006-2007. During 2007-08, the
correlation was negative but non significant
with maximum temperature (r = -0.319),
significant with minimum temperature (r = -
0.523*) and highly significant with afternoon
relative humidity (r = -0.565**). During 2008-
09, the correlation of hopper population was
highly significant but negative with maximum
temperature (r = -0.540*), significant with
minimum temperature (r =-0.429*) and non-
significant with afternoon relative humidity (r= -
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0.399), The average hopper population in
mango during four years showed significant
negative correlation with maximum
temperature (r = -0.525*) and highly significant
as said above and negative correlation with
minimum temperature (r = -0.561**) and
afternoon relative humidity (r= -0.556**).
Multiple regression analysis showed that
weather accounted 79 per cent variation in
mango hopper population. Similarly,
Chaudhari et al. (1999) reported a negative
correlation between Helicoverpa armigera

(Hubner) with minimum temperature and
afternoon relative humidity. But
Balsubramanian et al. (1982) reported positive
correlation of maximum temperature with boll
worm (r = 0.74). Anuj and Saxena (1999)
reported that green leaf hopper (GLH) had a
negative correlation with minimum temperature
and afternoon relative humidity. Considering
the activities of this sucking pest, appropriate
spray applications at appropriate time can
effectively be prevented the further build up of
hoppers infesting mango.
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Table 1. Influence of weather parameters on hopper population in mango and their correlations.

MW Average weather Hoper population
parameters (1972-2009) plant-1

––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Tmax. Tmin. RH 11 2005-06 2006-07 2007-08 2008-09 Mean Pre0809

41 30.67 21.78 72.89 0 0 0 0 0 3.58
42 31.39 20.26 67.58 1 1 2 0 1 0.00
43 32.39 18.80 60.16 3 5 10 15 8.25 0.73
44 32.42 17.32 55.44 5 7 10 13 8.75 8.61
45 32.56 17.49 54.87 7 9 11 15 105 9.84
46 32.05 16.63 54.73 9 11 12 27 14.75 13.59
47 32.27 15.82 52.99 11 13 12 17 13.25 10.16
48 31.92 14.12 50.16 13 16 13 15 14.25 15.33
49 31.91 14.25 48.67 16 18 17 21 18 23.26
50 31.48 13.24 48.01 18 20 21 40 24.75 26.36
51 31.67 11.91 45.83 20 20 27 38 26.25 21.11
52 31.31 12.96 48.00 20 21 29 41 27.75 27.49
1 30.62 12.85 45.58 21 23 32 133 52.25 51.11
2 30.87 12.42 47.37 23 25 35 217 75 34.56
3 30.79 12.46 46.43 25 50 37 48 40 40.77
4 31.42 11.79 46.73 50 31 40 23 36 21.02
5 31.27 12.41 44.77 32 12 43 11 24.5 38.02
6 30.73 11.64 46.32 12 3 13 123 37.75 35.46
7 30.84 12.88 49.41 1 0 2 48 12.75 30.01
8 31.09 12.29 47.25 0 0 0 21 5.25 29.65
9 32.24 13.01 48.69 0 0 0 4 1 6.17
10 32.08 14.05 51.34 0 0 0 0 0 6.39
2005-06 -0.268 -0.537** -0.544**
2006-07 -0.251 -0.430* -0.468*
2007-08 -0.319 -0.523* -0.565**
2008-09 -0.540** -0.429 -0.399
Mean -0.525* -0.561** -0.556

Hopper population = 759.17 - 20.02*Tmax + 8.29*Tmin - 4.45*RH-II. R2=0.79



It can be concluded that the maximum,
minimum and afternoon relative humidity
ranging between 30.8°C to 31.4°C, 11.8°C to
12.5°C and 44.8 to 47.4 per cent, respectively
are found to be congenial for peak incidence of
hopper to the extend of 25 to 75 numbers on
individual tree of alphanso mango.

M. V. Zagade
J. N. Chaudhari
S. B Bhagat
S. A. Chavan

Dr. B. S. Konkan Krishi Vidyapeeth, 
Dapoli - 415 712 (India)
May 9, 2010.
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Performance of Intercrops in Kharif Finger millet Under
High Rainfall Conditions of Konkan

______________

The crops like wheat, maize, rice, sorghum,
finger millet or like marigold, onion, and
sesame can be fitted into rotation depending on
local agronomic practices. Growing of okra
intercrop in finger millet recorded higher
monetary returns than sole finger millet in
Konkan under kharif season (Jadhav et al.,
1992). Hence, the two crops viz., marigold
(Tagetis erecta) and okra (Abelmoschus
esculentus) were included as intercrops in
finger millet. 

The field experiment was conducted in
lateritic soils of Konkan region at Agronomy
farm, Dr. B. S. Konkan Krishi Vidyapeeth,
Dapoli during kharif season of 2006-07. The
soil was clay loam in texture, slightly acidic (pH
6.5), high in available N (387.50 kg ha-1)
medium in available P2O5 (22.75 kg ha-1) and
K2O (142.50 kg ha-1). The experiment was laid

out in a randomized block design with nine
treatments replicated thrice. Two intercrops
viz., marigold and okra were grown in the main
crop of finger millet in three different ratios on
the area basis. The gross plot size was 4.8 x
6.0 m for 1:1 and 3:1 ratio and 5.4  x 6 m for
2:1 ratio and net plot size for finger millet,
marigold and okra was 5.60 x 4.5 m2, 5.20 x
4.2 m2, and 4.80 x 4.8 m2 respectively. The
variety Dapoli - 1 of finger millet, Giant Double
African Tall of marigold and Arka Anamika of
okra were used in this investigation. For finger
millet and marigold nursery, raised beds of 5 x
1 m2 size were prepared. The healthy and
vigorous seedlings of 30 days old were
transplanted one per hill. Transplanting of
finger millet and marigold seedling was done at
spacing of 20 x 15 cm2 and 30 x 40 cm2,
respectively. In case of okra, two seeds were
dibbled per hill at spacing of 30 x 60 cm2.



Nitrogen, phosphorus and potash were applied
to okra at the rate 50, 50 and 25 kg ha-1

respectively at the time of sowing. It was further
top dressed with 50 kg N ha-1, one month after
sowing. For marigold, a dose of 50, 50 and 30
kg ha-1 NPK was applied at time of
transplanting. It was top dressed with 50 kg N
ha-1 one month after transplanting. For finger
millet, a dose of 40, 40 and 40 kg ha-1 NPK
was applied at time of transplanting and 40 kg
N ha-1 was top dressed one month after
transplanting. 

