




Effect of Climate Change on Nutrient Intake and Haemoglobin Content of Rural Adolescent 
Girls - T. N. Khan, Jyotsna Nerlekar and  Archana  Bhoyar                                                             003

Simulated Impacts of Elevated Temperature and CO2 on Maize Yield for Northern 
Transitional Zone of Karnataka - Achenef Tigabu Belay and R. H. Patil                                       012

Yield Variability of Maize Hybrids to Climate Change in Northen Karnataka: DSSAT Model
Analysis - M. G. Pradeep and R. H. Patil                                                                                       018

Role of Potassium Balanced and Split of Fertilizers for Enhancing Production and Quality 
of Soybean on Inceptisol - V. S. Patil, B. G. Rathod, R. P Andhle, S. R. Patil, P. G. Jamdade 
and A. D. Tambe                                                                                                                           023

Development of Modified Crop Coefficients Based on Weather Parameters of Aurangabad for
Rabi Crop - H. W. Awari, U. M. Khodke, V. K. Ingle and S. D. Vikhe                                             029

Thermal Requirement of Sesamum (Sesamum indicum L.) Varieties at Different 
Phenological Stages Under Varied Weather Condition - D. M. Sawant,  U. N.  Alse, 
B. V. Asewar  and  A. M. Khobragade                                                                                            034

Performance of Front Line Demonstration of Groundnut Variety TKG-Bold in Konkan 
Region of Maharashtra - V. C. Navhale, B. D. Waghmode, A. S. Kamble, B. L. Thaware and 
S. G. Bhave                                                                                                                                  038

Konkan Bhuratna A High Yielding Groundnut Variety Released for Climatic Condition of 
Konkan Region - B. D. Waghmode, V. C. Navhale, A. S. Kamble, N. G. Sonone, B. L. Thaware 
and P. M. Haldankar                                                                                                                      042

Effect of Hydrogel Management on Productivity of Summer Groundnut in Climatic 
Condition of Konkan Region - A. S. Kamble, B. D. Waghmode*, V. C. Navhale and 
U. V. Mahadkar                                                                                                                             049

Effect of Drip Fertigation on Growth, Weed Dynamics, Yield and Economics of Pigeon pea -
S. U. Kakade, L. A. Mohurle, V. M. Bhale, and J. P. Deshmukh                                                        051

Integrated Weed Management in Turmeric - J. P. Deshmukh , S. U. Kakade, P. G. Ingole, 
P. V. Shingrup, and M. S. Solanke                                                                                                  058

Comparative Economics of BT-Cotton vis-à-vis NHH-44 under Drought Prone Area of
Marathwada Region of Maharashtra - D. T. Pathrikar and P. H. Gourkhede                                063

Effect of Some Abiotic Factors on the Incidence of Major Insect Pests of Sugarcane 
Ecosystem - G. K. Lande, S. V. Patil, N. K. Patke and A. B. Kandalkar                                           072

Journal of Agriculture Research and Technology

CONTENTS

Volume 44                                                Number 1                                           January 2019



Survey and Surveillance of Major Insect Pests of Sugarcane Ecosystem in Vidarbha 
Region - G. K. Lande, N. K. Patke, S. V. Patil and A. B. Kandalkar                                                 076

Evaluation of Sowing Time for Kharif Groundnut and Validation by DSSAT-4.5 -
A. R. Tupe, S. T More, V. M. Bhale, M. Y. Ladole and B. V. Saoji                                                    082

Performance of Different Nutrient Sources and INM on Yield Attributes and Yield of 
Soybean (Glycine max L. Merrill) and Soil Properties under aberrant weather condition 
in Vertisol - R. N. Khandare, G. K. Gaikwad, H. K. Kausadikar, V. A. Kadam and A. S. Karle           087

Effect of Salicylic Acid on Growth and Yield of Onion (Allium Cepa L.) - S. B. Nangare, 
S. D. Gaikwad, S. S. Dighe  and M. N. Bhalekar                                                                              093

Effect of Growth Regulators on Growth and Yield of Hirsutum Cotton under High Density
Planting - A. S. Jadhav and  G. P. Bhosle                                                                                      100

Weed Management in Cotton + Soybean Intercropping System with Different Weedicides -
A. S. Jadhav and  G. P. Bhosle                                                                                                       103

Analysis of Technological Gap in Adoption of Dairy Management Practices -
Umesh R. Chinchmalatpure, R. T. Katole and S. P. Lambe                                                               106

Journal of Agriculture Research and Technology2

______________



Adolescents are large and growing segment
of the world’s population more than half of the
world’s population is below the age of 25, and
one in every two young people in the world is
adolescent. (WHO/UNFPA/UNICEF 1999).
Adolescents form a crucial segment of
population and constitute, the vital bridge
between the present and the next generation
(Raman, 1992). Adolescent girls are backbone
of progressive family and future builders of
positive health of community. 

In the Indian sub-continent, female
nutritional stress begins in childhood and
continues through adolescence into adult
therefore attention to nutrition is called for
throughout the life cycle of females. Nutrient
intake has an influence on health  and
development of several chronic diseases.
Number of adolescent in India particularly girls
live under suboptimal conditions marked by poor
nutritional status and high level of morbidity and
mortality. Nutritional adequacy is one of the key
determinants of the quality of human life. The
nutritional status of adolescent girls is a direct

reflection of the cumulative effects of availability
of food in terms of quality and quantity and the
ability to digest, absorb, and utilize food. Food
availability is not only influenced by dietary
practices, cultural traditions, family structure,
birth intervals, and meal pattern and food
allocation but also influenced by seasonal
variability. Unfortunately assessment of
nutritional status of adolescent girls has been the
least explored area of research particularly in
rural India. 

India is a country with diverse agro-climatic
condition which favors the cultivation and
availability of wide array of foods specially fruits
and vegetables. Seasonal and climatic changes
determine the agricultural cropping pattern and
vary the production and availability of local food
stuffs, thus affecting the household food security,
dietary practices in turn of nutritional status of
population. Seasonal variation in nutritional
status is important factors influencing the growth
and well-being of adolescent girls. Seasonal
elevations of dietary and disease stresses are of
particular interest since such fluctuations may
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Abstract
A total number of 150 rural  adolescent girls were surveyed. The information regarding socioeconomic

status, anthropometric measurements, food and nutrient intake and haemoglobin content was collected. The
selected subjects were personally interviewed with the help of questionnaire. The  effect of climate on
anthropometric measurements, food , nutrient and  haemoglonin content was assessed in  the  summer (pre)
and winter (post) season. The results indicated that there was a significant impact of season on the  nutrient
intake  and haemoglobin content of adolescent girls. It was also exhibited from the results of the study that the
availability of green leafy vegetables, fruits , milk and milk product in winter season increased  the consumption
of food  ultimately enhanced  the nutrient intake and  haemoglobin content of the adolescent girls.
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precipitate the development of malnutrition
among adolescent girls. Consequently, seasonal
climatic variation may represent a significant risk
factor in terms of health and survival of
adolescents. Seasonal variation in the level of
nutritional and disease stress may severely affect
the health  and nutritional adequacy of
adolescent girls. 

The frequency of consumption of green leafy
vegetables by the adolescent girls is reported to
be higher during rainy and winter compared to
summer season. Rainy and winter season are
ascribed to availability and consumption of green
leafy vegetables and other foods rich in blood
forming nutrients like orange, papaya, guava,
carrot, grapes, amla and pumpkin. This is
contributed to improvement in haemoglobin
level (Deepa et al. 2004a).

Understanding seasonal variation in food
intake is critically important for accurately
assessing the adequacy of nutrient intake of
population in order to inform the selection and
design of proper strategies to reduce
micronutrient deficiencies.

Lack of knowledge of the dietary
requirements and the nutritive value of different
foods is the main contributory cause for the
widespread occurrence of malnutrition in
developing countries. Hence, present study has
been focused to examine the seasonal changes
in nutritional status of adolescent girls in terms
of anthropometry, dietary adequacy and
haemoglobin content of adolescent girls.

Materials and Methods

A total number of 150 rural adolescent girls
aged 13-15 years were selected randomly from
Pokharni village, Parbhani District of
Maharashtra state. The information regarding
socioeconomic status was collected through
personal interview technique using the
structured schedule. The haemoglobin content

was estimated by Cyanometheamoglobin
method Crossby et al. (1954) 

The effect of climate on nutrient intake,
anthropometric measurements, and
haemoglobin content was studied in summer
and winter season. The food consumption was
collected by  24 Hour Recall Method for 3
consecutive days to assess the dietary intake of
the subjects in both the seasons. The average
daily intake was calculated by using the “ Diet
Soft software”. The food and nutrient intake was
compared with the suggested dietary intake
(SDI, ICMR 2010) for balanced diet and
recommended dietary allowances (RDA, ICMR-
2010) respectively. The percent adequacy of
nutrients intake were calculated.  The
anthropometric measurements of the selected
adolescent girls were measured by following
standard procedures as prescribed by Jelliffe
(1966). The anthropometric measurements like,
height (cm), weight (kg), mid upper arm
circumference (cm) were recorded and BMI was
calculated.       

Results and Discussion

The data regarding general information of
selected adolescent girls is shown in  Table 1.
Majority of the adolescent girls were belonging
to the nuclear  families (65.33%) whereas (18
%) were belonging  to joint  families followed by

Khan et al.4

Table 1. Socio-economic information of the adolescent
girls 

Particulars Number Per cent

Family type Nuclear 98 65.33
Joint 27 18
Extended 25 16.66

Income of Rs.< 5000
the family Rs.>5,000-10,000 32 21.33

Rs.>10,000-15,000 68 45.33
Rs. >15,000 40 26.66

Food habit Vegetarian 114 76.00
Non-vegetarian 36 24.00

Meal pattern 2 time 116 77.33
day-1 3 time 31 20.66



extended families (16.66 %).  Maximum number
of families were having income  Rs. > 10,000-
15,000 (45.33 %) followed by Rs. > 15,000
(26.66 %) and  21.33 per cent  families were
having income Rs.>5,000-10,000. None of the
families were found to have the income Rs. <
5000. Majority of the selected adolescent girls
were vegetarian (76) and (24) were non
vegetarian. Two meal pattern was followed by
highest per cent of families (79.33%)  Whereas
three  meal pattern was followed by 20.66 per
cent families. 

The mean daily food intake and per cent
adequacy of food intake  by selected adolescent
girls are presented in Table 2 and Table 3.  The
data revealed that the seasonal variation in
consumption of cereals among the selected
adolescent girls as 202.15 ± 35.44 and 250.50
± 38.41 g in summer and winter season. The
variation in cereal intake was found to be
significantly (p�0.01) higher in winter. It was
further revealed that the per cent adequacy of
cereals was observed as 61.21 and 75.90 for
summer and winter. The intake of cereal was
found to inadequate (< 90% of SDI) in both the
seasons.   Zanvar and Devi (2007) reported that
mean daily consumption of cereals among
adolescent girls (13-18 years) ranged between
245.13 to 277.92g which was lesser as

compared to ICMR recommendation. Singla
(2011) also reported the 200 ± 1.00 g mean
daily cereal intake of adolescent girls which was
found to be less than the recommendation.

The mean daily intake of pulses and legumes
was 41.57 ± 9.91 and 55.54 ± 18.40 g in
summer and winter season. A significantly
(p�0.01) higher consumption of pulses was
observed in winter season. The per cent
adequacy of pulses and legumes was recorded
as 69.28 and 92.56 for summer and winter
which was found to be inadequate when
compared with suggested dietary intake. Lower
intake of pulses by approximately 22 per cent

Journal of Agriculture Research and Technology 5

Table 2. Seasonal variation in mean food intake of selected adolescent girls (n=150)

Food groups Daily food intake
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Summer Winter t test

Cereals and millets 202.15 ± 35.44 250.50 ± 38.41 11.31**
Pulses and legumes 41.57 ± 9.91 55.54 ± 18.40 8.21**
Green leafy vegetables 60.14 ± 26.63 83.43 ± 28.38 7.34**
Roots and tubers 83.74 ± 44.91 96 ± 37.37 2.57*
Other vegetables 103.48 ± 41.16 130.85 ± 27.88 6.74**
Fruits 64 ± 31.19 91.43 ± 21.89 8.82**
Milk and milk products 135 ± 59.54 156.71 ± 48.16 3.48**
Fat and oils 26.85 ± 8.28 34 ± 7.65 7.7**
Sugar and jaggery 24.14 ± 7.51 25.71 ± 8.20 1.74NS

**- Significant at 1% level, *- Significant at 5% level   NS-Non significant 

Table 3. Seasonal variation in per cent adequacy of food
intake by selected adolescent girls (n=150)

Food groups Daily food intake
––––––––––––––––––––––––––––

Summer Winter

Cereals and millets 330 61.21 75.90
Pulses and legumes 60 69.28 92.56
Green leafy vegetables 100 60.14 83.43
Roots and tubers 100 83.74 96
Other vegetables 200 51.74 65.42
Fruits 100 64.00 91.43
Milk and milk products 500 27.00 31.34
Fat and oils 40 67.12 85
Sugar and jaggery 25 96.56 102.84



than the suggested dietary intakes of ICMR was
also reported by Goswami et al. (2009). Singla
(2011) also reported the 45.04 ± 17.92 g mean
daily pulses intake which was found to be less
than the recommendation. 

The mean intake of green leafy vegetables as
60.14 ± 26.63 and 83.43±28.38 g during
summer and winter season depicting a
significant (p�0.01) difference in both the
season. The per cent adequacy of green leafy
vegetables was found to be 69.28 in summer
and 92.56 in winter when compared with
suggested dietary intake. Sajjan (2008) reported
that prevalence of anaemia was common among
adolescent girls due to fewer intakes of green
leafy vegetables. An inadequate consumption of
green leafy vegetables (GLVs) was reported by
Srimani et al. (2008). In the present study, it is
observed that commonly available green leafy
vegetables in winter season were spinach,
fenugreek, Bengal gram, radish, onion leaves,
coriander leaves, curry leaves, and mint which
were available in plenty and at affordable cost
during winter season. The reason of  low intake
of green leafy vegetables in summer season
contributed to the inadequate availability of
green leafy vegetables. A negligible and very
little intake of green leafy vegetables during
summer season was also reported by Tatia and
Taneja (2003) and Dahiya (2003).  

The per cent adequacy of other vegetables
was found to be 51.74 in summer and 65.42
per cent in winter when compared with
suggested dietary intake showing a little intake
of vegetables. Goswami (2008) reported that no
significant difference was observed in the
consumption of other vegetables by subjects.
Nahar et al (2009) reported that consumption
of other vegetables was 43 and 54g among
subjects of Jalandhar and Kapurthala which was
less than ICMR recommendations. 

The average fruit intake was reported as

64.0 ± 31.19 and  91.43 ± 21.89 g in summer
and winter among selected adolescent girls. A
significantly (p�0.01) higher consumption of
fruits was observed in winter season. The per
cent adequacy  of consumption of fruits by
selected adolescent girls in summer and winter
was reported as 64.0 and 91.43. Fruits are
seasonal and available in huge amount during its
peak season at low price that’s why during
winter season the consumption was found to be
higher whereas due to inadequate availability of
fruits like grapes, orange amla etc. during
summer it contributed to the lower intake of
fruits among adolescents in the present study.
Videon and Manning (2003) also reported that
the consumption of fruits was 55 per cent
among adolescents. 

The average intake of milk and milk products
was observed as 135.0 ± 59.54 and 156.71 ±
48.16 g in summer and winter season. The
seasonal variation in intake was significantly (p �
0.01) higher during winter than summer season,
since the production and availability of milk and
milk products are observed higher in winter
season. The adequacy of milk and milk products
was reported to be only 27 and 31.34 per cent
in summer and winter season. Videon and
Manning (2003) also reported the inadequate
consumption of milk and milk products among
adolescents.

The data revealed that the seasonal variation
in consumption of visible fat and oils among the
selected adolescent girls as 26.85 ± 8.28 and
34 ± 7.65 g in summer and winter seasons. The
variation in the intake of fats and oils was found
to be significantly (p�0.01) higher in winter than
summer. It was further revealed that the per cent
adequacy of fats and oils was observed as 67.12
and 85 for summer and winter. The intake of fat
and oils was found to be inadequate (< 90% of
SDI) in summer season. The higher intake of fats
and oil during winter season was contributed by
more consumption of fried foods, butter by

Kham et al.6



majority of subjects due to festivals. Singla
(2011) also reported the higher intake of fats &
oils among adolescent girls  

The mean daily intake of sugar and jaggery
was observed as 24.14 ± 7.51 and 25.71 ±
8.20 g among selected adolescent girls in
summer and winter season depicting non
significant variation in both the seasons. The
results further showed that the per cent
adequacy was higher in winter (102.84%) than
summer (96.56%) season. The intake of sugar
and jaggery was found to be 25 and 22 g among
children of Jalandhar and Kapurthala was
reported by Nahar et al. (2009). 

In a nut shell mean intake of cereal and
millets, pulses and legumes, green leafy
vegetables, roots and tuber and milk and milk
products was found to be significantly higher in
winter as compared to summer season but their
intake was lower as compared to RDA. In
present study, daily diet of adolescent girls was
inadequate in terms of all the food groups in
both seasons except sugar and fat in winter
season.                    

The mean daily intake of nutrients by the
selected adolescent girls and per cent adequacy
of the nutrients is presented in Table 4 and 5.
The mean daily intake of energy was observed
significantly (p�0.01) higher in winter (1779.74
± 148.4 Kcal) as compared to summer season
(1536.05±124.09 Kcal). The per cent adequacy
of energy intake by the subjects was found to be
higher in winter (76.38%) as compared to
summer (65.92%) season. In the present study
the higher intake of energy in winter season was
recorded more due to the higher consumption
of total fat and oil in daily diet (133.47%). The
results were in line with the results of the study
conducted by Deepa et al. (2004b) which
reported significantly higher intake of energy
and protein among rural and urban subjects
during rainy seasons compared to summer and

winter, which can be attributed to increased food
intake, specially, cereals, pulses, fats and oils,
nuts and oilseeds, sugar and jaggery during rainy
season. 

The data revealed that on daily protein intake
by subjects in summer and winter was 45.56 ±
3.0 g and 49.74 ± 6.25 g. A significant (p�0.01)
difference was persisted in winter season. The
per cent adequacy of protein intake was 87.78
and 95.83 in the summer and winter season.
The average intake of protein was found to be
significantly higher in winter (95.83% of RDA)
as compared to summer (95.83% of RDA) but
lower than recommended allowances in both
seasons which can be attributed to inadequate
intake of pulses and legumes and milk and milk
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Table 5. Seasonal variation in per cent adequacy of
nutrient intake by selected adolescent girls

Nutrients RDA Summer Winter
–––––––––– –––––––––
Per cent Per cent
adequacy adequacy

Energy [Kcal] 2330 65.92 76.38
Protein [g] 51.9 87.78 95.83
Fat [g] 40.0 70.05 95.97
Calcium [mg] 800 88.13 110.12
Iron [mg] 27.0 67.57 81.29
Vitamin C [mg] 40.0 411.15 455.47

Table 4. Seasonal variation in mean daily nutrient intake
of selected adolescent girls

Nutrient Summer Winter t test
–––––––––––––––– –––––––––––––––
Mean ± SD Mean ± SD

Energy [Kcal] 1536.05±124.09 1779.74±148.4 7.45**

Protein [g] 45.56±3.0 49.74±6.25 10.40**

Fat [g] 28.02±5.93 38.39±6.81 3.52**

CHO [g] 225.82±28.62 261.22±29.21 5.12**

Minerals [g] 9.64±1.25 12.51±1.34 9.24**

Crude fibre [g] 10.4±2.14 13.97±3.13 5.46**

Calcium [mg] 705.10±205.17 880.99±186 3.76**

Iron [mg] 18.23±3.07 21.95±4.18 8.08**

Vitamin C [mg] 164.46±17.19 182.19±57.34   0.90NS

**- Significant at 1% level, NS- Non significant



products in summer as compared to winter
season. Sharma et al (2005) reported the mean
protein intake of 298 students as 44.09±20.9
g. The protein intake on an average was
reported to be less than 30 per cent of
recommended dietary allowances. The present
study is also supported by findings of Singla
(2011) which reported the inadequate intake of
protein among adolescent girls. 

The perusal of the data on the nutrient intake
revealed daily fat intake by the subjects in
summer and winter season as 28.02 ± 5.93 and
38.39 ± 6.81g. A significant (p�0.01) difference
persisted in winter season. The per cent
adequacy of fat intake was 70.05 and 95.97 in
the summer and winter season. The average
intake of fat was found to be significantly higher
and adequate in winter as compared to summer
season. A similar result reported by Jain (2012)
showed higher mean daily intake of fats in
winter season (59.1g) as compared to summer
season (48.9).

The average daily intake of calcium by
selected adolescent girls was observed as
705.10 ± 85.17 and 880.99 ± 186 mg in
summer and winter season. A significant
(p�0.01) difference was observed in mean
calcium intake which was recorded higher in
winter but lower than recommended allowances
in both seasons. The intake was found to be
inadequate and recorded as 88.13 and 110.12
per cent in summer and winter. The main reason
of inadequate intake of calcium during summer
season may be attributed to the highly
inadequate intake of milk and milk products and
green leafy vegetables by selected adolescent
girls. The finding of the present study was
supported by the finding of Singla (2011) which
reported inadequate 81 intake of calcium among
adolescent girls. 

The result  revealed average daily intake
of iron as 18.23 ± 3.07 and 21.95 ± 4.18 mg

in the summer and winter season. A significant
(p�0.01) difference was observed among
adolescent girls with having higher intake during
winter as compared to summer season. The
adequacy of iron was 67.57 and 81.29 per cent
during summer and winter season when
compared to recommended allowances of 27
mg day-1. The average intake was found to be
lower than the recommended intake in both the
seasons. The protective foods like green leafy
vegetables were available at affordable cost
during winter season, which might have
influenced higher intake of iron. 

The data showed mean ascorbic acid intake
in selected adolescent girls in summer and winter
season as 164.46 ± 17.19 and 182.19 ±
57.34 mg. No significant difference was
persisted in the intake of ascorbic acid during
both the season. The per cent adequacy was
found as 411.15 and 455.47 in summer and
winter season. The ascorbic acid intake was

Table 6. Seasonal variation in anthropometric profile of
adolescent girls

Anthropometric Summer Winter t test
measurements (n=150) (n=150)

Height (cm) 148.84 ± 4.80 151.11 ± 4.39 4.28**
Weight (kg) 39.63 ± 6.44 41.85 ± 6.45 3.00**
BMI (kg m-2) 17.82 ± 2.31 18.36 ± 2.25 2.07**
MUAC 19.71± 2.34 20.07 ± 2.12 1.44

BMI – Body mass index, MUAC- Mid Upper Arm
Circumference, **- Significant at 1% level, 
NS- Non significant     

Table 7. Comparison of mean anthropometric parameters
of selected adolescent girls with  the standard

Anthropometric NCHS Summer Winter
parameters stand- ––––––––––– ––––––––––

ards Percent of Percent of
NCHS NCHS
standards standards

Height (cm) 157 94.80 96.24
Weight (kg) 46 86.15 90.97
MUAC 24.75 79.63 81.09

Khan et al.8



lower in the summer than winter season. The
intake of ascorbic acid was found to be higher
in winter seasons as compared to recommended
allowances (40.0 mg day-1) which can be
attributed due to the increased availability and
consumption of green leafy vegetables, orange,
guava, amla during winter season which improve
ultimately the ascorbic acid intake by selected
adolescent girls. These results were in line with
the finding of Deepa et al. (2004b). Jain (2012)
also reported the significantly increased intake
of vitamin C during winter season (39.9 ± 24.3
mg) than summer season (38.8 ± 30.8 mg). 

Seasonal variation in anthropometric profile
of adolescent girls and its comparison with
NCHS standard has been presented in Table 6
and 7. The mean height of the selected
adolescent girls in summer and winter season
was observed as 148.84 ± 4.80 and 151.11 ±
4.39 cm .The difference of means was found to
be highly significant (p�0.01) The comparison of
present values with NCHS standards revealed
that the mean height was 94.80 and 96.24 in
summer and winter season. Adolescence is a
period of growth and development. Since the
measurement of height in winter season was
measured after five to six month which may be
associated with the increase of height in winter
season. 

The data indicated that mean weight of
adolescent girls was 39.63 ± 6.44 and 41.85 ±
6.45 kg and in summer and winter season. The
difference of means was found to be significant
(p�0.01. Data further reported that mean weight
was 86.15 and 89.23 per cent of NCHS
standards in summer and winter season. These
results were in line with the study of Jain (2012)
that reported the mean weight of the subjects
was 63.4 ± 12.2 kg in winter and 62.5 ± 11.5
kg in summer season. Kochar et al (2009)
conducted a study on adolescents and reported
the mean weight was 55.64 ± 6.12 kg. The
increase in weight during winter season may be

associated with higher intake of fat and other
nutrient as compared to summer. Moreover, the
data for winter season followed summer season.
So the increment of growth for a period of six
months may lead to higher weight during winter
season.

Similarly, the mean body mass index (BMI)
was significantly higher (18.16 kg m-2) during
winter as compared to summer (17.82 kg m-2)
season. According to WHO (1995)
recommended anthropometric indicators, the
BMI < 18.5 is considered as undernutrition.
These results were in line with the study of Jain
(2012) that reported the mean BMI of the
subjects as 25.0 ± 5.4 kg m-2 in winter and
24.4 ± 4.9 kg m-2 in summer season. Higher
anthropometric measurements during winter
seasons coincide with the availability and
utilization of foods. A similar study conducted in
an urban slum of Varanasi depicted that 70
percent of the adolescent girls had BMI < 20;
51.43 percent of the study subjects were
suffering from chronic energy deficiency while
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Table 8. Seasonal variation in haemoglobin content of
adolescent girls

Particulars Hemoglobin (g dl-1)
–––––––––––––––––––––––––––––––––––
Summer Winter

Range 7.53-10.67 8.41-11.29
Mean  ±SD 9.50 ±0.87 10.21±0.71
t value 3.75**

Table 9. Seasonal variation in prevalence of anaemia
among adolescent girls

Degree of Haemo- Summer Winter
anaemia globin (n=150) (n=150)

(g/dl) –––––––––––––– ––––––––––––––
No. of Per No. of Per 
subjects cent subjects cent

Severe < 7 - - - -
Moderate 7-10 88 58.7 83 55.3
Mild 10-12 62 41.3 54 36.0
Normal >12 - - - -



stunting was present in 10 percent of the
adolescent girls (Singh and Mishra 2001). 

Seasonal variation in MUAC of adolescent
girls and its comparison with NCHS standard
has been presented in table 4.13 and 4.14. The
data indicated that mean MUAC of adolescent
girls 19.71 ± 2.34 cm and 20.07 ± 2.12 cm in
summer and winter season. The difference of
means was found to be non significant.. The
data further reported that mean MUAC was
79.63 and 81.09 per cent of NCHS standards
in summer and winter season. 

The mean values of hemoglobin content of
adolescent girls  in summer and winter season
are depicted in Table 8 .The mean values of
hemoglobin content of summer and winter
season  were 9.50 g dl-1 and 10.21 g dl-1

respectively. The increase in the   values of
haemoglobin content (0.71 g dl-1) of adolescent
girls was statistically significant. Hence it can be
concluded from the results that season had
positive effect in increasing the haemoglobin
level of adolescent girls.

Seasonal variation in prevalence of anaemia
among adolescent girls based on haemoglobin
content of adolescent girls is given in the Table
9 . The selected girls were categorized as
normal, mild , moderate and severe anaemic on
the basis of haemoglobin content. Majority
(58.7%)  of the   adolescent girls were found
moderate anaemic where  as 41.33 per cent
girls were  mild anaemic. None of the girls were
found to  have  normal level of  haemoglobin
content in summer season. It is evident from the
results that there was higher prevalence of
moderate anaemia as compared to mild anaemic
among rural adolescent girls. It was also
observed that, the percent  prevalence of
anaemia  in winter season is lower than summer
season. The per cent prevalence of moderate
anaemia  is (55.3%) and mild anemia (36%) .
This might be due to  more consumption of

green leafy vegetables and fruits in winter
season.  

Conclusion

From the results of the present study , it can
be concluded that the selected adolescent girls
had inadequacy of intake of  all the nutrients
compared to ICMR recommendations in all the
seasons except calcium which exceeded the
recommendations during winter season. The
adolescent had higher values of all the
anthropometric measurements during winter
followed by summer season. Further it was also
observed that the  per cent of prevalence of
anaemia was reduced in the winter season as
compared to summer season. The identification
of seasonal changes in the nutritional status of a
population may suggest the implementation of
specific season related  interventions to improve
the health status.
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Climate change is by far one of the most
challenging factors influencing of agricultural
activities and productivity. Crop production is
mainly dependent up on the climatic condition
of the given area. Currently climatic factors are
changing all over the world. Therefore, the
production and productivity of the crops become
greatly influenced by the changing climatic
variables. 

Lobell and Field (2007) stated that since
1981 for recent climate trends have suppressed
global yield wheat, maize and barley. According
to the same authors although % reduction from
current yield levels may look small, but the
absolute losses in global production due to
warming trends since 1981 were substantial. 

For the 330 ppm CO2 levels the GCM
scenarios projected a decrease in yield of maize,
caused by a shorter crop growing season due to
higher temperatures and a precipitation deficit.
Alexandrov and Hoogenboom (2000) predicted
that the duration of the regular crop-growing
season for maize would be reduced by 5
(HadCM2) to 20 (GFDL-R15) days shorter by
2020s. Similarly, maturity dates for maize were
predicted to occur between 11 and 30 days
earlier by 2050s under Indian condition.
However, these are predicted at a national level
using GCMS, needs to be checked and validated
in Regional/Zonal level using crops cultivars
grown locally.

Considering the existence of regional
differences in climatic, geographic, and
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Two field studies on four maize hybrids across dates of sowing (three) and N levels (three) were carried out
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temperature across the tested hybrids, on average, a grain yield of 8910 kg ha-1 was predicted; however with
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respectively. In contrast, rise in CO2 levels from the current levels (400 ppm) to 450 and 500 ppm increased
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of rising temperature on yield would be compensated with rise in CO2 levels to an extent of only 1% for every
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overweigh the small benefit of rise in atmospheric CO2 levels in C4 crop like maize. Therefore, this study
underlines the importance of containing further rise in atmospheric temperature by adopting climate mitigation
strategies in agriculture and non-agriculture sectors.   

Key words : Maize, DSSAT-CERES Model, Seasonal analysis, CO2, Temperature.

*Part of the Ph.D. (Agric.) Thesis, submitted by the
author to the University of Agricultural Sciences, Dharwad
– 580005, Karnataka (India).



socioeconomic conditions, understanding the
overall direction and the magnitude of the
climate change effects on food production and
proposing advanced risk mitigation strategies at
regional and if possible at zonal level are
essential for national and global food security
(Xiang Li et al., 2014). For this, models could
very well be used to undertake impact assess-
ment studies and develop adaptation strategies. 

The crop simulation model viz. DSSAT-
CERES maize model can be used to study and
predict the future productivity potential of maize
crop for a given area within the shortest possible
time. DSSAT-CERES maize model has not been
used for evaluating the currently and widely
adapted maize hybrids in Northern Transition
Zone of Karnataka. Therefore a study was
undertaken to evaluate the performance of
DSSAT-CERES maize model on the currently
ruling maize hybrids. 

Methodology 

Two field studies on four maize hybrids
across dates of sowing (three) and N levels (three)
were carried out during two successive Kharif
seasons of 2015 and 2016 at the main campus
of University of Agricultural Sciences Dharwad,
Karnataka, India. Out of these four sets of
experimental data two sets were used for
DSSAT-CERES-Maize model calibration and the
other two sets for evaluation. This model was
further ran for seasonal analysis using 32-years
historic weather data (1985-2016) as baseline
to study the impact of elevated temperature (+1
and +2 ºC above baseline) and CO2 (450 and
500 ppm from current levels of 400 ppm) for
the first fortnight of June sowing under potential
condition here means no deficit of moisture and
major nutrients as supply for irrigation and
nutrients were applied. 

Results and discussion

The data (Fig. 1, 2 and 3) shows the

calibrated values of model observed and
simulated values of the tested hybrid for days to
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Fig. 1. Observed and similated maturity after
calibration

Fig. 2. Observed and similated anthesis after
calibration

Fig. 3. Observed and similated grain yield after
calibration



anthesis, days to maturity and grain yield across
hybrids and dates of sowing and N levels under
current climate scenario. The model very well
simulated anthesis, maturity, and grain yield
which is clearly seen from the higher R2 values
of 0.92, 0.78, and 0.86, respectively. This
suggests that model was calibrated perfectly.

Table 1 shows that the tested four hybrids did
not show a difference with respect to the days
to anthesis when they were planted under the
current climate (on recommended date of
sowing i.e. I-FN June), but considering the days
to physiological maturity 900-M-Gold showed 1
day earliness than the other hybrids. This
indicates that with respect to maturity all the four
tested hybrids belong to the group (medium
maturity). With regard to the grain yield the
highest grain yield of 9101 kg ha-1 was recorded
by Nithyashree followed by NK-6240 ( 9077
kg/ha) and 900-M-Gold (9039 kg ha-1);
whereas the lowest grain yield of 8422 kg  ha-1

was recorded by GH-0727 which was lower by
7.5% compared to the best any of these hybrids.
Our work was in agreement with Vahub et al.
(2013) who conducted a research in India on
impact of climate change on wheat and winter
maize over a sub-humid climatic environment;
reported that maize with increased CO2 and
consequent rise in temperature showed a
decrease in duration and days to anthesis from
the baseline. The study by Moore et al. (2011)
suggested that increase in temperatures reduce
the length of growing season that can either
decrease yields (if currently warm) or increase
yields (if currently cool).

The simulation under changing climate
scenarios i.e. higher temperature by 1 to 2ºC
and with increasing levels of the CO2 (450 and
500 ppm) showed that for 1ºC increase the days
to anthesis was reduced by  2 to 3 days earliness
on the days compared to the base line
temperature. Whereas with respect to days to
maturity it was reduced by 5 to 6 days in total

compared to the base line temperature (Table 2).
Further, increase in temperature to 2ºC hybrids
showed 5 to 6 days earliness in days to anthesis
and 10 to 11 days to maturity compared to the
base line temperature. Similar results Jabeen et
al. (2017) who conducted a research in Pakistan
to know the temperature trends and its impact
on Zea Mays (Maize) crop in Faisalabad city
through DSSAT-CERES-Maize model reported
that maize yield from baseline period (1976-
2008) to IPCC scenarios (A1b, B1) under
different weather conditions. Their result
revealed that yield would lower with the
increasing temperature and CO2 concentration.
This trend is clear under weather condition of
temperature up rise of 2 ºC, without CO2 and
IPCC scenario A1B, 536 ppm CO2. A
significant increase in the grain yield between
these two scenarios is approximately 85%. A
significant yield decrease is observed under
temperature increase 2°C, without CO2 and
IPCC scenarios A1B, 442 ppm CO2 and B1,
427 ppm CO2. A significant percentile increase
of yield by 87% was indicated under IPCC
scenarios with increase in CO2 rather than
increase in temperature.

The seasonal analysis showed that across
tested hybrids increasing the temperature by 1ºC
over base line reduced the yield in the range of
5.8 to 6.3 % whereas further increase in the
temperature by 2 ºC the yield reduction
increased in the range of 11.5 to 13.4 % (Table
3). On the other hand, increasing CO2 by 50
ppm (450 ppm) from the base line showed a
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Table 1. Response of maize hybrids to current climate

Hybrids CO2 T  Anthesis Maturity Yield
(ppm) (°C) (DAS) (DAS) (kg 

ha-1)

Nithyashree 400 BL 61 115 9101
NK-6240 400 BL 61 115 9077
GH-0727 400 BL 61 115 8422
900-M-Gold 400 BL 61 114 9039
Means - - 61 115 8910



yield advantage of 1% across the tested hybrids;
further increase by 50 ppm (500 ppm) from the
base line gave the yield advantage of 1.9%.
However since maize is a C4 crop the benefit of
higher atmospheric CO2 is minimum on the
yield reduction due to high temperature is
negligible. Kapetanaki and Rosenzweig (1997)
reported that under present management
practices, the climate change scenarios generally
resulted in decreases in maize yield due to
reduced duration of the growing period at all
sites. Adaptation analyses showed that
mitigation of climate change effects may be
achieved through earlier sowing dates and the
use of new maize varieties.

A strong effect on the crop growth is exerted
by the temperature and either very low or very
high temperature could decrease the growth and
development of plants (Rio et al., 2012). They
further showed that increase in temperature
shortened the crop duration from planting
maturity retarded the growth and decreased yield
as compared to current at all locations.
According to the results, significant decrease in
crop growth period and yield is caused by the
temperature increase, increase in temperature
from 1ºC to 2ºC. Yield and yield components
were negatively affected by increase in
temperature. Jabeen et al. (2017) reported that
temperature range from 18 to 32°C is
considered an optimum temperature for the
growth and development of maize, with
temperatures of 35°C and above considered
inhibitory.

