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ABSTRACT 

The present study was conducted in Khanpur Panchayat Samiti of Jhalawar district, which was 
selected purposely. Similarly, from Khanpur Panchayat Samiti, five Gram Panchayats were selected on 
the basis of having highest area and production of coriander among all the Gram Panchayats of 
Khanpur Panchayat Samiti. Seed spices as a group of crops and in particularly coriander, fenugreek, 
cumin and fennels are very important not only for home consumption but also for improving economic 
condition of the farmers at large. Seed spices are the crops in which interest of industries is also 
increasing consistently. Traders and exporters are equally concerned about development of seed 
spices in the country. From these considerations, seed spices are not only cash crop but also they can 
be termed as “dynamic crop commodities” particularly in the view of their great export potential. There 
was significant association between different variables viz., age, education, family size, family type and 
size of land holding with knowledge level of tribal, non-tribal as well as over all coriander growing 
farmers. 
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Seed spices as a group of crops and in 
particularly coriander, fenugreek, cumin and fennels 
are very important not only for home consumption 
but also for improving economic condition of the 
farmers at large. Seed spices are the crops in which 
interest of industries is also increasing consistently. 
Traders and exporters are equally concerned about 
development of seed spices in the country. From these 
considerations, seed spices are not only cash crop but 
also they can be termed as “dynamic crop 
commodities” particularly in the view of their great 
export potential. 

Coriander is an important dominant and highly 
valued spice grown in India. It is the first probably the 
first spices to be used by men as common flavouring 
substance. The stem leaves and grains have a pleasant 
aroma. The entire plant used in preparing “Chatany” 
whereas, leaves are used for flavouring curries, sauce 
and soups. The dry grains are extensively used in 
preparation of curry powder, pickling spices and 
seasoning. 

METERIALS AND METHODS 

 The present study was conducted in Khanpur 
Panchayat Samiti of Jhalawar district, which was 
selected purposely. Similarly, from Khanpur 
Panchayat Samiti, five Gram Panchayats were 
selected on the basis of having highest area and 
production of coriander among all the Gram 
Panchayats of Khanpur Panchayat Samiti. From the 
selected Gram Panchayats five villages were selected 
on the basis of area as well as having tribal 
population. From each village 32 coriander growers 
(16 tribal and 16 non-tribal) were selected randomly. 

RESULTS AND DISCUSSION 

Association between selected personal 

characteristics of coriander growers with their 

level of knowledge about coriander production 

technology.    

     In order to ascertain the association between 
selected personal characteristics of coriander growers 
with their level of about coriander production 
technology, chi-square test was applied. Paradigm 
showing association between personal attributes and 
the level of knowledge of respondents about coriander 
production technology is being presented here.    

Association between Age and Knowledge 

The data of the table 1.  show that the calculated 
chi-square value was 23.02 for overall, for 9.93 tribal 
and 13.92 for non-tribal coriander growers, 
respectively, which is highly significantly associated 
with the knowledge of farmers about coriander 
production technology at one per cent level of 
significance. Thus, the null hypothesis H0 was 
rejected and alternative hypothesis was accepted. It 
means, age of respondents exerted a highly significant 
effect on the knowledge level.                 

Association between Education and Knowledge 

The data incorporate in table 1 show that the 
calculated chi- square value was 26.13 for overall, 
7.13 for tribal and 17.53 for non-tribal coriander 
growers which is highly significantly associated
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with the knowledge of farmers about coriander 
production technology at 1 and 5 per cent level of 
significance, thus the null hypothesis H0 was rejected 
and alternative hypothesis was accepted. It means 
educational level of respondent’s effect significantly 
on the knowledge level coriander growers.      

Association between family size and 

Knowledge 

It can be seen from the  table 1 that calculated 
chi- square value was 17.11 for overall, 5.22 for 
tribal, 11.80 for non-tribal coriander growers 
respectively, were significant at 1and 5 per cent level 
of significance. Thus the null hypothesis was rejected 
and alternative hypothesis was accepted. It means 
family size exerted highly significant effect on the 
knowledge level of farmers. 

Association between family type and Knowledge 

The data incorporated in table 1 indicated that 
the calculated chi- square value was 20.51 for overall, 
8.13 for tribal and 13.39 for non-tribal coriander 
growers respectively, were significant at 1 per cent 
level of significance. Thus the null hypothesis was 
rejected and alternative hypothesis was accepted it 
means family type exerted significant effect on the 
knowledge level of farmers. 

Association between Size of land holding and 

Knowledge               

The study of table 1 revealed that calculated chi- 
square value was 17.43 for overall, 4.12 for tribal and 
9.07 for non-tribal coriander growers, respectively, 
were significant at 1 and 5 per cent level of 
significance. Thus the null hypothesis H0 was 
rejected and alternative hypothesis was accepted. It 
means land holding of respondents effect significantly 
on the knowledge level of respondents. 

CONCLUSION 

There was significant association between 
different variables viz., age, education, family size, 
family type and size of land holding with knowledge 
level of tribal, non-tribal as well as over all coriander 
growing farmers 

Recommendations 

1. Coriander growers possessed less knowledge 
regarding high yielding varieties and plant protection 
measures for improving the knowledge level of 
farmers the training on these aspects may be 
organized where in farmers of the area could 
participate actively.  

2. Efforts may be made to developed varieties 
of coriander that maintained green colour of seed 
after harvest  and mature in short period so that loss 
due to frost can be minimize. 

 

Table 1: Association between personal attributes and knowledge level of respondents about coriander production technology.  

No. Personal attributes 

Knowledge level 

Tribal (n = 80) 

Knowledge level 

Non - tribal (n = 80) 

Knowledge level 

Overall (n = 160) 

Low 
(below 

62) 

Medium 
& High 
(above 

62) 

Total x2’ & ‘C’ 
value 

Low 
(below 

62) 

Medium 
& High 
(above 

62) 

Total ‘x2’ & ‘C’ 
value 

Low 
(below 

62) 

Medium 
& High 
(above 

62) 

Total ‘x2’ & ‘C’ 
value 

1. Age 

i) 
Young 

(below 44 years) 
20 12 32 9.93** 14 16 30 13.92** 34 28 62 23.02** 

ii) Old 
(above 44 years) 

13 35 48 0.33 5 45 50 0.38 18 80 98 0.35 

2. Education 

i) Illiterate 24 20 44 7.13* 12 9 21 17.53** 36 29 65 26.13** 

ii) Literate 9 27 36 0.28 7 52 59 0.42 16 79 95 0.37 

3. Family size 

i) Small 14 32 46 5.22* 7 48 55 11.80** 21 80 101 17.11** 
ii) Big 19 15 34 0.24 12 13 25 0.35 31 28 59 0.31 

4. Family type 

i) Nuclear 15 36 51 8.13** 6 47 53 13.39** 21 83 104 20.51** 

ii) joint 18 11 29 0.30 13 14 27 0.37 31 25 56 0.33 

5. Size of land holding 

i) Marginal + Small 19 37 56 4.12* 5 40 45 9.07** 24 77 101 17.43** 

ii) Big  14 10 24 0.22 14 21 35 0.31 28 31 59 0.31 

Pooled 33 47 80  19 61 80  52 108 160 
 

* = Significant at 5 %level, **= Significant at 1 %level 
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ABSTRACT 

The study was conducted at two dry districts of Madhya Pradesh viz. Ratlam and Mandsaur. The 
research design that adopted for the study was exploratory survey and evaluation. The data were 
collected through personal interview method with the help of structured questionnaire.  The present 
paper tries to know the changes occurred due to the Sunehra Kal project funded by Indian Tobacco 
Company (ITC) Limited in two districts of Madhya Pradesh which aims to increase  the area and 
production of agriculture crops particularly soybean and wheat through soil and water management in 
the study area. Results indicated that the soybean (Kharif) crop recived increase of 0.24 acres area 
and increased production of 2.92 q/household in Ratlam district. There was limited change in Upper 
Reaches of Mandsaur district but in Lower Reaches increase of 0.16 acres area and increased 
production of 4.03 q/household was recorded. The major Rabi crop wheat recorded an increase of 0.73 
acres per household in Ratlam district whereas the average increase was 0.45 and 0.36 acres area in 
Lower Reaches and upper Reaches of Mandsaur district. It was also observed that the area was cotton 
decreased in Ratlam where as in Mandsaur area in cotton was nil.  

Keywords: Soil and water conservation, Sunehra Kal project and Watershed. 

Rural masses in Madhya Pradesh suffer from all 
ranges of the problems like rain fed agriculture, 
undulating topography resulting in loss of fertile 
topsoil, huge unproductive cattle population and poor 
infrastructure facilities are some of the most severe 
problems. Various soil and water conservation 
practices have been proposed to reduce land 
degradation and to improve the quality of the natural 
resource base but quantitative information on their 
agro-ecological effects is often lacking (Hengsdijk et 

al., 2005). Conservation and judicious use of soil and 
water play an important role for sustainable crop 
production and improving the livelihood of people in 
India. Water is a scarce and precious national 
resource and is one of the most crucial elements in 
developmental planning. The National Water Policy 
of India (2002) states that watershed management 
through extensive soil conservation, catchment-area 
treatment, preservation of forests and increasing the 
forest cover and the construction of check-dams 
should be promoted. ITC started Sunehra Kal project 
in Madhya Pradesh with initial intervention of soil 
and moisture conservation, livestock development 
and women empowerment in Sehore and Guna 
districts in 2004. These programmes are implemented 
by the NGOs like Foundation for Ecological Security 
(FES), Action for Social Advancement (ASA), Self-
Reliant Initiatives through Joint Action (SRIJAN) and 
BAIF with ITC funding. In Ratlam and Mandsaur 
districts, ASA and FES are the implementing agency 
of the project started in 2005. Whereas ASA forms 
small Water User Committees in a village for 
carrying out Soil and Water Conservation (SWC) 
work in a village, FES follows a traditional approach 

of Watershed conservation dividing the villages into 
upper and lower reaches and devising the SWC 
structures accordingly. The basic objectives set by 
ITC was  increasing income through agriculture and 
allied activities and  enhancing the productivity of 
agriculture crops particularly soybean, wheat and 
gram through water management by water harvesting 
structures and soil conservation. 
Study Area 

The study area spreads in two dry districts of 
Madhya Pradesh viz. Ratlam and Mandsaur. Ratlam 
is situated in North-West region of Madhya Pradesh 
extended between latitudes 230 05' and 230 52' North 
and longitudes 740 31' and 750 41' East. Mandsaur 
district lies between latitudes 230 45' 50" and 240 45' 
42" North, and between longitudes 740 52' 43" and 
750 55' 27" East.  

MATERIALS AND METHODS 

A study was conducted during May 2007 to July 
2007 adopted the research design exploratory survey 
and evaluation. Both the district was suffering from 
lack of water harvesting facility as well as scientific 
management of water resources. A report published 
by Central Ground Water Board, Ministry of Water 
Resources, GoI edited by Bangar (1998) also sated 
that the condition of SWC is critical in Ratlam district 
as the present position was alarming and suitable 
studies also need to be carried out for designing 
watershed management practices in the area. About 
50% of the intervened villages (i.e. six out of thirteen 
in Ratlam district and three out of five in Mandsaur 
district) were chosen for the present study along with 
one control village in each district to compare and 
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draw the inferences. Two stage stratified random 
sampling techniques were used. First stage included 
the selection of certain villages out of the total project 
villages in both the districts. The respondents in 
control village were classified as tribal and non-tribal 
in Ratlam district and as upper and lower reaches in 
Mandsaur district. After the selection of villages, the 
second stage included selection of respondents. The 
variables used for selection of the respondents as per 
Kakade (2005) are: (i.) Location as per the 
physiography: Farmers of Recharge zones (Upper 
Reaches- UR) and Discharge zones (Lower Reaches- 
LR) of watershed and (ii.) Beneficiary of the project 
activities. The first criterion was only applied in the 
district of Mandsaur district because in Ratlam district 
the implementing agency was not following a 
conventional watershed approach.  About 10 per cent 
of the total village households in Mandsaur district 
(total beneficiaries included 521 out of these 53 were 
chosen for interview and 11 farmers from control 
village) and 20 per cent of the beneficiaries (total 
beneficiaries included 354 out of these 54 were 
chosen for interview and 7 farmers from control 
village) in project villages of Ratlam district were 
interviewed for primary data collection. The reason 
for different sampling intensity was that in Mandsaur 
district project, whole of the village was considered 
beneficiary of the project whereas in Ratlam project, 
only the members of Water User Committee were 
considered beneficiary by the implementing agency. 
In the control villages sampling of ten percent of 
population were done. Respondents were selected in 
proportion of the landholding of the village in the 
upper reaches/ lower reaches and beneficiaries of 
SWC work. Different type of conservation work was 
carried out including at Ratlam District Stop dam/ 
Stop dam cum causeway (6), new well excavation (8), 
Renovation of well (7), Pond/ percolation tank/water 
harvesting tank (3), Renovation of pond (1), Farm 
pond (12), Contour trenching in running meters 
(2500) and Field bunding in running meters 24478 
where as in Mandsaur District, lot of emphasis had 
been given in treating the common lands and 
revegetation. Contour trenching amounting to 5800 
running metres and 2400 running metres of contour 
bunding has been done. About 100 acres of land has 
been covered under revegetation in the common 
lands.  There are two basic types of masonry 
structures, viz. Stop dam (non gated) and stop dam 
(gated). Under these two categories, there were five 
structures and two structures respectively. There had 
been renovation of four large ponds and digging of a 
small pond. All these interventions have led to 
increase in the extent and production of major 
agricultural corps. 

RESULTS AND DISCUSSION 

Analysis of the major crops grown by 
respondents was done in order to get the cumulative 
figure of the cultivated area and production. The 
agricultural crops were grown mainly in the Kharif 

and Rabi seasons. In summer season, there was lack 
of water and only some farmers having enough water 
grow some summer vegetables. Soybean was the 
major crop in the region and was grown widely in 
both the districts. In Ratlam district, cotton was also 
an important crop grown widely in the tribal belts but 
in Mandsaur district, it was entirely absent in the 
sampled villages. Maize was grown either 
intercropped or separately. In Ratlam district, it was 
intercropped mostly with cotton whereas in Mandsaur 
district, it was intercropped with Soybean. In the 
‘Rabi’ season, wheat was most widely grown and 
formed the major crop for satisfying the consumptive 
need of the households as well as the major cash crop 
for getting income. It was followed by gram which 
was cultivated in both the regions during ‘Rabi’. 
Mustard was the next most important crop after 
Soybean in Mandsaur district, but in Ratlam district, 
the crop was absent in the sampled villages. 

The major ‘Kharif’ crop in the region is 
Soybean. In Soybean, there was an increase of 0.24 
acres area per household in Ratlam district (table.1).  
Table 1 also reveals that the percentage change in 
area varied between 1.89 % in Sagod and 55.17 % in 
Borda. The lower reaches of Mandsaur district 
showed net increase of 0.16 acres and in the upper 
reaches, there was an increase of 0.04 acres only. The 
percentage change in production of Soybean was 
highest in Borda (39.16) followed by Morwani 
(33.33), Ghodakheda (30) in Ratlam district and 
K.Shivgarh (22.54) and Bilantri (12.19) in Mandsaur 
district. The increase in Ratlam district may be due to 
the field bunding carried out in private fields. There 
was limited change in upper reach of Mandsaur 
district but in lower reach increase of 0.16 acres area 
and increased production of 4.03 quintals per 
household was recorded. The significant increase in 
lower reaches of Mandsaur district may be attributed 
to the land treatment in the upper reaches which have 
benefited the lower reaches.  There was increase in 
quantity sold of Soybean also and the price at which 
crop was sold, registered an increase ranging from Rs. 
50 to 194 per quintal/household. Being the major 
‘Rabi’ crop, if quantification of net incremental 
income by production is done, it is observed that due 
to additional quantity sold per household (2.84 q in 
Ratlam district and 3.96 and 2.15 in LR and UR of 
Mandsaur district) additional Rs. 3817 per household 
in Ratlam district and Rs. 5411 LR and Rs .2931 in 
UR of Mandsaur district was generated. The 
production of maize had gone down in certain pockets 
due to this reason but overall both the districts show 
an increase in the production (0.27 quintals net 
increase on an average per household in Ratlam 
district and 0.91 and 0.51 quintals in LR and UR of 
Mandsaur district respectively (table 2). Cotton was 
entirely absent in the sampled villages of Mandsaur 
district however, in Ratlam district, most of the 
villages showed a little decline in the area under 
cotton (table.3). This was because the farmers of the 
region had shifted towards other crops due to good 
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soil productivity and moisture retention in the soil 
after the project. Also, the disadvantage with cotton 
was that after cultivating cotton in the ‘Kharif’, it 
occupied the land in the Rabi season also which 
affected cultivation of ‘Rabi’ crops in the same field. 
This was not the case with other crops like Soybean. 
As shown in table 3, in spite of little decrease in the 
area under cotton, the production had shown a net 
increase of 0.59 q/household.  

Wheat formed the major crop of the region 
in the Rabi season. Just like most other crops in the 
Rabi season, it was affected much by shortage of 
water. Many respondents were unable to cultivate 
wheat due to inadequate water availability but after 
the project, the area as well as the production of 
wheat had shown a lot of improvement as abundant 
water was available in most of the cases (table 4). 
Table 4 reveals that there had been an increase of 0.73 
acres/household in Ratlam district and 0.45 and 0.36 
acres in LR and UR of Mandsaur district. Tribal 
village of Borda in Ratlam district recorded a four 
fold increase in area under wheat due to the ample 
availability of water by extraction and renovation of 
wells. The average increase was 0.45 and 0.36 acres 
area in LR and UR of Mandsaur district. The increase 
in production of wheat was 8 q/household on average 
of both tribal and non tribal villages whereas it was 
nearly 11 q/household in Mandsaur district. Borda 
recorded more than three times increase in production 
and Bilantri (LR) recorded almost double the 
production. These results are due to enough 
availability of water due to interventions as well as 
healthy rainfall in last season. If quantification of the 
net incremental income due to selling of additional 
quantity is done it is seen that additional Rs. 8274 per 
household in Ratlam district and Rs. 8541 (LR) and 
Rs. 9000 in upper reaches of Mandsaur district was 
generated. In case of gram, there is increase of 0.28 
acres per household with net increase of 3.86 q/ 
household in Ratlam district and 0.34 and 0.17 in the 

lower and upper reaches of Mandsaur district with 
increased production of 1.43 q and 2.08 q/ household 
respectively (table 5). Highest increase of 1.25 acres 
per household was recorded in Karmadi as seen in 
table 5. Decrease of 2.02 % in Sagod was basically 
due to the additional area that had been brought under 
cultivation as the production of gram may be less in 
these areas. Mustard was the second most important 
oilseed crop after Soybean in Mandsaur district and it 
was absent in sample villages of Ratlam district (table 
6).  The net change in area was found to be 0.1 acres 
in both the reaches and the production increased to 
8.75 q and 3 q/ household in LR and UR of Mandsaur 
district. The maximum increase in quantity sold (4.86 
q) was recorded in Bilantri (UR).Slight decrease of 
0.07 acres is observed in Surkheda (UR) as the farmer 
shifted from mustard to wheat. 

CONCLUSIONS 

It is concluded from the present study that the 
management of water resources is very essential and 
perquisite in semi arid region of Madhya Pradesh. All 
the major crops require irrigation for production 
during lean periods i.e. summer and winter season.  
The major Kharif crop i.e. Soybean recorded an 
increase of 0.24 acres area and increased production 
of 2.92 quintals per household in Ratlam district. 
There was limited change in Upper Reaches of 
Mandsaur district but in Lower Reaches increase of 
0.16 acres area and increased production of 4.03 
quintals per household was recorded. The major Rabi 
crop wheat recorded an increase of 0.73 acres per 
household in Ratlam district whereas the average 
increase was 0.45 and 0.36 acres area in Lower 
Reaches and upper Reaches of Mandsaur district. 
Thus, the soil and water conservation programme 
started in both the districts had a favorable impact in 
increasing the area under cultivation as well as 
production of major crops. 

 

Table 1.Change in Kharif crop: Soybean 
Sample Villages Average area (acre) Average  

change 

Production (q) Average  

change 

Quantity sold (q) Average 

change 
Pre Present Pre Present Pre Present 

Karmadi 5.02 5.18 0.16 58 64.29 6.29 56.14 61.86 5.72 

Kaneri 1.32 1.43 0.15 23.63 24.63 1.00 21.75 22.75 1.00 

Sagod 4.65 4.74 0.09 58.79 64.79 6.00 56.50 62.64 6.00 

Ghodakheda 0.32 0.40 0.08 5 6.50 1.50 4.83 6.23 1.00 

Morwani 0.12 0.14 0.02 3.75 5.00 1.25 3.75 5.00 1.00 

Borda 0.23 0.36 0.13 3.83 5.33 1.50 3.83 5.33 1.00 

Avg. Ratlam district 1.94 2.04 0.1 25.50 28.42 2.92 24.47 27.30 2.84 

C1 (NT) NA 0.82 NA NA 9.25  NA NA  9.25 NA 

C1 (T) NA 0.13 NA NA 3.00 NA NA 3.00 NA 

Bilantri(LR) 2.18 2.19 0.01 26.33 29.54 3.21 25.67 28.79 3.12 

Bilantri (UR) 2.96 2.96 0 31.92 34.75 2.83 30.83 33.83 3.00 

Surkheda (LR) 1.71 1.71 0 18.17 19.79 1.62 17.67 19.00 1.33  

Surkheda (UR) 1.77 1.77 0 23.92 25.08 1.16 23.42 24.58 1.16  

K.Shivgarh(LR) 3.22 3.40 0.18 32.17 39.42 7.25 31.25 38.67 7.42 

K.Shivgarh(UR) 2.17 2.22 0.05 20.5 22.70 2.20 19.50 21.80 2.3   

Avg. Mandsaur district 
(LR) 

2.37 2.43 0.16 25.56 29.58 4.03 24.86 28.82 3.96 

Avg. Mandsaur district 
(UR) 

2.30 2.31 0.01 25.45 27.51 2.06 24.58 26.74 2.15 

 C2 (LR) NA 1.28 NA NA 13.86 NA NA 13.57 5.72  

C2 (UR) NA 0.72 NA NA 8.13 NA NA 8.13 1.00 

 (C1- control village for Ratlam district- Kalukhedi, NT- Non tribal, T- Tribal;                                                   
 C2- control village for Mandsaur district- Hanadi, LR- Lower reaches, UR- Upper reaches,    NA- Not Applicable)    
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Table 2. Change in Kharif crop: Maize 

Sample Villages Avg. area  (acre) Average 

change 

Production (q) Average 

change 

Quantity sold (q) Average 

change Pre Present Pre Present Pre Present 

Karmadi 0.55 0.65 0.10 32.50 26.17 -6.33 26.25 20.17 -6.08 
Kaneri 0.18 0.25 0.07 13.40 17.17 3.77 9.60 12.83 3.23 
Sagod 0.60 0.60 0 77.50 82.75 5.25 66.25 71.50 5.25 
Ghodakheda 0.13 0.11 -0.02 6.71 6.21 -0.5 4.43 3.57 -0.86 
Morwani 0.07 0.06 -0.01 3.20 2.60 -0.6 1.10 0.60 -0.50 
Borda 0.08 0.07 -0.01 2.33 2.33 0 1.00 1.33 0.33 
Avg. Ratlam district 0.27 0.29 0.02 22.61 22.87 0.27 18.11 18.33 0.23 
C1 (NT) NA 0.42 1.06 NA 16.67 NA NA 11 NA 
C1 (T) NA 0.08 0.22 NA 4.25 NA NA 2.25 NA 
Bilantri(LR) 0.18 0.17 -0.02 7.06 8.44 1.38 4.67 5.5 0.83 
Bilantri (UR) 0.19 0.23 0.09 6.21 7.50 1.29 3.67 5 1.33 
Surkheda (LR) 0.08 0.08 0 5.42 5.92 0.5 3.75 4.25 0.50 
Surkheda (UR) 0.09 0.09 0 5.13 5.50 0.37 3.75 4 0.25 
K.Shivgarh(LR) 0.19 0.20 0.01 7.83 8.69 0.86 5.67 6.17 0.50 
K.Shivgarh(UR) 0.19 0.19 0 7.45 7.31 -0.14 5.38 4.88 -0.5 
Avg. Mandsaur district 
(LR) 

0.15 0.15 0.00 6.77 7.68 0.91 4.70 5.31 0.61 
Avg. Mandsaur district 
(UR) 

0.16 0.17 0.01 6.26 6.77 0.51 4.27 4.63 0.36 
 C2 (LR) NA 0.24 NA NA 5.30 NA NA 3.30 NA 
C2 (UR) NA 0.19 NA NA 2.75 NA NA 0.75 NA 
 

Table 3.Change in Kharif crop: Cotton 

Sample villages Average area 

(acre) 

Average 

change 

Production  (q) Average 

change 

Quantity sold (q) Average  

change   

Pre Present Pre Present Pre Present 

Karmadi 0.35 0.35 0 55 57.50 2.5 55 57.50 2.5 
Kaneri 0.89 0.89 0 24.57 26.71 2.14 24.57 26.71 2.14 
Sagod 0.28 0.23 -0.05 25.67 22.33 -3.34 25.67 22.33 -3.34 
Ghodakheda 0.42 0.38 -0.04 6.94 7.5 0.56 6.94 7.5 0.56 
Morwani 0.60 0.48 -0.12 7.83 9 1.17 7.83 9 1.17 
Borda 1.05 0.90 -0.15 12.33 12.83 0.5 12.33 12.83 0.50 
Avg. Ratlam district 0.60 0.54 -0.06 22.06 22.65 0.59 22.06 22.65 0.59 
C1 (NT) NA 0 NA NA 0 NA NA 0 NA 
C1 (T) NA 0.26 NA NA 6.25 NA NA 6.25 NA 
Bilantri(LR) 0 0 0 0 0 0 0 0 0 
Bilantri (UR) 0 0 0 0 0 0 0 0 0 
Surkheda (LR) 0 0 0 0 0 0 0 0 0 
Surkheda (UR) 0 0 0 0 0 0 0 0 0 
K.Shivgarh(LR) 0 0 0 0 0 0 0 0 0 
K.Shivgarh(UR) 0 0 0 0 0 0 0 0 0 
Avg. Mandsaur district (LR) 0 0 0 0 0 0 0 0 0 
Avg. Mandsaur district (UR) 0 0 0 0 0 0 0 0 0 
 C2 (LR) NA 0 NA NA 0 NA NA 0 NA 
C2 (UR) NA 0 NA NA 0 NA NA 0 NA 
C1- control village for Ratlam district- Kalukhedi, NT- Non tribal, T- Tribal;                                                                     
 C2- control village for Mandsaur district- Hanadi, LR- Lower reaches, UR- Upper reaches,    NA- Not Applicable) 

 

Table 4 Change in Rabi crop: Wheat 
Sample Villages Average area 

(acre) 

Average 

change 

Production (q) Average 

change 

Quantity sold 

(q) 

Average  

change       

Pre Present Pre Present Pre Present 

Karmadi 1.90 2.38 0.48 86.75 106.0 19.25 75.38 96.00 20.62 
Kaneri 0.36 0.46 0.10 27.67 28.00 0.33 18.50 19.56 1.06 
Sagod 1.59 2.05 0.46 65.85 82.87 17.02 54.77 71.47 16.70 
Ghodakheda 0.24 0.40 0.16 8.86 13.90 5.04 4.57 9.10 4.53 
Morwani 0.20 0.34 0.14 8.75 10.33 1.58 3.75 5.00 1.25 
Borda 0.13 0.53 0.40 4.00 12.33 8.33 1.20 8.00 6.80 
Avg. Ratlam district 0.74 1.03 0.29 33.65 42.24 8.59 26.36 34.86 8.49 
C1 (NT) NA 0.85 NA NA 29.75 NA NA 23.50 NA 
C1 (T) NA 0.26 NA NA 9.00 NA NA 5 NA 
Bilantri(LR) 0.50 0.85 0.35 16.04 31.75 15.71 11.25 25.42 14.17 
Bilantri (UR) 0.70 0.99 0.29 28.27 47.27 19.00 20.36 38.09 17.73 
Surkheda (LR) 0.39 0.53 0.14 18.17 25.35 7.18 12.22 18.10 5.88 
Surkheda (UR) 0.30 0.30 0.00 34 36.00 2.00 24.00 25.00 1.00 
K.Shivgarh(LR) 0.83 0.88 0.05 30.20 40 9.80 23.80 31.00 7.20 
K.Shivgarh(UR) 0.76 0.90 0.14 35.50 47.50 12.00 32.25 42.50 10.25 
Avg. Mandsaur district (LR) 0.57 0.75 0.18 21.47 32.37 10.90 15.76 24.84 9.08 
Avg. Mandsaur district (UR) 0.58 0.73 0.15 32.59 43.59 11.00 25.54 35.20 9.66 
C2 (LR) NA 0.51 NA NA 16.00 NA NA 11.57 NA 
C2 (UR) NA 0.10 NA NA 6.00 NA NA 3.00 NA 
(C1- control village for Ratlam district- Kalukhedi, NT- Non tribal, T- Tribal;                                                                   
C2- control village for Mandsaur district- Hanadi, LR- Lower reaches, UR- Upper reaches,    NA- Not Applicable) 
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Table 5. Change in Rabi crop: Gram 

Sample Villages 

Average area 

(acre) 
Average 

change 

Production (q) Average 

change 

Quantity sold 

(q) 
Average 

change 
Pre Present Pre Present Pre Present 

Karmadi 0.75 1.25 1.25 25.17 45.33 20.16 18.83 39.00 20.17 
Kaneri 0.09 0.08 -0.04           2.50 3.00 0.50 2.00 2.00 0 
Sagod 0.27 0.36 0.23 10.38 10.17 -0.21 6.00 5.83 -0.17 
Ghodakheda 0.03 0.06 0.07 2.3 3.00 0.7.00 1.00 1.50 0.50 
Morwani 0.03 0.08 0.14 2.50 4.50 2.00 1.50 2.25 0.75 
Borda 0 0 0 0 0 0 0 0 0 
Avg. Ratlam district 0.23 0.37 0.28 7.14 11.00 3.86 4.89 8.43 3.54 
C1 (NT) NA 0.25 NA NA 5.50 NA NA 3.00 NA 
C1 (T) NA 0.06 NA NA 1.50 NA NA 1.00 NA 
Bilantri(LR) 0.14 0.28 0.35 2.60 4.17 1.57 0.80 2.25 1.45 
Bilantri (UR) 0.05 0.32 0.50 2.50 6.25 3.75 1.25 4.67 3.42 
Surkheda (LR) 0.06 0.17 0.26 1.69 3.26 1.57 0.75 1.88 1.13 
Surkheda (UR) 0.01 0.01 0 1.50 2.00 0.50 1.00 1.50 0.50 
K.Shivgarh(LR) 0.76 0.93 0.41 15.17 16.33 1.16 12.67 14.25 1.58 
K.Shivgarh(UR) 0.27 0.26 0 16 18.00 2.00 12.00 13.00 1.00 
Avg. Mandsaur district 
(LR) 

0.32 0.46 0.34 6.49 7.92 1.43 4.74 6.13 1.39 

Avg. Mandsaur district 
(UR) 

0.11 0.19 0.17 6.67 8.75 2.08 4.75 6.24 1.49 

 C2 (LR) NA 0.10 NA NA 1.33 NA NA 0.50 NA 
C2 (UR) NA 0.05 NA NA 2.50 NA NA 1.50 NA 

  (C1- control village for Ratlam district- Kalukhedi, NT- Non tribal, T- Tribal;                                                                    
   C2- control village for Mandsaur district- Hanadi, LR- Lower reaches, UR- Upper reaches,    NA- Not Applicable) 
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Table 6: Change in Rabi crop: Mustard 

Sample villages 
Average area Average 

change 

Production (q) Average 

change 

Quantity sold Average 

change Pre Present Pre Present Pre Present 

Karmadi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Kaneri 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagod 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ghodakheda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Morwani 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Borda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Avg. Ratlam district 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C1 (NT) NA 0.00 NA NA 0.00 NA NA 0.00 NA 
C1 (T) NA 0.00 NA NA 0.00 NA NA 0.00 NA 
Bilantri(LR) 0.15 0.23 0.08 7.00 8.75 1.75 7.00 8.75 1.75 
Bilantri (UR) 0.31 0.46 0.15 7.71 12.71 5.00 7.71 12.57 4.86 
Surkheda (LR) 0.36 0.38 0.02 9.92 11.17 1.25 9.92 10.83 0.91 
Surkheda (UR) 0.26 0.23 -0.03 5.50 6.56 1.06 5.5 6.06 0.56 
K.Shivgarh(LR) 0.50 0.53 0.03 9.13 9.75 0.62 8.63 8.88 0.25 
K.Shivgarh(UR) 0.20 0.20 0.00 4.17 4.33 0.16 4 4.50 0.50 
Avg. Mandsaur district (LR) 0.33 0.35 0.02 8.68 9.89 1.21 8.52 9.49 0.97 
Avg. Mandsaur district (UR) 0.25 0.29 0.04 5.79 7.87 2.07 5.74 7.71 1.97 
 C2 (LR) NA 0.20 NA NA 3.75 NA 7.00 8.75 NA 
C2 (UR) NA 0.05 NA NA 3.00 NA 0.00 3.00 NA 

(C1- control village for Ratlam district- Kalukhedi, NT- Non tribal, T- Tribal;                                                                       
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ABSTRACT 

 Combining ability analysis carried out for ten characters using ten diverse parents crossed in 

half diallel design in field pea revealed that variance due to gca and sca were highly significant for days 

to maturity, plant height, number of pods per plant, number of seeds per pod, 1000-seed weight and 

seed yield per plant, indicating the importance of both the additive and non-additive genetic 

components of variation. Parental lines Rachna, Shikha and KPMR-516 were found to be good general 

combiners for grain yield and yield component traits. The most promising crosses with high specific 

combining ability for yield and yield components were Rachna x HUDP-15; Shikha x KPMR-522; 

HUDP-15 x KPMR-516; Rachna x HUP-2 and Rachna x KPMR-516. The significant positive standard 

heterosis over HUP-2 for seed yield per plant was exhibited by Rachna × HUDP-15 followed by 

Rachna × KPMR-516 and HUDP-15 × KPMR-516. Heterosis over better parent was found to be 

significant in desirable direction for grain yield in HUDP 15 × KPMR 516, HUP 2 × HFP 4 and KPMR 

516 × HFP 4. These cross combinations involved at least one parent with high or average GCA effect 

for a particular trait. 

Key words: Field pea, Combining ability, Heterosis.  

 

Despite the largest producer of the pulses in 
the world, India has to import pulses every year to 
meet its domestic requirement. Among pulses, pea 
(Pisum sativum L.)  is an important Rabi season crop, 
which occupies about 0.77mha with an annual 
production of 0.71mt, with the productivity of 915 kg 
per hectare. It is a highly nutritive legume which is 
used in the form of green vegetables, soup, dal etc., It 
is also being used to make chapatti, having mixed 
with barley or wheat flour. In addition, peas are 
processed (canned, frozen or dehydrated) for 
consumption in the off season.  So, keeping in the 
view of its multipurpose uses, increasing demand, and 
limited growing area, there is needed to enhance 
productivity per unit area and time. In this regard, 
selection of suitable parents with desirable traits like 
yield per plant and early maturity; is important for 
fruitful varietal development programme.  

Development of a new variety with high 
yield is the prime objective of all field pea breeders. 
The first step in a successful breeding program is to 
select appropriate parents. In this regard, selection of 
suitable parents with appropriate characteristics is 
important for successful breeding programme. Diallel 
method provides a systematic approach for detection 
of appropriate parents and crosses superior in terms of 
investigated traits. Combining ability analysis on the 
basis of diallel mating system is one of the most 

appropriate methods to identify the best combiners, 
which can be utilized for hybridization programme. 
Knowing combining ability of parental lines is 
important in estimating a potential of a parent in a 
new variety creation. The general opinion is that 
parents with good combining ability will give a good 
new genotype. F1 generations with high values of 
desired traits often have high probability of giving 
more valuable progeny in later generations. Based on 
combining ability analysis of different characters, 
SCA values refers to dominance gene effects and 
higher GCA effects indicate  a greater role of additive 
gene effects controlling these characters. If both GCA 
and SCA values are not significant, epistatic gene 
effects may play an important role in determining 
these characters (Fehr, 1993). The estimation of 
additive and non-additive gene action through this 
technique could be useful in determining the 
possibility of commercial exploitation of heterosis 
and isolation of pure lines among the progenies of 
good hybrids (Stuber, 1994). On the other hand, 
exploitation of heterosis is a cheap and easy method 
for increasing yield in many crops. Cross 
combinations showing heterotic vigour can be utilized 
for developing high yielding pure lines of field pea. 
Therefore, in the present investigation analysis for 
heterosis was also done for yield and its components. 
Keeping this in view, the present study was 
undertaken to gather information regarding 
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combining ability of parents and crosses, and 
heterosis, for grain yield and yield components. This 
information will certainly be of great value for 
increasing the productivity of field pea.  

MATERIALS AND METHODS 

A half-diallel analysis was carried out with 
10 diverse parents viz., Rachna, Shikha, HUP-2, 
KPMR-522 (Jaya), KPMR-400 (Indra), HUDP-15, 
KPMR-516, HFP-4 (Aparna), DDR-13 and DDR-39 
excluding reciprocals [n(n-1)/2]. The study was 
conducted on the research farm of the Students’ 
Instructional Farm at Chandra Shekhar Azad 
University of Agriculture and Technology, Kanpur, 
Uttar Pradesh, India. The parents and F1s were 
evaluated in a randomized block design with three 
replications. The seeds were dibbled to ensure 
uniform plant population in two rows of 3m long and 
spacing was 75cm between rows and 10cm within 
rows respectively. Recommended cultural practices 
were used for raising the good crop. Observations 
were recorded on the middle 10 randomly selected 
competitive plants from each of the parents and F1’s 
for different characters viz., days to flowering, days to 
maturity, number of primary branches/plant, plant 
height (cm), number of internodes per plant, pod 
length (cm), number of pods per plant, number of 
grains per pod, 1000-grain weight (g) and grain yield 
per plant. The combing ability analysis was carried 
out according method 2 and model I of Griffing 
(1956). Heterosis over standard check (HUP 2) was 
calculated and tested for significance as per Panse and 
Sukhatme (1967) procedure.    

RESULTS AND DISCUSSION 

The mean square values after analysis of 
variance for genotypic differences and combining 
ability for the ten characters is presented in Table 1. 
There were significant genotypic differences for all 
the characters studied. The analysis on combining 
ability (table 1) showed the mean square due to GCA 
and SCA were significant for all the characters. 
Estimates of highly significant GCA and SCA 
variances for these characters indicated the 
importance of both additive and non additive gene in 
the expression of these characters. Estimate of GCA 
variance was greater than that of SCA for days to 
maturity, plant height, number of primary 
branches/plant, number of pods/plant, number of 
grains/pod, 1000-grain weight and grain yield per 
plant, whereas SCA variance was greater for only 
days to flowering, number of internodes per plant and 
pod length. These findings are in conformity with the 
findings of Singh et al., (1994) and Singh and Mishra 
(1996) for seed yield per plant. The per se 

performance of parents was compared with their gca 
effects for all the studied traits. It was concluded that 
the parents having best per se performance were 
proved to be the best general combiners for all the 

traits (Table 2). Singh et al. (1994) found similar 
results.  

General Combining Ability: The choice of 
parents on the basis of phenotypic performance alone 
is not a sound procedure since phenotypically 
superior lines may yield poor recombinants in the 
segregating generations. It is, therefore, essential that 
parents should be selected, on the basis of combining 
ability estimates where non allelic interactions are 
important. Estimation of GCA of the genotypes for 
ten characters showed that Rachna, KPMR-516 and 
Sikha were the best combiners for grain yield (Table 
2). A part from grain yield, Rachna was found to be a 
good general combiner for other yield components 
including number of internodes per plant and test 
weight. KPMR-516 was also good general combiner 
for number of internodes per plant, number of 
pods/plant and 1000-grain weight. KPMR-522; DDR-
39 and DDR-13 were good general combiners for 
days to flowering and days to maturity. KPMR-516’ 
KPMR-400; HUDP-15; KPMR-516; HFP-4; DDR-13 
and DDR-39 were high general combiners for plant 
height. These parents were tall and dwarf under late 
maturing group and exhibited desirable effect for 
different yield components. Under late maturing tall 
parents, Rachna was found good combiner for 
number of internodes per plant and test weight, 
Shikha for number of primary branches/plant and 
number of pods/plant. Late maturing and dwarf parent 
KPMR-516 was also good general combiner for 
number of internodes per plant, number of pods/plant 
and 1000-grain weight. The breeder may utilize the 
good general combiners in specific breeding 
programme for getting high yielding varieties as high 
GCA effects are mostly due to additive gene effect, or 
additive x additive interaction effects as reported by 
(Griffing, 1956). 

Specific Combining Ability: The estimates of 
SCA of 45 crosses for the ten characters are presented 
in Table 3. Cross Rachna x HUDP-15 exhibited high 
SCA effects for grain yield, days to maturity, number 
of primary branches and 1000-grain weight; Shikha x 
KPMR-522 for days to flowering, days to maturity, 
plant height, number of pods/plant and number of 
seeds per pod; HUDP-15 x KPMR-516 for days to 
maturity, pod length , and number of pods/plant; 
KPMR-522 x DDR-13 for number of internodes per 
plant; Rachna x HUP2 for days to maturity, number 
of internodes per plant and pod length; HUP 2 x HFP 
4 for days to flowering, days to maturity, number of 
pods/plant and 1000-grain weight; Shikha x KPMR-
516 for plant height, number of internodes per plant, 
number of pods/plant and 1000-grain weight and 
KPMR-522 x HFP-4 for days to maturity, number of 
internodes per plant and 1000-grain weight. These 
hybrids involved high/low or average/low 
combinations indicating additive x dominance type of 
gene interactions for expression of traits. The 
superiority of these crosses may be due to 
complementary and duplicate gene actions. Therefore 
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these hybrids are expected to produce desirable 
segregants and could be exploited successfully in 
field pea varietal improvement program. The present 
study revealed that breeders can improve upon the 
seed yield of field pea varieties, if they give proper 
attention to such type of genotypes in the available 
materials for crossing programme. 

Heterosis: Heterosis over standard check (SC) 
and better parent was studied for all the characters in 
45 hybrids (Table 4). None of crosses exhibited 
significant desirable heterosis for all the traits. For 
grain yield, heterosis over better parent ranged from -
57.55 to 63.16 per cent. The heterotic crosses for 
grain yield were HUDP-15 x KPMR-516 followed by 
HUP-2 x HFP-4 and KPMR-516 x HFP-4. The range 
of heterosis over economic parent (HUP-2) was 
observed from -36.49 to 69.45 per cent for grain yield 
per plant. The highest desirable economic heterosis 
for grain yield was found in Rachna x HUDP-15 
followed by Rachna x KPMR-516, HUDP-15 x 
KPMR-516, Shikha x KPMR-522, Rachna x HUP-2, 
Shikha x KPMR-516, Rachna x HFP-4, HUP-2 x 
HFP-4, Shikha x KPMR-400 and KPMR-516 x HFP-
4 (Table 3). Considerable heterosis for grain yield per 
plant was reported by Parmar (1993), Singh et al., 
(1994), Singh and Mishra (1996), Sharma et al., 

(1998), Kumar et al., (2000), Tyagi and Srivastava 
(2001) and Borah (2009). Parents and crosses both 
showed the positive correlation between yield and 
maturity period. Among the early maturing crosses, 
only one cross (HUP-2 x HFP-4) gave the high yield 
(7.4g per plant).  

Most of the hybrids showed negative 
heterosis for days to 50 percent flowering and days to 
maturity indicating that they had the tendency to 
flower and mature early. Plant breeders can give 
emphasis on yield contributing characters for the 
improvement of seed yield in field pea. Genetic 
analysis showed pre-dominance of non-additive gene 
action for yield per plant, hence, genetic diversity and 
over-dominance contributed to high heterosis in the 
crosses. But in other yield attributing traits revealed 
the significance of both additive and non-additive 
genetic effects. The improvement of such traits 
should be based on the simultaneous exploitation of 
both additive and non-additive components of genetic 
effects. For effective utilization of additive and non-
additive genetic effects, population improvement 
technique with some modifications would be effective 
for the improvement for yield and its component 
traits. 

 

Table 1 Analysis of variance and combining abilities of ten traits in field pea involving 10 x 10 half diallel analysis half 

diallel crosses 

 
Source 

of 

variation 

d. f. Days to 

flowering 

Days to 

maturity 

Primary 

branches 

Plant 

Height 

(cm) 

No. of 

internodes 

Pod  

length 

(cm) 

Pods 

Plant
-1 

Grains 

Pod
-1 

1000 

grain 

weight 

(g) 

Grain 

yield 

plant
-1

 

(g) 

GCA 9 6.195** 29.96** 0.52** 2879.73** 21.77** 0.130** 4.88** 0.359** 657.52** 3.233** 

SCA 45 6.462** 8.53** 0.416** 74.58** 53.89** 0.329** 4.76** 0.290** 355.34** 1.657** 

Error 108 0.649 0.647 0.050 5.17 0.975 0.037 0.389 0.108 21.46 0.239 

S2g - 0.048 0.048 0.003 0.387 0.073 0.002 0.029 0.008 1.609 0.017 

S2s - 0.550 0.549 0.042 4.387 0.827 0.032 0.330 0.091 18.21 0.203 

S2g/S2s - 0.087 0.087 0.07 0.088 0.088 0.062 0.087 0.087 0.088 0.084 

**, * Significant at 1% and 5% level of significance 

 

 

Table 2 Mean and general combining ability effects for ten traits in ten field pea parents from 10 x 10 half 

diallel analysis   
 

Character
s 

Parents 

Days to flowering Days to maturity No. of primary 
branches 

Plant height (cm) No. of internodes 
plant-1 

Mean gca effect Mean gca effect Mean gca effect Mean gca effect Mean gca effect 

Rachna 67.47 -0.36 106.87 0.96** 2.80 -0.02 116.20 22.47** 23.53 0.78** 

Shikha 71.60 -0.23 111.20 1.70** 3.33 0.12* 116.80 20.64** 22.13 -0.62* 

HUP 2 73.47 -0.74** 102.60 -0.30 2.87 -0.18** 114.40 23.43** 34.20 -0.65* 

KPMR 522 73.80 -0.31 102.07 -1.42** 4.27 0.08 42.07 -9.88** 32.87 0.34 

KPMR 400 74.53 0.20 106.67 1.55** 4.07 -0.22** 43.53 -7.93** 34.00 0.53* 

HUDP 15 77.00 1.82** 106.67 0.82** 3.27 0.04 45.13 -8.11** 19.93 -2.32** 

KPMR 516 74.40 0.47 111.93 1.33** 3.93 0.02 31.20 -11.76** 43.87 2.92** 

HFP 4 70.73 -0.25 105.07 0.16 3.27 0.31** 46.27 -7.36** 19.53 0.11 

DDR 13 67.00 -0.43* 96.27 -2.70** 2.40 -0.38** 55.27 -6.89** 26.33 -0.54* 

DDR 39 71.20 -0.16 98.07 -2.09** 2.60 -0.22** 40.93 -14.61** 18.53 -0.54* 

Var (gi)  0.0487  0.0485  0.0037  0.3878  0.0731 

Var (gi – g j  )  0.1082  0.1078  0.0083  0.8617  0.1626 
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Table 3 Estimates of SCA effects and mean performance for different attributes of 5 best crosses derived 

from 10 parental diallel crosses  

Trait  Cross Mean SCA effect 

 
 
 
Days to flowering 

Shikha ×HFP4 69.47 -3.18** 

DDR13 × DDR39 69.53 -3.00** 
HUP2 × HFP4 69.20 -2.94** 

KPMR516 × HFP4 70.60 -2.74** 

Shikha × KPMR522 70.20 -2.38** 

Rachna × DDR39 70.40 -2.21** 
Var (Sij) - 0.5509 
Var (Sij – Sik) - 1.1905 
Var (Sij – Skl) - 1.0823 

 
 
 
Days to maturity 

DDR13× DDR39 96.33 -3.87** 

Shikha × HFP4 103.13 -3.72** 
KPMR 516 × HFP4 103.40 -3.08** 
HUP2 × KPMR 516 103.27 -2.76** 
HUP2 × HFP4 102.40 -2.45** 
Var (Sij) - 0.5490 
Var (Sij – Sik) - 1.1864 
Var (Sij – Skl) - 1.0787 

 
 
 
 
 
 
No. of primary branches/plant 

Shikha × HUP2 4.73 1.63** 

Rachna × HFP4 4.53 1.09** 
Shikha × HFP4 4.60 1.01** 
HUDP 15 × DDR 13 3.73 0.91** 
KPMR400 × DDR 39 4.07 0.90** 
Rachna × HUDP 15 4.07 0.89** 
HFP4 × DDR39 4.13 0.88** 
KPMR400 × KPMR516 3.93 0.53** 
KPMR522 × KPMR 516 3.73 0.48** 
Var (Sij) - 0.0425 
Var (Sij – Sik) - 0.0919 
Var (Sij – Skl) - 0.0835 

 
 
 
Plant height (cm) 

Shikha × KPMR 400 84.07 12.99** 

HUP2× KPMR 400 84.47 10.61** 
Rachna × DDR 13 84.13 10.19** 
Shikha × HFP4 78.60 6.95** 
Var (Sij) - 4.3872 
Var (Sij – Sik) - 9.4795 
Var (Sij – Skl) - 8.6177 

 
 
 
 
No. of internodes/plant 

Shikha × HFP4 45.73 17.78** 

KPMR 400 × KPMR 516 46.73 14.82** 
Rachna × HFP 4 41.67 12.30** 
DDR 13 × DDR 39 36.53 9.15** 
HUP2 × DDR39 36.33 9.05** 
Rachna × HUP2 36.80 8.19** 
Shikha× KPMR 516 37.73 6.97** 
KPMR 522 × HFP 4 34.73 5.82** 
KPMR 516 × DDR 39 36.53 5.69** 
Var (Sij) - 0.8278 
Var (Sij – Sik) - 1.7887 
Var (Sij – Skl) - 1.6261 

 
 
 

KPMR 400 × HFP 4 6.87 1.18** 

HUDP 15 × DDR 39 7.04 1.00** 
DDR 13 × DDR 39 6.70 0.82** 

Traits 

Parents 

Pod length 

(cm) 

No. of pods 

plant-1 

No. of seeds pod-1 
1000-grain weight (g) Grain yield 

plant-1 (g) 

Mean gca effect Mean gca effect Mean gca 

effect 

Mean gca 

effect 

Mean gca 

effect 

Rachna 6.31 -0.01 13.33 0.04 4.47 -
0.25** 

190.15 11.14** 8.05 0.76** 

Shikha 6.07 0.14** 12.17 0.43* 4.60 0.13 159.89 -2.09 7.20 0.47** 

HUP 2 6.73 0.00 13.27 0.24 5.27 0.25** 175.38 - 5.37 -0.07 

KPMR 522 6.99 0.15** 10.33 -0.28 4.07 -0.14 166.19 1.66 4.82 -0.31* 

KPMR 400 5.50 -0.02 13.60 0.82* 5.27 0.03 166.65 -2.75* 8.04 0.14 

HUDP 15 5.97 0.10* 12.40 0.23 4.27 0.14 146.71 -4.11** 5.26 -0.03 

KPMR 516 5.87 0.08 11.00 0.64* 3.87 -0.19* 181.44 9.87** 5.12 0.54** 

HFP 4 4.77 0.18** 10.70 -0.12 4.40 0.09 169.46 0.56 5.45 0.06 

DDR 13 5.77 -0.06 11.13 -0.65* 4.40 012 175.48 -8.23** 6.05 -0.76** 

DR 39 5.72 0.06 9.23 -1.33* 5.00 -0.17* 177.26 5.74** 5.94 -0.80** 

Var (gi) 
 0.0028  0.0292  0.0081  1.6095  0.0179 

Var (gi – g j  )   
 0.0063  0.0649  0.0180  3.5767  0.0398 
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Trait  Cross Mean SCA effect 

 
 
 
Pod length (cm) 

Shikha × HUDP 15 6.66 0.82** 

KPMR 516 × HFP 4 6.48 0.69** 

Rachna × HUP 2 6.53 0.66** 
KPMR 516 × DDR 39 6.62 0.60** 
HUDP 15 × DDR 13 6.35 0.42** 
HUDP 15 × KPMR 516 6.45 0.38** 
Var (Sij) - 0.0321 
Var (Sij – Sik) - 0.0693 
Var (Sij – Skl) - 0.0630 

 
 
 
 
 
No. of pods/plant 

KPMR 516 × DDR 13 14.47 4.03** 

HFP 4 × DDR 39 12.67 3.67** 
Shikha × KPMR 522 14.17 3.58** 
HUP 2 × HFP 4 12.33 1.76** 
HUDP 15 × KPMR 516 12.87 1.56** 
Shikha × HFP 4 12.17 1.41* 
Shikha × KPMR 400 13.00 1.31* 
Shikha ×KPMR 516 12.73 1.22* 
Var (Sij) - 0.3307 
Var (Sij – Sik) - 0.7145 
Var (Sij – Skl) - 0.6495 

 
 
No. of seeds pod-1 

Shikha × KPMR 522 5.73 1.24** 

HUP2 × DDR 13 5.87 1.00** 
Var (Sij) - 0.0916 
Var (Sij – Sik) - 0.1980 
Var (Sij – Skl) - 0.1800 

 
 
 
 
 
1000-grain weight (g) 

KPMR 400 × DDR 39 214.57 44.68** 

HUP 2 × HUDP 15 186.23 35.24** 
KPMR 522 × DDR 39 196.95 22.66** 
Shikha × HFP4 187.22 21.86** 
KPMR 522 × HUDP 15 182.69 18.25** 
Shikha × KPMR 516 192.15 17.47** 
KPMR 516 × DDR 39 198.91 16.41** 
Var (Sij) - 18.2089 
Var (Sij – Sik) - 39.3442 
Var (Sij – Skl) - 35.7674 

 
 
 
Grain yield per plant (g) 

Rachna × HUDP 15 .10 2.36** 

Shikha × KPMR 522 8.45 2.28** 
HUDP 15 × KPMR 516 8.58 2.06** 
Rachna × HUP2 8.37 1.66** 
HUP2 × HFP4 7.45 1.45** 
Rachna × KPMR 516 8.76 1.44** 
Shikha × KPMR 516 8.29 1.27** 
Var (Sij) - 0.2031 
Var (Sij – Sik) - 0.4388 
Var (Sij – Skl) - 0.3989 

**, * Significant at 1% and 5% level of significance 

Table 4 Best crosses for different characters showing heterosis over standard check (SC) and better parent  

Characters Best crosses over standard check Best crosses over better parent 

Days to flowering HUP-2 × HFP-4 Shikha ×HFP-4 

Days to maturity DDR-13× DDR-39 Shikha × HFP-4 

Number of primary branches/plant Shikha × HUP-2 Shikha × HUP-2 
Plant height (cm) Shikha × HFP-4 Shikha × HFP-4 
Number of internodes per plant  KPMR-400 × KPMR-516 Shikha × HFP-4 
Pod length (cm) KPMR-400 × HFP-4 HUDP-15 × DDR-39 
Number of pods/plant KPMR-516 × DDR-13 KPMR-516 × DDR-13 
Number of grains/pod HUP-2 × DDR-13 Shikha × KPMR-522 
1000-grain weight (g) KPMR-516 × DDR-39 KPMR-400 × DDR-39 
Grain yield per plant (g) Rachna × HUDP-15 HUDP-15 × KPMR-516 
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ABSTRACT 

A field experiment was conducted to asses the efficacy of chemicals to control broomrape 
(Orobanche cernua Loefl.) in tomato (Lycopersicon esculentum Mill.) on the farmer’s field at Hosakote 
village of Bagepalli taluk in Chickballapura district, Karnataka State during Rabi-Summer 2006-07. 
Hitherto, Orobanche cernua was severely and only affecting tobacco cultivation in India and hand 
weeding is the only current practice to weed out broomrapes. Now, it has infested tomato crop in large 
areas in alfisols. The experiment was laid out in Randomized Complete Block Design with ten 
treatments and replicated thrice. The broomrape spikes started emerging above-ground from 43-58 
days after transplanting tomato. Flowering was completed by 7-13 days, stem drying was completed by 
26-38 days and the broomrape took 37-50 days to complete its life cycle after emergence above-
ground in tomato transplanted fields. Sulfosulfuron @75 g/ha recorded significantly lowest broomrape 
number, spike height, spike dry weight with higher broomrape control efficiency, which also accounted 
for higher plant height, number of branches and leaf area plant at harvest. Among all the chemical 
control treatments sulfosulfuron @ 75 g/ha recorded higher fruit weight/plant

 
and fruit yield of tomato.  

