




Performance of Summer Chilli under Irrigation Regime and Fertigation Levels with 
Black-Silver Polythene Mulch - V. G. More, M. B. Dhonde, J. B. Shinde, B. D. Bhakare and 
M. N. Bhalekar                                                                                                                             115

Effect of Nutrient Management on Total System Productivity (SGEY) of Soybean Based 
Cropping Systems - S. D. Thorat, B. S. Raskar, B. S. Gunjal                                                        121

Impact of Weather Parameter on the Incidence of Tea Mosquito Bug on Mid Late Cashew
:Variety in Konkan Region of Maharashtra - V. N. Jalgaonkar, K. V. Malshe, K. V. Naik, 
J. N. Choudhari, D. G. Jondhale, S.A. Chavan                                                                                124

Identification of Promising Genetic Stock Genotypes of Wheat (Triticum aestivum L.) under
Restricted Rrrigated Condition - K. M. Sonawane, N. S. Kute, D. A. Gadekar, C. B. Salunke       129

Effect of High Density Planting, Nutrient Management and Moisture Conservation on 
Economics and Nutrient Pptake of hirsutum Cotton under Rainfed Condition -
V. K. Khargharate, Mangala Ghanbahadur, Sumedh Hiwale and Pritam Chirde                                  138

Production Potential of Hirsutun Cotton (AKH-081) as Affected by Plant Density and 
Nutrient Management under Rainfed Condition of Vidarbha Region - V. K. Khargkharate,
Mangala Ghanbahadur, V. B. Paathrikar and J. M. Gaikwad                                                              146

Effect of Various Plant Growth Regulators on Yield of American Cotton (Gossypium 
hirsutum) - S. S. Sabale, G. R. Lahane and S. A. Shaikh                                                               152

Evaluation of Contingent Crops for Delayed Onset of Monsoon in Scarce Rainfall Zone of
Andhra Pradesh - B.Sahadeva Reddy* and  B.Ravindranatha Reddy                                               162

Soil-Plant-Animal Relationship of Cu, Fe, Mn, Zn And Co in Cattle of Parbhani District of
Marathwada - P. B. Singare, V. D. Patil and A. L. Dhamak                                                            166

Evaluation of Second cycle Half-sibusing Genetic Male Sterility in Safflower (Carthamus
tintorius L.) - Rajendra Ratnaparkhi, Sachin Shinde, Satish Nichal                                                 170

Precision Farming of Banana under Different Colour Plastic Mulches - M. A. Gaikwad, 
N. N. Firake, S. M. More and V. D. Kanade                                                                                    174

Response of Broccoli (Brassica oleracea L. var. italica) to Different Levels of Irrigation and
Fertigation Under Different Colour Shadenets in Rabi Season - N. N. Firake, 
S. D. Gorantiwar, Snehal Patil, Mohini Gaikwad, V. D. Kanade and S. M. More                                 178

Assessment of Promising Deshi Cotton Genotypes to Mitigate Current Climatic Situation of
Vidarbha - S. B. Deshmukh, T. H. Rathod, R. T. Bhowate, V. V. Ujjainkar, P. W. Nemade, 
P. S. Kamble and G. J. Bhagat                                                                                                       184

Journal of Agriculture Research and Technology

CONTENTS

Volume 44                                                Number 2                                                May 2019



Estimation of Curve Numbers for Ridges and Furrows in Semi-arid Region - D. P. Mavale, 
M. G. Shinde, A. A. Atre, R. D. Bansod, S. D. Gorantiwar, V. N. Barai, S. A. Kadam                        188

Yield of Coloured Capsicum as influenced by Different Nutrient Levels and Pruning 
Management Techniques under Polyhouse condition - R. R. Hasure, D. D. Dudhade, 
Rahul Hasure, K. D. Kale, S. D. Bhingardive and V. A. Apotikar                                                       193

Effect of GA3, NAA, CaCl2, Boric Acid and Different Micronutrients on Fruit Characters 
and Yield of Tomato (Solanum lycopersicum L.) - A. V. Chandanshive, B. B. Handal, S. D.
Gaikwad and  C. B. Bachkar                                                                                                          204

Performance of ARIMA Model for Forecasting the Rainfall Data for Rahuri Tahsil of
Ahmednagar District - P. G. Popale and Dr. S. D. Gorantiwar                                                      209

Studies on Various  Evapo-retardants for Reducing Water Loss due to Evaporation from 
Farm Ponds - M. S. Pendke,  D. P. Waskar  and S. H. Narale                                                         221

Journal of Agriculture Research and Technology114

______________



In recent years, there is declining trend in
annual rainfall. Limited sources of irrigation
water from wells and tanks can be
advantageously used through drip irrigation with
mulch to enhance water use efficiency in broadly
spaced crops. Chilli responds well to fertigation
in terms of increased growth and yield
properties besides, higher water and fertilizer
expense efficiencies compared to conventional
methods. A large area under chilli in India needs
lot of water and fertilizers. Day by day there is a

pressure on available water for agriculture sector
from industrial and domestic sectors. Therefore,
with the use of drip irrigation and fertigation
technology with mulch a huge amount of water
and fertilizers can be saved. Thus there is need
to standardise drip irrigation regimes and
fertigation schedules especially for semi arid
tropic for summer chilli. In view of this, the
present investigation on "Response of irrigation
regime and fertigation levels for summer chilli -
watermelon crop sequence with mulch." was
planned and conducted during year 2014 and
2015. 

Most of the research work has been carried
out on fertigation by using conventional
fertilizers and water soluble fertilizers, especially
on levels of recommended dose of fertilizers.
However, very meager research work has been
carried out on apportioning of fertilizers as per
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Abstract
The investigation was carried out with summer chilli to evaluate the response of irrigation regime and

fertigation levels under black polythene mulch at Irrigation Water Management Research Farm, Mahatma Phule
Krishi Vidyapeeth, Rahuri, Dist. Ahmednagar (Maharashtra). The experiment consists of twelve treatment
combinations with four irrigation regimes and three fertigation levels. Irrigation regimes consist of 70, 80, 90
and 100 per cent of ETc, while fertigation levels consist of 75, 100 and 125 per cent of RDF. The treatments
were replicated three times in split plot design. Control treatment with recommended package of practice and
absolute control with recommended package of practice with no fertiliser for chilli was grown separately. Black
silver polyethylene mulch of 50 micron was used common to all the treatments, except control. Fertigation of
N, P2O5 and K2O was applied as per growth stages in all treatments by using water soluble fertilizers. The
yield contributing characters of chilli were higher in irrigation regime of 100 percent ETc but at par with
irrigation regime of 90 and 80 percent ETc. While, fertigation level of 125 per cent of RDF recorded higher
yield contributing characters of chilli but was at par with fertigation level of 100 per cent of RDF. Irrigation
regime of 100 percent Etc recorded maximum fruit yield of chilli however, it was at par with Irrigation regime
of 90 per cent ETc. While, fertigation level of 125 per cent of RDF recorded maximum fruit yield of chilli but
was at par with fertigation level of 100 per cent of RDF. 
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crop growth requirement. Hence, there is scope
to increase the productivity of summer chilli by
adopting suitable irrigation regime and
fertigation schedule. 

Materials and Methods

The experiment was carried out at Irrigation
Water Management Research Farm, Mahatma
Phule Krishi Vidyapeeth, Rahuri, Dist.
Ahmednagar (Maharashtra) situated between
19°47' and 19°57' N latitude and between 74°
19' and 74°32' E longitude and at the altitude of
495 to 555 m above the mean sea level.

The soil used for the experiment was clay
and well drained. The soil physical properties
viz., field capacity, permanent wilting point and
bulk density were 34.42 per cent, 19.41 per
cent and 1.32 g cm-3, respectively. The soil
chemical properties viz., pH, EC and organic
carbon content were 7.99, 0.42 dSm-1 and
0.71 per cent, respectively with low in available
nitrogen (153.66 kg h-1), high in available
phosphorous (20.27 kg ha-1) and very high in
available potassium (462.93 kg ha-1). The
average annual rainfall is 520 mm which is
mostly concentrated during monsoon months
from June to October from South-West
monsoon which is nearly 80 per cent of the total
rainfall. The distribution of rainfall is erratic with
15 to 45 rainy days. The tract is under the rain
shadow area lying on Eastern sides of Western
Ghats, agro-climatically falls under scarcity zone
of Maharashtra.

The experiment consists of twelve treatment
combinations with four irrigation regimes and
three fertigation levels. Irrigation regimes consist
of 70, 80, 90 and 100 per cent of ETc, while
fertigation levels consist of 75, 100 and 125 per
cent of RDF. The treatments were replicated
thrice in split plot design. Control treatment with
recommended package of practice and absolute
control with recommended package of practice
with no fertiliser was grown separately. Black

silver polyethylene mulch of 50 micron was used
common to all the treatments, except control
and absolute control. Fertigation of N, P205 and
K2O was applied as per growth stages in all
treatments by using water soluble fertilizers
(WSF) as follows
–––––––––––––––––––––––––––––––––––––––––––––––––––
Crop stage Days No of Fertilisers 

splits in kg ha-1
––––––––––––––
N P K

–––––––––––––––––––––––––––––––––––––––––––––––––––
Growth and branching 60 6 20 10 10.71
Flowering 30 4 40 20 17.86
Fruiting 60 6 40 20 21.43
Total 100 50 50
–––––––––––––––––––––––––––––––––––––––––––––––––––

The transplanting of 15 days old seedlings of
chilli variety hybrid 'sitara' was done at spacing
of 60 x 45 cm on 120 cm wide raised bed
covered with black silver polythene mulch on
16.10.2014 and 15.09.2015. The drip
irrigation system with 2 lph discharge and 16
mm size with 45 cm of dripper spacing was used
for irrigation except control and absolute
control.   

Results and Discussion

1. Yield attributes

Number of fruits plant-1, Fruit weight
plant-1 and Unit fruit weight : Irrigation
regime of 100 per cent of ETc produced
significantly higher number of fruits plant-1

(268.58, 305.82 and 287.20) and fruit weight
plant-1 (939.72, 1238.30 and 1089.01 g) in
case of summer chilli as compared to irrigation
regimes of 70 per cent of ETc during both years
of investigation and pooled mean, respectively
(Table 1). However, unit fruit weight in summer
chilli was not influenced significantly due to the
different irrigation regimes during both the years
of study and pooled mean. 

The higher irrigation regime maintained the
soil moisture at field capacity throughout the
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crop period, which enhanced all the growth
attributes of the both the crops resulted in
maximum absorbed PAR accompanied with
higher rate of photosynthesis and dry matter
accumulation reflected in efficient translocation
of photosynthates towards reproductive parts
helped in increased in number of fruits and fruit
weight plant-1 in summer chilli. The results are
in conformity with Sezen et al. (2006), Gadissa
and Chemeda (2009), Hatutale (2010),
Choudhary and Bhambri (2012) and Abayomi
et al. (2014).

The moisture stress situation at irrigation
regime of 70 per cent of ETc obtained
significantly minimum number of number of
fruits plant-1 and fruit weight plant-1 of summer

chilli during both years of investigation and
pooled mean. The moisture stress condition
reduced the water content in the leaves and
stomata remained partially closed which inhibits
the entry of carbon dioxide in the leaf tissue
ultimately reduced the rate of photosynthesis
and thereby growth and development.

All irrigation regimes under study recorded
higher number of fruits, fruit weight plant -1 and
unit fruit weight in case of summer chilli during
both years as compared to control
(recommended practice).

The fertigation level of 125 per cent of RDF
produced significantly higher number of fruits
plant-1 (276.66, 333.65 and 305.15) and fruit

Table 1. Yield attributes of green chilli as influenced by different treatments

Treatment No. of green fruits Green fruits weight Unit fruit weight Av. fruit 
plant-1 plant-1 (g) (g) length (cm)

–––––––––––––––––––––– –––––––––––––––––––––––– ––––––––––––––––– ––––––––––––––––––
2014 2015 Pooled 2014 2015 Pooled 2014 2015 Poo- 2014 2015 Poo-

led led

Irrigation regimes
I1 : 70 percent ETc 239.36 276.33 257.84 844.15 994.29 919.22 3.54 3.73 3.63 9.37 9.80 9.59
I2 : 80 percent ETc 261.88 303.22 282.55 911.88 1186.43 1049.16 3.50 3.80 3.65 9.43 9.89 9.66
I3 : 90 percent ETc 263.89 307.76 285.82 930.35 1221.83 1076.09 3.54 3.97 3.75 9.62 10.06 9.84
I4 : 100 percent ETc 268.58 305.82 287.20 939.72 1238.30 1089.01 3.49 4.22 3.86 9.63 10.12 9.88
S.Em. (±) 5.84 6.21 7.38 16.20 39.53 37.00 0.03 0.15 0.13 0.12 0.12 0.15
CD. at 5 % 20.20 21.49 22.75 56.07 136.80 114.01 NS NS NS NS NS NS

Fertigation levels
F1 : 75 percent of RDF 238.72 262.82 250.77 841.27 1010.33 925.80 3.52 3.81 3.66 9.32 9.75 9.53
F2 : 100 percent of RDF 259.90 298.38 279.14 914.67 1174.33 1044.50 3.54 4.02 3.78 9.55 9.99 9.77
F3 : 125 percent of RDF 276.66 333.65 305.15 963.64 1295.98 1129.81 3.49 3.96 3.73 9.67 10.17 9.92
S.Em. (±) 6.15 11.82 11.53 19.30 40.76 39.05 0.04 0.12 0.11 0.08 0.09 0.10
CD. at 5 % 18.43 35.42 33.23 57.86 122.19 112.50 NS NS NS 0.23 0.28 0.30

Interaction
S.Em. (±) 12.29 23.63 23.07 38.60 81.51 78.11 0.08 0.24 0.22 0.15 0.18 0.21
CD. at 5 % NS NS NS NS NS NS NS NS NS NS NS NS
S.Em. (±) 11.61 20.27 20.23 35.44 77.41 73.73 0.07 0.25 0.22 0.17 0.19 0.22
CD. at 5 % NS NS NS NS NS NS NS NS NS NS NS NS

General mean 258.43 298.28 278.35 906.52 1160.21 1033.37 3.52 3.93 3.72 9.51 9.97 9.74
Control (RP) 138.92 187.87 163.40 487.17 590.08 538.63 3.52 3.78 3.65 8.43 8.75 8.59
Absolute control (NF) 107.87 181.13 144.50 380.01 499.61 439.81 3.52 3.67 3.60 8.02 8.32 8.17

RP : Recommended practice, NF : No fertiliser, RDF : Recommended dose of fertilizer, ETc: Crop evapotranspiration
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weight plant-1 (963.64, 1295.98 and 1129.81
g) in case of summer chilli as compared to
fertigation level of 75 per cent of RDF during
both years of investigation and pooled mean,
respectively (Table 1).

Unit fruit weight of summer chilli was not
influenced significantly due to the different
fertigation levels during both the years of study
and pooled mean (Table 1).

The split application of water soluble fertiliser
to both the crops may favoured in increasing
growth attributes accompanied with more APAR
reflected in higher photosynthetic rate. These
photosynthates were effectively translocated
towards fruit formation finally resulted in
increase in number of fruits plant-1 and fruit
weight plant-1 in case of summer chilli. Similar
results were reported by Brahma et al. (2010),
Khan et al. (2010), Roy et al. (2011), El-
Bassiony et al. (2012), Bhuvaneswari et al.
(2013) and Brahma et al. (2014).

All fertigation levels under study recorded
higher number of fruits, fruit weight plant -1 and
unit fruit weight summer chilli during both years
as compared to control (recommended practice).

The interaction effects between irrigation
regimes and fertigation levels on number of
fruits, fruit weight plant-1 and unit fruit weight in
summer chilli were found non-significant during
both the years of investigation.

2. Fruit yield (t ha-1)

The final yield is the cumulative effect of
vegetative and reproductive growth of the crop.
The vegetative growth in terms of dry matter
accumulation and reproductive growth resulted
in terms of yield attributing parameters viz.
number of fruits plant-1, fruit weight, fruits
weight plant-1 in summer chilli.

Irrigation regimes of 100 per cent ETc
recorded significantly maximum fruit yield of

chilli (38.52, 45.71 and 42.11 t ha-1) than 70
per cent ETc but it was at par with 90 per cent
ETc (37.99, 45.22 and 41.61 t ha-1) and 80 per
cent ETc (36.99, 42.73 and 39.86 t ha-1) during
both the years and in pooled mean, respectively
(Table 2).

Irrigation regime of 100 per cent ETc, 90
per cent ETc and 80 per cent ETc recorded
increase of 13.33, 11.79 and 8.83 per cent
during first year, 17.81, 16.55 and 10.13 per
cent during second year and 15.74, 14.33 and
9.51 per cent in pooled mean in chilli fruit yield
over irrigation regime of 70 per cent ETc,
respectively.

Table 2. Effect of irrigation regimes and fertigation levels
on green chilli yield

Treatment Fruit weight (t ha-1)
–––––––––––––––––––––––––––
2014 2015 Pooled

Irrigation regimes
I1 : 70 percent ETc 34.02 38.80 36.41
I2 : 80 percent ETc 36.99 42.73 39.86
I3 : 90 percent ETc 37.99 45.22 41.61
I4 : 100 percent ETc 38.52 45.71 42.11
S.Em. (±) 0.81 1.12 1.20
CD. at 5 % 2.81 3.88 3.70

Fertigation levels
F1 : 75 percent of RDF 34.05 39.68 36.86
F2 : 100 percent of RDF 37.26 43.42 40.34
F3 : 125 percent of RDF 39.33 46.25 42.79
S.Em. (±) 0.94 1.08 1.24
CD. at 5 % 2.83 3.24 3.58

Interaction
S.Em. (±) 1.89 2.16 2.48
CD. at 5 % NS NS NS
S.Em. (±) 1.74 2.09 2.36
CD. at 5 % NS NS NS
General mean 36.88 43.12 40.00
Control (RP) 19.53 23.07 21.30
Absolute control (NF) 14.55 19.23 16.89

RP : Recommended practice, NF : No fertiliser, RDF :
Recommended dose of fertilizer, ETc: Crop evapotrans-
piration
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Irrigation regime of 100 per cent ETc, 90
per cent ETc, 80 per cent ETc and 70 per cent
ETc recorded increase of 95.90, 93.24, 88.12
and 72.86 per cent during first year, 99.96,
97.81, 86.92 and 69.73 per cent during second
year and 98.16, 97.81, 86.92 and 72.21 per
cent in pooled mean in chilli fruit yield over
control (surface irrigation with recommended
practice). This indicates that there was 72 per
cent increase in yield of chilli with saving of
certain amount of water in irrigation regime of
70 per cent ETc over recommended practice.

Higher irrigation regime through drip
maintained the soil moisture always at field
capacity throughout crop growth period
resulting maximum absorption of moisture and
nutrients which favoured important growth
attributes viz. plant height, number of primary
branches, number of leaves, leaf area, dry
matter accumulation plant-1 and yield attributes
viz. number of fruits plant-1, fruit weight, fruits
weight plant-1 in summer chilli, which, ultimately
resulted in increase in chilli fruit yield.

Yield reduction under stress might be due to
adverse effect of moisture stress on the growth
and development of plant. Water stress increase
accumulation of compatible solutes like proline,
sugar, alcohol, sorbiotol and quaternary amine
betaine and tries to maintain turgor for stress
tolerance and inhibits dehydration of mesophyll
cells. Even though, water stress decrease turgor
and cell wall extensibility and ultimately resulted
in declined production. The stress-induced
different in yield was reflected by higher proline
concentrations in leaves. The decrease in fruit
fresh and dry weight observed was due to
reduced availability of water and distribution of
dry matter towards the vegetative plant parts at
expenses of reproductive growth (Wilfried,
2005). Similar results were reported by Moreno
et al. (2003), Antony and Singandhupe (2004),
Sezen et al. (2006), Gadissa and Chemeda
(2009), Hatutale (2010), Choudhary and

Bhambri (2012), Choudhary et al. (2012) and
Nesthad et al. (2013).

Fertigation of 125 per cent RDF recorded
significantly higher fruit yield of chilli (39.33,
46.25 and 42.79 t ha-1) than fertigation of 75
RDF and was at par with fertigation of 100 per
cent RDF during both the years and in pooled
mean (Table 2).

Fertigation level of 125 and 100 per cent of
RDF recorded increase of 15.66 and 9.53 per
cent during first year, 16.56 and 9.43 per cent
during second year and 16.11 and 9.44 per
cent in pooled mean in chilli fruit yield over
fertigation level of 75 per cent of RDF.

Fertigation level of 125, 100 and 75 per
cent of RDF recorded increase of 100.10,
89.50 and 73.02 per cent during first year,
102.32, 89.94 and 73.58 per cent during
second year and 101.32, 89.76 and 73.38 per
cent in pooled mean in chilli fruit yield over
control (surface irrigation with recommended
practice). This indicates that there was saving of
25 per cent fertiliser over recommended dose
and 73 percent increase in yield of chilli in
fertigation level of 75 per cent of RDF.

This might be due to split application of
required quantity of nutrients acoording to
growth stages of chilli crop directly in vicinity of
the root zone throughout crop growth period
increased the nutrient use efficiency which leads
to enhance all the growth and yield attributes of
the crop coupled with increase in physiological
processes and efficient translocation of
photosynthates towards reproductive organs
which reflected in higher chilli yield. Hegde
(1997) reviewed the fertiliser management in
solanaceous vegetable and noticed that,
application method such as fertigation, split
application of fertilisers increased the nutrient
use efficiency and crop productivity of
solanaceous vegetable crop. The availability of
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N, P and K nutrient was found to be higher in
root zone of drip fertigated plot. Sathya et al.
(2008) reported that the fertigation of nutrient
significantly increased saving of fertliser up to 40
per cent without affecting the yield of crops
compared to the conventional method of
fertliser application. These results are in line of
Chauhan et al. (2005), Alabi (2006), Mahajan
et al. (2007), Brahma et al. (2010),
Ramachandrappa et al. (2010), Roy et al.
(2011) and El-Bassiony et al. (2012).

The interaction effect of irrigation regimes
and fertigation levels on fruit yield of chilli as well
as watermelon was found to be non-significant
during first, second year and in pooled mean
basis.

Conclusion

The yield contributing characters and green
fruit of chilli were higher in irrigation regime of
100 percent ETc but at par with irrigation
regime of 90 percent Etc and irrigation regime
of 80 percent Etc. While, fertigation level of 125
per cent of RDF (16 splits as per growth stage)
recorded, higher yield contributing characters
and green fruit of chilli but was at par with
fertigation level of 100 per cent of RDF.
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(SGEY) of Soybean Based Cropping Systems
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Abstract
A field experiment was conducted during 2014-15 to 2015-16 at MPKV, Rahuri, Maharashtra to study

the response of nutrient management on productivity and profitability of soybean based cropping systems.
The productivity of crops viz., soybean, onion and potato in soybean-onion and soybean-potato cropping
systems was higher when 125% GRDF and 125% RDF level was used as compared to other GRDF and RDF
levels. Among the two cropping systems, soybean-onion cropping system recorded higher system productivity.

Keywords : Soybean, potato, onion, soybean equivalent yield, system productivity. 

______________

Soybean, being an important oilseed as well
as grain legume crop, needs special attention to
overcome crisis in edible oil production in the
country. It is also called as “Gold of Soil”.
Soybean (Glycine max L. Merrill) with its 40-
42% protein and 20-22% oil has already
emerged as one of the major oilseed crop in
India. In spite of its high yielding potential (4.5 t
ha-1), soybean productivity is much less in India
(0.95 t ha-1) than world average of  2.3 t  ha-1. 

In the country soybean cover an area of 10.84
mha with production of 14.68 mt and
productivity of 1.36 t ha-1 (Anonymous, 2015).
Maharashtra ranks second in terms of
production of soybean after Madhya Pradesh in
the country with an area 3.22 mha, 4.67 mt
productions and productivity of 1.45 t ha-1

(Anonymous, 2015). 

The onion and potato are the most
sustainable crops grown in Maharashtra, has
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made radical improvement in the farming
community. It is considered as exhaustive crops
demanding heavy nutrition when grown as
individual crop. Use of GRDF to kharif soybean
crop and RDF to succeeding onion and potato
in rabi season may prove a viable option for
sustaining the productivity of soybean- based
cropping system. The soybean-onion sequence
cropping is one of the most popular practices
followed by majority of farmers in semi arid
regions of Maharashtra. However, soybean-
potato also found profitable system in diversified
cropping system than soybean-wheat. Soybean-
onion and soybean-potato cropping system in
rotation gives higher yield, greater income and
maintain soil fertility. (Behera et al., 2007).
Therefore, an attempt was made to study the
effect of different levels of nutrient management
and profitability on soybean-based cropping
systems.

Material and methods

Treatments under the present investigation
were tested in soybean based cropping system
during 2014-15 and 2015-16. The experiment
was laid out in split plot design with three
replications. Six combinations of two crop
sequences (soybean-onion and soybean-potato)
and three levels of GRDF viz., 75, 100 and
125% were the main plot treatments in kharif
season replicated three times in randomized
block design. During rabi season each main plot
treatments of residual effect of GRDF levels was
split into three sub plot treatments  with three
levels of recommended dose of fertilizer viz., 75,
100 and 125% to rabi season crops resulting in
eighteen treatment combinations replicated
three times in split plot design.

Results and Discussion

System productivity (t ha-1) : The data
on system productivity of different cropping
system were evaluated on the basis of soybean

grain equivalent yield (SGEY) during both the
years are presented in Table 1. 

The system productivity was influenced
significantly due to different cropping systems
during both the years. Among the cropping
systems, soybean-onion cropping system
recorded significantly higher system productivity
(17.15, 16.69 and 16.92 t ha-1) than soybean-
potato cropping system (14.11, 14.46 and
14.28 t ha-1) during first year, second year and
pooled mean basis, respectively. The higher
system productivity in soybean-onion cropping
system was obtained due to higher yield of onion
which directly reflected to increase in total
system productivity. It was found that cropping
sequence including legumes perform fairly well
with regard to onion productivity introduction of
legume crop in cropping system may have
advantages well beyond the N addition through
biological nitrogen fixation including nutrient
recycling from deeper soil layer.  

The residual effect of GRDF levels on system
productivity was influenced significantly during
2014-15, 2015-16 and pooled mean basis,
respectively. The residual effect of 125% GRDF
(6.25 t ha-1 FYM + 62.50 kg N + 93.75 kg
P2O5 ha-1) recorded significantly higher system
productivity (16.17,16.15 and 16.16 t ha-1)
than the residual effect  75% GRDF levels (3.75
t FYM + 37.5 kg N + 56.25 kg P2O5 ha-1),
however, it was at par with residual effect 100%
GRDF level (5 t FYM + 50 kg N + 75 kg P2O5
ha-1) during 2014-15 and 2015-16,
respectively. Thimmegowda (2006) also
revealed that the nutrients applied partly through
organicmanures and inorganic fertilizers to
Kharif rice exhibits significant residual effects on
the succeeding upland crop and hence the
fertilization must be considered not only for
individual crops but also for the cropping system
as a whole.

The application of 125% RDF to succeeding
rabi season crops recorded significantly higher
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system productivity over the rest of the
treatments during both years and pooled mean,
respectively, except 100% RDF level where it
was at par during second year and pooled mean
basis respectively. These results corroborate
findings of Senthivelu (2009), Shanwad et al.,
(2010), Subehia and Sepehya (2012) and
Gudhade (2016).

Conclusion

Based on above results, it is concluded that,
amongst the cropping systems, soybean-onion
cropping system recorded significantly higher
system productivity and found highly remunera-
tive as well as the best option for higher
productivity in different cropping systems.
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Table1. Total system productivity (SGEY) of soybean based cropping system as influenced by different treatments

Treatments Grain yield of SGEY of rabi System productivity
soybean (t ha-1) crops (t ha-1) in term of SGEY (t ha-1)

––––––––––––––––––––– –––––––––––––––––––– –––––––––––––––––––––––––––––––––––––
2014-15 2015-16 2014-15 2015-16 2014-15 2015-16 Pooled mean

A. Cropping systems
S1 : Soybean-Onion 3.03 3.18 14.11 13.51 17.15 16.69 16.92
S2 : Soybean-Potato 3.05 3.25 11.07 11.20 14.11 14.46 14.28
SEm± 0.02 0.01 0.04 0.02 0.01 0.02 0.01
CD at 5% NS 0.04 0.22 0.09 0.09 0.13 0.09

B. Residual effect of GRDF levels (kharif soybean)
G1 :  75 % 2.66 2.76 12.02 11.85 14.68 14.61 14.65
G2 : 100 % 3.22 3.41 12.82 12.55 16.04 15.96 16.00
G3 :125 % 3.23 3.48 12.93 12.67 16.17 16.15 16.16
SEm± 0.18 0.17 0.25 0.20 0.36 0.25 0.19
CD at 5 % 0.59 0.57 0.82 0.65 1.16 0.81 0.57

C. Direct effect of RDF levels (rabi crops)
F1 :  75 % 3.03 3.13 12.10 12.01 15.12 15.14 15.13
F2 : 100 % 3.04 3.26 12.72 12.57 15.76 15.75 15.76
F3 : 125 % 3.05 3.26 12.96 12.49 16.01 15.83 15.92
SEm+ 0.06 0.05 0.05 0.06 0.07 0.08 0.05
CD at 5 % NS NS 0.14 0.16 0.21 0.22 0.15
Mean 3.06 3.25 12.59 12.37 15.65 15.62 15.63
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Abstract
Cashew is one of the Dollar earning crops now a days commercially cultivated along the west coast of

India particularly in Maharashtra, Kerala and Karnataka states. Day by day due to its keeping quality and storage
value, cashew crop is now a day treated as one of the important horticultural crop. Cashew Tea mosquito bug
is the important serious pest of cashew in all over part of the Konkan region of Maharashtra. It is observed
that from the above study the minimum temperature, afternoon humidity and wind speed had a significant
negative correlation with Tea mosquito bug population and had a positive correlation with maximum
temperature and sunshine hours.The TMB incidence was negligible below 18°C ± 1°C.  The maximum
incidence was observed in between 18°C ± 1°C. to 21°C ± 1°C. and it get declined. Whereas Regarding
afternoon humidity, TMB incidence was found negligible below 53°C ± 1°C.  and maximum incidence was
observed in between 53°C ± 1°C  to 64°C ± 1°C.  and it gets declined afterwards. The prediction equation
were derived through multiple regression analysis for mid late varieties based on pooled data for all five years
with respect to the pest population and the variety. Thus, this equations can be useful for the cashew growers,
extension workers, scientists to take immediate effective control measure against Tea mosquito bug. 

Key word :Tea Mosquito Bug, Regression, weather parameter 

______________

Cashew is one of the Dollar earning crops
now a days commercially cultivated along the
west coast of India particularly in Maharashtra,
Kerala and Karnataka states. Day by day due to
its keeping quality and storage value, cashew
crop is now a day treated as one of the
important horticultural crop. Tea Mosquito Bug
(TMB), Helopeltis antonii Sighoret (Hetero-

ptera Hemiptera) :  Miridae  is one of the
menacing pests of cashew across the west coast.
TMB alone can cause a loss upto 50 percent in
yield of cashew. It revealed that the minimum
temperature above 18°C but below 20°C with
50 to 55 percent afternoon relative humidity i.e.
relatively dry weather during majority of the days
from December to February might have
triggered the pest population and damage.  The
most favourable period for the rapid
multiplication and population build up which is
responsible for enhanced damage of the pest

1. Sr. Entomologist, 2. Asst. Horticulturist, 3.Professor
of Entomology, 4. SRA, 5. Jr. Soil Scientist, 6. Head ,
Department of Agronomy and 7. Head , Department of
Entomology.
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was between December to February
synchronizing the flowering and flushing of
cashew (Pillai et al. 1984). The population and
damage of the pest negatively correlated with
the meteorological factors like minimum
temperature, minimum (afternoon) relative
humidity and positively correlated with sunshine
hours.  Similarly observations were made by Rai
(1981) and prasada Rao et al. (2002).  Though
several studies on seasonal abundance of TMB
are seen across the west coast, there is very
scare material available on the quantification of
the effect of weather parameters (elements) on
the population and damage of Tea Mosquito
Bug. In Maharashtra, along the west coast,
Ratnagiri and Sindhudurg are the major cashew
growing districts where cashew is cultivated on
commercial basis.  Hence, a field experiment
was conducted at the cashew farm of Regional
Fruit Research Station, Vengurle, Dist
Sindhudurg from 2002-2006 to study the effect
of weather parameters on the damage of Tea
Mosquito Bug on different mid late varieties of
cashew and the outbreak of Tea Mosquito Bug
can be predicted in advance. 

Materials and Method

A field experiment was started from the
season of year 2001-2002 to study the seasonal
incidence of tea mosquito bug (TMB) on cashew.
Every year, randomly selected trees of 3 mid late
varieties of cashew viz. Vengurle-4, Vengurle-5,
Vengurle-6, were used for recording the
observation on damage of Tea Mosquito Bug
fresh 52 leader shoots were selected randomly
on each tree under observation along the 4
directions (E.W.N.S) and labeled individually.
The observation regarding incidence of TMB
was recorded on number of damaged shoots,
panicles and nuts on each selected tree of each
variety of weekly interval in 0 to 4 scale as given
below.

0 - No lesions/Streaks

1 - 1 to 3 necrotic lesions/streaks 

2 - 4 to 6 coalescing or non-coalescing
lesions/Streaks

3 - Above six (6) coalescing or non-coalescing
lesions/Streaks

4 - Lesions/Streaks confluent or wilting or
drying of affected shoots/panicle.

The data thus obtained were converted
percent incidence using following formula.                    

Sum of all numerical 
ratings x 100

Percent incidence = –––––––––––––––––––––––
No. of shoots observed x 

maximum rating 

Simultaneously, weather data pertaining to
Rainfall, (Rain) Maximum (Tx) and Minimum
(Tm) temperature, forenoon (RHx) and
afternoon (RHm) relative humidity, wind speed
(Ws) in km/s and sunshine hours (Bright) (SSH)
were also recorded during from 1976 to 2006
(30 yrs) and averaged. Percent damage of tea
mosquito bug was worked out for every week
and then for each fortnight.  The data were
subjected to multiple linear regression analysis
so as to find out the linear regression equation
of each variety separately as it reveals the extent
of direct and other factors responsible for
triggering the TMB population, which is
responsible for the enhanced damage. In
Multiple linear regression analysis, weather
parameters were taken as independent variables
and TMB percent damage was taken as the
dependent variable for development of
forecasting model.

Results and Discussion

Reproductive phases of cashew : The
details on the time of flushing initiation, the
extent and progression in the phenological
events such as flowering, nut formation, harvest
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and off season flushing etc. were observed on all
varieties. In the mid-season variety Vengurla –
4, flushing was started in October IV week and
completed in November IV week. Flowering
phase was observed from November III were to
December IV week. Nut formation started
during December II week and harvesting was
completed by April IV week .In another mid-
season variety Vengurla – 6, flushing was started
during November I week and 50 per cent
flushing was observed during III week of
November and it completed in V week of
November. Panicle initiation was started during
IV week of November and 100 per cent
flowering was observed in January IV week. Nut
formation started during January III week and
harvesting was completed by last (IV) week of
March.

Seasonal incidence of Tea Mosquito
Bug : In Mid-late variety Vengurla-4, the mean
per cent TMB infestation was varied from 0.0
per cent (June to October) to 15.00 percent
(February) The incidence was observed
minimum (0.19) in May IInd fortnight and
maximum (15.68) in February Ist fortnight.
Where as in another Mid-late variety Vengurla-
5, The mean percent TMB infestation was
varied from 0.0 per cent (May to October) to
14.93 per cent (February). The minimum
incidence (0.096 per cent) was noticed in Ist
fortnight of October and maximum incidence
(16.94 per cent) in Ist fortnight of February. In
Vengurla-6, the incidence of TMB varied from
0.0 percent (June to November) to 15.94 per
cent (February).  The minimum incidence of
TMB 0.97 per cent was observed in IInd
fortnight of December and maximum incidence
(16.69%) was noticed in IInd  fortnight of
February.

Whether parameter : During the period
under investigation rainfall was maximum during
IInd fortnight of June (142.81 mm) followed by
IInd fortnight of July (35.58 mm). The

maximum temperature, was recorded in Ist
fortnight of November (33.31°C) and lowest in
Ist fortnight of August (29.16°C). The lowest
temperature was observed in 1st fortnight of
Feb. (18.59°C) followed by (27.06°C) in IInd
fortnight of May (Table 2)

Regarding forenoon relative humidity, the
maximum value was observed in IInd fortnight
of July (84.20%) whereas the minimum was
observed in Ist fortnight of January (53.84%),
whereas, afternoon humidity was observed
maximum in August IInd fortnight (89.18%) and
minimum was  observed in Ist fortnight of May
(70.61%). In case of wind speed, it was
maximum in IInd fortnight of July (5.8 Km
hrs-1) and minimum was observed in Ist fortnight
of January (1.8 Km hrs-1) (Table 2).

Table 1. Percent infestation of TMB on cashew variety
Vengurla-4

Month 2004 2005 2006 Average Predicted

Nov .I 1.2 3.59 0.96 1.15 1.322
Nov.II 2.39 1.44 3.83 2.06 3.883
Dec. I 2.89 3.11 6.76 3.608 5.410
Dec. II 2.15 2.89 5.53 3.654 4.898
Jan. I 6.25 5.29 8.5 7.374 13.351
Jan. II 13.3 10.92 10.9 12.25 11.524
Feb. I 21.4 11.78 7.48 15.682 11.993
Feb. II 17.07 12.52 3.85 14.334 10.378
Mar. I 11.74 12.99 0.96 10.282 8.269
Mar.II 8.42 8.9 0 6.828 5.516
Apri. I 6.25 6.49 0 4.568 3.572
Apri.II 2.73 1.93 0 2.116 3.012
May I 1.68 0 0 0.816 2.707
May II 0 0 0 0.192 -0.059
Jun. I 0 0 0 0 -1.653
Jun. II 0 0 0 0 0.360
July. I 0 0 0 0 -1.069
July.II 0 0 0 0 0.217
Aug. I 0 0 0 0 -0.294
Aug.II 0 0 0 0 0.960
Sep. I 0 0 0 0 0.931
Sep. II 0 0 0 0 1.658
Oct. I 0 0 0 0 -0.729
Oct. II 2.16 0 0 0.432 -0.812
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The sunshine hrs were maximum (11.32)
observed in IInd fortnight December where as
minimum (3.45) were observed in Ist fortnight
of July which coincides with flushing, flowering
and fruiting stages of cashew in Konkan region.
(Table 2).

