
1

Sunflower (Helianthus annuus L.) probably
originated in the south western United States, or some-
where in Mexico. In world trade with an annual production
around 9 millions tones, sunflower oil is the fourth
important vegetable oil. Russian Federation, Ukraine, India
and Argentina contribute more than 50 per cent with
respect to world acreage of sunflower crop. It was
introduced in India in 1970 for commercial cultivation.
Sunflower, despite its superiority in all aspects among
oilseeds cultivated in India, has not attained its target
productivity. Improvement in the productivity largely
depends on the direction and  magnitude of association
between yield component and seed quality traits. Hence,
the present investigation was carried out to determine the
association of yield of sunflower hybrids with seed and
seedling characters.

MATERIAL AND METHODS

The hybrid seed (F1) of eight sunflower hybrids,
PKVSH-27, DRSH-1, SH-3322, LSFH-171, PKVSH-952,
PKVSH-953, PKVSH-954 and PKVSH-955 was obtained
from Oilseeds Research Unit, Dr. PDKV, Akola and used
for recording seed and seedling characters and to carryout
field experiment. The experiment was carried out at Oilseeds
Research Unit, Dr. Panjabrao Deshmukh Krishi Vidyapeeth,
Akola during Kharif 2012-13 in Randomized Block Design
with three replications. The observations of seed (hundred

seed weight, seed kernel percentage, seed hull percentage,
kernel to hull ratio, volume weight, oil content of seed and
electrical conductivity of seed leachate) and seedling
characters (germination percentage, root length, shoot
length, seedling vigour index  and seedling dry weight)
were recorded as per ISTA standards at Seed Testing
Research Unit, Dr. PDKV, Akola, whereas yield per plant
was recorded from field experiment.

RESULTS AND DISCUSSION

The analysis of variance (ANOVA) for the
various characters under study has been  revealed highly
significant differences among the hybrids for all the seed
and seedling characters studied and also for yield per
plant. Significant amount of variability was exhibited by
eight sunflower hybrids for all the seed and seedling
charactes studied (Table 1).

The genotypic and phenotypic correlations were
computed to understand the nature and magnitude of
association among the characters studied. It was observed
that genotypic correlations were higher in magnitude than
the phenotypic correlations. So the results are presented
here considering genotypic correlations.

The correlations of seed characters with yield
per plant and correlations among seed characters are
presented in Table 3. The seed characters, kernel to hull
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ABSTRACT
The experiment was conducted at Oilseeds Research Unit, Dr. PDKV, Akola and at Seed Testing Research Unit, Dr.

PDKV, Akola during Kharif 2012, to study the correlation of seed and seedling characters with yield of sunflower hybrids.
The experiment consisted of eight sunflower hybrids and was laid out in randomized block design with three replications.
The character association revealed that the seed characters viz., kernel to hull ratio (0.986), seed kernel percentage (0.984),
volume weight (0.783) and hundred seed weight (0.741) showed highly significant positive correlation with yield per
plant, indicating that yield of sunflower hybrids could be increase by increase in these seed characters. The seed characters
like seed hull percentage (-0.949) and electrical conductivity of seed leachate (-0.407) recorded significant negative
correlation with yield per plant, indicating, decrease in these characters will results in increase in yield. All the seedling
characters studied viz., germination percentage (0.976), root length (0.986), shoot length (0.729), seedling vigour index
(0.966) and seedling dry weight (0.841) shown highly significant positive correlation with seed yield per plant indicating
the vital role of these characters towards corresponding gain in yield of sunflower hybrids. The sunflower hybrids shown
high value of desirable seed and seedling characters also yielded higher, this may be due to high germination percentage and
early vigour of these hybrids.
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Table 2. Genotypic and Phenotypic Correlation coefficient (r) between seed characters and yield per plant
Sources Hundred Seed Seed Kernel Volume Oil Electrical Yield

seed kernel hull to hull weight content conductivity plant-1

weight percentage percentage ratio (gm of seed of seed leachate (g)
(g) 100-1ml)  (per cent)   (µS/cm/g)
1 2 3 4 5 6 7 8

Hundred seedweight (g) G 0.531** -0.639** 0.603** 0.638** 0.387 0.037 0.741**
P 0.349 -0.567** 0.527** 0.561** 0.362 0.029 0.591**

Seed kernel percentage G -0.973** 0.971** 0.487* 0.581** -0.239 0.984**
P -0.863** 0.912** 0.347 0.468* -0.084 0.783*

Seed hullpercentage G -0.995** -0.472* -0.636** 0.121 -0.949**
P -0.984** -0.400 -0.592** 0.097 -0.732**

Kernel to hull ratio G 0.499* 0.554** -0.100 0.986**
P 0.423* 0.524** -0.057 0.727**

Volume Weight G -0.199 0.309 0.783**
 (gm/100ml) P -0.160 0.244 0.670**
Oil content of Seed, % G -0.100 0.221

P -0.086 0.142
Electrical conductivity ofG -0.407*
seed leachate (µS/cm/g) P -0.295
G- Genotypic correlation coefficient, P- Phenotypic correlation coefficient.
*, ** Significant at 5per cent and 1per cent level, respectively.

Table 3. Genotypic and Phenotypic Correlation coefficient (r) between seedling characters and yield per plant
Source Germination Root Shoot Seedling Seedling Seed

percentage  length length vigour dry weight yield
(cm)  (cm) index  (mg)   plant-1 (g)

1 2 3 4 5 6
Germination percentage G 0.986** 0.735** 0.975** 0.838** 0.976**

P 0.732** 0.635** 0.904** 0.669** 0.784**
Root length (cm) G 0.934** 0.989** 0.987** 0.986**

P 0.851** 0.832** 0.796** 0.790**
Shoot length (cm) G 0.872** 0.180 0.729**

P 0.794** 0.168 0.616**
Seedling vigour index G 0.739** 0.966**

P 0.634** 0.839**
Seedling dry weight (mg) G 0.841**

P 0.767**

G- Genotypic correlation coefficient, P- Phenotypic correlation coefficient    ** Significant at 1 per cent level, respectively.

ratio (0.986), seed kernel percentage (0.984), volume weight
(0.783) and hundred seed weight (0.741) shown highly
significant correlations in positive direction with yield
per plant, indicating that yield could be increase by
increase in these seed characters.Punia and Gill (1994),
Doddamani et al. (1997), Madrap et al. (1998) and Nehru

and Manjunath (2003) also revealed that hundred seed
weight showed significant positive correlation with yield
in sunflower. Sharankumar (2006) studied seed characters
of F1 hybrid seeds and reported highly significant positive
correlation of hundred seed weight and kernel to hull ratio
with commercial kernel yield in sunflower.  The seed
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characters, seed hull percentage (-0.949) and electrical
conductivity of seed leachate (-0.407) shown significant
correlation with yield plant-1 in negative direction,
indicating that decrease in these characters will results in
increase in seed yield. Uttam et al. (2006) also reported
that the seed yield was significantly associated with
electrical conductivity of seed leachate in negative
direction.

Correlation among seed characters indicate
significant positive correlation between hundred seed
weight, seed kernel percentage, kernel to hull ratio and
volume weight. The significant negative correlation of seed
hull percentage with hundred seed weight (-0.639), seed
kernel percentage (-0.973), kernel to hull ratio (-0.995) and
volume weight (-0.472) was observed. Oil content was
positively assocoated with seed kernel percentage (0.581)
and kernel to hull ratio (0.554) were as shows negative
correlation with seed hull percentage (-0.639).

The correlations of seedling characters with yield
per plant and correlations among seedling characters are
presented in Table 4. All the seedling characters studied
viz., germination percentage (0.976), root length (0.986),
shoot length (0.729), seedling vigour index (0.966) and
seedling dry weight (0.841) shown highly significant
positive correlation with seed yield plant-1 indicating the
vital role of these characters towards corresponding gain
in yield of sunflower hybrids. The sunflower hybrids
shown high value of seedling characters also yielded
higher, this may be due to high germination percentage
and early vigour of these hybrids. Thus, more emphasis
should be given on seedling characters, as an early
indicator of yield performance. Thus, seedling characters
may be used as a selection criterion for identification of
high yielding sunflower hybrid. Similar observations were
reported by Herrera (1987), who have noticed decreased
grain yield with decrease in germination percentage and
seed density in rice. Chaudhary and Anand (1985) reported
the positive and significant correlation between kernel
yield and seedling fresh and dry weight in sunflower.
Sharnkumar (2006) also reported highly significant
correlation in positive direction of root length, shoot
length and seedling vigour with commercial kernel yield

of sunflower hybrid. Correlation among seedling characters
shown that, all the seedling characters were highly
correlated in positive direction with each other except
shoot length with seedling dry weight, which shows non
significant correlation.

In the present investigation, the hybrid PKVSH-
952 recorded highest (72.67 g) yield plant-1 (Table 2). High
yield  plant-1 of PKVSH-952 was attributed mainly due to
maximum values of desirable seed and seedling characters
and significant positive correlation of these characters
with yield in sunflower. Hence it is suggested that seed
and seedling characters must necessarily be given proper
weightage during sunflower improvement programme.
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In India, cotton is genetically modified crop,
cultivated commercially more than 95 per cent area on
various soils, climate and mostly rainfed. Cotton is one of
the most important industrial crop grown in India and it
contributes 29.8 per cent of the Indian agricultural gross
domestic product. World’s largest area of 11.5 m ha with
productivity of 552 lint kg ha-1 (Anon, 2014). The area
under Bt cotton is increasing but productivity is stagnated
due to decreasing soil fertility especially micronutrients
imbalance, indiscriminate use of fertilizer and occurrence
of sucking pest and physiological disorders like square
dropping, leaf reddening etc. Leaf reddening is serious
problem in Vidharbha region of Maharashtra state, where
moisture stress, high temperature, sucking pest complex
and excess water stagnation for short period poor
development of roots in rainfed situation observed every
season at any stage of crop. Among these imbalance use
of major and micro nutrients is the major problem of various
soils. These nutrients are more important because in Bt
cotton synchronized boll development attend the source
sink relationship due to rapid translocation of saccharides
and nutrients from leaves to the developing bolls (Hebbar
et al 2007). Shanmugham (1992) reported that deficiency
of N,P, Mg responsible for reddening. To overcome these
constraints foliar feeding additional nutrients is needed
over and above the recommended fertilizer and FYM along
with judicious pest management. This is one of the most
efficient method to supply essential nutrients to cotton

crop. Hence, study was conducted for management of
reddening in Bt cotton under medium deep soils of rainfed
conditon.

MATERIAL AND METHODS

A field experiment was conducted at Cotton
Research Unit, Dr. Panjabrao Deshmukh Krishi Vidyapeeth,
Akola (MS) during Kharif season of 2010-11, 2011-12 and
2012-13 on medium deep black soil. The experiment was
laid out in RBD with three replications in 5.4 x 4.5 m plot
size Bunny Bt was sown at spacing of 90 x 60 cm. The  trial
comprised of 10 treatments viz. T1-RDF (50:25:25 NPK kg/
ha), T2-RDF based on soil test values(62.5:32.5:32.5 NPK
kg ha-1), T3 -T2 + 5t FYM ha-1, T4 - T3 + 2 sprays of 2per cent
Urea, T5 – T3 + 2 sprays of 2 per cent DAP, T6 – T4+ 2
sprays of 19:19:19, T7 – T4 + 2 sprays of 2 per cent DAP, T8

– T3 + 2 sprays of 2 per cent KNO3 + 2 per cent DAP, T9 –
T3 + 1 spray of 2per cent Urea and 1 spray of 1per cent
Urea + 1per cent MgSO4, T10 – T4 + 0.5per cent ZnSO4.The
experimental soil with available nitrogen (231 ka ha-1),
phoshhorus (20.1 kg ha-1), potassium (382 kg ha-1),
magnesium (6.85 kg ha-1) and organic carbon was (3.9 kg
ha-1) with pH 7.8. Sowing was done by hand dibbling and
well decomposed FYM was applied before sowing in rows
and RDF was applied through Urea, SSP and MOP. The
entire dose of P2O5, K2O and 50 per cent Nitrogen (N) was
applied as basal dose and remaining 50 per cent Nitrogen
was applied into two splits at 30 and 60 days after sowing

Integrated Nutrient Practices for Management of Leaf Reddening in Rainfed
Bt Cotton
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ABSTRACT
A field experiment was conducted at Cotton Research Unit, Dr. Panjabrao Deshmukh Krishi Vidyapeeth , Akola

during the year 2010-11, 2011-12, 2012-13 with a view to study integrated approach for management of reddening in
rainfed Bt cotton on medium deep black soils. The experiment was laid out in RBD with three replications in 5.4 x 4.5 m
plot size. Bunny Bt was a test crop sown at spacing of 90 x 60 cm. The  trial comprised of 10 treatments viz. T1-RDF
(50:25:25 NPK kg ha-1), T2-RDF based on soil test values(62.5:32.5:32.5 NPK kg ha-1), T3 -T2 + 5t FYM ha-1, T4 - T3 + 2
sprays of 2 per cent Urea, T5 – T3 + 2 sprays of 2 per cent DAP, T6 – T4+ 2 sprays of 19:19:19, T7 – T4 + 2 sprays of 2per
cent DAP, T8 – T3 + 2 sprays of 2 per cent KNO3 + 2 per cent DAP, T9 – T3 + 1 spray of 2 per cent Urea and 1 spray of
1per cent Urea + 1 per cent MgSO4, T10 – T4 + 0.5per cent ZnSO4. Moisture conservation practices and plant protection
measures were common to all treatments. Application of FYM 5 tonne ha-1 + RDF at the time of sowing and split
application of N at 30 and 60 DAS followed by foliar application of 2 per cent urea at flowering and 1 per cent urea + 1 per
cent MgSO4 was showed superior performance in respect of seed cotton yield, economic returns and B:C ratio (2.11),
minimized the reddening in Bt cotton and also improved  the chlorophyll content index over all other treatments.
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(DAS) and foliar spray was done as per treatments at
flowering and boll development stages in Bt cotton.
Reddening in plants per cent was recorded before spray
of foliar nutrients and chlorophyll content index was
recorded with chlorophyll meter after spraying of foliar
nutr ients at flowering stage. Growth and yield
observations were taken and economics was worked out
as per prevailing market prices. The plant protection
measures were undertaken against sucking pests. Furrow
opened in between two rows of cotton at 40 days after
sowing for moisture conservation. The rainfall of the
season was1006 mm, 456 mm and 684 mm during 2010-11,
2011-12 and 2012-13 against normal rainfall of 740 mm.
Statistical analysis was done as described by Panse and
Sukhatme (1985).

RESULTS AND DISCUSSION

Leaf reddening per cent indicates the degree of
reddening due to deficiency or pest complex. Cotton leaf

reddening data before application of spray is presented
in Table 1. Mean leaf reddening was 14.82 per cent in
2010, 7.18 per cent in 2011 and 23.31 per cent in 2012 was
observed before foliar spray. Third year it was higher
percent of reddening. Chlorophyll content determines the
photosynthetic rate or photosynthetic efficiency of crop
and data in respect of chlorophyll content index is
presented in Table 2. The chlorophyll content index (CCI)
was higher values, when RDF + 5 tone FYM and 2 per
cent urea spray at flowering and 1 per cent urea and 1 per
cent MgSO4 at boll development stage and followed by
T7 i.e RDF 2 per cent DAP + 5 t FYM + Two spray of 2 per
cent Urea and 2 per cent DAP and lowest with only RDF
during three years of experimentation. Reddening of Bt
cotton leaves was reduced by 30-40 per cent with foliar
application of urea @ 2 per cent + DAP @ 2 per cent +
MgSO4 @ 1 per cent given at boll development stage.
(CICR  2009). It might be due  to better absorption of foliar
nutrients under rainfed situation.

