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ABSTRACT
High and sustainable productivity of cotton is associated with balanced and sound nutrition. The
declining trend in yields of cotton is related to nutritional problems, changes in cotton ecosystem,
cropping sequence and management practices
followed. The nutrient supply system can be improved by adopting integrated nutrient management practices for the cropping system used. Farm
yard manure (FYM), vermicompost (VC) and crop
residues (CR) are the best sources of organic manures. Besides, crop rotation is also an important
aspect for better soil health and to obtain crop
yields on a sustainable basis. With this background
experiment was conducted during 1997 to 2001
on permanent site under rainfed conditions at ARS,
Dharwad Farm to investigate the effects of organics and inorganics on the crop yields of cottonbased rotational cropping systems. The popular
cropping system consisting of cotton followed by
groundnut and rabi sorghum in one cycle of two
years was used in the experiment. Mean results of
3 years experiments indicated that application of
FYM at 10 000 kg/ha increased the yield of cotton significantly over other organics. The same
trend was observed in all years. Combination of
FYM at 3.3 tons, VC at 0.8 tons and CR at 1.6 tons
/ha produced the next highest yield of cotton as
compared to other treatments. Reduction in the
application of the recommended dose of inorganic
fertilizer (RDF) from 100 to 0% reduced the yield
of cotton significantly. Similar observations were
made even when organics were combined with fertilizers. It was noticed from the pooled data that
combination of 100% RDF and FYM at 10 000 kg/
ha has produced significantly higher yield of cotton (1594 kg/ha) compared with other treatments.
Whereas rabi sorghum produced higher yield with
combined application of CR at 5000 kg/ha and
50% RDF (2329 kg/ha) as against groundnut which
produced higher yield with VC at 1250 kg and CR
at 2500 kg/ha +100% RDF (692 kg/ha). Among
the organic manures, FYM was more effective on
cotton and FYM/CR were equally effective on Rabi
sorghum, but a combination of these organic manures was better for groundnut to produce more
yields. In general, the results clearly indicated that
combination of RDF and organic manures has
greater scope for upgrading crop yields on a sustainable basis in cotton-based rotational cropping
systems. Further, this experiment is being contin-
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ued on a permanent site to see the long-term effects of yearly application of organic and inorganic
manures on crop yields and soil properties.

Introduction
The use of mineral fertilizers is the fastest and
definite way to improve improving crop productivity.
However, the increases in cost and associated environmental hazards as well as lack of sustainability in yields
under application of such fertilizers are constraints in
cotton production. Low soil organic matter coupled with
deficiencies of nutrients and continuous cotton cropping and management practices are the main reasons
for lack of sustainability. This has renewed the interest
in the use of organic fertilizers along with inorganic
fertilizers. High and sustainable productivity of cotton
is associated with balanced nutrition and availability of
nutrients in the soil. Nutrient supply systems can be
improved by adopting Integrated Nutrient Management
(INM) practices. Integration of organics and inorganics
needs to be incorporated in cotton manurial schedule.
Farmyard manure, which is a treasure house of nutrients, not only supplies major nutrients but also acts as
a reservoir of micronutrients. It is both enhancing the
organic matter content of soils, as well as the water
holding capacity of the soil. In general, farmyard manure improves physical, biological and chemical properties of the soil. Crop residues, which is a low cost
input and farm waste, acts as a nutrient supplier after
decomposition. Man-made vermicompost is also an
organic source with higher levels of nutrients. Integrated
methods involving combination of organic and inorganic manures can sustain nutrient extraction and
maintain the higher level of productivity and soil fertility on a long-term basis. With this background, longterm experiments on a permanent site were planned
and executed to investigate the effects of INM practices
on the yields of different crops and soil properties in a
cotton-based cropping system.