Key words: Broomrape, tomato, germination biology, weedy check, weed free check 

Broomrape (Orobanche cernua Loefl.) is a 
phanerogamic holo-root parasite belongs to the family 
Orobanchaceae and has about 150 species. It 
parasitizes the root of solanaceous crops; affecting 
tomato cultivation (Musselman, 1980). Most of these 
are perennials, but few species are annuals with short 
life cycle. They draw nutrients and water through 
haustoria that penetrate the root tissue, establish 
connections with the vascular system of the host 
plants and disrupt the growth and development of 
host plants. Yield loss is depending upon the time and 
severity of infestation of the parasite.  

Tomato (Lycopersicon esculentum Mill.) is 
one of the most important and widely grown 
solanaceae vegetable both in tropics and sub-tropics 
regions of the world. Tomato fruit being rich in 
vitamins and minerals can be consumed either as 
fresh vegetable or used in culinary purpose. Weed 
infestation is one among the severe problem causing 
yield reduction to the tune of 40-45 per cent. In recent 
years, in addition to general weeds, it is also being 
affected by Orobanche cernua in this regard, a 
thorough understanding of the biology of Orobanche 

cernua in relation to the growth of the tomato crop 
will help to predict the limitations and benefits of 
various control measures. In India, detailed studies on 
various fundamental and applied aspects of 
Orobanche cernua control in tomato cultivation are 
scarce. Therefore, an experiment was conducted in 
farmer’s field naturally infested with Orobanche 

cernua at Hosakote village of Bagepalli taluk to find 
selective herbicide to control broomrape and to work 
out the economics of the chemical control. 

 

MATERIAL AND METHODS 

The study was conducted during Rabi–

Summer of 2006-07 to test the performance of 

herbicides in controlling the broomrape and its 
economics in tomato cultivation. The site is situated 
at 130 4’ N latitude and 770 7’ E longitude with an 
altitude of 870 meters above mean sea level. The soil 
of the experimental site was red sandy loam in texture 
with neutral pH (6.7), electrical conductivity was 0.29 
dSm-1 and medium in organic carbon (0.50%). Soil 
was low in available N (210 kg ha-1), medium in 
available P2O5 (29.6 kg ha-1) and potassium (260 kg 
ha-1). The average normal rainfall at the site was 
695.3 mm. The rainfall was fairly well distributed 
from March to October. The experiment was laid out 
in Randomised Complete Block Design consisting of 
ten treatments and it was replicated thrice The 
treatments comprising four herbicides applied at two 
levels viz., sulfosulfuron (75 % WG), glyphosate (41 
% SL), imazethapyr (10 WSC) were applied at 50 and 
75 g/ha each of the treatment and metribuzin (70 % 
WP) was applied at 150 and 250 g/ha. Manual 
weeding and earthing up was done on 20 DAT to 
remove the other common weeds in all the plots while 
broomrape was removed in the treatment containing 
weed free check as and when emerges and orobanche 
were allowed to grow through out the crop growth 
period in weedy check plots.  These were compared 
with unweeded and weed free check treatments.  
Twenty five days old Tomato cv, Kissan hybrid 
seedlings were transplanted at a spacing of 65cm X 
45cm. Fertilizer application, irrigation and plant 
protection operations were done as per the package of 
practices recommended for tomato cultivation. The 
herbicides were applied at 30 days after tomato 
transplanting both for foliage and soil as a pre-
emergent spray to broomrape parasite. The 
experiment was conducted under irrigated condition. 
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Periodical biometric observations were recorded on 
various growth and yield parameters. 

RESULTS AND DISCUSSION 

Broomrape germination biology and population 

dynamics in infested tomato field and effect of 

herbicides on broomrape    

From the present study on the biology of 
broomrape Orobanche cernua. in tomato revealed 
that the broomrape spikes started emerging above-
ground from 43-58 days after transplanting of tomato. 
This variation in emergence of the broomrape shoot 
was highly correlated with seed layer depth, the 
deeper the layer the later the shoot emergence 
(Eizenberg et al., 2007). Emergence of broomrape 
above-ground depends on the point of attachment in 
the rhizosphere, soil moisture content and the quantity 
of stored carbohydrates in the parasite (Dhanapal, 
1996). Flowering was completed by 7-13 days after 
emergence of spike above-ground, while stem drying 
was completed by 26-38 days after emergence of 
spike above-ground and it completes its life cycle by 
37-50 days after its emergence above-ground.  The 
broomrape height ranged from 12.2 to 25.7 cm. The 
average dry weight of the spike was 6g (Table 1). 
Similar findings were also reported by Krishnamurthy 
(1977), Eizenberg et al. (1998) and Dhanapal (1996). 
At harvest, all the weed control treatments recorded 
significantly lower broomrape population than weedy 
check (27.62 m-2) followed by application of 
metribuzin @ 150 g/ha (18.66 m-2) and @ 250 g/ha 

(17.12 m-2). Weed free check, sulfosulfuron @ 75 
g/ha, (3.96 m-2) and sulfosulfuron @ 50 g/ha (5.65 m-

2) recorded lower broomrape population than weedy 
check. At harvest, among herbicide treatments lowest 
broomrape spike height was noticed with 
sulfosulfuron @ 75 g/ha (12.2 cm) followed by 
sulfosulfuron @ 50 g/ha (12. 6 cm) and glyphosate @ 
75 g/ha (13.9 cm) though they were on par with each 
other, but significantly superior over rest of the 
treatments.  The broomrape dry weight at harvest 
differed significantly due to broomrape weed control 
treatments. The weed free check treatment recorded 
significantly lower broomrape dry weight followed by 
sulfosulfuron @ 75 g/ha (7.77 g m-2) and 
sulfosulfuron @ 50 g/ha (9.23 g  m-2) (Table 2). The 
reduced broomrape dry weight in these treatments 
was mainly due to effective control of broomrape at 
early growth stages of crop as a consequence 
recorded lower broomrape spike population. 
Significantly higher broomrape dry weight recorded 
in weedy check (55.01 g m-2). Findings of the current 
study were in conformity with earlier findings of 
Hershenhorn et al. (1998) and Dhanapal (1996). 
Among the treatments highest broomrape control 
efficiency was noticed in weed free check and 
treatments receiving sulfosulfuron @ 75 g/ha @ 50 
g/ha (100%, 85.87% and 83.22% respectively) as 
compared to rest of the treatments. Similarly, weed 
free check and treatments receiving sulfosulfuron @ 
75 g/ha recorded lowest broomrape index (0.00%, 

1.98% respectively) as compared to weedy check and 
treatments receiving other herbicides (Table 2). Better 
broomrape control efficiency could be attributed to 
better efficacy of sulfosulfuron among herbicides in 
controlling broomrape, which is evidenced by lower 
number of spikes per square meter, spike height and 
dry weight of broomrape at harvest.   
Effect of herbicides on growth and yield of tomato 

Plant height of tomato differed significantly 
due to broomrape weed control treatments (Table 3). 
Weed free check recorded the higher plant height 
(79.8 cm) which was on par with treatments receiving 
sulfosulfuron @ 75 g/ha (77.3 cm) and sulfosulfuron 
@ 50 g/ha (74.8 cm) and lower plant height was 
recorded in weedy check (52.8 cm).  The increase in 
plant height in these treatments was due to effective 
control of broomrape during active crop growth 
period. Hershenborn et al. (1998) in tomato and 
Dhanapal et al. (1997) in tobacco also reported 
similar results. Similarly number of branches per 
plant differed significantly due to broomrape weed 
control  treatments at harvest significantly higher 
number of branches was noticed in weed free check 
(8.7) fallowed by treatments receiving herbicide 
sulfosulfuron @ 75 g/ha (8.4) and sulfosulfuron @ 50 
g/ha (8.0) as compared to weedy check (5.6).Among 
the different treatments weed free check and 
treatment receiving herbicide sulfosulfuron @ 75 g/ha 

recorded highest leaf area(73.20, 68.50 dm2 plant-1 

respectively) at harvest as compared to weedy check 
(41.65 dm2 plant-1) (Table 3).  Reduced number of 
branches and leaf area of tomato in weedy check was 
due to early broomrape competition for synthesized 
photosyntheates. Similar results were reported by 
Saghir et al. (1973). Among the treatments 
application of Sulfosulfuron @ 75 g/ha proved to be 
effective not only in controlling the broomrape but 
also it had helped to translocate higher proportion 
photosynthates from source to sink. This better 
translocation coupled with higher number of 
branches, plant height, leaf area in turn reflected in 
higher total dry matter accumulation (TDMA) (Table 
3). The total dry matter production is a result of 
cumulative and complementary effect of growth and 
yield components of plants, these differed 
significantly due to different broomrape control 
treatments at harvest stage.  Sulfosulfuron @ 75 g/ha 

(T4) recorded higher total dry matter (143.10 g plant-

1). The increased dry matter production was due to 
lower broomrape growth in these treatments as 
compared to Weedy check (T10) recorded 
significantly lower dry matter production (68.18 g 
plant-1) as the broomrape absorbed major share of 
photosynthates preventing the crop from expressing 
its potential to fullest extent thus resulting in low dry 
matter accumulation (Table 3) which was also the 
observation of Kleifeld et al. (1994). 

 Good broomrape management practices had 
resulted in improving growth components of tomato 
crop which in turn supported to reveal better yield 
components   viz ., higher number of fruits plant-1, 
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mean fruit weight, fruit weight plant-1 and fruit yield 
ha-1. Weed free check recorded highest number of 
fruits per plant, mean fruit weight and fruit weight 
plant-1 at harvest (23.73,17.77 and 2.69 respectively) 
followed by sulfosulfuron @ 75 g/ha (21.67, 15.53 
and 2.63 respectively) and sulfosulfuron @ 50 g/ha 
(19.22, 14.76 and 2.54 respectively) (Table 4). Total 
fruit yield ha-1 significantly varied in broomrape 
control treatments. Maximum fruit yield was recorded 
in weed free check (68,170 kg ha-1) and it was on par 
with sulfosulfuron applied @ 75 g/ha (66,820 kg ha-1) 
and sulfosulfuron @ 50 g/ha (61,797 kg ha-1).  Higher 
fruit yield and yield components can be attributed to 
higher broomrape control efficiency (%) and lower 
broomrape weed index (%). The competition between 

crop and broomrape was minimized and this made the 
crop plants to utilize available resources and 
synthesized photosynthates more effectively 
throughout crop growth period which in turn 
positively influenced the fruit yield by improving 
yield components. The results corroborate with the 
findings of Kleifeld et al. (1996) and Eizenberg et al. 
(2007).  

 For effective management of broomrape in 
tomato application of sulfosulfuron @ 75 g/ha is 
proved to be highly effective. Apart from higher 
broomrape control efficiency highest fruit yield and 
net return were also observed without causing any 
phyto toxicity in tomato.  

  

Table 1: Biology of broomrape in relation to tomato in the farmer’s field at Hosakote village 
 

Parameters Range Mean 

Days taken for emergence of spike above-ground (Days after transplanting of 
tomato) 

43-58 50 

Days taken for flowering (Days after emergence of spike above-ground) 7-13 10 

Days taken to drying of spike (Days after emergence of spike above-ground) 26-38 32 

Days taken to complete life cycle (Days after emergence of spike above-ground) 37-50 43 

Average number of broomrape spike (m-2) 16.3-28.6 22 
Broomrape spike height (cm) 12.2-25.7 19 

Average dry weight of broomrape spike (g) 2.7-9.1 6 

 
Table2: Effect of herbicides on number of spikes, spike height, dry weight, weed control efficiency and 

weed index of   broomrape at harvest. 
 

Treatment 
Number of 

Broomrape spikes 

Height of 

Broomrape 

spikes (cm) 

Broomrape dry 

weight (g m-2) 

Weed 

(broomrape)       

control 

efficiency 

(%) 

Weed 

(broomrape)        

index (%) 

T1 : Glyphosate @ 50 g a.i. ha-1 3.06 (8.92) 3.89 (14.7) 4.16 (16.93) 69.22 20.18 

T2: Glyphosate @ 75 g a.i. ha-1 2.76 (7.23) 3.78 (13.9) 3.62 (12.75) 76.82 25.11 

T3: Sulfosulfuron @ 50 g a.i. ha-1 2.47 (5.65) 3.61 (12.6) 3.11 (9.23) 83.22 9.34 

T4 : Sulfosulfuron @ 75 g a.i. ha-1 2.10 (3.96) 3.53 (12.2) 2.86 (7.77) 85.87 1.98 

T5 : Imazethapyr @ 50 g a.i. ha-1 3.42 (11.26) 4.07 (16.2) 4.90 (23.65) 57.00 16.20 

T6 : Imazethapyr @ 75 g a.i. ha-1 3.25 (10.12) 4.01 (15.7) 4.53 (20.16) 69.68 17.48 

T7 : Metribuzin @ 150 g a.i. ha-1 4.37 (18.66) 4.38 (18.8) 6.52 (42.08) 23.50 19.18 

T8 : Metribuzin @ 250 g a.i. ha-1 4.17 (17.12) 4.19 (17.1) 6.18 (37.81) 31.26 17.67 

T9 : Weed free check 0.70 (0.00) 0.70 (0.00) 0.70 (0.00) 100.00 0.00 

T10 : Weedy check 5.29 (27.62) 4.43 (19.2) 7.44 (55.01) 0.00 35.00 

S. Em + 0.164 0.12 0.177 NA NA 

CD at 5 % 0.487 0.37 0.527 NA NA 

Figures in parentheses indicate original values, NA: Data statistically not analysed 
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Table 3. Effect of herbicides on Plant height, Number of branches, leaf area, dry matter accumulation in 

leaf, stem, fruit and total dry matter accumulation (TDMA) of tomato at harvest. 

 

Treatment 

Plant 

Height 

(cm) 

Number 

of 

branches 

Leaf area 

(dm2  

plant-1) 

Dry matter accumulation (g plant-1) 

Leaf Stem Fruit TDMA 

T1 : Glyphosate @ 50 g a.i. ha-1 56.9 5.77 46.63 38.9 (46.2) 21.6 (25.6) 23.63 (28.0) 84.10 

T2: Glyphosate @ 75 g a.i. ha-1 54.50 5.62 42.23 35.1 (46.6) 20.4 (27.0) 19.78 (26.2) 75.30 

T3: Sulfosulfuron @ 50 g a.i. ha-1 74.80 7.96 64.83 55.6 (41.5) 36.7 (27.4) 41.40 (30.9) 133.71 

T4 : Sulfosulfuron @ 75 g a.i. ha-1 77.30 8.35 68.54 58.8 (41.0) 39.6 (27.6) 44.7 (31.2) 143.10 

T5 : Imazethapyr @ 50 g a.i. ha-1 63.17 6.73 53.21 48.1 (43.6) 28.7 (26.0) 33.36 (30.2) 110.29 

T6 : Imazethapyr @ 75 g a.i. ha-1 61.85 6.55 52.68 45.1 (44.5) 26.4 (26.0) 29.62 (29.2) 101.19 

T7 : Metribuzin @ 150 g a.i. ha-1 58.94 5.97 48.50 41.5 (45.8) 23.0 (25.4) 25.91 (28.6) 90.43 

T8 : Metribuzin @ 250 g a.i. ha-1 60.22 6.04 50.36 43.4 (45.5) 24.5 (25.7) 27.33 (28.6) 95.24 

T9 : Weed free check 79.80 8.67 73.20 63.0 (40.8) 43.9 (28.4) 47.20 (30.6) 154.15 

T10 : Weedy check 52.85 5.57 41.65 31.0 (45.4) 19.4 (28.4) 17.70 (25.9) 68.18 

S. Em + 3.01 0.32 2.33 2.45 2.50 1.33 3.05 

CD at 5 % 8.95 0.94 6.93 7.29 7.43 3.96 9.06 

Figures in parentheses indicates per cent to the total dry matter accumulation. 

Table 4: Effect of herbicides on Number of fruits per plant, Mean fruit weight, fruit weight plant
-1

 and 

fruit yield of tomato at harvest. 

 

Treatments 
Number of 

fruits /plant 

Mean fruit weight 

(g) 

Fruit weight plant-1 

(g) 

Total Fruit yield 

(kg ha-1) 

T1 : Glyphosate @ 50 g a.i. ha-1 9.84 10.66 1.34 54408 

T2: Glyphosate @ 75 g a.i. ha-1 8.27 8.57 1.25 51049 

T3: Sulfosulfuron @ 50 g a.i. ha-1 19.22 14.76 2.54 61797 

T4 : Sulfosulfuron @ 75 g a.i. ha-1 21.67 15.53 2.63 66820 

T5 : Imazethapyr @ 50 g a.i. ha-1 13.60 11.34 1.51 57121 

T6 : Imazethapyr @ 75 g a.i. ha-1 12.30 10.61 1.45 56251 

T7 : Metribuzin @ 150 g a.i. ha-1 10.94 9.70 1.38 55094 

T8 : Metribuzin @ 250 g a.i. ha-1 11.68 10.36 1.42 56120 

T9 : Weed free check 23.73 17.77 2.69 68170 

T10 : Weedy check 7.28 7.65 1.18 44310 

S. Em + 0.94 1.24 0.15 2803.5 

CD at 5 % 2.79 3.70 0.46 8330.1 

DAT: Days After Transplanting, N S: Non- Significant 
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ABSTRACT 

 
Agriculture in India is mainly dependent on the monsoon and its rainfall patterns.  Uttar Pradesh is 

a major food grain producing state of the country contributes about 21 Percent of total food grain 
production.  The Major crop grown in state during kharif season is Rice. Productivity of rice is almost 
stagnant from since last ten years. State experiences frequent droughts, floods and dry spells during 
the monsoon season behind these vulnerabilities rainfall is the key climatic element. Prediction and 
modeling of rainfall is very important issue for atmospheric sciences and agriculture. Hence a 
comprehensive analysis of rainfall data is a crucial component of the planning phase in agricultural 
research. Pattern of south west monsoon is directly related with the productivity of crop during 
monsoon season. Onset and withdrawl of monsoon govern the length of growing period for any 
particular region. Number of Dry and Wet days during monsoon period deals with management 
practice of crop. Probability of getting dry and wet days spell length during growing season helps to 
identify the windows for planning of sowing or planting date, irrigation, harvesting and several other 
management practices. Instat v. 3.033 is used to identifying these characteristics in the Central part of 
Uttar Pradesh.  

 
Keywords: INSTAT v.3.033, dry spell length, length of growing period,  rice, south west monsoon, 

irrigation management. 
 

Uttar Pradesh is the fourth largest state in 
country. State covers an area of about 246413 km2 
and possesses varied topographic features ranging 
from plain to Vindhyan hills. State is divided in two 
physiographic regions viz. Gangetic plains and 
southern plateau. From cultivation view point 
gangetic plains cover major portion of the state. Uttar 
Pradesh is the most populous with a population 
density of 776 km2. State has 16.49% of the country 
population (U.P. population 19.95 crores, 2011 
census) with 225 lakhs farm families. Agriculture is 
the most important in the state because about 80% of 
its population resides in rural areas and 75% of the 
total workers are involved directly or indirectly in 
cultivation/farming which accounts for 27% of state’s 
GDP. Agriculture is the main source of income for 
families in the state. It has 11.56 million hectare of 
cultivated area, constituting 70% of the total 
geographical area. The irrigated area is over 13.43 
million hectare. The small and marginal farmers 
jointly contribute 19.46% of farming household in 
eastern region against that of 19.11% of Uttar Pradesh 
(official website of Govt. of U.P.).  

Uttar Pradesh experiences frequent droughts, 
floods and dry spells during the monsoon season, 
making kharif season cropping risky (Gidwani, 2006). 
Several districts in one part of the state are inundated 
by floods, same time another part of the state faces a 
severe drought. In some years the onset of monsoon is 
early while in others it’s too late such freak variations 
in rainfall have large impacts on food security of the 
state, whose food production depends mainly on 

rainfed agriculture (Krishna Kumar et al., 2004; Mali 
et al., 2006).This annual variability also limits the 
selection of crop and varieties, because the planning 
of sowing dates is yet difficult, for successful 
cropping in rainfed systems (Hussein, 1987, Krishna 
Kumar et al.2004). This directly leads to significant 
reduction in food grain production due to the late start 
and early end of the growing season (Parathasarathy 
and Pant 1985). This is further complicated by the 
occurrence of long dry spells during the September 
month when most of kharif crops are in their 
reproductive growth stages. Increases in dry spell 
lengths and reductions in wet days during monsoon 
season have been reported in different part of India 
(Goswami et al., 2006). The main rainy season of the 
state is southwest summer monsoon season (June–
September) which provides major proportion of 
rainfall for two main crop growing seasons; kharif 

(summer) and rabi (winter). The kharif season starts 
with the southwest monsoon while the rabi season 
starts after the summer monsoon and continues 
through the following spring associated with 
northeast winter monsoon (October–December).  

The major kharif crops are rice, maize, 
sugarcane, cotton, jute, groundnut, soybean, bajra, 
etc. In among of these Rice is the major crop and is 
covered about 5.90 mha (about 98 % of total 
cultivated area of state during kharif season) which 
comprises of 13.5% of total rice in India. Uttar 
Pradesh is the leading producer (11.93 mt.) of rice 
and rank 3rd in the country with the productivity of 
2.11 t/ha (FAOSTAT, 2011). Rice farming in the 
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state is most vulnerable and risk prone due to 
complex ecological situations marked by frequent 
flood or drought or both. The area, production & 
productivity during last 10 years is given in table-1. It 
is clear that yield is stagnating around ≤ 2.0 t q/ha 

since 2001-2002 except in the year 2002-2003, 2004-
2005 and 2009-2010 due to erratic rainfall 
distribution causes excess water stagnation/ drought 
or both in different years. 

 

Table 1. Area, Production and Productivity of Rice during last ten years in Uttar Pradesh. 

 
Year Area (M ha) Production (M mt) Productivity  

(Qtls/ha) 

2001-02 6.07 12.85 21.17 

2002-03 5.21 9.59 18.4 

2003-04 5.72 12.48 21.81 

2004-05 5.34 10.75 18.11 

2005-06 5.57 11.12 19.96 

2006-07 5.82 10.88 18.69 

2007-08 5.69 11.73 20.62 

2008-09 6.01 13.05 21.71 

2009-10 5.14 10.71 20.81 

2010-11 5.63 11.94 21.2 

Average 5.62 11.51 20.24 

 

This shortfall in productivity is not only due to 
the major share of rainfed rice it may also be 
attributed due to several biotic and abiotic stresses. 
Huge proportion of rainfed rice suffers from three 
major abiotic stresses namely drought, submergence 
and Salinity (Dwivedi, 2012). In addition to these 
biotic and abiotic stresses low rice productivity may 
be attributed to nutrient deficiency e.g. Zinc, Iron, 
Boron etc (Tiwari, 2002) and iron 
toxicity.(Sharaswat, 2010) deteriorating soil health 
conditions due imbalance use of fertilizers, lesser use 
of organic manures, secondary and micro nutrients, 
poor seed replacement rate, lack of farm 
mechanization, mismanagement of water resources,  
resource poor farmers, poor dissemination of 
appropriate and location specific technologies 
specially for rainfed environments and lack of 
efficient drawn extension system and poor 
institutional coordination for ensuring facilities to the 
farmers (Dwivedi, 2012). Out of these constraints 
climate variability is most serious and unmanageable. 
Because changing climate brings new problems for 
the sustainability of rice production not only in state 
but globally by change in planting time, length of 
growing periods and reproductive cycle of important 
varieties (Siddiq, 2000). The existence of 
relationships between planting time, harvesting time, 
length of growing season, as well as occurrence of 
wet spell and dry spell during crop growing season is 
critical for planning of crop during monsoon season 
(Mugalavai et al., 2008). Studies conducted in 
different part of India indicated that there is a 
significant relationship between the start of rains and 
the length of the growing season (Sivakumar, 1988). 
A study, using high-resolution gridded rainfall data 
for a period from 1951 to 2003, revealed that the 
length of growing season increases with earlier start 
of the rains (Goswami et al. 2006). The frequency of 

days with low rainfall decreased significantly during 
1951–2004, while the frequency of long rainy spells 
decreased and the frequency of short rainy spells, dry 
spells, and prolonged dry spells increased all over 
India (Dash et al. 2009). Within the semi – arid and 
arid tropics, rainfall is the key climatic element. 
Hence a comprehensive analysis of rainfall data is a 
crucial component of the planning phase in 
agricultural research. Not only the total rainfall during 
the monsoon season but more than that the rainfall 
distribution is very important from the agricultural 
point of view. Among several important factors, one 
is starting date of the monsoon rain or the onset of 
monsoon. A delay in the onset of monsoon by 10 to 
15 days would adversely affect the crop output, while 
an early onset might not be utilized to advantage 
without an advance forecast. This study was designed 
to assess changes in the start, end and length of the 
growing season using past daily rainfall data derived 
from six meteorological stations located in Central 
part of Uttar Pradesh. In the present study Markov 
model of zero order has been utilized for predicting 
the lengths of long dry spells of 5 and 10 days from 
June to October. In mathematics, a Markov chain, 
named after Andrey Markov, is a discrete-time 
stochastic process with the Markov property. Having 
the Markov property means the next state solely 
depends on the present state and doesn't directly 
depend on the previous states. There is ‘n’ number of 
order for preparing Markov models. The relationships 
between start of the rain, end of the rain and length of 
the growing period for all six places were determined. 

Study Area 

The selected area for study lies within 800 30’ to 
820 30’ E longitudes and 250 45’ to 270 30’ N latitudes. 
Agroclimtically the study area lies in three different 
agro climatic zones. Gonda district falls under North-
eastern Plain Zone. Rainfall is quite high at about 
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1210 mm, the climate is moist sub-humid to dry sub-
humid, 73% of the land area is cultivated and about 
half of the cultivated land is irrigated.  

Tube wells are the major source of irrigation. 
Faizabad districts fall under Eastern Plain Zone 
Rainfall is adequate with a normal of 1,025 mm. The 
climate is dry sub-humid to moist sub-humid. Over 
70% of the land is cultivated and more than 80% of 
the cultivated area is irrigated. Sultanpur, Raebareili, 
Lucknow and Barabanki districts fall under the 
Central Plains sub-zone. The region receives on an 

average 979 mm of rainfall; the climate ranges from 
dry sub-humid to semi-arid and the soil is alluvium 
calcareous sandy loam. About 62% of the land is 
cultivated of which 56% is irrigated.  According to 
the drought assessment report (ISRO, 2012) the 
districts Barbanki, Faizabad, Gonda and Lucknow 
were identified as normal districts without any 
drought conditions. Sultanpur and Rae-Bareli districts 
experience mild drought during the crop growth 
period of the year 

. 
 

 
 

Figure: 1 Study area Figure: 2 Average Monthly Rainfall of the 

study area from the period 1997-2008. 

 

METREIAL AND METHODS 

Rainfall data from the period 1997-2008 were 
collected from six meteorological stations located in 
central part of Uttar Pradesh as depicted in Fig.1. 
Annual rainfall in the study area varies from 985 mm 
to 1089 mm with total average of 1006 mm with 
standard deviation 149 mm and CV 0.21 percent. 
Monthly rainfall pattern over the study area  

Presented in figure 3.0 shows that maximum 
rainfall is observed in month of July (299.4 mm) 
while minimum in the month of November (4.5 mm). 
Active monsoon season rainfall from June-September 
contributes about 89 percent of the total annual 
rainfall in the study area. 

 A Windows based statistical programme Instat 
Plus Version 3.036 an interactive statistics package 
developed at Statistical Service Centre The university 
of Reading, United Kingdom (Stern et al., 2003) was 
used to analyze the daily rainfall data for onset and 
withdraw of monsoon season, and length of the 
growing season. 

Rainfall and Yield variability index: To 
analyse the pattern of rainfall and yield of Rice crop 
in selected district from since last ten years we have 
used variability index just to see the distribution 

pattern and examine how the rainfall affect (both 
access and shortage) to the productivity of Rice . 
Negative (-ve) value shows decreasing pattern and 
positive (+ve) shows increasing pattern. Variability 
index is defined as the ratio between the standard-
deviation and the mean (Longley, 1952). Variability 
index (RVI) was calculated as: 

 

                                                   .
σ

µβ
δ

−
= i

i
 

Where, δi is Rainfall/Yield Variability Index 
during ith year, βi is Rainfall/Yield during ith year, µ is 
the mean of annual Rainfall/Yield for the period of 
observation, σ is standard deviation for the period of 
observation. 

Onset of Monsoon: Monsoon season in Uttar 
Pradesh is started from the month of June 

(Subbaramayya and Bhanukumar, 1978). The onset of 
the rainy season is defined as the first occasion after a 
selected date when the rainfall accumulated in 3 
consecutive days is at least 20 mm and no dry spells 
of more than 7 days in the next 30 days was used here 
as a successful planting date (Sivakumar1988). Thus 
we considering here the first day after 1 June when 
the total rainfall over 3 consecutive days is at least 20 
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mm and followed by a period of not more than 10 
consecutive dry days in the following 30 days as 
defined by Stern et al. (2003) with inbuilt formula in 
Instat programme.  

Withdraw of Monsoon: Probable withdrawal 
date of rainy season in Uttar Pradesh was observed in 
last week of September to first week of October 
(Mooley and Shukla, 1987) thus the withdrawal is 
defined as the last day before 1 October that receives 
10 mm or more rainfall.  

Length of growing period (LGP): 
Meteorologically LGP was calculated by subtracting 
the date of onset of monsoon from the date of 
withdraw of monsoon. 

Dry days: A dry day was defined as a day with 
less than 0.85 mm of rain in three consecutive days 
this is because of average water loss from soil due to 
evaporation in three consecutive days is 0.8 mm 
(Schwartz 2010). 

Wet Days: Daily pan evaporation of  5–8 mm is 
required for the successful production of crop in any 
region (Woltering, 2005). The rainfall below 0.85 mm 
per day has direct influence on crop growth Stern et 
al. (2003). Generally the wet day is defined as any 
day with more than 0.85 mm rainfall received in 1 or 
2 days, because the normal evaporation rate from bare 
soil is .8 mm /day (Love et al., 2008). Stern et al. 
(2003) suggest that for crop planning a threshold of 
4.95 mm. As defined by Indian Meteorological 
Department, a day with more than 2.5 mm rainfall has 
been considered as wet and that with less than 2.5 mm 
rainfall as dry. For the analysis the threshold value of 
2.45, available in the software is considered in our 
study for categorizing dry and wet days. In our study 
we considered here there is no any dry spell of more 
than a week after start of growing season that may 
reduce the possibility of a false start of the growing 
season. Normally a month of period is considered as 
average length for the initial growth stage of most 
crops (Allen et al.1998). Excel stat Pro was used to 
conduct the F test and t-tests just to confirm the 
significance of change in start and end of growing 
season, length of growing season and number of wet 
days per growing season. Regression analysis was 
conducted to determine the relationship between, start 
and end of growing season, start and length of 
growing season,  

RESULTS AND DISCUSSION 

Rainfall/ Yield Variability Index: Variability 
of rainfall over the yield of rice in selected districts of 
last ten years from the period 1999- 2008 is depicted 
in figure… shows that year 2000 2002 and 2006 is the 
driest year in all the district and production of rice 
crop is almost suppressed except in Raebarelli while 
Maximum production of Rice is observed in year 

2003, except in Gonda and Raebarelli this because of 
serious flood in Ghaghara, Ganga and Sai river. 
Barabanki and Lucknow shows diminishing yield 
pattern from 2004 this might be due to urbanization 
and late onset of monsoon while Faizabad, Rae- 
Barelli and Gonda shows increasing pattern but very 
slow rate there is no definite pattern was observed for 
Sultanpur district. start and number of wet days per 
growing season and number of wet days and length of 
growing season at each meteorological station. A t-
test was applied to check whether slopes of the 
regressions. The daily rainfall data were fitted to the 
simple Markov chain model as outlined by Stern et 
al., 1982. A zero order Markov model means the 
occurrence of dry day depends on the condition of the 
previous day. The Markov chain model was run so 
that it gave the probability of getting 5 and 10 day dry 
spells within 30 days following a wet day using June 
(151th day of the year) to the  October (305th day of 
the year). This period is the main cropping period for 
Rice crop in central Uttar Pradesh. Five and Ten day 
dry spell length were chosen because rainfall 
forecasts issued by IMD is 5 days only and maximum 
10 days period  is considered critical for irrigation of 
Rice crop. Median dates for the onset and withdrawl 
of monsoon, LGP wet and dry days based on daily 
rainfall data obtained from six meteorological stations 
in  Central Uttar Pradesh presented in Table 2. The 
variability of start and end of the growing season was 
almost similar at all stations The growing season 
generally started earlier at Sultanpur and ended earlier 
at Rae-Bareli. The growing season started during the 
first week of June at all meteorological stations 
during the period reviewed. Growing season starting 
as early as June 13th at Sultanpur district and as late as 
19th June at Gonda district. Onset of rain with 
maximum Standard Deviation (SD) of 16 days was 
observed for Gonda district while minimum for 
Barabanki, Lucknow and Raebarelli (13 days).   The 
monsoon withdrawal is early (23rd September) at 
Barbanki, Raebarelli, Faizabad and Sultanpur and late 
withdrawal is observed at Lucknow (28th September). 
Withdrawn of rainfall with maximum SD was 
observed for Lucknow while minimum for Gonda. 
The average length of the growing period for the 
study area was 100 days and least was observed for 
Rae- Bareli station (97 days) and highest in Sultanpur 
district (104 days). 

Maximum number of wet days is observed in 
Barabanki and Raebareli (42) and minimum for 
Sultanpur district while the average number of wet 
days for the study area is 40.  Maximum number of 
dry days was observed in Sultanpur district while 
minimum for Barabanki district while the average 
number of dry days is 113 for the entire districts. 
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Figure: 3 Last 10 year Rice Yield and Rainfall Variability over Study area Onset, Withdrawl, LGP 

and number of Wet and Dry days 

 
 

Table-2  Median dates for the onset and withdrawl of monsoon, LGP wet and dry days. 
Places *Median of Onset *S.D. *Median of Withdrawl *S.D. LGS Wet days Dry days 

Barabanki 168 13 268 18 99 42 111 

Lucknow 168 13 272 23 101 40 113 
Gonda 171 16 269 14 100 38 115 
Faizabad 169 14 268 18 98 40 113 
Rae Bareli 168 13 267 15 97 42 111 

Sultanpur 165 16 268 18 104 40 113 
Average 168 14 269 18 100 40 113 

* Values given in i
th

 days of year 

 

District wise onset and withdrawn of monsoon 
depicted in figure 3 shows that in Barabanki district 
earliest onset was observed in year 2000 on 7th June 
(159 days) while late onset of monsoon is observed in 
year 1998 and 2006 on 25th June (177 days). In case 
of withdrawal of monsoon in same district earliest 
was reported in year 2006 on 11th September (255 
days) too late was reported in year 1999 5th October 
(279 days) that extra late onset of monsoon and early 
withdrawl in year 2006 cause delay in sowing of Rice 
nursery and reduces total length of growing period 
which reflected in total productivity as presented in 
figure 2. Similar pattern of onset and withdrawl was 
also observed in case of Rae-barelli, Sultanpur, 
Lucknow Gonda and Faizabad district. In respect to 
onset of monsoon moving average of almost all 
stations shows downstream trend that indicate the 

onset of monsoon may be earlier in future while there 
is no any definite trend was observed in case of 
withdrawl of monsoon over all stations. 

The active monsoon period in study area occurs 
between June to October. Continuous 5 to 10 days dry 
spell during active crop growth period may cause 
significant loss. So here we have calculated the 
probability of getting 5 and 10 day dry spells during 
growing period by using data set from June to 
October that is depicted in Figure 4. Based on the 
reviewed result maximum probability of getting dry 
spell was observed during start and end of growing 
season in all district. In case of 5 days dry spell 
minimum 0-20 % probability was observed from the 
period of 28th June to 27th August (180-222 days of 
year) for Barabanki , 4th July to 9th August (186- 222 
days) for Faizabad and Raibarelli, 4th July to 3rd 
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August (186-216 days) for Gonda and 1st July to 31st 
July (183 to 213 days) for Lucknow and Sultanpur 
districts. While in case of 10 days dry spell minimum 
0-20 % probability period is observed between 1st 
June to 2nd September (153-246 days of year) for 
Barabanki  and Raibareli 7th June to 2nd September 
(159-246 days) for Faizabad, 7th June to 27th August 
(159- 240 days) for Gonda, 1st June to 27th August 
(153- 240 days) for Lucknow and Sultanpur districts. 
The decrease in probability of getting 5 and 10 day 
dry spells coincides with the peak rainfall period e.g. 
July and August month.  While more than 80% 
probability of getting 5 days dry spell was observed 
in first week of June and after 30th August (243 days 
of year) for Barabanki, Faizabad and Raebarelli, 
before 10th June and 27th August (162 days and after 
240 days of year) for Gonda, before  4th june and after 
24th August (156 and after 237 days of year) for 
Lucknow and Sultanpur district but in case of getting 
10 days dry spell with more than 80 % probability 
during growing period was observed after  17th 
September (261 days of year) in all the district. Over 
all result revealed that probability of getting dry spell 
increased after 17th September (261 days of year) that 
indicate that late maturing varieties of rice or Basmati 
type rice variety during that period is at flowering and 
grain filling stages which is very critical stage of 
getting water. Such dry spells during that period may 
have adverse effect on crop yield. This implies that 
the probability of reduced crop yields or complete 
crop failure due to soil water deficit. So there is 
alternative means of irrigation should necessary 
during that period. This indicates the major challenge 

in soil water management in rain fed cropping 
systems of Uttar Pradesh. 

Relationships of growing season 

characteristics 

A stronger relationship between start and end of 
growing season existed at Faizabad (R2 0.203) 
compared to the other districts (Table 2). The gradient 
of start and end of growing period relationship was 
steepest at Gonda district indicates that delayed start 
of rain is likely followed by early cessation of the 
growing period. This situation is more critical for 
smallholder farmers in Gonda district to access 
seasonal weather forecast information in planning of 
their farming operations than other districts transect 
reviewed.  The relationship between the start and 
length of the growing season was stronger at and 
Sultanpur district (R2 0.46) compared to the other 
districts reviewed. The gradient of start and length of 
the growing period is almost decline in all the 
districts. Regression analysis revealed a very poor 
relationship between the start and the number of wet 
days in a growing season for all the districts indicates 
delayed start of the rain is likely to be accompanied 
by a reduction in the number of wet days in a growing 
period that may cause a high risk of soil water deficits 
during growing period. Relationship between LGP 
and wet days is maximum for Sultanpur district (R2 

0.33) that indicates more wet days could translate into 
a longer growing period. This situation is critical for 
farmers to grow recommended crop and varieties in 
order to exploit favorable soil water conditions during 
such long and wet growing seasons. 

 

Table 3: Relationships of the different characteristics of the growing season in study area: 

 
Station Parameters Linear regression equations R2 

Barabanki 

Start End y = 0.1415x + 243.91 0.105 
Start LGP y = -0.8585x + 243.91 0.281 
Start WD y = -0.2217x + 79.487 0.037 
WD LGP y = 0.3477x + 7.6646 0.241 

Faizabad 

Start End y = -0.2281x + 307.63 0.203 
Start LGP y = -1.2281x + 307.63 0.381 
Start WD y = 0.2558x - 2.7804 0.052 
WD LGP y = 0.0406x + 36.148 0.005 

Gonda 

Start End y = 0.2527x + 226.17 0.063 
Start LGP y = -0.7473x + 226.17 0.371 
Start WD y = 0.1592x + 11.146 0.022 
WD LGP y = -0.0241x + 40.483 0.008 

Lucknow 

Start End y = 0.0434x + 259.97 0.001 
Start LGP y = -0.9566x + 259.97 0.364 
Start WD y = 0.36x - 21.478 0.077 
WD LGP y = 0.1809x + 22.033 0.049 

Rae barelli 

Start End y = -0.022x + 269.48 0.004 
Start LGP y = -1.022x + 269.48 0.435 
Start WD y = -0.2217x + 79.487 0.037 
WD LGP y = 0.1596x + 26.577 0.046 

Sultanpur 

Start End y = -0.158x + 294.62 0.015 
Start LGP y = -1.158x + 294.62 0.458 
Start WD y = 0.0619x + 29.459 0.002 
WD LGP y = 0.2622x + 12.46 0.325 
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Conclusion and recommendations 

After critical analysis of data presented in the study 
the conclusion came in mind that productivity of 
kharif season cropping is directly influenced by the 
amount and distribution of rainfall either deficit or 
scarcity. Length of growing period is depending upon 
onset and withdrawal of monsoon which govern the 
total productivity. For the selected study area the 
suggested successful planting date for Rice crop is 
28th June in case of 5 days dry spell length and 1st 

week of June in case of 10 days of dry spell length 
because the probability of getting wet days spell after 
that period is more than 80 percent. Analysis of the 
various characteristics of the monsoon season 
revealed that that there are no significant changes in 
the start, end and length of growing period over entire 
study area. Despite the lack of significant changes in 
delayed onset, early withdrawal and subsequent short 
LGP have been experienced during the year 2006 
which resulted in term of reduction in productivity. 
The growing season ends much earlier in Raebarelli 
and Barabanki district which observed more arid 
compared to the other districts. There is a high 
probability of getting 5 and 10 day dry spells during 
the last month of monsoon season after 17th 
September (261 days of year) further increasing the 
probability of significant crop yield reduction. There 
is greater scope in adoption of rainwater harvesting 
technologies and conservation agriculture practices in 
order to increasing the period of soil water 

availability in rainfed situation like Barabanki and 
Raebarelli districts. From the probabilities obtained 
one can depict the probability of dry spell lengths to 
assist the cultivators in rainfed areas judiciously plan 
for the agricultural activities of sowing, irrigating and 
harvesting for the region. Despite the lack of 
significant changes in the onset and withdrawal as 
well as LGP there is need to establish crop planting 
windows for Rice crops grown in the area. Regression 
analysis indicated that as drought period is increased 
in Sultanpur district, the strength of the relationship 
between start and end of growing season also 
increased. This information is needed by Smallholder 
farmers in central part of Uttar Pradesh for deciding 
on suitable varieties, and dates for land preparation 
and sowing of nursery. The poor relationship between 
start of monsoon and number of wet days during 
growing period indicates the high probability of dry 
spells during the peak rainfall period suggest the 
possibility of soil water deficits during the kharif 
season. This further confirms that there is need to take 
attention in rain and soil water management 
technologies for rainfed cropping systems. Efforts 
will be made to improve germplasm adaptation to 
cope up with the prevailing unfavorable condition for 
rice. Development of drought tolerant, flood tolerant 
wil be our main focus for improvement of rice 
productivity in future for central part of Uttar 
Pradesh.  
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Abstract 

Thirty six advanced lines including four checks and twelve cultivars of pea were studied for genetic 
variability, heritability, genetic advance and genetic divergence for ten characters. The heritability 
estimates were found to be higher for all characters except no. of primary branches per plant. High 
genetic advance coupled with high heritability estimate were predicted for plant height, no. of pods per 
plant, biological yield per plant, harvest index and grain yield per plant indicating least influence by the 
environment. On the basis of D2 analysis all genotypes are grouped into five clusters which indicate 
genetic variation present among genotypes studied. 

 

Key words:  Genetic variability, heritability, genetic advance, genetic divergence and field pea. 
 
Field pea (Pisum sativum L.) is an important 

crop among pulses in the country due to its multiple 
uses in the form of vegetable, chhola, besan and dhal 
etc. Its productivity is low which may be improved 
through employing the genetic variability 
appropriated. The estimates of heritable variances 
give a clue for possible improvement of the character 
under study. In field pea (Pisum sativum L.), it is 
important to select the divergent parents for 
hybridization to obtain desirable segregants for 
selection in advanced breeding generations. 

MATERIAL AND METHODS 

Thirty six advanced lines with four checks and 
twelve cultivars were evaluated in complete 
Randomized Block Design with three replications 
during rabi 2008-09 at oil seed research farm 
Kalyanpur, C.S. Azad University of Agriculture and 
Technology, Kanpur. Each genotype having four 
rows plot of three meter length with spacing 30 cm 
between row to row and 10 cm between plant to plant. 
The observations were recorded on 10 randomly 
selected plants of each genotype in each replication 
for ten quantitative traits viz., days to(%) flowering, 
plant height (cm) number primary of branches/plant, 
number of pods/plant, pod length (cm), no. of seeds/ 
pod, 100-seed weight (g),  harvest index(%) and seed 
yield/plant (g) (Table 1).estimated Heritability and 
genetic advance according to Hanson et al. (1956) 
and Genotypic and phenotypic coefficients of 
variation were also estimated as Burton (1952). 
Divergences were estimated using D2 statistics of 
Mahalanobis (1936) and clustering of genotypes was 
done according to Tocher’s method as described by 
Rao (1952). 

RESULTS AND DISCUSSION 

The analysis of variance revealed significant 
differences for all the characters studied, indicating 
appreciable amount of variability among the 
genotypes. Variability is a essential phenomenon for 

plant selection and hybridization methods. The 
genetic parameter of variation, heritability and 
expected genetic advance over mean for seed yield 
related traits are given table 2. The genotypic (GCV) 
and phenotypic coefficient of variation (PCV) ranged 
from 6.88 to 37.88 and 6.98 to 37.92 respectively. 
The maximum GCV and PCV were observed for 
plant height (cm) followed by biological yield, 
harvest index, no. of pods/ plant, grain yield/ plant 
(g), no. of seeds/ pod. Similar findings were reported 
by Tyagi and Srivastava (2002) and Nawab et al. 
(2008).  

  High heritability combined with high 
expected genetic advance would indicate the 
predominance of additive gene action on the trait and 
such trait is likely to be responding effectively for 
phenotypic selection. In present investigation plant 
height (cm), no. of pods/plant, biological yield/ plant 
(g), harvest index (%), and grain yield/plant (g) 
exhibiting high heritability with high expected genetic 
advance indicating predominance of additive gene 
action . Similar result was found by Mahant et al. 
(2001), Ranjan et al. (2006) and Kumar (2008).      

 All the genotypes studied in D2 analysis were 
grouped into five clusters (table 3). The cluster first 
had 4 genotypes followed by 13 genotypes in cluster 
II, 4 genotypes in cluster III, 9 genotypes in cluster IV 
and 6 genotypes cluster V. average intra and inter 
cluster distance II and least in I and the maximum 
inter cluster distance was observed between cluster I 
&II followed by cluster I & IV The cluster I (table 5) 
possess the genotypes with high cluster mean for pod 
length (cm), no. of seeds/ pod, 100-seed weight (g) 
and harvest index (%) and cluster IV possess high 
cluster mean for days to flowering, no. of primary 
branches/ plant, no. of pods/ plant and biological 
yield/ plant (g) and cluster II higher cluster mean 
value for plant height (cm) and grain yield/ plant. The 
maximum contribution to genetic divergence was 
made by plant height present (table 4) revealed that 
maximum intra cluster distance present in cluster V 
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and followed by cluster IV, III, which indicate that 
genotype present in these clusters may give high 
heterotic response and better segregent. (cm) followed 
by biological yield/plant and grain yield/ plant. There 
are necessary attention is required to focus on these 
characters. Similar result was observed by Tiwari et 

al. (2004), Gupta and Singh (2006), Kumar et al. 
(2008) and Yadav et al. (2009).  Thus these characters 
which have high percentage in genetic divergence 
may be very useful for choosing diverse parents for 
hybridization programmed for improving field pea. 

 

Table 1: Mean, Range, Standard deviation and Coefficient of Variation (%) for 10 characters in field pea 
     

Characters Range Grand mean Standard 

deviation 

Coefficient 

of Variation Min. Max. 

Days to(%) flowering 
Plant height (cm) 
Number of primary                  
branches/plant 
Number of pods/plant 
Pod length (cm) 
Number of seeds/pod 
100 seed weight (g) 
Biological yield / plant (g) 
Harvest index (%) 
Grain yield / plant (g) 

51.20 
38.00 
1.73 
8.40 
3.80 
2.33 

13.82 
10.87 
20.23 
4.17 

67.87 
156.17 
2.93 

22.33 
6.13 
4.33 

21.55 
31.00 
62.82 
11.60 

59.66 
99.94 
2.40 
14.50 
4.74 
3.34 
17.55 
20.26 
36.36 
6.95 

7.14 
65.59 
0.48 
6.31 
0.92 
0.99 
2.98 

10.38 
17.83 
2.81 

11.96 
65.63 
19.91 
43.54 
19.45 
29.72 
16.98 
51.25 
49.03 
40.48 

 

Table 2: genotypic and phenotypic coefficient of variation, heritability, genetic advance and genetic advance over 

mean 
 

Characters GCV PCV Heritability 

(%) 

Genetic advance Genetic advance 

over mean (%) 

Days to(%) flowering 6.98 6.88 97.4 8.39 13.99 

Plant height (cm) 37.92 37.88 99.8 77.93 77.97 

Number of primary branches/plant 13.94 10.32 54.9 0.38 15.83 

Number of pods/plant 25.4 25.03 97.1 7.36 50.75 

Pod length (cm) 12.03 10.73 79.5 0.93 19.62 

Number of seeds/pod 18.74 16.25 75.2 0.97 29.04 

100 seed weight (g) 9.86 9.76 98.0 3.49 19.85 

Biological yield / plant (g) 29.64 29.59 99.7 12.33 68.85 

Harvest index (%) 28.69 28.09 95.8 20.60 56.64 

Grain yield / plant (g) 23.72 23.27 96.2 3.27 47.05 

 

Table -3: Clustering pattern of thirty six genotype of field pea 

Clusters Strains/Varieties No. of Strains per cluster 

I HUDP-15, KPMR-514, DDP-7-201, SKNP-26 4 

II 
Rachna, ADG-2, ADG-5, ADG-6, ADG-7, ADG-15, ADG-17, ADG-23, ADG-24, ADG-26, 
ADG-29, ADG-32, ADG-33 

13 

III HFP-4, V.L.-47, RPF-26, DDR-82 4 

IV Shikha, ADG-1, ADG-10, ADG-12, ADG-13, ADG-16, ADG-19, ADG-28, ADG-30 9 

V V.L.-42, NDDP-7-202, KPMR-815, HFP-531, KPMR-814, KPMR-763 6 

 

Table - 4: Intra and inter cluster distance (D values) 

Clusters I II III IV V 

I 13.24 86.31 25.37 67.88 24.72 

II  25.60 62.72 30.98 58.07 

III   20.60 66.45 24.99 

IV    31.26 65.77 

V     39.46 
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Table-5: Cluster mean values and contribution of traits for divergence 
 

Characters I II III IV V Contribution 

 towards  

divergence    (%) 

Days to(%) flowering  51.73* 59.59 61.42 62.90** 59.02 4.45 

Plant height (cm) 52.52* 128.99** 53.82 126.83 59.01 49.37 

Number of primary branches/plant  2.17 2.51 1.98* 2.59** 2.33 00 

Number of pods/plant  10.80 16.05 10.65* 16.56** 13.11 1.2 

Pod length (cm) 5.58** 4.53 5.02 4.36* 4.99 0.15 

Number of seeds/pod 3.93** 3.01 3.88 2.96* 3.87 00 

100 seed weight (g) 18.66** 18.40 15.60* 17.94 15.64 6.19 

Biological yield / plant (g) 13.58* 23.04 14.70 25.16** 15.02 23.97 

Harvest index (%) 47.52** 23.04* 34.05 24.70 46.81 3.66 

Grain yield / plant (g) 6.41 8.35** 4.87* 6.16 6.84 9.05 

* Denotes minimum value, ** Denotes maximum value 
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ABSTRACT 

The Present study has been carried out with an objective to assess popularity of different sector 
specific programmes of Krishidarshan. For this, secondary data was procured from Audience Research 
Unit, Doordarshan Kendra Kolkata. Average Television Ratings (TVR) values for Agriculture based 
programmes was 0.46, for Fisheries based programmes it was 0.41 followed by TVR value of 0.31 for 
Animal Husbandry based programmes. However, Analysis of variance with one way classification 
revealed no significant difference between TVR values of Agriculture, Animal Husbandry and Fisheries 
based programmes. T test results showed that there was significant difference between TVR values of 
cable vis-a-vis non-cable viewers. Recorded field based programmes had higher TVR compared to 
live-phone-in programmes. Even though number of Fisheries based programmes is lesser (10) in 
comparison to Agriculture (100) and Animal Husbandry (12), the TVR of Fisheries based programmes 
was found to be only 0.05 values less than Agriculture. Statistically too there no significant difference 
was found to be existing as regards to TVR of Agriculture, Animal Husbandry and Fisheries based 
programmes. It is understood that in India, the state of West Bengal (W.B.), tops in fish production so it 
is important that Krishidarshan increases its focus for Fisheries based programmes so that viewers can 
be aware of the recent advancement in Fisheries and Aquaculture. 

Key Words: Krishidarshan; Doordarshan; TRP; TVR; Agriculture; Fisheries; Animal Husbandry. 

Television (TV) is the most frequently used 
media. There have been major technological changes 
and the most common and recent one is the Internet. 
Still the TV is popular. Shitak (2011) performed the 
appraisal of the TV and development communication 
in India. While measuring the popularity of the 
programme or channel, Television Rating Points 
(TRP) is computed in terms of TVR. TRP is the 
criterion that indicates the popularity of a channel or 
programme and is used as a tool to measure which 
programmes are viewed the most. This provides an 
index of the choice of the people. 

 
TVR provide information about the viewers’ TV 

watching habits and their socio-economic 
background. This in turn helps advertisers and 
corporate media planners in selecting the right media 
at the right time.By means of TVR different 
programmes are being ranked according to the 
viewers’ responses and those programmes which are 
having the higher TVR are considered as popular 
programmes assuming greater reach. 

