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CAGE WHEEL FOR TRACTION IMPROVEMENT IN POWER TILLER
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Abstarct: Cage wheel is important traction improvement device in wet puddle soil condtion.In India rice is important crop
for crop production and produced first crop as well as second crop where required puddle field condition.during the field
operation with machine no of losses such as trafficability of the surface layer is very poor,increased energy
consumption,fuel consumption,soil hardpan,plant debris etc.The cage wheel, in particular, provides a floating effect to the
power tiller in wet paddy fields, in addition to puddling the soil.use of suitable cage wheel allow well puddle condtionand
energy saving operation in wet land.
Keywords: Cage wheel, Traction, Sinkage, Slippage, Drawbar power

INTRODUCTION

R

ice production calendar generally includes the
period of soil puddling and transplanting of rice
seedling processes in which rice field soils are in
flooded or slurry-like condition. At this period,
wheeled farm vehicles have to struggle with severe
loss of their mobility even in the field with
appropriate hardpan. Thus several types of traction
and flotation devices, such as open-lugged wheel
have been developed and widely used with
conventional tires or instead of tires in many rice
producing countries in Asia.The deformation of soil
with preceding lug trench must be considered when
the multiple lugs of lugged wheel act on soil so that
the practical action of them can be analyzed and the
working reaction on lugs can be predicted.
Cage wheel is a traction device which support the
vehicle by distributing the weight of the machine
over as great an area as possible, reduce soil
compaction and prevent it from bogging down by
Soemengat (1962). Pneumatic, rubber-tired wheels
performed poorly in paddy conditions and the power
loss of these wheels was about 66% of the total loss
by Zhuorong (1984). Verma (1984) revealed that
cage wheel exerted 3 times more pull in comparison
with tyres in flooded soil conditions.
Wetland traction
Johrson (1965) studied that in wet land preparation,
the soil is made into a mud slurry or puddle, and
weeds are pushed 4 to 8 inches beneath the soil
surface. The number of passes and deferred of
puddling depend upon the water supply, soil type,
vegetation, power unit, and implements. Rice soils
are usually of heavy clay which is firm when first
wet but may be progressively softened as flooding
continues. Soil strength values vary with the duration
of flooding and with the location of the plow sole or
hard pan.Salokhe and Clough (1988) used chains,
strakes, tyre tracks (half-tracks), ballasting, cage
wheels, and dual wheels as a traction aids to achieve

the maximum traction on a given terrain. He revealed
that cage wheels are the best suited traction aids for
wetland conditions.Salokhe and Clough (1988)
studied that cage wheels are traction aids particularly
suited for wetland conditions and these are usually
used on small two wheel tractors to replace tyres and
he observed that cage wheels should be fitted to
tractors they are usually fitted to drive wheels with a
diameter smaller than the tyre diameter. Puddling
leads to soil compaction, increases the bulk density
and soil penetration resistance in sub-soils which
ultimately decreases their permeability and reduces
the water losses Verma and Dewangan (2006).
Field performance of power tiller in wet land
Bernardo et al. (1993) studied in wetland condition
using 7 hp (5.2 kW) diesel engine during the first
pass, the rear mounted and arrangement attained
actual field capacity of 0.24 ha/h, a field efficiency of
100 % and fuel consumption of 1.46 l/h at 2.18
kmph. In the second pass, field capacity remained at
0.24 ha/h, field efficiency slightly decreased to 96 %
but fuel consumption improve to 1.21 l/h at 2.39
kmph.Ademiluyi and Oladele (2008) evaluate the
performance of VST power tiller of 10 kW was
carried out in different rice fields located at Shaba
Maliki and Ejeti village near Bida on a clayey loamy,
sandy soil, under the guinea savannah ecology of
Nigeria. The result shows that 93 % and 92 % were
recorded for field efficiency at Ejeti and ShabaMaliki respectively. The difference in effective field
capacity obtained at Shaba- Maliki (0.089 ha/h) and
Ejeti (0.047 ha/h) was due to the variation in the
average time of operation, the operational time at
Ejeti (21.7 h/ha) almost doubles that of Shaba-Maliki
(13.15 h/ha). In Ghana the field efficiency of VST
SHAKTI 130D1 power tillers Biemso and Adugyma
were 80.52 % and 82 %. On the other hand, the
effective field capacity are 0.15 ha/h and 0.11 ha/h
for Biemo1 and Adugyma while the average time of
operation are 7.92 h/ha and 8.9 h/ha respectively for
the locations in Ghana.
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Mandal and Maity (2011) studied the light weight
power tiller of 2.25 kW and concluded that the
average forward speed of operation of power tiller
was 1.5 and 2.2 km/h when rotary unit speed is 130
and 180 rpm respectively. The average effective field
capacity was 0.2 and 0.25 ha/day. The average fuel
consumption was 1.0 and 1.2 l/h.Mohamad and
Alireza (2013) compared the performance over three
types of tractors as two wheeled tractor or power
tiller (Kubota GA 70, 5.2 kW), light-weight tractor
(Darvana DTM 200, 14.9 kW) and medium-weight
tractor (MF 285, 53 kW). Results revealed that
effective field capacities for power tiller, light and
medium-weight tractors were 0.082, 0.224 and 0.314
ha/h, respectively. Fuel consumption (mean of two
stages) was measured to be 2.05, 3.6, and 4.85 lit/h
for power tiller, Darvana, and MF 285, respectively.
Traction performance
Pandey and Ojha (1973) Triratanasirichai et al.
(1990) and Desrial (1994) had studied of 35⁰ lug
angle and 14 lugs in puddled paddy field and they
found the maximum tractive efficiency and wheel
slip at the maximum tractive efficiency obtained in
this study were these values to be 79 and 25%, 68
and 40–50%, and 49.2 and 40.1% respectively in wet
clay soils. From this study, it was also revealed that,
at the maximum tractive efficiency, the sinkage was
high (27.7 cm) and maximum drawbar power was
only 110 W.Triratanasirichai et al.(1990) conducted
study on five sizes of lug angle (15º,30º,45º,60º and
75º) and four sizes of lug pitch were tested to
determine the performance of open, flat-lugged
wheels for a small power tiller operated on two
different types of agricultural soils (sandy and clay
loam). They concluded that the 45º lug angle gave
the maximum tractive efficiency and the maximum
drawbar power in paddy field. He also revealed that
as the lug angle increases, drawbar power increases
until the maximum value was achieved with a wheel
with 45º lug angle.
Draught power of power tiller
Frank (1970) studied the axle torque and drawbar
pull at different travel reduction. Drawbar pull is
varied from zero to that required to obtain at least
30% travel reduction. During this time, axle torque
also varies. An optimum drawbar pull (where
efficiency is a maximum) can be determined for each
soil condition.Anonymous (1975) tested of a 4.10
kW power tiller for drawbar performance with threebottom moldboard plough and 5-tyne cultivator
revealed that use of 60 kg ballast weight could
develop a maximum pull of 1333.75 N with cage
wheels under field conditions. Pandey and
Ojha(1978) studied dimensional analysis for the
effect of wheel parameters, namely the lug angle, lug
height, rim width and lug spacing on the traction
performance of rigid wheels in saturated soils. The
performance of the test wheels was evaluated on the
basis of drawbar pull, slip and torque data obtained at
different normal loads ranging between 50 and 100

kg (790–980 N). The data were utilized to compute
the performance values such as tractive efficiency
and overall performance index. The optimum values
of lug angle, rim width and lug spacing were found
to be 20°, 200 mm and 110 mm respectively for a
wheel of 685 mm dia. The wheel parameter most
influencing the traction performance of the wheel
was found to be the rim width.Sirohi and Panwar
(1988) have found that the existing weight of about
200 kg of the IRRI model power tiller was
inadequate to develop a pull of 150 kg and
recommended that the weight should be at least three
times as compared to existing weight.Singh et al.
(1990) conducted the field studies in different soil
conditions, and was observed that the pull of the
power tiller wheel fitted with enamel coated lugs was
higher than that of wheels fitted with uncoated lugs
at any level of slip. Moreover cage wheel blocking
was not observed in the case of enamel-coated lugs,
but blocking was quite frequent with uncoated cage
wheel lugs.Salokhe and Ghazli (1992) developed
bow-shaped enamel coated float attachment for a
4.74 kW power tiller and fixed underneath the power
tiller between the two cage wheels. The performance
of the power tiller with and without the float was
studied in flooded and puddled soil conditions. It was
observed that the float prevented the cage wheels
from digging deeper into the soil when slippage
occurred. The float-cage wheel combination eased
the operator's work. The statistical analysis showed
that there was no significant difference in the pull
and power delivered by the power tiller with and
without the float in the flooded soil condition.
However, in a puddled soil condition the power tiller
with the float showed lower performance, in terms of
pull and power delivered, than the power tiller
without the float, as the cage wheels were prevented
by the float from reaching the hardpan layer lying
below the top puddled layer to develop enough pull.
Narang and Varshney (1995) investigate a 6.71 kW
power tiller to evaluated draft and drawbar power on
tar roads. Polynomial regression analysis was used to
establish the relationship between draft and wheel
slip, drawbar power and wheel slip, drawbar power
and fuel consumption, and drawbar power and
specific fuel consumption. The results of the study
showed draft values of 2107, 2110 and 2110 N in
second low, third low and first high gears at an
engine speed of 1500 rpm with a 15% wheel slip.
The respective draft values at engine speed of 2000
rpm with a 15% wheel slip were 2172, 2189 and
2212 N. With the mounting of 40 kg wheel ballast
there was an increase in draft of 217, 207 and 291 N
at 1500 rpm, and 328, 306 and 344 N at 2000 rpm of
the engine with a 15% wheel slip in second low, third
low and first high gears, respectively. The increase in
drawbar power with 40 kg ballast was 10.88%, 7.83
% and 20.13 % at 1500 rpm and 18.89 %, 16.56 %
and 14.88 % at 2000 rpm of engine over the drawbar
power available with zero ballast. The fuel
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consumption with the use of wheel ballast was
slightly more than the fuel consumption without any
ballast.Anonymous (2001) conducted trials to test a
7.46 kW power tiller for drawbar pull, fuel
consumption and wheel slip. At 18% wheel slip, the
drawbar power and specific fuel consumption were
1.38 kW and 1.62 kg/db kWh, respectively.Narang
and Varshney (2006) studied a 8.95-kW walking
tractor to evaluate draft and drawbar power on tilled
land. The results indicated that the values of draft on
tilled land with pneumatic wheels at engine speed of
2000 rpm were 803 and 773 N in second low and
third low gears, respectively. The respective draft
values at engine speed of 1500 rpm were 748 and
735 N in second low and third low gears under
slightly loose soil conditions. Replacement of
pneumatic wheels by steel wheels further increased
the draft readings to 1034 and 999 N at an engine
speed of 2000 rpm and 913 and 935 N at engine
speed of 1500 rpm in second low and third low gears,
respectively, indicating significant increase in
drawbar power both at 2000 and 1500 rpm in second
low and third low gears with the use of steel
wheels.Gholker (2008) observed that higher drawbar
force, and drawbar power, were found on plastic soil
conditions at the same wheel slip compared to sticky
soil conditions which in turn had a higher drawbar
force and power compared to flooded soil conditions;
vehicle slip and surface deterioration due to single
passing was increased at the same drawbar pull as
soil moisture content increased.
Effect of design parameter
Jayasundera (1980) used a pair of cage wheels, 93
cm in diameter and 38 cm wide, fitted to a 12.5 kW
two-wheel drive tractor in Thailand in flooded,
puddled field. The lug angle varied from 0 to 40° in
steps of 10 ° and lug spacings were 20, 30, 40 and
60°. The results showed that the power transmitted
for 30° lug spacing (with 12 lugs) was highest of all
lug settings, and that a 30° lug angle gave the best
drawbar power performance.Tanaka and Nakashima
(1986) observed the characteristics of soil reaction on
a plate of a wheel with 30° lug angle and different
lug pitches (6, 9 and 12 lugs) by indoor experiment
using loam in a soil bin, they found that the thrust
efficiency of the lug becomes maximum at 30%
slippage in the case of a wheel with 12 lugs.Xu Da
(1987) studied the effect of design parameters of the
cage wheel in a soil bin. The experiment results
showed that the wheel with 680 mm diameter, 16
lugs and 220 cm lug width gave the optimum
dynamic performance. Salokhe and Clough (1987)
investigated the effect of lug angle on the soil
deformation of wet clay soil under the action of a
single lug. It was observed that the existing passive
soil pressure theory could not be used to describe soil
movement caused by the action of the cage wheel
lug. Speculation about the soil failure prediction due
to a rigid tine or soil cutting blade has raised doubts
about the wisdom of applying this theory to other soil

cutting tools.Tanaka and Nakashima (1988) studied
the effects of the lug angle on the soil reaction in clay
loam in a soil bin. The results showed that the
average lift by a lug increases when the lug angle
becomes large whilst the average thrust decreases.
The thrust efficiency becomes maximum when the
wheel slippage is 28.8%.Triratanasirichai et al.
(1990) evaluate the different angle 15,30,45,60 and
75⁰ of the cage wheel. The results show that as the
lug angle increases, the drawbar power increases
until the maximum value was achieved with a wheel
with 45° lug angle for all lug pitches except for 12.33
cm lug pitch on sand, where the maximum value
occurred at 30° lug angle. For instance, in the paddy
condition, for a wheel with lug pitch of 16.44 cm, the
maximum drawbar power is 170 W at 45 ° lug angle.
However, as the lug angle increases to 60°, the
maximum drawbar power at 50% slip drops to 150
W, which represents a decrease of 12%.Gasparetto et
al. (1992) conducted study on very narrow, large
diameter, lugged or smooth steel wheels fitted on
Italian tractors and trailed implements to improve
their mobility in wet paddy fields. For measurement
of soil texture and cone penetrometer resistance two
fields were selected as softest and hardest conditions.
Rolling resistance tests were carried out on two
narrow lugged steel wheels of different diameter.
The wheels were tested both singly and paired as
dual wheels; the travelling speed and the vertical
load were varied. The results show that the
coefficient of rolling resistance is slightly affected by
the travelling speed and increases with the vertical
load only with the smaller diameter wheel. The
values seem to be relatively low, ranging between
0·12 and 0·35 depending on the combination
tested.Hendriadi and Salokhe (2002) investigate
traction performance of a cage wheel for use in
swampy peat soils in Indonesia. The results revealed
that increasing the lug angle from 15 to 35° and the
length of lug improved the tractive performance of
the cage wheel significantly, while increasing the
number of lugs from 14 to 18 and width of lug did
not improve the tractive performance significantly. A
cage wheel with lug size 325×80 mm, 35° lug angle,
14 lugs (26° lug spacing), with 2 circumferential flat
rings installed on the inner side of the lugs,
outperformed the other settings for use with power
tillers in swampy peat soils.
Effect of moisture content
Tsunematsu and Matsuj (1954) studied different
lugged wheels of different lug shape on power tiller
in clay loam soil. The moisture content varied from
7.3% to 44.7%. They found that the drawbar pull was
increased in proportion to the increase of lug height.
They also observed that the decrease of lug angle
brought the increase of drawbar pull.Clough et al.
(1981) measured the effect of lug angle and spacing
on tractive performance in a flooded, puddled
Bangkok clay soil and found that optimum spacing
was 30º which meant 12-lug in a wheel and highest
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drawbar power was transmitted at 30º lug angle.
Moisture content of the soil was 47.8%.Salokhe et al.
(1989) investigate the effect of soil moisture content
on the lug forces at 40 %, 55 % and in flooded soil
condition (58 %). It was observed that increase in
soil moisture content caused a decrease in the peak
pull force. At 40 %, 55 % and 58 % soil moisture
content and in flooded soil condition the peak pull
forces at 6.5 cm lug sinkage were 350, 120 and 25 N,
respectively.Salokhe et al. (1990) measured the
forces acting on multiple cage wheel lugs when
operating in wet clay soil also studied the effects of
soil moisture content, lug sinkage, slip and spacing
on lug forces. The lug normal and tangential
reactions were measured with the help of strain
gauged transducers. These forces were then
converted to lug pull and lift forces. It was observed
that lug forces on the preceding lug were always
higher than those on the succeeding lug. For both the
lugs, an increase in soil moisture content caused a
decrease in lug forces, but an increase in lug sinkage
caused an increase in lug forces. The lug slip did not
affect the forces on the preceding lug, but it showed a
significant effect on the forces on the succeeding lug.
The lug spacing affected the forces on the succeeding
lug.
Soil wedge formation on lugs
Salokhe and Clough (1988) studied on the
deformation of wet clay soil under the action of
multiple lugs and wedge formation. The effect of
trench spacing (the distance between trenches cut by
successive lugs), lug slip and lug spacing on the soil
deformation under cage wheel lugs was studies. It
was observed that the soil behavior under multiple
cage wheel lugs was significantly affected by lug
spacing and slip. The soil wedge formation as well as
soil adhering to the succeeding lug was a strong
function of lug slip and spacing. Triratanasirichai et
al. (1990) studied the soil blocking or wedge over the
lug plates of the cage wheels at different angle
15,30,45,60 and 75⁰ of the cage wheel. The results
showed that in a paddy field condition and for the
wheels with 15° lug angle, 12.33 cm pitch lugs were
nearly completely blocked with soil. When the lug
angle was increased the cross-sectional area of
blocked soil, i.e. amounts of soil wedge, became
smaller and smaller. The cross-sectional area of soil
wedge was rather big and decreased when the lug
angle increased to 45 °, where the soil wedge
disappeared from the lugs.
Effect of sinkage
Salokhe et al. (1989) studied the peak and lift force
of single acting cage wheel in laboratory soil bin. It
was observed that as the lug sinkage increased the
pull as well as lift force values also increased. It was
observed that at 35% slip, 40% moisture content and
2.5 cm, 4.5 and 6.5 cm lug sinkage the peak pull
force values were about 200, 275 and 350 N and the
peak positive lift force values were about 150, 300
and 410 N, respectively.

Effect of Slippage
Salokhe et al. (1989) investigated the effect of soil
moisture content on the lug forces at 40 %, 55 % and
in flooded soil condition 58 %. It was observed that
increase in soil moisture content caused a decrease in
the peak pull force. At 40 %, 55 % and 58 % soil
moisture content and in flooded soil condition the
peak pull forces at 6.5 cm lug sinkage were 350, 120
and 25 N, respectively.Triratanasirichai et al. (1990)
conducted that the drawbar power from the test
wheels depended on the wheel slippage, increase of
wheel slippage leads to increase of the drawbar
power until it reaches the maximum value at about
30% slip in for sand and 40-50% slip as in for paddy.
When the slippage increases over the above slip
values under both soil conditions, the drawbar power
decreases to zero at 100% of wheel slip. Salokhe et
al. (1994) studied the effects of low-to-medium slip,
lug spacing and moisture content on lug forces in
clay soil were investigated in a laboratory soil bin
with the help of two model lugs. The lug slip was
varied from 5 to 10, 15, 20 and 25 %. The
measurements were conducted in clay soils with 6.3,
27.4 and 51 % soil moisture contents. The lug
spacing was varied from 20° to 30° and 40°. The
increase in lug slip from 5 to 25 % caused an
increase in lug forces on both lugs. The increase in
the soil moisture content from 6.3 to 27.6 % caused
increase in lug forces on both lugs, but further
increase in moisture content to 51 % decreased the
lug forces. Lug spacing showed a significant effect
on lug forces produced by the succeeding lug. The
increase in lug slip increased the lug forces at any
given lug spacing and moisture content. Rajaram and
Eebatch (1999) investigated effect of drying stress,
as influenced by one cycle of wetting and drying, on
physical properties of a clay–loam soil in the
laboratory. The physical properties studied were soil
bulk density, cone penetration resistance, shear
strength, adhesion and aggregate size and stability.
Three drying stress treatments were made by wetting
air-dried soil of initial moisture content of 12% (on
dry weight basis) to three different higher moisture
contents, namely 27, 33 and 40 %, and then drying
each of them back to their original moisture content
of 12 %. Thus, the soil was subjected to three
different degrees of drying stress. The results showed
that the soil strength indicated by cone penetration
resistance and cohesion, and soil aggregate size,
increased with the degree of drying stress but the soil
bulk density did not change significantly. Watyotha
et al. (2001) investigate the effect of circumferential
angle, lug spacing and wheel slip on forces produced
by a cage wheel in a laboratory soil bin having
Bangkok clay soil with 51% (d.b.) soil moisture
content. Six ring-type load-cells were used to
measure the soil horizontal, vertical and transverse
reactions on the cage wheel lugs. The circumferential
angle was varied from 0, 15, and 30 to 45º. The lug
spacing and wheel slip were varied from 20, 30 to
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40º and 20, 35 to 50% respectively. All the force
measurements were done at a constant 7 cm sinkage.
The results showed that increasing circumferential
angle up to 45º can reduce variation in lug wheel
forces, at the same time it had little effect on the
mean pull and lift values. The side force was affected
by the changes of circumferential angle. The 20º lug
spacing not only gave the minimum variations but
also maximum mean lug forces. The highest lug
wheel forces occurred at 35% wheel slip. Watyotha
and Salokhe (2001) conducted study in a laboratory
soil bin with clayey soil to determine the tractive
performance of cage wheels as affected by opposing
circumferential lugs, lug spacing and wheel slip. The
performance was compared with conventional or
normal cage wheels. The power of the modified
wheels reached a peak at about 30-40% wheel slip
depending on the circumferential angle and lug
spacing. The modified wheels with 15º
circumferential angle at 24 and 30º lug spacings
showed significantly higher tractive power compared
to other combinations. The power of the modified
wheels was higher than that of the conventional
wheels, the traction efficiencies between the
modified and normal wheels were not significantly
different. The average wheel slip at the peak tractive
efficiency was about 34% for all circumferential
angles and lug spacing. Based on the performance
and cost of materials, the cage wheel with opposing
circumferential angled lugs at 15 º circumferential
angles and 30º lug spacing is recommended for the
design of power tillers in Thailand.
SUMMARY
The literature is replete the parameters of cage wheel
such as lug angle,lug angle, wheel diameter, lug
spacing and lug height is affect the performance of
tractive efficiency, drawbar power,draft,sinkage and
slippage. When the lug angle was increased the
cross-sectional area of blocked soil, i.e. amounts of
soil wedge, became smaller and smaller. The crosssectional area of soil wedge was rather big and
decreased when the lug angle increased to 45 °,
where the soil wedge disappeared from the lugs in
wet puddling.
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Abstract: This work provides an overview of tree diversity in the municipality of porbandar through an assessment of the
road side tree ﬂora in urban sectors of the city. An enumeration of roadside trees along major routes of porbandar city was
examined. It is aimed to make available the knowledge required for supporting proactive action for plant documentation,
diversity assessment and conservation. Biodiversity indices for individual roads and area were calculated and used to depict
the biodiversity in the urbanized area. A total of 35 tree species belonging to 23 families were enumerated. Most of the trees
were products of planted rather than wildling preservation at number of roads. Distribution pattern of tree species analysis
depict the contiguous pattern except the Avicennia marina showed random distribution. The analysis was based on a tree
census in which all tree species were counted and studied for various parameters. Sum total of indices of a city then
compared with the major urban spaces in the saurashtra region resulted into species richness and evenness at regional level.
Keywords: Biodiversity, Roadside trees, Saurashtra region, Urban area

INTRODUCTION

U

rbanization is a global phenomenon acting at
large scale and land use changes is the driver of
its impact (Vitousek et al., 1997). Municipal
biodiversity is coming under pressure exerted cover
due to construction and expansion of towns and
cities. These developmental activities promote the
loss of native species and their replacement by
introduction of non-native species (Ku¨hn et al.
2004; Sukopp 2004; Stehlik et al. 2007). A higher
number of tree diversity composition and structure
may change, affecting food and shelter resources;
which enhances number of associated inhabitant
species such as understory plants and animals
(Wunderle, 1997). As urbanization occurs, traditional
activities are withdrawing and depicting the physical
destruction causes biodiversity reduction and
extinction of the sensitive plant elements (Andrieu et
al, 2007). Avenues with more trees diversity are
most beautiful pictorial locality in every city.
Regardless of its anthropogenic importance, city
roadside vegetation was neglected for number of
years by biologist (McDonnel, 1997).
Today, cities are not only the most important habitat
of humans but, they also host the great number of
plant species. Developing cities are vital to humans
as settlement and habitat. Plants are the foundation of
all life on earth and trees means engineers and
ecosystem components’ (Jorgenson 2009). Plants
always play a vital role in ecosystem development
and stability. In present scenario, these landscapes
are ever changing as well as provide number of
species on roadsides. Tree diversity is an assemblage
of various categories such as wild, cultivated,
ornamental, shade giving, religious, and sacred. In
India the knowledge of the tree diversity is inbuilt in
society as in depth information about diversity,

distribution and ecological status in surrounding area
is known to common man. It is also well documented
as 15,000 species of vascular plants has been
reported from our nation. The wealth is not only in
terms of the number of unique species documented
just for their uses but, its use at urban and periurban
area of any city (Hiremath and Taranath, 2011).
More infrastructural development is going on in past
50 years in human history. Consequently, impact
study is well suited to reveal effect on tree variety in
any urban landscape. Roadside tree diversity studies
provide enormous opportunities for investigations for
science and society (Forman and Deblinger, 2000).
In developing countries, roads are continuously
increasing at a fast rate because of urbanization and
roadsides occupy a very broad area. However, very
little literature is found describing roadside
vegetation in urban areas of Gujarat in detail which is
one of the biodiversity-rich and fast urbanizing states
of tropical India. Importance of tree diversity can be
seen from various phases as they are not restricted to
forests but exist outside also having significant
importance as they carry out a number of scientific
and societal functions.
Ten years back UNPD predicted that by 2030 almost
two third of the world population will inhabit in
cities (Anonymous, 2007). As well as according
CBD (2008), TEEB (2011) and UNHABITAT
(2010) urbanization and urban landscapes are crucial
ecosystems for the future cons ervation and
management of the biodiversity as well as human
health as it provides primary ecosystem services at
local level and enhance the diversity at global level.
And, it has already started moving towards urban and
periurban area all over the world ((Andersson, 2006;
Crane & Kinzig 2005). It plays a key role in
maintaining the biodiversity and supports various
components of an ecosystem and it can be a step
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towards conservation in a town (Jim and Chen,
2009).The urban biodiversity also enables its
inhabitants to interact with nature, thereby enhancing
appreciation and makes understand functions of
green areas as a beneficiary to general people
(Nagendra and Gopal, 2010). Yet, despite extensive
evidences of the critical role played by street trees in
city environments, urban planners and managers
have often undervalued this role. It is a common
practice that road-side trees are often sacrificed first,
when infrastructural developments such as road
widening take place, especially in fast growing cities.
The welfare of mankind is affected not only by their
density and diversity but also by their direct and
indirect values, which are beyond estimation (Seth,
2004). To prepare more effective and long term
management plan for roadside and street trees, it is
essential to obtain data on tree census and various
other aspects (Maco and McPherson, 2003).
Street tree management and planning occurs at
various levels in different states of India. However,
managing streets trees at the regional and state levels
typically lack the comprehensive, detailed
information of street tree inventory. Trees, being
highly visible, have significant landscape value, both
as an aesthetic and historic feature in the landscape
and as a portrayal, intentional or not, of the values
held by the local communities.
An earlier
preliminary report tells about vegetational aspects
but, there is no authentic documentation,
inventorization and systematic studies on the
roadside tree diversity of the porbandar. The present
investigation will provide the roadside variation of
the urban area with an insight to the diversity,
distribution, ecological status and biodiversity
studies of the trees.
Investigation of the documentation of species
diversity, abundance and distribution of street trees
can be an important step towards biodiversity
conservation within the urban setting. Different
people think always differently for the urban trees
and its valuation.
Therefore, this study aims to
address the shortfalls in site specific baseline
information with regards to the distribution and
description of the major plants occurring within the
porbandar
municipality
through
floristic
documentation of roadside trees. Moreover, main
objectives of the present study were to prepare data
on tree distribution, species composition, diversity
indices and identification of rare trees, if any. The
collected information intended to sensitize decision
makers to concerns and issues that can help develop
place specific knowledge and strategies.
METHODOLOGY
The current study has been accomplished for the port
city Porbandar, Saurashtra; of Gujarat state situated
along the coast of the Arabian Sea. Porbandar is
located at 21°37′48″N and 69°36′0″E.
having

elevation of 1M. Climate of Porbandar is quite
pleasant except summers and included under hot
semiarid category. The survey and documentation
has been conducted at selected major streets of
Porbandar City in year 2016-17 in different seasons.
We have concentrated our data collection only on
some important public roads managed by the local
government. A total of 11 main roads were selected
for this purpose with an aggregated 32 km distance
ranged from 2.3 Km to a maximum of 6.4 km. The
study area has been divided into 4 zones for
understanding the variability on different parts of the
city. A number of trees are wild while, a good
number have been planted and managed by the
Municipality. Direct tree census in the study area has
been conducted and documented. Road side trees up
to distance of 10m from the centre of the road were
considered having individuals possessing minimum
10 cm DBH. Preliminary qualifying criteria included
numbers, species, and ecological, economical,
medicinal plus aesthetic value.
Biodiversity
assessment embraces not just the classical measures
of richness, evenness, and species abundances
distributions but also evaluations of occurrence,
range size and vulnerability. Different biodiversity
indices were used to calculate and understand the
variability present therein. Various biodiversity
indices taken in to account such as: Shannon-wiener
index, Simpson index, Margalef´s index, Pielou’s
index, Menhinick’s index, Inverse Simpson index,
and Simpson measure of evenness.
RESULT
The ten most common species are largely deciduous,
with only three evergreen species, of which 6 are
native to Porbandar. They are largely ornamental
and some economical. Polyalthia longifolia (mast
tree) with its graceful drooping foliage is commonly
planted at the roadside to provide a natural barrier
that screens out the congested, noisy and dusty urban
periphery. Delonix regia and Tecoma stans are an
introduced ornamental flowering which has also
become popular in the city in recent decades. Both
these species grow quickly, and are preferred for this
reason as well. There are a few large shade-providing
canopy trees; Peltophorum pterocarpum (copper
pod), and Terminalia catapa. These species, along
with the other common tree species with narrow to
medium canopies—Millingtonia hortensis (Indian
cork), Tabebuia aurea (golden bell), and Spathodea
campanulata (Africal tulip), have been planted in the
city because of their strikingly beautiful flowers.
Prosopis juliflora, Azadirachta indica, Ficus
religiosa and Pongamia pinnata are indigenous
species commonly found and can also used for
firewood, timber, and biofuel and has become an
increasingly popular species of choice for Porbandar
city in recent years.
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The total number of recorded trees was 19,288 and
37 species belonging to different genera. Among
these 35 species Prosopis juliflora, Azadirachta
indica, Ficus religiosa, Delonix regia, Ficus
benghalensis, Polyalthia longifolia, Peltophoram
pterocarpum and Pongamia pinnata are the most
frequently observed trees in the city. On different
roads, the tree composition exhibit different numbers
and distinct composition in all 4 zones. By and
large, 8326 trees are noticed in the South zone which
dominates the race followed by East zone 2242 trees
as well as West zone 3492 trees and North with just
1137 trees. When we consider the tree diversity
ladder including the diversity indices the picture is
becoming quite clear and presented (table 1).
Tree species diversity ladder
The aim of the study is to identify the city with
richness of tree species diversity. For that purpose we
have used Simpson’s Diversity formula.
The total number of tree encountered in north zone is
1744 of 21 different genera and species. The zone is
dominanated by Prosopis juliflora and Cocos
nucifera; first one is wild and other is wild plus
economical. The various plant species which are
present in the area, Tecoma Stans, Prosopis
cineraria,
Pithecellobium
dulce,
Ziziphus
Nummularia, Moringa oleifera etc. along with the
other taxa.
The East zone number of species is similar to earlier
zone i.e. 21 and total number of tree individuals is
2242. This zone portrays species richness because of
the variety of plants which are present there. Such as
Peltophorum pterocarpum,, Acacia nilotica, Senna
auriculata, Ziziphus trinerva, Ficus religiosa, F.
golerata, and Prosopis juliflora etc. All the plants
are playing vital role and share equal responsibility
for the road side environment.
Next in line is west zone 3492 and 41 are the total
numbers of trees as well as number of species
respectively. It shows that the variety of species and
the numbers are more or less equally distributed
among the species. This zone is not only rich in
economical trees viz., Azadirachta indica, Ailanthus
excelsa, Senna auriculata, Ficus benghalensis and
cocas nucifera but, also with other important taxa
occupying almost of all the area.
The South zone of municipality is having the highest
number of tree individuals with the total number of
tree are 8326 but number of species are only 17. The
zone is mostly coastal one covered by halophytic
plant Avicinea marina. Other co dominant common
plants with large numbers are Prosopis juliflora,
Delonix regia and Azadirachta indica. The zone
looks almost green covered vegetation compared to
all three zones due to more diverse vegetation. The
highest number of plants in this zone includes
Cassuarina equisetifolia, Prosopis juliflora, Cocos
nucifera and Ziziphus nummularia.
The calculated values for 4 zones depict the clear cut
differences in terms of various indices The calculated

values for different indices are given in table 3 and it
is also represented graphically for better
understanding. For north zone Shannon -wiener
index depict greater diversity in the area which is
somewhat good. Simpson evenness and Pileous
evenness index tells about the evenly distribution.
The values of Margalef’s index for north zone are
almost nearer to the west zone explaining similar
species richness in both zones. The value of Inverse
Simpson index in north zone is quite less due to
Thevetia peruviana, Psidium guajava, Annona
squamosa, and Tecoma Stans. Although, the 2
species of Prosopis were higher in number in other
zones in the north zone it was recorded at only at few
places.
There is a linear relationship between the Margalef’s
index and species richness. Such correlation is
recorded in west, south, and east zone. The indices
calculated are highly sensitive and generally
compensate the sampling done at the time of
observations. This can be noticed before calculation
of the indices and evenness on the road and area i.e.
zones in the city. Biodiversity assessment embraces
not just classical measures of biodiversity indices
but they also explain the functional traits and
diversity. The calculated numbers are also suggests
that there cannot be single index that will suit all the
need of understanding. Therefore cluster of
measures gives the guideline about how the
ecosystem at local functions as well as throw the
light on the practical concerns about link between
diversity and ecosystem services (Magurran and
McGill, 2011). Our results are in concurrence with
earlier reports, suggesting that urbanization may be
contributing to enhanced global diversity in both
abundance and species richness at local land-uses.
DISCUSSION
Tree species identified were denoted as ―native‖ or
―non-native‖ based on whether the natural range of
the species is found in the zone. Out of the total tree
species present near selected roads, 25 species (70%)
are indigenous and 10 exotic species (30%). These
trees may be successful in adapting local
environment therefore, grow successfully in such
habitat and provide shelter and forage to native fauna
to enrich the ecology of the study area. The analysis
of the tree flora of the study area showed that the
Prosopis juliflora is the most represented and Cicca
acida, Cordia gharaf, Ficus glomerata, Ficus
elastica, and Tecoma stance are least represented in
different zones. These micro variations that would
exist between the zones of the study area are due to
natural and planted tree species. From a functional
point of view, roadside trees are biased towards
shading and ecosystem services such as pollution
removal, temperature mitigation and noise reduction.
Moreover, in the scope of this study, we tested the
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role that vegetation indices will be helpful in the
evaluation of plant diversity.
For better understanding of the diversity and
composition of trees from the saurashtra region we
have tried to compare with other main cities. In
comparison to other cities such as Jamnagar,
Junagarh and Rajkot of Saurashtra, the highest
number of Prosopis juliflora (5,179) are observed in
the present study as in Junagarh the number is so
poor (165) and in Rajkot (623) only. Whereas, in
Jamnagar it is comparatively good (2184) and well
spread over the city limits which is also situated near
sea coast. Second number is Cassuarina
equisetifolia. (3251) in the Porbandar city against
other cities Rajkot, Junagarh and Jamnagar where
the number of this species is comparatively low as,
315, 710 and 908 respectively. But, the smallest
number of plant species in Porbandar city in compare
to these three mahanagarpalikas is Polyalthia
longifolia (491) and Azadirachta indica (1,223). The
plant which quite less (50) in number is recorded
from all four cities is Pongamia pinnata only ( table
2).
Investigation of the species diversity, abundance and
distribution of street trees can be an important step
towards biodiversity conservation within the urban
setting (Jim and Chen, 2009). A recent study in
Bangalore, India, suggested that data on tree
distribution including species composition, size and
age structure, and spatial inventories are essential to
allow for more effective management of street trees
and the biodiversity they represent (Nagendra and
Gopal, 2010).
Urbanization may be contributing to enhance the
global diversity of plant diversity in both abundance
and species richness. Simply encouraging the
preservation and restoration of biodiversity in urban
habitats is insufficient. Although a significant part of
urban species richness is based on common native

and alien species (Kühn & Klotz 2006), there are
also urban habitats where rare species can persist
(e.g. Brandes 1993). The predominance of exotic
species is a matter of concern. Urban and periurban
area of city are known to consist of a mix of
introduced and native species (McKinney 2008;
Garcillán et al. 2009). As just noted, biodiversity in
many urban areas is often already quite high, in
terms of species richness, beta and alpha diversity.
These landscape values are therefore highly variable
and context dependent. Thus, trees may be regarded
as highly desirable in one location and a menace in
another. Two basic factors enhance non-native
species richness owing to transportation and habitat
by humans for ornamental plants and aesthetics (1)
increasing importation of non-native individuals and
(2) favorable habitat for the establishment of nonnative species (Mack and Lonsdale, 2001). The
preservation of indigenous species in urban habitats
is important for more than retaining the biological
distinctiveness of urban areas. For conservation
goals, it is also important as a way of educating the
large numbers of people who inhabit cities about
local indigenous biodiversity. Educating the urban
public could be the most important method of
promoting effective conservation of native species
(Kendle and Forbes, 1997; Miller and Hobbs, 2002).
As a result, city has to manage good quality
environment means living in a carefully managed
and maintained that milieu. If the city environment
declines, the environment of its surroundings will
also decline. Beyond species richness, species
frequency or rarity is a further aspect of biodiversity.
Measures of species richness treat rare and common
species equally. However, for conservation purposes,
rare species are normally valued higher than common
species. Therefore, it is important to consider species
rarity in addition to species richness, especially in
terms of species conservation.