 Table 1:   Leaf reddening (per cent) before spraying as influenced by different treatments in Bt cotton

Treatments 2010 2011 2012

T1 - RDF (50:25:25 NPK kg ha-1) 15.12 7.35 23.15
T2 - RDF based on soil test values (62.5:32.5:32.5 NPK kg ha-1) 15.15 7.37 24.12
T3 - T2 + 5t FYM/ha 15.19 7.12 25.15
T4 - T3 + 2 sprays of 2 % Urea 14.15 7.15 23.42
T5 - T3 + 2 sprays of 2 % DAP 16.16 7.13 24.15
T6 - T4+ 2 sprays of 19:19:19 14.12 7.32 24.11
T7 - T4 + 2 sprays of 2 % DAP 14.13 7.15 23.45
T8 - T3 + 2 sprays of 2 % KNO3 + 2per cent DAP 15.17 7.35 23.56
T9 - T3 + 1 spray of 2 % Urea and 1 spray of 1% Urea + 1% MgSO415.45 7.29 23.75
T10 - T4 + 0.5 % ZnSO4 15.12 7.12 23.62

Mean 14.82 7.18 23.31

Table 2: Chlorophyll content index (per cent) in Bt cotton leaves as influenced by spraying of nutrients at flowering

Treatments 2010 2011 2012

T1 - RDF (50:25:25 NPK kg ha-1) 24 21 20
T2 - RDF based on soil test values(62.5:32.5:32.5 NPK kg ha-1) 27 22 21
T3 - T2 + 5t FYM ha-1 25 25 23
T4 - T3 + 2 sprays of 25 % Urea 27 25 24
T5 - T3 + 2 sprays of 2 % DAP 26 24 24
T6 - T4+ 2 sprays of 19:19:19 29 25 25
T7 - T4 + 2 sprays of 2 % DAP 32 24 24
T8 - T3 + 2 sprays of 2 % KNO3 + 2  % DAP 29 26 24
T9 - T3 + 1 spray of 2  % Urea and 1 spray of 1  % Urea + 1 % MgSO4 33 27 25
T10 - T4 + 0.5per cent ZnSO4 31 26 24

PKV Res. J. Vol. 40 (1), January 2016
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The three years pooled data revealed that the
application of 5 tonne FYM + RDF and spraying of 2 per
cent urea at flowering stage and 1 per cent urea + 1 per
cent MgSO4 at boll development stage was recorded
significantly higher plant height (82.83 cm), sympodia per
plant (17.8), boll numbers (19.7), seed cotton yield per
plant (80.40 g), total dry matter production (128.5 g) and
seed index (8.88 g) over RDF (control). It was on par with
FYM + RDF + spraying of 2 per cent Urea and 2 per cent
DAP at flowering and boll development stage. Higher the
growth and growth attributes were reported in Bt cotton
with three foliar application of micronutrients along with
RDF by Ravikiran, et. al., (2012), Rajendran, et. al., (2011)
and Hosmath (2011). The increase in growth components
might be due to additional application of urea and
magnesium spray along with RDF and incorporation of 5
t FYM ha-1, which may balance nutrition with moisture
conservation practices along with plant protection
measures. This might be led to minimize the reddening of
Bt cotton.

The individual year and pooled data recorded
that application of 5 tone FYM + RDF + 2per cent urea
spray at flowering and 1 per cent urea + 1 per cent MgSO4

at boll development stage significantly recorded highest
seed cotton yield (1408, 1254, 1481 and 1381 kg ha-1) during
2010, 2011, 2012  and pooled. Similar trend was observed
in lint yield as compared to control and other treatments.
The SCY gain was maximum of 321 kg extra over only RDF
(control). Similar results were reported by Shivamurthy
and Biradar (2014).

The gross returns (Rs 57759 ha-1) and  net returns
(Rs 30374 ha-1) with benefit cost ratio (2.11) was obtained
with 2 per cent urea at flowering and 1 per cent urea + 1per
cent MgSO4 along with RDF + 5 t FYM per hectare followed
by 2per cent urea at flowering and boll development  stage
along with 0.5 per cent ZnSO4 and RDF + 5 t FYM ha-1.

Based on three years results it can be concluded
that for minimizing the reddening in Bt cotton the
application of FYM 5 tonne per ha + RDF at the time of
sowing and split application of N at 30 and 60 DAS
followed by foliar application of  2 per cent urea at flowering
and 1 per cent urea + 1 per cent MgSO4 at boll development
stage along with  moisture conservation practices and

plant  protection measures was found better in respect of
seed cotton yield and economic returns.
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India has ascendancy in pigeonpea production
by accounting 90 per cent of world’s total production.
Pigeonpea is one of the protein rich legume crops of semi
arid and sub tropics and requires due attention in view of
large scale shortage of pulses to meet the domestic
requirement. The average pigeonpea productivity is very
low 960 kg ha-1 which is limited by number of factors choice
of suitable geometry, optimum population, imbalance
fertilization, terminal drought etc. The popular pigeonpea
cultivars under cultivation have admirable production
potential but their cultivation is mostly carried out under
rainfed condition. Maximum yield in a particular cultivar
and the environment can be obtained at the density, which
not only utilizes light, moisture and nutrients more
efficiently but also avoids excessive competition among
the plants. The hybrids help in increasing the productivity
and some of the hybrids are being released for cultivation.

Information on agronomic performance of the
pigeonpea hybrid is not available under Vertisol of
Maharashtra. In such situations, the adoption of proper
plant geometry will go a long way in making efficient use
of limited use of limited resources and thus stabilize the
pigeonpea yield. Hence there is a need to study their
performance with check BDN 708 under rainfed condition.

MATERIAL AND METHODS

The experiment was conducted during Kharif
season of 2009 at Pulses Research Unit, Dr. Panjabrao
Deshmukh Krishi Vidyapeeth, Akola (MS) under AICRP
on Pigeonpea. The soil was medium clayey in texture,
medium in organic carbon (0.51per cent), available nitrogen
(241 kg ha-1), available phosphorous (18.60 kg ha-1),
available potassium (367 kg ha-1) with pH (8.13). The

Effect of Planting Geometry on Growth, Nutrient Uptake and Yield of
Medium Duration Pigeonpea Hybrid Under Rainfed Condition

V. V. Goud1 N. M. Konde2 and A. N. Patil3

ABSTRACT
A field experiment was  conducted during Kharif season to study the crop geomtery of different pigeonpea varieties

under rainfed coditions of Akola, Maharashtra. Planting of pigeonpea at 90 x 20 cm was optimum. Amongst varieties BDN 708
realized higher crop growth, productivity net return and BCR. Higher content of nutrient and total uptake was reported with BDN
708 than remaining varieites. Increased uptake of macro nutrients (N, P and K) in pigeonpea was reported with the increase in plant
density from 27777 to 55555 plants ha-1. Interaction between variety and plant density was found non significant.

1 & 2. Assistant Professor and  3. SRS, Pulses Research Unit, Dr. PDKV, Akola

treatments comprising of three varieties (AKPHM 6-12,
ICPH 2671 BDN 708) and three spacing (90 x 20 cm, 90 x 30
cm and 90 x 40 cm) replicated three times in a Factorial
Randomized Block Design. Pigeonpea seeds were treated
with carrier based Rhizobium and PSB, each at the rate of
2.5 g kg-1 seed and dried in a shed before sowing. Among
fertilizers N and P through urea and diammonium
phosphate were applied at planting. The crop variety was
sown on 3rd July, 2009 and was harvested on 25th December
2009.Thinning was done leaving single plant hill-1 at 15
days after sowing. Observation on plant growth, yield
and yield attributes were taken in five randomly selected
plants in each treatment. N, P and K concentration in plant
were analyzed as per standard procedure for studying
nutrient uptake at harvest. Economics of the treatments
was also calculated. The N and P2O5 through urea and
diammonium phosphate were applied as basal. The total
rainfall received during the crop growth was 642.5 mm in
34 rainy days during 2009.

RESULTS AND DISCUSSION

Yield

The differences in the seed yield differed
significantly among the  pigeonpea genotypes. The seed
yield produced by genotypes BDN 708 (1707 kg ha-1) was
found to be significantly higher than the seed yield
obtained by ICPH 2671 (1521 kg ha-1) and AKPHM 6-12
(1117 kg ha-1).The extent of reduction in seed yield by
ICPH 2671 and AKPHM 6-12 was  12.23 and 52.82 per cent
when compared to BDN 708, respectively. The differences
in seed yield by the genotypes were reported by Tej Lal
Kashyap et al. (2003). The factor mainly responsible for
seed yield variation among genotypes is due to the

PKV Res. J. Vol. 40 (1), January 2016
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variation in yield components viz., number of pods
plant-1, seed yield plant-1, 100-seed weight. Among the
yield components, seed weight plant-1 had closer influence
on the seed yield per hectare. Significantly higher seed
yield plant-1 was recorded by the genotype, BDN 708 (48.8
g) than ICPH-2671 (45.8 g) and AKPHM 6-12 (42.4 g). The
significantly higher seed weight plant-1 was probably
contributed by significantly higher number of pods per
plant (84) in BDN 708 than ICPH 2671 and AKPHM 6-12
(77 and 67, respectively). These results are in conformity
with the earlier findings of Pramesh et al. (2006). Along
with this ICPH 2671 recorded higher 100-seed weight (10.28
g) followed by BDN 708 and AKPHM 6-12. Significantly
higher number of pods per plant was observed in
genotype, BDN 708, followed by ICPH 2671 and AKPHM
6-12 and is mainly attributed to its higher efficiency in
translocating the photosynthates to the reproductive
parts.

Plant spacing of 90 x 40 cm recorded superior
plant height (149.9 cm) and number of branches plant-1

(5.7) while the plant spacing of  90 x 20 cm give the highest
pods plant-1, seed weight plant-1 and 100-seed weight
plant-1, however in case of seed weight plant-1 difference
between 90 x 20 cm and 90 x 30 cm was found at par. These
findings are contrary with Mula et al. (2010a) where wider
spacing reported higher yield. However, wider plant
geometry did not influence the increased in pods plant-1

and seed yield plant-1 because of fewer plant population
as compared to closer spacing (Sinha et al. 1988 Mula et
al., 2010b). In the present study, the spacing of 90 x 20 cm
recorded significantly higher seed yield (1590 kg  ha-1)
when compared to other spacings tested viz., 90 x 30 cm
(1435 kg ha-1) and 90 x 40 cm (1320 kg/ha). This difference
in the seed yield was mainly due to the significantly higher
plant population accommodated per unit area with narrow
spacings i.e., 55555 plants ha-1 (90 cm x 20 cm) compared
to wider spacing 37037 plants ha-1 (90 x 30 cm). These
results are in accordance with the findings of Parameswari
et al. (2003).

Nutrient content

On perusal of data (Table 2) showed that nitrogen,
phosphorous and potassium content both in grain and
straw influenced significantly due to different genotypes
and different planting density. However, concentration of
various nutrients in the plant system also affects their
total uptake, but the differences among the cultivars are
marginal owing to similar management conditions.

Genotype BDN-708 recorded significantly higher nutrient
content both in grain and straw over AKPHM 6-12
followed by ICPH-2671. However, with decrease in
planting density increase in nutrient content was observed
both in grain and straw due to less crop competition. Higher
nutrient content both in grain and straw was significantly
influenced with 90 x 20 cm spacing closely followed by 90
x 30 cm spacing over 90 x 40 cm spacing.

Nutrient uptake

Nutrient uptake both in grain, straw and total
uptake influenced significantly due to different genotypes
(Table 3), however, significantly higher nitrogen,
phosphorus and potassium uptake by grain was recorded
in case of genotypes BDN-708 over AKPHM 6-12 and
closely followed by ICPH-2671. Amongst genotypes BDN-
708 and ICPH-2671 nitrogen, phosphorus and potassium
uptake by straw and their total uptake found at par
excluding total uptake of phosphorous. Due to different
planting density nitrogen and potassium uptake by straw
and phosphorous uptake both by grain and straw did not
influenced significantly. Closer row width tended to results
in higher nutrient uptake in pigeonpea over wider spacing
because of higher total dry matter production per unit
area. Therefore, the total biological yield produced
determines to a large extent the quantum of nutrient uptake.
Ahlawat (1977) reported increase in nitrogen and
phosphorus uptake with increasing plant densities in the
range of 50000 to 150000 plants ha-1.

Economics

With respect to economics, ICPH 2671 (Rs.18921
ha-1) and AKPHM 6-12 (Rs.18517 ha-1) recorded higher
cost of cultivation due to its higher seed cost when
compared to other genotypes BDN 708 (Rs.17887 ha-1).
Among varieties BDN 708 (Rs.50381ha-1, 2.81) fetched
significantly higher net profit and BC ratio followed by
ICPH 2671 (Rs. 39653 ha-1, 2.09) and lowest by AKPHM 6-
12 (Rs.26159 ha-1, 1.41). The ICPH 2671 fetched lower
selling price compare to other cultivars owing to purple
grain colour resulting in lower net profit besides lower
grain yield.  Among different spacing, the spacing of 90 x
20 cm recorded higher cost of cultivation (Rs.18583 ha-1)
as it required higher seed rate when compared to other
row spacing and recorded higher gross returns (Rs.62791
ha-1), significantly higher net returns (Rs.44208 ha-1) than
other spacing due to its higher seed yield than other wider
spacing viz., 90 x 30 cm (Rs.18428 ha-1) and 90 x 40 cm

PKV Res. J. Vol. 40 (1), January 2016
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(Rs.18314 ha-1). Benefit cost ratio was found significantly
higher in a row spacing of 90 x 20 cm (2.39) when compared
to other spacing of 90 x 30 cm (2.08) and 90 x 40 cm (1.86).
This is mainly because of higher seed yield ha-1. A similar
finding was reported by Nedunzhiyan and Sambasiva
Reddy (1993). .

CONCLUSION

The study suggested that pigeonpea cultivar
BDN-708 was superior over hybrids at 90 x 20 cm spacing

Table 2: Nutrient content in pigeonpea as influenced by different treatments

Treatment            Per cent nutrient content

                           N                             P2O5                     K2O

Genotype Grain Straw Grain Straw Grain Straw

ICPH 2671 3.20 1.13 0.33 0.22 0.95 0.73
AKPHM 6-12 3.17 1.12 0.33 0.20 0.93 0.71
BDN 708 3.21 1.14 0.35 0.23 0.99 0.73
S.E (m) + 0.018 0.006 0.002 0.001 0.003 0.002
CD 5 % 0.055 0.019 0.005 0.004 0.010 0.007
Planting density
90 x 20 cmi.e.55555 plant ha-1 3.14 1.12 0.31 0.22 0.95 0.71
90 x 30 cmi.e.37037 plant ha-1 3.18 1.13 0.34 0.22 0.96 0.73
90 x 40 cmi.e 27777 plant ha-1 3.22 1.15 0.35 0.25 0.98 0.75
S. E (m) + 0.018 0.006 0.002 0.001 0.003 0.002
CD at 5 % 0.055 0.019 0.005 0.004 0.010 0.007

Table 3: Nutrient uptake in pigeonpea as influenced by different treatments

Treatment Uptake (kg ha-1)

N P2O5 K2O

Genotype Grain Straw Total Grain Straw Total Grain Straw Total

ICPH 2671 42.40 27.66 70.06 4.41 5.31 9.71 12.70 17.72 30.42
AKPHM 6-12 37.51 23.72 61.22 3.91 4.30 8.21 10.96 15.07 26.03
BDN 708 47.94 29.18 77.12 5.17 5.96 11.12 14.84 18.72 33.56
S.Em+ 1.29 1.56 2.38 0.13 0.33 0.41 0.39 1.02 1.22
CD 5per cent 3.87 4.69 7.12 0.41 0.99 1.22 1.17 3.05 3.67
Planting density
90 x 20 cmi.e.55555 plant ha-1 49.91 29.31 79.22 4.85 5.78 10.63 15.10 18.80 33.90
90 x 30 cmi.e.37037 plant ha-1 46.25 28.16 74.41 5.00 6.08 11.08 14.18 18.28 32.46
90 x 40 cmi.e.27777 plant ha-1 44.08 26.61 70.69 4.70 5.24 9.94 13.27 17.13 30.41
S.Em+ 1.29 1.56 2.38 0.13 0.33 0.41 0.39 1.02 1.22
CD at 5 % 3.87 NS 7.12 NS NS 1.22 1.17 NS 3.67

and was found optimum and economical for improving
growth, uptake and yield under rainfed condition.
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         In rainfed condition, monocropping of cotton or any
other crop is very risky because it mostly depends on
monsoon rain. To avoid a risk, intercropping is an option
in both space and time dimension to increase per unit area
production insteed of growing only one crop like cotton
or pigeonpea other short duration crops need to be tested
to find out the most suitable crop/cropping system for
the region. Traditionally cotton + pigeonpea cropping
system is commonly practised by the farmers and recently
many more cropping systems like, cotton + pigeonpea/
greengram/blackgram /soybean/sorghum/bajra/chilli/
marigold etc. in different proportions are becoming popular
among the farmers. Because, products and byproducts
produced from these crops are consumed by human and
animals as well as have good demand and market price.
Considering the important plant parts as a food, not much
attention has been given towards other non-consumed
and unused plant parts after harvest like fallen leaf litter,
bur, petiole, roots etc. The unused plant parts are the
non-expensive and cheapest source of nutrients which
can be added to the soil. Such important issue has not
been much studied for  quantificaton of biomass
production on and in soil after harvest and their
contribution in addition of nutrients to the soil. Keeping
in mind the present investigation was carried out to
quantify and analyse the unused biomass production and
addition of nutrients to soil through biomass of various
crops tested in cotton based rainfed system.