Therefore, this study shows that DSSAT-
CERES model is a useful tool to predict the
future maize production status. Over all it's
concluded that temperature is clearly the yield
limiting factor even under potential condition
whereas very small magnitude of improvement
gained due to an increase on the current levels
of CO2 concentration. Balderama et al. (2016)
conducted a research in Abuan Watershed,

Isabela, Philippines to know the Calibration,
validation and application of CERES-Maize
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Table 2. Simulated impacts of higher temperature and
CO2 levels on phenology and grain yield of maize
hybrids 

Hybrids CO2 T  Anth- Matu Yield
(ppm) (°C) esis rity (kg

(DAS) (DAS) ha-1)

Nithyashree 400 BL 61 115 9101
BL+1.0 59 110 8540
BL+2.0 56 105 8027

450 BL 61 115 9191
BL+1.0 59 110 8626
BL+2.0 56 105 8111

500 BL 61 115 9274
BL+1.0 59 110 8704
BL+2.0 56 105 8189

NK-6240 400 BL 61 115 9077
BL+1.0 58 110 8504
BL+2.0 56 105 8025

450 BL 61 115 9167
BL+1.0 58 110 8590
BL+2.0 56 105 8111

500 BL 61 115 9249
BL+1.0 58 110 8668
BL+2.0 56 105 8189

GH-0727 400 BL 61 115 8422
BL+1.0 58 109 7860
BL+2.0 55 104 7320

450 BL 61 115 8504
BL+1.0 58 109 7939
BL+2.0 55 104 7399

500 BL 61 115 8580
BL+1.0 58 109 8010
BL+2.0 55 104 7470

900-M-Gold 400 BL 61 114 9039
BL+1.0 58 108 8512
BL+2.0 55 103 7829

450 BL 61 114 9129
BL+1.0 58 108 8600
BL+2.0 55 103 7915

500 BL 61 114 9211
BL+1.0 58 108 8680
BL+2.0 55 103 7993

Note: BL= base line temperature, BL+1= base line plus
1ºC, and BL+2= base line plus 2ºC



model for climate change impact assessment;
reported that application of the Maize Model
was used to assess the impact of climate change
in corn production. According to the same
author results indicated that corn yield would be
reduced by up to 44% in 2020 and 35% in
2050 due to changes in rainfall amount and rise
in temperature. Ndawayo et al. (2017)
conducted a research in Nigeria on impact of
climate change on maize yield in the maize
growing region of Nigeria; they reported that
yield predicted results for maize growing region

of Nigeria for the period of 2016-2039
indicated that there will be a reduction in maize
crop yield during the years of the seasons until
2039. During the seasonal, the temperature and
carbon dioxide were predictable to rise with
approximately 0.02ºC and rainfall decreases by
-0.35mm per year, respectively while carbon
dioxide level increased by 1.5% from the current
atmospheric level. However, rainfall will
decrease by -11 mm during the 2016-2039
while temperature increases by 2.0 ºC within
the same period; the yield of the years is
projected to drop by overall average of 8.5%
over the next 24 years.                                                                                                                     

Summary and conclusion

The model simulated values showed that for
baseline temperature across the tested hybrids,
on average, a grain yield of 8910 kg ha-1 was
predicted; however with rise in temperature by
1 and 2°C compared with baseline, the grain
yield  reduced by 6.24 and 12.5%, respectively.
In contrast, rise in CO2 levels from the current
levels (400 ppm) to 450 and 500 ppm increased
the grain yield, on average across  hybrids, by
1.0  and 2.0%, respectively, which suggest that
negative impact of rising temperature on yield
would be compensated with rise in CO2 levels
to an extent of only 1% for every increase in 50
ppm in maize, thus indicating that adverse
impact of warmer climate on maize crop heavily
overweigh the small benefit of rise in
atmospheric CO2 levels in C4 crop like maize.
Therefore, this study underlines the importance
of containing further rise in atmospheric
temperature by adopting climate mitigation
strategies in agriculture and non-agriculture
sectors. Therefore, crop simulation model viz.
DSSAT-CERES maize model can be used to
study the response of maize to future climate
change and predict the future productivity
potential for a given area within the shortest
possible time.  Dzotsi et al. (2003) and Soler et
al. (2006) also concluded that CERES-Maize in
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Table 3. Yield change of maize hybrids due to warming
temperature and CO2 levels compare with base
line

Hybrids CO2 T YLD Yield % 
(ppm) (°C ) (kg differ- redu-

ha-1) ence ction
over over
BL BL

Nithyashree 400 BL+1.0 8540 -561 6.2
BL+2.0 8027 -1075 11.8

450 BL+1.0 8626 -566 6.2
BL+2.0 8111 -1080 11.7

500 BL+1.0 8704 -570 6.1
BL+2.0 8189 -1085 11.7

NK-6240 400 BL+1.0 8504 -574 6.3
BL+2.0 8025 -1052 11.6

450 BL+1.0 8590 -577 6.3
BL+2.0 8111 -1056 11.5

500 BL+1.0 8668 -580 6.3
BL+2.0 8189 -1059 11.5

GH-0727 400 BL+1.0 7860 -562 6.7
BL+2.0 7320 -1102 13.1

450 BL+1.0 7939 -565 6.6
BL+2.0 7399 -1105 13.0

500 BL+1.0 8010 -569 6.6
BL+2.0 7470 -1109 12.9

900-M-Gold 400 BL+1.0 8512 -527 5.8
BL+2.0 7829 -1210 13.4

450 BL+1.0 8600 -529 5.8
BL+2.0 7915 -1214 13.3

500 BL+1.0 8680 -531 5.8
BL+2.0 7993 -1218 13.2

Note: BL= base line temperature, BL+1= base line plus
1ºC, and BL+2= base line plus 2ºC



DSSAT could successfully used to predict the
future crop yields under different management
practices, and select the best one for sustainable
production of maize and other crops.
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Climate change is a natural process and it
has been occurring since the beginning of the
evolution of earth, but in the last century with
the advent of industrialization, it has gained
momentum due to inadvertent anthropogenic
disturbances. The impact of climate change on
agriculture is being witnessed all over the world,
but country like India is more vulnerable in view
of high population dependent on agriculture and
excessive pressure on ever declining natural
resources. The warming trend in India over the
past 100 years (1901 to 2007) was observed to
be 0.51ºC with an accelerated warming of 0.21
ºC every 10 years since 1970 (Kumar, 2009).
The projected changes are likely to aggravate
yield fluctuations of many crops with a direct
impact on food security and prices. Cereal

productivity is projected to decrease by 10 to
40% by 2100, and greater loss is expected in
the crops sown during rabi on residual moisture
during the post-monsoon season. There are
already evidences of negative impacts on yield
of wheat, paddy and maize in parts of India due
to increased temperature, increasing water stress
and reduction in number of rainy days. Modeling
studies project a significant decrease in cereal
production by the end of this century. However,
climate change impacts are likely to vary in
different parts of the country. Parts of western
Rajasthan, Southern Gujarat, Madhya Pradesh,
Maharashtra, Northern Karnataka, Northern
Andhra Pradesh, and Southern Bihar are more
likely to be vulnerable in terms of extreme events
(Mall et al. 2006). Hence, there is a need to
study the impact of climatic variability and its
impacts on different crops. Therefore, seasonal
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Abstract
A field study to screen 15 public maize hybrids for their performance under potential condition of Northern

Transition Zone of Karnataka was conducted during the kharif season of 2016 at UAS, Dharwad, India. A
detailed phenology and yield traits were recorded from the field experiment, and were used in the DSSAT
model to optimize each hybrid’s genetic coefficients. The calibrated DSSAT-CERES-Maize model was used for
seasonal analysis using 32 years’ historic weather data as baseline climate (1985-2016) to understand the
variability and stability in the yield of each hybrid for the current climate. As expected, the model simulated
yields varied for each hybrid, and the average of 32 years showed that the days taken to anthesis ranged
between 51 and 54 days, and for maturity from 104 to 108 days, thus all the hybrids fall under early maturing
category. Simulated mean yield of all the 15 hybrids ranged between 7620 and 7250 kg ha-1 with a very
narrow difference of 370 kg ha-1, which suggested low variation among the tested public hybrids. However,
GH-150241 (7620 kg ha-1), GH-15060 and GH-1316 (7614 kg ha-1) hybrids recorded the highest mean
yield. Hence, this work showed that cultivating these three hybrids help to achieve higher and relatively more
stable yield over years for current climate, than other hybrids tested here. Further, +1ºC and +2ºC scenarios
were created using the 32 years historic weather data and simulated impact on yield. On an average, across
hybrids, around 6% yield was reduced for every one degree increase in daily temperature.  

Key words : Maize, DSSAT-CERES-Maize model, Seasonal analysis, Temperature scenarios.
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analysis studies representing long-term weather
help understand the performance of crops and
their cultivars over the years and help to
understand the variability occurring in the
phenology and yield, if any due to variation in
weather over the years. In this regard the study
was carried out for Northern Transition Zone of
Karnataka to quantify the performance and
variability in the yield levels of some of the
released and to be released public maize hybrids
in the region. This study included both field study
and simulation modelling. 

Materials and methods

The present study was conducted during
kharif season of 2016 on deep black soils at the
Main Agricultural Research Station, University
of Agricultural Sciences, Dharwad (Karnataka)
under potential condition i.e., irrigation was
provided at regular interval to supplement deficit
rainfall to make sure the crop did not experience
moisture stress. Hence NPK (150:60:60 kg
ha-1) recommended for irrigated maize was
applied following the package of practices of
UAS, Dharwad. The experiment was laid down
using Randomised Block Design (RBD) with two
replications and the plot size of 4.8 x 3.0 m at
crop spacing of 60 x 30 cm. The material for
the present study included 15 maize hybrids,
which were obtained from Government
Organizations presently operating in Karnataka.
The kharif crop seeds of all the public hybrids
were sown on 10th of June 2016 and harvested
at once on November 5th of 2016, but days to
physiological maturity varied amongst them.
Hand weeding operation was carried out
periodically thrice during the crop growth stage
at 20, 35 and 45 DAS to keep the plot weed
free. Two inter-cultivation operations were done
to enable earthing up and to remove weeds
present between crop rows. No incidence of
disease was noticed in the crop during the
growing period, but quinolphos was sprayed

@2.0 ml l-1 to manage stem borer incidence.  

For seasonal analysis, historic weather data
of 32 years (1985-2016) was used as baseline
weather to know the performance and variability
in yield of hybrids. Simulating each hybrid for 32
years would expose the crop to below-normal,
above-normal and normal years of weather
(temperature), as well as extremes if any
experienced during these 32 years. Further the
same weather was used to create future climate
scenarios by increasing both the daily maximum
and minimum temperature by +1ºC and +2ºC
from the baseline temperature for all the 32
years. The impact of above scenarios on the
growth and yield of 15 hybrids was assessed and
quantified.

Result and discussion

Phenology : The seasonal analysis was
done using historic weather data (1985-2016)
to quantify the performance of hybrids over
years (mean of 32 years) and are furnished in
Table 1. Among the 15 hybrids, the highest
mean number of days to anthesis simulated was
54 DAS for hybrids GH-150241, H-628 and
DMH-3, whereas the lowest was for hybrids
CAH-1574 and GH-1314 (51 DAS). Similarly,
the highest mean number of days to maturity of
108 DAS was recorded by hybrids GH-150241
and DMH-3, whereas the lowest was recorded
by hybrids CAH-1574, GH-1314 and GH-1427
(104 DAS). The seasonal analysis revealed that
among 15 hybrids, eight of them recorded >52
days to reach anthesis, whereas the rest of the
hybrids recorded <52 days for anthesis.
Similarly, nine hybrids recorded >103 days to
reach maturity with a maximum of 108 days,
whereas the rest of the hybrids recorded 103 or
less days for maturity. Thus all the hybrids fall
under the early maturing category.

Yield : Variability in grain yield among the
15 hybrids was found to be very low with only
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367 kg ha-1 between the highest (7639 kg ha-1)
and the lowest (7383 kg ha-1) yielder. The
hybrids CAH-1574, GH-15060 and DMH-3
showed relatively higher yield trend with yield
levels of more than 8200 kg ha-1 whereas the
hybrid GH-15688 showed the lowest yield
(5700 kg  ha-1) when simulations were run for
32 years of historic weather data. The length of
the band from the figure (Fig: 2) indicates the
stability/variability of a hybrid to the fluctuations
occurring in the baseline weather. Shorter band
indicates that the hybrid is more stable to the
fluctuations in weather with low inter-annual
variation in yield. In contrast, longer ban indicate
larger variability in yield in response to variation
in year to year weather. The study reveals that
hybrid GH-15688 was found to be more
consistent across years though the yield was
lower. The mean grain yield of 15 hybrids was
7474 (kg ha-1) and the highest mean yield was
recorded by the hybrids GH-150241 (7639 kg
ha-1), GH-1316 and GH-15060 (7614 kg ha-1),
and the lowest was recorded by the hybrid
DMH-1 (7272 kg ha-1). The seasonal analysis
revealed that among 15 hybrids, three hybrids
(CAH-1574, GH-15060 and DMH-3) recorded
the grain yield of 8200 kg ha-1 and above 50th
percentile, while, the rest of the hybrids
recorded less than 7900 kg ha-1. This suggested
that hybrids CAH-1574, GH-15060 and DMH-
3 would perform better under the current
climatic variability over other hybrids.

Effect of rise in temperature on yield :
The mean per cent yield reduction across
hybrids for temperature scenarios of +1ºC and
+2ºC were 5.77 % and 12.08 %, respectively,
over the baseline temperature (Table 2). Our
simulated results are supported by the findings
of Hundal and Kaur (1997) who also simulated
the impact of the climate change on the
productivity of maize crop for Punjab. Keeping
all other climate variables constant, temperature
was increased by 1, 2 and 3ºC from the
prevailing condition, and they, respectively,
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Table 1. Model simulated days to anthesis, maturity and
grain yield for 15 maize hybrids (mean of 32 years
of seasonal analysis)

Hybrids Anthesis Maturity Grain Ranking 
(DAS) (DAS) yield based 

(kg ha-1) on yield

GH-150241 54 108 7639 1
GH-0727 52 104 7383 12
GH-1427 52 104 7430 7
GH-1436 52 104 7418 9
CAH-1574 51 104 7541 4
GH-1314 51 105 7577 3
GH-1316 53 106 7614 2
GH-15060 53 106 7614 2
GH-15688 53 106 7378 13
GH-15305 53 107 7498 6
BRMH-1 53 107 7508 5
H-628 54 107 7420 8
DMH-1 54 107 7272 14
DMH-3 54 108 7416 10
DMH-21 54 107 7405 11
Mean 53 106 7474 -

Table 2. Per cent yield reduction with rise in temperature
by +1 and +2ºC over baseline (crop was sown in
I FN of June)

Public Yield (kg ha-1) % yield loss
hybrids ––––––––––––––––––––– ––––––––––––––

Base- +1ºC +2ºC For For 
line +1ºC +2ºC

GH-150241 7639 7294 6790 4.52 11.11
GH-0727 7383 6599 6154 10.62 16.65
GH-1427 7430 7038 6629 5.28 10.78
GH-1436 7418 7016 6436 5.42 13.24
CAH-1574 7541 7624 7026 -1.10 6.83
GH-1314 7577 6800 6367 10.25 15.97
GH-1316 7614 7339 6815 3.61 10.49
GH-15060 7614 7812 7287 -2.60 4.29
GH-15688 7378 5427 5150 26.44 30.20
GH-15305 7498 7729 7222 -3.08 3.68
BRMH-1 7508 7102 6657 5.41 11.33
H-628 7420 6354 5874 14.37 20.84
DMH-1 7272 6576 6161 9.57 15.28
DMH-3 7416 7930 7441 -6.93 -0.34
DMH-21 7405 7050 6604 4.79 10.82
Mean 7474 7046 6574 5.77 12.08
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Days to anthesis in Julian day of year (planting date-162)                        X axis: hybrids and Y: axis Julian day

Days to maturity in Julian day of year (planting date-162)                        X axis: hybrids and Y: axis Julian day

Fig. 1. Variability in days taken for anthesis (a) and maturity (b) by different hybrids when simulated
over 32 years of baseline scenario (1985-2016)



simulated 10.4, 14.6 and 21.4% reduction in
the grain yield of maize. However, reduction in
yield for Punjab conditions is more than that for
Northern Transition Zone of Karnataka at
similar temperature scenario due to variation in
the crop growing season. In Punjab maize was
grown in rabi whereas in this study maize was
grown in kharif. The mean daily temperature of
rabi in Punjab would be higher than that of
kharif (June-September) in NTZ of Karnataka,
thus crop would experience warmer climate in
former location than in latter. Hence, more
adverse impact of rising temperature is noticed
in Punjab.

Similarly, Sahoo (1999) in Delhi carried out
crop simulation studies on maize for climate
change under irrigated and rainfed conditions.
Rise in temperature decreased the yield under
both the conditions. Grain yield decreased
continuously with temperature rise till 4ºC. This

was possibly due to reduction in days to 50%
silking and physiological maturity. Chatterjee
(1998) in Delhi observed that an increase in
temperature consistently decreased maize yields,
and by increase in temperature by 1 and 2ºC,
on an average, the maize potential yields
decreased by 7-12%.

Conclusion

All the hybrids tested fell under the early
maturity category and with every 1ºC increase
in temperature the yield was found to be reduced
by 6% for NTZ of Karnataka. Hybrids with
relatively low variability for seasonal analysis
were found to be more stable than others with
respect to yield. Hybrids such as CAH-1574,
GH-15060 and DMH-3 were found to be
superior over the others when exposed for
seasonal analysis of 32 years.
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X axis: hybrids and Y: axis grain yield (kg ha-1)

Fig. 2. Variability in grain yield (kg ha-1) by different hybrids when simulated over 32 years of baseline
scenario (1985-2016)
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Role of Potassium Balanced and Split of Fertilizers for
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Abstract
Twodifferent field experiment on soybean grown on Inceptisol was laid out in a randomized block design

with seven and nine treatments with three replications at Central Research Farm of Post Graduate Institute,
Mahatma Phule Krishi Vidyapeeth, Rahuri 413 722 Dist.Ahmednagar during kharif 2012. The results revealed
in first experiment that, The treatment of RDF + 60 kg K2O ha-1 (T7) was significantly superior over RDF
treatment with grain yield (31.62 q ha-1) and which was on par with treatments T6 (RDF + 50 kg K2O ha-1)
and T5 (RDF + 40 kg K2O ha-1). The highest straw yield (40.80 q ha-1) was recorded in the treatment T7
which was on par with treatments T6 and T5. In another experiment results revealed that, the significantly
highest seed yield (34.53 q ha-1) of soybean was registered by the treatment T7: Application of 50:75:50
N:P2O5:K2O kg ha-1 in two splits -50% NPK at sowing and 50% N:P2O5:K2O at 30 DAS. This treatment
T7 was at par with treatment T6: Application of 50:75:25 kg ha-1 in two splits - 50% N:P2O5:K2O at sowing
and 50% NPK at 30 DAS (34.30 q ha-1). Similar trend as like in seed yield of soybean was also observed in
straw yield of soybean due to split application of N:P2O5:K2O. The split application of N:P2O5:K2O in
treatment T7 recorded significantly the highest straw yield (44.04 q ha-1) followed by the other split application
of treatments viz., T6 (43.34 q ha-1), T9 (35.20 q ha-1),T8 (34.83 q ha-1), and T5 (32.24 q ha-1). Among
these treatments treatment T7 was at par with treatment T6. Thus,  first experiment proved that soybean
needed potassium  up to 40 kg ha-1 and second experiment showed that if application of 50:75:25 kg NPK
ha-1 in two splits - 50% N:P2O5:K2O at the time of sowing and 50% N:P2O5:K2O at 30 DAS was proved to
be profitable for soybean cultivation on Inceptisol.

Key words : Inceptisol, Potassium, RDF, DAS, Spilt application of N:P2O5:K2O, Soybean
yield.

______________

Soybean is important source of protein and
oil for human and animal feed. It typically

contains 20 per cent oil and 38 per cent protein
(Imas and Magen, 2007). At present, soybean
crop is becoming more popular in Maharashtra
which is second largest producing state for
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soybean in India. Yield constrains analysis
indicated that unbalanced nutrition is one of the
important reasons for low productivity of
soybean in the country (Sharma et al. 1996 and
Tiwari 2001). Potassium an essential plant
nutrient has major role in plant metabolism and
crop production including legume crops like
soybean. As the black soils of Maharashtra are
high available in potassium, the Mahatma Phule
Krishi Vidyapeeth, Rahuri has ignored
potassium in the recommendation of general
fertilizer prescription to soybean. However, the
crops grown in black soils respond well to
potassium fertilizer; because soil reserve
potassium from Indian soils is getting depleted
continuously and crop responses to potassium
are increasing time and space (Subba Rao et al.,
1993). Balance nutrition with all the essential
plant nutrients and their supply is critical for
sustainable and the highest crop production with
better quality. After nitrogen, the potassium is
the second most absorbed nutrients by the
soybean (Flannery 1986, 1989). In plants,
potassium involved in many metabolic pathways
of plant that effect dry matter yield and crop
quality hence, potassium is called as the ‘Quality
element’. There are some reports of Nambiar
and Ghosh (1984) and Aulakh et al., (1985). In
nutrient management experiments on soybean,
many researchers reported NPK to soybean for
its maximum economic yields. A soybean crop
needs 81 kg N, 54 kg K2O and 8 kg P2O5 for
every 10 qt of harvested grain (Flannery, 1986
and 1989). Dixit et al., (2011) noted that
Directorate of Soybean Research, recomm-
ended rate of N, P2O5, K2O and S to soybean
is 20:80:40+20; respectively, as a part of the
Integrated Nutrient Management System (INMS)
of soybean and they also reported that
application of 40 kg K2O ha-1 to soybean grown
in medium black soil recorded a maximum yield
of 15.5 q ha-1.

Under nutrition management, split
application of nutrients i.e. right source, rate,

time and place are most crucial aspects for
achieving the highest economical yield of crops
with an increase in nutrient use efficiency is
advocated by Flannery (1986). Gervais and
Paual, (2009) reported that split application of
nitrogen and phosphorus to soybean showed
positive response for enhancing yield of
soybean. Keeping in view this fact, investigation
was undertaken to study the nutrient
requirement of soybean and effect of split
application of NPK on soybean yield, soil fertility
status and nutrient uptake by soybean. 

Materials and Mthods

Two field experiments were conducted at the
Post Graduate Research Farm, Mahatma Phule
Krishi Vidyapeeth, Rahuri during kharif 2012.
The soil from the experimental site was medium
black with soil pH 8.42, EC 0.34 dSm-1
,Organic Carbon 0.48 %,  available N 178.62
kg ha-1 , available P13.90 kg ha-1 and available
K 278 kg ha-1.Before conduct of main
experiment, maize crop was grown as an
exhaust crop for development of uniform fertility
gradient. The field experiment was laid out in
randomized block design with seven and nine
treatments for first experiment treatments were
T1 : absolute control, T2 : RDF (50:75:00
N:P2O5:K2O kg ha-1) i.e (Recommended dose
of fertilizer to soybean by M.P.K.V., Rahuri), T3
: RDF+ 20 Kg K2O ha-1, T4 : RDF+ 30 Kg K2O
ha-1, T5 : RDF + 40 Kg K2O ha-1, T6 : RDF +
50 Kg K2O ha-1, T7 : RDF + 60 Kg K2O ha-1.
In another experiment treatments were T1 :
absolute control, T2 : application of 50:75:00
i.e. RDF, T3 : 50:75:25, T4 : 50:75: 50
N:P2O5:K2O kg  ha-1 at sowing, T5 :
application of  50:75:00, T6 : 50:75:25, T7 :
50:75: 50 N:P2O5:K2O kg  ha-1 in two equal
splits at sowing and 30 days after sowing and T8
: application of  50:75:25, T9 : 50:75: 50
N:P2O5:K2O in two splits -100 % N at sowing,
50% P2O5 and K2O at the time of sowing and
30 days after sowing. 
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Results and Discussion

Effect of levels of potash on grain and
straw yield

Grain yield : The data obtained on grain
yield of soybean as influenced levels of
potassium application is presented in Table 1.
The significant variation in yield of soybean and
marked differences in potassium use efficiency
was observed due to application of various levels
of potash to soybean in the study.

The grain yield received in the range from
20.27 q ha-1 to 31.62 q ha-1. The treatment T7
(RDF + 60 kg K2O ha-1) was significantly
superior over absolute control and RDF
treatment with grain yield 31.62 q ha-1 and
which was on par with treatments T6 and T5.
The lowest grain yield was observed in the
treatment of absolute control (20.27 q ha-1) and
27.04 q ha-1 in RDF treatment.

The potassium is known to play role in
absorption, translocation and many metabolic
and physiological processes in plant and
regulating growth and dry matter yield of plants.
Potassium is associated with absorption of water,
nutrients, synthesis and translocation of
carbohydrates within the plant. Therole of K
stimulates the growth of plant. It activates more
than 60 plant enzymes regulating many
metabolic processes including essential
processes of photosynthesis. All these functions
with role in resistance against pest and diseases
results in increased growth, availability and
uptake of nutrients which is finally results in
increase in grain yield. Martin and Prevel (1973)
reported that if there is sufficiency of potassium
then there will be increase in translocation of
carbohydrates from leaves to grains. 

The results are in conformity with the earlier
findings of Deshmukh et al.,(1994a), Deshmukh
et al., (1994b), Grewel et al., (1994a) and Singh
et al., (1994) Singh et al., (2001), Dixit et
al.,(2011). 

Straw yield : The straw yield data of
soybean as influenced by potassium application
is presented in Table 1 revealed that,  as like
grain yield, straw yield also increased due to
application of various levels of potassium to
soybean.

The straw yield ranged from  25.54 q ha-1

to 40.80 q ha-1. The highest straw yield (40.80
q ha-1) was recorded in the treatment T7 (RD +
60 kg K2O ha-1) which was on par with
treatments T6 and T5. 

The total dry matter in plants is the balance
between gross photosynthesis and respiration.
The higher respiration is always responsible
reducing dry matter production in plants which
is favoured by insufficient K concentration in
plants. On the contrary, sufficient K
concentration in plants is not only responsible
for reduction in respiration but also responsible
for photosynthesis and distribution of
photosynthates among plants. (Turner and
Barkus, 1980).Field crops generally absorbs
potassium faster than they absorbs N or P and
build up dry matter (Tandon and Sekon, 1988).
These results are in consistent with the earlier
findings of Deshmukh et al., (1994b) and Dixit
et al., (2011).
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Table 1. Effect of levels of potash on grain and straw yield
of Soybean and potassium use efficiency

Treatment Grain Straw Potassium 
yield yield use 
(q (q efficiency 
ha-1) ha-1) (kg kg-1)

T1 : Absolute Control 20.27 25.54 -
T2 : RDF (50:75:00) 27.04 34.97 -
T3 : RD F+ 20 kg K2O ha-1 28.01 36.78 4.85
T4 : RD F+ 30 kg K2O ha-1 28.85 37.85 6.03
T5 : RD F+ 40 kg K2O ha-1 30.98 40.26 9.85
T6 : RD F+ 50 kg K2O ha-1 31.45 40.43 8.82
T7 : RDF + 60 kg K2O ha-1 31.62 40.80 7.63
GM 28.82 36.65 -
S.Em.± 0.46 0.75 -
CD at 5% 1.38 2.24 -



Effect of split application of N:P2O5:
K2O to soybean on yield

The data on seed and straw yield of soybean
as influenced by split application of NPK and
their comparison with recommended basal dose
of nitrogen and phosphorus application of
fertilizers (50:75:00 N:P2O5:K2O kg ha-1) to
soybean is presented in Table 2. The significant
variations in seed and straw yield of
soybean were observed due to split application
of NPK. 

Seed yield : The seed yield of soybean
ranged 19.88 to 34.53 q ha-1. The significantly
highest seed yield (34.53 q ha-1) of soybean was
registered by the treatment T7 : application of
50:75:50 N:P2O5:K2O kg ha-1 in two splits -
50% N:P2O5:K2O at sowing and 50%
N:P2O5:K2O at 30 DAS. This treatment T7 was
at par with treatment T6:application of
50:75:25 N:P2O5:K2O kg ha-1 in two splits -
50% N:P2O5:K2O at sowing and 50%
N:P2O5:K2O  at 30 DAS (34.30 q ha-1). 

The recommended practice of fertilizers
application to soybean as a basal in treatment
T2 : Application of 50:75:00 NPK  kg ha-1 at
sowing recorded 24.04 q ha-1 seed yield of
soybean. The least yield of seed was found in
absolute control (19.88 q ha-1).

In conclusion due to split application of
N:P2O5:K2O to soybean 43.63,42.67,16.13,
13.76 and 4.28 % increased seed yield of
soybean was observed in split application
treatments viz., T7, T6, T9, T8 and T5 ;
respectively, over the recommended dose of
fertilizer application to soybean T2 : Application
of 50:75:00 N:P2O5:K2O kg ha-1 at sowing.  

Straw yield : Similar trend as like in seed
yield of soybean was also observed in straw yield
of soybean due to split application of
N:P2O5:K2O. The split application of
N:P2O5:K2O in treatment T7 recorded
significantly the highest straw yield (44.04 q
ha-1) followed by the other split application of
treatments viz., T6 (43.34 q ha-1), T9 (35.20 q
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Table 2. Effect of split application of N:P2O5:K2Oon grain and straw yield of Soybean

Treatment Grain Increase in grain Straw 
yield yield over yield
(q ha-1) recommended (q ha-1)

treatment

T1 : Absolute control 19.88 - 25.45
T2 : Application of 50:75:00 N, P2O5 and K2O  kg ha-1 at sowing 24.04 - 30.63
T3 : Application of 50:75:25 N, P2O5 and K2O  kg ha-1 at sowing 24.90 - 32.04
T4 : Application of 50:75: 50 N, P2O5 and K2O kg  ha-1 at sowing 27.73 - 35.75
T5 : Application of  50:75:00  kg  ha-1 in two splits -50% N, P2O5 and 25.07 4.28 32.24

K2O at sowing and 30 DAS
T6 : Application of 50:75:25 kg ha-1 in twosplits-50% N, P2O5 and 34.30 42.67 43.34

K2O at sowing and 30 DAS
T7 : Application of 50:75:50 kg ha-1 in twosplits-50% N, P2O5 and 34.53 43.63 44.04

K2O at sowing and 30 DAS
T8 : Application of  50:75:25 kg ha-1 in two splits -100% N at sowing, 27.35 13.76 34.83

50% P2O5 and K2O at sowing and 30 DAS
T9 : Application of 50:75: 50 kg   ha-1 in two splits -100% N at sowing,  27.92 16.13 35.20

50 % P2O5 and K2O at sowing and 30 DAS
S.E.(±) 0.84 - 1.15
CD at 5% 2.52 - 3.46



ha-1), T8 (34.83 q ha-1),and T5 (32.24 q ha-1).
Among these treatments, treatment T7 was at
par with treatment T6.

The recommended practice of fertilizer
treatment T2 : application of 50:75:00
N:P2O5:K2O kg ha-1 at sowing as basal dose
recorded lower straw yield as compared to split
application of  N:P2O5:K2O (30.63 q ha-1), T3
(32.04 q ha-1) and T4 (35.75 q ha-1).

From seed and straw yield data of soybean,
it was evidenced that application of nitrogen,
phosphorus and potassium fertilizers in split
enhances yield of soybean over the
recommended practice of fertilizer to soybean as
basal application of 50:75:00, N:P2O5:K2O kg
ha-1 .

The comparison of seed yield data of
soybean obtained due to various treatments of
N:P2O5:K2O as a basal and split reveals that
soybean needs 25 kg K2O ha-1 with
recommended (50:75:00 N:P2O5:K2O kg ha-1)
and gave 42.67 % enhances yield if 50:75:25
N:P2O5:K2O kg ha-1 applied in two splits i.e.
50% NPK at sowing and 50% N:P2O5:K2O at
30 DAS.  

The yield of soybean from the treatments of
split application of nitrogen (T5, T6, and T7) and
application nitrogen as a basal dose (T2, T3, T4,
T8, T9) clearly indicated beneficial effect of split
application of nitrogen to soybean.  This
observation confirms the earlier observations
(Pal and Normal 1987 and Pandey et al. (1995)
on split application of nitrogen to soybean and
their beneficial effect in enhancing soybean
yield. 

It is also documented in the literature that
application of potassium to soybean in split
enhanced the yield of soybean (Bansal et al.
(2001) Singh (1994), Imas and Magen (2004)
and Megan, 1997).  It is proved fact that applied
phosphoric fertilizer to any crop grown in acidic,

alkaline or calcareous soil, get fixed and
unavailable to crop due to the chemistry and
behavior of phosphorus in soil (Toro, 2007).
Due to phosphate fixation, phenomenon it is
always advisable to apply phosphorus to crop in
spilt application (Purushothaman et al. 1990).

These reports of Pal and Normal (1987),
Purushothaman et al.(1990), Singh (1994),
Megan (1997), Bansal et al.(2001), and Gervais
and Paual, (2009) on split application of NPK
suggested that split application of NPK are
beneficial for enhancing yield of soybean.

Flannery (1986) reported that soybean needs
nutrient at varying amount at various growth
stages. Application of nitrogen, phosphorus and
potassium to soybean in split resulted enhancing
yield of soybean (Kolaret al. 1994). 

The reasons for the highest soybean yield in
treatment T7 might be due to extra application
25 kg K2O ha-1 dose to soybean than that K2O
dose in treatment T6.
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Substantial variation in water requirements of
the crop occurs during the growing period due
to variation in crop canopy and climatic
conditions (Doorenbos and Pruitt, 1977). It also
differs among crops and hence the knowledge
of crop water requirements is an important for
practical consideration for designing and
planning of any irrigation system. Although, few
studies reported crop evapotranspiration (ETc)
of different crops under irrigated conditions
using soil moisture depletion in field
experimental plots (Prihar et al. 1976; Bhardwaj
1983; Sharma et al. 1990), the derived values
commonly overestimated ETc by 1.2-1.4 times.
Therefore, the more accurate estimation of ETc
is the prerequisite for effective irrigation (Tyagi
et al. 2000; Suleiman et al. 2007) and Awari
et al. 2018).

The stage dependent crop coefficient Kc

which is the ratio of ETc to reference crop
evapotranspiration (ETo) is necessary to accurate
estimation of ETc for regional scale irrigation
planning (Allen et al. 1998). The Kc value
represents crop specific water use and is
essential for accurate estimation of irrigation
requirements. Although various researchers for
a number of crops grown under different
climatic conditions suggested crop coefficients
(Doorenbos and Pruitt 1977), these values are
general estimates and are commonly used in
places where local data are not available.
However, there is strong need for local
calibration of crop coefficients under given
climatic conditions (Doorenbos and Pruitt,
1977; Allen et al., (1998). Therefore, the crop
coefficients need to be derived for each crop
based on the local climatic conditions. Allen et
al. (1998) reported the length of the different
development stages for various crops that are
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Parameters of Aurangabad for Rabi Crop
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Abstract
The development of stage dependent crop coefficient (Kc) is essential to estimate crop specific water

requirement (ETc ) crop for accurate estimation of irrigation water requirements regional scale planning. The
already developed Kc by FAO are location specific. These general estimates are being used where local data
are not available. However, there is strong need for local calibration of crop coefficients under given climatic
conditions.  Considering location specific climatic condition and phenological growth stages of crop, the weekly
modified crop coefficient for Gram was developed for Aurangabad climatic condition.The procedure presented
in the publication. Food and Agricultural Organization (FAO) is used for development of modified crop
coefficient. The modified Kc data were used to derive polynomial curves and establish the fifth order polynomial
relationship for computation of daily or weekly Kc. The week-wise daily  crop water requirement were
computed (ETc) using developed modified Kc and average reference evapotranspiration obtained from long
time climatic data of Aurangabd. The developed Kc values for gram during initial, crop development, mid-
season, late season stages and at harvest were 0.62, 0.53-0.86, 1.00-1.20, 0.94.0.46 , and 0.35, respectively.
The results indicated that the modified Kc values were considerably different and higher than those suggested
by FAO indicating the need for developing these values at the local scale. 

Key words : Gram, adjusted crop coefficient, crop ET, reference ET.



typical for a few selected regions. However,
quantification of water requirement for different
crops as per location specific climatic condition
is essential to understand specific water demand
of the crop at various phenological growth
stages and to identify the critical growth period
of crop in order to apply life-saving or protective
irrigation to avoid crop failure (Awari and
Khodke, 2018). Hence, an attempt has been
made to develop week wise crop coefficient of
gram for Aurangabad representing semiarid
region of Marathwada. 

Materials and Methods 

The crop coefficient varies according to crop
type, growth stages and varying climatic
conditions. Hence, crop coefficient of gram was
derived for Aurangabad station in Marathwada
by following the standard procedure and
guidelines suggested by Allen et al. (1998). The
stage wise (i.e. initial, mid and end stage) crop
coefficient was derived using the standard
procedure.

Computation of derived Kc initial, Kc
mid and Kc end : For gram, the stage wise Kc
and duration of gram matching to climate and
season of Aurangabad was taken from FAO 56
Table no. 12 and 11, respectively.

The Kc curve was developed on simple
graph paper where stage wise kc was plotted on
y axis and crop period on x axis in days.

From this developed Kc curve, the
meteorological week wise Kc were recorded.
Considering, sowing day to harvesting day (total
crop period) for week after sowing to total crop
period ratio t/T (t= days since sowing and T is
crop period) was computed and accordingly  Kc
values obtaining from Kc curve were assigned to
every meteorological week of crop period . (refer
column no. 1 to 4 of Table 1)

The t/T values on X axis and recorded

meteorologicalweek wise assigned Kc were
plotted using M.S Excel function. The line was
added to Kc curve and relationship equation
was developed with respect t/T and Kc. The
fifth or sixth order polynomial equation was
selected on the basis of highest R2. The
developed fifth or sixth order polynomial
equation was used  to derive the Kc values for
gram at Aurangabad.

In order to regionalize derived Kc values
using Kc mid and Kc end, the local
climatological factors like average wind velocity
and minimum relative humidity and week wise
data of crop height was used  and modified Kc
for gram at Aurangabd station was computed
using equations 1 and 2.

Computation of Kc initial (modified) :
The crop coefficient for the initial growth stage
of gram was derived using FAO fig No 29 and
30. Considering the sowing time, crop duration
and reference evapotranspiration of Aurangabad
station and wetting event of seven days was used
to determine, Kc initial of gram

Development of modified Kc mid and
Kc end : The Kc mid and Kc end values of
FAO-56 are typical values expected for average
Kc mid and Kc end under the standard climatic
conditions. For specific adjustment in climates
where RHmin differs from 45% or where U2 is
larger or smaller than 2.0 m s-1, the Kc end
values were determined using equation 1. for
Aurangabad under the conditions of greater
wind speed the Kc mid and Kc end will have
higher values. More humid climates and
conditions of lower wind speed have lower
values of Kc mid and Kc end.