Growth attributes of finger millet :
Data presented in Table 1 revealed that finger
millet + okra (1 : 1 ratio) recorded significantly
more plant height than finger millet
intercropped with okra and marigold at all the
three ratios except finger millet + okra at 2 : 1
ratio, which was at par with the former
treatment. In both the intercropping systems
i.e. finger millet + marigold and finger millet +
okra, height of finger millet was increased
under 1:1 ratio and it decreased subsequently
with increase in proportion of finger millet in
planting pattern. Sole and intercropping finger
millet + marigold at 3:1 ratio produced more
number of tillers of finger millet per hill than

remaining treatments, which were at par with
each other. The finger millet + okra (3:1 ratio)
produced significantly higher number of tillers
than 1:1 ratio, which was at par with 2:1 ratio.
Finger millet + marigold at 3:1 ratio recorded
significantly higher number of tillers than the
same treatment at 2:1 and 1:1 ratio. This
indicated that the increase in proportion of
these two intercrops, there was more
interception of light, which made the finger
millet plant to grow taller in search of more
light. Similar results were also reported by
Siddeshwaran et al., (1987). The finger millet
intercropped with marigold was better
equipped with resources like light, which was
resulted in synthesis of more food material than
that intercropped with okra. This is evident
from the higher number of tillers produced by
the finger millet intercropped with marigold
than that of okra. Similar results were reported
by Chandel et al. (1989) and More (1990).

Yield attributes and yield of finger
millet : When finger millet was intercropped
with marigold in 3:1 proportion, it produced
significantly more number of earheads per hill
of finger millet than all other treatments tried.
In these two intercropping system, number of
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Table 1. Mean values of yield and yield attributing characters of finger millet and intercrops as affected by different
treatments.

Treatment Earhead Weight Plant 1000 Grain Straw Okra Marigold
hill-1 of height grain yield yield (q ha-1) (q ha-1)

earhead (cm) weight (q ha-1) (q ha-1)
hill-1 (g) (g)

Sole finger millet 1.83 9.61 104.33 2.70 24.08 47.97 0.00 0.00
Sole okra - - - - - - 89.79 -
Sole Marigold - - - - - - - 61.28
Finger millet +Marigold (1 : 1) 1.93 10.82 109.00 2.90 16.47 30.32 - 37.47
Finger millet + Okra (1 : 1) 1.34 9.37 117.33 2.78 15.54 29.13 41.20 -
Finger millet +Marigold (2 : 1) 2.80 12.17 107.33 2.97 17.50 36.57 - 21.79
Finger millet + Okra (2 : 1) 2.31 10.23 114.67 2.80 16.87 34.41 32.35 -
Finger millet+ Marigold (3 : 1) 3.60 13.24 104.77 3.03 21.81 41.23 - 18.73
Finger millet + Okra (3 : 1) 3.03 11.59 108.00 2.83 20.09 38.35 26.19 -
S.E.± 0.13 0.25 1.10 0.02 0.23 0.11
C.D. at 5% 0.40 0.79 3.40 0.08 0.70 0.34



earhead of finger millet increased with
subsequent increase in finger millet proportion
as compared to the sole finger millet crop.
Finger millet intercropped with okra in 1:1
proportion produced significantly less number
of earheads per hill and finger millet was grown
mixed with marigold in 1 : 1 proportion were at
par with sole crop. When finger millet grown
mixed with marigold in 3:1 proportion, it
produced significantly more weight of earhead
per hill than the other treatments. The sole
crop of finger millet was at par with all the
treatments in terms of weight of earhead per
hill except finger millet + okra in 1:1 and    2:1
proportion. The 1000 grain weight of finger
millet in finger millet + marigold intercropping
system in 3:1 ratio was significantly higher than
rest of the treatments except finger millet +
marigold intercropping in 2:1 ratio which was
at par with this treatment. The 1000-grain
weight produced by sole crop of finger millet
was significantly lower than rest of the
treatments. From the data it was evident that
the yield level of sole crop was more than their
respective intercrop ratios. Further, yield level
of finger millet + marigold was significantly
more under 3:1 than 2:1 and 1:1 ratios.
Similar trend was observed under finger millet +
okra. In intercropping, the finger millet yield
recorded under finger millet + marigold 3:1
ratio was significantly higher than the rest of
the treatments. In two intercropping system
tried, it was observed that the finger millet yield
increased with increase in the proportion of
finger millet irrespective of the intercrop. It was
observed that the straw yield produced under
sole cropping of finger millet was significantly
higher than the rest of the intercropping
treatments. Among rest of the treatment tried,
straw yield produced under finger millet +
marigold in 3:1 ratio was significantly higher
than rest of intercropping treatments tried. The
straw yield of finger millet in all intercropping
systems increased with subsequent increase in

the finger millet proportion in the system
irrespective of the intercrop tried. Finger millet
plant intercropped with marigold was more
efficient in growth and yield attributing
characters. This clearly indicated the higher
photosynthetic efficiency than the finger millet
intercropped with okra. This has resulted in
production of more length of earhead, higher
number and weight of earhead per hill, and
1000-grain weight of finger millet intercropped
with marigold than that intercropped with okra.
This has finally resulted in production of higher
grain, straw and total biomass per hectare by
the finger millet intercropped with marigold
than intercropped with okra. Zhang and Li
(1987) and More (1990) also obtained similar
results.

Under finger millet + marigold
intercropping, it was observed that yield of
finger millet was improved in finger millet +
marigold at 1:1 ratio, however it was lower in
finger millet + marigold at 2:1 ratio. Similarly,
the performance of marigold was better in
finger millet + marigold 1:  and 3:1 ratio than
2:1 ratio.

As regards to combined crop condition of
finger millet and marigold, performance was
comparatively better at finger millet + marigold
1:1 ratio than other ratios. Under finger millet
+ okra intercropping, it was observed that
performance of finger millet was improved in
finger millet + okra at 1:1 ratio, however it was
lower in finger millet + okra at 2:1 ratio.
Similarly, the performance of okra was better
in finger millet + okra at 3:1 ratio than other
ratio.

R. M. Pande
M. V. Zagade
P. G. Chavan

Dr. B. S. Konkan Krishi Vidyapeeth, 
Dapoli  - 415 712 (India)
May 09, 2010.
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Studies on Banana Yield Levels under Different Systems of
Irrigation in Jalgaon District

______________

Banana is an important crop of
Maharashtra state having 72,200 ha area ranks
second after Tamil Nadu for area under
cultivation. However, highest productivity is
noticed in Maharashtra (Singh, 2007).

Jalgaon district of the Maharashtra state is
leading in respect of area having near about
48500 ha under banana crop. The average
productivity of the Jalgaon district is about 65
mt ha-1. The variation in banana productivity in
the district ranges from 44 to 95 mt ha-1 which
is attributed to irrigation system and planting
season (Mahajan, 2007). To find out probable
causes of these variations and to generate
record of yield levels at different locations, this
generated information may help for
formulating research project to specific regions.

In all 50 and 25 villages respectively for
June and October planting were randomly
selected for the said study. The gardens were
classified as per method of irrigation i.e. drip
and flow irrigation system. The total number of
gardens studied were 139 (97 and 42
respectively for June and October planting)

with total area of 873 hectare. Study was
undertaken in six leading tahsils of Jalgaon
district. The necessary observations were
recorded and analysed. 