MATERIAL AND METHODS

         A field experiment was carried out at the Agronomy
Research Farm,Dr. Panjabrao Deshmukh Krishi
Vidyapeeth,  Akola (MS) during Kharif 2007-08 and 2008-
09. The experimental site was fairly levelled and uniform
in topography. The soil was deep black cotton belonging
to Vertisols. It was clay in texture and moderately alkaline
in nature (pH 8.3), medium in organic carbon (0.51%) and
available potassium (239.41 kg ha-1), low in available
nitrogen (169.76 kg ha-1) and phosphorous (28.68 kg ha-1)
with slightly calcariousness.  The total rainfall received
during 2007-08 in 23rd- 52nd MW at Akola centre was 771.00
mm in 43 rainy days. Whereas, during 2008-09 the total
rainfall recorded was 528.20 mm in 42 rainy days which
was abnormal year. Rainfall was deficit by 30.70 per cent
as against normal rainfall of 762.80 mm. Soon after sowing
to flowering, boll development stage was adversely
affected the cotton yields. American hirsutum variety
(AKH-8828) was used for the experiment. It has a bushy,
branchy growth habit attaining the height of about 70-80
cm, 2-4 monopodias, 12 - 20 sympodias. The intercrops
popular among the farmers were used in replacement series
of experiment and adopted spacing of 45 × 10 cm for drilling
and 45 × 30 cm for dibbling by reducing the recommended
spacing of 60 × 30cm.

           In all 12 main plots (A) Intercropping (6): viz., I1 -
Cotton + blackgram (1:1), I2 - Cotton + soybean (1:1), I3 -

Nutrient  Addition Through Leaf Litter Biomass of Cotton as Influenced by
Intercropping, Weed Control and Fertility Management in Rainfed Cotton

Based Systems

B. V. Saoji1 and F. F. Khan2

ABSTRACT
         A field experiment was carried out at Research Farm of Agronomy Department, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola (MS) during 2007-08 and 2008-09 with an object to quantify leaf litter biomass production of cotton
and addition of nutrients to the soil. In cotton based intercropping system of six treatments like, cotton + blackgram,
cotton + soybean, cotton + pigeonpea, cotton + cowpea, cotton + clusterbean and cotton + marigold were tested. Based
on two years data, results revealed that the intercropping of cotton + pigeonpea recorded significantly higher leaf litter
biomass of cotton during first year. Whereas, intercropping of cotton + pigeonpea being par with cotton + blackgram
recorded significantly higher NPK addition through leaf litter biomass of cotton. Normal weeding significantly recorded
greater values for leaf litter biomass production of cotton and addition of NPK to soil than no weeding treatment. In case
of fertility management, increased dose of 125per cent RDF to base crop of cotton over 100per cent and 75per cent
registered significantly more leaf litter biomass production of cotton and addition of NPK to the soil during both the years
of study.

1. Director, CRS and 2. Ex. S.R.A., Dr. PDKV, Akola
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Cotton + pigeonpea (6:2), I4 - Cotton + clusterbean (1:1), I5

- Cotton + cowpea (1:1) and I6 - Cotton + marigold (1:1)
and (B) Weed management (2): W1- No weeding and W2 –
Normal weeding at 25 and 50 days after sowing and Sub
plots (3): F1 – 75 per cent RDF (37.5,18.75, 18.75 kg ha-1 ) to
base crop of cotton, F2 – 100 per cent RDF (50, 25, 25 kg
ha-1 ) to base crop of cotton and F3 – 125 per cent RDF
(62.5, 31.25, 31.25 kg ha-1 ) to base crop of cotton. The
experiment was laid out in a split plot design with three
replications and cotton crop was sown at the spacing of
45 × 30 cm distance. The gross plot size was 6.30 m × 3.60
m, while net plot size was 5.40 m × 3.00 m and recommended
dose of fertilizers of cotton was 50, 25, 25 kg NPK ha-1

with no fertilizers to intercrops. After harvest of crop, dried
leaf litter biomass of cotton was collected from one square
meter area per plot separated from foreign material,
weighed, oven dried, ground, labelled and ground powder
was used for estimation of NPK content with standard
methods of KELPLUS, Olsons and Spectrophotometer
(Jackson,1967), respectively.

RESULTS AND DISCUSSION

Leaf litter biomass of cotton

a)  Effect of intercropping

Among the intercropping systems (Table1),
cotton + pigeonpea recorded significantly highest leaf
litter biomass production of cotton in 2007-08 but it was
at par with cotton + blackgram. It might be due to more
number of plants produced more biomass of cotton and
intercrop of pegionpea also favoured complementary
effects on cotton to increase growth and dry weight of
plant (Turkhede, 2010). The second best position was
registered by cotton + blackgram than rest of the
treatments. The lowest leaf fall biomass of cotton was
noticed in cotton + cowpea system during 2007- 08.
Whereas, during 2008-09, intercropping of cotton +
blackgram being par with cotton + pigeonpea and recorded
significantly greater values for leaf litter biomass
production. The second best position was registered by
cotton + cowpea. While, cotton + soybean, cotton +
clusterbean, cotton + marigold being par with one another
recorded significantly maximum leaf litter biomass
production in cotton than other intercropping.

b) Effect of weed management

Normal weeding produced significantly higher
leaf litter biomass of cotton than no weeding during both
the years of experiment. It could be attributed to

minimization of losses caused by weed growth that leads
to improve growth characters of cotton and thus increased
leaf biomass in cotton. Similar type of results were
coroborated by (Balyan and Singh,1986).

c) Effect of fertility management

          Application of 125per cent to base crop of cotton
recorded significantly higher leaf litter biomass of cotton
over its lower dose of 100per cent and 75per cent RDF
during 2007-08.The higher fertilizer dose might have
increased growth of cotton that produced more leaf litter
biomass of cotton. Similar results were reported by Gaud
and Kale (2010), Kote et al. (2005) and Raskar (2006).
Whereas, non significant results were observed during
2008-09.

d)  Interaction Effect

         Considering significant interaction, results were
discussed separately (Table2). In 2007-08, at 100per cent
RDF, cotton + soybean intercropping recorded highest
leaf litter biomass production but it was at par with cotton
+ blackgram and cotton + pigeonpea intercropping. At
125 per cent RDF cotton + pigeonpea, cotton + blackgram
and cotton + soybean intercroppings were at par. In 2008-
09, at 100 per cent RDF cotton + marigold recorded highest
leaf litter biomass production but it was at par with cotton
+ pigeonpea and cotton + blackgram. At 125 per cent RDF
cotton + blackgram recorded maximum leaf litter biomass
production and it was superior to all followed by cotton +
marigold and cotton + clusterbean.

         Overall it appears that during 2007-08 when rainfall
was higher cotton + soybean intercropping was equally
effective as that of cotton + blackgram and cotton +
pigeonpea. But in 2008-09 when rainfall was deficit cotton
+ soybean recorded lower leaf litter biomass production
than cotton+ blackgram and cotton + marigold.

 Addition of nutrients through leaf litter biomass of cotton

a) Effect of intercropping

        The nutrients addition through leaf litter biomass of
cotton was influenced by different treatments during 2007-
08 and 2008-09. Intercropping of cotton + pigeonpea being
par with cotton + blackgram recorded significantly higher
nitrogen, phosphorous and potassium than rests. The
treatment of cotton + soybean being par with cotton +
clusterbean registered significantly highest values for
nitrogen over cotton + cowpea and cotton + marigold.
While, cotton + marigold added more nitrogen than cotton

PKV Res. J. Vol. 40 (1), January 2016
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Continued Table 3......
c)  Addition of potassium (kgha-1)

TreatCom                 2007-08                    2008-09
IWF F1 F2 F3 Mean F1 F2 F3 Mean

I1W1 25.85 28.96 32.92 29.24 25.64 26.13 35.93 29.23
I1W2 33.15 34.75 37.95 35.28 33.97 40.83 41.98 38.93
I2W1 25.08 26.05 26.14 25.76 22.05 24.83 27.77 24.88
I2W2 31.34 35.10 36.13 34.19 31.85 31.85 34.30 32.67
I3W1 29.57 33.40 34.15 32.37 31.03 31.03 35.93 32.66
I3W2 32.98 34.23 34.88 34.03 31.85 33.48 34.63 33.32
I4W1 24.72 26.51 26.92 26.05 25.64 28.91 30.22 28.26
I4W2 31.99 34.27 38.53 34.93 26.62 28.58 32.18 29.13
I5W1 18.99 21.20 22.27 20.82 22.87 26.13 27.77 25.59
I5W2 23.50 29.13 33.19 28.61 31.03 34.95 36.91 34.30
I6W1 20.94 23.25 26.38 23.52 26.13 26.13 26.46 26.24
I6W2 24.82 29.97 34.23 29.67 28.58 28.58 29.73 28.96
Mean 26.91 29.73 31.97 - 28.10 30.12 32.82
SEm± 0.99 1.41
CD at 5 % 2.81 4.00

+ cowpea. Increased addition of nitrogen to soil might be
due to the inclusion of legumes as an intercrops which
fixes atmospheric nitrogen, degenerate root nodules and
absorption by plant at its late stage (Table1). The findings
corroborates with the results reported by Giri et al., (2006).

          During normal or higher rainfall year cotton +
pigeonpea showed higher nutrient addition, while in
rainfall deficit year (2008-09) cotton + blackgram recorded
higher nutrient addition to the soil

b) Effect of weed management
              Normal weeding recorded significantly higher
addition of nitrogen, phosphorous and potassium through
leaf litter biomass of cotton over no weeding during both
the years of experimentation. Weeding might have
improved the growth of cotton by reducing the
competition between weed and crop for natural resources
and absence of weeds permitted the availability of
nutrients to the crop thereby increased nutrient content
and their addition to the soil. The findings corroborates
with the results reported by Prabhu Kumar et al., 2007
and Chalka and Nepalia, 2006).  .

c)Effect of fertility management
         Treatment of 125 per cent RDF application to base
crop of cotton recorded significantly higher addition of

nitrogen, phosphorous and potassium through leaf litter
biomass of cotton over 100 per cent and 75 per cent RDF
to cotton. Increased nitrogen might be due to efficient
utilization of applied fertilizers by intercropping (Anuradha
et al., 1988) and cumulative effect of better root
development, higher root nodules and greater dry weight
of biomass (Shivran and Ahlawat, 2000). Similarly,
increased fertilizers dose might have increased P and K
concentration in crop and ultimately increased addition
of phosphorous to soil. While, 100 per cent RDF to base
crop of cotton being par with 75 per cent RDF recorded
equally effective quantity of phosphorous. Increased
potassium might be due to advancement of crop age and
increase in dry weight of leaf litter at harvest and thereby
addition of potassium was higher (Belokar et al., 1992).

d) Interaction effect

        The treatment combination of cotton + blackgram
(I1W2F1), cotton + soybean (I2W2F2) and cotton +
clusterbean (I4W2F3) recorded significantly higher
addition of nitrogen, phosphorous and potassium through
leaf litter biomass of cotton during 2007-08 and 2008-09
(Table 3). But in mean, cotton + blackgram treatment
combination recorded higher NPK addition to soil which
was nearly followed by treatment of cotton + pigeonpea
and cotton + clusterbean.

PKV Res. J. Vol. 40 (1), January 2016
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Mustard (Brassica juncea) is an important Rabi
oilseed crop under irrigated and rainfed condition and
widely grown on large area in India. In India area under
this crop is 6.5 million ha producing about 7.67 million
tons of seeds with an average productivity of 1179 kg
ha-1. Rajasthan is the largest producer of mustard seed in
the country with a contribution of 54 per cent to the
country’s total mustard seed production followed by
Punjab and Haryana, which together contributes 14 per
cent,  Now a day’s mustard is spreading to non-traditional
areas like Maharashtra, Andhra Pradesh, Tamilnadu and
Karnataka. Area under cultivation in Maharashtra was 7700
hectare with production of 3000 tons and productivity of
383 kg ha-1 (Anonymous, 2012)  and in Vidarbha area under
this crop is 2200 hectare with production of 800 tons and
productivity of 312 kg ha-1 (Anonymous, 2011).

 The productivity of mustard is low in
Maharashtra. There are many reasons for low productivity
of mustard. The major cause for low productivity is the
proper   management and suitability of cultivar for the
region.  The optimum management  is necessary for yield
maximization of mustard which is emerging as a newer
crop in various cropping systems in Vidarbha region of
Maharashtra. Some promising genotypes are identified
for the zone IV comprising the Vidarbha area . The
performance of such promising genotypes need to be

Effect of Sowing Windows on New Mustard Genotype Under Vidarbha Region

D. D. Mankar

ABSTRACT

A field experiment  was conducted at College of Agriculture, Nagpur during Rabi 2011-12 and 2013-14  under
irrigated condition in split plot design replicated thrice with objective of adjusting the sowing date for higher productivity
for new genotypes  recommended for Vidarbha. The main treatments   were four  sowing dates, viz., D1-10 th Oct., D2-20
th Oct., D3-30 th Oct. D4-10 th Nov. and subplot  treatments were mustard genotypes  viz., V1-Kranti, V2-BIO-902  and
V3-GM-3. The recommended fertilizer dose i.e. 100per cent RDF  was 50:40:0 NPK kg ha-1 under irrigated condition. The
experiment was conducted on  clayey soil  with normal  pH (7.6), medium in soil organic carbon(5.36 g kg-1),  low in
available  nitrogen (219.5 kg ha-1), very low in available P2O5 (12.82 kg ha-1)  and very high in available K2O (369.6 kg
ha-1). Number of siliqua plant-1 and seed yield plant-1 were significantly more due to 30 th October and 10 th Nov. sowing
over 20 th Oct. sowing, while it was reduced by  early, 10 th Oct. sowing during both the year. The seed yield per hectare
was also significantly more due to 30 th oct. and 10 th Nov. over 20th oct. during both the year and in pooled results also.
Similar trend of results was found in respect of stover yield. Among the genotypes  the number of siliqua plant-1, seed yield
(g) plant-1 , seed and stover yield ha-1 were maximum and significantly more in GM-3 compared to check Kranti. Pooled
results  showed that GM-3 was significantly superior over check Kranti in terms of seed yield ha-1 and Bio-902 which was
at par with Kranti.

tested in the agronomic trial for zone under irrigated
condition. With objective of optimizing  the sowing date
for higher productivity for new entries recommended for
Vidarbha, present investigation was planned to find out
optimum sowing time for  maximum yield and suitable
entries in changing climate scenario.

MATERIAL AND METHODS

A field experiment  was conducted at College of
Agriculture, Nagpur during Rabi 2011-12 and 2013-14
under irrigated condition in split plot design replicated
thrice. The main treatments   were four  sowing dates, viz.,
D1-10 th Oct.(41 st MW), D2-20 th Oct.(42 nd MW), D3-30 th
Oct.(44 th MW) D4-10 th Nov. (45 th MW) and subplot
treatments were mustard genotypes   viz., V1-Kranti, V2-
BIO-902  and V3-GM-3. The recommended fertilizer dose
of 50:40:0 NPK kg ha-1 was applied under irrigated
condition. The experiment was conducted on clayey
texture soil  with normal  pH (7.6), medium in soil organic
carbon(5.36 g kg-1),  low in  available  nitrogen (219.5 kg
ha-1), very low in available P2O5 (12.82 kg ha-1)  and very
high in available K2O (369.6 kg ha-1).

The observation on plant height at harvest, days
to physiological  maturity, days to 50 per cent flowering,
number of siliqua plant-1,  yield  plant-1, test weight,  yield
ha-1 were recorded.  Yield  plant-1, number of siliqua

1. Assistant Professor,  College of Agriculture, Nagpur
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plant-1 and  test weight were recorded on five observational
plant while the yield  ha-1 was based on  net plot yield.

RESULTS AND DISCUSSION

Effect of sowing dates

The days to 50  per cent flowering and days to
physiological maturity  were significantly least due to  late
sowing date 10th November  and  with early sowing dates
the maturity days increased during both the year of
experimentation. Significantly higher plant height was
recorded when the crop was sown on D3-30th Oct  over D1-

10th Oct. sowing, during both the year of experimentation.
The number of branches were maximum with 10th  Nov.
sowing during both the year  but effect was significant
during 2013-14 only.  Test weight maximum due to 10th

Nov. sowing fallowed by the 30th oct sowing. The number
of siliqua plant-1 were maximum and significantly more
due to 30 th oct sowing fallowed by 10th Nov and were
significantly higher over 10th  and 20th oct sowing during
2011-12 but during the 2013-14 maximum and significantly
higher number of siliqua plant-1  were recorded due to 10th

Nov. sowing. The pooled results over two years showed
that, 10th Nov. sowing recorded maximum(123.8)  and

significantly higher siliqa plant-1  fallowed by 30th Oct.
sowing which was at par. The seed yield (g) plant-1 was
maximum and significantly more under 10 th Nov. sowing
and 30 th oct. sowing was found  at par  during both years
as well as in pooled results. The seed yield kg ha-1 was
significantly higher due to 30th Oct. and 10th Nov. sowing
over 10th oct and 20th oct. during both the year and in
pooled results also. The per cent increase in seed yield in
pooled results were 53 per cent and  55 per cent by 30th

Oct and 10th Nov. sowing over the 20th Oct. sowing.  The
stover yield was  maximum and significantly higher due to
30th Oct. sowing fallowed by the 10th Nov. and both these
sowing dates recorded significantly higher stover yield
during both the years. The harvest index recorded
increased trend  from 10th Oct. to 10th Nov. sowing  during
both the year.