Table 1. Main trees of Porbandar Nagarpalika:
Sr no

Name

Scientific name

No. of plants

1

Pilli vasant

Tecoma stans (L.) Juss.

30

2

Aawal

Senna auriculata ( L.) Roxb.

324

3

Sharu

Casuarina equisetifolia L.

3251

4

Pipalo

Ficus religiosa L.

729

5

Goras aamli

Pithecellobium dulce (Roxb.) Benth.

139

6

Aso palav/pendula

Polyalthia longifolia (Sonn.) Hook.f. & Thomson

491

7

Neem/limdo

Azadirachta indica L.

1223

8

Gulmohar

Delonix regia (Bojer) Raf.

535

9

Vadlo/vad

Ficus benghalensis L.

850

10

Pilli Karen

Thevetia peruviana( Pers.) K. Schum.

306

11

Paras pipalo

Thespecia populnea (L.) Sol. ex Correa

144

12

Kanji

Holoptelea integrefolia Planch.

152
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13

Nariyeli

Cocus nucifera L.

1276

14

Sargavo

Moringa oleifera Lam.

276

15

Lal Karen

Nerium oleander L.

94

16

Gando bawal

Prosopis juliflora (Sw.) DC.

5179

17

Badam

Terminalia cattapa L.

140

18

Aamli

Tamarindus indica L.

103

19

Khata amla

Phyllanthus acidus (L.) Skeels/ Cicca acida

18

(L.) Merr.
20

Tiwar

Avicenia marina (Forssk.) Vierh.

2530

21

Gundi

Cordial gharaf Ascherson / Cordia sinensis Lam.

13

22

Boradi

Ziziphus nummularia (Burm. f.) Wight & Walk.-

419

Arn.
23

Khijado

Prosopis cineraria (L.) Druce

43

24

Peltophorum

Peltophorum pterocarpum (DC.) K. Heyne

257

24

Karanj

Pongamia pinnata(L.) Pierre

57

26

Desi bawal

Acacia nilotica (L.) Del.ssp. indica (Benth.)

124

Brenan
27

Arduso

Ailanthus excels Roxb.

226

28

Divelo

Riccinus communis L.

57

29

Jamphal

Psidium gaujava L.

61

30

Chickoo

Manilkara zapota (L.) P.Royen

156

31

Pipalo

Ficus religiosa L.

38

32

Buch

Millingtonia hortensis L. fil.

18

33

Tabebua

Tabebuia aurea (Manso) Benth. & Hook. fil. ex S.

14

Moore
34

Pichkari

Spathodea campanulata Beauv.

09

35

Rubber

Ficus elastica L.

06
19,288

Table 2. Comparison of population of some major species with different Municipal Corporation:
Sr. no.

Name

Rajkot

Jamnagar

Junagadh

Porbandar

1

Neem

23,547

6,838

5,321

1,223

2

Aso palav

15,821

1,792

11,917

491

3

Gando bawal

1,293

2,184

165

5,179

4

Desi bawal

623

1,378

319

124

5

Peltoforum

6976

809

1637

257

6

Gulmohar

6,338

894

1,610

535

7

Kanji

662

110

52

152

8

Sharu

315

908

710

3251

9

Badam

941

962

458

140

10

Pipalo

2,411

357

703

729

11

Karanj

46

93

68

47

12

Other plants

24,264

47,242

1,176

7,075
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Table 3. Calculated biodiversity indices for four different zones of Porbandar and its graphical representation
Biodiversity indices

West zone

East zone

South zone

North zone

Shannon-wiener index

1.68

0.90

0.88

2.82

Simpson index

0.27

0.045

0.147

0.324

Margalef´s index

4.33

2.30

3.76

4.37

Pielou’s evenness index

1.002

7.42

1.98

0.86

Menhinick’s index

0.32

0.32

0.34

0.71

Inverse Simpson index

0.045

0.045

0.146

0.32

Simpson measure of evenness

0.161

0.161

0.18

1

8
7
6
west zone

5

east zone

4

south zone

3

north zone

2
1
0

CONCLUSION
Urbanization
alters
the
physicochemical
environment, introduces non-native species and
causes ecosystem characteristics to converge. It has
been speculated that these alterations contribute to
loss of regional and global biodiversity. But, so far
most urban studies have assessed macro-organisms
and reported mixed evidence for biodiversity loss.
We studied four zones of the Porbandar city to
assess the global convergence of urban roadside
avenue tree communities. We determined the extent
to which communities are geographically
distributed, and to what extent urbanization acts as a
filter on species diversity. We discovered that
different trees communities in general converge, but
the response differed among trees communities
showed the strongest convergence. In addition to
sustainable development plus to conserve the
available trees in the city to mitigate environmental
problems associated with the vast developments. By
preserving these valuable green assets, porbandar
city would definitely score extra points for its effort
in gaining the Heritage City status from the national
heritage agencies such as the National Heritage

Department and internationally such as the UNESCO
and boost development of the tourism sector in
saurashtra. This work will also be beneficial to
natural science student, common people & researcher
for plants identification. We then draw on the lessons
from databases and, where appropriate and possible,
make recommendations for issues that are likely to
emerge.
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Abstract: Our studies on the breeding systems and pollination biology of number of annual weed species of Jammu region
of J&K, India has revealed most of them to be annuals, sexually reproducing and selfers. Majority of them are prolific fruit
and seed producers. Predominant / obligate selfing enables these plants to set seeds even in uncertain pollinator conditions,
helping both in their survival and rapid spread. Two plant species of this group namely Trifolium dubium Sibth and Fumaria
indica (Hauskn.) Pugsley however defy these generalisation. Plants of these species like their other counterparts are selfers
with high fruit set. Seed set in these two species however averages below 50 %. This dip in seed set is because they
invariably abort a proportion of their ovules. The abortion is mostly prefertilization and fruits are invariably one seeded. The
details of the studies in different populations of Fumaria indica point towards this mechanism to be universal, although the
pattern differs. Investigated abortion seems predetermined and is uniform indicating it to be genetically determined.
Keywords: Cleistogamous, Fumaria indica, In situ pollen germination, Ovule abortion

INTRODUCTION

W

eeds are unique in being opportunistic, highly
competitive, and in their capability to thrive
well in diverse types of habitats including the
disturbed ones like agricultural fields, waste lands
and lawns. They exhibit diverse life forms; majority
are however annuals. In a large proportion of these
annual weed species, vegetative propagation is
absent; these reproduce sexually and thus get a single
chance to produce seeds in their life; their survival
and spread being threatened if they miss this
opportunity [1] [2] [3]. An important strategy
required in this group of plants is thus a form of
reproductive assurance which enables them to set
seeds even in uncertain pollinator environments.
Selfing has evolved as the predominant system in
these weeds. Prolific seed production by resorting to
autogamy is an important adaptation in many of
these weed species. It helps in their invasion and
rapid spread both, once they enter a new area [4] [5]
[6] [7] [8] [3] [9]. Annual weeds are thus mostly
selfers and high seed setters.
Our work on a group of annual weeds forming
overlapping populations in Jammu province of J&K
state India has revealed some interesting results.
Most of the investigated weeds follow the general
rule in being selfers and prolific fruit and seed
producers. These include Mazus japonicas Thunb.,
Medicago polymorpha L., Stellaria media (L.) Vill.,
Trifolium fragiferum L. and Vicia hirsuta Gray [1]
[2] [10]. Two of the common annual weeds of the
area however defy this trend. These are Fumaria
indica and Trifolium dubium both lack vegetative
propagation and are selfers with high fruit set
(averaging above 80 %). Seed set is however below
50 % in them. A proportion of flowers in these
species display in situ pollen germination and a

sizable number of ovules in both of them show
prefertilization abortion. Patterns of abortion and
some more details of fruit and seed set in Trifolium
dubium has been published by us [11] [12]. Present
communication describes the details of reproductive
events in Fumaria indica which has been studied in
detail recently.
MATERIAL AND METHOD
This study is based on three populations of Fumaria
indica all sprawling in Jammu district of J&K state,
India.
Morphology
In order to study the vegetative and floral
morphology, the plants and flowers were tagged in
the field itself at three distinct sites, named as JP1,
JP2 and JP3. All these populations were separated by
a minimum distance of 1000 m from each other.
Data was collected on various morphometric aspects
of the plants. Reproductive features including length
of the pistil, length of stamens, length of anthers,
length of flower, length of outer and inner petal pair
and length of sepals was studied in laboratory. All
these measurements were obtained using a scale
and/or stage micrometer.
Anthesis and anther dehiscence
Observations on anthesis and anther dehiscence were
made in the field at regular intervals of time.
Inflorescences and flowers were regularly monitored
throughout the day and over the blooming period to
record the time of peak flowering and for the time
taken by the individual inflorescence or flower to
bloom. Flowers of different sizes were collected
before and after anthesis to check anther dehiscence.
Stigma receptivity
It was checked from stigmas of different ages fixed
in a mixture of three parts of absolute alcohol and
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one part of acetic acid for 6 -8 hours. Fixed stigmas
were washed in distilled water and stained in a
mixture consisting of lactic acid, distilled water,
glycerine and phenol in ratio of 1:1:1:1 [10]. These
were then mounted in lactophenol. The stigmas with
germinating pollen grains attached to their surface or
showing copious exudations were considered
receptive.
Ovule abortion
Pistils were dissected out from the flowers, fixed in
Carnoy’s fixative for 24 hours and transferred to
70% alcohol. After 24 hours, the carpels were
thoroughly washed in distilled water and cleared in
4N NaOH in an oven maintained at 60°C. These
pistils were washed and stained with mixture as
specified for stigma receptivity and mounted in a
drop of lactophenol on a clean glass slide. The
prepared slides were observed for the position and
number of ovule developing/aborting within a carpel
under compound microscope. Ovules appearing
flaccid and shrunk and reduced in size were treated
as aborted. All these readings were then clubbed to
determine the ovule abortion rate and patterns [12].
Fruit and seed set
In order to estimate the reproductive potential, the
inflorescences were initially monitored for number of
flowers per inflorescence and then for number of
fruits per inflorescence. Solitary flowers were also
monitored individually for fruit set. Fruits were later
collected and studied for number of seeds.
Percentage fruit and seed set, was calculated as per
[1].
RESULT
Plant and floral morphology
Plants of Fumaria indica (Fumariaceae) are annual
herbs, suberect and diffusely branched. Flowering in
them occurs during winter months of December to
April [13], when the temperarture in the area of study
fluctuates between 4.3 °C to 29.5 °C. Plants bear
small flowers aggregated into racemes, each of
which is terminal and axillary consisting of 8- 21
flowers (Figure 1a). Flowers are zygomorphic,
hermaphrodite, 4- 6.5 mm long, pale pink with
purplish tips. Each flower comprises of two scale like
ovate sepals with medianly placed fimbriated
margins. Petals four in number are present in two
whorls erect and united at the base. One of the outer
petal is spurred at the base. Inner two petals are
joined at tips and enclose the reproductive apparatus
completely. The stamens are six in number and
diadelphous, three on each side of the carpel (3+3).
The middle anther of each set is dithecous while two
laterals are monothecous. One of these bundles is
produced into a basal nectariferous gland enclosed
inside the petal spur. Each stamen has got a winged
base and anthers are small, averaging only 315.2 ±
1.9 µm in size. Pistil 3.8± 0.1 mm to 4.1± 0.1 mm
long consists of ovary, thread like style and bilobed,

wet stigma. It remains surrounded by anthers (Figure
1b). The style is curved so as to bring the stigma
close to anthers. The ovary is unilocular with 1- 4
ovules (averages x = 2.2) (Figure 1e). Stigma is nonpapillate and wet (Figure 1c). Pollen output per
flower averages 217.05 ± 23.23. Pollen ovule ratio
thus has an average value of 104.43: 1
Pollination mechanism
Dehiscence of anthers in the flower usually occurs
before the opening of lower lip of outer petal. Only
lower lip of the outer petal is seen opened in mature
flowers. The flowers can thus be termed
cleistogamous. Stigma receptivity initiates along
with anther dehiscence, it is retained for 1 – 2 days.
The period of anther dehiscence and stigma
receptivity thus overlaps to a great extent. Floral
architecture, placement of anthers and stigma close
to each other, and the curvature of style at top allows
stigma to be clogged by self pollen as soon as the
anther dehiscence occurs. Pollen germination on self
stigma surface is high and averages 92.87±1.65 %.
During the observation period, (2014-2016), plants
of Fumaria indica were never observed to be visited
by any insect.
Of a sample of 150 flowers of the species studied at
different timing of the flowering period, 34.66%
showed the unique phenomenon of in situ pollen
germination (Figure 1d). In these flowers, pollen
grains germinate inside the anthers and receptive
stigma gets covered with numerous germinated
pollen grains. Pollen grains may come out
individually or the pollen tubes formed by the grains
in situ reach to the nearby stigma traverse the style
and ovary and are available to fertilize the ovules
within the unilocular ovary.
Fruit and seed set
The percentage fruit set is very high on open
pollination and averages 94.61 %. Each fruit is
invariably one seeded. Fruit set averages 89.47% in
flowers bagged to allow autoselfing. As in open
pollination fruits developed in bagged inflorescence
also contain only one seed. Since the number of
ovules per ovary averages 2.2 (1-4). The percentage
seed set is low and averages 45.89% on open
pollination and 43.42% on unassisted selfing.
Ovule abortion
Three flowers/ buds sizes were selected to see the
pattern of seed set:
1. Small buds (2- 2.5 mm), unpollinated
2. Medium sized (3-4 mm), pollinated
3. Large sized ˃ (4mm), pollinated and fertilized
Number of ovules observed in each of these bud
sizes in the three different populations is tabulated
(Table 2). As is evident from Table 2 majority of
small buds in population JP 2 and JP3 carry 4 ovules
each, others carry 2 or 3. In JP 1, however the
number of buds carrying 4 ovules is less (10 %),
majority of these buds have 2 ovules. As the buds
grow in size, the number of ovules decreases and in a
mature fertilized bud the number is invariably 1 in JP
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1, 1 or 2 in JP 3 and 4, 3 or 2 in JP 2. Mature fruit is
however invariably one seeded in all these plants.
Scanning of styles in mature buds reveals the
presence of large number of pollen tubes in the style
in all these populations, out of which only one pollen
tube is seen to reach the ovary in all the pistils in JP 1
and JP 3 population (Figure 2b, 2c, 2d). In JP 2 in
approximately 25 % of the ovaries multiple pollen
tubes also invade the ovary (Figure 2a). Fruits
however are one seeded here too.
DISCUSSION
Floral structure, events of floral biology and lack of
insect visitation reveal Fumaria indica to be an
obligated self sreproductive efficiency in this
sexually reproducing species as high fruit set is

assured. As such Fumaria indica falls in league of a
number of annual selfers studied till date [14] [15]
[16] [2] [10] [3].
What makes this annual, interesting is the high rate
of ovule abortion occurring in the species. Ovule
abortion leading to a dip in seed set is not a new
observation and has been reported in number of taxa
[17] [18] [19] [20] [1] [12]. A number of reasons
have been cited for the same. What makes it
intriguing in the present case is its association with a
self pollinated species without any pollen limitation.
Observations on ovule abortion reveal that in
majority of the pistils, phenomenon is pre
fertilisation. However in one population some
indications of post fertilization abortion are also
there. Whether this abortion is a sieving mechanism
or a dispersal tactic, needs to be authenticated.

Table 1. Data on reproductive parameters
S.NO
Character
Percentage fruit set/inflorescence (Open
1
pollination)
2
3
4
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Percentage fruit set/inflorescence
(Unassisted selfing)
Percentage seed set/ fruit
(Open pollination)
Percentage seed set/ fruit
(Unassisted selfing)

Fumaria indica
94.61
(n= 45)
89.47
(n= 45)
45.89
(n=150)
43.42
(n=150)

*n= sample size
Table 2. Percentage frequency of flowers with different number of ovules
Number of developing
Population
Flower size(mm)
ovules per ovary

JP 1
(n=50)

JP 2
(n=50)

JP 3
(n=50)

Percentage frequency (%)

2- 2.5

4;2;1

10 ; 80 ; 10

3

2;1

63.63 ; 36.36

3.5

2;1

20 ; 80

4

1

100

4.5

1

100

2 - 2.5

4;3

75 ; 25

3

4;3;2

25 ; 62.5 ; 12.5

3.5

4;3;2

33.3 ; 33.3 ; 33.3

4

4;3

50 ; 50

4.5

4;3;2

42.8 ; 42.8 ; 14.2

2- 2.5

4;2

50 ; 50

3

4;2;1

20 ; 60 ; 20

3.5

3;2;1

16.6 ; 66.6 ; 16.6

4

2;1

25 ; 75

4.5

2;1

57.14 ; 42.85
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CONCLUSION
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Abstract: Holostemma ada-kodien a species indigenous to India and popularly known as Jivanti, is a twiny, laticiferous
perennial medicinal shrub belongs to the family Asclepiadaceae. The occurrence of in-vitro culture stress might results
instability of the genome in tissue cultured plantlets and hence these plantlets have to be subjected to assessment of genetic
fidelity using DNA based molecular marker in in- vitro regenerated H. ada-kodien plantlets. The nodal explants responded
satisfactory in terms of growth related traits when inoculated in the MS medium supplemented with KIN (1.50 mg/l) + NAA
(0.50 mg/l). When screened with 12 Random Amplified Polymorphic DNA (RAPD) primers, it produced clear reproducible
and scorable bands. All banding profiles from in-vitro raised plants were monomorphic and similar to that of the mother
plant. This study is of high significance as these could be commercially utilized for large scale production of true-to-type
plantlets in H. ada-kodien.
Keywords: Holostemma ada-kodien, In-vitro propagation, Genetic fidelity, RAPD marker

INTRODUCTION

H

olostemma ada-kodien a twiny, laticiferous
perennial medicinal shrub belonging to the
family Asclepiadaceae (Martin, 2002) and It has
several vernacular names in different languages, in
Sanskrit, it is known as Jivanti; Arane beeru, Jeeva
haale, Maruligana kasa in Kannada; Holostemma in
English; Chirvel, Kanju in Hindi and Adapathian,
Atapatiyan in Malayalam (Joy et al., 1998). The
species is widely distributed in the tropical rain
forests of the world including India, West peninsula,
Srilanka and China (Sivarajan and Balachandran,
1994). In India, maximum distribution is seen in the
forests of Andhra Pradesh, Tamil Nadu and Western
Ghats of Karnataka and Kerala. Though distributed
widely throughout Southern India, the population in
wild is gradually reducing due to the destructive and
ruthless collection of root tubers for ayurvedic drug
preparations and fruit set is a major problem in
multiplying the species in wild, which has led to the
species being listed as vulnerable medicinal plant in
FRLHT red list (Ravikumar and Ved, 2000).
Traditionally the plant is used as an alternative,
astringent to the bowels; cures ulcers, diseases of the
blood, itching, leucoderma, gonorrhoea and it has
ability to maintaining vigour, strength and vitality
(Gamble, 1967; Irimpan, 2011). The root and leaves
are used in the form of powder and juice to treat
spider-poisoning. The roots rubbed into a mash are
used in cold milk as a curare to diabetes (Kirtikar and
Basu, 1975). The tuberous roots are useful in,
intestinal disorders galactogogue, orchitis, pain,

stomach ache, in ophthalmic disorders and acts as a
stimulant, rejuvenative, aphrodisiac and expectorant
(Singh et al., 2012; Warrier, et al, 1995; Chopra, et
al, 1956). Apart from all these traditional uses, it has
some proven medicinal activity viz., anti-diabetic
(Janapati et al., 2009) antipyretic, anthelmintic
(Sadasivam et al., 2014), antioxidant (Mallikarjuna et
al., 2011), hepatoprotective (Junapudi et al., 2015)
activity.
The tuberous roots are uprooted and used in several
Ayurvedic drug preparations and fruit set is a major
problem in multiplying the species in wild. Hence,
the population of this plant has decreased
simultaneously in the last few years in their natural
habitat, that’s the reason conservation of this species
is of almost importance. In- vitro conservation of
these plants is a safe method to protect the species
from risk of natural disasters as well as increase their
population (Borthakur et al., 1999). If steps are not
taken for their, mass propagation, cultivation and
conservation, they may be lost from the natural
habitat forever. However genetic fidelity is one of the
most important pre-requisites in the micro
propagated plant species. The occurrence of genetic
instability arising may be due to somaclonal variation
in the regenerates, which can seriously limit the
utility of the micro propagation system (Salvi et al.,
2001). Therefore it is very important to establish
genetic homogeneity of in-vitro plants to confirm the
quality of the plantlets for its commercial utility. The
RAPD molecular markers are used to analyze any
somoclonal variations in the in- vitro propagated
plants.
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MATERIAL AND METHOD
Plant material and cultural conditions
Nodal bud explants collected from H. ada-kodien
raised in ICAR-Indian Institute of Horticulture
Research, Field Gene Bank were thoroughly washed
in running tap water along with neutral liquid
detergent for 4 to 5 minutes. These explants were cut
into convenient sizes after removal of the leaves
along with petiole. The nodal explants were surface
sterilized with 0.1% mercuric chloride (HgCl2) for 4
to 5 minutes and rinsed 3 to 5 times in sterile distilled
water to remove sterilants before the inoculation. The
whole procedure is performed in the laminar hood, in
sterile conditions. After that surface disinfected,
explants were inoculated on basal MS medium
containing different combinations of growth
regulators. All the cultures were incubated at 25 ±
100 ºC under white fluorescent light with 50μ mole
m-² s-² light intensity during a photoperiod of 16 hour
light and 8 hour dark.
DNA extraction and PCR amplification
conditions:
Genomic DNA of H. ada-kodien was isolated by
using the protocol of Doyle and Doyle (1990) from
both in- vitro grown plants and field grown mother
plants. Genetic fidelity of in -vitro raised plantlets
were tested using RAPD markers. For this study,
seven in-vitro raised and hardened plants were
chosen and compared with the mother plant. 12
Random Amplified Polymeric DNA (RAPD) primers
were used for screening and assessment. PCR
amplification were carried out in a 25μl of PCR
reaction mixture containing 2.5 μl of 10mM
concentration dNTPs, 3μl of complete buffer, 1 μl of
taq polymerase, 13.5 μl of nucleus free water, 2.5 μl
of DNA sample and 2.5 μl of primer. PCR
amplification was performed in a thermal cycler,
which was programmed for initial denaturation at
94°C for 5 min, followed by 40 cycles of 45 seconds
denaturation at 94°C, 45 seconds annealing at 37°C
and 45 seconds extension at 72°C, with a final
extension at 72°C for 8 min. Amplified products
were resolved by electrophoresis on 1.5% agarose
gel in TAE buffer stained with ethidium bromide for
3h at 60 volts and photographs were taken by using
the Gel Documenting system.
RESULT AND DISCUSSION
In -vitro shoot multiplication
Nodal bud segments from IIHR- Field Gene Bank
plants of H. ada-kodien were used as explant and
inoculated to MS media containing different
combinations and concentrations of growth
regulators viz., KIN, NAA, BA, IBA and IAA.
Effect of varying plant growth regulators on growth
related characters like shoot length, number of shoots
and number of leaves was observed and recorded.
Estimation of growth parameters was done after 8

weeks of inoculation. Data were statistically analysed
by analysis of variance and significance was
calculated. MS medium supplemented with KIN (1.5
mg/l) + NAA (0.50 mg/l) shown significantly high
shoot length (3.20 ± 0.20), number of shoots (2.80 ±
0.45) as well as high number of leaves per explant
(4.00 ± 0.71) followed by BA (2.0 mg/l) +IBA (0.50
mg/l) which shoot length (2.90 ± 0.10), number of
shoots (2.40±0.55) and number of leaves per explant
(3.60±0.55) (Table. 1, Plate. 1) whereas in a study
reported by Pushparajan and Surendran (2014) who
conducted similar experiments observed that shoot
tips inoculated in MS medium supplemented with
NAA (0.5mg L-1) and KIN (1.5mg L-1) showed
highest percentage of regeneration.
Assessment of genetic stability
The RAPD analysis was done to ascertain the genetic
stability of in-vitro raised plants of H. ada-kodien.
RAPD gel profile amplified by the primers OPC-2,
OPC-05, OPD-10, OPD-12, OPE-14, OPE-17, OPF11, OPF-13, OPG-04, OPG-06, OPG-08 and OPG-09
and their size is given in Table 3. All the tried twelve
primers gave amplification and a total of 83 RAPD
bands were generated, which were monomorphic
indicating that micro propagated plants were similar
to mother plant (Plate 2). The number of bands
resolved per amplification were primer dependent
and varied from 5 (OPD-12 and OPG-8) to 10 (OPF11) with an average of 6.92 bands per primer. The
range of amplification products varied with selected
primers and from 125bp to 950bp (Table 2).
Number of monomorphic bands was highest (10) in
case of primer OPF-11 ranging from 125-900bp and
lowest (5) in case of primer OPD-12 and OPG-8,
ranging from 150-900bp and 375-900bp in size
respectively). The micropropagated plants of H. adakodien showed a similar profile to that of its mother
plant (Plate. 2). A total of 12 RAPD markers were
employed to assess the genetic stability. All banding
profiles from micropropagated plants were
monomorphic and similar to those of the mother
plant indicating no variation among the in-vitro
raised plants. Kumar et al. (2015) came out with
similar results after the assessment of the genetic
fidelity of in-vitro plants of Decalepis hamiltonii, an
endemic threatened medicinal plant, and found that
amplified products were monomorphic and in-vitro
raised plants were similar to the mother plant after
RAPD analysis. Similar results were obtained after
evaluating the genetic fidelity of in-vitro raised plant
of greater galangal (Alpinia galanga L.), and found
after RAPD and ISSR analysis that all the
micropropagated plants were monomorphic and
similar to mother plant (Parida et al., 2011). Tyagi et
al. (2010) also found no variation among the
micropropagated plants Capparis deciduas, after the
assessing the clonal fidelity by using RAPD. Similar
results after assessing the genetic fidelity of
micropropagated plants of Arnebia hispidissima,
which belongs to the family Boraginaceae and is an
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important medicinal plant and found that amplified
product were monomorphic and in-vitro plants were
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similar to mother plant after RAPD analysis
(Phulwaria et al. 2013).

Table 1. In-vitro shoot multiplication in Holostemma ada–kodien using different plant growth regulators after 8
weeks of inoculation
MS Media + Growth

Shoot length (cm)

Number of shoots per explant

Number of leaves per explant

regulators (mg/l)

(Mean ± SD)*

(Mean ± SD)*

(Mean ± SD)*

Sl. No.

1

BA (0.443)

2.17 ± 0.15

1.20 ± 0.45

2.00 ± 0.71

2

BA (0.443)+KIN(0.24)

2.30 ± 0.10

1.40 ± 0.55

2.20 ± 0.45

3

BA (0.443)+IAA(0.27)

2.48 ± 0.13

1.80 ± 0.84

2.60 ± 0.55

4

BA (0.886)

2.22 ± 0.08

1.20 ± 0.45

2.20 ± 0.45

5

BA (0.886)+KIN(0.24)

2.67 ± 0.12

1.80 ± 0.45

2.80 ± 0.84

6

BA (2.0)+IBA(0.50)

2.90 ± 0.10

2.40 ± 0.55

3.60 ± 0.55

7

KIN(1.50)+NAA(0.50)

3.20 ± 0.20

2.80 ± 0.45

4.00 ± 0.71

* Mean value of growth parameters of 10 plantlets per treatment.
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M

1

2

3

4

5

6

7

8

Plate 1. In-vitro raised plantlets of H. ada-kodien using nodal explants.
Plate 2. RAPD banding pattern in both micropropagated and field grown mother
plants of H. ada-kodien (Lane 1: Mother plant, Lane 2-8: Micropropagated
plants and M: Marker)
Table 2. List of primers, total number of bands and size of amplified fragments generated by RAPD primers in
both micropropagated and Field grown mother plants of H. ada-kodien accessions
Sl. No.
Primers
No. of bands produced
Range of amplicons [bp]
1.
OPC-02
06
175-950
2.
OPC-05
06
175-950
3.
OPD-10
06
150-900
4.
OPD-12
05
150-900
5.
OPE-14
08
125-600
6.
OPE-17
09
125-600
7.
OPF-11
10
125-900
8.
OPF-13
08
125-900
9.
OPG-04
06
275-600
10.
OPG-06
06
350-800
11.
OPG-08
05
375-900
12.
OPG-09
08
230-700
Mean
6.92
Total
83
CONCLUSION
The present study provides the first report on the
genetic fidelity of micropropagated H. ada-kodien
obtained from nodal explants using RAPD marker.
Our experiment proves that in-vitro shoot
multiplication using nodal segment as explant can be
used for rapid clonal propagation and conservation
work with very low risk of somaclonal variation
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Abstract: Present communication encompasses detailed studies on genetic system of Artemisia tournefortiana Reichb., (F.
Asteraceae) sprawling at Rumtse, Khardong and Kharu areas of Ladakh region of Jammu & Kashmir, India . Species has
high sexual reproductive efficiency and exhibits a stable genetic system with diploid chromosome constitution and high
pollen stainability resulting in good seed set averaging 60.61+1.55 on open pollination. Plants of the species studied by us
are based on x=9 and invariabily exhibit 2n=18 as their chromosome number. Somatic analysis reveals presence of 16M and
2 SM chromosomes.
Keywords: Artemisia, Chromosome, Genetic system, Reproductive efficiency, Somatic analysis

INTRODUCTION

MATERIAL AND METHOD

G

Present work is based on natural populations of
Artemisia tournefortiana Reichb. of family
Asteraceae. Different populations of this species
were tagged and scanned at Rumtse, Khardong and
Kharu areas of Ladakh region of Jammu & Kashmir,
India at an altitudinal range of 3358 to 3805masl.

enus Artemisia L. is the major representative of
tribe Anthemideae of family Asteraceae, the
largest family of Angiosperms (Ling 1991 a and b,
Bremer and Humphries, 1993). Species of the genus
occupy a variety of habitats and are medicinally
important (Valecha et al. 1994, Chanphen et al.
1998). Genus is famous for the drug Artemisnin
isolated from A. annua which is highly effective in
its action on malarial parasite. Different species are
known to have a hepatoprotective activity and have
been traditionally used against liver damage (Zargari,
1990, Janbaz & Gilani, 1995, Singh et al. 2009, Ene
et al. 2009). Genus is reported to have originated in
Central Asia from where it is speculated to have
migrated to India. In India, a total of 45 species are
on record Karthikeyan et al. (2009).
A major chunk of these species, 20 in number inhabit
the Himalayan belt mainly the state of Jammu and
Kashmir (Sharma & Kachoo, 1981, Kaul & Bakshi,
1984). Many of these species are reported to form
distinct populations at varied altitudinal ranges; few
are however, restricted in their disrtibution. These
include A. maritima L., A. glauca Pall. ex Willd., A.
vestita Wall., A. sieversiana Ehrh. ex Willd., A.
parviflora Buch.-Ham. ex Roxb., A. gmelini L. and
A. tournefortiana Reichb.
Artemisia tournefortiana Reichb., has been reported
to occur in Afghanistan, Armenia and Iran (Podlech
& Dieterla, 1969, Podlech & Barder, 1974,
Gabrielian & Xirau, 1996, Valles, 1987a). Its
previous reports of occurrence in India include
Western Himalayan regions including area of of
Jammu & Kashmir state, India (Kaul & Bakshi,
1984). This study is based on populations of A.
tournefortiana of Ladakh region of Jammu and
Kashmir, India at an altitudinal range of 3558–3805
masl. It attempts to probe the genetic system of this
species and compare it to the widely distributed ones.

1. Morphology:- Plants and flowers were studied for
vegetative and floral morphology. Data was collected
on various aspects like height of the plant, shape, size
of leaves, length of inflorescence, number of disc and
ray florets per inflorescence in the field itself. Floral
structure with emphasis on reproductive parts was
studied in the laboratory under a stereo-microscope.
2. Cytology:- For karyology, seeds of Artemisia
tournefortiana were germinated on moist filter paper
lined petriplates. Seedlings with 4-5mm long root
tips were washed with water before pretreatment
with
saturated
aqueous
solution
of
pdichlorobenzene for 3-4 hours at 40C. The pretreated
seedlings were washed and fixed in Carnoy’s
fixative (three parts of ethyl alcohol and one part of
acetic acid). After fixation for 24 hours, these were
washed in water and preserved in 70% alcohol. For
preparation of metaphase spreads, root tips from
these seedlings were hydrolysed in a mixture of 1%
Aceto-orcein and 1N HCl (9:1) and placed in an oven
maintained at 600C for 13 minutes. Finally, the root
tips were squashed in 1% propiocarmine. Battaglia’s
(1955) scheme was used for the classification of
somatic chromosomes.
Pollen mother cell meiosis was studied from young
immature flower buds fixed during morning hours
(8-9a m) in a mixture of three parts of ethyl alcohol
and one part of acetic acid. After fixation for 24
hours, the buds were washed in water and preserved
in 70% ethyl alcohol at 4-6˚C. Finally, the anthers
were squashed in 1% propiocarmine. Chromosome
preparations both (mitotic and meiotic) were made
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permanent by removing the paraffin ring and
inverting the slides in a petridish containing 1:1
mixture of n- butyl alcohol and acetic acid. Both the
slides and coverslip were then transferred to a
petridish containing n- butyl alcohol. The slides were
removed after 2-3 minutes and coverglass was
restored using euparol.
All photomicrography of chromosomal preparations
was done using unit-Nikon ECLIPSE E 400 attached
to a digital color camera SAMSUNG SDS-312. The
field photography was done with the camera SONY
DSC-H10. The bar on each photomicrograph
represent 10µm.
3. Pollen stainability and viability:- Pollen
stainability and viability were determined by :(a) Stainability test in 1% acetocarmine:- Mature
but undehisced anthers were squashed in 1%
acetocarmine. All deeply stained pollen grains were
considered to be fertile.
(b) Fluorochromatic Reactions (F.C.R) test: Pollen grains from ready to dehisce anthers were
squashed in a drop of saturated solution of
fluorescein diacetate in acetone, and observed under
fluorescence microscope. Pollen grains that fluoresce
in UV-light were considered as viable and those that
were deformed and did not fluoresce were considered
as non-viable.
Percent viability of pollen grains was calculated as:%age viability =
No.of viable pollen grains x 100
No. of viable pollen grains +
No. of non- viable pollen grains
4. Fruit and Seed Set:- Fruit and seed set were
observed in the plants growing open in the fields as
well as in bagged inflorescences. Number of flowers
/capitulum, number of fruits/ capitulum were counted
for these plants.
Percent fruit and seed set both on open pollination
and bagging was calculated as:%age fruit set/inflorescence
= Fruit count/inflorescence x 100
Flower count of the same inflorescence
5. Sexual Reproductive Output:- Number of seed
producing florets per inflorescence were counted and
SRE was calculated using the formula:
Sexual Reproductive Output = Number of seed
producing florets in a capitulum x percentage of
healthy seed set x number of capitula/plant
100
RESULT AND DISCUSSION
Plants of A. tournefortiana are small sized annual
shrubs which sprout from seeds in the month of
March – April as snow melts in the area of study and
temperature averages 15-20 ֩C. Aerial offshoots are
produced, that reach an average height of 51.9cm

after a brisk vegetative phase of 4-5 months (Fig. 1a).
The plants are highly branched with the branches
bearing leaves which are broadly ovate with
pinnatisect segments. Flowering initiates in mid-July
and seed set occurs in Ist week of October. The
temperature during the flowering months fluctuates
between 25-35oC. The relative humidity averages 4654% in the area during this period. The plants bear
flowers in axillary spikes terminating into heads at
terminal one-third to one –fourth of the shoot. The
average size of individual capitulum is 3.06cm × 4cm
(3×4–3×4.5) cm. Number of inflorescences per
branch is high and averages 97.65. Number of
branches per plant averages 7.8+0.87.
Each capitulum is heterogamous consisting of central
hermaphrodite disc florets and peripheral ray florets
(Fig. 1b). The plants are thus gynomonoecious.
Number of disc and ray florets per inflorescence
averages 102 and 16 respectively. Each disc floret
consists of five syngenesious stamens and a pistil
with discoid stigma, elongated style and an ovary
(Fig. 1c). The ray florets are pistillate (Fig. 1d).
Meiotic studies revealed the diploid chromosome
number as 2n=18 in this species. A total of 191 cells
were scanned for pmc meiosis, out of these, 36 cells
(18.84%) at diplotene (Fig. 2a), 43 cells (22.51%) at
diakinesis (Fig. 2b and c) and 69cells (36.12%) at
metaphase –I showed the presence of 9 perfect
bivalents (Fig. 2d-f). At metaphase, both ring and rod
shaped bivalents were observed. Chiasmata
frequency per cell at diplotene averaged 15.86.
Recombination index thus averages 24.68.
Segregation of chromosomes was regular in 35 cells
(18.32%) observed at Anaphase –I (Fig. 2g) while
laggards were observed in 8 cells. Average pollen
production per floret averages 6494.84 per floret and
thus an average of 6,62,473.68 pollen grains are
produced per inflorescence. Pollen stainability and
viability averaged 94.29% and 89.64% respectively.
Fruit is a cypsela as in other composits. It is dry,
indehiscent, one seeded fruit developed from a
bicarpellary, syncarpous, inferior, unilocular ovary.
Seeds are ridged brown, 1-2 mm long. Percentage of
healthy seeds formed in open and bagged
inflorescences averages 60.61±1.55 (45.9–75.5) and
1.02±0.71 (0–6.7) respectively. Healthy seeds show
good viability which could be observed from the
germination tests carried out in the lab, where these
showed 74.58% germination at a temperature of
25oC.
Somatic complement of the species as analysed from
the root tip cells revealed the diploid chromosome
number as 2n=18 with 9 pairs of chromosomes (Fig.
2h and i). The karyotype formula for the species was
thus 16M+2SM. The presence of a large number of
metacentric chromosomes as compared to sub
metacentric chromosomes states its symmetrical

JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 9 (7)

nature. The present chromosome report reveals
Artemisia tournefortiana to be diploid species based
upon x=9, the most common base number in the
genus Artemisia (Valles & Garnatje, 2005,
Chehregani & Mehanfar, 2008, Chehregani &
Hajisadeghian, 2009). Unlike most of the Artemisia
species scanned till date (Jabeen et al., 2012, Mir et
al., 2013, Sharma et al., 2015), A. tournefortiana is
cytologically highly stable.
CONCLUSION
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The annual species has acclimatized itself well in the
harsh weather of Leh by being highly efficient
sexually in view of
(a) its stable cytological nature unlike most of
Artemisia species scanned till date.
(b) high investment in sexual reproduction leading
to production of an average of 46,164.81 healthy
seeds/plant. This is huge when compared to
cytologically unstable species like A. nilagirica,
where this value comes out to be 22,215.6. (per
observations; unpublished data).