Presently, Indian Television Audience 
Measurement (INTAM) is the only electronic rating 
agency, functioning in India for computing the TVR. 
Another way for assessing the viewers’ responses is 
audience research. INTAM uses two methodologies 
for calculating TRP. First is frequency monitoring, in 
which 'people meters' are attached to the TV set in a 
few thousand viewers' houses for judging purpose. 
These numbers are treated as sample from the overall 
TV owners in different geographical and 
demographic sectors. Second technique is more 
reliable and relatively new to India. In picture 
matching technique people meter continuously 

records a small portion of the picture that is being 
watched on that particular television set. Along with 
this agency also records all the channels' data in the 
form of small picture portion. Data collected from the 
sample homes is later on matched with the main data 
bank to interpret the channel name and this way 
national rating is produced.  

It is important to state there that Telecom 
Regulatory Authority of India (TRAI) (2008) has 
reported that reliability of audience measurement 
reports both from the perspective of viewers and 
competitive relations between broadcasters have been 
a matter of concern. 

Many media houses are carrying out media 
researches among the targeted viewers on their own, 
for getting the first hand viewers’ responses. But this 
is time consuming and labour intensive. For this, 
many media houses are solely dependent on the 
Television Audience Measurement (TAM) report, 
carried out by TAM Media Research in India. TAM 
Media Research is a joint venture between Nielsen 
(India) Private Limited and Kantar Market Research 
(TAM, 2013).  

Amongst different Indian TV channels, 
Doordarshan (DD) also procures TAM data for 
assessing their viewers’ responses. DD is a public 
television channel and run by Prasar Bharti, 
Broadcasting Corporation of India, under the Ministry 
of Information and Broadcasting, Government of 
India.  

Farm programmes on Indian television started 
with the introduction of Krishidarshan TV 
programme on January 26, 1967, with the launching 
of Satellite Instructional Television Experiment 
(SITE) in 1975 and Indian Satellite (INSAT) in 1982, 
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these programmes became familiar to a vast majority 
of rural viewers. Krishidarshan was the first rural 
programme in DD. With time, DD started 
programmes in regional languages also. DD-Bangla 
(also known as DD-7) channel is a regional free-to-air 
channel of DD, supported by studios in Kolkata, 
Shantiniketan and Jalpaiguri. As per the official 
website of DD, DD-Bangla is available to 97.1 % of 
the population of W.B. (Prasar Bharti, 2013). 

A daily television programme (5 days in a week) 
in collaboration with the Ministry of Agriculture, 
Government of India, under the scheme Mass Media 
Support to Agriculture Extension is telecast at 17.30 
hours on DD-Bangla (Krishidarshan in Bengali). It 
was initiated in the year 2004. Two types of 
programmes namely, recorded field based (Rec) and 
live-phone-in programmes (Live) cover various 
aspects of Agriculture, Horticulture, Animal 
Husbandry, Fisheries, Dairy and Rural life of farmers. 
It is necessary to carry out studies to determine which 
programme is watched most by the audience so as to 
measure the popularity of TV programmes in order to 
design effective strategies.  

With this background, a study was carried out 
with an objective to assess the popularity of 
programmes of Krishidarshan among the cable and 
non-cable viewers of W.B., India.  

MATERIALS AND METHODS 

To achieve the objective of study, secondary 
data was procured from the Audience Research Unit, 
Doordarshan Kendra Kolkata (DDK-Kolkata). For 
comparing the TVR with corresponding programmes 
details data of Krishidarshan programme was 
collected from telecast register of Krishidarshan. 

Details of programme telecast by DD Bangla for 
the period July to December, 2012 were procured 
along with corresponding TVR from the Audience 
Research Unit, DDK-Kolkata. These were later 
segregated as sector specific programmes. It was 
found that 122 programmes were telecast during this 
period. Categorisation of the programmes was also 
done according to live-phone-in and recorded field 
based programmes. Based on the information 
collected, the ten programmes telecast at 
Krishidarshan in decreasing order of TVR were also 
listed. Appropriate descriptive statistics and 
parametric tests were used to analyse the data.  

Most of the studies use TRP as a measure of the 
popularity of the programme. But there are some 
limitations reported on many occasions. The most 
crucial part of TRP measurement is the sample size of 

the research. Critics doubt as to how could this small 
sample truly represents the taste of viewers. It is 
worthwhile to mention here that due to this reason, 
DD has its own ratings system which is Doordarshan 
Audience Ratings (DART). DART is a diary based 
system of ratings. In this diaries are distributed in 
sample homes and the viewers are asked to note down 
each programme as and when watched by family 
members. At the end of the week a person collects all 
the diaries and sends them to the head office, where 
popularity of programmes is calculated. 

RESULTS AND DISCUSSION 

Details of programme telecast by DD Bangla 
were procured along with corresponding TVR from 
the Audience Research Unit, DDK-Kolkata. These 
were later segregated as sector specific programmes. 
It was found that 122 programmes were telecast 
during this period. Table 1 presents the information 
about the 122 programmes telecast during the period 
of study.  

It is clear from table 1 that a total of 122 
Agriculture, Animal Husbandry and Fisheries based 
programmes have been telecast during the period of 
study out of which 81.97% were Agriculture based 
9.84% Animal Husbandry based and 8.20% Fisheries 
based programmes. Overall TVR was found to be 
highest (0.46) for Agriculture based programmes. 
Difference in the average TVR of non-cable and cable 
was found to be 0.84. 

Two sample t test with equal variances was done 
to test the hypothesis whether a significant difference 
as regards to the TVR of cable viewers and non-cable 
viewers existed at 5% level of significance. It was 
found that tcal = 9.58 > tcrit = 1.97, so the H0 was 
rejected leading to the conclusion that there is a 
significant difference in the TVR of cable viewers 
and non-cable viewers.  

Based on the information collected, the ten 
programmes telecast at Krishidarshan in decreasing 
order of TVR are presented in table 2.  

As seen from table 2, nine out of ten of these 
programmes are recorded programmes and they are 
related to Agriculture. Only one programme is 
Fisheries based programme on artificial fish breeding 
while others are related to Agriculture. For all the 
programmes the TVR of non-cable programmes is 
higher.  

Similarly, the ten programmes telecast at 
Krishidarshan in decreasing order of TVR in the field 
of Agriculture are presented in table 3.  

It is clear from table 3 that programmes on pest 
and disease management of crops had high TVR. 
Programme on pest and disease control in guava 
cultivation ranks first as regards to the overall TVR, 
which is 1.98. The reason of its high popularity can 
be justified as guava is the third most important fruit 
crop of W.B. state after mango and banana as 
reported by Mitra et al. (2006). 

The ten programmes telecast at Krishidarshan in 
decreasing order of TVR in the field of Animal 
Husbandry are presented in table 4.  

It is clear from table 4, poultry farming had the 
highest TVR (0.67).  Interestingly turkey rearing had 
the same highest TVR.  

Based on the information collected, ten 
programmes telecast at Krishidarshan in decreasing 
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order of TVR in the field of Fisheries are presented in 
table 5. 

From table 5 it is clear that the programmes on 
artificial fish breeding or induced breeding and 
hatchery management were highly rated among the 
Fisheries based programmes. The reason behind this 
type of trend is the growing popularity of seed 
production through hatchery management among the 
fishers in W.B. 

It was necessary to know whether there was a 
significant difference as regards to the TVR of all 122 
programmes which were from Agriculture, Animal 
Husbandry and Fisheries and for this Analysis of 
Variance (ANOVA) was done. To check whether a 
difference existed between TVR values of cable vis-a-
vis non-cable viewers of Agriculture, Animal 
Husbandry and Fisheries based programmes, t test 
was performed.  

ANOVA with one way classification was done 
to test the hypothesis whether there is a significant 
difference as regards to the overall TVR of 
Agriculture, Animal Husbandry and Fisheries based 
TV programmes of Krishidarshan. The results 
showed that at 5% level that Fcal  = 0.79 < Fcrit = 3.07, 
so the H0 was accepted leading to the conclusion that 
there is no significant difference as regards to overall 
TVR among these three. The results of ANOVA are 
presented in table 6.  

Two sample t test with equal variances was 
carried out to test whether a difference existed 
between the cable vis a vis non-cable TVR of 
Agriculture, Animal Husbandry and Fisheries based 
programmes at 5% level of significance. The 
calculated and critical values of t statistics are 
presented in table 7.  

It is clear from table 7 that in all cases the value 
of tcal (10.47, 4.14 and 2.92 respectively) was more 
than the tcrit value (1.97, 2.07 and 2.10 respectively). 
Thus the H0 was rejected and it could be concluded 
that significant difference between cable and non-
cable TVR values of Agriculture, Animal Husbandry 
and Fisheries based programmes existed. 

CONCLUSION 

Even though numbers of Fisheries based 
programmes telecast are lesser in comparison to 
Agriculture and Animal Husbandry, the TVR of 
Fisheries based programmes is close to that of 
Agriculture. Statistically tests revealed that there is no 
significant difference existing as regards to the TVR 
of the Agriculture, Animal Husbandry and Fisheries 
based programmes.  

Highlighting the importance of Fisheries sector 
according to FAO (2012) capture Fisheries and 
Aquaculture supplied the world with about 148 
million tonnes of fish in 2010 (with a total value of 
US$217.5 billion). With sustained growth in fish 
production and improved distribution channels, world 
fish food supply has grown dramatically in the last 

five decades. World per capita food fish supply 
increased from an average of 9.9 kg (live weight 
equivalent) in the 1960s to 18.4 kg in 2009, and 
preliminary estimates for 2010 point to a further 
increase in fish consumption to 18.6 kg. It is reported 
by FAO (2012) that the growth in the global inland 
water catch is wholly attributable to Asian countries. 
With the remarkable increases reported for 2010 
production by India (up 0.54 million tonnes on 2009) 
and by China and Myanmar (up 0.1 million tonnes 
each), Asia’s share is approaching 70 percent of 
global production. 

As regards to Indian Fisheries it is worthwhile to 
mention that Ayyappan et al. (2011) has reported that 
Indian Fisheries occupy the second position in global 
fish production with an annual growth rate of 4.7%, 
recording 3.2% growth in marine sector and 6.2% 
growth in inland sector, thereby contributing 1.1% to 
the total Gross Domestic Product (GDP) and 5.3% to 
agricultural GDP of the nation.   

As regards to West Bengal it is reported that it 
tops in fish production. In W.B., Fisheries sector is 
contributing to State Domestic Product at current 
price for the year 2009-10 is 3.33%. W.B is topmost 
in Fish production, comprising both inland and 
marine production is 14.72 lakh tonnes (Department 
of Fisheries, Government of W.B., 2011). Moreover, 
FAO (2005) has reported that freshwater as well as 
brackish water Aquaculture activity is prominent in 
the eastern part of the country, particularly in the state 
of W.B. With regards to the market, the main areas of 
consumption for freshwater fish are in W.B. Bhatta 
(2003) has reported a large percentage of fish farmers 
practice Aquaculture on a part time basis with their 
involvement in the activity ranging from 17 man-days 
per annum in Karnataka to the highest of 75 man-days 
in W.B. These reports suggest that W.B. has an 
important place in Fisheries and Aquaculture sector.  

With this background and the results of the 
present study it is important that Krishidarshan 

increases its focus for Fisheries based programmes so 
that the viewers can be aware of the recent 
advancement in Fisheries and Aquaculture. One of 
the suggestions is that DD may collaborate with the 
State Agriculture University and Fisheries institutes 
of Indian Council of Agricultural Research in an 
institutionalised mode through a number of first line 
extension projects and other Mission Mode Programs. 
This can be instrumental in creating programmes on 
the recent advances leading to better dissemination. 
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Table 1: Agriculture, Animal Husbandry and Fisheries based programmes of Krishidarshan  

 

 

Programmes  

Number of 

programmes 

Percentage Average TVR of 

non-cable viewers 

Average TVR of 

cable viewers 

Overall 

TVR 

Agriculture  100 81.97 0.90 0.02 0.46 

Animal Husbandry 12 9.84 0.61 0.01 0.31 
Fisheries  10 8.20 0.80 0.02 0.41 

Table 2: Programmes telecast at Krishidarshan in decreasing order of TVR  

Topic Type Average TVR of non-

cable viewers 

Average TVR of cable 

viewers 

Overall 

TVR 

Pest and disease control in Guava cultivation Rec 3.95 0.02 1.98 
Pest & disease control in rose cultivation Rec 3.35 0.03 1.69 
A TV report on farmers' day Rec 3.17 0.02 1.59 
Programme on nursery management of crops Rec 2.85 0.01 1.43 
A TV report on international symposium on food 
security at BCKV 

Rec 2.75 0.08 1.41 

Cultivation of medicinal Plant Rec 2.38 0.00 1.19 
Pest & disease control in tuber crops (Stink lily) Rec 2.36 0.00 1.18 
Programme on artificial fish breeding Rec 2.31 0.02 1.16 
Rose cultivation Rec 2.28 0.04 1.16 
Varieties of boro* paddy & its cultivation Live 2.26 0.03 1.15 

*Boro:  This paddy variety is sown in January, grown during the summer months and harvested in June 

Table 3: Programmes telecast at Krishidarshan in the field of Agriculture in decreasing order of TVR  

Topic Type Average TVR of non-

cable viewers 

Average TVR of cable 

viewers 

Overall 

TVR 

Pest and disease control in Guava cultivation Rec 3.95 0.02 1.98 
Pest and disease control in rose cultivation Rec 3.35 0.03 1.69 
A TV report on farmers' day Rec 3.17 0.02 1.59 
Programme on nursery management of crops Rec 2.85 0.01 1.43 
A TV report on international symposium on food 
security at BCKV 

Rec 2.75 0.08 1.41 

Pulses cultivation during kharif* season Live 1.80 0.05 0.57 
Cultivation of medicinal Plant Rec 2.38 0.00 1.19 
Pest & disease control in tuber crops (Stink lily) Rec 2.36 0.00 1.18 
Rose cultivation Rec 2.28 0.04 1.16 
Varieties of boro**paddy and its cultivation Live 2.26 0.03 1.15 

*Kharif crops: Harvesting of any domesticated plant sown in the rainy (monsoon) season on the Asian subcontinent 
**Boro:  This paddy variety is sown in January, grown during the summer months and harvested in June 

Table 4: Programmes telecast at Krishidarshan in the field of Animal Husbandry in decreasing order of TVR  

Topic Type Average TVR of non-

cable viewers 

Average TVR of cable 

viewers 

Overall 

TVR 

Poultry farming Rec 1.34 0.01 0.67 
Rearing of turkey Rec 1.33 0.01 0.67 
Cattle rearing Rec 1.14 0.01 0.57 
Duck farming and Magolium flower 
cultivation 

Rec 0.86 0.00 0.43 

Pig farming Rec 0.84 0.00 0.42 
Cattle (Cow) management for better milk 
production 

Rec 0.69 0.02 0.36 

Khanki Campbell ducklings rearing Rec 0.54 0.02 0.28 
Self-employment through animal rearing Rec 0.33 0.01 0.17 
Cattle management Rec 0.11 0.00 0.05 
Cattle farming through modern methods Live 0.06 0.01 0.03 
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Table 5: Programmes telecast at Krishidarshan in the field of Fisheries in decreasing order of TVR  

Topic Type Average TVR of non-

cable viewers 

Average TVR of cable 

viewers 

Overall TVR 

Programme on artificial fish breeding Rec 2.31 0.02 1.16 
Programme on hatchery management Rec 2.13 0.00 1.06 
Hatchery management& seed 
production 

Rec 1.06 0.04 0.55 

Brood fish & pond management Rec 0.95 0.01 0.48 
Integrated fish farming Live 0.73 0.00 0.37 
Fish health management & feed 
management 

Live 0.57 0.00 0.28 

Fish rearing & Planning Live 0.11 0.09 0.10 
Programme of fish rearing in School 
compound 

Rec 0.11 0.00 0.06 

Programme on seed and artificial fish 
breeding 

Rec 0.00 0.06 0.03 

Programme on artificial fish breeding Rec 2.31 0.02 1.16 
 

Table 6: ANOVA table of overall TVR of Agriculture, Animal Husbandry and Fisheries based programmes 

Source of Variation Sum of Square (SS) Degrees of Freedom (df) Mean Square (MS) Fcal P-value Fcrit 

Between Groups 0.26 2 0.13 0.79 0.46 3.07 

Within Groups 19.71 119 0.17 - 

Total 19.97 121 - - 

 

Table 7: T test values between the cable vis-a-vis non-cable TVR of Agriculture, Animal Husbandry and Fisheries 

based programmes  

Category t-calculated t-critical      Decision (α=0.05) 

Cable and non-cable viewers of Agriculture based programmes 10.47 1.97 H0 Rejected 

Cable and non-cable viewers of Animal Husbandry based programmes -4.14 2.07 H0 Rejected 

Cable and non-cable viewers of Fisheries based programmes -2.92 2.1 H0 Rejected 
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ABSTRACT 

The field experiment was conducted at national research centre for banana to screen the 
banana cultivars and hybrids for water deficit tolerance and to elucidate information on epicuticular 
wax, proline, free amino acid and yield mechanism of banana cultivars and hybrids. Stress was 
imposed at different critical stages viz., 3

rd
, 5

th
, 7

th
 and 9

th
 month after planting. The stress was given by 

scheduling irrigation at the 50 per cent available soil moisture (ASM) characteristic during critical 
stages. The soil moisture content was analyzed by using pressure plate membrane apparatus. In 
control plots, the irrigation was given at the ASM of 80 per cent with the soil water potential of around -
6 bars and in the case of stressed plots; the irrigation was given when an ASM reached 50 per cent 
with the soil water potential of -14 bars. In stressed plots, 50 per cent ASM was reached around 30 
days. In this present study conducted with twelve cultivars and hybrids with three replications. The data 
were analyzed by using split plot design. The epicuticular wax, proline, free amino acid and yield were 
significantly increased during water deficit conditions. Among the twelve cultivars and hybrids, 
Karpuravalli, Karpuravalli x Pisang Jajee, Saba, and Sannachenkathali was identified as tolerant to 
water stress with highly accelerated by water stress treatment in the range of 18, 24 and 27 per cent 
over control in epicuticular wax content, proline and free amino acid leads to maintains the higher 
osmotic potential and water potential during stress conditions and get higher yield; whereas, Matti, 
Pisang Jajee x Matti, Matti x Anaikomban and Anaikomban x Pisang Jajee were notified as sensitive 
cultivars and hybrids with lesser increase in epicuticular wax content, proline and free amino acid of 13 
per cent than control which is leads to get very low yield. 

Key words: banana, water stress, epicuticular wax, proline, free amino acid and yield 

 

Banana is the ‘queen of tropical fruits’ and is 
one  of the oldest fruits known to mankind from pre-
historic times. Today, it is the leading tropical fruit in 
the world market with a highly organized and 
developed industry. It is the fourth largest fruit crop 
in the world after grapes, citrus fruits and apples. 
Drought is an insidious hazard of nature.  Although it 
has scores of definitions, it originates from a 
deficiency of precipitation over an extended period of 
time, usually a season or more.  This deficiency 
results in a water shortage for some activity, group, or 
environmental sector.  Water deficit occurs when 
water potentials in the rhizosphere are sufficiently 
negative to reduce water availability to sub-optimal 
levels for plant growth and development. On a global 
basis, it is a major cause limiting productivity of 
agricultural systems and food production (Bray et al., 
2000). Banana plant productivity is greatly affected 
by environmental stresses such as drought, water and 
cold. Plants respond and adopt to these stresses to 
survive under stress condition at the molecular and 
cellular levels as well as at the physiological and 
biochemical levels. Physiological responses to soil 
water deficit are the feature that is most likely to 
determine the response of the crop to irrigation. The 

banana plants are sensitivity to soil moisture stress is 
reflected in changes in reduced growth through 
reduced stomatal conductance and leaf size 
(Kallarackal et al., 1990) increased leaf senescence 
(Turner, 1998). Bananas (Musa spp.) rarely attain 
their full genetic potential for yield due to limitations 
imposed by water ultimately limiting the plants 
photosynthesis. Turner and Thomas (1998) reported 
that, the banana is sensitive to soil water deficits, 
expanding tissues such as emerging leaves and 
growing fruit are among the first to be affected. As 
soil begins to dry, stomata close and leaves remain 
highly hydrated, probably through root pressure. 
Productivity is affected because of the early closure 
of stomata. Turner and Thomas (1998) who showed 
measurements of leaf water potential using either the 
exuding xylem or relative leaf water content could not 
be reliably linked to plant functions such as stomatal 
movement, net photosynthesis or leaf folding. Water 
potential measured by the exuding latex method 
appeared the best for determining leaf water status, 
but even this shows a small change in plants 
experiencing soil water deficit (Thomas and Turner, 
1998) supporting the hydrated status of banana leaves 
although the soil is dry. Understanding banana plant 
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response to soil moisture deficit and higher 
expression of epicuticular wax content, proline and 
free amino acid content with lesser reduction in yield 
are of basic scientific interest and have potential 

application bananas (Musa spp).  With a view to elicit 
information on these aspects, field and laboratory 
investigations were undertaken. 

MATERIALS AND METHODS 

The experiment was carried out at at national 
research centre for banana, Thiruchirapalli, during 
2011-2012. The experiment consists of two 
treatments as considered as main plot and twelve 
cultivars and hybrids as taken as sub plots were laid 
out in split plot design with three replications. The 
main plots are, M1 (control) with the soil pressure 
maintained from -0.69 to -6.00 bar, M2 (water deficit) 
with the Soil pressure maintained from -0.69 to -
14.00 bar. Soil pressure of -14.00 bar was reached at 
30 days and measured by using soil moisture release 
curve and measured the soil moisture by using the 
pressure plate membrane apparatus (Fig 1) .The sub 
plots are, S1: Karpuravalli (ABB), S2: Karpuravalli  x 
Pisang Jajee, S3: Saba (ABB), S4: Sanna Chenkathali 
(AA), S5: Poovan (AAB), S6: Ney poovan (AB), S7: 
Anaikomban (AA), S8: Matti x Cultivar Rose, S9: 
Matti (AA), S10: Pisang Jajee x Matti, S11: Matti  x 
Anaikomban and S12: Anaikomban x  Pisang Jajee. 
The epicuticular wax content, proline and free amino 
acid content were recorded during 3rd, 5th, 7th, 9th 
month after planting and at harvest stages of the crop. 
The yield were assessed at the time of harvesting. 
Epicuticular wax (ECW) content by the method of 
Ebercon et al. (1977) and expressed as mg g-1 dry 
weight, Proline content were estimated in 
physiologically active leaves as per the procedure of 
Bates et al. (1973) and expressed as µg g-1 of fresh 
weight and Free amino acid content were recorded by 
using the procedure of Mishra and Dhillon (1981) and 
expressed as µg g-1 during 3rd, 5th, 7th, 9th month after 
planting and at harvest stages of the crop.  

RESULTS AND DISCUSSION 

Epi Cuticular Wax (ECW) 

 The time trend of ECW revealed an 
increasing trend from 3rd to 7th MAP declining 
towards harvest (Table 1). The main and sub-plot 
treatments differed significantly at all the growth 
stages. Between the main plots, M2 recorded higher 
wax content of 6.91 µg cm2 over M1 (5.34 µg cm2) at 
7th MAP stage. Among the sub plot treatments, S1 
(9.87 µg cm2) was found to contain the highest ECW, 
followed by S2 (9.55 µg cm2) and S3 (9.44 µg cm2). 
The lesser wax content was observed in the treatment 
of S12 with the value of 3.46 µg cm2. All the 
interaction treatments of M at S and S at M differed 
significantly. The treatment M1S1 registered higher 
wax content of 8.43 µg cm2 followed by M1S2 (8.11 
µg cm2). However, a considerable increase in ECW 
could also be observed due to M2 and subplot 
treatments. M2S1, M2S2, M2S3 and M2S4 registered about 
35 to 44 per cent increase, whereas all the other 
treatments recorded about 17 to 24 per cent increase 

over the interaction between M1 and subplot 
treatments.  

The plant cuticle and waxes have many 
important functions. They reduce the loss of water, 
reflect or attenuate radiation, form the basis of 
phyllosphere, protect plant tissues against penetration 
by fungi, bacteria and insects, as well as from 
mechanical damage (by wind, rain, soil particles etc.) 
reduce water retention on the plant surface, and 
provide a self-cleaning surface. The Epicuticular 

waxes (ECW) are composed of a mixture of chemical 
compounds such as hydrocarbons, primary alcohols 
and aldehydes (Jenks and Ashworth, 1999). 
Compositionally, the cuticle is characterized by two 
specific groups of lipid substances, insoluble 
polymeric cutins which constitute the backbone of the 
membrane called as cutin matrix and soluble waxes 
deposited on the outer surface as ECW and embedded 
within the cutin matrix as intracuticular wax (Baker 
and Allen, 1993). The cuticle plays a fundamental 
protective role against water loss, particularly when 
stomata are closed during water stress (Jenks and 
Ashworth, 1999). Shivasankar et al. (1993) reported 
that the level of ECW was higher in stress condition. 
In this  research study, the ECW content increased under 
stress conditions of about 40 per cent in tolerant cultivars 
like Karpuravalli, Karpuravalli x Pisang jajee, Saba and 
Sannachenkathali over control. The susceptible 
cultivars of Matti, Matti x Anaikomban, Matti x 
cultivar rose and Pisang jajee x Matti, registered only 
15 to 20 per cent increase in ECW over control. It 
was also established that, when drought progressed, 
stomata got closed with higher deposition of ECW 
leading to decreased cuticular permeability of water 
loss and increasing the crop albedo (Blum, 1988). 
Premchandra et al. (1992) stated that the increase in 
cell membrane stability and ECW under water deficit 
conditions has been associated with drought 
tolerance. The cuticle plays a fundamental protective 
role against water loss, particularly when stomata are 
closed during water stress (Jenks and Ashworth, 
1999). 

Proline  
 The proline content showed an increasing 

trend as the growth stage advanced upto 7th MAP and 
declined towards harvest (Table 2). Between the 
treatments, M2 had higher proline content of 98.3 µg 
g-1 than M2 (79.4 µg g-1) at 7th MAP. Analyzing the 
effect of sub-plot treatments, S1 recorded an increased 
proline accumulation of 98.4 µg g-1. This treatment 
was followed by S2 (97.8 µg g-1) and S3 (94.9 µg g-1). 
The treatment, S12 showed an lesser proline 
accumulation (87.5 µg g-1) at 7th MAP. The 
interaction effects of M at S and S at M revealed 
significant differences at all the stages of growth. The 
treatment M2S1 recorded the highest value of 116.5 
µg g-1 followed by M2S2 (112.1 µg g-1), M2S3 (109.2 
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µg g-1) and M2S4 (108.7 µg g-1) at 7th  MAP. The 
treatment M2S10, M2S10, M2S11 and M2S12 found to 
accumulate the proline at significantly lower level 
than the other treatments. 

Proline accumulation is an universal response 
of plants to various stresses. Proline acts as an osmolyte 
and helps the plants to maintain tissue water potential 
under all kinds of stresses. Proline, as an 
osmoprotectant, is largely confined to the cytoplasm and 
is mostly absent from the vacuole (Mc Neil et al., 
1999). It plays a key role in the cytoplasm as a 
scavenger of free radicals as well as a mediator in 
osmotic adjustment and also increases the solubility 
of sparingly soluble proteins (Caplan et al., 1990; 
Saradhi et al., 1995). Shen et al. (1990) advocated 
that water stress enhanced the accumulation of proline 
in many plant species and it might function as a 
source of solute for intercellular osmotic adjustment 
under water stress. Stewart (1978) suggested that 
proline might severe as a storage compounds for 
reduced carbon and nitrogen during stress. Proline 
might regulate the osmotic balance of the cell thus 
relieving the negative effect of stress (Reddy et al., 
2004). In the present study also, cultivars like 
Karpuravalli, Karpuravalli x Pisang jajee, Saba and 
Sannachenkathali had higher amount of proline 
accumulation particularly at 7th MAP followed by 
Poovan, Ney Poovan, Anaikomban and Anaikomban 
x Pisang jajee than cultivars of Matti, Matti x 
Anaikomban, Matti x cultivar rose and Pisang jajee x 
Matti (Fig 19). These findings are further supported 
by the results of Mohd Razi Ismail (2004) in banana, 
which explained that the enhancement in free proline 
content could occur either due to ‘de novo’ synthesis 
of proline or breakdown of proline-rich protein or 
shift in metabolism. According to Karamanos et al. 

(1983), there are three main reasons for the 
accumulation of proline in stressed leaves. The first 
and main component for this accumulation is the 
stimulation of proline synthesis from glutamic acid. 
The second is an inhibition of proline oxidation to 
other soluble compounds, and the third an inhibition 
of protein synthesis. The metabolic conversion of 
glutamic acid to proline and thereafter to other 
products via oxidation occurs readily in turgid leaves 
of barley and is stimulated by higher levels of proline. 

Free Amino Acid (FAA) 

 Free amino acid (FAA) content of the leaf 
increased upto 7th MAP with a decline towards 
harvest (Table 3). Main plot treatments of M1 and M2 
differed significantly at all the growth stages, with 
significantly higher contents maintained by M2 (12.3, 
14.7, 16.2, 14.0 and 11.2 mg g-1) throughout the 
growth periods than M1 (9.4, 11.9, 12.5, 10.7 and 7.9 
mg g-1). All the sub-plot treatments also differed 
significantly. Among the sub plot treatments, S1 
recorded highest content of 19.2 mg g-1, followed by S2 
(17.4 mg g-1) and S3 (17.3 mg g-1) at 7th MAP. 
Treatment S12 (12.8 mg g-1) followed by S11 (13.1 mg 
g-1) exhibited lesser content of FAA at same stage of 
growth. The interaction effects of M at S and S at M 

revealed significant differences at all the stages of 
growth. Among them, the treatment M2S1, M2S2, 
M2S3, and M2S4 registered the highest content of FAA 
(21.0, 19.0, 18.9 and 14.4 mg g-1) over the M1 and 
subplot treatments. However, a considerable increase 
in FAA activity could also be observed due to 
interaction with M2 and subplot treatments.  M2S1, 
M2S2, M2S3, and M2S4 registered about 40 to 45 per 
cent increase. Other interactive treatments such as M2S5, 
M2S6, M2S7, and M2S8 showed about 25 to 30 per cent 
increase, whereas, M2S9, M2S10, M2S11 and M2S12 
exhibited lesser content of FAA (18 to 20 per cent) than 
M1 and subplot treatments. 

 Accumulation of free amino acids is also 
significant under water stress and may be due to 
induced hydrolysis of proteins as reported in crops 
like Arachis hypogeae and Vicia faba (Purushotham 
et al., 1998; EITayab 2006). Jones et al. (1981) 
demonstrated the contribution of solutes in the 
osmotic adjustment during moderate stress levels than 
severe stress level. As observed in the present studies, 
cultivars of Karpuravalli, Karpuravalli x Pisang jajee, 
Saba and Sannachenkathali registered 22 per cent 
increase in FAA content than the control. These 
findings are in accordance with Stewart and Larher 
(1980) found an accumulation of free amino acids in 
the presence of water deficit leading to a dynamic 
adjustment of nitrogen metabolism. The increase in 
free amino acids could contribute to the tolerance of 
the plant to water deficit through an increase in 
osmotic potential or as a reserve of nitrogen 
principally for the synthesis of specific enzymes 
(Navari-Izzo et al., 1990). Kraus et al., (1995) reported 
that increased accumulation of FAA during stress 
conditions could be an indicator of the adaptive 
nature of the coconut palms to cope up with the 
adverse conditions during summer months. Once 
water deficit is established, the level of free amino 
acids in plants increased under moderate stress and 
severe stress conditions (Jones et al., 1981). The 
increase in aspatate, glutamate, proline, alanine and 
valine compound due to increase in free amino acids 
content in stressed leaves could help maintain energy 
fluxes of the chloroplast (Ashraf, 2004). 

Bunch weight (kg bunch
-1

) 

 Bunch weight varied significantly among 
main as well as sub plot treatments. Comparing the 
two main plot treatments, M1 recorded significantly 
higher mean bunch weight of 11.9 kg bunch-1 whereas 
M2 recorded a mean value of 10.0 kg bunch-1. All the 
sub plot treatments significantly influenced the bunch 
weight. Among them, S1 registered the highest bunch 
weight of 22.0 kg bunch-1, followed by S3 (18.3 kg 
bunch-1), S5 (17.1 kg bunch-1) and S4 (13.5 kg bunch-

1). The lowest bunch weight was recorded by S12 (3.4 
kg bunch-1), followed by S11 (3.5 kg bunch-1). The 
interaction effects of M at S and S at M were also 
significant. Among the interaction treatments, M1S1 

outperformed all the others by recording the highest 
bunch weight of 23.0 kg bunch-1, however, as the 



Journal of Progressive Agriculture, Vol.4, No. 1: April, 2013 

   39

result of interaction with M2 the bunch weight was 
reduced to 21.0 kg bunch-1 with per cent reduction of 
8.7. This treatment was followed by M1S3 (19.5 kg 
bunch-1) with the reduction of 11.5 per cent when 
interacted with M2 (17.0 kg bunch-1). Similarly, M1S9, 
M1S10, M1S11 and M1S12 recorded the bunch weight of 
12.0, 4.5, 4.0 and 4.0 kg bunch-1 with the reduction 
per cent of 24.6, 38.8, 26.2 and 31.2 when interacted 
with M2. Bunch yield of banana is considered as the 
major contributing factor for the final plant yield, 
generally expressed in kg per bunch. In the present 
study, comparing bunch weight of all the twelve 
cultivars of banana as affected by water deficit, 
significant variations could be observed. The cultivars 
of Karpuravalli, Karpuravalli x Pisang jajee, Saba and 
Sannachenkathali produced the mean bunch weight of 
17.5, 15.5, 14.5 and 14.5 kg bunch-1 followed by 
Poovan, Ney Poovan, Anaikomban and Anaikomban 
x Pisang jajee recording 14.0, 9.5, 6.0 and 5.5 kg 
bunch-1, whereas Matti, Matti x Anaikomban, Matti x 

cultivar rose and Pisang jajee x Matti produced lower 
bunch yield of 4 to 4.5 kg bunch-1 due to water 
deficit. Besides these cultivar variations due to water 
deficit exhibited their significant inhibitory effect on 
bunch yield. The tolerant cultivars had lesser effect on 
bunch weight with the mean reduction of 25 per cent 
respectively over control. The susceptible cultivars 
were highly vulnerable to water deficit showing 
bunch weight reduction of 68 to 75 per cent over 
control. Similar to this study, Turner and Rosales 
(2005) noticed a reduction in bunch yield due to water 
deficit. 
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Table 1. Effect of water stress on leaf Epicuticular wax (µg  cm
2
 ) at different growth stages of banana cultivars 

in main crop  

 

Treatments 3
rd

  MAP 5
th

  MAP 7
th

  MAP 9
th

  MAP Harvest Mean 

Main plot 
M1 298.2 454.6 534.2 347.6 360.6 399.0 

M2 499.0 592.0 735.0 485.0 458.0 553.8 

Mean 398.6 523.3 634.6 416.3 409.3 476.4 

SEd 1.54 1.12 1.54 1.12 0.76  
CD (P= 

0.05) 

6.65 4.84 6.65 4.82 3.30  

Sub plot 

S1 666.3 759.3 902.3 652.3 650.3 726.1 

S2 634.3 727.3 870.3 620.3 618.3 694.1 

S3 623.3 716.3 859.3 609.3 607.3 683.1 
S4 467.3 560.3 703.3 453.3 451.3 527.1 

S5 371.3 514.3 607.3 407.3 395.3 459.1 

S6 355.3 498.3 591.3 391.3 379.3 443.1 

S7 352.3 495.3 588.3 388.3 376.3 440.1 

S8 344.3 487.3 580.3 380.3 368.3 432.1 

S9 285.3 423.3 521.3 316.3 309.3 371.1 
S10 255.3 393.3 491.3 286.3 279.3 341.1 

S11 221.3 359.3 457.3 252.3 245.3 307.1 

S12 207.3 345.3 443.3 238.3 231.3 293.1 

Mean 398.6 523.3 634.6 416.3 409.3 476.4 

SEd 14.3 17.6 21.4 14.4 14.1  
CD (P= 

0.05) 

28.8 35.5 43.1 29.0 28.4  
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Interaction effect 

Treatments  3rd  MAP 5th  MAP 7th  MAP 9th  MAP Harvest Mean 

M1S1 606.5 699.5 842.5 592.5 615.5 671.3 

M1S2 574.5 667.5 810.5 560.5 583.5 639.3 
M1S3 563.5 656.5 799.5 549.5 572.5 628.3 
M1S4 407.5 500.5 643.5 393.5 416.5 472.3 
M1S5 255.6 448.6 491.6 341.6 344.6 376.4 

M1S6 239.6 432.6 475.6 325.6 328.6 360.4 
M1S7 236.6 429.6 472.6 322.6 325.6 357.4 
M1S8 228.6 421.6 464.6 314.6 317.6 349.4 
M1S9 159.6 342.6 395.6 235.6 248.6 276.4 

M1S10 129.6 312.6 365.6 205.6 218.6 246.4 
M1S11 95.6 278.6 331.6 171.6 184.6 212.4 
M1S12 81.6 264.6 317.6 157.6 170.6 198.4 
M2S1 726.0 819.0 962.0 712.0 685.0 780.8 

M2S2 694.0 787.0 930.0 680.0 653.0 748.8 
M2S3 683.0 776.0 919.0 669.0 642.0 737.8 
M2S4 527.0 620.0 763.0 513.0 486.0 581.8 
M2S5 487.0 580.0 723.0 473.0 446.0 541.8 

M2S6 471.0 564.0 707.0 457.0 430.0 525.8 
M2S7 468.0 561.0 704.0 454.0 427.0 522.8 
M2S8 460.0 553.0 696.0 446.0 419.0 514.8 
M2S9 411.0 504.0 647.0 397.0 370.0 465.8 

M2S10 381.0 474.0 617.0 367.0 340.0 435.8 
M2S11 347.0 440.0 583.0 333.0 306.0 401.8 
M2S12 333.0 426.0 569.0 319.0 292.0 387.8 

Mean 398.6 523.3 634.6 416.3 409.3 476.4 

SEd       
M at S 19.4 23.9 29.0 19.5 19.1  
S at M 20.2 24.9 30.2 20.3 19.9  

CD (P= 0.05)       

M at S 39.5 48.3 58.7 39.5 38.6  
S at M 40.8 50.3 61.0 41.0 40.3  

 
Table 2. Effect of water stress on proline (µg g

-1
) at different growth stages of banana cultivars in main crop  

 
Treatments 3rd  MAP 5th  MAP 7th  MAP 9th  MAP Harvest Mean 

Main plot 
M1 73.6 75.3 79.4 71.3 71.1 74.15 

M2 91.9 93.4 98.3 89.6 89.4 92.52 

Mean 82.76 84.33 88.86 80.46 80.26 83.33 

SEd 2.00 2.01 2.01 1.98 1.98  
CD (P= 0.05) 8.60 8.64 8.67 8.55 8.54  

Sub plot 
S1 95.8 96.7 98.4 93.5 93.3 95.55 
S2 95.1 96.1 97.8 92.8 92.6 94.90 
S3 92.2 93.9 94.9 89.9 89.7 92.14 

S4 91.7 93.4 94.4 89.4 89.2 91.64 
S5 84.9 86.6 87.6 82.6 82.4 84.83 
S6 84.2 85.9 86.9 81.9 81.7 84.13 
S7 80.5 82.2 83.2 78.2 78.0 80.43 

S8 78.8 80.5 83.4 76.5 76.3 79.11 
S9 74.2 75.9 82.1 71.9 71.7 75.18 
S10 72.1 73.8 84.6 69.8 69.6 74.00 
S11 71.8 73.5 85.3 69.5 69.3 73.90 

S12 71.6 73.3 87.5 69.3 69.1 74.18 
Mean 82.76 84.33 88.86 80.46 80.26 83.33 

SEd 0.88 0.90 0.91 0.85 0.85  
CD (P= 0.05) 1.78 1.82 1.84 1.73 1.72  
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Interaction effect 

Treatments  3rd  MAP 5th  MAP 7th  MAP 9th  MAP Harvest Mean 

M1S1 81.5 83.2 80.3 79.2 79.0 80.64 
M1S2 80.8 82.5 83.5 78.5 78.3 80.72 

M1S3 77.9 79.6 80.6 75.6 75.4 77.82 
M1S4 77.4 79.1 80.1 75.1 74.9 77.32 
M1S5 77.1 78.8 79.8 74.8 74.6 77.02 
M1S6 76.4 78.1 79.1 74.1 73.9 76.32 

M1S7 72.7 74.4 75.4 70.4 70.2 72.62 
M1S8 71.0 72.7 75.6 68.7 68.5 71.30 
M1S9 68.9 70.6 76.8 66.6 66.4 69.86 
M1S10 66.8 68.5 79.3 64.5 64.3 68.68 

M1S11 66.5 68.2 80.0 64.2 64.0 68.58 
M1S12 66.3 68.0 82.2 64.0 63.8 68.86 
M2S1 110.1 110.2 116.5 107.8 107.6 110.47 
M2S2 109.4 109.7 112.1 107.1 106.9 109.08 

M2S3 106.5 108.2 109.2 104.2 104.0 106.47 
M2S4 106.0 107.7 108.7 103.7 103.5 105.97 
M2S5 92.7 94.4 95.4 90.4 90.2 92.63 
M2S6 92.0 93.7 94.7 89.7 89.5 91.93 

M2S7 88.3 90.0 91.0 86.0 85.8 88.23 
M2S8 86.6 88.3 91.2 84.3 84.1 86.91 
M2S9 79.5 81.2 87.4 77.2 77.0 80.51 
M2S10 77.4 79.1 89.9 75.1 74.9 79.33 
M2S11 77.1 78.8 90.6 74.8 74.6 79.23 

M2S12 76.9 78.6 92.8 74.6 74.4 79.51 

Mean 82.76 84.33 88.86 80.46 80.26 83.33 

SEd       
M at S 2.33 2.35 2.36 2.30 2.30  

S at M 1.25 1.27 1.29 1.21 1.21  

CD (P= 0.05)       
M at S 8.62 8.67 8.69 8.57 8.55  
S at M 2.51 2.57 2.60 2.44 2.44  

 

Table 3. Effect of water stress on free amino acid (mg g
-1

) at different growth stages of banana cultivars in 

main crop  

Treatments 3rd  MAP 5th  MAP 7th  MAP 9th  MAP Harvest Mean 

Main plot 
M1 9.45 11.86 12.49 10.70 7.88 10.47 
M2 12.31 14.72 16.16 14.04 11.22 13.69 

Mean 10.88 13.29 14.32 12.37 9.55 12.08 

SEd 0.159 0.173 0.177 0.168 0.150  
CD (P= 0.05) 0.686 0.746 0.764 0.723 0.648  
Sub plot 

S1 15.78 18.19 19.21 17.42 14.60 17.04 

S2 14.13 16.54 17.41 15.62 12.80 15.30 
S3 14.05 16.46 17.28 15.49 12.67 15.19 
S4 10.30 12.71 13.17 11.38 8.56 11.22 
S5 10.25 12.66 13.68 11.89 9.07 11.51 

S6 10.14 12.55 13.42 11.63 8.81 11.31 
S7 9.86 12.27 13.09 11.30 8.48 11.00 
S8 9.53 11.94 12.40 10.61 7.79 10.45 
S9 9.30 11.71 13.23 10.94 8.12 10.66 

S10 9.19 11.60 13.12 10.83 8.01 10.55 
S11 9.15 11.56 13.08 10.79 7.97 10.51 
S12 8.83 11.24 12.76 10.47 7.65 10.19 

Mean 10.88 13.29 14.32 12.37 9.55 12.08 

SEd 0.143 0.168 0.174 0.155 0.126  
CD (P= 0.05) 0.288 0.339 0.351 0.313 0.255  
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Interaction effect 

Treatments  3rd  MAP 5th  MAP 7th  MAP 9th  MAP Harvest Mean 

M1S1 14.35 16.76 17.39 15.60 12.78 15.38 
M1S2 12.70 15.11 15.74 13.95 11.13 13.73 

M1S3 12.62 15.03 15.66 13.87 11.05 13.65 
M1S4 8.87 11.28 11.91 10.12 7.30 9.90 
M1S5 8.82 11.23 11.86 10.07 7.25 9.85 
M1S6 8.71 11.12 11.75 9.96 7.14 9.74 

M1S7 8.43 10.84 11.47 9.68 6.86 9.46 
M1S8 8.10 10.51 11.14 9.35 6.53 9.13 
M1S9 7.87 10.28 10.91 9.12 6.30 8.90 
M1S10 7.76 10.17 10.80 9.01 6.19 8.79 

M1S11 7.72 10.13 10.76 8.97 6.15 8.75 
M1S12 7.40 9.81 10.44 8.65 5.83 8.43 
M2S1 17.21 19.62 21.04 19.25 16.43 18.71 
M2S2 15.56 17.97 19.09 17.30 14.48 16.88 

M2S3 15.48 17.89 18.91 17.12 14.30 16.74 
M2S4 11.73 14.14 14.42 12.63 9.81 12.55 
M2S5 11.68 14.09 15.51 13.72 10.90 13.18 
M2S6 11.57 13.98 15.10 13.31 10.49 12.89 

M2S7 11.29 13.70 14.72 12.93 10.11 12.55 
M2S8 10.96 13.37 13.65 11.86 9.04 11.78 
M2S9 10.73 13.14 15.56 12.77 9.95 12.43 
M2S10 10.62 13.03 15.45 12.66 9.84 12.32 
M2S11 10.58 12.99 15.41 12.62 9.80 12.28 

M2S12 10.26 12.67 15.09 12.30 9.48 11.96 

Mean 10.88 13.29 14.32 12.37 9.55 12.08 

SEd       
M at S 0.251 0.286 0.295 0.269 0.228  

S at M 0.202 0.237 0.246 0.219 0.179  

CD (P= 0.05)       
M at S 0.737 0.817 0.839 0.783 0.688  
S at M 0.408 0.478 0.497 0.442 0.361  

 

  
Fig 2. Effect of water stress on Bunch weight (kg 

bunch
-1

) at different growth stages of banana 

cultivars 

S1- Karpuravalli                       S7 – Anaikomban  

S2- Karpuravalli x Pisang Jajee   S8 - Matti x Cultivar Rose  

S3 - Saba                                       S9 - Matti    

S4 - Sannachenkathali       S10 - Pisang Jajee x Matti  

S5 – Poovan        S11 - Matti  x Anaikomban  

S6 – Neypoovan                  S12-Anaikomban x  Pisang Jajee  
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ABSTRACT 

The present study was undertaken to observe effect of different season on oxidative stress 
parameters in tropical and temperate region goats. 12 adult goats of each breed viz. Pashmina and 
Barberi, belonging from temperate and tropical region were selected for study. Blood sample were 
collected during peak winter, moderate season and peak summer from both breeds. Oxidative stress 
parametes were analyzed. The mean values of oxidative stress parameters viz. lipid peroxides (LPO), 
reactive oxygen species (ROS), superoxide dismutase (SOD), catalase (CAT) and glutathione 
peroxidase (GPX) in Barberi goats were found significantly higher during peak summer as compared to 
peak winter and moderately cold season where as the levels of these parameters in Pashmina goats 
were found significantly higher during peak winter as compared to summer and moderate season. 
Findings of this study indicated that both peak winter and peak summer are stressful to both Pashmina 
and Barberi goats however peak winter is more stressful in Pashmina and peak summer is more 
stressful in Barbei goats as compared to other seasons. 

Key words: Oxidative stress, Barberi goat, Pashmina Goat, Lipid peroxide, reactive oxygen 
species. 
 

Environment plays an important role in health and 
production of animals. Animals perform optimum 
under comfortable climatic conditions in 
thermoneutral range. The range of thermo neutrality 
for goats is, environment having an air temperature of 
13–270C, relative humidity of 60-70 per cent (Mishra 
and Puneet, 2009). The temperature below and above 
this range makes animal stressful and reduces 
productivity. Although small ruminants thrive well in 
arid and semi-arid parts of country but they suffer 
from constraints like high variability in climatic 
conditions, poor quality forage, scarcity of water. 
Goats are often left in open fields for browsing during 
most of the day hours and exposed to variable 
climatic conditions beyond thermoneutral zone while 
browsing, and therefore susceptible to thermal stress 
including heat stress during summer and cold stress 
during winter. Goats are relatively resistant to various 
stresses in comparison to other domestic ruminants 
but the cellular and molecular aspects of resistance 
are not completely known and therefore research in 
these area are one of priority in the changing global 
climatic conditions.  

Various kinds of stress viz. heat and cold 
stress leads to the production of reactive oxygen 
species (ROS) such as superoxide, peroxide, hydroxyl 
radical and singlet oxygen species. ROS damage 
biomolecules such as DNA/RNA, proteins and lipid 
peroxidation of membranes and disruption of normal 
cell metabolism (Rehman, 1984). Superoxide 
dismutase (SOD), catalase (CAT) and glutathione 
peroxidase (GPX) are important antioxidant enzymes 
that protect the cell against cellular oxidants and 
prevent their accumulation. Excessive production of 
ROS depletes such antioxidants and induces oxidative 
stress which suppresses the immune system and 
reduces productivity of animal (Kumar et al., 2011). 

Keeping above in view the present investigation was 
aimed to evaluate the effect of different seasons in 
goats from two different region viz. Barberi from 
tropical and Pashmina from temperate region. 

MATERIAL AND METHODS 

Twelve adult goats (>2 years of age) of each 
breed, Barberi (Tropical region) maintained at 
Experimental Animal Shed of Physiology & 
Climatology division, IVRI, Izatnagar Utter Pradesh) 
and Pashmina (Temeperate region), Sheep and Goat 
farm IVRI Campus Mukteswar Uttarakhand, were 
selected for the present study. Blood sample were 
collected using heparin as anticoagulant (0.2 mg 
heparin/ml blood) for three consecutive days during 
peak winter (Temperate region -1 to 12oC tropical 2 
to 15oC), moderate cold (Temperate region 2 to 15oC 
tropical 15-28oC) and peak summer (Temperate 
region 15 to 25oC tropical 28-44oC). The plasma was 
separated and the haemolysate was prepared from 
erythrocyte pellet.  

Lipid peroxidation (LPO) was measured in 
33% hemolysate in terms of malondialdehyde (MDA) 
production by the method suggested by Spurlock and 
Savage (1993). The ROS level was estimated in terms 
of hydroxyl radical (HR) in plasma samples by the 
method suggested by (Brambilla et al., 2001). CAT 
and SOD were estimated in erythrocyte hemolysate. 
Cyanmethaemoglobin method was used for 
Haemoglobin (Hb) estimation. Activity of SOD was 
measured by using MTT (3-(4,5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) reduction 
microtiter plate method (Madesh and 
Balasubramanian, 1998) and expressed as units/ mg 
of Hb. CAT activity was estimated by the method of 
Cohen et al., (1970) after proper dilution and was 
expressed as U/mg of Hb. GPX activity was 
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measured as per the method described by (Larkindale, 
and  Knight, 2002). The data obtained were analyzed 
using analysis of variance (ANOVA) technique.  

RESULTS AND DISCUSSION 

 The values of ROS, LPO, SOD, CAT and 
GPx are given in Table 1. The mean values of LPO, 
ROS, SOD, CAT and GPX were found to be 
significantly higher (P<0.05) in winter and summer as 
compared to moderate season in the Barberi goats. 
These values during peak summer were higher in 
comparison to peak winter (P<0.05). The levels of 
these parameters were also higher during peak winter 
as compared to moderately cool season (P<0.05) in 
Pashmina goats, however there was no significant 
difference between moderate season and peak 
summer values in these goats.  

  Temperature stress including heat and cold 
stress generates ROS and these impair the 
mitochondrial functions and result in the induction of 
oxidative damage that is manifested by lipid 
peroxidation (Larkindale and Knight, 2002) thereby 
damaging membranes. In the present study increase in 
ROS and LPO in tropical goats indicated that they 
were under oxidative stress during peak winter as 
well as peak summer. The higher levels during peak 
summer in comparison to peak winter indicate that 
peak summer was more stressful than peak winter. 
The lower values of these parametes during 
moderately cool season suggested that the goats were 
under minimum stress during this season. Present 
findings are in agreement with observations recorded 
by Kumar et al. (2011) during summer and pre 
summer in goats. The higher level of ROS and LPO 
during winter season in Pashmina goats suggests that 
the oxidative stress was high during peak winter as 
compared with other season in in these temperate 
region goats. This observation shows agreement with 
the findings of Wlostowski et al. (2008) in which he 
observed increase LPO in rats upon acute and chronic 
cold stress. There was no significant difference 
between moderate season and summer season values. 
In temperate region, the maximum temperature does 
not reach beyond 300C during summer, which is not 
much above comfort zone for goat. This probably 
explains that during summer, oxidative stress level 
did not reach much higher than during moderate 
season in Pashmina goats.  

 Both CAT and SOD play important role in 
combating oxidative stress. SOD scavenges both intra 
and extra cellular superoxide radicals produced by a 
number of reactions as a part of normal cellular 
functions and during oxidative stress (Hebbel and 
Easton, 1989). In the present study, the higher SOD 
activity in tropical Barberi goats, during peak winter 
and peak summer was probably a response to higher 
superoxide generated in these animals. SOD catalyzes 
the dismutation of superoxide to oxygen and 
hydrogen peroxide.  Thus a higher SOD activity leads 
to increase in hydrogen peroxide level in the cells. 

This hydrogen peroxide is neutralized by a 
coordinated increase in CAT activity. This 
mechanism also explains the increased CAT as well 
as SOD activities in our study. Similarly Kumar et al., 
(2007) also observed increased erythrocyte CAT and 
SOD activities in heat exposed cattle and buffaloes 
and by Kumar et al., (2011) in goats. Similar 
observations were also recorded during cold stress in 
rats by Spasic et al. (1993) and Kaushik et al. (2003). 

 The GPx play an important role in the 
cellular oxidation-reduction reactions to protect the 
cell membrane from oxidative damage caused by free 
radicals. In the present study it was significantly 
higher during summer and winter as compared to 
moderately cool season in tropical goats. The findings 
of increased level of GPx during summer season are 
in agreement with the study of Trana et al., (2006) in 
which increase in SOD and GPX activity was 
observed in goat during hot season. Similarly Yuksel 
et al., (2008) reported increased CAT, SOD and GPX 
level during cold exposure in rats. Possibly this 
increment was the result of protective mechanism 
from oxidative stress during winter and summer. In 
the Pashmina goats, the higher levels of antioxidants 
(SOD, CAT and GPX) during peak winter as 
compared to other seasons worked as protective 
mechanism from cold stress.  As the ROS and LPO 
levels were high during winter season, the oxidative 
stress level remains high and therefore to counteract 
the damaging effects of these free radicals, the 
antioxidants level maintained at high level. Non 
significant difference of antioxidants during summer 
season and moderate season in pashmina goats 
indicated that summer season was not so stressful as 
winter in these goats, which was also noticed in ROS 
and LPO level. The findings present study indicated 
that summer season is more stressful to Barberi goats 
and winter season is more stressful to Pashmina goats 
and antioxidants protect them from this stress. 