Effect of genotypes
Days to 50 per cent flowering, days to

physiological maturity were not influenced significantly
by the varieties.  The plant height   was maximum in Kranti
which is check and lowest in BIO-902 and GM-3 during
both the year and it was significantly less during 2013-14
which may be the varietal character. Number of branches

Table 3.  Interaction effect   as influenced by the interaction (2011-12  and  Pooled)

Sowing Date   X   Variety Seed yield Siliqua plant -1 Seed yield Seed yield
kg ha-1 2011-12 2011-12  g plant -1 2011-12 kg ha-1 (Pooled)

D1-10 th Oct. V1-Kranti 317 69.8 1.46 365.5

V2-BIO-902 327 66.6 1.66 359.9

V3-GM-3 553 114.3 2.21 492.6

D2-20 th Oct. V1-Kranti 357 77.3 1.58 397.9

V2-BIO-902 477 94.9 2.20 518.0

V3-GM-3 637 130.1 2.43 573.5

D3-30 th Oct. V1-Kranti 795 159.8 2.91 840.8

V2-BIO-902 553 109.2 2.46 758.0

V3-GM-3 672 136.7 2.60 700.4

D4-10 th Nov. V1-Kranti 520 108.0 2.10 650.4

V2-BIO-902 702 137.2 3.17 792.0

V3-GM-3 712 144.2 2.72 857.5

SE(m)+ 47.72 9.00 0.16 37.15

CD  at 5% 143.05 26.97 0.48 111.36
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were not influenced significantly during both the year of
experimentation. Test weight was maximum in BIO-902
fallowed by GM-3 higher than the check Kranti which
might be attributed to varietal character. The number of
siliqua plant-1 was maximum in GM-3, but the effect was
significant only during 2011-12 and in pooled results. The
seed yield plant-1 was maximum and significantly higher
due to GM-3   over check Kranti and BIO-902 recorded at
par  seed yield plant-1 during 2011-12 and in pooled results,
but during 2013-14 it was non significant.

Pooled  results of seed yield kg ha-1   was found
maximum and significantly higher due to GM-3  over Kranti
and BIO-902  was at par with GM-3. This might be due
more siliqua plant-1 and seed yield plant-1 as evidenced
from the data. Anonymous (2011) and  Anonymous (2013)
also reported significantly higher yield due to BIO-902
among the different entries. Similarly the GM-3 recorded
numerically higher   stover yield but effect was significantly
higher during  2011-12 only  and non significant  during
2013-14.

Interaction Effects

Interaction effects were  found significant during
the 2011-12 and pooled over seasons  in respect of seed

yield kg ha-1 and g plant-1  and siliqua plant-1. The
interaction effect in respect of  pooled seed  yield kg ha-1

was also significant where GM-3 sown on 10 th Nov.
recorded   maximum (857.5 kg ha-1) and significantly higher
seed yield  ha-1 fallowed by Kranti sown on 30th Oct., BIO-
902 sown on 10th Nov. and  30th Oct. which were at par.
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Greengram is recommended for cultivation mainly
in Kharif season on onset of monsoon in Maharashtra.
At the same time, number of weeds, comes up
simultaneously with the emergence of crop. Mechanical
practices such as hand weeding and interculturing are
effective but unavailability of labour, and incessant rains
during the early crop season normally limit the weeding
operations. Therefore chemical weed control practice
under such circumstances become indispensible and can
be the excellent alternative. Weed management in
greengram is labour-intensive or involves intensive use
of herbicides. The  efficacy of post-emergence herbicide
application is highly dose-sensitive and time/stage-
dependent, and, therefore, sometimes may lead to
phytotoxic effects on crops. Even selective herbicide
poses risk when applied as post-emergence at higher dose.
The leaves of crop can be burnt, shriveled or discolored
when herbicides are sprayed. This damage can be
extensive, and sometimes over 40per cent of the leaves of
crop plants is damaged. In addition to giving crops a poor
cosmetic appearance, plants can be weakened, their growth
phases retarded and stunted. In contrast, pre-emergence
application is less risky (Das, 2008). The higher moisture
content of the soil, better the control efficacy of
pendimethalin. Manual weeding is some time difficult in
rainy season for efficient weed control. This warrants the
use of pre and post-emergence herbicides for weed
control, therefore, post-emergence herbicides were used

to weed-control, including grasses and broadleaf weeds
and their phytotoxicity, if any, to the crop. With this
objective, efficacy of different pre and post-emergence
herbicides in comparison to hand weeding (HW) was
evaluated in greengram.

MATERIAL AND METHODS

A field study was conducted to study the effect
of pre and post emergence herbicides on greengram during
the Kharif season of 2011. The soil of experimental site
was clayey with pH 8.14, having available nitrogen 229 kg
ha-1, available phosphorous 18.10 kg ha-1, available
potassium 344 kg ha-1 and organic carbon was 4.6 g kg-1.
The experiment was laid out in randomized block design
having three replications. The treatment comprised of
weedy  check (without removal of weeds), weed free
(weeding done weekly to keep the plot free of weeds),
hand weeding twice at 20 and 40 DAS, pendimethalin 30
EC and pendimethalin 2 EC + imazethapyr 30 EC (premix)
as pre-emergence and three post-emergence herbicides
viz., imazethapyr 10 EC, quizalofop-ethyl 10 EC and
fenoxoprop-ethyl @ 10 EC. All the herbicides were applied
20 days after sowing (DAS) with knapsack sprayer fitted
with flat-fan nozzle using 500 litres water ha-1. Data on
weed density and dry weight of weeds were recorded at
30 DAS and at harvest using quadrates 1.0 x 1.0 m.
Greengram seed was treated with carrier based Rhizobium
and PSB, each at the rate of 2.5 g kg-1 seed and mixed well

Evaluation of Pre and Post Emergence Herbicides on Weed Flora and Yield
of Greengram

V.  V. Goud

ABSTARCT

An experiments was conducted during Kharif season to study the efficacy of pendimethalin as pre-emergence (PE),
pendimethalin + imazethapyr (premix) as PE, imazethapyr, quizalofop-ethyl and fenoxoprop-ethyl as post-emergence
(POE) on seed yield in greengram. The maximum increase in seed yield was occurred with pendimethalin @ 1.0 kg ha-1 as
PE (1008 kg ha-1), pendimethalin + imazethapyr @ 0.75 kg ha-1 as PE (987 kg ha-1), imazethapyr @ 0.100 kg ha-1 as POE
(981 kg ha-1). Higher weed control efficiency was registered with the application of pendimethalin + imazethapyr @ 1.0
kg ha-1 as PE (96.77%), pendimethalin + imazethapyr @ 0.75 kg ha-1 as PE (96.13 %) and imazethapyr @ 0.075 kg ha-1 at
20 DAS (96.13 %). Higher monetary return was obtained with application of pendimethalin+imazethapyr @ 0.75 kg
ha-1 as PE (Rs.29228 ha-1) followed by pendimethalin @ 1.0 kg ha-1 as PE (Rs.29219 ha-1), imazethapyr @ 0.100 kg ha-1

as POE (Rs.28028 ha-1) over weedy check (Rs.14750 ha-1). The higher BCR was obtained with pendimethalin + imazethapyr
@ 0.75 kg ha-1 as PE at 20-25 DAS (1.81) and pendimethalin @ 1.0 kg ha-1 (1.81). Quizalofop-ethyl, fenoxoprop-ethyl and
imazethapyr @ 0.050 kg ha-1 at 20-25 DAS did not provide satisfactory weed control in greengram fields.

 1.Assistant Professor, Pulses Research Unit, Dr.PDKV, Akola
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to ensure the inoculums to stick on to the surface of the
seeds. The treated seeds were dried in shade for an hour
and used for sowing. The N and P through urea and
diammonium phosphate were applied as basal at sowing.
The economic analysis of each treatment was done on
the basis of prevailing market rates of the inputs used and
out-puts obtained under each treatment. The crop was
sown on 6 July 2011 and was harvested on 17 September
2011. The total rainfall received during the crop growth
period was 462.6 mm in 34 rainy days. The required plant
population (45 cm row to row and 10 cm plant to plant)
was maintained by thinning plants after three weeks of
sowing. Benefit cost ratio was calculated over net
benefit.The sale price of greengram seed was taken @ 45
kg-1.

Table 1. Mean monthly temperature (oC), precipitation
(mm) and rainy days during the seasons.

Month Max. Min. Precipitation Rainy
Temp. Temp. days

June 36.5 25.8 81.2 6.0
July 31.7 24.2 166.2 12.0
August 30.2 23.5 126.6 10.0
September 30.8 23.0 88.6 6.0
Total - - 462.6 34.0

RESULTS AND DISCUSSION

Effect on weed

The weed flora emerges during the period of
experimentation were: grasses like Cynodon dactylon,
Dactylectinum aegyptium and Bracharia sp.; sedges like
Cyperus rotundus and borad-leaved weeds like
Amaranthus viridis, Commelina benghalensis, Digeria
arvensis, Parthenium hysterophorus, Physalis minima,
Phyllanthus niruri, Tridax procumbens and Acalypha
indica. Grasses and sedges especially, Cyperus rotundus
appeared during the initial growth stages, whereas broad-
leaved weeds emerged later. These weeds emerged during
15 to 20 DAS thereafter continuously throughout the
growth stages. Higher weed control efficacy and long
lasting effects of imazethapyr in reducing weed dry matter
might be primarily appeared due to broad-spectrum
activity of herbicides particularly on established plants
of both narrow and broad leaf weeds and its greater
efficiency to retard cell division of meristems as a result of
which weeds died rapidly. The result was confirmed by
the findings of Kantar et al. (1999), where about 84.6

per cent weed biomass was controlled with application of
imazethapyr. Richburg et al. (1996) reported that
imazethapyr controlled Cyperus rotundus more effectively
when applied to weeds 5 to 20 cm tall compared with weeds
30 cm tall. Application of quizalofop-ethyl was effective
for the plots where only grassy weeds were dominated as
against imazethapyr which was effective against annual
broadleaf weeds, grassy weeds and perennial sedges.

Effect on crop

The weed free treatment produced significantly
maximum greengram yield (1191 kg ha-1) over remaining
treatments excepting hand weeding twice (1176 kg ha-1).
Among the herbicides pendimethalin as pre-emergence
(PE) @ 1.0 kg ha-1 recorded statistically equivalent seed
yield (1008 kg ha-1) with pendimethalin+imazethapyr
(premix) @ 0.75 kg ha-1 as pre-emergence (987 kg ha-1),
imazethapyr @ 0.100 kg ha-1 as post-emergence (981 kg
ha-1) and 0.075 kg ha-1 (925kg ha-1) at 20-25 DAS,
respectively. Younesabadin et al. (2013) reported
significantly higher seed yield with tank-mix pre-
emergence application of pendimethalin 0.5 kg ha-1 +
imazethapyr 0.075 kg ha-1 in soybean. Raskar and Bhoi
(2002) opined that pre plant incorporation of
pemdimethalin + imazethapyr has been developed to
control grassy and broad leaf weeds respectively.
Pendimethalin 1.5 kg ha-1 pre emergence application did
well in controlling all weeds compared to manual weeding
at 25 DAS and 35 DAS. The significantly lower seed yield
was recorded with the application of fenoxoprop-ethyl @
0.075 kg ha-1 (718 kg ha-1) and quizalofop-ethyl @ 0.075 kg
ha-1 (728 kg ha-1) as post-emergence (POE) at 20-25 DAS.
Among pre-emergence herbicides application of
pendimethalin + imazethapyr showed slight stunted
growth and degree is more with higher level, but it proves
beneficial for variety under investigation as it is tall
growing.

              Weed free (98.06 %) and hand weeding twice
(96.13 %) recorded significantly higher weed control
efficiency over all other treatments. Amongst herbicidal
treatments higher weed control efficiency was observed
with pre-emergence application of pendimethalin +
imazethapyr @ 1.0 kg ha-1 as pre-emergence (96.77 %),
pendimethalin + imazethapyr @ 0.75 kg ha-1 as pre-
emergence (96.13 %), and post-emergence application of
imazethapyr @ 0.075 kg ha-1 at 20 DAS (96.13 %). Weed
index was computed as the yield reduction comparative
to highest yielding treatment i.e. weed free. Among the

PKV Res. J. Vol. 40 (1), January 2016
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weed management practices HW twice registered minimum
weed index (1.26) followed by pre-emergence application
of, pendimethalin @ 1.0 kg ha-1 as PE (15.37) and
pendimethalin + imazethapyr as PE @ 0.75 kg ha-1 (17.13)
and post-emergence application of imazethapyr @ 0.100
kg ha-1 (17.63). Post emergence application of fenoxoprop-
ethyl @ 0.075 kg ha-1 and quizalofop-ethyl @ 0.075 kg
ha-1  recorded maximum weed index i.e. 39.71 and 38.87 per
cent respectively, indicating the reduction in greengram
seed yield due to presence of weeds throughout crop
growth period. Lower weed index in chemical treatments
alone and mechanical weed control practices might be
due to better weed control which provided favourable
conditions for crop growth which ultimately increased the
seed yield of greengram crop as compared to absolute
control treatment.

Economics

Among the weed-control treatments,
pendimethalin + mazethapyr @ 0.75 kg ha-1 as PE (Rs.29228
ha-1) followed by pendimethalin @ 1.0 kg ha-1 as pre-
emergence (Rs.29219 ha-1) followed by imazethapyr @
0.100 kg ha-1a as post-emergence (Rs.28028 ha-1) and
imazethapyr 0.075 kg ha-1a as POE (Rs.26010 ha-1) gave
the maximum monetary returns over weedy check
(Rs.14750 ha-1), due to excellent control of grassy and
broad-leaf weeds without any adverse effect on crop
growth due to optimum soil moisture. Lower monetary
returns which is at par with each other was recorded with
fenoxoprop-ethyl @ 0.075 kg ha-1 (Rs.15901 ha-1),
quizalofop-ethyl @ 0.075 kg ha-1 (Rs.16682 ha-1) due to
inability of this herbicides to control weeds. Among the

weed-control treatments, highest benefit ratio (1.81) was
recorded with pendimethalin+imazethapyr @ 0.75 kg ha-1

followed by pendimethalin  @ 1.0 kg ha-1 (1.81) and least
with fenoxoprop-p-ethyl @ 0.100 kg ha-1 (0.99).

  Pre-emergence application of pendimethalin +
imazethapyr @ 0.75 kg ha-1 or application of pendimethalin
@ 1.0 kg ha-1 or imazethapyr @ 0.100 kg ha-1 at 20-25 DAS
was found effective in weed control.
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            The main thrust of intensive farming system is to
maximize productivity in both space and time dimension.
This can be accomplished by efficient utilisation of scarce
resources like land, labour and other inputs. Under
irrigation, double cropping sequence is widely practised.
Inclusion of legumes and oilseed in cropping systems is a
substitute to augument productivity and profitability
(Yadav et al., 1998). Crops in sequence should be grown
with the aim of maintaining soil fertility and productivity.
Soybean- wheat crop sequence is commonly practiced in
the semiarid to sub humid tropical regions of the country.
In this system, yield is low owing to soil fertility and other
production constraints. There is a greater emphasis on
crop diversification due to growing concern about the
un-sustainability of this system. In this context, a crop
like soybean has emerged as a promising alternative for
cotton and other crops. After harvest of soybean, various
pulses, oilseeds and cereals are sown with limited
irrigation. Generally, 4-5 intensive tillage operations are
carried out by the farmers before sowing of Kharif  crops,
which resulted into higher cost of cultivation. Use of
suitable pre-emergence weedicide to control the weeds
under zero tillage cultivation is necessary because weeds
often pose a serious constraint in realizing potential yield
of soybean (Kumar et al., 2012). All weeds growing
previously are killed by pre sowing tillage and delayed
emergence of new weeds. The closer crop spacing and
wider furrow spacing lower down the weed population.
Weeds got smothered due to advancement of crop growth

and development of crop canopy cover (Balyan et al.,
1999). Moisture conservation practices like BBF, furrow
opening and soil mulch etc. have effective role in making
more soil moisture available to crops at later crop
development stages. The reason is that conservation /
tillage practices increased soil moisture and thereby
increased grain yield (Barai et al., 1991). Considering all
above, an attempt was made to see the effect of tillage
and irrigated soybean based cropping sequence on
productivity and nutrient status at the end of experiment.