Correlation Analysis : The mid-late
variety Vengurla-4 showed negative correlation
with rainfall (-0.496*) Afternoon relative
humidity (-0.719**), Minimum temperature
(0.767**) and wind speed (-0.806**) and positive
correlation with Maximum temperature (0.262)
and Sun Shine Hours (0.394). The another mid-
late variety Vengurla-5 negative correlation rain
(-0.475*) Afternoon relative humidity (-0.703**)
minimum temperature (-0.766**) wind speed

(-0.802**) and positive correlation Maximum
temperature (0.233) and Sun Shine Hours
(0.366).

Variety Vengurla-6 showed significant
negative correlation with rainfall (-0.420*),
Afternoon relative humidity (-0.574**) minimum
temperature (-0.570**) and wind speed
(-0.683**) and positive correlation with
Maximum temperature (0.186) and Sun Shine
Hours (0.304). 

The pest population was high during flushing
and flower initiation coinciding with winter
season (January to March) during which the
maximum and minimum temperatures were
relatively low when compared to that of the
other seasons.

Table 2. Percent infestation of TMB on cashew variety
Vengurla-5

Month 2004 2005 2006 Average Predicted

Nov .I 0 1.44 0 0.288 0.936
Nov.II 0.72 1.92 4.81 1.538 3.467
Dec. I 2.16 3.13 8.9 3.222 4.911
Dec. II 2.89 2.89 9.38 4.09 4.805
Jan. I 6.73 7.69 14.67 8.126 13.418
Jan. II 13.29 14.26 8.49 10.904 11.589
Feb. I 20.2 18.08 9.38 16.396 11.703
Feb. II 18.75 14.19 4.33 12.918 10.186
Mar. I 13.94 11.06 1.44 8.992 7.958
Mar.II 19.38 7.69 0.96 8.25 5.415
Apri. I 5.77 7.7 0 4.138 3.415
Apri.II 3.37 0.96 0 1.78 2.616
May I 0 0 0 0 2.160
May II 0 0 0 0 -0.274
Jun. I 0 0 0 0 -1.728
Jun. II 0 0 0 0 0.213
July. I 0 0 0 0 -0.887
July.II 0 0 0 0 0.261
Aug. I 0 0 0 0 -0.186
Aug.II 0 0 0 0 0.910
Sep. I 0 0 0 0 1.024
Sep. II 0 0 0 0 1.432
Oct. I 0 0 0 0 -0.916
Oct. II 0.48 0 0 0.096 -1.163

Table 3. Percent infestation of TMB on cashew variety
Vengurla-6

Month 2004 2005 2006 Average Predicted

Nov. I 0 0 0 0 -0.201
Nov. II 0 0 0 0 2.496
Dec. I 0 0 0 0 4.221
Dec. II 0.78 0.96 0.72 0.972 2.602
Jan. I 4.09 3.37 2.65 3.658 12.045
Jan. II 11.3 11.78 5.65 9.956 10.035
Feb. I 17.55 15.62 5.06 15.194 11.382
Feb. II 22.36 12.5 8.18 16.686 10.027
Mar. I 23.8 13.95 5.29 15.1 8.559
Mar. II 12.99 7.94 3.61 7.744 5.743
Apri. I 8.17 1.2 0 5.048 4.001
Apri. II 5.77 0 0 2.792 4.514
May I 3.37 0 0 1.396 4.583
May II 1.68 0 0 0.914 0.362
Jun. I 0 0 0 0 -2.409
Jun. II 0 0 0 0 0.253
July. I 0 0 0 0 -1.914
July. II 0 0 0 0 0.297
Aug. I 0 0 0 0 -0.130
Aug. II 0 0 0 0 1.910
Sep. I 0 0 0 0 1.537
Sep. II 0 0 0 0 2.778
Oct. I 0 0 0 0 -0.969
Oct. II 0 0 0 0 -2.269
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Multiple regression : The regression
equation was developed by following line
technique. The dependent variable were treated
as TMB infestation and remaining all weather
parameters were independent variables to
develop the equation. The equation predicts the
TMB infestation throughout the year. From
equation, the R2 value indicates the level of
association of predicted value with observed
values for mid late varieties Vengurla -4 to
Vengurla-6.

Among the weather parameters, afternoon
humidity, rainfall, sunshine hours and minimum
temperature were found most influencing
weather parameters for the TMB infestation on
the basis probability value. Therefore, the step
down method was used to remove other
parameters, which were not congenial for the
TMB infestation from predicted model. Weather
parameters assumed significance toward
infestation of TMB. Accordingly regression
equation was developed for varieties Vengurla-4
to Vengurla-6. The equation was developed for
the TMB infesting contributing factors only.

The prediction equation was derived through
multiple regression of pooled data for the five
years with respect to TMB infestation,
prediction. The equation for pooled data is as
follows. 

Y1 = Predicted infestation of thrips on
cashew variety Vengurla-4, Y2 = Predicted
infestation of thrips on cashew variety Vengurla-
5, Y3 = Predicted infestation of thrips on
cashew variety Vengurla-6, X1 = Rainfall (mm),
X2 = Afternoon humidity (%), X3 = Forenoon
humidity (%), X4 = Minimum temperature (°C),
X5 = Maximum temperature (°C), X6 = Wind
speed (km hr-1) and X7 = Sunshine hours.

The TMB incidence was negligible below
18°C±1°C.  The maximum incidence was
observed in between 18°C ± 1°C. to 21°C ±
1°C. and it get declined after winds Minimum
temperature whereas Regarding afternoon
humidity, TMB incidence was found negligible
below 53°C ± 1°C.  and maximum incidence
was observed in between 53°C ± 1°C.  to 64°C
± 1°C.  And it gets declined afterwards.

Sr. Multiple regression equation R2 Value
No.

1. Y4 = 0.090095X1 – 0.00359X2 + 0.830
0.70137X3 – 0.84672 X4 – 
2.68716 X5 – 2.87401X6 – 
0.41121X7 + 173.2185

2. Y5 = 0.079135X1 – 0.11083X2 - 0.829
0.59735X3 –0.68856X4 – 
2.66597 X5 –2.62616 X6 –
0.195059 X7 + 168.4120

3. Y6 = 0.096388X1 + 0.236648X2 – 0.639
1.14925X3 – 0.84353 X4 – 
4.52328X5 – 3.96391X6 +
1.248808X7 + 248.6156

Table 4. Average and Predicted population of TMB on
different mid late varieties of cashew

Month V-4 V-4 V-5 V-5 V-6 V-6
(Av.) (Pred.) (Av.) (Pred.) (Av.) (Pred.)

Nov .I 1.15 1.322 0.288 0.936 0 -0.201

Nov.II 2.06 3.883 1.538 3.467 0 2.496

Dec. I 3.608 5.410 3.222 4.911 0 4.221

Dec. II 3.654 4.898 4.09 4.805 0.972 2.602

Jan. I 7.374 13.351 8.126 13.418 3.658 12.045

Jan. II 12.25 11.524 10.904 11.589 9.956 10.035

Feb. I 15.682 11.993 16.396 11.703 15.194 11.382

Feb. II 14.334 10.378 12.918 10.186 16.686 10.027

Mar. I 10.282 8.269 8.992 7.958 15.1 8.559

Mar.II 6.828 5.516 8.25 5.415 7.744 5.743

Apri. I 4.568 3.572 4.138 3.415 5.048 4.001

Apri.II 2.116 3.012 1.78 2.616 2.792 4.514

May I 0.816 2.707 0 2.160 1.396 4.583

May II 0.192 -0.059 0 -0.274 0.914 0.362

Jun. I 0 -1.653 0 -1.728 0 -2.409

Jun. II 0 0.360 0 0.213 0 0.253

July. I 0 -1.069 0 -0.887 0 -1.914

July.II 0 0.217 0 0.261 0 0.297

Aug. I 0 -0.294 0 -0.186 0 -0.130

Aug.II 0 0.960 0 0.910 0 1.910

Sep. I 0 0.931 0 1.024 0 1.537

Sep. II 0 1.658 0 1.432 0 2.778

Oct. I 0 -0.729 0 -0.916 0 -0.969

Oct. II 0.432 -0.812 0.096 -1.163 0 -2.269
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Identification of Promising Genetic Stock Genotypes of Wheat
(Triticum aestivum L.) under Restricted Rrrigated Condition 

K. M. Sonawane1* , N. S. Kute2, D. A. Gadekar3, C. B. Salunke4
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Abstract
A research experiment was conducted with an objective to identify the parents for inclusion under restricted

irrigated condition. For which forty genotypes were evaluated in randomized block design during Rabi 2015-
16.  During entire crop growth restricted irrigation i.e. only single irrigation is applied provided at 42 days
after sowing at tillering or jointing stage. The knowledge of interrelationship among the traits especially yield
and yield contributing traits is useful to the plant breeder for improving the efficiency of selection programme.
The results obtained indicated that the harvest index followed by number of grains per spike, number of spikelets
per spike, number of productive tillers per running meter and thousand grain weight had highly significant and
positive correlation with grain yield per plant at genotypic level. Out of forty wheat genotypes studied, viz.,
NIAW 3220, NIAW 3303, NIAW 3309 and NIAW 3340 were observed to be promising under restricted
irrigated condition. Incorporation of these genotypes in proposed crossing programme may prove fruitful in
development of lines having increased yield potential under restricted irrigation condition. 

Key words : Wheat, restricted irrigation, correlation

______________

Wheat is the second most important food crop after rice in terms of both area and
production, India contributes 12 per cent to the
word wheat pool. In India, during 2015-16 area
under wheat cultivation was 30.23 million
hectares with the annual production of 93.50
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million tons with an average productivity of
3093 kg ha-1 (Anonymous, 2015-16a). 

Wheat cultivation in Maharashtra is unique
wherein all three cultivated species viz., T.
aestivum, T. durum and T. dicoccum are grown
in typical hot tropical climate, characterized by
the prevalence of high temperatures during the
crop growth. In Maharashtra it occupied an area
of about 6.29 lakhs hectares having production
of 7.58 lakh metric tons with an average
productivity of 1205 kg ha-1 (Anonymous,
2015-16b). The productivity is very low (1205
kg ha-1) as compared to national average of
3093 kg ha-1. This is attributed to very often
exposure of the crop to terminal heat stress
leading potential yield loss.  Major wheat
producing states of India are Punjab, Haryana,
Uttar Pradesh, Bihar and Rajasthan and
accounts for 85 per cent of total wheat
production.  In India wheat is mainly grown
under three production conditions, viz., timely
sown; medium to high fertility, irrigated; late
sown, medium fertility; irrigated and timely
sown; low fertility under rainfed conditions.  The
growing period of wheat is variable from one
agro climatic zone to another that affect the
vegetative and grain filling duration leading to
differences in attainable yield (Datta et al.,
2009). In recent years, a new situation of timely
sown, restricted/limited irrigation has emerged
in some of the areas of the central and
peninsular parts where wheat crop is grown with
one to two irrigations due to paucity of irrigation
water.

Genotypic and phenotypic correlations are
important in determining the degree to which
various yield contributing characters are
associated. Several studies identified some useful
associations (Baloch et al. 2013) Keeping in
view the importance of wheat, the present study
was designed to find out the degree and extent
of association ship among yield and yield
contributing traits at genotypic level. 

Materials and Methods

The experiment was conducted at Post
Graduate Research farm, Mahatma Phule Krishi
Vidyapeeth, Rahuri, District Ahmednagar
(Maharashtra) during Rabi, 2015-16. The
experimental material consisted of thirty two
genotypes and eight released varieties obtained
from the Agriculture Research Station, Niphad,
Dist. Nashik. The experiment was conducted in
Randomised Block Design with two replications.
Each entry was represented by two rows of 3
meter length with spacing of 20 cm between the
rows. The seeds were sown by dibbling.
Restricted irrigation condition was created by
applying a single irrigation 42 days after sowing
during the entire crop season. Two border rows
along the length of each replication were grown
to avoid the border effects. Recommended
package of practices were followed to raise a
good crop. At harvest, data were recorded on
plant height (cm), tillers per running meter, spike
length (cm), grains per spike, 1000 grains
weight (g), grain yield per plant (g) and harvest
index (%). Physical and chemical quality
parameters were studied at Department of Food
Science & Technology, by following the
standard protocol for the parameters under
study viz., hectolitre weight (kg hl-1),
sedimentation value (ml), � carotene (ppm) and
protein content (%). Observations were recorded
on ten randomly selected plants from each
genotype per replication. The average values
were used for the statistical computation. 

Statistical analysis : The analysis of
variance for different characters was carried out
using the mean data into different sources by
following the method given by Panse and
Sukhatme (1995). The phenotypic and
genotypic variances were arrived by following
Johnson et al. (1955a) while genotypic correla-
tion coefficients were worked out by adopting
methods described by Singh and Chaudhary
(1977) and also by Johnson et al. (1955b). 
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Results and Discussion

The analysis of variance for the traits under
study indicated presence of significant
differences among genotypes for days to
heading, days to maturity, plant height (cm),
spike length (cm), number of spikelets per spike,
number of grains per spike, number of tillers per
running meter, thousand grain weight (g),
harvest index, hectolitre weight (kg hl-1), protein
content (%), sedimentation value (ml), beta (b)
carotene (ppm) and grain yield plant-1 (g). This
suggested the presence of considerable
variations among genotypes for many of the
traits studied and this also indicated the presence
of ample scope of selection for different
quantitative characters for the improvement of
the crop. 

Most of the characters under study exhibited
wide range of variation indicating the differences
among the genotypes in terms of performance
for yield and component traits. The quantitative
measurement of individual character provides
the basis for an interpretation of different
variability parameters. The superior genotypes
in the population may be attributed to the
possible accumulation of favorable genes while
germplasm is a reservoir of variability for
different characters of plant species resulting
from available natural or artificially synthesized
variants or strains. Germplasm bearing high
intensity of economic traits is extremely useful
in engineering superior genotypes. 

Correlation studies : Yield is the ultimate
character that has to be taken into consideration
for any crop improvement. The knowledge of
inter relationship among the characters
especially with yield is therefore useful to the
plant breeder for improving the efficiency of
selection programme. Hence, it is of greater
significance and can effectively be utilized in
formulating an effective selection scheme.
Correlation studies provide information on the
nature and extent of association between any

two metric characters. The estimates of
correlation coefficients may also help to identify
the characters that are of little or of no
significance in selection programme. In general,
genotypic correlation coefficient indicated the
inherent association among the various traits
studied. 

Genotypic correlation between grain
yield and its components : The analysis
revealed that grain yield plant-1 had positive and
highly significant association with harvest index
indicating that genotypes with high harvest
index would produce significant yield. In other
case grain yield per plant shows positive and
significant correlation with number of grain per
spike, number of spikelets per spike, spike
length, number of productive tillers per running
meter, 1000 grain weight, plant height,
sedimentation value, hectolitre weight and days

Table 1. List of wheat genotypes and their contributing
centre

Genotype Contrib- Genotype Contrib-
uting uting 
centre centre

NIAW 2721 Agricultural  NIAW 3340 Agricultural  
NIAW 2725 Research NIAW 3354 Research
NIAW 2822 Station, NIAW 3411 Station, 
NIAW 2891 Niphad NIAW 3423 Niphad
NIAW 2930 NIAW 3498
NIAW 3033 NIAW 3516
NIAW 3056 NIAW 3518
NIAW 3074 NIAW 3523
NIAW 3096 NIAW 3525
NIAW 3108 NIAW 3538
NIAW 3170 GW 477 JAU, Junagarh

(Gujarat)
NIAW 3212 HI 1605 IARI, Indore
NIAW 3217 NI 5439 © Agricultural   
NIAW 3220 Netravati Research

(NIAW 1415)© Station,
NIAW 3227 Phule Samadhan Niphad

[NIAW 1994]©
NIAW 3242 NIAW 34 ©
NIAW 3245 RAJ 4083 © SKNRAU, 

Durgapura
NIAW 3303 LOK 1 © Lok bharti, 

Sansora
NIAW 3309 DBW 17 © IIWBR, Karnal
NIAW 3338 DBW 93 © IIWBR, Karnal
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to maturity . Positive and non-significant
association of the character was observed with
days to heading, protein content and beta (�)
carotene. These results confirms the finding of
Ali et al. (2007) but in contrast to the findings
of Kumar et al. (2013), who reported negative
non-significant correlation of grain yield with
harvest index. The result of present studies
indicated that genotypes with higher 1000 seed
weight would produce more grain yield than
those with lower 1000 seed weight. Similar
results indicating positive and significant
association of 1000 seed weight with grain yield
were reported by Kalimullah et al. (2012) and
Iftikhar et al. (2012). 

In the present study grain yield per plant was
correlated positively and non-significantly with
days to heading at genotypic level indicating
variation in this character can bring significant
difference on yields of genotypes. The result are
in accordance with the findings of Asaye et al.
(2013) but not in agreement with the finding of
Mollasadeghi (2012) who reported negative
non-significant for the characters days to
heading. The correlation of grain yield per plant
with plant height was positive and significant. In
general, positive and significant association of
grain yield with its component at genotypic level
would reflects the presence of interaction among
the characters in which a gene conditioning an
increase in one character will also influence
another character.

Grain yield was positively and significantly
correlated with spike length, indicating that,
genotypes with long spike length will produce
high grain yield than those with short spike
length. The result indicates that selecting
genotypes with long peduncle length will result
high grain yield. In contrast to this result,
positive and non-significant association of grain
yield with spike length and plant height was
reported by Nukasani et al. (2013). 

Days heading with yield related traits :
Days to heading had positive and highly
significant association with days to maturity
where it exhibited positive and significant
association with number of productive tillers per
running meter (Table 2). The result justify that,
early heading genotypes had a probability to
mature early with significant number of
productive tillers per running meter that
contribute for formation of better spike length,
number of grains per spike and harvest index.
Similar results were also founded by Degewione
et al. (2013) and Kumar et al. (2013) who were
reported highly significant association of days to
heading with days to maturity. 

The correlation of grain yield per plant with
days to heading was positive and non-significant.
This indicates that increment in number of day
to heading will not bring significant yield
increment there by, selecting genotypes with
early character is more effective than those with
late heading that will leads to better yield
improvement these results are in agreement with
Bekana (2014).

Days to maturity with yield related
traits : Days to maturity had positive and highly
significant correlation with beta (b) carotene
followed by harvest index and also positive and
significant association with number of productive
tillers per running meter, grain yield per plant,
protein content. Positive and significant
association of days to maturity with grain yield
per hectare was reported by Hussain et al.
(2014). 

Plant height with yield related traits :
Plant height recorded positive and highly
significant correlation with spike length, number
of spikelets per spike, number of grains per
spike, grain yield per plant, number of
productive tillers per running meter indicating
selection of genotypes through these characters
could be effective. Plant height showed positive
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and significant association with sedimentation
value, similar results were also documented by
Khan et al. (2015). 

Spike length with yield related traits
length with yield related traits : Spike
length had positive and highly significant
correlation with number of spikelets per spike
followed by grains per spike, grain yield per
plant, number of productive tillers per running
meter, sedimentation value and harvest index
indicating that the genotypes with longer spike
length may also have more number of spikelets
per spike with more number of grains per spike
(Table 2). Khan et al. (2015) reported positive
and non-significant association between Spike
length and 1000 grain weight. 

Number of spikelets per spike with
yield related traits : Number of spikelets per
spike recorded positive and highly significant
correlation with number of grains per spike
followed by grain yield per plant, number of
productive tillers per running meter, harvest
index, sedimentation value, hectolitre weight.
Jamil et al. (2015) also reported similar results.
The significant and positive relation between
number of spikelets per spike and grain yield per
plant suggests that selection of wheat genotypes
with more spikelets per spike will give more yield
as shown by Kinyua and Ayiecho (1991) and
Akram et al. (2008) in their studies in wheat. 

It may be concluded from the present study
that number of spikelets per spike, number of
grains per spike, 1000 grains weight and
number of productive tillers per running meter
contributed to final grain yield. Therefore,
indirect selection for these traits may be effective
in developing high yielding wheat cultivars. 

Number of grains per spike with yield
related traits : Number of grains per spike was
observed to be associated positively and
significantly with grain yield per plant (Table 2)
followed by harvest index, number of productive Ta
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tillers per running meter, sedimentation value
similar results were obtained by Ali et al. (2008).

Number of productive tillers per
running meter with yield related traits :
Number of productive tillers per running meter
showed positive and highly significant
association with the plant height. This finding
was in agreement with the results of Ashfaq et
al. (2003), Prasad et al. (2006), Riaz-ud-Din et
al. (2010) and Tripathi et al. (2011). Number of
productive tillers per plant also showed positive
and highly significant association with the
harvest index and grain yield per plant similar
findings were reported by Kotal et al. (2010)
and Singh et al. (2015) for association with
grain yield per plant. 

Thousand grain weight with yield
related traits with yield related traits : The
association of 1000 grain weight with grain yield
per plant was observed to be positive plus
significant at genotypic level which is in

harmony to the results reported by Dogan
(2009), Mahmood et al. (2006), Bilgin (2010). 

Harvest index with yield related traits:
Harvest index recorded positive and significant
correlation with grain yield per plant and also
positively but non-significantly correlated with
plant height, hectolitre weight sedimentation
value, protein content and beta (�) carotene.
Similar result were also obtained by Burio et al.
(2004), who observed that harvest index had
positive effect with plant height. Hectolitre
weight with yield related traits 

Hectolitre weight recorded positive and
significant correlation with grain yield per plant
and is in agreement with Cesevi�ien� et al.
(2009).

Protein content with yield related
traits: Protein content recorded positive and
highly significant correlation with days to
heading, days to maturity and 1000 grain
weight. Singh et al. (2015) also reported that

Table 3. Promising genotypes observed on the basis of yield and its components under restricted irrigated condition

Genotypes Days Days Plant Spike No. of No. of No. of  1000 Har- Grain
to to height length spike- grains tillers grain vest yield
head- matu- (cm) (cm) lets spike-1 runn- weight index plant-1
ing rity spike-1 (No.) ing-1 (g) (%) (g)

(No.) meter

NIAW 3220 54.0 102.0 52.55 7.40 11.60 34.90 78 41.90 40.90 4.899*
NIAW 3303 48.0 97.0 54.90 9.05* 13.20* 41.45 60 32.30 35.17 4.036
NIAW 3309 60.5 102.5 55.50 9.60* 13.20* 37.55 76 36.50 35.53 4.005
NIAW 3340 58.5 102.0 57.40 8.75 13.15* 40.00 64 35.50 36.97 4.146
NI 5439 © 63.5 107.5 59.65 7.90 11.65 34.35 75 34.75 33.59 3.180
Netravati (NIAW 1415)© 70.5 107.5 49.90 7.95 11.40 36.85 77 40.40 39.02 4.161
Phule Samadhan (NIAW 1994)© 52.5 100.0 49.45 7.10 11.20 32.25 51 35.85 32.75 2.967
NIAW 34 © 52.5 101.0 44.45 5.85 9.30 28.80 60 35.60 28.46 2.576
RAJ 4083 © 53.5 99.0 47.25 6.35 11.20 32.95 52 30.08 27.89 2.457
LOK 1 © 49.5 103.5 48.70 6.50 10.45 39.75 52 32.02 35.56 3.649
DBW 17 © 61.0 102.0 56.30 7.45 11.65 36.55 54 32.25 33.24 3.295
DBW 93 © 62.0 103.0 44.60 7.08 10.75 33.70 46 36.10 34.32 3.106
General Mean 55.71 101.40 53.19 7.417 11.33 34.59 59.68 33.28 32.12 3.159
S.E.± 0.945 1.344 0.917 0.29 0.426 1.201 4.597 1.226 1.220 0.218
C.D. at 5% 2.704 3.843 2.632 0.830 1.22 3.436 13.151 3.508 3.489 0.623
C.V. (%) 2.40 1.87 2.44 5.53 5.32 4.91 10.90 5.21 5.37 9.75
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protein content was positively correlated with
100-grain weight. 

Sedimentation value with yield related
traits : Sedimentation value shows positive and
significant correlation with grain yield per plant,
spike length, number of spikelets per spike,
number of grains per spike and number of
productive tillers per running meter.
Sedimentation value also shows negative and
significant correlation with beta (b) carotene. 

Beta carotene (b) with yield related
traits : Beta (b) carotene recorded positive and
significant correlation with days to heading and
days to maturity and shows positive non-
significant association with grain yield.
Promising genotypes observed under restricted
irrigated condition. 

Out of forty genotypes under study, four
genotypes viz., NIAW 3220, NIAW 3303,
NIAW 3309 and NIAW 3340 were observed to
be promising under restricted irrigated condition
when compared with release varieties on the

basis of yield and quality components has been
given in Table 3 and 4. 

NIAW 3220 recorded highest grain yield
(4.899 g) and significantly superior over the best
check Netravti (NIAW 1415, 4.161 g).  The four
genotypes selected had higher yield than general
mean (3.159 g) viz., NIAW 3220 (4.899 g),
NIAW 3303 (4.036 g), NIAW 3309 (4.005 g)
and NIAW 3340 (4.146 g).  These genotypes
could prove to be promising breeding material
for increasing grain yield in future under
restricted irrigated condition.

For breeding of water use efficient genotypes
under restricted irrigated condition characters
like grain yield per plant, spike length, number
of spikelet per spike, number of grains per spike,
number of productive tillers per running meter,
thousand grain weight and harvest index needs
due consideration. 

Khan and Naqvi (2012) reported that
number of spikes, number of spikelets, spike
length and number of grains may be used an

Table 4. Promising genotypes observed on the basis of quality parameters under restricted irrigated condition

Genotypes Hectolitre Protein Sedimen- Beta (b) Grain yield
weight content -tation carotene plant-1
(kg hl-1) (%) value (ppm) (g)

(ml)

NIAW 3220 77.82 11.95 42.5* 2.72 4.899*
NIAW 3303 81.83 6.70 32.5 3.00 4.036
NIAW 3309 76.26 6.79 36.5* 2.76 4.005
NIAW 3340 79.17 6.79 38.0* 2.88 4.146
NI 5439 © 74.67 10.59 30.5 3.45 3.180
Netravati (NIAW 1415) © 78.94 11.68 32.5 4.25 4.161
Phule Samadhan (NIAW 1994) © 81.40 11.14 31.5 3.07 2.967
NIAW 34 © 76.71 10.86 30.0 3.21 2.576
RAJ 4083 © 79.42 8.42 28.5 3.02 2.457
LOK 1 © 75.57 9.51 27.5 2.67 3.649
DBW 17 © 72.47 10.59 27.0 3.19 3.295
DBW 93 © 76.33 11.14 30.5 3.59 3.106
General Mean 77.38 9.06 31.38 3.10 3.159
S.E.± 1.295 0.270 0.904 0.081 0.218
C.D. at 5% 3.704 0.760 2.587 0.234 0.623
C.V. (%) 2.37 4.17 4.08 3.73 9.75
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effective selection criterion for increasing grain
yield of wheat under different irrigation levels.
Therefore, selections based on these traits may
lead to identification of lines with increased yield
potential. 

Significant differences were observed among
genotypes for most of the traits studied. At
genotypic level the strong significant and
positive correlation of grain yield per plant was
noticed with harvest index indicating that
genotypes with high harvest index would
produce significant yield. In other case grain
yield per plant shows positive and significant
correlation with number of grain per spike,
number of spikelets per spike, spike length,
number of productive tillers per running meter,
1000 grain weight, plant height, sedimentation
value, hectolitre weight and days to maturity. 

Hence, from the present finding it is
concluded that the strong association of these
traits with grain yield suggests that these traits
could be safely used as selection criterion for
further improvement in yield of wheat and also
wheat genotypes used has adequate variability
for most of the traits which need to be used in
future wheat breeding programme and out of
forty genotypes four genotypes were observed
promising under restricted irrigated condition
viz., NIAW 3220, NIAW 3303, NIAW 3309 and
NIAW 3340. 
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Cotton (Gossypium hirsutum), the ‘White
Gold’ is one of the most important commercial
and industrial crop and plays a key role in
economical and social affairs of the world. It is
considered as “King of fibres” and is important
cash of this country. There by cotton crop
assumes a place of special significance in Indian
economy. Agronomic practices like
maintenance of ideal plant density, use of
optimum dose of fertilizer and moisture
conservation play a key role in enhancing the
productivity. Plant may show better growth and
development and give highest yield plant-1 but
may not give maximum yield per unite area
because of inadequate plant population. Thus,
for increasing economic yield, the optimum
spacing is essential. Along with this nutrient
supply is the most important limiting factor in
cotton production. The nutrient management in
cotton is a complex phenomenon due to its long
duration and in determining growth habit, where

simultaneous production of vegetative and
reproductive structure during the active growth
phase takes place.

The manipulation of plant density and crop
spacing is a time tested agronomic technique to
improve yield and profitability (Venugopalan et
al. 2013). As plant density increases the
cumulative demand for sunlight, water and
nutrient uptake increases and leading to more
rapid canopy closure and decreased soil water
evaporation, is becoming popular to address
water scarcity challenges. The adoption of
HDPS, along with good nutrient management
and better genotypes, is a viable approach to
break the current trend of stagnating yields
under primarily rainfed hirsutum cotton growing
areas. So trend towards high density planting is
moving fast.

Essential micronutrient like Zinc and
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Abstract
A Field experiment was conducted during kharif 2012 and 2013 on the Agronomy farm of Department

of Agronomy, Dr. PDKV, Akola of clay texture soil. The results revealed that plant density of 1,66,666 plants
ha-1 at spacing (60 x 10 cm2) recorded higher gross monetary returns (Rs. 99,157 ha-1), but plant density of
1,11,111 plants ha-1 at spacing (60 x 15 cm2) recorded highest net monetary returns and benefit cost ratio
(Rs. 58,814 ha-1 and 2.61)  in pooled analysis. Highest uptake of NPK and micronutrients (Zn, Fe, Mn and
Cu) were recorded with plant density of 1,66,666 plants ha-1. Whereas, increment in nutrient management
treatment 150% RDF + Foliar spraying of 2.0% DAP at flowering (60 DAS), 1.0% MgSO4 + 0.5% ZnSO4 at
boll development stage (80 DAS), was significantly increased in seed cotton yield and uptake of nutrient NPK
and micronutrients towards 100% RDF (F1) and 100% RDF + micronutrient (F3) except 150% RDF (F2).
Moisture conservation technique of opening of furrows 30 days after emergence (DAE) has higher profitability
in terms of gross monetary return, net monetary return, benefit cost ratio and uptake of NPK and
micronutrients by cotton plant. 
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Magnesium play an important role in physiology
of cotton crop being a part of enzyme system or
catalyst in enzymatic reactions. They are
required for plant activities such as aspiration,
meristematic development, chlorophyll
formation, photosynthesis, energy system,
protein and oil synthesis, gossypol, tannin and
phenolic compounds development. Foliar
application of micronutrients plays an important
role in changing physiological and biochemical
processes in cotton (Radhika et al. 2013). 

In situ moisture conservation as the soil
profile is reservoir for moisture storage and this
facility needs to be exploited to the maximum.
Sometimes at critical growth stage of crop like
flowering and boll formation. As stand density
increase the total communal demand for
sunlight, water and nutrient uptake increase. 

Materials and Methods

The field experiment was conducted during
kharif season of 2012 and 2013 on Agronomy
farm of Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola in split plot design with three
replication. The treatment combination
comprised of three crop densities viz. The S1 -
60 x 10 cm2 (1,66,666 plants ha-1), S2 - 60 x
15 cm2 (1,11,111 plants ha-1) and S3 - 60 x 30
cm2 (55,555 plants ha-1) in the main plots and
four levels of fertilizer 100% RDF (F1) i.e.
50:25:25 kg N:P2O5:K2O ha-1, 150% RDF (F2)
i.e. 75:37.5:37.5 kg N:P2O5:K2O ha-1, F3 -
100% RDF + Foliar spraying of 2.0% DAP at
flowering, 1.0% MgSO4 and 0.5% ZnSO4 at
boll development stage and F4 - 150% RDF +
Foliar spraying of 2.0% DAP at flowering (60
DAS), 1.0% MgSO4 and 0.5% ZnSO4 at boll
development stage (80 DAS) and two moisture
conservation practices M1 - Sowing on flat bed
and M2 - Opening of furrow 30 DAE were
combinely allotted in subplots. The soil of the
experimental field was clayey in texture, slightly
alkaline having pH- 8.1, EC- 0.30 (dsm-1),

organic carbon 0.61% and available N,P,K,Zn
and Fe status of the soil was 208 kg ha-1, 17.32
kg ha-1, 336 kg ha-1, 0.610 mg kg-1 and 5.57
mg kg-1 respectively. Sowing of experiment was
done on 01.07.2012 and 12.06.2013
respectively.

The representative sample was
analyzed NPK by using standard procedure
(Jackson, 1973). DTPA extractable
micronutrients (Zn, Fe, Mn and Cu) were
determined as per the method described by
Lindsay and Norvell (1978). Oven dried plant
sampled were ground to required fineness,
digested for Zn, Fe, Mn, Cu and B
determinations. Zinc, iron, manganese and
copper content in plant digest were determined
on atomic absorption spectrophotometer as
outlined by Dhyan Singh et al. (2005). The
nutrient uptake was worked out by multiplying
the nutrient concentration in partitioning of dry
matter yield dividing by 100. The total
precipitation was recorded during growth period
592.8 mm and 946.4 mm, during 2012 and
2013 respectively.

Results and Discussion

Effect of plant density : Increase in seed
cotton yield in closer spacing was due to
significantly higher plant population per unit
area. Wider spacing recorded more number of
picked bolls and yield plant-1 but higher plant
population, which compensated the yield
plant-1 even though there were lesser number of
picked bolls and yield plant-1. Similar result were
also reported by Reddy and Kumar (2010).

The increased in seed cotton yield under
highest plant density of 1,66,666 plants ha-1

(60 x 10 cm2) over  lower plant density of
1,11,111 plants ha-1 (60 x 15 cm2)  and
55,555 plants ha-1 (60 x 30 cm2) to the tune of
4.62 and 38.79 per cent and 3.50 and 39.95
per cent during 2012 and 2013, respectively.
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Similar results were also reported by Bhalerao
and Gaikwad (2010).

Plant density of 1,66,666 plants ha-1 (60 x
10 cm2) recorded significantly higher gross
monetary returns of Rs. 93,307, Rs. 1,05,006
and Rs. 99,157 ha-1 as compared to 1,11,111
plants ha-1 (60 x 15 cm2) and 55,555 plants
ha-1 (60 x 30 cm2) during 2012, 2013 and in
pooled results, respectively. The highest gross
monetary returns were recorded in the plant
density of 1,66,666 plants ha-1 (60 x 10 cm2)
to the tune of 4.25 and 39.86 per cent more
than 1,11,111 plants ha-1 (60 x 15 cm2) and
55,555 plants ha-1 (60 x 30 cm2) respectively
in pooled analysis. These results are agreement
with Raut et al. (2005a), Chavan et al. (2011)
and Paslawar et al. (2015).

The higher plant density per unit area in
1,66,666 plants ha-1 (60 x 10 cm2) recorded
significantly higher net monetary returns of Rs.
55,414, Rs. 64,824 and Rs. 60,119 ha-1 as
compared to lower plant density in 55,555
plants ha-1 (60 x 30 cm2) but found at par with
1,11,111 plants ha-1 during 2012, 2013 and in
pooled results, respectively. Plant density of
1,11,111 plants ha-1 (60 x 15 cm2), which was
53.65 and 50.31 per cent more as compared
to plant population 55,555 plants ha-1 (60 x 30
cm2). Increase of 100 per cent plant population
than recommended, increased seed cotton yield,
net monetary returns and benefit cost ratio. Due
to higher plant density 1,66,666 plants ha-1

increased the cost of cultivation than 1,11,111
plants  ha-1, because of higher seed rate ha-1.
Similar findings were also reported by Raut et
al. (2005a) and Srinivasulu et al. (2006). 

Similarly increase in benefit cost ratio under
higher plant density were reported by Bhalerao
and Gaikwad (2010), Reddy and Kumar (2010),
Chavan et al. (2011), Mohaptra and Nanda
(2011) and Pawar et al. (2011).

Effect of nutrient management : Among
the nutrient management, highest seed cotton
yield were recorded with application of 150%
RDF+ Foliar spraying of 2.0% DAP at flowering
(60 DAS) and 1.0% MgSO4 + 0.5% ZnSO4 (F4)
at boll development stage (80 DAS) was
significantly superior over 150% RDF (F2),
100% RDF+ Foliar spraying of 2.0% DAP at
flowering and 1.0% MgSO4 + 0.5% ZnSO4 (F3)
at boll development stage and 100% RDF i.e.
50:25:25 kg N:P2O5:K2O ha-1 (F1) during both
the years of experimentation and in pooled data.
On an average application of 150% RDF+
Foliar spraying of 2.0% DAP, 1.0% MgSO4 +
0.5% ZnSO4 (F4) produced 7.39 percent more
seed cotton yield than 150% RDF (F2).
However, 100% RDF + Foliar spraying of 2.0%
DAP, 1.0% MgSO4 + 0.5% ZnSO4 (F3)
produced 12.28 per cent more seed cotton yield
than 100% RDF (F1). Similarly nutrient
management treatment i.e., 150% RDF+ Foliar
spraying of 2.0% DAP, 1.0% MgSO4 + 0.5%
ZnSO4 (F4) produced 32.62 per cent seed
cotton yield than 100% RDF(F1). Similar
findings also reported by Pawar et al. (2011),
Reddy and Gopinath (2008).