CONCLUSION 

 The present study was conducted to 
investigate the effects of different seasons on 
oxidative stress parameters in Barberi and Pashmina 
goats which inhabitat different climatic conditions the 
oxidative stress parameters were measured. The 
higher level of these parameters and antioxidants 
status during peak summer in Barberi goats and peak 
winter in Pashmina goats revealed that peak summer 
and peak winter seasons were more stressful in 
Barberi and Pashmina goats respectively as compared 
to other seasons. The higher levels of antioxidants 
ameliorate the deleterious effects of environmental 
stress. 
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Table 1 Oxidative stress parameters in goats during different season 

 

Breed Moderate/ Thermoneutral Peak Winter Peak Summer 

Lipid peroxide (nmol MDA/ml RBC homogenate) 

Barberi 5.34a  ± 0.65 7.84b ± 0.71 9.42c ± 0.69 
Pashmina 5.42a  ± 0.34 8.57b  ± 0.48 6.18a  ± 0.61 

ROS (mM H2O2) 

Barberi 26.04a ± 1.27 30.21b ± 1.59 33.79c  ± 1.14 

Pashmina 25.66a ± 1.25 29.87b ± 1.32 26.97a ± 1.13 

SOD (U/mg Hb) 

Barberi 9.86a±1.06 17.35b±1.24 28.74c±1.56 

Pashmina 11.25a±1.03 23.65b±1.17 13.38c±1.04 

CAT (U/mg Hb) 
Barberi 3.59a±0.36 5.23b±0.27 6.58c±0.52 
Pashmina 3.89a±0.29 5.74b±0.65 4.13a±0.34 

GPX activity (U/mg Hb) 
Barberi 152.34c±4.18 169.43b±3.65 196.82a±4.35 

Pashmina 161.35b±6.13 201.84a±5.37 206.64a±5.23 
Means bearing different superscripts in a row and superscripts in a column differ significantly 
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ABSTRACT 

     The study was conducted in Banaskantha district of Gujarat covering five talukas namely Tharad, 
Vav, Dhanera, Kankrej and Palanpur with the objective to analyse the marketing  problems faced by 
hybrid castor selling dealers . Primary data were collected from 50 dealers.  From each taluka based 
on random sampling method ten dealers were selected to elicit information through a questionnaire. 
From each taluka the Taluka Kharid Vechan Sangh, a co- operative body which deals in castor was 
purposefully included. In all the five talukas the dealers were confronted with the procurement 
problems like lack of scientific facilities and inadequate personnel. As far as the sales problems of 
dealers were concerned, credit sale followed by intensive competition among dealers and huge 
investment involved in the castor hybrid seed business were the problems of major concern. 

Key words: Castor , constraints, dealers , marketing, farmers.  

India is amongst the largest producer and 
consumer of vegetables oils in the world. Oilseeds 
have been the backbone of agricultural economy of 
India since long. Indian vegetable oil economy is the 
fourth largest in the world nest to USA, China and 
Brazil. Oilseed crops play the second important role 
in the Indian agricultural economy nest to food grains 
in terms of area and production. The Indian climate is 
suitable for the cultivation of oilseed crops therefore, 
large varieties of oilseeds are cultivated here. The 
major oilseeds cultivated in our country are 
Groundnut, Rapeseed and Mustard, Castor seed, 
Sesame, Niger seed, Linseed, Safflower, Sunflower 
and Soybean. at present, more than 27 million 
hectares of land is under oilseeds cultivation [1]. 

Castor is an important non‐edible oilseed crop and is 
grown especially in arid and semi arid region. It is 
originated in the tropical belt of both India and 
Africa. It is cultivated in different countries on 
commercial scale, of which India, China and Brazil 
are major castor growing countries accounting for 90 
per cent of the worldʹs production[2].  

Gujarat ranks first in area, production, and 
productivity. Banaskantha,  Gandhinagar,  Kutch,  
Mahesana,  Patan,  Rajkot,  Sabarkantha,  and  
Surendranagar  are  the major castor growing districts 
in Gujarat[3]. Gujarat state is pioneer in the 
development and release of hybrids where the first 
castor hybrid GCH-3 was released for general 
cultivation in 1968 – 69 [4]. Subsequently six more 
hybrids GAUCH-1, GCH-2, GCH-4, GCH-5, GCH-6 
and GCH-7 have been released for general 
cultivation, among which GCH-7 is nematode and 
wilt resistant high yielding hybrid[5]. Large number of 
public as well as private companies are dealing in 
seed production as well as marketing of castor seed, 
amongst these Gujarat State Seed Corporation 
Limited (GSSCL) and Gujarat Co-operative 
marketing Society Limited (GUJCOMASOL) are 

major public sector and co-operative body 
respectively  dealing in production and marketing of 
hybrid castor seeds. The GSSCL which is the major 
hybrid castor seed producing company in the state has 
registered dealers in each taluka. In addition large 
number of seed producing companies like Avni, 
Bhooma, Navbharat, Nandi , Ronak, Subh etc. are 
private companies dealing in castor seed. The present 
study was conceived with a general objective of 
analysing marketing  problems faced by the  dealers 
in Banaskantha district of Gujarat. 

MATERIAL AND METHODS 

In order to proceed with investigation as per 
the objectives stated, it was necessary to adopt an 
appropriate sampling design so as to focus the 
importance of objective in tacking the problems in 
marketing of castor seed. It was proposed at the outset 
to study the area under castor crop in primary stage. 
For this purpose the secondary source data published 
by the Directorate of Economics and Statistics, 
Banaskantha was used. A multistage random 
sampling was adopted as appropriate sampling 
procedure for the study. The Castor crop is mainly 
grown in the Bansakantha district. Bansakantha ranks 
first in terms of area and production of castor among 
all the district of Gujarat state. Hence the study was 
focused on Banaskantha District. In the second stage, 
it was proposed to select five talukas in Banaskantha 
district which were top ranking talukas in respect of 
area under castor in the district. These talukas are: 
Tharad, Vav, Dhanera, Kankrej and Palanpur . In the 
third stage, From each taluka 10 dealers on cross 
sectional basis were selected . Since in each taluka, 
the Taluka Kharid Vechan Sangh exists. It was 
invariably included as one of the dealer. Hence total 
numbers of dealers for the study were 50. Keeping in 
view the objective of the study, the questionnaire was 
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prepared for dealers to know their marketing related 
problems faced by them. 

RESULTS AND DISCUSSION 

Castor is an important commercial crop 
grown in the study area. Large numbers of brands of 
castor hybrid seeds are available to the farmers. 
However, the castor hybrids like GAUCH-1, GCH- 2, 
GCH-4 and GCH- 7 are important hybrids which are 
in great demand in the study area. These hybrids are 
marketed by Taluka Kharid Vechan Sanghs which are 
co-operative bodies having presence in almost all 
talukas of the state. In addition large numbers of 
private dealers are also operating in these talukas. In 
the study area, it was proposed to go into details of 
the problems faced by the dealers and option survey 
was conducted for a sample of farmers in each taluka 
so as to focus on various  problems faced by the 
dealers 

The data collected were subject to statistical 
analysis and the results obtained regarding the 
marketing problems confronted by the castor dealers 
in five talukas of Banaskantha district. The problems 
have been classified in two categories viz., 
procurement problems and sale problems are 
presented in the Table 1.  

The results revealed that amongst the 
procurement problems scientific facilities (80%) and 
inadequate personnel (72.00%) were of high 
magnitude, where as supply of adulterated seeds and 
risk in investment (80%) followed by transportation 
cost (68.00%) were moderate problems faced by the 
dealers. Government interference, lack of storage 
facility and timely supply of seeds were problems of 
lower magnitude.  

As far as the sales problems of dealers are 
concerned, credit sales (88.00%) followed by 
intensive competition among dealers (80%) and huge 
investment (68.00%) involved in the castor hybrid 
seed business of hybrid castor seed was the problems 
of major concern. The dealers also opined that the 

problem like inventory  management was of moderate 
magnitude. 

Beakatti [6] studying the marketing problems 
of cotton seeds in Karnataka state indicated that 
Government interference was quite high (67.00%) 
followed by risk in investment in the business. Mostly 
the procurement problems were of medium nature as 
opined by majority of the dealers . Timely supply and 
inadequate storage facility were found to be major 
problems. The supply of adulterated seeds and high 
transportation were reported as low intensive problem 
by dealers. The sales problems were found to be acute 
particularly competition among  dealers (87.00%) 
followed by high investment in the sales of  the cotton 
seeds. The problems such as lack of awareness of use 
of particular seeds by  farmers, inventory 
management were of medium range. The other 
problems like  high taxes, management of 
advertisement were found to be lower magnitude  
among the problems enlisted. 

Lamontagne-Godwin and Taylor [7] studied 
the agro dealers in Uganda, who are the primary 
source of advice for the farmers towards crop health 
problems particularly related to plant protection and 
supply of agro inputs. It was observed that majority of 
agro dealers deal in seed business which was the most 
important product stocked and sold in their stores. 
Most of the agro dealers price their products 
according to trade and local market condition and not 
by the Government guidelines.  The study suggested a 
competent recording and communication scheme 
between agro dealers, Government and manufacturers 
for positive growth of the industry to enhance 
national food security.    

The study thus revealed that lack of 
scientific facilities, inadequate personnel, credit sales, 
intensive competition amongst dealers and huge 
investment involved in seed trading business were the 
major problems faced by the castor seed dealers in 
Gujarat 

 

Table 1 : Problems  faced by dealers  in sale  of castor seeds (n = 50) 
Major  problems Low Moderate High 

Procurement Problems 

Risk in investment 00 (0.00) 40 (80.00) 10 (20.00) 
Transportation cost 16 (32.00) 34 (68.00) 00 (0.00) 
Government interference 34 (68.00) 16(32.00) 00 (0.00) 
Procedural formalities like registration etc. 26 (52.00) 20 (40.00) 04 (8.00) 
Supply of adulterated seeds 10 (20.00) 40 (80.00) 00 (0.00) 
Timely supply of seeds 30 (60.00) 20 (40.00) 00 (0.00) 
Scientific facilities 00 (0.00) 10 (20.00) 40 (80.00) 
Lack of storage facilities 34 (68.00) 16 (32.00) 00 (0.00)  
Inadequate trained personal 00 (0.00) 14 (28.00) 36 (72.00) 
Sales Problems 

Credit sales 06 (12.00) 00 (0.00) 44 (88.00) 

Management of advertisements 40 (80.00) 10 (20.00) 00 (0.00) 
Competition among dealers 00 (0.00) 10 (20.00) 40 (80.00) 
 Taxes 50 (100.00) 00 (0.00) 00 (0.00) 
Huge Investment 00 (0.00) 16 (32.00) 34 (68.00) 
Inventory management 26 (52.00) 24 (48.00) 00 (0.00) 
Lack of awareness of use of seeds 46 (92.00) 04 (8.00) 00 (0.00) 

  Figures in parenthesis indicate percentage of sample respondent 
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ABSTRACT 

Correlation coefficients and path coefficients for yield and its components were conducted in 24 
advance lines of chickpea. Grain yield had significant positive correlation with Secondary branches per 
plant, days to 50% flowering, seeds per pod, pods per plant and primary branched per plant. 
Secondary branches per plant had significantly positive correlation with seeds per pod, pods per plant 
and primary branches per plant. Days to 50% flowering with seeds per pod, days to maturity with plant 
height, seeds per pod with pods per plant and primary branches per plant and pods per plant with 
primary branches also showed significantly positive correlation. 100-seed weight had significant and 
negative correlation with seeds per pod. The direct effects of all the characters with grain yield were 
positive except 100- seed weight, plant height and primary branches per plant where it was negative. 
The present study conducted under water deficit conditions indicated that pods per plant and seeds per 
pod had the maximum contribution in determining grain yield in chickpea  hence these parameters 
should be given more consideration while deciding about selection criteria of genotypes for water 
deficit conditions. 

Key Words: Chickpea, Yield components, Correlation coefficients, Path analysis 

The knowledge of association is useful to the 
breeders in the improvement of complex characters 
like yield through selection. Sometimes selection is 
not much effective and the progress of improvements 
remains slow due to some other unknown factors 
acting behind to produce a given correlation. The 
relative importance of such casual factors and there 
direct and indirect contribution towards the total 
correlation could be ascertained with the help of path 
analysis. Chickpea is one of the most important crops 
for human consumption. Chickpea with low 
production cost, wide climate adaptation, use in crop 
rotation and atmospheric nitrogen fixation ability is 
one of most important leguminous plants in 
sustainable agriculture system. Grain yield of 
chickpea depends on many related traits. Correlation 
coefficient could show linear relationship between 
them, however, path analysis would elucidate direct 
and indirect relationship among these traits, hence on 
the basis of that the breeder could select the most 
effective trait to release varieties (Ulukan et al., 2003; 
Yucel et al., 2006). Saleem et al. (2002) concluded 
that pod number and 100 grain weight were the most 
important traits in chickpea breeding programme. 
Yucel et al. (2006) with the path analysis results 
showed that grain number and pod number were the 
most desirable traits for chickpea improvement. 

MATERIALS AND METHODS 

Twenty-four new genotypes of chickpea 
developed at different research institutions were 
planted in a randomized complete block design 
(RCBD) with three replications, in the experimental 
field at Agricultural Research Station (S K Rajasthan 

Agricultural University), Sriganganagar during the 
year 2011-12 in Coordinated Initial Varietal Trial- 
rainfed of AICRP on Chickpea. Four rows of 4m 
length were planted in each plot 30cm apart and 10cm 
plant to plant spacing. Recommended cultural 
practices were adopted to maintain a healthy crop 
growth. Except pre sowing irrigation no irrigation 
was applied and the experiment was conducted under 
rainfed condition where minimum rain was received 
during crop period. Data were recorded on Secondary 
branches per plant (X1) Days to 50% flowering (X2) 
Days to maturity (X3), 100 - Seed weight (X4), Seeds 
per pod (X5), Plant Height (X6), Pods per plant (X7) 
and Primary branches per plant (X8). Genotypic and 
phenotypic correlations were worked out using the 
formula suggested by Johnson et al. (1955). Path 
analysis was carried out in accordance Dewey & Lu 
(1959). 

RESULTS AND DISCUSSION 

Correlations 

The correlation coefficients for the fourteen 
characters are presented in Table1. In the present 
investigation, genotypic correlations were slightly 
higher than the phenotypic correlations for most of 
the characters studied. It may be due to reason that the 
phenotypic expression of the correlations was 
depressed by environmental influence (Deshmukh et 
al., 1987). The grain yield had significant positive 
correlation with Secondary branches per plant, days 
to 50% flowering, seeds per pod, pods per plant and 
primary branched per plant. Therefore, promising line 
could be selected on the basis of these traits. Bahl et 
al. (1976), Paliwal (1987), Chaudhary et al. (1988) 
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and Dasgupta et al. (1992) reported the higher effect 
of pod numbers and seed numbers on economic yield 
of chickpea. The inter correlation  estimated for yield 
components revealed that secondary branches per 
plant  had significantly positive correlation with seeds 
per pod, pods per plant and primary branches per 
plant. Days to 50% flowering with seeds per pod, 
days to maturity with plant height, seeds per pod with 
pods per plant and primary branches per plant and 
pods per plant with primary branches also showed 
significantly positive correlation. It indicates the 
possibility of simultaneous improvement of these 
traits by selection. This, in turn, will improve the 
grain yield. 100- seed weight had significant and 
negative correlation with seeds per pod.  

Path coefficient analysis 

The results of genotypic correlation coefficients 
were partitioned into direct and indirect effects 
through various yield contributing characters (Table 
2). The direct effects of all the characters with grain 

yield were positive except 100- seed weight, plant 
height and primary branches per plant where it was 
negative. The highest direct effect was exhibited by 
pods per plant and it was followed by primary 
branches per plant although the later was negatively 
associated with grain yield. The direct effects of 
secondary branches per plant, days to 50% flowering, 
days to maturity, seeds per pod were positive. Khan et 

al., (1989) had reported similar types of results in 
chickpea. 100-seed weight and plant height had 
negative direct effect on grain yield. The present 
study conducted under water deficit conditions 
indicated that pods per plant, and seeds per pod had 
the maximum contribution in determining grain yield 
in chickpea. It was also observed that high indirect 
contribution was also exhibited via pods per plant by 
most of the yield components and hence these two 
traits may be given more emphasis while selecting 
high yielding chickpea genotypes for rainfed 
agriculture system. 
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ABSTRACT 
The experiment was laid out in Randomized Complete Block Design (RCBD) with ten treatments 

replicated thrice. The treatments consisted of 100%, 75% & 50% Recommended Doses of Nutrients 
(RDN) through chemical fertilizers and 25% & 50% RDN through organic sources like Farm yard 
manure and Blue green algae (BGA). application of 75% of recommended  NPK through inorganic + 
FYM @ 10 t ha

-1
 + BGA @ 15 kg ha

-1
 recorded significantly higher plant height, more No. of Tillers/ hill 

and Yield. 

Key words: Organic, Inorganic, INM, Hybrid rice, BGA. 

Rice is one of the most important cereal crops in 
India. Rice is grown in an area of 43.7 million ha 
contributes about 96.43 mt. The country has to 
produce about 130 mt of rice by 2025 to feed the ever 
growing population. Meeting the targeted demands of 
rice is a challenging task. Decreasing in the soil 
fertility and increasing in water scarcity is becoming 
threat for rice cultivation. Hence the technology 
which maintains the soil health and water scarcity and 
as well as economically beneficial needs to be 
developed. The role of organic fertilizer in plant 
nutrition is now attracting the attention of 
agriculturists and soil scientists throughout the world. 
Chemical fertilizers, no doubt have the positive 
impact on crop growth and yield, but had negative 
impact on soil organic matter, soil structure, and 
microbial population. Application of organic 
materials along with inorganic fertilizers into soil 
results an increase in productivity of the system and 
also sustain the soil health for longer period. Rice 
being a crop having water requirement, there is a need 
to search for alternative method to reduce water 
requirement of rice without reduction in yield. In low 
land rice cultivation, biological nitrogen fixation 
(BNF) has been the most effective system in 
sustaining production which is being considered not 
only as a strategic necessity but also an economic 
advantage. The main agents of BNF in a paddy field 
are blue green algae (BGA) and the water fern Azolla. 
The surface of rice field water provides a suitable 
environment for their growth and multiplication. 
Azolla, a water fern that assimilates atmospheric 
nitrogen in association with N fixing blue green algae 
Anabaena azollae. This Azolla-Anabaena complex is 
considered to be the potential biological system for 
increasing rice yield. BGA not only fix atmospheric 
nitrogen but also ameliorate the soil water. The 
growth of BGA in soil seems to influence the 
physical and chemical properties of soil (Roy and 
Choudhry 1979). Keeping above factors in mind, 
present investigation was conducted to study the 

Effect of Integrated Nutrient Management on growth 
and yield of hybrid rice.  

MATERIALS AND METHODS 

Field experiment was conducted during kharif 
season of 2010 at central research farm, SHIATS, 
Allahabad. The soil of the experimental site was 
sandy loam with pH (7.7) and medium in organic 
carbon (0.4%). The initial status of available N, P2O5 
and K2O of the experimental site was 220.0, 18.8 and 
250.0 kg ha-1, respectively. The experiment was laid 
out in a Randomized Complete Block Design with ten 
treatments replicated thrice. The treatments were 
Control (T1), BGA @ 15 kg ha-1 (T2), FYM @ 10 t 
ha-1 + BGA @ 15 kg ha-1 (T3), 50% of recommended  
NPK  through inorganic (T4), 50% of recommended  
NPK through inorganic + BGA @ 15 kg ha-1 (T5), 
50% of recommended  NPK through inorganic + 
FYM @ 10 t ha-1 + BGA @ 15 kg ha-1 (T6), 75% of 
recommended  NPK through inorganic (T7), 75% of 
recommended  NPK through inorganic + BGA @ 15 
kg ha-1 (T8), 75% of recommended  NPK through 
inorganic + FYM @ 10 t ha-1 + BGA @ 15 kg ha-1 
(T9), 100% of recommended  NPK  through inorganic 
(T10). Observations were recorded for various growth 
and yield attributes. 

RESULTS AND DISCUSSION 

Growth attributes: The different growth indices 
like plant height and number of tillers of hybrid rice 
significantly influenced by various treatments (Table 
1). Significantly higher plant height (128.80) was 
recorded with application of 75% of recommended 
NPK through inorganic + FYM @ 10 t ha-1 + BGA @ 
15 kg ha-1. However, it was on par with 100% of 
recommended NPK through inorganic (128.08). The 
lower plant height (78.33) was observed with the 
control treatment. Significantly increase in plant 
height with these treatments might be due to greater 
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availability and steady release of nutrients from 
organic sources (FYM, poultry manure), which 
perhaps increased the plant height. Devaraju et al. 
(1998) opined that adequate supply of plant nutrients 
influenced the plant height. Nitrogen increases the 
chlorophyll content at later stages of crop growth as it 
is a constituent and might have increased the 
photosynthesis and resulted in increased plant height 
(Gill and Harsharan Singh, 1985). Significantly more 
number of tillers per hill (15.47) was recorded with 
application of 75% of recommended NPK through 
inorganic + FYM @ 10 t ha-1 + BGA @ 15 kg ha-

1recorded significantly more Number of tillers. 
However, it was on par with 100% of recommended 
NPK through inorganic (15.43). The minimum 
Number of tillers (7.20) was observed with the 
control treatment. The development of leaf area is an 
important factor that could affect crop response to 
added nitrogen. Larger leaf area development aided in 
more interception of light leading to higher dry matter 
production (Vijayalakshmi and Nagarajan, 1994).  

Yield attributes: The yield attributes like Panicle 
length (cm), grains panicle-1 (No.), and thousand grain 
weight (g) differed significantly due INM in Hybrid 
rice (Table 2). Significantly highest length of panicle 
was recorded with the treatment 75% of 
recommended NPK through inorganic + FYM @ 10 t 
ha-1 + BGA @ 15 kg ha-1 (29.67). It was closely 
followed by the treatments 100% of recommended 
NPK through inorganic (29.30). Minimum panicle 
length (23.60) was recorded with the control 
treatment. It was found to be statistically significant. 
Singh et al (2001) also reported similar results. Use of 
higher dose of nitrogen, phosphorus and potassium 
through organic sources might have helped in 
inducing good vegetative growth (Dhurandher and 
Tripathi, 1999). which in turn produced higher 
number of panicles leading to higher yield This 
increased panicle length may be attributed to steady 
supply of nutrients which enhanced the dry matter 
production due to more availability of photosynthates. 
Significantly more number of grains per panicle was 
recorded with the treatment 75% of recommended 
NPK through inorganic + FYM @ 10 t ha-1 + BGA @ 
15 kg ha-1 (155.80). It was closely followed by the 
treatments 100% of recommended NPK through 
inorganic (145.10). Minimum number of grain 
(92.10) per panicle was recorded with the control 
treatment. It was found to be statistically significant. 
Singh et al (2001) also reported similar results. 
Organic manure contains growth promoting 
hormones and produce better root growth than 
fertilizer (Garg et al., 1971). Poultry manure contains 

most of the nutrients which might have helped to 
produce better growth parameters viz., number of 
tillers per hill, dry matter per hill, leaf area and yield 

parameters such as total number of grains, number of 
filled grains, decreased unfilled grains and least 
chaffiness per cent. Significantly highest test weight 
was recorded with the treatment 75% of 
recommended NPK through inorganic + FYM @ 10 t 
ha-1 + BGA @ 15 kg ha-1 (23.40). It was closely 
followed by the treatments 100% of recommended 
NPK through inorganic (23.20). Minimum test weight 
(21.50) was recorded with the control treatment. It 
was found to be statistically significant. Singh et al 
(2001) also reported similar results. As a result of 
application of higher dose of nitrogen, phosphorus 
and potassium through organic sources more bold 
seeds were formed which in turn increased the test 
weight of aerobic rice. This result is in accordance 
with earlier findings of Raghuraj Singh et al. (2001). 

Grain yield: The Grain yield differed 
significantly due INM in Hybrid rice (Table 2). 
Significantly higher grain yield was recorded with the 
treatment 75% of recommended NPK through 
inorganic + FYM @ 10 t ha-1 + BGA @ 15 kg ha-1 

(57.20 q/ha). It was closely followed by the 
treatments 100% of recommended NPK through 
inorganic (55.80 q/ha). The minimum test weight 
(17.20 q/ha) was recorded with the control treatment. 
It was found to be statistically significant. Singh et al 
(2001) also reported similar results. There will be 
increase in growth and yield components and both 
grain and straw yield, higher leaf area and leaf area 
duration which are responsible for higher 
photosynthetic activity promoted dry matter 
production resulting in higher grain and straw yield 
(Dhyani and Mishra, 1994, Dhurandher and Tripathi, 
1999). Because of more leaf area and more light 
interception, dry matter production was increased 
significantly resulting into significant increase in 
straw yield. These results confirm the findings of 
Sharu and Meerabai (2001) who reported that 
application of equal ratio of chemical fertilizer and 
organic manure increased the nutrient levels. As the 
nitrogen supply increased, the extra protein content 
might have induced the plant leaves to grow larger 
and made more surface area for photosynthesis. 

CONCLUSION 

On the basis of above findings, it may be 
concluded that application of 75% of recommended  
NPK through inorganic + FYM @ 10 t ha-1 + BGA @ 
15 kg ha- recorded maximum plant height, more 
number of Tillers hill-1, Panicle length, grains panicle-

1, thousand grain weight (g) and Yield. 
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Table 1: Influence of Integrated Nutrient Management on plant height and Number of tillers hill-1 of 

hybrid Rice.
Treatment Plant height (cm) Number of tillers hill-1 

T1-Control   

T2-BGA @ 15 kg ha-1 78.33 7.20 

T3-FYM @ 10 t ha-1 + BGA @ 15 
kg ha-1 

86.00 8.27 

T4-50% of recommended  NPK  
through inorganic 

93.60 8.70 

T5-50% of recommended  NPK 
through inorganic + BGA @ 15 kg 
ha-1 

106.27 10.07 

T6-50% of recommended  NPK 
through inorganic + FYM @ 10 t 
ha-1 + BGA @ 15 kg ha-1 

114.47 10.67 

T7-75% of recommended  NPK 
through inorganic 

120.43 11.57 

T8-75% of recommended  NPK 
through inorganic + BGA @ 15 kg 
ha-1 

117.90 10.77 

T9-75% of recommended  NPK 
through inorganic + FYM @ 10 t 
ha-1 + BGA @ 15 kg ha-1 

123.63 13.73 

T10-100% of recommended  NPK  
through inorganic 

128.08 15.43 

S.Em ± 0.99 0.20 

C.D. at 5% 2.08 0.43 

 

 

Table 2: Influence of Integrated Nutrient Management on Panicle length, grains panicle
-1

, and 

thousand grain weights and grain yield of hybrid Rice. 
Treatment  Panicle 

length (cm) 

Grains 

panicle-1 (No.) 

Test weight 

(g) 

Grain yield 

(q ha-1) 

T1-Control  23.60 92.10 21.50 17.20 

T2-BGA @ 15 kg ha-1 24.30 97.50 22.20 19.10 

T3-FYM @ 10 t ha-1 + BGA @ 15 kg ha-1 25.30 98.40 22.20 22.50 

T4-50% of recommended  NPK  through inorganic 26.00 120.20 22.30 48.20 

T5-50% of recommended  NPK through inorganic + BGA @ 15 kg ha-1 26.40 122.40 22.30 48.90 
T6-50% of recommended  NPK through inorganic + FYM @ 10 t ha-1 + BGA @ 15 kg ha-1 27.00 130.00 22.80 54.30 

T7-75% of recommended  NPK through inorganic   26.70 123.10 22.50 50.20 

T8-75% of recommended  NPK through inorganic + BGA @ 15 kg ha-1 29.00 140.80 22.90 55.40 

T9-75% of recommended  NPK through inorganic + FYM @ 10 t ha-1 + BGA @ 15 kg ha
-1 29.67 155.80 23.40 57.20 

T10-100% of recommended  NPK  through inorganic 29.30 145.10 23.20 55.80 

S.Em ± 0.14 0.43 0.08 0.19 
C.D. at 5% 0.29 0.89 0.16 0.39 
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ABSTRACT 
 

Nitrogen at different levels and biofertilizers effects were studied on growth and yield of Barley. An 
experiment was conducted in a factorial randomized block design with three replications. Treatments 
included 3 levels of nitrogen (40, 60 and 80 kg ha-1) and bio-fertilizers on four levels (not inoculation, 
Azotobacter, Azospirillum and Azotobacter + Azospirillum). The results revealed that fertilizer -- N @ 
80 kg/ha with both (Azotobacter + Azospirillum) inoculations was found to be the most responsive, with 
significantly increased in the growth parameters viz plant height, maximum number of tillers and grain 
yield of barley. Azospirillum inoculation, Azotobacter inoculation and uninoculated control significantly 
differed between each other. 
 
Key words: Azotobacter, Azospirillum, Inoculations, Biofertilizers. 
 

Barley (Hordeum vulgare L.) is the world’s 
fourth most important cereal after wheat, rice and 
maize. The major use of barley is in brewing 
industries for manufacturing malt. Both barley grains 
and straw are highly digestible compared to wheat 
because they do not contain gluten. Barley ranks next 
to wheat both in acreage and production among Rabi 
cereals in India. In order to find out some alternative 
for fertilizer nitrogen economy, the use of 
diazotrophic bacteria has been evaluated. Azotobacter 
is a well known free-living heterotrophic bacterium 
which plays a beneficial role in crop production. 
Studies on biological nitrogen fixation have mainly 
emphasized the role of Rhizobium and Azotobacter. 
However, with the discovery of free-living N2-fixing 
bacterium Spirillum lipoferum (now Azospirillum 

brasilense) form associative symbiosis with wheat. It 
has been suggested that the plant growth response 
may be attributed to the hormone production by these 
bacteria or to an increased nutrient uptake by 
inoculated roots. Generally the yield increases in 
different crops have been obtained in soils rich in 
organic matter. However, the increased cost of 
organic matter and fertilizer nitrogen prevents its use 
at higher levels by small and marginal farmers in 
India. It was, therefore, felt essential to find out the 
correct and compatible level of fertilizer nitrogen with 
these inoculations in barley production.  

MATERIALS AND METHODS 

 Field experiment was conducted during 
kharif season of 2010 at central research farm, 
SHIATS, Allahabad. The soil of the experimental site 
was sandy loam with pH (7.7) and medium in organic 
carbon (0.4%). The initial status of available N, P2O5 
and K2O of the experimental site was 220.0, 18.8 and 

250.0 kg ha-1, respectively. The experiment was laid 
out in a factorial randomized block design with 
twelve treatments replicated thrice. The treatments 
included 3 levels of nitrogen (40, 60 and 80 kg ha-1) 
and bio-fertilizers on four levels (not inoculation, 
Azotobacter, Azospirillum and Azotobacter + 
Azospirillum). Observations were recorded for 
various growth and yield attributes. 

RESULTS AND DISCUSSION 

Growth attributes: The different growth indices 
like plant height, number of tillers, Crop growth rate 
and Relative growth rate of barley was significantly 
influenced by various treatments (Table 1). 
Significantly higher plant height was recorded with 
the application of 80 kg N ha-1 + inoculation with 
Azotobacter + Azospirillum. Minimum plant height 
was recorded without seed inoculation + 40 kg N.  It 
might be due to increased availability of nitrogen 
leading to better nutritional environment in the root 
zone for growth and development. As nitrogen is one 
of the major essential plant nutrients required for 
growth and its uptake by plants might have enhanced 
rapid cell division, cell enlargement and cell 
multiplication leading to better vertical growth. 
Similar findings were reported by Singh et al. (2000). 
Significantly maximum number of tillers/hill was 
recorded with the treatment inoculation with 
Azotobacter + Azospirillum + 80 kg nitrogen, 
Minimum number of tillers/hill was recorded without 
seed inoculation + 40 kg N. Among the biofertilizers, 
maximum crop growth rate was recorded at 
throughout the crop growth stages in the treatment in 
which the seed was inoculated with azotobacter as 
well as azospirillium. Minimum crop growth rate was 

measured in the treatment in which 
uninoculated seed was sown. Inoculation with 

azotobacter + azospirillium was found statistically 
at par with the treatment inoculation with 
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azotobacter. Among the nitrogen levels application 
of 80 kg N recorded crop growth rate as compare to 
40 and 60 kg N ha-1. It was found to be statistically 
significant. Whereas crop growth rate were found 
non-significant in treatment 60 kg N/ ha, was found 
to be statistically at par with 80 kg N / ha. Among 
the biofertilizers, highest crop growth rate recorded 
in treatment inoculated with azotobacter + 
azospirillium and treatment uninoculated, as 
compare to rest of inoculated treatment. Among the 
nitrogen levels application of 80 kg N recorded 
highest relative growth rate as compare to 40 and 60 
kg N ha-1. It was found to be statistically significant. 
Similar observations were also reported by Singh et 

al. (2000). Minimum plant height was recorded with 
no application N fertilizer throughout crop growth 
stages. The development of leaf area is an important 
factor that could affect crop response to added 
nitrogen. Larger leaf area development aided in 
more interception of light leading to higher dry 
matter production (Vijayalakshmi and Nagarajan, 
1994). The obtained results revealed that were 
significant effects might be attributed to better 
development of inoculation plants compared to 
uninoculated ones creating a more favourable 
environment, in terms of natural and concentration 
of root exudates, for cell growth and metabolic 
activities of rihizospheric microorganisms (Prikryl 
and Vancura, 1980) or due to production of growth 
promoting substances such as Indole acetic and 
gibberellic acids which positively affect plant 
growth. Many investigators reported the positive 
effect of biofertilization on these characters. 

Yield attributes: The different yield indices 
like Grains/spike, Grain yield and Harvest index of 
barley was significantly influenced by various 
treatments (Table 2). Significantly most number of 
grains/spike was recorded with the treatment 
inoculation with azotobacter + azospirillium + 80 kg 
nitrogen. 

It was closely followed by the treatments azotobacter 
+ 80 kg nitrogen. Minimum number of grains/spike 
was recorded without seed inoculation + 40 kg N. The 
higher number of grains/spike Nitrogen and 
inoculation with azotobacter + azospirillium might be 
due to the better partitioning of carbohydrates from 
leaf to reproductive parts resulting in increased 
number of grains/spike, Bhakher et al. (1997) also 
reported similar results. 

Grain yield among the biofertilizers, maximum 
grain yield was recorded in the treatment in which the 
seed was inoculated with azotobacter as well as 
azospirillium. It was found to be statistically 
significant as compare to these culture applied alone 
as well as uninoculated treatment. Maximum grain 
yield was recorded with the treatment inoculation 
with azotobacter + azospirillium + 80 kg nitrogen. It 
was closely followed by the treatments azotobacter + 
80 kg nitrogen. Minimum number of grain yield was 
recorded without seed inoculation + 40 kg N. Increase 
in the grain yield due to Nitrogen and inoculation with 
azotobacter + azospirillium application on the yield of 
barley may be attributed to its role in various 
enzymatic reactions, growth processes hormone 
production and protein synthesis. The results are in 
accordance with those of Zahir et al. (1996). 

Harvest index among the biofertilizers, 
maximum harvest index was recorded in the treatment 
in which the seed was inoculated with azotobacter as 
well as azospirillium. It was found to be statistically 
significant as compare to these culture applied alone 
as well as uninoculated treatment. Maximum harvest 
index was recorded with the treatment inoculation 
with azospirillium + 40 kg nitrogen. It was on par 
with the treatments azotobacter + azospirillium + 80 
kg nitrogen. Minimum Harvest index was recorded 
without seed inoculation + 80 kg N.  

CONCLUSION 

On the basis of above findings, it may be 
concluded that combined inoculation of Azotobacter 
& Azospirillium with nitrogen at 80 along with 
recommended doses of Phosphorus and Potash (both 
were at 30 kg /ha) recorded maximum grain yield.   
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Table 1.  Effect of different biofertilizers and nitrogen levels on Plant height and  number of tillers of barley. 

Treatments Plant height 

(cm) 

Number of 

Tillers/ Hill 

CGR 

(g m-2 day-1) 

RGR 

(g g-1 day-1) 

T1-  Uninoculated + 40 kg N 71.72 3.336 72.50 0.0392 

T2-  Uninoculated + 60 kg N 75.42 3.80 80.00 0.0391 

T3-  Uninoculated + 80 kg N 78.04 4.46 142.50 0.0511 

T4-  Azotobacter + 40 kg N 76.12 4.26 134.17 0.0516 

T5-  Azotobacter + 60 kg N 84.04 4.60 145.83 0.0496 

T6-  Azotobacter + 80 kg N 89.79 5.20 190.00 0.0564 

T7-  Azosprillium + 40 kg N 75.45 3.93 80.00 0.0384 

T8-  Azosprillium + 60 kg N 78.59 4.60 145.00 0.0507 

T9-  Azosprillium + 80 kg N 89.34 4.93 170.83 0.0541 

T10-  Azotobacter +  Azosprillium + 40 kg N 76.42 4.20 131.67 0.0490 

T11-  Azotobacter +  Azosprillium + 60 kg N 86.63 4.73 167.50 0.0538 

T12-  Azotobacter +  Azosprillium + 80 kg N 91.57 5.80 231.67 0.0627 

S. Ed. (±) 0.32 0.06 1.92 0.0007 

C. D. at 5% 0.66 0.13 3.98 0.0014 

Table 2.  Effect of different biofertilizers and nitrogen levels on Grains/spike, Grain yield and Harvest 

index of barley. 

Treatment Grains/spike (No.) Grain yield (q/ha) Harvest index (%) 

T1-  Uninoculated + 40 kg N 52.80 32.13 0.452 

T2-  Uninoculated + 60 kg N 54.40 32.71 0.456 

T3-  Uninoculated + 80 kg N 58.00 35.46 0.435 

T4-  Azotobacter + 40 kg N 56.07 35.00 0.461 

T5-  Azotobacter + 60 kg N 60.60 39.21 0.451 

T6-  Azotobacter + 80 kg N 62.87 43.54 0.457 

T7-  Azosprillium + 40 kg N 54.93 34.96 0.471 

T8-  Azosprillium + 60 kg N 59.20 36.88 0.439 
T9-  Azosprillium + 80 kg N 61.33 40.21 0.446 

T10-  Azotobacter +  Azosprillium + 40 kg N 57.00 35.17 0.455 

T11-  Azotobacter +  Azosprillium + 60 kg N 61.13 39.46 0.451 

T12-  Azotobacter +  Azosprillium + 80 kg N 64.33 45.04 0.464 

S. Ed. (±) 0.29 0.14 0.24 

C. D. at 5% 0.60 0.29 0.50 

Table 1. Genotypic and phenotypic correlation coefficients between grain yield and its components in 

chickpea under moisture deficit conditions 

 X1 X2 X3 X4 X5 X6 X7 X8 Grain Yield 

X1 G 1.000      0.370      0.236     -0.335 0.609**   0.320      0.831** 0.660**      0.764** 

P 1.000      0.313      0.189     -0.305      0.552**     0.267      0.706** 0.542**     0.673** 
X2 G  1.000      0.096     -0.041      0.428*      0.323      0.360 0.432      0.418* 

P  1.000      0.099     -0.038      0.403*     0.301      0.333 0.391      0.387 
X3 G   1.000      0.084      0.268      0.419*      0.187 0.104      0.224 

P   1.000      0.074      0.239      0.404*     0.188 0.116      0.215 
X4 G    1.000     -0.711** -0.028     -0.304 -0.225     -0.327 

P    1.000     -0.683**    -0.017     -0.289 -0.191     -0.315 
X5 G     1.000      0.282      0.709** 0.553**     0.727** 

P     1.000      0.262      0.638** 0.479*     0.657** 
X6 G      1.000      0.215 0.451      0.170 

P      1.000      0.227 0.357      0.149 
X7 G       1.000 0.567**   0.947** 

P       1.000 0.483*     0.874** 
X8 G        1.000 0.454* 

P        1.000      0.371 
Grain 
Yield 

G         1.000 

P         1.000 
*Significant at 5% percent level, ** Significant at 1% percent level 
G= Genotypic, P= Phenotypic X1= Secondary branches per plant X2= Days to 50% flowering X3= Days to maturity, X4= 100 - Seed weight (g), X5= Seeds per pod, X6= Plant Height (cm), 
X7= Pods per plant, X8= Primary branches per plant 
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Table 2. Direct and indirect effects of different traits on chickpea grain yield under moisture deficit 

conditions  

X1 X2 X3 X4 X5 X6 X7 X8 

Genotypic 
correlation 

coefficient with 
grain yield 

X1 0.0020 0.0446 0.0109 0.0698 -0.0135 0.0015 0.7600 -0.1109 0.764 

X2 0.0007 0.1206 0.0045 0.0002 0.0490 -0.0137 0.3289 -0.0726 0.418 

X3 0.0005 0.0116 0.0462 -0.0004 0.0307 -0.0178 0.1708 -0.0175 0.224 

X4 -0.0007 -0.0050 0.0039 -0.0045 -0.0815 0.0012 -0.2784 0.0378 -0.327 

X5 0.0012 0.0516 0.0124 0.0032 0.1146 -0.0119 0.6489 -0.0928 0.727 

X6 0.0006 0.0390 0.0194 0.0001 0.0323 -0.0423 0.1968 -0.0758 0.170 

X7 0.0016 0.0434 0.0086 0.0014 0.0813 -0.0091 0.9146 -0.0952 0.947 

X8 0.0013 0.0521 0.0048 0.0010 0.0633 -0.0191 0.5184 -0.1680 0.454 

 
Residual effect =0.2658, Underlined figures show the direct effects 
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ABSTRACT 

Analysis of variance indicated that the differences among genotypes were highly significant for all 
the traits studied indicating that the genotypes were highly diversified. The parameters of genetic 
variability viz., mean, range, phenotypic and genotypic coefficient of variation (%) for all the seventeen 
characters. The phenotypic coefficient of variation was higher in magnitude than that of genotypic 
coefficient of variation for all the characters studied (Buu and Truong, 1988; Zahid et al., 2006). The 
character viz., number of unfilled grains / panicle recorded the highest phenotypic (65.44%) and 
genotypic coefficient of variation (61.33%). Plant height and 1000 grain weight showed moderate 
values whereas panicle length, days to 50 % flowering, and spikelet fertility % showed low values of 
phenotypic and genotypic coefficient of variation. The phenotypic (6.92%) and genotypic coefficient 
(6.25%) values were smallest for spikelet fertility %.  

Key Words: Genetic Components, Variance, Yield Attributing Characters and Exotic  Germplasm 
 

Rice (Oryza sativa L.) is one of the most 
important cereals and is the main food crop to the 
lives of billions of people around the world. In order 
to feed the growing population ventures are being 
made in all the rice growing areas to augment the 
yield per hectare but the success of hybridization and 
there after selection of desirable segregants depends 
largely on the selection of parents with high 
magnitude of genetic variability for different 
characters present in the plant population. Thus, the 
success of genetic improvement in any character 
depends on the nature of variability present in the 
gene pool for that character to start a judicious plant 
breeding programme.  

Characters like yield and its components 
being polygenic in nature, the breeder has to isolate 
desired genotypes from the knowledge of components 
of variations. The essential feature is the partitioning 
of total variation into phenotypic, genotypic and 
environmental components and determining the 
magnitude of these components for various traits 
which is a measure of the type of gene action, and 
thus helps in deciding a breeding procedure for the 
genetic improvement of a trait.  

MATERIALS AND METHODS  

The experiment was carried out with 39 
aromatic/fine grain and 84 non-aromatic 
lines/materials obtained from IRRI, Philippines under 
INGER (International Network on Genetic Evaluation 
of Rice) Project along with two local checks grown in 
randomized complete block design with three 
replications at Seed Breeding Farm, Department of 
Plant Breeding and Genetics, College of Agriculture, 
J.N. Agricultural University, Jabalpur (M.P.). The 
experimental area occupied was quite uniform in 
respect of topography and fertility. Twenty-one day 

old seedlings were transplanted in the experimental 
site. Each genotype was planted in three rows of five 
meter length and a row to row spacing of 20 cm. was 
maintained with one seedling per hill. Gap filling was 
done within a week in order to obtain uniform plant 
population. Fertilizer dose of 120 kg N, 60 kg P2O5, 
and 60 kg K2O was applied. Entire dose of P2O5 and 
K2O along with half dose of N was applied as basal 
dose at the time of final field preparation, remaining 
amount of nitrogen was splitted in two equal splits 
and were applied at the time of active filling stages. 
The standard agronomic practices were adopted for 
normal crop growth.  

Five competitive plants from each plot 
(including checks) were randomly selected and 
tagged for recording various quantitative characters. 
For the study of the character, days to 50 % 
flowering, the observations were recorded on plot 
basis under study. Observations were recorded for all 
the 17 quantitative characters viz., plant height (cm), 
panicle length (cm), panicle weight / plant (g), 
number of tillers / plant, number of filled and unfilled 
grains / panicle, spikelet fertility and spikelet sterility 
%, number of grains / panicle, days to 50 % 
flowering, 1000 grain weight (g), spikelet density, 
biological yield / plant (g), grain yield / plant (g), 
harvest index and panicle index. 

 
RESULTS AND CONCLUSIONS 

The phenotypic expression of a character is 
the manifestation of genotypes, environment and 
interaction between the genotypes and environment. 
The genotypic coefficient of variation measures the 
extent of genetic variability present in a crop species 
and also enables to quantify the extent of variability 
present in different characters. Therefore, the total 
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variance needs to be partitioned into heritable and 
non-heritable components to assess the true breeding 
nature of that particular trait.  

Analysis of variance indicated that the 
differences among genotypes were highly significant 
for all the traits studied indicating that the genotypes 
were highly diversified. The parameters of genetic 
variability viz., mean, range, phenotypic and 
genotypic coefficient of variation (%) for all the 
seventeen characters are presented in Table 1.  

The phenotypic coefficient of variation was higher in 
magnitude than that of genotypic coefficient of 
variation for all the characters studied (Buu and 
Truong, 1988; Zahid et al., 2006). The character viz., 
number of unfilled grains / panicle recorded the 
highest phenotypic (65.44%) and genotypic 
coefficient of variation (61.33%). Plant height and 
1000 grain weight showed moderate values whereas 
panicle length, days to 50 % flowering, and spikelet 

fertility % showed low values of phenotypic and 
genotypic coefficient of variation. The phenotypic 
(6.92%) and genotypic coefficient (6.25%) values 
were smallest for spikelet fertility %.  

The difference between the values of 
phenotypic and genotypic coefficient of variation for 
plant height, panicle length, panicle weight / plant, 
number of filled grains / panicle, number of grains / 
panicle, days to 50 % flowering, 1000 grain weight, 
spikelet density, biological yield / plant and spikelet 
fertility % were very low indicating that these traits 
were less sensitive to environmental changes and 
consequently the estimates of heritability for these 
traits were high. Rest of the traits showed slightly 
greater differences in the values of phenotypic and 
genotypic coefficient of variation indicating greater 
role of environment for the expression of these 
characters.    

 

Table 1 Parameters of genetic variability of yield and yield contributing traits in rice genotypes 

 

Character Mean Range PCV 

(%) 

GCV 

(%) Min. Max. 

Plant height(cm) 100.70 76.86 169.80 11.66 11.52 
Panicle length(cm) 25.75 19.83 32.00 10.74 9.59 

Panicle weight / plant (g) 36.71 10.00 94.66 33.31 31.27 

Number of tillers / plant 12.44 5.33 27.00 26.96 23.77 

Number of effective tillers / plant 11.75 5.33 23.66 23.82 21.30 

Number of filled grains / panicle 140.71 80.66 261.33 22.35 21.73 

Number of unfilled grains / panicle 18.88 3.00 83.00 65.44 61.33 

Number of grains / panicle 159.60 90.66 279.00 22.41 21.77 

Days to 50% flowering  97.09 81.00 112.66 6.69 6.50 

1000 grain weight (g) 25.83 16.33 45.13 14.41 14.37 

Spikelet density 6.22 3.64 12.00 22.84 21.67 

Biological yield / plant (g) 109.88 46.36 190.58 28.76 28.66 
Grain yield / plant (g) 42.30 16.46 91.03 32.47 30.30 

Harvest Index (%) 40.74 15.00 85.00 40.32 38.46 

Panicle Index 1.28 0.48 5.15 62.47 47.74 

Spikelet Fertility (%) 88.32 73.20 97.53 6.92 6.25 

Spikelet Sterility (% ) 11.76 3.07 33.13 60.75 45.61 
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ABSTRACT 

The present study was undertaken to determine the effect of daily milk yield on protein, 
lactose, ash, S.N.F., fat, T.S. and water for compositional quality and to determine total bacteria as 
standard plate count (SPC), proteolytic bacterial count (PBC), lipolytic bacterial count (LBC), lactic acid 
bacterial count (LABC) and coliform in raw milk for bacterial quality of raw milk as influenced by per day 
milk yield of healthy Jersey×Sindhi crosses under full hand in diagonal method of milking at SHIATS 
Dairy Farm, Allahabad; U.P. India. The analysis of variance showed significant effect of milk yield on 
SPC, PBC; Protein, Ash, S.N.F., Fat, T.S., Water; but showed non-significant differences in LABC, 
LBC, CC; Lactose, and in raw milk of Jersey×Sindhi crosses. Thus, the results indicated that the 
overall rating of quality of raw milk as determined by bacterial and chemical parameters was found 
better in cows of 4-6 kg milk yield daily (M2) in bacterial quality and 7-9 kg milk yield daily (M3) in 
compositional quality of milk, followed by cows up to 3 kg milk yield daily.   

Key words: Milk yield, compositional quality, bacterial quality, Jersey×Sindhi crosses, raw milk. 

 

India is basically a rural oriented and land based 
with 76.27 per cent of rural population and livestock 
sector is an integral part of Indian agriculture. Being 
an agricultural country with 1/5th of world’s 
population of cattle (222 million) and 1/2nd of the 
world’s buffaloes (98 million) – the cows and 
bullocks are the back-bone of Indian agriculture and 
play a major role in the rural economy Prasad 

(2013). Country has an obligation to the cows as cows 
provide milk and milk products which are the only 
source of animal protein in vegetarian diets. 
Livestock production, an integral part of Indian 
Agricultural Production System, is destined to play a 
more significant role in Indian economy. In India, 
hitherto, there was a synergy balance maintained 
between agriculture and animal husbandry, one 
complementing the other. Livestock is an important 
sub-sector of Indian agricultural economy which 
plays a multi-faceted role in providing livelihood 
support to the rural population. Contribution of 
livestock has increased from 14 per cent (1980-81) to 
24-30 per cent (2010-11), Rawat (2013). Livestock 
sector alone accounts for 66.7 per cent of the total 
value of output of livestock in India. Among all 
output, milk is the main output which plays an 
important role in enhancing food security. The 
nutritional value of milk is high as milk and honey are 
the only articles of human diet whose function in 
nature is food. The thrust on commercialization and 
globalization are likely to disturb this balance. There 
is paradigm shift in demand for livestock products 
like milk, meat, eggs and chicken promoting their 
increased production. Most of the increase in 
livestock production has been achieved due to 
horizontal growth of livestock population rather than 
by increase in per unit production.  

 It is well known that milk under goes 
spoilage due to microbial activity. It is also potential 
medium for transmission of diseases producing 
organisms derived from animals, milkers and from 
persons handling milk. The skin of animal serves as 
habitat of many bacteria which are of practical 
significance in milk, both from qualitative and 
quantitative point of view. The exterior of cow’s body 
is known to contribute as many as 10,000 bacteria per 
ml of milk Milk Hygiene F.A.O., (2001). Even the 
healthy animals having bad habits and kept in 
unhygienic conditions can add to heavy bacterial 
count of milk. If the flanks, hind quarters and udder 
are not kept clean it may also result in gross pollution. 
Therefore it is important that washing and cleaning of 
hind quarters including flanks and udder prior to 
milking be carried out to minimize contamination of 
milk. However quality of raw milk as influenced by 
lactation traits of cross-bred cows has not been 
investigated Rehman and Gill (1991); Prajapati et 

al. (1993). Hence the present study entitled “Quality 

of raw milk as influenced by milk yield of 

Jersey×Sindhi crosses” was undertaken on the dairy 
farm of SHIATS, Allahabad and U.P. India. 

MATERIALS AND METHODS 

The experiment on fresh raw milk from the 
udder of Jersey×Sindhi crosses was conducted at 
Dairy farm of Sam Higginbottom Institute of 
Agriculture, technology and Sciences (SHIATS); 
Allahabad, India. Sanitary precautions like clipping of 
long hairs on the udder and flank, grooming, washing 
of udder and teats with clean water before milking 
mammary quarters, wiping with towel etc. soaked in 
2% Dettol disinfecting solution, tying tail with hind 
legs etc. were taken care prior to collection of milk 
samples. Cows were milked by full hand in diagonal 
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method of milking. Two streams of fore-milk from 
each quarter of udder were discarded as per 
recommendation of Singh and Prasad (1987). Then 
representative samples of 250 ml milk were collected 
from milking pail into sterilized conical flask and 
plugs were replaced immediately. Samples were 
brought to culture room to determine the effect of 
milk yield on total viable count of bacteria as standard 
plate count (SPC), proteolytic bacterial count (PBC), 
lipolytic bacterial count (LBC), lactic acid bacterial 
count (LABC) and coliform in raw milk as influenced 
by different milk yield groups i.e. M1 (1 – 3 kg), M2 
(4 – 6 kg) and M3 (7 – 9 kg) of cows under full hand 
in diagonal method of milking at SHIATS Dairy 
Farm, Allahabad.  

After microbial analysis the samples were 
brought to Chemical laboratory for determining 
chemical quality of milk in raw milk of Jersey×Sindhi 
crosses by determining protein, lactose, ash, S.N.F., 
fat, T.S. and water in different milk yield groups as 
per AOAC (2000).     