MATERIAL AND METHODS

              Five years experiment was carried out at the
Research Farm of Integrated Farming System Research
Unit, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola
(MS) during 2007-08 to 2011-12. The experimental site was
levelled and uniform in topography. The soil was medium
to deep black (46 cm soil depth) belonging to vertisols.
Soil consisted of clay-52 per cent, silt-12.8 per cent and
sand -35.2 per cent. It was clayey in texture and moderately
alkaline in nature (pH 8.3). As regards initial nutrient status
it was medium in organic carbon content (0.43per cent)
and available NPK (205, 15.35 and 306 kg/ha). The
experiment was laid out in split plot design and replicated
thrice. The main plot treatments were tillage methods (4)
viz., T0 - No tillage (sowing without cultivation and weed
control by weedicide – pendimethalin @1.0 EC pre-
emergence), T1- Minimum tillage (1 harrowing), T2 –
Conventinal tillage (2 harrowings) and T3 – Broad bed

 Studies on Productivity and Nutrient Gain as Influenced by Tillage Practices
and Soybean Based Crop Sequences Under Irrigated Condition

B. V. Saoji1, B. S. Morwal2 M. U. Dikkar3 and F. F. Khan4

ABSTRACT

              An experiment was carried out for five years at the Research Farm of Integrated Farming System Research Unit,
Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola (MS) during 2007-08 and 2011-12 with an object to find out the
suitable method of tillage, soybean based crop sequence, equivalent yield, possibility of reducing cost and period of
seedbed preparation. Results revealed that the broad bed furrow method recorded significantly higher values for grain and
straw yields, monetary returns and gain of nutrients at the end of experiment. Among the crop sequences, soybean-
safflower being par with soybean- chickpea and soybean- mustard recorded significantly more soybean grain yield over
soybean-sorghum sequence. Soybean - safflower being par with soybean - chickpea registered significantly higher soybean
grain equivalent yield over other sequences. In case of monetary returns, soybean - chickpea being par with soybean -
safflower and soybean - sorghum recorded significantly more GMR (Rs. 89762 ha-1), NMR (Rs. 63205/ha.) and B: C ratio
(3.86). While, NPK and OC were observed maximum under soybean - chickpea crop sequence.

1. Chief Agronomist, 2. Assistant Professor and 3 & 4. Senior Research Assistant, Integrated Farming System,
Dr. PDKV, Akola
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furrow (1 harrowing + 1 BBF opening). Tillage operations
were carried out in Kharif  season before sowing of
soybean and same were used for rabi crops. Sub plot
treatments were of soybean based crop sequences (4)
viz., C1 - Soybean - safflower, C2 - Soybean – chickpea, C3

- Soybean- mustard and C4 - Soybean- sorghum. The
University released varieties viz., TAMS-38, AKS-207, Jaki-
9218, Pusa bold and PKV Kranti of crops soybean,
safflower, chickpea, mustard and sorghum
respectivelywere taken and   crop wise recommended
package of practices were adopted. Rainfed soybean was
sown in Kharif season after receiving sufficient mansoon
rain and after harvesting of soybean, rabi crops were sown
under irrigated condition. Three channel irrigations before
sowing and at flowering and fruiting were applied. Rainfall
recorded during experimental years was 771.00 mm (2007-
08), 528.20 mm (2008-09), 704.60 mm (2009-10), 1054.30 mm
(2010-11) and 582.48 mm (2011-12).

RESULTS AND DISCUSSION

            Pooled data presented in (Table1) showed the
influence of various treatments on crop grain and straw
yields, soybean grain equivalent yield, monetary returns
and nutrient status of soil at the end of experiment.

Productivity and profitability
Effect of tillage practices
           Among tillage methods (Table1), broad bed furrow
method recorded significantly superior values for grain
and straw yields, soybean grain equivalent yield and
monetary returns. The decreasing trend of above
mentioned characters was observed in sequence of broad
bed furrow – conventional – minimum – no tillage methods.
Increase in yield might be probably due to the moisture
conservation practices found effective to check
evaporation losses from soil surface and thus make more
moisture available to crop at the later stages of crop
development and hence yield increases. Similar results
were reported by Barai et al., (1991).

Effect of crop sequence
          Among the crop sequences, soybean – safflower
being par with soybean – chickpea and soybean- mustard
recorded significantly higher soybean grain yield and
soybean grain equivalent yield. All crop sequences were
found effective in recording maximum soybean straw yield.
In case of Rabi crops grain yield, soybean – sorghum
recorded significantly superior grain yield and fodder yield
(22.36 and 68.58 q ha-1) over rest of crop sequences. The

higher straw yield in sorghum and safflower might be due
to elongated stem of sorghum and long and spreading
habit of safflower (Anonymous, 2012). Soybean – safflower
being par with soybean – chickpea recorded significantly
higher soybean grain equivalent yield over rest of
sequences (Raskar et al., 2000). Treatment of soybean –
sorghum resulted in recording significantly more soybean
grain equivalent yield over soybean - mustard. The crop
sequences of soybean – chickpea, soybean – safflower
and soybean – sorghum being par recorded significantly
higher monetary returns and B: C ratio over soybean –
mustard.

Effect of interaction

         Interaction effect was found significant. Treatment
combination of broad bed furrow × crop sequence
soybean-chickpea (T3C2) recorded significantly higher
Rabi crops grain yield, soybean grain equivalent yield
and monetary returns over rest of the treatment
combinations except T3C1 i.e.  BBF in combination with
soybean-safflower.Soybean-sorghum and soybean-
safflower were at par.

Nutrient balance sheet
Effect of tillage practices
         The organic carbon content (6.60 g kg-1) was
registered by no tillage method. Higher carbon content in
no tillage might be due to addition of organic matter
through weeds at latter crop growth stage. Similar results
were also reported by Sema Sepat and Rana, (2013) and
further they have stated the zero tillage and residues linked
to subsequent lesser oxidation of organic carbon content
over the years. The restriction of tillage, improves soil
structure especially micro-aggregates which actively hold
liable carbon for longer period and hence organic carbon
content increased in soil (Table2).

Effect of crop sequence

         Whereas, nutrient status showed the higher gain of
NPK (35.0, 4.34, 65.0) and organic carbon content (6.70 g
kg-1) through soybean – chickpea crop sequence at the
end of experiment. This might be due to inclusion of
legumes in cropping systems as they improves and
maintain soil fertility. Similar results were reported by
Dharma and Sinha (1985).

CONCLUSION

        Based on five years experimental results it is
concluded that adoption of broad bed furrow method of
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tillage with soybean – chickpea crop sequence is beneficial
for getting higher yield, monetary returns and maintaining
soil fertility under irrigated condition.
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Day by day food grain production is decreasing
due to deterioration of soil health and imbalanced use of
nutrients. Under such situation scientific management of
land for soil fertility through organic recycling has to play
a key role in achieving sustainability in agricultural
production (Prasad and Power, 1991). A major agricultural
research priority is to sustain soil productivity and to
develop better methods to monitor changes in soil
physical, chemical and biological properties as influenced
by the management practices. The productivity and
stability of soil as a medium for plant growth depends
greatly on the balance between living and non-living
(Howard, 1972). Maintenance of soil organic matter is a
practical problem in tropical countries like India hence,
the application of organic residues is a must for the
maintenance of fertility level of these soils. The type of
organic residues no doubt, influences the quality as well
as quantity of humus formed to a great extent, but the
suitability of organic residues to be used in the field will
be determined by its decomposability as well as the pattern
of mineralization of nutrient elements contained therein.

In recent years the growing interest in the
determination of enzymatic activity in the soil has
promoted significant advances in this field (Trasar-cepeda
and Gil-Sotres, 1987). Enzyme activity is a sensitive
indicator of soil health. The enzyme is a substance
composed of protein that is capable of lowering the

activation energy of selected other compounds enough
to allow the breaking of a particular bond under a particular
environment (Mehra, 2006).

Soil enzymes are participatory in assuring the
correct sequence of all the biochemical routes in soil
biochemical cycle. Hence, it is pertinent to study the
activity of soil enzymes during the decomposition of crop
residues differing in chemical composition. Soil enzymes
activity may provide a useful index of changes in soil
quality. Crop residues of common cultivated crops (wheat
straw, chickpea straw, soybean straw, cotton stalk,
sunflower stalk, pigeon pea stalk, sorghum stubble) are
an important resource not only as a source of significant
quantities of nutrients for crop production but also
affecting soil physical, chemical and biological functions
(Kumar and Goh, 2000).

Soil is the habitat for plants, animals and
microorganisms. As the plants builds up soil organic
matter, soil animals feed on them and their debris, microbes
decompose the complex organic compounds to their
minerals components and CO2. Hence, there is tremendous
scope to study the enzyme activities which are greatly
influenced by the soil micro biota under different crop
residues decomposition and environmental conditions.

Keeping in view the above facts and great role
of enzyme activities in decomposition of crop residues

Soil Enzyme Activities as influenced by Decomposition of
Crop Residues in Soil

V. G. Thaware1, S. G. Wankhade2, S. P. Nandapure3, S. M. Bhoyar4 and F. F. Khan5

ABSTRACT
An incubation experiment entitled “Soil enzyme activity during decomposition of crop residues in soil” was carried

out under controlled condition during 2009 to study the changes in soil enzyme activities during the decomposition of
different crop residues in soil. The experiment was laid out in Completely Randomized Design with eight treatments and
three replications. Soil samples incorporated with finely powder crop residues of wheat straw, sorghum stubble, cotton
stalk, sunflower stalk, soybean straw, chickpea straw and pigeon pea stalk were incubated for 8 weeks at moisture content
of 80 per cent of field capacity and incubation carried out at 260C. The samples were taken at 0, 2, 4, 6 and 8 weeks of
incubation and stored at 40C for enzymes activities and microbial analysis. The incorporation of soybean straw @ 5 per
cent (T6) was significantly superior with highest soil enzyme activities of dehydrogenase, invertase, urease and aryl
sulphatase as compared to other crop residues. Among all the soil enzyme activities, dehydrogenase activity was highest
with incorporation of soybean straw. The activity of enzymes mostly increased up to 4 to 6 week of incubation and
declined thereafter 8 week. Hence, it was concluded that, incorporation of crop residues enhanced the enzymes activity
which subsequently helped to maintain soil biological activity.

1. M.Sc. Student, 2. Professor, 3 & 5. Junior Research Assistant and 4. Associate Professor,  Department of Soil Science
and Agricultural Chemistry, Dr. PDKV, Akola
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and finally improvement in soil health the present
investigation was carried out.

MATERIAL AND METHODS

The laboratory experiment entitled “Soil enzyme
activity during decomposition of crop residues in soil”
was studied under controlled condition in the Department
of Soil Science and Agricultural Chemistry during 2009.

The pot experiment was carried out in Completely
Randomized Design with eight treatments replicated three
times. The eight treatments involving different crop
residues were, Control (No crop residues) (T1), Wheat
straw @ 0.5 per cent (T2), Sorghum stubble @ 0.5per cent
(T3), Cotton stalk @ 0.5 per cent (T4), Sunflower stalk @
0.5 per cent (T5), Soybean straw @ 0.5 per cent (T6),
Chickpea straw @ 0.5 per cent (T7) and Pigeon pea stalk
@ 0.5 per cent (T8). Each pot was incorporated with finely
powdered crop residues at the rate of 0.5per cent of 5 kg
soil.

In order to know the physico-chemical properties
of the experimental soil, the soil samples (0-15cm) were
collected from field of Soil Science and Agricultural
Chemistry, before start of experiment during 2009. The
samples were air dried and sieved (2 mm) and analyzed for
physical and chemical characteristics. The soil was clayey
in nature, soil type Vertisols, water retention at 33 kPa
(31.57%), water retention at 1500 kPa (21.04%), pH (7.68),
EC (0.30 dSm-1), calcium carbonate (11.10per cent), organic
carbon (3.4 g kg-1), total nitrogen (0.058per cent), available
nitrogen (202.69 kg ha-1), available phosphorus (16.10 kg
ha-1) and available potassium (376.50 kg ha-1).

The crop residues (wheat straw, sorghum stubble,
cotton stalk, sunflower stalk, soybean straw, chickpea
straw and pigeon pea stalk) were collected from respective
field. The samples were dried at 650C in over and then
finely powdered. These finely powdered crop residues
were used for incorporation in potted soil at the rate of 0.5
per cent of 5 kg soil. The sub samples of crop residues
were analyzed for organic carbon (C), total nitrogen (N)
and C: N ratio. The chemical composition of crop residue
under study is presented in Table 1.  air-dried and sieved
soils were placed in 24 plastic pots. Each pot was amended
with crop residues at the rate of 0.5per cent of 5 kg soil
and replicated three times. After through mixing of finely
powdered samples with soil, sufficient water was added
to bring it to 80 per cent field capacity and maintained at
this level throughout the incubation. Incubation was carried

out at 260C for 8 weeks and managed in a way that all the
samples were taken at 0, 2, 4, 6 and 8 weeks of incubation.
The soil samples were stored at 40C for microbial analysis.
For accessing the decomposition rate of plant residues
another set carried out in conical flasks.

The methods for soil analysis were mechanical
fractions of soils by using Bouyoucos hydrometer
(Bouyoucos, 1928), Moisture retention by pressure plate
membrane method at 33 kPa and 1500 kPa (Klute and
Dirksen, 1986). pH and EC (Jackson, 1967), Calcium
carbonate was determined using acid neutralization method
described by Jackson (1967), organic carbon by modified
Walkley and Black’s rapid titration method (Jackson, 1967),
Total nitrogen was determined by using macro Kjeldahl’s
method described by Jackson (1967), Available nitrogen
was determined by alkaline potassium permanganate
method (Subbiah and Asija, 1956), Available phosphorus
was determined by Olsen’s method by using 0.5 M sodium
bi-carbonate as an extractant (Watanabe and Olsen, 1965)
and Available potassium was determined by flame
photometer using 1 N neutral ammonium acetate (pH 7.00)
solution as an extractant (Jackson, 1967).

In case of plant analysis, Organic carbon from
plant sample was estimated by dry combustion method as
described in AOAC, 1984 and total nitrogen was estimated
by Kjeldahl’s digestion method as suggested by Jackson
(1967).

However, in case of Soil enzymes activities during
the decomposition of crop residues in soil was determined
by dehydrogenase activity by TTC method described by
Singh (2005), urease and cellulase activity determined by
assay method as described by Pancholy and Rice (1973),
invertase activity determined by assay method by Ross
(1966) and alkaline phosphatase and aryl sulphatase
activity determined by Assay method by Tabatabai and
Bremner (1969).

Statistical analysis of the experimental data was
carried out as described by Gomez and Gomez (1984) by
using completely randomized design.

RESULTS  AND DISCUSSION

Effect of incorporation of crop residues in soil on
Dehydrogenase activity

Activity of dehydrogenase enzyme was assayed
at 0, 2, 4, 6 and 8 weeks of incubation of soil with wheat
straw, sorghum stubble, cotton stalk, sunflower stalk,

Soil Enzyme Activities as influenced by Decomposition of  Crop Residues in Soil
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soybean straw, chickpea straw, and pigeon pea stalk and
the data are presented in Table 2.

Results pertaining to the soil dehydrogenase
activity presented in Table 2 revealed that the content of
TPF ranged between 49.13 to 251.66 µg TPF formed g-1

soil 24 hr-1 at various period of incubation indicating the
enhancement in dehydrogenase activity due to addition
of crop residues.

Significant differences were observed in various
crop residues incorporated soil under the study. Among
the crop residues incorporation of soybean straw @ 5 per
cent (T6) significantly  recorded the maximum
dehydrogenase activity (251.66 µg TPF formed g-1 soil 24
hr-1) followed by the treatment (T7) chickpea straw @ 5 per
cent and sunflower stalk @ 5 per cent (T5). Dehydrogenase
activity was found to increased up to 4th week of incubation
and declined thereafter in 6th to 8th weeks of incubation.

Similar results are also reported by Moreno et al.
(1999) and Masciandaro et al. (2000) who have studied
dehydrogenase activity under the influence of organic
matter and reported an increase due to the organic matter
amendment. However, the enzyme activity remained
unchanged during extended period of incubation.
Whereas, Azam and Malik, 1985, and Lodhi et al., 2000
noticed decreased dehydrogenase activity with the time.
The dehydrogenase activity was found increased due to
incorporation of soybean straw which might be due to
the low C: N ratio resulting in faster decomposition of
organic matter in the soil.

Effect of crop residues incorporation in soil on cellulase
activity

Data presented in Table 3 revealed that the
reducing sugars released was in the range of 18.86 to 52.23
µg reducing sugars released g-1 soil 24 hr-1 at various period
of incubation.