These results are in conformity with the
findings of Modhavadia et al. (2012). Different
levels of nutrient management significantly
influenced gross monetary returns. Nutrient
management treatment of 150% RDF + Foliar
spraying of 2.0% DAP, 1.0% MgSO4 + 0.5%
ZnSO4 (F4) recorded 35.01 percent more gross

Table 2. Seed cotton yield (kg ha-1) as influenced by S x F
interaction at harvest during 2012

S x F At harvest (2012)
–––––––––––––––––––––––––––––––––––
F1 F2 F3 F4

S1 1944 2376 2144 2637
S2 1855 2350 1988 2505
S3 1308 1742 1629 1877
S. E. (m) ± 45.49
C. D. at 5% 137.08

Journal of Agriculture Research and Technology 141



Ta
bl
e 
3
.
Ef
fe
ct
 o
f p
la
nt
 d
en
si
ty
, m
oi
st
ur
e 
co
ns
er
va
tio
n 
pr
ac
tic
es
 a
nd
 n
ut
rie
nt
 m
an
ag
em
en
t o
n 
up
ta
ke
 o
f m
ac
ro
 a
nd
 m
ic
ro
 n
ut
rie
nt
s 
by
 h
irs
ut
um
co
tto
nd
ur
in
g 
20
12
 a
nd

20
13

Tr
ea

tm
en

ts
U
p
ta
ke

 o
f 
N
P
K
 (
kg

 h
a-
1
)

U
p
ta
ke

 o
f 
m
ic
ro
nu

tr
ie
nt
s 
(m

g 
ka

-1
)

––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––

––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
––
–

N
P

K
Zn

Fe
M
n

C
u

––
––
––
––
––
––

––
––
––
––
––
––
–
––
––
––
––
––
––

––
––
––
––
––
––
––

––
––
––
––
––
––
––

––
––
––
––
––
––
–

––
––
––
––
––
––
–

2
0
1
2

2
0
1
3

2
0
1
2

2
0
1
3

2
0
1
2

2
0
1
3

2
0
1
2

2
0
1
3

2
0
1
2

2
0
1
3

2
0
1
2

2
0
1
3

2
0
1
2

2
0
1
3

S
p
ac
in
g

S 1
- 6
0 
x 
10
 c
m
2
(1
,6
6,
66
6 
pl
an
ts
 h
a-
1 )

48
.6
1
58
.6
4
18
.4
0
19
.7
9
52
.9
2
59
.9
9

11
7.
03

13
7.
37

67
6.
97

75
3.
55

10
4.
69

13
2.
07

76
.6
7
94
.1
2

S 2
- 6
0 
x 
15
 c
m
2
(1
,1
1,
11
1 
pl
an
ts
 h
a-
1 )

46
.0
1
53
.1
4
17
.3
3
18
.3
9
48
.5
5
54
.7
9

10
6.
55

12
2.
89

60
4.
63

65
6.
62

96
.2
0

11
8.
76

70
.9
9
84
.2
8

S 3
- 6
0 
x 
30
 c
m
2
(5
5,
55
5 
pl
an
ts
 h
a-
1 )

39
.2
3
45
.3
6
14
.6
7
15
.6
4
41
.3
6
46
.8

90
.1
7

10
4.
68

46
4.
29

51
7.
89

83
.8
4

10
4.
04

58
.1
5
70
.8
1

S.
 E
. (
m
) ±

0.
6

0.
48

0.
18
8
0.
14
1
0.
54
6
0.
57
9

1.
43

1.
68

6.
93

6.
47

1.
22

0.
57

0.
97

0.
54

C
. D
. a
t 5
%

1.
89

1.
5

0.
59
3
0.
44
4
1.
72
1
1.
63
4

4.
51

5.
30

21
.8
2

20
.3
9

3.
85

1.
78

3.
04

1.
71

M
oi
st
ur
e 
co

ns
er
va
ti
on

 p
ra
ct
ic
es

M
1
- S
ow
in
g 
on
 fl
at
 b
ed

42
.6
7
50
.4
1
15
.9
4
17
.2
1
45
.6
5
52
.1

10
0.
69

11
7.
52

56
2.
05

62
1.
91

90
.8
7

11
3.
85

65
.9
8
80
.1
3

M
2
- O
pe
ni
ng
 o
f f
ur
ro
w
 3
0 
D
A
E

46
.5
6
54
.3
5
17
.6
5
18
.8
6
49
.5
7
55
.6
3

10
8.
48

12
5.
77

60
1.
88

66
3.
47

98
.9
5

12
2.
73

71
.2
2
86
.0
1

S.
 E
. (
m
) ±

0.
49

0.
39

0.
15
4
0.
12

0.
44
6
0.
42
4

1.
17

1.
37

5.
66

5.
28

1.
00

0.
46

0.
79

0.
44

C
. D
. a
t 5
%

1.
54

1.
22

0.
48
4
0.
36

1.
40
5
1.
33
4

3.
68

4.
32

17
.8
2

16
.6
5

3.
14

1.
45

2.
48

1.
40

N
ut
ri
en

t 
m
an

ag
em

en
t

F 1
- 1
00
%
 R
D
F 
(5
0:
25
:2
5 
N
P
K
 k
g 
ha
-1
)

37
.7
5
45
.1
3
14
.2
1
15
.5
1
41
.0
7
47
.2
5

91
.8
6

10
8.
55

51
1.
84

57
3.
24

82
.1
0

10
3.
90

59
.8
9
73
.5
1

F 2
- 1
50
%
 R
D
F 
(7
5:
37
.5
:3
7.
5 
N
P
K
 k
g 
ha
-1
)

48
.1
3
55
.7
2
18
.0
2
19
.1
6
50
.5
6
56
.7
8

11
0.
21

12
7.
28

60
8.
61

66
6.
74

10
0.
49

12
4.
28

72
.2
1
86
.8
7

F 3
- 1
00
%
 R
D
F 
+
 2
.0
%
 D
A
P,
 1
.0
%
 M
gS
O
4
+
 

42
.1
3
49
.8
3
16
.0
1
17
.2
2
45
.4
1
51
.6
1

10
0.
67

11
6.
92

56
6.
92

62
4.
92

90
.9
3

11
3.
31

66
.2
8
80
.0
6

0.
5%
 Z
nS
O
4

F 4
- 1
50
%
 R
D
F 
+
 2
.0
%
 D
A
P,
 1
.0
%
 M
gS
O
4
+
 

50
.3
5
58
.8
5
18
.9
5
20
.2
7
53
.4

59
.8
5

11
5.
59

13
3.
83

64
0.
48

70
5.
85

10
6.
13

13
1.
68

76
.0
2
91
.8
6

0.
5%
 Z
nS
O
4

S.
 E
. (
m
) ±

0.
32

0.
44

0.
10
4
0.
11

0.
33
7
0.
45
3

0.
65

0.
76

5.
85

4.
13

0.
58

0.
69

0.
44

0.
47

C
. D
. a
t 5
%

0.
92

1.
27

0.
29
9
0.
33

0.
96
6
1.
30
1

1.
87

2.
18

16
.7
8

11
.8
7

1.
68

1.
97

1.
27

1.
36

In
te
ra
ct
io
n 
ef
fe
ct

S 
x 
M

S.
 E
. (
m
) ±

0.
85

0.
67

0.
26
6
0.
2

0.
77
2
0.
73
4

2.
03

2.
38

9.
80

9.
15

1.
73

0.
80

1.
37

0.
77

C
. D
. a
t 5
%

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

S 
x 
F

S.
 E
. (
m
) ±

0.
56

0.
77

0.
23
7
0.
22
1
1.
03
8
1.
18
5

1.
13

1.
32

10
.1
3

7.
16

1.
01

1.
19

1.
08

0.
82

C
. D
. a
t 5
%

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

M
 x
 F

S.
 E
. (
m
) ±

0.
45

0.
63

0.
14
7
0.
16

0.
47
6
0.
64
1

0.
92

1.
07

8.
27

5.
85

0.
83

0.
97

0.
62

0.
67

C
. D
. a
t 5
%

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

S 
x 
M
 x
 F

S.
 E
. (
m
) ±

0.
79

1.
09

0.
28
5
0.
28

0.
82
5
1.
11

1.
60

1.
86

14
.3
2

10
.1
3

1.
43

1.
68

1.
08

1.
16

C
. D
. a
t 5
%

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

G
M

44
.6
1
54
.3
8
16
.8

18
.2
4
47
.6
1
53
.7
8

10
4.
59

12
1.
65

58
1.
96

64
2.
69

94
.9
1

11
8.
29

68
.6
0
83
.0
7

Khargharate et al.142



monetary return than 100% RDF (F1) in pooled
study. Increased in level of 150% RDF + Foliar
spraying of 2.0% DAP, 1.0% MgSO4 + 0.5%
ZnSO4 (F4) increase the seed cotton and stalk
yield and finally increased gross monetary
returns. 

Treatment of nutrient management 150%
RDF+ Foliar spraying of 2.0% DAP, 1.0%
MgSO4 + 0.5% ZnSO4 (F4) increased 48.71,
9.13 and 28.05 per cent more net monetary
returns than 100% RDF (F1), 150% RDF (F2)
and 100% RDF+ Foliar spraying of 2.0% DAP
at flowering (60 DAS) and 1.0% MgSO4 + 0.5%
ZnSO4 at boll development stage (80 DAS) (F3)
respectively. These findings are accordance with
the findings of Srinivasulu et al. (2006), Reddy
and Gopinath (2008), Bhalerao and Gaikwad
(2010) and Pawar et al. (2011).

Nutrient management 150% RDF + Foliar
spraying of 2.0% DAP, 1.0% MgSO4 + 0.5%
ZnSO4 (F4) recorded maximum benefit:cost ratio
2.74 than 100% RDF i.e., 50:25:25 kg
N:P2O5:K2O ha-1 (F1). These results are in
agreement with the findings of Modhavadia et
al. (2011).

Effect of moisture conservation
practices : The seed cotton yield was
significantly influenced due to moisture
conservation practices under study, wherein
opening of furrow of 30 DAE (M2) produced the
highest seed cotton yield of 2114, 2318 and
2216 Kg ha-1 during 2012, 2013 and in pooled
results, respectively over sowing on flat bed
(M1). Results of present investigation are similar
with the findings of Singh et al. (2004) and
Asewar et al. (2008).

The opening of furrow 30 DAE (M2)
recorded higher gross monetary returns Rs.
86,490, Rs.95,907 and Rs.91,199 ha-1 during
2012, 2013 and in pooled data. In pooled result
opening of furrow 30 DAE (M2) recorded 6.56
per cent more gross monetary returns than flat

bed sowing (M1). These results are confirmed by
Gaidhane et al. (2007) and Kolekar, (2009).
The opening of furrow 30 DAE recorded the
highest net monetary returns of Rs. 50,930, Rs.
58,592 and Rs. 54,761 ha-1 during 2012,
2013 and in pooled results, respectively and it
was significantly superior over net returns in flat
bed sowing.

In pooled results, where in opening of furrow
30 DAE (M2) recorded significantly higher
benefit cost ratio over flat bed sowing (M1)
during 2012 and 2013. These results are
confirmed by Tayade, (2007) and Alloli, et al.
(2008). 

Interaction effect : Plant density and
nutrient management (S x F) interaction was
found to be significant. The data presented in
(Table 2)  indicated that higher plant population
1,66,666 plants ha-1 recorded highest seed
cotton yield 2637 kg ha-1 with increasing level
of nutrient management 150% RDF
i.e.,75:37.5:37.5 kg N:P2O5:K2O ha-1 + Foliar
spraying of 2.0% DAP, 1.0% MgSO4 + 0.5%
ZnSO4.

Uptake of NPK and Micronutrient : The
data (Table 3) showed that maximum uptake of
N was noticed with plant density 1,66,666
plants ha-1 followed by 1,11,111 plants ha-1

while lowest uptake of nitrogen noticed under
55,555 plants ha-1. Similar trend was recorded
for uptake of P and K by hirsutum cotton. It was
interesting to note that higher plant density per
unit area removed greater amount of NPK from
soil Ravankar and Deshmukh (1994) and Sawan
et al., (2008).

Significantly lowest uptake of N was seen
with 100% RDF i.e. 50:25:25 N, P2O5 and
K2O kg ha-1 and similarly P and k were
significantly less in 100% RDF. Application of
Phosphorus significantly affected the total
uptake of N, P and K in cotton. Where in the
highest value was obtained with 37.5 Kg P2O5
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kg ha-1 over 25 kg P2O5 ha-1. The uptake of
potassium by hirsutum cotton was maximum
with plant density of 1,66,666 plants ha-1

(52.92 and 59.99 kg ha-1) followed by
1,11,111 plants ha-1 (48.55 and 54.79 kg
ha-1) and 55,555 plants ha-1 (41.36 and 46.80
kg ha-1) during 2012 and 2013 respectively.

In respect of micronutrients (Zn, Fe, Mg, and
Cu) uptake, The uptake of Zn was noticed
significantly superior with plant density
1,66,666 plants ha-1 (117.07 and 137.37 mg
kg-1) followed by 1,11,111 plants ha-1 (106.55
and 127.89 mg kg-1) and 55,555 plants ha-1

(90.17 and 104.88 mg kg-1) during 2012 and
2013 respectively, Similar trend was recorded
for uptake of Mn and Cu by hirsutum cotton
during both the years of experimentation.

Highest N,P and K uptake was observed with
application of 150% RDF + 2% DAP at
flowering (60 DAS) and 1% MgSO4 + 0.5%
ZnSO4 at boll formation (80 DAS) which was
significantly superior to 100% RDF (F1), 100%
RDF + 2% DAP, 1% MgSO4 +0.5 % ZnSO4
and 150% RDF (F2) i.e. 75: 37.5: 37.5 N,
P2O5 and K2O kg ha-1. 

Every higher application of nutrient
management noted significantly increase in P
and K uptake over its lower levels. Balanced and
Optimum application of NPK and micronutrient
increased the concentration and uptake of NPK
and micronutrient (Zn, Fe, Mn, Cu). Similar
results were reported earlier by Ravankar et al.
(1994) Katkar et al. (2000) and Waikar et al.
(2015). The micronutrient uptake significantly
increased with foliar spraying of different
nutrient combination and this could be due to
higher dry matter production and highest seed
cotton yield (Ishaq,1992).

Moisture conservation techniques of opening
of furrows 30 DAE (M2) recorded significantly
higher nutrient uptake of NPK and
micronutrients over flat bed sowing (M1). It may

be due to availability of moisture, which help to
reflect the nutrient in soil, uptake in plant and
increased dry matter accumulation.

As regards to in situ moisture conservation
techniques opening of furrows 30 DAE recorded
significantly higher uptake of N (46.56 and
54.35 kg ha-1), P (17.65 and 18.86 kg ha-1)
and K (49.57 and 55.63 kg ha-1) as compared
to flat bed sowing (42.67 and 50.41 kg ha-1),
(15.94 and 17.21 kg ha-1) and (45.65 and
52.10 kg ha-1) N,P and K Kg ha-1 during 2012
and 2013 respectively. Similar trend was
recorded for uptake of micronutrients (Zn, Fe,
Mn and Cu) by hirsutum cotton during both the
year of study.

Conclusion

On the basis of two years data, it can be
concluded that plant density of 1,11,111 plants
ha-1 (60 x 15 cm2) with opening of furrow 30
DAE and 150% RDF + Foliar spraying of 2.0%
DAP at flowering (60 DAS), 1.0% MgSO4 +
0.5% ZnSO4 at boll development stage (80
DAS) for obtaining higher seed cotton yield and
found productive, remunerative and profitable of
hirsutum cotton (AKH-081) under rainfed
condition of Vidarbha region of Maharashtra.

Reference
Alloli, T. B., Hullihali, U. K. and Athani, S. J. 2008.

Influence of in-situ moisture conservation practices on
the performance of dryland chilli. Karnataka J. Agric.
Sci. 21(2): 253-255.

Asewar, B. V., Jadhav, A. S. and Khan, Y. A. 2008. Effect
of in-situ water management and intercropping systems
on yield of rainfed cotton. J. Cotton Res. Dev. 22(2):
173-175.

Bhalerao, P. D. and Gaikwad, G. S. 2010. Productivity and
profitability of Bt cotton (Gossypium hirsutum) under
various plant geometry and fertilizer levels. Indian J.
Agronomy. 55(1): 60-63.

Chavan, N. H., Nagrare, I. M., Patil, D. B., Patil, N. A. and
Sathe, H. D. 2011. Effect of spacing and fertilizers
levels on yield attributes and economics of Bt cotton.
J. of Soils and Crops. 21(1): 148-151.

Khargharate et al.144



Dhyan Singh., Chhonkar, P. K. and Dwivedi, B. S. 2005.
Manual on soil, plant and water analysis. Westville
Publishing House, New Delhi. Pp. 200.

Gaidhane, S. N., Mankar, P. S., Khawale, V. S.,
Yenpreddiwar, M. D. and Idapaganti. 2007. Effect of
land configuration and mulches on growth and yield of
arborium cotton. J. Soils and crops. 17(2): 403-406.

Ishaq, H. M. 1992. Effects of foliar micronutrient fertilizers
on the yield of irrigated cotton on the vertisols of the
Sudan Gezira. Expl Agric. 28(3): 265-271.

Jackson, M. L. 1973. Soil chemical analysis, Prentice Hall
of India Pvt.Ltd., New Delhi.

Katkar, R. N., Turkhede, A. B., Wankhade, S. T. and
Solanke, V. M. 2000. Studies on the agronomic
requirement of promising cotton hybrids. Crop Res.
19(3): 525-526.

Kolekar, B. P. 2009. Cotton productivity and quality as
influenced by land configuration and nutrient
management. M.Sc. Thesis (Unpub.) Dr. PDKV, Akola.

Lindsay, W. L. and Norvell, W. A. 1978. Development of
DTPA soil test for zinc, manganese and copper. Soil
Sci. Soc. of American J. 42: 412-428.

Modhavadia, J. M., Nariya, J. N., Vadaria, K. N. and
Thanki, R. B. 2011. Effect of fertilizer management on
yield and economics of hybrid Bt cotton.  Asain J. of
soil sci. 6(1): 97-100.

Modhavadia, M. M., Solanki, R. M., Nariya, J. N., Vadaria,
K. N. and Rathod, A. D. 2012. Effect of different levels
of nitrogen, phosphorus and potassium on growth,
yield and quality of Bt cotton hybrid under irrigated
conditions. J. Cotton Res. Dev. 26(1): 47-51.

Mohapatra, S. C. and Nanda, S. S. 2011. Response of
various levels of nutrient and spacing in non-Bt. Hybrid
cotton (Gossypium hirsutum) under rainfed situation.
Res. J. Agric. Sci . 2(1): 162-163.

Namdev, K. N., Sharma, J. K. and Mandoli, K. C. 1992.
Effect of foliar feeding of micro-nutrients on rainfed
hybrid cotton (JK Hy. 1). Crop Research. 5: 451-455.

Paslawar, A.N., Deotalu, A.S. and Nemade, P.W. 2015.
High density planting of cotton variety AKH – 081
under rainfed condition of Vidharbha plant archives.
15(02): 1075-1077.

Pawar, S. U., Gite, A. N., Hsan Bin Awaz and Kharwade,
M.L. 2011. Effect of spacing and fertilizer levels on
yield attributes, seed cotton yield and economics of Bt.
Cotton. J. Agric. Res. Tech. 36(1): 168-170.

Pinjari, S. S., Pawar, P. P. and Mhasker, M. V. 2006.

Response of irrigated cotton (JLH-168) to different
levels and sources of fertilizer. J. Crop. Prot. Prod. 2(2):
120-121.

Radhika, K., Hemalatha, S., Praveen Katharina, S.,
Maragathan, S. and Kanimozhi, A. 2013. Foliar
application of micronutrients in cotton-a review.
Research and review, 2(3): 23-29.

Ravankar, H. N., Thakare, V. S. and Deshmukh V. A. 1994.
Response of newly evolved cotton hybrids to various
agronomic practices. PKV Res. J. 18:14-17.

Ravankar, H. N. and Deshmukh, V. A. 1994. Study on
nutrient uptake pattern in H-4 cotton under different
agronomic management. PKV Res. J. 18(1): 60-62.

Raut, R. S., Thokale, J. G. and Mehtre, S. S. 2005a. Effect
of fertilizer and spacing on interspecific hybrid Phule
388 under summer irrigated condition. J. Cotton Res.
Dev. 19(2): 200-201.

Reddy, P., Raghu Rami and Gopinath, M. 2008. Influence
of fertilizers and plant geometry on performance of Bt
cotton hybrid. J. Cotton Res. Dev. 22(1): 78-80.

Reddy, R. R. P. and Kumar, D. B. 2010. Yield and
economics of Bt cotton as influenced by spacing and
nutritional levels. PKV Res. J. 34(1): 20-22.

Sawan, Z. M., Mahmoud, M. H. and Fahmy, A. H. 2008.
Cotton (Gossypium barbadense L.) yield and fiber
properties as affected by plant growth retardants and
plant density. J. Crop Improvement. Vol. 21: 171-189.

Singh, A., Rathore, P. and Pathak, D. 2004. Effect of foliar
application of inorganic nutrients on yield of American
cotton. J. Cotton Res. Dev. 19(1): 169-171.

Srinivasulu, K., Hema, K., Prasad, N. V. V. S. D. and
Krishna Rao, K. V. 2006. Performance of cotton
hybrids under different spacings  and nitrogen levels in
black cotton soils of Costal Andhra Pradesh. J. Cotton
Res. Dev. 20(1): 99-101.

Tayade, A.S., 2007. The response of Bt and non-Bt cotton
hybrids to nutrient and pest management. Ph. D.
Thesis (Un pub.) submitted to Marathwada Agriculture
University, Parbhani.

Venugopalan, M. V., Kranthi, K. R., Blaise, D., Lakde, S.
and Shankaranarayanan, K. 2013. High density
planting system in cotton-The Brazil Experience and
Indian Initiatives. Cotton Res. J. 5(2): 172- 185.

Waikar, S. L., Dhamak, A. L., Meshram, N. A. and Patil, V.
D. 2015. Effect of speciality fertilizers on soil fertility,
nutrient uptake, quality and productivity of cotton in
vertisol. J. Agric. and Veterinary Sci. 8(2): 76-79.

______________

Journal of Agriculture Research and Technology 145



The manipulation of row spacing, plant
density and the spatial arrangement of cotton
plants, for obtaining higher yield have been
attempted by agronomists for several decades in
many countries. The most commonly tested
plant densities range from 5 to 15 plants-1 m2

(Kerby et al. 1990) resulting in a population of
50,000 to 1,50,000 plants ha-1. The concept
of high density cotton planting, more popularly
called Ultra Narrow Row (UNR) cotton was
initiated by Briggs et al. 1967. Vigilant
production and economics strategies are
important for cotton growing farmers due to
expanding cost of cultivation and stagnating
productivity. Adoption of High density planting

system (HDPS) and newly release hirsutum
cotton varieties offer an alternate to sustainable
production and decreased production cost.
Cotton (Gossypium spp.) the king of fiber or
white gold, is one of the most important
commercial crop of India. It is one of the most
important cash crops next to food grains that
play vital role in Indian national economy (Patel
et al., 2016). In India cotton is grown over an
area of 115.53 lakh hectars with production of
375.00 lakh bales with productivity of 552 kg
lint ha-1 (Anonymous, 2014). Cotton production
in India is considered to have a wide reaching
impact not only on the livelihood of farmers and
economy of the country but also on international
trade. Even though maximum area is under
hirsutum cotton, but average productivity is
lower than world average. Cotton productivity
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Abstract
A Field experiment was carried out to study the performance of American cotton (Gossypium hirsutum)

variety under different plant density and nutrient management under rainfed condition of Vidarbha region for
two consecutive kharif season of 2012 and 2013. The treatment combination comprised three different density
viz., S1 - 1,66,666 plants ha-1 at spacing (60 x 10 cm2), S2 - 1,11,111 plants ha-1 at spacing (60 x 15 cm2)
and S3 - 55,555 plants ha-1 at spacing (60 x 30 cm2) and four nutrient management viz., F1 - 100% RDF
(50:25:25 NPK Kg ha-1), F2 - 150% RDF (75:37.5:37.5 NPK Kg ha-1), F3 -100% RDF + Foliar spraying of
2.0% DAP at flowering (60 DAS), 1.0% MgSO4 + 0.5% ZnSO4 at boll development stage (80 DAS) and F4-
150% RDF + Foliar spraying of 2.0% DAP at flowering (60 DAS), 1.0% MgSO4 + 0.5% ZnSO4 at boll
development stage (80 DAS) allocated to subplots in split plot design with three replication. The plant density
of 1,66,666 plants ha-1 (S1) on pooled analysis was recorded significantly higher plant height and seed cotton
yield (2404 Kg ha-1) over 55,555 plants ha-1 (S3) and fallowed by the 1,11,111 plants ha-1 (S2). The closer
plant density of 60 x 10 cm2 gave 4.02% and 33.97% more yield ha-1 over 60 x 15 cm2 and 60 x 30 cm2

respectively. Whereas, increment in nutrient management 150% RDF + Foliar spraying of 2.0% DAP at
flowering (60 DAS), 1.0% MgSO4 + 0.5% ZnSO4 at boll development stage (80 DAS), was significantly
increased in growth attributes and seed cotton yield towards 100% RDF (F1) and 100% RDF + micronutrient
(F3) except 150% RDF (F2). 

Key words : Hirsutum cotton, High Density Planting, Nutrient Management, Yield.
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depends on various factors among them
selection of potential genotypes along with plant
densities play a vital role in increasing the
productivity of cotton. The hirsutum cotton are
known to tolerant and resistant to diseases, pests
and adverse environmental condition. New
hirsutum cotton variety AKH-081 have been
released in recent times by Dr. PDKV, Akola.
The maximum exploitation of these genotypes
can be achieved only after determining their
optimum planting densities in comparison to
recommended cotton varieties. In general, it was
observed that the lower plant densities produces
high values of growth and yield attributes plant-
1 but yield per unit area was higher with higher
plant densities (Namdeo et al. 1991; Dhoble et
al.1992; Sharma et al. 2001). However, it may
happen that moderate increase in plant densities
may not increase the yield but decrease due to
competition between plants for nutrients, water,
space and light (Nehra and Kumawat, 2003). In
view of the above, present research work carried
out with the objective to find out the effect of
High Density Planting System (HDPS) on
growth and yield of hirsutum cotton.

Fertilizer has become necessary input to
supply essential plant nutrients to get expected
crop yield as soils are poor in NPK content.
Three known principal elements for plant
growth are nitrogen, phosphorus and
potassium. Optimum fertilizer level increases the
fertilizers use efficiency and correcting nutrient
deficiency of plant and boost up the productivity.
Essential micronutrients like Zinc and
Magnesium play an important role in physiology
of cotton crop being a part of enzyme system or
catalyst in enzymatic reactions. They are
required for plant activities such as aspiration,
meristematic development, chlorophyll
formation, photosynthesis, energy system,
protein and oil synthesis, gossypol, tannin and
phenolic compounds development. The role of

micronutrients in various physiological and
biochemical processes in plant is well known,
which enables a rapid change in the physiology
of plant within one season to achieve desirable
results (Radhika et al. 2013). Foliar application
of micronutrients play an important role in
changing growth and physiological
characteristics of cotton.

Materials and Methods

The field experiment was conducted during
kharif season of 2012 and 2013 on Agronomy
farm of Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola in split plot design with three
replication. The treatment combination
comprised of three crop densities viz. The S1-
60 x 10 cm2 (1,66,666 plants ha-1), S2- 60 x
15 cm2 (1,11,111 plants ha-1) and S3- 60 x 30
cm2 (55,555 plants ha-1) in the main plots and
four levels of fertilizer 100% RDF (F1) i.e.
50:25:25 kg N:P2O5:K2O ha-1, 150% RDF (F2)
i.e. 75:37.5:37.5 kg N:P2O5:K2O ha-1, F3-
100% RDF + Foliar spraying of 2.0% DAP at
flowering, 1.0% MgSO4 and 0.5% ZnSO4 at
boll development stage and F4- 150% RDF +
Foliar spraying of 2.0% DAP at flowering (60
DAS), 1.0% MgSO4 and 0.5% ZnSO4 at boll
development stage (80 DAS) were combinely
allotted in subplots. The soil of the experimental
field was clayey in texture, slightly alkaline
having pH- 8.1, EC- 0.30 (dsm-1), organic
carbon 0.61% and available NPK,Zn and Fe
status of the soil was 208 kg ha-1, 17.32 kg
ha-1, 336 kg ha-1, 0.610 mg kg-1 and 5.57 mg
kg-1 respectively. Sowing of experiment was
done on 01.07.2012 and 12.06.2013
respectively.

The representative sample was analyzed
NPK by using standard procedure (Jackson,
1973). DTPA extractable micronutrients (Zn, Fe,
Mn and Cu) were determined as per the method
described by Lindsay and Norvell (1978). The
total precipitation was recorded during growth
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period 592.8 mm and 946.4 mm, during 2012
and 2013 respectively.

Results and Discussion

Effect of plant density on different
parameter  : Plant height was significantly
influenced by various plant density throughout
the crop growth period. A plant density of
1,66,666 plants ha-1 (60 x 10 cm2) recorded
significantly more plant height than 1,11,111
plants ha-1 (60 x 15 cm2) and 55,555 plants
ha-1 (60 x 30 cm2) up to at harvest. Due to
more number of plants per unit area resulted
maximum height plant-1 which may be due to
increase competition for sunlight and carbon
dioxide. Similar results were observed by Nehra
et al. (2004). Who explained that the reduction
in plant height of hirsutum cotton wider spacing

was due to suppression of apical dominance,
which resulted increased branching and vice
versa to closer spacing. It was observed that any
increase in the plant population per unit area the
congestion in the growing crop plants increased,
which induce more vertical growth and lateral
spread was restricted, similar results were
observed by Sisodia and Khamparia (2007). As
regard to number of sympodial branches
plant-1 increase with decrease in plant densities.
Plant under wider spacing of 60 x 30 cm2

(55,555 plants ha-1) produce significantly more
number of sympodial branches plant-1 than
those recorded under closer spacing of 60 x 10
cm2 (1,66,666 plants ha-1) and 60 x 15 cm2

(1,11,111 plants ha-1) during both the years.
Such significant increase in number of sympodial
branches plant-1 under wider row spacing was
also reported by Reddy and Kumar (2010).

Table 1. Plant height (cm) and sympodial branches plant-1 of hirsutum cotton as influenced by plant density and nutrient
management at harvest during 2012 and 2013

Treatments Plant height Sympodial
(cm) branches plant-1

––––––––––––––––––––––––– ––––––––––––––––––––––––
2012 2013 Mean 2012 2013 Mean

I) Main plot treatments
a) Plant Density
S1 - 60 x 10 cm2 (1,66,666 plants ha-1) 86.73 89.96 88.35 9.72 11.85 10.79
S2 - 60 x 15 cm2 (1,11,111 plants ha-1) 77.62 81.86 79.74 10.38 12.56 11.47
S3 - 60 x 30 cm2 (55,555 plants ha-1) 71.47 71.88 71.67 14.48 16.78 15.63
S. E. (m) ± 0.37 0.43 - 0.13 0.13 -
C. D. at 5% 1.16 1.35 - 0.39 0.41 -

II) Sub plot treatments
b) Nutrient Management 
F1 - 100% RDF (50:25:25 NPK kg ha-1) 76.34 80.21 78.27 10.74 13.10 11.92
F2 - 150% RDF (75:37.5:37.5 NPK kg ha-1) 79.57 81.77 80.67 11.96 13.97 12.96
F3 - 100% RDF + 2.0% DAP, 1.0% MgSO4 + 0.5% ZnSO4 77.74 80.70 79.22 11.20 13.68 12.44
F4 - 150% RDF + 2.0% DAP, 1.0% MgSO4 + 0.5% ZnSO4 80.77 82.80 81.79 12.19 14.04 13.12
S. E. (m) ± 0.34 0.38 - 0.12 0.12 -
C. D. at 5% 0.97 1.09 - 0.33 0.35 -

Interaction effect
S x F
S. E. (m) ± 0.59 0.66 - 0.20 0.21 -
C. D. at 5% NS NS - NS NS -
GM 78.61 81.31 79.96 11.52 13.71 12.62
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As regard yield attributing characters like
number of picked bolls plant-1 (11.31) boll
weight (2.90 g) and seed cotton weight plant-1

(33.06)  also increase with the decrease in plant
densities of 55,555 plants ha-1on the basis of
pooled analysis. These results area in
accordance with Ram and Giri (2006).

The higher plant density of 1,66,666 plants
ha-1 recorded lower value of yield parameters
and also observed a  decreased in number bolls
plant-1 but an increase in seed cotton yield per
unit area elevated population. Increase in seed
cotton yield 2404 kg ha-1 registered under
higher plant density of 1,66,666 plants ha-1 (60
x 10 cm2)  than lower plant density of 55,555

plants ha-1 (60 x 30 cm2), but it was statistically
at par with plant density of 1,11,111 plants
ha-1 (60 x 15 cm2) (Table 2). These results are
in conformity with the findings Basavanneppa
et al. (2012).

Effect of nutrient management on
different parameter : Increases in every level
of nutrient management increased plant height.
Maximum plant height was recorded at harvest
with 150% RDF i.e., 75:37.5:37.5 NPK kg
ha-1 + 2.0% DAP at flowering (60 DAS) 1.0%
MgSO4 + 0.5% ZnSO4 at boll formation stage
(80 DAS), which was significantly superior over
lower one. These finding confirm with the
earlier finding of Solanke et al. (2001). Whereas

Table 2. Yield contributing characters and seed cotton yield (kg ha-1) of hirsutum cotton as influenced by plant density and
nutrient management during 2012 and 2013

Treatments Number of picked Boll weight Yield Seed cotton 
bolls plant-1 (g) plant-1 yield (kg ha-1)

––––––––––––––––––––––– –––––––––––––––––––––– ––––––––––––––––––––––– –––––––––––––––––––––
2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled

I) Main plot treatments
a) Plant Density
S1 6.75 6.89 6.82 2.28 2.47 2.38 15.44 16.89 16.16 2275 2533 2404
S2 8.60 9.02 8.81 2.50 2.68 2.58 21.57 24.12 22.74 2174 2447 2311
S3 11.14 11.48 11.31 2.83 2.96 2.90 33.53 34.28 33.06 1639 1810 1725
S. E. (m) ± 0.12 0.05 0.064 0.02 0.02 0.010 0.94 0.31 0.21 32.17 29.78 29.13
C. D. at 5% 0.38 0.16 0.23 0.05 0.05 0.039 2.96 0.98 0.77 101.37 93.7 93.31

II) Sub plot treatments
b) Nutrient Management 
F1 7.78 8.24 8.01 2.38 2.54 2.46 19.37 20.96 20.17 1702 1919 1811
F2 9.42 9.66 9.54 2.62 2.79 2.70 24.98 27.34 26.16 2157 2416 2287
F3 8.61 8.89 8.74 2.48 2.63 2.55 24.01 23.75 22.77 1920 2146 2033
F4 9.49 9.75 9.62 2.67 2.85 2.76 25.68 28.33 27.01 2338 2573 2456
S. E. (m) ± 0.06 0.08 0.05 0.01 0.01 0.007 1.16 0.23 0.27 21.07 19.02 16.45
C. D. at 5% 0.18 0.23 0.24 0.04 0.04 0.020 3.32 0.67 0.79 58.3 52.63 48.23

Interaction effect
S x F
S. E. (m) ± 0.11 0.14 0.148 0.03 0.02 0.012 2.01 0.68 0.47 45.49 32.94 25.04
C. D. at 5% NS NS NS NS NS NS NS NS NS 137.08 NS NS
GM 8.83 9.13 8.98 2.54 2.70 2.62 23.51 25.09 24.01 2029 2263 2147

S1 - 60 x 10 cm2 (1,66,666 plants ha-1), S2 - 60 x 15 cm2 (1,11,111 plants ha-1), S3 - 60 x 30 cm2 (55,555 plants
ha-1), F1 - 100% RDF  (50:25:25 NPK kg ha-1), F2 - 150% RDF  (75:37.5:37.5 NPK kg ha-1), F3 - 100% RDF + 2.0% DAP,
1.0% MgSO4 + 0.5% ZnSO4, F4 - 150% RDF + 2.0% DAP, 1.0% MgSO4 + 0.5% ZnSO4
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significantly highest fruiting branches were
observed by application of 150% RDF + 2.0%
DAP and 1.0% MgSO4 + 0.5% ZnSO4 over
rest of the nutrient management treatment. It
might be due to increasing of micro nutrient
content in leaves have increased the production
of metabolites synthesized and thus the plant
have chance to bear more fruiting branches and
consequently production of sympodial branches
plant-1 by sympodia buds through involving cell
division. Results were supported with the
findings of Tayade et al. (2012). 

The data mentioned in Table 2 reveled that
the significant increase in yield contributing
parameters viz., number of picked bolls plant-1

(9.62), boll weight (2.76 g) and seed cotton yield
(27.01 g) could be attributed to availability of
more nutrient in balance quantity to crop with
ultimately produced highest seed cotton yield of
2456 kg ha-1 at 150% RDF + 2.0% DAP and
1.0% MgSO4 + 0.5% ZnSO4 over rest of the
nutrient management level in pooled analysis.
The beneficial effect on yield contributing
component reflect on seed cotton yield ha-1.
This was also reported by Sisodia and
Khamparia (2007) and Bhalerao and Gaikwad
(2010).

The magnitude of increase in seed cotton
yield kg ha-1 under nutrient management i.e.,
150% RDF i.e., 75:37.5:37.5 NPK kg ha-1 +
2.0% DAP at flowering (60 DAS) 1.0% MgSO4
+ 0.5% ZnSO4 at boll formation stage (80
DAS), to the tune of 32.62% over 100% RDF
i.e., 50:25:25 NPK kg ha-1 (F1).

Interaction effect : Plant density and
nutrient management interaction was found to
be significant in respect of seed cotton yield kg
ha-1 during 2012. 

The treatment combination of S1F4 (Plant
density 1,66,666 plants ha-1 with 150% RDF
i.e., 75:37.5:37.5 kg N:P2O5:K2O ha-1 + Foliar
spraying of 2.0% DAP, 1.0% MgSO4 + 0.5%

ZnSO4) recorded highest seed cotton yield kg
ha -1 and was significantly superior over rest of
the treatment combinations and found to be at
par with treatment combination S2F4. Due to
highest plant population  ha-1 high competition
between plants for nutrient and solar radiation.