Experimental procedure
A field experiment was conducted under assured
rainfall condition (750 mm annual rainfall) on a permanent site in medium deep black soil at ARS, Dharwad
farm, Karnataka, India. This experiment is being continued on a permanent site and every year the same
treatment is imposed in a particular plot. The experiment was laid out in a split plot design with three replications. Cotton crop (first year) is rotated with groundnut in kharif and sorghum in rabi seasons (second year)
in one cycle of two years. This experiment was initiated
during 1997-98 and completed three cycles of two years
rotation by 2002-03. Eight treatments consists of farmyard manure (FYM) at 10000 kg/ha, crop residue (CR)
at 5000 kg/ha, vermicompost (VC) at 2500 kg/ha, FYM
at 5000 kg/ha + CR at 2500 kg/ha, FYM at 5000 kg/
ha + VC at 1250 kg/ha, CR at 2500 kg/ha + VC at
1250 kg/ha, FYM at 3300 kg/ha+ CR at 1870 kg/ha
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+ VC at 830 kg/ha and control (without organics) were
in the main plots for kharif crops only and inorganic
fertilizers at 0.50 and 100 percent of recommended
dose of fertilizers to each crop were in sub plots. The
RDF applied to cotton, groundnut and rabi sorghum
were 40:25:25, 25:30:25 and 50:25:0 NPK kg/ha,
respectively. Organic manures were applied only to
kharif crops every year 20 days before sowing and inorganic fertilizers were applied for all the crops at the
time of sowing. Cotton was sown with Sahana (G.
hirsutum) variety at 60 x 30 cm spacing during JuneJuly and harvested during January-February. Groundnut (cv. TMV-2) is a kharif crop usually sown during
June and harvested during September, and rabi sorghum variety M 35-1 was usually sown during October
and harvested during February. FYM, crop residue and
vermicompost were applied in furrows and covered with
soil. Recommended plant protection measures were
taken as and when required for control of pests in all
crops. Observations for growth, yield parameters and
yield were recorded at the time of harvesting. Soil
samples were taken at the start of the experiment and
after each cycle for the estimation of physical and chemical properties.

Results and Discussion
Response of cotton to application
of organic manures
The mean of three cycles data for cotton (Table
1) indicated that FYM at 10000 kg/ha has produced
significantly 13 to 38 percent higher (1398 kg/ha) yields
over other organics and control. Similar trends were
observed in all years. Little information is available on
the effect of continuous manuring on crop yields. Such
studies made by Khaini and More (1984) indicated that
continuous application of FYM increased the organic
carbon and available nutrients two-fold in cotton-sorghum rotation, and the yield of cotton was nearly
doubled. Besides, addition of organic matter improved
the physical properties of the soil. In another study, regular addition of FYM improved the organic carbon and
increased the percentage of water-stable aggregates,
and thereby improved the soil structure. Hence, there
were increases in pore space, water holding capacity
and microbial activity (Singh and Bhattacharya, 1989).
In the present investigation, besides FYM at 10000 kg/
ha, application of FYM at 3300 kg/ha + CR at 1670
kg/ha + VC at 830 kg/ha has also produced more
kapas yield (1240 kg/ha), which was comparable with
that of FYM at 5000 kg/ha + CR at 2500 kg/ha (1208
kg/ha). Similar results were obtained by
Chandrashekhar et al. (1998) and they observed that
combined application of FYM, CR and VC recorded
the highest yield of cotton in INM studies for cottonmaize cropping system. However, application of crop
residue at 5000 kg/ha or Vermicompost at 2500 kg/
ha alone or their combination did not improve the yield
of cotton. Similar trend was observed for most of the
yield components (Tables 3 and 4). Earlier studies also

indicated that crop residue application alone had no
spectacular influence on the crop yield under rainfed
agriculture (Chokhey, Singh and Wankhade, 1983) and
the increase in yield was 35 to 110 kg/ha with 5000
kg/ha and 150 to 200 kg/ha with 10000 kg/ha. Under dryland conditions crop residue decomposition is
generally too late or sometimes not possible. Same time
the incorporated biomass may deplete the soil moisture by absorbing moisture from soil thus affects the
crop growth. In this study also similar results were obtained with respect to cotton yield. However, the data
show that application of any organic has numerical
superiority in yield over control in all the cycles of cotton production. Among the organics, FYM alone followed by combination of FYM, VC and CR, as well as a
combination of FYM and CR are found to improve the
yield of cotton on a sustainable basis.

Response of cotton to application
of inorganic fertilizers
Application of inorganic chemical fertilizers increased the yield of cotton significantly from control to
50% RDF and further to 100% RDF in all the cycles
(Table 1). The mean data of 3 cycles indicated that cotton yield was related to the supply of nutrients to the
cotton crop. Berger (1969) reported that cotton removes
more nutrients to produce higher yield of cotton. Therefore, cotton yield depends upon the quantity of nutrients applied to the crop. Similar results were obtained
by Das et al. (1991) and Mannikar (1993). Further,
Chandrashekhar et al. (1998) reported that 10 to 30
percent of cotton and 17 to 45 percent of maize yields
were lost due to the reduction in chemical fertilizers
from 100 to 50 percent of the recommended dose of
fertilizers. It was also find in this study that cotton yield
at 100 percent RDF (1335 kg/ha) was significantly superior compared to 50 percent RDF (1174 kg/ha) and
the control (931 kg/ha) where no fertilizer was applied
and that yield increase was to the extent of 43 and 26
percent over control, respectively. The same trend was
also noticed for yield parameters.