Table 1. Morphometric details of Artemisia tournefortiana
S.No.
Character
1
Height of plant (cm)
2
Size of capitulum (mm)
3
No. of disc florets per capitulum(mm)
4
No. of ray florets per capitulum(mm)
5
Size of disc floret(mm)
6
Size of ray floret(mm)
7
Size of anther(mm)
8
Size of pistil of disc floret(mm)
9
Size of pistil of ray floret(mm)
*Average
LEGENDS

Fig.1. Artemisia tournefortiana Reichb.

Average
51.9*+3.7
3.7+0.1
99.6+7.5
15.6+1.2
2.4+0.05
2.2+0.3
1.1+0.01
2.2+0.3
2.4+0.05
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(a)
(b)
(c)
(d)
(e)
(f)

Plant growing in its natural habitat
A capitulum
An opened hermaphrodite disc floret
A pistillate ray floret
Pollen grains stained in 1% Acetocarmine
Pollen grains treated with FDA

Fig. 2. Pmcs of Artemisia tournefortiana Reichb.
(a)
(b)
(c)
(d)
(e)
(f)

Diplotene
(b-c) Diakinesis
(d-f) Metaphase –I
Anaphase-I
Metaphase spread in root tip cells
Karyoidiogram
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Abstract: A field investigation was carried out with four exotic tree species (Acacia auriculiformis, A. mangium, Casuarina
equisetifolia and Swietenia macrophylla) planted at 2m × 2m spacing and of about 30 years age at Kerala Forest Research
Institute sub-centre Nilambur. The specific objective of the study was to examine the population variations of beneficial
microflora in rhizosphere soil, due to long term occupancy of these trees. The rhizosphere soils were collected for isolation
and enumeration of soil microflora like actinomycetes, bacteria, fungi, N-fixing bacteria, P-solubilizer and K-solubilising
bacteria population. It was found that, over the years, the tree species influenced the soil microflora. The highest population
of fungi, nitrogen fixing bacteria, phosphate solubilizing microorganism and potash solubilizing bacteria was recorded under
A. mangium. The highest mean population of actinomycetes and bacteria was associated with C. equisetifolia. These four
exotic tree species taken part actively in the improvement of soil quality and soil health which are the major determinants of
sustainable soil productivity.
Keywords: Exotic forest tree species, Actinomycetes, Bacteria, Fungi, Beneficial microflora

INTRODUCTION

S

oil productivity is defined as the capacity of soil,
in its normal environment, to support plant
growth. Soil productivity is reflected in the growth
of forest vegetation or the volume of organic matter
produced on a site. Soil is the fundamental resource
of the forest. Without it or its productive capacity,
the other resources of the forest are diminished. Soil
characteristics such as physical, chemical and
biological aspects are closely interrelated, and
impacts on one aspects may influence others.
The type of organic compounds released by plants
has been postulated to be a key factor influencing the
diversity of microorganisms in the rhizosphere of
different plant species (Bowen and Rovira, 1991).
Rehabilitation activities do help increase the level of
microbial community in the soils (Singh et al., 2013).
Acacia mangium has high nitrogen-fixing ability by
symbioses with nodule forming bacteria and
produces leaves that are more nitrogen-rich than
native tropical leguminous trees (Tilki and Fisher,
1998). Lixia et al. (2004) observed that the total
amount of microbes, especially of the number and
percentage of bacteria was increased under artificial
forests and most obvious result was found in soil
under afforestation by A. mangium. They also
suggest that the soil properties under artificial forests
were improved because of microbes. Casuarina
equisetifolia is a fast growing multipurpose
actinorhizal tree capable of fixing atmospheric
nitrogen by virtue of a symbiotic relationship
between the plant roots and Frankia (Rajendran and
Devaraj, 2004). Swietenia macrophylla is a
promising structured timber species that was
introduced to Indian sub-continents long back. The
biomass and nutrient accumulation in exotics like

Swietenia macrophylla has greater acclimation
capacity to enhance the photosynthetic plasticity
under full sun.
From the voluminous literature on rhizosphere, it is
known that the microbial community is not only
influenced by root exudates and nutrient uptake but
also by the plant species (Smalla et al., 2001;
Wieland et al., 2001), phenology (Dunfield and
Germida, 2003; Elsas et al., 2008), the background
soil characteristics (Marschner et al., 2001; Buckley
and Schmidt, 2003; Girvan et al., 2003; Johnson et
al., 2003), and the developmental stage of the plants
(DiCello et al., 1997).
In this context, understanding the diversity and
dynamics of microflora population will throw light
into various aspects of possible soil productivity
changes over time due to long occupancy of exotic
tree species. Moreover, the possible effect of
different tree species on the soil microflora will give
valuable information to the overall micro site
enrichment potential of these exotic trees. However,
the information on the potential for soil productivity
improvement in relation to the microbial diversity are
scarce from these exotic species. Hence, the present
study was undertaken with the specific objective to
study the variations in soil productivity due to long
term occupancy of selected exotic tree species with
special reference to the quantity and quality of the
soil microflora.
MATERIAL AND METHOD
Experimental site
The proposed study was conducted in an existing
provenance trial plot of selected exotic tree species
located in the sub-centre of Kerala Forest Research
Institute, at Nilambur. The site is located in
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Malappuram district of Kerala State at 11°16′37″N
latitude and 76°13′33″E longitude. The area has an
elevation of 41 m above mean sea level. The
temperature varies between 17o C and 37o C and the
mean annual rainfall ranges from 2500 to 3500 mm.
Species descriptions
The following four fast growing exotic tree species
were selected for the study
Acacia auriculiformis, Casuarina equisetifolia and
Swietenia macrophylla were planted during 1982 and
Acacia mangium was planted during 1984 with a
spacing of 2m × 2m.
Collection of Soil samples
The soil samples for microbial analysis were
collected from the rhizosphere, within a radius of 30
cm distance from the tree and from depth of 0-30cm
layer of the top soil. Three replicate soil samples
were collected from the plots of all the four tree
species.
At each sampling, 15 samples were
collected (4 tree species + tree less open area x 3
replications) for soil microflora analysis.
Isolation and enumeration of total soil microflora
Total bacteria, fungi, actinomycetes, nitrogen fixing
bacteria
(NFB),
phosphate
solubilizing
microorganism (PSM), and potash solubilizing
bacteria (KSB) were isolated and enumerated.
Quantitative estimation of bacteria, fungi,
actinomycetes, NFB, PSM and KSB from different
soil samples were carried out on Nutrient Agar
medium, Rose Bengal Agar medium, Kenknights
medium (Johnson and Curl, 1972), Jensen's Broth,
Pikovskaya Agar medium (Rao and Sinha, 1963),
and Glucose Yeast Extract Agar medium
respectively by using serial dilution method. Serial
dilution-agar plating method (or viable plate count
method) was used for isolation and enumeration of
microorganisms from soil. Different dilutions were
used for isolation of different microflora. The
dilutions of 10-2 is selected for fungi and nitrogen
fixing bacteria, 10-3 for actinomycetes, phosphate
solubilizing microorganism and potash solubilizing
bacteria and 10-4 for bacteria.
Statistical analysis
Statistical analysis was done by using statistical
software SPSS V.20.0. Duncan’s Multiple Range
Test (DMRT) was used to test the differences among
treatment means.

RESULT
In the present investigation isolation and
enumeration of beneficial microflora viz.,
actinomycetes, bacteria, fungi, nitrogen fixing
bacteria, phosphate solubilizing microorganism and
potash solubilizing bacteria were carried out. The
results of the summer season and rainy season are
detailed hereunder. The population of microflora was
expressed as a colony forming units (CFUs).
Summer (May 2013)
The tree species had influenced the microbial
population. Among all the tree species Casuarina
equisetifolia had highest actinomycetes population
(6.33 × 103cfu g-1) followed by Acacia
auriculiformis, Acacia mangium and Swietenia
macrophylla (Table 1). The lowest actinomycetes
population was recorded in treeless control plot. It
was found that all tree species did not differ
significantly in the bacterial and fungal population.
The bacterial population was highest in A. mangium
plantation (18.33 × 104 cfu g-1) and the lowest in S.
macrophylla (10.00 × 104 cfu g-1). However, C.
equisetifolia, A. auriculiformis, treeless control plot
and S. macrophylla were at par with A. mangium.
The fungal population was highest in Acacia
mangium plantation (33.00 × 102 cfu g-1) and lowest
in treeless control plot (18.33 × 10 2 cfu g-1). A.
mangium, A. auriculiformis, C. equisetifolia, S.
macrophylla and treeless control plot had a moderate
fungal population. The nitrogen fixing bacteria
(NFB) was highest in Acacia mangium plantation
(4.67 × 102 cfu g-1) followed by A. auriculiformis,
treeless control plot and C. equisetifolia. It was
lowest in S. macrophylla (1.33 × 102 cfu g-1). The
population of phosphate solubilizing microorganism
(PSM) in all the plantations were significantly higher
than treeless control plot. The population was
highest in Acacia mangium plantation (15.33 × 103
cfu g-1) and lowest in tree less treeless control plot
(4.33 × 103 cfu g-1). Acacia mangium and A.
auriculiformis had high potash solubilizing bacteria
(KSB) and it was significantly higher from other
plantations and treeless control plot. The population
of KSB was highest under Acacia mangium (23.67 ×
103 cfu g-1) and lowest in treeless control plot (3.33 ×
103 cfu g-1).

Table 1. Microbial population under different exotic tree species during summer season (May, 2013).
Treatment
Acacia auriculiformis
Acacia mangium
Casuarina
equisetifolia
Swietenia
macrophylla
Treeless control plot

Actinomycetes
(x 103 cfu g-1)

Bacteria
(x 104 cfu g-1)

Fungi
(x 102 cfu g-1)

NFB
(x 102 cfu g-1)

PSM
(x 103 cfu g-1)

KSB
(x 103 cfu g-1)

5.33ab
(1.15)
5.33ab
(1.52)
6.33a
(1.52)
5.00ab
(0)
3.33b
(0.57)

13.00
(2.00)
18.33
(4.04)
16.67
(6.65)
10.00
(1.00)
12.67
(6.11)

28.33
(10.40)
33.00
(13.00)
24.33
(3.21)
20.33
(1.52)
18.33
(01.15)

4.00a
(1.00)
4.67a
(1.15)
2.33ab
(0.57)
1.33b
(0.57)
3.33ab
(2.08)

7.66ab
(3.05)
15.33a
(1.52)
12.00bc
(3.60)
09.00b
(1.00)
04.33c
(2.08)

19.67a
(6.02)
23.67a
(6.42)
03.67b
(2.88)
06.67b
(1.52)
03.33b
(1.52)

JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 9 (7)

665

Values in the parenthesis are standard deviation of the mean.
Values followed by same superscript in a column do not differ significantly (LSD, P, 0.05).

Plate 1: Actinomycetes

Plate 2: Bacteria

Plate 3: Fungi

Plate 4: Nitrogen fixing bacteria

Plate 5: Phosphate solubilizing microorganism
Rainy season (August 2013)
The soil sample for second quarter collected in
August 2013 showed that tree species had influence
on microbial population (Table 2). The population of
actinomycetes was highest in Casuarina equisetifolia

Plate 6: Potassium solubilizing bacteria
(4.33 × 103 cfu g-1) and lowest in S. macrophylla
(1.67 × 103 cfu g-1). The bacterial population was
significantly higher in plantations compared to
treeless control plot. The bacterial population was
highest in C. equisetifolia (35.33 × 104 cfu g-1)
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followed by A. auriculiformis (21.22 × 104 cfu g-1),
A. mangium (19.33 × 104 cfu g-1) and S. macrophylla
(11.00 × 104 cfu g-1). The bacterial population was
lowest in treeless control plot (2.33 × 104 cfu g-1).
Fungal population in A. auriculiformis plantation
(19.00 × 102 was significantly higher than other
treatments and it was least in treeless control plot
(1.67 × 102 cfu g-1). The population of nitrogen
fixing bacteria was highest in A. auriculiformis (1.67
× 102 cfu g-1) followed by A. mangium (1.33 × 102
cfu g-1) and C. equisetifolia (1.33 × 102 cfu g-1). The
nitrogen fixing bacteria population was lowest in

treeless control plot (0.67 × 102 cfu g-1). Phosphate
solubilizing
microorganism
population
was
significantly higher in A. mangium plantation (7.33 ×
103 cfu g-1) than treeless control plot (2.00 × 10 3 cfu
g-1). The phosphate solubilizing microorganism
population in A. mangium was at par with S.
macrophylla, C. equisetifolia and A. auriculiformis.
The population of KSB was significantly higher in
plantations than treeless control plot. The KSB
population recorded highest in A. mangium (4.33 ×
103 cfu g-1) and it was recorded lowest in treeless
control plot (1.00 × 103 cfu g-1).

Table 2. Microbial population under different exotic tree species during rainy season (August, 2013).
Actinomycetes
(x 103 cfu g-1)

Bacteria
(x 104 cfu g-1)

Fungi
(x 102 cfu g-1)

NFB
(x 102 cfu g-1)

PSM
(x 103 cfu g-1)

KSB
(x 103 cfu g-1)

Acacia auriculiformis

2.67
(1.52)

21.33b
(3.21)

19.00a
(7.81)

1.67
(0.57)

2.67ab
(0.57)

3.67a
(0.57)

Acacia mangium

3.00
(2.64)

19.33bc
(7.57)

9.00b
(2.64)

1.33
(0.57)

7.33a
(5.03)

4.33a
(0.57)

Casuarina
equisetifolia

4.33
(1.15)

35.33a
(8.32)

8.33b
(2.51)

1.33
(0.57)

4.00ab
(1.00)

4.00a
(1.00)

Swietenia
macrophylla

1.67
(1.15)

11.00cd
(2.00)

2.67b
(1.52)

1.00
(1.00)

6.33ab
(1.15)

3.00a
(1.00)

Treeless control plot

2.33
(0.57)

2.33d
(1.52)

1.67b
(0.57)

0.67
(0.57)

2.00b
(1.00)

1.00b
(1.00)

Treatment

Values in the parenthesis are standard deviation of the mean.
Values followed by same superscript in a column do not differ significantly (LSD, P, 0.05).
DISCUSSION
Exotic forest tree species in the recent years has
achieved wide acceptance in the plantation
programmes in Kerala, owing to their multi-purpose
and fast growing nature. As invasive species these
species have might some effect on soil habitat and it
is the basic requisite and very much important to
examine the soil productivity changes under exotic
forest tree species. The present study is undertaken
to study the population of beneficial microflora in
rhizosphere soil under exotic forest tree species. The
tree plots showed rich microfloral population
compared to the contiguous treeless control plot.
Thus the selection of suitable exotic species is very
important not only to obtain the high yield but also to
maintain soil productivity. The changes in beneficial
microflora population of soil under the selected
exotic forest tree species viz. A. auriculiformis, A.
mangium, C. equisetifolia and S. macrophylla is
discussed hereunder in detail.
In general, the present study showed that the
microbial population was higher in tree plots
compared to treeless control plot. In summer season,
A. mangium was found dominant species among the
tree species and among the microflora fungi
population was highest. Highest population of fungi
was also supported by Rodrigues et al. (2011).
Rodrigues et al. (2011) reported that fungi developed
better during the dry season and bacteria during rainy
season. C. equisetifolia had highest population of

actinomycetes it might be because of symbiotic
relationship of C. equisetifolia with actinomycetes.
A. mangium had highest population of bacteria,
fungi, nitrogen fixing bacteria, phosphorus and
potash solubilizing bacteria which might be because
of high nitrogen fixing capacity of legume tree
species and addition of litterfall. A fairly high Nfixing potential also has been recorded for Acacia
mangium by Gueye and Ndoye, (1998). The highest
microbial population in A. mangium is supported by
Bakarr and Janos, (1996). They also found the
higher number of microorganism colonization in A.
mangium.
In the rainy season, among all the microflora bacteria
population was highest. C. equisetifolia was found
dominant species and it had highest population of
actinomycetes and bacteria. It might be because of
symbiotic relation with microorganism which is
found in C. equisetifolia. A. auriculiformis had
highest fungi and nitrogen fixing bacterial
population. A. mangium had highest phosphorus
solubilizing microorganism and KSB population
which was found in previous sampling also. As
shown earlier, this higher number of microbial
population in tree species might be because of
litterfall, symbiotic relation of microorganism with
tree species and microclimate developed in
rhizosphere (root soil) soil by tree species (Sharma et
al., 2009; Golinska and Dahm, 2011). Silva et al.,
(2005) found that microbial population were
significantly (p<0.01) greater in forest soil than in
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old-field soil, which could also be related to the
higher level of soil organic matter in the forest soil.
Consequent to the high microbial population
particularly the beneficial microflora, the tree plots in
general accrued good growth and in turn, maintained
the soil condition due to long term occupancy of
these exotic tree species. The potential ability of the
exotic fast growing multipurpose tree species for
improving the soil productivity and soil health is
highlighted throughout the course of this
investigation.
CONCLUSION
The higher microbial population under the trees
compared to the treeless control plots clearly implies
the potential ability of these exotic tree species for
improving the soil qualities when the beneficial
microflora are taken as indices of soil productivity.
Among all the tree species A. mangium had highest
mean population of fungi, nitrogen fixing bacteria,
phosphate solubilizing microorganism and potash
solubilizing bacteria. The highest mean population of
actinomycetes and bacteria were associated with C.
equisetifolia. These exotic tree species taken part
actively in the improvement of soil quality and soil
health which are the major determinants of
sustainable soil productivity. In Future detailed
studies on microflora at species level may be taken
up. Beneficial effect of microflora may be examined.
Litter decomposition and dynamics should may be in
cooperated along with the microflora studies.
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Abstract: A field experiment was conducted to study the effect of different rate of nitrogen application on GHGs emission
under maize-wheat cropping system in an acid soil. Nitrogen rates were arranged with four levels including (N1: 0, N2 : 80,
N3 : 160 and N4 : 240 kg N ha-1) in case of maize. However in case of wheat N rates was (N1 = 0, N2 = 50, N3 =100 and
N4=150 kg N ha-1). GHGs were estimated by using Cool Farm Tool (CFT), and the result showed that the application of
higher dose of N, emitted more total GHGs (11163 kg CO2eq ha-1 in maize and 7108 kg CO2eq ha-1 in wheat, respectively.
Similar trend was followed by emission of N2O and CO2. A breakdown of various emission sources shows that the major
emission sources at farm level is the production and use of synthetic fertilizer. GHGs emission increased with increasing N
application both maize and wheat crop and was observed highest at highest N application rate i.e. 240 kg N ha-1 and 150 kg
N ha-1 (11163 and 7108 kg CO2eq ha-1, respectively) and lowest at no nitrogen applied plot (1941 and 2124 kg CO 2eq ha-1)
respectively.
Keywords: Carbon dioxide, Cool Farm Tool, Nitrogen fertilizer, Nitrous oxide, Maize-wheat

INTRODUCTION

G

HGs emission is major concern over agriculture
produce. The use of blanket nutrient
management recommendations in India has led to
low nutrient use efficiencies, lowered profits and
increased environmental problems (Pampolino et al.
2012). Nutrient recommendations in India are based
upon crop response data averaged over large
geographic areas and do not take into account the
spatial variability in indigenous nutrient supplying
capacity of soils (Majumdar et al. 2013). Blanket
nitrogen fertilizer application, therefore, results into
under-fertilization in some cases and overfertilization in other. Such unbalanced and
inadequate use of nutrients can decrease the nutrient
use efficiency and profitability and may increase
environmental risks associated with loss of unutilized
nutrient through emission or leaching. This further
increases the agriculture’s share to total GHGs
emissions. Traditionally, maize is grown in the kharif
season and wheat during rabi season. Farmers
typically perform multiple tillage operations after
wheat harvest to prepare field for maize and wheat
planting. Increased use of machinery and fuel for
repeated tillage operations also emits large amount of
greenhouse
gases
(GHGs)
into
the
atmosphereSapkota et al. (2014). Singhet al. (2014)
it was reported in 2007 that the net emission of
GHGs from India was 1727.7 MT of CO2 equivalent.
It has been shown that Punjab, Haryana, Uttar
Pradesh and Andhra Pradesh emit higher amount of
NO2-N because of higher nitrogen fertilizer use. But
West Bengal, Andhra Pradesh, Orissa, Bihar,
Jharkhand and North-eastern States emit more

amount of methane due to higher rice cultivation.
Conservation agriculture holds key in reducing the
emission due to minimum soil disturbance and 30%
area covered with crop residue.
Gaseous exchange between soils and the atmosphere
is an important contributory factor to global change
due to increasing release of greenhouse gases
(GHGs) (Smith et al. 2007). Nitrous oxide (N2O) and
carbon dioxide (CO2) are the two most important
greenhouse gases with important contributions to
global warming (Wang et al. 2005) and agricultural
soils act as the source of N2O and CO2 (Ding et al.
2006). It is estimated that about 20% of the global
atmospheric source of N2O is estimated to be related
to emission from agricultural lands (Mosier et al.
1998), and about 25% of the total C exchange
between the atmosphere and terrestrial sources is
ascribed to annual global soil emission (Schlesinger
and Andrews 2000). It is well known that N2O and
CO2 production, transport and emission in soil
depend on environmental factors such as aeration
condition, soil temperature, soil moisture, supplies of
organic carbon, fertilization, pH, etc. (Bowden et al.
2004; Lin et al. 2010).
Nitrogenous fertiliser can be responsible for the
majority of greenhouse gas (GHG) emissions
associated with the production of crops through its
manufacture and N2O emissions from the soil
subsequent to its application. Emissions of N2O that
result from fertilizer N inputs to the soil can occur
through both direct and indirect pathways. Direct
emissions of N2O are considered emissions from the
soil that occur as a direct result of additional fertilizer
N application to that same soil. Indirect emissions of
N2O are considered to be those produced off-site and
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include, but are not limited to, N2O produced in
receiving waters or soils as a result of NO3−ion
leaching (Kindred et al. 2008).
However, carbon dioxide (CO2), from energy use on
farms and horticultural enterprises, accounts for only
about 8% of these emissions. Most GHG emissions
from agriculture are either nitrous oxide (N2O; 57%),
or methane (CH4; 35%) - both important greenhouse
gases that contribute to global warming and climate
change. (FAS 2014)
Approximately 6-9% of all greenhouse gas (GHG)
emissions originating in the United States (US) come
from agriculture activities. In 2007, agriculture in US
was responsible for around 7% of total GHG
emissions, with soil management activities such as
fertilizer N application accounting for almost 80% of
total emissions of N2O from this sector. The majority
of N2O emissions from agriculture in US are
associated with field crop production. (CAST 2004;
EPA 2009).These gases are in the forms of carbon
dioxide (CO2), nitrous oxide (N2O), and methane
(CH4). India is estimated to emit 17.6% of its
emission from agriculture sector. However, by
employing
proper
management
techniques,
agricultural lands can both sequester carbon and
reduce CO2, CH4, and N2O emissions, thereby
reducing their GHG footprint (NCCA 2010).
MATERIAL AND METHOD
Experimental site
A field experiment was conducted at the research
farm of Soil Science and Agricultural Chemistry,
Birsa Agricultural University, Ranchi, during the
year 2015-16 to study the effect of different rate of
nitrogen application on GHGs emission under maizewheat cropping system in an acid soil. The
experiment was carried out on a sandy loam soil and
comprising 12 treatments and 3 replications in a
Randomized Block Design. Nitrogen rates were
arranged with four levels including (N1: 0, N2 : 80,
N3 : 160 and N4 : 240 kg N ha-1) which was applied
at different timing (S1 : 1/3 after germination + 1/3 at
V4 stage + 1/3 V10 stage ), (S2 : 1/3 after germination
+ 1/3 in V4 stage + 1/3 V10 stage may it be varied on
leaf colour chart (LCC) ), (S3: ½ after germination +
½ in V10 stage) in case of maize. However in case of
wheat N rates was (N1 = 0, N2 = 50, N3 =100 and
N4=150 kg N ha-1) consisting different timing
schedule (S1=1/3 after germination + 1/3 in crown
root initiation stage (CRI) + 1/3 in PI), (S2 + 1/3 after
germination+ 1/3 in CRI + 1/3 in PI as per LCC), (S 3
= ½ after germination + ½ in CRI stage).
Experimental plot is located in the Agro-climatic
Zone V (situated at 23019’ north and 83017’) and has
an altitude of 625 meter above MSL. The
experimental area was well protected from all sides
to prevent outside interferences and stray cattle. The
area was divided into plots as per treatment for the
conduct of field experiment. The soil of the

experimental field was sandy loam in texture with
low water and nutrient retention capacity. Soil
taxonomy was Typic Paleustalf. The highest
maximum average temperature was 29.20C and
lowest minimum temperature was 17.20C during year
2015-16.
Weather Parameters during the crop season
The total rainfall received by the area during 20152016 maize-wheat crop growing season was 639 mm
and the peak period of rainfall was June to
September. During maize cropping season rainfall
was about 522 mm and average temperature varied
from 19.30C to 33.80C. While during wheat cropping
season rainfall was about 47 mm and temperature
varied from 3.10C to 39.50C.The highest average
relative humidity was 87 percent at 7 AM in the 2 nd
week of February to 1st week of March 2016 and the
lowest was 31 percent in 3rd week of March at 2 PM.
GHG quantification (CO2, N2O)
Cool Farm Tool (CFT) model was used for
estimation of GHGs.
Model: Cool Farm Tool (Hiller et al., 2011)
The Cool Farm Tool (Hillier et al., 2011), used in
this study to estimate GHGs emission, integrates
several globally determined empirical GHG
quantification models in one tool. The tool
recognizes context specific factors that influence
GHG
emissions
such
as:
pedo-climatic
characteristics, production inputs and other
management practices at field as well as farm level.
The model provides output as total emission of
GHGs of interest both per unit area as well as per
unit of product. This allows us to estimate the
performance of production system from GHG
emission perspective both in terms of land-use
efficiency and efficiency per unit of product. The
Cool Farm Tool is a farm-level greenhouse gas
calculator for estimating net GHG emissions from
agriculture field.
While harmonized with other calculators, this tool is
distinguished by:
•
Its farmer focus, being as management
sensitive as possible while requiring only input data a
farm manager would have typically.
•
In IPCC terminology, its use of Tier II
approaches – empirical models built from hundreds
of peer-reviewed studies.
This calculator takes the estimates of technical
potential to the farm and uncovers what is practical
and pragmatic from a farmer and field perspective.
The Cool Farm Tool sits between calculators using
simple emission factor approaches (IPCC Tier 1);
and those process based models which require a
greater level of engagement on the part of the use
and training to interpret (IPCC Tier 3).
The majority of calculators report the results in
‘carbon dioxide equivalents’ or CO2eq.
This is to allow the impact of the gases to be directly
compared. Carbon dioxide (CO2), methane (CH4) and
nitrous oxide (N2O) all have different global
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warming potential (GWP) – their potential to absorb
and re-emit heat within the atmosphere, maintaining
global temperature.
A kilogram of N2O has the capacity to emit 310
times the amount of heat compared to 1 kg of CO2
and is therefore equal to 310kg CO2-eq. Methane has
21 times the GWP of CO2, 1 kg is therefore equal to
21kg CO2-eq.
1 kg CO2 = 1 kg CO2-eq
1 kg CH4 = 21 kg CO2-eq
1 kg N2O = 310 kg CO2-eq
(GWP defined by IPCC 2006)
Estimation of GHGs emission using CFT
The Cool Farm Tool was developed primarily by Jon
Hillier at the University of Aberdeen and experts at
Unilever and the sustainable food lab and it is
available for free download and use under a creative
commons license available from:
http://www.unilever.com/aboutus/supplier/sustainabl
esourcing/tools.
It is a Microsoft excel spreadsheet based tool
designed to incorporate robust available science to
help reverse engineer empirical data from global
GHG calculation methods and data sets into a farm
or field level GHG balance. The tool is farmer
focused and captures on-farm activity data familiar to
the farmer or that can easily be ascertained whilst in
the field. (Kelleret al., 2011).
The calculator has seven input sections, each on a
separate Excel worksheet, relating to:
• General Information (location, year, product,
production area, climate)
• Crop Management (agricultural operations,
crop protection, fertilizer use, residuemanagement)
• Sequestration (land use and management,
above ground biomass)
• Livestock (feed choices, enteric fermentation, N
excretion, manure management)
• Field Energy Use (irrigation, farm machinery,
etc.)
• Primary Processing (factory, storage, etc.)
• Transport (road, rail, air, ship)
Through each of these sections and the results
section to offer details and tips for accurately uses
the Cool Farm Tool to calculate your farm’s
greenhouse gas emissions. Assessments cover both
large scale production of crops including apples,
tomatoes, potatoes, dairy, pulses, sugar and wheat
along with a suit of small scale production suppliers
of tea, coffee, beans and cotton. To ensure successful
implementation into the diverse range of supply
chains, the tool is accompanied by guidance
documentation help text that has been integrated into
the user interface.
RESULT AND DISCUSSION
Greenhouse gas (GHG) emission