Conclusion

From two years data it can be concluded that
the higher plant population of 1,11,111 plants
ha-1 with higher nutrient management i.e.,
150% RDF i.e., 75:37.5:37.5 NPK kg ha-1 +
2.0% DAP at flowering (60 DAS) 1.0% MgSO4
+ 0.5% ZnSO4 at boll formation stage (80
DAS), improved growth, yield contributing
parameters and seed cotton yield followed by
1,66,666 plants ha-1 with 150% RDF.
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Cotton productivity in India is low due to the
fact that more than 65 per cent of the Cotton
area is under rainfed condition, low fertilizer
consumption and low fertilizer use efficiency. In
addition, India has about 28 per cent of area
under desi Cotton (G. herbaceum and G.
arboreum) which is intrinsically low yielders due
to the genetic and physiological constraints like
long duration, shedding of plant parts, leaf
redening, and bad opening of bolls and are
grown in areas of high biotic and abiotic
stresses. Cotton under the conditions of high
rainfall or irrigation produces excessive
vegetative growth resulting in mutual shading
and shedding of reproductive parts, thereby
reducing the yield. The desire to optimize plant
growth, while maximizing yield led to the use of
interest in PGRs. In the past two decades many
new plant growth regulators have been
developed and tested under field conditions.
Plant growth regulators have been found to

influence these processes in one way or the
other. Plant growth regulators are substances
when added in small amounts modify the growth
of plant usually by stimulating or inhibiting part
of the natural growth regulation. They are
considered as new generation of agrochemicals
after fertilizers, pesticides and herbicides. Plant
growth regulators are capable of increasing yield
by 100-200 per cent under laboratory
conditions, 10-15 per cent in the field conditions
(Kiran Kumar, 2001). Generally sowing of
cotton in Gujarat is done at the end of May to
first week of June, so there will be maximum
number of bolls per plant at the end of August
to first fortnight of September. From last few
years weather pattern has changed and rainfall
withdraw at the end of August. So cotton faces
moisture stress at this period on contrast to this
plant of cotton at that time requires maximum
water and foods for the development of bolls.
The drought at this time create internal

J. Agric. Res. Technol., 44 (2) : 152-161 (2019)

Effect of Various Plant Growth Regulators on Yield of
American Cotton (Gossypium hirsutum)

S. S. Sabale, G. R. Lahane and S. A. Shaikh
Department of Genetics and Plant Breeding, C. P. College of Agriculture, S. D. Agriculture University,

Sardarkrishinagar - 385 506, Gujarat (India)

Abstract
The field experiment was conducted during Kharif season of 2012-13 at the Agronomy Instructional Farm,

Chimanbhai Patel College of Agriculture, Sardarkrushinagar Dantiwada Agricultural University,
Sardarkrushinagar, and District:  Banaskantha (North Gujarat). The experiment was laid in factorial randomized
block design with three replications. Eighteen treatment combinations comprised of the foliar spray of growth
regulators and nutrients viz., 30 ppm NAA, 50 ppm GA3, 200 ppm Mepiquat chloride, 2 % Urea and control
were applied at 60 and 80 days after sowing. Foliar application of NAA @ 30ppm significantly gave early and
higher number of flowers opening compared to other treatments. The application of NAA increased the
flowering percentage, reduced the abscission and increased the flower retention percentage, which in turn
helped in getting higher seed cotton yield. Higher seed cotton yield was obtained with application of NAA @
30 ppm i.e. 1213.27 kg ha-1, maximum biological yield i.e. 241.66 gm., maximum harvest index i.e. 37.10%,
which leads to interpret that higher seed cotton yield obtained because HI having significant positive effect on
yield.
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hormones imbalance i.e. production of abscisic
acid and ethylene inhibits the production of
Auxins, Gibberellins and Cytokinins which
results into abscission of leaves and squares and
in severe condition also abscission of bolls and
ultimately parawilt condition in cotton yield.
Management practices i.e. timely application of
irrigations and fertilizers with artificial
application of growth promoters like synthetic
auxin (NAA) and gibberellins can overcome this
parawilt situation in cotton. Considering this in
view the present experiment was planned to test
the different concentrations of plant growth
regulators along with urea concentrations for the
control of abscission of leaves, squares and bolls
i.e. parawilt condition.

Material and Methods

The experimental site had an even
topography with good drainage. It is suitable to
variety of crops of semi-arid region. To find out
physico-chemical properties of soil, soil sample
were taken randomly before the commence-
ment of experiment from different spots in the
field to a depth of 0-15 cm and 15-30 cm. The
composite sample was prepared and analyzed
for physical and chemical properties of the soil.

The values of soil analysis along with methods
followed are given in Table 1.

This zone is characterized by semi-arid
climate. The weather conditions are quite
favorable for normal growth and development
of the crop. The standard weekwise data for the
period of the investigation recorded at the agro-
meteorological observatory of the Department
of Meteorology, Chimanbhai Patel College of
Agriculture, Sardarkrushinagar Dantiwada
Agricultural University, Sardarkrushinagar are
presented in Table 2.

The experiments were carried out in FRBD
(Factorial Randomized Block Design) design with
three replications  having the spacing 120 x
45cm. Treatment divided into two factor, 1)
Factor A: Chemicals (C), 2) Factor B: Varieties
(V): a) Bt. Cotton – Hybrid 6b) Non Bt. Cotton
– G. Cot. Hybrid12. Hand-thinned to 5 to 6
plants per meter row when the seedlings had
approximately three true leaves. The
recommended dose of fertilizer to cotton is 160:
00: 00 N, P2O5 and K2O kg ha-1. Among this
80 kg N was applied at the time of sowing as
basal dose. A top dressing of 40 kg N each was
applied at 30 DAS and 60 DAS.

Table 1. Physico-chemical properties of soil of experimental field

Treatment Soil depth (cm) Method employed
––––––––––––––––––
0-15 15-30

Physical properties
Sand (%) 84.90 84.98 International Pipette Method (Piper, 1966)
Silt (%) 5.55 5.47
Clay (%) 9.29 9.47
Soil texture Loamy sand

Chemical properties
Soil pH (1:2.5, Soil: Water Ratio) 7.6 7.4 Potentiometric method (Jackson, 1978)
EC (dSm-1 at 25°C) 0.13 0.18 Schofield method (Jackson, 1978)
Organic carbon (%) 0.17 0.15 Weakley and Black’s rapid titration method (Jackson, 1978)
Available N (kg ha-1) 149 138 Alkaline Permanganate method (Jackson, 1978)
Available P2O5 (kg ha-1) 29.24 32.93 Olsen’s Method (Jackson, 1978)
Available K2O (kg ha-1) 287 279 Flame photometer method (Jackson, 1978)
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Total eighteen treatment combinations were
used. The details of treatments are as under

At the time of harvesting the tagged five
plants utilized for observations recording and
plants were harvested separately for recording
Seed cotton yield (kg ha-1), Biological yield (gm.),
Harvest index (%), NAR (Net assimilative rate)
(g-1 dm-2 day-1) and RGR (Relative growth rate)
(g g-1 day-1). The data collected for all the
characters were subjected to statistical analysis
by adopting ‘Analysis of Variance’ techniques as
described by Panse and Sukhatme (1978).

Table 2. Standard week wise meteorological data recorded
during crop season for the year 2012-13 at
Sardarkrushinagar

SMW Temp. °C Bright Rain- Wind Mean
–––––––––––– sun- fall velo- humi-
Max. Min shine (mm) city dity

(hrs.) (Km (%)
hrs-1)

June, 2012
22 40.2 24.9 8.7 0.0 8.8 56
23 38.6 26.5 5.3 0.0 12.8 56
24 38.3 26.3 8.8 38.0 8.2 62
25 38.0 26.7 7.7 0.0 14.2 61
26 37.9 26.9 7.1 0.0 14.3 59

July, 2012
27 37.6 29.3 5.3 0.0 12.2 63
28 33.5 26.9 2.8 167.1 9.7 77
29 34.9 27.0 4.3 4.2 10.7 68
30 35.1 27.0 2.2 0.0 11.3 67

August, 2012
31 32.7 25.9 1.2 5.6 12.8 74
32 32.3 25.7 1.1 30.0 6.8 78
33 28.8 24.4 0.2 173.5 5.7 87
34 31.9 25.4 1.6 4.0 5.5 75
35 31.6 27.2 2.3 12.8 23.0 29

September, 2012
36 32.1 25.7 2.9 130.1 3.4 86
37 29.5 25.1 1.3 60.1 7.1 90
38 32.5 24.4 7.0 1.6 4.6 73
39 33.8 22.8 8.9 0.0 3.2 67

October, 2012
40 37.1 22.2 9.8 1.2 2.6 58
41 36.5 18.8 9.5 0.0 2.5 51
42 36.0 19.7 9.6 0.0 2.5 52
43 32.8 18.8 9.5 2.0 4.2 48
44 33.9 13.7 9.5 0.0 2.9 54

November, 2012
45 32.3 13.5 8.4 0.0 2.1 54
46 33.1 14.8 9.4 0.0 2.4 50
47 31.8 13.4 9.1 0.0 2.2 50
48 30.5 12.9 8.9 0.0 5.2 51

December, 2012
49 30.9 14.2 7.7 0.0 2.8 58
50 29.4 12.9 7.6 0.0 2.2 63
51 28.9 12.4 8.1 0.0 6.4 55
52 28.6 8.2 9.2 0.0 2.5 51

January, 2013
1 24.7 6.0 8.8 0.0 4.6 52
2 27.4 8.2 8.5 0.0 2.3 56
3 24.6 9.0 7.1 0.2 5.0 56
4 26.6 7.0 9.2 0.0 4.7 49
5 30.4 12.5 7.1 0.0 3.1 55

SMW = Standard meteorological weeks

Table 3. Treatment combinations

Treat-
ments

Treatment combinations Dose Time of
Spray

T1 NAA (1-naphthalene acetic
acid)

30 ppm 60 DAS

T2 NAA (1-naphthalene acetic
acid)

30 ppm 80 DAS

T3 GA3 (gibberellic acid) 50 ppm 60 DAS

T4 GA3 (gibberellic acid) 50 ppm 80 DAS

T5 Mepiquat chloride (N, N-
dimethyl piperdinium
chloride)

200 ppm 60 DAS

T6 Mepiquat chloride (N, N-
dimethyl piperdinium
chloride)

200 ppm 80 DAS

T7 Urea 2 % 60 DAS

T8 Urea 2 % 80 DAS

T9 Control (No spray)

T10 NAA (1-naphthalene acetic
acid)

30 ppm 60 DAS

T11 NAA (1-naphthalene acetic
acid)

30 ppm 80 DAS

T12 GA3 (gibberellic acid) 50 ppm 60 DAS

T13 GA3 (gibberellic acid) 50 ppm 80 DAS

T14 Mepiquat chloride (N, N-
dimethyl piperdinium
chloride)

200 ppm 60 DAS

T15 Mepiquat chloride (N, N-
dimethyl piperdinium
chloride)

200 ppm 80 DAS

T16 Urea 2 % 60 DAS

T17 Urea 2 % 80 DAS

T18 Control (No spray)
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Result and Discussion

1. Relative growth rate (g g-1 day-1) at
120-150 DAS

At 120-150 DAS, significantly higher RGR
was recorded when NAA 30 ppm sprayed at 80
DAS (0.0047). However, it was at par with NAA
30 ppm at 60 DAS (0.0045). Significantly lower
RGR was recorded in control (0.0029) (Table
4.1).

1.1 Interaction effect of different plant
growth regulators on Bt. cotton and local
hybrid cotton relative growth rate (RGR)
at 120-150 DAS.

The effect of different plant growth
regulators on Bt. cotton and local hybrid cotton
on relative growth rate was found to be
significant. In Bt. cotton the higher RGR was
recorded with NAA 30 ppm sprayed at 80 DAS)
(0.0049). However, it was at par with NAA 30
ppm at 60 DAS (0.0047). Significantly lower
RGR was recorded in Control (0.0033). In local
hybrid cotton the higher RGR was recorded with
the spray NAA 30 ppm at 80 DAS (0.0045).
However, it was at par with NAA 30 ppm at 60
DAS (0.0043). Significantly lower RGR was
recorded in Control (0.0025). (Table 4.2)

2.  Net assimilation rate (g-1 dm-2 day-1)
at 120-150 DAS

At 120-150 DAS, significantly higher NAR
was recorded with spraying of NAA 30 ppm at
80 DAS (0.026). Significantly lower NAR was
recorded in control (0.018). (Table 4.3)

2.1 Interaction effect of different plant
growth regulators on Bt. cotton and local
hybrid cotton net assimilation rate (NAR)
at 120-150 DAS.

The effect of different plant growth
regulators on Bt. cotton and local hybrid cotton
on net assimilation rate was found to be

Table 4.1 Effect of plant growth regulators on relative
growth rate (g g-1 day-1) at different growth
stages in cotton

Treatments 120 - 150 
DAS

Chemicals (C)
T1 - NAA 30 ppm 60 DAS 0.0045

T2 - NAA 30 ppm 80 DAS 0.0047

T3 - GA3 30 ppm 60 DAS 0.0043

T4 - GA3 30 ppm 80 DAS 0.0044

T5 - MC 200 ppm 60 DAS 0.0041

T6 - MC 200 ppm 80 DAS 0.0042

T7 - Urea 2%  60 DAS 0.0038

T8 - Urea 2%  80 DAS 0.0039

T9 - Control 0.0029

S.Em± 0.00006

C.D. at 5% 0.0002

Varieties (V)
Bt. Cotton 0.0043

Non Bt. Cotton 0.0039

S.Em± 0.00003

C.D. at 5% 0.0001

Interaction (C x V)
S.Em± 0.00008

C.D. at 5% 0.0002

C. V % 3.45

Table 4.2 Interaction effect of plant growth regulators on
relative growth rate (g g-1 day-1) at different
growth stages in cotton

120 - 150 DAS
–––––––––––––––––––
Bt Non Bt

T1 - NAA 30 ppm 60DAS 0.0047 0.0043
T2 - NAA 30 ppm 80 DAS 0.0049 0.0045
T3 - GA3 50 ppm 60 DAS 0.0044 0.0041
T4 - GA3 50 ppm 80 DAS 0.0045 0.0042
T5 - MC 200 ppm 60 DAS 0.0042 0.0039
T6 - MC 200 ppm 80 DAS 0.0043 0.0040
T7 - Urea 2% 60 DAS 0.0041 0.0035
T8 - Urea 2% 80 DAS 0.0042 0.0036 
T9 - Control (No Spray) 0.0033 0.0025
S.Em± 0.00008
C.D. at 5% 0.0002
C. V % 3.45
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significant. In Bt. cotton the higher NAR was
recorded with the spraying of NAA 30 ppm at
80 DAS (0.028). Significantly lower NAR was
recorded in control (0.018). In local hybrid
cotton the higher NAR was recorded in NAA 30
ppm at 80 DAS (0.024). Significantly lower
NAR was recorded in control (0.018). (Table
4.4)

3.  Yield per plant (g plant-1)

There was significant difference between
treatments with yield (g plant-1). Among the
treatments, significantly higher seed cotton yield
per plant was recorded with the spraying of
NAA 30 ppm at 80 DAS(65.52) compared to
other treatments. However, it was at par with
NAA 30 ppm at 60 DAS (63.42) and GA350
ppm at 80 DAS (62.03). (Table 4.5)

3.1 Interaction effect of different plant
growth regulators on Bt. cotton and local
hybrid cotton on seed cotton yield per
plant (g plant-1).

The effect of different plant growth
regulators on Bt. cotton and local hybrid cotton
on seed cotton yield per plant was found to be
significant. In Bt. cotton the higher seed cotton
yield per plant was recorded with the spraying
of NAA 30 ppm at 80 DAS (70.03). However,
it was at par with NAA 30 ppm at 60 DAS
(66.50), GA3 50 ppm at 60 DAS (67.65) and
GA3 50 ppm at 80 DAS (68.05). Significantly
lower seed cotton yield per plant was recorded
in Control (51.70). In local hybrid cotton the
higher seed cotton yield per plant was recorded
with the application of NAA 30 ppm at 80 DAS
(61.00). However, it was at par with NAA 30
ppm at 60 DAS (60.33) and GA3 50 ppm at
80 DAS. (Table 4.6)

4. Seed cotton yield (kg ha-1)

Cotton spraying with NAA 30 ppm at 80
DAS (1213.27) recorded significantly higher

Table 4.3 Effect of plant growth regulators on net
assimilation rate (g-1 dm-2 day-1) at different
growth stages in cotton

Treatments 120 - 150
DAS

Chemicals (C)
T1 - NAA 30 ppm 60 DAS 0.024

T2 - NAA 30 ppm 80 DAS 0.026

T3 - GA3 30 ppm 60 DAS 0.023

T4 - GA3 30 ppm 80 DAS 0.025

T5 - MC 200 ppm 60 DAS 0.023

T6 - MC 200 ppm 80 DAS 0.024

T7 - Urea 2%  60 DAS 0.020

T8 - Urea 2%  80 DAS 0.022

T9 - Control 0.018

S.Em± 0.0004

C.D. at 5% 0.0012

Varieties (V)
Bt. Cotton 0.0242

Non Bt. Cotton 0.0211

S.Em± 0.0002

C.D. at 5% 0.0006

Interaction (C x V)
S.Em± 0.0006

C.D. at 5% 0.0017

C. V % 4.44

Table 4.4 Interaction effect of plant growth regulators on
net assimilation rate (g-1 dm-2 day-1) at different
growth stages in cotton

120 - 150 DAS
–––––––––––––––––––
Bt Non Bt

T1 - NAA 30 ppm 60DAS 0.026 0.022
T2 - NAA 30 ppm 80 DAS 0.028 0.024
T3 - GA3 50 ppm 60 DAS 0.025 0.021
T4 - GA3 50 ppm 80 DAS 0.027 0.023
T5 - MC 200 ppm 60 DAS 0.024 0.021
T6 - MC 200 ppm 80 DAS 0.025 0.022
T7 - Urea 2% 60 DAS 0.022 0.019
T8 - Urea 2% 80 DAS 0.023 0.020
T9 - Control (No Spray) 0.018 0.018
S.Em± 0.0006
C.D. at 5% 0.0017
C. V % 4.44
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seed cotton yield compared to other growth
regulators. However, it was at par with NAA 30
ppm at 60 DAS (1174.38) and GA350 ppm at
80 DAS (1148.77). Significantly lower seed
cotton yield was recorded with control (868.83).
(Table 4.7)

4.1 Interaction effect of different plant
growth regulators on Bt. cotton and local
hybrid cotton on seed cotton yield (kg
ha-1).

The effect of different plant growth
regulators on Bt. cotton and local hybrid cotton
on seed cotton yield was found to be significant.
In Bt. cotton the higher seed cotton yield was
recorded with spraying of NAA 30 ppm at 80
DAS (1296.91). However, it was at par with
NAA 30 ppm at 60 DAS (1231.48), GA3 50
ppm at 60 DAS (1252.78) and GA3 50 ppm at
80 DAS (1260.19). Significantly lower seed
cotton yield was recorded in control (957.41).
In local hybrid cotton the higher seed cotton
yield was recorded in NAA 30 ppm at 80 DAS
(1129.63). However, it was at par with NAA 30
ppm at 60 DAS (1117.28) and GA3 50 ppm at
80 DAS (1037.35). (Table 4.8)

5. Biological yield (g)

The data indicated significant differences in
biological yield between the treatments.
Spraying of NAA 30 ppm at 80 DAS (241.66)
recorded significantly higher biological yield
compared to other growth regulators. However,
it was at par with NAA 30 ppm at 60 DAS
(238.93). (Table 4.9)

5.1 Interaction effect of different plant
growth regulators on Bt. cotton and local
hybrid cotton on biological yield (g)

The effect of different plant growth
regulators on Bt. cotton and local hybrid cotton
on biological yield was found to be significant.
In Bt. cotton the higher biological yield was

Table 4.5 Effect of plant growth regulators on seed cotton
yield (gm. ha-1) of cotton

Treatments Seed cotton 
yield 
(gm. ha-1)

Chemicals (C)
T1 - NAA 30 ppm 60 DAS 63.42

T2 - NAA 30 ppm 80 DAS 65.52

T3 - GA3 30 ppm 60 DAS 59.95

T4 - GA3 30 ppm 80 DAS 62.03

T5 - MC 200 ppm 60 DAS 48.22

T6 - MC 200 ppm 80 DAS 49.52

T7 - Urea 2%  60 DAS 50.42

T8 - Urea 2%  80 DAS 50.78

T9 - Control 46.92

S.Em± 1.45

C.D. at 5% 4.17

Varieties (V)
Bt. Cotton 59.504

Non Bt. Cotton 50.887

S.Em± 0.683

C.D. at 5% 1.96

Interaction (C x V)
S.Em± 2.050

C.D. at 5% 5.89

C. V % 6.43

Table 4.6 Interaction effect of plant growth regulators on
seed cotton yield (gm. ha-1) of cotton

Seed cotton yield 
(gm. ha-1)

––––––––––––––––––––
Bt Non Bt

T1 - NAA 30 ppm 60DAS 66.50 60.33
T2 - NAA 30 ppm 80 DAS 70.03 61.00
T3 - GA3 50 ppm 60 DAS 67.65 52.25
T4 - GA3 50 ppm 80 DAS 68.05 56.02
T5 - MC 200 ppm 60 DAS 47.28 49.15
T6 - MC 200 ppm 80 DAS 57.03 42.00
T7 - Urea 2% 60 DAS 53.35 47.48
T8 - Urea 2% 80 DAS 53.94 47.62
T9 - Control (No Spray) 51.70 42.13
S.Em± 2.05
C.D. at 5% 5.89
C. V % 6.43
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recorded with NAA 30 ppm at 80 DAS
(249.96)and it was at par with GA3 50 ppm at
60 DAS (249.37) and GA3 50 ppm at 80 DAS
(245.96). In local hybrid cotton the higher
biological yield was recorded with NAA 30 ppm
at 60 DAS (236.37). However, it was at par with
NAA 30 ppm at 80 DAS (233.35). Significantly
lower biological yield was recorded in MC 200
ppm at 80 DAS (186.87). (Table 5.0)

6. Harvest Index (HI)

The data indicated significant differences in
harvest index between the treatments. The
spraying of NAA 30 ppm at 80 DAS (37.10)
recorded significantly high harvest index
compared to other growth regulators. However,
it was at par with GA3 50 ppm at 80 DAS
(36.77). (Table 5.1)

6.1 Interaction effect of different plant
growth regulators on Bt. cotton and local
hybrid cotton on harvest index.

The effect of different plant growth
regulators on Bt. cotton and local hybrid cotton
on harvest index was found to be significant. In
Bt. cotton the high harvest index was recorded
in NAA 30 ppm at 80 DAS (38.86) and it was
at par with GA3 50 ppm at 80 DAS (38.13). In
local hybrid cotton the high harvest index was
recorded in GA3 50 ppm at 80 DAS (35.42).
However, it was at par with NAA 30 ppm at 60
DAS (34.28) and NAA 30 ppm at 80 DAS
(35.34). Significantly low harvest index was
recorded in control (27.22) (Table 5.2).

The RGR was more during early stages and
gradually decreased thereafter. This indicates
that RGR in cotton is more closely associated
with vegetative growth than seed cotton yield
(Coy, 1976). At initial stage (60-90 DAS),
higher RGR was recorded with NAA treatments.
The increase in RGR by the application of
growth regulators could be attributed to
increased photosynthetic efficiency as a result of

Table 4.7 Effect of plant growth regulators on seed cotton
yield (kg ha-1) of cotton

Treatments Seed cotton yield 
(kg ha-1)

Chemicals (C)
T1 - NAA 30 ppm 60 DAS 1174.38

T2 - NAA 30 ppm 80 DAS 1213.27

T3 - GA3 30 ppm 60 DAS 1110.19

T4 - GA3 30 ppm 80 DAS 1148.77

T5 - MC 200 ppm 60 DAS 892.90

T6 - MC 200 ppm 80 DAS 916.98

T7 - Urea 2 %  60 DAS 933.64

T8 - Urea 2 %  80 DAS 940.34

T9 - Control 868.83

S.Em± 26.84

C.D. at 5% 77.15

Varieties (V)
Bt. Cotton 1101.934

Non Bt. Cotton 942.352

S.Em± 12.65

C.D. at 5% 36.37

Interaction (C x V)
S.Em± 37.96

C.D. at 5% 109.10

C. V % 6.43

Table 4.8 Interaction effect of plant growth regulators on
seed cotton yield (kg ha-1) of cotton

Seed cotton yield 
(kg ha-1)

–––––––––––––––––––––
Bt Non Bt 

T1 - NAA 30 ppm 60 DAS 1231.48 1117.28
T2 - NAA 30 ppm 80 DAS 1296.91 1129.63
T3 - GA3 50 ppm 60 DAS 1252.78 967.59
T4 - GA3 50 ppm 80 DAS 1260.19 1037.35
T5 - MC 200 ppm 60 DAS 875.62 910.19
T6 - MC 200 ppm 80 DAS 1056.17 777.78
T7 - Urea 2% 60 DAS 987.96 879.32
T8 - Urea 2% 80 DAS 998.89 881.79
T9 - Control (No Spray) 957.41 780.25
S.Em± 37.96
C.D. at 5% 109.10
C. V % 6.43
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increased leaf thickness, higher chlorophyll
content and efficient translocation of
photosynthates (Joseph and Johnson, 2006).
Net assimilation rate (NAR) expresses the rate
of dry weight increase at any instant per unit leaf
area and leaf representing an estimate of the size
of the assimilatory surface area. The NAR
decreased continuously from 90 DAS until
harvest in all the treatments. The decrease in
NAR at later stages could be due to mutual
shading of leaves. From 60-90 DAS till 120-
150 DAS, significantly higher NAR was
observed in NAA treatments @ 30 ppm as
compared to other treatments.

In the present investigation, higher yields
were obtained with NAA @ 30 ppm application.
This increased yield was due to higher seed
cotton yield per plant. Several authors have also
reported increased seed cotton yield due to NAA
spray (Dastur and Bhatt, 1956; Bharadwaj and
Santhanam, 1962; Sankaran and
Balasubramanian, 1975; Jaganathan and
Ireetharaj, 1982; Patel, 1993; Sawan et al.,
1998). This was because of higher number of
harvested bolls per plant and higher mean boll
weight (Bharadwaj and Sharma, 1971 and
Bhale et al., 1987). Variable yield responses to
mepiquat chloride have been related to
environmental conditions by several researchers
(Crawford, 1981). Yield increases have been
observed more frequently under high rainfall
conditions, while yield decreases have been
observed in drought situations (Willard et al.,
1977; Crawford, 1981; Hoskinson and
Krueger, 1982). In addition, MC increased the
leaf thickness which in turn enhanced the
photosynthesis. This was reported by Shaw et
al. (1990), Gadakh et al. (1992), More et
al.(1993) and Dippenaar (1994).

Biological yield is measured in terms of
percent and is being utilized for the production
of economic yield. Among the treatments, NAA
(30 ppm) recorded the maximum biological
yield.

Table 4.9 Effect of plant growth regulators on biological
yield (gm.) of cotton

Treatments Biological yield 
(gm.)

Chemicals (C)
T1 - NAA 30 ppm 60 DAS 238.93

T2 - NAA 30 ppm 80 DAS 241.66

T3 - GA3 30 ppm 60 DAS 229.45

T4 - GA3 30 ppm 80 DAS 229.48

T5 - MC 200 ppm 60 DAS 216.42

T6 - MC 200 ppm 80 DAS 210.87

T7 - Urea 2%  60 DAS 208.45

T8 - Urea 2%  80 DAS 214.97

T9 - Control 213.12

S.Em± 1.503

C.D. at 5% 4.32

Varieties (V)
Bt. Cotton 233.268

Non Bt. Cotton 211.92

S.Em± 0.709

C.D. at 5% 2.04

Interaction (C x V)
S.Em± 2.126

C.D. at 5% 6.11

C. V % 1.65

Table 5.0 Interaction effect of plant growth regulators on
biological yield (gm.) of cotton

Biological yield (gm.)
–––––––––––––––––––––
Bt Non Bt

T1 - NAA 30 ppm 60DAS 241.49 236.37

T2 - NAA 30 ppm 80 DAS 249.96 233.35

T3 - GA3 50 ppm 60 DAS 249.37 209.53

T4 - GA3 50 ppm 80 DAS 245.96 213.00

T5 - MC 200 ppm 60 DAS 211.63 221.22

T6 - MC 200 ppm 80 DAS 234.86 186.87

T7 - Urea 2% 60 DAS 217.90 199.00

T8 - Urea 2% 80 DAS 223.91 206.02

T9 - Control (No Spray) 224.34 201.91

S.Em± 2.12

C.D. at 5% 6.11

C. V % 1.65
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Harvest index indicates the translocation
efficiency of plants and is measured in terms of
percent of dry matter being utilized for the
production of economic yield. Among the
treatments, NAA @ 30 ppm recorded the
maximum harvest index. Harvest index was
having significant positive correlation with yield.
Basu and Bhatt (1987) reported that genetic
improvement of harvest index would improve
the seed cotton yield.

Conclusions and Future Line of Work

PGRs are effective at low concentration.
Foliar application of plant growth retardants
before 90 DAS is detrimental to plant growth
and yield. Growth retardants reduced the
vegetative growth and retained more bolls and
thus increased yield. Use NAA @ 30 ppm
growth regulator for better boll retention and
boll set. The potential use of growth retardants
should be defined for specific soil moisture
regimes. The influence of PGR’s, particularly
retardants should be studied on considerable
number of genotypes. There are many PGRs
available in the market. Therefore, there is a
need for generating such information’s requires
for the mode of action in order to adopt their
use in current cotton production system. The
effect of growth regulators on the distribution of
photosynthates in different plant parts and also
on the activity of various enzymes is important.
Impacts of PGRs on biophysical and biochemical
constituents are to be studied in depth.
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Two thirds of cultivated area in India is under
rainfed farming which is often influenced by
aberrant weather conditions. Rainfed regions
make a major contribution to pulses, oilseeds
and millet production (Srinivasarao et al., 2013).
Due to erratic rainfall conditions, rainfed farmers
would often suffer by attaining low productivity
and meager net returns from different crops.
The erratic rainfall and its variability has
frequently affected the productivity of groundnut
and other crops at Anantapur in Andhra
Pradesh. The delayed sowing of groundnut
beyond July would significantly reduce the pod
yield by about 70% under dryland conditions
(Reddy et al., 1984). In dryland agriculture,
moisture is the most crucial input for crop
production. The biotic and abiotic stresses such
as prolonged and recurring dry spells during
crop growth period would further add to the
woes of rainfed farmers. About 61% of rainfall
is normally received during south-west monsoon
period (June to September) under arid Alfisols
at Anantapur. The deficiency and erratic
distribution of rainfall would often lead to either
delayed sowings or  stress at different stages of

crops which would lead to crop failure. In
Anantapur district, groundnut is being grown as
a monocrop in 8.5 lakh hectares under rainfed
conditions.  The delayed onset of monsoon
frequented with prolonged mid season droughts
often results in crop failures.  Moreover, every
year  delayed onset of monsoon also leads to
20000 to 65000 hectares of cultivated area left
unsown in the district.The problem necessitated
the identification of suitable contingent crops.

Materials and Methods

Field experiments were conducted on seven
crops for three years and eleven crops for two
years during kharif 2007-08 to 2011-12 at
ARS, Anantapur under arid Alfisols located in
the scarce rainfall zone of Andhra Pradesh at a
latitude of 14°41� N, longitude of 77°40� E and
altitude of 350 meters above mean sea level.
The crops (varieties) comprised of 3 cereals viz.,
sorghum (NTJ-4), pearl millet (Siri) and foxtail
millet (Srilakshmi); 2 oilseeds viz., groundnut (K-
6) and castor (Haritha); and 6 legumes viz.,
pigeonpea (LRG-41), green gram (ML-267),
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cowpea (Co-4), field bean (TFB-2), horsegram
(ATP-2)  and cluster bean (RGC-1025).
Experiments were conducted for five years
(2007 to  2011) to evaluate eleven contingent
crops under delayed monsoon conditions
(August to September) both under rainfed and
with one supplemental irrigation in split plot
design with three replications.An amount of
392, 312, 256, 415 and 198mm rainfall was
received in 22, 22, 18, 26 and 12 rainy days
during 2007-08 to 2011-12 respectively during
the crop season. Supplemental irrigation of
20mm was given by flood irrigation from
farmpond during 2007, 2010 and 2011.
Supplemental irrigation could not given dueto
non-availability of harvested water during 2008-
09 and 2009-10. During 2007, 2010 and
2011 for some crops supplemental irrigation
was not given due already crop was matured.
The recommended fertilizer NPK dose of 20-40-
50 kg ha-1 tocowpea, field bean and groundnut
and 20-50-0 kg ha-1 to pigeonpea, clusterbean,
horsegram and green gram were applied every
year. Similarly, the recommended doses of 60-
40-30 kg ha-1 to sorghum, 60-30-20 kg ha-1 to
pearl millet, 40-30-0 kg ha-1 to foxtail millet and

50-40-30 kg ha-1 to castor were applied every
year. Observations were collected from each plot
on crop yield (kg ha-1) at harvest, net monetary
returns (Rs ha-1) and rainwater use efficiency (kg
ha-1mm-1). Due to some years supplemental
irrigations was not given and hence and mean
of five  years were presented and statistical
analysis was not done.

Results and Discussion

Under rainfed conditions mean yield of five
years indicated that among cereal crops
sorghum recorded higher seed yield of 841 kg
ha-1 (Table.1) followed by bajra (835 kg ha-1)
and foxtail millet (557 kg ha-1). Among pulse
crops horsegram recorded higher seed yield of
573  kg ha-1 followed by greengram (403 kg
ha-1), pigeonpea (324 kg ha-1) and cow pea
(307 kg ha-1).Among oilseed crops higher pod
yield of 459 kg ha-1 in groundnut followed by
castor (343 kg ha-1). Vittal et al., ( 2003)
reported that timely sowing of crops resulted in
harvesting good and moderate yields, whereas
delayed sowing of crops resulted in low yields
and inefficient use of resources.Yellamanda

Table 1. Yield (kg ha-1) of contingent crops during kharif 2007-08 to 2011-12

Crops Yield (kg ha-1)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2007-08 2008-09 2009-10 2010-11 2011-12 Mean

–––––––––––––– –––––––––––– –––––––––––– –––––––––––––– ––––––––––––– ––––––––––
RF SI RF SI RF SI RF SI RF SI RF SI

Pigeonpea 253 299 302 - 702 - 113 186 248 334 324 273
Castor 280 412 477 - 575 - 234 399 150 331 343 381
Groundnut 490 653 190 - 368 - 484 - 761 - 459 653
Clusterbean 56 - 282 - 290 - 415 - 289 - 266 -
Sorghum 658 1133 903 - 1084 - 579 1270 979 1545 841 1677
Field bean 245 320 277 - 284 - 127 269 270 - 240 295
Horsegram 420 670 410 - 556 - 837 1225 643 - 573 948
Greengram - - - - - - 273 - 532 - 403 -
Cowpea - - - - - - 372 - 241 - 307 -
Bajra - - - - - - 860 1540 810 1770 835 1655
Foxtail millet - - - - - - 632 - 482 - 557 -

RF: Rainfed    SI: Supplemental irrigation
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Reddy et al., (1998) reported that horsegram
and cowpea were most suitable contingent crops
for late onset of monsoon (beyond August 15)
in Anantapur district in place of regular
groundnut crop.  Horsegram and cowpea never
recorded negative net returns, while other crops
gave negative returns in one or the other years.  

With one supplemental irrigation of 20 mm
during dryspell in contingent crops higher seed
yield was recorded with sorghum (1677 kg
ha-1) followed by bajra (1655 kg ha-1). In pulse
crops supplemental irrigation in horsegram
recorded 948 kg ha-1 (Table 1) followed by 295
kg ha-1 with fieldbean.

Table 2. Net returns (Rs. ha-1) of contingent crops during kharif 2007-08 to 2011-12

Crops Net returns (Rs. ha-1)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2007-08 2008-09 2009-10 2010-11 2011-12 Mean

–––––––––––––– –––––––––––– –––––––––––– –––––––––––––– ––––––––––––– –––––––––––––––
RF SI RF SI RF SI RF SI RF SI RF SI

Pigeonpea -1371 -793 -564 - 18645 - -3110 -1920 6944 12319 4109 5763
Castor -4300 -2570 -845 - 625 - -1830 2620 -2000 5240 -1670 1763
Groundnut 6750 10575 -3300 - 11068 - 2786 - 22830 - 8027 10575
Clusterbean -4225 - -187 - 5220 - 1720 - 7225 - -1951 -
Sorghum 2620 9495 6295 - 10840 - 4422 16360 14475 28125 7730 17993
Field bean 4300 6800 5080 - 11360 - -2670 2010 10800 - 5774 4405
Horsegram 2800 6050 2650 - 8340 - 6755 11575 12430 - 6595 8812
Greengram - - - - - - 3874 - 20216 - 12045 -
Cowpea - - - - - - 8600 - 9640 - 9120 -
Bajra - - - - - - 600 5900 1780 6400 1190 6150
Foxtail millet - - - - - - 5800 - 6266 - 6033 -

RF: Rainfed    SI: Supplemental irrigation

Table 3. Rain water use efficiency (kg ha-1 mm-1) of contingent crops during kharif 2007-08 to 2011-12

Crops Rain water use efficiency (kg ha-1 mm-1)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2007-08 2008-09 2009-10 2010-11 2011-12 Mean

–––––––––––––– –––––––––––– –––––––––––– –––––––––––––– ––––––––––––– –––––––––––––––
RF SI RF SI RF SI RF SI RF SI RF SI

Pigeonpea 0.65 0.73 1.13 - 2.58 - 0.27 0.43 1.25 1.69 1.18 0.94
Castor 0.71 1.00 1.79 - 2.12 - 0.56 0.92 0.76 1.67 1.19 1.19
Groundnut 1.25 1.58 0.71 - 1.47 - 1.16 - 3.84 - 1.69 1.58
Clusterbean 0.14 - 1.06 - 1.16 - 1.00 - 1.46 - 0.96 -
Sorghum 1.67 2.75 3.38 - 4.32 - 1.39 2.91 4.94 7.80 3.14 4.49
Field bean 0.62 0.77 1.04 - 1.04 - 0.31 0.62 1.36 - 0.87 0.70
Horsegram 1.07 1.62 1.53 - 2.22 - 2.01 2.81 3.25 - 2.02 2.22
Greengram - - - - - - 0.66 - 2.69 - 1.68 -
Cowpea - - - - - - 0.89 - 1.22 - 1.06 -
Bajra - - - - - - 2.07 3.53 4.09 8.94 3.08 6.23
Foxtail millet - - - - - - 1.52 - 2.43 - 1.98 -

RF: Rainfed    SI: Supplemental irrigation
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Under rainfed conditions higher net returns
were recorded with greengram (Rs.12045
ha-1) (Table.2) followed by cowpea (Rs.9120
ha-1), groundnut (Rs.8027 ha-1),sorghum
(Rs.7730 ha-1) and horsegram (Rs.6595 ha-1).
With one supplemental irrigation higher net
returns were recorded with sorghum (Rs.17993
ha-1) followed by groundnut (Rs.10575 ha-1),
horsegram (Rs.8812 ha-1) and bajra (Rs.6150
ha-1).One or two supplemental irrigations during
the critical stages would increase the pod yield
significantly and provide maximum profit
(Sahadeva Reddy et al., 2013).