For specific adjustment in climates where
RHmin differs from 45% or where U2 is larger
or smaller than 2.0 m s-1, the Kc mid and Kc
end values  are determined by using equation 1
and 2, respectively. 
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Kc mid = Kc (mid)FAO56 + [ 0.04 (U2 - 2) –
0.004 (RHmin - 45)] (h/3)0.3 ................ (Eq.1)

Where, Kc (mid)FAO56 = value of Kc mid
taken from FAO-56, U2 = Mean value for daily
wind speed at 2m height, RHmin = Mean value
for daily minimum relative humidity during the
mid-season growth stage and h = Mean plant
height during mid-season(m)

Kc end = Kc (end)FAO56 + [0.04 (U2 - 2) –
0.004 (RHmin - 45)] (h/3)0.3)     ........... (Eq.2)

Where, Kc (end)FAO56 = Value of Kc end
taken from the FAO-56, U2 = Mean value for
daily wind speed at 2m height, RH min = Mean
value for daily minimum relative humidity during
the end-season growth stage and h = Mean
plant height during end-season (m).

Crop Water Requirement 

The crop water requirement of gram
computed by equation 3.

ETc   = Kc x ETo                  ………..(Eq.3)

Where, ETc = Crop evapotranspiration, mm,
Kc  = Weekwise crop coefficient and ETo =
Average reference evapotranspiration (mm)
during that week.

Results and Discussion

Crop coefficients are usually not available for
natural vegetation due to the wide range of
density, health and water availability to these
systems. As a consequence, it is difficult to
produce standardized values of Kc that fit even
under situations. FAO56 did provide general
recommendations on estimating Kc for natural
or non-pristine vegetation that are based on
plant density, estimated stomatal behaviour
under well-watered conditions, and estimated
degree of water stress (Parera , 2015 )

Hence, considering the standard Kc values
developed by FAO56 are normalized for gram
with respect to sowing period, growth stages,
crop period and suitable crop variety for
Aurangabad condition. The crop coefficient
developed by FAO56 for gram was normalised
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Table 1. Week wise Crop Coefficient and  average water requirement (in mm day-1) for Gram under Aurangabad condition

Met. Stage Week Days t/T Derived Adjusted Average Water 
week after Kc Kc ETo require-
no. sowing ment in 

mm day-1

43 Initial 0 1 0.00 0.40 0.62 5.9 3.6
44 1 7 0.06 0.40 0.62 6.0 3.7
45 2 14 0.13 0.43 0.62 5.6 3.5
46 3 21 0.20 0.49 0.53 5.4 2.8
47 Development 4 28 0.26 0.58 0.63 5.5 3.5
48 5 35 0.33 0.68 0.74 5.5 4.1
49 6 42 0.40 0.80 0.86 5.6 4.8
50 7 49 0.46 0.94 1.00 5.2 5.2
51 Mid 8 56 0.53 1.03 1.10 5.2 5.8
52 9 63 0.60 1.05 1.12 5.1 5.8
1 10 70 0.66 0.94 1.00 5.0 5.0
2 11 77 0.73 0.88 0.94 5.3 5.0
3 Late 12 84 0.80 0.64 0.71 5.6 4.0
4 Allow to dry 13 91 0.86 0.38 0.46 5.8 2.7
5 14 98 0.93 0.35 0.35 6.1 2.1
6 Allow to dry 15 105 1.00 0.35 0.35 6.1 2.1



considering 100 days crop period, sowing time
at 43 meteorological week (MW). The derived
and modified Kc, considering the weather
parameters and height of the crops during every
meteorological week after sowing, reference
evapotranspiration (ETo) and water require-
ments of gram are presented form Table 1.
Also, the Kc were represented in the form of
polynomial equation with respect to the ratio of
days to total crop periods.

From Table 1, it is revealed that the derived
crop coefficients for gram were estimated to the
range of 0.40 to 1.05 where as modified crop
coefficient was recorded 0.62 to 1.12. The
meteorological week wise derived and modified
Kc are graphically presented in Fig 1 and 2. This
indicates that there is difference in derived crop
coefficient and modified crop coefficient which
impose to develop the location specific crop
coefficients. The average reference evapotrans-
piration at Aurangabd during growth period was
recorded to the tune of 5.0 to 5.9 mm day-1.
Accordingly, water requirement of gram was
recorded to the tune of 2.8 to 5.8 mm day-1. As
gram allow to dry for harvesting hence the water
requirements and Kc during drying period of
crops was not considered in total water
requirement of crop (FAO56,1998).

Derived K=Y = 3.296(t/T )6 + 25.25(t/T )5 -
62.32(t/T )4 + 39.48(t/T )3 - 6.341(t/T )2 +
0.601(t/T ) + 0.389           ……………..(Eq.4)

Modified Kc =Y = -30.05 (t/T )6 + 131.9 (t/T)5

- 192.2(t/T )4 + 1 12.6 (t/T )3 - 23.97(t/T )2 +
1.449(t/T ) + 0.608           ……………. (Eq.5)

Where, t= days since sowing, T = total  crop
period.

From Table 1 and Fig 2 and 3, it is seen that
variation of Kc for gram indicates a uniform
variation from crop development stage where as
the Kc for initial stage was more which is based
on wetting events and reference evapotrans-

piration of particular meteorological week for
medium soil. The crop coefficients for gram
upto mid-season stage were increased and
decreased from the end of mid-season towards
the end of the crop season. The daily Kc values
for gram, week after sowing (WAS) were more
than unity (>1) indicating increased irrigation
needs at that stage due to peak growth and pod
development. The equation no.5 can be used to
compute the kc of gram for Aurangabad
condition if the variety duration is more or less.
Also considering week wise average reference
evaporation, one can compute the water
requirement.

Conclusion

The developed Kc values for gram during
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Fig. 1. Derived Crop  Coefficient for Gram
under Aurangabad Condition
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initial, crop development, mid-season, late
season stages and at harvest were 0.62, 0.63 -
1.00, 1.1-1.20, 0.94, 0.71, 0.46  and  the last
two weeks recorded Kc was 0.35, (allow to dry
the crop) respectively. The results indicated that
the modified Kc values were considerably
different and higher than those suggested by
FAO indicating the need for developing these
values at the local scale. 
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Sesamum (Sesamum indicum L.) is a short
day plant. Sesamum is basically considered a
crop of warm region of tropics and sub-tropics.
Somewhat required fairly hot condition during
growth and development to produce maximum
yield. Sesamum requires the optimum
temperature during its life cycle is 25-35°C. If
the temperature is more than 45°C with the hot
winds the oil content reduces. If the temperature
goes beyond 45°C or less 15°C there is a sever
reduction in yield [Ranganatha et al., (2013)].
Abnormally the higher temperature at the time
of flowering and fruit setting may lead to
premature yield, shedding of flowers and
reduction in pollen sterility. Although Sesamum
also well in long day areas, it is generally
considered a short day plant. It flowers about 45

days under 10 hours day length [Meena and Rao
(2013)]. 

Weather based parameters such as GDD,
PTU, HTU, PTI, HUE and HTU (hydro-thermal
unit) have frequently been used for assessing
crop phenology. Therefore, all growth and
development stages of crop may be estimated
more accurately on the basis of GDD rather than
calendar method [Warthington and Hatchinson
(2005)]. Sesamum crop require different amount
of GDD, PTU, HTU, PTI, HUE and HTU for
growth and development stages. The GDD is
used to quantify effect of temperature and
describe the timing of different biological process
[McMaster and Wilhelm (1997)] and provide an
estimate of harvest date as well as crop
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Abstract
Sesamum (Sesamum indicum L.) is a short day plant and generally require fairly hot conditions for its

optimum growth and yield. Crop growth and development are closely related with  energy requirement
parameters, such as growing degree days (GDD), photo-thermal unit (PTU), helios-thermal unit (HTU), photo-
thermal index (PTI), heat use efficiency (HUE) and hydro-thermal unit (HTU). Therefore, GDD and other agro-
meteorological indices requirement for different phenological stages of sesamum genotype was carried out
during  kharif season 2016 at experimental farm of department of Agricultural Meteorology, College of
Agriculture, Parbhani with treatment combination of four sowing dates and genotype  replicated thrice in split
plot design  i.e. D1 (27th MW),  D2 (28th MW),  D3 (29th MW) and D4 (30th MW) and four genotype Phuletil
-1, Gujarat - 2, JLT - 408 and JLT – 7 were sown with spacing 45 x 15 cm on gross plot size 5.4 x 4.0 m2

and net plot size  4.5 x 3.6 m2 with following the recommended agronomic practices. The result from study
showed that the total GDD required during crop growth period was highest in D3 (29th MW) 441.46°Cd
sowing date followed by  D1 (27th MW), D2 (28th MW), D4 (30th MW) and it was 440.26°Cd, 436.26°Cd and
410.45°Cd respectively. Due to continuous cloudy condition, low temperature at maturity to harvesting stage
(P4) i.e. drying stage require more days and increase duration of crop. In case of varieties, Phuletil -1 recorded
highest GDD, PTU, HTU, PTI and HTU (hydro-thermal unit) was 1874.58°Cd, 23432.25°Cd hr,
10480.64°Cd hr, 73.2°Cd day-1 and 13849.5°Cd respectively, in total crop growth period. But highest HUE
(kg ha-1 degree days) recorded in JLT-408 genotype was 3.24 and followed by JLT-7, Phuletil -1 and Gujarat-
2. It might be due to genotypical differences in crop duration and yield.
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development stage [Ketring and Wheless,
(1989)].

In present study, was carried out the
relationship of GDD, PTU, HTU, PTI,HUE with
phonological development of crop.

Materials and Methods

A field experiment was conducted during the
kharif season of 2016-17 under rainfed
condition on the Experimental farm of the
Department of Agricultural Meteorology located
at College of Agriculture, Vasantrao Naik
Marathwada Krishi Vidyapeeth, Parbhani.The
experimental site situated at a Latitude,
Longitude and Altitude of 19°16’N, 76°47’E
and 409 m, respectively. The soil of the
experimental field was medium type.  An
experiment were laid out in split plot design with
three replications. Treatment under study were
four sowing dates in kharif season i.e. D1 (27th

MW), D2 (28th MW), D3 (29th MW) and D4 (30th

MW), and four different varieties Phule til -1,
Gujarat - 2, JLT - 408 and JLT - 7 were sown
with spacing 45x15 cm. The gross plot size was
5.4 x 4.0 m2 and net plot size was 4.5 x 3.6
m2. The weather condition in respect of rainfall,
temperature, relative humidity, sunshine hours
of the relevant crop growing period were
obtained from the Department of Agricultural
Meteorology, College of Agriculture, Vasantrao
Naik Marathwada Krishi Vidyapeeth,
Parbhani. 

All energy requirement parameters were
recorded for Four duration viz., Sowing to
vegetative, vegetative to reproductive,
reproductive to maturity and maturity to
harvesting.

Growing degree days was computed with
10°C as base temperature [Meena and Rao
(2013)] on the basis of daily mean temperature
with the help of following formula [McMaster
and Wilhelm (1997)]   

Tmax + Tmin
GDD= ––––––––––––––– - Tbase

2

where, Tmax = Daily maximum temperature
(°C), Tmin = Daily minimum temperature (°C)
and Tbase = Base temperature of 10°C

And other agrometeorological indices
namely Photo-thermal units (PTU), Helio-
thermal units (HTU), Photo-thermal index (PTI),
Heat use efficiency (HUE) were determined as
per Singh et al., (2014), Kingra and Kaur
(2012).

Photo-thermal units (PTU), the product of
GDD and corresponding day length for that day
were computed on daily basis as follows:

PTU = GDD × Day Length

where, day length refers to maximum
possible sunshine hours.

Helio-thermal units (HTU), the product of
GDD and corresponding actual sunshine hours
for that day were computed on daily basis as:

HTU = GDD x Actual Sunshine hours

Growing degree-days, helio-thermal units
and photo-thermal units were accumulated from
the date of sowing to each date of sampling and
aparticular date of phenophase to give
accumulate indices.

Photo-thermal index (PTI), the ratio of
degree days to the number of days between two
phenological stages was calculated as:

Degree days consumed between two
phenological stages

PTI = ––––––––––––––––––––––––––––––––––
No. of days between two 
phenological stages

Heat use efficiency (HUE) for seed yield(kg
ha) and was obtained as under:
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Seed yield 
(kg ha-1)

Heat use efficiency (kg ha-1/°C day) = ––––––––
GDD
(°C day)

Hydro-thermal units (HTU), was calculated
on the basis of GDD and mean relative humidity
by the following formula:

HTU = GDD × Mean Relative humidity

Results and Discussion

Growing Degree Days (GDD) : Growing
degree-days (GDD) (degree- days) calculated for
duration of sowing to vegetative (50%
flowering), vegetative top reproductive (90%
flowering), Reproductive to maturity and
maturity to harvesting showed significant
difference among four sesamum genotype under
sown situation. Pooled data analysis of the
growing period indicated higher value of GDD
from vegetative to harvesting recorded in Phule
til-1 (1874.58°Cd) followed by Gujarat-2
(1757.91°Cd), JLT-7(1693.52°Cd) were the
lowest GDD valve recorded in JLT-408
(1560.61°Cd) genotype. It might be due to the
genotypical differences in crop duration. Similar
result reported by Singh et al., (2014).

Photo-thermal units (PTU) : In total life
cycle of the four sesamum genotype the photo-
thermal units recorded different in different
growth phases. In whole crop growth period
harvest valve of   PTU was observed in Phule til-
1 (23432.25°Cd hr) followed by Gujarat-2
(21973.88°Cd hr), JLT-7 (20757.63°Cd hr) and

lowest PTU observed in JLT-408 (19507.63°Cd
hr).

Helio-thermal units (HTU) : Helio-
thermal units recorded at vegetative,
reproductive, maturity and harvesting showed
significant variation among four Sesamum
genotype. Based on pooled data analysis higher
value of HTU were recorded in Phule til-1
(10480.64°Cd hr) followed by Gujarat-2
(9522.77°Cd hr), JLT-7 (8891.58°Cd hr) and
lowest value recorded in JLT-408 (8024.31°Cd
hr). HTU increased with increased in duration of
crop. Similar result reported by Singh et al.,
(2014).

Photo-thermal index (PTI) : Result of PTI
revealed that in genotype Phule til-1, Gujarat-2,
JLT-7 and JLT-408 the PTI value
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GDD(degree- days)

Varieties P1 P2 P3 P4 Total

Phule til-1 751.42 144.93 602.86 375.37 1874.58
Gujarat-2 721.81 145.82 595.92 294.36 1757.91
JLT-408 680.93 127.73 544.3 207.65 1560.61
JLT-7 693.52 144.66 564.58 257.85 1660.61

PTU (°Cd hr)

Varieties P1 P2 P3 P4 Total

Phule til-1 9392.75 1811.60 7335.75 4692.12 23432.25

Gujarat-2 9022.62 1822.75 7449.00 3679.5 21973.88

JLT-408 8511.62 1596.62 6803.75 2595.62 19507.63

JLT-7 8669.00 1808.25 7057.25 3223.12 20757.63

HTU (°Cd hr)

Varieties P1 P2 P3 P4 Total

Phule til-1 3606.81 782.62 2712.87 3378.33 10480.64

Gujarat-2 3392.50 1006.15 2622.04 2502.06 9522.77

JLT-408 3200.37 849.01 2304.49 1640.43 8024.31

JLT-7 3259.54 1012.62 2427.69 2191.72 8891.58

PTI°Cd hr)

Varieties P1 P2 P3 P4 Total

Phule til-1 16.6 16.1 15.4 25.0 73.2
Gujarat-2 16.7 16.2 15.6 16.3 65.0
JLT-408 16.6 18.2 15.5 08.6 58.9
JLT-7 16.5 18.0 14.8 10.7 60.0



recorded(73.2°Cd hr) (65°Cd hr), (60°Cd hr)
and (58.9°Cd hr) respectively. Due to the
variation in growth period of each genotype PTI
value different recorded in their life cycle.
Similar result reported by Singh et al., (2014).

Heat Use Efficiency (HUE) : Based on
analysis showed HUE (kg ha-1/°C day) value
recorded highest for varieties JLT-408 (3.24 kg
ha-1/°C day) followed by JLT-7(2.46 kg ha-1/°C
day), Phule til-1(2.46 kg ha-1/°C day) and lowest
PTI recorded in variety Gujarat-2 (1.64 kg
ha-1/°C day). This might be due to the yield
variation in varieties. Similar result reported by
Singh et al., (2014).

Seed yield recorded at harvest showed
significant genotypic variation amongthe four
genotype under sown situation. Based on seed
yield data analysis highest seed yield ha-1

recorded in JLT-408(203 kg ha-1) followed by
JLT-7(176 kg ha-1), Phule til-1 (153 kg ha-1) and
Gujarat-2 (123 kg ha-1).

Hydro-thermal units (HTU) : Hydro-
thermal units (°Cd) recorded during total
growing period of four genotype of Sesamum
revealed that the highest hydro-thermal units

(°Cd) in genotype Phule til-1 (138439.5°Cd)
followed by Gujarat-2 (131999.6°Cd), JLT-7
(125969.6°Cd) and lowest JLT-408
(121140.6°Cd).

Conclusion

On the basis of observations and
analysis of data, in case of four different
Sesamum genotype Phule til-1 recorded highest
value of GDD, PTU, HTU, PTI,HTU (Hydro-
thermal units) respectively, in total crop growth
period. But highest HUE value were recorded in
JLT-408 genotype and followed by JLT-7, Phule
til-1 and Gujarat-2.

This might be due to genotypical differences
in crop duration and yield.
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HUE (kg ha-1/°C day)

Varieties P1 P2 P3 P4 Total

Phule til-1 0.20 1.06 0.25 0.41 1.92
Gujarat-2 0.17 0.84 0.21 0.42 1.64
JLT-408 0.30 1.59 0.37 0.98 3.24
JLT-7 0.25 1.22 0.31 0.68 2.46

HTU (Hydro-thermal units)(°Cd)

Varieties P1 P2 P3 P4 Total

Phule til-1 57859.3 10579.3 48228.8 21775.5 138439.5

Gujarat-2 55579.4 10790.7 47673.6 17956.0 131999.6

JLT-408 53112.5 9196.6 44088.3 14743.2 121140.6

JLT-7 54094.6 10415.5 45731.0 15728.9 125969.9

(P1-Vegetative stage, P2 - Reproductive stage, P3 -Maturity stage,

P4 - Harvesting stage)

______________



Groundnut is considered as one of the
universally preferred oilseed crops and is grown
throughout the world. It has gained lot of
economic and nutritional importance worldwide.
It has now been regarded as poor man’s cashew
and has become a replacement for expensive
nuts such as almonds, cashews and pistachio in
urban snack. About two third of the world
production of groundnut seed serves for the
production of oil, which is used for the cooking,
salad oil and margarine and lower grades of oil
are used in soap manufacture. Oilseeds occupy
a pride place in the Indian economy and ground-
nut is a kingpin among oilseeds grown in India.

The Indian Council of Agricultural Research
(ICAR) introduced the concept of “first line

demonstration” under the “oilseed technology
mission” during 1990-91. Later on this
demonstration was termed as “front line
demonstration” because the technologies were
demonstrated first time on farmer’s field by the
scientists themselves before taking it to the main
extension system of the state department of the
agriculture. The front line demonstration (FLD)
is to demonstrate recommended crop
production technologies and its’ management
practices by the scientist on farmers field under
real farming situation.

The groundnut crop is new in this region.
However, the area under konkan is increased
enormously. The upland early duration rice
varieties are being replacing with groundnut
cultivation due to poor yield in rice. The soils are
porous, rich in potash, optimum temperature
and humidity favors higher pod yields in
groundnut which is double as compare to upghat
region of rest of Maharashtra. The konkan strip
having so many tourist spot and heavy scope for
HPS grade groundnut kernels.   
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Abstract
The present study was conducted by Agricultural Research Station, Shirgaon during Kharif 2013 to 2016

with eighty frontline demonstrations across four districts of Konkan region of Maharashtra state (Ratnagiri,
Raigad, Thane and Sindhudurg). It was observed that average pod yield performance of 80 demonstrated
Groundnut crop in an area of 19.20 ha ranged from 21.23 to 22.84 q ha-1. There was 24.05 per cent increase
in pod yield in demonstrated Groundnut variety over local check during all the four years of demonstration. In
terms of economics also demonstrated Groundnut variety TKG-Bold was found economically superior with
higher B:C ratio of 2.48 as against the lower B:C ratio of 1.92 in local variety. Farmers were satisfied by the
yield obtained from demonstrations plot. The effect of these demonstrations was positive. Though the
groundnut crop is new for this konkan region, farmers were inspired by the success of FLD plots.

Key words : Groundnut, Front line demonstration, Pod yield, Improved variety
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The latest recommended packages of
practices of groundnut crop were demonstrated
on the farmers’ fields. Agricultural Research
Station Shirgaon has initiated the programme of
multiplication of seeds of high yielding variety
TKG-Bold. The objective was to popularize
TKG-Bold variety by supplying pure seeds to the
farmers on regular basis and thereby increase
the area and productivity of groundnut crop in
Konkan region of Maharashtra state. To
ascertain the constraints encountered by
groundnut growers of this area, a
multidisciplinary team of scientists of Agricultural
Research Station Shirgaon carried out a
benchmark survey, before conducting the
demonstrations.

Materials and Methods

All the farmers who have organized FLD of
groundnut were purposively selected for the
study. The farmers who were involved in
demonstrations were given the improved variety
along with recommended package of practices
to grow along with local check. Agricultural
Research Station Shirgaon conducted front line
demonstration on Groundnut variety TKG-Bold
released by Dr. Balasaheb Sawant Konkan Krishi
Vidyapeeth, Dapoli during Kharif 2013 to
Kharif 2016 with total area of 4.8 ha by
involving 20 farmers in each year (0.24 ha for
each farmer). Totally 80 demonstrations on
groundnut crop in an area of 19.20 hectares by
involving 80 farmers in all the four years of

demonstrations were conducted in four districts
of Konkan (Ratnagiri, Raigad, Thane and
Sindhudurg). The yield data was recorded from
demonstration and local plots. These were
compared with prevailing production
technologies of groundnut crop (which were
taken in check plots). The performances of
improved varieties with improved technologies
were evaluated closely by the organizing
seasonal trainings, method of demonstrations,
field days and by taking crop-cut experiments.
Regular diagnostic visit by the scientists helped
in proper execution of demonstration as well as
collection of farmers opinion about the
demonstration field. Production and economic
data for FLDs and local practice were collected
and analyzed. An endeavour was also made to
identify the constraints which are limiting the
groundnut yield in the area. 

Results and discussion

The records of recommended production
technology of groundnut in frontline
demonstration plots were compared with the
farmers practices adopted in local check plots.
The major differences were observed between
demonstration package and farmer’s practices
are regarding recommended varieties, source of
seed, optimum seed rate, seed treatment,
sowing methods, sowing distance, fertilizer
doses and plant protection measures. The Table
1 indicated that under FLDs only recommended
high yielding varieties like TKG-Bold with seed
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Table 1. Comparison between adoption of demonstration package and farmers practice of Groundnut

Particular practice Demonstration package Farmers practice

Improved variety TKG Bold Local Check  
Source of seed ARS, Shirgaon Farmers Local Variety
Optimum seed rate 150 kg ha-1 180 kg ha-1

Seed treatment 2.5 g Carbendazim or 5gm Thyrum Not used
Sowing method Line sowing Broadcasting and line sowing
Sowing distance 30 x 10 or 30 x 15 cm Not properly maintained
Application of fertilizer 25 kg N + 50 kg P2O5 Imbalanced use
Plant protection measures Need based spray of pesticides No use of pesticides



rate @ 150  kg per ha. were sown after seed
treatment with Carbendazim 2.5 gm or thirum
5g  per kg seed. The line sowing (30 x 10 or 30
x 15 cm) was practiced under demonstration
plots. 25 kg N and 50 kg P2O5 per ha were
applied as basal application. Need based spray
of pesticides for plant protection. Whereas
under farmers practice, they used their own seed
of local variety applied higher seed rate @ 160
to 180 kg per ha without seed treatment. Mostly
local method was adopted, spacing not properly
maintained imbalanced use of fertilizer and no
use of pesticides for plant protection. Similar
findings have also been observed by Lalit et al.
(2015), Chandra G. (2010) and Raj et al.
(2013).

The data of front line demonstration
presented in Table 2 showed that performance
of 80 demonstrated Groundnut crop in an area
of 19.20 ha ranged from 21.23 to 22.84 q

ha-1. The average yield of Groundnut pods was
found to be 22.21 q ha-1 whereas for local crop,
it was found to be 17.97q ha-1. There was
24.05 percent average increase in
demonstration variety (TKG-Bold) pod yield over
local check variety. The increased yield in
demonstrated variety may be attributed to better
growth and yield parameters observed in the
demonstrated variety. Similar results are also
reported by Raj et al. (2013).

The results obtained from FLDs during the
four years (2013 to 2016) have conclusively
proved the beneficial impact of the production
technology over the farmers’ practices (Table 3).
Results of the demonstrations had shown that
the use of improved groundnut variety resulted
in higher net income in economic terms also.
The farmers have earned average net income of
Rs. 56709 ha-1 through the use of improved
variety. Comparative results of the
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Table 2. Yield performance of improved varieties demonstration under FLD programme in Konkan

Year Variety No. of Area Pod yield % 
demons- ––––––––––––––––––––––––––––––––––––– increased 
tration Improved variety Local in yield 

––––––––––––––––––––––– ––––––––– over 
Max Average Average average

2013 TKG-Bold 20 4.80 37.25 22.32 19.45 14.76
2014 TKG-Bold 20 4.80 23.50 21.23 18.22 16.52
2015 TKG-Bold 20 4.80 24.50 22.45 16.92 32.68
2016 TKG-Bold 20 4.80 25.25 22.84 17.27 32.25
Total/average 80 19.20 27.63 22.21 17.97 24.05

Table 3. Cost of cultivation and economics of Groundnut varieties demonstrated under FLD programme in Konkan

Year Cost of cultivation Gross return % Net return % B:C ratio
(Rs. ha-1) (Rs. ha-1) incr- (Rs. ha-1) incr- ––––––––––––––

––––––––––––––––––– –––––––––––––––––– ease –––––––––––––––––– ease IP FP
IP FP IP FP IP FP

2013 35461 37417 94631 78042 21.3 59170 40625 45.6 2.67 2.09
2014 38181 39074 96819 79106 22.6 58638 40031 47.4 2.54 2.02
2015 40430 40498 94231 71312 32.2 53801 30814 75.8 2.33 1.76
2016 40421 40608 95648 72564 32.0 55227 31956 74.5 2.37 1.79
Average 38623 39399 95332 75256 27.03 56709 35857 60.83 2.48 1.92



demonstration was further highlighted by higher
benefit cost ratio of 2.48 as against local variety
which recorded BC ratio of 1.92. In this
connection, there is a wide scope to increase the
area under this variety in groundnut growing
areas of the Konkan districts. The similar
findings were also reported by Ramakant
Sharma and P. C. Choudhary (2014), Rao et al.
(2011) and Pradhan et al. (2011).

Conclusion

The findings of the study revealed that wide
gap exist in demonstration yield and farmer’s
practices in groundnut varieties due to
technology and extension gap in Konkan region
of Maharashtra state. The per cent increment in
yield of groundnut to the extent of 24.05 % in
FLDs over the farmers practice created greater
awareness and motivated the other farmers to
adopt the improved package of practices of
groundnut. These demonstration trails also
enhance the relationship and confidence
between farmers and ARS, Shirgaon scientists.
The recipient farmers of FLDs also play an
important role as source of information and
quality seeds for wider dissemination of the
improved varieties of groundnut for other nearby
farmers. It is concluded that the FLD
programme is a successful tool in enhancing the

production and productivity of groundnut crop
through changing the knowledge, attitude and
skill of farmers. Farmers were satisfied by the
yield obtained from demonstrations plot. The
effect of these demonstrations was positive.
Though the groundnut crop is new for this
konkan region, farmers were inspired by the
success of FLD plots.
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Groundnut is considered to be the one of the
most important oilseed crops in the world. It is
cultivated in more than 100 countries on 26.54
m hectare area with an annual production of
43.91 m tonnes and productivity of 1655 kg
ha-1 (FAOSTAT, 2015). In India, groundnut is
grown on 4.77 m hectare area with the
production of 7.40 m tonnes (FAOSTAT, 2015).
The productivity of groundnut in India is low

(1552 kg ha-1) compared to Israel (7389 kg
ha-1), USA (4397 kg ha-1), China (3492 kg
ha-1) and Argentina (2848 kg ha-1) (FAOSTAT,
2015). Groundnut kernels are regarded as
healthy foods as their nutrient profile is balanced
(Arya et al., 2016). The kernels contain 48-50%
oil, 10-20% carbohydrates, and 25-28% easily
digestible protein, and provides 564 kcal of
energy for every 100 g of kernels (Arya et al.,
2016).

In Maharashtra state it is cultivated on area
of 1.96 lakh hectares with productivity of 1163
kg ha-1 during kharif season and 0.71 lakh ha
area with 1366 kg ha-1 productivity during rabi
season 2014-15. In Konkan region groundnut
is grown on about 20,000 ha area with 1.8 t
ha-1 productivity. The groundnut crop is new in
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Abstract
In Konkan region groundnut is grown on about 20,000 ha area with 1.8 t ha-1 productivity. The groundnut

crop is new in this region. However, the area under konkan is increased enormously. The upland early duration
rice varieties are being replacing with groundnut cultivation due to poor yield in rice. The soils are porous, rich
in potash, optimum temperature and humidity favors higher pod yields in groundnut which is double as compare
to upghat region of rest of Maharashtra. Therefore, it was essential to devolved, high yielding, medium duration,
high shelling percentage with high oil content, fresh seed dormancy at least >21 days, resistant to major
diseases and pests variety for cultivation in groundnut growing tracts of Konkan region of Maharashtra state.
With considering the above points the Konkan Bhurtana (RTNG-29) is developed. The groundnut variety,
Konkan Bhurtana (RTNG 29) was evolved from the cross between PBS 24030 and GPBD 4 using former
parent through hybridization followed by pedigree method of selection. Konkan Bhuratna variety is medium
duration (115-120 days), Virginia Bunch type groundnut culture having 2.5 to 3.0 t ha-1 average pod yield,
with 50.01%  oil content, 23.44% protein content and 74 % shelling percentage, it is medium bold kernel
type variety, suitable for both kharif and rabi season. It is resistant to early and late leaf spot, rust, PBND,
alterneria leaf blight diseases and also resistant to thrips, jassids, leaf miner, defoliator insect and pests.
Therefore the groundnut variety Konkan Bhuratna recommended for release for commercial cultivation in
upland area during Kharif and irrigated area during Rabi season in Konkan region of the Maharashtra state
during the year 2017.

Key words : Konkan Bhuratna, high yield, high oil percent, resistance to diseases and pest
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this region. However, the area under konkan is
increased enormously. The upland early
duration rice varieties are being replacing with
groundnut cultivation due to poor yield in rice.
The groundnut is increasing fastly during rabi
season in commanded areas of different dams
and rivers in konkan region. The soils are
porous, rich in potash, optimum temperature
and humidity favors higher pod yields in
groundnut which is double as compare to upghat
region of rest of Maharashtra. 

Therefore, it was essential to devolved, high
yielding, medium duration, high shelling
percentage with high oil content and having
fresh seed dormancy more than 21 days,
resistant to major diseases and pests variety for
cultivation in groundnut growing tracts of
Konkan region of Maharashtra state. With
considering the above points the Konkan
Bhurtana is developed. 

Materials and Methods

Konkan Bhuratna (RTNG-29) is cross
between PBS 24030 and GPBD 4. The
selections were made for high oil, fresh seed
dormancy, resistance to major disease, pest and
high yielding progenies from the segregating

generations of above cross. Among the several
selections in segregating populations of above
cross, a promising pure line RTNG-29 was
selected and further tested in various trials viz.,
station trials, university trials, state coordinated
trials  and national co-ordinated trials  at various
locations in region at  state during 2012 to
2016. This culture also tested in agronomical at
Agricultural Research Station, Shirgaon,
Ratnagiri, MS during Rabi 2015-16 and Kharif
2016. Total 21 and 20 adoptive trials were
conducted during Rabi 2015-16 and Kharif
season 2016 respectively, in five districts of
Konkan region of Maharashtra state.  The
culture was screened for resistance to various
insect pests and diseases at endemic sites. The
oil quantity and quality parameters were
analyzed at Gujarat Laboratory, Gujarat. The
pod yield data of various trials were statistically
analyzed according to Panse and Sukhatme
(1967). Based on pod yield data of various trials,
superior kernel yield, resistance for disease and
insect pest reactions and stable yield
performance at various test locations, Konkan
Bhurtan groundnut variety is recommended
to release in the state of Maharashtra
for commercial cultivation during the year
2017.  
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Table 1. Yield performance of Ratnagiri 6 (IET-25529) in different trials and demonstrations 

Particulars Year Average grain yield Name of the Per cent 
(kg ha-1) check increase

–––––––––––––––––––– over check
Ratnagiri 6 Check

Initial Station trial (1 location) 2011 5222* 4509 Ratnagiri-24 15.81
Advance Station trial (1 location) 2012 7437* 4761 Ratnagiri-24 56.21
Initial State Co-ordinated trial  (7 locations) 2013 4753* 4005 Ratnagiri-24 18.67
Advance State Co-ordinated trial  (9 locations) 2014 4024** 3226 Ratnagiri-24 24.75
Advance State Co-ordinated trial (9 locations) 2015 4067** 3556 Ratnagiri-24 14.39
Three years pooled data State Co-ordinated trials    2013-215 4257* 3549 Ratnagiri-24 19.96
AICRIP trial- SG (22 locations) 2015 4217* 3865 BPT 5204 9.11
Adaptive trial  (15 locations) 2016 4876** 3858 Ratnagiri-24 26.38
Agronomical trial (1 locations) 2016 5512** 4215 Ratnagiri-24 55.12
Average 5013.5 3999.38 - 25.35

*, ** Significant at 5 % and 1 % respectively (Anonymous, 2016).
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Table 1.  Characteristic of Groundnut culture, RTNG-29 as per DUS guidelines

Sr. No. Characteristics RTNG-29 Sr. No. Characteristics RTNG-29

1.(*)(+) Plant: Growth habit Erect 10.(*)(+) Pod: Reticulation Medium 

Erect Absent

Semi- spreading Medium

Spreading Prominent

2.(*) Leaflet: Size(fully developed basal
leaflet)

Small 
(2.6 cm) 

11.(*) Pod: Number of kernels (on 100
pod basis)

>60% 2
seeded

Small (<4.0 cm) >60% 2 seeded

Medium (<4.0 –6.0cm) >60% 3 seeded

Large (>6.0 cm) >60% 4 seeded

3. Leaflet: Colour Dark green 12.(*)(+) Pod: Presence of beak Present 

Light green Absent

Green Present

Dark green 13. Pod: Shelling percentage Medium (>75
%)4.(+) Stem: Pubescence Medium Low (<66)

Absent Medium (66-75)

Sparse High (>75)

Medium 14.(*) Testa: Colour Uniform 

5.(*)(+) Flower: Presence Absent Uniform

on main axis Variegated

Absent 15(*). Kernel: Colour of testa (varieties
with monochrome testa only)

Tan (12 E 4)

Present White (1 A 1)

6.(*)(+) Flower: Arrangement on side
branches

Irregular Off white( 1 A 2)

Sequential Tan (12 E 4)

Alternate Rose (Grayish red 8 B 3)

Irregular Purple (14 F 4)

7.(+) Inflorescence Simple Dark purple (14 F 7)

Simple Salmon (6 A 4)

Compound Red (10 B 7)

8. (*) Time of maturityv(For curing) Dark red (11 C 8)

Very early (< 90 days) 16.(+)(*) Kernel: Shape Cylindrical 

Early (90-100 days) Medium
(115-120
days)

Spheroid

Medium (101-120 days) Cylindrical

Very late (>120 days) Fusiform

9.(*)(+) Pod: Constriction Medium (5) 17.(*) Kernel: Weight of 100 kernels
(about 9% moisture)

Medium(45
to 50g)

Absent Low (<36 g)

Shallow Medium (36-50 g)

Medium High ( 51-65 g)

Deep Very high (>65 g)



Results and Discussion 

The characteristic features of Konkan
Bhuratna (RTNG-29) recorded as per DUS
guideline at the research stations were presented
in Table 1. The groundnut variety RTNG-29 is
erect in growth habit, leaflet colour dark green,
leaf size small (2.6 cm), medium duration (115-
120 days), high shelling % (>75 %), Kernel
colour tan & Shape cylindrical, Medium bold
(100 Kernel wt. 48 g), fresh seed dormancy (26
days) and high oil content (50.01 %).  

The yield performance of Konkan Bhuratna
groundnut variety in various trials conducted
during 2012 to 2016 is presented in Table 2.

Konkan Bhuratna (RTNG 29) groundnut variety
recorded 35.81%  higher pod yield (4852 kg
ha-1)  over check TKG-Bold (3577 kg ha-1) in
station trial (Rabi) conducted during Rabi 2012-
13 to 2014-15, similarly, during kharif 2013 to
2015 in station it has recorded 4358 kg ha-1

pod yield which was 58.30 % higher than the
check TKG-Bold (Anonymous, 2017).  