RESULTS AND DISCUSSION 

Bacterial Quality of milk of Jersey×Sindhi crosses 

SPC (104) per ml in raw milk of cows of M1, 
M2, and M3 groups ranged from 136.00 to 267.10, 
111.50 to 249.00 and 151.50 to 253.00, respectively. 
The differences in SPC per ml in raw milk due to 
milk yield group of cows were significant. Results 
indicated that higher milk yield in cows show less 
bacterial count in milk of cows compared to cows of 
low milk yield. The average values of SPC/ml of raw 
milk are in agreement with Bhadouria and Prasad 

(2012). However, Neeraj and Prasad (1990) 
observed relatively low density of SPC in raw milk 
which can be ascribed to their antibacterial treatment 
before milking of cows. LABC (103) per ml in raw 
milk of cows of M1, M2, and M3 groups ranged from 
18.00 to 40.50, 19.00 to 32.80 and 18.50 to 43.00, 
respectively. The differences in lactic acid bacterial 
count per ml in raw milk of cows due to milk yield 
group were non-significant. Milk of cows in M3 group 
showed higher LABC in comparison to milk of cows 
in M1 and M2 but these differences were found to be 
non significant. Findings of this study are in 
agreement with the results obtained by Bhadouria 

and Prasad (2012). LBC (102) per ml in raw milk of 
cows of M1, M2, and M3 groups ranged from 21.40 to 
34.00, 20.00 to 32.30 and 18.50 to 32.00, 
respectively. The differences in LBC per ml in raw 
milk due to milk yield group of cows were non-
significant. Milk of cows in M1 group showed higher 
LBC in milk compared to milk of cows in M2 and M3 

group but these differences were not found to be 
significant. Findings of this study are in agreement 
with the results obtained by Bhadouria and Prasad 

(2012). PBC (102) per ml in raw milk of cows of M1, 
M2, and M3 group ranged from 22.30 to 30.80, 21.00 
to 29.00 and 18.50 to 28.50, respectively. The 
differences in PBC per ml in raw milk due to milk 

yield group of cows were significant. PBC in milk of 
M2 group of cows was at par with milk of cows of M3 
group as the differences in PBC of these two were not 
significant, being at par. Results indicated that higher 
milk yield in cows show less PBC in milk of cows 
compared to cows of low milk yield. Somewhat 
similar trend was observed in SPC of milk. The 
average values of PBC/ml of raw milk are in 
agreement with Neeraj and Prasad (1991). Coliform 
per ml in raw milk of cows of M1, M2, and M3 groups 
ranged from nil to 9.00, nil to 9.00 and nil to 9.00, 
respectively. The differences in coliform per ml in 
raw milk due to milk yield group of cows were non-
significant. Results are in agreement with Bhadouria 

and Prasad (2012) as they also did not find any 
significant differences in coliform due to milk yield. 
However, average values were in agreement with 
reports of Pandey and Prasad (1991). 
Compositional quality of milk of Jersey×Sindhi 

crosses 

The data regarding percentage of protein, 
lactose, ash, total solids (T.S.), fat, solid    not fat 
(S.N.F.) and water in cow milk as influenced by milk 
yield is as follows: 

 Protein per cent of raw milk in M1, M2, and 
M3 milk yield ranged from 3.46 to 4.01, 3.43 to 3.67 
and 3.39 to 3.65, respectively. The differences in the 
protein per cent of raw milk due to milk yield groups 
were significant. Results revealed that milk yield of 
Jersey × Sindhi crosses had significant effect on 
protein per cent in milk which is in agreement with 
the reports of Prasad (2000) and findings of Yadav 

et al. (2010). Lactose per cent of milk of cows of M1, 
M2, and M3 milk yield ranged from 4.30 to 4.90, 4.30 
to 4.80 and 4.40 to 4.70, respectively. The differences 
in the lactose per cent of cow milk due to milk yield 
of cows were not significant. The results showed 
nearby no change in lactose percentage in milk due to 
milk yield of cows. No significant effect of milk yield 
on lactose per cent in milk were also reported by 
Bhadouria and Prasad (2012). Ash per cent of milk 
of cows of M1, M2, and M3 milk yield ranged from 
0.69 to 0.74, 0.68 to 0.73 and 0.61 to 0.71, 
respectively. The differences in the ash per cent of 
cow milk due to milk yield groups were significant. 
Milk yield of Jersey × Sindhi crosses had significant 
effect on ash per cent in milk was in agreement with 
the findings of Bhadouria and Prasad (2012). 
S.N.F. per cent of milk of cows in M1, M2, and M3 

milk yield ranged from 8.67 to 9.26, 8.46 to 9.16 and 
8.45 to 8.98, respectively. The differences in the 
S.N.F. per cent of cow milk due to milk yield groups 
were significant. S.N.F. in milk of cows of M1 (up to 
3 kg) was significantly higher compared to M2 and 
M3 whereas differences in S.N.F. between later two 
groups were not significant. Results revealed 
significant effect of milk yield on S.N.F. per cent in 
milk which was not in agreement with the findings of 
Bhadouria and Prasad (2012) who observed no 
significant effect of milk yield on S.N.F. in milk. Fat 
per cent of milk of cows in M1, M2, and M3 milk yield 
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ranged from 4.10 to 5.40, 3.80 to 4.70 and 4.00 to 
4.90, respectively. The differences in the fat per cent 
of cow milk due to milk yield groups were 
significant. Fat per cent in milk appears to increase 
with advancement in lactation. Milk yield of Jersey × 
Sindhi crosses had significant effect on fat per cent in 
milk was not in line with the reports of Bhadouria 

and Prasad (2012). T.S. per cent of milk of cows in 
M1, M2, and M3 milk yield ranged from 13.02 to 
14.31, 12.35 to 13.56 and 12.65 to 13.77, 
respectively. The differences in the T.S. per cent of 
cow milk due to milk yield groups were significant. 
The differences in T.S. of milk between latter two 
(M2 and M3) groups were not significant. Results 
revealed significant effect of milk yield on T.S. per 
cent in milk was not in line with the reports of 
Bhadouria and Prasad (2012). Water per cent of 
milk of cows in M1, M2, and M3 milk yield ranged 
from 85.69 to 86.98, 86.44 to 87.65 and 86.23 to 
87.35, respectively. The differences in the water per 
cent of cow milk due to milk yield groups were 
significant. Results revealed that water in milk of 
cows of M2 and M3 was at par. It was interesting to 
note that water content in milk was higher in cows of 
higher milk yield. Milk yield had significant effect on 
water per cent in milk was in agreement with the 
findings of Bhadouria and Prasad (2012).  

CONCLUSION 

 The exterior of cow’s body is known to 
contribute as many as 10,000 bacteria per ml of milk 
(Milk Hygiene F.A.O., 2001). Even the healthy 
animals having bad habits and kept in unhygienic 
conditions can add to heavy bacterial count of milk. If 
the flanks, hind quarters and udder are not kept clean 
it may also result in gross pollution. Therefore it is 
important that washing and cleaning of hind quarters 
including flanks and udder prior to milking be carried 
out to minimize contamination of milk. The herd at 
SHIATS Dairy Farm, consisted of Jersey×Sindhi 
cows and only healthy animals free from mastitis, any 

other noticeable udder infection or injury etc. were 
selected for this experiment. In all 20 cows chosen for 
the experiment were housed in one tail to tail barn 
and prepared for milking at 1 p.m.; Care was taken to 
produce clean milk free from visible dirt under 
hygienic and aseptically condition and milk samples 
were collected from the milking pail separately in 
sterile 250 ml conical flasks and plugged aseptically 
with cotton plug to eliminate every possible 
contamination from outside of udder. Three milk 
yield groups (M) of Jersey×Sindhi crosses were M1 
(cows yielding up to 3 kg milk), M2 (cows producing 
4 to 6 kg milk) and M3 (cows yielding 7 to 9 kg milk) 
in which 20 replication were made. The samples were 
brought immediately to laboratory for determination 
of bacterial and chemical quality of cow milk. 
Bacterial quality was ascertained by determining 
Standard plate count (SPC), lactic acid bacterial count 
(LABC), lipolytic bacterial count (LBC), proteolytic 
bacterial count (PBC) and coliforms as per Chalmers 

(1953). Chemical quality parameters of milk included 
were percentage of protein, lactose, ash, solid not fat 
(S.N.F.), fat, total solids (T.S.) and water determined 
as per methods of AOAC (2000). Following 
conclusions were made:  

Bacterial quality of milk was better in milk 
from cows yielding 4 to 6 kg (M2) milk followed by 
cows yielding milk 7 to 9 kg (M3) and up to 3 kg milk 
(M1). Similarly, The chemical quality of milk based 
on milk constituents was relatively better in milk 
obtained from cows yielding 7 to 9 kg milk (M3) 
followed by cows yielding milk 4 to 6 kg (M2) and 
cows yielding up to 3 kg milk (M1). Mean values of 
different parameter along with C.D. is given in Table 

1 below. 
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Table 1. Mean value of different parameters 
Parameters Milk yield wise mean values as treatments (M)  

C.D. (i)Bacterial count/ ml up to 3 kg (M1) 4 kg – 6 kg (M2) 7 kg – 9 kg (M3) 

SPC (104) 213.65 189.16 193.19 17.71 

LABC(103) 28.45 26.60 29.56 - 

LBC (102) 27.72 24.86 25.33 - 

PBC (102) 26.69 25.07 23.26 1.88 

Coliform 2.85 2.53 2.60 - 

(ii) Chemical parameters (in percentage)  

Protein 3.65 3.54 3.47 0.05 

Lactose  4.56 4.55 4.55 - 

Ash 0.713 0.697 0.678 0.01 

S.N.F. 8.92 8.79 8.69 0.11 

Fat 4.84 4.59 4.50 0.17 

T.S. 13.76 13.38 13.19 0.21 

Water 86.24 86.62 86.81 0.21 
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ABSTRACT 

The present investigation was carried out at village level in Marathwada region of Maharashtra 
state. In analytical techniques tabular analysis was used which includes frequency, percentage and 
ratio method to analyze the data in the present study. This paper, relying upon the primary data, 
attempts to find out the energy utilization pattern of the region and revealed that in case of energy 
utilization of overall rabi jowar, from ploughing to threshing, use of hired male labour was 16.30 man 
days, use of hired female labour was 24.17 woman days. Total hired human labour required for rabi 
jowar grower was 28.29 men days. Use of family male labour was 09.77 man days; use of family 
female labour was 04.96 women days. In general, total family human labour was 11.89 men days. Use 
of bullock labour 06.13 pair days and use of machine labour was 04.45 hrs. In rabi jowar cultivation 
around 90.00 per cent energy was utilized for harvesting and threshing, 20.00 per cent was utilized for 
weeding purpose. There two operations together utilized almost 70.00 per cent energy. From energy 
utilization view threshing, harvesting and wedding were the peak energy utilization period. 

Key words: Energy utilization, Rabi Jowar, Marathwada region. 

Results for increased agricultural income in 
the farm economy are very much dependent on the 
efficient energy utilization pattern. Energy utilization 
pattern has a significant impact on the main indicator 
for the Economic accounts of farming community. 
Jowar (Sorghum bicolar (L.) Monch) belongs to 
family graminaceae is one of the most important 
cereal crops in the world and is one of the four major 
food grains of our country. It is also the most 
important crop in Maharashtra occupying the highest 
area of 55 lakh hectares with 36 per cent of the total 
cropped area under this crop. Out of the total area 
under jowar cultivation in India, 50% is cultivated in 
Maharashtra. Whereas, out of the total production of 
Jowar in the nation, 52% is from Maharashtra, 
Karnataka, Andhra Pradesh, Tamil Nadu.  Sorghum is 
a genus of numerous species of grasses, some of 
which are raised for grain and many of which are 
used as fodder plants either cultivated or as part of 
pasture. The cereal crop is perennial in nature and 
possessing corn like leaves and bearing the grain in a 
compact cluster. It is mostly found in the arid and 
semi arid parts of the world, due to its feature of 
being extremely drought tolerant. The nutritional 
value of sorghum is same as of that of corn and that is 
why it is gaining importance as livestock feed. 
Sorghum is also used for ethanol production, 
producing grain alcohol, starch production, 
production of adhesives and paper other than being 
used as food and feed. One more advantage of this 
crop is that it can be grown in both Kharif and Rabi 
season. Also, it can handle and grow on a wide range 
of soil types starting from fertile to less nutrient soils 
but an effective output largely depends on soil 
moisture, resistance and porosity. Basavraj et al., 
(1986) has clearly opined in his study that among 
several inputs, the most limiting were seed and 

bullock labour. On the other hand, some inputs were 
underutilized, indicating the possibility of increasing 
productivity and total output. Thakur et al. (1990) has 
also conducted a production function analysis and 
stated that the results do not support the hypothesis 
that farm size is an important factor influencing the 
productivity of inputs at the farm level. Gore (1999) 
studied comparative economics of Rabi sorghum 
(irrigated) and wheat in Solapur district and observed 
that the average cost of cultivation of rabi jowar was 
Rs. 8749.82 per hectare. On an average, return over 
cost-A, cost-B and cost-C were found to be Rs.5183, 
Rs.2728 and Rs.2122, respectively. It was also 
revealed that in Maharashtra per hectare capital 
investment decrease with the increase in size group of 
farms similar trend was observed in items of capital 
investment (Pawar et al., 2002). However, efficient 
and judicious utilization of energy is of high concern 
irrespective of the purpose of cultivation. In every 
case, the more the efficient use of energy the more the 
welfare for the farming community. 

MATERIALS AND METHODS 

Methodology is of vital importance in the 
any economic study. It includes salient features of 
study area, sampling design, methods of data 
collection, analytical tools used and term and concept 
involved in study. In order to fulfill the objective of 
the present study, primary data were collected from 
various sources. Multistage sampling design was 
adopted for selection of the district, tehsil, village and 
respondent farmers.  

At first stage, the Parbhani and Beed districts 
were purposively selected because these two districts 
are traditionally known for rabi jowar cultivation and 
they are having predominant area of rabi jowar in the 
Marathwada region. At second stage, one tehsil from 
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each district was selected on the basis of highest area 
under rabi jowar. At third stage, from each selected 
tehsil a list of revenue villages was prepared in 
consultation with revenue department and then six 
villages were selected, randomly. 

At the fourth stage, a list of rabi jowar 
growers was prepared in consultation with Talathi 
(Patwari) of each selected village. From a list, ten 

rabi jowar growers were selected randomly. Thus, 
120 rabi jowar growers were selected for the present 
study. The selected sample then post classified into 
three groups i.e. Small (Area under rabi jowar is 
upto 02 ha.) Medium (Area under rabi jowar is 
between 02 to 04 ha.) and large (Area under rabi 
jowar is above 04 ha.) farmer. Number of 
respondents in small size group were 30, medium 
size group 50 and large size group 40. Thus, 
effective total sample size was 120. Parbhani and 
Beed market were purposely selected because these 
two markets were the major market of Parbhani and 
Beed district, respectively. From the selected 
market, different middlemen were selected randomly 
for the study of marketing rabi jowar. Ten 
middlemen were selected for the present study. The 
sample farmers were interviewed 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 survey method. Data pertained for the year 2009-
10. Further, data was analyzed with respect to 
objective of the study for meaningful conclusion.   

In analytical techniques tabular analysis was 
used which includes frequency, percentage and ratio 

method to analyze the data in the present study. 

RESULTS AND DISCUSSION 

Energy utilization pattern of small rabi jowar 

growers of Marathwada region 

Energy utilization pattern of small rabi 
jowar grower were calculated and are presented in 
Table 1.0. Use of human, bullock and machine labour 
for cultivation of rabi jowar from ploughing, 
harrowing to harvesting and threshing were presented. 
Hired male labor requirement was 18.51 man days, in 
that most of working man days required for 
harvesting followed by threshing, irrigation, 
harrowing and fertilizer application. Use of hired 
female labour was 32.46 days, maximum use of hired 
female labour was observed in operation like weeding 
and harvesting of  rabi  jowar . Hired human labour 
was estimated by total number of hired male labour 
plus total number of hired female converted into male 
equivalent, it was 34.75 man days. Use of family 
male was 14.95 man days, which was mostly used for 
harvesting followed by watch and ward and sowing. 
Use of family female was 06.23 women days, in that 
maximum use was observed in weeding followed by 
harvesting and fertilizer application. Total use of total 
family labour was 18.07 man days. In rabi jowar, use 
of bullock labour was found to be 06.33 pair days, 
highest bullock pair use was found for harrowing 

operation followed by hoeing, FYM application and 
sowing. Small farmers were giving preference to 
hired service of machine labour for ploughing 
followed by threshing. Total machine labour was 
04.67 working hours. The use of total human labour 
was observed to be 52.82 days. Maximum human 
energy were utilized for harvesting and threshing 
(48.18 per cent), weeding (20.58 per cent). In rest of 
the operations, human energy consumption were 
ranged in between 03 to 05 per cent.  
Energy utilization pattern of medium rabi jowar 

growers of Marathwada region 

             Energy utilization pattern of medium rabi 
jowar grower was calculated and are presented in the 
Table 2.0. Use of Human, Bullock and machine labour 
for cultivation of  rabi jowar , from ploughing to 
threshing were presented in the table. The use of hired 
male labour was 17.50 man days, in that most of 
working men days required for harvesting followed by 
threshing, irrigation requirement, fertilizer application. 
Use of Hired female labour was 24.14 woman days in 
which more contribution was given to operation like 
weeding and harvesting in rabi jowar cultivation. Total 
hired human labour required for rabi jowar cultivation 
was 29.57 man day. Use of family male labour was 
09.64 man days, family female labour was 05.34 women 
days. In general total family human labour was 10.14 
man days. Use of Bullock labour was 06.65 pair days. 
Maximum use of bullock labour was observed for 
harrowing followed by FYM application, sowing and 
hoeing.  Use of Machine labour was 04.40 hrs. 
Threshing and ploughing were important operations, 
which are mainly carried out with the use of machine 
labour. The use of total human labour Day was found to 
be 39.71 days. The structural break up for use of total 
human labour was similar to that of small rabi jowar 
growers.  

Energy utilization pattern of large rabi jowar growers 
of Marathwada region 

Energy utilization pattern of large rabi jowar 
grower was calculated and are presented in Table 3.0. 
The use of hired male labour was 12.89 man days in that 
most of working men were required for harvesting, 
threshing, fertilizer application and irrigation. Use of 
hired female labour was 15.94 women day. The use of 
female was mainly done for operations like weeding and 
harvesting. Total hired human labour required for large  
rabi jowar grower was 20.85 man day Use of family 
male was 05.80 man days and female labour was 03.33 
women days. Total family human labour was 07.47 man 
days. Use of bullock labour was 05.44 pair day. Machine 
labour required for threshing and ploughing was 04.29 
hrs. The total human labour day requirement for large 
farmers was 28.32 men days. The total human labour 
utilization pattern among different operation was similar 
to that of small and medium rabi jowar growers. The 
level of use of bullock labour and machine labour among 
different categories of farmers were similar. The any 
difference which was observed in energy utilization is 
that, utilization of total human labour days were 
reducing in larger farmers category as compared to small 
and medium farm category. 
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Fig.1 Diagrammatic representation of sampling design 

Region    Maharashtra state 

 

    Marathwada region   

 

District    Parbhani  Beed                    Purposively 

 

Tehsil           Parbhani                 Beed   Area basis 

 

Villages    

1.   Sanpuri   Muluk            

2. Nandkhed  Limbaganesh 

3. Jalalpur   Mahajanwadi 

4. Karadgaon  Pokharni 

5. Dhargaon   Maheshwadi 

6. Hingla                    Sultanpoor 

 

Energy utilization pattern of overall rabi  

jowar growers of Marathwada region: 

Energy utilization of overall rabi jowar 
grower was calculated and are presented in the Table 
4.0. Use of human, Bullock and machine labour for 
cultivation of rabi   jowar, from ploughing to 
threshing were presented in the table. The use of hired 
male labour was 16.30 man days, use of hired female 
labour was 24.17 woman days. Total hired human 
labour required for  rabi  jowar grower was 28.29 
man days. Use of family male labour was 09.77 man 
days, use of family female labour was 04.96 women 
days. In general total family human labour was 11.89 
man days. Use of Bullock labour 06.13 pair days. Use 
of Machine labour was 04.45 hrs. The proportion of 
use of female as compared to male labour was higher. 
Female labour were mostly utilized for weeding, 
harvesting, threshing etc. male labour were mainly 
engaged for harvesting, threshing, irrigation, fertilized 
application, hoeing and harrowing. Use of bullock 
labour was mainly observed for harrowing and hoeing 
purpose, whereas use of machine labour was mainly 
done for threshing and ploughing operations. 

In rabi jowar cultivation, around 90.00 per 
cent energy was utilized for harvesting and threshing. 

20.00 per cent were utilized for weeding purpose. 
There two operations together utilized almost 70.00 
per cent energy. From energy utilization view, 
threshing, harvesting and wedding were the peak 
energy utilization period. 

Conclusion 

In case of energy utilization of overall rabi 

jowar growers, from ploughing to threshing use of 
hired male labour was 16.30 man days, use of hired 
female labour was 24.17 woman days. Total hired 
human labour required for rabi jowar grower was 
28.29 men days. Use of family male labour was 09.77 
man days, use of family female labour was 04.96 
women days. In general, total family human labour 
was 11.89 men days. Use of bullock labour 06.13 pair 
days and use of machine labour was 04.45 hrs. In rabi 

jowar cultivation around 90.00 per cent energy was 
utilized for harvesting and threshing, 20.00 per cent 
was utilized for weeding purpose. There two 
operations together utilized almost 70.00 per cent 
energy. From energy utilization view threshing, 
harvesting and wedding were the peak energy 
utilization period. 

 

 

Randoml
y 
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Table 1.0 Energy utilization pattern of small rabi jowar growers of Marathwada region   (per hac)                                                                               

Operations HM 

(Day) 
HF 

(Day) 
HHL 

(Day) 
FM 

(Day) 
FF 

(Day) 
FHL  

(Day) 
THL (Day) BL ( Pair 

Day) 
ML (Hrs.) 

Ploughing - - - - - - - - 02.50 (53.53) 

Harrowing 01.14 - 01.14 01.56 - 01.56 02.70 (05.11) 02.70 (42.65) - 

FYM/ compost 
application 

00.73 - 00.73 00.93 - 00.93 01.66 (03.14) 01.35 (21.33) - 

Sowing 00.31 - 00.31 01.87 - 01.87 02.18 (04.13) 00.83 (13.11) - 

Fertilizer 01.14 - 01.14 00.62 00.41 00.83 01.97(03.73) - - 

Hoeing 00.72 - 00.72 01.45 - 01.45 02.17 (04.11) 01.45 (22.91 - 

Weeding -- 18.30 09.16 - 03.43 01.71 10.87 (20.58) -- - 

Irrigation 01.56 - 01.56 01.66 - 01.66 03.22 (6.10) - - 

Watch and Ward -- - - 02.60 - 02.60 02.60 (04.92) - - 

Harvesting 09.58 14.16 16.66 03.12 01.35 03.80 20.46 (38.74) - - 

Threshing 03.33 - 03.33 01.14 01.04 01.66 04.99 (09.44) - 02.17 (46.47) 

 18.51 32.46 34.75 14.95 06.23 18.07 52.82 (100) 06.33 (100) 04.67 (100) 

(Figures in parentheses indicate percentage to total)  
 
Abbreviations used: 

HM  = Hired Male Labour 
HF = Hired Female Labour 
HHL = Total Hired Human Labour 
FM  = Family Male Labor 
FF = Family Female labour 
FHL = Total Family Human Labour 
THL = Total Human Labour 
BL = Bullock Labour 
ML = Machine labour 

 

 

Table 2.0 Energy utilization pattern of medium rabi jowar growers of Marathwada region ( Per ha) 

                                                                                                       
Operations HM 

(Day) 
HF 

(Day) 
HHL 

(Day) 
FM 

(Day) 
FF 

(Day) 
FHL  

(Day) 
THL 

(Day) 
BL                

( Pair 

Day) 

ML 

(Hrs.) 

Ploughing 00.23 
- 

00.23 00.42 
- 

00.42 
00.65 
(1.64) 

00.58 
(08.72) 

01.86 
(42.27) 

Harrowing 01.00 
- 

01.00 01.04 
- 

01.04 
02.04 
(5.14) 

02.05 
(30.83) 

- 

FYM/ compost application  00.65 
- 

00.65 01.00 
- 

01.00 
01.65 
(4.16) 

01.47 
(22.10) 

- 

Sowing 00.69 
- 

00.69 00.81 
- 

00.81 
01.50 
(3.78) 

01.31 
(19.70) 

- 

Fertilizer 01.16 
- 

01.16 00.50 00.23 00.62 
01.78 
(4.48) 

- - 

Hoeing 01.12 
- 

01.12 00.73 
- 

00.73 
01.85 
(4.66) 

01.24 
(18.65) 

- 

Weeding 
- 

13.95 6.97 
- 

02.36 01.18 
08.15 
(20.52) 

- - 

Irrigation  01.74 
- 

01.74 00.15 
- 

00.15 
01.89 
(4.76) 

- - 

Watch and Ward  00.38 
- 

00.38 02.01 
- 

02.01 
02.39 
(06.01) 

- - 

Harvesting 08.25 10.19 13.35 02.17 01.86 00.93 
14.28 
(35.96) 

- - 

Threshing 2.28 
- 

02.28 00.81 00.89 01.25 
03.53 
(08.89) 

- 02.54 
(57.73) 

Total 17.50 24.14 29.57 09.64 05.34 10.14 
39.71 
(100) 

06.65 
(100) 

04.40 
(100) 

(Figures in parentheses indicate percentage to total) 
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Table 3.0 Energy utilization pattern of large rabi jowar growers of Marathwada region (Per ha) 

Operations 
HM 

(Day) 
HF 

(Day) 
HHL 

(Day) 
FM 

(Day) 
FF 

(Day) 
FHL  

(Day) 
THL 

(Day) 

BL                

( Pair 

Day) 

ML 

(Hrs.) 

Ploughing 00.29 - 00.29 00.39 - 00.39 
00.68 

(02.40) 
00.62 

(11.40) 
02.00 

(46.62) 

Harrowing 00.59 - 00.59 01.15 - 01.15 
01.74 

(06.15) 
01.67 

(30.70) 
- 

FYM/ compost 
application 

00.92 - 00.92 00.62 - 00.62 
01.54 

(05.44) 
01.38 

(25.36) 
- 

Sowing 00.75 - 00.75 00.55 - 00.55 
01.30 

(04.59) 
01.15 

(21.14) 
- 

Fertilizer 00.95 00.13 01.01 00.16 00.29 00.31 
01.32 

(04.66) 
- - 

Hoeing 00.59 - 00.59 00.32 - 00.32 
00.91 

(03.21) 
00.62 

(11.40) 
- 

Weeding  10.29 05.14 - 01.51 00.75 
05.89 

(20.80) 
- - 

Irrigation 00.62 - 00.62 00.16 - 00.16 
00.78 

(02.75) 
- - 

Watch and Ward 00.23 - 00.23 00.88 - 00.88 
01.11 

(03.92) 
- - 

Harvesting 06.05 05.52 08.81 01.11 00.88 01.56 
10.37 

(36.62) 
- - 

Threshing 01.90 - 01.90 00.46 00.65 00.78 
02.68 

(09.46) 
- 

02.29 
(53.89) 

12.89 15.94 20.85 05.80 03.33 07.47 
28.32 
(100) 

05.44 
(100) 

04.29 
(100) 

(Figures in parentheses indicate percentage to total) 

 

 

Table 4.0  Energy utilization pattern of overall  rabi  jowar growers of Marathwada region 
 ( Per ha) 

Operations 
HM 

(Day) 
HF 

(Day) 
HHL 

(Day) 
FM 

(Day) 
FF 

(Day) 
FHL  

(Day) 
THL 

(Day) 

BL                

( Pair 

Day) 
ML (Hrs.) 

Ploughing 00.17 - 00.17 00.27 - 00.27 
00.44 
(01.10) 

00.40 
(06.53) 

02.12 
(47.64) 

Harrowing 00.91 - 00.74 01.25 - 01.25 
02.16 
(05.39) 

02.14 
(34.91) 

- 

FYM/ compost 
application  

00.76 - 00.76 00.85 - 00.85 
01.61 
(04.02) 

01.40 
(22.84) 

- 

Sowing 00.58 - 00.58 00.74 - 00.74 
01.32 
(03.29) 

01.09 
(17.78) 

- 

Fertilizer 01.08 00.04 01.12 00.42 00.31 00.73 
01.86 
(04.64) 

- 
- 

Hoeing 00.81 - 00.81 00.83 - 00.83 
01.64 
(04.09) 

01.10 
(17.94) 

- 

Weeding - 14.18 07.09 - 02.43 01.21 
08.30 
(20.71) 

- 
- 

Irrigation  01.30 - 01.30 00.65 - 00.65 
01.96 
(04.89) 

- 
- 

Watch and Ward  00.20 - 00.20 01.83 - 01.83 
02.03 
(05.06) 

- 
- 

Harvesting 07.96 09.95 12.94 02.13 01.36 02.09 
15.03 
(37.50) 

- 
- 

Threshing 02.50 - 02.50 00.80 00.86 01.23 
03.73 
(09.31) 

- 
02.33 
(52.36) 

Total 16.30 24.17 28.29 09.77 04.96 11.89 
40.08 
(100) 

06.13 
(100) 

04.45 
(100) 

(Figures in parentheses indicate percentage to total)  
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ABSTRACT 

597 records of 198 Rathi cows over a period of 33 years (from 1977 to 2010) maintained at 
Livestock Research Station, CVAS (Bikaner) were used in the present investigation. The reproduction 
parameters obtained from over all lactation records were average age of heifers at first calving of 
1470.49±41.798 days, calving interval of 463.83±11.501 days with service period of 195.16±8.988 
days. The production traits were estimated as lactation length of 288.61±4.550 days, dry period of 
184.59±10.853 days, 1720.24±49.793 Itrs milk yield with 5.77±0.142 Itrs milk per day of lactation 
length and 1660.63±33.984 Itrs  300 days milk yield. A mixed model least square analysis showed 
significant effect of sire on all the traits. Effect of period was found significant for service period, dry 
period and lactation length whereas effect of season and effect of parity was not significant for all 
reproduction and production traits. The regression of reproduction and production traits on age at first 
calving was found non significant.  

Keywords: Rathi cattle, Season, Parity, Reproduction traits, Production traits. 
 
To start an extensive and effective breeding 

programme for Rathi cattle, it is necessary to have 
knowledge of the phenotypic and genetic parameters 
of important economic traits for bringing about 
improvement and also for choosing appropriate 
selection programme. The heredity and environment 
are two fundamental factors contributing to the 
variability in the measures of economic traits. It 
becomes essential to know as to how much variation 
in these traits is of genetic nature and how much of 
environment. Reproductive efficiency of a cow is 
measured through age at first calving, calving 
interval, service period, gestation period, while the 
productive efficiency is measured through lactation 
length, dry period and milk yield. These indicators of 
reproductive success affect the economic outcome of 
the dairy enterprise. So the present study was 
conducted to investigate the effect of non genetic 
factors on production and reproduction traits in Rathi 
cattle. 

MATERIALS AND METHODS 

Milk records of cows, which took birth during 
the year 1977 to 2005 and calved during the year 
1977 to 2010 were included in the present study. Data 
were taken of those cows which have completed at-
least second lactation and having lactation length not 
less than 120 days for the present study. The 
reproduction and production traits were evaluated in 
terms of Age at first calving, Calving interval, Service 
period, Lactation length, Dry period, Lactation milk 
yield, 300 days milk yield, Milk yield per day of 
lactation length. 

The whole data were grouped into five periods 
according to date of birth for age at first calving as P1 

(1977 - 1981), P2 (1982 - 1986), P3 (1987 - 1991), P4 
(1992 - 1996) and P5 (1997-2005) assuming that 
yearly variations within the period were minimum. To 
evaluate the effect of period of calving on various 
production and reproduction traits and the whole data 
were grouped into six periods according to date of 
calving as P1 (1977-1981), P2 (1982-1986), P3 (1987-
1991), P4 (1992-1996), P5 (1997-2004) and P6 (2005-
2010). 

To study the effect of season of birth on age at 
first calving, season of calving on other production 
and reproduction traits, each year was divided into 
three seasons according to the climatic conditions like 
temperature, humidity, rainfall, etc. The three seasons 
were summer S1 (March to June), monsoon S2 (July to 
October) and winter S3 (November to February). 

To find the effect of various genetic and non-
genetic factors on production and reproduction traits, 
computer package  programme  LSMLMW, designed 
by Harvey (1990) was used for data analysis. Paternal 
half sib correlation method was used to estimate the 
heritability of different traits. The sires with less than 
four progeny were excluded for the estimation of 
heritability. 

RESULTS AND DISCUSSIONS 

The least-squares analysis for age at first calving 
(AFC), service period and calving interval is given in 
Table-1. The average age at first calving (AFC) in 
Rathi heifers was observed to be 1470.49±41.798 
days. The estimate of this trait is within the reported 
range from 1388.44 (Singh, 1996) to1601.4 days 
(Nehra, 2004)) in Rathi heifers. The overall average 
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service period was estimated to be 195.16± 8.98 days 
and is in close agreement with the reports of Kumar 
(2012) and Ohri and Singh (1970) in Rathi cattle. The 
least-squares means of calving interval was estimated 
to be 463.83±11.501 days which are similar to that 
reported by Kumar (2012) in Rathi cows.  

The effect of period of birth on AFC of Rathi 
heifers was found to be non-significant with highest 
age at first calving in the second period (1559.22days) 
and lowest in first period (1402.97days). Nehra 
(2004) also reported non-significant effect of period 
of birth on AFC in Rathi cattle. However Mishra et 

al. (1980) in Sahiwal and Chand (2011) in Tharparker 
cattle reported significant effect of period on AFC. 
Period of calving causes significant variation in 
service period in the present study being the longest 
in first period and smallest in third period (Table-1). 
Significantly shorter service period was observed for 
sixth period and this differed non-significantly with 
service period observed for third and fifth period. In 
first and second period SP was significantly larger. 
Nehra (2004) in Rathi cows and Chand (2011) in 
Tharparkar cattle also reported significant effect of 
period of calving on service period. Contrarily, Basu 
et al. (1979) in Red Sindhi, Sahiwal and Tharparkar 
and Dahiya (2002) in Hariana cows observed non-
significant effect of period of calving on service 
period. 

The analysis of variance (Table-1) revealed that 
the effect of period of calving was non significant for 
calving interval. The cows calved in first period had 
longer calving interval and smaller in third period 
although the difference was non-significant 
statistically. Govindiah et al. (1984) in Red Sindhi 
and Sahiwal crosses, Dhaka et al. (1999) in Hariana 
cows and Parmar and Johar (1984) in Tharparkar 
cattle also reported non-significant effect of period on 
calving interval. However, Nehra (2004) in Rathi 
cattle observed significant effect of period of calving 
on calving interval. The effect of period of calving 
was observed to be highly significant (P≤0.05) on 
lactation length. In the present study the lactation 
length of third, fourth and sixth periods were 
significantly higher than other periods. This might be 
due to favorable climatic conditions and good 
managemental practices at the farm. Similar finding 
were also reported by Gahlot (1972) in Rathi, Chawla 
and Mishra (1982) in Sahiwal and Chand (2011) in 
Tharparkar cattle. However, Joshi (1989) and Nehra 
(2004) in Rathi reported non-significant effect of 
period on lactation length. 

The period of calving had highly significant 
influence on dry period. The cows calving in first 
period exhibited longer dry period as compared to 
cows calving in other periods. Shorter dry period with 
optimum lactation length was observed in the fifth 
and sixth periods (Table-2) which seems to be 
beneficial. This might be due to favorable climatic 

conditions and good managemental practices at the 
farm during these periods. Nehra (2004) in Rathi 
cows and Chand (2011) in the Tharparkar cattle 
observed the significant effect on dry period. 
However, Gahlot (1972) found non-significant 
periodic variation in dry period of Rathi cows. The 
effect of period of calving on lactation yield was 
found to be non-significant. Similar findings were 
also reported by Nehra (2004) in Rathi, Singh et al. 
(1999) in Sahiwal, Dhaka (1999) in Hariana, Chand 
(2011) in Tharparkar cattle. However, Joshi (1989) 
found significant effect of period of calving on 
lactation yield in Rathi and its crosses. The period of 
calving influenced 300 days milk yield non-
significantly in present investigation. Highest 300 
days milk yield was observed in 6th period and the 
lowest yield in 1st period. Non Significant effect of 
period of calving was also observed by Joshi (1989) 
in Rathi cows. Parekh and Sahu (1978) in Tharparkar 
cattle also observed non-significant effect on this 
trait. However, Gahlot et al. (1993) observed it to be 
significant in Rathi and its crosses. Similar findings 
were also reported by Nehra (2004) in Rathi cows. 

Milk yield per day of lactation length was 
maximum during the sixth period however the 
difference between periods was non-significant. 
Nehra (2004) in Rathi and Joshi (1989) also observed 
similar results in Rathi and its crosses. However, 
Hingane (1980) in Hariana, Vij et al. (1992) and 
Chand (2011) in Tharparkar cattle observed 
significant effect of period. 

The results of the analysis of variance revealed 
(Table-1) that the effect of season of birth of Rathi 
cows was observed to be non significant with highest 
age at first calving in cows born in summer season 
and lowest for born in rainy season. Similar findings 
were also reported by Dhaware et al. (2008) in 
Khillar cattle, Chand (2011) in Tharparkar cattle and 
Nehra (2004) in Rathi cows. Wherease, Kachwaha 
(1993) and Rahumathulla et al. (1994) in Tharparkar 
cattle observed significant effect of season of birth on 
age at first calving. Season of calving was found to be 
non significant on service period. The longest service 
period was in the summer season, whereas it was 
smallest during winter season. Vij et al. (1992) and 
Chand (2011) in Tharparkar and Singh (1998) in 
Hariana cattle observed non-significant effect of 
season on service period. However Beniwal (1993) in 
Red Sindhi and its crosses, Kachwaha (1993) in 
Tharparkar, Nehra (2004) in Rathi cattle observed 
significant seasonal variation in service period.
 The non- significant seasonal influenced on 
service period could be due to variation in 
environmental and managemental conditions. The 
service period for Rathi cows that calved in the winter 
was smallest which might be a result of favorable 
environment in terms of temperature and availability 
of the green pastures after monsoon hasten the onset 
of oestrus probably due to high nutrient contents. 
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Calving interval was influenced non-
significantly by season of calving. The cows calved in 
winter and monsoon seasons had lower calving 
interval than those calved in summer season. The 
variability in calving interval is mostly attributable to 
the service period and same patter was observed for 
both the traits. The least-squares mean of calving 
interval for cows calved in winter season was lower 
than those calved in other season. Hence seasonal 
variations in calving interval may be consequence of 
variability in the service period. Similar results were 
obtained by Gahlot (1972) in Rathi, Yadav (1988) in 
Hariana and Singh et al. (1996) in Tharparkar cattle 
whereas Nehra (2004) in Rathi cattle, Vij et al. (1992 
b), Singh et al. (1996) and Chand (2011) in 
Tharparkar, reported significant seasonal influence on 
calving period for first lactation. 

In the present study the effect of season of 
calving on lactation length was found to be non 
significant. Longest lactation length observed in 
winter (S3) calved while shortest lactation length 
found in summer (S1) calved animals. The non-
significant effect of season is in agreement with the 
findings of Chand (2011) in Tharparkar, while Joshi 
(1989) and Nehra (2004) in Rathi, Pannerselvon et al. 
(1990) in Tharparkar cattle, found contrary results. 
The seasonal influenced at calving time on dry period 
were observed non significant. Winter season (S3) 
calvers had lower dry period as compared to cows 
calving in other seasons. These results were in 
agreement with the findings of Chand (2011) in 
Tharparkar cows. However, Nehra (2004) in Rathi, 
Pannerselvon et al. (1990) and Gahlot (1999) in 
Tharparkar cattle for first lactation observed 
significant effect of season of calving on dry period. 
The seasonal influenced of calving on lactation yield 
were observed to be non-significant indicating no 
contribution of season of calving to the total 
variability of lactation yield. These results are in 
agreement the with those reported by Nehra (2004) in 
Rathi, Chand (2011) in Tharparkar and Beniwal 
(1993) in Red sindhi and its crosses.  

The effect of season of calving on 300 days milk 
yield was found to be non significant. The highest 
300 days milk yield was recorded in monsoon season 
(S2) while lowest yield in winter season (S3). Similar 
seasonal pattern was also reported for lactation yield 
as these traits have positive correlation. Gahlot et al. 
(1993) and Nehra (2004) reported non-significant 
effect of season of calving in Rathi cows. However, 
Gahlot (1986) in Rathi and its crosses and Singh and 
Nagacenkar (1997) in Sahiwal cattle observed 
significant effect of season of calving on 300 days 
yield. Season of calving showed non-significant effect 
on milk yield per day of lactation length in the present 
study. Nehra (2004) in Rathi, Joshi (1989) in Rathi 
and its crosses reported similar findings while Rao 
and Dommerholt (1981), Vij et al. (1992b) and Chand 
(2011) in Tharparkar and Hingane (1980) in Hariana 

observed significant effect of season of calving on 
milk yield per day of lactation length. 

Effect of parity was found to be non-significant 
for the service period. Nehra (2004) in Rathi cattle 
and Basu et al. (1979) and Bhatnagar et al. (1982b) in 
Tharparkar cattle also found similar observations. 
While, Sharma and Bhatnagar (1975), Vij et al. 
(1992b), Kachwaha (1993), Gahlot (1999), Gahlot et 

al. (2002) and Chand (2011)  reported significant 
effect of parity on service period in Tharparkar cattle. 
Service period was longest in second parity thereafter 
it decreased up to fifth parity and then slight increase, 
however the differences among parities was non-
significant. This might be due to maturity, 
environmental conditions which might also have 
affected service period over the period in different 
parities. Analysis of variance revealed non-significant 
influence of parity on calving interval. Calving 
interval decreased non-significantly from second 
lactation to fifth and then slightly increased. Parmar et 

al. (1984) also did not show any effect of parity on 
successive calving in Tharparkar cattle. However, the 
results of Kachwaha (1993), Singh et al. (1996) and 
Gahlot (1999) in Tharparkar cattle were contrary to 
this.  

During this investigation the results revealed 
that the lactation length was not significantly affected 
by parity. Similar results were also reported by Gahlot 
(1972) and Nehra (2004) in Rathi cattle. However, 
Pandey and Tomar (1990), Vij et al. (1992b), 
Kachwaha (1993) and Chand (2011) reported 
significant effect of parity on lactation length in the 
Tharparkar cattle. Lactation length decreases from 
first to sixth lactation non-significantly. The dry 
period was also found not significantly affected by 
parity. Similar results were also reported by Gahlot 
(1972) and Nehra (2004) in Rathi cattle. However, 
Pandey and Tomar (1990), Vij et al. (1992b), 
Kachwaha (1993) and Chand (2011) reported 
significant effect of parity on dry period in 
Tharparkar cattle. Dry period decreased non-
significantly statistically from first to sixth lactation 
continuously except fourth parity where it increased 
slightly in present investigation. The lactation milk 
yield was found non significantly influenced by 
parity. Similar results were found by Bhatnagar et al. 
(1982a) and Parmar and Johar (1982a) in Tharparkar 
cattle. Whereas, Vij et al. (1992b), Kachwaha (1993), 
Gahlot (1999) and Chand (2011) in Tharparkar cattle, 
Nehra (2004) in Rathi cattle found significant effect.  

In this investigation the results revealed that the 
parity non significantly affects the 300 days milk 
yield. Bhatnagar et al. (1982a) and Parmar and Johar 
(1982a) in Tharparkar cattle and Roy and Saha (2003) 
in Sahiwal cattle also found that 300 days milk yield 
was not significantly influenced by parity. Whereas, 
Kachwaha (1993), Gahlot (1999) and Chand (2011) 
in the Tharparkar cattle and Nehra (2004) in Rathi 
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cattle reported contrary result. Milk yield per day of 
lactation length was non significantly influenced by 
parity and same results were found by Chand (2011) 
in Tharparkar.  

The least-squares analysis of variance revealed 
that the sire had a significant influence on all the 
reproduction traits. The results suggested that sire is a 
significant source of causing variability in the 
reproduction traits and genetic material is suitable for 
estimating heritability from paternal half sib method 
for various traits. The sire was found with highly 
significant (P≤0.01) influence on dry period and milk 
yield per day of lactation length while non significant 
effect on lactation length and milk yield 300 days. 
The results suggested that sire is a significant source 
of causing variability. Kishore (2012) observed 
significant effect on all production traits, studied in 
this investigation, in Tharparkar cattle 

The regression of reproduction traits on AFC 
were found non significant on service period and 
calving interval. The regression coefficient was 
negative but low for calving interval and positive but 
almost zero for service period. This indicated that age 
at first calving did not have much effect on the 
reproduction traits of the cow. The reports of 
Panneerselvan et al. (1990), Kachwaha (1993), Yadav 
et al. (1994a) and Chand (2011) showed non-
significant effect of AFC on service period and agree 
well with the present findings. Nehra (2004) also 
reported similar trends for all reproduction traits in 
Rathi cattle. Bhatnagar et al. (1982b) and 
Rahumathulla et al. (1994) reported significant effect 

of age at first calving on service period and calving 
interval in Tharparkar cattle. Regression of AFC on 
lactation length, lactation milk yield, 300 days milk 
yield, milk yield per day of lactation length and dry 
period were non significant. Results of present 
investigation were in the line of the reports of 
Kachwaha (1993), Gahlot (1999) and Chand (2011) 
but in contradiction with the reports of Pannerselvon 
et al. (1990) and Yadav et al. (1994a) in Tharparkar 
cattle.  

CONCLUSIONS 

The effect of season was non-significant for all 
the traits, it indicated that the breed is well adapted to 
this climate and performance is not affected by 
seasonal variation despite of extreme climatic 
variation during the study. The calving interval was 
also found lowest for the cows calved in winter 
season. Rainy season of calving favored most of 
production traits in the present investigation. Calving 
interval and service period were found best in fifth 
parity, whereas, lactation length was estimated 
maximum in first parity, but lactation yield and milk 
yield 300 days were found maximum in sixth parity. 
Although, all these differences were observed to be 
non- significant. The random effect of sire was 
observed to be significant (P≤ 0.05) for most of the 
production and reproduction traits which indicates 
that sire selection for these traits can bring further 
genetic improvement in the herd. AFC was found 
high in present study so attempts should be taken to 
lower down it, by proper care and management like 
early detection of heat and timely insemination.  

 

Table-1: Least-squares mean ± SE for reproductive traits 

Over all Mean 

AFC (days) CI (days) SP(days) 

1470.49±41.798 
(110) 

463.83±11.501 
(352) 

195.16±8.988 
(366) 

Sire * * * 

Period NS NS * 

P1 1402.95±106.03 (40) 474.96±18.248 (59) 207.26±14.460
b 

(56) 
P2 1559.97±88.13 (20) 472.32±18.952 (85) 215.83±18.952

b 

(83) 
P3 1514.17±80.230 (24) 452.81±20.520 (69) 191.04±16.60 ab (64) 

P4 1433.22±88.520 (18) 467.42±19.292 (71) 202.98±22.059
b 

(66) 
P5 1442.16±155.05 (8) 465.41±24.174 (36) 179.85±14.084

ab 

(32) 
P6 - 460.10±28.022 (32) 161.06.83±14.863

a 

(35) 
SEASON NS NS NS 

S1 1512.28±50.712 (40) 481.79±15.03 (110) 202.73±11.997 (102) 

S2 1407.29±54.024 (35) 457.75±14.69 (128) 200.11±11.538 (122) 

S3 1491.91±52.658 (35) 451.97±14.751 (114) 182.64±11.550 (112) 

PARITY  NS NS 

L1  469.66±15.801 (97) 199.78±12.594 (89) 

L2  474.89±16.610 (76) 203.61±13.044 (74) 

L3  470.90±18.019 (59) 202.78±15.784 (58) 

L4  463.59±20.234 (45) 186.23±14.096 (42) 

L5  442.18±22.822 (31) 185.91±16.168 (30) 

L6  461.79±20.092 (44) 192.67±17.967 (43) 

AFC  NS NS 

Regression 
coefficient 

 -0.03±0.031 0.04±0.024 

(** - Highly significant (P≤ 0.01); * - Significant (P≤0.05); NS - Non-significant) 



Journal of Progressive Agriculture, Vol.4, No. 1: April, 2013 

   75

Table-2:  Least-squares mean ± SE for production traits 

** - Highly significant (P≤ 0.01); * - Significant (P≤0.05); NS - Non-significant) 

(No. of observations are given in parenthesis. Figure with different superscripts differ significantly) 
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 LL DP MY MY300 MYPD 

Over All Mean 

µ 

288.61±4.550 
(366) 

184.59±10.853 
(327) 

1720.24±49.793 
(420) 

1660.63±33.984  (401) 
5.77±0.142 

(388) 

Sire NS ** NS NS ** 

Period ** ** NS NS NS 

P1 
266.02±11.51ab 

       (51) 
225.49±16.29

b

 
(52) 

1606.25±95.513 
(64) 

1582.56±58.119 
(61) 

5.15±0.225 
(64) 

P2 287.52±10.942
abc

 
(86) 

219.96±16.751
b

 
(76) 

1698.39±92.633 
(101) 

1608.17±55.793 
(91) 

5.32±0.225 
(88) 

P3 308.76±11.748
cd

 
(75) 

193.46±17.746
b

 
(66) 

1661.16±101.025 
(84) 

1651.12±61.012 
(80) 

5.94±0.234 
(80) 

P4 320.09±10.913
d

 
(75) 

190.59±16.772
b

 
(66) 

1707.63±94.081 
(86) 

1696.72±56.632 
(84) 

5.81±0.225 
(80) 

P5 264.51±14.085
a

 
(37) 

151.42±20.429
a

 
(31) 

1847.04±121.344 
(42) 

1713.27±72.766 
(39) 

6.08±0.291 
(36) 

P6 294.78±17.207
bcd

 
(42) 

126.62±23.256
a

 
(36) 

1890.94±146.421 
(43) 

1791.98±90.843 
(37) 

6.35±0.337 
(40) 

SEASON NS NS NS NS NS 

S1 
279.26±7.507 

(127) 
198.65±13.456 

(105) 
1680.39±70.21 

(135) 
1667.77± 44.325 (127) 

6.02±0.184 
(121) 

S2 
284.95±7.642 

(125) 
180.61±13.195 

(120) 
1781.10 ± 71.147 

(151) 
1689.50±45.269 

(143) 
6.25±0.180 

(136) 

S3 
301.64±7.657 

(114) 
174.51±13.43 

(102) 
1699.21±70.175 

(134) 
1624.64±44.054 

( 131) 
5.63±0.179 

(131) 

PARITY NS NS NS NS NS 

L1 
310.55±9.059 

(84) 
211.81±17.417 

(88) 
1763.75±78.777 

(106) 
1668.07±49.328 

(98) 
5.68±0.213 

(81) 

L2 
298.95±13.134 

(89) 
199.68±14.155 

(75) 
1658.60±81.134 

(92) 
1628.01±49.608 

(91) 
5.54±0.205 

(82) 

L3 
285.29±11.988 

(58) 
177.55±15.966 

(54) 
1622.17±91.505 

(69) 
1610.10±56.750 

(64) 
5.69±0.221 

(65) 

L4 
284.14±8.618 

(45) 
190.59±17.988 

(39) 
1719.69±96.342 

(52) 
1712.46±58.644              

(51) 
6.05±0.247 

(50) 

L5 
278.21±10.573 

(36) 
169.54±14.49   (29) 

1776.01±112.885 
(41) 

1722.54±67.178 
(40) 

6.38±0.250 
(45) 

L6 
274.54±10.926 

(54) 
158.38±19.656 

(42) 
1800.20±104.280 

(60) 
1783.63±62.117 

(57) 
6.55±0.220 

(65) 

AFC NS NS NS NS NS 

Regression 

coefficient 
-0.001±0.020 0.004±0.026 -0.21 ±0.168 0.025±0.096 0.0006±  0.0003 
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ABSTRACT 

A field experiment was conducted at IGKV, Raipur (C.G) during rabi 2010-11 and 2011-12. 
The soil of experimental site was clay loam in texture, neutral in soil reaction. The climate of the region 
is sub humid with an average annual rainfall of 1200-1400 mm. Results revealed that minimum total 
weed density and total weed dry weight was found under drip irrigation (100 % of OPE) at all stages 
during both the years and on mean basis, yield attributes and total tuber yield of potato crop was 
significantly maximum under drip irrigation (125 % of OPE) as compared to furrow irrigation. The 
herbicide Metribuzin (500 g a.i. ha

-1
PE) proved better among other weed management practices 

recorded minimum total weed density and total weed dry weight was found at all stages and the 
maximum yield attributes and total tuber yield of potato crop. Application of 75% N inorganic fertilizer + 
25 % N organic (Poultry manure) + PSB + Azotobactor was found non significant to weed control while 
produced significantly highest yield attributes and total tuber yield. 

Key words: Drip irrigation, Weed management, Integrated nutrient management, Potato 

Potato (Solanum tuberosum) is the most 
important food and vegetable cum starch supplying 
crop of the world. It is one of the most remunerative 
and profitable crop for the growers due to its higher 
yield potential within a limited time. Water is the vital 
source for crop production and is the most limiting 
factor in Indian agricultural scenario. Though India 
has the largest irrigation network, the irrigation 
efficiency has not been achieved more than 40 per 
cent. Due to water scarcity, the available water 
resources should be very effectively utilized through 
water saving irrigation technologies. Hence, further 
expansion of irrigation may depend upon the adoption 
of new systems such as pressurized irrigation 
methods with the limited water resources. Amongst 
those pressurized irrigation methods, drip irrigation 
has proved its superiority over other methods of 
irrigation due to the direct application of water and 
nutrients in the vicinity of root zone. There are 
several constraints in potato production, of which 
weeds often pose a serious problem. Weeds not only 
compete with crop plants for nutrients, soil moisture, 
space and sunlight but also serve as an alternative 
hosts for several insect pest and diseases. Hand 
weeding and hoeing are common practices followed 
in India. However, timely weed control may not be 
possible manually due to non-availability of labours 
and high rate of wages during peak period of farm 
operations. Hence, chemical weed control appears to 
hold a great promise in dealing with effective, timely 
and economic weed suppression. The overall strategy 
for increasing potato yields and sustaining them at a 
high level must include an integrated approach to the 
management of soil nutrients, along with other 
complementary measures. 

MATERIALS AND METHODS 

A field experiment was conducted at IGKV, 
Raipur (C.G) during rabi 2010-11 and 2011-12. The 
soil of experimental site was clay loam in texture, 
neutral in soil reaction, low in available N, low in 
available P and high in available K status. The 
climate of the region is sub humid with an average 
annual rainfall of 1200-1400 mm. The crop received 
63.7 mm rainfall during crop period. The experiment 
was laid out in split–split plot design with three 
replications. The treatments consisted of three 
irrigation schedule i.e. drip irrigation (125 % of OPE), 
drip irrigation (100 % of OPE) and control (furrow 
irrigation) as a main plot and four weed management 
i.e. weedy check, hand weeding (at 25 and 45 DAP) 
metribuzin (500 g a.i. ha-1 PE) and chlorimuron + 
quizalofop (6 + 50 g a.i ha-1) at 20 DAP as sub plot 
and four integrated nutrient management i.e. 100 % 
RDF, 100 % RDF + Micro nutrient (Zinc sulphate 25 
kg ha-1), 75 % N inorganic fertilizer + 25 % N poultry 
manure + PSB + Azatobactor and 50 % N inorganic 
fertilizer + 50  % N poultry manure + PSB + 
Azatobactor as sub sub plot. Kufri Chipsona- 2 
variety was used for experiment  

RESULTS AND DISCUSSION 

Weed parameters 

Weed species 

The major weed species existed in the 
experimental area was Chenopodium album, Convolvulus 

arvensis, Melilotus alba, Medicago denticulata, Cynodon 

dactylon, and others etc (Table 4.17a). Out of five weed 
species, Chenopodium album, Convolvulus arvensis, 

Melilotus alba, Medicago denticulata among the broad leaf 
weeds and Cynodon dactylon among grasses were 
predominant.    
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Table 1: In the experimental field following weed species or weed flora were found  predominant 

Group Botanical Name Family Vernacular Name 

Broad leaf weeds Chenopodium album  Fabaceae  Bathua  

Convolvulus arvensis Convolvulaceae Hirankhuri 

Melilotus alba Fabaceae Safed senji  

Medicago denticulata Fabaceae Chinori 

Grasses  Cynodon dactylon  Poaceae  Doob  

 

Weed density and weed dry weight 
It was observed that the total weed density 

was significantly higher under furrow irrigation at all 
stages during both the years and on mean basis as 
compared to others. However, minimum total weed 
density was found under drip irrigation (100 % of 
OPE) at all stages during both the years and on mean 
basis. (Table 2) 

The data reveal that significantly lowest 
weed density and weed dry weight m-2 were found 
with the application of Metribuzin (500 g a.i. ha-1PE) 
followed by two hand weeding at 25 and 45 DAP 
compared to weedy check. The maximum weed 
population and weed biomass was found under weedy 
check condition which adversely affected the growth 
and yield of potato crop. Integrated nutrient 
management was found non significant during both 
the yeas as well as in mean data.Similar findings were 
also reported by Jan et al. (2004), Singh et al. (2002) 
and Roder et al. (2009). 