Higher rain water use efficiency of 3.14 kg
ha-1 mm-1 (Table.3)was recorded with sorghum
followed by 3.08 kg ha-1 mm-1 with bajra.With
one supplemental irrigation also higher rain
water use efficiency was recorded with bajra
(6.23 kg ha-1 mm-1)  followed by sorghum (4.49
kg ha-1 mm-1). (Srinivasarao et al., 2013)
observed that any rainfed crop would be
superior if it utilizes the rainwater in an efficient
manner under different crop growth stages. This
would provide maximum rainwater use
efficiency even under low and erratic rainfall
situations.

Considering the cost of cultivation, risk of

growing crops and net returns jowar,
horsegram, cowpea, bajra   and fieldbean were
found suitable contingent crops for delayed
onset of monsoon in Scarce rainfall zone of
Andhra Pradesh.
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There is complex relationship between soil,
plant and animal due to specific characteristics
of the plants and interaction between different
minerals. There appears to be a definitive role
of mineral deficient soils to cause deficient levels
in ration (McDowell and Conrad, 1990). In spite
of large cattle population, milk production is low
owing to poor individual cow productivity, which
is attributed to malnourishment and mineral
deficiency (Sharma et al., 2003). Being major
cause, under nutrition is responsible for
depressed growth and reproductive inefficiency.
Dairy cattle reared under smallholder production
system are deficient in most of the minerals
(Kumaresan et al., 2010). Animals in this region
generally do not receive mineral mixture
supplementation in their basal diet. Thus,
livestock production is often badly influenced by
mineral deficiencies and/ or imbalances. In India
where dietary concentrations of fodder fed to the
animals are unknown or highly variable due to
availability, season, location, forage, species and
animal potentials (Sharma et al., 2003). In
addition to this, livestock are mainly maintained

on grazing with little or no supplementation of
mineral mixture, except common salt (Garg et
al., 2008). Hence, it is important to know the
mineral status of soil, plant and animals of
particular area for efficient performance of
animals of that area. Limited information is
available on mineral status of soil, fodder and
animal blood in Parbhani district. Keeping this
in view the present study was conducted to find
out relationship among soil, fodder and animal
for their mineral content.

Material and methods

Physiography and climate of Parbhani
district : Parbhani is situated at a height of
about 423.46 meters above the mean sea level
within the Godavari drainage basin in the central
part of India between 760, 46’ East longitude
and 190, 16’ North longitude. The study area
falls under semi-arid tropics. The average annual
precipitation of the district is 916 mm, mostly
concentrated during the monsoon months from
June to October. The daily mean maximum
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temperature varied from 21 to 410 whereas the
daily mean minimum temperature ranged from
12 to 230 in the month of May and December,
respectively. The mean minimum and maximum
relative humidity varied between 25 to 63 and
85 to 96 per cent, respectively. The month of
July, August and September are humid. The rest
period is dry. Parbhani is grouped under assured
rainfall zone. 

Sample Collection and Analytical
Methods : The study was conducted in nine
tehsils of Parbhani district of Maharashtra.
Minimum two to five farmers from a village were
identified and likewise from three to five villages
of a tehsil samples were collected. Total 183
soils, 183 fodder (sorghum straw) and serum
samples were collected from Parbhani district.
Soil samples at 0-15 cm depth were collected
from selected farmer’s field from where
sorghum fodder was harvested for feeding cattle
and labeled properly. Sorghum straw serves as
the main source of fodder in this district in
summer season. The straw samples were drawn
at the time of soil and blood collection. Blood
samples were collected from cattle to which
fodder grown on same soil was fed.
Approximately 10 ml blood was collected from
each cow in clean, sterilized test tube without
anticoagulant for harvesting the serum. Soil
samples (183) were processed for estimation of
DTPA (diethylene tri amine penta acetic acid)
extractable micronutrients (Lindsay and Norvell,
1969). The sorghum straw samples and serum
samples were digested using improved HNO3/

H2O2 (5:4) method given by Pequerul et al.,
1993. Digested samples were analyzed for their
mineral (Cu, Fe, Mn, Zn and Co) concentrations
by the atomic absorption spectrophotometry.
The correlation between soil, fodder and serum
was worked out as per the method given by
Panse and Sukhatme (1985).

Result and Discussion

Mean concentration of micro mineral (Cu,
Fe, Mn, Zn and Co) in soil, plant (straw) and
animal is given in Table 1. Overall results
revealed that concentration of copper varied
from 0.27 to 5.64 mg kg-1 (2.34 mg kg-1), 3.20
to 67.58 mg kg-1 (28.30 mg kg-1) and 0.20 to
12.20 mg kg-1 (2.27 mg kg-1) in soil, straw and
serum samples. Copper was recorded sufficient
in soil. In case of straw 10 per cent samples
showed lower level of copper. Serum copper
was recorded deficient to the tune of 32 per cent
in cattle of this district. Jena et al., (2012) also
observed deficiency of serum copper due to
poor biological availability although feeds and
fodder were marginally higher in their copper
content. The mean concentration of iron in soil,
fodder and serum samples was 9.15 mg kg-1,
372.69 mg kg-1 and 31.32 mg kg-1,
respectively. Iron was recorded adequate in soil,
fodder and serum samples. Although marginal
deficiency (25%) of iron in soil was noticed, all
straw and serum samples were found adequate
in its content. This might be due to efficient
uptake of iron from soil to plants (Kalita et al.,
2003). 

Table 1. Micro mineral concentration and range in soil, plant (straw) and animal

Sample Cu Fe Mn Zn Co

Soil (n = 183) 2.34 9.15 13.69 0.45 0.72
(0.27-5.64) (2.17-25.48) (2.86-24.33) (0.23-1.02) (0.28-1.43)

Plant (n = 183) 28.30 372.69 51.17 19.50 4.13
(3.20-67.58) (78.50-835.40) (80.0-186.30) (5.10-36.0) (0.75-13.70)

Animal (n = 183) 2.27 31.32 2.14 7.65 2.09
(0.20-12.20) (4.90-78.30) (0.10-11.0) (1.40-41.90) (0.30-9.40)

Figures in parenthesis shows range of concentration on varied sample
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All soil samples were found sufficient with
respect to DTPA-Mn concentration (13.69 mg
kg-1) as compared to critical level of 2.0 mg
kg-1 for DTPA-Mn in soil. Manganese ranged
from 8.0 to 186.30 mg kg-1 and 0.10 to 11.0
mg kg-1 with average of 51.17 mg kg-1 and
2.14 mg kg-1 in straw and serum samples
analyzed. It was recorded deficient in 34 per
cent straw samples. This may partially due to soil
pH (Das et al., 2003) which was found alkaline
in present investigation. In case of serum 91 per
cent serum samples were found adequate with
respect to manganese content indicating
effective utilization of fodder by cattle of this
region. Concentration of zinc averaged 0.45 mg
kg-1 in soil, 19.50 mg kg-1 in straw and 7.65
mg kg-1 in serum samples collected from
Parbhani district. It was found deficient in soil
(88 per cent) and straw (95 per cent). It was
quite interesting to note that none of serum
samples was found deficient though straw
samples were deficient in zinc. It might be due
to minute requirement of zinc by animals or it
might be a result of better utilization from fodder
and its incorporation in blood. Reddy (2005)
also recorded sufficiency of zinc in blood serum
though fodders from Maharashtra (30 per cent)
and Andhra Pradesh (70 per cent) were deficient
in zinc. Similar results, where forage Zn
concentration were below requirement for
grazing ruminants but animal tissue did not
indicate a zinc deficiency were found in
Argentina (Balbuena et al, 1989). Cobalt
concentration in soil, straw and serum samples
ranged from 0.28 to 1.43 mg kg-1 (0.72 mg kg-
1), 0.75 to 13.70 mg kg-1 (4.13 mg kg-1) and
0.30 to 9.40 mg kg-1 (2.09 mg kg-1). Cobalt
was found adequate in all soil, straw and serum
samples analyzed.

Correlation coefficients between soil, plant
and animal for Cu, Fe, Mn, Zn and Co are given
in Table 2. A significant positive correlation
between soil and serum for zinc (0.213**) and
between plant-serum for manganese (0.376**)

and cobalt (0.717**) was noticed. Sharma et al.,
(2003) and Sharma and Joshi (2004) also
reported similar results. A negative but
significant correlation between soil and plant for
Fe (-0.636**), Mn (-0.314**) and for Co (-
0.624**), between soil and serum for Co (-
0.625**) and between plant and serum for Cu
(-0.474**) and Zn (-0.238**) was observed. This
is in agreement with the findings of Yatoo et al.,
(2011), Bhat et al., (2011), Noaman (2013) and
Reddy (2005).

From the results it was clear that definite
pattern of impact of one nutrient on its
availability and further uptake by fodder was not
observed indicating inconsistency. This
emphasizes involvement of different factors
which affect the availability of micro minerals
from soil to plants and thence to animals. This
may be due to complex reactions occurring at
plant nutrient absorption sites and also during
different metabolic processes continuously
taking place in plants as reported by Mengel and
Kirkby (1987). Similar inconsistency was also
observed regarding correlation of fodder nutrient
with nutrient content in serum of cattle. This
may be due to many of the complex metabolic
processes are taking place in animal digestive
system, where many of digestive enzymes are
not only acting on the organic complexes to
release the energy but also they are altering
utilization and absorption of inorganic minerals.
Hence, complexity of soil-plant-animal
relationship requires repeated sampling in

Table 2. Correlation coefficients between soil, plant and
animal for Cu, Fe, Mn, Zn and Co

Minerals Soil- Plant- Soil- 
Plant Animal Animal

Cu 0.047 -0.474** -0.037 
Fe -0.636** -0.108 0.067 
Mn -0.089 0.376** -0.040 
Zn -0.314** -0.238** 0.213** 
Co -0.624** 0.717** -0.625** 

* Significant at 5% level, ** Significant at 1% level
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different seasons and detailed animal nutrition
studies in relation to various soil types, fodders,
climatic condition, animal type etc., as reported
by Anetzhofer et al., (1977) and Ramana et al.,
(2001).

Conclusion

Based on present study, supplementation of
Cu, Mn and Zn in diet of cattle under present
feeding practices in Parbhani district is
imperative for better health and productivity.
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Safflower (Carthamus tinctorius L.) is an
important rabi oilseed crop of India. India is the
largest producer of safflower in the world.
Safflower is cultivated in more than 60
countries, but more than half is produced in
India, mainly for vegetable oil market (Patil et
al., 1999). The largest hactarage of safflower is
in the south–central India. In India, safflower is
mainly grown as a rainfed crop. It has a long
taproot system, thrives well in lighter soils and
can easily adapt with saline alkaline conditions.
It gives better option to farmers in dry land for
crop rotation and can give more yield under
protective irrigation condition. 

The advantages of using recurrent selection
are that each cycle of selection is completed in
two years and the best lines are being
recombined as soon as they have been
identified. The conventional breeding methods
are useful only for recombining simply inherited

characters. Therefore, preference is towards
population improvement for improving
quantitatively inherited characters like seed yield,
oil content, tolerance to diseases and insects.
(Jensen 1970).

Material and Methods

The present study entitled “Evaluation of the
second cycle half-sib using genetic male sterility
in safflower” was conducted at the field of
Oilseeds Research Unit, Dr. PDKV Akola during
rabi 2012-2013 and 2013-2014. The
experimental material was obtained from the
Senior Research Scientist, Oilseeds Research
Unit, Dr. PDKV Akola.

One hundred and fifty male sterile plants
were selected from second cycle of
recombintion. Out of these 150 plants,120
having sufficient seeds were selected for
evaluation and sown in Augmented Block
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Abstract
The present study was undertaken to determine extent of yield improvement after second cycle of recurrent

selection from random mating population of safflower. Half-sib families having sufficient seeds were selected
from random mating population in safflower for second cycle evaluation. These half-sib families along with
three checks (AKS-207, Bhima and PKV Pink) were grown in augmented block design in rabi 2013-14. The
genetic variance among half-sib families (s2H.S) and additive variance (s2A) was high and significant for plant
height (260.38 and 1041.52) followed by number of capitula per plant (106.04 and 424.16).Heritability
estimates in narrow sense was highest for seeds per capitulam (90.89%) followed by seed yield plant-1 (88.58%),
number of capitula per plant (87.91%), plant height (77.22),100 seed weight (g) (64.30%), number of primary
branches plant-1 (57.38), oil content (55.55%). The expected genetic advance was highest for the number of
capitulum per plant over population mean (86.13%), over check variety AKS-207 (83.11%), over Bhima
(87.87%) and over PKV Pink (80.00%) at 5% selection intensity. The top 20 half-sib families observed to be
significantly superior over AKS-207, Bhima and PKV Pink were selected for recombination cycle in further
safflower population improvement programme during rabi 2015-16
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Design in three replications along with three
checks (AKS-207, BHIMA and PKV Pink), for
second cycle evaluation keeping remnant seeds.
In 2013-14 at Oilseed Research Unit, Dr. PDKV
Akola.

The data were recorded on five randomly
selected competitive fertile plants from each
progeny for days to 50 per cent flowering, days
to maturity, plant height (cm), number of
primary branches plant-1, number of capitula
plant-1, number of seeds capitulum-1, 100 seed
weight (g), oil content (%) and seed yield plant-1

(g).

Results and Discussion

The mean sum of square due to the half-sib
families were found significant for number of
capitulas plant-1, number of seeds capitulum-1,
and seed yield plant-1 (g) indicating substantial
genetic variability existed among half sib families
after second cycle of recurrent selection (Table
1). 

The genetic variance among half-sib families
(s2H.S) and additive variance (s2A) was high and
significant for plant height (260.38 and

1041.52) followed by number of capitula
plant-1 (106.04 and 424.16), number of seeds
per capitulum (96.29 and 385.16),seed yield
per plant (90.39 and 361.56) respectively also
reported by (Tayade 2013).

In the present study, narrow sense heritability
estimates ranged from 27.93 per cent for days
to 50% flowering to  90.89  per cent for number
of seeds per capitulam. The heritability was
found slightly higher  for seed yield per plant
(88.58%), followed by number of capitula per
plant (87.91%), plant height (77.22) also
reported by Deshmukh et al. (2012) and Tayade
(2013).

In the present study, the expected genetic
advance at 5, 10 per cent selection intensity
expressed as per cent of population mean, per
cent over check varieties AKS-207, Bhima and
PKV Pink have been presented in table-3 and
discussed as under. 

The expected genetic advance expressed as
per cent of population mean at 5 and 10 per
cent  selection  intensity was highest  for
number of capitulum per plant (86.13 and
73.17 respectively), followed by number of

Table 1. Analysis of variance for various characters in half-sib families of safflower

Source of variation Df Days Days Plant No. of No.of No. of 100 Oil Seed
to 50% to height primary capitu- seeds seed con- yield 
flowe- matu- (cm) bran- las capitu- wt. tent plant-1
ring rity ches plant-1 lum-1 (g) (%) (g)

plant-1

Block (ingnoring treatment) 2 9.41 49.69 41.00 0.89 22.02 4.51 0.07 1.26 9.46
Entries (ingnoring Block) 122 35.26 23.87 353.88 3.17 127.82* 114.99** 1.3 10.47 107.54*
Checks 2 42.46 44.91 1303.75* 15.63* 566.66** 665.76** 4.26 14.09 448.88**
Checks + half sib vs. half-sib 120 98.14 76.52 338.05 2.96 120.51* 105.81** 3.2 10.41 101.85*
Error 4 70.82 54.85 76.80 1.27 14.58 9.64 1.16 4.70 11.65
Block eliminating (check+ half-sib) 2 18.88 2.28 20.24 0.86 2.04 1.37 0.10 1.49 7.15
Entries ( ingnoring Block) 122 35.11 24.65 354.22 3.17 128.15* 115.04** 1.29 10.47 107.58*
Checks 2 42.46 44.91 1303.75* 15.63* 566.66** 665.76** 4.26 14.09 448.88**
Half-sib 119 98.27 78.14 337.18 2.98 120.62 * 105.93** 3.25 10.49 102.04*
Checks vs. half-sib 1 1.57 44.57 483.41 0.90 147.63 * 97.67* 0.952 0.04 83.867*
Error 4 70.82 54.85 76.80 1.27 14.58 9.64 1.16 4.70 11.65
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seeds capitulum-1 (75.28 and 63.95
respectively), plant height (41.25 and 35.04
respectively), 100 seed weight (g) (40.96 and
34.79), seed yield plant-1 (31.00 and 26.34
respectively).

The expected genetic advance over AKS-
207 at 5 and 10 per cent  was high for number
of capitulum plant-1 (83.11 and 70.60
respectively) followed by no. of seed
capitulum-1 (74.29 and 63.11 respectively).

The expected genetic advance over Bhima at
5 and 10 per cent was high for number of

capitula per plant (87.87 and 74.31
respectively), no. of seed  capitulum-1 (73.06
and 62.07 respectively).

The expected genetic advance over PKV
Pink at 5 and 10 per cent was high for no. of
capitulum plant-1 (80.00 and 67.96
respectively), followed by no. of seed  per
capitulum-1 (65.31 and 55.48 respectively),
plant height (41.59 and 32.42 respectively).

In safflower, Reddy (2002) reported 11.52,
9.84 and 7.82 per cent genetic advance in seed
yield plant-1 at 5, 10 and 20 per cent selection

Table 2. Estimation of half-sib family component of variance and heritability in narrowsense

Half- sib family Days Days Plant No. of No.of No. of 100 Oil Seed
Component to 50% to height primary capitu- seeds seed con- yield 

flowe- matu- (cm) bran- las capitu- weight tent plant-1
ring rity ches plant-1 lum-1 (g) (%) (g)

plant-1

s2 (H.S.) = MF - ME 27.45 23.29 260.38 1.71 106.04 96.29 2.09 5.79 90.39

s2 A = 4 x s2 (H.S.) 109.8 93.16 1041.52 6.84 424.16 385.16 8.36 23.16 361.56

s2 P (H.S.) = ¼ s2 A+ s2 e 98.27 78.14 337.18 2.98 120.62 105.93 3.25 10.49 102.04

¼ s2 A 
h2 (n.s.) = –––––––––––––– 0.27 0.29 0.77 0.57 0.87 0.90 0.64 0.55 0.88

¼ s2 A + s2 e

Table 3. Expected genetic advance in per cent per cycle using recurrent selection system in safflower

Unit of Cycle Selec- Days Days Plant No. of No.of No. of 100 Oil Seed
evaluation tion to 50% to height primary capitu- seeds seed con- yield 
and inten- flowe- matu- (cm) bran- las capitu- weight tent plant-1
Selection sity ring rity ches plant-1 lum-1 (g) (%) (g)

plant-1

Expected genetic advance over mean population
Half-Sib 2 5% 6.56 3.27 41.25 28.74 86.13 75.28 40.96 12.21 31.00

10% 5.57 2.77 35.04 24.41 73.17 63.95 34.79 10.37 26.34

Expected genetic advance over AKS- 207
Half-Sib 2 5% 6.70 3.26 45.07 31.18 83.11 74.29 43.42 11.77 34.44

10% 5.69 2.77 38.29 26.49 70.60 63.11 36.88 10.00 29.56

Expected genetic advance over Bhima
Half-Sib 2 5% 6.81 3.27 48.18 30.27 87.87 73.06 43.74 12.11 33.12

10% 5.78 2.77 40.93 25.71 74.31 62.07 37.15 10.29 28.14

Expected genetic advance over PKV Pink
Half-Sib 2 5% 6.80 3.22 41.69 23.74 80.00 65.31 37.47 11.55 31.66

10% 5.77 2.73 35.42 20.17 67.96 55.48 31.83 9.81 26.89
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intensity in random mating population of
safflower after one cycle of recurrent selection. 

The objective to study recurrent selection
method is to increase the frequency of desirable
genes thereby increase frequency of better lines
than check variety. In present study, 20 half-sib
families were selected on basis of high seed yield
plant-1 and other top ranking half sib selected
for yield contributing character significantly
superior over checks AKS-207, Bhima and PKV
Pink. 

Summary and Conclusions

On the basis of population mean, heritability
estimates in narrow sense was highest for seeds
capitulam-1 (90.89%) followed by seed yield
plant-1 (88.58%),  numberof capitula plant-1

(87.91%). The estimates of heritability in
safflower population segregating for genetic
male sterility is useful method of selection to
improve population for specific trait.                

The expected genetic advance over
population mean was observed highest for the
character number of capitulum plant-1 at 5
(86.13) and 10 (73.17) per cent selection
intensity followed by number of seed
capitulum-1 at 5 (75.28) and 10 (63.95) percent.
Highest expected genetic advance over AKS-
207 was recorded for number of capitulum
plant-1 at 5 (83.11) and 10 (70.60) followed by
number of seed capitulum-1 at 5 (74.29) and 10

(63.11) percent selection intensity. Over PKV
Pink the expected genetic advance recorded was
highest for the character number of capitula
plant-1 at 5 (80.00) and 10 (67.96) percent
selection intensity followed by number of seeds
capitulam-1 at 5 (65.31) and 10 (55.48) percent.
Highest expected genetic advance over Bhima
was recorded for number of capitula plant-1 at
5 (87.87) and 10 (74.31) selection intensity
followed by number of seeds capitulam-1 at 5
(73.06) and 10 (62.07) percent. 

Promising lines/plant for yield and oil
content will be sort out and after selection these
lines will be utilized in breeding programme or
can be tested in PYT/MVT trials for testing their
potential.
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Mulch is any material laid on the soil in order
to provide favorable environment for growth of
plant and conservation of moisture. Some
materials may beneficial than others. The
greater marketable yield is observed with the use
of plastic mulches (upto 24 to 65% increase)
compared to bare soil, which is because of
conservation of moisture, improved
microclimate both beneath and above the soil
surface, light reflection and great weed control
(Agrawal and Agrawal, 2005). The use of black
polyethylene mulch in vegetable production has
been reported to control the weed incidence,
reduces nutrient losses and improves the
hydrothermal regimes of soil. Rajablariani et al.
(2012) reported that the silver-black and black
plastic mulch controls weeds by 95 to 98%.

The different colour plastic mulches like
yellow, grey and blue reflect different radiation
patterns back into the canopies of various crops

affect plant growth and development in many
ways. Some colours attract certain insects; such
mulches might be used in a field to grow “catch
crops” to pull insects away from other crops.
Thus, different crops respond differently to
specific colour of mulch. Hence, there is a need
to adopt specific colour mulch for a particular
crop.

Banana (Musa paradisica L.) is the fourth
most important food crop in the world after rice,
wheat and maize with a world production of
around 80 million metric tonnes in 2006 and
India is the largest producer of banana with an
annual production of 23.205 million metric
tonnes from an area of 0.647 million ha. The
cycle time of Grand Naine variety of banana is
slightly shorter, bunches are slightly heavier and
fingers slightly longer. These advantages add up
to a higher annual yield of extra-large fruit with
Grand Naine.

Therefore, present investigation were
undertaken to study the effect of different colour
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Research experiment was conducted to study the effect of six colour plastic mulches alongwith no mulch

treatment on growth, yield and quality of banana at MPKV, Rahuri,  Maharashtra, India. The plastic mulches
were yellow-black mulch, blue-black mulch, silver-black mulch, white-black mulch, red-black mulch and pervious
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mulches. The research indicated that adoption of silver-black plastic mulch with daily drip irrigation at 48%
pan evaporation resulted in 23.56% increase in yield over no mulch treatment.
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plastic mulches on growth and yield parameters
of banana crop.

Materials and Methods

The field experiment was carried out at the
Research cum Demonstration Farm of Precision
Farming Development Centre (PFDC), Dr.
Annasaheb Shinde College of Agricultural
Engineering & Technology, Mahatma Phule
Krishi Vidyapeeth, Rahuri during the period
from December, 2012 to December, 2013. The
field experiment was laid out in a randomized
block design which comprised of seven
treatments with three replications. The
dimensions of individual treatment plot were 7
x 3.5 m with 0.30 m height. The mulches used
for different treatments were 30 micron in
thickness, 7.5 m in length and 2.1 m in width. 

The treatment details are T1 = Yellow-black
plastic mulch with daily  drip irrigation, T2 =
Blue-black plastic mulch with daily drip
irrigation, T3 = Silver-black plastic mulch with
daily drip irrigation, T4 = White-black plastic
mulch with daily drip irrigation, T5 = Red-black
plastic mulch with daily drip irrigation, T6 =
Pervious black plastic mulch with daily drip
irrigation and T7 = No mulch with daily drip
irrigation at the rate of 48% pan evaporation

All the treatments (T1 to T6)  were irrigated

daily with drip sytem with 48% of pan
evaporation. This was based on
recommendation of drip irrigation by PFDC,
MPKV, Rahuri for banana crop as 60% of pan
evaporation, which was for non-mulched
treatment (Anonymous, 2008). Thus,
considering average water saving of mulch as
20%, drip irrigation was scheduled as 48% of
pan evaporation for mulched treatments.

The biometric observations such as plant
height, stem girth, panicle initiation, hands
bunch-1, yield and quality parameters such as
finger weight, finger girth, TSS, acidity, reducing
sugar and non-reducing sugar of banana were
recorded periodically. 

Results and Discussion 

Biometric observations on banana :
The data on plant height, stem girth, number of
leaves per plant, leaf area, hands per bunch are
presented in Table 1.

Plant height : The maximum plant height
at harvesting stage of banana observed due to
silver-black plastic mulch (1.85 m) was at par
with pervious-black plastic mulch (1.74 m), blue-
black plastic mulch (1.73m) and white black
plastic mulch (1.69m) (Table 1).

No. of leaves plant-1 and leaf area : The
highest number of leaves and leaf area recorded

Table 1. Biometric observations of banana as influenced by different treatments.

Treatments Plant No. of Leaf Stem Hands
height, leaves, area, girth, bunch-1
(m) plant-1 (m2) (cm)

T1 : Yellow-black Plastic mulch 1.68 9.21 1.35 41.75 7.25
T2 : Blue-black plastic mulch 1.73 8.17 1.15 44.00 7.17
T3 : Silver-black plastic mulch 1.85 12.12 1.54 57.33 9.54
T4 : White- black plastic mulch 1.69 9.42 1.33 50.54 7.72
T5 : Red-black plastic mulch 1.65 8.42 1.15 49.00 7.17
T6 : Pervious-black plastic mulch 1.74 11.62 1.47 50.87 8.14
T7 : No mulch  (control) 1.42 8.71 1.15 41.00 6.92
S.E.m ± 0.05 0.46 0.05 1.70 0.59
C.D. at 5% 0.16 1.42 0.15 5.24 1.81
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was due to silver-black plastic mulch over all
other plastic mulches.

Stem girth : Similar to plant height, the
highest stem girth at harvesting stage was
recorded in plants due to silver black-plastic
mulch (57.33 cm).

Hands per bunch : The highest number of
hands per bunch was observed due to silver-
black plastic mulch (9.54), which was at par
pervious-black plastic mulch (8.14 and white-
black plastic mulch (7.72). 

Duration parameters of banana : The
data on days to harvest of banana and panicle
initiation are given in Table 2.

Panicle initiation : The lowest and
significantly superior days for panicle initiation
were observed in plants due to silver-black plastic
mulch which was at par with pervious black
plastic (260 days).

Days to harvest : The plants under silver
black plastic mulch required minimum number
of days to flower. This earliness in the flowering
over other treatments could be attributed to
better microclimate above and below the mulch
with less competition effect resulting in
shortening of its vegetative phase and making it
to put out earlier flower. The maximum number
of days (374) required for flowering were
observed in plants under no mulch treatment.  

Quality parameters : The data on days to
harvest of banana and panicle initiation are
given in Table 2.

TSS : No significant difference observed in
TSS of banana fruit pulp under different
treatments. TSS ranged from 18 to 18.47° Brix.

Acidity : No significant difference observed
in acidity of banana fruit pulp under different
treatments. Acidity ranged from 0.25 to 0.28%. 

Reducing and Non-reducing sugar : No
significant difference observed in reducing and
non-reducing sugar of banana fruit pulp under

Table 2. Duration parameters of banana as influenced by
different treatments

Treatments Panicle Days  
initiation, to
days harvest

T1 : Yellow-black Plastic mulch 279.00 368.33
T2 : Blue-black plastic mulch 277.00 366.33
T3 : Silver-black plastic mulch 252.00 354.00
T4 : White- black plastic mulch 267.00 369.33
T5 : Red-black plastic mulch 274.00 364.33
T6 : Pervious-black plastic mulch 260.00 360.00
T7 : No mulch  (control) 279.33 373.67
S.E.m ± 7.98 5.43
C.D. at 5% 24.60 16.73

Table 3. Yield parameters of banana as influenced by different treatments

Treatments Fingers Finger Average Bunch Yield
girth length weight weight (t ha-1)
(cm) (cm) of fruit (kg)

(g)

T1 : Yellow-black Plastic mulch 13.88 18.12 164.49 23.64 77.19
T2 : Blue-black plastic mulch 13.90 18.50 160.18 22.28 72.76
T3 : Silver-black plastic mulch 15.67 21.12 207.14 28.57 93.29
T4 : White- black plastic mulch 13.96 18.81 192.72 25.14 82.09
T5 : Red-black plastic mulch 13.95 18.60 181.41 24.32 79.41
T6 : Pervious-black plastic mulch 15.31 19.54 198.26 27.20 88.82
T7 : No mulch  (control) 13.75 17.75 141.72 22.51 75.51
S.E.m ± 0.44 0.84 10.93 1.12 3.66
C.D. at 5% 1.36 2.58 33.67 3.46 11.27
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different treatments. 

Yield parameter : The data on yield
parameter are given in Table 3.

Finger girth : The maximum and
significantly superior finger girth was due to
silver-black plastic mulch (15.67 cm) over other
plastic mulches and control except pervious
black mulch (15.31). 

Finger length : The maximum finger length
(21.12 cm) was recorded due to silver-black
plastic mulch, which was at par with pervious
black plastic mulch (19.54 cm), white-black
plastic mulch (18.81) and red-black plastic mulch
(18.60 cm). The minimum length of finger
(17.75 cm) was observed in plants under no
mulch treatment. 

Average weight of fruit : Maximum and
significantly superior finger weight (207.14 g)
was observed due to silver-black colour plastic
mulch and it was at par with the white-black
mulch (192.72 g) and pervious-black plastic
mulch (198.26 g). Minimum finger weight
(141.72 g) was recorded in no mulch treatment.

Bunch weight : Highest bunch weight
(28.57 kg) of banana was observed in plants
under silver-black plastic mulch, which was at
par with pervious black (22.51 kg) and white-
black plastic mulch (25.14 kg). The lowest yield
per plant was noticed in no mulch (control)
treatment (22.51 kg plant-1).

Yield hectare-1 : Similar to bunch weight,
silver-black plastic mulch resulted into maximum
and significantly superior yield of banana (93.29
t ha-1) over other plastic mulches. However, it
was at par with pervious black plastic mulch
(75.51 t ha-1) and white-black plastic mulch
(82.09 t ha-1). 

Crop water requirement of banana :
Lowest seasonal water requirement of 122.6 cm
was recorded in plants under silver-black
plastic mulch (Table 4) due to early maturity of
plants. 

Conclusions 

The study revealed that the adoption of
silver-black plastic mulch in banana cultivation
increased the yield by 23.56 percent over
control (no mulch), followed by pervious black
plastic mulch (17.64 %). The water requirement
under silver-black plastic mulch was 122.6 cm
with maximum water use efficiency of 76.09 kg
ha-1 mm-1.
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Table 4. Water requirement of banana  crop under
different treatments

Treatment Water WUE
require- (Kg ha-1
ment cm-1)
(cm)

T1 : Yellow-black Plastic mulch 126.4 0.61

T2 : Blue-black plastic mulch 125.6 0.58

T3 : Silver-black plastic mulch 122.6 0.76

T4 : White- black plastic mulch 126.6 0.65

T5 : Red-black plastic mulch 125.4 0.63

T6 : Pervious-black plastic mulch 124.1 0.72

T7 : No mulch  (control) 127.7 0.59
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Response of Broccoli (Brassica oleracea L. var. italica) to
Different Levels of Irrigation and Fertigation Under Different

Colour Shadenets in Rabi Season

N. N. Firake1, S. D. Gorantiwar2, Snehal Patil3, Mohini Gaikwad4, V. D. Kanade5 and S. M. More6

Precision Farming Development Centre, 
Mahatma Phule Krishi Vidyapeeth, Rahuri – 413 722 (India)

Abstract
The experiment was conducted in four colour shadenets viz., white shadenet, red shadenet, Green + black

shadenet and Green + white shadenet and compared with no shadenet (i.e. open filed) with four irrigation
levels viz., 0.90, 0.80, 0.70 and 0.60 ETc and three fertigation levels viz., 100, 80 and 60% RDF to determine
the suitable colour of shade net, drip irrigation level and fertigation level for broccoli grown under protected
cultivation and open field. The study revealed that the scheduling of drip irrigation daily at 0.90 ETc and
fertigation at 100% RDF to broccoli under red shadenet house (i.e. C2I4F3) resulted into maximum yield, which
was at par with that of (1) scheduling of drip irrigation daily at 0.90 ETc and fertigation at 80 % RDF to broccoli
under white shadenet (i.e.C1I4F2) and (2) scheduling of drip irrigation daily at 0.90 ETc and fertigation at 100%
RDF to broccoli under white shadenet (i.e. C1I4F3). The water requirement of broccoli crop under best
treatment of C1I4F2 was 23.41 cm or 1.85 litres m-2, with water use efficiency of 24.65 kg m-2-m. The B:C
ratio under C1I4F2 treatment was also maximum (3.69).

Key word : Broccoli, colour shadenets, irrigation levels, fertigation levels, yield, economics.

In India, no literature is available on
cultivation of broccoli under shadenet   houses
with different colour shadenets as well as
different ferti-irrigation levels. Broccoli crop
comes under exotic vegetables. The use of
broccoli is increasing day-by-day in big cities. It
is, therefore, necessary to study the response of
broccoli crop under shadenet house with
different colour shadenets and different ferti-
irrigation levels in order to increase the
productivity and quality of broccoli. 

Meena et al. (2008) reported that the
light intensity, incoming radiation, canopy
temperature, air temperature and soil
temperature were found to be lower under
different colour shadenets compared to the
control. Relative humidity and soil moisture was
found to be higher under colour shadenets
compared to control (open field). Gorantiwar et

al. (2003) found that the cultivation of cucumber
under polyhouse conditions and irrigated by drip
with water application equal to 70 per cent of
pan evaporation resulted into 30 per cent saving
of water, 300 per cent increase in water use
efficiency over open field cultivation. Ganesan
(1999) observed that the light intensity inside the
greenhouse was lower than in the open.  The
fruit yield inside the greenhouse was nearly two
times more than in the open field. 

Cauliflower transplanted under shadenet
recorded highest curd yield of 226.40 q ha-1 as
compared to yield of 134.70 q ha-1 in the open
field. The quality of produce was better in
shadenet than the open field condition. The
shedenet provides favorable conditions for
improvement in quality and quantity
(Shrichandan et al. 2005). Ayas et al. (2011)
recommended K2cp (0.75) treatment as it was
most suitable irrigation level for broccoli by drip
irrigation under unheated greenhouse condition.
Tayal et al. (2008) reported that the micro

1. Principal Investigator, Precision Farming Develop-
ment Centre; 2.Head, Deptt. of IDE; 3. M.Tech student;
4.. Sr. Research Fellow; 5. and 6. Research Associate.   



irrigation system was highly economical for
broccoli under open field condition.

Materials and Methods

The investigation was carried out at the
Research-cum-Demonstration Farm of Precision
Farming Development Centre, Mahatma Phule
Krishi Vidyapeeth, Rahuri (M.S) during 2015-
16. The experiment was carried out in split plot
design with 60 treatments, replicated 3 times.
The transplanting of broccoli was done on
November 20, 2015. All shadenets were having
50 % shading percentage. The soil media used
was made up of red soil (30%), FYM (30%), sand
(30%) and rice husk (10%) as per
recommendation (Kadam et al., 2007). Sixty
treatments were the combination of five colour
shadenets i.e. white shadenet (C1), red shadenet

(C2), Green+ black shadenet (C3), Green+ white
shadenet (C4) and no shadenet (i.e. open field)
(C0) with four irrigation levels i.e. 0.60 (I1), 0.70
(I2), 0.80 (I3) and 0.90 (I4) ETc and three
fertigation levels i.e. 60 (F1), 80 (F2) and 100
(F3) % RDF. Silver and black polyethylene mulch
was used commonly in all the treatments.

The irrigation water was applied daily to the
crop through drip irrigation system and soluble
fertilizers were applied by using ventury tube
assembly. The irrigation scheduling was done as
per the treatment on the basis of ETc.  Water
soluble fertilizers were scheduled alternate day
though drip irrigation as per recommended dose
of fertilizer i.e. 130:20:30 NPK kg ha-1.