Global warming, caused by the increase in the
concentration of greenhouse gases (GHGs) in the
atmosphere, had emerged as one of the most
prominent global environmental issues. These GHGs
– carbon dioxide (CO2), methane (CH4) and nitrousoxide (N2O), trap the outgoing infrared radiation
from the earth’s surface and thus raise the
temperature. The global mean annual temperatures at
the end of the 20th century, as a result of GHG
accumulation in the atmosphere, had increased by
0.4–0.76ºC above that recorded at the end of the 19 th
century (IPCC, 2007).Agricultural soils contributed
the greenhouse effect primarily through the emission
and consumption of greenhouse gases (GHGs) such
as methane, nitrous oxide and carbon dioxide.
Agriculture offers promising opportunities for
mitigating GHG emissions through carbon
sequestration, soil and land use management, and
biomass production. For India’s agricultural
production systems to make viable into the future
there is a need to identify soil management systems
that are climate change compatible, where soil
organic carbon is maintained or enhanced and GHG
emission is reduced. The main aim of the assessment:
To raise awareness, project evaluation or product
assessment and policy formulation to encourage
farmers for adopting the mitigation technologies
without compromising production and income.
CO2 Emission
Emission of carbon dioxide in maize field ranged
from 1413 to 3078 kg CO2 ha–1 while in wheat it
varied from 1274 to 2314 kg CO2 ha–1 depending
upon different rate of N fertilizer (Table.1 and 2). On
an average, maize production in 240 kg N ha–1
applied plot emitted 3078 kg CO2 ha–1and 160 kg N
ha–1 applied plot emitted 2523 kg CO2 ha–1
respectively. Minimum value recorded at 0 kg N
level (1413 kg CO2 ha–1).
While observing data of wheat field highest value of
CO2 emission recorded at 150 kg N level (2314 kg
CO2 ha–1) followed by 100 kg N level (1967 kg CO 2
ha–1). At 50 kg level (1620 kg CO 2 ha–1) which was
slightly higher than the lowest value (1274 kg CO2
ha–1) at 0 kg level (Table.2). The results are in
conformity with the findings of Zhai Li-meiet al.
(2011) reported similar results and indicated that
GHGs emission increased with increasing N
application.
The main source of carbon dioxide from agriculture
is through soil management such as tillage which
triggers carbon dioxide emission through biological
decomposition of soil organic matter. Tillage breaks
soil aggregates, increases oxygen supply and exposes
surface area of organic material promoting the
decomposition of organic matter. Fuel use for
various agricultural operations and burning of crop
residues are other sources of carbon dioxide
emission. An off-site source is the production of
carbon dioxide for manufacturing fertilizers and
pesticides (Pathak et al., 2010).
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N2O emission
Emissions of N2O that result from fertilizer N inputs
to the soil can occur through both direct and indirect
pathways. Direct emissions of N2O are considered
emissions from the soil that occur as a direct result of
additional fertilizer N application to that same soil
(e.g., a producer’s field within a defined boundary).
Indirect emissions of N2O are considered to be those
produced off-site (beyond the boundary) and include,
but are not limited to, N2O produced in receiving
waters or soils as a result of NO3− leaching (IPCC
2006).
Nutrient management strategies had significant effect
on estimated N2O emission per hectare as well as per
tonne of crop yield. In both crop (Maize – Wheat)
different rate of N application had significant effect
on estimation of N2O emission per hectare within
treatment.In case of maize estimated N2O emission
was higher in 160 kg N ha-1 applied plot (11.3 kg
N2O ha−1) than 80 kg N ha-1 applied plot (4.7 kg
N2O ha−1). But estimated N2O emission was the
highest (27.3 kg N2O ha−1) under highest N (240 kg
N ha-1) and lowest with application of 0 kg N ha-1
(1.8 kg ha−1) (Table.1). The results of this
investigation are in consonance with the findings of
Daripa et al. (2014) and Zheng et al.
(2016).Estimated emission per tonne of maize yield
was not followed the same trend like as emission per
hectare. It is due to the reason that it was related to
yield of crop but per hectare value depend on yield,
fertilizer doses and other parameters which were
involved on crop production.
While the estimated N2O emission on the basis of
per tonne of maize yield was lowest under 80 kg N
application plot (1.17 kg tonne-1) and highest value
found in 240 kg ha-1 applied plot (3.59 kg tonne-1)
which is followed by 0 kg N ha-1applied plot (3.15 kg
tonne-1). The value of estimated N2O emission per
tonne was slightly higher in 160 kg N ha-1 applied
plot (1.57 kg tonne-1) than 80 kg N ha-1 applied plot
(1.17 kg tonne-1) (Table.1).This is confirmed that N
input gradients in row-crop agriculture had found
that emissions of N2O correlate well with fertilizer N
rate (Mosier et al. 2006; Halvorson et al. 2008;
Hoben et al. 2010, Millar et al. 2010). In all of these
studies, increasing the amount of N added to soil
resulted in increasing emissions of N2O. This is the
foundation for current IPCC (2006) greenhouse gas
inventory calculations. It was due to interaction of
many factors such as soil temperature, soil structure,
water-filled pore space and soil organic matter
influence N2O emission from soil. In general,
fertilizer application and residue management are
two major factors contributing to N2O emission in
agro-ecosystem (Rochette et al., 2008). In case of
wheat estimated value of N2O emission per hectare
during rabi season was higher in 100 kg N ha-1
applied plot (9.2 kg N2O ha−1) than 50 kg N ha1
applied plot (5.2 kg ha−1). Estimated N2O emission
was the highest (16.2 kg ha −1) with application of150

kg N ha−1 applied plot and lowest under 0 kg N ha-1
(2.9 kg ha−1) (Table. 2). Where, as estimated N2O
emission per tonne on the basis of wheat yield was
lowest in 50 kg N treated plot (1.85 kg tonne -1) and
highest value of N2O was found with application of
150 kg N ha-1 (3.6 kg tonne-1)which is followed by
0 kg N ha-1 applied plot (3.2 kg tonne-1). Estimated
N2O emission per tonne was higher in 100 kg N ha-1
applied plot (2.24 kg tonne-1) than 50 kg N ha-1 (1.85
kg tonne-1) (Table.2). The variation of NO2 emission
per tonne (basis of yield) was observed due to yield
variation. Similar results were report by Rajaniemi et
al. (2011).
Methane emission
Using CFT model, no methane gas emission value
was found as crop residues were removed off the
field before sowing of maize and wheat. Production
of CH4 in soil is dependent on limited O2 supply
which was controlled by soil water content. As wheat
was grown during cold and dry winter, less water
content in soil might be one of the major reasons for
non-emission of CH4 (Pathak et al., 2010).
Total GHG emission
Maize
Estimated total GHG emission i.e. global warming
potential (GWP) per hectare as well as per tonne of
crop yield in terms of CO2equivalent (CO2-eq) was
significantly different among different rate of N
application (Table.1&2).Result showed that the
magnitude of total GHGs emission in maize
production varied from 1941 to 11163 kg CO2-eq ha1
with application of 0 kg N ha-1 and 240 kg N ha-1
applied plots, respectively. Emission was increased
with increasing rate of N fertilizer. Highest emission
of GHGs was resulted with application of 240 kg N
ha-1 which was followed by 160 kg N ha-1 (5880 kg
CO2-eq ha-1) and minimum emission observed with
application of 0 kg N ha-1 (1941 kg CO2-eq ha-1).
While in 80 kg N ha-1 applied plot emission was
3350 kg CO2-eq ha-1 which was slightly lower than
160 kg N ha-1 applied plot. The magnitude of N2O
emissions during the crop growth period was mostly
influenced by the availability of mineral N.
The value of total estimated GHG emission in terms
of CO2-eq per tonne of product was significantly
higher under control condition than other plots. On
average, maize emitted 3358, 834, 819, 1468 kg
CO2-eq tonne−1 by 0, 80, 160, 240 kg N ha-1 applied
plot respectively.
Wheat
Total estimated GHGs emission per ha and per tonne
of wheat yield followed the same trend like maize
but magnitude was less. Highest emission of GHGs
per ha observed in 150 kg N ha-1 treated plot (7108
kg CO2-eq ha-1) followed by 100 kg N ha-1 applied
plot (4702 kg CO2-eq ha-1) and minimum in 0 kg N
ha-1 applied plot (2124 kg CO2-eq ha-1)(table. 2). The
value of total estimated GHG emission in terms of
CO2-eq per tonne of product was minimum in 100 kg
N ha-1 applied plot (1120 kg CO2-eq tonne−1) and
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highest in 0 kg N ha-1 applied plot(2349 kg CO2-eq
tonne−1) because of variation in yield of wheat, Slight
difference of total GHGs emission was found
between 100 kg N ha-1 applied plot (1120 kg CO2-eq
tonne−1)and 50 kg N ha-1 applied plot (1124 kg CO2eq tonne−1) while higher value was recorded in 150
kg N ha-1 applied plot (1545 kg CO2-eq tonne−1).
The value which was obtained by using CFT was
depends upon yield, biological produce and rate of N
application. Results revealed that using a higher
amount of input, the overall emission was low as
compared to the addition of lower amount of inputs.
A breakdown of the various emission sources
showed that (Table. 3& 4) the major emission source
at farm level was the production and use of synthetic
fertilizers. Similar results were report byGhahderijani
et al. (2013).Fertilizer production and nitrous oxide
emissions account for about 32 and 67% of the total
on farm emissions respectively, in contrast to this,
pesticides account only 0.5% in maize. While in
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wheat about 35 and 64 % emission from fertilizer
production and nitrous oxide emission and about 0.6
% from pesticides. GHGs emissions though use of
nitrogenous fertilizer were divided into induced
nitrous oxide emissions and emissions of GHGs
occurring from the production of these fertilizers.
Nitrous oxide emissions occur from microbial
processes in soils. The process of oxidation of
ammonium to nitrates and reduction of nitrate to
gaseous forms of nitrogen are the sources of N2O
emissions in agriculture (Granli and Bockman,
1994). N2O emissions from soils are the dominant
sources of atmospheric N2O, contributing to about
57% of the total annual global GHG emissions
(IPCC, 2006). GHG emissions from the production
of fertilizers are the result of industrial processes
such as ammonia production, phosphoric acid
production and nitric acid production (Kongshaug,
G., 1998).

Table 1. Effect of different rate of N application on GHGs emission in maize
Nitrogen Rate
(kg ha-1)
N1
(0 kg N)
N2
(80 kg N)
N3
(160 kg N)
N4
(240 kg N)

CO2
(kg ha-1)

CH4
(kg ha-1)

N2O
(kg ha-1)

(kg tonne-1)

Total emission
(kg CO2eq ha-1)

(kg CO2eq tonne-1)

1413

0

1.8

3.15

1941

3358

1968

0

4.7

1.17

3350

834

2523

0

11.3

1.57

5880

819

3078

0

27.3

3.59

11163

1468

Table 2. Effect of different rate of N application on GHGs emission in wheat
Nitrogen Rate
(kg ha-1)

CO2
(kg ha-1)

CH4
(kg ha-1)

N1
(0 kg N)

1274

N2
(50 kg N)

N2O

Total emission

(kg ha )

(kg tonne )

(kg CO2eq ha-1)

(kg
tonne-1)

0

2.9

3.2

2124

2349

1620

0

5.2

1.85

3166

1124

N3
(100 kg N)

1967

0

9.2

2.24

4702

1120

N4
(150 kg N)

2314

0

16.2

3.6

7108

1545

-1

-1

CO2eq

Table 3. Effect of different rate of N application on GHGs emission (kg ha -1) from different sources of farm in
maize
Nitrogen Rate
(kg ha-1)
N1(0 kg N)
N2(80 kg N)
N3(160 kg N)
N4(240 kg N)

Fertilizer production
(kg ha-1)
1392
1669
1946
2223

Direct and indirect N2O
(kg ha-1)
528
1661
3914
8920

Pesticides
(kg ha-1)
21
21
21
21

Table 4. Effect of different rate of N application on GHGs emission (kg ha -1) from different sources of farm in
wheat
Nitrogen Rate
(kg ha-1)
N1(0 kg N)
N2(50 kg N)
N3(100 kg N)
N4(150 kg N)

Fertilizer production
(kg ha-1)
1253
1426
1599
1772

Direct and indirect N20
(kg ha-1)
850
1720
3083
5316

Pesticides
(kg ha-1)
20.5
20.5
20.5
20.5
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CONCLUSION
This study usedMicrosoft excel spreadsheet based
tool CFT to calculate GHG emissions from field
crops. Application of synthetic fertilizer to the soil
results in the highest GHG emissions. GHGs
emission increased with increasing N application
both maize and wheat crop and was observed highest
at highest N application rate i.e. 240 kg N ha-1and
150 kg N ha-1 (11163 and 7108 kg CO2eq ha-1,
respectively) and lowest at no nitrogen applied plot
(1941 and 2124 kg CO2eq ha-1) respectively.
Cereal crops are responsible for 68% of the national
total emissions with maize contributing to 56% of the
national total. Production of maize and wheat results
in highest commodity GHG emissions in the country.
Tonnes of CO2-eq ha−1 are highest for vegetables and
lowest for cereals. This study improves knowledge
about GHG emissions from crop production that is
necessary to guide national mitigation plans in the
agriculture sector. It has reduced uncertainties
regarding contributions of each field crop commodity
to the emissions of the sector. CFT is a good tool to
compile agricultural GHG inventories and to archive
the information. However, it requires extensive
activity data which may be expensive to collect and
synthesise depending on the national circumstances.
Regular updating of the field crop emission profiles
is needed and affordable mechanisms to collect
information from the farmers must be developed.
This can be achieved by establishing sustainable
institutional arrangements with specific mandates.
Collaboration between relevant institutions needs to
be improved, especially with regard to data sharing.
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Abstract: Present study deals with biomass and carbon sequestration potential in Letibunga van panchayat forest in Nainital
district of Kumaun Himalaya. The van panchayat was dominated by banj oak (Q. leucotrichophora) species and associated
with some other tree species. The whole van panchayat forest was divided into three sub-sites viz., hill top, hill slope and hill
base site. In van panchayat, total 7, 14 and 34 species of tree, shrub and herb were reported. Quercus leucotrichophora was
the dominant tree species in each site with maximum density. The biomass and productivity of forest was 523 t ha-1 and 21 t
ha-1 yr-1, of which tree layer accounted for 99 and 86 per cent, respectively. The carbon stock and carbon sequestration was
249 t ha-1 and 10 t ha-1 yr-1, of this tree layer contributed 99 and 86 per cent, respectively. This study concluded that van
panchayat forest having oak tree species not only provide the wood demands of the local people in the area but also play a
vital role in the conservation of carbon, therefore mitigates the climate change problem and also supports the sustainability
of the region. In this context, such community forests must be protected and managed in such a way so that the sustainable
development could not be hampered in near future.
Key words: Van panchayat forest, Biomass, Productivity, Carbon stock, Carbon sequestration

INTRODUCTION

F

orests are the important natural resources that
fulfill various needs of the country. They provide
numbers of products like timber, fuel-wood, fodder
etc as well as ameliorate the sites and improve the
microclimate of an area. The forest resources provide
indirect services like water availability, fresh air,
flood-drought control, run off and soil erosion
control etc. Apart from these, they also play
significant role in the mitigation of climate change.
All these forests are either being managed and/or
conserved by the government organization and/or by
the village organization. In hills, more than 20%
forest have been conserved and managed by the
community people known as van panchayat.
Recently the van panchayat forests are under heavy
pressure caused by the villagers due to their domestic
needs. Therefore it is very imperative to assess the
actual condition of a forest particularly in selected
site. The objective of present study was to assess the
biomass, productivity, carbon stock and carbon
sequestration in van panchayat forest.
MATERIAL AND METHOD
Description of study site: The study site was located
in the Letibunga-Sesbani village of Dhari block in
Nainital district in between 290 25’ 42.9” N latitude
and 790 39’ 45.2” E longitudes. The altitude of hill
base, hill slope and hill top site was 1865, 2082 and
2153m respectively. This van panchayat was formed
in the year1932 having an area of 58 hectares. For
the collection of data, 30 quadrats of 10x10m size
were placed randomly in each forest site for tree. The

size of quadrat used for shrub and herb was, 5x5m
and 1x1m respectively. The circumference of tree
species was measured at breast height (1.37m). For
estimation of biomass (B1) of tree and shrub
components, already developed allometric linear
equations were used while the biomass of herbs was
estimated by harvest method (Rawat and Singh,
1988). The biomass of trees, shrubs and herbs was
summed up to obtain the total vegetation biomass in
the each site. Finally the average biomass value was
determined. For productivity, 100 trees and 25 shrubs
of different species were marked in each site and remeasured after one year interval for increments. On
the basis of increments of tree and shrub, the biomass
B2 was estimated. The net change in biomass (∆B)
for each site was estimated. Similarly the carbon was
estimated on the basis of biomass by using the factor
0.475 as used by Magnussen and Reed (2004). The
carbon (stock/sequestration) of forest site was
determined by multiplying the biomass value with
factor.
RESULT AND DISCUSSION
The density of tree species in studied oak mixed
forests was 1000-1400 ind ha-1. Oak (Quercus
leucotrichophora) was the dominant tree species in
all the forest sites (Table 1). The present tree species
density was somewhat similar to 1330 ind ha-1
(Lodhiyal and Lodhiyal, 2012), 960-1170 ind ha-1
(Pandey and Lodhiyal, 2015), 920-1345 ind ha-1
(Lodhiyal et al., 2013), 550-1250 ind ha-1 (Singh et
al., 2014) and 980-1010 ind ha-1 (Lal and Lodhiyal,
2016) reported for oak forests in the central
Himalayan region. The density of tree species was
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higher side than 570-760 ind ha-1 (Rawat and Singh,
1988) reported for oak forest in Kumaun Himalaya
but falls within the range 420-1640 ind ha-1 reported
for temperate forests of Western Himalaya (Saxena
and Singh, 1982). The shrubs density was 5680-9360
ind ha-1 (Table 2). The present shrub density was on
higher side than 1060 ind ha-1 (Rawat and Singh,
1988), 310-1540 ind ha-1 (Lodhiyal et al., 2015)
reported for oak mixed forest. The herbs density was
102.5-122 ind m-2 (Table 3). The density of herbs in
the studied forest sites was on higher side than 20.334.7 ind m-2 (Kharkwal and Rawat, 2010) and 1449.1 ind m-2 (Lodhiyal et al., 2015) reported for oak
forest of Kumaun Himalaya. The basal area of tree
species ranged from 49.3 to 77.3 m2 ha-1.in the
studied forest sites. The total mean basal area was
60.3 m2 ha-1 (Table 1). These values are somewhat
similar to 58.7- 93.0 m2 ha-1 (Lodhiyal et al., 2014)
and 31.8-63.9 m2 ha-1 (Lal and Lodhiyal, 2016)
reported for oak dominated forests in the Kumaun
Himalayan region. The tree biomass ranged from 461
to 614 t ha-1 (Table 4). The shrub biomass was 1.563.2 t ha-1 (Table 5). The total mean biomass of
studied forest sites was 523.46 t ha-1, of this tree
layer contributed 99% of the total biomass (Table 6).
The present biomass was higher than 285.3-387.3 t
ha-1 (Rawat and Singh, 1988) and 101.45 t ha-1
(Lodhiyal and Lodhiyal, 2012) for oak forest. The
biomass was somewhat similar to 481-569 t ha-1 (Lal
and Lodhiyal, 2016) and 495-718 t ha-1 (Lodhiyal et
al., 2014) reported for different oak forests. The
productivity ranged from 16.3-20.8 t ha-1 yr-1 (Table
4) and was found to be somewhat similar to 16.920.9 t ha-1 yr-1 (Lal and Lodhiyal, 2016) and 16.6 t ha1
yr-1 (Rawat and Singh, 1988) reported for oak
forests. The shrub productivity was 0.83-1.53 t ha-1
yr-1 (Table 5). The total mean productivity in studied

forest sites was 21.2 t ha-1 yr-1, of this 86 %
accounted for tree layer (Table 6). The tree carbon
stock was 219- 292 t ha-1 (Table 7). The shrub carbon
stock was 0.74-1.53 t ha-1 (Table 8). The total mean
carbon stock in the studied forest sites was 248.6 t
ha-1 (Table 9) which was higher than the values
25.02, 59.94 t ha-1,155.41 and 168.08 t ha-1 reported
for various van panchayat forests (Tewari and Karky,
2007; Raikwal, 2009; Rawat, 2012). The carbon
stock was somewhat similar to values 228.5-270.3 t
ha-1 (Lal and Lodhiyal, 2016) and 242.6-290.6 t ha-1
(Jina et al., 2008) reported for oak dominated forest
in Kumaun Himalaya but lower than 341.0 t ha-1
(Lodhiyal et al., 2014). The carbon sequestration of
tree and shrub species ranged from 7.78 to 9.89 and
0.42 to 0.82 t ha-1 yr-1 respectively (Table 7 and 8).
The total mean carbon sequestration in the studied
forest sites was 10.14 t C ha-1 yr-1. Of this, tree layer
shared 86 per cent (Table 9). The present values of
carbon sequestration was higher side than the values
5.5-6.2 t C ha-1 yr-1 in non-degraded oak forests (Jina
et al., 2008) and 0.82-5.71 t C ha-1 yr-1 in different
van panchayat forests (Tewari and Karky, 2007,
Raikwal, 2009, Rawat, 2012). But falls within range
7.99- 9.96 t C ha-1 yr-1 for oak dominated forests of
Kumaun Himalaya (Lal and Lodhiyal, 2016). The
hill top forest site of studied van panchayat contained
maximum biomass and carbon stock while the hill
base forest site accounted for maximum productivity
and carbon sequestration. The high productivity at
hill base forest site was due to the presence of
younger age classes of tree species and their higher
density. While the hill slope forest site showed low
productivity because of more pressure of forest
resources extraction by the villagers as site was in
close vicinity of forest.

Table 1. Density (ind ha-1) and basal area (m2 ha-1) of tree layer in Letibunga Van Panchayat at three forest sites
Species

Quercus leucotrichophora A.
Camus
Myrica esculenta Buch.-Ham.
Ex D. Don
Rhododendron arboreum Sm.

Density (ind ha-1)
Hill Top
Hill Slope
710
(59.2)
200
(16.6)
290
(24.2)
-

630
(63.0)
40
(4.0)
250
(25.0)
Lyonia ovalifolia (Wall.) Drude
60
(6.0)
Pyrus pashia Buch.-Ham. Ex
20
D. Don
(2.0)
Quercus semecarpifolia Sm.
Pinus roxburghii Sarg.
Total
1200
1000
Note- value given in parentheses are per cent value

Hill
Base
610
(43.5)
110
(7.9)
480
(34.3)
130
(9.3)
-

Mean

Basal area (m2 ha-1)
Hill Top
Hill Slope

650.0

63.92

116.6

50 (3.6)
20 (1.4)
1400

Mean

45.55

Hill
Base
23.26

3.31

0.80

5.37

3.16

340.0

10.04

5.16

14.41

9.87

63.3

-

2.42

4.25

3.34

6.7

-

0.29

-

0.29

16.7
6.7
1200

77.27

54.22

0.96
1.08
49.33

0.96
1.08
60.27

44.24

Table 2. Density (ind ha-1) and total basal area (m2 ha-1) of shrubs in Letibunga Van Panchayat at three forest
sites
Species
Asparagus racemosus Wild.
Berberis aristata D.C

Density (ind ha-1)
Hill Top Hill Slope

Hill Base

Mean

600
760

600
520

586.7
626.7

560
600

TBA (m2 ha-1)
Hill
Hill
Top
Slope
0.004
0.007
0.002
0.003

Hill
Base
0.005
0.006

Mean
0.005
0.004

JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 9 (7)

Daphne papyracea Wall. ex G. Don
Desmodium elegans DC.
Deutzia campacta Craile
Indigofera heterantha Brandis
Prinsepia utilis Royle
Pyracantha crenulata D.Dun
Reinwardtia indica Dum.
Rhamnus virgatus Roxb.
Rhus parviflora Roxb.
Rubus ellipticus Smith.
Rubus lensiocarpus Thunb.
Viburnum coriaceum Blume
TOTAL

600
480
920
640
680
680
840
520
760
560
600
720
9360

760
600
480
840
640
680
520
5680

679

760
840
760
520
720
560
680
480
640
760
680
600
9120

680.0
693.3
840.0
586.7
626.7
693.3
760.0
546.7
700.0
666.7
600.0
660.0
8053.3

0.025
0.015
0.004
0.002
0.004
0.003
0.018
0.004
0.002
0.010
0.008
0.006
0.107

0.004
0.004
0.001
0.002
0.005
0.003
0.004
0.032

0.003
0.003
0.005
0.004
0.003
0.001
0.002
0.005
0.009
0.002
0.003
0.005
0.056

0.014
0.007
0.005
0.003
0.003
0.002
0.010
0.005
0.006
0.005
0.005
0.006
0.065

Table 3. Density (ind m-2) of herbs in Letibunga Van Panchayat at three forest sites
Species name
Achyranthes bidentata L.
Ageratum conyzoides L.
Apluda mutica L.
Anaphalis busua (buch.-Ham.) DC.
Anthroxon lanceolatus (Roxb.) Hpchst.
Artemisia vulgare L.
Bidens pilosa L.
Bidens biternata L.
Blumia balsamifera D. Don
Commelina benghalensis L.
Cyperus rotundus L.
Cyperus triceps Endl.
Desmodium parviflorum Dalz.
Desmodium triflorum (L.) DC.
Drocera peltata Thunb.
Erigeron bonarionsis L.
Eupatorium adenophorum Spreng.
Gallium rotundifolium L.
Geranium nepalensis Sweet
Justicia simplex D. Don
Leucas lanata Benth.
Micromeria biflora (Buch.-Ham. Ex D. Don)
Nepeta longiflora Vent.
Oxalis corniculata L.
Polygonum nepalense Meisn.
Prunella vulgaris (L.)
Rubia cordifolia L.
Scutellaria laterifolia (L.)
Setaria glauca (L.) P. Beauv
Smilax glabra L.
Taraxacum officinelis (L.) Weber ex F.H. Wigg
Thymus vulgaris L.
Viola canescens Wall.
Vitis himalayana (Royal) Brandis
Total

Hill top
4.7
4.1
2.4
2.4
6.1
3.1
7.4
2.6
4.1
3.9
4.7
3.2
6.1
0.4
6.1
3.4
2.2
3.2
2.6
3.2
2.7
6.4
3.2
2.8
4.5
2.5
2.3
2.2
102.5

Hill slope
7.6
4.4
2.6
3.8
6.1
2.6
5.4
9.8
3.5
4.2
3.5
2.6
4.2
4.4
3.1
4.9
4.2
4.3
6.4
3.3
2.1
5.6
2.3
2.2
9.6
8.1
120.8

Hill base
5.7
6.2
5.4
6.2
1.6
3.3
3.6
0.8
3.6
1.7
4
0.9
3.8
4.7
4.7
2.6
3.3
4.5
4.5
4.8
5.6
5.4
1.8
3.6
2.2
2.1
4.5
4.2
6.2
0.5
4.4
2.5
1.2
1.9
122

Mean
6.0
4.9
3.5
4.1
4.6
3.0
5.5
4.4
3.7
3.3
4.1
2.2
3.8
5.0
3.2
3.9
3.3
4.3
3.6
4.1
4.9
4.0
2.2
5.2
2.6
2.4
4.5
6.1
5.6
0.5
3.4
2.4
1.2
1.9
115.1

Table 4. Tree layer biomass (t ha-1) and productivity (t ha-1 yr-1) of Letibunga Van Panchayat at three forest sites
Sites/tree species
Hill top site
Q.
leucotrichophora
M. esculenta
R. arboreum
Total
Hill slope site
Q.
leucotrichophora
M. esculenta
L. ovalifolia
Pyrus pashia
R. arboreum
Total
Hill base site
Q.
leucotrichophora

Biomass (t ha-1)
Bole
Branch

Twig

Foliage

Root

Total

Productivity (t ha-1yr-1)
Bole
Branch Twig

Foliage

Root

Total

257.68
21.00
16.69
295.37

155.35
13.66
11.11
180.12

43.03
6.37
4.31
53.71

14.24
3.70
1.93
19.87

42.24
9.54
13.30
65.08

512.54
54.27
47.34
614.15

6.34
2.04
0.45
8.83

3.69
1.24
0.26
5.19

0.81
0.45
0.06
1.32

0.26
0.26
0.01
0.53

0.77
0.62
0.43
1.82

11.87
4.61
1.21
17.69

197.54
4.52
11.43
1.80
12.08
227.37

119.77
2.92
7.11
1.19
8.24
139.23

34.58
1.34
2.91
0.58
3.40
42.81

11.51
0.78
1.69
0.32
1.61
15.90

34.20
1.99
10.83
0.86
9.18
57.06

397.60
11.55
33.97
4.75
34.51
482.38

6.44
0.55
0.63
0.15
0.46
8.23

3.78
0.33
0.37
0.09
0.28
4.85

0.81
0.12
0.11
0.03
0.15
1.22

0.26
0.07
0.07
0.02
0.02
0.44

0.77
0.15
0.15
0.06
0.46
1.59

12.06
1.22
1.33
0.35
1.37
16.33

123.35

76.39

25.18

8.49

25.40

258.81

6.99

4.17

0.99

0.32

0.94

13.41
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M. esculenta
L. ovalifolia
Q.
semecarpifolia
R. arboreum
P. roxburghii
Total

24.75
22.08

15.13
13.75

5.88
5.66

3.44
3.30

8.40
8.21

57.60
53.00

1.00
1.06

0.59
0.62

0.19
0.21

0.12
0.13

0.26
0.29

2.16
2.31

4.65
26.36
3.17
204.36

3.02
17.67
0.76
126.72

1.39
6.98
0
45.09

0.81
3.16
0.19
19.39

2.06
20.72
0.95
65.74

11.93
74.89
5.07
461.30

0.28
0.66
0.32
10.31

0.17
0.39
0.08
6.02

0.06
0.09
0.001
1.54

0.04
0.02
0.01
0.64

0.08
0.64
0.09
2.30

0.63
1.80
0.50
20.81

Table 5. Shrub layer biomass (t ha-1) and productivity (t ha-1 yr-1) of Letibunga Van Panchayat at three forest
sites
Sites/tree species
Hill top site
Asparagus racemosus
Berberis aristata
Daphne papyracea
Desmodium elegans
Deutzia campacta
Indigofera heterantha
Prinsepia utilis
Pyracantha crenulata
Reinwardtia indica
Rhamnus virgatus
Rhus parviflora
Rubus ellipticus
Rubus lensiocarpus
Viburnum coriaceum
TOTAL
Hill slope site
Asparagus racemosus
Berberis aristata
Desmodium elegans
Indigofera heterantha
Prinsepia utilis
Pyracantha crenulata
Rhamnus virgata
Rubus ellipticus
Rubus lensiocarpus
TOTAL
Hill base site
Asparagus racemosus
Berberis aristata
Daphne papyracea
Desmodium elegans
Deutzia campacta
Indigofera heterantha
Prinsepia utilis
Pyracantha crenulata
Reinwardtia indica
Rhamnus virgata
Rhus parviflora
Rubus ellipticus
Rubus lensiocarpus
Viburnum coriaceum
TOTAL

Biomass (t ha-1)
Stem
Foliage
0.07
0.03
0.08
0.03
0.10
0.05
0.08
0.34
0.10
0.04
0.06
0.02
0.08
0.03
0.07
0.03
0.13
0.05
0.06
0.02
0.08
0.03
0.08
0.03
0.08
0.04
0.08
0.03
1.15
0.78

Root
0.08
0.09
0.10
0.07
0.11
0.08
0.09
0.08
0.13
0.07
0.09
0.08
0.09
0.09
1.26

Total
0.18
0.20
0.25
0.50
0.25
0.17
0.20
0.18
0.31
0.15
0.20
0.20
0.20
0.21
3.20

Productivity (t ha-1 yr-1)
Stem
Foliage
0.01
0.01
0.02
0.03
0.04
0.03
0.03
0.07
0.08
0.08
0.01
0.04
0.04
0.02
0.05
0.05
0.06
0.06
0.01
0.01
0.02
0.01
0.03
0.09
0.03
0.04
0.01
0.02
0.44
0.54

Root
0.01
0.01
0.02
0.02
0.05
0.01
0.04
0.02
0.02
0.003
0.02
0.04
0.02
0.004
0.28

Total
0.03
0.05
0.08
0.11
0.22
0.06
0.09
0.12
0.13
0.02
0.05
0.16
0.08
0.03
1.26

0.07
0.07
0.08
0.05
0.04
0.00
0.07
0.07
0.06
0.61

0.03
0.03
0.03
0.02
0.02
0.03
0.03
0.03
0.02
0.24

0.08
0.08
0.10
0.07
0.06
0.10
0.08
0.09
0.07
0.72

0.18
0.17
0.21
0.14
0.11
0.21
0.19
0.19
0.15
1.56

0.03
0.08
0.02
0.03
0.05
0.01
0.04
0.01
0.09
0.35

0.01
0.07
0.004
0.07
0.04
0.02
0.04
0.01
0.01
0.28

0.03
0.04
0.01
0.02
0.03
0.01
0.02
0.01
0.03
0.20

0.07
0.19
0.03
0.12
0.11
0.03
0.10
0.04
0.14
0.83

0.07
0.10
0.08
0.06
0.06
0.09
0.07
0.07
0.09
0.07
0.08
0.05
0.07
0.07
1.03

0.03
0.03
0.03
0.03
0.02
0.04
0.03
0.03
0.04
0.03
0.03
0.02
0.03
0.03
0.40

0.07
0.10
0.08
0.07
0.07
0.09
0.08
0.08
0.10
0.09
0.09
0.07
0.08
0.09
1.16

0.17
0.24
0.19
0.16
0.15
0.22
0.18
0.18
0.23
0.18
0.20
0.14
0.18
0.19
2. 60

0.04
0.02
0.03
0.02
0.02
0.02
0.04
0.04
0.06
0.03
0.11
0.03
0.01
0.06
0.56

0.03
0.03
0.03
0.07
0.01
0.02
0.03
0.05
0.04
0.09
0.13
0.04
0.01
0.08
0.67

0.01
0.02
0.02
0.02
0.02
0.01
0.01
0.02
0.03
0.04
0.07
0.02
0.01
0.04
0.36

0.09
0.07
0.09
0.11
0.05
0.06
0.09
0.11
0.14
0.16
0.32
0.10
0.03
0.19
1.59

Table 6. Total vegetation biomass (t ha-1) and productivity (t ha-1 yr-1) in Letibunga Van Panchayat forests.
Vegetation layer
Tree layer
Shrub layer
Herb layer
Total vegetation

Biomass (t ha-1)
HT site
HS site
614.15
482.38
3.20
1.56
1.76
2.18
619.11
486.12

HB site
461.30
2.60
1.24
465.14

Mean
519.28 (99.2)
2.45 (0.5)
1.73 (0.3)
523.46(100)

Productivity (t ha-1 yr-1)
HT site
HS site
17.69
16.33
1.28
0.83
1.76
2.18
20.73
19.34

HB site
20.81
1.53
1.24
23.58

Mean
18.28 (86.1)
1.21 (5.7)
1.73 (8.2)
21.22(100)

Note- HT= Hill top forest site, HS= Hill slope forest site and HB= Hill base forest site
Table 7. Tree layer carbon stock (t ha-1) and carbon sequestration (t ha-1 yr-1) of Van Panchayat at three forest
sites
Sites/tree species

Carbon stock (t ha-1)

Hill top site
Q.

Bole
122.40

Branch
73.79

Carbon sequestration (t ha-1 yr-1)
Twig
20.43

Foliage
6.77

Root
20.06

Total
243.45

Bole
3.01

Branch
1.75

Twig
0.38

Foliage
0.12

Root
0.37

Total
5.63
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leucotrichophora
M. esculenta
R. arboreum
Total
Hill slope site
Q.
leucotrichophora
Myrica esculenta
Lyonia ovalifolia
Pyrus pashia
R. arboreum
Total
Hill base site
Q.
leucotrichophora
Myrica esculenta
Lyonia ovalifolia
Q. semecarpifolia
R. arboreum
Pinus roxburghii
Total
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9.97
7.93
140.30

6.49
5.28
85.56

3.03
2.05
25.51

1.76
0.92
9.45

4.53
6.32
30.91

25.78
22.50
291.73

0.97
0.21
4.19

0.59
0.13
2.47

0.21
0.03
0.62

0.13
0.01
0.26

0.29
0.21
0.87

2.19
0.59
8.41

93.83
2.15
5.43
0.85
5.74
108.00

56.89
1.39
3.38
0.56
3.92
66.14

16.43
0.64
1.38
0.27
1.62
20.34

5.46
0.37
0.81
0.16
0.76
7.56

16.25
0.95
5.14
0.41
4.36
27.11

188.86
5.50
16.14
2.25
16.40
229.15

3.06
0.26
0.30
0.07
0.22
3.91

1.80
0.16
0.18
0.04
0.13
2.31

0.39
0.06
0.05
0.02
0.07
0.59

0.13
0.03
0.03
0.01
0.01
0.21

0.37
0.07
0.07
0.03
0.22
0.76

5.75
0.58
0.63
0.17
0.65
7.78

58.59
11.76
10.49
2.21
12.52
1.51
97.08

36.29
7.19
6.53
1.43
8.39
0.36
60.19

11.96
2.79
2.69
0.66
3.31
0.001
21.41

4.03
1.63
1.57
0.38
1.50
0.09
9.20

12.07
3.99
3.90
0.98
9.84
0.45
31.23

122.94
27.36
25.18
5.66
35.56
2.41
219.11

3.33
0.48
0.50
0.13
0.31
0.15
4.90

1.98
0.28
0.29
0.08
0.18
0.04
2.85

0.47
0.09
0.10
0.03
0.05
0.001
0.74

0.15
0.06
0.06
0.02
0.01
0.01
0.31

0.45
0.12
0.14
0.04
0.30
0.04
1.09

6.38
1.03
1.09
0.30
0.85
0.24
9.89

Table 8. Shrub layer carbon stock (t ha-1) and carbon sequestration (t ha-1 yr-1) of Van Panchayat at three forest
sites
Sites/tree species
Hill top site
Asparagus racemosus
Berberis aristata
Daphne papyracea
Desmodium elegans
Deutzia campacta
Indigofera heterantha
Prinsepia utilis
Pyracantha crenulata
Reinwardtia indica
Rhamnus virgatus
Rhus parviflora
Rubus ellipticus
Rubus lensiocarpus
Viburnum coriaceum
TOTAL
Hill slope site
Asparagus racemosus
Berberis aristata
Desmodium elegans
Indigofera heterantha
Prinsepia utilis
Pyracantha crenulata
Rhamnus virgata
Rubus ellipticus
Rubus lensiocarpus
TOTAL
Hill base site
Asparagus racemosus
Berberis aristata
Daphne papyracea
Desmodium elegans
Deutzia campacta
Indigofera heterantha
Prinsepia utilis
Pyracantha crenulata
Reinwardtia indica
Rhamnus virgata
Rhus parviflora
Rubus ellipticus
Rubus lensiocarpus
Viburnum coriaceum
TOTAL

Carbon stock (t ha-1)
Stem
Foliage
0.03
0.01
0.04
0.01
0.05
0.02
0.04
0.16
0.05
0.02
0.03
0.01
0.04
0.02
0.03
0.01
0.06
0.03
0.03
0.01
0.04
0.01
0.04
0.02
0.04
0.02
0.00
0.02
0.54
0.37

Root
0.04
0.04
0.05
0.04
0.05
0.04
0.04
0.04
0.06
0.03
0.04
0.04
0.04
0.05
0.60

Total
0.09
0.09
0.12
0.24
0.12
0.08
0.09
0.09
0.15
0.07
0.09
0.09
0.10
0.10
1.51

Carbon sequestration (t ha-1 yr-1)
Stem
Foliage
Root
0.01
0.01
0.004
0.01
0.01
0.004
0.02
0.01
0.01
0.02
0.03
0.01
0.04
0.04
0.03
0.01
0.02
0.003
0.02
0.01
0.02
0.02
0.02
0.01
0.03
0.03
0.01
0.004
0.01
0.001
0.01
0.01
0.01
0.02
0.04
0.02
0.01
0.02
0.01
0.01
0.01
0.002
0.21
0.26
0.13

Total
0.02
0.03
0.04
0.05
0.10
0.03
0.05
0.06
0.06
0.01
0.03
0.08
0.04
0.02
0.60

0.04
0.03
0.04
0.03
0.02
0.04
0.04
0.04
0.03
0.29

0.02
0.01
0.02
0.01
0.01
0.02
0.01
0.01
0.01
0.11

0.04
0.04
0.05
0.03
0.03
0.05
0.04
0.04
0.03
0.34

0.09
0.08
0.10
0.07
0.05
0.10
0.09
0.09
0.07
0.74

0.01
0.04
0.01
0.01
0.02
0.004
0.02
0.01
0.04
0.16

0.01
0.04
0.002
0.03
0.02
0.01
0.02
0.01
0.01
0.14

0.02
0.02
0.003
0.01
0.01
0.003
0.01
0.01
0.02
0.10

0.04
0.09
0.01
0.06
0.05
0.01
0.05
0.02
0.07
0.40

0.03
0.05
0.04
0.03
0.03
0.04
0.03
0.03
0.04
0.03
0.04
0.03
0.03
0.04
0.49

0.01
0.02
0.02
0.01
0.01
0.02
0.01
0.01
0.02
0.01
0.01
0.01
0.01
0.01
0.19

0.04
0.05
0.04
0.03
0.03
0.04
0.04
0.04
0.05
0.04
0.04
0.03
0.04
0.04
0.55

0.08
0.11
0.09
0.07
0.07
0.10
0.08
0.09
0.11
0.09
0.10
0.07
0.08
0.09
1.23

0.02
0.01
0.02
0.01
0.01
0.01
0.02
0.02
0.03
0.02
0.05
0.02
0.01
0.03
0.27

0.02
0.02
0.02
0.03
0.01
0.01
0.02
0.02
0.02
0.04
0.06
0.02
0.01
0.04
0.32

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.04
0.01
0.01
0.02
0.17

0.04
0.03
0.04
0.05
0.03
0.03
0.04
0.05
0.07
0.08
0.15
0.05
0.02
0.09
0.76
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Table 9. Total carbon stock (t ha-1) and carbon sequestration (t ha-1 yr-1) in Letibunga Van Panchayat forests
Vegetation
Tree layer
Shrub layer
Herb layer
Total vegetation

Carbon Stock (t ha-1)
HT site
HS site
291.73
229.15
1.53
0.74
0.84
1.04
294.10
230.93

HB site
219.12
1.22
0.59
220.93

Mean
246.67 (99.2)
1.16 (0.5)
0.82 (0.3)
248.65(100)

Carbon Sequestration (t ha-1 yr-1)
HT site
HS site
HB site
8.41
7.78
9.89
0.64
0.42
0.82
0.84
1.04
0.59
9.89
9.24
11.30

Mean
8.69 (85.7)
0.63(6.2)
0.82(8.1)
10.14(100)

Note- HT= Hill top forest site, HS= Hill slope forest site and HB= Hill base forest site
CONCLUSION
It is evident from the results of van panchayat forest
and comparison of findings with other forests of the
region that the studied van panchayat forest was in
good condition with respect to dry matter storage,
productivity and carbon sequestration apart from
fulfilling the basic needs of community people. Thus
it is concluded that the van panchayat forests played
the vital role not only to meet out the livelihood
needs of the villagers but also mitigated the growing
problems of climate change in the region.
REFERENCES
Jina, B.S. Sah, P. Bhatt, M.D and Rawat, Y.S.
(2008).Estimation carbon sequestration rate and total
carbon stock in degraded and non degraded sites of
Oak and Pine forest of Kumaun central Himalaya.
Ecological society (ECOS), Nepal Ecoprint 15, 7581.
Kharkwal, G. and Rawat, Y.S. (2010). Structure
and composition of vegetation in subtropical forest of
Kumaun Himalaya.
African Journal of Plant
Science. 4(4): 116-121.
Lal, B. and Lodhiyal, L.S. (2016). Stand structure,
productivity and carbon sequestration potential of
oak dominated forests in Kumaun Himalaya. Current
World Environment. 11 (2): 466-476.
Lodhiyal, N. and Lodhiyal, L.S. (2012). Tree layer
composition and carbon content of Oak and Pine in
Lohaghat forest of Kumaun Himalaya. Journal of
Plant Development Science, 4 (1): 55-62.
Lodhiyal, L.S., Lodhiyal N. and Kapkoti B.
(2013). Structure and diversity of tree species in
natural forest of Kumaun Himalaya in Uttarakhand.
Journal of plant Development science. 5(2):97-105.
Lodhiyal, L.S., Lodhiyal, N. And Bhakuni, N.
(2014). Standing tree biomass and carbon content in
natural forests of Kumaun in Central Himalaya.
Journal of Plant Development Sciences. 6 (2): 167174.