The data depicted in Table 1 revealed that,
the June planting (Mrig baug) occupies
maximum hectarage (77.09%) as compared to
off season October planting (22.91%) of the
total planting in the region (Deshmukh et al.
2003).

In June planting under drip irrigation
system, maximum per cent harvesting (95%)
was recorded in Chopda tahasil, however, it
was in the range of 88 to 92 per cent for rest
of tahasils. Over all 91.67 per cent harvesting
was recorded under drip irrigation for June
planting banana. The range of per cent
harvesting was between 84 to 90 for October
planting. Highest per cent harvesting (90%)
was recorded in Chopda tahasil (Badgujar et al.
2003).

In June planting under drip irrigation the
average bunch weight, yield per hectare



recorded was maximum 17.58 kg and 71.68
mt ha-1 respectively. However, the respective
figures for October planting were 12.77 kg and
49.11 mt ha-1. Under flood irrigation system
for June planting maximum per cent
harvesting, average bunch weight and yield per
hectare was recorded to the extent of 84 per
cent, 15.45 kg and 57.69 mt ha-1 respectively.
However, the respective figures for October
planting were 79.17 per cent, 10.83 kg and
38.11 mt ha-1.

The results recorded indicated the influence
of planting season under both types of
irrigation system. System of irrigation also
recorded its influence for per cent harvesting
and yield levels. The maximum figures were
noticed with drip irrigation than flow irrigation
indicating its superiority for these parameters of
banana. In June planting, maximum per cent
harvest was noticed under drip irrigation over
flow irrigation system. Similar trend was also

recorded in October planting. Similar findings
in banana crop were also reported by Badgujar
et al. 1992 and Patil et al. (1972).

Among the different six tahasils under study,
four tahasils (Chopda, Jalgaon, Muktainagar
and Raver) recorded yield more than 70 mt
ha-1 under drip irrigation for June planting.
Similar trend was noticed for October planting.
Under flow irrigation system, Chopda and
Jalgaon tahasils recorded highest yield per
hectare (61.15 mt ha-1) followed by
Muktainagar and Raver (57.17 to 59.03 mt
ha-1).

Comparative maximum yield levels in
Chopda and Jalgaon tahasils than Muktainagar
and Raver might be due to recommended use
of water and new banana cultivars.

In general, the banana yield levels were
directly related with average bunch weight, per
cent harvesting, method of irrigation and time
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Table 1. Statement showing the tahsil wise yield levels of banana gardens in Jalgaon district.

Tahasil Time of Villages Gardens with  Drip Irrigation system Flood flow irrigation system
planting studied area of plantation ––––––––––––––––––––––––– ––––––––––––––––––––––––––––

studied Per Av. Yield Per Av. Yield
–––––––––––––––––– cent Bunch ha-1 cent Bunch ha-1

Nos. Area harve- weight (mt) harve- weight (mt)
(ha) sting (kg) sting (kg)

Raver June 10 24 183 91 17.5 70.77 83 15.5 57.17
October 07 14 84 87 13.2 51.03 78 11.5 39.86

Chopda June 07 20 138 95 18.5 78.10 86 16.0 61.15
October 04 08 42 90 13.5 54.39 81 11.5 41.40

Muktainagar June 10 19 145 91 18.0 72.79 82 16.2 59.03
October 03 03 10 88 12.4 48.88 79 10.5 36.86

Yawal June 10 13 82 92 17.0 69.50 84 15.5 57.86
October 05 05 33 85 12.4 46.84 78 11.0 38.13

Jalgaon June 08 14 93 93 18.0 74.39 86 16.0 61.15
October 03 08 24 85 12.5 47.22 80 10.5 37.33

Erandol June 05 07 32 88 16.5 64.53 83 13.5 49.80
October 03 04 07 84 12.4 46.29 79 10.0 35.10

Total June 50 97 673 - - - - - -
(91.67) (17.58) (71.68) (84.00) (15.45) (57.69)

October 25 42 200 - - - - - -
(73.00) (12.77) (49.11) (79.17) (10.83) (38.11)

figures in parenthesis indicates the average figures.



of planting. This indicated the need of adoption
of technology on increase the use of drip
irrigation in both planting season to increase
per cent harvesting as well as bunch weight.  

Y. R. Borole
C. D. Badgujar
S. S. Patil
B. N. Farpat

Agril. Research Station
Jalgaon - 415 001 (India)
May 9, 2010
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Predatory Potential of Mallada boninensis (Okamoto) on
Three Species of Aphids

______________

In recent years, use of Mallada boninensis
is being recommended in biointensive pest
management for the sucking pests on different
crops.  Their tolerance to commonly used
insecticides for pest control has led to use them
as ecofriendly and economical component of
integrated pest management (Anonymous,
1992). Amongst the various Mallada spp.
found in the world, M. boninensis (Okamoto),
M. basalis (Walker), M. aster (Banks) and M.
desjardinsi (Navas) are the important ones.  In
the current study, investigation was made on
predatory potential of Mallada boninensis
(Okamoto) on three species of aphids viz.,
mustard aphid (L.erysimi (Kalt)), cabbage
aphid, (B. brassicae (Linnaeus)) and safflower
aphid, (U. carthami (Hille Ris Lambers)) under
controlled temperature of 24 + 3°C using BOD
incubator.

The studies on predatory potential of
M. boninensis on L. erysimi, B. brassicae and
U. carthami infesting mustard, cabbage and
safflower, respectively were carried out in
completely randomized design replicated five
times under laboratory conditions at 24 + 3°C
temperature. Fifty larvae of predator
comprising of 10 larvae in each replication
were used to fed upon the each aphid species
separately.   The known number of preys was
provided to the larvae of M. boninensis daily
until pupation.  The observations on the
number of prey consumed by each larval instar
of M. boninensis were recorded daily after 24
hours of exposure till pupation.   

The results of predatory potential of M.
boninensis on L. erysimi, B. brassicae and U.
carthami are given in Table 1.  The data
revealed that M. boninensis passed through



three instars when fed on each of the three
species of aphids. During the course of
development the first, second and third instar
larvae of M. boninensis devoured significantly
highest number of nymphs of B. brassicae to
the extent of 44.38, 77.85 and 189.17,
respectively.  The predatory potential of M.
boninensis recorded significantly highest with
B. brassicae showing maximum consumption
(304.71) by a larva of M. boninensis to
complete its development in a period of 10.14
days. It was followed by  L. erysimi (271.28)
and U. carthami (219.22) with larval
developmental period of 10.74 and 15.43
days, respectively.

The data showed that I, II and III instars
larvae of M. boninensis consumed significantly
maximum number of nymphs of B. brassicae to
the extent of 13.87, 25.52 and 48.63 per day,
respectively. It was followed by L. erysimi and
U. carthami. However, they were at par with
each other except III instar larvae of M.
boninensis which consumed significantly
minimum nymphs of U. carthami over B.
brassicae. Nehare et al. (2004) reported the
larval consumption of M. boninensis on aphids

infesting mustard and safflower to the extent of
275.63 and 155.  While, Sirimachan et al.
(2005) recorded the feeding potential of M.
boninensis on A. craccivora to the tune of
286. The results in respect of predatory
potential of M. boninensis in the present
investigations are in the line of these earlier
workers.