The crop evapo-transpiration was calculated,
based on FAO Penman-Monteith formula, with

Table 1. Biometric observations of broccoli under different colour shadenets, irrigation levels and fertigation levels

Treatment Plant Stem No. of Plant spread in Plant spread in 
height girth leaves E-W direction N-S direction 
(cm) (mm) (cm) (cm)

A:  Colour
C1 : White 64.93 43.37 15.47 74.96 88.31
C2 : Red 57.47 36.09 16.35 77.69 88.22
C3 : Green + Black 57.26 27.79 15.11 69.79 75.41
C4 : Green + White 62.04 33.78 16.10 77.52 87.93
C5 : Open 54.89 38.66 36.81 51.23 63.16
S.E.m± 0.16 0.174 0.22 0.45 0.76
C.D. at 5% 0.57 0.566 0.71 1.47 2.49

B: Irrigation
I1 : 0.6 ETc 58.53 35.92 19.32 69.01 79.43
I2 : 0.7 ETc 58.53 35.56 19.89 69.83 79.70
I3 : 0.8 ETc 59.77 35.95 20.24 71.01 81.94
I4 : 0.9 ETc 60.43 36.33 20.41 71.08 81.36
S.E.m± 0.17 0.22 0.09 0.645 0.56
C.D. at 5% 0.49 - 0.27 - 1.61

C: Fertigation
F1 : 60% RDF 58.15 35.66 19.58 69.67 79.13
F2 : 80% RDF 59.49 35.48 20.01 69.85 81.03
F3 : 100% RDF 60.30 36.68 20.31 71.19 81.65
S.E.± 0.14 0.16 0.07 0.35 0.42
C.D. at 5% 0.38 0.44 0.19 0.99 1.17

D: Interaction  A x B x C
S.E.m± 0.61 0.70 0.30 1.58 1.87
C.D. at 5% 1.71 1.97 - - -
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MPKV recommended Phule Jal Software. The
volume of water to be applied for each
treatment plot was computed by the equation V
= d x A, where V is volume of water, lit; d is
depth of water, mm; and A is area of plot, m2.
The time of operation (hr) of drip irrigation
system for each treatment was calculated by
equation To = V/ q.n.EU, where To is time of
operation of drip irrigation unit for respective
treatment (hr); V is volume of water to be
applied per irrigation, lit; q is average discharge
of emitter in respective treatments, (lph); EU is
emission uniformity of drip irrigation unit (0.90)
and n is number of emitters plot-1. 

Results and Discussion

Plant height : Irrigation and fertigation
levels as well as colour of shadenet influenced
the plant height of broccoli significantly (Table
1). The final plant height of broccoli was
maximum (64.93 cm) and significantly superior
due to white colour of the shadenet   (Table 1)
over other colours of the shadenet. The
minimum plant height was due to green + black
colour of shadenet. The irrigation level of 0.90
ETc resulted into maximum (60.63 cm) and
significantly superior plant height of broccoli.
Similarly,  the final plant height of broccoli was
maximum (60.30 cm) and significantly superior
due to 100% RDF fertigation level. The
interaction of all the three factors in respect of
final plant height of broccoli was significant. The
maximum plant height was due to C1I4F3 (white
shadenet x 0.90 ETc x 100 % RDF), which was
at par with that of C1I3F3 and C1I4F2. However,
the minimum plant height was 54.33 cm due to
C5I4F1 and C5I3F1 (Table 2).

Stem girth : The stem girth of broccoli was
maximum (43.37 mm) and significantly superior
under white colour of shadenet (Table 1). The
irrigation level of 0.90 ETc resulted into
maximum (36.33 mm) and significantly superior
stem girth of broccoli. The fertigation level of Ta
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100 % RDF resulted into maximum (36.68 mm)
and significantly superior stem girth of broccoli.
The interaction of C1I4F3 (white shadenet x
0.90 ETc x 100 % RDF) resulted into maximum
stem girth (45.38 mm), which was at par with
that of C1I3F3, C1I4F2, C1I1F2 and C1I3F2.

Number of leaves : The open field
cultivation (no shade treatment) resulted into
maximum number of leaves plant-1 (36.81),
which was significantly superior over others.
This showed that in open field there was more
vegetative growth of broccoli. Amongst the
shadenets, the number of leaves plant-1 was
maximum due to green+white shadenet,
followed by red, white and green+ black
shadenets. The irrigation level of 0.90 ETc
resulted into maximum number of leaves

Table 3. Yield of broccoli as affected by different treatment

Treatment Yield of broccoli
––––––––––––––––––––––––
kg plant-1 q/1008 m2

A:  Colour
C1 : White 0.421 42.606
C2 : Red 0.455 45.339
C3 : Green + Black 0.331 33.168
C4 : Green + White 0.364 35.873
C0 : Open 0.351 31.958
S.E.m± 0.003 0.145
C.D. at 5% 0.011 0.473

B: Irrigation
I1 : 0.6 ETc 0.263 24.851
I2 : 0.7 ETc 0.340 32.088
I3 : 0.8 ETc 0.425 42.094
I4 : 0.9 ETc 0.510 52.122
S.E.m± 0.003 0.122
C.D. at 5% 0.009 0.322

C: Fertigation
F1 : 60% RDF 0.353 34.543
F2 : 80% RDF 0.383 38.105
F3 : 100% RDF 0.417 40.718
S.E.m± 0.002 0.114
C.D. at 5% 0.007 0.321
D: Interaction  A x B x C
S.E.m± 0.010 0.511
C.D. at 5% 0.029 1.437 Ta
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plant-1, which was at par with I3 (0.80 ETc) level
of irrigation. The fertigation level of 100% RDF
(F3) resulted into maximum (20.31) and
significantly superior number of leaves of
broccoli. 

Plant spread : The results obtained for
spread of broccoli in East-West direction were
same as obtained for number of leaves of
broccoli. However, the interaction effect of these
factors was non significant.

The maximum spread (88.31 cm) of broccoli
in North-South direction was noticed due to
white colour of shadenet, which was at par with
that of red and green + white shadenets. The
irrigation level of 0.80 ETc resulted into
maximum plant spread (81.94 cm) in N-S
direction, which was at par with that of 0.90
ETc level of irrigation. The fertigation level of
100% RDF resulted into maximum plant spread
i.e. 81.65 cm, which was at par with that of

C1I1F1 0.17 1.25 2.82 17.44 1.03
C1I1F2 0.17 1.25 2.97 18.40 1.06
C1I1F3 0.17 1.25 3.13 19.37 1.10
C1I2F1 0.20 1.45 3.25 17.36 1.42
C1I2F2 0.20 1.45 3.40 18.14 1.46
C1I2F3 0.20 1.45 3.70 19.72 1.56
C1I3F1 0.22 1.65 4.15 19.46 2.12
C1I3F2 0.22 1.65 4.90 22.98 2.46
C1I3F3 0.22 1.65 5.22 24.44 2.56
C1I4F1 0.25 1.85 5.39 22.53 3.44
C1I4F2 0.25 1.85 5.90 24.65 3.69
C1I4F3 0.25 1.85 5.90 24.63 3.62
C2I1F1 0.17 1.28 2.57 14.39 0.62
C2I1F2 0.17 1.28 3.23 18.11 0.75
C2I1F3 0.17 1.28 3.52 19.73 0.80
C2I2F1 0.20 1.49 3.89 18.79 1.07
C2I2F2 0.20 1.49 4.15 20.03 1.12
C2I2F3 0.20 1.49 4.33 20.92 1.15
C2I3F1 0.23 1.70 4.66 19.76 1.76
C2I3F2 0.23 1.70 5.05 21.42 1.88
C2I3F3 0.23 1.70 5.40 22.89 1.97
C2I4F1 0.26 1.90 5.47 20.67 2.79
C2I4F2 0.26 1.90 5.71 21.57 2.87
C2I4F3 0.26 1.90 6.00 22.66 2.97
C3I1F1 0.17 1.26 1.63 9.31 0.34
C3I1F2 0.17 1.26 2.13 12.16 0.43
C3I1F3 0.17 1.26 2.31 13.19 0.46
C3I2F1 0.20 1.46 2.71 13.30 0.67
C3I2F2 0.20 1.46 2.86 14.03 0.70

C3I2F3 0.20 1.46 3.06 15.04 0.74
C3I3F1 0.22 1.67 3.38 14.56 1.12
C3I3F2 0.22 1.67 3.74 16.12 1.22
C3I3F3 0.22 1.67 3.85 16.62 1.24
C3I4F1 0.25 1.87 4.26 16.36 1.94
C3I4F2 0.25 1.87 4.51 17.33 2.02
C3I4F3 0.25 1.87 5.05 19.40 2.23
C4I1F1 0.17 1.26 1.88 11.12 0.27
C4I1F2 0.17 1.26 2.18 12.85 0.30
C4I1F3 0.17 1.26 2.49 14.71 0.34
C4I2F1 0.20 1.46 2.76 14.04 0.57
C4I2F2 0.20 1.46 2.86 14.54 0.58
C4I2F3 0.20 1.46 3.07 15.63 0.62
C4I3F1 0.22 1.67 3.44 15.34 1.00
C4I3F2 0.22 1.67 4.07 18.18 1.16
C4I3F3 0.22 1.67 4.46 19.89 1.25
C4I4F1 0.25 1.87 4.78 19.04 1.98
C4I4F2 0.25 1.87 5.13 20.43 2.09
C4I4F3 0.25 1.87 5.58 22.21 2.24
C0I1F1 0.17 1.24 1.78 11.54 0.81
C0I1F2 0.17 1.24 2.14 13.91 0.92
C0I1F3 0.17 1.24 2.21 14.34 0.90
C0I2F1 0.19 1.43 2.44 13.63 1.33
C0I2F2 0.19 1.43 2.53 14.15 1.30
C0I2F3 0.19 1.43 2.74 15.35 1.33
C0I3F1 0.22 1.63 3.12 15.34 1.90
C0I3F2 0.22 1.63 3.34 16.42 1.91
C0I3F3 0.22 1.63 3.86 18.96 2.08
C0I4F1 0.25 1.83 4.16 18.25 2.53
C0I4F2 0.25 1.83 4.80 21.04 2.75
C0I4F3 0.25 1.83 4.92 21.55 2.65

Table 5. Average daily water requirement, water use
efficiency and B:C ratio of broccoli under colour
shadenet house and different irrigation and
fertigation levels

Treat- Av. daily water Yield Water  B:C 
ment requirement (kg use ratio

––––––––––––––– m-2) effici-
lit lit ency
plant-1 m-2 (kg m-3)

Table 5. Contd.

Treat- Av. daily water Yield Water  B:C 
ment requirement (kg use ratio

––––––––––––––– m-2) effici-
lit lit ency
plant-1 m-2 (kg m-3)
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80% RDF. The interaction of all the three factors
was non-significant.

Yield of broccoli : The yield plant-1 was
maximum (0.455 kg) due to red colour
shadenet, which was significantly superior over
other treatments. The irrigation level of 0.90
ETc and 100 % RDF resulted into maximum
(0.510 and 0.417 kg, respectively) and
significantly superior per plant yield of broccoli
(Table 3). The interaction of colour of shadenet,
irrigation levels and fertigation levels was
significant. The interaction C2I4F3 and C1I4F3
gave maximum yield plant-1 (0.57 kg), which
was at par with C2I4F2, C2I4F1, C4I4F3 and
C1I4F2.  The yield ha-1 was maximum (45.34 q)
and significantly superior due to red coloured
shadenet. The irrigation level of 0.90 ETc and
fertigation level of 100% RDF resulted into
maximum (52.12 and 40.72 q, respectively) and
significantly superior. The interaction C2I4F3
resulted into maximum ha-1 yield of broccoli,
which was at par with C1I4F2 and C1I4F3 (Table
4).

Water use : The data on water use of
broccoli crop under different treatments are
given in Table 5. The average water requirement
of broccoli under different treatments varied
from 15.42 to 26.47 cm, depending on the ET
level of treatments. The average daily water
requirement of broccoli, on volumetric basis,
varied from 0.17 to 0.26  litre plant-1 or 1.25
to 1.90 litres m-2 area of shadenet house. The
seasonal water requirement of broccoli in the
treatment C1I4F2 was 23.41 cm or 1.85 litres
m-2, in which the B:C ratio was maximum. 

Water use efficiency : The average water
use efficiency (WUE) of broccoli was in the range
of 9.31 to 24.65 kg m-2 m-1. The WUE in
C1I4F2 was 2.48 kg m-2 m-1, where the B:C
ratio of broccoli was maximum.
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Cotton crop in Vidarbha region of
Maharashtra is mostly grown under rainfed
condition on about 14.5 lakh ha area with
production of 28 lakh bales and productivity
328 kg ha-1 lint (Anonymous, 2017). The
production and productivity of cotton in this
region is highly influenced by quantity and
distribution of rainfall. The increasing frequency
of climatic variability each season is largely
influencing fortunes of cotton cultivators.
Intermittent dry spells are common during
vegetative and reproductive growth periods and
cessation of monsoon activity mostly in
September. It is important to have a high
yielding genotype which can withstand climatic
variability and both biotic and abiotic stresses.
Deshi cotton (Gossypium arboreum) has
inherent ability to withstand monsoon variations,
can resist pests attack and also has lesser cost of
production. So, the aim is to increase area under
Deshi cotton by developing new high yielding
genotypes with desirable fibre properties to meet
current yarn requirement. 

Material and Methods

Cotton Research Unit, Dr. PDKV, Akola
have developed few high yielding Deshi cotton
genotypes with better fibre properties which can
withstand climatic variability and both biotic and
abiotic stresses. The present investigation was
undertaken during 2012-13 to 2016-17 to
assess the performance of four newly developed
Deshi cotton genotypes for seed cotton yield,
fibre qualities and disease and pest resistance at
four different locations in Vidarbha viz., Akola,
Achalpur, Buldana and Washim. These
genotypes were evaluated in Randomized Block
Design with three replications at every location
with spacing of 60 x 30 cm2 in a plot size of 2.4
x 6.0 m2. All recommended package of
practices were followed to raise good crop.
Observations were recorded on seed cotton yield
per plot and lint yield per plot and both
observations were converted to yield per hectare
by multiplying hectare factor. Observations were
also recorded on ginning out turn (%), fibre
qualities viz., Upper Half Mean Length (mm),
fibre fineness (µg inch-1), fibre strength (g tex-1)
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Abstract
Cotton is important cash crop of Vidarbha region. About 97 per cent area under cotton is under rainfed

cultivation. The climatic variability every year results in low productivity of cotton. Deshi cotton (Gossypium
arboreum) has inherent ability to withstand biotic and abiotic stresses. The Deshi cotton genotypes developed
by Cotton Research Unit, Dr, PDKV, Akola were evaluated during 2012-13 to 2016-17 at four different
locations. The genotype AKA-2004-29 recorded highest seed cotton yield and lint yield over the checks AKA-
7 and AKA-8. The genotype AKA-2004-29 is having good fibre qualities suitable for modern spinning
machines and showed resistance to leaf hoppers, white flies, bacterial leaf blight and Myrothesium leaf spot
and hence may become good option for farmers.
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Table 1. Comparative performance of genotype for seed cotton yield in Multi location Varietal Trials

Trial / Year Location Seed Cotton Yield (kg ha-1)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
AKA-2004-29 AKA-2005-3 AKA-2009-1 AKA-2009-6 AKA-7 (Ch) AKA-8 (Ch)

2012-13 Akola 1288 1036 1053 1090 1085 1169
Washim 2223 1797 2004 1705 1760 1983
Achalpur 796 765 722 660 762 1005
Buldana 487 443 292 402 417 131
Mean (4) 1199 1010 1018 964 1006 1072

2013-14 Akola 1233 1297 1174 1100 1149 1037
Washim 1174 1140 898 884 1131 993
Achalpur 403 376 383 365 373 375
Buldana 645 872 755 572 731 633
Mean (4) 864 921 803 730 846 760

2015-16 Akola 1180 1044 1029 1250 1020 990
Washim 750 1065 765 921 870 746
Achalpur 1279 1323 1300 1161 1296 1269
Buldana 431 285 227 227 402 387
Mean (4) 910 929 830 890 897 848

2016-17 Akola 2230 1884 1613 1902 1508 1343
Washim 904 585 626 843 658 570
Achalpur 831 726 746 726 688 849
Buldana 892 607 789 497 1009 811
Mean (4) 1214 951 944 992 966 893

General Mean (16) 1047 953 899 894 929 893
Increase over (AKA-7) 12.7 % 2.6 % -3.3 % -3.7 %
Increase over (AKA-8) 17.2 % 6.7 % 0.6 % 0.1 %

Table 2. Comparative performance of genotype for lint yield in Multi location Varietal Trials

Trial / Year Location Lint Yield (kg ha-1)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
AKA-2004-29 AKA-2005-3 AKA-2009-1 AKA-2009-6 AKA-7 (Ch) AKA-8 (Ch)

2012-13 Akola 515 375 398 418 443 470
Washim 860 697 782 658 685 752
Mean (2) 688 536 590 538 564 611

2013-14 Akola 456 465 426 387 458 402
Buldana# 246 316 288 217 293 245
Mean (2) 351 391 357 302 376 324
Akola 417 372 370 453 367 352

2015-16 Washim 297 403 309 368 349 285
Buldana# 165 108 86 93 161 150
Mean (3) 293 294 255 305 292 262

2016-17 Akola 818 685 585 658 542 501
Mean (1) 818 685 585 658 542 501

General Mean (8) 472 428 406 407 412 395
Increase over (AKA-7) 14.4 % 3.7 % -1.6 % -1.4 %
Increase over (AKA-8) 19.5 % 8.4 % 2.8 % 3.0 %
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and uniformity ratio. The reaction against key
pest and diseases were also recorded under
unprotected condition.

Result and discussion

The data on seed cotton yield, lint yield and
ginning percentage is presented in Table 1,
Table 2 and Table 3, respectively. The pooled
means over the years and locations indicated
that the genotype AKA-2004-29 recorded
highest seed cotton yield (1047 kg ha-1) which
was 12.7 and 17.2 per cent higher over the
popular checks AKA-7 and AKA-8, respectively.
The genotype AKA-2004-29 has also recorded
highest lint yield (472 kg ha-1) which was 14.4
and 19.5 per cent higher than the checks AKA-
7 and AKA-8, respectively. This genotype is
having 38 per cent ginning out turn which is
most desirable to get higher lint yield. The fibre
qualities given in Table 4 indicated that the
genotype AKA-2004-29 is having comparable
fibre qualities to that of checks and posses
acceptable fibre qualities with 25.4 mm Upper
Half Mean Length, 28 g tex-1 Fibre strength and

5.3 µg inch-1 Micronaire value which are
considered satisfactory for modern spinning
machines. The reaction of genotypes against
pest and foliar diseases (Table 5 and 6) indicated
that AKA-2004-29 showed resistance to leaf
hoppers, white flies, bacterial leaf  blight and
Myrothesium leaf spot.

The genotype AKA-2004-29 is not only
high yielding but possess good fibre qualities also

Table 3. Comparative performance of genotype for ginning out turn in Multi location Varietal Trials

Trial / Year Location Ginning out turn (%)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
AKA-2004-29 AKA-2005-3 AKA-2009-1 AKA-2009-6 AKA-7 (Ch) AKA-8 (Ch)

2012-13 Akola 40 36.2 37.8 38.3 40.8 40.2

Washim 38.7 38.8 39 38.6 38.9 37.9

Mean (2) 39.4 37.5 38.4 38.5 39.9 39.1

2013-14 Akola 38.2 36.2 38.1 38 40.1 38.7

Buldana# 37 35.8 36.3 35.2 39.8 38.8

Mean (2) 37.6 36.0 37.2 36.6 40.0 38.8

2015-16 Akola 35.3 35.6 36.1 36.3 35.7 35.7

Washim 39.6 37.9 40.3 40 40.2 38.2

Buldana# 38.2 38 38.1 41 40.1 38.7

Mean (3) 37.7 37.2 38.2 39.1 38.7 37.5

2016-17 Akola 36.7 36.3 36.4 34.6 36 37.1

Mean (1) 36.7 36.3 36.4 34.6 36.0 37.1

General Mean (8) 38.0 36.9 37.8 37.8 39.0 38.2

Table 4. Comparative performance of genotype for fibre
properties in Multi location Varietal Trials

Genotype Fibre Properties
––––––––––––––––––––––––––––––––––––
Upper Fibre Fibre Unifor- 
half fine- stren- mity
mean ness gth index
length (µg (g 
(cm) inch-1) tex-1)

AKA-2004-29 25.4 5.3 28.0 80
AKA-2005-3 25.7 5.3 28.4 80
AKA-2009-1 25.7 5.2 28.6 80
AKA-2009-6 25.6 5.4 28.3 81
AKA-7 (Ch) 27.7 5.0 29.0 82
AKA-8 (Ch) 25.8 5.4 27.6 80
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and showed resistance to major pest and
diseases of cotton, hence, may become better
option to farmers of Vidarbha to mitigate
current climatic situation. 
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Table 5. Pest reaction under unprotected condition (2016-17)

Genotype Av. no. Leaf Av. whitefly Av. open Av. loculi 
of leaf hopper adults boll damage damage at 
hoppers injury leaves-1** (%) at harvest*** harvest***
leaves-1* grade

AKA-2004-29 0.97 I 0.93 30.46 (33.47) 11.83 (20.03)
(-0.98) -0.96

AKA-2005-3 1.03 I 0.97 42.24 (40.53) 16.42 (23.67)
(-1.02) -0.98

AKA-2009-1 0.93 I 0.97 28.02 (31.66) 13.10 (20.94)
(-0.96) -0.98

AKA-2009-6 0.97 I 0.9 32.49 (34.69) 13.22 (21.17)
(-0.98) -0.95

AKA-7 0.93 I 0.8 18.95 (25.81) 7.24
(-0.96) -0.89 -15.61

AKA-8 0.8 I 1.1 31.14 (33.63) 13.20 (20.92)
(-0.89)

Parenthesis values in column are *square root values. **Square root (x+0.5) ***Arc sine values
Grade: I- Resistant, II- Tolerant, III- Susceptible and IV- Highly susceptible

Table 6. Performance of genotypes against foliar disease of cotton (2016-17)

Name of genotypes Bacterial leaf blight Myrotheicum leaf spot
–––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––
PDI Grade Reaction PDI Grade Reaction

AKA 2004-29 0.41 1 R 0.21 1 R
AKA 2005-3 0.47 1 R 0.23 1 R
AKA 2009-1 0.87 1 R 0.54 1 R
AKA 2009-6 0.9 1 R 0.64 1 R
AKA 7 0.44 1 R 0.51 1 R
AKA8 0.66 1 R 0.55 1 R

Note: I-Immune,R- Resistant, MR- Moderately Resistant, MS-Moderately susceptible and S- Susceptible

______________
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India is characterised with monsoon rainfall
where it gets rainfall during June to September,
while rest of the year remains mostly dry. In
semi-arid areas in monsoon the rainfall
variability is high and there are long dry spells
which result partial or total crop failure. More
moisture can be made available to the crop by
adopting in-situ rain water harvesting practices
like ridges and furrows. These practices harvest
rainfall and runoff and the resulting additional
soil moisture can be utilized by crop during dry
spells and thus insuring the crop against
drought. 

Present study emphasize on the adoption of
in-situ rainwater harvesting with ridges and
furrows for harvesting of rain and runoff.  These
practices are preferred in the region due to
relative simplicity and low implementation costs.
However the understanding of surface hydrology
is crucial and critical in the design of these
structures insuring adequate rainfall harvesting
and economy. 

For studying water balance, it is necessary to
estimate runoff from ridges and furrows. For
estimating runoff SCS CN method is very
popularly used worldwide. CN method depends
heavily on the values of Curve Number for
estimation of runoff. However there are no
specific values of curve number in the CN
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Abstract
Ridges and furrows system is one of the effective in-situ rainwater harvesting practices for adaptation to

climate change. For studying water balance, it is necessary to estimate runoff from ridges and furrows. For
estimating runoff SCS CN method is very popularly used worldwide. CN method depends heavily on the values
of Curve Number for estimation of runoff. However there are no specific values of curve number in the CN
method for ridges and furrows. This study was therefore undertaken to estimate curve number values for ridges
and furrows system in semi-arid region. The field experiment was conducted in Mahatma Phule Krishi
Vidyapeeth, Rahuri during 2015 and 2016. Experiment comprised four treatments with 30, 60, 90 cm wide
ridges and furrows and control (without ridges and furrows) cultivated with soybean crop. The total rainfall
during crop growth period was 210.1 mm in 2015 and 629.1 mm in 2016. Out of which 103 mm and 382.1
mm rainfall resulted in production of runoff in 2015 and 2016, respectively. The curve number values were
calculated for control plot from the observed runoff data. These calculated values of curve number were not
significantly different from values of standard curve number table. These values of curve number were
considered as reference values for estimating curve numbers for ridges and furrows with different dimensions.
The ratios of table CN for control and calculated CN for ridges and furrows for 30, 60 and 90 cm width were
found as 0.98, 0.89 and 0.84 respectively. These ratios computed for different dimensions of ridges and
furrows were tested for validation using field observations in 2016. Observed runoff from field plots were
compared with estimated runoff for different sizes of ridges and furrows.  The variations found are acceptable
with minimum per cent error less than 10%.
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method for ridges and furrows. This study was
therefore undertaken to estimate curve number
values for ridges and furrows system in semi-arid
region by conducting field experiment at
Mahatma Phule Krishi Vidyapeeth, Rahuri
during 2015 and 2016. 

Material and Methods

Study area : The experiment was
conducted in monsoon season during the years
2015 and 2016, on the Instructional Farm of
the Department of Soil and Water Conservation
Engineering, Mahatma Phule Krishi Vidyapeeth,
Rahuri in Maharashtra, India. It is located at 19o
24’ N latitude and 74 o 39 ‘E longitude and at
average elevation of 657 m above mean sea
level. 

Experimental setup : Two field plots of
size 48 x 28 m with slopes 1.4 and 1.2 per cent
were used for the experiment. Each plot was
divided into four treatment plots of size 12 x 28
m with multislot divisor was provided at the end
of each treatment plot for measurement of
runoff. Three treatment plots in each field plot
were treated with ridges and furrows and one
treatment plot in both the fields was kept as
control i. e. ridges and furrows system. The four
treatments are as follows. Detail layout of the
experimental plot with four treatment plots as
shown in Fig.1.  

T1 : Ridges and Furrows with 30 cm width,
T2 : Ridges and Furrows with 60 cm width, T3
: Ridges and Furrows with 90 cm width and T4
: Control i.e. without Ridges and Furrows.

Observations

The daily rainfall data was collected from
meteorological observatory in university. Runoff
from the treatments was measured with multislot
divisor provided. The ponding depths in stilling
basin and collection tank of respective treatment
were considered for the calculations of runoff

depths. As volume collected in collection tank is
1/10th part of excess runoff from stilling basin,
runoff volume in collection tank was calculated
by multiplying 10 to measured volume in tank.
Knowing the dimensions of stilling basin and
collection tank and the depths of water in stilling
basin and collection tank, runoff volume was
calculated. The volume was then converted into
runoff depth. The average value of two plots of
a particular treatment was taken for further
calculations of curve number. 

Size of collection tank = 1 x 1 x 1 m 

Runoff volume in collection tank, m3 = 10 x
(1 x 1 x ponding depth in tank)

Dimension of stilling basin = 12 x 0.5 m
(Length x Width)

Runoff Volume in stilling basin, m3 = Length
x Width x Ponding depth 

Area of Plot  = 12 x 28 m  (336 m2)

(V1 + V2)
Runoff Depth, mm  =  –––––––––– x 1000

336

Estimation of curve number : The event
based runoff depths during the monsoon months
(June to October) for two years (2015 and
2016) were used to compute curve number of
respective treatment using USDA Soil

Fig. 1. Detail layout of the experimental plots
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Conservation Service (SCS) method. For
estimating curve number, Antecedent Moisture
Condition (AMC) conditions were determined
based on the cumulative previous 5 days rainfall
events. Based on the AMC conditions i. e.,
AMC I, AMC II, AMC III, curve number for
AMC I and AMC III conditions were converted
to curve number for AMC II using the standard
guidelines.  Quadratic equation (equation 1) in
terms of runoff depth and rainfall was used to
calculate the value of potential maximum
retention ‘S’. Quadratic equation derived from
formula (equation 2) involved in USDA Soil
Conservation Service (SCS) method. Curve
numbers were computed using equation 3 with
help of Microsoft excel software.

0.04S2 - (0.04P + 0.8P)S+(P2-QP)=0  ... (1)

(P - 0.2S)2

Q = –––––––––––––– ... (2)
(P + 0.8S)

25400
CN = ––––––––––––––                       ... (3)

S + 254

Where, S = potential maximum retention
(mm), Q = runoff depth (mm), P = rainfall depth
(mm),  CN = curve number.

Statistical analysis : The statistical analysis
was performed with help of Microsoft excel
software using data analysis tool. Mean values
of curve numbers for control (T4) were
compared with table value, using t-test for two
samples assuming equal variance for a
probability level of P > 0.05.

Analysis of data : Calculated values of curve
number for control plot were tested for their
significance with table values of SCS-CN
method. The mean values of storm wise curve
numbers for treatments (T1, T2, T3) were divided
by table curve number values to calculate the CN
ratios. These ratios can be used for estimation

of curve number for particular treatment.
Validation of the estimated values of curve
number for respective treatment was done by
comparing calculated values of runoff depths
and observed runoff depths on the field for the
year 2016.

Results and Discussion

Runoff : Storm wise runoff depths were
measured for computation of curve number for
treatments T1, T2, T3, T4. It is observed that
runoff from treatments T1 and T4 were found to
be more as compare to T2 and T3. Thus
treatments T2 and T3 are conserving more
moisture than treatments T1 and T4 as given in
Table 1.

Estimation of curve number : The values
of potential maximum retention ‘S’ and curve

Table 1. Storm wise runoff depths

Date Rainfall, Runoff, (mm) 
(mm) –––––––––––––––––––––––––––

T1 T2 T3 T4

11-09-2015 17.4 0.28 0.02 0.012 0.46
13-09-2015 26.6 2.1 0.24 0.0 2.8
16-09-2015 13.6 0.012 0.0 0 0.04
17-09-2015 15.2 0.09 0.01 0.006 0.2
18-09-2015 16.4 3.12 0.34 0.08 3.5
03-10-2015 13.8 0.03 0.0 0.0 0.08
Total 103 5.63 0.61 0.098 7.08

Table 2. Storm wise curve number

Date Rainfall, Curve numbers for 
mm different treatments

––––––––––––––––––––––––––––
T1 T2 T3 T4

11-09-2015 17.4 79.63 75.91 - 80.99
13-09-2015 26.6 78.92 70.35 66.70 80.76
16-09-2015 13.6 79.97 - - 80.85
17-09-2015 15.2 79.88 78.07 77.75 81.30
18-09-2015 16.4 79.86 64.85 60.79 81.06
03-10-2015 13.8 80.35 - - 81.40
Mean values 79.77 72.30 68.41 81.06
of CN
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numbers using rainfall and runoff depths.  The
value of curve numbers for AMC III condition

were converted to curve number for AMC II for
the storm on 18th September 2015. Mean value
of the curve numbers calculated for Control (T4)
is significantly not different from table value (i.
e. 83 for experimental plot). Curve numbers for
all storms were calculated and given in Table 2.

Computation of ratios for estimating
CN : The mean values of storm wise curve
numbers for treatment (T1, T2, T3) were divided
by table curve number values (i. e. 83 in the
present case of experimental plot)  to calculate
the CN ratios as given in Table 3.

Curve number validation : Values of
runoff depths from estimated curve number for
respective treatment and observed values of
runoff depths at field were compared for testing
the validation of the ratios with per cent error
and other statistical tests as in Table 4 and Table
5. It was observed that percent errors in
estimated and observed values of runoff depths
for all the treatments are considerable as given
in Table 4. From Table 5 it also observed
that there is no significant difference in
observed and calculated values of runoff depths.
Values for MAE and RMSE are also
minimum for all treatments (considerable range).
Hence estimated values of curve number using
CN ratios for treatments in study are
considerable. 

Table 3. Computation of CN ratios 

Treatment Mean CN observed CN Ratio

30 cm, T1 79.77 0.84
60 cm, T2 72.30 0.89
90 cm, T3 68.41 0.98
Control, T4 81.00 1.00

Table 4. Storm wise curve numbers validation

Date Rain- Q Q Per 
fall, obser- esti- cent 
(mm) ved, mated, error

(mm) (mm)

Treatment: T1 (RF30)

27-Jul-16 38.4 8.41 10.06 16.36

28-Jul-16 45.2 23.28 24.94 6.67

02-Aug-16 14.0 0.24 0.27 8.64

16-Sep-16 26.8 2.68 2.33 15.25

18-Sep-16 20.0 0.54 0.64 15.10

25-Sep-16 17.6 3.63 3.04 19.27

29-Sep-16 20.6 0.81 0.75 8.43

Treatment: T2 (RF60)

27-Jul-16 38.4 4.56 4.68 2.63

28-Jul-16 45.2 11.56 13.69 15.57

16-Sep-16 26.8 0.52 0.48 7.81

25-Sep-16 17.6 0.54 0.47 14.89

29-Sep-16 20.6 0.01 0.01 14.15

Treatment: T3 (RF90)

27-Jul-16 38.4 2.53 2.72 6.99

28-Jul-16 45.2 8.41 9.39 10.41

16-Sep-16 26.8 0.085 0.07 20.38

25-Sep-16 17.6 0.05 0.04 15.19

Treatment: T4 (Control)

27-Jul-16 38.4 12.24 11.67 4.90

28-Jul-16 45.2 21.7 26.11 16.90

02-Aug-16 14.0 0.38 0.41 7.58

16-Sep-16 26.8 3.1 2.98 4.20

18-Sep-16 20.0 1.17 0.97 21.14

25-Sep-16 17.6 4.43 4.13 7.33

29-Sep-16 20.6 1.28 1.10 15.87

Table 5. Statistical analysis for curve numbers validation

Treatment Values for Statistical criteria
––––––––––––––––––––––––––––––––
Chi-square test MAE RMSE

T1 : 30 RFRHS 0.57 0.35 0.92

T2 : 60 RFRHS 0.35 0.36 0.87

T3 : 90 RFRHS 0.12 0.29 0.50

T4 : Flat 0.87 0.44 1.69
(No Treatment)

Chi-square table value is 12.69for T1 and T4; 11.07 and
9.49 for T2 and T3 respectively. (at 5 per cent error) 
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Conclusions

Based on the findings of the present study,
following conclusions are drawn;

i) Wide and deep ridges and furrows harvest
more runoff than narrow and shallow ridges
and furrows. 

ii) At present there are no standard curve
numbers in the SCS Curve Number method
for different ridges and furrows. The CN
ratios are developed from observed field
runoff as 0.98 for 30 cm, 0.89 for 60 cm
and 0.84 for 90 cm ridges and furrows.
These ratios can be used in future while
estimating runoff from respective ridges and
furrows by using SCS Curve Number
method. 
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Capsicum (Capsicum annuum L.) of family
Solanaceae is one of the most important

nutritious and highly remunerative vegetable
crop grown mainly for its green fruits when
immature, turning yellow, red, pink, purple etc.
variety wise at maturity with perfectly bell
shaped in F1 hybrids grown under polyhouse.
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Abstract
The experiment entitiled “Response of coloured capsicum to nutrients and pruning management under

naturally ventilated polyhouse” was conducted at Instructional Farm of PGI, MPKV, Rahuri, Ahmednagar
(Maharashtra) during 2009-10 and 2010-11 to study the yield response of coloured capsicum F1 hybrid Orbelle
(Yellow) to nutrients and pruning management in split plot design with four replications and nine treatment
combinations consisted of three levels of fertigation schedules viz.; F1:(100:35:50:35:2.5 ppm N:P:K:Ca:Mg
before and  50: 25: 125:25:2.5 ppm after flowering), F2:(200:70:100:70: 5.0 ppm N:P:K:Ca:Mg before and
100: 50: 250:50:5.0 ppm after flowering), F3:(300:105:150:105:7.5 ppm N:P:K:Ca:Mg before and 150:75:
375:75:7.5 ppm after flowering) and three levels of pruning management techniques viz.; C1: two, C2 : three
and C3 : four branches plant-1.The recommended packages of practices were followed. The important growth
and yield attributes were significantly increased with F3 fertigation schedule and with four branches pruning
management technique. The total yield of yellow capsicum fruits plant-1, m-2 and t ha-1 was significantly
increased with increased levels of fertigation schedules from F1 to F3 from 34.50% to 34.21% over F1 schedule
showing graded response under all the pruning management techniques during both the years and in pooled.
It was significantly more with four branches plant-1 pruning management techniques at all the
fertigation schedules during both the years and in pooled data. This was attributed to significant increase in
micrometeorological and  physiological parameters viz., absorbed photosynthetically active radiation and
photosynthetic rate respectively and important growth and yield attributes. This was due to more scattered
radiation resulting into availability of more diffused radiation and ultimately absorption of more
photosynthetically active radiation and photosynthetic rate. The mean capsicum yield was 81.71, 78.40 and
80.05 t ha-1 during t2009-10, 2010-11 and in pooled data, respectively. Which was significantly increased
with F3 fertigation schedule during both the years and in pooled data. The pooled capsicum yield (91.78 t
ha-1) was increased by 34.93 per cent with F3 fertigation schedule and 18.62 per cent (80.69 t ha-1) with F2
fertigation schedule as compared to F1 fertigation schedule (68.02 t ha-1). The capsicum yield was
significantly more by 10.94, 15.05 and 12.93 per cent with four branches plant-1 pruning management
technique during both the years and in pooled data, respectively. This was mainly due to the absorption of
more PAR resulted into higher light use efficiency and photosynthetic rate and significantly improved important
growth and yield attributes  and dry matter production and ultimately capsicum yield with F3 fertigation schedule
and three and four branches plant-1. The interaction effects between fertigation schedule and pruning
management techniques in respect of capsicum yield t ha-1 were significant during both the years.  It can be
concluded from the above results that, the combination of F3 fertigation schedule with four branches plant-1

pruning management technique be adopted for higher productivity and returns of yellow capsicum under
polyhouse. 

Key words : Coloured capsicum, open vent polyhouse, micro meteorological parameters,
fertigation, pruning management.
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Bell pepper is often looked upon as a luxury
vegetable, consumption being greater in and
around cities of several parts of the world
especially in temperate regions of Central and
South America and European countries, tropical
and subtropical regions of Asian continent. 

Nutritionally, bell peppers are rich in vitamin
A (180 IU) & vit.C and may be eaten cooked or
raw, sliced in salads, stuffed with sautéed pizza,
burger, meat loaf, dehydrated processed meat,
porks and used for dressing of food with growing
popularity of fast food. 

Polyhouses are widely used for vegetable
crop production under controlled environment
in temperate & arid region on commercial basis.
It plays a vital role in increasing crop production
& productivity Worldwide. The use of polyhouse
for commercial production of vegetables &
maximum net returns has been most common
in Western countries (Chandra, 1985).