Lodhiyal, N., Dhek, S., Lodhiyal, L.S., Bhakuni,
N. and Kapkoti, B. (2015). Species diversity and
regeneration of Tilonj oak (Quercus floribunda
Lindl.) dominated forest of Nainital in Kumaun
Himalaya. International Journal of Biodiversity and
Conservation, 7(1): 21-27.
Magnussen, S. and D. Reed (2004). Modeling for
estimation and monitoring, (FAO-IUFRO, 2004).
Pandey, J. and Lodhiyal, L.S. (2015). Vegetation
structure and regeneration of van panchayat forests in
Kumaun Himalaya, Uttarakhand. International
Journal of Environment. 4 (3): 69-80.
Raikwal, D. (2009). Effect of leaf litter removal on
soil nutrient in Central Banj Himalayan oak and
Chir-pine forests with relation to carbon
sequestration. Ph. D. thesis submitted to Kumaun
University, Nainital.
Rawat, Y.S. and J.S. Singh (1988). Structure and
function of oak forests in central Himalaya. I. Dry
mater dynamics. Annals of Botany 62: 397-411.
Rawat, V. S. (2012). Van panchayat forest
management as option in conserving biodiversity and
carbon storage. Indian Journal of Science, 1(1): 3235.
Saxena, A.K. and Singh, J.S. (1982). A
phytosociological analysis of woody species in forest
communities of a part of Kumaon Himalaya.
Vegetation 50: 3-22.
Singh, N., Tamta, K., Tewari, A., and Ram, J.
(2014). Studies on Vegetational analysis and
regeneration status of Pinus roxburghii and Quercus
leucotrichophora forest
of
Nainital
forest
division. Global Journal of Science Frontier
Research: C Biological Science, 14 (3): 40-47.
Tewari, A. and Karky, B. S. (2007). Carbon
measurement methodology and result. In: Reducing
carbon emissions through community-managed
forests in Himalaya (Eds.: K. Banskota, B.S.Karky
and M. Skutsch). International center for integrated
mountain development (ICIMOD), Kathmandu,
Nepal; Chapter 4, 39-54.

RESEARCH ARTICLE

INFLUENCED BY EFFECTIVE MICROBIAL CONSORTIA ON GROWTH AND
FLOWERING OF MARIGOLD (TAGETES ERECTA L.) WITH GRADED LEVELS
OF NPK
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Abstract: A field experiment was conducted to know the field response of Marigold (Tagetes erecta L.) cv. Double Orange
to liquid formulations of effective microbial consortia with graded levels of NPK on growth and flowering at Department of
Horticulture, College of Agriculture, Shivamogga, Karnataka during 2014-15. The experiment was laid out in randomized
complete block design with 3 replications and 15 treatment combinations, among 15 treatment combinations, 100 % RDF +
Azotobacter (T3) recorded significantly maximum plant height, stem girth, internodal length, number of leaves, leaf area,
LAI and chlorophyll content. However, the maximum number of primary and secondary branches per plant was observed in
the treatment which received 75 % RD‘N’ + Azotobacter + 100 % RD‘P’ and ‘K’ (T2) and 75 % RDF + Azotobacter +
Bacillus megaterium + Frateuria aurantia (T14), respectively. Significantly maximum plant spread was recorded in T11
which received 100 % RDF + Azotobacter + Frateuria aurantia. The plants treated with 75 % RD‘N’ + Azotobacter + 100
% RD‘P’ and ‘K’ (T2) reported significantly maximum flowering duration of 71.17 days over (T1) 100 % RDF.
Keywords: Marigold, EM consortia, Growth, Flowering

INTRODUCTION

M

arigold (Tagetes erecta L.) occupying a
prominent place in ornamental horticulture, is
one of the commercially exploited flower crop
belonging to the family Asteraceae. Its habit of free
flowering, short duration to produce marketable
flowers, wide spectrum of attractive colours, shape,
size and good keeping quality have attracted the
attention of flower growers. It is put to many uses
like cut flowers, garden displays, garlands, bouquets
and for worship. Apart from its significance in
Ornamental Horticulture, it has been valued for other
purposes too. Marigold is being cultivated today as
commercially important source of carotenoid
pigments. The principal pigment present in the
flower is xanthophyll, particularly lutein which
accounts for more than 80 - 90 per cent and is present
in the form of esters of palmitic and myristic acids
(Alam et al., 1968). Marigold carotenoids are the
major sources of pigments for poultry industry as a
feed additive to intensify the yellow colour of egg
yolks and broiler skin (Scott et al., 1968). The
ground blossom meal (petal meal) or the extract,
usually saponified for better absorption and is added
to the poultry feed. These products are traded as
‘Aztec marigold’ or marigold extract as ‘Adoptinal’.
Though the African marigold is one of the important
commercial flower crops of Karnataka, its yield
levels are quite low and hence there is a need to
standardize the optimum dose of nutrients
particularly in the form of organic and integrated
nutrients for improving the soil structure, physico-

chemical properties, yield and quality of flowers and
seeds. Keeping these beneficial points in view of soil
health and sustainability in crop production, the
present investigation was undertook to study the
response of Marigold to liquid formulations of EM
consortia with graded levels of NPK on growth and
flowering under transitional zone of Karnataka.
MATERIAL AND METHOD
The present investigation was carried out in the
Department of Horticulture, College of Agriculture,
University of Agricultural and Horticultural
Sciences, Shivamogga, Karnataka during the period
from September 2014 to January 2015. Shivamogga
is situated at 13° 58' North latitude and 75° 34' East
latitude with an altitude of 650 meters above mean
sea level. It comes under Agro-climatic Region-4 and
Zone-VII (Southern Transitional Zone) of Karnataka.
The experiment was conducted in red gravely loam
soil, having a pH of 6.40. During the experimentation
the rainfall was 790 mm and the average maximum
and minimum temperature was 31.230 C and 18.970 C
respectively and relative humidity was 84.57 to 86.27
per cent. The experiment was laid out in randomized
complete block design with 3 replications and 15
treatment combinations viz., T1: 100 % RDF (C), T2:
75 % RD‘N’ + Azotobacter + 100 % RD‘P’ and ‘K’,
T3: 100 % RDF + Azotobacter, T4: 75 % RD‘P’ +
Bacillus megaterium + 100 % RD‘N’ and ‘K’, T5:
100 % RDF + Bacillus megaterium, T6: 75 % RD‘K’
+ Frateuria aurantia + 100 % RD‘N’ and ‘P’, T7:
100 % RDF + Frateuria aurantia, T8: 75 % RD‘N’
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and ‘P’ + Azotobacter + Bacillus megaterium + 100
% RD‘K’, T9: 100 % RDF + Azotobacter + Bacillus
megaterium, T10: 75 % RD‘N’ and ‘K’ + Azotobacter
+ Frateuria aurantia + 100 % RD‘P’, T11: 100 %
RDF + Azotobacter + Frateuria aurantia, T12: 75 %
RD‘P’ and ‘K’ + Bacillus megaterium + Frateuria
aurantia + 100 % RD‘N’, T13: 100 % RDF +
Bacillus megaterium + Frateuria aurantia, T14: 75 %
RDF + Azotobacter + Bacillus megaterium +
Frateuria aurantia and T15: 100 % RDF +
Azotobacter + Bacillus megaterium + Frateuria
aurantia. Liquid EM cultures having population of
1013 cells/ml were inoculated by pouring uniformly
@ 10 ml per/liter in furrows after seed sowing as
seed treatment. Thirty days of healthy and uniform
seedlings were used for transplanting. Seedlings were
dipped in liquid microbial consortium @ 10 ml/liter
of water for about 30 minutes and transplanting was
done in the micro plots with a spacing of 60 cm x 45
cm at the rate of one seedling per hill. Well
decomposed FYM @ 20 tonnes per hectare was
applied at the time of land preparation. The
recommended dose of 225:60:60 kg NPK/hectare
was applied in the form of urea, single super
phosphate and muriate of potash, respectively. One
week after transplanting, 50 per cent N and full dose
of P and K were applied in a circular band about 10
cm around each plant at a depth of 3 to 4 cm and
remaining 50 per cent ‘N’ was applied in two split
doses at 30 and 45 days after transplanting as a top
dressing. All the recommended cultural operations
were carried out during the crop period. The data
recorded on various parameters of growth and
flowering behavior were tabulated and subjected to
statistical analysis (Sunderaraju et al., 1972).
RESULT AND DISCUSSION
The results brought out that Marigold do respond
well to inoculation of microbial consortium under
field conditions. The plants supplied with 100 %
RDF + Azotobacter (T3) recorded significantly
maximum plant height (104.81 cm), stem girth (1.37
cm) and internodal length (7.32 cm). However, the
maximum number of primary (17.35) and secondary
branches (99.59) per plant was observed in the
treatment received 75 % RD‘N’ + Azotobacter + 100
% RD‘P’ and ‘K’ (T2) and 75 % RDF + Azotobacter
+ Bacillus megaterium + Frateuria aurantia (T14),
respectively. Significantly maximum N-S plant
spread (66.80) was recorded in T11 which received
100 % RDF + Azotobacter + Frateuria aurantia
(Table 1). Similarly, number of leaves (308.80), leaf
area (81.54 dm2) and leaf area index (3.02) were also
higher with the application of 100 % RDF +

Azotobacter (T3) over 100 % RDF (T 1). Results
pertaining to the above growth parameters could be
attributed to the appropriate nutrients in available
form under this type of combination. Nitrogen is the
major constituent of proteins, enzymes, hormones,
vitamins, alkaloids chlorophyll and their synthesis in
plants that influence plant growth. Plant growth is
thus known to be accelerated by the adequate supply
and availability of nitrogen in association with
biofertilizers. Azotobacter is the free living nitrogen
fixing bacteria which fixes the nitrogen and it also
produces hormones like IAA and GA3, vitamins like
biotin and folic acid and with judicious use of
organic matter ensures good growth. The increased
nitrogen nutrition may also have accelerated the
process of cell division and differentiation. The
results of present investigation are in close
conformity with the findings of Jadhav et al. (2014)
and Kumar et al. (2009) in African marigold, Kirar et
al. (2014) in China aster, Bhatia and Guptha (2007)
in Carnation
The chlorophyll ‘a’ (1.43 mg/g) and total chlorophyll
(1.99 mg/g) content of leaves were significantly
higher in the treatment T3 consisting of 100 % RDF +
Azotobacter (Table 2). Whereas, T9 which received
100 % RDF + Azotobacter + Bacillus megaterium
recorded the maximum chlorophyll ‘b’ content (0.90
mg/g) at peak vegetative stage compared to cent per
cent RDF (T1). This might be due to enhanced
availability of nutrients, constituent of protein and
protoplasm resulting in greater photosynthetic
activity. Cytokinin produced by microbial inoculants
might have become a greater sink to attract nutrients
like Mg, Fe and K. The indirect role of iron in
enhancing the functioning of photosystem, ultimately
increased the chlorophyll content in the leaves. These
results are in line with the earlier findings of many
other scientists in African marigold (Bhat et al.,
2010), Jasmine (Jayamma et al., 2008), Gladiolus
(Qasim et al., 2014) and Tomato (Bharathiraja et al.,
2012).
Duration of flowering significantly varied among
different treatments. In the treatment plants treated
with 75 % RD‘N’ + Azotobacter + 100 % RD‘P’ and
‘K’ (T2) reported significantly maximum flowering
duration of 71.17 days (Table 3) compared to (T 1)
cent per cent RDF (65.86 days). The favorable action
of bio-inoculants in combination with optimum
levels of NPK and by improving the uptake of macro
and micro nutrients might be the answer for the
increased duration of flowering. Similar trend of
increased flowering duration was also reported by
Thumar et al. (2013) in Marigold, Sheergojri et al.
(2013) in Dahlia and Parolekar et al. (2012) in
Tuberose.
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Table 1. Effect of liquid formulations of EM consortia on vegetative traits of Marigold (Tagetes erecta L.) cv.
Double Orange
Treatment

Plant
height
(cm)

100 % Recommended dose of fertilizer (C)
80.91
75 % RD‘N’ + Azotobacter + 100 % RD‘P’ and ‘K’
95.18
100 % RDF + Azotobacter
104.81
75 % RD‘P’ + Bacillus megaterium + 100 % RD‘N’
and ‘K’
91.12
100 % RDF + Bacillus megaterium
88.91
T5
75 % RD‘K’ + Frateuria aurantia + 100 % RD‘N’
T6
and ‘P’
91.90
100 % RDF + Frateuria aurantia
87.36
T7
75 % RD‘N’ and ‘P’+ Azotobacter + Bacillus
T8
megaterium + 100 % RD‘K’
93.07
100 % RDF + Azotobacter + Bacillus megaterium
90.57
T9
75 % RD‘N’ and ‘K’ + Azotobacter + Frateuria
T10
aurantia + 100 % RD‘P’
92.73
100 % RDF + Azotobacter + Frateuria aurantia
93.46
T11
75 % RD‘P’ and ‘K’ + Bacillus megaterium +
T12
Frateuria aurantia + 100 % RD‘N’
86.25
100 % RDF + Bacillus megaterium + Frateuria
T13
aurantia
92.42
75 % RDF + Azotobacter + Bacillus megaterium +
T14
Frateuria aurantia
99.52
100 % RDF + Azotobacter + Bacillus megaterium +
T15
Frateuria aurantia
91.81
3.36
S. Em ±
9.74
C. D. @ 5 %
T1
T2
T3
T4

Stem
Number of Number
girth Internoda primary
of
(cm)
l length
branches secondary
(cm)
branches

Plant spread (cm)

1.12
1.29
1.37

6.03
6.77
7.32

18.62
20.49
20.95

85.09
92.06
98.26

52.71
59.47
59.32

59.14
64.39
67.12

1.23
1.20

6.96
6.91

19.82
19.75

93.73
87.02

57.10
56.53

58.43
63.11

1.22
1.23

6.55
7.00

18.62
19.22

97.49
93.13

52.75
58.59

60.38
59.65

1.21
1.28

7.28
6.71

19.02
18.82

91.19
89.99

61.52
60.96

60.83
64.46

1.26
1.25

6.74
6.70

20.09
18.89

89.79
86.89

63.74
66.80

67.56
64.70

1.21

6.86

17.88

88.92

59.75

59.44

1.24

6.90

20.22

93.01

59.04

60.73

1.32

7.25

19.82

99.59

64.45

65.94

1.25
0.03
0.10

7.22
0.22
0.64

20.35
0.60
NS

97.86
2.20
6.38

61.25
2.29
6.65

64.24
3.88
NS

NorthSouth

EastWest

Table 2. Effect of liquid formulations of EM consortia on photosynthetic area and chlorophyll content of
Marigold (Tagetes erecta L.) cv. Double Orange
Treatment

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

100 % Recommended dose of fertilizer (C)
75 % RD‘N’ + Azotobacter + 100 % RD‘P’ and ‘K’
100 % RDF + Azotobacter
75 % RD‘P’ + Bacillus megaterium + 100 % RD‘N’ and ‘K’
100 % RDF + Bacillus megatherium
75 % RD‘K’ + Frateuria aurantia + 100 % RD‘N’ and ‘P’
100 % RDF + Frateuria aurentia
75 % RD‘N’ and ‘P’+ Azotobacter + Bacillus megaterium + 100 %
RD‘K’
100 % RDF + Azotobacter + Bacillus megaterium
75 % RD‘N’ and ‘K’ + Azotobacter + Frateuria aurantia + 100 %
RD‘P’
100 % RDF + Azotobacter + Frateuria aurantia
75 % RD‘P’ and ‘K’ + Bacillus megaterium + Frateuria aurantia + 100
% RD‘N’
100 % RDF + Bacillus megaterium + Frateuria aurantia
75 % RDF + Azotobacter + Bacillus megaterium + Frateuria aurantia
100 % RDF + Azotobacter + Bacillus megaterium + Frateuria aurantia

T13
T14
T15
S. Em ±
C. D. @ 5 %

Number
of leaves

Leaf area
(dm2)

LAI

266.69
285.26
308.80
280.10
274.29
265.43
270.76

60.45
65.83
81.54
64.01
69.65
71.20
70.80

2.23
2.44
3.02
2.37
2.58
2.64
2.62

288.70
273.53

73.03
69.58

289.33
279.69
262.03
289.23
293.23
288.66
5.82
16.88

Chlorophyll
‘b’ (mg/g)

Total
chlorophyll
(mg/g)

0.48
0.63
1.43
0.98
0.61
0.88
0.98

0.23
0.31
0.58
0.44
0.29
0.66
0.39

0.72
0.94
1.99
1.41
0.91
1.54
1.36

2.70
2.58

0.52
1.05

0.26
0.90

0.78
1.96

73.90
69.32

2.74
2.57

0.67
0.61

0.31
0.30

1.00
0.91

56.96
70.44
73.74
71.44
4.07
11.80

2.11
2.61
2.73
2.65
0.15
0.43

0.81
1.00
1.22
0.48
0.12
0.37

0.47
0.41
0.46
0.69
0.07
0.20

1.28
1.41
1.69
1.57
0.18
0.52

Chlorophyll
‘a’ (mg/g)

Table 3. Effect of liquid formulations of EM consortia on flowering behavior of Tagetes erecta L. cv. Double
Orange
Treatment

T1
T2
T3
T4
T5
T6
T7
T8
T9

100 % Recommended dose of fertilizer (C)
75 % RD‘N’ + Azotobacter + 100 % RD‘P’ and ‘K’
100 % RDF + Azotobacter
75 % RD‘P’ + Bacillus megaterium + 100 % RD‘N’ and ‘K’
100 % RDF + Bacillus megaterium
75 % RD‘K’ + Frateuria aurantia + 100 % RD‘N’ and ‘P’
100 % RDF + Frateuria aurantia
75 % RD‘N’ and ‘P’+ Azotobacter + Bacillus megaterium + 100 % RD‘K’
100 % RDF + Azotobacter + Bacillus megaterium

Days taken
for first
flower bud
initiation

Days taken
for first
flower
opening

Days taken
for 50 %
flowering

Duration of
flowering
(days)

29.53
27.07
27.33
26.87
26.67
27.47
27.47
27.07
28.07

43.73
43.06
42.26
41.26
41.53
41.26
41.20
41.33
41.73

48.73
48.80
48.13
47.26
47.06
49.00
48.46
47.13
47.93

65.86
71.17
68.96
67.46
66.76
67.56
68.20
68.80
69.60
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75 % RD‘N’ and ‘K’ + Azotobacter + Frateuria aurantia + 100 % RD‘P’
T10
100 % RDF + Azotobacter + Frateuria aurantia
T11
75 % RD‘P’ and ‘K’ + Bacillus megaterium + Frateuria aurantia + 100 % RD‘N’
T12
100 % RDF + Bacillus megaterium + Frateuria aurantia
T13
75 % RDF + Azotobacter + Bacillus megaterium + Frateuria aurantia
T14
100 % RDF + Azotobacter + Bacillus megaterium + Frateuria aurantia
T15
S. Em ±
C. D. @ 5 %

CONCLUSION
It is concluded that microbial inoculants improves
the soil physical, chemical and biological properties
of soil and also provides nutrients viz., N, P, K which
is essential for plant growth. Bio-inoculants helps in
better root proliferation, more uptake of nutrients and
water, luxuriant vegetative growth and more
photosynthesis and enhance food accumulation
which is good for growth and development. So, it can
be concluded that application of 100 % RDF +
Azotobacter is most effective among various
treatments for better vegetative growth and 75 %
RD‘N’ + Azotobacter + 100 % RD‘P’ and ‘K’ in
enhancing flowering duration of Marigold (Tagetes
erecta L.) cv. Double Orange, under transitional tract
of Shivamogga. This also indicates the possibility of
reducing the dose of chemical fertilizers, which is
cost effective and eco friendly for the cultivation.
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Abstract: Panna district forms a part of the Kymore plateau and Satpura hills zone of Madhya Pradesh which is
characterized by undulating topography, slopy lands and adverse climatic factors. The prevailing slopy lands and
precipitation mainly received during July to September provide congenial conditions for growing Kharif season crops in the
district. Hence, an effort was made by KrishiVigyan Kendra Panna M.P. to promote farmers for Kharif cultivation during
2005-06 to 2009-10 percentage increase in Kharif crop area is 16.03, similarly percent increase in yield is varies from 18 to
89 percent on various crops, seed replacement rate increases from 78.45 to 400 percent on various crops, more than 17.76
percent of newer farmers adopt farming all in all it leads to increase in cropping intensity up to 8 percent and increase in total
production up to 72 percent.For achieving this series of training programs & frontline demonstrations conducted on
improved cultivation technology by KVK resulted in successful efforts
Keywards: KVK, Technology Transfer, Effective Technology, FLD

INTRODUCTION

M

ore than 72% of farming community of Panna
district possesses small land holdings i.e.
below 2 hectare and almostthree-fourth farming
community of this categories land remains
uneconomical. Because of their faultier agricultural
practices and lack of proper effective extension
policies the small and marginal farmers remain
below the poverty line, and due to this our district
has not prospered agriculturally it leads to the
downfall of our country too in the field of agriculture
. Small and marginal farmers share of cultivated
land is about a third of the total available agricultural
land in the district. Over time, due to high population
growth that causes a division of land holdings, and a
very slow growth rate of the rural economy, the
pressure on land has been steadily increasing and the
number of small and marginal farmers has been
growing. These farmers could play a leading role in
the development of the country by contributing to the
nation's capital formation if their uneconomic
holdings are converted into economic ones.
However, with the traditional cropping system, small
and marginal farmers are finding it difficult to
produce adequate food to feed their families. An
extensive survey of the villages was conducted to
identify various problems on four dimensions i.e.
social, cultural, economic and ecological. Low crop
production, severe moisture stress during crop
season, waste or degraded lands, declining vegetal
cover, high rate of soil erosion, poor soil fertility,
undulated topography and depletion of valuable
natural resources were some of the key factors
responsible for poor socio-economic condition of the
villages.The only way to convert these holdings into
profit-making ones is through the intensive use of

land through diversification of crops. Popularize
improved seed, improved technology and replace
non-beneficial crops with higher remunerative.
Keeping in view the poor socio-economic condition
of the villagers, the KVK scientists worked out a
comprehensive development plan for the villagers
consisting of three components - conservation and
restoration of natural resources; improving
productivity and profitability of farming systems and
sustainability while maintaining or enhancing the
ecological balance and meeting the demands of food,
fodder, fuel, fibre, timber; and, water on a
sustainable basis.
METHODOLOGY
Farmers face a major problem with the nonavailability of good quality seed. Increased cost of
seed, poor germination, limited availability of seed
and its transport are some of the constraints that are
usually faced by the farmers. During baseline survey
of the villages, farmers repeatedly expressed their
desire that the KVK/State Agriculture Department
should ensure timely availability of seeds of
improved varieties to farmers along with improved
agricultural implements and other related technology.
From over coming this intensive cultivation
experiment was undertaken on a farmer's field at
Telagwan, Hardua, Motwa, Barchua, Piparwah,
Kunjvan, Richora and Deogaon village of Panna
district of M.P.After analyzing the gap with the help
of PRA a result oriented action plan had been
formulated with the active participation of farmers
and farm family during 2005-06 to 2009-10. The
planning and layout of field was done as per the need
and the availability of resources they have.
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A step by step guide
Identify the thrust area i.e. Seed replacement, Crop replacement and technology replacement of the
village through PRA.

Assessment of technology
As per need each of the improved technology was assessed in order to determine its effectively at local
level.

Demonstrations
After assessing the technology all the suitable found technology had been propagated through
demonstrations at farmers field.

Dissemination of technology
All the demonstrated technology had been disseminated through training of farmers and farm
women, extension functionaries, mass communication through print media and electronic media.
Impact
Technology assessed: The KVK conducted 56 OFTs
on 13 thematic areas in which 56 technologies
assessed at 280 farmers field.
Demonstration: Total 92 demonstrations were
conducted on oilseeds, pulses, cereals, vegetable,
cash crop, agro-forestry and on other enterprises
which covers the area about 35 ha.
Training Programmes : Total 504 training courses
were conducted which benefited 7056 participants

including farmers and farm women, rural youth and
extension personals.
Extension Activities : For popularizing the
technologies in the region total 669 extension
activities in the form of Field days, Farmers fair,
Exhibition, CD Shows, Field visit, Exposure visit
and Workshops were organized which benefited
8697 farmers and 247 extension functionaries.

Impact of KVK since inception on agricultural field
S.
No.

Activity

1.

Total cropped
during Rabi
Total cropped
during Kharif .

2.

area
area

Status on
2005-06
(area/production)

Status on
2009-10
(area/production)

% Increase in
area

% Increase in
production

182180, ha/
127270, ton
86227, ha/
21670, tons

222427, ha/
218910 , ton
100053, ha/
53255, tons

22.09

72.00

16.03

145.75

3.

Cropping intensity

109 %

117 %

8.00

_

4.

Irrigated area

27 %

34 %

7.00

_

5.

Double cropped area

35417, ha

43522, ha

22.89

_

6.

No. of farmers involve
in farming practices
Improved agricultural
implements.
Area
under
horticultural crops
No. of farmers possess
KCC

141395, No.

166518, No.

17.76

_

27781, No.

41554, No.

49.57

_

-

3509, ha

24.74

_

42334, No.

111788, No.

164.06

_

7.
8.
9.
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Increase in seed replacement rate
S.No.
1.

Crop
Black gram

Status on 2005-06
4.2

Status on 2009-10
12.20

% Increase
190.00

2

Soybean

6.22

11.10

78.45

3

Sesame

0.5

2.50

400.00

4

Sorghum

0.2

0.80

80.00

5

Pigeon pea

0.5

2.50

400.00

6

Groundnut

1.2

3.30

175.00

7

Wheat

2.3

6.70

191.30

8

Chick pea

3.0

8.35

178.33

9

Lentil

1.2

4.90

308.33

condition which district faces since 5 years i.e.
majority of upland paddy area is replaced by
soybean and sesamel.
 Area under pulses, during 2002 was 112500, ha
now (2009-10) it reaches up to 1,34,928, ha.
(increase by 19.93%) this figure reflects that
majority of rainfed wheat is replaced by chick pea
due to continuous poor rainfall and un-economical
wheat production.

Crop Substitution
 During 2002-03 up land paddy was grown in
60,000 ha through continuous campaign the area
under paddy is reduced up to 40,000, ha and it is
replaced by low water required crop viz: Soybean,
Black gram, Sesame etc.
 Area under oilseeds, during 2002 was 14400 ha.
now (2009-10)
it reaches up to 31,897
ha.(increased by 121.50%) which is one of the
biggest achievement as per the agro-climatic
Technology substitution
S.No.

Crop

Status on 2005-06

Status on 2009-10

Increase
yield (%)
37.80

1.

Soybean

Broadcasting method of sowing

Ridge furrow method of sowing

2.

Paddy

SRI method of transplanting.

89.10

3.

Wheat

Either broadcasting or delayed
transplanting method.
Excessive seed rate (150 kg/ha)

Appropriate seed rate (95-100 kg/ha)

18.00

4.

Chick pea

Integrated wilt management

33.65

5.

Mustard

Chemical control of aphid

67.20

6.

Wheat

Sowing with zero till drill.

14.90

7.

Chick pea

Excessive losses in chick pea yield
due to wilt complex infestation.
Heavy losses due to aphid
infestation
Delayed in sowing of wheat in low
lying
paddy-wheat cropping
system.
Heavy losses due to pod borer
infestation.

Integrated management of pod borer in
chick pea.

28.50

in

Varietal replacement
Crop
Wheat

Status on 2009-10
Use of improved high yielding varieties such as GW 273, GW 322, under assured irrigation and HW 2004,
JW 17, JW 3020, JW 3173, JW 3211 under rainfed and semi-irrigated condition.

Chick pea

Area under high yielding wilt resistant varieties such as JG 322, JG-63, JG-11, JG-16, and JG-130 is
increased.

Lentil

Now majority of the area is covered under high yielding variety JL-1 &JL-3.

Paddy

Now more than 60-65% area is under early maturing variety viz: JR-201, Vandana, Poornima, etc.

Black gram

Now maximum area (more than 75%) is covered under LBG-20, PDU-1, PU-19, PU-30, T-9 etc.

Sesame

Now maximum area is under TKG 55, 22, 21, JTS 8 etc.

Soybean

Now JS 93-05 covered maximum area in Panna district, which is not only short duration but also shows
tolerant character against YM disease.
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RESULT
A substantial increase in yield & income was
observed over the traditional system of cropping.
This increase in yield & income could be attributed
to intensive use of land and diversification of
cropping pattern along with seed replacement,
technology replacement and crop replacement.
Earlier where the small and marginal farmers was
finding it difficult to produce adequate food to feed
his family with traditional system but now they are
able to double their yield and income and now they
make themselves in a position to meet out family
annual expenses. This finding similar was found that
Dutta A. (2014), Tiwari et al.(2003), Tomar et
al.(2003), Indian Science and Technology (Report):
2008, and Meena et al. (2012).
CONCLUSION
It may be concluded that after implementing
effective technology at farmer’s field in a scientific
manner can play an important role in increasing farm
incomes and employment to achieve nutritional

security. Further, as the average family land holdings
at the national level have come to 1.6-acre. Such
studies can make a difference to the livelihood as
well as food & nutritional security to the people.
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Abstract: Economic yield attributing characters were studied in forage sorghum for crop improvement through selecting
high yielding characters. Significant variations were recorded among the genotypes for various yield traits studied. High
values for phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) was noted for plant
height, leaf breadth, internode length and green fodder yield per plant. High heritability coupled with high genetic advance
as percent of mean was revealed for plant height, leaf breadth, internode length, number of leaves per plant, leaf stem ratio,
leaf area, total soluble solids and green fodder yield per plant. Green fodder yield per plant observed positive and significant
correlation with plant height, number of leaves per plant, internode length, leaf area and protein content at both the levels.
The result of path coefficient analysis showed that leaf area, leaf breadth, leaf length, plant height and protein content had
positive direct effect on green fodder yield. Sorghum is one of the important food crops of the world. To exploit the
potentiality of sorghum several crop improvement programmes have been undertaken. Yield is a complex character, which
depends upon many independent contributing characters. Knowledge of the magnitude and type of association between yield
and its components themselves greatly help in evaluating the contribution of different components towards yield. Yield
being a polygenic character is highly influenced by the fluctuations in environment. Hence, selection of plants based directly
on yield would not be very reliable. Improvement in sorghum yield depends on the nature and extent of genetic variability,
heritability and genetic advance in the base population and besides the information on the nature of association between
yield and its components helps in simultaneous selection for many characters associated with yield improvements. It was
concluded that these characters could be considered as significant selection criteria for yield improvement in forage
sorghum.
Keywords: Sorghum bicolor, Variability, Correlation, Path coefficient analysis

INTRODUCTION

S

orghum (Sorghum bicolor L. Moench) is one of
the most important fodder crops in the rainfed
conditions of India as well as in Uttar Pradesh.
Sorghum being a short duration, drought and salt
tolerant, well adaptive to arid regions is considered
promising fodder crop.
It is a palatable and
nutritious fodder crop for animals and there is
enormous demand for green and dry fodder
particularly during lean winter and summer seasons
in the arid and semi arid region. It is estimated that
sorghum fodder constitutes 20-45 per cent of the
total dry weight of feed of dairy animals during
normal seasons and up to 60 per cent during lean
summer and winter season. During the last 30 years
the role of sorghum as a major source of fodder has
not diminished while its important as a forage crop
has increased. The average fodder yield of sorghum
in Uttar Pradesh is low because major area is covered
by local and out dated varieties and selection which
are not responsive to improved high fodder yielding
varieties for Uttar Pradesh. Low fodder production
and lesser feed availability is the major limiting
factor for increasing livestock productivity in India.
Improvement in livestock production depends on the
proper quality and quantity of feed and fodder. It is

estimated that the 60-70 per cent of total cost in
livestock production is due to feed and fodder. In
India, hardly 5 per cent of the cropped area is utilized
to grow fodder. India is deficit in dry fodder by 11
per cent, green fodder by 35 per cent and
concentrates feed by 28 per cent. The common
grazing lands too have been deteriorating
quantitatively and qualitatively. This situation leads
to poor feeding of the animal, resulting in low milk
and meat yields. Due to low per capita availability of
the quality products from livestock, our nation is
facing the problems of malnourishment, high disease
incidence and low life expectancy. Demand for
animal products for human consumption is increase
day by day because of expanding human population
and improvement in life style of citizens (Jain and
Patel, 2013). Productivity of the crop is less and if
varies from year to year. This low productivity is
accounted for various factors. Sorghum is grown as a
irrigated crop, but availability of irrigation facilities
is limited and lack of rainfall during crop growth
period. Production of sorghum is also limited owing
to non adoption of recommended practices and high
yielding and high protein content varieties etc.,
which reduces the yield to a greater extent. The
magnitude of variability present in a crop species is
of utmost importance as it provides the basis for
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effective selection. The variation present in a
population is measured by phenotypic, genotypic
coefficient of variation, heritability and genetic
advance under selection help the plant breeder in
selection of elite genotype from diverse genetic
population. Correlation coefficient and path analysis
provide the mutual relationship between various

plants and the association of these characters with
yield. Hence the present study to find the genetic
parameter, association of certain characters, their
direct contribution to yield and indirect effects
through other characters on yield of forage sorghum
and their F1 were carried out.