In conclusion, the nymphs of B. brassicae
infesting cabbage were found to be most
suitable prey of M. boninensis as compared to
nymphs of L. erysimi infesting mustard and U.
carthami infesting safflower.  Since the
cabbage is edible, use of chemical pesticides
proved to be hazardous.  Hence, from the
integrated pest management point of view the
release of M. boninensis in cabbage crop
habitat is advantageous in order to suppress the
population of cabbage aphid, (B. brassicae).

R. S. Gade
S. S. Shetgar

Department of Agricultural Entomology,
College of Agriculture,
Latur - 413 512 (India)
June 10, 2010.
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Table 1. Predatory potential of M. boninensis on different preys.

Preys Ist instar IInd Instar IIIrd instar I to III instar
––––––––––––––––––––––– –––––––––––––––––––––––– –––––––––––––––––––––––– ––––––––––––––––
Dura- Larval Total Dura- Larval Total Dura- Larval Total Dura- Total
tion consu- consu- tion consu- consu- tion consu- consu- tion consu-
(days) mption mption (days) mption mption (days) mption mption (days) mption

day-1 day-1 day-1

L. erysimi 3.28 11.49 37.69 3.10 24.82 76.94 4.36 34.39 149.96 10.74 271.28
(3.39) (6.14) (4.98) (8.77) (5.86) (12.25) (16.47)

B. brassicae 3.20 13.87 44.38 3.05 25.52 77.85 3.89 48.63 189.17 10.14 304.71
(3.72) (6.66) (5.05) (8.82) (6.97) (13.75) (17.46)

U. carthami 4.46 5.94 26.49 4.52 10.67 48.21 6.45 22.41 144.52 15.43 219.22
(2.44) (5.15) (3.27) (6.94) (4.73) (12.02) (14.81)

Mean 3.65 10.43 36.19 3.56 20.33 67.67 4.90 35.14 161.22 12.10 265.07 

S. E.± 1.06 0.60 0.15 2.27 0.66 0.11 2.54 0.44 0.19 0.64 0.16 

C.D.at 5% 3.28 1.80 0.46 6.98 1.99 0.34 7.84 1.33 0.59 1.94 0.51 

C.V. (%) 6.52 6.23 5.87 1.42 6.32 3.11 1.16 5.10 3.36 12.52 2.28 

Figures in parentheses indicate square root transformed values.
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Study on Contribution of Macronutrients in Garlic Yield

______________

Garlic crop gives considerable increase in
the income of the farmers. There is an increase
in the area under cultivation of the garlic.
Production technology of garlic is developing
through experimentation. Keeping this in view,
the present study was undertaken to estimate
the contribution of macro-nutrients in the yield
of garlic crop. The experiment was conducted
at STCRC Project, MPKV, Rahuri and the data
generated is being used for estimation of direct
and indirect contribution of macro-nutrients in
the yield of garlic.

An experiment on garlic was conducted in
equal strips L0, L1 and L2 in created fertility
gradient, which were developed by applying the
different doses of N, P and K fertilizers. The
doses of N were 50, 100 and 200 kg ha-1

(Anonymous, 2007). For P and K 25, 50 and
100 kg ha-1 were applied to the different plots
(the recommended dose of N, P, K is before
sowing :: 50:50:50 and after sowing :: 50:0:0).
Out of all combinations, 21 treatment
combinations of N, P and K were selected. In
addition to this, three control plots for N, P and
K were also taken in each strip. Thus, there
were nine control plots and 63 treated plots for
the experiment. The nutrients are denoted for
soil and applied fertilizers as S and F,

respectively.

For estimating the contribution of each
nutrient, the method of Path coefficient analysis
was used for decomposition of correlation
between yield and nutrients and their direct and
indirect per cent contribution was worked out
as per Dewey and Lu (1959). For estimating
the optimum value of macro-nutrients,  the
quadratic equation of the following type was
used., y = a + b1x1 + b2x2 + b3x3 + b4x4 +
c1x1

2 + c2x2
2 + c3x3

2 + c4x4
2 where y = yield

and Xi
's are macro-nutrients as X1 = FYM, X2

= N, X3 = P and X4 = K.

The results revealed that direct contribution
of FYM, SN and SP were positively high (Table
1) whereas SK is negative. The indirect
contribution of FYM through SP, SN through

Table 1. Path coefficients between garlic yield and
nutrients in control plots.

Nutri- FYM SN SP SK Correlation
ents with garlic

yield

FYM 0.552 0.083 -0.081 0.006 0.559**
SN 0.079 0.576 0.375 -0.153 0.877**
SP -0.106 0.512 0.421 -0.159 0.669**
SK -0.019 0.533 0.405 -0.165 0.754**

Diagonal (Direct) and off-diagonal Indirect effects.



SK and SP through SK were negative, which is
implying that there was negative role of SK for
yield of garlic. But the contribution of other
nutrients were playing role through each other.

The percentage contribution (Table 2) is
exhibited, 30 per cent direct contribution of
FYM, 33 per cent of SN, 18 per cent SP and
only 3 per cent SK. It is clarifying the less
requirement of SK. It also indicated that the
indirect percentage contribution of FYM
through SP is negative (-9 %). Likewise, SN
(-18 %), SP (-13 %) through SK were also
negative but SN through SP was positive and
highest (43 %) which advocated the important
role of SP. It revealed that the important role of
FYM and SN is confirmed, i.e. the direct
percentage contribution of FYM, SN and
indirect per cent contribution of SN through SP
is worth useful.

The quadratic equation coefficient of FYM
was significant. By optimization it was found
that the FYM and SN contributed the
maximum, whereas SP has still scope to
increase the yield of garlic because its
contribution is at minimum while SK was
contributing with constant growth rate
indicating its requirement.

The correlation between yield and FYM,
FN, FP and FK are positively significant
indicating the requirement of these nutrients for
the crop. The direct contribution of FYM was
highest (0.451) followed by FN (0.389), FK
(0.342), FP (0.333) and SP (0.109), whereas
the indirect contribution through each other is
very small, indicating thereby the loose
interaction of nutrients among themselves. The
direct contribution of SN is negative indicated
negative role but the presence is needed for
other nutrients.

The direct percentage contribution of FYM
(Table 3) was highest (20%) followed by FN
(15%), FP (11%) and FK (12%). The FYM was

more beneficial as compared to applied
fertilizers FN, FP and FK. But the contributions
were supplementary which cannot be ignored.
Hence, the application of other nutrients was
equally required for the crop.