The incorporation of wheat straw @ 5 per cent
was found significantly superior over other crop residues
and recorded  maximum cellulase activity (52.23 µg
reducing sugars released  g-1 soil 24 hr-1) followed by
incorporation of  cotton stalk @ 5 per cent and
incorporation of sorghum stubble @ 5 per cent (T3). The
cellulase activity was found to be increased gradually up
to 6th week incubation period and it was declined during
8th week of incubation period.

The higher cellulase activity during early
incubation period was represented by Sajjad et al. (2002).

Further they noticed the rapid oxidation of C from soil
amended with wheat straw. The increased cellulase
activity with the time of incubation was also reported by
Deng and Tabatabai (1994). Comparatively the cellulase
activity was found more in the incorporation with cereals
and cotton crop residues, might be due to high C: N ratio.

Effect of crop residues incorporation in soil on invertase
activity

Data presented in Table 4 showed that the
invertase activity in term of mg reducing sugars released
g-1 soil 24 hr-1 was in the range of 2.00 to 9.93 mg reducing
sugars released  g-1 24-1.

Among crop residues, the incorporation of
soybean straw @ 5 per cent (T6) was found  significantly
superior and recorded maximum invertase activity (9.93
mg reducing sugars released g-1 soil 24 hr-1) followed by
treatment of incorporation of chickpea straw @ 5 per cent
(T7) and treatment of incorporation of  pigeon pea stalk @
5 per cent (T8). Significantly lowest value of invertase
activity was recorded under control (no crop residues).
Further it is noticed that the invertase activity was
increased up to 2nd week of incubation period and the
activity sucessively declined with the incubation period.

The increased activity of dehydrogenase and
invertase due to addition of organic amendments was also
reported by Sajjad et al. (2002). Pancholy and Rice (1973)
observed that there were striking and remarkably
consistent changes in activity of five soil enzymes
(amylase, cellulase, invertase, urease and dehydrogenase)
under three diverse vegetative types. The enzyme
invertase is involved in the breakdown of sucrose into
glucose and fructose. The invertase activity was found
increased due to incorporation of soybean straw might
be due to low C: N ratio which resulted in faster
decomposition of organic matter in soil.

Effect of crop residues incorporation in soil on urease
activity

The data presented in Table 5 revealed that the
incorporation of crop residues had favourably increased
the urease activity. However, the differences among the
various crop residues were non-significant. Among the
treatments, incorporation of soybean straw @ 5 per cent
(T6) recorded highest urease activity i.e. 0.321 mg NH4-N
released g-1 soil hr-1 and followed by treatment (T7)
chickpea straw and treatment (T8) pigeon pea stalk @ 5
per cent. The urease activity was found to increase with

PKV Res. J. Vol. 40 (1), January 2016
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the incubation period up to 6th week and thereafter
decreased.

Urease is a more specific enzyme involved in the
hydrolysis of urea to ammonium carbonate. This enzyme
is produced by both microorganism and plant roots and
help in the transformation of urea N into NH4 form.

An increase in urease activity due to the organic
amendament has been reported by (Moreno et al., 1999).
On the contrary negligible effect was reported by (Azam
and Malik, 1985). The complexation with humus
compounds is responsible to stabilize urease activity
resulting in a stable enzyme activity during prolong
incubation (Nannipieri et al., 1983). In the present study
also the urease activity was not markedly influenced by
the various treatments of crop residues and was some-
what stable during the incubation periods.

Effect of crop residues incorporation in soil on alkaline
phosphatase activity

The data regarding the alkaline phosphatase
activity as influenced by crop residues incorporation in
soil are presented in the Table 6. The alkaline phosphatase
activity was significantly influenced by the various crop
residues incorporation. Comparetively higher activity was
recorded in the treatment of chickpea crop residues (T7)
followed by the treatment of soybean straw and pigeon
pea stalk (T5 and T8).

Further, it is observed that the alkaline
phosphatase activity was found to increase up to 4th week
of incubation and declined thereafter steadly at 6 th and 8
th week of incubation. The alkaline phosphatase activity
for the soil phosphorus cycle was reflected by its
significant correlation with the most labile soil phosphate
fractions, specially resion extractable P. The alkaline
phosphatase increased due to incorporation of chickpea
straw might be due to low C: N ratio which resulted in
faster decomposition of organic matter in soil.

In a study conducted by Tarafdar and Claassen
(1988) it was reported that the higher activity of
phosphatase enzyme in the rhizosphere was due to
decomposition or organic residues resulted in higher
mobilization and exploitation of native soluble source of
phosphorus. The phosphotase activity either activated
or inhibited in a soil treated with different crop residues
(Perucci and Sacrponi, 2004) and the higher alkaline
phosphatase activity was recorded under legumes than
under cereals in arid soil of India (Tarafdar et al., 1981).

Effect of crop residues incorporation in soil on aryl
sulphatase activity

The data on Aryl sulphatase activity as
influenced by crop residues incorporation in soil are
presented in Table 7. It is revealed from the data presented
in Table 7 that the aryl sulphatase activity was significantly
influenced by the crop residues incorporation and
significantly highest activity was noticed with the soybean
straw incorporation @ 5 per cent (T6) (4.90 µg of
p-nitrophenol released g-1 soil hr-1) and followed by
chickpea straw @ 5 per cent (T7) and pigeon pea stalk @
5 per cent (T8).

The incubation period also influenced the aryl
sulphatase activity and was found to increased up to 4th

week of incubation and declined thereafter in 6th and 8th

weeks. The aryl sulphatase activity found increased due
to incorporation of soybean straw might be due to low C:
N ratio which resulted in faster decomposition of organic
matter in soil.

The enzyme aryl sulphatase hydrolyze sulfate
esters with an aromatic radical and important role in the
process where-by organic soil sulfur is mineralized and
made available for plant growth (Tabatabai and Bremner,
1969). Ross et al. (1966) measured the amylase,
dehydrogenase, aryl sulphatase and phosphatase
activity in a clay loam soil amended with seven different
crop residues. All enzymes activities except
phosphomonoesterase were higher in the derived soil
sample than the original soil. The addition of tobacco and
sunflower residues caused an increased in most of the
enzyme activities.

Table 1. Chemical composition of crop residues (oven
dry basis)

S. N. Crop residues Organic Total C: N
C (%) N (%) ratio

1) Wheat straw 33.45 0.65 51.46
2) Sorghum stubble 40.85 0.97 42.11
3) Cotton stalk 33.20 0.55 60.36
4) Sunflower stalk 47.29 0.95 49.77
5) Soybean straw 44.10 1.45 30.41
6) Chickpea straw 35.40 1.07 33.08
7) Pigeon pea stalk 34.40 1.10 31.27

CONCLUSION
The incorporation of soybean straw @ 5 per cent

significantly increased the all enzyme activities and among
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Table 2. Dehydrogenase activity (µg TPF g-1 soil 24 hr-1) as influenced by incorporation of crop residues

Treatments Weeks of incubation

0 2 4 6 8

T1 - Control (no crop residues) 49.13 49.15 50.54 51.44 51.96
T2 - Wheat straw @ 5per cent 52.83 124.48 175.67 97.67 67.83
T3 - Sorghum stubble @ 5per cent 52.90 126.09 198.38 118.31 78.73
T4 - Cotton stalk @ 5per cent 51.48 118.14 154.69 80.89 57.38
T5 - Sunflower stalk @ 5per cent 54.71 133.38 235.57 192.50 94.12
T6 - Soybean straw @ 5per cent 57.40 154.72 251.66 223.68 135.44
T7 - Chickpea straw @ 5per cent 55.40 149.60 244.16 212.35 126.31
T8 - Pigeon pea stalk @ 5per cent 54.60 130.33 221.08 178.37 90.60

SE(m)± 0.03 0.02 0.01 0.02 0.02
CD at 5 % 0.09 0.07 0.04 0.06 0.06

Table 3. Cellulase activity (µg reducing sugars released g-1 soil 24 hr-1) as influenced by incorporation of crop
residues

Treatments Weeks of incubation
0 2 4 6 8

T1 - Control (no crop residues) 18.86 23.26 19.06 21.4 12.26
T2 - Wheat straw @ 5per cent 23.00 30.60 41.63 52.23 38.53
T3 - Sorghum stubble @ 5per cent 21.63 27.26 36.66 47.30 34.53
T4 - Cotton stalk @ 5per cent 22.26 28.40 39.36 50.60 36.70
T5 - Sunflower stalk @ 5per cent 19.60 23.63 32.16 43.40 26.66
T6 - Soybean straw @ 5per cent 20.60 25.73 36.13 45.36 31.20
T7 - Chickpea straw @ 5per cent 20.53 25.23 34.36 43.46 28.93
T8 - Pigeon pea stalk @ 5per cent 19.16 22.00 32.46 40.20 24.03

SE(m) ± 0.17 0.07 0.15 0.06 0.17
CD at 5 % 0.51 0.21 0.47 0.19 0.52

Table 4. Invertase activity (mg reducing sugars released g-1 soil 24 hr-1) as influenced by incorporation of crop
residues

Treatments Weeks of incubation
0 2 4 6 8

T1 - Control (no crop residues) 2.60 2.33 3.03 2.23 2.00
T2 - Wheat straw @ 5per cent 6.53 6.80 6.43 5.53 5.36
T3 - Sorghum stubble @ 5per cent 5.53 5.73 5.20 4.46 4.20
T4 - Cotton stalk @ 5per cent 5.40 5.56 5.36 4.73 4.23
T5 - Sunflower stalk @ 5per cent 6.23 6.66 6.43 4.76 4.16
T6 - Soybean straw @ 5per cent 9.40 9.93 9.56 7.40 6.20
T7 - Chickpea straw @ 5per cent 8.53 9.43 9.26 6.63 5.73
T8 - Pigeon pea stalk @ 5per cent 8.20 8.66 8.03 6.50 5.20

SE (m) ± 0.12 0.11 0.15 0.14 0.07
CD at 5 % 0.37 0.34 0.47 0.42 0.23
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Table 5. Urease activity (mg NH4-N released g-1 soil 24 hr-1) as influenced by incorporation of crop residues

Treatments Weeks of incubation

0 2 4 6 8

T1 - Control (no crop residues) 0.269 0.273 0.286 0.299 0.278
T2 - Wheat straw @ 5per cent 0.270 0.275 0.290 0.298 0.295
T3 - Sorghum stubble @ 5per cent 0.268 0.272 0.287 0.293 0.294
T4 - Cotton stalk @ 5per cent 0.269 0.270 0.285 0.290 0.287
T5 - Sunflower stalk @ 5per cent 0.271 0.279 0.293 0.302 0.297
T6 - Soybean straw @ 5per cent 0.275 0.288 0.297 0.321 0.313
T7 - Chickpea straw @ 5per cent 0.272 0.284 0.295 0.317 0.308
T8 - Pigeon pea stalk @ 5per cent 0.272 0.283 0.295 0.312 0.306

SE (m)± 0.001 0.001 0.001 0.001 0.001
CD at 5 % 0.005 0.005 0.003 0.002 0.003

Table 6. Alkaline phosphatase activity (mMol p-nitrophenol kg-1) as influenced by incorporation of crop residues

Treatments   Weeks of incubation
0 2 4 6 8

T1 - Control (no crop residue) 1.20 2.12 3.12 2.10 1.10

T2 - Wheat straw @ 5per cent 1.50 2.22 3.14 2.00 0.90
T3 - Sorghum stubble @ 5per cent 1.80 2.13 3.11 1.90 0.80
T4 - Cotton stalk @ 5per cent 1.70 2.31 3.15 0.90 1.30
T5 - Sunflower stalk @ 5per cent 1.60 2.46 3.20 1.20 0.70
T6 - Soybean straw @ 5per cent 1.90 2.34 3.41 1.70 1.40
T7 - Chickpea straw @ 5per cent 1.80 2.74 3.66 1.30 1.50
T8 - Pigeon pea stalk @ 5per cent 1.90 2.70 3.09 1.40 1.60

SE(m)± 0.06 0.01 0.01 0.05 0.05
CD at 5 % 0.17 0.03 0.04 0.14 0.16

Table 7. Aryl sulphatase activity (µg of p-nitrophenol released g-1 of soil hr-1) as influenced by incorporation of
crop residues

Treatments Weeks of incubation
0 2 4 6 8

T1 - Control (no crop residues) 1.80 1.90 2.80 2.20 1.20
T2 - Wheat straw @ 5per cent 2.70 3.20 4.10 2.30 2.40
T3 - Sorghum stubble @ 5per cent 3.10 3.80 4.40 2.70 2.60
T4 - Cotton stalk @ 5per cent 2.60 3.70 4.70 2.60 2.00
T5 - Sunflower stalk @ 5per cent 2.50 3.90 3.90 2.80 3.10
T6 - Soybean straw @ 5per cent 3.20 4.50 4.90 3.00 2.90
T7 - Chickpea straw @ 5per cent 3.14 4.10 4.60 1.90 2.80
T8 - Pigeon pea stalk @ 5per cent 3.00 4.20 4.20 3.10 3.20

SE(m) ± 0.021 0.06 0.06 0.06 0.06
CD at 5 % 0.063 0.17 0.19 0.18 0.19

Soil Enzyme Activities as influenced by Decomposition of  Crop Residues in Soil



42

the enzymes dehydrogenase enzyme was significantly
influenced and found superior with highest activity than
other enzymes due to crop residues incorporation.  Hence,
it is concluded that, incorporation of crop residues
enhanced the enzymes activity which subsequently
helped to maintain soil biological activity.
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The available nitrogen content was low and
ranged from 52.7 to 295.0 kg ha-1 and the available
phosphorus varied from 2.16 to 61.93 kg ha-1 indicating
35.4 per cent deficiency. The available potassium was in
the range of 112.0 to 941.0 kg ha-1 (2.4 % deficiency) and
20 per cent samples were in medium category. The available
sulphur varied from 7.50 to 42.29 kg ha-1 indicating 10.7
per cent deficiency.

The available zinc ranged from 0.10 - 4.99 mg
kg-1 showing 68 per cent deficiency while available iron
(1.20 to 54.37 mg kg-1) indicated 4.8 per cent deficiency
while available Mn and Cu were found sufficient in most
of soils.

The nutrient indices were found low for nitrogen
and zinc while that of phosphorus, sulphur, iron and boron
were medium. The nutrient indices of potassium,
manganese and copper were recorded high. It could be
inferred that, fertility of soils in Yavatmal district of
Maharashtra was low in nitrogen, zinc, medium in iron
while high in phosphorus, sulphur, potassium, copper and
manganese.

In post green revolution era, the soils are
showing fatigue indicating decline in productivity. The
decrease in efficiency of major nutrients has been reported
by many workers. The wide spread deficiencies of major
and micronutrients in soils of agriculturally progressive
states are being observed. In the present era of precision
farming, the inputs such as fertilizer, crop varieties and
management practices are matched precisely with the
variability of soil and climatic conditions so that inputs
are applied as per the location specific requirements of

the crop. The introduction of information technology has
provided tools viz., Global Positioning System (GPS) which
helps in collecting a systematic set of georeferenced
samples and generating the spatial data about the
distribution of nutrients with Geographical Information
System (GIS). Singh et al. (2009) used remote sensing and
GIS to study potential suitability for different water
harvesting structures in Soankhad watershed of Kandi
region situated in Talwara block in Hoshiarpur district of
Punjab, whereas Maji et al. (2000) used GIS application in
bringing out the different aspects of the rice-wheat based
cropping system in the Indo-Gangetic Plains of India. The
soil factors viz., texture, pH, organic matter content, calcium
carbonate content, type of clay minerals and interactions
among the nutrients markedly regulate the availability of
nutrients in soils (Malewar, 2005). Imbalanced and
inadequate use of fertilizers coupled with low efficiency
of other inputs, the response efficiency of chemical
fertilizer nutrients has declined tremendously under
intensive agriculture in recent years.

The intensive cultivation of soils and use of
improved high yielding crop varieties which takes up
nutrients from the soil are the major causes of deficiency,
continuous application of one or two macronutrients may
in due course of time deplete the soil reserve of sulphur
and micronutrients and limit the crop performance. For
sustainability purpose there is need to know the nutrients
status of the soil. Keeping this in view, the present
investigation was undertaken with the objectives to assess
the status of major and micronutrients in soils and to
identify and delineate areas of nutrient deficiencies in
Yavatmal district of Maharashtra.

Mapping of Nutrients Status Using Information Technology in Soils of
Yavatmal District

R. N. Katkar1, V. K. Kharche2, S. R. Lakhe3, S. D. Jadhao4 and D. V. Mali5

ABSTRACT
The georeferenced surface soil samples were collected representing different soils types in all the tehsils of Yavatmal.