In university multilocation trials conducted on
university farm at 7 different location Konkan
Bhuratna has been recorded 19.81% (3731 kg
ha-1) higher pod yield over the check  TKG-bold
(3114 kg ha-1) in two season both in Kharif and
Rabi.
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Table 2. Yield performance of Konkan Bhuratna in different trials conducted at different locations during 2012-13 to
2015-16

Trials Year/Season/Location Average pod yield % 
(kg ha-1) increase 

––––––––––––––––––––– over
Konkan Check check
Bhuratna

Station Trial (Rabi) 2012-13 to 2014-15 (3 seasons) 4858 3577 35.81
Station Trial (Kharif) 2013 to 2015 (3 seasons) 4358 2753 58.30
University Trial (Rabi) 2012-13 to 2013-14 (2 seasons & 7 locations) 3731 3114 19.81
University Trial (Kharif) 2013 to 2014 (2 seasons & 7 locations) 3281 2458 33.48
State SMVT (Kharif) 2013 to 2016 (4 seasons & 6 locations) 2855 2013 41.83
AICRP-G Trial (Kharif) 2016 (1 Season & 9 locations) 2349 1804 30.24
Adaptive Trial (Rabi) 2015-16 (5 districts & 21 locations) 2662 2216 20.13
Adaptive Trial (Kharif) 2015-16 (5 districts & 20 locations) 3108 2039 52.43
Agronomical Trial (Rabi) 2015-16 4850 3472 39.69
Agronomical Trial (Kharif) 2016 4634 3393 36.58
Average 3669 2684 36.69

Table 3. Yield performance of Konkan Bhuratna (RTNG-29) in State Multilocation Varietal Trials (SMVT) at different locations
during 2013 to 2016 in Maharashtra state

Year Loca- RTNG-29 Zonal Ch. Local Ch.  % % 
tions AK 159 TKG Bold increased increased 

over zonal over local 
check check

2013 6 2935 2240 2039 31.02 43.94
2014 7 2349 1907 2048 23.17 14.70
2015 5 3061 2281 1762 34.20 73.72
2016 7 3075 2347 2203 31.02 39.58
Pooled 2855 2194 2013 30.14 41.83



In state multilocation varietal trials conducted
during Kharif 2013, Kharif 2014, Kharif 2015

and Kharif 2016 in these 4 seasons, and six
different locations, Konkan Bhuratna (RTNG-

Table 4. Yield performance of RTNG-29 in AICRP-G Trials at at various location in Zone Vth during Kharif 2016

Entry Mean % increased % increased % increased 
over ICGS over GG  over ICGV 
76 (ZC) 16 (ZC) 00348 (ZC)

Konkan Bhuratna (RTNG 29) 2349 30.24 45.68 34.64
ICGS 76 (ZC) 1804
GG 16 (ZC) 1613
ICGV 00348 (ZC) 1745

Table 5. Performance of Konkan Bhuratna under adaptive trials conducted on farmer's field during Rabi 2015-16 and Kharif
2016

Year No. of No. of RTNG-29 Check % Increase
trials district TKG-Bold over check

Rabi 2015-16 21 05 2662 2216 20.13
Kharif 2016 20 05 3108 2039 52.43

Table 6. Pod yield of groundnut as influenced by genotypes/varieties, spacing and different fertilizer levels Rabi 2015-16

Genotypes Spacing Fertilizer levels
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
F0 F1 F2 Mean
(00:00:00 kg (25:50:00 kg (30:70:00 kg
NPK ha-1) NPK ha-1) NPK ha-1)

V1 (RTNG-29) S1 (30 x 10 cm) 23.07 39.79 48.50 37.12
S2 (30 x 15 cm) 22.41 33.58 37.93 31.30
S3 (45 x 10 cm) 23.58 30.04 33.64 29.09

V2 (TKG-Bold) S1 (30 x 10 cm) 20.49 29.33 34.72 28.18
S2 (30 x 15 cm) 19.41 22.17 30.94 24.17
S3 (45 x 10 cm) 17.46 25.74 31.61 24.93
Mean 21.07 30.11 36.22 29.13

Table 7. Pod yield of groundnut as influenced by genotypes/varieties, spacing and different fertilizer levels Kharif- 2016

Genotypes Spacing Fertilizer levels
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
F0 F1 F2 Mean
(00:00:00 kg (25:50:00 kg (30:70:00 kg
NPK ha-1) NPK ha-1) NPK ha-1)

V1 (RTNG-29) S1 (30 x 10 cm) 25.48 37.96 46.34 36.59
S2  (30 x 15 cm) 22.68 27.14 31.54 27.12
S3 (45 x 10 cm) 23.77 26.50 29.82 26.70

V2 (TKG-Bold) S1 (30 x 10 cm) 23.13 29.68 33.93 28.91
S2 (30 x 15 cm) 21.09 23.75 29.06 24.63
S3 (45 x 10 cm) 21.49 22.89 26.72 23.70
Mean 22.94 27.99 32.90 27.94
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29) has recorded 31.02%, 23.17%, 34.20 %
and 31.02% increased pod yield over zonal
check AK-159 respectively, while as it was
recorded 43.94%, 14.70%, 73.72% and
39.58% higher pod yield over local check TKG-
Bold, respectively. On the basis of pooled mean
performance of state multilocation trial, it
showed 30.14% and 41.83% increased pod
yield over zonal and local check respectively,
Table 3 (RRC Report 2014, RRC Report 2015
and RRC Report 2016).  

Konkan Bhurtna was evaluated in All India
Coordinated Trials testing code at nine different
locations during Kharif- 2016 in the country.  It
showed 30.24 %, 45.68 % and 34.64 %
increase in pod yield over Zonal Checks, ICGS

76, GG 16 and ICGV 00348 respectively
conducted during Kharif-2016 season indicating
it’s wider adaptability in varied agro-ecological
situations in the country, Table 4 (DGR Report,
2017).  

The groundnut culture, Konkan Bhuratna
(2662 and 3108 kg ha-1) has recorded 20.13%
and 52.43% increase in pod yield over check
TKG-Bold (2216 and 2039 kg ha-1) in 21 and
20 adaptive trials conducted in five district
during Rabi 2015-16 and Kharif 2016
respectively (Table 5). 

The Agronomical experiment was conducted
at ARS, Shirgaon (Ratnagiri) to study the effect
of spacing and different nitrogen levels along on
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Table 8. Quality analysis of Konkan Bhuratna (RTNG-29) culture (Test Report of Gujarat Laboratory)

Name of the Test parameters
culture / check –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Oil Protein Palmitic Steric Oleic Linoleic Arachidic Bahenic
(%) (%) Acid (%) Acid (%) Acid (%) Acid (%) Acid (%) Acid (%)

RTNG-29 50.01 22.44 14.60 3.20 46.08 31.71 0.78 2.28
TKG-Bold 48.11 24.56 13.09 2.82 45.81 33.16 1.12 2.76
Konkan Gaurav 47.12 24.05 13.96 3.23 49.28 29.25 0.83 2.18

Table 9. Reaction to major diseases on the basis of pooled mean (Rb-2012-13 to Rb-2014-15)

Entry ELS LLS Rust PBND Alterneria leaf 
(0-9) Scale (0-9) Scale (0-9) Scale (%) blight (0-9) Scale
–––––––––––– –––––––––––– –––––––––––– –––––––––––––– ––––––––––––––––––

Date of appearance 20-25 Days 55-60 Days 62-65 Days 40-45 Days 45-60 Days

RTNG-29 0.0 HR 1.0 R 1.3 MR 1.5 R 1.7 R
TKG Bold (Ch-I) 0.0 HR 3.2 MS 1.6 MR 2.8 MR 2.9 MR
Konkan Gaurav (Ch-II) 0.0 HR 2.6 MS 2.8 MS 2.6 MR 2.7 MR

Table 10. Reaction to major diseases on the basis of pooled mean (Kh-2013 to Kh-2015)

Entry ELS LLS Rust PBND Alterneria leaf 
(0-9) Scale (0-9) Scale (0-9) Scale (%) blight (0-9) Scale
–––––––––––– –––––––––––– –––––––––––– –––––––––––––– ––––––––––––––––––

Date of appearance 20-25 Days 55-60 Days 62-65 Days 40-45 Days 45-60 Days

RTNG-29 0.0 HR 1.0 R 1.2 MR 1.6 R 1.4 R
TKG Bold (Ch-I) 0.0 HR 2.3 MR 2.0 MR 2.7 MR 2.2 MR
Konkan Gaurav (Ch-II) 0.0 HR 3.0 MS 3.2 MS 2.7 MR 2.4 MR



promising groundnut entry, Konkan Bhuratna
during Rabi 2015-16, recorded higher pod yield
4850 kg ha-1 by adopting 30 x 10 cm spacing
and 30:70:00 NPK kg ha-1 as fertilizer dose,
which was 39.69% higher over cultivar TKG-
Bold (3472 kg ha-1) by adopting same package
of practice (Table 6).

In Agronomical trial, conducted during Rabi
season, promising groundnut entry, Konkan
Bhuratna given higher pod yield 4634 kg ha-1

by adopting 30 x 10 cm spacing and 30:70:00
NPK kg ha-1 as fertilizer dose, which was
36.58% higher over cultivar TKG-Bold (3393
kg ha-1) by adopting same package of practice
(Table 7). 

The oil quantity and other quality analysis of
Konkan Bhuratna groundnut variety was
estimated at the Gujrat Laboratory during the
year-2016. It showed high oil content (50.01%),
protein content (23.44%), Palmitic Acid
(14.60%), Steric Acid ( 3.20%), Oleic Acid

(46.08%), Linoleic Acid (31.71%), Arachidic
Acid ( 0.78 %) Bahenic Acid (2.28%) (Table 8).

Konkan Bhuratna  is resistant to early and
late leaf spot, rust, PBND, alterneria leaf blight
diseases and also resistant to thrips, jassids, leaf
miner, defoliator insect and pests (Table 9-12).

Konkan Bhurtana, groundnut variety is dwarf
in height (25-30 cm), medium in duration (115-
120 days), having good shelling percentage
(kharif 73.5-76.0% and rabi 70.2-76.3%),
medium bold type (100 kernel weight (45-50 g),
having fresh seed dormancy (26 days), high oil
content (kharif 50.02-50.08% and rabi 49.70-
50.14%), resistant to thrips, jassids, leaf miner
and defoliator insect pests and resistant to early,
late leaf spot, rust, PBND and alterneria leaf
blight diseases. It is suitable for groundnut
growing areas of Maharashtra. Therefore the
groundnut variety Konkan Bhuratna released for
climatic condition of Konkan region of the
Maharashtra state in the year 2017.
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Table 11. Reaction to major Insect pests on the basis of pooled mean (Rb-2012-13 to Rb-2014-15)

Entry Thrips Jassids Leaf miner Defoliator
–––––––––––––––––––––– ––––––––––––––––––––––– ––––––––––––––– –––––––––––––
30D 60D 90D 30D 60D 90D 30D 60D 90D 30D

RTNG-29 1.6 1.9 0.9 1.1 1.0 0.9 1.1 1.6 1.0 1.5
Reaction HR HR HR HR HR HR HR HR HR HR
TKG-Bold (Ch-I) 4.6 5.2 4.6 2.8 2.2 1.5 4.4 5.4 4.9 6.6
Reaction MS S MS R R HR MR MS MS S
Konkan Gaurav (Ch-II) 3.0 3.2 3.8 2.2 1.9 1.7 3.2 4.5 4.0 3.2
Reaction MR MR MR R HR HR MR MR MS MR

Table 12. Reaction to major Insect pests on the basis of pooled mean (Kh-2013 to Kh-2015)

Entry Thrips Jassids Leaf miner Defoliator
–––––––––––––––––––––– ––––––––––––––––––––––– ––––––––––––––– –––––––––––––
30D 60D 90D 30D 60D 90D 30D 60D 90D 30D

RTNG-29 2.2 1.8 1.2 1.6 1.9 1.1 1.0 1.6 1.8 1.7
Reaction R HR R HR HR HR HR HR HR HR
TKG-Bold (Ch-I) 5.3 4.7 4.4 3.3 2.6 2.2 3.2 4.7 4.7 5.1
Reaction S MS MS R R R MR MR MS S
Konkan Gaurav (Ch-II) 3.5 3.3 3.6 2.6 2.0 2.6 3.6 3.3 3.7 3.3
Reaction MR MR MR R R R MR MR MR MR



Acknowledgement

The authors are grateful to the Directorate of
Groundnut Research, Junaghadh, Gujarat for
providing the research material and financial
support for development of this variety through
All India Coordinated Research Project on
groundnut (AICRP-G) programme. They are
also thankful to the scientists and the technical
staff who helped in screening and evaluation of
above variety at in different locations.

References
Anonymous. 2017.  Release proposal of Konkan Bhuratna,

presented during Joint Agresco, 2017 held on 28-31st

May, 2017 at VNMAU, Parbhani. 

Arya, S. S., Salve, A. R. and Chauhan, S. 2016. Peanut as
functional food: a review J. Food Sci Technol., 53: 31-
41.

DGR Report, 2016. Annual groundnut Workshop report,
25-27 April-2017. 

FAO, 2015. www.faostate.com

Panse, V. G. and Sukhatme P. V. 1967. Statistical Methods
for Agricultural Workers. ICAR. Publ. New Delhi (India).

RRC Report, 2014. Research Review Meeting Field Crops-
Oilseeds 10-11th March 2014, Dr. BSKKV, Dapoli,
(MS). 

RRC Report, 2015. Research Review Meeting Field Crops-
Oilseeds 26-27th March 2015, Dr. BSKKV, Dapoli,
(MS).

RRC Report, 2016. Research Review Meeting Field Crops-
Oilseeds 13th April 2016, Dr. BSKKV, Dapoli, (MS).

Journal of Agriculture Research and Technology 49

J. Agric. Res. Technol., 44 (1) : 049-050 (2019)

Effect of Hydrogel Management on Productivity of Summer
Groundnut in Climatic Condition of Konkan Region 

A. S. Kamble, B. D. Waghmode*, V. C. Navhale and U. V. Mahadkar
Dr. B. S. Konkan Krishi Vidyapeeth, 

Agricultural Research Station, Shirgaon - 415 629, Ratnagiri (India)
*E-mail: arsshirgaon@rediffmail.com, bharat_breed@yahoo.com

______________

Groundnut (Arachis hypogaea L.) is one of
the important oilseed crops of India and annually
it is cultivated on an area of 5.5 M ha with
production of 9.5 M tonnes and productivity of
1723 kg ha-1 (2014-15). In the recent years, the
area under summer groundnut has increased due
to assured and higher profit as well as
productivity. Among the various factors that limit
the productivity of groundnut, low temperature
prevailing during germination, water and
nutrient management are very important. Use
of polythene mulches been reported to cut down
water requirement of irrigated summer
groundnut and increases the  temperature by 4-
50 C that favors seedling emergence. Further,
water requirement can  be reduced with the
application of “Pusa hydrogel” which is an

indigenous semi synthetic super absorbent
technology for  conserving water and enhancing
crop productivity and thereby increases the
water use efficiency (IARI, 2012). Hydrogel
absorbs and retains large quantities of plant
available water Information on combined use of
hydrogel management practices in groundnut is
lacking, hence, the present investigation was
undertaken.

A field experiment was conducted at the
AICRP on Groundnut, Agricultural Research
Station, Shirgaon  during Rabi-Summer, 2013-
14 in a split-plot design with three replications
two mulching practices (With biodegradable
mulch and Without biodegradable mulch) in the
main plot sown with three hydrogel levels



Control (Irrigation as per recommendation), 2.5
kg ha-1 and 5.0 kg ha-1 (reduce 2-3 irrigation
depending on location) in the sub plots and three
levels of Nutrient management practices,
Organic nutrient management (locally available
resources), Inorganic nutrient management and
Integrated nutrient management in sub sub
plots. Dry pod and kernel yield of groundnut was
significantly influenced due to application of
different hydrogel levels. The application of
hydrogel @ 5.0 kg ha-1 recorded significantly
highest pod and kernel yield (3151 kg and 2285
kg ha-1, respectively) over hydrogel application
@ 2.5 kg ha-1 (H2) and no hydrogel application
i.e. irrigation as per recommendation (H1).
Hydrogel application has significant on haulm
yield of groundnut in individual years, however,
it was non significant in pooled analysis. In terms
of economics, application of hydrogel @ 5.0 kg
ha-1 (9 irrigations) remained top in rank with net
returns of Rs. 58986/- with B:C ratio of 1.55.

Effect of nutrient management
practices : Exploitation of integrated nutrient
management practice has noticed significantly
higher pod, kernel and haulm yield of groundnut
(3262 kg, 2370 kg and 4565 kg ha-1,
respectively) over organic nutrient management
(use of locally available nutrients and FYM @ 7.5
t ha-1)  and inorganic nutrient management i.e.
RDF 25:50:00 NPK kg ha-1. In respect of
economics, maximum net monitory returns
were obtained with integrated nutrient
management (Rs.64123/- ha-1) with benefit to
cost ratio of 1.59 which was followed by
inorganic nutrient management (Rs. 55200/-
ha-1).

Interaction effect : The interaction effect
between mulching and nutrient management

was found to be significant for dry pod and
kernel yield of groundnut. Polythene mulched
groundnut fertilized with integrated nutrient
management (FYM @7.5 t ha-1 and RDF
25:50:0 NPK kg ha-1 i.e. (M1N3) recorded
significantly highest pod and kernel yield (3619
and 2640 kg ha-1, respectively) over rest of
treatment combinations. However, interaction
between mulching and hydrogel was found to be
significant for kernel yield of groundnut. The
groundnut sown with polythene mulch and
application of hydrogel@ 5.0 kg ha-1 i.e. (M1H3)
recorded significantly highest kernel yield (2523
kg ha-1) over rest of treatment combinations.

Water use efficiency : The water use
efficiency revealed that, that three irrigations can
be saved under application of hydrogel@ 5 kg
ha-1 with the water saving of about 25.0 per
cent as compared to the recommended practice
of irrigation to rabi summer groundnut (12
irrigations). Field water use efficiency of 7.67 kg
ha-1 mm was found to be highest under
treatment M1H3N3 i.e. groundnut growing
under polythene mulch with application of
hydrogel @ 5.0 kg ha-1 and integrated nutrient
management, which was closely followed by
application of same mulch and hydrogel level
with inorganic nutrient management (6.07 kg
ha-1 mm).

Conclusion

The groundnut cultivar TKG Bold grown
under polythene mulch with application of
hydrogel @ 5.0 kg ha-1 and supplied with
integrated nutrient management noticed the
highest pod yield, water use efficiency and
saving of 25% water with higher net monetary
returns.
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Pigeonpea [Cajanuscajan (L.) Millsp.] is a
pulse crop belongs to the family leguminoceae
(Fabaceae) and it is a multipurpose legume with
a long tradition of cultivation over a three
thousand years. It is the most widely grown
cropinthecountry in tropic and sub tropics
region and has been considered as a second
most important pulse crop after chickpea. India
has virtual monopoly in pigeonpea production
accounting to 90% of world’s total production.
In India alone, pigeonpea are grown in about
3.90million hectares, witha production of 3.17
million ton, however the average productivity is
only 813 kg ha-1. More than 85% area of
pigeon pea is under rainfedcondition. The

demand for pulses is increasing due toincreasing
population. To meet the demand pigeonpea
productivity has to be increased. Improper
irrigation and nutrient management are the
main reason of low productivity of pigeonpea in
Maharashtra.

Increasing demand for irrigation water
coupled with depleting ground water sources
calls for efficient use of water. Therefore, there
is need for efficient irrigation methods to these
crops. The present scenario of flood irrigation
should give away to controlled irrigation, such as
drip irrigation which offers enormous use for
economy of irrigation water and fertilizer
chemicals. In conventional method, there is a
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Effect of Drip Fertigation on Growth, Weed Dynamics, Yield
and Economics of Pigeon pea
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Abstract
A field investigation entitled "Response of pigeonpea to different drip fertigation levels” was carried out at

Department of Agronomy Farm, Dr. Panjabrao Deshmukh KrishiVidyapeeth, Akola during the kharif season
of 2016-17. The experiment was laid out in Randomised Block Design with four replications and eight different
irrigation and fertigation treatments with an objective to study the efficacy of split application of N, P and K
on growth, yield and economics of Pigeonpea. The experimental site was established with inline drip irrigation
system (16 mm) lateral laid out at 90 cm with 30 cm dripper spacing. Irrigation water was applied through
drip irrigation system on every alternate day at the rate of 100 per cent crop evapotranspiration level.
Experiment results revealed that, in pigeonpea all the growth parameters viz., plant height, number of branches
plant-1, root nodules plant-1, dry matter accumulation plant-1, yield attributes viz., Pod plant-1 and seed yield
were substantially enhanced by drip fertigation levels at 125:100:100 per cent recommended NPK than lower
fertigation levels (75 and 100 %), drip irrigation with 100 per cent recommended NPK and over conventional
soil application in furrow with 100 per cent RDNPK kg ha-1. As a consequence of better growth and yield
attributes, drip fertigation at 125:100:100 per cent recommended dose of NPK ha-1 had recorded higher
pigeon-pea seed yield of 3866 kg ha-1. Invariably higher weed population and weed dry weight were associated
with furrow irrigation and conventional soil application of recommended dose of fertilizers (100 per cent
RDNPK through soil) compared to fertigation treatments. However, other fertigation levels were found
comparable in respect of weed population and weed dry weight at 30 and 60 DAS. The GMR, NMR and B:C
ratio was found maximum with 125:100:100 per cent RDNPK treatment. Drip fertigation as well as soil
application of fertilizer had no significant impact on seed index, protein content and all the quality parameters
of pigeonpea. 

Key words : Drip, Pigeonpea, Fertigation, NPK, Economics.



heavy loss of nutrients due to leaching,
denitrification, evaporation and fixation in the
soil. Drip irrigation and fertigation are
technologies which improve both water and
fertilizer use efficiency to a great extent.
Fertigation gives flexibility of fertilizer
application, which enables the specific
nutritional requirement of the crop to be met at
different stages of its growth. Split application
of fertilizers ensures required nutrients in right
time and in right quantity for getting higher yield
with minimum loss of nutrients. Nitrogen,
phosphorus and potassium fertilizers are water
soluble and play a major role in the growth and
development of pigeonpea crops.Drip irrigation
and fertigation are technologies which improve
both water and fertilizer use efficiency to a great
extent. In general, injection of fertilizers into
irrigation water gives a better crop response
than either band or broadcasting. Drip irrigation
and fertigation will help to increase area under
pigeonpea cultivation under water scarcity
condition which will help to increase the
branches plant-1, nodule plant-1, pods plant-1

which will ultimately increases the yield. In this
respect fertigation proposed as a means to
increase efficient use of water and fertilizer to
increase yield, protect environment and
sustained irrigated agriculture. Hence,thepresent
study was initiated to study the influenceof split
application of nutrients on growth, yield and
economics ofpigeonpea under drip fertigation. 

Materials and Methods

The field experiment was carried out at
Agronomy Farm, Department of Agronomy, Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola
during the kharif seasons of 2016. The
topography of the field was fairly uniform and
level. The soil was medium black cotton
belonging to Vertisols.The experiment was laid
out in randomised block design with four
replications and eight different fertigation
treatments imposed for pigeonpea crop i.e. 100
per cent RDNPK through soil application with

furrow irrigation (T1), drip irrigation with 100
per cent RDNPK through soil application (T2),
drip fertigation with 125:75:75 per cent
RDNPK in five splits (T3), drip fertigation with
100:75:75 per cent RDNPK in five splits (T4),
drip fertigation with 75 per cent RDNPK in five
splits (T5), drip fertigation with 125:100:100
per cent RDNPK in five splits (T6), drip
fertigation with 100 per cent RDNPK in five
splits (T7), drip fertigation with 75:100:100 per
cent RDNPK in five splits (T8). The experiment
site was established with inline drip irrigation
system (16 mm) lateral laid out at 90 cm with
30 cm dripper spacing. Irrigation water was
applied through drip irrigation system on every
alternate day at the rate of 100 per cent crop
evapotranspiration level.

The sources of nutrients were urea (46% N),
single super phosphate (16% P2O5), phosphoric
acid and murate of potash (60% K2O) for
nitrogen, phosphorus and potash, respectively.
The fertilizer was applied as per the treatments.
Full dose of the nitrogen, phosphorus (through
SSP) and potassium were applied to the
treatments T1 and T2 through soil application at
the time of sowing by the conventional method.
Remaining treatments (T2, T3, T4, T5, T6, T7,
T8) wereapplied with N,P(through phosphoric
acid) and K in fertigation treatments in five
unequal splits as per the growth stages of
pigeonpea.The fertilizer tank of 90 litre capacity
was used to apply chemical fertilizer through the
irrigation water. The variety of Pigeonpea PKV-
TARA was sown on 11th June 2016 with
recommended dose of fertilizers 25:50:30 kg
NPK ha-1.

Results and Discussion

Growth parameters of pigeonpea : The
data presented in Table 1 revealed that plant
height, number of branches, number of root
nodules at 60 DAS, dry matter weight per plant
was significantly influenced by different
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treatments. The highest value for all these
characters were obtained under application of
125% N and 100% P & K through drip
irrigation, closely followed by 100% NPK
through drip irrigation and 75%N and 100% P
& K, however lowest value for all the growth
attributing characters were observed in furrow
irrigation with conventional method of fertilizer
application (T1) and 100% NPK as basal with
drip irrigation (T2). The treatment drip
fertigation with 125% N + 100% P+ 100% K
in five splits was found at par with 100% NPK
ha-1 in respect all the growth characters.The
favourable increase in growth attributes in terms
of plant height due to drip fertigation was earlier
reported by Goud and Kale (2010).

Increase in the levels of N, P and K through
fertigation increases the plant height, number of
branches, dry matter weight per plant and root
nodulesper at 60 DAS which might be due to
enhanced availability and uptake of nutrients
leading to enhanced photosynthesis, expansion
of leaves and translocation of nutrients to the
reproductive parts as compared to soil
application method. Higher number of branches
per plant in fertigation of N, P and K splits might
be due to higher uptake of nutrients and further
vegetative growth of the pigeonpea plant. Singh

and Yadav (2008) andManikandan et al. (2015)
have reported the beneficial effect of higher level
of N, P and K fertigation on branches in
pigeonpea which indicated that pigeonpea
required more nutrients for enhancing the yield
attributes.

Weed population and weed dry matter : The
data regarding weed population (No. m-2) and
weed dry matter as influenced by different
treatments at 30 and 60 DAS are presented in
Table 2. More number of weeds were observed
at 30 DAS than 60 DAS.Invariably higher weed
population and weed dry weight were associated
with furrow irrigation and conventional soil
application of recommended dose of fertilizers
(100 per cent RDNPK through soil) compared
to fertigation treatments. However, other
fertigation levels were found comparable in
respect of weed population and weed dry weight
at 30 and 60 DAS.Drip fertigation treatments
of N , P and K reduced most effectively the weed
growth as against furrow irrigation and soil
application methods. Basal soil application of
fertilizers in furrow and drip irrigation method
encouraged the germination and abundant
growth of weeds which resulted in higher weed
population and weed dry weight than the
fertigation method of applying N ,Pand K
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Table 1. Influence of   different fertigation treatments on growth and ancillary characters of pigeonpea

Treatments Plant No. of Root nodules DMW plant-1
height branches plant-1 at at harvest 
(cm) plant-1 60 DAS (g)

T1 : FI with 100 % RDF Soil application 214 31.80 7.95 293.25
T2 : DI with 100 % RDF Soil application 225 37.70 9.75 331.94
T3 : DF with 125% N + 75% P + 75% K in five splits 234 42.21 12.05 368.55
T4 : DF with 100% N + 75% P + 75% K in five splits 232 41.52 12.50 357.90
T5 : DF with 75% N + 75% P + 75% K in five splits 229 40.02 13.68 351.58
T6 : DF with 125% N + 100% P + 100% K in five splits 241 48.32 17.20 585.88
T7 : DF with 100% N + 100% P + 100% K in five splits 238 47.75 16.13 558.46
T8 : DF with 75% N + 100% P + 100% K in five splits 235 45.42 16.00 511.38
S.E.m± 1.85 1.31 0.61 10.74
CD at 5% 5.45 3.84 1.78 31.58

FI: Furrow Irrigation    DI: Drip Irrigation   DF: Drip Fertigation



fertilizers in splits through drip irrigation. As the
fertilizers were broadcasted in soil application in
bands, weeds utilized more nutrients in crop row
and there was more growth of weeds. The
substantial reduction in weed infestation under
drip fertigation as compared to furrow band
application was also reported by Veeraputhiran
and Kandasamy (2001).

Yield and yield attributes : The number
of pod per plant and grain weight per plant was
significantly influenced due to split application
of RDNPK through different levels offertigation
treatments. Application of higher level of
fertigation i.e. 125:100:100 per cent RDNPK
in five splits recorded maximum number of pod
plant (282) and grain weight per plant (107 g)
and established its significance over furrow
irrigation with 100 per cent recommended dose
of N, P and K, drip irrigation with 100 per cent
recommended dose of N,P and K through soil
application, drip fertigation with 75 per cent
recommended dose of N,P and K in five splits,
drip fertigation with 125:100:75 per cent
recommended dose of N, P and K in five splits,
drip fertigation with 100:75:75 per cent
recommended dose of N,P and K in five splits
and drip fertigation with 75:100:100 per cent
RDNPK in five splits but at par with drip fertiga-
tion with 100 per cent RDNPK in five splits.

The substantial increase in number of pod
per plant and grain weight per plant due to
higher levels of fertigation than lower level and
conventional fertilizer application method was
associated with the improvement in various
growth attributes viz., plant height, number of
branches, functional leaves, leaf area, dry matter
accumulation per plantand its subsequent
translocations to sink. The cumulative effect of
these finally improved the number of pod per
plant and grain weight per plant, because the
ability of pigeonpea crop to produce and
support more number of pods depends on dry
matter accumulation and its translocation to
sink. The increase in more number of pod per
plant and grain weight per plant under higher
level of fertigation might be due to enhanced
availability and uptake of nutrients to enhance
photosynthesis, expansion of leaves and
translocation of nutrients to reproductive parts
as compared to lower rate of N, P and K given
through fertigation and over conventional soil
application of fertilizers. Similar advantage of
higher level of fertigation of nutrients in
improving the number of pod plant-1 and grain
weight plant-1 were reported earlier by Avinash
Kumar and Kushwaha (2006), and Manikandan
& Sivasubramaniam (2015).

Maximum pigeonpea grain yield (3866 kg
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Table 2. Influence of different fertigation treatments on weed density and weed dry matter

Treatments Weed count (No. m-2) Weed dry matter (g m-2)
–––––––––––––––––––––– –––––––––––––––––––––––––
30 DAS 60 DAS 30 DAS 60 DAS

T1 : FI with 100 % RDF Soil application 142.45 135.26 161.63 141.48
T2 : DI with 100 % RDF Soil application 130.33 125.77 136.56 128.20
T3 : DF with 125% N + 75% P + 75% K in five splits 112.23 104.25 118.56 110.20
T4 : DF with 100% N + 75% P + 75% K in five splits 112.20 105.63 114.20 109.56
T5 : DF with 75% N + 75% P + 75% K in five splits 114.40 108.25 119.20 113.20
T6 : DF with 125% N + 100% P + 100% K in five splits 118.25 109.20 120.25 115.56
T7 : DF with 100% N + 100% P + 100% K in five splits 116.65 108.56 125.20 115.20
T8 : DF with 75% N + 100% P + 100% K in five splits 117.85 109.00 123.85 114.26
S.E.m± 2.54 2.38 3.95 3.42
CD at 5% 7.56 7.12 12.16 10.53



ha-1) was recorded where 125% N + 100% P+
100% K was applied in five splits through drip
irrigation and was found significantly superior
over all other treatments except treatment drip
fertigation with 100% N + 100% P+ 100% K
in five splits (3704 kg) anddripfertigation with
75% N + 100% P+ 100% K in five splits (3506
kg) which was found at par with each other in
respect of grain yield. Differences between
treatment 100 % RDF through soil application
and DF with 75% N + 75% P+75% K in five
splits treatments were not significant but both
the treatments were significantly superior to 100
per cent dose of N, P & K given in furrow

irrigation. There was 55.32% increase in yield
in treatment where higher level of fertigation(
125:100:100 NPK ha-1) than conventional
method of irrigation with soil application of
fertilizers.This indicates drip fertigationwith
125% N + 100% P+ 100% K in five splits
shows 25 percent saving in fertilizer when
applied through irrigation water compared to
conventional soil application in drip irrigation.
Lowest grain and straw yield was observed in
furrow irrigation with conventional application
of fertilizers. Decreasing level of P and K
fertigation from 100% to 75% resulted in
significant decrease in grain yield.
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Table 3. Grain and straw yield, test weight and harvest index as influenced by different fertigation treatments

Treatments No. of Grain Grain Straw HI Test 
pods weight yield yield (%) weight
plant-1 plant-1 (kg ha-1) (kg ha-1) (g)

(g)

T1 : FI with 100 % RDF Soil application 145 52.0 1727 4425 28.07 9.33
T2 : DI with 100 % RDF Soil application 179 67.8 2607 5408 30.80 9.87
T3 : DF with 125% N + 75% P + 75% K in five splits 235 89.5 3214 6149 34.32 9.94
T4 : DF with 100% N + 75% P + 75% K in five splits 223 85.3 3060 5674 35.04 9.74
T5 : DF with 75% N + 75% P + 75% K in five splits 210 78.3 2804 5647 33.18 9.66
T6 : DF with 125% N + 100% P + 100% K in five splits 282 107.0 3866 7288 34.66 9.87
T7 : DF with 100% N + 100% P + 100% K in five splits 271 102.8 3704 7231 33.87 9.73
T8 : DF with 75% N + 100% P + 100% K in five splits 257 98.0 3506 6952 33.52 9.82
S.E.m± 5.91 3.38 147 247 - 0.91
CD at 5% 17.38 10.2 432 728 - NS

Table 4. GMR ,NMR and B:C ratio as influenced by different fertigation treatments

Treatments GMR COC NMR B:C
(Rs. ha-1) (Rs. ha-1) (Rs. ha-1) ratio

T1 : FI with 100 % RDF Soil application 93851 29267 63882 3.20
T2 : DI with 100 % RDF Soil application 139928 42974 86698 3.25
T3 : DF with 125% N + 75% P + 75% K in five splits 171521 45760 124761 3.66
T4 : DF with 100% N + 75% P + 75% K in five splits 163077 46376 116701 3.51
T5 : DF with 75% N + 75% P + 75% K in five splits 150084 45786 104298 3.27
T6 : DF with 125% N + 100% P + 100% K in five splits 206172 50234 155938 4.10
T7 : DF with 100% N + 100% P + 100% K in five splits 197877 49632 148045 3.97
T8 : DF with 75% N + 100% P + 100% K in five splits 187470 49360 138110 3.79
S.E.m± 7658 - 7658 -
CD at 5% 22524 - 22523 -



Increased nutrient availability and absorption
by the crop at the optimum moisture supply
coupled with frequent and higher nutrient supply
by fertigation and consequent better formation
and translocation of assimilates from source to
sink might have increased seed yield under
fertigation. The results are in conformity with
the findings of Praharaj and Kumar (2012),
Vimalendran and Latha (2014), Chandra Sekhar
(2014), Praharaj et al. (2016), Vimalendran and
Latha (2016).

The harvest index was significantly
influenced due to fertigation over conventional
method of fertilizer application. Maximum
harvest index was recorded in all the fertigation
treatments compared to conventional method of
fertilizer application in both furrow and drip
irrigation. Highest harvest index of 35.04 was
obtained in treatment drip fertigation with 100%
N + 75% P + 75% K in five splits followed by
treatment where 125% N + 100% P + 100% K
was applied in five splits through drip irrigation
was given. The lowest HI was observed in
treatment of furrow irrigation with conventional
soil application.The results are in conformity
with the results of Singh and Singh (2012) and
P. Chandrashekhar (2014) who reported that
harvest index increased with increase in the level
of fertigation indicating efficient utilization of the
biomass for conservation in seed yield. The
significant differences were observed in respect
of test weight of pigeonpea.

Economics studies : In the pigeon pea
maximum GMR of 206172/-ha-1 and NMR
155633/- ha-1 was obtained with the
application of fertigation with 125 per cent
recommended dose of N and 100 per cent of P
& K in five splits followed by treatment 100
percent NPK fertilizer through fertigation.
Similarly highest B: C ratio (4.08 followed by
3.92) was registered in the same treatments.
The values of GMR (93149/- ha-1 and NMR
(62586/- ha-1 and B:C ratio (3.05) were lowest

in furrow irrigation with conventional soil
application of fertilizer.Similar results were
reported by Singh et al. (2012) , Praharaj and
Kumar 2012; Praharaj et al. (2014).

Conclusions

It could be concluded from the study that
Drip fertigation with 125% N and 100% P & K
in five splitsfound to be best treatment for
improving growth attributes, maximizing the
yield and beneficial in increasing the productivity
and economic returns of Pigeonpea.
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Turmeric (Curcuma longa L.),a herbaceous
perennial important spice crop grown in India
in an area of more than 1.50 lakh hectares with
a production of about 5.27 million tonns.
Though, India leads in production of turmeric
with 78% of global production, its average
productivity is quite low, mainly due to the
competition offered by weeds. Weed
competition is one of the limiting factor for low
yield of crop. Due to improper weed
management, 30-70% yield losses have been
reported. (Krishnamurty and Ayyaswamy,

2000). Turmeric is a long duration crop(more
than 280 days), therefore pre-emergence
application of herbicides alone does not control
weeds throughout critical crop weed competition
period of the crop and needs an integration of
post-emergence application of herbicides or
intercultural operation and application of straw
mulch in combination with pre-emergence
herbicide application.

Generally for the control of weeds,farmers
do manual weeding,but with increase in labour
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Abstract
The field experiment was conducted during Kharif season of the year 2015-2016 at the research farm of

Agronomy Department, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola (M.S.) in Randomized Block Design
with three replication having fourteen  different treatments to study the bio-efficacy of pre and post emergence
herbicides in IWM on weed control and morphological growth of turmeric. The soil of the experimental field
was black and clayey in texture and slightly alkaline in reaction, low in nitrogen, medium in phosphorous and
fairly rich in potash. The turmeric variety PDKV Waigaon was planted at the spacing of 45 x 22.5 cm on 23rd

June 2015 with recommended dose of fertilizer 200:100:100 Kg NPK ha-1. The results revealed thatduring
kharif season in turmeric crop both broad and narrow leaved weeds were observed, however dominance of
broad leaved weeds was observed in entire field.All the weed control treatments significantly reduced the weed
population and weed biomass when compared with unweeded control. The hand weeding (25, 45 & 75 DAP)
recorded significantly lower weed count,dry matter accumulation and WCE of 92.85% followed by integrated
weed management treatments of metribuzin 0.7 kg ha-1 PE followed by straw mulch 10 t ha-1 fb one HW
which recorded lowest weed population and weed dry weight at harvest and WCE of 57.34%.Integrated weed
management practices resulted in increase of rhizome yield over the weedy check.Maximum rhizome yield was
observed in weed free treatment (20.86 t ha-1), while among the IWM treatments application of pendimethalin
1 kg ha-1 (0-5 DAP) fb straw mulch 10 t  ha-1 (10 DAP) fb one HW recorded higher rhizome yield (20.74 t
ha-1) which was closely followed by metribuzin 0.7 kg  ha-1 fb straw mulch (10 DAP) fb HW being par with
each other. Due to higher rhizome yield, highest monetary returns of Rs.260822 was registered under
pendimethalin 1 kg ha-1 (0-5 DAP) fb straw mulch 10 t  ha-1 fb one HW with B:C ratio of 4.10 followed by
metribuzin 0.7 kg  ha-1 fb straw mulch (10 DAP) fb HW with NMR of Rs.258306 and B:C ratio of 3.89
highest than the Hand weeding (25, 45 & 75 DAP) (3.11). The findings of present investigation conclusively
inferred that, integrated use of either Pendimethalin 1 kg ha-1 or by Metribuzin 0.7 kg  ha-1 (0-5 DAP) fb straw
mulch 10 t  ha-1 (10 DAP) fb one HW (75 DAP) as adjudged very effective for weed control and for attaining
the highest productivity and profitability in turmeric.