The objective of optimization of nutrients
was a guideline for the practical purpose in the
field. The fitted quadratic equation between
yield and all the nutrients of soil and applied
fertilizers along with FYM gave a noticeable
result. It is evident that the direct percentage
contribution of FYM (20 %), FN (l5 %), FP
(11%) and FK (12 %) which advocated the
requirement of these nutrients. The optimum
equation explained that the contribution of
FYM, FN and FK reached to the maximum,
whereas FP has still scope to play role for
increasing the yield of garlic.

Thus, it is concluded that the doses of
applied fertilizers viz., FYM, FN and FK should
not be increased further, while dose of FP may
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Table 2. Percentage contribution of macro-nutrients for
garlic yield in control plot.

Nutrients FYM SN SP SK

FYM 30.44 9.14 -8.94 0.61
SN 33.15 43.16 -17.60
SP 17.75 -13.37
SK 2.73

R2 = 97.07% and Residual effect = 2.94%

Table 3. Percentage contribution of macro-nutrients for
garlic yield in treated plot.

Nutri- FYM SN SP SK FN FP FK
ents

FYM 20.32 0.49 -0.16 0.11 1.76 -0.14 0.05
SN 1.77 -2.41 0.00 -1.15 -0.52 0.86
SP 1.19 0.00 -0.07 0.26 0.23
SK 0.01 -0.02 -0.07 0.00
FN 15.14 9.17 3.91
FP 11.08 7.50
FK 11.70



be increased and experimented. Therefore, soil
P status may be increased for garlic yield.

FYM contributed significantly (30 %) in
control plot. FYM, FN and FK contributed
significantly (20, 15 and 12 per cent,
respectively) in treated plot.

B. H. Khan
V. S. Wani
C. A. Nimbalkar
S. D. Shinde
A. D. Kadlag

Department of Statistics
Mahatma Phule Krishi Vidyapeeth,
Rahuri - 413 722 (India)
June 10, 2010.
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Genetic Variability and Character Association in F2

Generation of Mungbean (Vigna radiata (L.) Wilczek)

______________

Pulses formed an integral part of the
predominant vegetarian diet in the Indian
subcontinent. Domestic production of pulses
after its peak of 14.94 million tones in 2003-
04 had decline to 13.11 million tones in 2005-
06 due to adverse climatic conditions prevalent
in the major production zone. In 2007, the
production is estimated to increase upto 14.1
million tones. This still falls short to the
domestic requirement of 17 million tones which
is increasing consistently with population, rising
income, value adition and market opportunities
(Ali Masood and Kumar 2007). Earlier
hybridization do not received much attention in
mungbean breeding as native cultivars or
selections from them were grown. Now
practically, all new varieties originated by
hybridization as a result of favourable character
of new lines being identified more fully so that
breeder can choose desirable parent
combination with great precision. Therefore,
the present experiment was conducted to study
the variability among mungbean crosses and

association among the characters and their
direct and indirect effects on yield.

The present study comprised of 26 crosses
of mungbean evaluated at the Field
Experimentation Center, Department of
Genetics and Plant Breeding, AAI-DU,
Allahabad during kharif, 2007. The
experiment was conducted in a randomized
block design with three replications with
spacing of 40 x 15 cm. Each plot consisted of
two rows of 4m length and observations were
recorded on five randomly selected plants in
each replication on ten characters viz., days to
50 per cent flowering, plant height (cm),
primary branches plant-1, number of clusters
plant-1, number of pods  plant-1, days to
maturity, pod length (cm), number of seeds
pod-1, 100 seed weight (g) and seed yield
plant-1 (g). The data were statistically analyzed
to estimate genotypic and phenotypic
coefficient of variation, heritability and genetic
advance using the formulae suggested by



Burton and De Vane (1953) and Johnson et al.
(1955). Correlation coefficients were estimated
according to the procedure given by Al-jibouri
et al. (1958). The genotypic coefficient of
variation was high for pods plant-1 (16.58)
followed by clusters plant-1 (14.22), 100 seed
weight (13.09), plant height (13.09) and seed
yield plant-1 (12.52) and low for days to
maturity (2.58). Samad and Lavanya (2005)
earlier reported high genotypic coefficient of
variation for pods plant-1, 100 seed weight and
seed yield plant-1. The phenotypic coefficient of
variation was high for seed yield plant-1

(27.01), number of primary branches plant-1

(26.75), pods plant-1 (26.44) and clusters
plant-1 (25:89). High phenotypic coefficient of
variation for seed yield plant-1 and pods plant-1

were also recorded by Kapoor et al. (2005).
High heritability estimates associated with high
estimates of genetic advance as per cent of
mean observed for 100 seed weight, pods
plant-1 and plant height (Table 1) indicated that
these characters are governed by additive gene

effects to greater extent and had considerable
value to breeder for plant selection (Panse,
1957).

Correlation studies furnishes a realistic basis
for the allocation of weightage to each of the
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Table 1. Estimates of genetic parameters for seed yield
and its component characters in mungbean.

Character GCV PCV H (bs) GA GA as 
(%) (%) (%) % of 

mean

Days to 50% 6.30 10.57 35.48 2.48 7.74
flowering

Plant height (cm) 13.09 16.55 62.56 14.28 21.33

Primary 12.27 26.75 21.04 0.31 11.70
branches plant-1

Clusters plant-1 14.22 25.89 30.17 1.35 16.03

Pods plant-1 16.58 26.44 39.33 2.74 21.39

Days to maturity 2.58 8.80 8.62 1.19 1.56

Pod length 9.14 18.28 24.98 0.05 9.36

Seeds pod-1 3.24 11.74 7.35 0.17 17.77

100 seed weight 13.09 14.30 83.83 2.13 24.83

Seed yield plant-1 12.52 27.01 21.50 1.27 11.67

Table 2. Estimates of correlation coefficients of component characters interse and with seed yield in mungbean crosses.

Characters Plant Primary Clusters Pods Days Seeds Pod 100 Seed
height branc- plant-1 plant-1 to pod-1 length seed yield

hes maturity weight plant-1
plant-1

Days to 50% flowering G -0.700** -0.368** 0.361** 0.161 -0.242 -0.228 -0.662** -0.010 -0.037
P -0.150 -0.062 -0.420 0.342** -0.023 -0.187 -0.144 0.010 0.075

Plant height G 0.485** 0.254 -0.195 1.320** 0.992** -0.065 0.128 -0.049
P 0.208 -0.039 -0.030 0.376 0.330 0.052 0.440 -0.111

Primary branches G -0.120 -0.703** 1.640** 0.655** 0.095 0.206 -0.004
P -0.067 -0.906 0.152 0.203 -0.039 0.207 0.028

Clusters plant-1 G 0.044 -0.082 0.617** 0.370** 0.135 0.441**
P -0.062 -0.004 -0.212 -0.001 0.001 0.927

Pods plant-1 G 0.378** 0.148 0.238 -0.194 0.370**
P -0.135 -0.104 -0.212 -0.023 0.023

Days to maturity G 0.090 0.420** 0.636* -0.820
P 0.166 0.031 0.192 0.008

Seeds pod-1 G 1.203** 0.390** 0.050
P 0.063 0.145 0.280

Pod length G 0.307 0.420**
P -0.023 0.340

100 seed weight G 0.258
P 0.154



component characters in deciding upon suitable
selection criteria for the genetic improvement
of a complex character (Table 2).