Table 1. Analysis of variance for twelve characters in parents and F1 generation of forage sorghum
Source of
variance

d.f.

Days to
50%
flowering

Plant
height
(cm)

No. of
leaves
per
plant

Stem
girth
(cm)

Leaf
length
(cm)

Leaf
breadth
(cm)

Internode
length
(cm)

Total
soluble
solid
(%)

Leaf
area
(cm2)

Leaf
stem
ratio
(w/w)

Protein
content
(%)

Green
fodder
yield (g)

Replication
Treatment
Error

2
78
156

0.67
51.16**
4.60

2.70
6162.39**
22.41

0.96
7.64**
0.82

0.35
0.15**
0.53

0.78
80.45**
1.81

0.42
3.32**
0.66

0.97
30.84**
0.45

0.79
5.17**
0.36

60.63
8869.80**
411.44

04
0.21**
0.09

0.81
2.93**
0.21

58.52
8789.49**
23.66

* Significant at 5% level and ** Significant at 1% level
Table 2. Mean performance and parameters of variability for various traits studied in forage sorghum
Sl.No.

Character

GCV (%)

PCV (%)

GA as % mean

5.39

Genetic
Advance
7.03

8.41

Heritability
(%)
75.70

1.

Days to 50% Flowering

4.69

2.

Plant height (cm)

3.

Leaf length (cm)

27.53

27.62

19.67

35.91

98.80

7.19

7.38

10.29

14.42

94.80

4.

Leaf breadth (cm)

25.28

26.24

2.03

29.64

88.60

5.

Stem girth (cm)

11.31

15.40

0.30

17.10

53.90

6.

Internode length (cm)

26.79

27.14

6.42

33.88

95.90

7.

No. of leaves per plant

11.31

12.11

3.01

21.75

87.10

8.

Leaf stem ratio (w/w)

17.94

19.13

0.15

34.65

87.90

2

9.

Leaf area (cm )

15.56

16.66

12.18

29.95

87.20

10.

Total soluble solids (%)

16.56

17.49

2.41

30.35

84.20

11.

Protein content (%)

11.26

13.73

1.30

19.00

67.10

12.

Green fodder yield per plant (g)

34.40

34.46

10.90

29.54

99.20

Table: 3 Estimates of correlation coefficient for genotypic (G) and phenotypic (P) levels among different in
forage sorghum
Character

Days to 50%
flowering

G
P

Plant height (cm)

G
P
G
P

No. of leaves per
plant

G
P
G
leaf length (cm)
P
Leaf breadth (cm) G
P
G
Internode length
P
(cm)
Total soluable solid G
P
(%)
G
Leaf area (cm2)
P
G
Leaf stem ratio
P
(w/w)
G
Protein content
P
(%)
Green fodder yield G
P
per plant (g)
Stem girth (cm)

Days
to 50%
flowering

Plant
height
(cm)

1.00
1.00

0.05
0.04
1.00
1.00

No. of
leaves
per
plant
0.11
0.09

Stem
girth
(cm)

Leaf
length
(cm)

Leaf
breadth
(cm)

Internode
length
(cm)

Leaf
area
(cm2)

0.01
0.01

Total
soluable
solids
(%)
0.08
0.07

0.26**
0.27**

-0.15
-0.13

0.36**
0.38**

0.30**
0.31**
1.00
1.00

-0.07
-0.05
0.18
0.12

0.07
0.06
-0.08
-0.06

1.00
1.00

0.38**
0.39**
1.00
1.00

Protein
content
(%)

0.38**
0.31**

Leaf
stem
ratio
(w/w)
0.25**
0.27**

0.09
0.08

Green
fodder
yield per
plant (g)
-0.15
-0.12

0.40**
0.41**
0.26**
0.22**

0.09
0.09
-0.23
-0.22

0.19
0.18
0.08
0.06

0.41**
0.38**
0.16
0.18

0.09
0.09
-0.15
-0.13

0.06
0.04
0.04
0.09

0.36**
0.37**
0.29**
0.30**

0.05
0.06
-0.14
-0.13
1.00
1.00

-0.09
-0.07
0.08
0.08
0.27**
0.28**
1.00
1.00

0.11
0.06
0.13
0.12
0.13
0.12
0.01
0.07
1.00
1.00

0.10
0.15
0.28**
0.29**
0.09
0.10
0.08
0.06
0.20
0.18
1.00
1.00

0.14
0.10
-0.18
-0.17
0.20
0.19
0.13
0.14
0.02
0.04
0.10
0.17
1.00
1.00

-0.19
-0.13
0.07
0.04
0.14
0.09
0.06
0.04
0.16
0.08
0.16
0.10
-0.05
-0.02
1.00
1.00

-0.12
-0.09
-0.17
-0.15
-0.13
-0.12
0.33**
0.35**
0.09
0.08
0.27**
0.28**
0.10
0.09
0.25**
0.27**
1.00
1.00

* Significant at 5 % probability level and ** Significant at 1 % probability level
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Table 4. Estimates of direct and indirect effects for various traits studied towards green fodder yield in forage
sorghum
Character

Days to 50%
flowering
Plant height (cm)
No. of leaves per
plant
Stem girth (cm)
leaf length (cm)
Leaf breadth (cm)
Internode length
(cm)
Total soluable
solid (%)
Leaf area (cm2)
Leaf stem ratio
(w/w)
Protein content
(%)

G
P
G
P
G
P
G
P
G
P
G
P
G
P
G
P
G
P
G
P
G
P

Days
to 50%
flowering

Plant
height
(cm)

No. of
leaves
per
plant

-0.18
-0.15
0.01
0.01
0.41
0.49
-0.04
-0.01
0.15
0.05
0.48
0.57
0.49
0.50
0.36
0.49
0.17
0.16
0.06
0.04
0.02
0.01

-0.01
-0.00
0.32
0.35
0.33
0.42
0.01
0.05
-0.07
-0.03
-0.16
-0.18
-0.02
-0.05
0.08
0.12
0.72
0.79
0.02
0.01
0.01
0.08

0.42
0.51
0.05
0.09
0.12
0.19
-0.03
-0.01
0.38
0.43
-0.10
-0.15
0.06
0.08
0.04
0.01
0.04
0.09
-0.08
-0.02
0.13
0.10

Stem
girth
(cm)

0.44
0.52
-0.02
-0.01
0.32
0.41
-0.17
-0.10
0.40
0.41
-0.18
-0.19
0.02
0.01
0.05
0.04
0.06
0.07
0.03
0.02
-0.05
-0.01

Leaf
length
(cm)

0.52
0.61
0.02
0.01
-0.01
-0.07
0.06
0.02
0.43
0.44
0.08
0.09
-0.05
-0.02
0.06
0.08
0.50
0.46
-0.04
-0.03
0.02
0.01

leaf
breadth
(cm)

Internod
e length
(cm)

Total
soluable
solid (%)

-0.08
-0.05
0.32
0.39
0.03
0.05
-0.06
-0.02
0.15
0.06
0.61
0.71
-0.07
-0.02
0.06
0.07
0.05
0.04
0.05
0.03
0.04
0.02

-0.06
-0.16
0.03
0.04
-0.03
-0.02
0.01
0.07
0.48
0.57
-0.13
-0.18
-0.20
-0.21
0.05
0.01
0.10
0.13
0.57
0.62
0.33
0.40

-0.01
-0.09
0.07
0.09
0.41
0.49
-0.01
-0.02
-0.04
-0.05
-0.02
-0.09
-0.02
-0.04
0.04
0.06
0.35
0.47
0.06
0.08
0.04
0.05

Leaf area Leaf stem Protein
(cm2)
ratio
content
(w/w)
(%)

0.37
0.44
0.13
0.12
0.42
0.51
-0.03
-0.06
-0.09
-0.12
-0.12
-0.14
-0.07
-0.07
0.02
0.01
0.76
0.81
0.27
0.29
0.04
0.05

-0.04
-0.03
0.03
0.06
-0.01
-0.02
-0.02
-0.03
0.49
0.57
-0.09
-0.13
-0.05
-0.03
0.01
0.07
0.09
0.10
0.14
0.19
-0.06
-0.08

-0.01
-0.02
0.02
0.03
0.05
0.06
0.33
0.40
-0.08
-0.09
-0.06
-0.06
-0.01
-0.01
0.07
0.08
0.29
0.30
0.41
0.43
0.29
0.31

Correlate
d with
green
fodder
yield per
plant
-0.15
-0.12
0.36**
0.37**
0.29**
0.30**
-0.12
-0.09
-0.17
-0.15
-0.13
-0.12
0.33**
0.35**
0.09
0.08
0.27**
0.28**
0.10
0.09
0.25**
0.27**

Residual effect (Genotypic) = 0. 3606 and (Phenotypic) = 0.4370 Bold values indicate direct effect
MATERIAL AND METHOD
Experimental material of the present investigation
comprising of 60 F1s along with 19 parents 15 lines
and 4 testers were evaluated in a completely
randomized block design with three replications
during kharif 2016 at Sardar Vallabhbhai Patel
University, Crop Research Centre, Meerut U.P. Each
of 60 F1s was planted in five meter long three rows
plot and the parents were planted in three rows. The
rows were spaced 30 cm apart and plant to plant
distance was maintained 10 cm. Observations were
recorded on five competitive plants for days to 50%
flowering, plant height, number of leaves per plant,
stem girth, leaf length, leaf breadth, internode length,
total soluable solids, leaf area, leaf stem ratio, protein
content and green fodder yield per plant. The
coefficients of variation, heritability in broad sense
and expected genetic advance were estimated as
suggested by Panse and Sukhatme (1967), Fisher
(1918), Burton (1952) and Johnson et al. (1955).
Correlation coefficients were calculated as per the
methods suggested by Robinson et al. (1951) and
Fisher and Yates (1938) and path coefficient were
worked out as per the method of Dewey and Lu
(1959).
RESULT AND DISCUSSION
A thorough screening of the material studied (table1) under present investigation exhibited sufficient
variability for all the twelve characters i.e. days to
50% flowering (51.16), plant height (6162.39),
number of leaves per plant (7.64), stem girth (0.15),
leaf length (80.45), leaf breadth (3.32), internode
length (30.84), total soluable solids (5.17), leaf area

(8869.80), leaf stem ratio (0.21), protein content
(2.93) and green fodder yield per plant (8789.49)
which indicated that sufficient variability existed in
the present set of material and further genetic
analysis and study would be meaningful. High
amount of genetic variability for all the characters
has also been reported earlier by Jain et al. (2017)
and Ranjith et al. (2017). Phenotypic coefficient of
variation (PCV) and genotypic coefficient of
variation (GCV) were high (more than 25%) revealed
(table-2) for plant height (27.62, 27.53), leaf breadth
(26.24, 25.28), internode length (27.14, 26.79) and
green fodder yield per plant (34.46, 34.40). Moderate
(10-25%) was observed for stem girth (15.40, 11.31),
number of leaves per plant (12.11, 11.31), leaf stem
ratio (19.13, 17.94), leaf area (16.66, 15.56), total
soluble solids (17.49, 16.56) and protein content
(13.73, 11.26) and showed low (<10%) for days to
50% flowering (5.39, 4.69) and leaf length (7.38,
7.19). Further, the present findings exhibited that the
estimates of phenotypic coefficient of variation were
generally higher than their corresponding genotypic
coefficient of variation for all the characters. Earlier
researchers Singh et al. (2016) and Jain et al. (2017)
has reported similar findings. The high values of
genotypic and phenotypic coefficient of variation for
these attributes, suggested that there was a possibility
of improvement of forage yield through direct
selection. heritability (broad sense) was high (> 60%)
for all traits viz., days to 50% flowering (75.70),
plant height (98.80), leaf length (94.80), leaf breadth
(88.60), internode length (95.90), number of leaves
per plant (87.10), leaf stem ratio (87.90), leaf area
(87.20), total soluable solids (84.20), protein content
(67.10) and green fodder yield per plant (99.20)
except stem girth (53.90). The high or moderate
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degree of heritability estimates for these characters
suggested that the attributes were under genotypic
control. High or moderate heritability estimates for
most of the traits studied, have been reported earlier
by Singh et al. (2016) and Jain et al. (2017). For an
effective selection, the knowledge alone on the
estimates of heritability is not sufficient and genetic
advance if studied along with heritability is more
useful. In the present study, high (>20%) estimates of
genetic advance expressed as per cent of mean have
been observed for plant height (35.91), leaf breadth
(29.64), internode length (33.88), number of leaves
per plant (21.75), leaf stem ratio (34.65), leaf area
(29.95), total soluble solids (30.35) and green fodder
yield per plant (29.54) thereby, suggesting good
response for selection based on per se performance.
Earlier research have reported similar finding with
respect to genetic advance, Malik et al. (2015) and
Singh et al. (2016). High heritability coupled with
high genetic advance was estimated for plant height,
leaf breadth, internode length, number of leaves per
plant, leaf stem ratio, leaf area, total soluble solids
and green fodder yield per plant which indicated that
these characters are governed by additive gene
action. Direct selection of these attributes will be
effective and profitably for yield improvement. High
heritability coupled with high genetic advance for
some of these traits have also been reported earlier
by Diwakar et al. (2016) and Singh et al. (2016).
Green fodder yield per plant showed positive and
significant correlation with plant height (0.36, 0.37),
number of leaves per plant (0.29, 0.30), internode
length (0.33, 0.35), leaf area (0.27, 0.28) and protein
content (0.25, 0.27) at genotypic and phenotypic
level. The result indicated that by improving these
characters green fodder yield may be enhanced in
this crop. These result are in general agreement with
the finding of Singh et al. (2016) and Jain et al.
(2017). Thus, it can be inferred that selection based
on any one of these traits either alone or in
combination, will result in identifying high yielding
strains. High indirect positive contribution of Days to
50% flowering through number of leaves per plant,
stem girth, leaf length and leaf area; Plant height via
leaf breadth; Number of leaves per plant through
days to 50% flowering, plant height, stem girth, total
soluble solids and leaf area; Leaf length via number
of leaves per plant, stem girth, internode length and
leaf stem ratio; Internode length through days to 50%
flowering; Total soluble solids via days to 50%
flowering; Leaf area through plant height, total
soluble solids and protein content; Leaf stem ratio
via internode length, leaf area and protein content
and Protein content through internode length were
responsible for their positive association with green
fodder yield. These results are in general agreement
with the findings of Singh et al. (2016) and Jain et al.
(2017). The contribution of residual effects that
influenced green fodder yield was very low at both

genotypic and phenotypic levels, indicating that these
traits included in the present investigation were
sufficient enough to account for the variability in the
dependant character i.e. green fodder yield. From the
overall study, there is an indication of improvement
in yield through selection with high values for days
to 50% flowering and number of leaves per plant.
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Abstract: A field experiment was carried out during kharif 2014 to investigate the effects of crop configuration and seed
rates on yield and yield components of soybean. Experiment was conducted in the split plot design with four crop
configuration (Broadcast method of sowing, Cross sowing 30 cm apart, Closed space sowing 20 cm apart and Recommended
Spacing of sowing at 30 cm) as main plot and four seed rates (50, 65, 80 and 95 kg/ha) as sub plot. Results revealed that
significantly higher number of pods and seeds per plant, seed and stover yield, Productivity rating index (PRI) and
Production efficiency (PE) were obtained in recommended spacing of sowing at 30 cm. Crop sown with seed rate 95 kg ha-1
recorded significantly highest seed and stover yield, PRI and PE and was at par with 80 and 65 kg ha -1. Number of seeds
pod-1, 100 seed weight, oil and protein content were not affected significantly by crop configuration and seed rates.
Interaction between recommended spacing of sowing at 30 cm and 65 kg seed ha-1 gave highest seed yield which was at par
with seed rate 80 and 95 kg ha-1.
Keywords: Crop configuration, Seed rate, Soybean, Yield

INTRODUCTION

S

oybean (Glycine max (L.) Merrill) designated as
‘miracle bean’ and it is one of the major oilseed
crops in India. It contains 20 % cholesterol free oil
and 40 % good quality protein. Soybean mainly on
account of its dietic, industrial, agricultural and
medicinal importance, its products have various uses.
The Soya meal is an important human food and Soya
flour is essential in the various preparations viz,
bread, cakes, muffins, biscuits and pastry. As a
medicament, the soybean is of great importance in
diabetic dietary. It improves the fertility status of soil
by fixing atmospheric nitrogen through the root
nodules and leaf fall on the ground at maturity. The
nodulated soybean plants can fix about 94 kg
nitrogen ha–1 in one season (Sattar, 2001).
In India, soybean occupies an area of 10.91 m ha
with the production and productivity of 10.37 million
tonnes and 951 kg ha-1, respectively (Anon., 2014).
In India, Madhya Pradesh and Maharashtra are the
leading producers of soybean. In Chhattisgarh, the
total area under cultivation is 1.470 lakh ha with
production of 1.345 lakh tonnes and average
productivity of 915 kg. (Anon., 2014).
Among various factors influencing yield of soybean,
Suitable method of sowing with optimum spacing
and seed rate influences yield and yield attributing
characters of soybean. Optimum row spacing would
ensure proper growth of the aerial and underground
parts of the plant through efficient utilization of solar
radiation, nutrients, land as well as air spaces and
water. Similarly seed rate is very important in
context of maintaining optimum plant population.

Too low and high plant population beyond a certain
limit often adversely affects the crop yield. The
relative equidistant plant distribution leads to
increased leaf area development and greater light
interception early in the season. This increases crop
growth rate, dry matter accumulation and seed yield
(De Bruin and Pedersen, 2008). In view of the above
facts, present investigation was carried out to find a
fair combination of suitable sowing method with
optimum spacing and seed rate to achieve maximum
productivity of soybean.
MATERIAL AND METHOD
The experiment was conducted at Research cum
Instructional
Farm,
Indira
Gandhi
Krishi
Vishwavidyalaya, Raipur Chhattisgarh during kharif
season of 2014. The soil of the experimental field
was clay in texture with soil pH was neutral in
reaction (7.2). The soil organic carbon content was
medium (0.65%). The soil was low in available
nitrogen (238.33 kg ha-1), medium in available
phosphorus (18.81 kg ha-1) and high in available
potassium (386.4 kg ha-1). The field was uniformly
fertilized @ 25:80:50 kg ha-1 through Urea, Single
Super Phosphate (SSP) and Muriate of Potash
(MOP), respectively, at the time of sowing. The
variety of soybean used in the experiment was ‘JS
97-52’ (Jawahar Soybean 97-52). The experiment
was laid in split plot design with three replications.
The treatment comprised of four crop configuration
in main plot viz. C1: Broadcast method of sowing, C2:
Cross sowing 30 cm apart, C3: Closed space sowing
20 cm apart and C4: Recommended Spacing of
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sowing (30 cm) and four seed rates in sub plot viz.
S1: 50, S2: 65, S3: 80 and S4: 95 kg ha-1. The data on
pods plant-1, seeds pod-1 and number of seeds plant-1
were collected at the time of harvest. From the total
produce of each plot, 100 seeds were counted and
Harvest index =

Productivity rating index =

weighted 100 seed weight (g). The data on biological
yield and seed yield were collected at the time of
harvest. Harvest index, Productivity rating index
(PRI) and Production efficiency (PE) were calculated
by following formulae.
Grain yield
× 100
Biological yield

Yield obtained from experimental plot (kg ha−1 )
Standard yield (kg ha−1 )

Production efficiency kg ha−1 day−1 =
The seeds were ground for estimation of N and oil
contents. Total nitrogen content of the seeds was
determined by Kjeldahl method (Jackson, 1967). N
values were multiplied by 6.25 to calculate total
crude protein (TCP). The oil content was determined
with the help of with the help of Socs plus solvent
extractor using acetone as solvent. The percent of oil
present in a sample was calculated with the help of
following formula.
Oil content % =

W2−W1
W

× 100

Where,
W1 = Initial weight of beaker
W2 = Final weight of beaker (beaker + oil)
W = Weight of powdered sample (1 g)
All the data were recorded for different characters
under investigation were analyzed by following
analysis of variance procedures described by Gomez
and Gomez (1984).
RESULT AND DISCUSSION
Yield attributes and yield
Maximum number of pods and seeds plant-1, Seed
yield and stover yield were recorded under treatment
recommended spacing of sowing at 30 cm. Higher
seed yield in this treatment is mainly due to higher
number of pods and seeds plant-1 with adequate
supply of space, soil moisture and nutrients while the
lowest value of above parameters was recorded under
treatment broadcast method of sowing. The
placement of seed at improper depth could inhibit the
germination of seeds which resulted in lower plant
population and seed yield under broadcast method of
sowing. These results are in agreement with Hamid
et al. (2002), and Meena et al. (2013). Crop
configuration did not show significant difference in
Seeds pod-1, 100 seed weight and harvest index.
Among the seed rates, 65 kg ha-1 recorded
significantly maximum number of pods and seeds
plant-1 but, it was found comparable with seed rate of
80 kg ha-1 and minimum was noted under seed rate
50 kg ha-1. Significantly higher seed and stover yield
was recorded under seed rate of 95 kg ha-1 but it was

Seed yield (kg ha−1 )
Duration of the crop (days)

found at par with seed rate 80 kg ha-1 and 65 kg ha-1
while the minimum seed and stover yield was
recorded under seed rate 50 kg ha-1. Higher number
of pods per unit land area and the more biomass
production at higher seed rate is might be the reason
for higher seed and stover yield under seed rate of 95
kg ha-1 respectively. Similar findings have been
reported by Rajput and Shrivastava (1998), Hamid et
al. (2002), Kumar and Badiyala (2005), Meena et al.
(2013) and Vyas and Khandwe (2014). The seed rate
did not influenced seed pod-1, 100 seed weight and
harvest index. Ram et al. (2011) also reported similar
results.
Productivity rating index (PRI) and Production
efficiency (PE)
As regards to crop configuration, recommended
spacing of sowing at 30 cm gave significantly higher
productivity rating index and production efficiency
than other treatments. Higher seed yield under
recommended spacing of sowing at 30 cm was the
possible reason of higher Productivity rating index
and production efficiency. On the other hand, the
lowest productivity rating index and production
efficiency recorded under treatment broadcast
method of sowing.
As regards to seed rates, the significantly highest
productivity rating index and production efficiency
registered under seed rate 95 kg ha-1. It might be due
to higher seed yield under these treatments but was
statistically at par with seed rate of 80 and 65 kg ha-1.
Significantly lowest productivity rating index and
production efficiency was recorded under seed rate
of 50 kg ha-1. Siregar and Sumaryanto (2003) also
opined that production efficiency of soybean was
increased because of increase in seed yield.
Oil and protein content (%)
Different crop configuration and seed rates could not
give significant impact on oil and protein content of
seed. Similar results were also reported by Vyas and
Khandwe (2014) and Lone et al. (2009) where oil
and protein content was not significantly affected by
spacing.
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Interaction effect
Interaction effects between crop configuration and
seed rates were found to be significantly.
Recommended spacing of sowing at 30 cm with seed
rate of 65 kg ha-1 recorded sigificantly maximum
seed yield as compared to other treatment
combinations but was par with seed rate of 80 kg ha-1
and 95 kg ha-1. Significantly lowest seed yield was
noted under interaction of broadcast method of
sowing with seed rate of 50 kg ha-1.
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CONCLUSION
The result of this study indicated that different crop
configuration and seed rate significantly affected
yield and yield characters of soybean. It can be
concluded that soybean should be sown on
recommended spacing of sowing (30 cm) with seed
rate 65 kg ha-1 to obtain maximum yield of soybean
under Vertisols of Chhattisgarh plains. Further
experimentation is needed for confirmation of the
results.

Table 1. Yield and yield attributing characters of soybean as influenced by crop configuration and seed rate
Treatment
Pods plant-1
(No.)

Seeds pod-1
(No.)

Seeds plant-1
(No.)

100 seed
weight (g)

59.86

2.42

165.11

73.73

2.55

73.55

C4-Recommended spacing of sowing (30
cm)
SEm±
CD ( P=0.05)

Seed yield
(kg ha-1)

Stover yield
(kg ha-1)

9.10

1681

2450

195.80

9.49

2026

2903

2.61

195.31

9.63

1923

2748

81.54

2.64

214.25

9.84

2311

3260

1.90

0.07

5.22

0.25

54

82

6.59

NS

18.08

NS

187

285

S1- 50

67.75

2.56

175.68

9.38

1548

2310

S2- 65

75.22

2.60

204.96

9.81

2092

2970

S3- 80

74.48

2.58

199.03

9.41

2126

3037

S4- 95

71.24

2.48

190.79

9.47

2174

3045

1.33
3.87

0.05
NS

3.50
10.22

0.18
NS

35
103

50
147

Crop configuration
C1- Broadcast method of sowing
C2- Cross sowing 30 cm apart
C3- Closed space sowing 20 cm apart

-1

Seed rate (kg ha )

SEm±
CD ( P=0.05)

Table 2. Harvest index, Productivity rating index (PRI), Production efficiency (PE) and quality of soybean as
influenced by crop configuration and seed rate
Harvest index
(%)

Productivity rating
index

Production
efficiency (%)

Oil content
(%)

Protein content
(%)

40.63

1.12

14.00

17.56

31.84

40.96

1.35

16.88

17.92

32.65

41.15

1.28

16.02

17.86

32.64

C4-Recommended spacing of sowing
(30 cm)

41.44

1.54

19.26

18.21

32.97

SEm±

0.01

0.04

0.45

0.58

0.90

CD ( P=0.05)

NS

0.12

1.56

NS

NS

40.11

1.03

12.90

17.07

31.55

Treatment
Crop configuration
C1 - Broadcast method of sowing
C2- Cross sowing 30 cm apart
C3- Closed space sowing 20 cm apart

Seed rate (kg ha-1)
S1- 50
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S2- 65

41.29

1.39

17.43

17.49

33.01

S3- 80

41.12

1.42

17.72

18.46

32.86

S4- 95

41.66

1.45

18.11

18.53

32.69

0.01
NS

0.02
0.07

0.29
0.86

0.42
NS

0.73
NS

SEm±
CD ( P=0.05)

Table 3. Interaction effect of crop configuration and seed rate on seed yield of soybean
Treatment

Seed rate (kg ha-1)
S3-80
S4-95

S1-50

S2-65

1365

1726

1734

1897

1681

1460

2100

2256

2287

2026

1628

2030

2024

2010

1923

1741

2512

2493

2500

2311

1548

2092

2126

2174

SEm±

CD (P=0.05)

54
35
70

187
103
206

Mean

Crop configuration
C1 - Broad cast method of sowing
C2- Cross sowing 30 cm apart
C3-Closed space sowing 20 cm

apart

C4- Recommended spacing of sowing (30 cm)
Mean

Crop configuration
Seed rate
Interaction
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Abstract: Genetic diversity among 100 accessions of chickpea collected from different agro-ecological zones of India was
assessed for several quantitative and qualitative traits. These accessions were grown in the augmented design with 5
intermittent checks viz., HK 94-134, KWR 108, GCP-105, Udai and Pant G-186 after every tenth row. Wide range of
variability was observed for both qualitative and quantitative traits studied. All the chickpea genotypes were grouped into 11
discrete clusters with higher genetic diversity for different traits. Maximum 12 genotypes consisted by cluster II, IV, VII
followed by cluster I, III and VI were having 11 genotypes. The highest intra-cluster distance was recorded for cluster II
(23.214) followed by cluster VIII (16.218). The maximum inter-cluster distance was observed between cluster IV and XI
(70.776) followed by cluster III and XI (58.599). The above result indicates that these genotypes having sufficient genetic
diversity to generate segregants through crossing programme.
Keywords: Chickpea, Accessions, Cluster Distance, Augmented, Genetic Diversity

INTRODUCTION

C

hickpea is popularly known as King of pulses. In
India, total pulses are grown on an area of 23.47
m ha with production of 18.34 m t and productivity
of 751 kg/ha in 2012-13.Chickpea (Cicer arietinum
L.) is the premier pulse crop of India covering 8.19
m ha area and production contributing 7.17 m t with
the productivity of 929 kg/ha. The area, production
and productivity of Uttar Pradesh has been 0.56 m
ha, 0.38 m t, 683 kg/ha respectively in year 2014-15
(Anonymous 2015). Despite its nutritional value and
economic importance too, chickpea production is
relatively low in country; this is primarily due to
poor genetic makeup of the native cultivars. The
choice of potential genetically diverse parents for use
in hybridization programme is based on the
hypothesis that crosses involving divergent parents
offer greater possibility of obtaining desirable
segregants in the segregating generation which
shows the need of research work.`
In chickpea, there are some reports available on the
evaluation of genetic stock in agro-morphological
traits (Singh et al. 1990, Farshadfar and Farshadfar
2008, Ali et al. 2010, Wadikar et al. 2010). These
reports suggest that pod/plant, 100 seed weight (g),
plant height and number of primary branches/plant
are the major yield contributing traits (Singh et al.
1990). To strengthen ongoing breeding program,
study of the available natural genetic variation is of
immense importance. It is imperative to collect and
evaluate germplasm precisely to draw valid
conclusions. Generally, morphological variations are
used to partition the available germplasm into small

groups/clusters based on similarity and dissimilarity
coefficients (Anderson 1984). Genetic variation
present in germplasm arrays and the genetic
relationships among genotypes are very useful for
efficient conservation as well as utilization of genetic
resources in breeding programme. Evaluation of
germplasm increases the efficiency to make desirable
selection whereas diversity index provides the
information regarding the extent of variation present
in the population. Therefore, an experiment was
conducted to assess genetic diversity for different
trait for yield and also their contribution towards
genetic diversity.
MATERIAL AND METHOD
The experimental material comprising 100
accessions collected from agro-ecological zones of
India were grown in an augmented design (Federe
1956) with five intermittent checks viz., HK 94-134,
KWR 108, GCP-105, Udai and Pant G- 186 after
every tenth row during rabi 2013-14 at Student’s
Instructional Farm of Narendra Deva University of
Agriculture and Technology, Narendra Nagar,
Kumarganj, Faizabad (U.P.). Each line was grown in
single row of 4m length representing a plot in nonreplicated way, while checks were replicated ten
times. Row to row and plant to plant spacing was
kept 30cm and 10cm, respectively. Data were
recorded on the basis of five randomly selected plant
for different traits like number of primary
branches/plant, number of secondary branches/plant,
plant height (cm), pods/plant, seeds/ pod, biological
yield/plant (g), seed yield/plant(g), harvest index (%)
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and 100-seed weight (g) whereas days to 50%
flowering and days to maturity were recorded on plot
basis.
Data analysis was done for both qualitative and
quantitative traits. Analysis of variance (ANOVA)
for augmented design for all attributes (qualitative
and quantitative) was done using statistical software,
Windostat ver. 8.0 (Khetan 2009). Based on adjusted
mean data Euclidean distance (diversity index) was
calculated using Numerical Taxonomy and
Multivariate Analysis System (NTSYSpc) ver. 2.1
(Rohlf 2000). Dendrogram and cluster groupings
using unweighted pair group with arithmetic
averaging (upGMA) clustering algorithm was done
based on Euclidean distance matrix through SAHN
option of NTSYS pc ver. 2.2.
RESULT
On the basis of non-hierarchical Euclidean cluster
analysis all the accessions were grouped into 11
discrete clusters with higher genetic diversity for
different traits (Table 2).The maximum contribution
of genetic diversity was found within biological
yield/plant followed by pods/plant. Based on the
genetic diversity analysis, maximum numbers of
genotypes were grouped in cluster II (12), IV (11)
and VII (10). The enlarge intra-cluster value was
observed for cluster II (23.214) followed by VIII
(16.218) and IX (13.230). The maximum intercluster distance was recorded between cluster IV and
XI (70.776) followed by cluster III and XI (58.599).
Maximum Inter-cluster distances between cluster VII
and XI (52.789), cluster II and IX (51.714), cluster V
and XI (50.088).
Mean performance value for different traits studied
revealed that the highest mean value for days to 50%
flowering ( X =85.88) and days to maturity ( X
=145.64) were observed in cluster II indicates their
delayed onset of flowering and maturing nature than
the remaining germplasm (Table 3). While, cluster
XI for days to 50% flowering ( X =66.00) and days
to maturity ( X =123.68) having lowest value
indicating their earliness towards both characters.
Genotypes of long plant stature were grouped under
cluster II (

X =64.24) and of short stature in cluster

X =41.27). Genotypes having highest number of
podsplant-1were placed in cluster II ( X =53.40) and
of lowest value in cluster IX ( X =24.71).
X(

Genotypes of cluster II were also having highest

X =81.46) while, its lowest
in cluster IV ( X =53.71).

biological yieldplant-1 (

value was recorded
Number of primary and secondary branches were
higher in the genotypes of cluster XI (

X =3.34) and

(

X

=7.43) respectively. Whereas, lowest mean

value for both characters recorded in cluster IV (
=1.97) and (

X =4.14),

X

respectively. Highest mean

value for seeds pod was exhibited in cluster XI ( X
=2.29) and its lowest value was found in cluster VII
-1

(

X

=1.59). High seed yielding genotypes were

X =31.03) whereas, of low
IV ( X =11.10). Cluster XI

grouped in cluster XI (

mean value in cluster
also represented high mean value for harvest index (

X =39.04) and its value was lowest in cluster IV (
X =20.93). 100 seed weight mean value was found
highest in cluster VIII ( X =40.01) while, it was
lowest in cluster VI ( X =21.66).
DISCUSSION AND CONCLUSION
In order to investigate specific and general adaptation
of chickpea in India, wide range of germplasm
accession has been collected. On the basis of nonhierarchical Euclidean cluster analysis (Mahalanobis
1936), all the genotypes were grouped into 11
discrete clusters with higher genetic diversity for
different traits indicating that present study can have
an important implication for future investigations to
produce higher yielding variety by suitable crop
improvement programme. In the present accessions,
considerable variation was present for all the
important quantitative characters. The maximum
contribution of genetic diversity was found for
biological yield per plant followed by pods per plant.
The similar results were also reported by Kumar et
al. (2013). Therefore, selection based on these traits
would be fruitful. In the present study higher order
inter-cluster distances was observed indicating ample
genetic variation was present for seed yield per plant.
Similar observations have also reported by
Sreelakshmi et al. (2011) and Sewak et al. (2012).
Mean performance value for different traits studied
revealed that the highest mean value for days to 50%
flowering and days to maturity were observed in
cluster II whereas lowest values for cluster XI
indicates their delayed onset of flowering and
maturing and earliness towards both characters,
respectively. Such higher order differences in mean
performance were also observed for other important
quantitative traits in different clusters. This result
was supported by Kumar et al. (2013) Singh and
Shiva Nath (2012). These results indicated that
genotypes within above clusters showed more
valuable heterotic pool for different character and
therefore can be used to augment the yield and
related attributes by using genotypes from cluster
having maximum inter-cluster and intra-cluster
distance to develop the transgressive segregants.
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Table 1. Clustering pattern of 105 chickpea genotypes on the basis of Non-hierarchical Euclidean cluster
analysis of eleven characters
Number of
genotypes

Cluster number

Genotypes

I

11

NDGK 98-8,IPCK 2009-164, GNG-2196,HK-2, Phule G 0517, BG-3026,
BDNGK 798, BG 3040. GSJK-27, KAK-2, HK94-134 (ch).

II

12

NDGK99-9, HK-4, GNG 2182 ,BG 1003, BG-3039,SKUA-C-23311,NDGK11-32, BGD-1076,BDNGK-931, IPCK 2009-47, BDNG 801,BG-1003

III

11

NDGK 11-31, IPCK 2006-56, GLK-27242, HK 06-171, BG 3014, IPC 0811,
GNG 1969, AKG-1001, L 550, Udai (ch).