Key Words:Turmeric, Weed, Pendimethalin, Metribuzin, Economics.



cost and scarcity of labour, manual weed control
has become a difficult task. Mulching with straw
is another approach adopted by the farmers that
conserves soil moisture and maintains soil
temperature for the benefit of the crop (Mahey
et al.1986) ,besides suppressing weeds. Pre-
emergence herbicides, viz., pendimethalin,
atrazine or metribuzin save the crop from severe
weed competition at an early stage. However
sole dependence on any one single method may
not provide effective weed management in a
long duration crop like turmeric. The weeds
need to removed during 70 to 160 days after
planting,indicating that it needs a longer weed
free period than other crops. Considering these
points,it felt necessity todevelop an effective and
economically better integrated weed control
strategy for realizing higher productivity of
turmeric. Keeping in view,the present
investigation was conducted to study the bio-
efficacy of pre and post emergence herbicides
in IWM on weed control and morphological
growth of turmeric.

Materials and Methods

The field experiment was conducted during
Kharifseason of the year 2015-2016at the
research farm of Agronomy Department,
Dr.Panjabrao Deshmukh Krishi Vidyapeeth,
Akola (M.S.) in Randomized Block Design with
three replication having fourteen  different
chemical and Integrated weed management
treatments compared with cultural weed
management and unweeded check. The
different pre-emergence herbicides viz.
metribuzin, pendimethalin, atrazine, oxyflurofen
etc. were tried in combination with cultural
practice. The treatments were, Metribuzin 0.7
kg ha-1 (0-5 DAP) fb 2 hand weeding,,
Metribuzin 0.7 kg ha-1 (0-5 DAP) fbfenoxaprop
+ metsulfuron (67+ 4 g ha-1) POE, Metribuzin
0.7 kg ha-1 (0-5 DAP) fb straw mulch  fb HW
(75 DAP), Metribuzin 0.7 kg ha-1 (0-5 DAP) fb
straw mulch fb HW (75 DAP), Pendimethalin 1

kg ha-1 (0-5 DAP) fb 2 HW,Pendimethalin 1 kg
ha-1 (0-5 DAP) fbfenoxaprop + metsulfuron
(67+ 4 g ha-1) POE, Pendimethalin 1 kg ha-1 (0-
5 DAP) fb straw mulch 10 t ha-1 fb one HW ,
Atrazine 0.75 kg ha-1 (0-5 DAP) fb two
HW,Atrazine 0.75 kg ha-1 (0-5 DAP)
fbfenoxaprop+ metsulfuron (67+ 4 g ha-1)
POE,Atrazine 0.75 kg ha-1 (0-5 DAP) fb straw
mulch 10 t  ha-1 fb one HW,Oxyfluorfenfb two
HW, Oxadiargyl 0.25 kg ha-1 (0-5 DAP) fbtwo
HW, Glyphosate fb 2 HW, Hand weeding (25,
45 & 75 DAP) and Unweeded check.

The soil of the experimental field was black
and clayey in texture and slightly alkaline in
reaction, low in nitrogen, medium in
phosphorous and fairly rich in potash. The
amount of rainfall received during the cropping
season was 645.1 mm in 28 rainy days was
mainly concentrated in July, August and
September as against the normal of 789 mm in
31 rainy days.The turmeric variety PDKV
Waigaon was planted on raised bed at the
spacing of 45 x 22.5 cmon 23rd June 2015
with recommended dose of fertilizer
200:100:100 Kg NPK  ha-1 with 10 tonns of
FYM ha-1 applied before the planting of
turmeric. The weed count was taken at 30 and
60 DAS, in addition to this weed dry matter was
also recorded and used for calculating weed
control efficiency in each treatment. The
herbicides were applied as per the treatments
with knapsack sprayer with flat fan nozzle using
a spray volume of 700 liters ha-1 for pre
emergence and 500 liters ha-1 for post
emergence spray. Phytotoxicity symptoms due
to herbicides on crop was recorded by using a
visual score scale of 0-10. Visual assessment of
herbicide toxicity on crop was monitored 10
days after application of herbicide in respective
treatment.

Results and Discussion

Weed Flora : The major weed flora during
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kharif season in maize crop in the selected area
composed of xanthium strumarium, celosia
argentea, tridaxprocumbens,
phyllanthusniruri, portulacaoleracae,
lagascamollis, euphorbia geniculata euphorbia
hirta, phyllanthusniruri, abutilon indicum,
abelmoschusmoschatus, boerhaviadiffusa,
calotropisgigantea,  ageratum conyzoides,
bidenspilosa, mimosa pudica, alternanathera

triandraparthenium hysterophorus,
digeraarvensis, cynodondactylon,
cyperusrotundus, amaranthisviridis,
dinebraarabica, panicumsppcynodondactylon,
cyperusrotundus, commelinabenghalensis,
ischaemumpilosum, digitariasanguinalis,
dinebraretroflexa, poaannua,
cyanotisaxillarisroem etc. Both broad and
narrow leaved weeds were observed but
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Table 1. Weed population, weed dry matter, weed control efficiency (%) and weed index at harvest as affected by different
weed control treatments

Treatments Total Weed Weed Weed 
weed dry control index
popula- matter effici- (%)
tion (g m-2) ency
(m2) (%)

T1 : Metribuzin 0.7 kg fb 2 HW (45 & 75 DAP) 6.71 7.39 49.82 10.40
(44.85) (54.24)

T2 : Metribuzin 0.7 kg  fb fenoxaprop + metsulfuron (67+ 4 g ) Tank mix 45 DAP 7.06 7.68 45.95 24.39
(49.46) (58.42)

T3 : Metribuzin 0.7 kg fb straw mulch (10 DAP) fb HW (75 DAP) 6.04 6.82 57.34 0.74
(36.11) (46.11)

T4 : Pendimethalin 1 kg  fb 2 HW  (45 &75 DAP) 6.28 8.12 39.45 19.63
(38.97) (65.45)

T5 : Pendimethalin 1 kg fb fenoxaprop + metsulfuron (67+ 4 g) Tank mix 45 DAP 7.18 8.07 40.21 24.31
(51.13) (64.63)

T6 : Pendimethalin 1 kg fb straw mulch 10 t ha-1 (10 DAP)  fb one HW (75 DAP) 6.23 7.28 51.42 0.56
(38.44) (52.51)

T7 : Atrazine 0.75 kg fb two HW (45 & 75 DAP) 7.28 7.99 41.37 21.35
(52.48) (63.38)

T8 : Atrazine 0.75 kg fb fenoxaprop+ metsulfuron (67+ 4 g) Tank mix 45 DAP 7.66 7.94 42.17 17.79
(58.16) (62.51)

T9 : Atrazine 0.75 kg fb straw mulch 10 t ha-1 (10DAP) fb one HW (75 DAP) 6.54 7.65 46.20 2.00
(42.35) (58.16)

T10 : Oxyfluorfen fb two HW (45 & 75 DAP) 7.02 7.61 46.91 20.92
(48.99) (57.39)

T11 : Oxadiargyl 0.25 kg fb two HW (45 & 75 DAP) 7.10 7.66 46.06 27.49
(50.01) (58.30)

T12 : Glyphosate fb 2 HW (45 & 75 DAP) 6.18 7.03 54.75 24.76
(37.75) (48.91)

T13 : Hand weeding (25, 45 & 75 DAP) 2.47 2.85 92.85 0.00
(5.60) (7.72)

T14 : Unweeded check 10.92 10.41 0.00 61.90
(118.75) (108.09)

SE (m) ± 0.18 0.17 - -
CD P= 0.05 0.52 0.48 - -



dominance of broad leaved weeds was observed
in entire field.

Effect on weeds : The data presented in
Table 1 indicated that, all the weed control
treatments significantly reduced the weed
population and weed biomass when compared
with unweeded control. The hand weeding (25,
45 & 75 DAP) recorded significantly lower weed
count (2.47),dry matter accumulation (2.85) and
WCE of 92.85 % followed by integrated weed
management treatments of metribuzin 0.7 kg
ha-1 PE followed by straw mulch 10 t ha-1 fb
one HW which recorded lowest weed population
(6.04) and weed dry weight (6.82) at harvest and
WCE of 57.34%, followed by pendimethalin 1
kg ha-1 (0-5 DAP) fb straw mulch 10 t ha-1 (10
DAP. Lowest weed index (0.56) was recorded in
treatment pendimethalin 1 kg ha-1 (0-5 DAP) fb
straw mulch 10 t ha-1 (10 DAP) fb one HW (75
DAP) followed by metribuzin 0.7 kg ha-1 (0-5
DAP) fb straw mulch (10 DAP) fb HW (0.74)

followed by atrazine 0.75 kg ha-1 (0-5 DAP) fb
straw mulch (10 DAP) fb HW (2.00).Unweeded
check recorded the significantly higher weed
population (10.92) and weed dry matter (10.41
g) as compared to other weed management
treatments. The effectiveness of pre-emergence
herbicides like pendimethalin,metribuzin and
atrazine to reduce the weed density and dry
matter was also reported earlier by Kumar and
Reddy in 2000, Gill et al. in 2000 and Mishra
and Mishra in 1982 respectively.

Growth attributes rhizome yield and
economics : As indicated in Table 2, weed
control treatments significantly influenced the
plant height.Significantly highest plant height
was recorded in pendimethalin 1 kg ha-1 (0-5
DAP) fb straw mulch 10 t ha-1 (10 DAP) fb one
HW (75 DAP) which was found comparable
with atrazine and metribuzinfb one HW at 75
DAP. This might be due to early emergence in
plots under mulch favoured the growth in terms
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Table 2. Growth attributed, rhizome yield (t/ha) and economics (Rs. ha-1) as affected by different weed control treatments

Treatments Plant Fresh GMR NMR B:C 
height rhi- (Rs. (Rs. ratio
(cm) zome ha-1) ha-1)

yield
(t 
ha-1)

T1 : Metribuzin 0.7 kg fb 2 HW (45 & 75 DAP) 53.60 18.69 313936 224004 3.49
T2 : Metribuzin 0.7 kg  fb fenoxaprop + metsulfuron (67+4 g ) Tank mix 45 DAP 51.12 15.77 264936 177706 3.04
T3 : Metribuzin 0.7 kg fb straw mulch (10 DAP) fb HW (75 DAP) 56.63 20.70 347816 258306 3.89
T4 : Pendimethalin 1 kg  fb 2 HW  (45 &75 DAP) 53.27 16.76 281624 195014 3.25
T5 : Pendimethalin 1 kg fb fenoxaprop + metsulfuron (67+4 g) Tank mix 45 DAP 51.64 15.79 265216 182766 3.22
T6 : Pendimethalin 1 kg fb straw mulch 10 t ha-1 (10 DAP)  fb one HW (75 DAP) 62.93 20.74 359128 260822 4.10
T7 : Atrazine 0.75 kg fb two HW (45 & 75 DAP) 53.93 16.40 275576 190686 3.25
T8 : Atrazine 0.75 kg fb fenoxaprop+ metsulfuron (67+4 g) Tank mix 45 DAP 50.33 17.15 288064 205794 3.50
T9 : Atrazine 0.75 kg fb straw mulch 10 t ha-1 (10DAP) fb one HW (75 DAP) 57.20 20.44 343392 255962 3.93
T10 : Oxyfluorfenfb two HW (45 & 75 DAP) 53.20 16.49 277088 193238 3.30
T11 : Oxadiargyl 0.25 kg fb two HW (45 & 75 DAP) 51.13 15.12 254072 169592 3.01
T12 : Glyphosate fb 2 HW (45 & 75 DAP) 50.47 15.69 263648 179798 3.14
T13 : Hand weeding (25, 45 & 75 DAP) 52.60 20.86 350392 237627 3.11
T14 : Unweeded check 53.80 7.95 133504 55554 1.71
SE (m) ± 2.27 0.10 16784 16784 -
CD P= 0.05 6.58 2.90 48792 48792 -



of plant height. Favourable soil temperature and
more available soil moisture for crop growth
may also be responsible for taller plants in
mulched plots.

Integrated weed management practices of
turmeric were significantly influenced the
rhizome yield, where all the IWM treatments
resulted in increase of rhizome yield over the
weedy check. Maximum rhizome yield was
observed in weed free treatment (20.86 t ha-1),
while among the IWM treatments application of
pendimethalin 1 kg ha-1 (0-5 DAP) fb straw
mulch 10 t ha-1 (10 DAP) fb one HW recorded
higher rhizome yield (20.74 t ha-1) which was
closely followed by metribuzin 0.7 kg ha-1 fb
straw mulch (10 DAP) fb HW being par with
each other. The positive effect of mulch might
be due to increase in crop growth parameters
like plant height. Mulch also suppressed the
weeds for longer growing period and favoured
crop growth.The treatments having straw mulch
had significantly higher fresh weight of
rhizomes. Mulch application had positive effect
for increasing above ground biomass which was
responsible for increasing dry matter
accumulation by rhizomes,because more
photosynthates were transferred from above
ground parts.Swain et al. (2007) also reported
significantly higher fresh weight of rhizome per
plant with application of paddy straw mulch as
compared to no mulch. The lowest yield values
were recorded with weedy check (7.95 t ha-1).
Similar results were also reported by Jadhav and
Pawar (2014).

Due to higher rhizome yield, highest GMR
(Rs.359128) and net monetary returns of
Rs.260822 wasregistered under pendimethalin
1 kg ha-1 (0-5 DAP) fb straw mulch 10 t ha-1 fb
one HW with B:C ratio of 4.10 followed by
metribuzin 0.7 kg ha-1 fb straw mulch (10 DAP)
fb HW with NMR of Rs.258306 and B:C ratio

of 3.89 highest than the Hand weeding (25, 45
& 75 DAP) (3.11). This might be due to the
higher cost of maintaining weed free
environment (hand weeding three times) resulted
in lower B:c ratio than integrated methods. This
results are in conformity with the results of
Sachdeva et al. (2015).

Conclusions

The findings of present investigation
conclusively inferred that, integrated use of
either Pendimethalin 1 kg ha-1 or by Metribuzin
0.7 kg ha-1 (0-5 DAP) fb straw mulch 10 t ha-1

(10 DAP) fb one HW (75 DAP) was adjudged
very effective for weed control and for attaining
the highest productivity and profitability in
turmeric.

References
Gill, B. S., Randhaw, G. S. and Saini, S. S. 2000. Integrated

weed management in turmeric (Curcuma longa).
Indian Journal of Weed Science. 32: 114-115

Jadhav Ashok and Pawar Sanjay. 2014. Integrated weed
management in turmeric. Indian Journal of Weed
Science. 46(3): 294-295.

Krishnamurty, V. V. and Ayyaswamy, M. 2000.Effect of
herbicides on yield of turmeric. Spice India 13:9-11.

Kumar, A. and Reddy, M. D. 2000. Integrated weed
management in maize + turmeric intercropping system.
Indian Journal of Agronomy 32: 59-62

Mahey, R. K., Randhawa, G. S. and Gill, S. R. 1986. Effect
of irrigation and mulching on water conservation,
growth and yield of turmeric. Indian Journal of
Agronomy 31: 72-82

Mishra, M. and Mishra, B. B.1982. Chemical weed control
of turmeric In: Annual Conference of Indian Society of
Weed Science.

Sachdeva Nidhi, Suresh Kumar and Rana S. S. 2015.
Integrated weed management in turmeric. Indian
Journal of Weed Science. 47(1): 50-54.

Swain, S. C., Rath, S. and Ray, D. P. 2007. Effect of NPK
levels and mulching on growth, yield and economics of
turmeric in rainfed uplands. The Orissa Journal of
Horticulture 35: 58-60.

Deshmukh et al.62

______________



The use of cotton as a source of textile
extends far into the past, thousands  of years
before the birth of Christ. Documentation
establishes that the cotton fibre was being
produced in the Indus valley around 3000 Bc
India later became the first important exporter
of the finished products. Grithasamad, a Vedic
rishi, survived some 20,000 years ago in a
village called Kalambhi in the present Yavatmal
district in Maharashtra State. This village has
witnessed world’s first successful researched
cultivation of cotton by Grithasamad. Cotton
crop with history and prosperity, have a
profound influence on men and matter as The
use of cotton as a source of textile extends far
into the past, thousands an industrial commodity

of worldwide importance. Cotton continues to
remain the backbone of rural economy,
particularly in dry land areas. Besides, being a
money spinner, it is also an employment
generator.

All this is because of Green Revolution,
which had saved the world from food and fibre
crisis, during the late 1960s and early 1970s.
During that period the global population was
about 3.7 billion. At present world population is
around 7 billion and it is anticipated that it may
reach 10 billion by the year 2050. The majority
of these population will be in developing,
resource poor countries. The increased demand
for food and fibre will therefore come from these
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Abstract
The improved situation regarding Bt Cotton made this investigation to undertake the present study

“Comparative economics  of Bt - cotton Vis-a Vis NHH-44 cotton under drought prone area of Marathawada
region of Maharashtra”, with major objectives as to study the socio-economic condition of cotton growers, to
work out the cost and returns of cotton ,to analyze the input use efficiency and to find out the constraints faced
by cotton growers. For this study four stage sampling technique was adopted. Parbhani and Nanded districts
of Marathawada region were selected because of maximum area under cotton. From these districts two tahsils
viz., pathri from Parbhani district and Naygaon from Nanded district were selected. Eight villages were selected
and from these 180 farmers that is 90 each for cotton NHH-44 and Bt-cotton were randomly selected for the
study .These farmers were grouped into three categories on the basis of their land holding analysis was carried
out by adapting suitable analytical tools. Study revealed that among the selected sample, the farmers were
from middle age group with primary education and agricultural as main source of occupation. The per hectare
total cost of cultivation was worked out to be Rs.18196.86 and Rs.19327.03 in respect of cotton NHH-44
and Bt-cotton respectively. The seed cost of Bt-cotton was more however, the spraying amount required was
low as compared with NHH-44. A typical trend was observed that farmers had given more irrigations to NHH-
44 cotton than Bt-cotton. This may be due to the fact that farmers were not aware about the irrigations
requirement to Bt-cotton .The other expenses on fertilizer, hired human ,bullock labor, manures and fertilizers
were about the same. In general, the cost per hectare was more in Bt-cotton than NHH-44 production. This
study were conducted under drought prone area of Marathawada  region of Maharashtra.

Key words ; Drought prone area,  input use efficiency,  Economics , cotton , Marathawada
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countries. While the demand for food and fibre
increases, the potential for meeting that demand
decreases. The adverse factors are ecological
and socioeconomic. The per capita availability
of land and water steadily going down. Whereas,
demand for food and fibre goes on increasing,
which serves as an index to measure the
standard of living of a country.

So to overcome such grim scenario of
cotton, use of advanced technologies, such as
biotechnology is applied to minimise the
pesticide use and provide adequate crop
protection for sustainable fibre production in the
future.

With the development of transgenic plants
one can tackle the problem at its source.
Genetically engineered BT crops are spliced with
the BT gene (cry 1 AC gene and npt II and aad
marker gene) BT (i.e. Bacillus thuringienisis) is
a natural occuring soil bacterium, used as a spray
in organic farming as a natural pesticide
which does not affect the beneficial insects.
Mosanto has engineered BT into crops,
making them pest resistant and minimize
pesticide use. 

This improved situation regarding BT cotton
made this investigation to undertake the present
study, which will provide information about the
comparative economics between BT cotton and
existing stable NHH – 44 variety of cotton.

Methodology 

The study has been undertaken with the
specific object to study the comparative
economics of BT - Cotton vis – a – vis NHH –
44 Cultivation in selected area of Parbhani and
Nanded district.

Four stage sampling technique was adopted
for selection of samples. At first stage the
Nanded and Parbhani district was purposively
selected because of higher area under cotton. At

second stage one tahsil from each district was
selected on basis of highest Area under cotton
as compared to other talukas. At third stage
from each tahsil a cluster of four villages were
randomly selected: 

A)   Parbhani district :

1)  Pathri taluka :

Villages : i) Babultar, ii) Renapur, iii)
Babhulgaon and iv) Gunj

B)  Nanded district :

2)  Nayagaon taluka :

Villages : i) Narsi, ii) Ramtirat, iii) Kahala and
iv) Khusnar

Selection of cultivators : At fourth stage,
a list of cultivators for each village was collected
on the basis of the BT cotton and conventional
cotton growers. Thus, twenty to twenty five
cultivators were randomly selected from each
village by random sampling method. The
farmers were classified in three size groups
(small, medium and large) on the basis of their
land holding. For selection of farmers in groups,
a list of cotton growers in all the selected villages
was arranged in descending area of their total
land holding, and from this list, 30 farmers each
for small, medium and large groups were
selected randomly (i.e. total of 180 farmers for
both the varieties). Farmers upto 2 hectare were
categories as small group, while from 2.01 to
4.00 ha. were medium group farmers and
farmers above 4.00 ha. were grouped as large
farmers. Thus the total effective sample size of
cultivators was ninety for each of the variety
(NHH – 44 and BT – Cotton).

Collection of data : The sample farmers
were contacted personally and the objectives of
the study were explained to them to ensure the
co-operation. The information was collected
from them in a specially designed schedule by
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survey method. The schedule covering details of
size of holding, input utilization in physical
terms, cost incurred on various items of
expenditure and returns obtained from the crop
was prepared. The data was analyzed by
employing simple statistical techniques, viz.,
means, frequency, ratio percentage, etc. and
according to nature of the data functional
analysis was done to arrive at meaningful
conclusions.

Cost concepts : The total input costs of BT
cotton and NHH-44, production have been
distributed under three heads using the accepted
cost concepts ‘A’, ‘B’ and ‘C’.

Cost  ‘A’  : Cost  ‘A’ includes actual
expenditure incurred in cash and kind i.e. the
cost on account of hired human labour, hired
plus owned bullock labour, seed value manure
and fertilizers, interest on working capital,
depreciation and repair of implement and land
revenue, etc.

Cost  ‘B’ : Cost  ‘B comprised of Cost ‘A’
+ imputed rental value of land and interest on
fixed capital.

Cost ‘C’ : Comprised of Cost ‘B’ + imputed
value of family human labour. Thus the Cost ‘C’
presents the total cost of cultivation.

Evaluation of inputs : Inputs are the
factors of production, they refer to those
expenses of cultivation that are incurred in the
form of cash and kind. The items considered are
as :

Physical inputs : Human labour, Bullock
labour, Machine, Seed, Manures, Fertilizers,
Plant protection, Depreciation on implement
and machinery.

Monetary inputs : Land revenue, Interest
on working capital, Interest on fixed capital,
Rental value of the land.

Results

The studies on cost of cultivation are
essential for determining the comparative
economic efficiency of well established cotton
variety NHH- 44 and newly evolved BT-cotton.
It also enables a farm entrepreneur to select
variety of cotton crop, which is more profitable
and suited to agro-climatic conditions in the
locality. Hence present investigation on
“Comparative Economics of BT Cotton vis – a
– vis NHH-44 under Drought prone area of
Marathawada region of Maharashtra”, was
undertaken.

Socio - Economic status of cotton
growers : Frequency distribution and respective
percentages of cotton growers in regard to socio
economic status were calculated and are
presented in Table 1. It was observe that most
of the cotton grower (73.33%) had been in
middle age group. It is important to note that the
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Table 1. Socio-economic status of cotton growers

Particulars Frequency Percen-            
(N=90) tage

Age in years
1.  upto 25 06 6.67
2.  26 to 50 66 73.33
3.  50 and above 18 20.00

Educational level
1.  Primary 27 30.00
2.  Middle school 12 13.33
3.  High school 24 26.67
4.  Higher secondary 12 13.33
5.  Graduate 09 10.00
6.  Post graduate 06 6.67

Occupational level
1.  Agriculture 51 56.67
2.  Business and trade 33 36.67
3.  Official 06 6.66

Family size in number
1.  1 to 4 18 20.00
2.  5 to 8 54 60.00
3.  9 to 12 18 20.00



highest number of cotton growers were
educated only upto primary level (30.00%)
followed by high school level (26.67%). It
reveled that the majority of cotton growers had
the agriculture as a main occupation (56.67%)
followed by businessmen and traders (36.67%).
The considerable family size was ranged from 5
to 8 members (60.00%). 

Study revealed that, the majority of the
farmers were from middle age group with
maximum percentage of growers with only
primary educational level. Out of the total
growers, 56.67 per cent were directly
dependent on agriculture sector.

Land utilization pattern : Land utilization
pattern of the selected cultivators in the study
area is presented in Table 2.

Data presented in Table 2 revealed that on
an average the size of holding for the sample as
a whole was 2.97 hectares, while in respect to
small, medium and large farmers, the size of
holding was 1.46, 2.86, and 4.60 ha.,
respectively. The average net cultivated land was
2.75 ha. while for small farmers, it was 1.39 ha.
for medium farmers, it was 2.68 ha. and for
large farmers it was about 4.17 ha. On an
average fallow land was 0.22 ha. while with
small, medium and large farmers it was 0.07,
0.18 and 0.43 ha. respectively. From this data
it can be noted clearly that, farmers now a days
are utilizing maximum area there by leaving very
few fallow land. As cotton is cash crop and now
a days grown commercially for earning more

profit. Farmers in the study area on an average
are growing cotton under higher irrigated area
1.58 ha.(53.19%), while in rainfed area cotton
was grown on 1.17 ha. (39.39%). It was
observed that among the small, medium and
large farmers, the rainfed cotton was
comparatively more with small and medium
farmers, while irrigated cotton was more with
large farmers (62.62%). The land utilization
pattern for small, medium and large farmers
clearly indicated that most of the land was under
cultivation, leaving very few land as fallow land.
This is because of the size of holding per person
is decreasing and problem of unemployment
caused the youths to return back to agriculture.

Cropping pattern : Cropping pattern of
selected cultivators under study is presented in
Table 3.

It is observed from Table 3 that, cotton was
main kharif crop of the selected cultivators,
whereas other kharif crops grown were
soybean, mung, tur, udid, hybrid jowar, turmeric
and vegetable.

Cropping pattern indicated that, on an
average basis in kharif season cotton NHH – 44
was grown as an major crop (27.66%), followed
by hybrid jowar (20.56%) and soybean (6.91%).
On small farmers field, area under cotton was
more (32.68%), followed by tur (2.94%), udid
(2.28%). On medium farms contribution of
cotton was more (26.26%) than other followed
by turmeric (6.55%) and soybean (5.50%), while
with large farmers also area under cotton was
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Table 2. Land Utilization Pattern

Particulars Small Medium Large Avg.

Size of Holding 1.46 (100.00) 2.86 (100.00) 4.6 (100.00) 2.97 (100.00)
Fallow Land 0.07 (4.80) 0.18 (6.30) 0.43 (9.34) 0.22 (7.40)
Net Cultivated area 1.39 (95.20) 2.68 (93.71) 4.17 (90.66) 2.75 (92.60)
Irrigated area 0.56 (38.35) 1.29 (45.10) 2.88 (62.62) 1.58 (53.19)
Rainfed area 0.83 (56.85) 1.39 (48.60) 1.29 (28.04) 1.17 (39.39)

Figures in parenthesis indicate percentage to the size of land holding.



more (26.33%), followed by soybean (9.89%)
and turmeric (4.70%) area. In rabi season on an
average basis, jowar, wheat, gram and safflower
were the major crops grown by the farmers. On
small farms area under jowar (29.41%), followed
by wheat (2.94%) and gram (4.90%) area. On
medium farms contribution of jowar was more
(21.69%) followed by wheat (5.29%) and gram
(3.17%). Similar trend was observed on large
farms also. In summer season maize and
groundnut were the only crops taken by farmers.
This may be because of scarcity of water. On
small farms maize was occupied on 10.78 per

cent area. The second crop followed was
groundnut (5.22%). A similar trend was
observed on medium and large farms. 

On an average basis, annual sugarcane,
banana and fruit crops were grown by the
selected farmers. Area covered by sugarcane
was more (4.11%), followed by banana (2.42%)
and fruit crops (1.49%) area. Similar type of
trend was observed for the small, medium and
large farmers. An examination of cropping
pattern revealed the dominance of kharif crops
over rabi and summer crops due to dependency

Journal of Agriculture Research and Technology 67

Table 3. Average cropping pattern of selected holdings

Crops Small (%) Medium (%) Large (%) Average (%)

Kharif
Cotton 0.54(17.65) 0.72(15.25) 1.52(18.33) 0.93(17.38)
BT-Cotton 0.46(15.03) 0.52(11.01) 0.68(8.20) 0.55(10.28)
Soybean 0.03(0.98) 0.26(5.50) 0.82(9.89) 0.37(6.91)
Mung 0.04(1.30) 0.17(3.60) 0.27(3.25) 0.16(3.00)
Tur 0.09(2.94) 0.06(1.27) 0.10(1.20) 0.08(1.50)
Udid 0.07(2.28) 0.03(0.63) 0.05(0.60) 0.05(0.93)
Hy-Jowar 0.04(1.30) 0.09(1.90) 0.17(2.04) 1.10(20.56)
Turmeric 0.01(0.32) 0.31(6.55) 0.39(4.70) 0.24(4.48)
Vegetables 0.01(0.32) 0.10(2.11) 0.30(3.61) 0.14(2.61)
Total 1.29(42.16) 2.26(47.88) 4.30(51.87) 2.62(48.97)

Rabi
Wheat 0.09(2.94) 0.25(5.29) 0. 28(3.37) 0.20(3.73)
Gram 0.15(4.90) 0.15(3.17) 0.23(2.77) 0.18(3.36)
Safflower 0.04(1.30) 0.10(2.12) 0.08(0.96) 0.07(1.30)
Jowar 0.90(29.41) 1.02(21.61) 1.78(21.47) 1.23(22.99)
Total 1.18(38.56) 1.52(32.20) 2.39(28.82) 1.69(31.58)
Summer
Maize 0.33(10.78) 0.31(6.56) 0.48 (5.80) 0.37(6.91)
Ground nut 0.16(5.22) 0.21(4.44) 0.35(4.24) 0.23(4.29)
Total 0.49(16.01) 0.52(11.02) 0.83(10.01) 0.61(11.40)

Annual
Sugarcane 0.04(1.30) 0.21(4.44) 0.42(5.06) 0.22(4.11)
Banana 0.04(1.30) 0.14(2.96) 0.21(2.53) 0.13(2.42)
Fruit crops 0.02(0.65) 0.07(1.48) 0.14(1.68) 0.08(1.49)
Total 0.10(3.26) 0.42(8.88) 0.77(9.28) 0.43(9.28)
Gross cropped Area 3.06 4.72 8.29 5.35
Cropping intensity (%) 220 176.12 198.98 194

Figures in parenthesis indicate percentage to the gross cropped area.



on monsoon rains. So 48.97 per cent average
land holding was being utilized in kharif season
followed by rabi (31.58%) and summer
(11.40%).

Livestock position : Data presented in
Table 4 revealed the livestock position for
selected cultivators. It was observed that bullock
pair maintained by selected cultivators for small,
medium and large farmers were 9.23, 23.31,
30.85 per cent, respectively. The other livestock
maintained by the cultivators were cross bred
cows, local cows, buffaloes and goats for their
family need and commercial purpose. The
crossbred cows with small, medium and larger
farmers were 6.15, 46.91 and 28.99 per cent,
respectively. Local cows maintained were
40.92, 3.65 and 20.45 per cent, respectively,
while buffaloes recorded were 29.53, 23.31 and
19.71 per cent, respectively. Goats maintained
were 14.15 and 2.81 per cent, respectively with
small and medium farms. Goats were not reared
by the large farmers.

Implements and machinery : Information
pertained to implements and machinery is
presented in Table 5. 

It was noticed from Table 5 that the
implement were generally of traditional type i.e.
iron and wooden plough, harrow, hoe and
bullock cart. A shift towards modern technology
also was observed among large farmers such as
use of tractor, electric motor, thresher, etc.

Input utilization : Utilization of inputs for
cotton (NHH-44) and BT – Cotton is presented
in Table 6.

Labour utilization : Per hectare human,
bullock, machine labour utilized on the selected
holdings in respect to cotton (NHH – 44) and
BT – Cotton were worked out and same is
presented in Table 6.

A)  Human Labour : In cotton and even in

BT – Cotton, labour requirement was mostly
female labour who plays a very important role
in cotton production. For cotton (NHH –44) the
average per hectare hired male and female
labour required were 15.97 and 98.68
mandays, respectively, whereas, use of family
human labour i.e. male and female were 27.85
and 36.55 man days, respectively. 

In case of cotton production total hired and
family labour used were 179.05 mandays. In
this, the contribution of hired human was more
(114.65 man days) than family labour (64.40
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Table 4. Average position of livestock on the selected
holdings

Particulars Small Medium Large

Bullock pairs 0.30 0.83 1.66
(9.23) (23.31) (30.85)

Cows (cross breed) 0.20 1.67 1.56
(6.15) (46.91) (28.99)

Cows (local) 1.33 0.13 1.10
(40.92) (3.65) (20.45)

Buffaloes 0.96 0.83 1.06
(29.53) (23.31) (19.71)

Goats 0.46 0.10 -
(14.15) (2.81)

Total 3.25 3.56 5.38
(100) (100) (100)

Figures in parenthesis indicate percentage to the total

Table 5. Average position of the farm implements and
machinery on the selected holdings

Particulars Unit Small Medium Large Avge-
(s) rage

Tractors No. - - 0.26 0.09
Bullock cart No. 0.10 0.66 0.83 0.53
Harrow No. 0.40 1.10 1.33 0.94
Sprayer No. - 0.16 0.60 0.25
Seed drill No. - 0.27 1.06 0.44
Iron plough No. - - 0.80 0.26
Wood plough No. 0.66 0.93 1.66 1.08
Pipe lines mtr. 266.66 533.33 866.66 555.55
Thresher No. - - 0.16 0.05
Electric motor  No. 0.36 0.83 1.40 0.86



mandays) per hectare. Similar trend was noticed
in respect of BT – Cotton production also. It was
interesting to note that per hectare total human
labour use was more i.e. 271.70 mandays in
respect to BT – Cotton production.

B)  Bullock Labour : Average per hectare
bullock labour (pair days) used was worked out
to be 2.88 days in case of cotton (NHH – 44)
and 2.46 days in case of BT – Cotton. From this
observation, it is seen that bullock labour
required in NHH – 44 was more than BT –
Cotton. 

C)  Machine labour : Average per hectare
machine labour (hours) used was worked out to
be 7.50 hours in case of NHH – 44 and 6.67
hours in case of BT – Cotton. More machine
labour use in cotton production may be due to
the facts that modern implements and
machineries, might have replaced tradition
implements in order to speed up the work. Per
hectare requirement of other inputs such as
seed, FYM, fertilizer and irrigation in the
cultivation of cotton (NHH – 44) as well as BT –
Cotton was same. Per hectare use of seed was
1.87 kg in case of NHH – 44 while 1.10 kg in
BT – Cotton production. Farm Yard Manure
(FYM) applied by the cultivators was somewhat
similar for NHH – 44 and BT – Cotton i.e. 8.42
and 8.07 tonnes, respectively. Fertilizer use per
hectare was also found similar for both NHH –
44 and BT – Cotton. The N, P, K applied for
NHH – 44 was 62.3, 30.98 and 14.20 kg/ha.
while for BT – Cotton it was 59.51, 27.83 and
13.25 kgs/ha. The irrigation which was given
as protective irrigation in kharif season in
assured rainfall area of Nanded and Parbhani
district was also similar in respect of NHH –44
and BT – Cotton i.e. number of irrigations given
were 3.27 and 3.25, respectively.

D)  Plant Protection : This is an important
input which was being used in this study. As BT
– Cotton has a gene, which is resistance for the

Lepidoterous pests, hence the plant protection
requirement was less than cotton NHH – 44. It
was observed that per hectare plant protection
applied was 7.20 lit. to cotton NHH – 44, while
it was only 2.04 lit. for only sucking pest of BT
- Cotton.

The recommended dose of fertilizer in case
of both BT – Cotton and NHH – 44 is 100 kg
nitrogen, 50 kg phosphorous and 50 kg
potassium per hectare, but from the data in
Table, it was seen that the dose applied by the
cultivator was 62.30 kg of nitrogen, 30.98 kg
of phosphorous and 14.20 kg of potassium for
NHH – 44 while 59.51 kg of nitrogen 27.83 kg
of phosphorous and 13.25 kg of potassium for
BT - Cotton. It revealed that use of fertilizers on
an average was low by 50 per cent than
recommended one. Comparatively fertilizer used
was less in BT – Cotton production.
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Table 6. Average per hectare utilization of inputs for
cotton NHH – 44 and Bt-cotton

Items Unit Cotton BT - 
Cotton

Human labour
i) Hired labour
Male Mandays 15.97 8.37
Female Mandays 98.68 101.14
Total Mandays 114.65 209.51

ii) Family labour
a) Male Mandays 27.85 25.72
b) Female Mandays 36.55 36.47
Total Mandays 64.40 62.19
Bullock labour Pairdays 2.88 2.46
Machine labour Hours 7.50 6.67
Seed (Kg) 1.87 1.10
F.Y.M. Tones 8.42 8.07

Fertilizers
Nitrogen  (N) Kg. 62.30 59.51
Phosphorus (P) Kg. 30.98 27.83
Potassium (K) Kg. 14.20 13.25
Plant protection Lit. 7.20 2.04
Irrigation Numbers 3.27 3.25



Per hectare cost of cultivation of BT –
Cotton and NHH – 44 : Cost of cultivation of
cotton (NHH – 44) and BT – Cotton production
was worked out by considering accepted cost
concepts i.e. Cost – ‘A’, Cost – ‘B’ and Cost –
‘C’ and results are given in Table 7.