Seed yield had significantly positive
genotypic correlation with clusters plant-1

(0.441), pods plant-1 (0.370) and pod length
(0.420). Days to flowering had strong positive
and significant association with clusters plant-1

(0.361) at genotypic level and with pods
plant-1 (0.342) at phenotypic level and also
showed significantly negative association with
plant height (-0.700), primary branches plant-1

(-0.368) and pod length (-0.662) at genotypic
level. Plant height showed significant positive
genotypic correlation with days to maturity
(1.320) seeds pod-1 (0.992) and primary
branches plant-1 (0.485). Primary branches
plant-1 showed significantly negative correlation
with pods plant-1 (-0.703) but significantly
positive association with days to maturity
(1.640) and seeds pod-1 (0.665) at genotypic
level. Clusters plant-1 showed significant
positive association with seeds pod-1 (0.617)
and pod length (0.370) whereas pods plant-1

recorded significant positive association with
days to maturity (0.378) at genotypic level.
Days to maturity registered significant positive
association with pod length (0.420) and 100
seed weight (0.636) at genotypic level. Further,
seeds pod-1 recorded significant positive
association with pod length (1.203) and 100
seed weight (0.390) at genotypic level. The
strong genotypic correlation may be attributed
to the close linkage of genes controlling
recessive characters (Mather and Harrison,
1949). Wani et al. (2007) reported that
number of pods plant-1, number of pods
cluster-1 and pod length recorded significant
positive correlation with seed yield plant-1.

Considering the interrelationship studies
and effects of various component characters
with seed yield and among themselves, it is

clear that pods plant-1, pod length, clusters
plant-1 and plant height are important traits for
yield improvement of mungbean, so due
consideration should be given to these
characters during selection.

Ajay Kumar Singh
G. Roopa Lavanya
Pronob Jyoti Paul

Dept. of Genetics and Plant Breeding
Allahabad School of Agriculture, SHIATS
Allahabad - 211 007 (India)
June 10, 2010.
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Evaluation of Chickpea Genotypes for Drought Tolerance

Crop yield is determined by the interaction
of genotype, management and environment.
Water availability and temperature are the
major environmental variables affecting crop
yield. Yield losses due to moisture stress have
not been determined precisely, but in some
places, drought has caused complete failure of
the crop. Drought may hit the chickpea crop at
any stages of the crop growth, in the early
stage, middle or at the end of the cropping
season or in combinations of these stages. To
overcome these problems, the breeding
strategies are followed to alleviate the moisture
stress by breeding traits of plant to escape
drought and breeding drought tolerant lines.
The screening of germplasm under moisture
stress in comparison with non-stress condition
is considered as one of the standard method of
physio-genetic approach, while selecting
genotypes tolerant to drought and responses to
moisture stress, which helps in identifying traits
to be used as selection criteria. Therefore, the
present study was attempted to understand the
response of chickpea genotypes to moisture
stress under field conditions and select the
traits, that are to be considered for breeding
cultivars suitable for the stress environments.

Fourteen desi and twelve kabuli chickpea
genotypes were sown in two sets of irrigated
and moisture stress condition having net plot
sizes of 4.00 x 1.80 m with 30 x 10 spacing
and replicated thrice in rabi 2008-09. The
irrigated plot was irrigated 25 and 55 DAS,
whereas moisture stress plot was irrigated only
after sowing for good germination. The
recommended package of practices was
adopted for raising the crop. The observations
on yield and yield contributing characters were
recorded at the time of maturity on randomly

selected five plants. The data on seed yield was
analyzed following Panse and Sukhatme
(1985). The drought parameters such as
drought tolerance efficiency (DTE), drought
index (DI) and drought susceptibility index (DSI)
were calculated by formulae given by Fischer
and Wood (1981), Birari et al. (1995) and
Fischer and Maurer (1978), respectively.

The grain yield differences were statistically
significant under irrigated as well as moisture
stress condition. Amongst genotypes from desi
group, Phule G 97030 (3169 kg ha-1) and
Phule G 9801 (3081 kg ha-1) under rainfed,
while Digvijay (4491 kg ha-1) and Phule G
9801 (4174 kg ha-1) under irrigated condition
recorded highest seed yield. In kabuli group,
Vihar (2593 kg ha-1) and Phule G 0035 (2523
kg ha-1) under rainfed, whereas Phule G 0038-
3 (4505 kg ha-1) and Phule G 0027 (4401 kg
ha-1) maintained higher seed yield under
irrigation. Amongst these, Phule G 0027 had a
bold seed size (45.6 g 100 seed-1). Similar
results were based on Sahane et al. (2003) in
kabuli chickpea. The genotype Phule G 97030
from desi group maintained higher number of
fruiting branches plant-1 (8.1) and number of
pods plant-1 (54.0) under moisture stress
condition. The variety Vihar from kabuli group
recorded highest number of fruiting branches
plant-1 (11.3) with appreciable amount of pods
plant-1 (40.7) and 100 seed weight (34.2 g 100
seed-1).

The minimum per cent reduction and high
DTE was observed in genotypes Phule G
97030 (15.56 and 84.44%), Phule G 06108
(17.70 and 82.30%) and Phule G 04111
(18.06 and 81.94%) from desi group. The
genotype, Phule G 06105 having low yield, it



showed minimum reduction and high DTE for
plant height (29.21 and 70.79%), number of
fruiting branches plant-1 (22.86 and 77.14%)
and pods plant-1 (14.41 and 85.59%). The
genotype with high yield, Phule G 9801,
maintained minimum reduction and high DTE
for plant height (29.77 and 70.23%) and
number of fruiting branches plant-1 (16.67 and
83.33%). The genotype, Phule G 9933 also
maintained minimum reduction (14.02%) and
high DTE (85.98%) for pods plant-1. The
variety Digvijay (0.43 and 99.57%), genotypes,
Phule G 03203 (0.76 and 99.24%) and Phule
G 0.6103 (0.82 and 99.18 %) recorded
minimum reduction and high DTE for 100 seed
weight. The results were in conformity with
Kamble et al. (2005).

From kabuli group, Phule G 0035 (31.53
and 68.47%) and Phule G 05303 (33.35 and
66.65%) for seed yield; Phule G 05303 (30.86
and 69.14%) and Phule G 06301 (33.39 and
66.61%) for plant height; Phule G 05312
(2.15 and 97.85%) and and Phule G 0038-1
(7.38 and 92.62%) for number of fruiting
branches plant-1; Phule G 05303 (23.59 and
76.41%) and Phule G 0038-1 (38.10 and 61.
90%) for pod plant-1; Phule G 05312 (1.45
and 98.55%) and Phule G 05303 (1.88 and
98.12%) for 100 seed weight maintained lower
amount of per cent  reduction and high DTE for
related aspects. The reduction and DTE for
yield might have the relevance with it's yield
contributing characters as suggested by
Deshmukh et al. (2004).