IV

12

ICCV 95334,BBG-2, RSG-811, BGD-1072,CSJ-515, GL-26083, IPC 2003-27,
BG-256, CSJ-8962, ICC-14872,HK 06-163, KWR-108(Ch)

V

7

IPCK 06-143, BG 3033, H 0449, BGM 569, JG-22, PD G 84-16, BG-3031

VI

11

BG 267, CSJK-72, CSJK 66, BPNGK 798, PG 0120, BGD 1071, C-235,
BGD-1068, ICCV-08108, GCP-105 (ch), Pant G-186(Ch)

VII

12

JGK-16, GNG-2047, GJG 1001, CSJ-697,CSJ-724, BGD 1057, RVSSG-1,
BAUG-13, BGD-1059, SBD-377, BG 3032, GNG-1999

VIII

10

CSJK-70, GNG-2112, DC 2012-1, GBM-2, BGD 1024, K 850, GL 1362,
DKG-986, GNG-1969, Phule G-07112

IX

6

IPCK 2005-46, Phule G 09305, ICCV 05107, BG 3003, ICC-15929, ICCV
92944

X

6

IPCK 08-120, Phule G 9316, JG-19, Phule G 8202-16, HK 08-206, BGM 570

XI

7

HK 06-171, GNG 2104, HK-09-219, JGK-1, HK 08-212, BG-3027, GNG2171

Table 2. Estimates of average intra and inter cluster distance for 11 clusters in chickpea accessions
Cluster number

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

9.405

24.429

21.06

30.032

22.301

26.433

31.450

24.900

34.728

21.514

36.743

23.214

27.857

43.246

29.833

34.354

47.451

49.743

51.714

35.259

56.912

6.687

13.05

13.273

12.057

19.649

26.346

25.956

27.322

58.599

8.022

14.549

14.857

17.242

32.217

27.232

25.956

70.776

9.198

11.320

17.230

29.139

19.189

16.968

50.088

6.520

15.015

31.982

16.980

20.518

44.428

10.098

28.824

22.108

19.633

52.789

16.218

27.332

26.755

41.199

13.230

21.687

35.572

8.659

28.173

I
II
III
IV
V
VI
VII
VIII
IX
X
XI
0.000

Note: Bold figures indicate intra cluster distance.
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Table 3. Cluster means for 11 clusters in chickpea accessions
Number
of
cluster
I

Days to
50%
flowering

Days to
maturity

Plant
height
(cm)

Primary
branches
per plant

Secondary
branches
per plant

Pods per
plant

Seeds
Per
pod

Biologica
Seed
Harvest
l yield per yield per index (%)
plant (g) plant (g)

100-seed
weight
(g)

76.889

136.331

62.862

2.444

4.944

50.340

1.874

64.419

24.824

38.510

28.144

85.880**

145.640**

64.236**

2.588

5.640

53.402**

1.660

81.456**

20.859

25.746

25.982

80.486

140.451

58.439

2.367

4.886

29.316*

1.754

54.858

11.895

22.711

26.223

76.600

135.545

43.750

1.976*

4.138*

30.604

1.937

53.711*

11.101

20.927*

21.786

77.800

137.804

44.136

2.703

4.332

37.433

1.872

65.137

14.303

23.775

22.194

76.522

135.676

43.261

2.694

5.621

32.297

1.876

54.317

12.074

21.492

21.660*

67.190

125.740

44.865

2.508

4.653

33.481

1.592*

56.704

11.641

21.035

22.738

69.900

130.030

52.308

2.536

4.162

28.563

1.838

58.259

19.966

34.892

40.015**

70.400

129.713

42.328

3.149

4.829

24.707

2.248

58.364

14.238

23.379

27.674

69.150

127.205

41.275*

2.624

4.907

44.691

1.971

80.459

21.054

27.095

25.789

66.000*

123.680*

46.168

3.336**

7.432**

42.153

2.288**

75.844

31.033

39.046**

34.717

II
III
IV
V
VI
VII
VIII
IX
X
XI

Note- * indicate lower and ** indicate higher value
ACKNOWLEDGEMENT
We thank to Dr. R.K. Mahawar for reviewing a
previous version of this manuscript. Thanks to all the
field assistants and technical staff of the university. I
also thanks to head of Department, Genetics and
Plant Breeding, N.D. Uni. of Agri. and Technology,
Kumarganj, Faizabad to successfully conduct the
experiment.
REFERENCES
Anonymous (2013). Agriculture Statistic Division,
Directorate of Economics and Statistics, Department
of Agriculture and Cooperation, U.P.
Kumar, A., Nath, S., Yadav, A.K. and Kumar, J.
(2013). Study of genetic diversity among genotypes
for selection of desirable parameters act on high
yield in chickpea (Cicer arietinum L.) Progressive
Research 8 (3): 614-616.
Sreelakshmi, C., Shivani, D. and Kumar, C. V. S.
(2010). Genetic divergence, variability and character
association studies in Bengal gram (Cicer arietinum
L.). Electronic Journal of Plant Breeding (5): 13391343.
Singh, A. P. and Nath, S. (2012). Genetic diversity
among the germplasm for selection of parents for
hybridization programme in chickpea. Progressive
Research 7 (2): 256-258.
Mahalanobis, P. C. (1936). On the generalized
distance in statistics. Proceedings of National
Institute of Sciences (India) 2(1): 49-55.

Sewak, S., Iqueabal, M.A., Singh, N.P., Solanki,
R.K. and Sarika (2012). Genetic diversity studies in
chickpea (Cicer arietinum) germplasm. Journal of
Food Legumes 25(1): 31‐36.
Federer, W.T. (1956). Augmented (or Hoonuiaku)
designs. Hawaiian Planter's Records 40: 191-207.
Khetan, M.M. (2009). Windostat version 8.0
(www.windostat.org).
Rohlf, F.J. (2000). NTSYS-pc Numerical Taxonomy
and Multivariate Analysis System version 2.1.
Applied Biostatistics, New York.
Ali, Q., Ahsan, M. and Farooq, J. (2010). Genetic
variability and trait association in chickpea (Cicer
arietinum L.) genotypes at seedling stage. Electronic
Journal of Plant Breeding 1: 334-341.
Anderson, T.W. (1984). An Introduction to
Multivari,!te Statistical Analysis (2nd ed). Wiley,
New York.
Singh, K.B., Bejiga, G. and Malhotra, R.S. (1990).
Association of some characters with seed yield in
chickpea collections. Euphytica 9: 83- 88
Farshadfar, M. and Farshadfar, E. (2008). Genetic
variability and path analysis of chickpea (Cicer
arietinum) landraces and lines. Journal of Applied
Sciences 8: 3951-3956.
Wadikar, P.B., Ghodke and Pole, S.P. (2010).
Genetic divergence for productivity traits in
chickpea. Journal of Food legumes 23: 245- 246.

RESEARCH ARTICLE

IMPACT OF KISAN MOBILE ADVISORY SERVICES ON POTATO AND MAIZE
PRODUCTION TECHNOLOGY
Rajni Agashe*1, Dharmpal Kerketta2 and R.K. Mishra3
1

SMS Extension KVK Surguja I.G.K.V.V. Raipur (C.G.)
Programme Assistant KVK Surguja I.G.K.V.V. Raipur (C.G.)
3
Programme coordinator KVK Surguja I.G.K.V.V.

2

Received-12.07.2017, Revised-25.07.2017
Abstract: Information Communication Technology (ICT) in the field of agriculture has brought many changes in traditional
methods of extension .It enables the dissemination of requisite information at the right time to the right people. The present
study was carried out during the year 2015-16 in Surguja district of Chhattisgarh state. Findings of the study showed that in
case of Maize production technology before use of Kisan Mobile Advisory Service (KAMS) the majority of respondents had
increased knowledge gain of 51.5 per cent in knowledge on seed rate. However after use of KMAS, the highest knowledge
gain about application of manure & fertilizer was 98.5 %, while maximum % increase was found on knowledge about
storage (156.00%). In case of level of adoption before use of KMAS maximum number of respondents had 59.00 per cent
adoption level about application of manure & fertilizer while after use of KMAS majority of respondents had 123 per cent
increase in adoption on seed rate. In case of Potato production technology before use of KMAS majority of respondents had
knowledge level of 49.00 per cent about application of manure & fertilizer, 48% about seed treatment, 45.5 % about seed
rate and application of fungicide/chemicals for control of diseases both. However after use of KMAS, regarding potato
production technology, knowledge level 95.5 per cent was about time of sowing. While maximum respondents had 157 %
change in knowledge was about time of sowing followed by use of weedicide (125%) and earthing up (117%) respectively.
In case of level of adoption before use of KMAS, maximum number of respondents had 52.5 per cent adoption about use of
weedicide, followed by time of sowing (52%), seed rate and application of manure & fertilizer (50.5%) both. However, after
use of KMAS maximum respondents had 97.5 per cent adoption level about seed rate followed by application of
fungicide/chemicals for control of diseases and storage (95%) both. While maximum respondents having % change in
adoption level to the extent of 135 % about storage 105 % about, Use of insecticide /pesticide and 93 % about seed rate.
Impact of Kisan mobile advisory services on yield of maize indicate that there was low yield (26.65q ha-1) before KMAS it
while increased (45.56q -1ha-1) after use of KMAS. However % increase in yield was 71%. Before use of KMAS average
yield of potato were 120.8q ha-1. While after KMAS it increased to 215.50q /ha-1. However % increase in yield was 78%.
Keywords: KMAS, SMS, ICT, Fertilizer, Potato, Maize

INTRODUCTION

T

he Kisan Mobile Advisory Services (KMAS) is
an effective means to enhance the technical
knowhow regarding improved practices of crops. It
can be used for needful information to enhance
knowledge and adoption level as well as yield of the
maize and potato crop. Innovative information and
improved communication is vital requirement for
sustainable agricultural development in present
scenario. Hence, cyber technologies like mobile,
internet, power point presentation and success stories
based movies must be used in information
communication system to motivate the farmers.
The Information Communication Technology like
Kisan Mobile Advisory Services KMAS is proving
as important tool for dissemination of agricultural
technologies, innovations and information up to the
farmers in crucial time of urgent need without any
hindrances and it seems to be the need of hour.
KMAS will found to be a novel step to transform the
present agricultural information communication
system at grass root level very quickly and timely.
KMAS services are available throughout India
including Surguja district of Chhattisgarh and hence
farmers of this district can avail advantages of these

services. Most of the farmers were traditional in
nature and had less access to resource centre like
KVK. It is presumed that the knowledge of a farmer
to a large degree relies upon the extent of exposure
given to him through tools like training,
demonstration, exposure visit.
In present scenario agriculture became highly skill
oriented and technically sound improved sustainable
intensive farming technology. There is lack of
knowledge and adoption regarding improved
agricultural practices. This is due to gap between
improved agriculture technologies and available
knowledge with the end user (farmers). To address
the issue Kisan Mobile Advisory Services (KMAS)
was launched in the year 2008 for sending
information through Short Message Services (SMS)
in Surguja district through Krishi Vigyan Kendra.
The content of message was typed in Hindi language
and information related to crop production, vegetable
and fruit production, insect pest control, horticulture,
dairy farming, goatary, weather forecasting, Post
harvest management and other agriculture and allied
related information was sent to end user daily. The
Kisan Mobile Advisory Services through messages is
being used to deliver the needful agricultural
information and specially to improve farmers’
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agricultural technical knowledge with decision
making ability, so that, they became fully aware
about the sustainable crop production to increasing
their production and productivity to fulfill market
demands with securing better quality life and income
in present competitive agrarian economy. Keeping in
mind utility of KMAS, impact of these services were
studied on potato and maize production in Surguja
district of Chhattisgarh, because both are the major
crops of the districts. The objectives were as follows.
1. To study about knowledge level of KMAS user
regarding Potato and Maize production technology.
2. To measure extent of adoption of KMAS user
regarding Potato and Maize production technology.
3. To study the problem faced by respondents in use
of KMAS.
MATERIAL AND METHOD
Kisan Mobile Advisory Service (KAMS) was started
with the aim of passing the Agriculture information
to maximum numbers of farmers in shortest,
cheapest way and also timely advice without any
distortion of the message. SMS were sent in local
language font (Hindi), SMS was sent pertaining to
different discipline related with agriculture in 201516. Maximum SMS were sent in the field of
Agronomy (Crop Production) followed by Plant
Protection (Crop protection) and other agriculture
related information.
The change in knowledge depends on various factors
like easiness
of technologies, educational
background of the respondents, extension approaches
handled in technology transfer, farmer’s attitude,
ability of extension personnel, teaching and learning
situation etc. Likewise the change in adoption of a
particular technology relies mainly on easiness and
usefulness of the technology beside the socio
economic status.
In Surguja district potato and maize are the major
crops because the sandy loamy soil and climate of
Surguja district is suitable for growing of these crops.
Potato is grown as mainly kharif and rabi, while
maize as a rabi, kharif and zaid crop also. The total
area potato is under irrigated condition.
Out of total 38105 registered KMAS user 100
farmers have been selected for collecting the data
who were potato / maize grower. Two villages each
were selected from seven blocks of Surguja District
purposively for both the crop. Seven selected blocks
were Mainpat, Sitapur, Udaipur, Batuli, Lundra,
Premnagar and Ambikapur. 14 farmers each were
selected from farmer five blocks and 15 farmers each
were selected from later two blocks (Premnagar and
Ambikapur).
For the study two messages each week have been
delivered during the assessment year. For collecting
information semi structure interview schedule
designed on the basis of available literature. Data
collected by personal interview or telephonically

discussion with all respondents. The data analyzed
by using appropriate statistical tools such as
frequency, percentage and for measurement of
knowledge and Adoption the knowledge and
adoption index.
RESULT AND DISCUSSION
The data gathered and analysed on various aspects of
knowledge gain and adoption in maize and potato
crop production technology are interpreted here in.
Increase in level of knowledge and adoption in
Maize production after use of KMAS
Perusal of the data from table 1 reveled that there
was substantial increase in the knowledge about
various aspects of maize production after use of
Kisan Mobile Advisory Services (KMAS) compared
to the level of knowledge before the use of KMAS
.The knowledge per cent about sowing time
increased from 51.5 to 95.5 percent. Likewise, there
was increase in knowledge about manure and
fertilizer application from 50 to 98.5 per cent, Use of
insecticide /pesticide from 48.5 to 94.5 per cent,
about seed treatment from 45 to 94.5 per cent, about
seed rate from 45.5 to 93 per cent, about spacing
from 41 to 92.5 per cent, about application of
fungicide/chemicals for control of diseases from 50
to 85.5 per cent, and about use of weedicide from 47
to 83.5 per cent. Lastly about storage the increase
was from 27.5 to 70.5 per cent. If we compare the
increase in knowledge after KMAS with the
knowledge before KMAS, increase was found in the
range of 71 per cent to 156 per cent among the
various aspects of maize production.
Almost similar trend was noticed in case of adoption
of various aspects of maize crop production, as is
evident from the data given in table 1.The adoption
level before KMAS ranged from 44 to 59 per cent.
More than 50 per cent adoption level was noticed
about of application of manures and fertilizers
(59%),
followed
by
application
of
fungicide/chemicals for control of diseases (51.5%)
and use of insecticide (50%). The adoption in other
aspects was less than 50 per cent. However, there
was tremendous increase in adoption level after the
use of KMAS and increased adoption levels ranged
between 71 to 98 per cent the highest being in
adoption of recommended seed rate (98%), followed
by use of insecticide / pesticide (96.5 %), application
of manures and fungicide etc. for disease control
(93.5%), time of sowing (91.5%) and seed treatment
(91 per cent). In case of the other aspects, the
adoption level was below 90 per cent, the least being
regarding the use of weedicides (71 %) . The
increase in adoption level after KMAS in comparison
to before KMAS was between 56 per cent to 123 per
cent. The highest increase being for seed rate (123
%), followed by seed treatment (98 %), time of
sowing (95%), and storage (93 %). In rest of the
aspects of maize production, it was less than 90 per
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cent, least being about use of weedicides. Kanavi
and Jahagirdar et.al. (2013) revealed that SMSs
related to plant protection perceived as ‘most useful’
(70.83%), Majority (69.17%) of farmers perceived as
SMSs were ‘most useful’ for improving the
agriculture knowledge and increasing adoption of
technology. Majority (60.00%) of farmers perceived
as SMS were most useful for increasing the farm
yield.
Increase in level of knowledge and adoption in
Potato production after use of KMAS
Data contained in table 2 revealed that there was
substantial increase in the knowledge and adoption
about various aspects of potato production after the
use of Kisan Mobile Advisory Services (KMAS)
compared to level of knowledge and adoption before
the use of KMAS. The knowledge of seed treatment
increased from 48 to 92.5 per cent, likewise there
was increase in knowledge about seed rate from 45.5
to 87.5 per cent, use of spacing from 42 to 84.5 per
cent, about time of sowing from 36.5 to 95.5 percent,
use of application of manure and fertilizer from 49 to
92 per cent, about use of insecticide/ pesticide from
41 to 82 per cent , about application of fungicide
from 45.5 to 94.5 per cent, about use of weedicide
from 31.5 to 71 per cent, about earthing up from 42
to 91 per cent and about storage from 43.5 to 90.5
per cent. If we compare the increase in knowledge
after KMAS with the knowledge before KMAS the
increase was found in the range of 31.5 per cent to
95.5 per cent among the various aspects of potato
production.
Similar pattern was found in case of adoption of
various aspects of potato crop production, as noticed
from table 2. The adoption level before KMAS
ranged from 41 to 52.5 per cent. Above 50 per cent
adoption was noticed, in case of use of weedicide
(52.5 %) followed by time of sowing (52 %), seed
rate (50.5) and application of manure and fertilizer
(50.5 %.). the adoption in other aspects was less than
50 per cent. However, there was huge increase in
adoption level after the use of KMAS and increased
adoption levels ranged from 67.5 to 97.5 per cent, the
highest value (97.5 per cent) in adoption was
recorded in recommended seed rate, followed by
application of fungicide and storage (95%) both,
about time of sowing (93 %), had earthing up
(92.5%), spacing (89%) and application of manures
and fertilizer (87.5%). Other aspects no correction
had the adoption level below 86 per cent the least
being regarding the use of seed treatment was 67.5
per cent. The increase in adoption level after KMAS
in comparison to before KMAS was between 50 per
cent to 135 per cent. The highest increase being in
storage (135 %) followed by use of insecticide (105
%), seed rate (93 %), application of fungicide (92%)
and earthing up (91%). Remaining aspects of potato
production, recorded less than 80 per cent the least
being in seed treatment (50 %).

Kanavi and Jahagirdar (2013) revealed that KMAS
related to plant protection perceived as ‘most useful’
(70.83%), Majority (69.17%) of farmers perceived
SMS,s as ‘most useful’ for improving the agriculture
knowledge and increasing adoption of technology .
Majority (60.00%) of farmers perceived SMSs being
most useful for increasing the farm yield.
Problems faced by respondents in use of KMAS
The data presented in table 3 regarding problems
faced by respondents regarding use of KMAS
revealed that maximum number of respondents (70
per cent ) had problems of coverage/signal followed
by timeliness (15.00%) and subject/content (4.00%)
respectively. Parganiha et al. (2012) reported that
messages were needful and timely for 64 per cent of
the KMAS members of farmers’ category and about
68 and 53.33 percent for in-service personnel and
input dealers respectively. As for as applicability of
the message is concerned the message was fully
applicable for about 40 percent of KMAS members
of farmers’ category. Hardevinder et al. (2012)
showed that majority of the farmers found
agricultural information in the form of SMS through
mobile phone as useful (69.3 %), comprehensible
(74.7 %) and timely (64.7%).
Impact of Kisan Mobile Advisory Services on
yield of Maize
Data presented in table 4 revealed that impact of
Kisan mobile advisory services on yield of maize had
low yield before use of KMAS (26.65q/ha-1) while
increase (45.56q ha-1) in yield was observed after
KMAS, and the increase in yield was 71%.
Parganiha et al. (2012) found that technology
imposes high impact on 58% of KMAS members of
farmer’s category whereas72% & 53.33 % member
of in-service personnel and input dealers category
reported technology impact highly on them. Patra et
al. (2012) found that the messages on agronomic
practices were most suitable followed by
management of disease and pests were found to be
most suited.
Impact of Kisan Mobile Advisory Services on
yield of Potato
Data presented in table 5 depicted that before use of
KMAS average yield of potato were 120.8q ha-1.
While after use of KMAS, it increased to 215.50 qha1
. The per cent increase in yield was 78%. Kanavi
and Jahagirdar (2013) revealed that majority
(60.00%) of farmers perceived SMS,s as most useful
for increasing the farm yield, followed by useful
(36.67%) and not useful (3.33%). The data pertaining
to the districts, it was observed that majority
(56.67%) of farmers said the SMSs were ‘most
useful’ for increasing the farm yield in Dharwad
district, where as in Gadag district it was 63.34 per
cent.
The study indicated that KMAS is an effective and
useful Information Communication Technology
(ICT) tools for the dissemination of agricultural
technology at grass root level. The use of KMAS
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services helped the farmers to improve their
knowledge and adoption level substantially. It is

therefore suggested that almost all farmers should
take advantage of KMAS service.

Table 1. Level of knowledge and adoption regarding maize production technology by use of KMAS
S
N

Particular

1
2
3
4
5

Seed treatment
Seed rate
Spacing
Time of sowing
Application
of
manure & fertilizer
Use of insecticide
/pesticide
Application
of
fungicide/chemicals
for
control
of
diseases
Use of weedicide
Storage

6
7

8
9

Level of knowledge (%)
Before use of After use of
KMAS
KMAS
45
94.5
45.5
93
41
92.5
51.5
95.5
50
98.5

% increase
knowledge
110
104
126
85
97

48.5

94.5

50

47
27.5

% increase in
adoption
98
123
76
95
63

95

50

96.5

93

85.5

71

51.5

93.5

82

83.5
70.5

78
156

45.5
45.5

71
88

56
93

in

Table 2. Level of knowledge and adoption regarding potato production technology by use of KMAS
SN

1
2
3
4
5
6
7

8
9
10

Particular

Seed treatment
Seed rate
Spacing
Time of sowing
Application
of
manure & fertilizer
Use of insecticide
/pesticide
Application
of
fungicide/chemicals
for
control
of
diseases
Use of weedicide
Earthing up
Storage

n=100

Level of adoption (%)
Before use of After use of
KMAS
KMAS
46
91
44
98
49.5
87
47
91.5
59
96

Level of knowledge (%)

n=100

Level of adoption (%)

Before use
of KMAS
48
45.5
42
36.5
49

After use of
KMAS
92.5
87.5
84.5
95.5
92

%
increase in
knowledge
93
92
101
157
88

Before use of
KMAS
45
50.5
49
52
50.5

After use of
KMAS
67.5
97.5
89
93
87.5

% increase in
adoption
50
93
82
79
73

41

82

105

41

84

105

45.5

94.5

108

49.5

95

92

31.5
42
43.5

71
91
90.5

125
117
108

52.5
48.5
40.5

85
92.5
95

62
91
135

Table 3. Problems faced by respondents in use of KMAS
Sr. No
1
2
3

Problems
Timeliness
Subject/content
Coverage/Signal

Frequency
15
4
70

Table 4. Impact of Kisan Mobile Advisory Services on yield of Maize
Crop
Yield before On Farm Testing
Yield after On Farm Testing
Maize
26.65q/ha-1
45.56q/ha-1

Percentage %
15.00
4.00
70.00

% Increase in yield
71

Table 5. Impact of Kisan Mobile Advisory Services on yield of Potato
Crop
Potato ( Rabi)

Yield before On Farm Testing
120q/ha-1
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Varun Attri*, D.P. Sharma, Vipasha Negi and Navjot Singh Kaler
Department of Silviculture and Agroforestry,
Dr. Y.S. Parmar University of Horticulture and Forestry,
Nauni, Solan (Himachal Pradesh) 173230
Email: attrivarun86@yahoo.com
Received-15.07.2017, Revised-27.07.2017
Abstract: The present study highlights the use of DEM and its analysis on aspects. SRTM data and GIS techniques are
helpful to analyze the Elevation characteristics of hilly terrain. The SRTM data were downloaded and used for the present
study. The study area covers an area of 820.02 Km2in parts of Rajgarh Forest Division, Himachal Pradesh. The result of
elevation variation using DEM was analyzed and its classification is given below. Using this DEM output as input in ArcGIS
to prepare the aspect details of the study area is attempted. This output has immense application in proper planning and
management of various natural resources and also highly useful for the natural disaster management studies.
Keywords: Relief, GIS, Remote Sensing, SRTM, Aspect

INTRODUCTION

down to 1500 meters; Snow above 2150 meters lasts

A

long as its intensity is directly proportional to

DEM is a representation of Earth surface with
latitude, longitude and altitude, i.e. X; Y

horizontal coordinates and height Z. DEMs play a
significant

tool

for

the

extraction

of

three

dimensional models (Swaraj and Anji Reddy, 2013).
Digital

Elevation

Model

is

a

quantitative

representation of terrain and is consequential for
geological

and

hydrological

applications

elevation. Frost is common from November to
February in most of the areas. There is wide inter
season and inter-year fluctuations in rainfall. During
the monsoon period, the amount of rainfall varied
from 557.5 to 1585.5mm. The slopes are generally
moderate to steep but precipitous along the ridges
and in cut up areas.

(Gurugnanam et al., 2014). Generally, DEM of an
area is studied using the elevation data, which in

MATERIAL AND METHOD

turn, is obtained through SRTM data (Chavare,
2011).
The proposed study is taken out in Rajgarh Division
of Sirmour district of Himachal Pradesh, which is

The elevation model resulting from Shuttle Radar
Topography Mission (SRTM) data is used for DEM
investigation. The SRTM data is provided by the

located between 30° 38’40” to 31° 1’14” N latitude

international project of the U.S. National Geospatial

and 77° 01’ 5” to 77° 26’ 13”E longitude, at

Intelligence and NASA. The SRTM data has 30

elevation from 540 m to 3500 m a.m.s.l, covering an
area of about 82002 ha. (Figure1). Climate has wide
range due to variability in altitude and physical land
features. The temperature in Himalayan zone is
milder during summer but the winters are very cold.
The minimum and maximum temperature ranges
from 0.3 to 42 0C. Snowfall is heavy on higher
reaches of Habban and Rajgarh ranges and descends

meter resolution. The data is taken into ArcGIS
software for preparation of digital elevation model
(DEM), and aspect map (Goncalves et al., 2008,
Beijing Rabus, 2008, Rodriguez et al., 2006, Smith,
2003 and Gurugnanam and Kalaivanan, 2014). For
the analysis of the aspect, the surface analysis tool
and 3D analysis tool were used in ArcGIS software.
SRTM data is taken from the GLCF website for free.
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Figure 1. Location map of the study area
RESULT AND DISCUSSION
Digital Elevation Model
The digital elevation model is a three dimensional
digital representation of a terrain surface. It is created
using SRTM data. In the current study, the terrain
elevation values are used to prepare DEM. The
elevation in the study varies between 500 m to 3500
m. The DEM of the study shows that the maximum
part of study area lies in elevation between 1000 m to
1500 m and minimum part lies between 3000m to
3500 m. They also showed that maximum part of
Habban region of his elevation, lying between1500
m and 2000 m above mean sea level followed by

2000m to 2500m, 2500 to 3000 and minimum
portion lies between 3000 m to 3500 m. Maximum
part of Rajgarh region lies between 1500 m to 2000
m elevations, followed by 1000 m to 1500m, 2000 to
2500m and minimum part lies between 2500 m to
3000 m. The DEM also shows that the maximum
part of Narag range lies between 1000 to 1500 m
followed by 1500 m to 2000 m, 500 m to 1000 m and
no area falls above 2000 m. Maximum part of
Sarahan region lies between 1000 m to 1500 m
elevations, followed by 500 m to 1000 m, 2000 m to
2500 m and minimum part lies between 1500 m to
2000 m. The DEM map is shown in Figure 2.

Figure 2. Digital elevation model of Rajgarh Forest Division

JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 9 (7)

Aspect
Aspect is the directional measure of slope, measured
in degrees and it ranges from 0 degree at the North,
moves clock wise and end with 360 degrees at the
North. Aspect can have large influence on
temperature. The aspect of a slope can make very
significant influences on its local climate. For
example, because the sun's rays are in the west at the
hottest time of day in the afternoon, in most cases a

west-facing slope will be warmer than a sheltered
east-facing slope. In the study, DEM data and slope
values are used to generate the Aspect map. This
map is used to identify the slope direction. The map
shows that most of the slope in the study are
westward, northward and northwest facing. Eastward
dipping slopes occupy least area. The Aspect map is
given in (Figure 3).

Figure 3. Digital elevation model of Rajgarh Forest Division
CONCLUSION
The terrain elevation values are used to prepare
DEM. The elevation in the study varies between 500
m to 3500 m. Aspect are westward, northward and
northwest facing. These maps are very essential to
delineate watersheds in a particular area. Digital
elevation models (DEM) are efficient and effective
methods used to determine the features of drainage
networks like size, length, and drainage network and
to determine the characteristics of basin and subbasin.
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ANALYSIS OF TIME ADOPTION OF NEW AGRICULTURAL INNOVATION IN
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Abstract: Field extension may mean many things to many people, but what we mean by this is the production of desirable
change in farmers behavior which is reflected in their field. The researchers and policy makers considered it as a vital
impediment in enhancing agricultural production quite earlier and concentrated their efforts on the transfer of improved
cultivation techniques amongst farmers. The efforts were focused mainly on increasing area coverage under agricultural
innovations and scientific methods of cultivation at quicker pace.
Keywords: Agricultural innovation, Cultivation, Production, Farmers

INTRODUCTION

T

he speed adoption of improved agricultural
technologies and innovations is most important
for enhancing agricultural production at faster rate
and hence is a crucial aspect under innovations
diffusion process. One of the goals of diffusion
research is thus to shorten this time lag.
The present study was undertaken with the following
specific objectives:
To study the time of adoption required by farmers in
respect of agricultural innovations.
To study the relationship of personal, social and
psychological characteristics of farmers with time of
adoption.
METHODOLOGY
The present investigation was carried out in Ujjain
district of Madhya Pradesh and was confined to
Rural Youth(25), KVK adopted farmers(25), Nehru
yuva sangathn(25) and Ex-trainees of KVK(20). A
suitable schedule was developed for interviewing
farmers. Two leading varieties of Soybean namely
JS- 93-05 and JS 95-60 introduced in the area for
general cultivation in the year 2002. JS 93-05 and
2007, Js 95-60 were selected for study. Time span of
three year.
The time of adoption referred to the actual period in
years farmers required for adoption of agricultural
innovations after it has been introduced in the area.
The same was worked out for every farmers for both
varieties under study and they were classified in four
categories Rural Youth (who are taking cultivation),
KVK adopter (farmers from KVK operational area,

Ex-trainees(who attended the training programme
and Nehru Yuva Sangathan Youth(who are working
for rural development)
The weighted time of adoption (WTA) score was
worked out to know combined adoption
performance. For arriving at WTA score suitable
weight gee were assigned to every respondents for
stage of adoption, time of ad option, extent of
adoption(area coverage against potential existed) and
awareness time(period in years required for
becoming aware about the agricultural innovation
from its introduction in the area) in the following
manner.
Stage of adoption process weight ages:
Awareness-1, Interest-2, Derisre-3, trial-4 and
adoption-5
Time of adoption weight ages:
Adoption in the year of introduction-00, adoption
one year later 02 adoption three year later-1.
Awareness time weight ages:
Similar to that of weight ages of time of adoption
given above are adopted for awareness time. The
time of becoming aware of the agricultural
innovation from the year of its introduction is
counted and scores assigned.
Weight ages for Extent of adoption:
The weightages of one was assigned to each 10%
area covered under the innovation as the individual
farmers score of WTA was worked out by summing
up score assigned individually for time of adoption,
stage of adoption, awareness time and extent of
adoption. The cumulative score called as WTA then
was divided by maximum obtainable score and the
product multiply 100, which then was termed a time
of adoption Index (TAI) of farmers.

Table 1. Distribution of respondents according to the socio-economic characteristics
SNo.

Categories

No.

1

Rural Youth

25

2

KVK
farmers

25

adopted

Primary
07
(28.00)
15
(60.00)

EDUCATION
Middle
09
(36.00)
09
(36.00)

Higher
09
(36.00)
01
(4.00)

Small
09
(36.00)
07
(28.00)

LAND HOLDINE
Medium
Large
09
07
(36.00)
(28.00)
10
08
(40.00)
(32.00)
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SOCIAL STATUS
Low
Medium
High
11
07
07
(44.00)
(28.00)
(28.00)
03
16
06
(12.00)
(64.00)
(24.00)
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3

Nehru
Yuva
Sangathan
Member(NYK)

25

4

Ex-trainees

25

Total

100

02

03

20

12

06

(8.00)
08
(32.000)
32

(12.00)
10
(40.00)
31

(80.00)
07
(28.00)
37

(48.00)
05
(20.00)
33

(24.00)
09
(36.00)
34

07

04

(28.00)
11
(44.00)
33

(16.00)
09
(36.00)
27

13

08

(52.00)
08
(32.00)
44

(32.00)
08
(32.00)
29

Table 2. Distribution of respondents according to the extension
SNo.

Categories

No.

1

Rural Youth

25

2

KVK adopted
farmers
Nehru Yuva
Sangathan
Member
(NYK)

25

Ex-trainees

25

3

4

Total

25

100

PARTICIPATION IN
EXTENSION ACTIVITIES
Primary Middle Higher
08
10
07
(32.00)
(40.00) (28.00)
06
03
16
(24.00)
(12.00) (64.00)
05
08
12

INFORMATION SEEKING

COSMOPOLITAN

ACTIVITY

Small
04
(16.00)
05
(20.00)
05

Medium
08
(32.00)
06
(24.00)
06

Large
13
(52.00)
14
(56.00)
14

Low
08
(32.00)
02
(8.00)
02

Medium
07
(28.00)
06
(24.00)
03

High
10
(40.00)
17
(68.00)
20

Low
04
(16.00)
05
(20.00)
05

Medium

11
(44.00)
16
(64.00)
12

High
10
(40.00)
04
(16.00)
08

(0.00)

(32.00)

(48.00)

(20.00)

(24.00)

(56.00)

(8.00)

(12.00)

(80.00)

(20.00)

(48.00)

(32.00)

07
(28.00)
26

04
(16.00)
25

14
(36.00)
49

09
(36.00)
23

05
(20.00)
25

11
(44.00)
52

05
(20.00)
17

04

16
(64.00)
63

04
(16.00)
18

11
(44.00)
50

10
(40.00)
32

20

Distribution of Respondents as per time of adoption
Adoption Categories
Rural Youth(25)
Innovators
Early adopters
Followers
Late adopter
KVK adopted farmers(25)
Innovators
Early adopters
Followers
Late adopter
Nehru Yuva Sangathan Member (25)
Innovators
Early adopters
Followers
Late adopter
Ex-trainees of KVK(25)
Innovators
Early adopters
Followers
Late adopter

RESULT AND DISCUSSION
I. Profile of respondents
It is evident from table 1 that about 80 respondents
were higher educated in case of NYK members while
about 60 percent respondent were having primary
level education in case of KVK adopted farmers. It
was noticed that only 4% respondents from KVK
adopted hiving higher education while only 8%
respondents were primary education level. In case of
rural youth 36 % youth had higher & middle,
followed by 28% rural youth who were primary
level. The land holding was no any different, almost
all respondents from four categories were not more
than 50% while 48% NYK’s members having small
size land holding, followed by 28 % NYKs members
who had large holding size. Social status covered by
membership of any societies, assets, infrastructure
facilities and agricultural implements. Majority of
respondents (64%) had medium level from KVK
adopted farmers category while 12% had low social

JS 93-05

Agricultural Innovations
JS 95-60

10 (40.00)
08 (32.00)
04 (16.00)
03 (12.00)

11 (44.00)
08 (32.00)
03 (12.00)
03 (12.00)

09 (36.00)
06 (24.00)
06 (24.00)
04 (16.00)

16 (64.00)
06 (24.00)
03 (12.00)
0 (00.00)

02 (8.00)
06 (24.00)
12 (48.00)
05 (20.00)

03 (12.00)
05 (20.00)
07(28.00)
10 (40.00)

03 (12.00)
07 (28.00)
09(36.00)
11(44.00)

13 (52.00)
05 (20.00)
05 (20.00)
04 (16.00)

status. Incase of Ex-trainees 36% had low social
status, followed by 32% had medium and large social
status.
The extension activities like demonstration, field
day, exhibition, Kisan mela, Krishak Sangoshti etc
conducted at village level, block level and district
headquarters by extension agencies, Deptt. of
Agriculture, KVK & private extension agencies.
Keeping this view the participation of extension
activities, majority of respondents (64%) from KVK
adopted farmers category had high participation,
followed by NYK category(48%) and 36% Extrainees also had high participation. In the category
of Rural youth 40% rural youth were medium
participation in extension activities followed by 32%
rural youth were low participation in extension
activities.
Information seeking behaviour also showed in table 2
that over all majority of respondents 52% high and
category of KVK adopted farmers & Nehru Yuva
Sangathan 56% had high information seeking
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behaviour. While in case of ex-trainee category 36%
low information seeking behaviour. Cosmopolite a
psychological variable, in the category of NYK
members had high 80% followed by KVK adopted
farmers and 64% respondent from Ex-trainees
category. Leadership ability also determined during
study, the 64% respondents from KVK adopted
category had medium level len ability followed by
48% respondents from NYK member had medium
while 40% respondent from both category is rural
youth & ex-trainee.
Adoption categories by time of adoption: It was
observed from table 2 that 44.00% rural youth
adopted JS 95-60 and 40.00 %youth adopted JS 9305 in innovator category, 64.00 percent KVK
adopted farmers adopted JS 95-60 and 36percent
adopted JS 93-05 in innovator category. In case of
Ex-trainees also majority of (52%) innovators
adopted JS 95-60 while only 12 percent innovators
adopted JS 93-05.
It is evident that both agricultural innovations i.e.
soybean high yielding varieties JS 95-60 have been
adopted by farmers, majority innovators from rural
youth (44%), KVK adopted farmers(64%) and extrainees meet categories (52%) while innovators
from NYK members only 12 percent adopt JS 95-60.
In case of Soybean variety JS 93-05 have been also

adopted by farmers, majority of late adopter from extrainees 44%.
CONCLUSION
The findings of the present study indicated that the
time of adoption of agricultural innovations namely
soybean high yielding varieties JS 95-60 ranged from
2 years to 5 years and adopters mainly belonged to
mix categories no any class of innovators from all
categories were clear. Majority of KVK adopted
farmers and ex-trainee were timely adoption of there
innovations.
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Abstract: Bark‐eating caterpillar, Indarbella sp. was found to be the most heavily infested pest on litchi at Ambikapur,
Surguja district of Chhattisgarh. Twenty one year old twenty genotypes of litchi were tested against Indarbella sp no any
single genotype with no bark‐eating caterpillar attack had been found, all the genotypes were categorized as heavy
infestation category. The incidence and intensity of bark eating caterpillar was showed significantly differences on different
litchi genotype, the genotype Dehradun was found minimum per cent incidence (53.33 -56.67) and low numbers of active
holes/ tree (5.3- 5.7) during the course of study year 2015 and 2016. The mean incidence of bark eating caterpillar on
Dehradun genotype was 55.00 percent and 5.5 numbers of active holes/ tree.
Keywords: Litchi, Bark eating caterpillar, Indarbella sp.