In India the bell pepper (Sweet pepper) is
grouped under non-traditional category of
vegetables (Kalloo and Pandey, 2002) and
commercially cultivated mainly during kharif and
rabi seasons in Karnataka, Maharashtra, Tamil
Nadu, Himachal Pradesh, Punjab, hilly areas of
Uttar Pradesh, Bihar and Tamil Nadu during
cooler parts of the year on an area of about
3000 ha with annual production of 49,000
tonnes and productivity of 16.3 t ha-1

(Anonymous, 2011). 

Fertigation is an essential component of
pressurized irrigation. Virendra Verma (2005)
and Kumar and Verma (2009) reported that, the
fertigation with water soluble fertilizers @
250:250:250 kg NPKha-1 increased the yield
and quality of off season bell pepper cultivated
under protected cultivation in mid hills of India. 

Dalavi (2009) reported that, the application
of 250:150:200 kg N:P2O5:K2O ha-1 followed
by 200:100:150 with 125:50:1.5 Ca:Mg:Fe kg

ha-1 and 60 g ha-1 boron and 100:37.5:1.0
Ca:Mg:Fe kg ha-1 in combination with 40 g
ha-1 boron recorded significantly higher value for
fruit length, fruit diameter, pericarp thickness,
placenta weight, number of four, three and two
lobed  fruits than rest of the macro  and
micronutrient levels.

In greenhouse production technology of
vegetable the growth, yield and quality attributes
of capsicum are profoundly influenced by the
cultural practices like fertigation management
and proper pruning/training. Plant density and
plant arrangement have a pronounced influence
on plant development, growth and marketable
yield of many vegetable crops (Stoffella and
Bryan, 1988).

In Maharashtra the area under polyhouses
for cultivation of high value crops is increasing
considerably. However, due to lack of standard
crop production technology, there is partial or
some times complete failure in cultivation of
crops under protected cultivation.

Therefore, the present investigation was
undertaken with objectives to study the effect of
nutrient management and pruning management
with advanced cultural practices combined with
advanced micrometeorological and  physio-
logical parameters  on growth, yield and quality
of coloured capsicum under polyhouse
condition.

Materials and Methods

The investigation was carried out in a
specially designed open vent polyhouse for two
consecutive years 2009-10 and 2010-11
without changing randomization. The capsicum
seedlings were transplanted on beds having  bed
size Gross- 6.00 x 3.00 m2 (Two beds),  Net-
6.00 x 3.00 m2 with path way and plant
Spacing 60 x 45 cm2.

Soil : The soil of experimental site was red,
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sandy loam in texture. The chemical
composition according to criteria laid by Muhr
et al. (1965) indicated that soil was low in
available nitrogen, medium in available
phosphorus and high in potassium,moderately
alkaline (pH 7.6) with EC 0.30 dSm-1.The FC,
PWP and BD was 21.29, 12.09 percent & 1.24
Mgm-3 respectively. 

Geography and climate of location :
Geographically the Central Campus Farm of
MPKV, Rahuri is lies between 19° 48’ N and
19° 57’ N latitude and 74° 19’ E and 74° 32’ E
longitude. The altitude varies from 495 to 569
meters above MSL. Climatologically, this area
falls in the semi-arid tropics with average annual
precipitation is 520 mm. about 80 per cent
rains are received from South-West monsoon
(June to September), while the rest receives
from North-East monsoon (October-November).
The total rainfall received during crop growth
period of 2009-10 and 2010-11 was 537.2
mm in 33 rainy days and 449.9 mm in 27 rainy
days, respectively. 

The mean annual maximum (37.9°C) and
minimum temperature (17.2°C) ranges from
33°C to 43°C and 3°C to 18°C, respectively.
The mean RH during morning and evening
hours is 59 and 35 per cent, respectively. The
mean PE ranges from 5.3 to 12.1 mm while,
the sunshine hours ranges from 7 to 9 hours
day-1. 

Polyhouse : Greenhouse/polyhouse is a GI
framed or inflated structure covered with
transparent and translucent material large
enough to grow crops under partial or fully
controlled environmental conditions. The
naturally ventilated polyhouse of  784 m2 area
was semi-circular at the top (GH-2 type),covered
with 200 micron thick polyethylene film Ultra
Violet Stabilized drip anti condensation,
minimum light transmission 87%,diffused light
transmission 29% and dart drop 500 g. The

computer controlled Van velvet drip system was
installed to fertigate the crop. The two lateral
inline drip laterals were laid on each bed along
the crop rows and drippers were placed at the
base of each plant at the spacing of 45 cm. The
polyhouse was provided with the shading net of
40 x 40 mesh UV stabilized insect net fixed
inside the curtain on all four sides of the
polyhouse and foggers to protect the crop from
outside insect pest and the crop from excessive
heat and to control the humidity. Polyhouse
protects crops from excessive sunlight,
temperature, wind, dust and also helps in
increasing humidity to a certain extent

Preparation of land and fumigation :
The soil inside the polyhouse was thoroughly
ploughed and dug to a depth of 30 cm, one
month prior to transplanting of seedlings and
brought to a fine tilth. Two days latter, red soil,
farm yard manure and fine sand were
incorporated into the soil in  proportion of 40
per cent red soil + 20 per cent sand + 40 per
cent FYM and mixed uniformly and   thoroughly
wetted with flood irrigation and next day the
media was disinfected during night hours with
two per cent Formalin (20 ml L-1) by saturating
the media with application of diluted Formalin
(meq L-1) @4 liter of solution m-3, to sterilize the
media and to overcome the soil borne diseases.
Immediately after treating the soil, the entire
area was covered with 40 micron polythene
sheet for 15 days & there after flood irrigated
twice to remove chemical residue if any.

Three different fertigation schedules and
pruning management techniques were selected
for the study,   on the basis of practices which
are not predominantly adopted by the farmers. 

Land layout : The media was then perfectly
leveled and the raised beds of 40 cm height, 1m
width and 24 m length were prepared, keeping
50 cm spacing in between the beds as working
path. The main treatments were allotted to
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different experimental unit by random method.
The plastic paper was inserted to the depth of
30 cm at the distance of 6 m along the length
of beds to separate out the treatment and to
avoid lateral movement of fertilizer solution in
neighboring beds. The twenty five days old
seedlings of Orbelle F1 hybrid of Syngenta Seeds
Company was selected for study

Microclimatic and physiological
observations : Were recorded periodically on
60,75, 90, 105,120,135,150, 165,180,195,
210, 225, 240, 255, 270, 285   DAT & at final
uprooting of plants by LI-6400XT Instrument
Software System for micrometeorological
observations. The Photosynthetically Active
Radiation (PAR) was measured on a clear sky
between 11.00 am to 1.00 pm with the LI
191SA Line Quantum sensor (Li-Cor make) at
an interval of 15 days. The observations were
recorded across the rows. The
micrometeorological observations viz., air and
leaf temperature and physiological obs viz.,
photosynthetic rate were measured with the
Infra Red Gas Analyzer (IRGA) Li-Cor make LI-
6400 portable photosynthesis system at an
interval of 15 days. The observations were
recorded on the five randomly selected tagged
plants on the upper, lower and middle leaves and
then averaged for plant-1. 

Irrigation and fertigation : The plots
were irrigated every day for 15 to 20 minutes
for better establishment of the seedlings through
inline drippers depending on the stage of crop
growth and soil conditions. The dose of N, P, K,
Ca and Mg  fertilizers up to flowering from 21
DAT and after flowering was   applied as per
treatments through computer operated
automatic fertigation unit and stopped one
month before final uprooting of the crop by
controlled Van velvet machine and Ventury by
using PVC pipeline from control unit to lateral
drip lines to the plants in alternate day cycle as
per the treatments. The N, P, K and Mg were

applied together at a time on first day whereas,
Ca was applied on next day alternately. 

Recommended dose of fertilizer for Capsicum:
–––––––––––––––––––––––––––––––––––––––––––––––––––
Time of Fertilizer schedule (ppm)
application –––––––––––––––––––––––––––––––––

N P2O5 K2O Ca Mg
–––––––––––––––––––––––––––––––––––––––––––––––––––
Up to flowering 200 70 100 70 5
After flowering 100 50 250 50 5
–––––––––––––––––––––––––––––––––––––––––––––––––––

Sources of water soluble and
conventional fertilizers : 16:08:24,
19:19:19, 12:61:00, 13:00:45, 00:00:50,
Urea, Single Super Phosphate, Calcium nitrate
(CaNO3) Magnesium sulphate (MgSO4) 

Pinching : Primary stem was pinched off at
6 to 8 leaf stage  or at 15-20 cm height of
seedling and after side branching due to apical
dominance  two, three and four secondary
branches were promoted to grow as per
treatments.

Training : The plants were trained by using
strong nylon thread (plastic sutali). Separately to
each branch to train along. The nylon threads
were tied to GI wire grid provided at 3 meter
height and then to the base of each plant.
Various other inter culturing operations like
weeding, earthing up, stirring the soil surface,
preparation of soil heap at the base of each
plant and staking frequent and complete
sanitation were carried out from time to time.
The plant protection measures were carried out
as per the recommendation for the protected
cultivation. 

Greenhouse management : To create
favourable environment for the crop in the
greenhouse, the rollable flap provided for
ventilation was either opened or closed
depending upon the season and the part of the
day. The rollable flaps were completely rolled up
during hot months to reduce temperature by
providing more ventilation and were partially or
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completely closed during cold months to
increase the temperature inside. In addition, the
rollable flaps were also closed around 6.00 p.m.
to facilitate the increase in CO2 concentration
in the greenhouse released by the plants during
the night respiration.The accumulated CO2 in
the greenhouse was utilized /fixed by plants
during the morning hours in the presence of
sunlight. 

The biometric observations : Like
plant-1 height (cm), number of functional leaves,
number of branches, leaf area, green and dry
matter, yield attributes like fruit length (cm), fruit
diameter (cm), fruit stalk length (cm), fruit stalk
weight (g), fruit density (Volume of fruit) (cubic
centimeter), fresh fruit weight (g), number and
wight of fruits (plant-1) and yield. Average yield
per picking (plant-1), yield m-2 (kg), (t ha-1 ) and
fruit quality parameters were recorded at
60,90,120, 150,180, 210, 240, 270 DAT and
at final uprooting.

Harvesting and marketing : The first
flower initiation in capsicum was observed
during 45-55 DAT and the first picking of
matured yellow capsicum fruit was done 65-75
DAT. Further, the pickings were done at an
interval of 7-8 days as and when the fruits were
turned yellow and ready for harvesting. The
harvested fruits were graded on the basis of fruit
weight, size, presence of number of lobes and
luster for marketing. The capsicum fruits were
harvested periodically during both the years. 

Number of pickings : The total number of
pickings was 16 in life period of capsicum crop
in the year 2009-10 and 14 during the year
2010-11. 

Statistical analysis and interpretation
of data   : The data recorded were statistically
analyzed by using technique of analysis of
variance and significance was determined for
split plot design (Panse and Sukhatme, 1984).

The standard error of mean (SE±) was worked
out. 

Results and Discussion

Capsicum fruit yield : The data pertaining
to yellow capsicum fruit yield plant-1, kg m-2 and
t ha-1 as influenced by different treatments are
presented in Table 1. 

Capsicum fruit yield plant-1 and m-2 :
The mean yellow capsicum fruit yield plant-1 was
2.04, 1.98 and 2.01 kg plant-1 during the year
2009-10 and 2010-11 and in pooled data
respectively. The corresponding figures for
capsicum yield m-2 were 8.17, 7.91 and 8.04
kg, respectively.  

Effect of fertigation schedule : The
capsicum fruit yield plant-1 and m-2 was
significantly more with F3 fertigation schedule
during both years and in pooled data. The
pooled capsicum yield plant-1 and m-2 with F3
fertigation schedule was increased by 34.50 and
34.21 per cent than F1 fertigation schedule.
This was attributed to significant increase in
micrometeorological, physiological parameters
viz., absorbed photosynthetically active
radiation, light use efficiency, photosynthetic
rate, CO2 concentration and important growth
and yield attributes viz., plant height, number of
leaves , leaf area, dry matter production plant-1

and number of fresh fruits  and their weight
plant-1. It was also noticed that F2 fertigation
schedule significantly increased capsicum fruit
yield plant-1 and m2 as compared to F1
fertigation schedule at all the days of
observations during both the years owing to
improvement in micrometeorological and
physiological parameters and important growth
and yield attributes and their weight under
former fertigation schedule. These results are in
conformity with findings of More et al. (1990),
Buoczkowska (1990),Singh et al.(2004), Brar et
al.(2005), Naik (2005), Ferrara et al. (2011),
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Elad et al. (2007), Vethamoni & Natarajan
(2008), Haque et al. (2009) and Zoran et al.
(2011). 

Effect of pruning management : The
four and three branches plant-1 significantly
recorded more capsicum fruit yield plant-1 and
m-2 than two branches plant-1 at all the days of
observations during both the years and in pooled
data except during 2009-10 in respect of fruit
yield plant-1 and remained at par with each
other. It was also noticed that fruit yield plant-1

and m-2 was significantly increased with four
branches plant-1 as compared to three branches
plant-1 during the year 2009-10. This was due
to more scattered radiation resulting into

availability of more diffused radiation and
ultimately absorption of more photosynthetically
active radiation and photosynthetic rate.
Moreover, significant improvement in important
growth attributes were also increased with four
branches plant-1 resulting in higher capsicum
fruit yield plant-1 and m-2. These results
corroborate the findings of Hernanden et al.
(1992),Shahak et al. (2009),Shahak et al.
(2004), Elad et al. (2007),   Zende  (2008),
Medany et al. (2009), Zoran et al. (2011) and
Sherrer (2010).

Effect of interactions : The interaction
effects between fertigation schedule and pruning
management techniques in respect of capsicum

Table 1. Yellow capsicum fruit yield as influenced by different treatments during 2009-10, 2010-11 and pooled.

Treatment Yellow  Pool- Yellow   Pool- Yellow  Pool-
capsicum ed capsicum ed capsicum ed
fruit yield fruit yield fruit yield

(kg plant-1) (kg m-2) (t ha-1)
––––––––––––– ––––––––––––– ––––––––––––––
2009 2010 2009 2010 2009 2010
-10 -11 -10 -11 -10 -11

Fertigation schedule (F)
F1 : (100:35:50:35:2.5 ppm N:P:K:Ca:Mg)* 1.73 1.67 1.70 7.02 6.67 6.84 70.17 64.10 67.14

(50:25:125:25:2.5 ppm N:P:K:Ca:Mg)**

F2 : (200:70:100:70:5.0 ppm N:P:K:Ca:Mg)* 2.07 2.01 2.04 8.24 8.03 8.13 81.54 80.75 81.15
(100:50:250:50:5.0 ppm N:P:K:Ca:Mg)**

F3 : (300:105:150:105:7.5 ppm N:P:K:Ca:Mg)* 2.34 2.26 2.30 9.26 9.02 9.14 93.42 90.35 91.88
(150:75:375:75:7.5 ppm N:P:K:Ca:Mg)**

SE (m) ± 0.03 0.03 0.03 0.08 0.12 0.10 0.58 1.25 0.98
CD at 5% 0.11 0.11 0.10 0.29 0.40 0.31 2.02 4.34 3.01

Pruning management (C)
C1 : Two branches plant-1 1.86 1.83 1.84 7.69 7.60 7.64 77.13 72.29 74.71
C2 : Three branches plant-1 2.08 2.02 2.05 8.30 8.03 8.16 82.42 79.74 81.08
C3 : Four branches plant-1 2.19 2.07 2.13 8.52 8.09 8.31 85.57 83.17 84.37
SE (m) ± 0.03 0.03 0.03 0.11 0.14 0.13 0.95 0.88 0.92
CD at 5% 0.08 0.08 0.08 0.33 0.42 0.36 2.82 2.64 2.64

Interactions (F x C)
SE (m) ± 0.06 0.05 0.05 0.22 0.28 0.25 1.90 1.77 1.84
CD at 5% 0.17 0.16 NS 0.65 0.84 NS 5.65 5.27 NS
CV % 4.82 4.62 4.73 4.64 6.18 5.44 4.03 3.92 3.98
General mean 2.04 1.98 2.01 8.17 7.91 8.04 81.71 78.40 80.05

*Fertigation up to flowering, **Fertigation after flowering
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fruit weight plant-1 were significant during both
the years except pooled data (Table 1 a-b). 

The fresh capsicum fruit yield plant-1 and
m-2 (Table 1 c-d) was significantly increased with
increased levels of fertigation schedules showing
graded response under all the pruning
management techniques. The fresh fruit weight
plant-1 and m-2 was significantly more with four
branches plant-1 than two and three branches
plant-1 under all the fertigation schedules except
during the year 2009-10 in respect of fruit yield
kg plant-1 where, the differences between three
branches and four branches plant-1 were non
significant. Further, it was observed that three
branches plant-1 significantly increased fresh
fruit weight plant-1 and m-2 as compared to two
branches plant-1 at all the fertigation schedules
during both the years and remained at par with
four branches plant-1 except during 2009-10.

Yellow capsicum yield (t ha-1) : The
mean capsicum yield was 81.71, 78.40 and
80.05 t ha-1 during the year 2009-10, 2010-11
and in pooled data, respectively.

Effect of fertigation schedule : The
capsicum fruit yield was significantly increased
with F3 followed by F2 fertigation schedule and
significantly decreased with F1 fertigation
schedule during both the years and in pooled
data. The pooled capsicum yield (91.78 t ha-1)
was increased by 34.93 per cent with F3
fertigation schedule and 18.62 per cent (80.69
t ha-1) with F2 fertigation schedule as compared
to F1 fertigation schedule (68.02 t ha-1). The
absorption of more PAR resulted into higher
light use efficiency and photosynthetic rate with
F3 fertigation schedule. The important growth
attributes and yield contributing characters were
significantly improved with F3 fertigation
schedule resulting in significant increase in
yellow capsicum fruit yield t ha-1. Similar results
were reported by More (1998), Naglaxmi et al.
(2001), Naik (2005), Brar et al. (2005), Elad et

al. (2007), Vethamoni and Natarajan (2008),
Haque et al. (2009) and Dalavi (2009).                  

Effect of pruning management : The
capsicum yield was significantly more with four
branches plant-1 pruning management
technique by 10.94, 15.05 and 12.93 per cent
over two branches plant-1 during the year 2009-
10,2010-11 and in pooled data, respectively.
The yield of yellow capsicum was significantly
increased with four branches plant-1 as
compared to three branches plant-1 during the
year 2009-10. The absorption of more PAR
resulting in more light use efficiency and
photosynthetic rate as well as significant
improvement in important growth and yield
attributes with three and four branches plant-1

consequently increased yellow capsicum yield.
Similar results were recorded by Shahak et al.
(2004 a), Lee and Liao (2006), Shahak et al.
(2009), Elad et al. (2007), Medany et al. (2009),
Zoran et al. (2011) and Sherrer (2010). 

Effect of interactions : The interaction
effects between fertigation schedule and pruning
management techniques in respect of yellow
capsicum yield t ha-1 (Table 1 e-f) were
significant during both the years. The yellow
capsicum fruit yield was significantly increased
with increased levels of fertigation schedules
showing graded response under all pruning
management techniques during both years
(Table 1 e-f).

The capsicum fruit yield was significantly
more with four branches plant-1 than two and
three branches plant-1 pruning management
techniques at all the fertigation schedules during
both the years, except at F3 fertigation schedule
during the year 2009-10 Further, it was
observed that capsicum fruit yield was
significantly more with three branches plant-1

than two branches plant-1 at all the fertigation
schedules during both the years.
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Table 1(a). Interaction effects between fertigation schedule x pruning management on fresh yellow capsicum fruits yield (kg
plant-1) during 2009-10

Fertigation F1 F2 F3
schedule      N:P:K:Ca:Mg N:P:K:Ca:Mg N:P:K:Ca:Mg

(100:35:50:35:2.5ppm)* (200:70:100:70:5.0ppm)* (300:105:150:105:7.5ppm)*
(50:25:125:25:2.5ppm)** (100:50:250:50:5.0ppm)** (150:75:375:75:7.5ppm)**

Pruning management

C1:Two branches plant-1 1.42 1.94 2.21

C2:Three branches plant-1 1.78 2.09 2.37

C3:Four branches plant-1 1.97 2.16 2.43

Source SE (m) ± CD at 5 %

Between two sub plot means at same level of main plot means 0.06 0.17

Between two main plot means at same level of sub plot means 0.02 0.05

Table 1(b). Interaction effects between fertigation schedule x pruning  management on fresh yellow capsicum fruits yield (kg
plant-1) during 2010-11

Fertigation F1 F2 F3
schedule      N:P:K:Ca:Mg N:P:K:Ca:Mg N:P:K:Ca:Mg

(100:35:50:35:2.5ppm)* (200:70:100:70:5.0ppm)* (300:105:150:105:7.5ppm)*
(50:25:125:25:2.5ppm)** (100:50:250:50:5.0ppm)** (150:75:375:75:7.5ppm)**

Pruning management

C1:Two branches plant-1 1.41 1.90 2.19

C2:Three branches plant-1 1.76 2.04 2.27

C3:Four branches plant-1 1.83 2.08 2.31

Source SE (m) ± CD at 5 %

Between two sub plot means at same level of main plot means 0.05 0.16

Between two main plot means at same level of sub plot means 0.01 0.05

Table 1(c). Interaction effects between fertigation schedule x pruning management on fresh yellow capsicum fruits yield (kg
m-2) during  2009-10

Fertigation F1 F2 F3
schedule      N:P:K:Ca:Mg N:P:K:Ca:Mg N:P:K:Ca:Mg

(100:35:50:35:2.5ppm)* (200:70:100:70:5.0ppm)* (300:105:150:105:7.5ppm)*
(50:25:125:25:2.5ppm)** (100:50:250:50:5.0ppm)** (150:75:375:75:7.5ppm)**

Pruning management
C1:Two branches plant-1 6.33 7.77 8.96
C2:Three branches plant-1 6.93 8.39 9.23
C3:Four branches plant-1 7.80 8.55 9.59

Source SE (m) ± CD at 5 %
Between two sub plot means at same level of main plot means 0.22 0.65
Between two main plot means at same level of sub plot means 0.05 0.16

*Fertigation up to flowering, **Fertigation after flowering
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Table 1(d). Interaction effects between fertigation schedule x pruning  management on fresh yellow capsicum fruits yield (kg
m-2) during 2010-11

Fertigation F1 F2 F3
schedule      N:P:K:Ca:Mg N:P:K:Ca:Mg N:P:K:Ca:Mg

(100:35:50:35:2.5ppm)* (200:70:100:70:5.0ppm)* (300:105:150:105:7.5ppm)*
(50:25:125:25:2.5ppm)** (100:50:250:50:5.0ppm)** (150:75:375:75:7.5ppm)**

Pruning management

C1:Two branches plant-1 5.96 7.59 8.72

C2:Three branches plant-1 6.84 8.15 9.09

C3:Four branches plant-1 7.22 8.34 9.25

Source SE (m) ± CD at 5 %

Between two sub plot means at same level of main plot means 0.28 0.84

Between two main plot means at same level of sub plot means 0.07 0.21

Table 1(e). Interaction effects between fertigation schedule x pruning   management on fresh  yellow capsicum fruits yield (t
ha-1) (2009-10)

Fertigation F1 F2 F3
schedule      N:P:K:Ca:Mg N:P:K:Ca:Mg N:P:K:Ca:Mg

(100:35:50:35:2.5ppm)* (200:70:100:70:5.0ppm)* (300:105:150:105:7.5ppm)*
(50:25:125:25:2.5ppm)** (100:50:250:50:5.0ppm)** (150:75:375:75:7.5ppm)**

Pruning management

C1:Two branches plant-1 63.28 78.74 89.37

C2:Three branches plant-1 69.27 82.13 95.87

C3:Four branches plant-1 77.97 83.74 95.01

Source SE (m) ± CD at 5 %

Between two sub plot means at same level of main plot means 1.90 5.65

Between two main plot means at same level of sub plot means 0.43 1.32

Table 1(f). Interaction effects between fertigation schedule x pruning  management on fresh yellow capsicum fruits yield (t
ha-1) during  2010-11

Fertigation F1 F2 F3
schedule      N:P:K:Ca:Mg N:P:K:Ca:Mg N:P:K:Ca:Mg

(100:35:50:35:2.5ppm)* (200:70:100:70:5.0ppm)* (300:105:150:105:7.5ppm)*
(50:25:125:25:2.5ppm)** (100:50:250:50:5.0ppm)** (150:75:375:75:7.5ppm)**

Pruning management
C1:Two branches plant-1 54.51 75.89 86.48
C2:Three branches plant-1 67.14 82.01 90.07
C3:Four branches plant-1 70.65 84.36 94.49

Source SE (m) ± CD at 5 %
Between two sub plot means at same level of main plot means 1.77 5.27
Between two main plot means at same level of sub plot means 0.54 1.76

*Fertigation up to flowering, **Fertigation after flowering

Journal of Agriculture Research and Technology 201



Summary

Effect of fertigation schedule : The
capsicum fruit yield plant-1, m-2 and ha-1 were
significantly increased with F3 fertigation
schedule (300:105:150: 105:7.5 ppm
N:P:K:Ca:Mg before flowering and
150:75:375: 75:7.5 ppm N:P:K:Ca:Mg after
flowering) compared to F1 and F2 fertigation
schedules during both the years and in pooled
data suggesting that capsicum be fertilized with
F3 fertigation schedule with four branches
plant-1 pruning management technique for
higher productivity of yellow capsicum under
open vent polyhouse.

Effect of pruning management : The
capsicum fruit yield plant-1, m-2 and ha-1 were
significantly increased with four branches
plant-1 pruning management technique
compared to two and three branches pruning
during both the years and in pooled data. 

Effect of interactions : The yield
contributing characters viz.; fruit length, fruit
diameter, fruit stalk weight, fruit density and
fresh fruit weight plant-1 were not significantly
influenced due to interactions between
fertigation schedule and pruning management
at all the days of observations  during both the
years. However, the fresh fruit weight was
significantly more with two branches plant-1

followed by three and four branches plant-1 at
all  the fertigation schedules at 90 and 180 DAT
during the year 2010-11.The combination of F3
fertigation schedule with four branches plant-1

was significantly increased number of fruits
plant-1 than other treatment combinations at 60
DAT during the year 2010-11.

The total yield of yellow capsicum fruits
plant-1, m-2 and t ha-1 was significantly
increased with increased levels of fertigation
schedules under all the pruning management
techniques during both the years. It was
significantly more with four branches plant-1

than two and three branches plant-1 pruning
management techniques at all the fertigation
schedules during both the years. 

It can be summarized from above results that,
F3 fertigation level (300:105: 150:105:7.5 ppm
N:P:K:Ca:Mg before flowering and
150:75:375:75:7.5 ppm after flowering) with
four branches plant-1 pruning management
technique is suitable for growing capsicum under
open vent polyhouse for higher productivity and
maximum monetary benefits. However, study
needs to be repeated for one or two more years
before passing the recommendations to
capsicum growers. 

Conclusions

The yellow capsicum yields plant-1, m-2 and
ha-1 were significantly increased with F3
fertigation schedule (i.e. application of
300:105:150:105:7.5 ppm N:P:K:Ca:Mg
before flowering and 150:75:375:75:7.5 ppm
N:P:K:Ca:Mg after flowering) compared to F1
and F2 fertigation schedules. Keeping of four
branches plant-1 significantly increased capsicum
yields plant-1, m-2 and ha-1 as compared
keeping of to two and three branches plant-1

during both the years. It would be, therefore,
suggested to adopt F3 fertigation schedule with
four branches plant-1 pruning management
technique for higher productivity of coloured
capsicum under open vent poly house. 
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Tomato (Lycopersicon esculentum L.)
belonging to Solanaceae family originated in
Peru- Ecuador Bolivian Mexico region (Salunkhe
et al., 1987). Tomato is one of the most highly
admired among vegetables, which is consumed
widely due to its health benefits to humans. It is
widely used for canning, preparations of soups,
sauces, juices, preserves, pickles and ketchup,
etc. The well ripe tomato (per 100 g of edible
portion) contains water (94.1%), energy (23
calories), calcium (1.0 g), magnesium (7.0 mg),
vitamin A (1000 IU), ascorbic acid (22 mg),
thiamin (0.09 mg), riboflavin (0.03 mg) and
niacin (0.8 mg) (Davies and Hobes, 1981). The
plant growth substances are essential for growth
and development of tomato plant. It plays an
important role in flowering, fruit setting,
ripening and physiochemical changes during
storage of tomato. GA3 significantly increases
growth characters, yield and also improved
quality of tomato whereas NAA application
increased total soluble solid percentage

significantly. The application of GA3 promotes
cell growth and elongation leading to bigger
plants with longer shoots and leaves, which
ultimately resulted with higher crop yields.
(Pundir and Yadav, 2001). The fruit set in
tomato was successfully improved by application
of plant growth regulators and micronutrients.
In fact the use of growth regulators had
improved the production of tomato including
other vegetables in respect of better growth and
quality (Saha, 2009). Because of these the
tomato is one of the favorite crops of the
scientists and famers for study and for
commercial application of growth regulators and
micronutrients. So the present investigation was
undertaken to find out the effect of different
plant growth regulators on fruit characters and
yield parameters in tomato. 

Material and Methodology

The experiment was carried out during the
2018-19 summer season laid out in
Randomized Block Design with nine treatments
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Abstract
The present study entitled, Effect of GA3, NAA, CaCl2, Boric acid and different micronutrients on fruit

characters and yield of tomato (Solanum lycopersicum L.) was carried out at Tomato Improvement Scheme,
Department of Horticulture, Mahatma Phule Krishi Vidyapeeth, Rahuri, Dist. Ahmednagar, during summer
season 2018. Nine different treatments consisted of different plant growth regulators and micronutrients were
used to carry out experiment. The results showed significant variation among the treatments for different
characters like plant height, average fruit weight, fruit set %, polar and equatorial diameter, pericarp thickness,
yield plant-1 and yield hector-1. The fruit characters and yield parameters in plant significantly differed due to
different plant growth regulators and micronutrients. The treatment T7 (NAA 50 ppm+ Boric Acid 0.2%)
recorded maximum plant height (84.93 cm), fruit set (53.06%), fruit weight (64.66 g), yield (1.072 kg
plant-1) and yield (32.48 t ha-1), respectively.
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and three replications. An experiment was
conducted at Department of Horticulture,
Mahatma Phule Krushi Vidyapeeth, Rahuri
situated between 19º47’ to 19º57’ North
latitude and 74º19’ to 74º42’ East longitude
with elevation of 525 m above mean sea level
during summer season. The topography of
experimental site was uniform, field was
uniformly leveled flat soil was medium black
having good water holding capacity. The soil is
rich in humus with good drainage. This region
falls under scarcity zone semi-arid, subtropical
zone with average rainfall of 520 mm, receiving
during the monsoon month from June to
September from South-Western monsoon. The
annual mean maximum and minimum
temperature is 32.6ºC and 18.3ºC, during the
period of experimentation.

The crop was raised in a plot size of 3.6 m x
3.3 m at a recommended spacing of 90 cm x
30 cm. The material required for the experiment
was procured from the Tomato Improvement
Scheme, MPKV Rahuri. The experiment was
conducted in a randomized block design in three
replications by adopting recommended package
of practices. The recommended dose of
fertilizers includes of 20 ton of well decomposed
FYM and fertilizer dose of 300:150:150 NPK
kg/ha was adopted for cultivation under medium
black soil on irrigated conditions. The
experimental treatment details are T1 GA3 50
ppm, T2 NAA 50 ppm,  T3 Boric Acid 0.2%,
T4 Clacium Chloride CaCl2 (0.3%), T5 GA3 5
ppm + Boric Acid 0.2%, T6 GA3 50 ppm +
CaCl2 (0.3%), T7 NAA 50 ppm + Boric Acid
0.2%, T8 NAA 50 ppm + CaCl2 (0.3%), and T9
as a Control for the experiment, respectively.
The tomato plants were sprayed at the interval
of 30, 45 60 and 75 days of transplanting. 

Result and Discussion

The Effect of GA3, NAA, CaCl2, Boric acid,
different micronutrients on fruit characters and

yield of tomato presented in Table 1. The
significant variation among the treatments were
observed for  the different characters viz., Plant
height (cm), number of branches fruit Set %,
number of fruits plant-1, fruit weight (g),
diameter (cm), pericarp thickness (mm), yield
plant-1 (kg), yield plot-1 (kg) and yield (t ha-1).
The treatment T7 (NAA 50 ppm + Boric Acid
0.2%) recorded better results for maximum plant
height, average fruit weight, yield plot-1 and
yield ton ha-1. (Table 1). The used treatments of
PGRs influenced plant height significantly
throughout the growing season of tomato at all
the stages of growth, which has significant
differences among the treatments for plant
height. 

The number of branches per plant showed
positive effect of GA3, NAA, CaCl2, Boric acid
and different micronutrients (Table 1). The
results showed significant differences at 30, 45,
60 and 75 days after planting. The highest
number of branches per plant showed in
treatment T7 (NAA 50ppm + Boric Acid 0.2%)
(3.46) followed by treatment T6 (GA3 50 ppm
+ CaCl2 0.3%), (3,33). Similar results were
found by Prasad et al. (2013), Uddain et al.
(2009) and Tomar et al. (2017) with the
application of GA3 and auxin (NAA). 

The highest fruit setting as compared to
other treatments T7 (NAA 50 ppm+ Boric Acid
0.2%) (Table 1) showed highest effect on fruit
set (53.06%) followed by T8 (NAA 50 ppm +
CaCl2 0.3%), (47.80%). Gaba et al. (1999)
found same trend of results in tomato by
application of plant growth regulator. Singh and
Singh (2005) reported that the initiation time of
fruit setting was significantly and highly
increased by application of NAA, which was
agreed with the present result.

The significant interaction effect of GA3,
NAA, CaCl2, Boric acid and different
micronutrients on number of fruit plant-1 of
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tomato was presented in Table 1. The results
showed that the highest number of fruit per
plant was observed in treatment 5 (93.95)
followed by treatment T7 (NAA 50 ppm + Boric
Acid 0.2%) (16.67) having high total yield as
compared to other treatments. Similar trends of
results were found that the application of plant
growth regulator increased the number of fruit
per plants Hossain (1974) and Prasad et al.
(2013) and Gaba et al. (1999), respectively. 

The highest fruit weight was recorded in
treatment T7 (NAA 50 ppm + Boric Acid 0.2%)
(64.66) followed by treatment T6 (GA3 50 ppm
+ CaCl2 0.3%), (63.60) as compared to control
treatment (49.70). The effect of GA3, NAA and
CaCl2 on weight of tomato was found
significantly positive (Table 1). The present
findings are in conformity with the findings of
Sanyal (1995), Prasad et al. (2013) and Yadav
et al. (2001) on application of plant growth
regulator at vegetative stage increased fruit
weight and size of tomato fruits.

The polar and equatorial diameter (cm) of the
fruits was found higher in treatment T7 (NAA 50
ppm + Boric Acid 0.2%) (5.82 and 4.75)
followed by T6 (GA3 50 ppm + CaCl2 0.3%),
(5.80 and 4.42) as compared to the control. The

results of this investigation find close conformity
with several earlier workers Alam and Khan
(2002), Pargi et al. (2014) and Kumar et al.
(2014).

The effect of NAA on yield per plant of
tomato varieties at different days after planting
is shown in Table 1. From the results it was
found that the highest yield per plant showed in
T7 (NAA 50 ppm + Boric Acid 0.2%) (1.072),
which was followed by treatment T6 (GA3 50
ppm + CaCl2 0.3%), (1.004), the lowest yield
per plant was observed in control treatment T9
(0.750). The earlier reports of Prasad et al.
(2013), Uddain et al. (2014) and Tomar et al.
(2015) support the present findings.

The effect of GA3, NAA, CaCl2, Boric acid
and different micronutrients on yield plot-1 of
tomato depicted that the highest yield plot-1 was
observed in T7 (NAA 50 ppm + Boric Acid
0.2%) (38.58 kg) followed by T6 (GA3 50 ppm
+ CaCl2 0.3%), (36.13 kg). The lowest yield
plot-1 of tomato was recorded in T9 as a Control
(26.99 kg). The results of this study are in
conformity with the reports of Megbo (2010),
Sattigeri et al. (2014) and Gelmesa et al.
(2013).
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Table 1. Effect of Micronutrient on quantitative characters

Treat- Plant Av. Fruit No. Fruit Diameter (cm) Pericarp Yield Yield Yield
height no. of set fruit weight –––––––––––––––– thick- plant-1 plot-1 (t ha-1)
(cm) bran- % plant-1 (g) Polar Equa- ness (kg) (kg)

ches torial (mm)

T1 69.80 2.93 36.46 14.72 52.93 5.38 4.24 5.96 0.780 28.11 23.66
T2 71.23 3.00 38.59 14.92 53.73 5.31 3.95 5.550 0.802 28.86 24.30
T3 72.73 3.20 43.60 13.52 61.20 5.49 4.56 5.93 0.828 29.82 25.12
T4 69.73 2.78 32.80 14.75 52.13 5.44 4.34 6.01 0.769 27.68 23.30
T5 71.73 3.12 41.46 93.95 59.20 5.67 4.33 5.75 0.826 29.72 25.03
T6 80.80 3.33 52.80 15.79 63.60 5.80 4.42 6.18 1.004 36.13 30.42
T7 84.93 3.46 53.06 16.67 64.66 5.82 4.75 6.14 1.072 38.58 32.48
T8 74.20 3.26 47.80 13.96 62.93 5.61 4.49 6.70 0.879 31.67 26.66
T9 67.13 2.80 31.20 15.15 49.70 5.16 3.95 6.14 0.750 26.99 22.72
S.E.± 4.09 0.21 3.74 1.13 3.82 2.19 2.17 0.36 0.28 1.08 0.90
C.D. at 5% 12.26 0.64 11.21 3.35 11.46 6.58 6.52 1.08 0.83 2.98 2.50



Significant variation was observed in respect
of yield per hectare (Table 1). The highest yield
per hectare was found in T7 (NAA 50 ppm +
Boric Acid 0.2%) (32.48 t ha-1) followed by T6
(GA3 50 ppm + CaCl2 0.3%), (30.42 t ha-1)
compared to control treatment T9. Result
showed the application of plant growth
regulators had significant influence on yield ton
per hectare. The earlier reports of different
workers Tiwari and Singh (2014), Baliyan et al.
(2013) Abbasi et al. (2013) Desai et al. (2011)
also explained similar results for yield ton per
hectare.