The genotype, Phule G 97030 from desi
type maintained minimum DI (0.1556) and DSI
(0.5815) followed by Phule G 06108 (0.1770
and 0.6614) and Phule G 04111 (0.1806 and
0.6748) and from kabuli group, Phule G 0035
(0.3153 and 0.7321) and Phule G 05303
(0.3335 and 0.7744) maintained minimum DI
and DSI for seed yield, respectively. The

genotype, Phule G 06105 from desi group had
minimum DI and DSI for plant height (0.2921
and 0.7714), number of fruiting branches
plant-1 (0.2286 and 0.6553) and pods plant-1

(0.1441 and 0.4395). The genotypes, Phule G
9801 for plant height (0.2977 and 0.7862)
and number of fruiting branches plant-1

(0.1667 and 0.4778); Phule G 9943 for pods
plant-1 (0.1402 and 0.4274); Digvijay (0.0043
and 0.1259) and Phule G 9943 (0.0076 and
0.2258) for 100 seed weight showed minimum
DI and DSI. From kabuli type, Phule G 05303
maintained minimum DI and DSI for plant
height (0.3086 abnd 0.8320), pods plant-1

(0.2359 and 0.5191) and 100 seed weight
(0.0188 and 0.4536)and seed yield (0.3335
and 0.7744). In addition to this, Phule G
06301 for plant height (0.3339 and 0.9004);
Phule G 0038-1 for pods plant-1 (0.3810 and
0.8384); Phule G 5312 for 100 seed weight
(0.0145 and 0.3501); Vihar (0.0174 and
0.1007) and Phule G 05312 (0.0215 and
0.1245) for number of fruiting branches
plant-1 recorded least amount of DI and DSI.
The results are in conformity with those of
Deshmukh et al. (2006).

On the basis of relative ranking, it may be
concluded that, the genotypes, Phule G-
097030, Phule G 06105 and Phule G 9801
from desi types and Phule G 0035 and Phule
G 05303 from kabuli types, rated as a drought
tolerant genotypes on account of least amount
of per cent reduction,high DTE, low DI and low
DSI for seed yield and it's component
characters.

D. V. Deshmukh
L. B. Mhase
P. N. Harer

Pulses and Improvement Project
Mahatma Phule Krishi Vidyapeeth, 
Rahuri - 413 722 (India)
July 11,2010.
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Seasonal Incidence of Bud Borer (Helicoverpa armigera
Hubner) in Rose under Polyhouse

______________

Rose is cultivated commercially for cut
flowers, both for traditional flower market and
contemporary florist shop. Rose flowers
without stem are used for making garland while
flourish shop sell cut flowers .with stem mainly
in bouquets and floral arrangement. Besides
rose is cultivated for attar, garland and pankhuri
(Chaddha, 2001) 

About 50 insect and non insect pests have
been recorded on this crop (Butani, 1974).
Among those the bud borer is most serious
causes heavy losses by reducing the production
and quality of rose flowers and their control
continues to be a major problem as it developed
resistance to conventional insecticides.

Hence, it is essential to find out the
additional source of management of this pests.
Therefore, the present investigatign was
undertaken at Hi-tech Floriculture and

Vegetable Project, College of Agriculture, Pune
during the year 2007-2008 on one year old
rose cultivar planted in soil media at a distance
of 0.50 x 0.15 m in plot size of 1.5 x 2.25 m.
Five plants in the centre of each plot were
marked for recording observations throughout
the experimental period (04/06/2007 to
31/12/2007). Number of healthy and
damaged buds/flowers by bud borer of the five
tagged plants were counted and per cent
damaged buds/flowers were worked out.
Meteorological data on weekly averages of
maximum (Tmax) and minimum (Tmin)-
temperature, relative humidity in the morning
(RH-I} and afternoon (RH-II) and bright
sunshine hours (BSH) were taken from Indian
Meteorological Department, Agriculture
College, Pune. The correlation and regression
was assessed with weather parameters.

The data presented in Table 1 revealed that



the build up of bud borer incidence was started
from 23rd meteorological week at weekly
average Tmax, Tmin, RH-I, RH-II and BSH were
35.8°C, 24.7°C, 77%, 45% and 8.3 hrs.
respectively. Thereafter the damage was
increased slowly in the subsequent weeks and
recorded its peak (76.47 per cent) incidence in
the 31st meteorological week at weekly
average, Tmax, Tmin, RH-I, RH-II and BSH
were 28.4°C, 22.4°C, 88%, 73% and 3 hrs.
respectively. From 32nd meteorological week
onward, pest damage was started to decrease
and reached its lowest level (2.06 per cent) at
52nd meteorological week when weekly
average, Tmax, Tmin, RH-I, RH-II and BSH

were 32.7°C, 13.0°C, 91%, 28% and 9.1 hrs.
respectively.

Correlation analysis of the bud borer
incidence with meteorological parameters
(-0.422 Tmax, + 0.020 Tmin, -0.536 RH-I, -
0.631 RH-II and -0.601 BSH) revealed that the
bud borer incidence was found to be highly
significant and negatively correlated with Tmax,
and BSH and highly significant negative and
highly significant positive with RH-I and RH-II,
respectively. It indicated that the cloudy
whether favours the bud borer incidence.

Regression equation of the pest incidence
(=50.47-2.47 Tmax + 1.53 Tmin + 0.03 RH-I +
0.15 RH-II + 0.37 BSH (R2=0.42) revealed
that the negative non significant regression
coefficient value. (-2.47) of Tmax indicated that
variation in bud borer incidence coupled with
Tmax. However, the positive non significant
regression coefficient values of Tmin (1.53) RH-
I (0.03), RH-II (0.15) and BSH (0.37) revealed
that there was slight increase in bud borer
infestation was coupled with more changes in
these parameters. R2 value 0.42 indicated that
42 per cent variation in bud borer infestation
was due to these meteorological parameters
and 58 per cent was caused due to other
factors.

S. S. Shelke
M. M. Suryavanshi
A. V. Naphade

Entomology Section
College of Agriculture, 
Pune - 411 005 (India)
July 11, 2010.
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Table 1. Seasonal incidence of bud borer (Helicoverpa
armigera Hubner) under polyhouse condition.