Response of cotton to combination
of organic and inorganic manures
Interaction effects were significant. Application
of FYM at 10000 kg/ha with 100 percent RDF produced significantly higher yields compared to the other
treatments (Table 1). Yield increase was significant for
each of the applied organic fertilizers when fertilizer
doses were increased from 0 to 50 percent and further
to 100 percent RDF. This study clearly shows that cotton yields were increased to a greater extent when organic plus inorganic manures were applied to the cotton. Similar results were obtained by Solaiappan (2002)
and he found that combined application of organic
manure and recommended level of inorganic fertilizer
gave significantly and consistently higher seed cotton
and sorghum grain yield. In this study cotton yield with
FYM at 10000 kg/ha alone (1187 kg/ha) was comparable with 100 percent RDF alone (1228 kg/ha). Cot-
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ton yield was 1187 kg/ha with 10000 kg/ha of FYM
and it was 1228 kg/ha with 100 percent RDF. These
yields were increased to 1594 kg/ha when both were
applied and improvement in yield was to the extent of
30 to 34 percent. Similar trends were noticed in all the
years of cotton production. Therefore, these results
clearly indicated that enhancement of cotton yield on a
sustainable basis is possible if nutrient supply is made
through application of inorganic plus organic manures.

Effect of INM practices on the
yield of groundnut, sorghum and
equivalent yield of cotton
Rabi sorghum produced highest yield (Table 2)
with combined application of 50 percent RDF and crop
residue at 5000 kg/ha (2329 kg/ha), as against groundnut which produced higher yield with VC at 1.25000
kg/ha+ CR at 25000 kg/ha with 100 percent RDF (692
kg/ha). The effect of combination of crop residue with
VC and fertilizers was more convincing with groundnut
and sorghum than cotton production. It is also clear
from the data that like cotton production, response to
inorganic fertilizers irrespective of different organics yield
was increased with increasing levels of fertilizers both
in groundnut and sorghum crops. Though the response
to organics was very meager in groundnut production,
sorghum responded better to crop residue and FYM
applications. Increasing the level of fertilizers from 0 to
100 percent improved the yield of all the crops irrespective of the source of organics added. Total cotton
equivalent yield (Table 5) reflects the effect of crop rotation and response to INM practices for production of
one cycle cropping system of two years. It is evident
from the yield data that FYM at 10000 kg/ha (2298
kg/ha) is best among all the organics followed by FYM
at 5 t + CR at 25000 kg/ha (2087 kg/ha). The data
show that the effect of crop residue with fertilizer and
VC was greater on groundnut and sorghum than on
cotton, thus producing best yield of cotton equivalent
in one cycle of two years. Further, the effect of inorganic fertilizers was also quite convincing to increase
the yield of cotton when fertilizer dose was increased
from 0 to 50 and further to 100 percent RDF. Cotton
equivalent yield of only FYM at a 10000 kg/ha appli-
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cation (1944 kg/ha) was on par with 100 percent RDF
application (2028 kg/ha). Highest yield was obtained
only when FYM at 10000 kg/ha along with 100 % RDF
was applied (2620 kg/ha). From the data of three cycles
it is concluded that in a rotational cropping system of
cotton –groundnut (kharif) – sorghum (rabi) in two years,
application of FYM at 10000 kg/ha with 100 percent
RDF followed by application of FYM at 5 t + CR at
25000 kg/ha with 100 percent RDF was optimum for
higher yields under assured rainfall conditions. Wherever FYM is in short supply farmers can supplement the
organics with crop residues to boost crop yields.
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Table 1. Cotton yield (kg/ha) as affected by integrated nutrient management practices in cotton based cropping system.
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Table 2. Groundnut and Rabi Sorghum yield as affected by integrated nutrient management practices in cotton based cropping system (means of 1998-99 and 200001).
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Table 3. Growth parameters as affected by integrated nutrient management practices in cotton based cropping system (mean of 3 years).
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Table 4. Yield parameters as affected by integrated nutrient management practices in cotton based cropping system (means of 3 years).

Table 5. Cotton equivalent yield of groundnut and rabi sorghum and total yield of cotton per cycle of two years as affected by cotton based cropping system as
influenced by INM practices.
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