Yield attributes and yield 

Irrigation schedule positively influenced the 
yield attributes and yield. The number of stolons 

plant-1, number of tubers plant-1and tuber yield were 
significantly higher under drip irrigation (125 % of 
open pan evaporation) than control (furrow irrigation) 
but was at par with drip irrigation (100 % of open pan 
evaporation) during both the years and on mean basis. 
The higher yield attributing characters and yield was 
noticed in the above treatment which might be due to 
availability of water in sufficient quantity. Among 
weed management practices, the number of stolons 
plant-1, number of tubers plant-1and tuber yield were 
significantly higher under Metribuzin (500 g a.i. ha-

1PE) than weedy check and rest of the treatments. 
Significantly higher  yield attributing characters i.e. 
number of stolons, tubers and tuber yield was found 
under treatment 75% N inorganic fertilizer + 25 % N 
organic (Poultry manure) + PSB + Azotobactor   than 
other nutrient management practices during both the 
years and on mean basis. These findings are in 
agreement with those reported earlier by Arora et al. 
(2009), Bakeer et al. (2009) and Baishya et al. (2010) 
(Table-3). 

 

Table 2: Effect of irrigation schedule, weed and integrated nutrient management on weed density (No.m
-2

) 

and weed dry weight (g m
-2

) in potato at 60 DAP 

Treatment  Weed density at 60 DAP (No. m-2)  Weed dry weight at 60 DAP (g m-2) 

Total weed 
density 

Total weed 
density 

Mean 
weed 

density 

Total weed 
dry weight 

Total 
weed dry 
weight 

Mean 
weed dry 
weight 

      2010-11      2011-12    Mean      2010-11  2011-12 Mean 

Irrigation schedule 

I1 – 100% OPE (Open Pan Evaporation) 
 
I2 – 125% OPE  
 
I3 – Control  (Furrow irrigation) 
 

SEm±±±± 
 CD (P = 0.05) 

 
2.88 
(8.86) 
3.15 
(10.49) 
4.76 
(26.37) 
0.05 

0.19 

 
3.15 
(11.26) 
3.58 
(14.10) 
5.52 
(36.14) 
0.04 

0.15 

 
3.03 
(10.06) 
3.39 
(12.30) 
5.16 
(31.26) 
0.04 

0.14 

 
3.06 
(9.56) 
3.39 
(11.47) 
4.43 
(21.42) 
0.10 

0.37 

 
3.09 
(10.13) 
3.37 
(11.79) 
4.81 
(25.16) 
0.10 

0.40 

 
3.09 
(9.85) 
3.39 
(11.63) 
4.64 
(23.29) 
0.09 

0.33 

Weed management 
W0 – Weedy check 
W1 – Hand weeding at 25 and  45 DAP 
W2 – Metribuzin (500g a.i ha-1. PE) 
W3 – Chlorimuron (CMS)  + Quizalofop  
(6+50g a.i ha-1) at 20DAP 

 SEm±±±± 

CD (P = 0.05) 

 
5.60 
(33.78) 
2.88 
(8.05) 
2.09 
(4.06) 
3.82 
(14.62) 

 
0.05 

0.14 

 
6.55 
(46.48) 
3.40 
(12.25) 
2.09 
(4.36) 
4.28 
(18.92) 

 
0.11 

0.33 

 
6.10 
(40.13) 
3.16 
(10.37) 
2.11 
(4.21) 
4.07 
(16.77) 

 
0.07 

0.20 

 
5.03 
(26.48) 
3.07 
(9.33) 
2.63 
(6.70) 
3.78 
(14.10) 

 
0.07 

0.21 

 
5.32 
(29.55) 
3.19 
(10.31) 
2.45 
(6.24) 
4.07 
(16.67) 

 
0.10 

0.31 

 
5.18 
(28.01) 
3.14 
(9.82) 
2.57 
(6.46) 
3.93 
(15.39) 

 
0.07 

0.22 
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Treatment  Weed density at 60 DAP (No. m-2)  Weed dry weight at 60 DAP (g m-2) 

Total weed 
density 

Total weed 
density 

Mean 
weed 

density 

Total weed 
dry weight 

Total 
weed dry 
weight 

Mean 
weed dry 
weight 

Integrated nutrient management 
F1 – 100% RDF 

 
F2 - 100% RDF + Micronutrient (Zinc  
sulphate25 kg ha-1) 
 
F3 – 75% N Inorganic fertilizer + 25% N 
 Poultry manure + PSB + Azotobactor 
F4 – 50% N Inorganic fertilizer + 50% N  
Poultry manure  + PSB + Azotobactor 

      

 

          SEm±±±± 

 CD (P = 0.05) 

 
3.73 
(16.22) 
3.57 
(14.93) 
 
3.52 
(14.82) 
 
3.58 
(14.99) 

 
0.05 

NS 

 
4.22 
(21.41) 
4.09 
(20.25) 
 
3.96 
(20.08) 

 
4.05 
(20.26 

 
0.09 

NS 

 
3.99 
(18.82) 
3.85 
(17.59) 
 
3.76 
(17.45) 
 
3.83 
(17.62) 
 

0.06 

NS 

 
3.73 
(14.78) 
3.64 
(14.19) 
 
3.55 
(13.81) 

 
3.59 
(13.82) 

 
0.06 

NS 

 
3.90 
(16.75) 
3.71 
(15.16) 

 
3.70 
(15.51) 

 
3.73 
(15.34) 

 
0.08 

NS 

 
3.83 
(15.77) 
3.68 
(14.67) 
 
3.65 
(14.66) 

 
3.67 
(14.58) 

 
0.06 

NS 

Note : The figures in parenthesis indicate the original values 

 

 

Table 3: Effect of irrigation schedule, weed and integrated nutrient management on number of stolons, 

number of tubers and tuber  yield of potato crop  

 
Treatments Number of stolons plant-1 Number of tubers plant-1 Tuber yield (t ha-1) 

2010-11 2011-12 Mean 2010-11 2011-12 Mean 2010-11 2011-12 Mean 

Irrigation schedule 

I1 – 100% OPE 
 (Open Pan Evaporation) 
I2 – 125% OPE  
I3 – Control (Furrow irrigation) 

 SEm±±±± 

CD (P = 0.05) 

 
26.47 

 
26.98 
24.37 
0.13 

0.53 

 
29.38 

 
29.72 
26.39 
0.36 

1.41 

 
27.91 

 
28.35 
25.37 
0.17 

0.66 

 
12.43 

 
13.00 
9.15 
0.23 

0.90 

 
15.63 

 
16.13 
11.56 

0.18 

0.72 

 
14.03 

 
14.57 
10.35 
0.20 

0.78 

 
30.16 

 
31.02 
20.74 
0.23 

0.91 

 
31.24 

 
32.01 
21.68 
0.24 

0.93 

 
30.59 

 
31.49 
21.21 
0.23 

0.92 

Weed management 

W0 – Weedy check 
W1 – Hand weeding at 25 and  
 45 DAP 
W2 – Metribuzin (500g a.i ha-1 PE) 
W3 – Chlorimuron (CMS)  
 + Quizalofop (6+50g a.i ha-1) 
 at 20DAP 

SEm±±±± 

CD (P = 0.05) 

 
24.44 
26.35 

 
26.86 
26.11 

 
 

0.13 

0.39 

 
26.19 
28.88 

 
30.83 
28.10 

 
 

0.24 

0.74 

 
25.30 
27.59 

 
28.85 
27.10 

 
 

0.16 

0.49 

 
10.14 
12.30 

 
12.95 
10.71 

 
 

0.12 

0.37 

 
12.90 
15.04 

 
16.28 
13.54 

 
 

0.14 

0.43 

 
11.52 
13.67 

 
14.62 
12.13 

 
 

0.13 

0.39 

 
24.81 
28.57 

 
29.51 
26.33 

 
 

0.19 

0.57 

 
25.68 
29.48 

 
30.60 
27.47 

 
 

0.20 

0.59 

 
25.25 
28.96 

 
29.99 
26.87 

 
 

0.20 

0.59 

Integrated nutrient management 

F1 – 100% RDF 
F2 - 100% RDF + Micro 
 nutrient (Zinc sulphate 25 kg ha-1) 
F3 – 75% N Inorganic fertilizer 
+ 25% N Poultry manure 
+ PSB + Azotobactor 
F4 – 50% N Inorganic fertilizer 
+ 50% N Poultry manure 
+ PSB + Azotobactor 

SEm±±±± 

CD (P = 0.05) 

 
24.82 
25.51 

 
27.70 

 
 

25.73 
 
 

0.16 

0.45 

 
27.17 
28.11 

 
30.52 

 
 

28.19 
 
 

0.24 

0.69 

 
25.97 
26.81 

 
29.11 

 
 

26.95 
 
 

0.17 

0.49 

 
10.50 
10.87 

 
13.55 

 
 

11.18 
 
 

0.18 

0.52 

 
13.49 
13.82 

 
16.54 

 
 

13.91 
 
 

0.17 

0.49 

 
12.00 
12.35 

 
15.05 

 
 

12.55 
 
 

0.17 

0.48 

 
24.85 
26.61 

 
30.45 

 
 

27.31 
 
 

0.273 

0.769 

 
25.82 
27.63 

 
31.58 

 
 

28.23 
 
 

0.26 

0.75 

 
25.30 
27.08 

 
30.96 

 
 

27.73 
 

 
0.26 

0.73 
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Fig.1 : Effect of interaction between irrigation schedule (I) & weed management (W) on total tuber yield of 

potato (t ha
-1

) 

 

 

Fig. 2 : Effect of interaction between weed management (W) and integrated  nutrient management (F) on 

total tuber yield of potato (t ha
-1

)  
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ABSTRACT 
A field experiment was conducted to carry out yield component analysis through correlation 

and path analysis. Forty eight genotypes of finger millet were sown in a randomized block design with 
three replications, during kharif 2012 at National Bureau of Plant Genetic Resources research field, 
Rajendranagar, Hyderabad. The objective of the experiment was to assess the nature of inter-
relationships and direct and indirect effect of different yield contributing traits towards grain yield. From 
correlation studies it was observed that grain yield per plant has exhibited significant positive 
association with total no. of basal tillers per plant, productive tillers per plant, total fingers on the main 
ear, finger length and finger width. Path analysis revealed that maximum positive direct effect on grain 
yield per plant was exhibited productive tillers per plant followed by Finger length, Finger width. 
Therefore, it is emphasized to lay attention on traits like productive tillers per plant followed by Finger 
length, Finger width while selecting for improvement in grain yield of finger millet. 

Key Words: Finger millet, correlation, path analysis, yield contributing traits 

 

Finger millet (Eleusine coracana (L.) Gaertn) is 
an annual plant widely grown as an important food 
crop in the arid areas of Africa and South Asia. It 
ranks third in importance among the millets after 
sorghum and pearl millet in India. In India it is very 
popularly known as ragi and is grown in an area of 2 
million hectares with a production of 2.6 million 
tones. Important finger millet growing states are 
Karnataka, Tamil Nadu, Andhra Pradesh, 
Maharashtra, Orissa, Jharkhand, Chhattisgarh and 
Uttarakhand. 

        Ragi is commonly called as “Nutritious 
millet” as the grains are nutritionally superior to many 
cereals providing fair amount of proteins, minerals, 
calcium and vitamins in abundance to the people. The 
protein of finger millet has been reported to possess a 
fairly high biological value, which is needed for the 
maintenance of nitrogen equilibrium of the body. The 
higher fibre content of finger millet helps in many 
ways as it prevents constipation, high cholesterol 
formation and intestinal cancer. Hence, people 
suffering from diabetics are advised to eat finger 
millet and other small millets instead of rice 
(1)(Malleshi and Hadimani, 1993). 

         Since yield is a complex trait, knowledge 
on the association of the different yield components 
with grain yield and interrelation among themselves is 
necessary. A study through correlation coefficients on 
the genotypic values provides dependable basis for 
selection. Correlation in conjunction with path 
analysis would give a better insight into cause and 
effect relationship between different pairs of 
characters (2)(Venkatesan et al., 2004). Selection of 
superior genotypes based on yield as such is difficult 
due to the integrated structure of plant in which most 
of the characters are interrelated and being governed 
by more number of genes. This necessitates a 

thorough knowledge on the nature of relationship 
prevalent between contributory characters and grain 
yield and the extent of genetic variability. Therefore, 
the present investigation was undertaken to study the 
relative contribution of different yield attributes to 
grain yield and their interrelationship by estimating 
correlation, path analysis to assess the direct and 
indirect effect of component character on grain yield 

MATERIALS AND METHODS 

The experimental materials consisting of 48 
genetically diverse genotypes of finger millet was 
evaluated in a randomized block design with three 
replications during kharif 2012 and adopted a spacing 
of 22.5 cm between rows and 10 cm between plants 
respectively, at National Bureau of Plant Genetic 
Resources (NBPGR), regional station, Hyderabad, 
Andhra Pradesh. Recommended package of practices 
were followed to raise good and healthy crop stand. 
Five competitive plants were selected at random from 
each replication and observations were recorded on 
nine quantitative traits viz., Plant height (cm), total 
no. of basal tillers per plant, no. of leaves on the main 
tiller, productive tillers per plant, main ear length 
(cm), finger length (cm), finger width (cm), total no. 
of finger on the main ear and grain yield per plant (g). 
Genotypic and phenotypic correlation coefficients for 
grain yield and its component traits were calculated as 
suggested by (3)Johanson et al. (1955).The 
phenotypic correlation coefficient was tested by the 
method of (4) Fisher and Yates (1943), while 
genotypic correlation coefficients were tested by ‘z’ 
test as per the method used by  (5)Singh et al. (1974). 
The path coefficient analysis, as suggested by 
(6)Dewey and Lu (1959), which provides a means of 
understanding the complex correlations into direct 
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and indirect contributions, was carried out at both 
genotypic and phenotypic levels. 

RESULT AND DISCUSSION 

a. Trait association 

            Crop yield is the end product of the interaction 
of a number of other, often interrelated attributes. A 
thorough understanding of the interaction of 
characters among themselves had been of great use in 
plant breeding. The efficiency of selection for yield 
mainly depends on the direction and magnitude of 
association between yield and its component 
characters and also among themselves. Character 
association provides information on the nature and 
extent of association between pairs of metric traits 
and helps in selection for the improvement of the 
character. Phenotypic and genotypic correlations were 
worked out on yield and yield contributing characters 
in 48 genotypes. In general, most of genotypic 
correlations were found to be higher than phenotypic 
correlations, which indicate that though there is 
strong inherent association between character studies, 
its expression is lessened due to influence of 
environment and considering the importance of 
phenotypic correlation it was discussed in the results 
which were presented in table1  

Information on the phenotypic and genotypic 
interrelationships of grain yield with its component 
characters and also among the component characters 
themselves would be useful to the breeder in 
developing an appropriate selection strategy. Since, 
yield is a complex character and influenced by 
number of traits and selection based on yield is 
usually not much effective, indirect selection on the 
basis of desirable component characters could be of 
great use. 

In the present study, grain yield per plant had 
positive and significant association at both genotypic 
and phenotypic levels with total no. of basal tillers per 
plant (0.6814P, 0.7230G) , no. of productive tillers 
per plant (0.8249P, 0.8450G), total fingers on the 
main ear (0.2664P, 0.2217G),finger length (0.2422P, 
0.1731G) and finger width (0.1855P, 0.2794G).The 
similar results were reported by (7) Ravikumar and 
Seetharam (1993) and (8) Ravindran et al. (1996) for 
total no of finger and for  total no. of basal tillers per 
plant, (9) Priyadharshini et al. (2011), (10) 
Anantharaju and Minakshiganesan (2005) for no. of 
productive tillers, (11) Sonnad et al. (2008) and (12) 
Chunilal (1996) for finger length and (13) Bendale et 

al. (2002) for finger width. 

        The results obtained indicate that, yield was 
increased whenever there was increase in effective 
total no. of basal tillers per plant, productive tillers 
per plant, total fingers on the main ear, finger length 
and finger width. These characters can be considered 
as criteria for selection for higher yield, as these are 
mutually and directly associated with grain yield. 

        Plant height recorded positive non-
significant correlation (0.0719P, 0.1042G) with grain 
yield per plant at both levels, where as no of leaves (-
0.0297P, -0.0541G) and ear length  (-0.1047P, -
0.1295G) recorded negative and non-significant 
correlation with grain yield per plant. The similar 
results were reported by (14) John (2006) for ear 
length, while it has been recorded by (15) Haider and 
Mahto (1995) that, total no. of leaves on the main 
tiller showed significant positive association with 
biological yield. Nonsignificant correlation of Plant 
height with grain yield shows that there is scope for 
developing dwarf types without any reduction in grain 
yield. 

         Regarding inter correlation between yield 
attributing traits plant height had significant positive 
correlation with total no. of basal tillers per plant 
(0.2166P. 0.3463G), productive tillers per plant 
(0.2117P, 0.2761G) at both levels where as positive 
significant with main ear length at genotypic level 
(0.1666G). The trait total no. of basal tillers per plant 
was significantly and positively associated with 
productive tillers per plant (0.8332P, 0.9271G), finger 
length (0.2289P, 0.1973G) and total fingers on the 
main ear (0.4181P, 0.5167G). Total no. of leaves on 
the main tiller was significantly and positively 
correlated with main ear length (0.2653P, 0.3606G) 
and finger length (0.3315P, 0.4146G) at both levels. 
The trait productive tillers per plant had significant 
association with finger length (0.3048P, 0.2862G) 
and total finger on the main ear (0.2921P, 0.2673G) at 
both levels. Main ear length was significantly and 
positively correlated with finger length (0.7170P, 
0.8495G) at both levels. The trait finger width was 
significantly and positively associated with grain 
yield per plant (0.1855P, 0.2794G) at both levels. 
This indicated that there is a possibility of 
simultaneous improvement of these traits by a single 
selection programme. 

PATH COEFFICIENT 

  Correlation gives only the relation between two 
variables whereas path coefficient analysis allows 
separation of the direct effect and their indirect effects 
through other attributes by partitioning the 
correlations (16)(Wright, 1921). Hence, this objective 
was undertaken in the present investigation.  

Based on the data recorded on the genotypes in 
the present investigation, the genotypic and 
phenotypic correlations were estimated to determine 
direct and indirect effects of yield and yield 
contributing characters. 

 No of productive tillers per plant had the 
highest positive direct effect (0.6766, 1.0134) on 
grain yield per plant. followed by Finger length 
(0.1477P, 0.0222G), Finger width (0.0108P, 
0.0628G) at both levels. The same result reported by 
(7) Ravikumar and Seetharam (1993), (17) Bedis et 

al. (2006), (9) Priyadarshini et al. (2011) and (10) 
Anantharaju and meenakshiganesan (2005) for no of 
productive tillers per plant, The same result reported 
by Sonnad et al. (2008), (10) Anantharaju and 
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Meenakshiganesan (2005), (12) Chunilal et al. (1996) 
and (13) Bendale et al. (2002) for finger length and 
finger width. 

 Productive tillers per plant had low indirect 
positive effect through other trait viz., finger length 
(0.0450P, 0.0064G) and finger width (0.0092P, 
0.0070G). As productive tillers had low indirect 
positive affect most of the characters, plant height, 
total no. of basal tillers per plant, finger length and 
total finger on the main ear exerted their influence on 
yield only through productive tillers and selection for 
this character is bound to increase final grain yield. 

Finger length was recorded positive indirect 
effect through productive tillers per plant (0.2062P, 
0.0290G), and total finger on the main ear (0.0001P, 
0.0008G). Finger width was recorded positive indirect 
effect through main ear length (0.1335P, 0.1289G) 
and productive tillers per plant (0.0571P, 0.1128G). 

         Plant height had negative direct effect (-0.1394P, 
-0.1664G) on grain yield per plant at both phenotypic 
and genotypic level, while the correlation of plant 
height with grain yield was positive and non-
significant due to positive indirect contribution through 
productive tillers per plant, main ear width, finger 
length, grain yield per plot. The similar result reported 

by Priyadarshini et al. (2011) and (13) Bendale et al. 
(2002), (8) Ravindran et al. (1996), (10) Anantharaju 
and Meenakshiganesan (2005) negative direct effect of 
plant height on grain yield.  
      Main ear length had negative direct effect (-
0.2001P, -0.1531G) on grain yield per plant while 
correlation between main ear length and grain yield per 
plant was negative and non-significant due to negative 
indirect effect through plant height, finger width, grain 
yield per plot. The same result reported by (16) Bedis 
et al. (2006) negative direct effect of main ear length 
on grain yield per plant. 

CONCLUSION 
       Critical analysis of result obtained from character 
association and path analysis indicated that the 
character productive tillers per plant, Finger length and 
Finger width had significant positive correlation and 
positive direct effects on grain yield. Moreover the 
indirect effect of most of the characters via these 
characters was positive. It is therefore suggested that 
performance should be given to productive tillers per 
plant, Finger length and Finger width in the selection 
programme to isolate superior lines with genetic 
potentiality for high grain yield. 

 

TABLE: 1 Phenotypic (P) and genotypic (G) correlation coefficients among yield and yield attributes in 

fourty eight genotypes 

Character PH NBT NL PT EL FL FW TF GYP 

PH 1.0000 0.2166** 0.0432 0.2117* 0.1092 0.0910 0.0498 -0.0608 0.0719 

 1.0000 0.3463** 0.1093 0.2761** 0.1666* 0.1445 0.0409 -0.0815 0.1042 
NBT  1.0000 -0.0753 0.8332** 0.0260 0.2289** 0.0502 0.2545** 0.6814** 

  1.0000 -0.1400 0.9271** 0.0379 0.1973* 0.0628 0.2524** 0.7230** 
NL   1.0000 -0.0208 0.2653** 0.3315** -0.1583 -0.4668** -0.0297 

   1.0000 -0.0672 0.3606** 0.4146** -0.3088** -0.6214** -0.0541 
PT    1.0000 0.0520 0.3048** 0.0844 0.2921** 0.8249** 

    1.0000 0.0436 0.2862** 0.1113 0.2673** 0.8450** 
EL     1.0000 0.7170** -0.6672** 0.0016 -0.1047 

     1.0000 0.8495** -0.8419** 0.0202 -0.1295 
FL      1.0000 -0.5916** 0.0269 0.2422** 

      1.0000 -0.7770** -0.0483 0.1731* 
FW       1.0000 0.0578 0.1922* 

       1.0000 0.0974 0.2449** 
TF        1.0000 0.2664**` 

        1.0000 0.2217** 
GYP         1.0000 

         1.0000 

PH- Plant height (cm), NBT- Total no of basal tillers/plant, NL- No of leaves on the main tiller, PT- Productive tillers/plant, EL- Main ear 
length(cm), FL- Finger length(cm), FW- Finger width (cm), TF- Total fingers on the main ear, GYP- Grain yield per plant. 
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Table: 2 Phenotypic (P) and genotypic (G) path coefficient analysis indicating direct and indirect effects of 

components traits on grain yield per plant 

Character PH NBT NL PT EL FL FW TF Correlation 

PH 
-0.1394 0.0036 -0.0011 0.1433 -0.0219 0.0134 0.0054 -0.0003 0.0719 

-0.1664 -0.0880 0.0009 0.2799 -0.0255 0.0032 0.0026 0.0013 0.1042 

NBT 
-0.0302 0.0168 0.0019 0.5637 -0.0052 0.0338 0.0054 0.0011 0.6814** 

-0.0576 -0.2540 -0.0011 0.9395 -0.0058 0.0044 0.0039 -0.0042 0.7230** 

NL 
-0.0060 -0.0013 -0.0256 -0.0141 -0.00531 0.0490 -0.0172 -0.0020 -0.0297 

-0.0182 0.0356 0.0079 -0.0681 -0.0552 0.0092 -0.0194 0.0103 -0.0541 

PT 
-0.0295 0.0140 0.0005 0.6766 -0.0104 0.0450 0.0092 0.0013 0.8249** 

-0.0460 -0.2355 -0.0005 1.0134 -0.0067 0.0064 0.0070 -0.0044 0.8450** 

EL 
-0.0152 0.0004 -0.0068 0.0352 -0.2001 0.1059 -0.0724 0.0000 -0.1047 

-0.0277 -0.0096 0.0029 0.0442 -0.1531 0.0189 -0.0529 -0.0003 -0.1295 

FL 
-0.0127 0.0038 -0.0085 0.2062 -0.1435 0.1477 -0.0642 0.0001 0.2422** 

-0.0240 -0.0501 0.0033 0.02900 -0.1301 0.0222 -0.0488 0.0008 0.1731* 

FW 
-0.0069 0.0008 0.0040 0.0571 0.1335 -0.0874 0.01085 0.0003 0.1922* 

-0.0068 -0.0159 -0.0025 0.1128 0.1289 -0.0173 0.0628 -0.0016 0.2449** 

TF 
0.0085 0.0043 0.119 0.1976 -0.0003 0.0040 0.0063 0.0043 0.2664** 

0.0136 -0.0641 -0.0049 0.2709 -0.0031 -0.0011 0.0061 -0.0165 0.2217** 

PH- Plant height (cm), NBT- Total no of basal tillers/plant, NL- No of leaves on the main tiller, PT- Productive tillers/plant, EL- Main ear 
length(cm), FL- Finger length(cm), FW- Finger width (cm), TF- Total fingers on the main ear. 
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ABSTRACT 

 The experiment entitled “Effect of crop geometery and nitrogen levels on growth and yield of 
newly develop pearlmillet hybrid HHB197” was conducted at Research farm, Choudhary Charan Singh 
Haryana Agricultural University, Hisar during Kharif season of 2007. Four spacing patterns viz., 45 x 
12, 45 x 16, 60 x 12 and 60x16 cm and five nitrogen levels viz., control, 40, 80, 120 and 160 kg N ha-1 
tested in factorial randomized block design (FRBD) with three replications. With each successive 
increase in nitrogen dose there was significant increase in N and P content in grain, stover as well as 
uptake by grain and total uptake upto the highest dose of N i.e. 160 kg N ha-1. Plant spacing 45×16 cm 
recorded significantly highest N, P and K uptake by grain as compared to other spacing treatments. 
Higher K content in grain was recorded under 60×16 cm spacing treatment which was significantly 
higher. 

Key words:Crop geometry, hybrids, nitrogen levels, NPK content and uptake. 

      
Pearl millet [Pennisetum glaucum (L.)] is an 

important food crop in semi-arid tropical regions of 
India and several other countries. It symbolizes grain 
crop of a poor man in the part of southern Haryana 
and is closely associated with cultural and social 
activities of the people. In Haryana, pearl millet is one 
of the most important kharif season cereal crops. 
Moreover, the stover (karbi) is major source of fodder 
for animal particularly in winter season. It is 
nutritionally better than many cereals, as it is a good 
source of protein (11.6%), minerals particularly, iron 
(8.8%) and also fat (5%). Efficient fertilizer 
management plays important role in increasing the 
crop yield through efficient utilization of limited 
moisture /water supply. The soils of these areas are 
deficient in various nutrient elements in general and 
nitrogen in particular. It is, therefore, imperative to 
have better understanding of growth, yield and quality 
of this crop in relation to nitrogen for promoting its 
adoption by farmers of these regions. Though 
nitrogen management of pearl millet cultivars has 
been studied by various researchers (Parihar et al, 
2005; Singh et al, 2006 ;). We know pearl millet is a 
good source of protein and various minerals.  

      Hence the present investigation was planned 
to calculate Nitrogen, Phosphorous and Potassium 
content and their uptake in grain and stover of pearl 
millet. 

 MATERIALS AND METHODS 

      A field experiment was conducted during the 
kharif season of 2007 at Agronomy Research Farm, 
Chaudhary Charan Singh Haryana Agricultural 

University, Hisar to study the effect of crop geometry 
and nitrogen levels on growth and yield of newly 
develop pearl millet hybrid HHB197.  Four spacing 
patterns viz., 45 x 12, 45 x 16, 60 x 12 and 60 x 16 
cm and five nitrogen levels viz., control, 40, 80, 120 
and 160 kg N ha-1 tested in factorial randomized 
block design (FRBD) with three replications. Each of 
20 treatment combination plant spacing-4 x nitrogen 
levels-5 was randomly allotted to individual plot in 
block of equal size. The following  treatments were 
replicated thrice(A)Crop Geometry(4) 45x12cm 
(185185 plant ha-1,S1), 45x16cm (138888 plant ha-
1,S2), 60x12cm (138888 plant ha-1S3), 60x16cm 
(104166 plant ha-1).(B)Nitrogen levels (5)No 
nitrogen (control,No) ,40 kg ha-1(N1), 80 kg ha-
1(N2), 120 kg ha-1(N3), 160 kg ha-1(N4). The soil 
was sandy loam in texture, low in available nitrogen, 
low in available phosphorous and high in available 
potash.  All P (60 kg P2O5 ha-1) and half N as per 
treatments were drilled at the time of sowing and rest 
of the N was top dressed after thinning and gap 
filling. Zinc sulphate @ 25kg ha-1 was applied in the 
field before last harrowing. Urea (46% N), single 
super phosphate (16% P2O5) and Zinc sulphate 
(21%) were used as source of N, P and Zn 
respectively.  

RESULTS AND DISCUSSION 

Various spacing did not show significant 
difference in N and P content in grain and 
stover (Table 1). But 60x16cm show significantly 
higher K content in grain over other spacing which 
might be attributes to proper utilization of natural 
resources i.e. moisture and nutrient which might have 
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remained under utilized due to mutual plant 
competition developed by more plant in closer 
spacing. However 45x16cm spacing had significantly 
higher total uptake of N, P and K which might 
ascribed to it relatively high grain and stover yield 
than wider (60x12 and 60x16cm) and narrow 
(45x12cm) spacing. Results of almost similar nature 
were also reported by Singh and Verma (1996), 
Rathore et al. (2004). 

     The lowest N, P, K content and uptake was 
recorded under control treatment. The N, P, K content 
and uptake both in grain and stover increased with 
increasing levels upto 160 kg N ha-1 of nitrogen. 
Such result as application of nitrogen known to 
increase the cation exchange capacity of roots and 
enhance NPK absorption (Elgabaly, 1962) by crop 
plants. Corroborative findings have also been reported 
by Kumar et al. (2002) and Sewhag et al. (2003). 
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Table 1. Effect of spacing and nitrogen levels on nitrogen, phosphorous and potassium content and their  

uptake in grain and stover of Pearl millet 

Treatment 
(cm) 

N content (%) N uptake (kg/ha) P content (%) P uptake (kg/ha) K content (%) K uptake (kg/ha) 

Grain Stover Grain Stover Total Grain Stover Grain Stover Total Grain Stover Grain Stover Total 

Spacing (cm) 

45x12 1.718 0.511 55.67 50.23 105.90 0.272 0.118 8.80 11.59 20.39 0.626 2.73 20.31 268.38 288.68 

45x16 
1.724 

 
0.508 59.34 52.45 111.70 0.281 0.125 9.67 12.90 22.57 0.625 2.72 22.55 281.76 304.33 

60x12 
1.722 

 
0.496 50.11 38.72 88.83 0.277 0.121 8.06 10.10 18.16 0.636 2.73 18.70 227.78 246.48 

60x16 
1.790 

 
0.695 46.06 39.57 85.63 0.280 0.126 7.47 9.99 17.46 0.665 2.74 18.39 219.07 237.45 

SEm ± 
0.004 

 
0.036 0.75 0.70 1.01 0.005 0.006 0.20 0.56 0.55 0.005 0.005 0.23 2.03 1.97 

CD at 5% 
NS 

 
NS 2.15 2.02 2.90 NS NS 0.56 1.62 1.57 0.013 NS 0.67 5.81 5.64 

Nitrogen (Kg ha-1) 

0 1.653 0.437 37.39 28.56 65.95 0.245 0.116 5.94 8.46 14.4 0.610 2.68 14.15 193.92 
208.08 

 

40 1.704 0.465 47.60 39.98 87.58 0.268 0.125 7.65 10.25 17.2 0.630 2.71 17.94 231.17 
249.13 

 

80 1.743 0.489 55.09 44.38 99.47 0.277 0.134 8.76 12.50 21.26 0.648 2.73 20.43 254.36 
274.80 

 

120 1.788 0.508 59.71 56.00 115.71 0.282 0.146 9.59 14.64 24.23 0.663 2.75 22.41 275.81 
298.23 

 

160 1.810 0.556 63.82 60.4 124.22 0.290 0.148 10.40 15.55 25.95 0.679 2.77 25.00 290.98 
315.96 

 

SEm ± 0.005 
0.039 

 
0.84 0.79 1.13 0.005 0.006 0.22 0.63 0.61 0.005 0.006 0.26 2.27 2.20 

CD at 5% 0.013 0.04 2.40 2.26 3.25 0.015 0.018 0.63 1.81 1.75 0.014 0.017 0.75 6.49 
6.30 
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ABSTRACT 

Field experiments were conducted at Tamil Nadu Agricultural University, Coimbatore to study the 
effect of crop geometry and intercropping on the weed smothering efficiency and productivity of baby corm. 
Two levels of crop geometry (60 x 20 cm and 75 x 16 cm) and two intercrops (baby corn alone, baby 
corn + fenugreek (greens), baby corn+fodder cowpea) were studied. Results revealed that crop 
geometry levels did not alter the weed population but altered the weed TDMP and weed smothering 
efficiency (WSE). Baby corn raised at 75 x 16 cm crop geometry registered lower TDMP of weeds. The 
weed smothering efficiency (WSE) was higher under baby corn intercropped with fenugreek and fodder 
cowpea at 75 cm row spacing. Baby corn raised at 75 x 16 cm produced higher green cob yield over 
60 x 20 cm spacing. Intercropping in baby corn did not have positive influence on yield of baby corn. 
However, the baby corn equivalent yield (BEY) was higher with baby corn + fenugreek grown under 75 
cm row spacing. 
 
 Key words: Baby corn, crop geometry, intercropping, green cob yield, weed smothering efficiency  

 
Crop diversification and value addition as 

backed by food processing industry, an interesting 
recent development is growing baby corn for 
vegetable purpose. Living standards of people and 
shift in food habit from non vegetarian to vegetarian 
makes popularity of baby corn cultivation. Though 
the baby corn is more popular worldwide, agro-
techniques to achieve higher production is the need of 
the day.  

Optimum crop geometry is one of the 
important factors for higher production by efficient 
utilization of underground resources and also 
harvesting as much as solar radiation and in turn 
better photosynthate formation. Short duration 
vegetable grown in-between the agricultural crops is 
the recent advancement to fulfill the requirement of 
food grain demand without any reduction in 
agricultural area and also to reduce the weed menace 
which otherwise affects the main crop. In baby corn, 
information on the optimum crop geometry and 
suitable intercrops for higher productivity and its 
weed smothering efficiency are seldom available. 
Hence, this study was undertaken. 

MATERIALS AND METHODS 

Field experiments were conducted during 

kharif 2006 and 2007 seasons at Eastern Block Farm, 
Tamil Nadu Agricultural University, Coimbatore. The 

experimental site is located at 11° N latitude, 77° E 
longitude and at an altitude of 426.7 m above MSL. 
The experimental soil was sandy clay loam in texture 
belonging Typic Ustochrepts with alkaline pH; low in 
organic carbon (0.35 and 0.39%) and available 
nitrogen (232.5 and 242.6 kg ha-1), medium in 
available phosphorus (14.2 and 16.5 kg ha-1) and high 
in potassium (470.0 and 446.8 kg ha-1) during kharif 
2006 and 2007 respectively. The baby corn composite 

COBC 1 variety was chosen for the study. The 
varieties, CO 2 of fenugreek (greens) and CO(FC) 8 of 
fodder cowpea were used as intercrops during both 
the years. Treatments comprised of two levels of crop 
geometry (60 x 20 cm and 75 x 16 cm) and two 
intercrops (baby corn alone, baby corn + fenugreek 
(greens), baby corn + fodder cowpea) were studied in a 
split plot design.  

Weed population and total dry matter 
production (TDMP) were taken at 25 and 45 DAS 
and weed smothering efficiency was worked out.  The 
total weed count was recorded by using 0.25 m2 
quadrate at five places in each plot and expressed as 
number m-2 as suggested by Burnside and Wicks 
(1965). Weeds present in five quadrates were 

removed, shade dried and then oven dried at 80 ± 2°C 
till constant weight was attained. The weed dry 
weight was recorded and expressed in kg ha-1.  The 
values were subjected to square root transformation 
(X + 0.5) as described by Bartlett (1947) and 
analyzed statistically. Weed smothering efficiency 
(WSE) was computed using the formula and 
expressed in percentage. 

WSE (%) = 100 x 
Mdw

IdwMdw −
 

where, 
Mdw -  Mean dry weight of weeds in pure crop plot 

(kg ha-1), and 
Idw   -  Mean dry weight of weeds in intercropped 

plot (kg ha-1). 
The cobs from net area of each plot were 

harvested separately, weighed and recorded as green 
cob yield (kg ha-1). BEY was worked out based on the 
formulae evolved by Verma and Modgal (1983).  
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RESULTS AND DISCUSSION 

Weed flora of the experimental field 

 Weeds present in the experimental field were 

Chloris barbata, Cynodon dactylon, Digetaria 

sanguinalis, Dactyloctenium aegyptium, Panicum 
repens, Echinchloa crusgalli under grasses, Cyperus 

rotundus under sedges and Acalypha indica, Abutilon 

indicum, Boerhaavia diffusa, Convolvulus arvensis, 
Corchorus olitorius, Datura metal, Digera arvensis, 
Parthenium hysterophorus, Phyllanthus niruri, 

Phyllanthus madaraspatensis, Trianthema 

portulacastrum, Vernonia cinerea under broad leaved 
weeds. 
   Among the grass weeds, Dactyloctenium 

aegyptium, Cynodon dactylon, Chloris barbata, 
Panicum repens and Echinchloa crusgalli were the 
dominant ones.  Cyperus rotundus was the only sedge 
present. The predominant among broad leaved weeds 
were Parthenium hysterophorus, Boerhaavia diffusa, 

Corchorus olitorius, Digera arvensis, Trianthema 

portulacastrum and Datura metal. 
Weed density, dry weight and Weed Smothering 

Efficiency   

In general, crop geometry levels did not alter 
the weed population but altered the weed TDMP and 
weed smothering efficiency (WSE) (Table 1 and 2). 
Baby corn raised at 75 x 16 cm crop geometry 
registered lower TDMP of weeds and higher WSE as 
compared to 60 x 20 cm during both the years and 
stages investigated. It could be justified that 
availability of more space and light under 75 cm 
spacing might have allowed better growth of baby 
corn as well as intercrops which led to severe 
competition for light and nutrients between crops and 
weeds and ultimately lower weed TDMP and higher 
WSE. This is in corroboration with the findings of Weil 
and Mc Fadden (1991) in maize.  
 Intercropping systems exerted significant 
influence on weed population and TDMP over two 
years of study. Intercropping systems, recorded lesser 
number of weeds and weed TDMP. The possible 
reason for this might be due to complete crop 
coverage and high plant density existed in 
intercropping system which caused severe 
competition with the weeds and reduced the weed 
growth. Similar results are reported Velayutham et al. 
(2002) who opined that intercrops provide efficient 
coverage of land resulting in suppression of weed 
growth.  Intercropping in baby corn showed higher 
weed smothering efficiency (WSE). At 25 DAS, 
higher WSE (21.20 and 21.73 per cent during 2006 
and 2007 respectively) was noted with baby corn + 
fenugreek intercropping system than baby corn 
intercropped with fodder cowpea. However, baby 

corn + fodder cowpea had the maximum WSE (17.60 
and 16.83 per cent during 2006 and 2007 
respectively) over baby corn + fenugreek system at 45 
DAS. This could be attributed to better vegetative 
growth of baby corn and intercrops, caused severe 
competition resulting in reduced weed population and 
increased WSE. This falls in line with the findings of 
Thavaprakaash et al. (2005) in baby corn + 
Amaranthus intercropping system. 

Green cob yield 

Crop geometry had a positive influence on 
green cob yield of baby corn.      (Table 1). Baby corn 
grown at wider row (75 x 16 cm) spacing produced 
7.0 and 6.3 per cent higher cob yield over narrow row 
(60 x 20 cm) spacing during 2006 and 2007, 
respectively. Pooled analysis showed that wider row 
spacing recorded 6.7 per cent higher green cob yield 
than narrow row spacing. This increase in yield was 
probably due to effective utilization of applied 
nutrients, increased sink capacity and nutrient uptake 
by the crop. This corroborates with the findings of and 
Maddonni et al. (2006) in maize.  

There was no significant response on cob yield 
of baby corn due to intercropping systems. This might 
be due to short duration, short plant stature, non-
bushiness and also neither complementary nor 
competitive nature of intercrops did not influence 
growth parameters of main crop. Similar results have 
been reported earlier by Tiwari et al., 2002.  

Baby corn equivalent yield (BEY) 
 Higher BEY was obtained in wider row (76 
x 16 cm) than narrow row (60 x 20 cm) crop 
geometry (Table 1). Pooled mean was also in the 
similar trend. Wider row spacing recorded 4.0 per 
cent increased BEY when compared to narrow row 
spaced baby corn. Between intrcrops, baby corn + 
fenugreek registered higher BEY than baby corn + 
fodder cowpea intercropping system during both the 
years. Pooled analysis showed that baby corn 
intercropped with fenugreek recorded 38.1 per cent 
higher BEY over sole baby corn. This could be 
justified that additional yield obtained from the 
intercrops and higher market value for fenugreek. 
Kumar and Singh (2002) reported that the maize grain 
equivalent yield was the highest with maize + 
fenugreek intercropping over sole maize.  

CONCLUSION 

From the field experiments, it could be 
concluded that raising baby corn at 75 cm row spacing 
with fenugreek as an intercrop resulted in reduced the 
weed density, dry weight and higher weed smothering 
efficiency and productivity of baby corn based 
intercroppingsystem.
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Table 1. Influence of crop geometry and intercropping systems on weed density (No. m
-2

) and weed TDMP  

(kg ha
-2

) of baby corn 

Treatments 
Weed density (No. m-2) Weed TDMP (kg ha-2) 

Kharif, 2006 Kharif, 2007 Kharif, 2006 Kharif, 2007 

 25 DAS 45 DAS 25 DAS 45 DAS 25 DAS 45 DAS 25 DAS 45 DAS 

Crop geometry 

 S1 – 60 x 20 cm 6.20* 
(37.9) 

3.24 
(10.0) 

6.84 
(46.3) 

3.70 
(13.2) 

4.92* 
(23.8) 

5.69 
(31.9) 

5.20 
(26.5) 

6.07 
(36.3) 

 S2 – 75 x 16 cm 6.24 
(38.5) 

3.32 
(10.5) 

6.91 
(47.2) 

3.75 
(13.6) 

4.80 
(22.5) 

5.41 
(28.8) 

5.07 
(25.3) 

5.86 
(33.8) 

SEd 0.06 0.05 0.08 0.07 0.04 0.06 0.05 0.05 

CD (P=0.05) NS NS NS NS 0.08 0.12 0.10 0.10 

Intercropping systems 

 C1 – Sole baby corn 7.55 
(56.5) 

4.01 
(15.6) 

7.83 
(60.8) 

3.97 
(15.3) 

5.82 
(33.4) 

6.31 
(39.3) 

6.15 
(37.3) 

6.77 
(45.3) 

 C2 – Baby corn + 
fenugreek (greens) 

5.39 
(28.6) 

3.38 
(10.9) 

6.20 
(38.0) 

3.70 
(13.2) 

4.21 
(17.2) 

5.32 
(27.8) 

4.37 
(18.6) 

5.67 
(31.6) 

 C3 – Baby corn + 
fodder cowpea 

5.69 
(31.9) 

3.16 
(9.5) 

6.43 
(40.8) 

3.44 
(11.3) 

4.86 
(23.1) 

5.05 
(25.0) 

4.98 
(24.3) 

5.32 
(27.8) 

SEd 0.09 0.08 0.11 0.10 0.07 0.08 0.08 0.07 

CD (P=0.05) 0.18 0.16 0.22 0.20 0.14 0.16 0.16 0.14 

      Interaction is not significant        * Transformed values      Figures in parenthesis indicate original values 

 

Table 2. Influence of crop geometry and intercropping on WSE (%) of baby corn  based intercropping systems  

 

Treatments 
2006 2007 

25 DAS 45 DAS 25 DAS 45 DAS 

60 x 20 cm spacing & Baby corn + fenugreek (greens)                             19.58 11.80 20.40 11.48 

60 x 20 cm spacing & Baby corn + fodder cowpea                          12.20 14.60 14.00 14.73 

75 x 16 cm spacing & Baby corn + fenugreek (greens)                                      21.20 14.88 21.73 13.63 

75 x 16 cm spacing & Baby corn + fodder cowpea                          13.83 17.60 15.35 16.83 

    Data not statistically analysed 
 

Table 3. Influence of crop geometry and intercropping on green cob yield and baby  corn equivalent yield (BEY) 

  

Treatments 
Green cob yield (kg ha-1) BEY (kg ha-1) 

2006 2007 Pooled 2006 2007 Pooled 

Crop geometry 

S1 - 60 x 20 cm           7270 6566 6918 8534 7762 8118 

S2 - 75 x 16 cm           7777 6980 7379 8918 7969 8494 

SEd 137 111 118 115 102 121 

CD (P=0.05) 274 223 236 230 204 243 

Intercropping systems 

C1 - Baby corn alone                                            7578 6788 7183 7638 6863 7251 

C2 - Baby corn + fenugreek (greens)                   7610 6847 7229 10564 9457 10011 

C3 - Baby corn + fodder cowpea                          7383 6683 7033 7976 7177 7577 

SEd 163 135 140 132 116 141 

CD (P=0.05) NS NS NS 264 232 283 

Interaction is not significant  
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ABSTRACT 

The National Rural Employment Guarantee Scheme is a flagship rural employment programme 
and probably the only second programme till date which guarantees “the right to work” as enshrined in 
the constitution as a fundamental right of every of every citizen of India. The present study is to effort to 
obtain an overall picture of the impact that the scheme has had on the general socio-economic 
conditions of the people, in some selected areas of Jharkhand. Besides such a study also help as to 
whether the annual incomes of the households have increased significantly and the various problems 
which the beneficiaries face in obtaining the benefits of the programme as well as the problems face in 
proper implementation and to find out suitable remedies for the same.  A total four villages namely 
Lukaia, Jaruatand, Radhanagar and Pindrajora and 100 beneficiary households were selected for the 
present study. The data were proceed into frequency, percentage, range and paired t test.  The study 
revealed that the beneficiary households have developed abundant self esteem and confidence 
through the job scheme. The beneficiaries too have faced some problems in reaping the benefits of the 
problems. 

Key words:  Employment, rural, development, income, scheme, paired‘t’ test. 
 
Despite decades of planned development and 

poverty eradication programme at the national and 
state levels, poverty continues to persist in India. The 
National Rural Employment Guarantee Scheme 
(NREGS) has been a subject of lively debate. The 
National Rural Employment Guarantee Scheme aims 
at enhancing the livelihood security of people in rural 
areas by guaranteeing hundred days of wage 
employment in a financial year to a rural household 
who volunteer to do unskilled manual work. The 
National Rural Employment Guarantee Scheme was 
approved by the Indian Parliament in September 
2005. This scheme started functioning from 2nd Feb, 
2006. Two programmes in vogue at that time, the 
Sampoorna Grameen Rozgar Yojana (SGRY) and the 
National Food for Work programme (NFWP) were 
subsumed within the NREGS. Initially it was 
introduced in 200 districts of the country and later 
extended to another 130 districts in 2007-08. By 1st 
April 2008, it was further extended to 593 districts 
covering 4, 49, 40, 870 rural households. NREGS is 
renamed as ‘Mahatma National Rural Employment 
Guarantee Scheme’ on 02.10.2009. The main aim of 
this act is to enhance the purchasing power of rural 
people. The scheme was started as a result of the 
promise of the UPA government in the National 
Common Minimum Programme of bringing in an act 
guaranteeing rural employment. The launch of this 
programme at the centre has been guided by the 
success of the Maharashtra Rural Employment 
Guarantee Scheme (MEGS) which had been in 
implementation for the past 30 years in the state of 
Maharashtra without any decline in the demand of 
unskilled wage work. 

MATERIALS AND METHODS 

The blocks Petarwan and Chas of the Bokaro 
district of Jharkhand state were selected purposively 
for the study. Two villages from each block viz. 
Jaruatand and Lukaia from Petarwan block and 
Sutanu and Pindrajora from chas block were selected. 
In this way total four gram panchayats were selected 
for the present study. 25 beneficiary households were 
selected randomly from each gram panchayats. 
Therefore the total number of respondents were 100. 
The data were collected by the investigation 
personally from the respondents with the help of 
structured schedule by interview method during the 
months of Jan to March 2010. 

 The following statistical tools were used in the 
present investigation for the precise and meaningful 
analysis and interpretation of the collected data. 
Frequency distribution 

Sorting of data into categories or class will 
lead to formation of frequency distribution. 
Frequency distribution gives the number of times a 
category or class occurs.  

Percentage  
Percentage is used for making simple 

comparison. For calculation of percentage, the 
frequency of the particular cell was divided by the 
total number of respondents in that particular category 
and multiple by 100. In the present study percentage 
was calculated up to two places after the decimal 
points. 

Mean:  
The mean is the arithmetic average. Mean is the 

simplest and a relatively stable measure of central 
tendency. It is obtained when the sum of the values of 
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the individual in the data is divided by the number of 
individuals in the data. 

Range:  
It is the difference between the minimum and 

the maximum value in a given set of observations. 
Paired‘t’ test: 

 It is computed when there is any kind of 
correspondence between the individual values in the 
two samples. They should be paired and the 
differences taken and analyzed directly as per the 
formula 

                  

       =S²  

 

Where, = Mean of differences in each pair. 
n = pairs of observations. 

= standard error of  

RESULTS AND DISCUSSION 

With a view of obtaining an overall picture of 
the working of the scheme and the impact of the 
programme in some selected areas of Jharkhand, the 
present study was conducted on the problems and 
prospects of NREGS. 

 

Table-1: socio-economic profile of the beneficiary households- 

                                                                                                                    N=100 
Item  Categories  Frequency Percentage  

Caste  Scheduled Tribes  64 64 

Scheduled Caste  28 28 
Other castes  08 08 

Occupation  Wage labour  33 33 

Farming  26 26 
Sharecropper 17 17 
Service 11 11 
Business  06 06 
Labour and sharecropper 05  05 
Farming and labour  02 02 

Number of family members 1-3 members 25 25 

4-5members 17 17 
Above 5 members 33 33 

Land holding  No land  72 72 

Less than 4 bighas 13 13 
4-5 bighas 14 14 
More than 5 bighas  01 01 

Annual income before getting 
job card (Rs.) 

Less than 5000 10 10 

5000-10,000 66 66 
10,000-15,000 13 13 
15,000-30,000 00 00 
More than 30,000 11 11 

 
It was found from the table-1 that most of the 

beneficiary households belong to scheduled tribes and 
it was 64 percent. About occupation, the beneficiary 
households are primarily wage labourers as 33 
percent of the total households contacted belong to 
this category.26 percent are engaged in farming 
activities. 17 percent of them work on others’ fields 
as sharecroppers. 11 percent of them are servicemen, 
while 6 percent of them have their own businesses. 5 
percent contacted work both as wage labourers as 
well as sharecroppers while 2 percent of them 
engaged in farming activities and work as wage 
labourers as well. 

 A small family was certainly not the norm 
among the beneficiary households contacted as 33 
percent of the beneficiary households had more than 5 
family members. 25 percent of them had the number 
of family members between 1 and 3 while 17 
beneficiary households had the number of family 
members between 4 and 5. 

72 percent of the beneficiary households 
contacted did not possess any land. 13 percent of the 
households had land holdings of less than 4 bighas. 
14 percent of the households had land holdings 
between 4 and 5 bighas. While only 1 percent had a 
landholding of more than 5 bighas. 

Annual income before getting job card refers to 
the annual income of the beneficiary households from 
their primary economic activity other than their work 
under the NREGS. From the table-1 it was observe 
that 10 percent of the households had an annual 
income of less than RS. 5000 and10, 000. Thirteen 
percent of the households had annual incomes 
between Rs. 10,000 and 15,000. Thirty percent of the 
households have an annual income of more than 
Rs.30,000. All of these households have service as 
their primary economic activity. 

Table 2 shows the various sources from where 
the beneficiary households obtained information 
regarding the NREGS.  
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Table-2: sources of information regarding the NREGS     
                                                                                                                                    N=100  

Sources of information Frequency  Percentage  

Block office 40 40 

After the work began  25 25 

Gram Panchayat 19 19 

Fellow villagers  16 16 

 
As is clear from the table-2 that 40 percent 

of the beneficiary households have received 
information regarding the NREGS from the block 
office through the posters and the banners put up 
there for the purpose. 25 percent of them came to 
know about the scheme after the work began in their 
areas. 19 percent who were contacted, came to know 
about the NREGS through the notices put up by the 
village for the purpose, while the remaining 16 

percent of the beneficiary households came to know 
about the scheme from the fellow villagers. This 
implies that most (59 percent) of the beneficiary 
households have came to know about the programme 
from the government agencies (block office and 
village). 

The major reasons why the beneficiaries 
decided to opt for wage employment under the 
scheme have been shown in table-3. 
 

Table-3: Reasons for applying for a job 

                                                                                                                                          N=100 

Reason  Frequency  Percentage  

To get extra income 100 100 

To meet extra need for cash  40 40 

To be self dependent  30 30 

To repay back loans  25 25 

To open bank accounts 20 20 

 
As is clear from the table, gaining extra 

income was the major reason for applying for a job 
under the scheme. Every beneficiary enlisted “gaining 
extra income” as one of the reasons for applying for a 
job card. Emergent needs for cash often crop up and 
meeting these needs often becomes inevitable. 
Meeting these extra needs for cash was another 
reason for 40 percent of the beneficiary households to 
apply a job under the scheme. 30 percent beneficiary 

households asserted that the desire to become self 
dependent was a reason to apply for a job under the 
scheme. 25 percent had applied for a job under the 
scheme so as to able to repay back old and pending 
loans which they had taken sometime in the past. 20 
percent of the households apply a job under the job 
scheme so they save enough to be able to open an 
account with a bank. 

 

Table-4: Problems as enumerated by the beneficiary households in obtaining benefits of the programme 

                                                                                                                                         N=100 

Problem  Frequency  Percentage  

Payment of wages are not timely 90 90 
Complex system of payment of wages through the post offices 80 80 
Drinking water facilities inadequate at work site  75 75 
Involvement of the shadow contractors  60 60 
Little information regarding the rights of the workers  56 56 
Ignorance regarding the rules of payment 55 55 
Illiteracy  40 40 
Probability of accidents is sometimes too high  30 30 
Crèche facilities not available at the work site 25 25 
Nonpayment of unemployment allowance 25 25 
Job cards are not issued despite application of job 20 20 

 
From table-4, it was found that untimely 

payment of wages is the major problem faced by the 
beneficiary households. 90 percent belongs to this 
category. Another problem as perceived by the 
household is the complex system of payment of 
wages, which is done through post offices. The major 
problem in this system of payment of wages is the 

paperwork involved and the inaccessibility of the post 
offices from the residences of the beneficiary 
households. Also the whole process of payment leads 
to the wastage of a day and that means the loss of a 
day’s income especially for the daily wagers. 