From all the tehsils 858 soil samples were collected from 143 villages. The collected soil samples were analyzed for major
and micronutrients. The results revealed that soil pH was neutral to alkaline (6.47 to 8.79), non saline (0.03 to 0.44
dSm-1) and non-calcareous to calcareous (CaCO3 0.75 to 15.0 %) whereas organic carbon content found to vary from very
low to very high (1.19 to 9.87 g kg-1).
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MATERIAL  AND  METHODS

Yavatmal distr ict in Vidarbha region of
Maharashtra lies between 19°26' N and 20°42' N latitude
and 77°18' E and 79°98' E longitude and average elevation
of 445 m above mean sea level. Cotton, soybean and wheat
are predominant field crops grown in the district. Besides
this, different pulses, oilseeds and vegetables are grown
in each tehsil.

Geologically, the district is covered with deccan
trap of weathered basaltic material. Physiographically, this
district comes under north deccan Maharashtra lower
plateau. The different landforms in a region constitute its
physical set-up.

The average annual rainfall of the Yavatmal
district is 911.3 mm with wide variability from 791 to 1305
mm in different tehsils.

The major area falls under AESR 6.3, with the
length of growing period (LGP) ranging from 120-150 days
which is characterized by semi-arid eco-system with
shallow and medium to deep black soils belonging to
Ustorthents, Haplusterts, Haplustepts, (Challa  et al., 1995,
Challa et al., 1999 ).

The georeferenced surface soil samples (0-20 cm)
were collected in 143 villages from sixteen tehsils of
Yavatmal district during the year 2010-11. Six farmers from
each village were selected based on land holdings. Two
soil samples were collected from fields of small (less than
1 ha), medium (1-3 ha) and large (above 3 ha) land holding
group. The eight hundred fifty eight geo-referenced soil
samples were collected from all the tehsils and Latitude,
Longitude was recorded using Geographical Position
System (GPS). Soil pH and EC were determined in soil:
water suspensions (1:2.5 w/v) as described by Jackson
(1973). Organic carbon was determined by dichromate wet
oxidation method described by Walkley and Black (Nelson
and Sommers, 1982) and free CaCO3 was determined by
Rapid Titration method (Piper, 1966).

The available N was estimated by alkaline
permanganate method (Subbiah and Asija, 1956) and
available P by Olsen’s method (Olsen et al. 1954). The
available K by ammonium acetate extraction method
(Jackson, 1967) and the available S was estimated by
turbidimetric method (Chesnin and Yien, 1951).

The soil samples were extracted with 0.005M
diethylene triamine penta acetic acid (DTPA) for estimation

of available Zn, Fe, Cu and Mn using Atomic Absorption
Spectrophotometer (Lindsay and Norvell, 1978). The
available boron was determined by CaCl2 extract with Azo-
methine method given by Berger and Truog (1939) and
the nutrient indices were calculated by using the formula
given by Parker et al. (1951).

RESULTS  AND  DISCUSSION

Soil properties

The pH of soils in Yavatmal district was neutral
to alkaline (6.47 – 8.79) (Table 1). The higher pH was
observed in Digras tahsil (7.97) and lowest value in Zari
Jamni tehsil (7.33). The alkaline reaction of soil probably
due to presence of sufficient free lime content in soil
(Kaushal et al. 1980). The EC varied from 0.03 - 0.44 dS m-

1 indicating that all the soils are non-saline in nature and
suitable for healthy plant growth. The organic carbon
content in soils ranged from 1.19 – 9.87 g kg-1 which
showed the organic carbon deficiency in 34 per cent
samples. The high temperature during summer and non-
addition of organic matter regularly might have shown its
deficiency in Yavatmal district. The tehsils Zari Jamani
(50.0 per cent), Maregaon (47.9 per cent), Wani (45.5 per
cent), Ner (42.8 %) and Umarkhed (40.7 %) were deficient
in organic carbon. The calcium carbonate content in soils
of district varied from 0.75 – 15.00 per cent, which
indicated, the soils are non-calcareous to calcareous in
nature. The highest calcium carbonate content was noticed
in Babulgaon and Pusad tehsils and high calcium
carbonate might have adversely affected the
concentration of micronutrient cations in soils, resulted
in deficiency of micronutrients (Deb et al. 2009).

Status of major nutrients

The available nitrogen was noticed 52.7 to 295.0
kg ha-1, which showed 99.1 per cent deficiency and it might
be due to very less addition of organic manures and heavy
uptake of nutrients under intensive cultivation of improved
high yielding varieties of different crops. The available P
varied from very low (2.16 to 61.93 kg ha-1) to very high
indicating 35.4 per cent deficiency. Ner, Kalamb and
Babhulgaon tehsils showed more than 50 per cent
deficiency. The deficiency of available P may be because
of its fixation in the form of calcium phosphate due to
high CaCO3 content. The available K ranged from 112 to
941 kg ha-1 and 2.4 per cent samples were found deficient
while 20 per cent samples were found medium. During
post green revolution era, the available potassium was
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 Table 1. Chemical properties of soils in Yavatmal district

Nameof tehsil                pH (1:2.5)                        EC (dS m-1)                    CaCO3 (p%)               Organic carbon (g kg-1)

Range Mean Range Mean Range Mean Range Mean

Ner 6.96-8.24 7.43 0.106-0.276 0.213 1.62-12.12 7.70 2.24-8.55 5.36
Babulgaon 7.10-8.04 7.65 0.109-0.281 0.207 6.75-15.00 7.80 1.50-8.80 5.47
Kalamb 6.97-8.15 7.49 0.106-0.295 0.198 1.50-11.87 6.46 2.13-8.80 5.61
Yavatmal 6.87-8.31 7.46 0.119-0.295 0.193 2.87-12.12 7.34 1.82-8.83 5.60
Darva 6.96-8.71 7.90 0.102-0.285 0.204 5.87-12.37 9.85 2.05-9.53 5.37
Digrus 7.57-8.46 7.97 0.198-0.274 0.234 6.37-12.37 10.36 2.05-8.97 5.18
Pusad 7.02-8.49 7.62 0.197-0.287 0.242 0.75-13.02 6.52 2.10-8.97 4.71
Umarkhed 7.01-7.95 7.65 0.117-0.281 0.227 1.70-12.00 7.32 1.35-8.10 4.46
Mahagaon 7.02-8.39 7.66 0.102-0.270 0.178 3.25-12.5 9.40 1.19 -8.85 5.09
Arni 7.04-8.39 7.77 0.104-0.294 0.203 1.50-12.12 6.17 2.23-7.85 4.68
Ghatanji 6.90-8.25 7.44 0.132-0.295 0.218 2.37-12.37 7.26 3.60-8.53 6.14
Pandharkawada 6.82-8.53 7.37 0.118-0.291 0.206 1.25-12.0 7.27 2.43-8.71 5.30
Ralegaon 7.06-8.38 7.65 0.132-0.440 0.217 1.62-12.12 7.70 2.24-8.55 5.36
Maregaon 7.15-8.22 7.75 0.102-0.298 0.227 2.0-10.9 7.20 2.53-8.13 4.85
Zari Jamni 6.89-7.86 7.33 0.128-0.261 0.194 1.0-12.25 6.51 2.13-9.87 5.37
Wani 6.98-8.56 7.40 0.03-0.285 0.206 1.12-12.25 6.95 2.13-8.93 5.16
Yavatmal district 6.82-8.79 7.54 0.03-0.440 0.210 0.75-15.0 7.58 1.19-9.87 5.15

Table 2. Nutrients status of Yavatmal district

Name of tehsil                     N                            P                    K                     S
(kg ha-1)

Range PSD Range PSD Range PSD Range PSD

Ner 84.3 - 200.2 100 2.33 - 28.44 64.3 112 - 504 14.3 9.20 – 28.90 11.9
Babulgaon 63.2 - 252.9 100 4.57 - 26.77 58.3 112 - 806 6.2 9.52 – 42.29 6.2
Kalamb 52.7 - 221.3 100 5.53 - 36.57 53.7 168  - 582 0 8.51 – 24.21 11.1
Yavatmal 84.3 - 273.9 100 5.56 - 61.93 50.0 123 - 448 9.5 8.82 – 25.06 7.1
Darva 94.8 - 284.5 96.6 4.96 - 43.94 35.0 157 - 683 0 9.81 – 31.20 6.7
Digrus 94.8 - 263.4 100 9.09 - 27.85 41.7 134 - 582 2.8 9.89  -  27.83 2.8
Pusad 115.9 - 231.8 100 2.16 - 40.76 38.1 157 - 661 0 9.09 – 29.50 9.5
Umarkhed 73.8 - 231.8 100 6.42 – 46.51 35.2 213 -918 0 9.81 – 33.23 3.8
Mahagaon 115.9 - 295.0 98.4 5.67 - 34.4 13.3 134 - 526 1.7 9.70 – 27.20 5.0
Arni 105.4 - 189.6 100 5.66 - 43.27 56.2 123 - 683 10.4 8.56 – 27.07 16.7
Ghatanji 94.8 - 221.5 100 9.40 - 44.83 6.2 157 - 560 0 8.60 – 19.46 18.7
Pandharkawada 94.8 - 284.5 93.3 2.34 - 46.5 35.0 202 - 728 0 8.45 – 21.59 15.0
Ralegaon 126.4 - 221.3 100 7.32  - 60.1 14.8 168 - 717 0 7.79 – 17.97 13.0
Maregaon 115.9 - 252.9 100 8.39-41.03 45.8 202 - 605 0 7.50 – 22.0 12.5
Zari Jamni 94.8 - 273.9 100 6.72 - 61.18 14.8 168 - 941 0 7.60 – 21.42 22.2
Wani 115.9 - 284.5 98.5 9.85 - 61.75 24.2 157 - 918 0 7.67 – 29.20 9.1
Yavatmal district 52.7 - 295.0 99.1 2.16 - 61.93 35.4 112 – 941 2.4 7.50 – 42.29 10.7
PSD – Percent sample deficient
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considered very high in black cotton soils. The recent
trends indicated that slight potassium deficiency occurred
showing response to its addition. Moreover, the results
of long-term fertilizers experiments indicating mining of K
from soils under major cropping system. The available
sulphur varied from low to very high (7.50 to 42.29 g kg-1)
with 10.7 per cent deficiency, whereas 68.9 per cent samples
were found medium (Table 2). The intensive cultivation of
crops and application of fertilizers devoid of sulphur might
be depleting the sulphur from soil. The application of
balanced nutrition to the crops under intensive cultivation
is essential for maintaining the soil fertility and sustainable
productivity  Micronutrients status.

The DTPA-Zn in soils of Yavatmal district ranged
from 0.10 to 4.99 mg kg-1 (Table 3) indicating 68.8 per cent
deficiency, whereas 30.9 per cent samples of available Zn
were in medium category showing widespread deficiency
of zinc. The highest deficiency of zinc was observed in
Maregaon tehsil followed by Ghatanji and
Pandharkawada. The availability of micronutrient cations
is generally low in alkaline soils and crops grown on these
soils suffer from hidden hunger (Malewar, 2005).

The major crops grown in these tehsils are cotton,
pigeon pea, green gram, wheat etc. and their intensive
cultivation might have mined the zinc along with N, P and
K from the soil. The deficiency of zinc was observed higher
in the Maregaon (91.7%), Ghatanji (85.4%), Pandharkawda
(85.0%), Digrus (80.5%), Ralegaon (79.6%), Mahagaon
(75.0%), Pusad (75.0%), Zarjamni ( 74.1%), Darva (71.7%),
Ner (66.7%), Wani (66.7%), Babulgaon (58.3%), and
Kalamb (53.7%) tehsil. This indicated wide spread zinc
deficiency in Yavatmal district. This might be due to high
nutrient requirement of recently introduced high yielding
varieties. The imbalanced use of N, P and K fertilizers,
reduction in organic carbon contents of soil and decline
in the level of micronutrient in soil below critical level also
leading to zinc deficiency (Singh, 2003). The less
availability of organic manures leading to non- application
of manures by many farmers to soil posses the problems
of micronutrient deficiency. Moreover, the farmers are not
testing the soils for micronutrients which are not being
added along with macronutrients. Hence, this might led
to deficiency of micronutrients in the soils of Yavatmal
districts. The widespread deficiency of zinc in intensively
cultivated districts of Western Maharashtra having
predominant alkaline, calcareous, black clayey soils was
reported by Patil and Kharche (2001). It has also been

reported that the soils of Maharashtra did not show
response to application of zinc during seventies (Kharche
et al., 2003). However, afterwards due to intensification of
agriculture the soils became deficient in zinc. The
deficiency of nutrients creates imbalance in soils which
results into nutritional stress in plants (Malewar, 2005).
Sakal (2001) reported zinc deficiency as most serious
constraint to sustainable productivity in several states.
Micronutrient deficiency of plants occur more frequently
in calcareous soils with high pH such as those found in
arid and semiarid regions (Alloway, 2006).

The wide variation was noticed in iron content
(1.20 – 54.37 mg kg-1) in Yavatmal district. The per cent
deficiency of iron was 4.8, while 71.9 per cent samples
under medium category (Table 3) indicating that the soils
are becoming deficient in iron followed by zinc. Patil et al.
(2004) reported 40.0 and 34.7 per cent soils deficient in
zinc and iron respectively, in Vidarbha.

The DTPA extractable Cu in the soils Yavatmal
district ranged from 0.27 – 7.97 mg kg-1 (Table 3). Patil and
Sonar (1994) also reported that in swell-shrink soils of
Maharashtra, available Cu in range of 0.58 to 1.7 mg kg-1.

Further the DTPA-Mn status of soils ranged from
2.22 – 78.60 mg kg-1 (Table 3). Gajbhe et al. (1976) also
noticed available Mn content in surface soils of
Marathwada ranged from 13.3 to 65.20 mg kg-1. The
available boron varied from 0.22 to 1.78 mg kg-1 with mean
of 0.93 mg kg-1 which categorized as low to high viz., 14.84
per cent in low category and 44.27 per cent in medium
category and 40.88 percent in high category. Data in
relation to nutrient indices are reported in Table 8. The
highest boron deficiency was recorded in Arni and
Yavatmal followed by Darva and Wani.
Table 4. Status of micronutrients and nutrient indices

in  Yavatmal district.
Nutrients Percent samples Nutrient

Low Medium High index
N 99.1 0.9 0 1.01
P 35.4 52.9 11.7 1.76
K 2.4 20.0 77.6 2.75
S 10.7 68.9 20.4 2.09
Zn 68.8 30.9 0.3 1.31
Fe 4.8 71.9 23.3 2.18
Cu 0 1.02 98.8 2.99
Mn 0 6.1 93.9 2.94
B  14.84  44.27  40.88 2.26

Mapping of Nutrients Status Using Information Technology in Soils of Yavatmal District



48

Fig. 1.  Fertility maps of N, P, K, S, DTPA-Zn and Fe in Yavatmal district
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Nutrient Indices

In Yavatmal district, the nutrient indices (Table
4) were found low in available N (1.01) and Zn (1.31)
whereas medium in available P (1.76), S (2.09), B (2.26) and
Fe (2.18) and high in K (2.75), Mn (2.94) and Cu (2.99).

 Table 5. Relationship of available micronutrients with
soil properties

S. N. Parameters Zn Fe Cu Mn

1 pH -0.072 -0.10* -0.025 -0.056

2 CaCO3 -0.134* -0.112** +0.041 -0.10

3 Org. Carbon +0.049 +0.078 +0.0213 +0.019

*  Significant at 5per cent level, ** Significant at 1per cent
level

Relationship of nutrients with soil properties

The DTPA extractable zinc showed negative
relationship with soil pH (r = -0.072) and calcium carbonate
(r = 0.134*). An increase in pH normally affects the
availability of zinc in soils adversely. Whereas, positive
correlation with organic carbon (r = +0.049) was observed.
Available zinc was positively and significantly correlated
with organic carbon in some soil series of Punjab,
(Chakraborty, 1981). Similar results were reported by
Malewar and Randhwa (1978) in most of the soils of
Maharashtra. The positive and significant correlation of
iron with organic carbon (r = +0.078) was noticed, indicating
availability of iron increases with an increase of organic
carbon in soil and negatively and significantly correlated
with pH (r = - 0.10*) and CaCO3 (r = - 0.112*). Significant
negative relationship of available iron with pH and CaCO3

content of soil were also reported by Maji et al. (1993).
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Sunflower (Helianthus annuus L.) belongs to
typical alogamic (cross pollinated) entomophilic plant,
which requires pollinators for high quality fertilization.
The contribution of wind in transferring sunflower pollen
is negligible (Low and Pistillo, 1986).