M.W. Tmax Tmin RH-I RH-II BSH Per cent
°C °C (%) (%) hrs. bud borer

incidence

23 35.8 24.7 77 45 8.3 5.32
24 32.7 24.6 77 53 7 8.02
25 31.6 22.9 89 66 3.8 12.92
26 27.5 22.5 90 84 2.1 16.64
27 27.2 22.9 84 80 1.8 20
28 27.7 22.9 85 74 2.3 32
29 29 22 86 67 4.7 36.36
30 30.8 22.2 86 59 5.9 47.37
31 28.4 22.4 88 73 3 76.47
32 27 22.1 87 79 2.3 42.86
33 27.3 21.7 87 76 2.2 40
34 29.2 21.5 89 68 5.3 31.25
35 28.4 22.8 91 77 2.5 23.08
36 28.6 21.8 91 72 4.4 21.52
37 30.5 21.4 91 62 5.8 20.33
38 28.8 22.2 88 72 3.6 18.75
39 29.2 21.8 84 59 5 17.9
40 32.7 20.7 88 33 7 17.05
41 32 20.9 89 39 5.5 14.04
42 32.6 16.6 85 28 8.6 12.46
43 32.9 16.2 75 26 9.6 11.74
44 30.5 17.9 89 43 6 10.03
45 28.7 17.2 91 33 7.9 8.22
46 31.3 14.3 89 25 8.1 8.03
47 29.2 9.9 86 24 9 7.53
48 29.6 12.3 88 33 7.2 5.85
49 27.6 12.7 88 38 6 5.4
50 29.8 14.4 91 39 6.5 3.48
51 30.1 15.6 83 39 8 2.75
52 32.7 13 91 28 9.1 2.06

______________



Sorghum is an important rabi crop in
drought prone area. The major problem
confronting farmers and production
agronomists in India is how to continue and
secure high level of crop yields with low inputs.
Considering the needs to increase the
production of pulses and oilseeds the
intercropping systems offers a great promise in
dry land agriculture. Intercropping is a potential
system of crop production through crop intensi-
fication in both the time and space dimentions
in semi arid tropics and it provides substantial
yield compared to sole cropping. The
advantages may be especially important
because they are achieved not by means of
costly inputs, but by simple  expedient of
growing  crops together  (Willey  et al., 1980).
To  generate information on yield potential of
different sorghum based intercropping systems,
the study was undertaken.

The field experiment was conducted at
Agriculture Farm, College of Agriculture, Latur
during rabi season of 2008-09. The
experiment was laid out in a randomized block

design with four replications, comprising seven
intercropping systems viz., T1 : Sole sorghum,
T2 : Sorghum + safflower (2:2), T3 : Sorghum
+ safflower (3:3), T4 : Sorghum + gram (2:2),
T5 : Sorghum + gram (3:3), T6 : Sorghum +
linseed (2:2) and T7 : Sorghum + linseed (3:3).
The varieties and spacings of sorghum, gram,
safflower and linseed were Parbhani Moti (45 x
15 cm), Vijay (45 x 10 cm), Kusum (45 x 20
cm) and Kiran (45 x 15 cm), respectively. The
sowing of crops was done on 30th September,
2008. In sorghum + intercropped plot,
recommended dose of rabi sorghum 40:20:20
kg NPK  ha-1 was given to all intercropped
plots, according to plot size at the time of
sowing. Harvesting schedule of various crops
was gram - 31st December; 2008, linseed -
10th January; 2009, Sorghum - 29th January,-
2009 and safflower - 2nd February,2009,
respectively. 

The sole sorghum (T1) produced the higher
grain, fodder and bhoosa yield as compared to
all other intercropping systems in different row
proportions (Table1). The reduction of sorghum

J. Agric. Res. Technol., 36 (2) : 349-350 (2011)

Production Potential and Economics of Different Sorghum
Based Intercropping Systems

Table 1. Sorghum yield, equivalent yield, intercrop yield and economics as influenced by different treatrment.

Treat- Row Main crop yield Sorghum Intercrop yield Gross Net Cost-
ment ratio kg ha-1 equivalent (kg ha-1) monetary monetary benefit

–––––––––––––––––––––––––– yield –––––––––––––––––– returns returns ratio
Grain Fodder Bhoosa (kg ha-1) Grain Bhoosa (Rs. ha-1) (Rs. ha-1)

T1 - 1765 5647 867 1765 - - 22555 13167 1.4
T2 2:02 1083 3157 602 3299 951 1091 31601 19680 1.65
T3 3:03 1124 3448 654 3570 1052 1112 34203 22056 1.86
T4 2:02 1282 4156 728 3405 713 842 32622 21078 1.83
T5 3:03 1249 3763 650 3184 651 764 30505 18769 1.59
T6 2:02 1092 3462 548 2363 266 396 22647 12820 1.3
T7 3:03 1073 3217 580 2370 281 414 22712 12785 1.29
S.E.± - - - - 39.3 - - 3.8 4.4 -
C.D. - - - - 116.3 - - 11.2 13.5 -
at 5%



yield in intercropping may be attributed to
proportionately less plant population of
sorghum as compared to sole crop. Sorghum +
gram 2:2 (T4) produced higher grain yield of
sorghum as compared to sorghum + gram 3:3
(T5), sorghum + safflower 3:3 (T3) and
sorghum + linseed 2:2 (T6) intercropping which
was due to proportionately higher sorghum
population and increased growth characters of
sorghum in sorghum + gram 2:2 (T4)
intercropping system.  

Sorghum + safflower 3:3 (T3) and sorghum
+ gram 2:2 (T4) were beneficial and recorded
significantly higher sorghum grain equivalent
yield as compared to all other intercropping
and sole cropping systems. The higher
sorghum grain equivalent of these
intercropping systems may be attributed to
increased total productivity of component crops
and comparatively higher price to safflower and
gram. Increased sorghum grain equivalent from
sorghum + safflower 3:3 as compared to other
intercropping and component crops was also
observed by Shaikh (1986).

The maximum grain yield production of
safflower was observed in sorghum + safflower
3:3 (T3) than sorghum + safflower 2:2 (T2)
intercropping system. The maximum grain
yield production of gram was observed in
sorghum + gram 2:2 (T4) while the maximum
grain yield of linseed was recorded in sorghum
+ linseed 3:3 (T7) intercropping system. This
may be because of optimum utilization of
available growth resources like moisture,
nutrients and space by these intercropping
systems. These reshlts are in line with those
reported by Shaikh (1986). The highest bhoosa
yield of intercrop was recorded in sorghum +
safflower 3:3 (T3). 

The significantly higher gross and net
monetary returns and maximum cost benefit
ratio were observed in sorghum + safflower 3:3

(T3) and sorghum + gram 2:2 (T4) over rest of
the intercropping and sole cropping systems
which may be attributed to high potential of
total agronomic productivity of component
crops and comparatively higher market price to
safflower and gram being oilseed and pulse
crops, respectively. These results are in
accordance with Pawar et al., (1985) and
Nikam et al., (1987). The higher cost benefit
ratio may be attributed due to higher
productivity, comparatively low cost of
cultivation and higher profitability. Khade and
Pawar (1987) also observed increased cost
benefit ratio in sorghum + gram intercropping
as compared to sole crops. 

F. G. Shaikh
S. M. Suryawanshi
D. N. Gokhale
H. D. Pawar
N. K. Kalegore
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Latur - 413 512 (India)
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