Conclusion

The effect of GA3, NAA, CaCl2, Boric acid
and different micronutrients on fruit characters
and yield of tomato showed better performance
for growth parameters and yield compared to
control condition. Therefore, T7 (NAA 50 ppm
+ Boric Acid 0.2%) was more suitable than the
control treatment for tomato cultivation in
summer season. Among the treatment
combinations significant variation were observed
for  the different characters viz., plant height,
average fruit weight, polar and equatorial
diameter, pericarp thickness, yield plant-1, yield
plot-1 and yield hector-1. On the basis of above
findings it may be concluded that T7 (NAA 50
ppm + Boric Acid 0.2%) were found better than
the other concentrations of plant growth
regulators and can be recommended to the
growers for better production of tomato in
summer season.
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Rainfall is one of the most important natural
input resources to crop production in semiarid
region. Rain fed agriculture is highly vulnerable
due to year-to-year and intra annual rainfall
variability. Rainfall variability is often devastating
to agriculture as we do not know what to expect
in the next growing season. Thus, farmers and
other decision makers in agriculture when
unprepared for the weather conditions that do
occur, make decisions based on their

understanding of general or average rainfall
patterns for their regions. If better predictions of
rainfall were available three to six months ahead
of time, it may be possible to modify decisions
to minimize unwanted impacts and to take
advantage of expected favorable conditions.

If rainfall estimates are available beforehand,
it is possible to know the quantity of water that
can be stored in reservoirs. This information is
subsequently required for irrigation planning of
the command area of water reservoirs.
Management and operation of water resources
for irrigation planning require the analysis of
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Abstract
Rainfall is one of the most important natural input resources to crop production in semiarid region. Water

demand and consumption in agro ecosystems is highly dependent on climatological or hydrological parameters.
Planning and management of water resources for irrigation including protective irrigation for rain fed agriculture
require the analysis of hydrological variables including rainfall. Therefore, accurate knowledge of rainfall
including estimation and forecasting is of great interest for planning of water resources for irrigated and rain
fed agriculture. Therefore, in this study Autoregressive integrated moving average (ARIMA) models of different
orders have been used for forecasting rainfall in advance. The present study attempts to develop the ARIMA
model for forecasting of weekly rainfall for Rahuri tahsil of Ahmednagar district. The rainfall data of 1982 to
2012 were collected from National Data Centre of India Meteorological Department, Pune. The weekly rainfall
data of first thirty years (i.e. 1982-2011) of Rahuri were used for training and testing the ARIMA models. The
data for remaining one year i.e. 2012 was used for verifying forecasting results as obtained from the selected
models i.e. for validation of selected models. ARIMA models of different orders were selected based on
observing auto correlation functions (ACF) and partial autocorrelation functions (PACF) of the historical rainfall
series. The parameters of selected model were obtained with the help of maximum likelihood method. To
know the adequacy of the selected models, the diagnostic checking of the selected models was performed with
the help ACF and PACF of residuals and Akaike Information Criteria. The ARIMA models that passed the
adequacy test were selected for forecasting. The weekly rainfall values of 2012 year were forecasted with the
help of theses selected models and compared with the actual weekly rainfall values of the year 2012 by root
mean square error (RMSE). The best model was selected based on the minimum value of RMSE between model
forecast and actual values of weekly rainfall for a year that was not used for fitting the model. The ARIMA (0,
0, 1), (2, 1, 1) 52 models of square root transformed rainfall series was found to be the best model for
forecasting and generation of weekly rainfall values for Rahuri tahsil of Ahmednagar district. 

Key words : Stochastic model, ARIMA, Rainfall forecasting and Generation.
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rainfall and other hydrological variables such as
temperature, humidity, evaporation etc. Proper
understanding of the role of water in agriculture
requires a careful analysis of the rainfall.
Therefore, accurate knowledge of rainfall
including estimation and forecasting is of great
interest for planning of water resources for
irrigated and rain fed agriculture.

Many scientific investigations have been
carried out for analysis of rainfall over India,
including Maharashtra. The use of past
information on these variables allows the
prediction of their future evolution, which is a
key factor in planning, management and
operation of reservoirs in rain-fed agriculture.
The rainfall frequency and probability analysis,
especially on average monthly, seasonal or
annual basis is helpful in understanding the
general scenario of the particular region, but the
weekly rainfall analysis provides more useful and
precise information for the rainfall-based crop
planning (Tiwari et al., 1992, Gupta and Singh
1990).

The use of models based on the time series
analysis is an easy and wide spread method of
predicting future rainfall values. Large number
of models have been developed for rainfall
generation and forecasting, including concept-
based process-driven models and statistics-based
data driven models such as regression models,
stochastic or time series models, artificial
neural network models, fuzzy logic models and
the nearest neighbour model (Wang et al.,
2006).

Therefore, this study is, particularly focused
on to develop the ARIMA model for forecasting
of weekly rainfall. The multiplicative seasonal
autoregressive integrated moving average
(ARIMA) models of different orders have been
used for forecast of weekly rainfall for Rahuri
tahsil of Ahmednagar district. The present study
attempts 

Materials and Methods

A) Study area

Rahuri is one of the tahsil of Ahmednagar
district which is situated at 19°39' North latitude
and 74°65' East longitude. The rainfall of
Ahmednagar district is characterized by its
erratic nature and prolonged dry spells. The
average annual rainfall of this district is 578.8
mm. The location map of study area is shown
in Figure 1.

B) Data Acquisition

The present study was performed on weekly
time series of rainfall. The daily rainfall data of
Rahuri tahsil in Ahmednagar district of
Maharashtra state was obtained from Indian
Meteorological Department, Pune. Daily rainfall
data of Thirty-one year’s (i.e.1982 to 2012) was
converted to the weekly rainfall data for further
use. 

C. Methodology

1. Autoregressive Integrated Moving
Average (ARIMA) model

The basic ARIMA model in the seasonal
form was described as (Box and Jenkins, 1994;
Hippel et al., 1977) a straight forward extension
of the seasonal ARMA and ARIMA models. The
general form of seasonal ARIMA model is
ARIMA(p, d, q) (P, D, Q)s with p is non-seasonal
AR orders; d is non-seasonal differencing orders;
q is non-seasonal MA orders; P is seasonal AR
orders; D is seasonal differencing orders; Q is
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seasonal MA orders and ‘s’ is time span of the
repeating seasonal pattern.

A time series involving seasonal data has
relations at a specific lag ‘s’ which depends on
the nature of the data. For example, for monthly
data s=12, fortnightly data s=24 and weekly
data s=52. Such series can be successfully
modeled only if the model includes the
connections with the seasonal lag as well. Such
models are known as multiplicative or seasonal
ARIMA (SARIMA) models. The general
multiplicative seasonal ARIMA (p, d, q) (P, D, Q)s
model has the following form.

Let Z1, Z2............Zn be a discrete time series
measure at approximately equal time intervals.
An ARIMA model is given by equation (1) 

f1(B)Q(B)s wt=q(Bs )e                             (1)

Where, wt is a stationary series obtained by
differencing the original series, Zt

Equation 1 can also written as

f(B) Q(B)s ÑdQDs Zt= q(Bs)et                   (2)

Where, et is normal independently distributed
white noise residual series with mean zero and
variance s2, B is the backshift operator, q and f
describe an ARIMA structures between seasonal
observations, f and q describe a within period
ARIMA structure which accounts for week to
week dynamics. f(B) is the non-seasonal
autoregressive operator or polynomial of order
‘p’ represented by equation (3).

f(B)=1-f1(B)-f2(B)2-......... fp(B)p (3)

Similarly, seasonal autoregressive operator
or polynomial of order ‘P’ represented by
equation (4)

f(Bs)=1-f1Bs-f2B2s .......... fPBPs (4)

q(B) is the non-seasonal moving average
(MA) operator or polynomial order of q; 

q(Bs) is the seasonal moving average (MA)
operator or polynomial order of Q. 

q(B) and q(Bs) are expressed by equation (5)
and (6) respectively.

q(B)=1-q1(B)- q2(B)2-............. qq(B)q (5)

q(Bs)=1- q1Bs- q2B2s -....... fQBQs (6)

Ñd and ÑDs are the non-seasonal and
seasonal differencing operators of order d and
D, respectively, and are represented by equation
(7) and (8).

Ñd=(1-B)d (7)

ÑDs=(1-Bs)d (8)

‘s’ indicated the length of seasonality and is
equal to 52 for weekly rainfall.

In this study the rainfall time series were
divided into two data sets for fitting the
multiplicative ARIMA models: the first data set
where the data were used to analyze the
characteristics of the rainfall and selecting the
most appropriate rainfall forecast models. The
second data set i.e. validation is the last year
data that was used for evaluating the
performance of the selected models.

2. Modelling process

Box and Jenkins (1994) and Hipel and
Mcleod (1994) formalized the modeling process
comprising of following five steps.

1. Standardization and normalization of time
series variables

2. Identification of the model

3. Determination of the parameters of selected
model

4. Diagnostic checking

5. Selection of the best model 
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The procedure used in this study for of
identifying and selecting the seasonal ARIMA
model is described as below.

1. Standardization and normalization of
time series variables:

The first step in time series modelling is to
standardize and transform the time series. This
process is required to ensure normalcy of data
sequence and residuals. In general, the
standardization is performed by normalizing the
series as given by following equation (9).

(9)

where, Yi,t = stationary stochastic
component in the mean and variance, Xi,t =
rainfall of tth week in ith year, Xt = mean weekly
rainfall of tth week and st = standard deviation
of rainfall for tth week

ARIMA model was considered for intra
seasonal, wherein there is a provision to
differentiate the series. Hence, the
standardization or normalization not will be
performed for intra seasonal or weekly rainfall.

2. Identification of the model

For identifying the models of ARIMA class,
it is necessary to identify the orders of
autoregressive (AR) and moving average (MA)
parameters. One of the basic conditions for
applying the ARIMA model on a particular time
series is its stationary. A time series with
seasonal variation may be considered stationary
if the theoretical autocorrelation function qm and
theoretical partial autocorrelation function qmm
are zero after a lag k = 2s + 2 (where, ‘s’ is the
seasonal periods; in this study, for weekly s=52).
The estimate of theoretical auto-correlation
function (qm) i.e. rm is obtained by equation (10).
The autocorrelation functions vary between -1
and +1, with values near 1 indicating stronger
correlation.

(10)

Where, n is the number of observations, x is
the average of the observations and rm is the
autocorrelation function at lag m

The estimate of partial autocorrelation
function (qmm) i.e rmm is obtained by the
equation (11). The partial autocorrelation
function varies between -1 and +1, with values
near 1 indicating stronger correlation. The
partial autocorrelation function (PACF) removes
the effect of shorter lag autocorrelation from the
correlation estimate at longer lags.

(11)

Where, rmm = Partial autocorrelation
function at lag m

It is considered that qm and qmm equals zero
if (Maier and Dandy, 1995)

qk=0 i.e. |rm| < 2/T0.5 (12)

qkk=0 i.e. |rmm| < 2/T0.5 (13)

Where, rm = sample autocorrelation at lag k,
rmm =Sample partial autocorrelation at lag k and
T = number of observations

If the sample autocorrelation function (ACF)
of analyzed series does not meet the above
condition, the time series needs to be
transformed into a stationary one using different
differencing schemes. For example, (d = 0, D =
1; d = 1, D = 0; d = 1, D = 1, s = 52) according
to the expression given by equation (14). 

(14).
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The time series yt is stationary if the ACF and
PACF cut off at lags less than k = 2s + 2
seasonal periods. Thus, it is necessary to test the
stationarity of the transformed time series
obtained by differencing the original times series
according to first orders of differencing (non
seasonal and seasonal). The differenced series
that pass the stationarity series needs to be
considered for further analysis. The following
guidelines are used for selecting the orders of AR
and MA terms (Gorantiwar, 1984):

• If the autocorrelation function cuts off, fit
ARIMA(0,d,q) x (0, 1,Q)52 model to the
data, where q is the lag after which the
autocorrelation function first cuts off, and Q
is the lag after which seasonal ACF cuts off.

• If the autocorrelation function cuts off, fit
ARIMA (p,d,0) x (P,1,0) 52 model to the
data, where p is the lag after which the
partial autocorrelation function first cuts off,
and P is the lag after which seasonal PACF
cuts off.

• If neither the autocorrelation or partial
autocorrelation functions cut off, fit the
ARIMA (p,d,q) x (P,1,Q) 52 model for a grid
of values of p, P, q and Q.

Thus, on basis of information obtained from
the ACF and PACF, several forms of the ARIMA
model were identified tentatively. 

3. Parameter estimation

After identifying models, we need to obtain
efficient estimates of the parameters. Several
methods are available for estimating parameters
including maximum likelihood, conditional least
squares, unconditional least squares and
minimum least square method. Among these
methods, maximum likelihood seems to be the
best. Therefore, in this study, the maximum
likelihood method was used for the estimation
of parameters.

4. Diagnostic checking

Once a model has been selected and
parameters calculated, the adequacy of the
model has to be checked. This process is called
diagnostic checking. There are number of
diagnostic checking methods to test the
suitability of the estimated model. These include
Box-Pierce method; Portmanteau lack-of-fit test
and t-statistics, standard error of the model
parameters, observing ACF and PACF of the
residuals, Akaike Information Criteria (AIC)
(Akaike, 1974) and Bayesian information
criteria (BIC). However, in this study following
two tests were used.

1. ACF and PACF of residuals: If the model is
adequate at describing behavior of rainfall
time series, the residuals of model should not
be correlated i.e. all ACF and PACF of
residuals should lie within the limits calculated
by equations (10) and (11) after lag k = 2s +
2, where s = number of periods.

2. Akaike Information Criteria (AIC) : AIC
(Akaike, 1974) is computed by equation (15).
The lower values of AIC are desirable for the
forecasting the rainfall. 

(15) 

Where, AIC = Akaike information criteria, 
k = Number of model parameters, vr = Residual
variance and T = Total number of observations

5. Selection of the model or goodness of
fit tests: 

The performance of the selected model is
evaluated using graphical and the numerical
modeling approaches. The graphical modeling
approach included the scatter diagram while the
numerical modeling approach included
determination of root mean square error
(RMSE). The RMSE criterion was used for
selecting the most appropriate model of ARIMA
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class amongst all the models that passed the
adequacy tests or diagnostic checking. Lower
the values of RMSE, better is the model. RMSE
is estimated by equation (16).

(16)

Where, RMSE is the Root mean square
error, n =  the total number of observations used
for computing RMSE, xa = the actual value of
variable (rainfall), xf = the forecast value of
variable (rainfall)

The model that gives the least values of
RMSE was selected as the most appropriate
model.

Results and Discussion

The weekly rainfall data of first thirty years
(i.e. 1982-2011) of Rahuri tahsil was used for
developing the ARIMA models. The data for
remaining one year i.e. 2012 was used for
verifying forecasting results as obtained by the
selected models i.e. for validation of selected
models.
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Fig. 2. Autocorrelation and partial auto-correlation patterns of the original rainfall time series for
differencing schemes of d=0, D=0 for Rahuri tahsil

Fig. 3. Autocorrelation and partial autocorrelation patterns of the square root transformed rainfall
time series for differencing schemes of d=0, D=0 for Rahuri tahsil



Modeling process

1. Standardization and normalization of
time series variables

The ARIMA class of model has the provision
to differentiate the time series. Hence,
standardization and normalization were not
performed.

2. Identification of model

The ACF and PACF of original, square root
and cube root weekly rainfall time series were
estimated for different lags. These are shown
with upper and lower limits in Figures 2 to 4 for
Rahuri tahsil. 

It is seen from the figures 2 to 4 that, ACF
lie outside the limit after lag k=2s+2 i.e. 106 for
the original, square root and cube root rainfall
time series for Rahuri tahsil. Hence, ARIMA
model cannot be applied to the original, square
root and cube root rainfall time series for Rahuri
tahsil. Therefore, the above three rainfall time
series was transformed using the eight
differencing schemes such as, d= 1, D=0 d= 0,
D=1; d= 1, D=1 d= 2, D=0; d= 0, D=2 d= 2,
D=2; d= 1, D=2 d= 2, D=1.

The ACF and PACF of original, square root
and cube root weekly rainfall time series of
above eight differencing schemes along with the
upper and lower limits were estimated for
different lags. These are shown with upper and
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Fig. 4. Autocorrelation and partial
autocorrelation patterns of the cube
root transformed rainfall time series for
differencing schemes of d=0, D=0 for
Rahuri tahsil

Fig. 5. Autocorrelation and partial
autocorrelation patterns of the original
rainfall time series for differencing
schemes of d=1,D=0 for Rahuri tahsil



lower limits. As an example THE ACF And
PACF for the differencing scheme d=1, D=0;

d=0, D=1; d=1,D=1; d=2, D=0 are   shown in
following Figure 5 to 8. 
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Fig. 6. Autocorrelation and partial autocorrelation patterns of the original rainfall time series for
differencing schemes of d=0, D=1 Rahuri tahsil

Fig. 7. Autocorrelation and partial autocorrelation patterns of the original rainfall time series for
differencing schemes of d=1,D=1 Rahuri tahsil

Fig. 8. Autocorrelation and partial autocorrelation patterns of the original rainfall time series for
differencing schemes of d=2, D=0 Rahuri tahsil



It is observed from the figures that the ACF
and PACF along with the upper and lower limits
of all the eight differencing schemes of original,
square root and cube root rainfall time series

following differencing schemes lie within the
limits of range specified by equation (10) and
(11) after 106 lags.
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Rainfall time series Differenced rainfall series

Original rainfall time series d= 1, D=0; d= 0, D=1; d= 2, D=0; d= 2, D=2
Square root transformed rainfall time series d= 1, D=0; d= 0, D=1; d= 2, D=0; d = 1, D=1
Cube root transformed rainfall time series d= 1, D=0; d= 0, D=1; d= 1, D=1; d =2, D=0

However, the ACF and PACF of following
differencing schemes does not lie within the

limits after the lag 106.

Rainfall time series Differenced rainfall series

Original rainfall time series d= 1, D=1; d= 0, D=2; d= 1, D=2; d= 2, D=1
Square root transformed d= 0, D=2; d= 1, D=2; d= 2, D=2; d= 2, D=1
Cube root transformed d= 0, D=2; d=2, D=2; d=1, D=2; d=2, D=1

Therefore, above stated differencing
schemes were used for developing the ARIMA
class of model for weekly rainfall. Based on the
information obtained from the ACF and PACF
of original, square root and cube root
transformed rainfall time series, the orders of
autoregressive (AR) and moving average (MA)

terms were identified as two. Based on this,
seventy-two forms of ARIMA models were
identified for each differencing scheme. For
example, for the differencing schemes d=0;
D=1 the tentative seventy-two forms of ARIMA
models that were identified are given Table 1.

Table 1. Forms of ARIMA models for the differencing order d=0; D=1

1 ARIMA (0,0,1) (0,1,0) 52
2 ARIMA (0,0,1) (1,1,0) 52
3 ARIMA (0,0,1) (2,1,0) 52
4 ARIMA (0,0,2) (0,1,0) 52
5 ARIMA (0,0,2) (1,1,0) 52
6 ARIMA (0,0,2) (2,1,0) 52
7 ARIMA (1,0,0) (0,1,0) 52
8 ARIMA (1,0,0) (1,1,0) 52
9 ARIMA (1,0,0) (2,1,0) 52
10 ARIMA (1,0,1) (0,1,0) 52
11 ARIMA (1,0,1) (1,1,0) 52
12 ARIMA (1,0,1) (2,1,0) 52
13 ARIMA (1,0,2) (0,1,0) 52
14 ARIMA (1,0,2) (1,1,0) 52
15 ARIMA (1,0,2) (2,1,0) 52
16 ARIMA (2,0,0) (0,1,0) 52
17 ARIMA (2,0,0) (1,1,0) 52
18 ARIMA (2,0,0) (2,1,0) 52
19 ARIMA (2,0,1) (0,1,0) 52
20 ARIMA (2,0,1) (1,1,0) 52
21 ARIMA (2,0,1) (2,1,0) 52
22 ARIMA (2,0,2) (0,1,0) 52
23 ARIMA (2,0,2) (1,1,0) 52
24 ARIMA (2,0,2) (2,1,0) 52

25 ARIMA (0,0,1) (0,1,1) 52
26 ARIMA (0,0,1) (1,1,1) 52
27 ARIMA (0,0,1) (2,1,1) 52
28 ARIMA (0,0,2) (0,1,1) 52
29 ARIMA (0,0,2) (1,1,1) 52
30 ARIMA (0,0,2) (2,1,1) 52
31 ARIMA (1,0,0) (0,1,1) 52
32 ARIMA (1,0,0) (1,1,1) 52
33 ARIMA (1,0,0) (2,1,1) 52
34 ARIMA (1,0,1) (0,1,1) 52
35 ARIMA (1,0,1) (1,1,1) 52
36 ARIMA (1,0,1) (2,1,1) 52
37 ARIMA (1,0,2) (0,1,1) 52
38 ARIMA (1,0,2) (1,1,1) 52
39 ARIMA (1,0,2) (2,1,1) 52
40 ARIMA (2,0,0) (0,1,1) 52
41 ARIMA (2,0,0) (1,1,1) 52
42 ARIMA (2,0,0) (2,1,1) 52
43 ARIMA (2,0,1) (0,1,1) 52
44 ARIMA (2,0,1) (1,1,1) 52
45 ARIMA (2,0,1) (2,1,1) 52
46 ARIMA (2,0,2) (0,1,1) 52
47 ARIMA (2,0,2) (1,1,1) 52
48 ARIMA (2,0,2) (2,1,1) 52

49 ARIMA (0,0,1) (0,1,2) 52
50 ARIMA (0,0,1) (1,1,2) 52
51 ARIMA (0,0,1) (2,1,2) 52
52 ARIMA (0,0,2) (0,1,2) 52
53 ARIMA (0,0,2) (1,1,2) 52
54 ARIMA (0,0,2) (2,1,2) 52
55 ARIMA (1,0,0) (0,1,2) 52
56 ARIMA (1,0,0) (1,1,2) 52
57 ARIMA (1,0,0) (2,1,2) 52
58 ARIMA (1,0,1) (0,1,2) 52
59 ARIMA (1,0,1) (1,1,2) 52
60 ARIMA (1,0,1) (2,1,2) 52
61 ARIMA (1,0,2) (0,1,2) 52
62 ARIMA (1,0,2) (1,1,2) 52
63 ARIMA (1,0,2) (2,1,2) 52
64 ARIMA (2,0,0) (0,1,2) 52
65 ARIMA (2,0,0) (1,1,2) 52
66 ARIMA (2,0,0) (2,1,2) 52
67 ARIMA (2,0,1) (0,1,2) 52
68 ARIMA (2,0,1) (1,1,2) 52
69 ARIMA (2,0,1) (2,1,2) 52
70 ARIMA (2,0,2) (0,1,2) 52
71 ARIMA (2,0,2) (1,1,2) 52
72 ARIMA (2,0,2) (2,1,2) 52

Sr. no. ARIMA model Sr. no. ARIMA model Sr. no. ARIMA model



In this way for above differencing schemes of
original (4*72=288), square root(4*72=288)
and cube root (4*72=288) rainfall time series
eight hundred sixty-four models (288+288+
288=864) were identified and parameters were
computed by maximum likelihood method.

3. Determination of parameters of models 

The following parameters of the selected
ARIMA models were calculated by maximum

likelihood methods.

1. f1 2. f2 3. q1 4. q2 5. F1

6. F2 7. Q1 8. Q1 9. Constant - C

As an example, the model parameters along
with the values of parameter estimates and
Akaike Information Criteria (AIC) of original
rainfall time series is given in Tables 2 for Rahuri
tahsil.
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Table 2. Parameter estimates and AIC values of different selected ARIMA models of Original rainfall time series for Rahuri
tahsil

Model Parameter
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––  
C f1 f2 q1 q2 F1 F2 Q1 Q1 AIC

ARIMA(021)(020)52 0.00077 0.9985 18137.68
ARIMA(021)(022)52 0.000127 0.9999 1.0652 -0.1205 16536.90
ARIMA(021)(121)52 0.001002 0.9973 -0.439 0.9968 16303.99
ARIMA(021)(222)52 0.000158 0.9994 -0.545 -0.1471 0.768 0.187 16315.28
ARIMA(021)(220)52 0.00018 1 -0.9778 -0.4643 16888.27
ARIMA(022)(022)52 0.00006 1.0063 -0.041 1.0997 -0.154 16492.28
ARIMA(022)(122)52 0.00003 0.7893 0.2087 -0.408 0.498 0.261 17013.59
ARIMA(022)(221)52 0 0.7553 0.1947 -0.4065 -0.2391 0.4684 17148.17
ARIMA(120)(020)52 0 -0.5956 19037.40
ARIMA(120)(022)52 0 -0.6327 1.7045 -0.7274 16865.64
ARIMA(120)(121)52 0 -0.6258 -0.4974 0.9975 17147.09
ARIMA(120)(220)52 0 -0.6335 -1.0112 -0.4981 17738.88

4. Diagnostic checking 

To check the adequacy of the model,
Autocorrelation function (ACF) and partial
autocorrelation function (PACF) of residual series
and Akaike Information Criteria (AIC) was used.

1 ACF and PACF of residual series

If the model is adequate at describing
behavior of rainfall time series, the residuals of
model should be correlated i.e. all ACF and
PACF should lie within the limits calculated by
equation (10) and (11) after lag k=2s+2,
where‘s’ is the number of periods. In this case,
value of k is 106. The ACF and PACF with limits
prescribed by equation (10) and (11) for all
above mentioned ARIMA models of each series

were observed for selection of the ACF and
PACF residual criteria. As an example, the
graph of ACF and PACF of residuals of some of
selected ARIMA models are shown in Fig. 10. 



It is observed from the figures of ACF and
PACF of residual of different ARIMA models, 68
ARIMA models of original rainfall time series,
97 ARIMA models of square root transformed
rainfall time series and 96 ARIMA models of
cube root transformed rainfall time series lie
within the limits prescribed by equation (10) and
(11) after 106 lags, i.e. these models satisfied
the ACF and PACF of residual test. 

2. Akaike Information Criteria (AIC)

AIC values are computed for all the identified
ARIMA models which passed the ACF and
PACF of residual series test three rainfall time
series. The models with less AIC (Akaike, 1974)
values are considered as the best. The first ten
models of original and transformed rainfall series
with less AIC values that satisfy ACF and PACF
of residual criteria are selected as the best model
and which are used for further validation. These
models are given in Table 4.

5.  Selection of the Best ARIMA Model

The rainfall values were forecasted for year
2012 with the help of identified ARIMA models.
These values were compared with the actual
value of one year by calculating root mean
square error (RMSE) between them. The RMSE
values for all identified models of different rainfall
time series are given in Table 5.

Based on the values of RMSE of the original
and transformed rainfall, ARIMA (0, 0, 1), (2, 1,
1)52 of square root rainfall series model shows
the lowest RMSE value i.e. 1.278. Therefore,
ARIMA (0, 0, 1), (2, 1, 1)52 of square root
rainfall series model is selected for forecasting
and generation of weekly rainfall values. The
values of the parameter of the models which are
finalized for forecasting and generation of
weekly rainfall for Rahuri tahsil i q1= -0.1467;
F1= 0.0271; F2= 0.0323; Q1= 0.9429 and
C= 0.01139. The graphical representation of
actual and forecasted rainfall values are
compared and shown in the Fig. 11 and 12.
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a. ACF and PACF of the residual of original
rainfall series obtained from ARIMA (011)
(100)52 model

b. ACF and PACF of the residual of original
rainfall series obtained from ARIMA (011)
(101)52 model

Fig. 10. Autocorrelation and partial
autocorrelation of residual patterns
of some selected differenced rainfall
series (i.e. original, Square root and
cube root transformed series).



Conclusions

The seasonal Autoregressive Integrated
moving average of (0, 0, 1), (2, 1, 1)52 model
of square root rainfall series was selected for
forecasting of weekly rainfall values for Rahuri
rainfall tahsil. The values of the parameter of the
models which are finalized for forecasting and
generation of weekly rainfall for Rahuri rainfall
tahsil is: q1= -0.1467; F1= 0.0271; F2=
0.0323; Q1= 0.9429 and C= 0.01139. The
ARIMA class models fails to forecast the peak
values of rainfall.
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(a)

(b)

Fig. 11. Graph of a) weekly b) monthly and
annual actual and forecasted rainfall
using  ARIMA (0, 0, 1) (2, 1, 1)52
models 
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Evaporation is related to water losses from
the surface of a water body. A variable and
countable quantity of water is lost every year by
evaporation from storage reservoirs. Most of the
usable fresh water is retained in lakes and
reservoirs, but this type of storage allows for the
greatest loss by evaporation. Evaporation losses
may account up to 50% of total storage losses
in open shallow reservoirs and upto 20% in
deep reservoirs (Walton, 1969). It has been
known for a long time that monomolecular
duplex films of certain surfactants can retard
water evaporation. This seems to be the only
viable technology for reducing the evaporative
losses of water from reservoirs.

Central Water Commission in 1990
reviewed the assessment of evaporation losses.

Average annual evaporation from reservoirs/
water bodies in India varies from 150 cm to 300
cm. The total surface area of existing large and
medium storages, tanks and lakes in the country
is of the order of 12,000 Sq. Km. This is likely
to increase to about 25,000 Sq. Km at the
ultimate stage of development. Assuming annual
evaporation loss rate of 225 cm, the
evaporation loss from existing water bodies
works out to be 27,000 MCM. In the ultimate
stage, the evaporation losses may be of the
order of 56,000 MCM. 

Central Water Commission in 2006 stated
that it may not, however, be possible to take
remedial measures of evapo-retardation on all
storages/water bodies. Assuming even 20% of
the above area falls in scarcity and drought
areas, it may be necessary to tackle around
2,400 Sq.Km. of surface area in the present
stage and about 5,000 Sq. Km at the ultimate
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Abstract
Farm ponds are constructed on large scale in the state for rain water harvesting at farm level. However it

has been observed that most of the storage water is lost due to evaporation from the ponds during winter and
summer seasons. Hence, there is an urgent need to focus on reduction of evaporation losses from the farm
pond. More than 20% area of the country falls under rain scarcity and drought area wherein there is an urgent
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conducted with different evaporation retardants for reducing the loss of water through evaporation from farm
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farms of Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani. Among all the treatments, the treatment
of application of cetyl alcohol @ 20 mg sq-1. m at an interval of 10 days is found to be effective in reducing
evaporation loss in the tune of 54 to 59 per cent. In application of neem and vegetable oils, the evaporation
rate was reduced up to the tune of 20-27%. Considering the water availability for entire four months period
after monsoon season in the farm pond, the cost of application of cetyl alcohol is found to be less as compared
to cost of application of neem and vegetable oils. 

Key words : Cetyl alcohol, Evapo-retardants, Farm pond, Neem oil and  vegetable oils.

1. Agril. Engineer, Dryland Research Centre, VNMKV,
Parbhani, 2. Director of Research, VNMKV, Parbhani and
3. Agril. Assistant, AICRP for Dryland Agriculture, VNMKV,
Parbhani.



stage. It is further seen that about 30% of
evaporation retardation may be achieved by
known evapo-retardation methods. Thus, it may
perhaps be possible to effect a saving to the
extent of 1,620 MCM at present and 3,375
MCM at the ultimate stage. Further reduction in
evaporation losses may be possible with
development of cost effective and economic
methods of evapo-retardation.

Water savings due to application of evapo-
retardants has been reported in the tune of 10-
33%. It is observed that evaporation was almost
same from 100 sq. m. and 20 sq. m evaporation
tanks (Burt et. al., 2005). Farm ponds are
constructed on large scale in the state for rain
water harvesting on individual farm level.
However, it has been observed that most of the
storage water is lost through evaporation from
these ponds. Therefore, studies on performance
evaluation various evapo-retardants was
conducted on various farm ponds constructed
on experimental farm of Vasantrao Naik
Marathwada Krishi Vidyapeeth, Parbhani since
2017 to 2019. 

Material and Methods

A study was conducted with different evapo-
retardants for reducing the loss of water through
evaporation from farm ponds.  The experiment
was conducted on 5 different farm ponds which
were constructed in the experimental farms of
Vasantrao Naik Marathwada Krishi Vidyapeeth,
Parbhani. The region falls under semi-arid
tropics having average highest maximum
temperature of 43°C during month of May;
while the lowest temperature of 11°C during
December.  The rainfall is uneven, erratic and
varies from year to year. The rate of evaporation
was measured with standard procedure as in
open pan evaporation. The data on water levels
in farm ponds and reduced water levels due to
evaporation was recorded and analysed. The
daily rainfall and pan evaporation data was

collected from the Department of Agricultural
Meteorology, VNMKV, Parbhani. The treatment
details of the study are as follow.

Treatments details : T1 : Neem oil @50
ml sq-1. m. every after 10 days, T2 : Vegetable
oil @50 ml sq-1. m. every after 10 days, T3 :
Cetyl alcohol @20 mg sq-1. m. every after 10
days, T4 : Cetyl alcohol @30 mg sq-1. m. every
after 10 days and T5 : Control

The various evapo-retardants were applied
on various farm ponds during winter and
summer season. The water levels in various farm
ponds were recorded periodically and the
reduction in water levels were worked out. 

Results and discussion

The data on reduction in evaporation rate as
influenced by various evaporation control agents
during the period of 2017 to 2019 (winter
season) is presented in Table 1.

Data revealed that during the above period,
the cumulative evaporation was found to be 989
mm. Among all the treatments, the treatment
application of cetyl alcohol @ 20 mg sq-1. m.
and 30 mg sq-1. m at an interval of 10 days was
found to be effective as compared control.
Similarly, application of neem oil and vegetable
oil @ 50 mg sq-1. m at an interval of 10 days
reduces evaporation in the tune of 20 to 27 per
cent as compared to control. 
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Table 1. Reduction in evaporation rate as influenced by
various treatments during 2017 to 2019 (Winter
season: October to January)

Treat- 2017 2018 2019 Mean % reduction 
ments in evaporation

compared to
control

T1 719 715 724 719 27.3
T2 789 795 791 791 20.0
T3 460 456 455 455 54.0
T4 399 405 401 401 59.4
T5 989 989 989 989



The study results on reduction in evaporation
rate as influenced by various evaporation control
practices during the period of 2017 to 2019 for
summer season is presented in Table 2.

Data revealed that during the above period,
the cumulative evaporation was found to be
1216 mm. Among all the treatments, the
treatment application of cetyl alcohol @ 20 mg
sq-1. m. and 30 mg sq-1. m at an interval of 10
days was found to be effective as compared
control. Similarly, application of neem oil and
vegetable oil @ 50 mg sq-1. m at an interval of
10 days reduces evaporation in the tune of 22
to 23 per cent as compared to control. 

The application of cetyl alcohol with various
rates was found to be effective in reducing
evaporation rate in the tune of 54% to 58%.
During the month of February to May, the
maximum temperature of 44.8 0C was recorded
in the month of May with a wind velocity of 11.6
km hr-1. During the same period, the pan
evaporation rate was recorded to be 19.8 mm
day-1.

Cooly (1983) conducted long term studies on
evaporation reduction in tanks and found that
water loss could be checked due to evapo-
retardants. Jat et al., (2010) studied the
performance evaluation of various evapo-
retardants in various farm pond and found that
evapo-retardants reduced water loss due to
evaporation from farm ponds. Khan (1992)
studied the evaporation from free water bodies
and suggested remedial measures. Similarly,
Kriedeman et al., (1963) conducted study on
application of cetyl alcohol for reducing water
loss due to evaporation from tanks. The results
of the present study confirms the results of the
previous studies.

Cost economics : The cost of application
of various evaporation control agent per sq. m
is presented in Table 3. The data showed that

the cost of cetyl alcohol is found to very less as
compared to the cost of neem oil and vegetable
oil.

The cost of application of evaporation
control agent for a standard size of farm pond is
worked out and presented in Table 4.

Considering the water availability in farm
pond for four month period after monsoon
season, the gross rate of application of
evaporation control agents is presented in Table
5. It is found that the cost of application of cetyl
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Table 2. Reduction in evaporation rate as influenced by
various treatments during 2017 to 2019
(Summer season: February to May)

Treat- 2017 2018 2019 Mean % reduction 
ments in evaporation

compared to
control

T1 942 925 957 941 22.61
T2 926 945 938 936 23.02
T3 552 565 534 550 54.76
T4 502 498 516 505 58.47
T5 1216 1216 1216 1216

Table 3. Cost of each evaporation agent

Evaporation retarding Quantity Cost 
agent sq. m-1 Rs. sqm-1

Neem oil 50 ml 7.00
Vegetable oil 50 ml 3.50
Cetyl alcohol 20 mg 0.70

30 mg 1.04

Table 4. Cost of application for evaporation control agents
for farm pond in one application

Size of Surface    Cost (Rs.)  per  application
farm water –––––––––––––––––––––––––––––
pond spread Cetyl  Cetyl Neem Vege- 

area, alco- alco- oil table
sq. m hol hol @ 50 oil

@ 20 @ 30 ml @ 50 
mg mg ml

20 x 20 m 400 280 416 2800 1400
25 x 25 m 625 437.5 650 4375 2187.5
30 x 30 m 900 630 936 6300 3150



alcohol is very less as compared to cost of
application  of neem oil and vegetable oil.

Conclusions

1. Application of cetyl alcohol @ 20 mg sq-1. m
at an interval of 10 days is found to be
effective in reducing water loss due to
evaporation in the tune of 54 to 59 per cent
in farm ponds as compared to other evapo-
retardants.

2. The cost of application of cetyl alcohol is
found to be less and hence found economical
as compared to the cost of neem and
vegetable oil.
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Table 5. Cost of evaporation retardants agents for four months duration in farm pond

Evaporation control No. of application agent Cost of application Rs.
––––––––––––––––––––––––––––––––––––––––
Farm pond Farm pond 
30 x 30m 20 x 20m 
(900 m2) (400 m2)

Neem oil 12 applications every after 10 days 50400 22400
Vegetable oil 12 applications every after 10 days 25200 11200
Cetyl alcohol 12 applications every after 10 days 7560 3360

12 applications every after 10 days 11232 4992
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