      75 percent of the households have enlisted 
inadequate drinking water facilities as a problem, 
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while 60 percent of them feel that the involvement of 
shadow contractors is a problem in reaping the 
benefits through the job scheme. 56 percent of the 
beneficiary households feel that they have little 
information about the rights which the workers are 
entitled to. 55 percent of the households are ignorant 
about the rules of payment of wages. 40 percent think 
that their illiteracy is a major hindrance in obtaining 
the benefits from the programme since they are often 
fleeced especially during the wages. 30 percent of the 
households feel that the works involve a lot of risks 

and that the probability of accidents is too high in 
some cases. 

   According to 25 percent of the households, 
adequate crèche facilities are not available at the 
worksites. 25 percent of the households have not 
received their unemployment allowance while 20 
percent of the households were not issued job cards 
despite them having applied for a job under the 
scheme. 25 percent of the beneficiary households 
complained that unemployment allowance had not 
been paid to them despite the fact that they had not 
worked for 100 days. 

 

Table-5: suggestion of the beneficiary households to overcome the problems in gaining the benefits of the 

programme. 

                                                                                                                        N=100 

Suggestion  Frequency  Percentage  

The implementing agencies should keep proper track of the implementation of 
the programme 

85 85 

The system of payment of wages should be simplified  45 45 
Timely payment of unemployment allowance  25 25 
Crèche facilities should be provided 25 25 

 
It is clear from the table -5 that 85 percent of 

the beneficiary households suggested that the 
implementing agencies should keep proper track of 
the implementation of the programme. 45 percent of 
the beneficiary households suggested that the system 
of the wage payments should be simplified and 
should be done on the spot on the worksite and not 
through the post office as is done now. For many of 
them the visit of the post office to withdraw the 
wages means the loss of a day’s work. 25 percent of 
the beneficiary households said that the payment of 

the unemployment allowance should be timely. The 
rules of the of the National Rural Employment 
Guarantee Act state that the unemployment allowance 
must be paid if the implementation agency fails to 
provide work within 15 days of application for work 
but in the case of Jaruatand village, it has not been 
provided even after one year.  

                 25 percent of the beneficiary 
households felt that the provision of crèche facilities 
will help them in reaping the benefits of the scheme 
in a better way. 

             
Table-6: Extent of income generation 

          

Name of the G.P X1 (Mean annual income of the 

beneficiary households in a village 

before joining into NREGS) 

X2 (Mean annual income of the 

beneficiary households in a village after 

joining into NREGS) 

Lukaia  6852 14152 
Jaruatand  6952 12542 
Radhanagar  17560 24508.80 
Pindrajora  15760 22536.80 

 
The computed value of paired‘t’ with 3 

degrees of freedom and 5% level of significance was 
392.66 which was far greater than the table value at 
5% level of significance (i.e. 3.182). This implies the 
difference in the mean annual income is highly 
significant. Therefore the null hypothesis that the 
mean annual income of the beneficiary households 
did not differ significantly after obtaining wage 
employment under the National Rural Employment 
Guarantee Scheme, is rejected. 

    This implies that the mean annual income of 
the beneficiary households have increased 
significantly after joining into the programme.       

Summary and Conclusion: 
The study disclosed that the National Rural 

Employment Guarantee Scheme has been 

successfully implemented in the study blocks at the 
local level with proper guidance from the government 
machinery of the district Bokaro. The study revealed 
that the average annual income of the beneficiary 
households has been enhanced and so has their socio-
economic status. The beneficiary households have 
developed abundant self esteem and confidence 
through the job scheme. Though there have been 
some teething problems both at the block level as well 
as the level of the local government. The beneficiaries 
too have faced some problems in reaping the benefits 
of the programme. However the programme is still at 
its initial stages and therefore such problems can be 
expected to occur but can be solved through 
initiatives at the levels of the implementing agencies 
as well as central government. The findings of the 
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study can serve as a ready reckoner especially for the 
problem faced by the beneficiary households in 
obtaining the benefits of the programme as well as the 
implementing agencies in proper implementation of 
the programme as well as the expectations and 
suggestions of both in overcoming these problems. 
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ABSTRACT 
 

A field experiment conducted at Research cum-Instructional Farm, Department of Agronomy, 
IGKV, Raipur (C.G.) during Kharif season of 2009 in Randomized Block Design (RBD) with three 
replications. The dominated weed flora of the rice field comprised Alternanthera triendra, Echinocloa 
colona, Fimbristylis miliacea and Cyperus iria throughout the crop season. Other weeds were 
Ischaemum rugosum, Boreria sirida, Commelina benghalensis, Cynotis axillaris, Aescheynomene 
indica etc. observed in the experiment field. Results revealed that post-emergence combined 
application of  Fenoxaprop-p-ethyl 60 g ha

-1
+ Ethoxysulfuron 15 g ha

-1
 at 20 and 35 DAT was 

statistically at par with hand weeding (twice) at 20 and 40 DAT for controlling weeds effectively in 
system of rice intensification method of rice. The maximum grain yield and straw yield was recorded 
under Fenoxaprop-p-ethyl 60 g ha

-1
+ Ethoxysulfuron 15 g ha

-1
 at 20 and 35 DAT followed by hand 

weeding. All the treatments gave significantly higher seed yield than unweeded control. The highest 
gross return and B:C ratio was obtained from Fenoxaprop-p-ethyl 60 g ha

-1
+ Ethoxysulfuron 15 g ha

-1
 

at 20 and 35 DAT followed by hand weeding and lowest from unweeded control. 

Key word: Rice, Weed Flora, Weed Dynamics, Integrated Weed Management  

 
 

Rice (Oryza sativa L.) is on of the most 
important and extensively grown premium food crop 
of the world and important staple food of more than 
60 per cent of the world’s population. Chhattisgarh is 
known as rice bowl of central India. The area and 
productivity of rice in Chhattisgarh is 3.61 million ha 
and 1.5 t ha-1 (Anonymous, 2008-09), which is quite 
low as compared to many states as well as country. 
Weeds are the major constraints in production of rice 
which often pose serious problem. Weeds compete 
with crop plants for moisture, light, nutrients and 
space. The extent of yield reduction of rice due to 
weeds is estimated from 15-95 per cent (Gogai et al., 
1996). Weed competition depends upon method of 
rice cultivation, weed species and their time of 
emergence etc. Weed problems are generally of lower 
magnitude in traditional method because of puddling, 
transplanting and continuous submergence of water 
but in SRI fields, weeds infestation is higher as 
compared to traditional transplanting system due to 
wetting and drying of field. The untimely and poor 
weed management adversely affects proper growth 
and yield of rice. Herbicide used in isolation, 
however, unable to obtain complete weed control 
because of their selective killing. Their use can be 
made more effective if apply in combination and/or 
supplemented with other weed management practices 
such as hand weeding or mechanical weeding etc 
which are available for weed control in rice. Keeping 
these points in view, integrated approach of weed 
management were evaluated for more feasible and 
practicable control of mixed weed flora in SRI 

MATERIALS AND METHODS 

The experiment was carried out at research cum-
instructional-Farm, IGKV, Raipur (C.G.) during 
kharif season (July to November) of 2009. The 
experiment was conducted in randomized block 
design (RBD). There were three replication and 
twelve treatments of various combinations of 
different herbicides. There were three replication and 
twelve treatments of various combinations of 
different herbicides (viz. post-emergence application 
of fenoxaprop-p-ethyl 9.3 EC @ 60 g ha-1 + 
chlorimuron-ethyl + metsulfuron-methyl 20 WP @ 4 
g ha-1 at 20 DAT, post-emergence application of 
fenoxaprop-p-ethyl 9 EC @ 60 g ha-1 + 
ethoxysulfuron  15 WG @ 15 g ha-1 at 20 DAT, post-
emergence application of fenoxaprop-p-ethyl 9.3 EC 
@ 60 g ha-1 + chlorimuron-ethyl + metsulfuron-
methyl 20 WP @ 4 g ha-1 at 20 DAT + mechanical 
weeding (one way) at 35 DAT, post-emergence 
application of fenoxaprop-p-ethyl 9.3 EC @ 60 g ha-1 
+ ethoxysulfuron 15 WG @ 15 g ha-1 at 20 DAT + 
mechanical weeding (one way) at 35 DAT, post-
emergence application of fenoxaprop-p-ethyl 9.3 EC 
@ 60 g ha-1 + ethoxysulfuron 15 WG @ 15 g ha-1 at 
20 DAT + mechanical weeding (two way) at 35 DAT, 
post-emergence application of fenoxaprop-p-ethyl 9.3 
EC @ 60 g ha-1 + chlorimuron -ethyl + metsulfuron-
methyl 20 WP @ 4 g ha-1 at 20 DAT + mechanical 
weeding (two way) at 35 DAT, two purely of 
mechanical type (mechanical weeding performed one 
way and two ways), one hand weeding at 20 and 40 
DAT and one unweeded control with three 
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replications. Rice variety “MTU-1010” was grown as 
a test crop. Rice seedlings of 14 days old were 
transplanted with a spacing of 20 x 20 cm. The crop 
was fertilized with 90, 60 and 40 kg N, P and K ha-1 
applied through urea, single super phosphate and 
muriate of potash, respectively. The whole amount of 
P and K was applied as basal dressing, while nitrogen 
was applied in three splits viz., 30 kg N/ha as basal 
and remaining 60 kg/N in two equal splits at 
maximum tillering and panicle initiation stage. 
Organic manures as green manuring crop was grown 
and incorporated in soil at flowering stage. Rice was 
harvested in the second week of November, 2009. 

RESULTS AND DISCUSSION 

Weed flora associated 
The experiment field was infested 

throughout the crop season with different weeds. The 
dominant weed species were Alternanthera triendra, 

Echinocloa colona, Fimbristylis miliacea and 

Cyperus iria throughout the crop season. Other weeds 
were Ischaemum rugosum, Boreria sirida, 

Commelina benghalensis, Cynotis axillaris, 

Aescheynomene indica etc. 
Total and species wise weed density 

The total weed density was observed lower 
in the treatment PoE followed by PoE (Fenoxaprop-p-
ethyl 60 g ha-1+ ethoxysulfuron 15 g ha-1) followed by 
hand weeding twice at harvest. Infestation of weeds 
increased with time under unweeded check up to 
harvest. The maximum weed density was observed in 
unweeded control plot throughout the crop growth 
period because no control measure was adopted in 
this plot. 

The species wise weed density at different 
dates revealed that Alternanthera triendra, 

Echinocloa colona, Fimbristylis miliacea and 

Cyperus iria and other weeds effectively controlled 
by different weed management practices. At 30 DAT, 
the lowest weed density of Echinochloa colon, 

Fimbristylis miliacea and Cyperus iria was observed 
minimum under the treatment where two ways 
mechanical weeding was performed followed by one 
way mechanical weeding performed and remained 
significantly lower than rest of the treatments. 
However, it was comparable to each other. All 
treatments showed significantly lower weed density 
than unweeded control.  

 At 60 DAT, all the weed species viz., 
Alternanthera triendra, Echinocloa colona, 

Fimbristylis miliacea and Cyperus iria significantly 
reduced under PoE followed by PoE (Fenoxaprop-p-
ethyl 60 g ha-1+ ethoxysulfuron 15 g ha-1) followed by 
hand weeding twice. In case of other weeds, lower 
weed density was observed in treatment  PoE 
followed by PoE (Fenoxaprop-p-ethyl 60 g ha-1+ 
ethoxysulfuron 15 g ha-1) whereas hand weeding 
twice, Fenoxaprop-p-ethyl 60 g ha-1+ ethoxysulfuron 
15 g ha-1 + MW (two ways), mechanical weeding 

performed on two ways and Fenoxaprop-p-ethyl 60 g 
ha-1+ (CME + MSM) + MW (two ways) remained 
next in order. It was further observed that count of 
Echinochloa colona in all the treatments of herbicides 
was found to be equally reduced due to effective 
control by Fenoxaprop-p-ethyl applied at 20 DAT. 
Dwivdi et al. (2003) observed that weed density of 
Echinochloa colona was significantly reduced by the 
application of Fenoxaprop-p-ethyl. Bhattancharya et 

al. (2001) reported that the application of 
Fenoxaprop-p-ethyl at 1000 ml ha-1 @ 15 DAT 
recorded the lowest weed density and weed dry 
matter accumulation. Similar results were also noted 
by Singh et al. (2003b). The highest weed density 
was recorded under unweeded control which was 
significantly higher than rest of treatments because no 
control measure was adopted in this plot. Similar 
results noted by Sharma et al. (2003) and Sharma et 

al. (1995). 

Total and Species wise dry matter 

accumulation 

Table 3 reveals that different weed 
management practices showed significant effect on 
total dry matter accumulation of weeds. In general, 
the increased density of weeds enhanced dry matter 
accumulation of weeds per unit area. At harvest, the 
total dry matter accumulation by weed was observed 
lowest in treatment PoE followed by PoE 
(Fenoxaprop-p-ethyl 60 g ha-1+ ethoxysulfuron 15 g 
ha-1) followed by hand weeding twice and 
Fenoxaprop-p-ethyl 60 g ha-1+ ethoxysulfuron 15 g 
ha-1 + MW (two ways). Similar results were also 
noted by Pal et al. (2002). Unweeded control 
treatment allowed significantly higher dry biomass 
accumulation at 30 and 60 DAT.  

 The dry matter accumulation of different 
weed spp. were recorded at 30 and 60 DAT. At 30 
DAT, the lowest dry matter accumulation of all the 
weed species viz. Echinochloa colona, Alternanthera 

triandra, Cyperus iria, fimbristylis miliacea and other 
weeds were observed under two ways mechanical 
weeding followed by one way mechanical weeding. 
Both the treatments were significantly lower than the 
rest of the treatments including the unweeded control. 
However, it was comparable to each other. Hand 
weeding twice, Fenoxaprop-p-ethyl 60 g ha-1+ 
ethoxysulfuron 15 g ha-1 at 20 DAT + MW (two 
ways) were next in order. These results are in 
accordance with Nair (2002). 

Whereas, at 60 DAT, the lower dry matter 
accumulation of Echinochloa colona, Alternanthera 

triandra, Cyperus iria, fimbristylis miliacea and other 
weeds were observed in treatment PoE followed by 
PoE (Fenoxaprop-p-ethyl 60 g ha-1+ ethoxysulfuron 
15 g ha-1) followed by hand weeding twice and 
Fenoxaprop-p-ethyl 60 g ha-1+ ethoxysulfuron 15 g 
ha-1 at 20 DAT + MW (two ways). Treatment 
unweeded control produced maximum dry matter of 
all the weed species at 60 DAT (Table 3). The 
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minimum dry matter accumulation under these 
treatments might be due to better efficacy of 
Fenoxaprop-p-ethyl against grassy weeds like 
Echinochloa colona etc. and Ethoxysulfuron against 
broad leaved weeds like Alternanthera triandra etc. 
Singh et al. (2003b) found that the dry weight of 
weed deceased by the application of Fenoxaprop-p-
ethyl. Singh et al. (2004) also found that of 
Fenoxaprop-p-ethyl reduced growth and dry matter of 
narrow leaves of weeds. These results also confirmed 
with the findings of Saini and Angiras (2002), 
Bhattacharya et al. (2001). The lowest dry matter 
accumulation of Alternanthera triandra found under 
the treatments of ethoxysulfuron was might have been 
due to the better killing capacity of ethoxysulfuron as 
compared to CME + MSM against broad leaf weed. 
They also observed ethoxysulfuron resulted in 
significantly lower density of broad-leaved weeds and 
sedges and hence lower total weed dry weight. Sharifi 
(2003) found application of Ethoxysulfuron has good 
effect on broadleaves and sedges (Cyperus spp.) of 
paddy fields. Cheema et al. (2005) also reported 
similar results. Unweeded control yielded the highest 
dry matter accumulation till harvest. Similar result 
was found by Rajkhowa et al. (2007).  

 Further, mechanical weeding produced the 
minimum weed dry matter accumulation at early 
growth stages but increased in later growth stages (at 
60 DAT and after) might be due to increased 
occurrence of weeds in the inter plant spaces where 
weeder could not reach. Hiromi et al. (2001) noted 
that mechanical weeding become difficult due to 
increased occurrence of weeds at interhilll spaces in 
later stages of rice. Similar difficulty with cono-

weeder was also reported by Rajendran et al. (2007).   
Effect on grain yield 

The highest grain yield (51.85) was observed 
under PoE followed by PoE (Fenoxaprop-p-ethyl 60 g 
ha-1+ ethoxysulfuron 15 g ha-1) narrowly followed by 
hand weeding. However, both the treatments were 
comparable to each other. This was owing to low 
crop-weed competition and longer weed free period 
under these treatments which leads to high growth 
and yield of rice. Fischer et al. (1993) found that 
longer weed free period favoured significantly 
increase in yield of rice. (Kolhe, 1999) observed that 

post emergence application of Fenoxaprop-p-ethyl + 
ethoxysulfuron was as effective as hand weeding 
twice. He also reported that lower yield reduction (5.3 
to 12.8%) was obtained with combined application of 
these chemicals. The cono weeder was found to 
increase the grain yield. This might be due to the fact 
that cono weeding incorporated the weeds in the soil 
and minimized the weeds besides increasing the soil 
aeration and root pruning (Uphoff, 1999). Rajendran 
et al. (2007) reported that mechanical weeding plus 
soil stirring by cono weeder significantly increased 
the grain yield. The minimum grain yield was 
obtained from unweeded control (21.12 q ha-1) due to 
no control measure was adopted in this plot. 

Weed control efficiency 

The maximum weed control efficiency was 
observed with PoE followed by PoE (Fenoxaprop-p-
ethyl 60 g ha-1+ ethoxysulfuron 15 g ha-1) closely 
followed by hand weeding and Fenoxaprop-p-ethyl 
60 g ha-1+ ethoxysulfuron 15 g ha-1 at 20 DAT + MW 
(two ways). Similar results were noted by Moorthy 
and Saha (2002). It was also noted that application of 
herbicides enhanced weed control efficiency due to 
restricted weed growth, resulted lower production of 
dry matter of weeds lead to high weed control 
efficiency.  This is in accordance with the finding of 
Kolhe (1999).  

Economics 

The data related with respect to benefit: cost 
ratio are presented in Table 1. Data revealed that the 
maximum benefit: cost ratio was obtained from the 
treatment PoE followed by PoE (Fenoxaprop-p-ethyl 
60 g ha-1+ ethoxysulfuron 15 g ha-1) (1.72) followed 
by hand weeding and Fenoxaprop-p-ethyl 60 g ha-1+ 
ethoxysulfuron 15 g ha-1 +MW (two ways) (1.52) 
respectively. The lowest benefit: cost ratio was 
obtained from unweeded control. This was due to the 
lowest grain yield obtained in control. However, the 
one way mechanical weeding, gave lower benefit: 
cost ratio. This might be due to lower grain yield 
received by the respective treatment. Bali et al. 
(2006) also reported similar report. No doubt, the 
results of hand weeding were also better but are time 
consuming, expensive and laborious hence cannot be 
recommended at large scale. 
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Table 1. Effect of weed management practices on seed yield, total weed density, total weed dry matter 

accumulation, weed control efficiency and benefit: cost ratio of rice in SRI. 

Treatments 
Seed yield  

(q ha-1) 

Total weed 

density(m-2) 

Total weed dry 

matter 

accumulation (m-2) 

WCE 

 

B:C 

ratio 

T1   Fenoxaprop-p-ethyl @ 60 g ha-

1+CME+MSM @ 4 g  ha-1 at 20 DAT 
41.16 19.30 132.85 52.05 1.34 

T2  Fenoxaprop-p-ethyl @ 60 g ha-1 + 
Ethoxysulfuron @ 15 g  ha-1 at 20 DAT 

43.30 15.65 116.05 58.11 1.42 

T3  Fenoxaprop-p-ethyl @ 60 g ha-1+ 
CME+MSM 4 g ha-1 at 20 DAT + MW 
(one way) at 35 DAT 

45.32 14.95 113.35 59.09 1.43 

T4 Fenoxaprop-p-ethyl @ 60 g ha-1+ 
Ethoxysulfuron @ 15 g  ha-1 at 20 DAT 
+ MW (one way) at 35 DAT 

45.73 13.39 111.36 59.81 1.43 

T5: Fenoxaprop-p-ethyl 60 g ha-1 + 
Ethoxysulfuron 15 g ha-1 + MW (Two 
way) at 20 and 35 DAT 

48.30 8.67 80.07 70.93 1.52 

T6 Fenoxaprop-p-ethyl 60 g ha-1+ 
CME+MSM  4 g ha-1 at  20 DAT + MW 
(two way) at 35 DAT 

46.90 11.08 99.83 63.97 1.47 

T7 Mechanical weeding (one way) -12, 25, 
35 DAT 

40.93 22.84 148.59 46.37 1.08 

T8 Mechanical weeding (two way) -12, 25, 
35 DAT 

48.11 9.15 92.20 66.72 1.34 

T9 PoE followed by PoE Fenoxaprop- p –
ethyl + CME+MSM @ 4 g ha-1 at 20 and 
35 DAT 

45.77 12.23 105.48 61.93 1.45 

T10 PoE followed by PoE Fenoxaprop-p-
ethyl + Ethoxysulfuron 15 g ha-1 at 20 
and 35 DAT 

51.85 6.87 69.91 74.77 1.72 

T11 Hand weeding – 20, 40 DAT 50.50 7.91 77.39 72.07 1.58 
T12 Unweeded control. 21.12 33.1 277.05 - 0.33 

SEm ± 0.83 0.86 4.17 - - 

CD at 5% 2.02 2.52 12.24 - - 

CME + MSM = Chlorimuron ethyl +Metsulfuron methyl: DAT =Days after transplanting: 
PoE =Post emergence: MW = Mechanical weeding 

 
Table 2. Species wise weed dry matter accumulation as influenced by weed management practices at 30 

and 60 DAT in SRI 

Treatments 

30 DAT 60 DAT 

Echinochloa 

colona 

Alternanthera 

triandra 

Cyperus 

 iria 

Fimbristylis 

miliacea 

Other  

weeds 

Echinochloa 

colona 

Alternanthera 

triandra 

Cyperus 

iria 

Fimbristylis 

miliacea 

Other 

weeds 

T1   Fenoxaprop-p-ethyl 
@ 60 g ha-

1+CME+MSM @ 4 g  
ha-1 at 20 DAT 

1.30 1.20 1.18 1.30 1.37 2.82 2.75 2.26 1.90 2.65 

T2  Fenoxaprop-p-ethyl 
@ 60 g ha-1 
+Ethoxysulfuron @ 
15 g  ha-1 at 20 DAT 

1.32 1.14 1.08 1.25 1.34 2.00 2.05 1.90 1.70 2.70 

T3  Fenoxaprop-p-ethyl 
@ 60 g ha-1+ 
CME+MSM 4 g ha-1 
at 20 DAT + MW 
(one way) at 35 DAT 

1.15 1.23 0.98 1.20 1.28 1.35 1.85 1.49 1.40 1.90 

T4 Fenoxaprop-p-ethyl 
@ 60 g ha-1+ 
Ethoxysulfuron @ 15 
g  ha-1 at 20 DAT + 
MW (one way) at 35 
DAT 

1.10 1.10 0.97 1.22 1.21 1.30 1.35 1.24 1.35 1.82 

T5: Fenoxaprop-p-ethyl 60 g 
ha-1 + Ethoxysulfuron 15 
g ha-1 + MW (Two way) 
at 20 and 35 DAT 

1.35 1.16 1.05 1.15 1.27 0.69 0.90 0.83 0.75 0.95 

T6 Fenoxaprop-p-ethyl 
60 g ha-1+ 1.18 1.30 1.10 1.08 1.30 0.77 1.09 0.89 1.08 1.25 
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Treatments 

30 DAT 60 DAT 

Echinochloa 

colona 

Alternanthera 

triandra 

Cyperus 

 iria 

Fimbristylis 

miliacea 

Other  

weeds 

Echinochloa 

colona 

Alternanthera 

triandra 

Cyperus 

iria 

Fimbristylis 

miliacea 

Other 

weeds 

CME+MSM  4 g ha-1 
at  20 DAT + MW 
(two way) at 35 DAT 

T7 Mechanical weeding 
(one way) -12, 25, 35 
DAT 

0.55 0.70 0.50 0.60 0.76 2.95 2.81 2.30 1.96 2.80 

T8 Mechanical weeding 
(two way) -12, 25, 35 
DAT 

0.50 0.68 0.46 0.58 0.74 0.70 0.98 0.86 0.81 1.02 

T9 PoE followed by PoE 
Fenoxaprop- p –ethyl 
+ CME+MSM @ 4 g 
ha-1 at 20 and 35 DAT 

1.20 1.25 1.13 1.15 1.35 1.25 1.21 1.20 1.13 1.39 

T10 PoE followed by PoE 
Fenoxaprop-p-ethyl + 
Ethoxysulfuron 15 g 
ha-1 at 20 and 35 DAT 

1.23 1.06 1.16 1.19 1.33 0.40 0.81 0.75 0.64 0.83 

T11 Hand weeding – 20, 
40 DAT 

1.08 0.73 0.60 0.68 0.78 0.45 0.85 0.80 0.69 0.90 

T12 Unweeded control. 3.10 2.91 2.75 2.9 2.80 4.16 4.50 4.66 4.67 4.05 

SEm ± 
0.17 0.11 0.12 0.13 0.12 0.17 0.13 0.11 0.11 0.16 

CD at 5% 0.51 0.32 0.36 0.39 0.34 0.51 0.38 0.33 0.31 0.47 

CME + MSM = Chlorimuron ethyl +Metsulfuron methyl: DAT =Days after transplanting: 
PoE =Post emergence: MW = Mechanical weeding 

 

Table 3. Species wise weed dry matter accumulation as influenced by weed management practices at 30 

and 60 DAT in SRI 

Treatments 

30 DAT 60 DAT 

Echinoc

hloa 

colona 

Alternant

hera 

triandra 

Cyperus 

iria 

Fimbristyl

is 

miliacea 

Other 

weeds 

Echinoc

hloa 

colona 

Alternant

hera 

triandra 

Cyperus 

iria 

Fimbristy

lis 

miliacea 

Other 

weeds 

T1   Fenoxaprop-p-ethyl @ 60 g ha-

1+CME+MSM @ 4 g  ha-1 at 20 DAT 0.75 0.54 0.68 0.64 0.61 4.30 4.45 3.45 2.45 3.61 

T2  Fenoxaprop-p-ethyl @ 60 g ha-1 
+Ethoxysulfuron @ 15 g  ha-1 at 20 DAT 

0.77 0.64 0.6 0.6 0.53 3.32 3.82 2.35 2.11 3.08 

T3  Fenoxaprop-p-ethyl @ 60 g ha-1+ 
CME+MSM 4 g ha-1 at 20 DAT + MW 
(one way) at 35 DAT 

0.70 0.65 0.57 0.54 0.48 3.30 3.76 2.20 1.98 2.76 

T4 Fenoxaprop-p-ethyl @ 60 g ha-1+ 
Ethoxysulfuron @ 15 g  ha-1 at 20 DAT + 
MW (one way) at 35 DAT 

0.63 0.52 0.55 0.56 0.40 3.10 3.5 2.16 1.81 2.16 

T5: Fenoxaprop-p-ethyl 60 g ha-1 + 
Ethoxysulfuron 15 g ha-1 + MW (Two 
way) at 20 and 35 DAT 

0.78 0.59 0.59 0.5 0.50 2.20 2.05 1.29 1.20 1.40 

T6 Fenoxaprop-p-ethyl 60 g ha-1+ 
CME+MSM  4 g ha-1 at  20 DAT + MW 
(two way) at 35 DAT 

0.64 0.61 0.64 0.46 0.51 2.60 2.92 1.85 1.47 1.98 

T7 Mechanical weeding (one way) -12, 25, 
35 DAT 

0.21 0.43 0.28 0.24 0.34 4.45 5.66 3.58 2.53 3.85 

T8 Mechanical weeding (two way) -12, 25, 
35 DAT 

0.17 0.39 0.26 0.21 0.33 2.35 2.4 1.75 1.39 1.89 

T9 PoE followed by PoE Fenoxaprop- p –
ethyl + CME+MSM @ 4 g ha-1 at 20 and 
35 DAT 

0.65 0.64 0.66 0.52 0.55 2.89 3.22 1.98 1.53 2.15 

T10 PoE followed by PoE Fenoxaprop-p-ethyl 
+ Ethoxysulfuron 15 g ha-1 at 20 and 35 
DAT 

0.66 0.55 0.67 0.52 0.53 1.65 1.83 1.05 0.91 1.05 

T11 Hand weeding – 20, 40 DAT 
0.40 0.46 0.35 0.28 0.39 2.00 1.91 1.22 1.06 1.35 

T12 Unweeded control. 1.22 3.12 1.37 1.2 1.21 11.8 10.63 8.25 6.39 9.72 

SEm ± 0.06 0.02 0.05 0.03 0.04 0.19 0.18 0.13 0.10 0.13 
CD at 5% 0.18 0.07 0.14 0.08 0.10 0.57 0.54 0.39 0.30 0.37 

CME + MSM = Chlorimuron ethyl +Metsulfuron methyl: DAT =Days after transplanting: 
PoE =Post emergence: MW = Mechanical weeding 
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ABSTRACT 

Crop geometry under border strip irrigation at IW/CPE ratio 1.0 did not influence the sugarcane 
yield, yield components and cane quality (Table 2). However, highest cane yield (98.80 t/ha), tillers 
(13.53/sqm), internode length (17.40 cm). Commercial canesugar (8.68 t/ha), juice content (35.30%), 
Brix percentage (15.97) and juice purity (82.50%) were obtained at 75 cm row spacing. Row spacing of 
90 cm recorded highest cane girth (2.57 cm cane diameter) and commercial cane sugar (8.88%). 
Higher yield and most of the yield components with 75 cm row spacing might be due to proper 
utilization of resources in harsh arid climate of Rajasthan. Crop geometry under drip irrigation system 
significantly influenced cane yield and highest yield of 130.64 t/ha was recorded with 75 cm row 
spacing followed by 126.13 t/ha at 90 cm row spacing. Higher yield in 75 and 90 cm row spacing was 
attributed to higher tillers/m

2
, cane length and inter node length. Paired row plantings fetched lower 

yields where single drip line was kept between 2 paired rows of sugarcane. 
 

At  maximum photosynthetic efficiency of 
leaves and under ideal conditions of growth, 
sugarcane (Saccharum spp) could yield 364 tonnes 
per hectare of green stalk (Yadav and Srivastava 
2006). Yield of this order have actually been 
harvested under ideal conditions in Hawai and some 
other parts of the world, where optimum growing 
conditions with regard to sunshine, temperature, 
humidity, moisture and nutrition are ensured. In 
Indian agriculture sugarcane occupies an important 
position, as it is the second largest organized agro-
industry in the country, next only to textiles (Bhullar 
et al. 2008). Sugarcane is grown widely in 
transgangetic subtropical canal command regions of 
Rajasthan with a meager yield of 55-60 tonnes/ha. 
Under normal conditions it requires 20-22 irrigations 
of 75 mm each. Drip irrigation in sugarcane can play 
a pivotal role to increase yield as well as save 
precious water in a state like Rajasthan. Being a 
costly input proper design by adoption of paired row 
planting and thus reducing drip line cost can make it a 
cost effective proposition. Further drip irrigation can 
increase sugarcane yield substantially by maintaining 
water regime in soil at near about field capacity. Thus 
increased water availability increase the yield of 
sugarcane. Crop quality plays an important role for 
success of sugarcane cultivation. Water management 
influence most the crop quality in several ways. 
Hence the present investigation was undertaken to 
study the drip irrigation schedules and crop geometry 
on yield and quality of sugarcane. 

The field experiment was conducted during 
2006-07 at farmers field (3’O’, Srikaranpur)  in 
Sriganganagar district of Rajasthan, characterized by 
subtropical climate. The soil was sandy loam in 
texture with pH (1:2) 8.1, EC (1:2) 0.21 dS/m, 
organic carbon 0.35%, available P2O5 42 and K2O 
410 kg/ha. Sixteen treatments comprising of 4 

planting geometry viz. single row planting of 75 cm, 
paired row planting 60 cm x 90 cm, single row 
planting 90 cm and paired row planting 60 cm x 120 
cm, and 4 irrigation levels viz. irrigation at 60, 80 and 
100% of pan evaporation at alternate days and border 
strip irrigation (IW/CPE ratio 1.0 with 75 mm depth 
in each irrigation) were analysed in randomized block 
design with 3 replications. Details of irrigation events 
in border strip and drip irrigation along with rainfall 
and pan-evaporation values are presented in Table 1. 
Sugarcane (CO6617’) was planted in furrow on 28th 
February, 2005 and harvested in 11th February 2006. 
A general fertilizer dose of 150 kg nitrogen, 40 kg 
phosphorus and 40 kg potassium/ha was applied to 
each treatment. One third dose of N and full dose of 
P2O5 and K2O were applied at the time of planting. 
Remaining nitrogen was applied in 2 equal doses-one 
third in May and rest in June. A pre-planting 
irrigation of 100 mm was applied by flood method to 
ensure good land preparation and germination. Juice 
quality was estimated as per Pandey and Shukla, 
2000. 

Crop geometry under border strip irrigation 
at IW/CPE ratio 1.0 did not influence the sugarcane 
yield, yield components and cane quality (Table 2). 
However, highest cane yield (98.80 t/ha), tillers 
(13.53/sqm), internode length (17.40 cm). 
Commercial canesugar (8.68 t/ha), juice content 
(35.30%), Brix percentage (15.97) and juice purity 
(82.50%) were obtained at 75 cm row spacing. Row 
spacing of 90 cm recorded highest cane girth (2.57 
cm cane diameter) and commercial cane sugar 
(8.88%). Higher yield and most of the yield 
components with 75 cm row spacing might be due to 
proper utilization of resources in harsh arid climate of 
Rajasthan. Crop geometry under drip irrigation 
system significantly influenced cane yield and highest 
yield of 130.64 t/ha was recorded with 75 cm row 
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spacing followed by 126.13 t/ha at 90 cm row 
spacing. Higher yield in 75 and 90 cm row spacing 
was attributed to higher tillers/m2, cane length and 
inter node length. Paired row plantings fetched lower 
yields where single drip line was kept between 2 
paired rows of sugarcane. The soil was sandy loam 
and thus water applied through drip had more vertical 
movement than horizontal movement. Thus, single 
drip line for each row of sugarcane supplied water 
properly. Whereas, in paired rows on drip line 
between 2 rows at 60 cm spacing failed to secure 
proper horizontal distribution for both the rows. 
Though non-significant 75 cm row spacing also gave 
higher cane length (2.83 m) and inter-node length 
(18.72 cm), might be due to more competition among 
tillers for sunlight. Similarly, commercial cane sugar 
(11.57 t/ha) was also highest with 75 cm row spacing 
(Table 2). Most of the crop qualities were also 
recorded higher in 75 and 90 cm row spacing than 
paired row spacing. 

Irrigation methods and irrigation levels 
through drip had marked effect on cane yield, yield 
component and crop qualities (Table 1). Drip 
irrigation at 100, 80 and 60% of pan evaporation gave 
higher yield than border strip irrigation at IW/CPE 
ratio 1.0 (95.69 t/ha). It might be due to maintenance 
of water regime at near about field capacity in soil 
under drip irrigation, whereas under border irrigation 
the crop was under water stress for most of the period 
between 2 surface irrigation. Yadav et al (2006) also 

recorded higher seed cotton yield under drip than 
flood or furrow methods of irrigation. Among the drip 
irrigation treatments 100% PE gave significantly the 
highest cane yield (141.73 t/ha) followed by 80% PE 
(123.35 t/ha) and 60% PE (102.00 t/ha). Higher yield 
with 100% PE is attributed to higher tillers (17.26/m2) 
cane length (2.89 m), inter-node length (19.37 cm) 
and cane girth (diameter 2.44 cm). Singh, 2002 also 
obtained higher yield of sugarcane with 120% PE in 
surface irrigation. Similarly, commercial cane sugar 
(12.42 t/ha) and Juice (38.98%) were also recorded 
higher at 100% PE. However, drip irrigation at 80% 
PE gave poll (13.93%), brix (16.49%) and 
commercial cane sugar (9.42%). The highest baggese 
(63.98%) and juice purity was obtained at drip 
irrigation with 60% PE owing to water stress. 

Among the crop geometry treatments under 
border strip irrigation 75 cm row spacing gave the 
highest water use efficiency (55.20 kg/ha mm) 
followed by 90 cm row spacing (54.02 kg/ha mm) 
(Table 1). Similarly, under drip irrigation 75 cm row 
spacing recorded the highest water use efficiency 
(88.43 kg/ha mm) followed by 90 cm row spacing 
(85.37 kg/ha mm). Among the irrigation treatments 
highest water use efficiency of 87.79 kg/ha mm was 
recorded with 60% PE under drip system and increase 
in irrigation levels decreased water use efficiency. 
Lowest water use efficiency (53.46 kg/ha mm) was 
recorded in border strip irrigation. 

 

Table 1:Monthwise irrigation events, irrigation water ap0plied under various irrigation  schedules, rainfall 

and pan evaporation (PE) 

Month 

Drip Flood irrigation 
Rainfall 
(mm) 

Pan 
Evaporation 

(mm) 
Irri. 

Events 
100% PE 

(mm) 
80% PE 

(mm) 
60% PE 

(mm) 
Irrigation 

Events 

Water 
applied 
(mm) 

March, 06 -- -- -- -- -- -- -- -- 

April, 06 6 81.6 65.28 48.96 1 75 -- 94.1 

May, 06 17 384.20 307.36 230.52 4 300 -- 184.2 

June, 06 15 297.00 237.60 178.20 3 225 50 191.8 

July, 06 12 184.80 147.84 110.88 2 150 45 263.7 

Aug., 06 19 250.80 200.64 150.48 3 225 -- 173.7 

Sept., 06 12 141.60 113.28 84.96 2 150 20 201.6 

Oct., 06 15 144.00 115.20 86.40 3 225 -- 147.0 

Nov., 06 15 78.00 62.40 46.80 3 225 -- 140.2 

Dec., 06 5 16.00 12.80 9.60 -- -- -- 70.4 

Jan., 07        42.2 

Feb., 07 (1-11th)        41.7 

Total 116 1578.00 1262.40 946.80 21 1575 115 22.9 
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Table 2:  Effect of crop geometry and drip irrigation on cane yield, yield components and cane qualities. 

Treatment Cane 
yield 
(t/ha) 

Tiller
s/sq.
m 

Cane 
length 
(m) 

Interno
de 
length 
(cm) 

Cane 
girth 
(dia. In 
cm) 

CCS 
(t/ha) 

Juice 
(%) 

Bagga
se (%) 

Poll 
(%) 

Brix 
(%) 

1CCS 
(%) 

Juice 
purity 
(%) 

2Water 
use 
(mm) 

3WUE 
(kg/ha 
mm) 

Crop geometry (surface method of irrigation at IWICPE ratio 1.0) 

75 cm row 
spacing 98.80 13.53 2.62 17.40 2.43 8.68 35.30 64.70 13.17 15.97 8.79 2.50 790 55.20 

90 cm row 
spacing 

96.70 13.13 2.60 17.36 2.57 8.37 35.06 64.93 13.23 15.40 8.88 3.22 1790 54.02 

90 cm x 60 
cm paired 
row 

94.24 13.16 2.61 17.33 2.47 8.52 34.10 65.90 13.13 15.83 8.79 83.07 1790 52.65 

120 cm x 60 
cm paired 
row 

93.00 13.07 2.59 17.33 2.47 8.06 34.23 65.77 13.03 15.77 8.69 82.24 1790 51.96 

Crop geometry (drip irrigation) 

75 cm row 
spacing 

130.6
4 

16.38 2.83 18.72 2.39 11.57 37.81 62.19 13.14 16.07 8.79 2.84 477.4 88.43 

90 cm row 
spacing 

126.1
3 

15.41 2.76 18.55 2.44 11.49 37.01 62.99 13.21 15.92 9.11 84.6
8 

1477.4 85.37 

90 cm x 60 
cm paired 
row 

120.1
2 

14.78 2.75 18.54 2.35 10.77 37.67 62.32 13.93 15.99 8.97 83.4
9 

1477.4 81.30 

120 cm x 60 
cm paired 
row 

112.5
5 

14.27 2.73 18.30 2.40 10.18 37.07 62.93 12.96 15.99 9.04 83.9
0 

1477.4 76.18 

CD at 5% 5.52 0.49 NS NS NS 0.86 NS NS NS NS NS NS   

Irrigation levels 

IW/CPE 1.0 
(border 
strip) 

95.69 13.22 2.61 17.36 2.39 8.40 34.67 65.32 13.14 15.89 8.74 82.7
6 

1790.0 53.46 

100% PE 
(drip) 

141.7
3 

17.26 2.89 19.37 2.44 12.42 38.98 61.02 13.22 16.23 8.76 81.5
0 

1790.0 79.05 

80% PE 
(drip) 

123.3
5 

15.13 2.78 18.72 2.38 11.62 37.16 62.83 13.93 16.49 9.42 84.5
8 

1477.4 83.49 

60% PE 
(drip) 

102.0
0 

13.23 2.64 17.51 2.33 8.97 36.03 63.98 12.96 15.25 8.79 85.1
0 

1161.8 87.79 

CD at 5% 4.78 0.43 0.08 0.55 NS 0.74 0.71 0.71 0.42 0.46 0.47 1.29   

1Commercial cane sugar,  2including pre-sowing irrigation and rainfall,  3Water useefficiency 
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ABSTRACT 

Homegardens in Kerala represents a subsistence land-use system typical of tropical Indian 
South, where interaction and intimate association of different production components (crop-tree-animal 
mix combine) insitu are intensively facilitated and managed by family labour so as not only to meet the 
food production but also to generate additional income through sale of farm surplus. This interaction 
and intimate association makes it ever evolving and unique in its unique structural configuration and 
cropping patterns. It is the predominant type of agricultural production system in the state of Kerala. 
Increase in population, emerging nucleotide family structure and high rate of fragmented holdings year 
round leading to decreased land for agriculture raises the conservation status of these land-use 
systems and makes it necessary for a ‘homegarden policy' in regions where they are found. 
Homegarden is important as reservoirs of agricultural biodiversity and knowledge and it help in 
formulating strategies to ensure effective and meaningful programmes for the holistic development of 
the state in terms of biodiversity, structural dynamics and environmental significance. The effect of 
variance in the structure and function of Kerala homegardens in this study implies that the match 
between the variation in priorities of the home and the spatial arrangement of the homegarden was 
strong environmentally, socio-economically and biophysically. 

Key words: homegardens, biodiversity index, sustainability, environmental, agro-ecological 

Kerala Homegardens represents a distinct 
agro ecological entity typical of tropical Indian South, 
where interaction and intimate association of different 
production components (crop-tree-animal mix 
combine) insitu are intensively facilitated and 
managed by family labour so as not only to meet the 
food production and to generate additional income 
through sale of farm surplus, but also a subsistence 
land-use system that is of huge significance to the 
environmental sustainability and dynamicity of 
Kerala. Homegardens in Kerala which started as a 
means of subsistence have today transformed into a 
means of additional income generation. These 
systems developed over years have optimized their 
production activities that satisfies the biophysical 
needs, socioeconomic security and environmental 
requirements in which they live. (Thomas, et. al. 
2011).  

METERIAL AND METHODS 

Study Area 

This study was undertaken in South Kerala 
covering a sample size of 208 home gardens using 
multi-stage stratified random sampling technique 
which examines the structural configuration of home 
gardens in terms of species diversity index. Structural 
configuration of home gardens presents broad idea on 
the diversity, species richness, evenness, dominance 
of species, changing structure and functions, cropping 
and farming system and type of home gardens. 

Home gardens, its biodiversity and structural 

dynamics. 

Home gardening is a very old tradition that 
has evolved over a long time from the practices of the 
hunters/gatherers and continued till now. It started as 
a system for the production of subsistence crops for 
the household with or without the involvement of 
cash crops. For example, a prominent structural 
characteristic of earlier home gardens were the great 
diversity in life forms - varying from those creeping 
on the ground, such as sweet potato to tall trees of 10 
m like coconut palm, bamboo poles or other multi 
purpose tree species along with some livestock 
components, birds or domestic animals. In such a 
system, the structure and function is very significant 
and of conspicuous nature. The forest-like structure 
has been the result of deliberate planning of home 
garden to mimic the forest, which has its own techno-
socio-economic implication. To conceptualize the 
structure of homegardens, the bio diversity of South 
Kerala home gardens was quantified using Shannon-
weiner diversity index (Sagar and Singh, 1999) for 
three different regions in the homegarden viz., 
‘Courtyard’, ‘Mid region’, and ‘Outer region’. 
(Thomas, 2004).  

Defined regions with in a home garden 

The data enumeration with respect to the 
crop components in the home garden was done for 
three different regions in the home garden which was 
explained as ‘courtyard’, ‘mid region’, and ‘outer 
region’ of the home garden (Figure 1). Courtyard was 
operationally defined as the area that is perceived to 
be near to the house in the home garden. Mid region 
was operationally defined as the area that is perceived 
to be   falling in between the courtyard and outer 
region in the home garden. Outer region was 
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operationally defined as the area that was perceived to 
be farther in distance from the house in the home 

garden. 

 
 
 
 
 
 
 
 
 
 
 

RESULTS AND DISCUSSION 

Home gardens biodiversity 

 

 A perusal of table 1 shows that the mid 
region in case of all districts had the highest 
biodiversity. The mid region of Thiruvananthapuram 
district recorded the highest biodiversity index. The 
gradation in the pattern of index for 
Thiruvananthapuram, Alappuzha and Pathanamthitta 
were the same with mid region followed by outer 
region recording the higher diversity. On the other 
hand the mid region was followed by courtyard in 
case of Kollam district and the differences were also 
not significant. What must be inferred from this is 
that, in Kollam district, the biodiversity that exist in 
the courtyards made the big difference placing it on 
top in case of the averages of the district. The highest 
diversity index in the case of outer region of the 
homegardens was in case of Alappuzha district 
followed by Thiruvananthapuram, which were at par. 
The least was observed in Kollam district. Analysis of 
the index of the courtyard showed that Kollam district 
not only accounted for highest diversity but also was 
way ahead in comparison to other districts. 
Alappuzha on the other hand recorded the least.  
Hence it was inferred that of all the differences 
observed the big difference is recorded at the 
courtyard level and this contributed to the variations 
in the mean biodiversity between districts.  

The diversity index in different regions of 

homegardens of different holding size in all the 

four districts 

 In all districts and in all the different size of 
holdings the mid regions accounts for the highest 
diversity index (Table. 2). The sole exception being in 
the case of Alappuzha and that too only in the highest 
size of holding where in the outer region recorded a 
slightly higher index than the mid region. Though 
distinct differences were recorded, in none of the 
cases the result was significant.  

From the above two tables a very special 
feature observed is that in the two districts with high 
mean index the biodiversity index was found to 
increase with holding size.  In Pathanamthitta the mid 
holding size was found to have maximum index.  This 
point to the very basic nature of homegardens, where 
the biodiversity increment was not to a larger extent 

the function of size of holdings in 
Thiruvananthapuram and Kollam. In Pathanamthitta 
and Alappuzha it was not influenced by the size at all.  
A major concept of the diversity index of the four 
districts is this very basic aspects but whether this 
build up or spread as the case may be remains to be 
identified as to whether it is deliberate, powerful or 
simply by chance.  As the case look more or less 
uniform within a district it should be deemed that the 
index which is a result of planned diversity build up 
or generations is more geographic, partially 
interventional or deliberate and more a specialty of 
the region.  Another factor worth discussing is that 
mid-region of homegarden contributed to maximum 
index.  This reveals that irrespective of the district 
and size of holdings the gardens tends to preserve the 
maximum taxonomically distinct variance within the 
region. A second point is a reflection of the 
complementary exploitation of habitat resulting in 
more complete capture of resources.  Such a 
complementarity has reported by Campbell et al. 

(1991).  A third point is at the management level.  As 
the mid-region was more convenient the gardener 
could have packed his gardens with more important 
species towards the centre and then structurally 
dominant towards the outer periphery, be it accidental 
or intentional. A worthily question put forth by 
Grines (1997) in his learned review is that ‘though 
subordinate members of the plant community 
exercises controls on the identity’ functional  
diversity and relative abundance of dominance, the 
answer of these question in our study is not only yes 
but the extend to which it takes place depends upon 
the size of holdings.  Certainly the dominance 
determines the ecosystem properties to a large extend 
but homegardens of Kerala cannot be considered as a 
stable hierarchy.  Over a long term the subordinates 
and even transient members can act as filters selecting 
between different potential structural dominance. 

 
Homegardens: Environmental Significance  

Home garden farming system falls under the 
broad classification of agroforestry. It is determined by 
the structure of the system, its ecological functions and 
its continued ability to fulfill the socio-economic needs 
of the people. Thus Soemarwoto and Soemarwoto 
(1984) opined that home garden as an agroforestry 
system, should ideally combine the ecological functions 

Figure 1.Defined 

regions  

Court Yard 

Mid Region 

Outer 
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of forests with those providing the socio-economic needs 
of the people. The dimensions of food security and 
additional income generation problem can be addressed 
at household levels in Kerala alone, suggesting a broad 
agenda for possible personal and technological 
interventions that may be necessary or useful in 
improving the conditions within which individual 
households must pursue their own agenda for food 
security, additional income and ecosystem integrity. 
Increase in population, emerging nucleotide family 
structure and high rate of fragmented holdings year 
round leads to decreased land for agriculture that raises 
the conservation status of these land-use systems and 
necessitates for a ‘homegarden policy’ in Kerala. The 
unscrupulous intervention by man for both non 
agricultural and commercial agriculture has led to the 
erosion of this great ‘gene pool’ and therefore may no 
longer serve as an effective backup gene pool for plant 
breeding and crop improvement. This situation is grave 
in terms of Kerala’s environment sustainability and also 
may hamper the food security of the state in long run 
that is already crippled. Homegardens in Kerala was and 
is still the largest gene pool of wild and natural species. 
Homegardens in Kerala is a repository of biodiversity 
coupled with specialized components inclusive of sacred 
groves. Without this flow of novel genes from wild 
species and landraces into the breeding pools the 
adaptability of crops to changing environmental 
conditions and user demands would be very difficult to 
maintain today and in the future. Hence it is essential to 
preserve the wild species and landraces which are 
practically possible by promoting homegardens as an 
essential agro ecological entity. 

The importance of ‘Safe Food’ is gaining 
global attention in this era of modernization. The 
resurging trends of organic farming have increased the 
scope of homegardens because it is easy and practical to 
convert an entire village to an ‘organic farm’ by 
concentrating on individual households at a larger level. 
Homegarden farmers place high value on the social, 
aesthetic and habitat functions of homegarden. Farmers 
have their own perception about the components of their 
homegardens.  Homegarden farmers value the 
components of their homesteads not only as a source of 
income and subsistence, but also for their role in 
improving habitat quality and conservation of soil and 
water resources and aesthetic value. Kerala homegardens 
presents a multi-tier canopy configuration ensuring a 
high level of exploitation of environmental resources. 
For example, in a coconut dominant system the top-most 
canopy is occupied by coconuts, the second layer by 
arecanut, pepper, jack, tamarind and mango, the third 
layer is occupied by  banana, tapioca and fruit plants and 
the lowermost layer of canopy consists of tuber crops, 

vegetables and guinea grass.  The boundaries are live-
fenced with glyricidia. Homegarden farmer regulate or 
modify the functioning and dynamics of each plant and 
animal within the system.  This best presents the eco-
friendly nature of homegardens. 

Sustainability under temporal dimension and 
resource recycling capacity, availability of raw materials 
and availability of supplies and services under 
environmental dimensions are important in this type of 
farming system because the homegardens being 
apparently a climax ecosystem, where ecological 
succession is consciously manipulated by human beings. 
High intensity of vertical and horizontal space use, highly 
dynamic chronological structure and the capacity to 
perform essential ecological processes makes homegarden 
ecosystem a sustainable one through the use of resources 
and resource recycling. Homegardens presenting a land 
use system where the different components of 
homegardens (tree-crop-livestock-specialised component 
mix) interact and associate should be more as a result of 
intensive intervention by the family labour. This will 
enable judicious use of resources, considering the 
ecological safeness of the homegardens.  Also it will help 
the homegarden farmer to place before the homegarden 
the dimensions of social approval, social acceptability and 
cultural compatibility.  

Also, agro-ecological components and entities 
promote ‘clean nature’ through proper maneuvering.  
The consumer culture in the state facilitates many 
products (degradable and non degradable) and the state 
has become a ‘sink’ for all such materials. The limitation 
of availability of space generally leads the public to litter 
it unscrupulously and thereby maligning the 
environment to its core. This has eroded the ‘clean 
culture concept’ which was one of the main stay of 
keralite among others during the past. No strategies will 
work other than initiating policies to manage the same in 
the place of origin itself. ‘Place of origin needs to be the 
place of sink’. Homegardens can be a means to achieve 
this goal as man and homegardens forms a vital bond, as 
components of agro-ecological entity in the same 
system. 65 Lakhs homegardens that constitutes 60-70 
per cent land area needs to be agro ecologically 
promoted as this is a system that promotes socio 
economic and environment sustainability through 
effective recycling of waste.  

CONCLUSION 

To conclude, the effect of variance in the 
structure and function of Kerala homegardens implies 
that the match between the variation in priorities of the 
home and the spatial arrangement of the homegarden 
was strong environmentally, socio-economically and 
biophysically. 

 



Journal of Progressive Agriculture, Vol.4, No. 1: April, 2013 

   108 

Table 1. The diversity index of South Kerala homegardens in relation to the different regions  

 

Region(S) 
District (D) 

Courtyard Mid region Outer region 

Thiruvananthapuram 1.040 2.150 1.642 
Kollam 1.784 1.995 1.324 
Alappuzha 0.608 1.905 1.714 
Pathanamthitta 1.148 1.865 1.334 
Mean 1.145 1.979 1.563 
F FDS 11.778**; FS -69.446** 
CD DS 0.278; S 0.139 
SE 0.1; 0.050 

** - Significant at 1 per cent level 
 

Table 2. The diversity index in different regions of homegardens of different holding size in all the four 

districts 
Districts 

Holding size + region 
Thiruvananthapuram Kollam Alappuzha Pathanamthitta 

<25 cents + CY 0.750 1.712 0.497 1.189 

<25 cents + MR 2.222 1.882 2.102 1.809 

<25 cents + OR 1.768 1.460 1.634 0.975 

25-75 cents + CY 1.046 1.735 0.852 1.032 

25-75 cents + MR 1.650 2.030 1.866 2.032 

25-75 cents + OR 1.396 1.068 1.702 1.562 

75-125 cents + CY 0.917 1.765 0.318 1.139 

75-125 cents + MR 2.528 2.033 1.946 1.792 

75-125 cents + OR 1.681 1.274 1.788 1.467 

>125 cents + CY 1.449 1.925 0.765 1.231 

>125 cents + MR 2.200 2.033 1.707 1.828 

> 125 cents + OR 1.722 1.492 1.734 1.332 

F (18.576) 0.972NS 

CD 0.556 

SE 0.201 

NS - Non significant (CY- Court yard; MR- Mid region; OR- Outer region) 
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ABSTRACT 

A study was conducted among 120 farmers sampled from four district representing irrigated 
mustard eco-system, rainfed low land eco-system, dry land and upland eco-system in the Pali district of 
Rajasthan state. Indigenous practices related to mustard cultivation were documented using open-
ended questions developed in the form of check list. Findings of the study revealed that summer 
ploughing (79%) and in-situ burning of mustard stable (38.33%); growing green manures in summer 
(75.00%); placing weight on soaked seed (48.33%) were some of the traditional practices frequently 
done by the large number of farmers for the activities like land preparation, green manuring and seed 
treatment respectively. The study further revealed that farmers sowed mustard seed in furrow methods 
mainly in the barani kheti. Most common practices related to management of insect pest, rodents and 
birds were dusting of ash (37.50%), tying white flags in the mustard fields to scare rodents (45.83%) 
and use of polythene cover (65.83%). Similarly, on the aspects of post harvest management it was 
found that ‘Mara’ was used by number of sampled farmers (95.83%). 