Data on cost of cultivation per hectare in
respect to cotton NHH – 44 and BT – Cotton
are presented in Table 7.

The per hectare cost of cultivation of cotton
(NHH – 44) was worked out to Rs. 18196.86
(Cost – C) with the cost structure for inputs,
labours, etc. prevalent during this period. The
cost of labour and input accounted for near
about 2/3rd, while the remaining cost was due
to interest on working capital, investment and
management. Similar conclusion were reported
by Mudholkar (1992) with his study on “Cost of
cultivation of hybrid cotton under rainfed
condition in Central India”. 

The per hectare cost of cultivation
comparison between BT – Cotton and NHH –
44 was carried out where it was observed that
the Cost – A for NHH – 44 was Rs. 12916.70
and for BT – Cotton it was Rs.14181.10 while
profit per hectare was Rs.7453.09 and Rs.
2496.72 for NHH – 44 and BT – Cotton
respectively. Thus, it was found that farmers
have to invest more amount i.e. Rs. 1264.40
which was due to seed cost but this was even
more after substracting the amount of insecticide
required for bollworm control. This clearly
indicated that the profit per hectare was more
than double in the production of BT – Cotton.
These results were in confirmaty with the results
recorded by Sumon Sahai (2002) in his study on
“Economics of BT – Cotton in Vidharbha
region.” Benson et al. (1999) also recorded
similar conclusion in Southern USA with their
study on “The economics of a conventional
cotton programme with a BT – Cotton
programme”.

Conclusions 

The following conclusions have been drawn
from the findings,

1) Majority of cotton growers were educated
only up to primary level and had agriculture
as their main occupation.
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Table 7. Per ha cost of cultivation of NHH –44 and BT-
Cotton

Particulars NHH – 44 Bt-cotton
–––––––––––––––– ––––––––––––––––
Cost (%) Cost (%)
(Rs.) (Rs.)

Hired human labour 
Male 887.93 5.02 465.37 2.40

Female 2020.00 11.42 2275.65 11.77

Total 2907.93 16.44 2741..02 14.17

Bullock labour 433.00 2.44 369.28 1.91

Machine labour 937.50 5.30 833.33 4.31

Manures 2105.00 11.90 2017.50 10.44

Fertilizers
Nitrogen (N) 747.60 4.22 714.12 3.69

Phosphorous (P) 402.78 2.27 361.79 1.87

Potassium (K) 213.00` 1.20 198.75 1.03

Seed 948.00 5.36 4000.00 20.69

Irrigation 997.35 2.72 442.77 2.29

Plant protection 1296.00 7.33 367.30 1.89

Interest on 1361.24 7.73 1565.95 8.18

Working Capital
Land revenue 170.00 0.96 170.00 0.87

Depreciation on 397.00 2.25 399.39 2.06
implements and 
machinery

Cost ‘A’ 12916.70 70.13 14181.10 73.40

Rental value 2200.00 12.44 2186.00 11.31
of land

Interest on fixed 709.33 3.99 709.33 3.67
capital

Cost ‘B’ 15826.03 86.56 17076.43 88.29

Family labour
Male 1548.46 8.76 1430.03 7.39

Female 822.37 4.65 820.57 4.24

Total 2370.83 13.41 2250.60 11.63

Cost ‘C’ 18196.86 100.00 19327.03 100.00



2) The irrigated area was more with large size
farmer than the small and medium size
farmers. Exactly opposite situation was
observed in case of follow land, i.e. it was less
with the small farmers compared to medium
and large farmers.

3) Cropping pattern study of small, medium,
large farmers as well on overall basis clearly
indicated the dominance of cotton cultivation
over all other crops.

4) The cost per hectare calculated was more in
BT – Cotton as compared to NHH – 44
production.

5) Fertilizer use for BT-cotton and NHH-44 was
less by 37.7, 19.02 and 35.80 NPK kg ha-1

than its recommended dose (100:50:50
NPK kg ha-1).

6) The manure use was comparatively low by
3.52 tonnes per hectare than recommended
one (12 tonnes per hectare).

7) Seed cost per hectare was more in case of
BT – Cotton, while plant protection cost was
comparatively lower than NHH – 44.
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Sugarcane (Saccharumofficinarium) is a
long duration crop and therefore is liable to be
attacked by a number of insect pests which are
major constraints in sugarcane production. In
India, sugarcane is infested by 288 insects of
which nearly two dozen cause heavy losses to
the quality as well as quantity of the crop.
According to [2], the early shoot borer causing
economic loss up to 60 per cent, [3]reported
that the early shoot borer causes about 22 to 33
per cent loss in cane yield, 12% in sugar
recovery, 2% in commercial cane sugar and
27% in jaggery. Due to the diversity in agro-
ecological conditions the importance of the
insect pests varies and therefore, management

strategies should be adopted accordingly. The
repeated use of synthetic chemical insecticides
as crop protectants has posed serious hazards
for the humans and the environment, caused
deleterious effects on natural enemies and led to
resistance in pests to insecticides [4]. Therefore,
in sugarcane, the use of pesticides has to be
restricted up to those few occasions when their
applications become imperative. The
researchers are trying to explore the techniques
which must be proficient, eco-friendly and
affordable to reduce pest infestation on crops.
Host plant resistance to insect pests and
forewarning is the key component in the pest
management system as it is environmentally
friendly, harmless and cost effective methods to
pest control. Therefore, in view to development
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Abstract
An experiment on Seasonal incidence and its correlation with weather parameters on major insect pests

of sugarcane was carried out at Sugarcane Research Unit, Dr. PDKV, Akola during 2016-17 on Co-86032
variety. The crop was planted in first week of January 2016. Data on seasonal incidence revealed that the
damage due to early shoot borer was initiated during 7th MW i.e. 49th DAP (12.96% dead heart) and it was
continued up to 30th MW. The maximum infestation due to early shoot borer was observed during 7th MW
i.e. 49th DAP (12.96% dh) during which meteorological parameters were in the range of 15.9 to 33.9°C
temperature, 21 to 51% RH and rainfall 0.0 mm. The correlation with weather parameters with early shoot
borer incidence has shown non-significant correlation with morning relative humidity, evening relative humidity,
rainfall and Maximum temp. It showed negative non-significant in min. temp. at 5% level. The incidence of
scales was initiated during 37th MW(40% incidence and 4.96% intensity) and it was continued up to 52nd MW.
The % incidence increased at 52nd MW and % intensity of scales increased during the 37th and was maximum
on 37th MW (4.96%). The incidence of scales has also shown non-significant correlation with rainfall and
Relative humidity at evening. But it showed significant correlation with relative humidity at morning hours and
negative significant with MaximumTemperature and Minimum Temperature.The incidence of pyrilla was
initiated during 30th MW (0.90 per leaf) and it was continued up to 42nd MW. The maximum population of
pyrilla leaf-1 was observed on 33rd MW (1.60 no. per leaf). Incidence of pyrilla showed significant correlation
with Relative humidity at morning and evening hours and non-significant with rainfall. It showed negative
significant and negative non-significant with max. temp. and min. temp., respectively.

Key words : Seasonal incidence, insect pests, sugarcane, abiotic factors, correlation.
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of an eco-based management strategy, it was felt
necessary to study the effect of abiotic factors
on the incidence of sugarcane insect pests so
that proper management practice could be
adopted.

Materials and Methods

The experiment was laid out in non-
replicated design on the field of Sugarcane
Research Unit, Dr. PDKV, Akola during 2016-
17 with a view to study the seasonal incidence
with peak periods of infestations of major borer
and sucking pests and its correlation with the
abiotic factors. The sugarcane seed cane
(Variety: Co-86032) were planted at 90 cm row
to row spacing with a plot size of 6.00 x 13.50
m2. The planting was done as per the university
recommended package of practices except plant
protection measures. Weekly Weather data for
the year 2016 were recorded at Meteorological
Observatory Department of Agronomy Dr.
PDKV., Akola

Method of observations

Early shoot borer : The observations were
initiated after one month of the emergence of
the crop then after weekly observations were
recorded for the incidence of the early shoot
borer.Four middle rows were selected from the
plot and total germinated shoots were counted.
The shoots affected by early shoot borer
showing “dead hearts” were counted to calculate

percentage incidence of borer. 

No. of dead hearts 
Per cent Incidence = –––––––––––––––– x 100

Total no. of shoots

Pyrilla : In all twenty leaves, each two from
ten canes were selected randomly from the plot
and numbers of pyrilla per leaf were counted. 

Whitefly : Population of nymph and
puparia were recorded from a unit of 10 canes
(20 leaves), from proximal, middle and distal
region of the leaves. Average population per
three leaves was reported. 

Aphids : Population of Aphid was recorded
from a unit of 10 canes (20 leaves) from
proximal, middle and distal region of the leaves.
Average population per three leaves was
reported[1].

Results and discussion: The insect pests
recorded on sugarcane var. Co-86032 during
2016-17 were early shoot borer, scales, pyrilla,
aphids and whiteflies.

Seasonal incidence of major insect
pests of sugarcane:

Early shoot borer : The seasonal incidence
data on early shoot borer ranged from 1.52 to
12.96% dh from 7th MW to 30th MW (Table 1).
It revealed that the damage due to early shoot
borer was initiated during 7th meteorological
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Table 1. Seasonal Incidence of major insect pests of sugarcane recorded during 2016-17

Insect pests Infestation Highest Meteorological parameters
period infestation –––––––––––––––––––––––––––––––––––
(MW) RF Tmax Tmin RH I RH II

(mm) (°C) (°C) (%) (%)

Early Shoot Borer % infestation 7th to 30th MW (12.96) 7th MW 0.0 33.9 15.9 51 21
Pyrilla per leaf 30th to 42nd MW (1.60 per leaf) 33rd MW 0.0 31.0 23.4 85 58
Scale insect% incidence 37th to 52nd MW (44%) 52nd MW 0.0 29.5 8.4 83 29
Scale insect% intensity 37th to 52nd MW (4.96%) 37th MW 28.5 31.8 23.6 86 59
Aphids per 3 leaves 27th to 47th MW (28 per 3 leaves) 33rd MW 0.0 31.0 23.4 85 58
Whiteflyper 3 leaves 27th to 45th MW (10 per 3 leaves) 41st MW 29.0 31.2 21.3 90 59



week i.e. 17th Feb 2016 (12.96% dh) and it was
continued up to 30th MW. The maximum
damage due to early shoot borer was observed
during 7th MW i.e. (12.96% dh) during which
meteorological parameters were in the range of
15.9 to 33.90 C temperature, 21 to 51%  RH
and rainfall 0.0mm.

Scales : The incidence of scales ranged
from 28 to 44 per cent incidence from 37th to
52nd MW. It was initiated during 37th MW (40%
incidence and 4.96% intensity) and it was
continued up to 52nd MW. The % incidence
increased at 52nd MW and % intensity of scales
increased during the 37th and was maximum on
37th MW (4.96%).

Pyrilla : The incidence of pyrilla was
initiated during 30th MW (0.90 per leaf) and it
was continued up to 42nd MW. The maximum
pyrilla per leaf was observed on 33rd MW (1.60
per leaf). 

Aphids : The meager population of aphids
was noticed. The incidence started from 27th

MW and it was continued up to 47th MW the
maximum incidence was noticed on 33rd MW
i.e. 28 aphids per 3 leaves.

Whitefly : The meager population of White
fly was noticed. The incidence started from 27th

MW and it was continued up to 45th MW the
maximum incidence was noticed on 41st MW
i.e. 10 white flies per 3 leaves.

Correlation of incidence of insect pests
on sugarcane with weather parameters :
The data presented in Table 2 revealed that the
early shoot borer incidence on Co-86032 has
shown non-significant correlation with morning
relative humidity, evening relative humidity,
rainfall and Maximum temp. It showed negative
non-significant in Min.Temp.at 5% level.
Similarly, in case of scales the incidence of scales
has also shown non-significant correlation with
rainfall and Relative humidity at evening. But it

showed significant correlation with relative
humidity at morning hours and negative
significant with Max temp and min temp. In case
of pyrilla it showed significant correlation with
Relative humidity at morning and evening hours
and non-significant with rainfall. It showed
negative significant and negative non-significant
with max. temp. and min. temp., respectively.

The above findings on the seasonal incidence
of insect pests and weather correlation are more
or less in confirmation with the studies
conducted by [5] who reported the seasonal
incidence of early shoot borer which was 2.96%
and Pyrilla perpusilla incidence was low (0.33
insects per leaf). Regarding the correlation of
weather parameters, Early shoot borer numbers
were positively correlated with maximum and
minimum temperatures but negatively correlated
with relative humidity and rainfall. 

Conclusion

The incidence of early shoot borer was
maximum during initial weeks after the planting
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Table 2. Correlation of incidence of insect pests on
sugarcane at Akola with the weather parameters
during the year 2016-17.

Variety Rain- Max. Min. RH I RH II
fall temp. temp. (%) (%)
(mm)

Early shoot borer
Co 86032 r 0.388*0.496**

t (cal) -0.80 7.72 2.98 -10.60 -4.8
n=24 NS NS -NS NS NS

Scales
Co 86032 r 0.468*0.590**

t (cal) -0.65 -4.03 -6.61 3.98 0.79
n=16 NS -S -S S NS

Pyrilla
Co 86032 r 0.497*0.623**

t (cal) 1.18 -3.15 1.09 3.34 5.50
n=14 NS -S -NS S S

Here r= coefficient of correlation, t = calculated t, NS = Non
significant, S = significant at 0.05%* and 0.01%**



of sugarcane i.e. on 7th MW i.e. (12.96% dh) as
the crop duration increased the incidence
declined. 

The incidence of scales increased at 52nd

MW and % intensity of scales increased during
the 37th and was maximum on 37th MW
(4.96%). The incidence of pyrilla was maximum
on 33rd MW (1.60 per leaf) and the meager
population of aphids was noticed the maximum
incidence was noticed on 33rd MW i.e. 28
aphids per 3 leaves. While as the meager
population of White fly was noticed overall the
season and to its peak incidence was noticed on
41st MW i.e. 10 white flies per 3 leaves.
Incidence of scales showed significant
correlation with relative humidity at morning
hours and pyrilla showed significant correlation
with Relative humidity at morning and evening
hours.
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Sugarcane (Saccharumofficinarium) is a
long duration crop and therefore is liable to be
attacked by a number of insect pests which are
major constraints in sugarcane production. In
India, sugarcane is infested by 288 insects of
which nearly two dozen cause heavy losses to
the quality as well as quantity of the crop.
According to [3], the early shoot borer causing
economic loss up to 60 per cent, [4] reported
that the early shoot borer causes about 22 to 33
per cent loss in cane yield, 12% in sugar
recovery, 2% in commercial cane sugar and
27% in jiggery. Sugarcane leaf-hopper, Pyrilla
perpusilla Wlk. (Lophopidae: Homoptera), is the
most destructive pest of the sugarcane. The
nymphs and adults feed by sucking the cell-sap
from the leaves of sugarcane and other
secondary host plants, that extensively affects
the yield [8]. Pyrilla perpusilla causes direct and

indirect losses and the attackedleaves become
pale and wither later on. The feeding by pest
causes poor growth of sets which also creates
difficulty in milling of effected canes [9]. The
infestation during the early growth period of
cane, affects the yield adversely, whereas the
late infestation from September onwards, mostly
affects the sucrose contents [6]. These losses, in
sugarcane, can only be minimized with a proper
protection of the cane-crop from insect pests,
with a scientifically designed IPM Program,
throughout the year. Due to the diversity in agro-
ecological conditions the importance of the
insect pests varies and therefore, management
strategies should be adopted accordingly
Therefore, the present study was undertaken in
the sugarcane growing area during crop season
2016 to get the information about the incidence
of sugarcane crop pests to identify the key pests,
their nature of damageeconomic importance
that their proper management tactics be
evolved. This study will be helpful in knowing the
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Abstract
Roving survey was conducted in sugarcane fields bothin plant andratoon crops under certain sugar factory

operational areas of Vidarbhadistricts during the months of the March and August 2016 with an objectives to
identify key insect pests of sugarcane in the area, to record the incidence, infestation of the key pests and to
develop survey schedule for recommending control measures in the sugarcane growing districts of Vidarbha
region.  Among the various insects, early shoot borer at the early stages of crop period, Internode borer and
Pyrilla can be considered as key pests, while whitefly, aphids as localized pests. The surveillance conducted  in
the months of March to May for early shoot borer, Internode borer, Pyrilla, whitefly and aphid; in June to
September. During the survey of the insect pests in the fields, the incidence of insect pests on different varieties
of sugarcane grown by the farmers were reported and the data revealed that most of the varieties were infested
by internode borer and Pyrilla and in some pockets the meager infestation of Whiteflies and aphids was
recorded.  

Key words : Survey, key insect pests, sugarcane.

1. Assistant Professor 2. Associate Professor 3. SRA
and 4. Assistant Professor.



major insect pests and their extent of damage so
that proper control measures can be used in
future to minimize the load of insecticides.
Roving survey of sugarcane fields of Vidarbha
districts are recorded. Report containing
information on location, variety, if any.
Observations on incidence of borers are
recorded by examining 25 canes at five places
(four corners and one in middle), sucking pests
were recorded by examining 20 canes.

Materials and Methods

1) Roving survey of insect pests of sugarcane
fields of Vidarbha districts were recorded.

2) Report containing information on location,
variety, names of the farmers.

3) Observations on incidence of borers were
recorded by examining 25 canes at five
places (four corners and one in middle),
sucking pests were recorded by examining
20 canes as mentioned below.

Method of observations

Early Shoot Borer: Theobservations were
initiated after one month of the emergence of
the crop then after weekly observations were
recorded for the incidence of the early shoot
borer.Four middle rows were selected from the
plot and total germinated shoots were counted.
The shoots affected by early shoot borer
showing “dead hearts” were counted to calculate
percentage incidence of borer. 

No. of dead hearts 
Per cent Incidence = ––––––––––––––––– x 100

Total no. of shoots

The grade of infestation was given as :
Less susceptible (LS) = below 15, Moderately
susceptible (MS) = 15.1 – 30 and Highly
susceptible (HS) = Above 30.

Internode borer : Twenty five canes were

selected randomly from each plot and total
number of internodes and internodes affected
due to internode borer in each cane were
counted at harvest. Calculated the per cent
incidence, intensity and infestation index as per
following formula.

No. of affected 
canes

Per cent Incidence = –––––––––––––––– x 100
25 canes

No. of affected 
internodes

Per cent Intensity = ––––––––––––––––– x 100
Total no. of 
internodes

% incidence x % Intensity
Infestation index= –––––––––––––––––––––––––

100

The grade of infestation was given as :
Less susceptible (LS) = below 20, Moderately
susceptible (MS) = 20.1-40 and Highly
susceptible (HS) Above 40

Pyrilla : In all twenty leaves, each two from
ten canes were selected randomly from the plot
and numbers of pyrilla per leaf were counted. 

The grade of infestation was given as :
Less susceptible (LS) = below 5.0, Moderately
susceptible (MS) = 5.1-20.0 and Highly
susceptible (HS) Above 20.0

Whitefly : Population of nymph and
puparia were recorded from a unit of 10 canes
(20 leaves), from proximal, middle and distal
region of the leaves. Average population cm2

were reported. 

Aphids : Population of Aphid was recorded
from a unit of 10 canes (20 leaves) from
proximal, middle and distal region of the leaves.
Average population cm2 were reported[1].
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Results and Discussion

The data on survey and surveillance of insect
pests of sugarcane at Wardha, Yavatmal and
Akola districts (2016-17) (Table 1) recorded on
the different farmers fields indicates that the
incidence of internode borer on different
varieties of sugarcane varies from 4.00 to 20.00
per cent incidence with per cent intensity 2.45
to 4.71 and Infestation index from 0.10 to 0.94
with all the varieties showing less susceptible
reaction according to grade of infestation for
internode borer. Similarly,the incidence of pyrilla
per leaf differ according to the varieties it
showed that the incidence ranged from 4.00 to

7.65 pyrilla per leaf which indicated that the
varieties are less susceptible to moderately
susceptible reaction. The maximum population
of pyrilla i.e. 7.65 per leaf was observed on
Co265 (ratoon) on field of Mr. Manohar
Mahadeo Sawarkar at Jalgaon Taluka Arvi
District Wardha. Regarding the population of
whiteflies the incidence was observed on three
farmers field which ranged from 3-5 cm-2 to 26-
28 cm-2 and it was maximum i.e. 26-28 cm-2 on
Local variety namely Paturda at Taluka Telhara
District Akola. The incidence of early shoot
borer recorded in the month of March i.e. 60
days after planting on Local variety namely
Paturda at Village Mahispur Taluka Akola
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Table 1. Survey and surveillance of insect pests of sugarcane at Wardha, Yavatmal and Akola districts (2016-17) 

Varieties Location Name of the farmers Name of
pest

Internode borer Pyrilla per leaf 
(Pyrilla
perpusilla)Per cent

incid-
ence

Per 
cent
intensity 

Infestati
on
index 

Reac-
tion 

Co-265
(Ratoon) 

Jalgaon 
Tal. Arvi
Dist. 
Wardha  

Sau. Sarita Manohar Sawarkar 
Sau.Sunita Prabhakar Nehare
Viay Panjabrao Deshmukh 
Manohar Mahadeo Sawarkar 

Internode
borer 

16.00
12.00
8.00
20.00

4.24
4.50
3.58
4.71 

0.68
0.54
0.29
0.94 

LS
LS
LS
LS 

7.00   MS
7.50   MS
7.48   MS
7.65   MS

Co-265
(Ratoon)
for seed
purpose 

Dhanoli
Tal.Karanja
Dist.
Wardha

Shri. PradipWamanrao Dive Internode
borer 

12 3.98 0.48 LS 4.00    LS

Co-265
(Ratoon)
for seed
purpose 

Talegaon
Farm Tal.
Talegaon
Dist.
Wardha 

Agril. Asstt. JetendraPatil Internode
borer 

16 3.71 0.59 LS 4.10 Pyrilla per
leaf (LS)

3-5/cm2 whitefly  

Co86032 Chikali
Tal.
Darvha
Dist.
Yavatmal 

Shri. Ghive Whitefly 4 2.45 0.1 LS 20-24/cm2
Whitefly

Local
variety
Paturda 

Tal.
Telhara 
Dist .
Akola 

Shri. Ramkrishna  More Pyrilla - - - - 7.00 Pyrilla per
leaf   (MS)
26-28/cm2
whitefly

Local
Chewing
variety 
Paturda

Mahispur
Tal. Akola
Dist Akola

Balkrishna Patekhede Early
Shoot
borer

20.34 %
ESB
infest-
ation(
MS)

- - - -



District Akola was 20.34% showing moderately
susceptible reaction. 

The data on survey and surveillance of insect
pests of sugarcane at Nagpur and Bhandara
districts (2016-17) (Table 2) recorded on the
different farmers fields indicates that the
incidence of internode borer on different
varieties of sugarcane varies from 8.00 to 16.00

per cent incidence with per cent intensity 2.58
to 3.77 and Infestation index from 0.21 to 0.57
with all the varieties showing less susceptible
reaction according to grade of infestation for
internode borer. Similarly,the incidence of pyrilla
per leaf differ according to the varieties it
showed that the incidence ranged from 2.98 to
29.43 pyrilla per leaf which indicated that the
varieties are less susceptible to Highly
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Table 2. Survey and surveillance of insect pests of sugarcane at Nagpur and Bhandara districts (2016-17) 

Varieties Location Name of the farmers Name of
pest

Internode borer Pyrilla per leaf 

Per cent
incid-
ence

Per 
cent
intensity 

Infestati
on
index 

Reac-
tion 

Co86032 Sawali Tal.
Kamthi
Dist. Nag.

ChandrabhanShriramIngole Internode
borer 

12.00 3.81 0.46 LS 13.35 MS

Co-265
(Ratoon)
for seed
purpose
Co86032 

Wadoda
Tal.Kamthi
Dist.
Nagpur

Shri. Ramu Bhagwan Bhure
Shri. Sunil Bhagwan Bhure
Shri. Raju Bhagwan Bhure

Internode
borer 

16.00
8.00
12.00
12.00 

3.57
3.35
3.15
3.00 

0.57
0.27
0.38
0.36

LS
LS
LS
LS

15.30  MS
13.35  MS
13.65  MS
13.88  MS

Co-03102
Co-92005
NR-9805
Co-86032

Devhada
Tal.Tumsar 
Dist.
Bhandara 

Shri. RameshwarTopale
Nursery Incharge
Manas Agro Industries Unit
No.4
Sugar factory farm 

Internode
borer 

12.00
8.00
12.00
12.00 

3.77
3.07
2.55
2.82 

0.33
0.25
0.31
0.34 

LS
LS
LS
LS 

3.38    LS
2.98    LS
2.45    LS
4.40    LS

Co-
92005 

Madgi Tal.
Tumsar
Dist.
Bhandara

Shri. Deoramji T. Bodge Internode
borer 

12.00 3.43 0.41 LS 27.90  HS

Co-
92005 

Sukdi Tal.
Tumsar
Dist.
Bhandara

Shri. Dharmapal T. Chaudhary Internode
borer 

12.00 2.75 0.33 LS 29.43  HS

Co-
92005 

Madgi Tal.
Tumsar
Dist.
Bhandara

Shri. Jagan S. Wahile Internode
borer

16.00 2.99 0.48 LS 28.98  HS
28-32/cm2
Aphids

Co-
03102
NR-9805

Madgi Tal.
Tumsar
Dist.
Bhandara

Shri. Manohar Chindu Wahile Internode
borer 

12.00
8.00 

3.20
2.58 

0.38
0.21 

LS
LS 

29.23  HS
29.18  HS

Co-
86032 

Tal.
SakoliDist.
Bhandara 

Shri. SharadGobhade Internode
borer

12.00 3.16 0.38 LS 2.98   LS

Co-
86032

Tal.
SakoliDist.
Bhandara 

Shri. GulabChaganjiKapgate Internode
borer

8.00 2.80 0.22 LS 3.38  LS



susceptible for their reactions. The maximum
population of pyrilla i.e. 29.43 per leaf was
observed on Co92005 on field of Mr.
Dharmapal T. Chaudharyat Sukdi Tal. Tumsar
District Bhandara. Regarding the population of
Aphids the incidence was observed on one
farmer field which was 28-32 cm-2 on Co92005
variety on field of Mr. Jagan S. Wahile at village
Madgi Taluka  Tumsar District  Bhandara.

The data on survey and surveillance of insect
pests of sugarcane at Wardha district (2016-17)
(Table 3) recorded on the different farmers fields
indicates that the incidence of internode borer
on different varieties of sugarcane varies from
8.00 to 16.00 per cent incidence with per cent

intensity 2.70 to 3.81 and Infestation index
from 0.22 to 0.57 with all the varieties showing
less susceptible reaction according to grade of
infestation for internode borer. Similarly, the
incidence of pyrilla per leaf differ according to
the varieties it showed that the incidence ranged
from 2.28 to 5.35 pyrilla per leaf which
indicated that the varieties are less susceptible to
moderately susceptible for their reactions. The
maximum population of pyrilla i.e. 5.35 per leaf
was observed on Co86032 on field of Mr.
Purshottam Tonape at Mahakal Tal. Wardha
District Wardha. Regarding the population of
Aphids and whiteflies the incidence was
observed on one farmer field which was 32-34
cm-2 and 28-30 cm-2 respectivelyon Co265
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Table 3. Survey and surveillance of insect pests of sugarcane at Wardha district (2016-17) 

Varieties Location Name of the farmers Name of
pest

Internode borer Pyrilla per leaf 

Per cent
incid-
ence

Per 
cent
intensity 

Infestati
on
index 

Reac-
tion 

Co-
86032 

Mahakal
Tal Wardha 

Shri. Pavane Internode
borer

12.00 2.70 0.32 LS 4.40  LS

Co-
86032 

Mahakal
Tal.
Wardha 

Shri. MahdeoPatil Internode
borer 

12.00 3.06 0.37 LS 4.35  LS

Co-
86032 

Mahakal
Tal.Wardha
Dist.
Wardha

Shri. Purshottam Tonape Internode
borer 

12.00 2.95 0.35 LS 5.35  MS

Co-265 Mahakal
Tal. ardha
Dist.
Wardha

Shri. Babanrao Karmore Internode
borer 

12.00 3.46 0.42 LS 4.93  LS32-
34/cm2 Aphids
28-30/cm2
whitefly

CoVSI-
8005 
Co-265 

Jamni
Tal..Deoli
Dist.
Wardha

Sugar Factory Nursery Internode
borer 

8.00
8.00 

3.16
2.78 

0.25
0.22 

LS
LS 

2.45  LS
2.28  LS

Co-265 Jamni
Shindi 
Tal. Deoli
Dist.
Wardha

Shri. Ashokrao C. Karotkar Internode
borer 

12.00 3.81 0.46 LS 2.98  LS

Co-
86032 

Bhidi 
Tal. Deoli 
Dist.
Wardha

Shri. Ajay DashrathjiZade Internode
borer

16.00 3.57 0.57 LS 3.38  LS



variety on field of Mr. Babanrao Karmoreat
village Mahakal Taluka District Wardha.

The above results are in the close
confirmation with the work carried out by [2]
who also reported the incidence of the internode
borer, pyrilla, whiteflies and aphids on different
varieties of sugarcane during their screening
programmes on the different varieties such as
Co265, Co86032, Co92005, CoVSI 8005 etc,
which shown the less susceptibility to Highly
susceptibility reaction for  the above mentioned
insect pests. Similarly, the above findings on the
seasonal incidence of insect pests are more or
less in confirmation with the studies conducted
by [7] who reported the seasonal incidence of
early shoot borer which was 2.96% and Pyrilla
perpusilla incidence was low (0.33 insects per
leaf).

Conclusion

The data on survey and surveillance of insect
pests of sugarcane at all districts during 2016-
17 the key pests were internode borer, pyrilla
and in some pockets whiteflies, aphids and early
shoot borer were recorded on different varieties
of sugarcane and was maximum i.e. 20.00 per
cent incidence with per cent intensity 4.71 and
Infestation index from 0.94 at Jalgaon Taluka
Arvi District Wardha. Similarly,the incidence of
pyrilla per leaf differ according to the varieties it
showed maximum population  at Bhandara
district on Co92005 variety as the humidity
factor plays role in the infestation of pyrilla. The
incidence of early shoot borer recorded in the
month of March i.e. 60days after planting on
Local variety namely Paturda at Village
Mahispur Taluka Akola District Akola was
20.34% showing moderately susceptible

reaction. On the above data it can be concluded
that the regular occurrence of incidence of insect
pests in the Vidarbha region we can alert the
farmers well before and suggest timely
management practices against the insect pests.  
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The peanut (Arachis hypogaea L.) is an
important human food crop because of its high
protein and oil. The crop is generally sown
between 15th June and 15th July, depending on
the normal onset of monsoon. However, the
erratic onset of monsoon and commencement
of sowing rains, sometimes force the farmers to
sow the crop late in the season. Yield variation
in rainfed groundnut can be attributed to rainfall
variability i.e., amount and distribution of
rainfall. The effectiveness of rainfall in crop
production depends mainly on commencement
of sowing rains and amount and distribution of
rainfall during the season as water deficit is a
major constraint in peanut production, especially
during the critical period of pod set which results
in reduced pegging (Chandrika et al., 2008 and
Sahu et al., 2004). Therefore, to ascertain the
influence of different weather conditions and
rainfall distribution and its amount on the
performance of groundnut productivity for

Vidarbha region agro climatic condition which
receives an annual rainfall distribution of 794
mm, the present experiment was conducted to
study the behavior of kharif sown rainfed
groundnut under different dates of sowing with
two different cultivars to assess the performance
of groundnut under rainfed condition during
kharif 2015. 

It is true that different sowing date of varieties
strongly influence crop performance, but among
them effect of some sowing date is significant
under varied environmental conditions.
Frimpong (2004) reported that plant height,
biomass, and pod yield were significantly
affected by planting date and environmental
factors. The yields of plant components (leaf,
stem, branch, pod, and kernel) and their
respective rates, as well as flower, peg, and pod
numbers, were significantly affected (P<0.05) by
planting date (Kasai et al., 1999). It becomes,
therefore necessary to identify proper sowing
time in relation to growth and yield of groundnut
crop.
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Abstract
Groundnut variety AK-159 recorded significantly higher pod yield (2076 kg ha-1) and biological yield (5275

kg ha-1) than TAG-24 pod yield (1798 kg ha-1) and biological yield (3670 kg ha-1). Groundnut variety TAG-
24 recorded higher harvest index than variety AK-159. The maturity period averaged was more in variety AK-
159 (105 days) than TAG-24 (99 days). By and large the model performance was found good during kharif
season for groundnut crop under Akola condition. Performance of crop simulation model in respect of
phonological events (anthesis day, first pod day, first seed day and maturity) was found to be highly reliable.
Leaf area index, shelling percentage and harvest index were well matched with model. The yield predicted by
DSSAT-4.5 model was found to be fairly matched with the observed values of yield. By and large the model
performance was found good during kharif season for groundnut crop under Akola location.
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As such, the major limitation in case of the
use of simulation models is the absence of
calibration and validation of such models in
areas other than where they are developed.
Before their application on the regional scale in
different region, they need standardization and
calibration with locally measured soil, plant and
weather parameters which are the basic
requisites for application of simulation models at
new location. Crop model have an increasingly
important role in research understanding, crop
management, and policy question. 

Among the different dates of sowing the
groundnut may play significant role in plant
height, number of branches, number of pod per
plant and grain yield. For improvement of
growth and yield of groundnut it is necessary to
gather further information regarding the varietal
performance with different sowing date in
relation to soil, plant, weather parameter by
using DSSAT model. It will be beneficial for
farmers and also to the research worker to carry
out the research on groundnut.

Materials and Methods

A field experiment was conducted at Oil
seeds Research Farm Unit, Dr. Panjabrao
Deshmukh Krishi Vidyapeeth, Akola during
kharif season of 2015-16. The experiment was
laid out in Factorial Randomized Block Design
with three replications consisted four sowing
time viz., 24th MW-15 June, 26th MW-25 June,
27th MW-5 July and 28th MW-14 July and two
varieties viz., TAG-24 and AK-159 as main and
sub-plot with eight treatments combination,
respectively. The experimental field was laid out
in twenty four unit plots each of 7.2 m2 (4.00 x
1.80 m) gross and 4.08 m2 (3.40 x 1.20 m) net
size. A distance of 0.5 m was kept between the
plots. The soil of the experimental field was
vertisol (medium black) clayey in texture. The
recommended dose of fertilizer (25 kg N + 50
kg P+30 kg K2O ha-1) and all the recommended

agronomic practices were adapted during the
experimental period. The various phenological
characters viz. no of days required for anthesis,
first pod day, first seed day and physiological
maturity were recorded. Pod yield and biological
yield, were recorded at the time of harvest.  

Results and Discussion

The predicted and observed anthesis day,
first pod day, first seed day and maturity are
presented in Table 1.

Anthesis day : The observed and predicted
mean number of anthesis day was 26 and 25;
27 and 26 for the varieties TAG-24 and AK-
159, respectively. The degree of agreement was
1.00. The percentage error (PE) was 2.77 and
2.67, respectively for varieties TAG-24 and AK-
159 across different sowing management.
Therefore, the days for anthesis predicted was
well matched with observed days.

First pod day : The observed and predicted
mean number of first pod day was 37 and 36;
38 and 38 for the varieties TAG-24 and AK-
159, respectively. The degree of agreement was
1.00. The percentage error (PE) was 2.34 and
2.26, respectively for TAG-24 and AK-159
across different sowing management. As the PE
is less than ten per cent the prediction is
acceptable.

First seed day : The observed and
predicted mean number of first seed day was 45
and 43; 47 and 45 for the varieties TAG-24 and
AK-159, respectively. The degree of agreement
was 1.00. The percentage error (PE) was 4.77
and 4.56, respectively for TAG-24 and AK-159
across different sowing management. Therefore
the prediction was well matched with observed
values.

Maturity : Observed and predicted mean
number of maturity was 99 and 103; 105 and
109 for the varieties TAG-24 and AK-159,
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respectively. The degree of agreement was
1.00. The percentage error (PE) was 3.89 and
4.11, respectively for TAG-24 and AK-159
across different sowing management. Therefore
the prediction was well matched with observed
values. Since all the growth stages were
predicted by the model with percent error less
than 10%, it can be concluded that phenology
was well predicted by the model.

The predicted and observed leaf area index,
shelling percentage, pod yield, biological yield
and harvest index are presented in Table 2.

Leaf area index : The observed and
predicted mean leaf area index was 2.66 and
2.15; and 3.95 and 3.32 for the varieties TAG-

24 and AK-159, respectively. The degree of
agreement was between 0.99. The percentage
error (PE) was 15.35, 15.98 and 17.71,
respectively for TAG-24 and AK-159 across
different sowing management. Therefore the
prediction was overestimated by model for TAG-
24 and AK-159.