INTRODUCTION

L

itchi, Litchi chinensis (Sonn.) is the one of the
most important sub-tropical fruit belongs to the
family Sapindaceae. It is native to southern China
and introduced in India during the end of 17th
century. The top five litchi producing countries are
China, India, Taiwan, Thailand, and Vietnam. India
ranked second after China in area as well production.
India and China account for 91 percent of the world’s
litchi production. India produced total 26,509 million
metric tonnes with an area of 83 thousand hectares
and average productivity of 7.00 metric tonnes per
hectare (Anonymous, 2013). Litchi requires precise
climatic conditions, there are only few states namely,
Bihar, West Bengal, Uttaranchal, Uttar Pradesh,
Himachal Pradesh, Assam, Tripura, Punjab and
Jharkhand growing the fruits commercially. Litchi is
affected by numbers of factors. Among the factors
insect pests and post-harvest losses are a major
constraint. It has been infested by numbers of insect
pest (Hameed et al., 2001). There are two species of
bark eating caterpillars, Indarbela tetraonis Moore
and Indarbela quadrinotata Walker (Verma and
Khurana, 1974; Khurana and Gupta, 1972.). The pest
is distributed throughout Indian subcontinent, mainly
U.P., M.P., Bihar, Rajasthan, Haryana, Orissa, A.P.,
T.N. and Maharashtra. Particularly in Bihar
Indarbela tetraonis Moore is a very serious pest of
litchi, guava, mango and ber (Sharma and Kumar,
1986). It was found to be the most economically
important pest, which showed significant variation in
infestation on the stem of old and young litchi
varieties. The incidence of bark eating caterpillar on
old plant varied from 0.75 to 2.25 fecal garlands per
plant. The incidence was started from the month of
September with distinct fecal garland in the month of
February (Anonymous, 1999). Damage is caused by

caterpillar, which bore into trunk, main stems and
thick branches of litchi tree and destroying xylum
tissues resulting into poor growth and fruiting of the
tree. Caterpillars remain within the tunnel inside the
stem during day, come out in night and feed upon the
bark. Older and uncared trees are more affected by
the pest. Infestation may be noticed by the presence
of ribbons of wood chips, frass and silken thread
over the bark surface (Hameed et al., 2001; Atwal
and Dhaliwal, 2010). After hatching in June
caterpillar feeds up to March-April and completes
only one generation in a year (Hameed et al., 2001).
Uses of chemicals are most common and popular
method of control. Growers have to spend much as
input for establishment of the orchard which is not
beneficial for managing insect pest along with cost of
pesticides for maintaining quality of fruit. Thus, for
the bright future of litchi growers, it is necessary to
identify of the insect pest problems in Chhattisgarh
hills and also selection of better sources of resistance
against few or some economically important pests.
Varietal resistance to the insect pest may be helpful
for its management. Thus, the present studies were
conducted to screen the litchi genotypes against bark
eating caterpillar, Indarbella sp.
MATERIAL AND METHOD
Screen of litchi genotypes against bark eating
caterpillar, Indarbella sp. was studied at the
horticulture orchard of RMD College of Agriculture
and Research Station, Ambikapur, Surguja
Chhattisgarh during January 2015 to December 2015
and January 2016 to December 2016. Twenty
genotypes viz. Ambika litchi -1, Seedless-1,
Seedless-2, Kalkattia, Damdam, Rose scented,
China, Dehradoon, Sahi, Early bedana, Bombaya,
poorvi, Kasaba, Late large red, Surguja selection -2,
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Surguja selection-5, Surguja selection-6, Surguja
selection-7, Surguja selection-8, and Surguja
selection-9 of 21 year old litchi plantation, replicated
thrice in Randomized Block Design (RBD). The
observations of different litchi genotypes screening
against bark eating caterpillar, Indarbella sp. were
carried out in the term of incidence, intensity and
magnitude of infestation. The incidence of bark
eating caterpillar, Indarbella sp. was recorded on the
basis of numbers of active tunnels during peak period
September to October. The presence of larvae over
the bark, with pieces of bark, excrements and silken
thread were considered as the sign of active
tunnels.The intensity of bark eating caterpillar,
Indarbella sp. was recorded in the term of per cent
tree infestation. For quantifying the intensity of
infestation method was suggested by Verma and
Khurana (1976).

The magnitude of infestation was estimated by
following the score classes as given by Mathew
(1997).
Score Magnitude of infestation
Healthy tree with no borer attack
0
Tree infested by only one borer (low
1
infestation)
Tree affected by 2 to 4 borers (medium
2
infestation)
Tree with more than 4 borers (heavy
3
infestation)

RESULT AND DISCUSSION
The litchi genotypes were heavily infested by bark
eating caterpillars, Indarbela sp. during the course of
study. The data recorded on the incidence and
intensity of these pest were showed significantly
difference on different litchi genotypes. The
genotype Dehradoon was found minimum percent
incidence (53.33 -56.67) and low numbers of active
holes/ tree (5.3- 5.7) during the course of study year
2015 and 2016. The mean incidence of bark eating
caterpillar on Dehradoon genotype was 55.00 percent
and 5.5 numbers of active holes/ tree (table 1).
Similarly anonymous, 1999 reported that the
incidence of bark eating caterpillar Indarbela sp. was
noticed on the stem of old and young litchi varieties
during 1997-98. The results revealed that the number
of fecal garland varied from 0.75 to 2.25 per plant in
different old varieties which were more than ten year
of age where as the fecal garland in young varieties
varied from 0.0 to 0.80 per plant. Among the old
varieties, Shahi was most susceptible to bark eating
caterpillar as highest number of fecal garland was
recorded in it followed by Rose scented. The variety
Surguja Selection II had lowest number of fecal
garland (0.75) representing its least susceptibility to
bark eating caterpillar. Gupta et al. (2014) also
studied on the incidence and intensity of bark eating
caterpillar Indarbela sp. in low hills of Himachal
Pradesh the incidence varied between 91.5 and 98.0
per cent in citrus, litchi, mango and guava orchards
with litchi as the most preferred host (with caterpillar
incidence index value of 3.95).

Table 1. Incidence, intensity and Magnitude of bark eating caterpillar, Indarbella sp. on different litchi
genotype at Ambikapur during the crop growth years 2015 and 2016
Incidence (%)

Intensity (No. of active holes/tree)

Genotype

Ambika litchi-1
Seedless-2
Kalkattia
Damdam
Rose Scented
China
Surguja selection-2
Seedless-1
Dehradoon
Shahi
Early Bedana
Bombaya
Purvi

2015

2016

66.67
(54.76)
63.33
(53.05)
56.67
(48.83)
66.67
(54.76)
56.67
(48.83)
76.67
(61.20)
73.33
(59.68)
70.00
(57.27)
53.33
(46.90)
73.33
(58.98)
63.33
(53.83)
76.67
(61.20)
56.67
(48.91)

60.00
(50.83)
66.67
(55.05)
66.67
(54.76)
63.33
(52.75)
63.33
(52.75)
76.67
(61.20)
70.00
(56.98)
60.00
(50.83)
56.67
(48.83)
66.67
(54.76)
76.67
(61.90)
76.67
(61.20)
73.33
(59.68)

Magnitude of
infestation

Mean

2015

2016

Mean

63.33

6.7

6.0

6.4

heavy infestation

65.00

6.3

6.7

6.5

heavy infestation

61.67

5.7

6.7

6.2

heavy infestation

65.00

6.7

6.3

6.5

heavy infestation

60.00

5.7

6.3

6.0

heavy infestation

76.67

7.7

7.7

7.7

heavy infestation

71.67

7.3

7.0

7.2

heavy infestation

65.00

7.0

6.0

6.5

heavy infestation

55.00

5.3

5.7

5.5

heavy infestation

70.00

7.3

6.7

7.0

heavy infestation

70.00

6.3

7.7

7.0

heavy infestation

76.67

7.7

7.7

7.7

heavy infestation

65.00

5.7

7.3

6.5

heavy infestation
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Kasaba
Surguja selection-6
Surguja selection-7
Surguja selection-8
Surguja selection-9
Surguja selection-5
Late large red

83.33
(66.61)
80.00
(63.90)
73.33
(58.98)
70.00
(57.68)
80.00
(63.90)
66.67
(54.76)
80.00
(63.90)

80.00
(63.90)
80.00
(63.90)
73.33
(58.98)
86.67
(68.83)
76.67
(61.20)
73.33
(58.98)
80.00
(63.90)
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81.67

8.3

8.0

8.2

heavy infestation

80.00

8.0

8.0

8.0

heavy infestation

73.33

7.3

7.3

7.3

heavy infestation

78.33

7.0

8.7

7.9

heavy infestation

78.33

8.0

7.7

7.9

heavy infestation

70.00

6.7

7.3

7.0

heavy infestation

80.00

8.0

8.0

8.0

heavy infestation

SE(m)

3.94

3.56

0.59

0.53

C.D.

11.32

10.23

1.7

1.5
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Abstract: A field experiment was carried out during the year 2014-15 in winter season at research field of Precision
Farming Development Centre (PFDC), Department of Horticulture, Indira Gandhi Krishi Vishwavidyalaya, Raipur (C.G.) to
study the effect of plant growth regulators on physico-chemical changes in guava (Psidium guajava L.) under ultra high
density planting. Accommodation of the maximum number of precocious plants per unit area to get the maximum profit per
unit of the tree volume without impairing the soil fertility status is called the high density planting. Better light distribution
within tree canopy increases the number of well illuminated leaves. The experiment was carried out with three varieties
(Lalit, Allahabad Safeda and L-49). Plant growth regulators showed maximum plant height, plant spread, plant girth, number
of fruit/plant fruit yield/plant and fruit yield/hectare. The average fruit weight, acidity, pH and TSS were also maximum with
varieties Lalit.
Keywords: Plant growth regulator, Guava, UHDP

INTRODUCTION

G

uava (Psidium guajava L.) is a very popular
fruit in India and has been under cultivation in
India since early 17th century. It belongs to family
“Myrtaceae” and an important commercial fruit crop
of tropical and sub-tropical region of India. It is
known as “Apple of tropics” and rich in vitamin “C”
and pectin content besides being a good source of
other vitamins and minerals. Fruits are fair source of
vitamin A (about 250 mg/100 g) and contain
appreciable quantities of thiamine, niacin and
riboflavin. The ascorbic acid content ranges from 75260 mg/100 g, which varies with cultivar, season,
location and stage of maturity. The fruit also contains
considerable amount of calcium, phosphorus and
iron. However, 80% of iron remain in the seed and is
not utilizable. Moreover, guava fruits are rich source
of pectin which ranges between 0.5 and 1.8%
(Adsule and Kadam, 1995).
The area under guava in India is 235.6 thousand ha
and production is 3198.3 thousand metric tonnes
with a productivity of 13.6 metric tonnes/ha. The
highest area under guava cultivation is in
Maharashtra (39.00 thousand ha). Madhya Pradesh is
the leading state of guava production (801.00
thousand metric tonnes), as well as productivity (37.6
metric tonnes/ha). Whereas, in Chhattisgarh, the area
of guava is 17119 ha and production is 140908
metric tonnes (Anon., 2013).
Plant growth regulators modify or regulate
physiological processes in an appreciable measure in
the plant when used in a small concentration and also
play an important role in fruit set, fruit production,
fruit weight and fruit size without causing any
adverse effect in fruit quality. The use of plant

growth regulators has assumed an integral part of
modern fruit production especially under high
density orcharding to improve quality. Ethrel, a
ripening hormone induces early and uniform
ripening. Different nutrients in association of plant
growth regulators increase economic yield
facilitating harvesting. NAA induces more fruiting,
promotes flowering, whereas, GA3 increases fruit
retention. Gibberellins are known for their ability to
increase cell enlargement (Arteca, 1996; Davis,
2004; Pharis and King, 1995), thus enhancing fruit
growth in certain species such as citrus (Eman et al.,
2007; El-Sese, 2005), litchi (Stern and Gazit, 2000;
Chang and Lin, 2006), guava (El-Sharkawy et al.,
2005), and pear (Zhang et al., 2007). In all species so
far studied, gibberellins had the potential for
increasing fruit size. The beneficial effects of
gibberellic acid (GA3) and nutrient elements
specially zinc on yield and fruit quality of different
fruit crops were mentioned by many investigators
including Swietlik (2002). Also, the use of GA3 as a
growth regulator to promote size and to control fruit
drop was reported by Arteca (1996).
MATERIAL AND METHOD
Field experiment was carried out during the year
2014-15 in winter season at research field of
Precision Farming Development Centre (PFDC),
Department of Horticulture, Indira Gandhi Krishi
Vishwavidyalaya, Raipur (C.G.). Raipur is situated
in the central part of Chhattisgarh at latitude 21.16
0
N and longitude 81.36 0E at an altitude of 289.56
meters above the mean sea level. Raipur comes under
dry, sub-humid agro-climatic region. The source of
rainfall is South West monsoon. It receives an
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average annual rainfall of 1200-1400 mm, most of
which (about 85%) is received from third week of
June to mid September and very little (rest of 15%)
during October to February. May is the hottest and
December is the coolest month of the year. The
pattern of rainfall, particularly during June to
September months has a great variation from year to
year. The maximum temperature goes as high as 46
ºC during summer and minimum as below as 6 ºC
during winter months. The atmospheric humidity is
high from June to October. The Meteorological data
viz., temperature, sunshine hours, relative humidity,
wind velocity and evaporation. The weekly
maximum and minimum temperature was 34.4 ºC
and 8.6 ºC, respectively. The maximum temperature
during the experimentation varied between 28.3 ºC to
33.4 ºC from September 2014 to December 2014
whereas, minimum temperature varied between 8.3
ºC to 25.1 ºC. The total rainfall during the period of
experimentation was 236.4 mm, relative humidity
throughout the crop season varied between 27-95%.
The average maximum relative humidity for different
months varied from 84-95%, while, monthly average
minimum relative humidity varied between 27-83%.
The average values of open pan evaporation ranged
from 1.7-4.1 mm/day, whereas average sunshine
values varied from 0.5-9.0 hrs/day, maximum wind
velocity during crop period was 6.9 km/hrs and
minimum was recorded 1.9 km/hrs.
RESULT AND DISCUSSION
The maximum plant height (135.22 cm) was found
under the treatment combinations of calcium nitrate
2% + NAA (100 ppm) + GA3 (40 ppm) (131.04 cm)
in the cultivar Lalit followed by Allahabad Safeda
(127.07 cm) with the same treatment combinations.
The minimum plant height (125.95 cm) was
observed in the cultivar L-49 with the treatment
combinations of calcium nitrate 3% + NAA (150
ppm) + GA3 (60 ppm) ( 127.70 cm). Similar findings
were reported by Nath and Pathak (2006) in guava.
Plant girth was maximum (8.86 cm) in Lalit cultivar
with treatment combinations of calcium nitrate 2% +
NAA (100 ppm) + GA3 (40 ppm) (8.64 cm)
followed by Allahabad Safeda (8.36 cm) with the
same treatment combinations. However, it was
minimum in Sardar (L-49) cultivar with treatment
combinations of calcium nitrate 3% + NAA (150
ppm) + GA3 (60 ppm) (7.97 cm). The maximum
plant canopy spread (160.80 cm) was found in the
treatment combinations of calcium nitrate 2% +
NAA (100 ppm) + GA3 (40 ppm) (162.80 cm) in the
cultivar Lalit followed by Allahabad Safeda (160.32
cm) with the same treatment combinations. The
minimum plant canopy spread (156.81 cm) was
observed in the cultivar Sardar (L-49) with the
treatment combinations of calcium nitrate 3% +
NAA (150 ppm) + GA3 (60 ppm) (157.04 cm). The
above findings are in accordance with the report of

present investigation. The maximum number of fruits
per plant (46.65) was found in the treatment
combinations of calcium nitrate 2% + NAA (100
ppm) + GA3 (40 ppm) (44.64) in the cultivar Lalit
followed by Sardar (L-49) (43.63) with the same
treatment combinations. The minimum number of
fruits per plant (39.23) was observed in the cultivar
Allahabad Safeda with the treatment combinations of
calcium nitrate 1% + NAA (50 ppm) + GA3 (20
ppm) ( 41.61). The maximum fruit yield per plant
(8.37 kg) was found in the treatment combinations of
calcium nitrate 3% + NAA (150 ppm) + GA3 (60
ppm) (7.82 kg) in the cultivar Lalit followed by
Sardar (L-49) (7.77 kg) with the same treatment
combinations. The minimum fruit yield per plant
(6.67 kg) was observed in the cultivar Allahabad
Safeda with the treatment combinations of calcium
nitrate 1% + NAA (50 ppm) + GA3 (20 ppm) (7.38
kg). Significantly, the maximum fruit yield per
hectare (41.82 t/ha) was found in the treatment
combinations of calcium nitrate 3% + NAA (150
ppm) + GA3 (60 ppm) (39.10 t/ha) in the cultivar
Lalit followed by Sardar (L-49) (38.84 t/ha) with the
same treatment combinations. The minimum fruit
yield per plant (33.43 t/ha) was observed in the
cultivar Allahabad Safeda with the treatment
combinations of calcium nitrate 1% + NAA (50 ppm)
+ GA3 (20 ppm) (36.85 t/ha). The maximum fruit
weight (183.62 g) was found in the treatment
combinations of calcium nitrate 2% + NAA (100
ppm) + GA3 (40 ppm) (179.38 g) in the cultivar Lalit
with followed by Sardar (L-49) (178.59 g) with the
same treatment combinations. The minimum fruit
weight (169.32 g) was observed in the cultivar
Allahabad Safeda with the treatment combinations of
calcium nitrate 1% + NAA (50 ppm) + GA3 (20
ppm) (175.86 g). The obtained results are also
supported by El-Sharkawy and Mehaisen (2005) on
guava. The role of GA in improving fruit quantity
namely, fruit weight and fruit size may be due to its
role in increasing cell elongation (Eman et al., 2007).
The maximum number of seeds per fruit (216.04)
was found in the treatment combinations of calcium
nitrate 2% + NAA (100 ppm) + GA3 (40 ppm)
(217.00) in the cultivar Lalit followed by Sardar (L49) (215.23) with the same treatment combinations.
The minimum number of seeds per fruit (213.34) was
observed in the cultivar Allahabad Safeda with the
treatment combination of calcium nitrate 3% + NAA
(150 ppm) + GA3 (60 ppm) (213.64). The maximum
seed weight (6.64 g) was found in the treatment
combinations calcium nitrate 1% + NAA (50 ppm) +
GA3 (20 ppm) (5.48 g) in the cultivar Lalit with
followed by Allahabad Safeda (5.57 g) with the same
treatment combinations. The minimum seed weight
(4.08 g) was noticed in the cultivar Sardar (L-49)
with the treatment combination of calcium nitrate 2%
+ NAA (100 ppm) + GA3 (40 ppm) (5.37 g). The
maximum TSS (14.99 0Brix) was found in the
treatment combinations of calcium nitrate 2% +
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NAA (100 ppm) + GA3 (40 ppm) (13.88 0Brix) in
the cultivar Lalit followed by Allahabad Safeda
(13.84 0Brix) with the same treatment combinations.
The minimum TSS (12.53 0Brix) was observed in the
cultivar Sardar (L-49) with the treatment
combinations of calcium nitrate 3% + NAA (150
ppm) + GA3 (60 ppm) (13.69 0Brix). The maximum
pH of fruit juice (4.94)) was found in the treatment
combinations of calcium nitrate 2% + NAA (100
ppm) + GA3 (40 ppm) (4.40) in the cultivar Lalit
with followed by Allahabad Safeda (4.15) with the
same treatment combinations. The minimum pH of
fruit juice (3.94) was noticed in the cultivar Sardar
(L-49) with the treatment combination of 100% ET +
calcium nitrate 3% + NAA (150 ppm) + GA3 (60
ppm) ( 4.30). The maximum acidity (0.64 %)) was
found in the treatment combinations of calcium
nitrate 2% + NAA (100 ppm) + GA3 (40 ppm)
(0.61%) in the cultivar Lalit followed by Allahabad
Safeda (0.56 %) with the same treatment
combinations. The minimum acidity (0.55 %) was
noticed in the cultivar Sardar (L-49) with the
treatment combinations of calcium nitrate 1% +
NAA (50 ppm) + GA3 (20 ppm) (0.55%).
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Abstract: The investigation was conducted during October 2015 to April 2016 under agroforestry ecosystem of
Chhattisgarh plain. The overall collectingof variousinsect fauna by different methodclearly indicated that,the total number of
insects was belonged to order Hymenoptera (639) followed by Diptera (420). Whereas, the crawling insects dominated the
fauna of agro-forestry and order Diptera was significantly dominated towards on yellow pan among the various coloured
pans/basins used in the pit fall trap.
Keywords: Agroforestry ecosystem, Insect collection, Insect ecosystem, Chhattisgarh plain

INTRODUCTION

B

iological diversity means the variability among
the living organisms from all sources including
terrestrial, marine, and other aquatic ecosystems
(Harper and Hawksworth, 1994).Koliet al., 2009, the
first time was carried out intensive survey and
collection of short horned grasshopper from
adjoining areas of Chandoli National Park,
Maharashtra.Collection of various available fauna of
insects were done by sweep nets for collecting flying
insects, by pit fall traps for crawling insects, by light
trap for nocturnal flying insects and by Berlese
funnel for leaf litter and soil dwelling insects.
Studies on the bio-diversity of insect fauna of the
agro-forestry ecosystem of IGKV, Raipur not under
taken in detail earlier and except some work done by
Somanet al., 2006. The state of Chhattisgarh
commonly known as the rice bowl of India which
was formed in 2000 is very rich in biodiversity and
has been declared as the herbal state. It has a forest
canopy of 44% (Sandarbh Chhattisgarh, 2002).
Collections were done at fortnightly intervals on 20
sweeps from 5 locations covering the experimental
area of the agro-forestry field.Pit fall trap was
installed at fortnightly interval at 5 locations using 4
different coloursviz; yellow, blue, green and red
plastic basins, filled with one fourth level of water.
Light trap was installed for trapping nocturnal flying
insects at proper location among the selected agroforestry field.
Berlese funnel (low cost and modified) using an
ordinary study lamp was used to collect Apterygota
insects from leaf litter by placing over a sieve. The
soil and leaf litter dwelling insects were collected in
a plastic basin with some water kept under the sieve.
The various species of insects thus collected were
categorized order wise and tabulated to know their
respective abundance in the Agro-forestry
ecosystem.
Thus, to have an idea of the insects dominations
constituting the bio-diversity of the area mentioned

above so that management strategies could be
chalked out accordingly, the present studies were
formulated.
METHOD OF COLLECTION
The collection of various available fauna of insects
were done by different trapping methods viz. sweep
net, pit fall trap, light trap and Berlese funnel at fort
nightly intervals. Observations were carried out at
the experimental area of agro-forestry field.
Collection by Sweep net
A standard sweep net of 32 cm diameter was used for
this purpose by taking 20 sweeps from 5 locations
covering the experimental area of the agro-forestry
field. 20 such sweeps constituted one sample. In total
5 samples were collected from field. The collected
insects were killed in a potassium cyanide killing
bottle and stored in 70% ethanol for later sorting and
identification. The moths were, however, pinned and
stored in wooden boxes (Cameron et al., 1981;
Leitaoet al., 2007)
Collection by Pit fall trap
Pitfall traps are excellent tools for detecting and
monitoring the season long activity of walking and
crawling soil and litter arthropods, especially those
that are active at night. Pitfall traps can be used in
sampling programs for row crops, orchards, turf,
pastures, woodlands, and landscapes (Laubet al.,
2014).In the present experiment for collecting
crawling insect fauna pitfall traps of four different
colors (red, yellow, green, blue) plastic basins were
installed at 5 locations. The samples were labeled
according to date and locality and stored properly.
The insects were sorted in the laboratory under a
digital trinocular microscope and then transferred
into 70% alcohol until further identification
Collection by Light trap
For nocturnal flying insects bucket type light traps
having potassium cyanide bottle at the bottom as
killing agent, equipped with 60 watts electric bulb
were operated in proper location among the selected
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rice fields, from dusk to dawn and insect specimens
were collected at weekly and fortnightly intervals
from nurseries and crop fields in each locality,
respectively. The height of the trap was adjusted
according to height of the crop (Bowden, 1982).
Collection by Berlese funnel
Berlese funnel is an apparatus used to collect living
organisms, particularly arthropods, from samples
of soil and leaf litter. The funnel works by creating a
temperature gradient over the sample such that
mobile organisms move away from the higher
temperatures and fall into a collecting basin provided
with some water. The insects thus collected are
observed under microscope and the preserved
(Berlese, 1905). In the present studies modified
Berlese funnel (low cost) was used by replacing the
light sources by an ordinary study lamp with a sieve
kept over a plastic basin like container provided with
water. The lamp was kept burning overnight over the
sieve containing leaf litter. The apterygote insects
moved under neath to avoid the light and heat, fell
through the sieve and were collected in water filled
basin. The insects were then sorted out under the
microscope and counted order wise.

(62) and Lepidoptera (43) while in case of collection
by pit fall trap method, the maximum dominating
order was hymenoptera (496) followed by diptera
(220). In case of Berlese funnel also maximum
collection belonged to order hymenoptera (123)
followed by acarina (55). Maximum number of
insects were collected in pit fall trap (1045) followed
by sweep net (443), Berlese funnel (330) and light
trap (213)Table-1.
On the basis of overallcollection of insects by
various methods in the agro-forestry field ecosystem
revealed maximum number of insects belonging to
order hymenoptera (639) followed by diptera (420)
while minimum population observed was of
neuropterans (4). As far as collection of non-insects
was concerned only mite population (55) was
noticed. As far as percent composition of overall
insects recorded by various methods was concerned
maximum and minimum population recorded was of
hymenoptera i.e. (31.46%) and neuroptera i.e.
(0.20%), while percent composition of mites was
2.71%. Looking to the overall collection of insects
trapped by various methods as presented in Table 5,
clearly indicates that maximum number of insects
were collected in pit fall trap (1045) followed by
sweep net (443), Berlese funnel (330) and light trap
(213). This indicates that crawling insects dominated
the fauna of agro-forestry. As far as percent
composition was concerned, among the total insects
caught by pit fall 47.46 percent belonged to
hymenoptera and among the hymenopterans,
formicidae was the dominant order.

RESULT
The collection, identification and classification of
various insect fauna clearly indicates that maximum
domination of lepidoptera (133) was observed in
collections made by sweep net followed by diptera
(125) and hemiptera (62). Light trap collections were
dominated by hemiptera (81) followed by diptera

Table 1. Overall population of insects at the agro-forestry ecosystem collected by various methods.
Different
trapping
methods

Various insect and mites fauna present under agro-forestry ecosystem
Apterygota
A

B

C

Sweep net

0

0

0

Pit
trap

0

0

0

0

220

0

0

0

43

62

34

26

15

0

13

34

26

15

17
6

420

1.6
7

1.2
8

0.7
4

8.6
7

20.
68

fall

Light trap
Berlese
funnel
Total
population
Percent
Compositio
n
Shannon’
diversity
index

G

H

I

J

K

L

M

N

O

Arachni
da
P

0

20

62

15

0

40

5

0

0

0

443

0

496

96

94

0

0

0

6

13

0

1045

4

0

81

4

10

0

0

0

0

0

213

0

123

0

0

0

0

0

33

0

55

330

4

639

239

11
3

10

40

5

39

13

55

(203
1)

0
.
2

31.4
6

11.
77

5.5
6

0.4
9

1.9
7

0.25

1.9
2

0.6
4

2.71

Endopterygota
D
13
3

E
125

F
4
3
1
2
0
9
3
1
2
0
3
1
0

Exopterygota

Tota
l

2.04

Where; A= Collembola, B= Protura, C= Diplura, D= Lepidoptera, E= Diptera, F= Coleoptera, G= Neuroptera,
H= Hymenoptera, I= Hemiptera, J= Orthoptera, K= Ephemeroptera, L= Odonata, M= Embioptera, N= Isoptera,
O= Dermaptera, P= Acarina.
CONCLUSION
Collection of insects by various methods in the agroforestry field ecosystem revealed maximum number

of insects belonging to order hymenoptera (639)
while minimum population observed was of
neuropterans (4). Looking to the overall collection of
insects trapped by various methods, clearly indicates

JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 9 (7)

that maximum number of insects were collected in
pit fall trap (1045) followed by sweep net (443). This
indicates that crawling insects dominated the fauna
of agro-forestry. The present studies also revealed
that representatives of fifteen insects orders viz.,
collembola, protura, diplura, lepidoptera, diptera,
coleoptera, neuroptera, hymenoptera, hemiptera,
orthoptera, ephemeroptera, odonata, embioptera,
isoptera and dermaptera were found in the ecosystem
of agro-forestry field of IGKV, Raipur. No
representative species from the order thysanura,
plecoptera, grylloblattodea, phasmida, zoraptera,
psocoptera, mallophaga, siphunculata, thysanoptera,
mecoptera, trichoptera, siphonaptera and strepsiptera
were observed in the present studies.
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Abstract: Identification of animal in livestock enterprise is of immense importance to draw conclusion of their status in
production as well as performance. The present investigation was conducted at the Bull Mother Experimental Farm, College
of Veterinary Science & A.H., Anjora, Durg on 80 Sahiwal cattle of different age groups. The age of animals ranged from 0
month to above 18 months. In 0-6 months, the time of appearance of white hairs were 49±1.83, 50.66±2.33, 48.75±3.94 and
55.25±1.75 days, respectively for 5, 7, 9 and 11 seconds of exposure time. In 6 to 12 months, the exposure time of 8, 11, 14
and 17 seconds using brass metal, the appearance of white hairs were 47.2±2.4, 49.75±1.75, 56.66±2.40 and 49.66±3.28
days, respectively. In 12 to 18 months, the times of appearance of white hairs were 59±1.00, 61±2.65, 55.5±6.54 and
62.5±2.50 days, respectively for 12, 15, 18 and 21 seconds of exposure time. In age group of above 18 months, the exposure
time of 17, 20, 23 and 26 seconds using the brass metal, the time of appearance of white hairs were found to be 63±00,
47±00, 57.66±2.96 and 64±2.00 days, respectively.
Keywords: Brass metal, Cattle, Production, Experiment

INTRODUCTION

C

attle identification procedure is still infancy
leading to create management problem besides
maintaining breeding records under breed
improvement programme. Hot branding is widely
practiced in organized and unorganized herds of
India and strictly condemned by the society for
prevention of cruelty against animals due to
development of scar. These identification methods
decreases hide value due to severe damage to the
skin and loss to the leather industry (Hooven et al.,
1971). Freeze branding is common technique to mark
large mammals, particularly livestock (Farrell et al.,
1978, Newton, 1978) and has been accepted widely
in developed countries. This technique could only be
the best procedure considering its permanency,
applicability and ease in reading.
MATERIAL AND METHOD
The study was conducted on 80 Sahiwal cattle of
both sexes of different age groups at the Bull Mother

Experimental Farm, College of Veterinary Science &
A.H., Anjora, Durg. Each group comprised of 20
animals (table 1). The age of animals ranged from 06 month to above 18 months. The shape of brass
metal was moulded to “I” shape and width, depth is
same for all age group. The length of metal is 2, 3, 4
and 4 inch (Bath et al., 1981) according to their age
groups i.e. 0-6, 6-12, 12-18 and above 18 months,
respectively and weight of metal is 108, 164, 217 and
217 grams according to their age groups i.e. 0-6, 612, 12-18 and above 18 months, respectively. As
refrigerant, liquid nitrogen was used. The brass metal
was dipped in to coolant. The temperature of brass
metal equaled to that of liquid nitrogen (at -196°C)
and frosting appears on the lower end of the metal
handle, just above the level of the coolant. The
branding metal was taken out and quickly applied on
the skin of the animals with firm pressure by holding
the metal on the area and do not let it slip. We have
taken different exposure times were tried for
different age groups given in table:1. The data were
analyzed as per methods described by Snedecor and
Cochran (1994).

Table 1. Different exposure time proposed for different age group
Age (months)
No. of Animal
Exposure time (seconds)
5
5
0-6
20
5
7
5
9
5
11
5
8
6-12
20
5
11
5
14
5
17
5
12
12-18
20
5
15
5
18
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Above 18

20

5
5
5
5
5

RESULT AND DISCUSSION
The mean time for appearance of white hairs studied
were given in table: 2. In 0-6 months of age group in
Sahiwal, the time of appearance of white hairs were
49±1.83, 50.66±2.33, 48.75±3.94 and 55.25±1.75
days, respectively for 5, 7, 9 and 11 seconds of
exposure time. Lesser time was seen for the
appearance of white hairs at 9 second (48.75±3.94
days) exposure time used in 0-6 months of age group
in Sahiwal. In 6 to 12 months age group, the
exposure time of 8, 11, 14 and 17 seconds using
brass metal, the appearance of white hairs were
47.2±2.4, 49.75±1.75, 56.66±2.40 and 49.66±3.28
days, respectively. The number of days required for
appearance of white hairs was relatively lesser
(47.2±2.4 days) in 8 second of exposure time.
Table 2. Mean time for appearance of white hair
Age group
Exposure time (seconds)
(months)
0-6
5
7
9
11
6-12
8
11
14
17
12-18
12
15
18
21
Above 18
17
20
23
26
CONCLUSION
Lesser days were required for appearance of white
hairs at 9, 8 and 18 seconds of exposure time in 0-6,
6-12 and 12-18 months age group, respectively.
Overall, in 0- 6, 6-12 and 12-18 months age group an
exposure time of 9, 8 and 18 seconds, respectively
can be recommended for brass metal. The
appearance of white hairs in above 18 months age
group was less than 80 percent, hence, legibility may
be ambiguous after 18 months of age due to age
advancement. The thickness of skin is directly
related to age, so more number of days were required
for appearance of white hairs with less legibility.

21
17
20
23
26
However, all values were statistically nonsignificantly differed with respect to exposure time
of 8, 11, 14 and 17 seconds for brass metal. In 12 to
18 months age group, the time of appearance of
white hairs were 59±1.00, 61±2.65, 55.5±6.54 and
62.5±2.50 days, respectively for 12, 15, 18 and 21
seconds of exposure time. In this age group,
minimum of 55.5±6.54 days required for appearance
of white hairs were seen at 18 seconds of exposure
time. In age group of above 18 months, the exposure
time of 17, 20, 23 and 26 seconds using the brass
metal, the time of appearance of white hairs were
63±00, 47±00, 57.66±2.96 and 64±2.00 days,
respectively. The difference in the time required for
appearance of white hairs in all exposure time of
above 18 months age groups were non-significant
(Sherwin et al. 2002).

Appearance of white hairs (days)
49±1.83
50.66±2.33
48.75±3.94
55.25±1.75
47.2±2.4
49.75±1.75
56.66±2.40
49.66±3.28
59±1.00
61±2.65
55.5±6.54
62.5±2.50
63±00
47±00
57.66±2.96
64±2.00
Hence require more mass (weight) in the brass metal
for better performance in advancement of age group.
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