It needs animal pollinators to be transferred from
male to female flowers (Free,1993). A frequently visited
sunflower can produce significantly highet hybrid seed
yield than a les visited cultivar (Skinner, 1987). Moreti et
al. (1993) reported an increase in sunflower productivity
about 98.4per cent, due to the pollination made by
honeybees. Honeybee pollination can increase seed yield
in sunflower by 30per cent and oil content of seed by 6per
cent in hybrid varieties with self – fertility (Jyoti and Brewer,
1999). Insect pollinators play a crucial role in improving
the productivity of cross pollinated crops. The availability
of sufficient number of suitable pollinators during
flowering time is essential for achieving optimum
pollination. Little attention is paid to the need of
conserving and enhancing the pollinator diversity in crop
ecosystem (Jadhav et al. 2011). To maintain sustainable
insect pollination services it is essential to conserve
flower-rich natural habitats (Steffan -Dewenter and
Tscharntke.1999).Considering the importance of
pollinating insects for high quality fertilisation and to
produce higher hybrid seed yield, present study was
carried out to know the diversity and abundance of
pollinating insects in sunflower ecosystem.

MATERIAL AND METHODS
Experiment was conducted at Oilseed Research

Unit, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola
during Kharif 2013 and Kharif 2014 to document the

Insect - Pollinators and their Abundance Associated with Sunflower Ecosystem

P. N. Mane1, S. C. Khandekar2, P. K. Rathod3, S. M. Dadmal4 and S. S. Nichal5

ABSTRACT

The diversity of pollinating insects and their abundance in sunflower, study was studied at Oilseed Research Unit
Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola during Kharif 2013 and 2014. The study indicated that ten diversified
species of  insect pollinators belongs to order hymenoptera and diptera were recorded visiting sunflower capitulum during
the flowering period, Apis dorsata Fabricus was the dominant one, with 60.26 per cent abundance followed by Apis florea
Fabricius had 16.67 per cent abundance. Hymenopteran pollinatorsshared 92.31 per cent abundance that too Apidae 85.63
pr cent.

1 & 5.Assistant Professor, Oilseeds Research Unit,  2. M. Sc. Student. 3. Assistant Professor, PHET and 4. Associate
Professor, Department of Entomology Dr. PDKV, Akola

pollinators diversity and their abundance in sunflower
agroecosystem. Sunflower KBSH 44 was raised with all
recommended agronomic practices except insecticidal
sprays. Randomly selected ten plants were observed daily
during 10.00 to 12.00 hours and recorded the insects visited
to sunflower capitulum and was expressed as mean number
of pollinators plant-1 5 min-1. Species diversity was also
documented by collecting insects visiting sunflower
capitulum and get it identified from NPIB coordinating
cell, IARI New Delhi through NPIB project, Department
of Entomology, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola.

RESULTS AND DISCUSSION

Ten diversified species of pollinating insects
were observed visiting sunflower capitutlum belongs to
order Hymenoptera and Diptera on hybrid sunflower
KBSH 44. Four species viz., Apis dorsata Fabricius,
Xylocopa sp., Teragonula laeviceps Smith, Apis florea
Fabricius from Apidae, two  species viz. , Scolia
quadripustulata  Fabricius and Megascolia sp.  from
Scoliidae and one species i.e  Nomia sp. from Halictidae
were recorded under Hymenoptera. Dipteran foragers
belonging to familiy Syrphidae, constituted Eristalinus
quinquelineatus Fabricius, Phytomia crassa Fabricius
and Phytomia argyrocephala  Macquart (Table 1).
Relative abundance of pollinating insect was in the order
of Apis dorsata Fabricius (60.26  %), Apis florea Fabricius
(16.67  %), Xylocopa sp. (3.85  %), Teragonula laeviceps
Smith (3.85  %) and 2.56 per cent other species (Table 2).
Amongst the pollinating insect visited  sunflower during
the flowering period, Apis dorsata Fabricius was the most
dominant and shared 60.26 per cent abundance followed
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by Apis florea Fabricius (16.67 %). In all, Hymenopterans
pollinators shared 92.31 per cent abundance as compared
to Dipteran pollinators (7.6%).

Present findings are in the tune to the findings
of Jadhav et al. (2011) who reported that Apis dorsata
was the more frequently visiting insect pollinator in hybrid
sunflower. Relative abundance of insect visitors to
sunflower capitula revealed that Apis sp. constituted 88.85
per cent indicating the dominance of hymenopterans in
sunflower ecosystem. In the present investigation Apidae
had 85.63 per cent share among the total pollinators (Table
2). Swaminathan and Bharadwaj (1982) recorded Apis
dorsata, the most frequenting bee species visiting
sunflower. Renganayaki et al. (2008) also reported that
sunflower crop was foraged by sufficient number of four
species of honey bees viz., Apis dorsata, Apis cerana
indica, Apis florea and Mellifera irridipennis. An

essential pollination service is performed by domesticated
honeybees (Apis mellifera) and by wild bees (feral
honeybees, 58 species of bumble bees, and hundreds of
species of solitary bees) (Corbat et al. 1992). Kasina et al.
(2007) found the diversity of pollinators associated with
sunflower at Makueni district, a semi-arid area in Eastern
Kenya  and they were Merylis flavipes LeConte,
Coleoptera (Melyridae: Melyrinae), Phytomia incisa
Wiedemann, Diptera (Syrphidae: Syrphinae),
Rhynchomydaea sp. Malloch Diptera (Muscidae:
Muscinae), Apis mellifera Linnaeus Hymenoptera
(Apidae: Apinae), Plebeina denoiti Vachal Hymenoptera
(Apidae: Apinae), Ceratina sp. Latreille Hymenoptera
(Apidae: Xylocopinae), Heriades sp. Cresson
Hymenoptera (Megachilidae: Megachilinae),
Pseudoanthidium sp. Fs Sandanski Hymenoptera
(Megachilidae: Megachilinae), Belenois aurota Fabricius
Lepidoptera (Nymphalidae: Pierinae), Byblia ilithyia Drury

Table 1. Species of pollinating insects associated with Sunflower.

S. N. Species Family Order

1. Apis dorsata Fabricius Apidae Hymenoptera
2. Xylocopa sp. Indent Apidae Hymenoptera
3. Teragonula laeviceps Smith Apidae Hymenoptera
4. Eristalinus quinquelineatus Fabricius Syrphidae Diptera
5. Scolia quadripustulata  Fabricius Scoliidae Hymenoptera
6. Nomia sp. Indent Halictidae Hymenoptera
7. Phytomia crassa Fabricius Syrphidae Diptera
8. Megascolia sp. Indent Scoliidae Hymenoptera
9. Phytomia argyrocephala  Macquart Syrphidae Diptera
10. Apis florea Fabricius Apidae Hymenoptera

Table 2. Relative abundance of pollinating bees on sunflower  hybrid KBSH - 44. .
Order Family Species Abundance (%)
Hymenoptera Apidae Apis dorsata Fabricius 60.26
Hymenoptera Apidae Xylocopa sp. 3.85
Hymenoptera Apidae Teragonula laeviceps Smith 3.85
Diptera Syrphidae Eristalinus quinquelineatus Fabricius 2.56
Hymenoptera Scoliidae Scolia quadripustulata  Fabricius 2.56
Hymenoptera Halictidae Nomia sp. 2.56
Diptera Syrphidae Phytomia crassa Fabricius 2.56
Hymenoptera Scoliidae Megascolia sp. 2.56
Diptera Syrphidae Phytomia argyrocephala  Macquart 2.56

Hymenoptera Apidae Apis florea Fabricius 16.67

Total 100.00
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Lepidoptera (Nymphalidae: Nymphalinae), Cephonodes
hylas Walker Lepidoptera (Sphingidae: Macroglossinae),
Danaus chrysippus Linnaeus Lepidoptera (Nymphalidae:
Danainae), Junonia hierta Trimen Lepidoptera
(Nymphalidae:Nymphalinae), Junonia oenone Linnaeus
Lepidoptera (Nymphalidae: Nymphalinae). Andrena sp.
(2.40per cent)  (Andrenidae: Hymenoptera). Halictus sp.
(3.69 per cent)  (Halictidae: Hymenoptera) and a Syrphid
fly (0.46per cent)  (Syrphidae: Diptera). Glaiim et al. (2008)
found the spices associated with sunflower were Apis
mellifera , Megachile sp. , Nomia sp. , Xylocopa
fenestrate and X. aestuans. It is clear from the findings
that the sunflower capitulum in bloom is highly attractive
to multitude of insect species among them Apis dorsata
Fabricus is dominant and, contr ibuted more in
entomophilic pollination at Akola conditions.
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Cotton is an important cash crop of India.
Maharashtra contributes nearly 1/3rd area at national level.
Cotton plays akey role in synergizing the economy of
Maharashtra as well as Vidarbha. There are many causes
of low productivity of cotton; one of the importantreasons
for the low productivity is the attack of pests like aphids,
leaf hopper, thrips and whitefly (Pawaret.al. 2003). The
recommended spraying technology particularly
application of sprays by using appropriate nozzles of
knapsack sprayer as per stage of the crop is not followed
mostly by the farmer, which pose uneven discharge of
spray solution leading to ineffectiveness of chemicals
against these pests.

Success of spraying techniques depends upon
the ability of the nozzle to produces uniform spray pattern
of the desired size with the appropriate discharge. Nozzleis
an important part of sprayer, which perform main three
functions i.e. regular flow, atomize the mixture into droplets
and disperse the spray in a desirable pattern. A range of
nozzles are  available in the market to meet the needs of
various applications. Appropriate selection of nozzle is
crucial for effective spray and their safety to environment.
Water volume usedshould not be too high which lead
wastage of pesticide and exposure to environment through
drift. When targeting the plant, spray droplets should be
distributed uniformly over the entire plant, including the
underside of the leaves as well as on top of the plant.

This study will give information on type of
nozzles to be used and water discharge at various stages
of crop which will ultimately provide better spray coverage

Performance of Various Nozzles of Knapsack Sprayer Against Sucking Pests
on Bt Cotton

M. S. Khodke1,  A. V. Kolhe2, D. B. Undirwade3, Jayashri D. Ughade4 and D. S. Karale5

ABSTRACT
Field efficacy of popular nozzles of Knapsack sprayer and their characteristic were studied against cotton

sucking pests at experimental farm of Department of Entomology, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola.
The results revealed that aphid, leafhopper, thrips and whiteflies were effectively control by using hallow cone wide angle
nozzle of four holes(local) with effective range of droplet size of 150-250 µm, density of15-30 drops/cm2 and  angle of
spray coverage of 65-1200. The operative pressure of this nozzle by manual labour ranged between 2.00 – 2.5 kg/cm2,
which is in consistent with under laboratory condition. At this pressure the water discharge varied as per stages of crop and
ranged between 330 to 466 litre ha-1, which is optimum on cotton crop. Highest yield of seed cotton (15.10 q ha-1) and
ICBR (7.55) was also received in the plot of spray application using hallow cone wide angle nozzle four holes (local).

for control of pests. This will result in saving of pesticide,
reducing the exposuretoenvironment and health risk.

MATERIAL AND METHODS
Popular nozzles of knapsack sprayer viz. Hollow

cone nozzle (PTB Local), Hollow cone nozzle (Plastic
ASPEE XLB/N), Solid cone nozzle (Brass), Hollow cone
wide angle nozzle four holes (Local), Hollow cone wide
angle nozzle five hole (Local) were evaluatedalone and in
combination against sucking pests (aphids, leafhoppers,
thrips and whitefly using the variety RCH-2 BG II, during
Kharif season of 2013-2014 at experimental farm of
Department of Entomology, Post Graduate Institute, Dr.
PDKV., Akola.

Field trial was conducted in Randomized Block
Design with three replications by sowing of Bt transgenic
cotton (RCH 2 BG II) at 90 cm x 60 cm spacing. All the
agronomical practices were carried out as per university
recommendations. First foliar spray of insecticide by using
various nozzle treatments were undertaken at ETL against
sucking pests and subsequent 3 sprays were undertaken
at 10-12 days interval. The insecticides, fipronil 5 SC @ 30
ml, acephate 75 SP @ 30g,imidachloprid 17.8 Sl @ 7 ml and
acetameprid 20 SP @ 5 g 10-1 lit of water were applied in
sequence in the form of total four sprays. The effect of
these nozzles on population of aphid, leafhopper, whitefly,
thrip and predator was studied. Total water discharge,
droplet densityof nozzles, plant height and cost economics
of these treatments were also studied.

Nozzle discharge rate measured as per Indian
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Standard (IS) 8548 test code (2004) by knapsack sprayer
endurance test rig. The nozzles discharge was recorded
at three different pressure level 2.0, 2.5 and 3.0 kg/cm2 to
find out the discharge of the nozzle on knapsack
sprayer.Procedure was evaluated in laboratoryof Farm
Machinery Testing and Training centre, Dr. PDKV, Akola.

Measurement of droplet deposition and characters

Three glossy papers were stapledat selected top,
middle and bottom position of plant to observe the
deposition of the droplet, droplet density and their size.In
order to achieve uniform exposure on crop, the spraying
was started 3m before the canopy and sample was
collected on the cards of glossy paper, sample cards of
size 4.00 cm x 4.00 cm were used to collect the sample.The
Bromophenol Blue colour dye spray was allowed to fall
on to the sample glossy photographic paper.After the
experiment, the sample cards were carefully removed and
then taken for further analysis in the laboratory, digital
image analyzer was used to determine stain diameter and
droplet size, which were later analyzed after 24 hours of
application to ensure that droplets had stopped spreading.

Image Pro-Plus image analysis software makes it
easy to acquire images, count, measure and classify
objects, and automate the work.Image pro plus most
powerful electronic imaging program was used for analysis
of glossy paper to obtained droplet size (VMD-Volume
mean diameter), droplet density and UC (Uniformity co-
efficient)(http://www. mediacy.com). Procedure was
evaluated in the laboratory of ASPEE, Agriculture
Research Foundation, Tansa Farm, Mumbai during
October, 2013.

RESULTS AND DISCUSSION

Effect of various nozzles on population of sucking pests
Cumulative average data (Table 1) recorded on

sucking pests (No./leaf) of cotton revealed that treatment
plots noted significantly lower population than control
plot. The lowest population (2.63) of leaf hopper was
recorded in T4- Hollow cone wide angle nozzle four holes
(Local) and was superior to rest of the treatments. T6 (3.33)
ranked second and was on par with rest of the treatments,

except, T7 & T3. While the whitefly population was
effectively checked by using T1- Hollow cone nozzle (PTB
Local) and T5- Hollow cone wide angle nozzle five holes
(Local) (1.26) & it was at par with T4 and T8. T2 being next
effective, it was at par with remaining treatments. Minimum
thrips population was recorded (1.21) in T4- Hollow cone
wide angle nozzle four holes (Local) and found at par with
T7, T5 and T8. Hollow cone nozzle (PTB local) stood 2nd

and being on par with combination of nozzle i.e. T9. T3
was least effective in reducing the thrips population
followed by T6 and T2 and both were on par with each
other. However, lowest population (1.05) of aphid was
recorded in T4- Hollow conewide angle nozzle four holes
(Local) and it was at par with rest of the treatments.The
results of this investigation is in the agreement of work
conducted by Greene and Capps (2001), who concluded
that effective control of thrips can be achieved by using
Hollow cone nozzle of knapsack sprayers. Mohammad et
al. (2008) reported significant mortality against sucking
pests by using hollow cone nozzle of knapsack sprayer.
Hence, these findings are in line with present study.

Since, RCH–2 BG II is highly susceptible to
leafhoppers, the population of thrips remains below during
the crop season. Similarly, the grandular leaf hairs on this
hybrid are partial or low, hence, being negative character
for livelihood of white flies, the whitefly population was
also noted low during the season.Similarly, the population
of aphid, whitefly and thripswas reported to be low on
RCH-2 BG II i.e. 6.14, 6.40 and 6.05 per leaf, respectively
during Kharif season of  2013 (Anonymous, 2014).

Effect of various nozzle treatments on yield of seed cotton
and ICBR

Seed cotton yield (Table 1) recorded in hollow
cone wide angle nozzle four holes four holes (Local) was
highest among all other treatments i.e. 15.10 q/ha and being
on par withT7 – (T2 fb T3 fb T4 fb T5), hollow cone wide
angle nozzle five holes and hollow cone nozzle (Plastic
ASPEE XLB/N). Control plot produced lowest yield of
7.63 q ha-1. However, hollow cone wide-angle nozzle four
holes (Local) was proved to be the cost effective treatments
in which highest ICBR was recorded i.e. 7.55 followed by
T7 – (T2 fb T3 fb T4 fb T5) (7.44), hollow cone wide angle
nozzle five holes (Local)(6.51), hollow cone nozzle (PTB
Local) (5.93), hollow cone nozzle (Plastic ASPEE XLB/N)
(5.85), T6- (T1 fbT2 fb T3 fb T4) (5.57). Lowest ICBR was
noted in solid cone nozzle (Brass) because of low yield
and low performance against sucking pests.
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