Shelling percentage : The observed and
predicted shelling percentage was 68.33 and
68.93; 70.54 and 70.66 for the varieties TAG-
24 and AK-159, respectively. The degree of
agreement was 1.0.The percentage error (PE)
was 0.66 and 0.78, respectively for TAG-24
and AK-159 across different sowing
management. Therefore the prediction was well
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Table 1. Error per cent by simulated days to anthesis, first pod, first seed and maturity from observed

Cultivar/ Anthesis day First pod day First seed day Maturity
date of –––––––––––––––––––– –––––––––––––––––––– ––––––––––––––––––––– –––––––––––––––––––––
sowing O P Error O P Error O P Error O P Error

(%) (%) (%) (%)

V1- TAG-24
S1 - (24 MW) 24 24 0.00 36 35 -2.78 43 41 -4.65 97 101 4.12
S2 - (26 MW) 25 25 0.00 36 36 0.00 44 43 -2.27 95 98 3.16
S3 - (27 MW) 26 25 -3.85 38 37 -2.63 45 43 -4.44 104 107 2.88
S4 - (28 MW) 27 26 -3.70 38 37 -2.63 46 43 -6.52 99 104 5.05
Mean 26 25 -1.89 37 36 -2.01 45 43 -4.47 99 103 3.80
SD 2.18 1.34 1.74 0.99
MAE 0.50 0.75 2.00 -3.75
MBE 0.50 0.75 2.00 3.75
RMSE 0.71 0.87 2.12 3.84
PE 2.77 2.34 4.77 3.89
D 1.00 1.00 1.00 1.00

V2- AK-159
S1 - (24 MW) 25 25 0.00 38 37 -2.63 45 43 4.44 102 106 3.92 
S2 - (26 MW) 26 26 0.00 37 38 2.70 46 45 2.17 101 108 6.93 
S3 - (27 MW) 27 26 -3.70 39 39 0.00 48 45 6.25 111 110 -0.90
S4 - (28 MW) 28 27 -3.57 39 38 -2.56 47 45 4.26 107 110 2.80 
Mean 27 26 -1.82 38 38 -0.62 47 45 4.28 105 109 3.19 
SD 2.10 2.53 1.67 3.24 
MAE 0.50 0.75 2.00 -3.25
MBE 0.50 0.75 2.00 3.25 
RMSE 0.71 0.87 2.12 4.33 
PE 2.67 2.26 4.56 4.11 
D 1.00 1.00 1.00 1.00 



matched with observed values. Since all the
growth stages were predicted by the model with
percent error less than 10%, it can be concluded
that phenology was well predicted by the model.

Pod yield : The observed and predicted
mean pod yield across sowing management was
1797 and 2181; 2076 and 2394 for the
varieties TAG-24 and AK-159, respectively. The
degree of agreement was between 0.99 and

1.00. The percentage error (PE) was 22.85 and
15.54, respectively for TAG-24 and AK-159
across different sowing management. Therefore
the prediction was slightly overestimated by the
model for varieties TAG-24 and AK-159. 

Biological yield : The observed and
predicted mean biological yield across sowing
management was 3670 and 4379; 5275 and
6625 for the varieties TAG-24 and AK-159,
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Table 2. Error percentage by simulated leaf area index, shelling percentage, pod yield, biological yield and harvest index from
observed

Cultivar/ 
date of 
sowing

Leaf area 
index

––––––––––––––––––

Shelling
percentage

––––––––––––––––––

Pod yield 
(Kg ha-1)

––––––––––––––––––

Biological yield
(Kg ha-1)

––––––––––––––––––

Harvest 
index

––––––––––––––––––
O P Error

(%)
O P Error

(%)
O P Error

(%)
O P Error

(%)
O P Error

(%)

V1- TAG-24

S1-(24 MW) 2.52 2.06 -18.25 67.78 67.34 -0.65 1644 2166 32 3460 4144 19.8 0.40 0.41 2.50

S2-(26 MW) 2.40 2.20 -8.33 68.13 67.98 -0.22 1453 1614 11 3350 3608 7.7 0.40 0.37 -7.50

S3-(27 MW) 2.93 2.26 -22.87 68.91 68.18 -1.06 2152 2503 16 4030 5082 26.1 0.43 0.40 -6.98

S4-(28 MW) 2.80 2.10 -25.00 68.48 68.21 -0.39 1939 2442 26 3840 4680 21.9 0.42 0.40 -4.76

Mean 2.66 2.15 -18.61 68.33 67.93 -0.58 1797 2181 21.27 3670 4379 18.9 0.41 0.39 -4.18

SD 7.41 0.36 9.31 7.9 4.61

MAE 0.51 0.40 -384 -709 0.02

MBE 0.51 0.40 384.2 708.5 0.02

RMSE 0.55 0.45 410.6 766 0.02

PE 20.49 0.66 22.85 20.9 5.81

D 0.99 1.00 0.99 0.99 1.00

V2- AK-159

S1-(24 MW) 3.93 3.25 -17.30 70.57 71.40 1.18 2044 2438 19.28 5153 6740 30.8 0.40 0.37 -7.50

S2-(26 MW) 3.69 3.12 -15.45 70.17 69.73 -0.63 1669 1933 15.82 4691 5780 23.21 0.36 0.34 -5.56

S3-(27 MW) 4.21 3.54 -15.91 70.95 70.59 -0.51 2383 2654 11.37 5807 7170 23.47 0.41 0.40 -2.44

S4-(28 MW) 3.96 3.38 -14.65 70.48 70.92 0.62 2207 2550 15.54 5450 6970 27.89 0.40 0.38 -5.00

Mean 3.95 3.32 -15.83 70.54 70.66 0.17 2076 2394 15.5 5275 6625 26.34 0.39 0.37 -5.12

SD 1.11 0.88 3.24 3.66 2.09

MAE 0.63 0.52 -318 -1389 0.02

MBE 0.63 0.52 318 1389 0.02

RMSE 0.63 0.55 322.5 1403 0.02

PE 15.88 0.78 15.54 26.59 5.40

D 0.99 1.00 1 1 1.00



respectively. The degree of agreement was
0.99. The percentage error (PE) was 20.87 and
26.89, respectively for TAG-24 and AK-159
across different sowing management. Therefore
the prediction was overestimated by the mode
for the both varieties.

Harvest index : The observed and
predicted mean harvest index across sowing
management was 0.41 and 0.39; 0.39 and
0.37 for the TAG-24 and AK-159, respectively.
The degree of agreement was 1.00. The
percentage error (PE) was 5.81 and 5.40,
respectively for TAG-24 and AK-159 across
different sowing management. Therefore the
prediction with less than 10% PE was well
matched with observed values in both varieties
across different sowing management. It can be
concluded that harvest index was well predicted
by the model.

The evaluation of the model (PNUGRO-
groundnut, DSSAT v 4.5) in respect of
phonological events (anthesis day, first pod day,

first seed day and maturity) was found to be
highly reliable. Leaf area index, shelling
percentage and harvest index were well matched
with model. Pod yield and biological were found
to be slightly overestimated by model. By and
large the model performance was found good
during kharif season for groundnut crop under
Akola location.
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Soybean is considered as a natural fertilizer
factory because of its high nitrogen fixing
property with Rhizobium being a leguminous
crop, it is expected to improve soil fertility and
productivity of succeeding crop. The crop in fact
has revolutionized the agricultural economy with
its immense potential for food, seed and
industrial products. Soybean like most legumes
performs nitrogen fixation by establishing
symbiotic relationship with bacteria, Rhizobium
japonicum. Use of organic manures with
optimum rate of fertilizers under intensive
farming system increased the turnover of
nutrients in the soil plant system. The organic
manures along with biofertilizers help in
reducing the dose of inorganic fertilizer, which
in turn reduces the cost of cultivation and help

in improving the soil health. Farmyard manure
is an important component of integrated
nutrient management for maintaining soil
fertility and yield stability (Gharpinde, 2014).The
growing nutrient imbalance is posing a major
threat to sustain soil health and crop
productivity. The recent fall in fertilizer
consumption due to unprecedented hike in
prices of N, P and K fertilizers has further
aggravated the problem and has underlined the
need for adoption of integrated nutrient supply
system which involves the combined use of
different nutrient source such as chemical
fertilizers, organic manures, bio fertilizers etc.
The high cost and limited supply of chemical
fertilizers often leave our farmers with no option
but fully exploit potential alternative source of
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Abstract
A field experiment was conducted during kharif season of the year 2015-16 to study the performance of

different organic, inorganic nutrient sources and INM on, yield attributes and grain yield of soybean (Glycine
max L. Merrill)  and soil properties in vertisol  at AICRP on integrated farming Systems, VNMKV, Parbhani to
achieve the objectives of the study. The experiment was laid out on vertisol with eight treatment combinations
replicated three times in randomized block design. Application of 50% recommended NPK + 50% N through
FYM + inorganic sources of micronutrient as per soil test recorded highest grain yield(13.87 qt ha-1), dry
matter (17.26 qt ha-1), plant height (40.33 cm) and yield attributing parameters No. pods per plant (32.67),
and dry weight of nodules (120.67 mg) than other treatments after harvest of soybean. The highest available
NPK and micronutrients were recorded by application of INM than organic and inorganic application of nutrient
sources in soil after harvest of soybean. All the biofertilizer treatments differed significantly with each other in
plant height, No. of pods plant-1, nodule dry weight, grain and dry matter yield of soybean and available NPK
and micronutrients in soil at harvesting. However, application of 1/3 recommended  nitrogen through FYM +
Vermicompost + non edible oil cake + biofertilizer containing N and P carriers recorded maximum plant height
(38.00cm), No of pods plant-1 (31.00), nodule dry weight (92.00 mg), grain (12.73 qt ha-1) and dry matter
yield (15.07 qt ha-1) than biofertilizer treatments. Similar, trend was observed in available NPK and
micronutrients in soil after harvest of soybean. The biofertilizer and INM treatments performed better than
inorganic treatments under aberrant weather condition. Similarly, long dry spell and higher temperatures
observed in the month of July and August during experimentation.

Key words : Organic, Inorganic Nutrient Sources, Yield and Yield attributes



plant nutrient. Renewable bionutrient sources
such as, vermicompost, neem seed cake, FYM,
etc. are of great importance in this context.
These locally available materials of animal origin
may be used with considerable benefits. Besides
serving as a source of plant nutrient to crop,
organic manures help to improve soil aeration,
permeability, aggregation, water holding
capacity, nutrient holding capacity, biological
properties and nutrient use efficiency when
applied in conjunction with mineral fertilizers. So
keeping in view the soil fertility and productivity
and maintain nutritional balance in soil, farmer
can apply organic, inorganic and biofertilizer in
suitable proportion to get higher yield. Balanced
fertilizer application also keeps the environment
clean. To ensure better soil health, pollution free
environment, clean water, higher crop yields
coupled with yield stabilization, farmers have to
be thoroughly educated regarding the
importance of integrated nutrition for agriculture
(Rana and Badiyala, 2014). The present study
was undertaken to evaluate and compare the
organic, inorganic sources of nutrients alone and
in combination with chemical fertilizers and their
effect on plant growth, grain yield of soybean
and available nutrients at harvesting.

Materials and methods

A field experiment was conducted during
kharif season of the year 2015-16 to find out
the performance of different organic, inorganic
and INM nutrient sources on, yield attributes and
grain yield of soybean and soil properties in
vertisol at AICRP on integrated farming
Systems, VNMKV, Parbhani to achieve the
objective of the study.The experiment was laid
out on Vertisol with eight treatment
combination, replicated three times in
randomized block design. The treatment consists
of T1 (50% recommended NPK + 50% N
through FYM + Inorganic sources of
micronutrient as per soil test), T2 (Different

organic sources each equivalent to 1/3
recommended N(FYM + Vermi-compost + non
edible oil cake), T3 (T2 + Intercropping of trap
crop), T4 (T2 + Agronomic practices for weed
and pest control (No chemical, pesticide and
herbicide), T5 (50% N as FYM + Bio-fertilizer for
N (Rizobium) + Rock phosphate to substitute
the P requirement of crops + Phosphate
solubilizing bacterial culture), T6 (T2 + bio-
fertilizer containing N and P carriers), T7 (100%
NPK + Secondary and micronutrient based on
soil test (ZnSO4 10 kg + S 25 kg), T8 (Absolute
control).  The application of organic, inorganic
and chemical fertilizers was carried out as per
the treatment. The 1/3 recommended ‘N’
requirement of the soybean crop met through
organic sources like FYM, vermicompost, non
edible oil cake and calculated on the basis of ‘N’
content on dry weight of each organic sources.
However, ‘p’ applied through granules of rock
phosphate and ZnSO4 @ 5 kg ha-1 before
sowing of the crop in irrespective of the
treatment T5, T1 and T7. The seed treatment of
Bradyrhizobium, Azotobactor and PSB were
carried out prior to sowing. The recommended
agronomic practices were followed throughout
the experiment for raising the crop. The plant
height of five selected plants was measured at
harvesting. The yield attributing parameters
were recorded at maturity and grain and dry
matter after harvesting. The available N, P, K
and micronutrients were analyzed by using
standards methods after harvest of soybean.
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Fig. 1. Weekly weather data recorded during
crop growth period of experimentation



Results and discussion

Yield and yield attributes : Maximum
grain (13.87 qt ha-1) and dry matter yield (17.26
qt ha-1) of soybean were recorded by application
of 50% recommended NPK + 50% N through
FYM + inorganic sources of micronutrient as per
soil test which was followed by 100% NPK +
Secondary and micronutrient based on soil test
of grain13.23 qt ha-1 and dry matter yield16.36
qt ha-1 (Table 1 ).The maximum grain yield and
dry matter of soybean were recorded due to
sustained nutrient supply and also as a result of
better utilization of applied nutrients through
improved microbial activity that involved in
nutrient transformation, solubilisation, mobiliza-
tion and fixation of nutrients Sikka et al. (2013).
Significant variations are observed on plant
height, No. pods per plant and nodule dry
weight of soybean due to different organic,
inorganic and INM treatments. The maximum
plant height (40.33 cm) was recorded by
application of 50% recommended NPK + 50%

N through FYM + inorganic sources of
micronutrient as per soil test which was followed
by plant height of (39.00 and 38.00 cm) by
application of   100% NPK + Secondary and
micronutrient based on soil test (ZnSO4 10 kg
+ S 25 kg) and T2 + bio-fertilizer containing N
and P carriers) respectively. However, similar
trend was observed in No. of pods plant-1 and
nodule dry weight of soybean. This might be due
to positive effect of FYM in combination with
chemical fertilizers which is beneficial for release
of available nutrients and enhancement of
microbial population as well as enzymatic activity
these results are in close agreement with
Arbadet al. (2011) and Saini et al (2005).

pH, EC Organic Carbon : Soil pH, EC
and organic carbon influenced significantly due
to application ofdifferent organic, inorganic and
INM nutrient sources in soybean at harvesting
(Table 1) The lowest soil pH (7.68) was recorded
by the treatment T6 (T2 + bio-fertilizer
containing N and P carriers) and highest pH
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Table 1. Effect of organic, inorganic sources and INM on plant height, pods per plant and nodule dry weight of soybean

Treatment Plant Pods Dry Yield Dry 
height plant-1 wt. of (qt ha-1) matter 
(cm) nodule (qt ha-1)

(mg)

T1 - 50% recommended NPK + 50 % N through FYM + Inorganic  40.33 32.67 120.67 13.87 17.26
sources of micronutrient as per soil test

T2 - Different organic sources each equivalent to 1/3 recommended  29.67 26.33 70.33 10.80 13.50
N (FYM + Vermi-compost + Neem cake)

T3 - T2 + Intercropping of trap crop 31.67 25.17 78.33 11.47 13.87

T4 - T2 + Agronomic practices for weed and pest control 33.00 26.67 71.00 12.03 13.90
(No chemical, pesticide and herbicide)

T5 - 50 % N as FYM + Bio-fertilizer for N (Rhizobium) + Rock  35.33 30.00 85.00 12.64 14.45
phosphate to substitute the P requirement of crops + 
Phosphate solubilising bacterial culture

T6 - T2 + bio-fertilizer containing N and P carriers 38.00 30.33 92.00 12.73 15.07

T7 - 100% NPK + Secondary and micronutrient based on soil test  39.00 31.00 112.33 13.23 16.36
(ZnSO4 10 kg + S 25 kg)

T8 - Absolute control. 29.00 23.33 67.00 5.32 8.16

S Em± 1.33 1.30 4.41 1.04 1.3

C.D.@ 5% 3.91 3.84 12.94 3.12 NS



(8.13) by treatment T7 (100% NPK +
Secondary and micronutrient based on soil test
(ZnSO4 10 kg + S 25 kg) after harvesting of
soybean. The pH value was increased due to
application of inorganic fertilizers, and
decreasing trend was observed due to
application of organic manures, biofertilizers and
INM. The higher pH in fertilizer treated plots
was probably due to mitigating effect of
buffering capacity of experimental soil.There
was decrease in electrical conductivity with
organic treatment as compared to inorganic
sources in soybean at harvesting.. The large
individual application of NPK fertilizer
contributed to slight increase in electrical
conductivity indicating highest EC (0.38 dSm-1)
values under 100% RDF through fertilizer alone
(T7). The lowest EC (0.26 dSm-1) values were
found in application FYM + vermicompost +
neem cake + biofertilizer (T6). Singh et al.
(2015) showed the results of organic sources
retained higher residual organic carbon in soil as
compared to inorganic nutrient sources. The
supplementation of organic sources with

application of biofertilizers improved the organic
carbon status of soil where, the microbial
population was more which involved in
decomposition of organic matter and secretions
of organic acids from different plant parts
Sharma et al. (2013), Katkar et al. (2012) and
Maheshbabu et al. (2008).

Available N, P and K : Different
biofertilizer treatments significantly increased the
available N, P and K content in soil at harvesting
(Table 2). The treatment T1 (50% recommended
NPK + 50% N through FYM + inorganic
sources of micronutrient as per soil test) showed
highest availability nitrogen (258.84 kg ha-1),
phosphorus (18.12 kg ha-1) and potassium
(591.18 kg ha-1) respectively after harvest of
soybean. However, the phosphate solubilizing
bacteria + Rhizobium + Azotobacter were
applied in treatment T5 and T6 were recorded
higher nitrogen, phosphorus and potassium
among different biofertilizer treatments this
could  be due to nitrogen maximum with
integrated nutrient management. build up was
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Table 2. Effect of organic, inorganic sources and INM on pH, EC and organic carbon in soil after harvest of soybean

Treatment pH EC OC Available  (Kg ha-1) Available icronutrient (PPM)
(dS (%) –––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––
m-1) N P2O5 K2O S Fe Mn Zn Cu

T1 7.90 0.35 0.63 258.84 18.12 591.18 21.17 8.32 3.34 9.03 0.81
T2 7.88 0.33 0.66 220.23 15.04 562.43 16.80 4.22 2.67 6.17 0.64
T3 7.90 0.31 0.65 228.88 14.25 557.29 16.72 4.51 2.57 6.68 0.61
T4 7.86 0.28 0.64 226.10 13.40 555.45 16.21 4.90 2.50 6.25 0.70
T5 7.89 0.29 0.67 234.45 15.43 533.48 16.27 5.54 2.48 7.03 0.73
T6 7.68 0.26 0.68 242.71 16.18 573.65 17.79 6.42 2.58 7.67 0.7
T7 8.13 0.38 0.62 255.14 17.79 586.51 18.10 7.58 3.01 8.57 0.87
T8 7.87 0.34 0.56 204.05 11.69 543.51 15.67 3.82 2.29 5.17 0.59
S Em± 0.30 0.015 0.03 5.78 0.69 5.44 0.52 0.34 0.13 0.34 0.31
C.D.@ 5% NS 0.04 0.82 16.97 1.99 15.95 1.53 1.01 0.40 1.01 0.09

T1 - 50% recommended NPK + 50 % N through FYM + Inorganic sources of micronutrient as per soil test, T2 - Different
organic sources each equivalent to 1/3 recommended N (FYM + Vermi-compost + Neem cake), T3 - T2 + Intercropping of
trap crop, T4 - T2 + Agronomic practices for weed and pest control (No chemical, pesticide and herbicide), T5 - 50 % N as
FYM + Bio-fertilizer for N(Rhizobium) + Rock phosphate to substitute the P requirement of crops + Phosphate solubilising
bacterial culture, T6 - T2 + bio-fertilizer containing N and P carriers, T7 - 100% NPK + Secondary and micronutrient based on
soil test (ZnSO4 10 kg + S 25 kg) and T8 - Absolute control



integrated plant nutrient supply system (IPNSS)
where combined application of organic and
inorganic sources are involved, has resulted in
synergistic effect of organic sources on
increasing the fertilizer use efficiency. Simillarly,
phosphorus availability may be attributed due
activity of phosphate solubilizing bacteria
enhanced in presence of organic matter and
more availability of was largely due to secretion
of organic acids and minimum fixation of
phosphorus in soil in presence of humic
substances and decomposition of organic matter
and solubelization of nutrients by various process
of microorganisms, the organic P is slowly
converted to inorganic form Vidyavathi et al.
(2011) and Kharche et al. (2013), . Potassium
content in soil at harvest might be attributed due
to to application of FYM or other organic
sources like vermicompost, neem cake and the
beneficial effects of organic matter on availability
of potassium is also due to the reduction of
potassium fixation and release of potassium due
to interaction of organic matter with clay
resulting in direct potassium addition to the
available potassium pool of soil. Meena et al.
(2012), Goutami et al. (2015).

Available sulphur : The data given in
Table 1 indicates significant variation due to
different organic, inorganic and INM treatment
after harvest of soybean crop. The data on
sulpher content in soil raveled that application
of 50% recommended NPK + 50% N through
FYM + inorganic sources of micronutrient as per
soil test recorded highest availability of sulpher
(21.17 kg ha-1) followed by 18.10 and 17.79 kg
ha-1 by application of T7 (50% recommended
NPK + 50% N through FYM + Inorganic
sources of micronutrient as per soil test) and T6
(T2 + bio-fertilizer containing N and P carriers)
respectively, after harvest of soybean. Similarly,
Arbad et al. (2014).

Available micronutrients : DTPA
extractable iron, copper, manganese and zinc in

soil differed significantly among the different
biofertilizer, chemical and integrated nutrient
management treatments due to application of
different nutrient sources after harvest of
soybean narrated in table 2.DTPA extractable
iron, copper, manganese and zinc buildup was
maximum in soil recorded by INM treatment
(50% recommended NPK + 50% N through
FYM + inorganic sources of micronutrient as per
soil test) than the other treatments after harvest
of soybean. This could be attributed due to
integrated nutrient supply system and secretions
different organic acids, the release of
micronutrients as a result of decomposition of
organic sources and subsequently forming stable
complexes with organic legands (Chelates)
which decrease its susceptibility to desorption,
fixation or precipitation reactions in soil.
Kharche et al. (2013) also reported that the use
of FYM, wheat straw and green manure along
with chemical fertilizers was found useful in
maintaining available micronutrient status of soil
over a long-term cropping period.
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Onion (Allium cepa L.) is being extensively
cultivated all over the world. India is the 2nd
largest producer of onion, in the world next only
to China but the productivity of onion in India is
very low. It occupies an area of 12.03 lakh ha,
with production lakh tonnes. The export of
onion during 2013-14 was 14.82 lakh MT with
a value of Rs 316.961 crores (Anon. 2014). As
far as onion production per hectare is
concerned, improved and modern agronomic
practices and application of Plant Growth
Regulators (PGRs) might be useful in increasing
onion production. In recent years, salicylic acid
has been the focus of intense research due to its
function as an endogenous signal mediating local
and systemic plant defense responses against
pathogens.

Salicylic acid (SA) is a phenolic phytohor-
mone that acts as a key regulator of the signaling
network in plants under abiotic and biotic

stresses. Salicylic acid exerts stimulatory effects
on various physiological processes related to
plant growth and development. The purpose of
this study was to test the hypothesis that
exogenous application of SA affects positively
the growth, quality and yield. Salicylic acid
(C7H6O3) discovered as one of the important
phenolic compounds in plants (Chandra et al.
2007). 

This substance naturally is produced in plants
in very low amounts. Various physiological and
biochemical effects of salicylic acid on plant
systems have been documented (Raskin, 1992).
Salicylic acid treatment increases or decreases
chlorophyll content, depending on the genotype
(Chandra and Bhatt 1998). Salicylic acid a
natural molecule plays an important role in
regulating a number of physiological processes
in plants. Its exogenous application has
promoted plant performance under biotic and
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Abstract
The field experiment was carried out at Scheme for Research on Onion Storage, Department of

Horticulture, Mahatma Phule Krishi Vidyapeeth, Rahuri during the rabi season of 2015-16 to study the effect
of salicylic acid on onion (Allium cepa L.) cv. N-2-4-1. The experiment was laid out in a Factorial Randomized
block design with two replications consisting two factors, Factor-A (03) with levels of concentration and water
spray and Factor-B (07) with seven levels of time of applications. The result indicated that, there was significant
influence of foliar application of salicylic acid on growth parameters viz., plant height (68.28-76.45 cm),
number of leaves per plant (13.15-15.30), neck thickness (0.84-1.07) and higher level of chlorophyll content
(0.58-0.75 mg 100 g-1 f.w) as compare to water spray. The foliar application of salicylic acid at lower
concentration (100 mg l-1) gives significantly maximum plant height, number of leaves per plant, total
chlorophyll content, bulb diameter, average weight of bulb, total bulb yield, marketable bulb yield as compare
to higher dose (150 mg l-1) and water spray. Three foliar sprays at 30, 45 and 60 DAT were beneficial for
vegetative growth, yield, quality and storability of onion cv. N 2-4-1 than either single or two sprays of salicylic
acid. 

Key words : Onion, vegetative growth, chlorophyll, salicylic acid, yield.



abiotic stresses (Senaratna et al., 2000). Foliar
spray of low concentration of salicylic acid
promote and influence the growth,
development, differentiation of cells, and tissues
of plants and enhanced the plant’s growth
parameters (Helgi and Rolfe 2005). 

Considering the above facts, the present
investigation entitled “Effect of salicylic acid on
onion (Allium cepa L.)” was planned to test the
effect of salicylic acid as a foliar spray at different
time of applications 

Materials and Methods

The present trial entitled “Effect of salicylic
acid on onion (Allium cepa L.)” was carried out
at Scheme for Research on Onion Storage,
Department of Horticulture, Mahatma Phule
krishi Vidyapeeth, Rahuri, during rabi season of
2015-16. The topography of the field was fairly
leveled flat beds were prepared for onion
transplanting, soil was medium black having
moderate in moisture retention capacity.
Climatically, this area is in semi-arid, sub-tropical
zone, with annual average rainfall 475 mm. The
annual mean maximum and minimum
temperature are 35.830 and 17.820,
respectively during the period of experimenta-
tion.

The onion seed was sown in raised beds in
nursery for seedling preparation. Main field was
prepared to fine tilth and flat beds of 3 x 2 m
were prepared. At the time of land preparation
experimental site was applied manure and
fertilizers as recommended. The healthy
seedlings of onion were transplanted on 12th

January, 2015 with spacing of 15 x 10 cm.

Weeding was done manually throughout the
growing season. The crop was harvested on 2nd

May, 2016. At harvest the growth parameters
like plant height, number of leaves and neck
thickness observed from ten randomly selected
plants and observations recorded. After

harvesting of bulb different size bulb, A grade
(>60 mm), B grade (40-60 mm) and C grade
(<40 mm) were selected and their percentage
were computed on weight basis. Total bulb yield
(q ha-1) and marketable bulb (%) were
calculated.The data recorded for each
observation in this present investigation was
analyzed statistically as per the procedure
described by Panse and Sukhatme (1989). 

Treatment details

Factor A – concentration of salicylic acid
and  water spray (03)

1 : Salicylic acid @ 100 mg l-1

2 : Salicylic acid @ 150 mg l-1

3 : Water spray 

Factor B – Stages of application (07)

1 : 2nd spray at 30 days after transplanting
(DAT)

2 : 2nd spray at 45 DAT

3 : 2nd spray at 60 DAT

4 : 2nd spray at 30 DAT and 3rd spray  at 45
DAT

5 : 2nd spray at 30 DAT and 3rd spray at 60
DAT

6 2nd spray at 45 DAT and 3rd spray at 60
DAT

7 : 2nd spray at 30 DAT and 3rd spray  at 45
DAT and 4th spray at 60 DAT

Note: 1st spray of salicylic acid @ 250 mg
l-1 was given at 30 days after sowing at nursery
stage common for all treatments, except water
spray treatments.

Results and Discussion

4.1 Growth parameters

4.1.1  Plant height (cm) : It was revealed
that the differences in mean plant height due to
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salicylic acid treatments were observed to be
statistically significant and presented in Table
1.The balance of internal level of natural auxins
due to salicylic acid is mainly responsible for
maintaining physiological activities in the plant
system and that significantly resulted into better
growth and more plant height. 

Among the conc. of salicylic acid, A1
recorded maximum plant height (73.73 cm)
which was significantly superior over A2 and
A3. The time of application effect was non-
significant. The interactions effects were non-
significant, however the combination A1B7 (T7)
recorded the maximum plant height (76.45 cm)
and the combination A3B2 (T16) recorded
minimum plant height (62.97 cm).

4.1.2 Number of leaves per plant : The
data pertaining to number of leaves per plant as
influenced by different salicylic acid treatments
and time of application was recorded at harvest
and presented in Table 1. It was revealed that
the differences in mean number of leaves per
plant due to salicylic acid treatments were
observed to be statistically significant. The
exogenous application of SA had effect on
increased photosynthetic activity and cell
division which enhances the number of leaves
per plant (Gharib, 2006).  

Among the conc. of salicylic acid, A1
recorded maximum number of leaves per plant
(14.61) which were significantly superior to A2
and A3 treatments. The time of application
effects were non-significant. With respect to
interactions effect were non-significant, however
the combination A1B7 (T7) recorded the
maximum number of leaves per plant (15.30)
and the combination A3B4 (T18) recorded
minimum number of leaves per plant (11.64).
These findings are close relevant with the result
of Jain and Srivastava (1981) in maize,
Gutierrez–Coronado et al. (1998) in soyabean,
Pankaj and Sharma (2003) in okra, Amin et al.
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Table 1. Effect of salicylic acid concentrations and time of
applications on plant height (cm), number of
leaves, neck thickness (cm)

Treat- Plant No. of Neck
ment height leaves thick-

(cm) ness
(cm)

Factor A
A1 73.73 14.61 0.99

A2 70.37 13.56 0.92

A3 65.42 12.04 0.75

Factor B
B1 70.09 13.25 0.85

B2 68.66 13.38 0.87

B3 69.31 13.42 0.90

B4 69.87 13.15 0.91

B5 70.57 13.58 0.87

B6 70.08 13.52 0.88

B7 70.29 13.53 0.92

Interaction
A1B1 74.50 13.95 0.92

A1B2 72.46 14.10 0.99

A1B3 71.31 14.70 0.98

A1B4 73.32 14.10 0.99

A1B5 73.72 14.85 1.02

A1B6 74.33 15.25 0.98

A1B7 76.45 15.30 1.07

A2B1 71.91 13.70 0.86

A2B2 70.55 13.85 0.84

A2B3 70.40 13.70 0.97

A2B4 69.97 13.70 0.98

A2B5 71.09 13.65 0.89

A2B6 70.38 13.15 0.92

A2B7 68.28 13.20 0.96

A3B1 63.87 12.10 0.78

A3B2 62.97 12.20 0.79

A3B3 66.23 11.85 0.77

A3B4 66.31 11.64 0.76

A3B5 66.91 12.26 0.71

A3B6 65.55 12.15 0.73

A3B7 66.13 12.10 0.75

S.E.± CD S.E.± CD S.E.± CD
at at at
5 % 5 % 5 %

Factor A 0.51 1.52 0.11 0.34 0.012 0.037
Factor B 0.79 NS 0.18 NS 0.019 NS
Interaction 1.37 NS 0.31 NS 0.033 NS



(2007) in onion, Jeyakumar et al. (2008) in
black gram, Pradhan et al. (2016) and Prajapati
et al. (2016) in onion. 

4.1.3  Neck thickness (cm) : It was
revealed that the differences in mean neck
thickness of plant due to salicylic acid treatments
were observed to be statistically significant and
results are presented in Table 1. Neck thickness
of onion is important parameter since it is the
neck which is ultimately going to be converted
into bulb. Hence, more the neck thickness more
will be size of bulb and yield (Shashikumar and
Shashidhar, 2015). Neck thickness rapidly
reduced 90 days after transplanting in onion due
to maturity. 

Among the conc. of salicylic acid, A3
recorded minimum neck thickness (0.75 cm)
which was significantly higher than A1 and A2
treatments. With respect to time of applications
effect was non-significant. The interactions
effect were non-significant, however the
combination A3B5 (T19) recorded minimum
neck thickness (0.71 cm). The combination
A1B7 (T7) recorded the maximum neck
thickness (1.07 cm). The result obtained are in
close agreement with the observation recorded
by  Sakhabutdinova et al. (2003) in wheat,
Pankaj and Sharma (2003) in okra, Amin et al.
(2007), Pradhan et al. (2016), Prajapati et al.
(2016)  in onion.

4.4  Yield and yield contributing
characters : The data pertaining to yield
contributing characters viz., polar and equatorial
diameter, average weight of bulb (g) and grades
of bulbs (%) was recorded during the present
investigation and result data presented in Table
2.  

4.2.5  Polar diameter (cm) : Among SA
conc., the maximum polar diameter of bulb
(4.82 cm) recorded in A1 which was significantly
higher than A2 and A3. Among the time of
application effect was non-significant, however
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Table 2. Effect of salicylic acid concentrations and time of
applications on polar diameter (cm), equatorial
diameter (cm) and average weight of bulb (g)

Treat- Polar Equatorial Av. wt. of
ment diameter diameter bulb

(cm) (cm) (g)

Factor A
A1 4.82 5.62 81.74

A2 4.56 5.32 77.80

A3 4.23 4.91 73.07

Factor B
B1 4.48 5.22 76.68

B2 4.50 5.24 76.88

B3 4.51 5.25 76.99

B4 4.55 5.30 77.62

B5 4.52 5.29 77.42

B6 4.55 5.32 77.86

B7 4.63 5.39 79.30

Interaction
A1B1 4.61 5.38 78.52

A1B2 4.65 5.42 78.98

A1B3 4.86 5.65 81.76

A1B4 4.90 5.69 82.32

A1B5 4.86 5.71 82.48

A1B6 4.86 5.67 81.98

A1B7 5.02 5.85 86.16

A2B1 4.49 5.23 76.78

A2B2 4.47 5.20 76.43

A2B3 4.55 5.28 77.42

A2B4 4.55 5.31 77.66

A2B5 4.52 5.30 77.55

A2B6 4.65 5.43 79.15

A2B7 4.67 5.46 79.58

A3B1 4.35 5.06 74.75

A3B2 4.38 5.10 75.22

A3B3 4.12 4.81 71.78

A3B4 4.20 4.91 72.87

A3B5 4.18 4.85 72.23

A3B6 4.16 4.87 72.44

A3B7 4.21 4.85 72.17

S.E.± CD S.E.± CD S.E.± CD
at at at
5 % 5 % 5 %

Factor A 0.02 0.07 0.03 0.09 0.43 1.27
Factor B 0.03 NS 0.04 NS 0.66 NS
Interaction 0.06 0.19 0.08 0.24 1.14 3.37



the maximum polar diameter of bulb (4.63 cm)
was recorded in B7. However, the minimum
polar diameter of bulb (4.48 cm) was recorded
in B1. The interaction effect were significant,
however the combination A1B7 (T7) recorded
the maximum polar diameter of bulb (5.02 cm)
was at par with the combination A1B4 (T4) (4.90
cm), A1B3 (T3), (4.86 cm), A1B5 (T5) (4.86 cm)
A1B6 (T6) (4.86 cm). Thus resulting higher
values of polar diameter in onion bulbs similar
findings reported by Ibrahim and Sanna (2005),
Amin et al. (2007), Prajapati et al. (2016) and
Pradhan et al. (2016) in onion and Bideshki
Arvin (2010) in garlic.

4.2.6  Equatorial diameter (cm) : With
respect to the concentrations of salicylic acid,
the maximum equatorial diameter of bulb (5.62
cm) recorded in A1 which was significantly
superior to A2 and A3 treatments. Among the
time of application effect was non-significant. 

The interaction effect were significant,
however the combination A1B7 (T7) recorded
the maximum equatorial diameter of bulb (5.85
cm) was at par with the combination A1B5 (T5)
(5.71 cm), A1B4 (T4) (5.69 cm), A1B6 (T6) (5.67
cm) and A1B3 (T3) (5.65 cm). These findings are
close agreement with Amin et al. (2007) in
onion and Bideshki and Arvin (2010) in garlic
and Prajapati et al. (2016) and Pradhan et al.
(2016) in onion Meena et al. (2016) in garlic.

4.2.7  Average weight of bulb (g) : It
was revealed that the differences in mean
average weight of bulbs due to salicylic acid
treatments were observed to be statistically
significant.  

Considering the conc. of salicylic acid the
maximum average weight of bulb (81.74 g)
recorded in A1 which was significantly superior
over A2 and A3 treatments. The interaction
effects were significant, however the
combination A1B7 recorded the maximum
average weight of bulb (86.16 g) significantly.
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Table 3. Effect of salicylic acid concentrations and time of
applications on total bulb yield and marketable
bulb (%)

Treat- Total bulb Total bulb Market-
ment yield yield able bulb

(kg plot-1) (qha-1) (%)

Factor A
A1 27.95 463.01 93.24

A2 27.10 384.01 90.17

A3 19.69 318.82 87.24

Factor B
B1 24.91 413.55 92.33

B2 24.54 407.34 90.22

B3 21.98 364.79 89.21

B4 23.19 384.98 89.49

B5 23.07 382.95 89.11

B6 22.09 366.71 91.28

B7 24.10 400.00 89.86

Interaction
A1B1 27.95 464.00 92.87

A1B2 26.83 445.35 93.69

A1B3 28.00 464.79 93.39

A1B4 27.98 464.51 92.77

A1B5 28.88 479.42 91.81

A1B6 25.89 429.75 93.48

A1B7 29.72 493.27 94.64

A2B1 27.10 449.78 93.53

A2B2 27.25 452.34 92.58

A2B3 19.15 317.82 88.14

A2B4 22.59 374.98 90.40

A2B5 21.57 358.13 88.12

A2B6 21.60 358.56 90.38

A2B7 22.68 376.47 88.03

A3B1 19.69 326.87 90.59

A3B2 19.54 324.31 84.39

A3B3 18.78 311.76 86.11

A3B4 19.00 315.44 85.30

A3B5 18.75 311.29 87.41

A3B6 18.78 311.81 89.97

A3B7 19.90 330.27 86.92

S.E.± CD S.E.± CD S.E.± CD
at at at
5 % 5 % 5 %

Factor A 0.29 0.85 4.82 14.18 0.50 1.47
Factor B 0.44 1.30 7.36 21.67 0.76 NS
Interaction 0.76 2.26 12.7 37.54 1.32 NS



These results are in close agreement with Amin
et al. (2007), Pradhan et al. (2016) and
Prajapati et al. (2016) in onion. 

4.2.8  Total bulb yield (kg plot-1) : The
data regarding to total bulb yield per plot as
influenced by different salicylic acid treatments
and time of application and presented in Table
3. It is revealed that the differences in regard of
total bulb yield due to various treatments of
salicylic acid were observed to be statistically
significant. Considering the concentration of
salicylic acid effects was significant and the
highest total bulb yield (27.95 kg plot-1) was
recorded in which was at par with A2 (27.10 kg
plot-1). Among the time of application, the
maximum total bulb yield kg plot-1 (24.91 kg
plot-1) was recorded in B1 which was
significantly superior to all the remaining except
B2 (24.54 kg plot-1) and B7 (24.10 kg plot-1)
which was at par with it. With respect to
interactions, the combination A1B7 (T7)
recorded the maximum total bulb yield (29.72
kg plot-1) was at par with A1B5 (T5) (28.88 kg
plot-1), A1B3 (T3) (28.00 kg plot-1), A1B4 (T4)
(27.98 kg plot-1) and A1B1 (T1) (27.95 kg
plot-1). These findings are closely related with
Ibrahim and Sanaa (2005) in onion, Amin et al.
(2007) in onion, Yildirim and A. Dursun (2009)
in tomato, Bideshki and Arvin (2010) and
Meena et al. (2016) in garlic, Prajapati et al.
(2016) and Pradhan et al. (2016) in onion.

4.2.9  Marketable bulb (%) : The data
regarding to marketable bulb (%) as influenced
by different salicylic acid treatments and time of
application are presented in Table 3.

Considering the concentrations of salicylic
acid, effect was significant and the highest
marketable bulb percentage (93.24%) was
recorded in A1. Among the time of application,
the highest marketable bulb percentage
(92.33%) was recorded in B1 and lowest
marketable bulb percentage (89.11 %) recorded
in B5. The interaction effect were non-

significant, however the combination A1B7 (T7)
recorded the maximum marketable bulb
percentage (94.64%). The minimum marketable
bulb percentage (84.39%) recorded in A3B2
(T16).

4. Conclusion

From the foregoing results and discussion, it
could be concluded as:

1. The foliar application of salicylic acid at lower
concentration (100 mg l-1) gives significantly
maximum plant height, number of leaves per
plant, total chlorophyll content, bulb
diameter, average weight of bulb, total bulb
yield, marketable bulb yield with significantly
minimum purple blotch incidence and thrips
incidence as compare to higher dose (150
mg l-1) and water spray. 

2. Foliar application of salicylic acid at 30 DAS
during nursery stage and  subsequently 2nd

spray at 30 DAT, 3rd spray at 45 DAT and
4th spray at 60 DAT during crop growth
stage gives more growth, quality and yield
parameters than single spray. 

3. The combination A1B7 (T7) (1st spray of 250
mg l-1, 2nd spray SA @ 100 mg lit-1 at 30
DAT, 3rd spray SA @ 100 mg lit-1 at 45 DAT
and 4th spray @ 100 mg lit-1 at 60 DAT) not
only recorded maximum growth parameters
but also recorded the highest total bulb yield
of 493.27 q ha-1 and marketable bulb
percentage (94.64%) with minimum storage
losses.

Summing the present investigation, it can be
concluded that, foliar application of SA as 1st
spray of 250 mg l-1 at 30 days after sowing in
nursery stage, 2nd spray SA @ 100 mg lit-1 at
30 DAT and 3rd spray SA @ 100 mg lit-1 at 45
DAT and 4th spray SA @ 100 mg lit-1 at 60
DAT was found beneficial for obtaining
maximum yield, quality and storability of onion. 
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Abstract
The field investigation entitled “Effect of growth regulators on growth and yield of hirsutum cotton under

high density planting system (HDPS)” was conducted at Cotton Research Scheme, VNMKV, Parbhani during
kharif season 2015-16 and 2016-17. The experiment was laid out in a Randomized block design with seven
treatments (viz., T1. Spraying of CC (cycocil) @ 60 ppm at 75 DAS, T2. Spraying of CC @ 60 ppm at 90DAS,
T3. Spraying of MC (Mapequate chloride) @ 250 ppm at 75 DAS, T4. Spraying of MC @ 250 ppm at 90
DAS, T5. De-topping at 75 DAS, T6. De-topping at 90 DAS and T7. Control with three replications. Sowing
was done by dibbling with spacing 60cm x 15cm (1.11 lakh populations). The result indicated that, De-topping
at 75 DAS recorded significantly highest seed cotton yield (1050 and 1214 kg ha-1) and Gross monitory returns
(47272 & 66792 Rs. ha-1) over rest of the treatments and  it was at par with T6 i.e. De-topping at 90 DAS
& T4 i.e. Spraying of MC@ 250 ppm at 90 DAS during 2015-16 & 2016-17 .

Key wards : De-topping, cotton, growth regulators.

______________

Cotton is an important crop in rural
economy of India. Cotton is crop with an
indeterminate habit. Though vegetative growth
is necessary, to support reproductive growth,
excess vegatative growth is determental.
Controlling this growth helps to divert
photosynthate towards reproductive parts of
plants. In addition to use of growth regulators,
de-topping is another way Kolar and Patil
(2012) recorded significantly more yield with
mapiquate chloride appication as compare to
cycocil. De-topping after 30 days after flowering

recorded highest seed cotton yield (4911 kg
ha-1)  in Iran (Mirshekari et al. 2013). The work
on de-topping and its effect in cotton crop is not
common. Therefore, the field experiment was
conducted to study the effect of de-topping in
comparion with growth regulators.

Materials and Methods

A field experiment was conducted at Cotton
Research Scheme, VNMKV, Parbhani during
the kharif season of 2015-16 to 2016-17. The



soil of experimental field was vertisol having low
available nitrogen, medium in available
phosphorus, fairly rich in available potash and
pH was normal for the crop growth. The
experiment was laid out in randomized block
design with seven treatments i.e. T1. Spraying
of CC (cycocil) @ 60 ppm at 75 DAS, T2.
Spraying of CC @ 60 ppm at 90DAS, T3.

Spraying of MC (Mapequate chloride) @ 250
ppm at 75 DAS, T4. Spraying of MC @ 250
ppm at 90 DAS, T5. De-topping at 75 DAS, T6.
De-topping at 90 DAS and T7. Control. The
experimental plot was sown on 18th June 2015
and  29th June 2016 during first and second
year respectively under three replications.
Sowing with the Cotton hybrid  NHH 615 was
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Table 1. Seed cotton yield (kg ha-1), Bolls and Boll wt (g) as influenced by different treatments

Treatment Seed cotton yield Number of Boll 
(kg ha-1) bolls wt. (g)

–––––––––––––––––––––– ––––––––––––––––––––– ––––––––––––––––––––––
2015 2016 Mean 2015 2016 Mean 2015 2016 Mean
-16 -17 -16 -17 -16 -17

T1 - Spraying of  CC@ 60 ppm at 75 DAS 814 1069 941 15.2 34.0 24.6 2.56 2.77 2.6

T2 - Spraying of CC@ 60 ppm at 90DAS 819 988 903 16.3 34.3 25.3 2.53 2.77 2.6

T3 - Spraying of MC @  2% at 75 DAS 851 1100 975 17.7 33.6 25.7 2.63 2.87 2.7

T4 - Spraying of MC @  2% at 90 DAS 886 930 908 18.5 36.6 27.5 2.66 2.87 2.7

T5 - De-topping at 75 DAS 1050 1214 1132 20.4 35.3 27.8 2.56 2.97 2.7

T6 - De-topping at 90 DAS 1021 1094 1057 20.1 34.0 27.0 2.40 2.67 2.5

T7 - Control 681 947 814 15.0 30.3 22.5 2.76 2.77 2.7

SE± 56 43 - 0.78 1.8 - 0.20 0.18 -

CD @ 5% 172 133 - 2.40 5.5 - N.S. N.S. -

GM 879 1049 - 17.5 36.1 - 2.59 2.80 -

CC - Cycocil, MC- Mapequate chloride

Table 2. GMR, NMR and B:C ratio as influenced by different treatments

Treatment GMR (Rs.) NMR (Rs.) B:C Ratio
––––––––––––––––––––– ––––––––––––––––––––– ––––––––––––––––––––
2015 2016 Mean 2015 2016 Mean 2015 2016 Mean
-16 -17 -16 -17 -16 -17

T1 - Spraying of CC@ 60ppm at 75 DAS 37859 58796 48328 15004 27686 21345 1.65 1.93 1.8

T2 - Spraying of CC @ 60ppm at 90DAS 36842 54374 45608 13947 24240 19094 1.61 1.80 1.7

T3 - Spraying of MC @ 250ppm at 75 DAS 38312 60489 49401 15242 29466 22354 1.59 1.97 1.8

T4 - Spraying of MC @ 250ppm  at 90 DAS 39883 51165 45524 16763 21498 19131 1.72 1.70 1.7

T5 - De-topping at 75 DAS 47272 66792 57032 24067 34852 29460 2.03 2.06 2.0

T6 - De-topping at 90 DAS 45965 60150 53058 23080 29176 26128 2.01 1.97 2.0

T7 - Control 30632 52119 41376 7997 22313 15155 1.35 1.76 1.6

SE± 2347 194 - 768 139 - - - -

CD @ 5% 7222 596 - 2363 428 - - - -

GM 39538 57698 - 16586 27033 - - - -

CV% 10.2 5.8 - 8.0 8.9 - - - -

Cotton price  2015-16 = 4500/- Rs. Qt-1, 2016-17 = 5500/- Rs. Qt-1



done by dibbling the seed at spacing  60 cm x
15 cm (1.11 lakh population ). Recommended
dose of NPK @ 80:40:40  kg ha-1 was applied
uniformly to all the plots. 

Results and Discussion

Seed cotton yield : Data on seed cotton
yield, seed cotton yield number of bolls and boll
weight as influenced by various treatments are
presented in Table 1. Among the different
treatments T5 - De-topping at 75 DAS recorded
significantly highest seed cotton yield during
both the years of experiment (1050, 12 14 kg
ha-1) as compared to rest of the treatments
except it was on par with T6 - De-topping at 90
DAS and T3 - Spraying of MC @ 2% at 75
DAS.Beneficial effect on seed cotton yield was
in confirmity with the findings of Virdia (2011).
Similar results aere also recorded with boll
weight (g) and number of bolls plant-1 both the
years.

Economics : The data on gross and net
monetory returns are presented in Table 2. De-
topping at 75 DAS recorded significantly
highest gross monetory returns (Rs. 47272 and
Rs. 66792) and net monetory returns ( Rs.
24067 and Rs. 34852) during 2015-16 and
2016-17 respectively.  Over rest of treatments
except it was at par with T6 - De-topping at 90
DAS and T3 - Spraying of MC @ 2% at 75
DAS. Highest B:C ratio was recorded in T5 and
T6 during both the yreas.
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Cotton is the most important and extensively
cultivated commercial crop among the fiber
crops. In India area under cotton is 118.81 lakh
ha with production of 352 lakh bales and 503
kg lint ha-1 productivity. The area under cotton
in Maharashtra was 38.27 lakh hectares with
production of 71.25 lakh bales with an
productivity of 187 kg lint ha-1 (Annual report,
VNMKV, Parbhani  2015-16). The productivity
of cotton in Maharashtra varies from year to
year as per prevailing weather situations. Dry
spells and heavy rains during crop growth period
decide the yield potential of the crops.  Out of
many problems faced by the cotton growers, the
most troublesome is the control of weeds
particularly during early stages of crop growth.
Venugopalan et al. (2009) reported a reduction
in yield due to weeds in cotton crop to the extent
of 15 to 55 percent. Also the weeds compete
with the crop for the nutrient, moisture, space
and light, thus, affecting the growth and
development of crop during early stages of

growth. Jain et al. (1982) reported that, weeds
remove as high as 48-50 kg N, 8-15 kg P and
48-50 kg K ha-1.Therefore attempts were made
in the present investigation for different
weedicide on weed control in Cotton + Soybean
intercropping system so as to enhance the
productivity of cotton.

Intercropping has been recognized as a
potentially beneficial system of sustainable crop
production in semi-arid tropics. Subsequent
evidences affirm the utility of the concept in
realizing substantial yield advantages over their
sole cropping. The advantages may especially
be important as these are achievable not by
means of costly inputs, but by simple expedient
of growing crops together (Willey, 1979a). 

Materials and Methods

A field experiment was conducted at Cotton
Research Scheme, VNMKV, Parbhani during
the kharif season of 2015 to 2016. The soil of

J. Agric. Res. Technol., 44 (1) : 103-105 (2019)

Weed Management in Cotton + Soybean Intercropping
System with Different Weedicides

A. S. Jadhav1 and  G. P. Bhosle2

Cotton Research Scheme, 
Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani - 431 402 (India)

1Email: asjadhav31@rediffmail.com

Abstract
The field investigation entitled “Weed Management in Cotton + Soybean inter- cropping system with

different weedicides” was conducted at Cotton Research Scheme Farm, VNMKV, Parbhani during kharif
season 2015-16 and 2016-17 in randomized block design with seven treatments in three replicates. Sowing
was done by dibbling at a spacing 120 x 30 cm for Bt.cotton and for soybean 60 x 5 cm. The result indicated
that, spraying of PE-Oxyflufen 23.5% EC @ 0.1 kg ha-1 ai fb. HW and hoeing at 6 WAS recorded significantly
highest seed cotton equivalent yield (1868 kg ha-1), gross monetary returns (8159 Rs. ha-1) and NMR  (39024
) over rest of the treatment except it was on par with application of PE-Pendimethalin 30% EC @ 0.75 kg ha-
1 ai with hand weeding and hoeing at 6 WAS and Alachlor 50 % EC @ 2.0 kg ha-1 ai  fb. HW and H at 6
WAS.The treatment Spraying of PE-Oxyflurofen 23.5% EC @ 0.1 kg ha-1 ai fb. HW and hoeing at 6 WAS
was found productive and profitable followed by Pendimethalin 30% EC @ 0.75 kg ha-1 ai with hand weeding
and hoeing at 6 WAS and Alachlor 50 % EC @ 2.0 kg ha-1 ai  fb. HW and H at 6 WAS .

Key words : Weedicide, Cotton, Oxyflufen



experimental field was vertisol having low
available nitrogen, medium in available
phosphorus, fairly rich in available potash and
pH was normal for the crop growth. The
experiment was laid out in randomized block
design with seven treatments i.e. T1. Spraying

of PE- Oxyflufen 23.5% EC @ 0.1 kg ha-1 ai fb.
HW and H at 6 WAS, T2. Spraying of PE-
Pendimethalin 30.% EC @ 0.75 kg ha-1 ai fb.
HW and H at 6 WAS, T3.  Spraying of PE-
Alachlor 50.% EC @ 2.0 kg ha-1 ai fb. HW and
H at 6 WAS, T4.  Spraying of POE- Quizolofo-
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Table 1. Cotton Equivalent yield (kg ha-1), Seed cotton yield and soybean yield as influenced by different treatments

Treatment Cotton equivalent  yield Seed cotton yield Soybean yield
(kg ha-1) (kg ha-1) (kg ha-1)

–––––––––––––––––––––––––––– ––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––
2015-16 2016-17 Mean 2015-16 2016-17 Mean 2015-16 2016-17 Mean

T1 1868 2073 1971 1316 1359 1338 650 1402 1026
T2 1778 1990 1884 1251 1265 1258 620 1425 1023
T3 1676 1839 1758 1038 1032 1035 750 1585 1168
T4 1651 1461 718 954 836 650 1370 1010
T5 1515 2104 1810 902 1260 1081 720 1656 1188
T6 1635 2131 1883 1047 1270 1159 810 1675 1243
T7 638 1227 933 373 755 564 312 927 620
SE ± 80 90 - - 79 - - 61 -
CD @ 5% 246 277 - - 242 - - 189 -
GM 1483 2073 - - 1129 - - 1434 -

T1 - PE- Oxyflurofen 23.5% EC @ 0.1 kg ha-1 ai fb.HW and H at 6 WAS, T2 - PE- Pendimethalin 30.% EC @ 0.75 kg ha-1

ai fb.HW and H at 6 WAS, T3 - PE- Alachlor 50.% EC @ 2.0 kg ha-1 ai f b.HW and H at 6  WAS, T4 - POE- Quizolofopethyl
5.% EC 0.05 kg ha-1 ai, T5 - Three hand weeding and Hoeing at 6, 9 and 12 week  after sowing, T6 - Weed free, T7 - Weed
check

Table 2. GMR (Rs.), NMR (Rs.) and B: C ratio as influenced by different treatments

Treatment GMR (Rs. ha-1) NMR (Rs. ha-1) B:C
–––––––––––––––––––––––––––– ––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––
2015-16 2016-17 Mean 2015-16 2016-17 Mean 2015-16 2016-17 Mean

T1 81059 114010 97535 39024 72076 55550 1.93 2.73 2.33
T2 79360 109460 94410 36865 67038 51952 1.87 2.56 2.22
T3 73726 101160 87443 30731 58467 44599 1.71 2.33 2.02
T4 55879 90812 73346 16484 55852 36168 1.42 2.60 2.01
T5 66631 115700 91166 22181 60140 41161 1.50 2.10 1.80
T6 71958 117230 94594 26808 80498 53653 1.59 3.20 2.40
T7 28084 67496 47790 -5226 34438 14606 0.84 2.03 1.40
SE ± 3630 4959 - 1735 4959 - - - -
CD @ 5% 11170 15257 - 5339 15257 - - - -
GM 65242 102270 - 23838 61215 - - - -

T1 - PE- Oxyflurofen 23.5% EC @ 0.1 kg ha-1 ai fb.HW and H at 6 WAS, T2 - PE- Pendimethalin 30.% EC @ 0.75 kg ha-1

ai fb.HW and H at 6 WAS, T3 - PE- Alachlor 50.% EC @ 2.0 kg ha-1 ai f b.HW and H at 6  WAS, T4 - POE- Quizolofopethyl
5.% EC 0.05 kg ha-1 ai, T5 - Three hand weeding and Hoeing at 6, 9 and 12 week  after sowing, T6 - Weed free, T7 - Weed
check. 2015-16, Sale price for Cotton =4400 qt-1 & Soybean =3600 qt-1, 2016-17 Sale price for Cotton =5500 qt-1 &
Soybean =2800 qt-1



pethyl 5.% EC @ 0.05 kg ha-1 ai , T5.  Three
hand weeding and Hoeing at 6, 9 and 12 week
after sowing, T6.  Weed free and T7. Weedy
check. The experimental plot was sown on 19th
Jun 2015 and 12th Jun 2016 during first and
second year respectively, sowing was done by
dibbling the seed at spacing 120 cm x 30 cm.
Recommended dose of NPK @ 150:75:75
kg/ha was applied uniformly to all the plots.  

Results and Discussion

Data on cotton equivalent yield, seed cotton
yield, intercrop yield, gross monetary returns,
net monetary returns and C:B ratio are
presented Table1 and Table 2 respectively.
During 2015-16, the treatment T1 Spraying of
PE- Oxyflufen 23.5% EC @ 0.1 kg ha-1 ai fb.
HW and hoeing at 6 WAS recorded significantly
highest seed cotton equivalent yield (1868 kg
ha-1) ( Giri et al. 2006 )over  rest of  treatments
except it was on par with T2, T3 and T6.
Whereas during 2016-17, T6 treatment
recorded significantly highest seed cotton
equivalent yield (2131 kg ha-1)  over  rest of
treatments except it was on par with T1, T2 and
T5. During 2015-16, among the treatment T1
i.e. Spraying of PE- Oxyflurofen 23.5% EC @
0.1 kg ha-1 ai fb. HW and hoeing at 6 WAS
recorded significantly highest gross monetary

returns (Rs.8159) followed by the treatment T2
(Rs.79360), T3 (Rs.73726), T6 (Rs.71958).
Whereas, during 2016-17 significantly highest
gross monetary returns were recorded with T6
i.e. weed free and it was on par with rest of the
treatments except T4 & T7. NMR was
significantly highest in T6 as compared to other
treatments except T1 & T2 during 2016-17.

Highest B:C ratio was recorded with
treatment T1 i.e. Spraying of PE - Oxyflurofen
23.5% EC @ 0.1 kg ha-1 ai fb. HW and hoeings
at 6 WAS during 2015-16 and  T6 during 2016-
17.
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India has largest livestock population in the
world and India has made remarkable strides in
the area of dairy development. India is continued
to remain the largest producer of milk in the
world. The rapid growth of milk production in
India has been mainly because of the increase in
the number of animals rather than that of the
improved productivity. However the maximum
milk is produced from selected pockets of the
most of the states of the country. It is also
reported that Maharashtra state generates about
1.6 crore litres of milk every day, out of which
Kolhapur district of western Maharashtra alone

is producing about 20 lakh litres of milk. As
against this, Vidarbha region produces only
80,000 litres of milk per day. To overcome this
situation Maharashtra Govt. launched Vidarbha
Development Programme Package (VDPP) in
the year 2004 to increase the milk production
in Vidarbha region. Therefore, it is necessary to
examine the technological gap in adoption of
improved dairy management practices by the
dairy farmers and also to find out the constraints
faced by them in adopting improved dairy
management practices. 

Methodology

The present study was carried out in the five
villages of Akola Panchayat Samiti and five
villages of Barshitakali panchayat samiti under
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The present study was undertaken in selected villages from two Panchayat Samities i.e. Akola and

Barshitakli of Akola district in Maharashtra State with a random sample of 100 dairy farmers, those who have
five years of experience in dairy farming and have more than four milch animal. The results reported that the
more than half of the dairy farmers (55%) observed in medium level category of technology adoption gap about
improved dairy management practices. The age of the respondent was found positive and highly significantly
correlated with their technological adoption gap. Whereas, all other variables except dairy farming experience
that are education, land holding, annual income, herd size, family type, family size socio-economic status,
economic motivation, scientific orientation and knowledge were having negative and highly significant
correlation with technological gap in adoption of improved dairy management practices. The negative trend
indicated that as these variables score decreased, the technological adoption gap was increased. Majority of
the dairy farmers  were perceived as main constraints in adoption of improved dairy management practices
like lack of veterinary services in villages for quality milk production (98%), High cost of feed and fodder (90%),
Lack of finance to invest in dairy business for quality milk production (84%), Lack of green fodder round the
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Akola district of Maharashtra state. An
exploratory design of social research was used.
From each selected village, ten dairy farmers
were randomly selected as respondents, who are
adopting dairy farming continuously since last
five years and have more than four milch
animals. In all, total 100 dairy farmers were
randomly selected from ten villages of Akola and
Barshitakali panchayat Samiti of Akola district
of Maharashtra state.

The technology adoption gap was
operationally defined as the difference between
the recommendation and actual adoption of
improved dairy management practices by the
dairy farmers. For ascertaining the technology
adoption gap about dairy management
practices, 20 practices recommended by Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola,
the technologies related to dairy management
practices were considered. The responses were
collected from individual respondents on 20
important dairy management practices to find
out the adoption level on three pint continuum
with score 2 for complete adoption, score 1 for
partial adoption and score 0 for no adoption.
The scores of all the practices were added
together and considered as an individual score.
On the basis of the score obtained for
technologies adopted, the technological
adoption gap index (TAGI) for each practice was
worked out by using following formula.

R – A
TAGI  = –––––––––––– x 100

R

Where R= Total Recommended practices
score (Maximum adoption score), A= Actually
adopted practices score by the individual dairy
farmer.

Finally on the basis of technological adoption
gap index, the respondents were categorized
into three categories i.e. high, medium and low

by using equal interval method as under.
–––––––––––––––––––––––––––––––––––––––––
Sr. No. Category Index Range
–––––––––––––––––––––––––––––––––––––––––
1 Low Upto 33.33
2 Medium 33.34 to 66.66
3 High Above 66.66
–––––––––––––––––––––––––––––––––––––––––

Results and Discussions

I.  Profile of Dairy Famers

The data with respect to the profile of the
dairy farmers have been furnished in Table 1.
The data from the Table 1 indicated that, 44 per
cent of respondents were of middle aged
category (i. e. 36 to 50 years) followed by 40
per cent of them were old age group category
of above 50 years. The respondents in young
category i.e. upto 35 years in age were 16.00
per cent.  In all, the 84 per cent of the dairy
farmers were found more than 36 years age old.
That means the youth (i.e. below 36 years) are
less interested in the dairy farming. With respect
to education, it could be observed that seven per
cent of respondents were illiterate and remaining
93 per cent were literates. Within literates 34
per cent dairy farmers were educated upto high
school followed by 24 per cent of the dairy
farmers having education upto primary school
level, 22 per cent have middle school and
remaining 13 per cent had education upto
college level. 

It could be noticed that nearly half of the
respondents (48%) were in semi-medium land
holding group. The equal per cent of the
respondents were in small and medium land
holding category i.e. 25.00 per cent. Only one
respondent was each in the large and marginal
category of land holding.  As regarding annual
income, It is revealed from Table 1, that near
about equal percentage (45% and 44%) of the
dairy farmers having annual income of Rs.
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50,000 and in between Rs. 50,001 to Rs.
1,00,000, respectively. The remaining 11 per
cent of the dairy farmers belonged to annual
income group of Rs. 1,00,000 and above. 

It could be seen from Table 1, that majority
of the respondents (66.00%) having dairy
farming experience between 7 to 12 years,
followed by 23 per cent of them having upto 6
years dairy farming experience. The remaining
11 per cent of the dairy farmers having 12 years
and above dairy farming experience.

The data regarding herd size revealed that
majority of the respondents (74.00%) having
herd size between 5-10 herds, followed by 19
per cent of them were having upto 4 herds and
remaining seven per cent having more than ten
herds.  

The data with respect to family type revealed
that majority of the respondents (56.00%) were
in joint family type and 44 per cent were in
nuclear family type. The data regarding family
size revealed that majority of the respondents
(42.00%) having 6 to 11 members in their
family, followed by 31 per cent of them were
having upto 5 members in their family and
remaining 27 per cent having more than 11
members in their family.

The data regarding economic motivation, it
is revealed that more than two third of the
respondents (64.00 per cent) had medium level
of economic motivation, followed by nearly one
third of them (28.00 per cent) were had low
level of economic motivation. Very less number
of respondents (08.00 per cent) belonged to
high category of economic motivation. A perusal
of Table 1, that majority of the respondents
(60.00%) having medium level of scientific
orientation, followed by 22 per cent of them
were having low level of scientific motivation and
remaining 18 per cent belonged to high level of
scientific orientation category. Similar findings
reported by Bindakatti, J.S., et. al.(2012),
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Table 1. Distribution of dairy farmers according to their
Profile

Category Respondents 
(n=100)

–––––––––––––––
Num- Per-
ber cent

Age (Years)
i) Young (upto 35) 16 16.00
ii) Middle (36 to 50) 44 44.00
iii) Old (Above 50) 40 40.00

Education
i) Illiterate 07 07.00
ii) Primary (1st std. to & 4th std.) 24 24.00
iii) Middle (5th std. to & 7th std.) 22 22.00
iv) High school (8th std. to 10th std.) 34 34.00
v) College 13 13.00

Land holding (ha)
i) Marginal (upto 1 ha) 01 01.00
ii) Small farmers (1.01 to 2.0 ha) 25 25.00
iii) Semi-medium (2.01 to 4.0 ha) 48 48.00
iv) Medium (4.01 to 10.00 ha) 25 25.00
v) Large (Above 10.00 ha) 01 01.00

Annual income (Rs.)
i) Upto Rs. 50,000 45 45.00
ii) Rs. 50,001 to Rs. 1,00,000 44 44.00
iii) Rs. 1,00,001 to Above 11 11.00

Dairy Farming Experience
i) Upto 6 years 23 23.00
ii) 7-12 years 66 66.00
iii) Above 12 years 11 11.00

Mean= 9.31 SD=3.45

Herd size 
i) Upto 4 herds 19 19.00
ii) 5-10 herds 74 74.00
iii) Above 10 herds 07 07.00

Mean= 6.52 SD=3.38
Family Type

i) Nuclear family 44 44.00
ii) Joint family 56 56.00

Family Size
i) Upto 5 31 31.00
ii) 6-11 42 42.00
iii) Above 11 27 27.00

Mean= 8.44 SD=3.40

Economic Motivation
i) Low (Below 19) 28 28.00
ii) Medium (19-24) 64 64.00
iii) High (Above 24) 08 08.00

Mean= 20.87 SD=2.93

Scientific Orientation
i) Low (Below 17) 22 22.00
ii) Medium (17-25) 60 60.00
iii) High (Above 25) 18 18.00

Mean= 21.24 SD=4.19



Lokhande J.P. et. al. (2012) and Rupeshkumar
J Raval and MS Chandawat (2011).

II.  Dependent Variables

A.  Technological adoption gap

a. Practicewise Technological gap in
adoption of improved dairy management
practices

The practice wise technological adoption gap
about improved dairy management practices in
Table 2, revealed that majority of the
respondents (90%) were not adopting the
separate shed for milking, followed by 85 per
cent of them not adopted the feeding of
pregnant animal (12 to 15 kg green fodder, 5 to
6 kg dry fodder &1.5 concentrates mixtures) and

82 per cent not adopted the vaccination of
cow/buffalo. The technology gap in adoption of
feeding of buffalo/cow 1st four days after calving
(2 kg wheat bhusa,1.5 kg  jiggery, 5 kg green
fodder, 5 kg dry fodder reported by 80 per cent
dairy farmer  and the practice of direction of
cattle shed (North-South) not adopted by 80 per
cent of the dairy farmer.

Equal per cent of the dairy farmers (75%)
were not adopted the practices proper feeding
to pregnant animals, quantity of green fodder
(15to20 kg) and number of cattle in flock (10 to
20), respectively. The improved dairy
management practices were not adopted by the
dairy farmers were grooming of cattle (72%),
proper time of artificial insemination (2 months
after calving (70%), detection of systems of heat
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Table 2. Distribution of respondents according to their technological gap in adoption of improved dairy management practices

Name of improved dairy management practices Technology gap 
index (n=100)

A. Selection of Breed
1 Descript breed for -dairy -Nagpuri, Murhah, Jersey 20
2 Descript breed for –milk production -Nagpuri, Murhah, Jersey 25

B. Breeding Management
3 Breeding age of cow/buffalo (2.5 to 3 years) 30
4 Proper time of pregnancy diagnosis (60 to 90 days after services) 45
5 Detection of heat period (urination frequency, bellowing excitement, mounting on other animals, restlessness) 56
6 Proper time of artificial insemination (2 months after calving) 70
7 Proper feeding to pregnant animal (Additional feed supplements and mineral mixtures) 75
8 Detection of systems of heat period of buffalo 65

C. Feeding Management
9 Feeding of pregnant animal (12 to 15 kg green fodder, 5 to 6 dry fodder &1.5 kg concentrates mixtures) 85
10 Quantity of colostrum should be fed (1/10 of body weight) 65
11 Proper time to fed colostrum (after 2 to 3 hours of newly calf born) 22
12 Feeding of buffalo/cow1st four days after calving (2 kg wheat,1.5 kg  jiggery,5 kg green fodder, 5 kg dry fodder 80
13 Quantity of green fodder (15 to 20 kg) 75

D. Housing Management
14 Direction of cattle shed (North-South) 80
15 Separate shed for milking 90
16 Sprinkler water on body of cow/buffalo in summer season (twice in a day) 45
17 Space required for adult cow (15 sq ft) and buffalo (18 sq ft) 56
18 Number of cattle in flock  (10 to 20) 75

E. Health Management
19 Vaccination of cow/buffalo (HS, BQ, FMD) 82
20 Grooming of cattle 72



period of buffalo (65%), quantity of colostrum
should be fed (1/10 of body weight (65%),
detection of heat period (urination frequency,
bellowing excitement, mounting on other
animals, restlessness) (56%) and space required
for adult cow (15 to 12 sq ft) (56%). 

Less than half of dairy farmers were not
adopted the proper time of pregnancy diagnosis
(60 to 90 days after services) (45%), sprinkler
water on body of cow/buffalo in summer season
(twice in a day) (45%), Breeding age of
cow/buffalo (2.5 to3 years) (30%), descript
breed for–milk production-Nagpuri, Murhah,
Jersey (25%),proper time to fed colostrum (22%)
and descript breed for -dairy -Nagpuri, Murhah,
Jersey (20%).

b. Technology Adoption Gap level

The efforts have been made to find out the
distribution of the respondents based on their
level of existing technological gap in adoption of
improved dairy management practices and data
in this regard presented in the Table 3.

It is evident from Table 3, that majority of
respondents (55%) belonged to medium
category of technology adoption gap about
improved dairy management practices, followed
by 24 per cent of them who were observed in
high level of technological gap, and remaining
21 per cent of the respondents belonged to low
level of technological gap.

III.  Relational Analysis

a.  Relationship between independent
variables and dependent variables

The discussion about the relationship of
profile of the respondents with dependent
variable technological adoption gap is presented
as below.

The data in Table 4 reported that age of the
respondents was positive and highly significantly

correlation with their technological adoption
gap. Whereas, all other variables except dairy
farming experience that are education, land
holding, annual income, herd size, family type,
family size socio-economic status, economic
motivation, scientific orientation and knowledge
were having negative and highly significant
correlation with technological gap in adoption
of improved dairy management practices. The
negative trend indicated that as these variables
score decreased, the technological adoption gap
was increased.

The probable reason might be for
understanding and adoption of the improved
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Table 3. Distribution of respondents according to the
technological gap in adoption of improved dairy
management practices 

Category Respondents (n=100)

Number Percent

Low (Upto 33.33) 21 21.00
Medium (33.34 to 66.66) 55 55.00
High (66.67 and above) 24 24.00
Total 100 100.00

Table 4. Coefficient of correlation of selected
characteristics of the farmers’ with their
Technological Adoption Gap

Independent variables r value

Age 0.278**
Education -0.341**
Dairy Farming Experience 0.012NS
Land holding -0.440**
Annual Income -0.763**
Herd Size -0.511**
Family Type -0.287**
Family Size -0.308**
Socio Economic Status -0.653**
Economic Motivation -0.443**
Scientific Orientation -0.526**
Knowledge -0.473**

** Significant at 0.01 level of probability, * Significant at 0.05
level of probability, NS - Non Significant



dairy management practices, dairy farmers may
be lacking in proper education level, more land
holding, high annual income, more numbers of
milch animals, joint family or more number of
members in family, higher socio-economic
status, economic motivation, scientific
orientation and most important knowledge
about improved dairy management practices.
This could be a reason for negative correlation
between these variables of the dairy farmers and
their adoption of improved dairy management
practices.

Conclusions

It can be concluded that the more than half
of the dairy farmers (55%) observed in medium
level category of technology adoption gap about
improved dairy management practices. The age
of the respondent was found positive and highly
significantly correlated with their technological
adoption gap. Whereas, all other variables
except dairy farming experience that are
education, land holding, annual income, herd
size, family type, family size socio-economic

status, economic motivation, scientific
orientation and knowledge were having negative
and highly significant correlation with
technological gap in adoption of improved dairy
management practices. The negative trend
indicated that as these variables score decreased,
the technological adoption gap was increased.

References

Bindakatti, J. S., Biradar, B. N., Doddamani Ashoka and
Jambenal Shivanand. 2012. Knowledge level and
constraints of improved dairy practices by the farmers
of Dharwad district. Agric. Update, 7(1 and 2):76-79

Lokhande, J. P., Jha, S. K. and Vaidya, M. D. 2012.
Constraints perceived by the dairy farmers in adoption
of scientific dairy farming practices. Journal of
Dairying, Foods and Health Science, 31(1): 42-46

Mali, K. N., Belli, R. B. and Guledagudda, S. S. 2014. A
study on knowledge and adoption of dairy farmers
about improved dairy management practices. Agri.
Update, 9(3): 391-395.

Raval, Rupeshkumar J. and Chandawat, M. S. 2011. Extent
of Knowledge of Improved Animal Husbandry Practices
and Socio-Economical Characteristics of Dairy Farmers
of District Kheda, Gujarat. International Journal of
Farm Sciences 1(2): 129-137. 

Journal of Agriculture Research and Technology 111

______________



J. Agric. Res. Technol., 44 (1) : 112-112 (2019)

ARTICLE CERTIFICATE
Article entitled      : .......................................................................................................................................................

                            .......................................................................................................................................................

Title changed to   : .......................................................................................................................................................

                            .......................................................................................................................................................

Authors (names)   : .......................................................................................................................................................

It is certified that   :

1. The article has been seen by all the authors (signatures given below), who are satisfied with its form and content.

2. The sequence of names of authors in the by-line is as per their relative contribution to this experiment, given due credit to
all the scientists who made notable contribution to it.

3. The address of the organization where the research was conducted is given in the by-line (change of author's address is
given at the footnote).

4. The experiment was carried out during the year.................................. and the article is submitted within 10 years, after
completion of the experiment.

5. The article is exclusive for this journal and the results reported here have not been sent (and will not be sent during its
consideration by this journal) for publication in any other Journal.

6. The article has not been rejected for publication in any other journal/rejected in ........................................................
.....................................................................................................................................................whose comments
are attached (Such a rejection does not disqualify the article for consideration in this journal).

7. It is based/not based on a part/complete M.Sc./Ph.D. thesis of the first author, who submitted the thesis in the year
............................ to the ........................................................................................................ (University, place).

8. Correct data and facts are presented in the article.

9. I/We agree to abide by the objective comments of referees and do agree to modify the article into a short note where ever
the referee so recommended for publication in the Journal of Agriculture Research and Technology.

10. If published in Journal of Agriculture Research and Technology the copyright of this article would rest with the Editor-in-
Chief of the Journal who will have the right to enter into any agreement with any organization in India or abroad engaged
in reprography, photocopying, storage and dissemination of information contained in it and neither we nor our legal heirs
will have any claims on royalty.

11. I/We promise to pay the annual subscription when the article/note is accepted for publication in the Journal. Signature of
all authors, their names, designations and present correspondence addresses.

Signature with date      Name in full and designation                     Present official address

1.   .............................................................................................................................................................................

2.   .............................................................................................................................................................................

3.   .............................................................................................................................................................................

4.   .............................................................................................................................................................................

5.   .............................................................................................................................................................................

The above certificate is correct to the best of my knowledge and I have no objection to the publication of the article cited above
in The Journal of Agriculture Research and Technology.

                                                                                                                                 Signature and address of 
                                                                                                                     Head of the Section/Department/Institute

College of Agriculture, 
Pune 411005 (India)

ISSN 2230-9705






	Page 1
	Page 2
	Page 3
	Page 4