Keywords: Indigenous practices, mustard growers and rainfed eco-system 
 

In recent years there has been a growing 
scientific interest in locally developed farming 
systems and technologies. The traditional practices 
that rely on indigenous knowledge are considered 
productive, sustainable, stable and equitable. 
Moreover as indigenous knowledge is passed on from 
one generation to another by word of mouth in most 
cases unless conscious efforts are made to collect and 
document them, valuable information may be lost. 
There is a need for the systematic documentation of 
farmers’ traditional knowledge into an “information 
bank” from which agronomists, extension workers 
and other farmers can draw enlightenment and 
insight. However, collection and documentation of 
these practices is not the only requirement. This in 
fact many not take us very far unless the scientific 
rationale behind each of the traditional practices is 
probed into (Talwar and Singh, 1993). In this study, 
indigenous practice was operationally defined as 
resource saving, site-specific, farmers-devised 
technologies, experimented and adopted by 
themselves, which is simple to practice, flexible to 
use and sustainable in efficient. In this context, the 
present study was taken up to document the 
indigenous practices of mustard growers and to 
analyze the rationale behind the practices of 
indigenous technologies by the mustard growers. 

METERIAL AND METHODS 

Four districts representing different eco-
systems viz., Alwar district for irrigated mustard eco-
system, Pali district for rainfed low land eco-system, 
Udaipur district for dry land and Sirohi district for 
upland eco-system were purposely selected. From 
each of the identified district, one block was 
purposely selected based on the area under mustard 

cultivation. From each block, one gram panchayat 
was chosen and from each gram pachayat, 30 mustard 
growers were selected randomly for the study. Thus, a 
total of 120 farmers from four eco-systems 
constituted the sample. In the information sought, 
some items are mutually exclusive while the ITK 
practices have from none to single, double and 
multiple choices. 

RESULTS AND DISCUSSION 

Indigenous practices followed by mustard growers 

with respect to land preparation 

 In the case of land preparation, 37.50 per 
cent of the farmers were burning previous crop 
stubbles as depicted in Table1. 

It was practiced to get rid of weeds, killing 
soil borne insects and pathogens, to 
eliminate/eradicate non-crop plants in the field and to 
enrich soil nutrients potassium. The fact is that the 
soil burning was a practice to clean field in short time. 
About 79.17 per cent of the farmers practiced summer 
ploughing in the summer fallows. Farmers believed 
that resting stages of insects and pathogens get 
destroyed when exposed to sunlight, weed growth 
could be eliminated by deep and frequent summer 
ploughing and hardening of laterite soil with the 
result of moisture reduction, deep ploughing loosen 
the soil and help in soil moisture conservation. 
 In the irrigated mustard eco-system, one can 
observed the mustard fields with quite a number of 
bunds across the slop. This practice was followed by 
15.83 per cent of the mustard growers. The mustard 
grown in irrigated situation is based on flooding. 
Hence, the runoff of the water was checked using 
small bunds at short intervals. The findings confirmed 
with findings of Karthikeyan, et al. (2006). 
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Indigenous practices followed by mustard growers 

with respect to green manure and farm yard 

manure 

 From Table 2, it can be observed that 
growing green gram manure crops in summer was 
practiced by 75.00 per cent of the farmers. After 
harvesting, the crop stubbles are incorporated into the 
soil. 

This practice helps in utilizing the residual 
moisture for decomposition to form organic matter, 
loosening the soil structure and enhancing the soil 
fertility by nitrogen immobilization. Incorporation of 
green leaves during pudding like thick leaves of 
sunnhemp, dencha, pesonpea and green gram was 
practiced by 37.50 per cent of mustard growers with 
belief that it would improve the soil structure, texture 
and soil fertility and also minimize the toxic residual 
effects. Some green leaves may also have anti-
insecticide and anti-fungicidal properties. Farm yard 
manure application was followed by 53.33 per cent of 
the farmers. The reasons cited were that it would 
improve the soil structure, soil tilth and soil fertility 
and increase the moisture infiltration and microbial 
activities as well as add the essential micronutrients to 
the soil. The findings confirmed with the findings of 
Prasad (2009). 
Indigenous practices followed by mustard growers 

with respect to seed and seed treatment 

 Table 3 reveals that about 22.50 per cent of 
the mustard growers practiced selection of early 
matured early pods. The farmers believe that early 
matured pods collected from healthy tillers will be 
free from pests. 

  Local varieties were used by 20.83 per cent 
of the farmers. The reasons may be that these were 
found to be resistant to common pests and diseases, 
tolerant to irregularities of irrigation, tastier than that 
of high yielding varieties and good quality mustard 
straw with better yield. Soaking of mustard seeds in 
water for better germination was practiced by 30.00 
per cent of the farmers. Water is the most important 
requirement for germination of mustard seed. Soaking 
of seeds was practiced to remove the hardness of the 
seed coat, which can enhance the germination 
percentage. 
 Placing weight on soaked seeds in gunny 
bags was practiced by 48.33 per cent of the growers 
of mustard. According to farmers, soaked seeds of 
mustard under pressure generates heat and hastens the 
germination process. The rate of all bio-chemical 
reactions increases with the increase in temperature. 
Mechanical pressure created within the gunny bag 
helps the plumules to emerge during germination. 
Soaking mustard seeds in cow dung slurry was 
practiced by 32.50 per cent of the farmers. Farmers 
presume that it increased germination, protect the 
seeds from pests in the field, absorb the nutrients 
present in it and also act as a booster dose for seeds. It 
has anti-insecticidal and fungicidal properties also.  
Indigenous practices followed by mustard growers 

with respect to sowing and field preparation 

 In the Table 4, it was mentioned that sowing 
practices of seeds in furrow for better germination in 
rainfed condition was followed by 46.67 per cent of 
the mustard growers. The reasons is that they believe, 
that crops sown during the September better yield, 
less insects and diseases incidence may also help to 
take up subsequent crops on time. Furrow sowing of 
seed opposite to sun light was followed by 16.67 per 
cent of the farmers. This practiced minimize damage 
occurring due to strong sun light on the field and also 
to avoid burning of seedling. 
Indigenous practices followed by mustard growers 

with respect to control of pests 
 The data in Table 5 depict the method 
followed to control insects’ pests, rodents and birds 
menace spraying of soap water was practiced by 
08.33 per cent of the farmers. It helps to control the 
mustard saw fly. Indigenous way of controlling the 
insect by keeping pests of ladybird beetles was 
practiced by 04.67 per cent of the farmers. 

 The ladybird beetles are found to control 
insects like mustard aphids saw fly, leaf rollers and 
hoppers biologically. Thus, it is an effective 
biological control for a short-term basis. Pulling ropes 
dipped with kerosene over the crop was followed by 
07.50 per cent of the farmers. A long rope covering 
the size of the individual mustard plots was dipped in 
kerosene. This kerosene rope was held by two persons 
across the plot of the mustard field and it was dragged 
to smear the crop from one end to other end. The 
caterpillars and other small insects holding on the 
crop will fall unconscious due to small and contact of 
kerosene. This practice was followed when mustard 
field was irrigation with water for insects to drain off. 
 The practice of placing spider web in the 
mustard field was followed by 08.33 per cent of the 
farmers. Spiders’ predators on several insects like leaf 
eaters, caterpillars, beetles leaf hoppers and act as a 
biological control. Control of pest by use of broom 
made out of different plant twigs was practiced by 
10.83 per cent of the mustard growers. This practice 
will remove the larva and small insects, which are 
clinging to crop. About 12.50 per cent of the farmers 
practiced spraying of garlic and asafetida solution to 
control bug infection.  Practice of keeping lime, 
groundnut cake, neem cake over bunds followed by 
16.67 per cent of the farmers. It may help to control 
the crabs in the mustard field. Dragging thorny plant 
branches over the crop practice was followed by 
15.00 per cent of the farmers. The thorny branches of 
stern like khejari helped in removing the larva and 
other small insects infecting the crop mechanically. 
Neem cake application was practiced by 17.50 per 
cent of the farmers. Neem cake is known as high 
value manure that also possesses good insecticidal 
properties. 
 Practice of keeping kerosene soaked gunny 
bags at water inlets was followed by 16.67 per cent of 
the farmers. This practice was also helpful in 
controlling mustard aphids as in the case of spraying 
the crop with soap water. Kerosene acts mainly as a 
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repellent for aphids. Ash dusting practice was 
followed by 37.50 per cent of the mustard farmers. 
The ash dust was able to control all type of insects 
affecting the mustard crop. Sometimes this was more 
effective than chemical sprays. For the control of 
mustard aphid ash was more effective than sprays.  
 Fixing coconut petiole inverted was 
practiced by 04.17 per cent of the farmers. The 
coconut petiole fixed inverted on the ground 
resembles the shape of the owls from the distance this 
makes the rats to get alight. Strong and well plastered 
bunds in the mustard field with less width were 
followed by 07.50 per cent of the farmers. Usually 
rodents make burrows in the bunds. So a strong and 
well-plastered bund keeps off the rodents from 
burrowing. Bunds with less width will be difficult for 
rodents to make burrow because water will enter into 
the holes. Blowing smoke in front of rodent holes was 
done by 15.00 per cent of farmers. Rodents get killed 
due to fumigation and suffocation inside the burrow 
in this method. 
 About 20.83 per cent of the farmers practice 
bait for natural death using Glyricidium sepium which 
seems to result in natural death and hence do not give 
rise any suspicion among the other rats. Hence, even 
after the death some other rats also consume this 
poison without any suspicion. Thus the population of 
rats gets reduced in the mustard field. The crushed 
leaves and seeds of Glyricidium sepium are used with 
mustard in the ratio of 1:1 proportion. Fixing of white 
flags in field was followed by 45.83 per cent of the 
mustard growers. White colour scares some of the 
animal pests. A few 06.67 pre cent farmers used old 
and discarded audio and videotapes tied to mustard 
field across borders of bunds to scare the birds. The 
shining and vibration of audiotapes and videotapes 
during sunshine and also flutter sound might scare the 
birds from the field. 
 Use of crackers for scaring birds was 
followed by 10.00 per cent of the mustard growers. 
Cracker sound is effective to scare for birds and 
rodents from approaching the mustard field. This was 
done at germination stage after sowing and grain 
maturing stage. 

About 15.00 per cent of the farmers 
practiced fixing of human scare-crows in the field. It 
is tied to a long pole and placed in the fields in order 
to scare birds at field preparation and seed ripening 
stage. It serves as visual frighteners. The practice of 
tying of used polythene cover to stick and placed at 
the mustard field was followed by 65.83 per cent. 
With the blow of wind the polythene sheet flaps and 
flutters and the sound produced wards off birds by 
scaring them. The findings are confirmed with the 
findings of Jagadish, et al. (2009). 
Indigenous practices followed by mustard growers 

with respect to post harvest 

 The findings in Table 6 reveals that 
threshing of mustard bundles manually by using 
wooden blocks or benches was practiced by 33.33 per 
cent of the mustard growers. It is a method of 

mechanically separating seed from the pods, 
developed by their own invention.  

Use of stone roller and cattle for threshing 
was followed by 05.00 per cent of the farmers to get 
the remaining seed separated from the pods after 
manual threshing. Mara for winnowing practice was 
followed by 95.83 per cent of the mustard growers 
Mara is made out of locally available bamboo and is 
very light in weight. Thus, it is easy lo lift do 
winnowing operation. Hence, followed by most of the 
farmers of mustard growers  Meti was used to 
separate mustard pods from the grains by 37.50 per 
cent of the farmers. It is made of bamboo stick with a 
metal hook, easy to handle, amidst heap of straw on 
the threshed mustard to separate the pods from the 
mustard grains and reduces drudgery and increases 
efficiency. Seed drying-shrunken embryo was 
practiced by 50.00 per cent of farmers. It is a 
technique where the seeds are exposed to different 
climate, three dews (nights) and corresponding three 
days successively. This practice may help farmer for 
longer storage of the seeds either for future sale or 
letter consumption. If the seeds are not properly dried, 
there is a chance of damage of grains due to 
dampness, or infection and pests attack. In case of 
some traditional varieties which are cultivated only 
once in a year, the seeds are renewed by this process. 
The findings confirmed with the findings of Deepesh, 
et al. (2005). 
Indigenous practices followed by mustard growers 

with respect to storage 

 Delay in storing of grains after drying was 
followed by 25.00 per cent of the farmers. Farmers do 
not store grains as soon as they dried in sunlight. 
Table 7 explains that bamboo basket, Kheep, earthen 
pot and gunny bags for storage was adopted by 75.00 
per cent of the farmers. The reasons may be that the 
materials are easily available, cheap and can be 
shifted from place to place. It maintains good aeration 
during storage. Bamboo and cowdung are believed to 
have some insect repellant properties. Therefore, the 
farmers store grains in bamboo baskets plastered with 
cow dung. It is thought that if the grains are stored 
immediately after sun drying there will be steaming 
effect. This may lead for accumulation of moisture in 
the stored grains causing fungal infection. Use of 
neem and Dhatura leaf to control storage pests was 
practiced by 77.50 per cent of the farmers. The leaves 
of these plants may act as an insect repellent.  

CONCLUSION 

 It can be concluded from the above discussion 
that, the indigenous agricultural practices followed by the 
mustard growers were fairly good. Agricultural Universities 
should rationalize and standardize these practices which are 
eco-friendly, low cost and easily manageable. Further, it 
needs popularization by the state department of agriculture, 
state agriculture universities and other concerned 
departments. This study may motivate the researchers to 
take up such studies with respect to different crops and in 
other areas so that in future a compendium of ITK could be 
developed in general in the field of agriculture.
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Table 1: Indigenous practices followed by mustard growers with respect to land preparation                                                                                                 
                  

(N=120) 

Practices Frequency Per cent 

Burning of previous crop stubbles-in situ 46 38.33 

Summer ploughing  95 79.17 

Small section bunds at shorter intervals 19 15.83 

 
Table 2: Indigenous practices followed by mustard growers with respect to green manure and farm yard 

manure                                                                              
  (N=120) 

Practices Frequency Per cent 

Growing green manure crops in summer  90 75.00 
Incorporation of green leaves during harrowing  45 37.50 
Applying farm yard manure 64 53.33 

 
Table 3: Indigenous practices followed by mustard growers with respect to seed and seed treatment                                                                                                  

  (N=120) 

Practices  Frequency Per cent 

Selection of early matured plants  30 25.00 

Use of local varieties  25 20.83 

Soaking of mustard seeds in water for germination 36 30.00 

Placing weight on soaked seeds 58 48.33 

Soaking mustard seeds in cow dung slurry  39 32.50 

 
Table 4 Indigenous practices followed by mustard growers with respect to sowing and field preparation                                                            

  (N=120) 

Practices  Frequency Per cent 

Sowing practices of seeds in furrow for better germination 56 46.67 
Sowing seeds apposite to sun light  20 16.67 

 
Table 5: Indigenous practices followed by mustard growers with respect to control of pests                                                                                                      

  (N=120) 

Practices Frequency Per cent 

Insect pests   

Spraying of soap water  10 08.33 

Placing nest of ladybird beetles  05 04.67 

Pulling ropes (lipped in kerosene) 09 07.50 

Encouraging of spider web  10 08.33 

Broom –plant twigs 13 10.83 

Spraying garlic and asafetida solution 15 12.50 

Keeping lime, groundnut and neem cakes on bunds 20 16.67 

Dragging thorny (khejari) 18 15.00 

Application of neem cake 21 17.50 

Keeping kerosene soaked gunny bags 20 16.67 

Dusting of ash 45 37.50 

   

Rodents   

Fixing coconut petioles inverted  05 04.17 

Strong and well plastered bunds 09 07.50 
Smoke if front of rodent holes  18 15.00 
Bait for natural killing (Glyricidiun ) 25 20.83 
White flag in field to scare the rodents 55 45.83 

Birds menace   

Use of audio-videotapes 08 6.67 
Use of crackers  12 10.00 
Human scare-crows in mustard field  18 15.00 
Use of polythene covers tying to stick 79 65.83 
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Table 6: Indigenous practices followed by mustard growers with respect to post harvest  
  (120) 

Practices  Frequency Per cent 

Threshing of mustard bundles 40 33.33 

Stone roller for threshing  06 05.00 

Mara for winnowing  115 95.83 

Meti for separating mustard straw 45 37.50 

Seed drying shrunken embryo 60 50.00 

 
 

Table 7 Indigenous practices followed by mustard growers with respect to storage 
 

Practices  Frequency Per cent 

Bamboo basket, Kheep, earthen pot and gunny bags 90 75.00 

Delay in storing the grains  30 25.00 

Use of neem and Dhatura leaves 93 77.50 
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ABSTRACT 
 

Among the array of agribusiness activities, the one which entails the most direct and  complex 
relationships between large corporations and small farmers is contract farming (CF). In this system, a 
firm replaces or supplements company production of agricultural commodities with purchases from 
local farmers through contracts. The contracts specify several conditions of sale and obligate the firm 
to provide technical assistance, agro-chemicals and other services. The system is well established in 
developed countries, while its use in developing countries is significant and increasing. The system is 
used by both domestic firms and transnational corporations. The Indian agri-food system is undergoing 
rapid transformation and there is growing evidence that contract farming will have an important role in 
this transformation. The approach is widely used for cash crops, fruits and vegetables, poultry, pigs, 
dairy produce and even prawns and fish.The objective of the present study was to understand and 
compare the contract farming practices of selected public and private companies of Punjab and 
farmers having contract with these companies. Primary data was collected from 10 companies (5 
public and 5 private) and 100 farmers of these companies who are engaged in contract farming. Data 
was collected through a non disguised pre-structured questionnaire. The results indicated that there is 
larger area and large number of farmers under contract farming with public sector as compared to 
private companies. The crops grown under contract were wheat, rice, potatoes, mint, chili, Barley, baby 
corns etc. Mostly all companies provide seed as input to farmers. The major problems that the 
companies faced in contract farming were that farmers did not adhere to the delivery schedules, did not 
follow the advice of the company and supplied poor quality of produce to company. In case of farmers, 
mostly large farmers (land holding >10) are engaged in contract farming. Farmers adopted contract 
farming to earn more income, better adjustments in crop rotation and secured returns. Farmers faced 
the major problem of less than required, poor quality and untimely availability of seeds, and other 
inputs. Other problems were untimely payments and lack of advisory extension services. Price is the 
most significant factor in contract farming which is highly fluctuating in case of vegetables. Contract 
farming of cereal crops in public sector is more successful as compared to private sector. Contract 
farming of vegetable crops is more successful in private sector. 

Key Words: Contract farming practices, Problems, Selected companies, Farmers 

 
Contract farming refers to the agricultural 

production carried out according to an agreement 
between a buyer and farmers, which establishes 
conditions for the production and marketing of a farm 
product or produce. The farmer agrees to provide 
established quantities of a specific agricultural 
product, meeting the quality standards and delivery 
schedule set by the purchaser. In turn, the buyer 
commits to purchase the product, often at a pre-
determined price and provide a degree of production 
support like the supply of inputs and technical advice 
(Eaton and Shephered, 2001).  Four major aspects are 
considered in contracts which are - pre-agreed price, 
quality, quantity or acreage and time. Mainly there 
are three types of contracts: Procurement/marketing, 
partial input supply, purchase (resource provision) 
and complete production management. The relevance 
and importance of each type varies across products 
and over time, and these are not mutually exclusive 
(Key and Runsten, 1999 and  Singh, 2000).  

Contract farming has been in existence for many 

years as a means of organizing the commercial 
agricultural production of both large scale and small 
scale farmers.  In an age of market liberalization, 
globalization and expanding agriculture business, 
there is a danger that small scale farmers will find 
difficulty in fully participating in the market 
economy. In many countries such farmers could 
become marginalized as larger farms become 
increasingly necessary for a profitable operation. A 
consequence of this will be a continuation of the drift 
of populations to urban areas that is being witnessed 
almost everywhere. Attempts by governments and 
development agencies to arrest this drift have tended 
to emphasize the identification of “income 
generation” activities for rural people. Unfortunately 
there is relatively little evidence that such attempts 
have borne fruit. This is largely because the necessary 
backward and forward market linkages are rarely in 
place i.e. rural farmers and small-scale entrepreneurs 
lack both reliable and cost-efficient inputs such as 
extension advice, mechanization services, seeds, 
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fertilizers, credit and guaranteed and profitable 
markets for their output.  Well organized contract 
farming however, provide such linkages and would 
appear to offer an important way in which smaller 
producers can farm in a commercial manner. 
Similarly, it also provides investors with the 
opportunity to guarantee a reliable source of supply, 
from the perspectives of both quantity and quality.  

The entry of large business houses into 
agribusiness sector has led to a new arrangement in 
raw material production and procurement in India, 
known as contract farming. Good quality, timely, and 
cost effective raw material is a pre-requisite for any 
successful agribusiness firm, whether operating in the 
domestic or the international market. Given the Land 
Ceiling Act in India, agribusiness firms cannot own 
and cultivate land for their raw material requirements. 
Also, most of the times, it is not a viable option. The 
contract farming system should be seen as a 
partnership between agribusiness firms and farmers. 
To be successful it requires a long-term commitment 
from both parties. With effective management, 
contract farming can be a means to develop markets, 
reduce and spread price risk for a farmer (Watts, 
1994) and transfer the technical skills in a way that is 
profitable for both the sponsors and farmers 
especially small-scale farmers who find difficulty in 
fully participating in the market economy.  

The approach is widely used for cash crops 
produced in bulk like wheat , maize and rice, fruits 
and vegetables, flowers, poultry, pigs, dairy produce 
and even prawns and fish. There are several 
horticultural crops such as tomatoes, potatoes, 
chillies, baby corn, onions, cotton, flowers and 
medicinal plants that are produced in some form of 
contractual arrangements with the farmers in India. 
Ramamurthy (1988)  and Singh (2004) observed that 
the major portion of seed production was done by 
public sector companies through contract farming. 
Gahukar (2007) analyzed that there is an increasing 
demand throughout world for organic food and fiber. 
In India, efforts are being made for organic crop 
production through contract farming. Bolwig et al 
(2008) examined the revenue effects of certified 
organic contract farming of coffee for smallholders in 
a tropical African context i.e., Uganda. Kelley (1993) 
found that the use of production contracts was 
increasing in US agriculture. In 1990 contract 
production accounted for 7% of food and feed grain 
production and 12 % of cotton production whereas, 
80% of processed vegetables are produced under 
contract farming approach. Guo et al  in 2007 
observed that contract farming in China has grown 
rapidly over the past 10 years. 
  Many public and private companies, local 
governments, multinational companies international 
aid and lending agencies are engaged in contract 
farming. Contract farming was the strategy of choice 
for almost all food processing projects contemplated 
in the 1980’s and 1990’s. ITC introduced cultivation 
of Virginia tobacco in Coastal Andhra Pradesh in the 

1920’s. Rallis India Ltd. produces wheat under 
contract farming in Chhattisgarh .The PepsiCo 
introduced tomato and chillie cultivation in Punjab in 
the 1990’s to obtain inputs for its paste-
manufacturing facility established as a pre-condition 
to its entry in to India (Ashokan, 2004). Nijjar Agro 
Foods Ltd. ventured into tomatoes through contract 
farming and supplies tomato paste to Nestle India. 
Markfed, PAFC grows Basmati Rice and Wheat in 
Punjab under contract farming. Commodity co-
operatives in the 1950’s provided most services 
envisaged under ideal contract farming to their 
members and bought back the supplies offered at 
contracted prices, although these were not strictly 
contract arrangements. They succeeded enormously, 
leading to their replication and compelling private 
companies also to adopt similar approaches. A. M. 
Todd, a US based multinational a leading supplier of 
mint oils which entered India in the mid 90’s and 
choose Punjab for contract farming of mint. Big 
corporate houses such as Hindustan unilever, 
PepsiFoods, A.V. Thomas, Daburs, Mahindras, 
Nestle, BhartiAirtel, Rallis etc. undertake contract 
farming for many crops apart from several small 
players. 

Some successful examples of Model contract 
act are certified seed production of  Gherkin and 
broiler chickens. Gherkin is a new crop introduced in 
the country in the early 1990s (Kumaracharyulu et al, 
2005). Consumers of this crop were Europe, Russia, 
North America and Japan. Companies organize 
production after getting firm orders as for this crop, 
new seed has to be supplied by the company. 
Importers insisted on use of pesticides permitted in 
those countries to ensure the use of right kind of 
pesticide. Processing should be done within 10 hours 
of picking. No local market is there, so all the 
production is supplied to the contracting company. 
Company’s commitment is heavy due to supply of 
seed and pesticide and also fulfilling the obligation to 
overseas clients. 

Though many of them follow a bilateral 
contract arrangement, there are tripartite and 
multipartite arrangements as well. For example, Rallis 
India Ltd. produces wheat under organized wheat 
production in Chhattisgarh under contract farming. 
State Bank of India took care of the credit needs of 
the farmers by treating the contract as collateral. 
Wheat was supplied to Hindustan Lever Ltd. for 
processing and marketing. Thus several variants of 
contract farming are emerging, depending upon the 
crop, the company’s objective, local conditions, 
market regulation etc. 

To give boost to the diversification of 
agriculture in Punjab, the government of Punjab has 
also started contract farming scheme from Rabi 
season 2002-2003 through Punjab Agro Food 
Corporation Limited (Mohd, 2011). Bharti Wal-Mart 
has initiated a development model with the farmers of 
Punjab, which could well turn out to be the precursor 
to contract farming in the country. The model will 
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help farmers grow high-quality vegetables and fruits 
with assistance from the company at each stage of 
cultivation. The company also trained farmers on 
post-harvest technology and practices, methods of 
reducing wastages and improve quality after which 
the farmers sell their produce to the retail company. 
Fruits and vegetables are believed to be a key footfall 
driver in retail stores and large retailers would 
eventually resort to contract farming to secure 
availability and consistency in quality and price. The 
company has launched a pilot programme with 65 
farmers in Punjab who currently supply 16 vegetables 
to the stores on a daily basis. Bharti Wal-Mart is 
trying to build an efficient supply chain as the current 
system of mandis is inefficient.  

Punjab experience is generally considered to 
be among the more successful in India so far, but 
even this shows that contract farming holds numerous 
problems for agriculture in developing countries like 
India . It tends to displace labour quite substantially, 
marginalises the direct cultivators who lose control 
over the production process and often even over their 
land, encourages more capital-intensive and often less 
sustainable patterns of cultivation, can result in 
greater insecurity and lower incomes for farmers 
because of use of quality measures to lower the 
effective output price being paid by contractors, can 
even deny farmers the benefits of higher prices which 
could be instead absorbed by corporate contractors 
with local monopsonistic power, propagates 
monoculture which reduces food security and the 
possibility of livelihood diversification through 
livestock, relies excessively on the use of lower paid 
women workers and child labour, and increases and 
accelerates the process of casualisation of labour. 
This is really because public institutions have failed 
to provide farmers with the essential protection and 
support required for viability on a sustained basis. 
What cultivators in rural India need most of all today 
is the following combination: a basic price support 
mechanism that ensures that costs are covered, 
efficient extension services that provide information 
about possible crops, new inputs and their 
implications and new agricultural practices relevant 
for the particular area and the availability of reliable 
and assured credit at reasonable rates of interest.With 
this background the study has been undertaken with 
the following specific objectives: 
1. To study and compare the contract farming 

practices and problems of selected public and 

private companies of Punjab.  

 

2. To study the perceptions and attitude of 

farmers towards contract farming and 

problems faced by these contract farmers of 

selected public and private companies of 

Punjab. 

METERIAL AND METHODS 

Exploratory research was carried out in state 
of Punjab and the focus was on studying and 

comparing the contract farming practices and 
problems of selected public and private companies of 
Punjab and perceptions of farmers of these selected 
companies regarding contract farming and the 
problems faced by these farmers in practicing contract 
farming. 
Population 

All the companies (public and private) and 
farmers of these companies practicing contract 
farming for growing various crops in Punjab state. 
There are approximately 12 private companies and 7 
public companies growing various crops (cereals, 
vegetables) under contract. There are approximate 1 
lac farmers under contract farming in state of Punjab. 
 Sampling Design and Selection 

  Five companies were contacted from each 
section on the basis of willingness to respond for 
studying their contract farming practices. Ten farmers 
of each company (out of the list provided by the 
company of its contract farmers) were selected on 
random basis. Thus a total of 100 farmers were 
surveyed on the basis of convenience. 
Data Collection 
  Primary data was collected with the help of two 
structured non disguised questionnaires one for the 
senior managers of companies and one for the 
farmers. In first questionnaire, data was collected 
from the companies related to type of contract, crops 
grown, mode of payment, profit sharing, inputs, 
extension services and problems in contract farming. 
In second questionnaire, data was collected from the 
farmers on the parameters related to attitude towards 
contract farming, perceptions towards contract 
farming, inputs, extension services, problems and 
marketing practices.   

Data Analysis  
 Master tables were constructed of the 
collected data. Data analysis was done by percentage 
methods and other statistical techniques like average, 
mean scores, single mean z-test and t-test. 
Single mean z-test was used at 5% level of 
significance, z-value was calculated by the following 
formulae.  
Z-values were calculated by following formula.   

            Z = 
nS

µX

/

)( −

 

where

 

 X = calculated mean of the sample 
 µ = assumed mean of the population i.e. 2 
 n = sample size 
 S = standard deviation of the sample 
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t test 

t-values were calculated by following formula.   

              t = 
nS

µX

/
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where
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 X = calculated mean of the sample 
 µ = assumed mean of the population i.e. 2 
 n = sample size 
 S = standard deviation of the sample 

 S = 
1

)( 2

−

−Σ

n

XX

 

 
RESULTS AND DISCISSION 

Findings have been divided into two sections, in the 
first section Contract Farming Practices and problems 
of Companies has been analyzed and in second 

section Contract Farming Practices and problems of 
farmers had been analyzed.  
 
I. CONTRACT FARMING PRACTICES OF 

SELECTED COMPANIES OF PUNJAB 

This section includes the primary data of 
companies which are practicing contract farming in 
state of Punjab. 
Profile of Companies practicing contract farming 

 Profile of the selected public and private 
companies is based on the crops, area under contract 
farming and number of farmers under contract.         

      Table1: Profile of the companies practicing contract farming 

Company  Crops  Area (acre) No. of farmers 

Private Companies     
United Breweries Barley  1250 500 
A.M. Todd Mint  850 30 
Field Fresh (Airtel) Baby Corn  2000 200 
Technico Agri Schemes Potato  5200 1000 
Pepsi Foods Pvt. Ltd.  Potato 6000 1500 
Public Companies    
Markfed-Cooperative  Basmati Rice, Chilli  30000 5000 
Pungrain  Wheat, Paddy  200000 15000 
Organic council of India  Wheat 800 100 
PAFC Basmati Rice, Wheat 100000 9000 
PUNSUP Wheat, Paddy  50000 2000 

 

It can be seen from the table1, public companies have 
large area (3,80,800 acre) and farmers (31,200) under 
contract farming, while private companies have small 
area (15300 acre) and small number of farmers 
(3,230). Majority of public companies deal with 

cereals crops whereas private companies deal with 
vegetable crops. 
Objectives behind contract farming   
Companies were enquired about the objective of the 
company for contract farming.  

 

Table 2: Objective of practicing contract farming and Nature of business  of companies   (N=10) 

 
Objective  No. of respondents Overall %age 

Public company Private company overall 

Better returns to the farmer 5 3 8 80 
Maintain supply of good quality raw material  2 4 6 60 
Consistent supply of raw material  3 5 8 80 
Eliminate middlemen  1 2 3 30 

Nature of business  No. of respondents Overall %age 

Public company Private company Overall 
Domestic  4 1 5 50 
International  - 2 2 20 
Both  1 2 3 30 

 *Multiple responses 
 
 
The responses tabulated in table 2 shows that the 
objective of all public companies’ (5) is to provide 
better return to the farmer. In private sector only 3 
companies’ (60%) aimed for better return to the 
farmers, all companies (100%) aim to maintain 
consistent supply of raw material and 4 companies’ 
(80%) aim to maintain supply of good quality raw 
material. Overall objective of 8 respondents (80%) is 
better return to the farmer and consistent supply of 
good raw material. For 6 respondents (60%) objective 
is to maintain supply of good quality raw material and 
for 3 respondents (30%) objective is to eliminate 
middleman.  

Table 2 shows that four public companies 
(80%) are in domestic business whereas one company 
from public sector is in domestic as well as 
international business. In case of private companies 
one company (10%) is in domestic, two companies 
are in international and two companies (40%) are in 
domestic as well as international business. Overall 5 
respondent’s (50%) do business in domestic markets 
and  2 respondents (20%) market their goods in 
international markets and 3 companies (30%) market 
goods in domestic as well as in international markets. 
Type and model of contract by company for 

contract farming 
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Respondents were enquired about the type 
and model of contract of the company for contract 

farming and data is tabulated in the table below. 

 

Table 3: Type and model of contract by company for contract farming (N=10) 

 
Type of contract  No. of respondents Overall 

%age Public company Private 

company 

Overall 

Procurement / Marketing  3 3 6 60 
Partial input supply and purchase  1 2 3 30 
Complete  1 - 1 10 
Model of contract  

Bipartite  4 4 8 80 
Tripartite 1 1 2 20 
Multipartite - - _ _ 
Contract adjusted according to local crop  - - _ _ 

*Multiple responses 

 

Respondents were enquired about the type of 
contract with farmers. Table 3 shows that majority of 
public and private companies i.e. 3 companies each 
have procurement/marketing type  of contract with 
farmers. Overall 6 respondents (60%) have 
procurement/ marketing type  of contract.  3 
respondents (30%) have partial input supply and 
purchase contract and 1 respondent (10%) has 
complete (production management) contract type.  
 

Majority of companies in public sector as 
well as in private sector have bipartite contract model 

i.e. 4 companies from each sector. Overall 8 
respondent companies (80%) have bipartite contract 
model.  2 respondents (20%) companies have 
tripartite contract model. There is no company in 
multipartite contract model. There is also no company 
in the contract model adjusted according to local crop. 
Market research conducted for contract farming  

Respondents were enquired about the market 
research conducted by companies. 8  companies 
conducted the market research  while 2  companies 
did not conduct market research for contract farming. 

 
Table 4: Type of information gathered trough market research (N=8) 

 
Information gathered  No. of respondents Overall %age 

Public company Private 
company 

Overall 

Crops  5 2 7 70 
Farmers  5 3 8 80 
Machinery  - 1 1 10 
Irrigation facilities  3 3 6 60 
Competition  - 2 2 20 

*Multiple responses 

  
Respondents were further enquired about the 

type of information gathered through market research.  
The responses tabulated in the table 4 show that 
majority of public companies (5 companies) gathered 
information related to crops and farmers. In private 
sector, companies gathered information related to 
irrigation facilities, farmers and crops. Overall 8 
respondents (80%) gathered information about 
farmers. 7 respondents (70%) gathered information 

about crops grown by farmers, 6 respondents (60%) 
gathered information about irrigation facilities, 2 
respondents (20%) gathered information about 
competition and 1 respondent (10%) gathered 
information about machinery. 
Criteria for choosing farmer for contract farming 

by company 

  Respondents were enquired about the criteria 
for choosing farmer by company for contract farming. 

 

Table 5: Criteria for choosing farmers for contract farming (N=10) 
Criteria  No. of respondents Overall %age 

Public company Private company Overall 

Crops  4 2 6 60 
Land holding  4 4 8 80 
Machinery  1 2 3 30 
Irrigation facilities  2 2 4 40 
Financial position  5 3 8 80 

*Multiple responses 
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Table 5 shows that majority of public 
companies i.e. five companies choose farmers based 
on financial position. Four respondents each choose 
farmers based on crops and land holding of farmers. 
In private sector majority companies (4 companies) 
choose farmers based on land holding. Three 
companies choose farmers based on financial 
positions. Overall 8 respondents (80%) chooses the 
farmers based on the criteria of land holding and 
financial position, 6 respondents (60%) choose 
farmers based on the criteria of crops, 4 respondents 
(40%) choose farmers based on the criteria of 
irrigation facilities and 3 respondents (30%) choose 
the farmers based on the criteria of machinery for 
contract farming.  
Source of credit facility provided to farmers by 

company 

Respondents were enquired about the credit 
facility provided by the companies. 9 respondents are 
not providing any credit facility to farmers, only 1 
respondent is providing credit facility to farmers 
through banks.  
Delivery of produce by farmer to the company 

All 10 respondents (100%) said that all 
farmers deliver at company's plant and no respondent 
lifts the produce from farmer’s field.  
Quality checks , Supply of inputs and type of 

training provided by company to the farmers  

  Companies were enquired about the quality 
checks on farmers to maintain quality for contract 
farming, supply of inputs and training provided to 
farmers. All ten respondents performed quality checks 
and supply the inputs to the farmers while only nine 
respondents (90%) provide training to the farmers. 

 
Table 6: Quality checks on the farmers (N=10)  Supply of inputs (N=10) and type of training provided by 

company to the farmers (N=9) 

 
Quality checks  No. of respondents Overall %age 

Public company Private 

company 

Overall 

Moisture content of cereal crop  2 2 4 40 
Size of vegetables/fruits  3 3 6 60 
Colour of vegetables  3 2 5 50 
Ripening of medicinal plants 3 1 4 40 

Type of input supply   

Fertilizers  1 1 2 20 
Pesticides/herbicide  2 1 3 30 
Extension service  3 2 5 50 
Seeds 4 5 9 90 
Type of training  

Sowing method 4 5 9 90 

Use of implements  3 5 8 80 

Packaging training  2 1 3 30 

*Multiple responses  
 
 

 The responses tabulated in table 6 show that 
majority of public and private companies (three 
companies) have quality checks on size of vegetables, 
colour of vegetables and ripening of medicinal plants 
each. Overall 6 respondents (60%) have quality check 
on size of vegetables/fruits,  5 respondents (50%) 
have quality check on colour of vegetables,  4 
respondents (40%) have quality checks on moisture 
content of cereal crops and 4 respondents (40%) have 
quality checks on ripening of medicinal plants.  

Majority of public companies i.e. 4 
companies supply seeds to farmers. 3 companies 
provide extension services to the farmers. In private 
sector all 5 companies provide seeds to the farmers. 
Overall 9 respondents (90%) provide the seed input 
supply to farmer, 5 respondents (50%) provide the 
extension services to the farmers, 3 respondents 
(30%) pesticides/herbicide and 2 respondents (20%) 

fertilizers to farmers. 
Table 6  shows that 4 public companies 

provide training regarding sowing method and three 
companies provide training related to use of 
implements. In private sector all 5 companies provide 
training related to sowing method. 5 companies 
provide training related to use of implements. Overall 
9 respondents (90%) provide training of sowing 
method, 8 respondents (80%) provide training of use 
of implements and 3 respondents (30%) provide 
training regarding packaging.  
Problems faced by selected contract farming 

companies 
 The respondents were asked to rate the 
problems which they faced while engaging in contract 
farming on a scale ranging from 1 (occurred often) -3 
(occurred never). On the basis of ratings given by 
respondents the severity of the problem is calculated.  
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Table 7: Problems faced by companies in contract farming (N=10) 

 
Problems  Weighted mean score t value 

Public 
company 

Private 
company 

Overall 

Delayed delivery schedule  
2 1.8 1.9 -0.55 

Contract breakdown  1.8 1.8 1.8 -1 
Dissatisfaction of farmers with dealing of the 
company  

1.9 1.8 1.8 -0.36 

Farmers cooperate with the company  2 1.4 1.7 -1.4 
Farmers follows the advice of company properly  2 1.4 1.7 -1.15 
Poor quality  1.4 1.6 1.5 -4.58* 
Dissatisfaction of farmer with supply of inputs  1.4 1.6 1.5 -1.96* 
Dissatisfaction of farmers regarding training  1.3 1.5 1.4 3* 
Dissatisfaction with price  1.4 1.2 1.3 -3.27* 

*Significant at 5% level of significance (t=1.645), µ=2 
 

  Based on above table 7, private companies 
face problem of dissatisfaction with price more (mean 
value-1.2) as compared to public companies (mean 
value-1.4). The overall problem of dissatisfaction 
with price by farmers of company is most important 
(mean value-1.3). Farmers of public companies (mean 
value-1.3) are more dissatisfied regarding training as 
compared to private companies (mean value-1.5). 
Farmers of public companies (mean value-1.4) are 
more dissatisfied with supply of inputs as compared 
to private companies (mean value-1.6). Public 
companies (mean value-1.4) face the problem of poor 
quality more than private companies (mean value-
1.6). While the other problems such as delayed 
delivery schedule (mean value-1.9), contract 
breakdown (mean value-1.8), dissatisfaction of 
farmers with dealing of the company (mean value-
1.8), non-cooperation by farmers with the company 
(mean value-1.7) are non- significant. 
 

The t-values of the responses were calculated and 
tested at 5% level of significance. The problems of 
dissatisfaction with price, training, supply of input 
and poor quality of produce were found to be 
significant at 5% level of significance. This shows 
that company faced various problems related to 
contract farming. 

 

II. CONTRACT FARMING PRACTICES OF 

FARMERS 

This section includes the primary data of farmers 
which are practicing contract farming in state of 
Punjab. 
Profile of contract farming farmers 

To gain a better understanding of farmers, profile of 
the respondents may be helpful. Hence the 
information regarding their land holding, age, 
qualification and subsidiary occupation has been 
tabulated. 

 

Table 8: Profile of  farmers   (N=100) 

 
Land holding pattern Land holdings Number of respondents (%) 

Marginal and small farmers < 2 ha _ 
Semi-medium farmers  2-4 ha 2 
Medium farmers 4-10 ha 86 
Large farmers > 10 ha 12 

Age Number of respondents (%) 

Below 35 years 4 

35- 45 years 41 

 45 - 55 years 39 

Above 55 years 16 

Qualification Number of respondents (%) 

Primary  21 

Middle  17 

Matriculation 24 

10+2 27 

Graduation and above 11 

Subsidiary Occupation Number of respondents (%)(N=44) 

Dairy farming 28 

Bee keeping 9 

Mushroom growing 5 

Seed production 2 
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The respondents were divided into four 
categories on the basis of their land holding . Majority 
of the farmers i.e. 86% fall in the category of medium 
farmers with land holdings between 4-10 ha and 12%  
farmers are  large farmers with land holdings more 
than 10 ha.  

Table 8 shows that 41% respondents were in 
the age group 35-45 years, 39%  were between 45 – 
55 years, 16% of the respondents were between 35- 
45 years and only 4% of the respondents were less 
than 35 years. Results show that majority of  farmers 
practicing contract farming were in the age category 
of 35-45 years. 

Table 8 indicates that 27% respondents were 10+2, 
24% respondents were matriculation, 21% were 
primary, 17% were middle and 11% were graduates 
and above. Table also indicates that 28% respondents 
have dairy farming as their subsidiary occupation, 9% 
respondents are engaged in bee keeping, 5% 
respondent’s practice mushroom growing and only 
2% respondent’s practice seed production along with 
farming. Thus 56% respondents do not have any 
subsidiary occupation. 
Source of information for contract farming 

  The respondents were enquired about their 
source of information for contract farming 

 

Table 9: Source of information for contract farming (N=100) 
Source of information  No. of respondents %age 

Through advertisement for magazines/TV/radio 15             15 
Kisan Melas 16 16 
Commission agent/contract agencies 84 84 
Relatives/friends/neighbour 88 88 

*Multiple responses 
  

The responses tabulated in table 9 shows that  
88% respondents get information from 
relatives/friends/ neighbours regarding contract 
farming,  84% respondents get information from 
commission agent/control agencies also whereas 16% 
respondents get information regarding contract 

farming from Kisan Melas and 15% respondents get 
information through advertisements in magazines/TV/ 
Radio. 
Motive  of adopting contract farming  

Respondents were enquired about the motive 
behind practicing contract farming 

 

Table 10: Motive of adopting contract farming (N=100) 
 

Motive  No. of respondents 

To earn more income  91 
To break the rice wheat rotation  25 
Desire to become innovative  15 
Risk share with contracting agencies  14 
Better adjustments into crop rotation  52 
Secured return  42 

 *Multiple responses 
Table10 shows that motive of  91% 

respondent’s was to earn more income,  52 % 
respondents went in for contract farming as it 
provided better adjustments into crop rotation, 42% 
respondent’s motive is secured return, 25% 
respondents wanted to break the rice wheat rotation, 
15% respondents desired to become innovative and 
14% respondent’s motive was to share risk with 
contracting agencies. 

Quality inspection and input supply of company to 

farmers  

The respondents were asked to rate the 
quality inspection at various stages of the crop by the 
company from 1 (occurred often) to 3 (occurred 
rarely). They were also  asked about the input supply 
by company on a scale ranging from 1 (input which is 
supplied often) -3 (input which is supplied never). 

 

Table 11: Quality inspection stages and input supply of company to farmers(N=100) 
 

Quality inspection stages  Weighted mean score z value 

Sowing stage  1.07 -3.06* 
Production  1.09 -3.47* 
Packing  1.4 -1.20 
Grading  1.85 -0.98 
Input supply by company  Weighted mean score z value 

Seeds  1 -1.23 
Fertilizers  1.63 -1.38 
Pesticides  1.77 0 
Extension services  1.41 -1.53 

*Significant at 5% level of significance (z=1.96) µ=2 
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On the basis of above table 11, the quality inspection 
at sowing stage (1.07), production stage (1.09), 
packing stage (1.4) often occurred. The quality 
inspection at grading stage (1.85) occurred rarely.  Z 
values  of responses of sowing stage and production 
stage were found to be significant at 5% level of 
significance. Respondents were further enquired 
about the inspection time.  82 % respondents said that 
company inspects on the monthly basis, 18% 
respondents said that company inspect bimonthly.   

             Table 11 shows that input such as seeds 
(1.00) and extension services (1.41) are supplied very 
often by the company.  The inputs like fertilizers   
(1.63) and pesticide (1.77) are supplied rarely.  
Training provided by company to the farmers 
 Respondents were enquired about the 
training provided by the company to farmers. 56% 
respondents get the training from the company.  44% 
respondents do not get any training from the company

.  
Table 12:Training provided by company to farmers (N=56) 

 
Type of training  No. of respondents %age 

Sowing methods  42 75 
Use of implements  56 100 
Packaging training  26 46 

 
The responses in table 12 shows that 56 

respondents (100%) get the training regarding use of 
implements,  42 respondents (75%) get the training 
regarding the sowing method and 26 respondents 
(46%) are provided training in packaging by 
company. 
Problems faced by farmers under contract 

farming 
The respondents were asked  to rate the 

problems which they faced while practicing contract 
farming on a scale from 1 to 3 (Often, rarely and 
never). The table below describes the weighted mean 
values of ratings given to various problems. 

 

Table 13: Problems faced by farmers under contract farming 
Problems  Weighted mean score z value 

A) Problems related to supply of inputs    
a) Seeds    
 Timely availability of seeds  1.35 -1.48 
 Quality of seeds/germination of seeds/ mixed  
           varieties 

1.73 -1.55 

 Quantity of seeds 1.77 0.00 
 Mixed with foreign particles  1.99 2.61* 
b) Fertilizes/Pesticides/Herbicides    
 Quantity  1.31 -1.89 
 Timely available  1.52 -1.65 
 Quality  1.75 0.00 
B) General problems    
 Related to advisory extension service 1.59 -1.85 
 Related to marketing/procurement 1.55 -1.75 
 Related to delivery of payments 1.52 -1.71 
 Related to legal aspects  1.44 -1.64 
 Related to providing farm machinery and 
          equipment when required  

1.32 -1.46 

*Significant at 5% level of significance (z=1.96) 
 

The z-values were calculated and tested at 
5% level of significance. The z-values were found to 
be non significant for most of the statements except 
that the seeds were mixed with the foreign particles. 
   On the basis of ratings given by 
respondents the severity of the problem is calculated.  
Thus based on above table 13, the problems are 
classified as: 
A)   Problems related to supply of inputs 

a)  Seeds 

 The problem of untimely availability of 
seeds is often (1.35) experienced by farmers. The 
problem of quality of seeds/germinations of 
seeds/varieties mixed (1.73), the problem related to 
quantity of seeds (1.77) and problem of seeds mixed 

with foreign particles (1.9) rarely occurred. 
b)  Fertilizers/pesticides/herbicides 

 The problem related to quantity of fertilizers 
(1.31) is often experienced by farmers. The problems 
of untimely availability of fertilizers (1.52) and the 
problem related to quality of fertilizers (1.75) 
occurred rarely. 
B) General problems 

 The problem related to providing of farm 
machinery and equipment when required (1.32) and 
the problem related to legal aspects (1.44) often faced 
by farmers. The problem related to Advisory 
Extension service (1.59), the problem related to 
marketing/procurement (1.55) and the problem 
related to delivery of payments (1.52) experienced by 
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farmers rarely.   
Conclusions and Recommendations 

The Indian agri-food system is undergoing 
rapid transformation and there is growing evidence 
that contract farming will have an important role in 
this transformation. An important concern in Indian 
agriculture is that while “front end” activities – 
including wholesaling, processing, logistics, and 
retailing – are rapidly expanding and consolidating, 
the “back end” activities of production agriculture 
have been continuously fragmenting (Gulati, 2008). 
The challenge lies in linking the two ends and 
ensuring viable business opportunities for both 
farmers and agribusinesses. In Punjab contract 
farming had been undertaken by Public companies 
(growing cereal crops) and private companies( 
growing vegetable crops).   Mostly farmers associated 
with these companies are large farmers ( land holding 
> 10 acres) having written contracts on stamp paper, 
and travel a distance of  25 km  to company’s plant to 
deliver the produce. Despite several problems farmers 

in Punjab are satisfied with contract farming. The 
scope of contract farming can be increased in fresh 
fruits and vegetables  cultivation and more farmers 
can be brought under its ambit if companies make 
arrangements to pick up the produce regularly from 
the farmers’ end. 

List of companies practicing contract farming 

� Private Companies  

• United Breweries 

• Field Fresh (Airtel) 

• Technico Agri Schemes 

• Pepsi Foods Pvt. Ltd.  

• A.M. Todd 
� Public Companies 

• Markfed-Cooperative  

• Pungrain  

• Organic council of India  

• PAFC 

• PUNSUP 
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ABSTRACT 

A field experiment was conducted on loamy sand soil of the Agronomy Instructional Farm, 
Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushinagar to study the, “effect of 
nitrogen and zinc on growth and yield of fodder sorghum (Sorghum bicolor (L.) Moench) varieties” 
during summer season of 2011. Eighteen treatment combinations consisting of two varieties, viz., GFS 
4 and GFS 5; three levels of nitrogen viz., 40, 80 and 120 kg N ha

-1
 and three levels of zinc viz., 0, 2 

and 4 kg Zn ha
-1

 were tried in factorial randomized block design with three replications. The results 
indicated that among the variety of fodder sorghum GFS 5 performed better in respect to growth 
parameters  and green forage (257 q ha

-1
) as well as dry matter (119 q ha

-1
) yield than variety GFS 4. 

Application of 120 kg N ha
-1

 increasing green forage (262.44 q ha
-1

) as well as dry matter yields 
(120.28 q ha

-1
) over 40 kg N ha

-1
 and 80 kg N ha

-1
. Application of zinc @ 4 kg Zn ha

-1
 was found 

significantly superior and produced highest green forage (254 q ha
-1

) and dry matter yield (120 q ha
-1

) 
than 2 kg  Zn ha

-1
.  

Key words: Varieties, Nitrogen, Zinc, Fodder Sorghum  
 

Indian economy is primarily agricultural 
based where animal health is very important. To 
establish and improve the animal production, a 
critical factor in sustainable agriculture the 
availability of quality forage crops and grasses and 
their production needs urgent attention. Indian 
economy is primarily agricultural based where 
animal health is very important. To establish and 
improve the animal production, a critical factor in 
sustainable agriculture the availability of quality 
forage crops and grasses and their production needs 
urgent attention. Gujarat state has a total animal 
population of 18.44 million heads and the total forage 
production is 20.0 million tonnes against the 
requirement of 49.2 million tonnes (Anon.,2006). 
Thus, a gap of 29.2 million tonnes exists between the 
demand and supply of fodder, which is ought to 
further widen due to further steady rise in the 
livestock population and diversion of more area to 
grain and cash crops. The total area under forage 
crops in the state is 0.8 million hectares (i.e., 6.4 % of 
the total cultivated area). Thus, the state is not only 
short of quantity but good quality of fodder too 
(Patel, 2005). Dairy farming is a back bone of the 
farmers and economy in North Gujarat area owing to 
poor land holding and uncertain climatic conditions 
(Anon., 1987). Under the circumstances, it is rather 
difficult to supply green fodder to mulching cattle 
round the year. In this area, farmers mainly grow 
sorghum as a fodder crop. Sorghum (Sorghum 

bicolor L. Moench) is an important cereal fodder 
crop. Due to its excellent growing habit, high 
potential, better nutritive value and quick regrowth, it 
is extensively grown in Northern, Central and North- 
West regions of the country. It can withstand heat, 
drought and also tolerate water logging better than 

other forage crops. In order to importance, fertilizer 
is the single most important input for securing higher 
production. Nitrogen is the most important nutrient 
for plant growth and is the most limiting nutrient in 
our soils. Nitrogen application increase crude protein 
and metabolizable energy, besides improving 
succulency and palatability of fodder crops. It is the 
important constituent of chlorophyll and protein. It 
imparts dark green colour to the plants, promotes 
vegetative growth and rapid early growth. It 
improves the quality by increasing the protein content 
of fodder crops and governs to a considerable degree, 
the utilization of protein, phosphorus and other 
elements. A comparative study made for the 
assessment of zinc status of Gujarat soils has clearly 
indicated that Banaskantha district with study soil has 
recorded the highest percent of zinc deficient 
soils(4.4%) with less than 0.5 ppm DTPA extractable 
zinc. The total content of zinc in soils of Gujarat 
varied between 20-95 ppm. The delineation work 
revealed overall percent deficiency of available zinc 
is 24.0 per cent ranging from 2to10 percent, 
respectively in different pockets of state (Dangerwala 
et al., 1994). The decline in deficiency could be 
ascribed mainly due to use of micronutrient fertilizers 
and organic manures by the farmers. 

 
MATERIALS AND METHODS 

The field experiment was conducted at S.D. 
Agricultural University, Sadarkrushinagar, during 
summer 2011. The soil of experimental field was 
loamy sand in texture, low in organic carbon and 
available nitrogen, medium in available phosphorus 
and rich in available potassium. Eighteen treatment 
combinations consisting of twovarietiesviz.,V1: (GFS 
4), V2: (GFS 5), three levels of nitrogen viz., N1: 40 
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kg N ha-1, N2: 80 kg N ha-1 and N3: 120 kg N ha-1 and 
three levels of zinc viz., Zn0: 0 kg Zn ha-1, Zn1: 2 kg 
Zn ha-1 and Zn2: 4 kg Zn ha-1 were tested under 
factorial randomized block design with four 
replications. The furrow was opened manually in 
each plot at a distance 45 cm. Before sowing the 
seed, half dose of nitrogen and full dose of zinc 
fertilizer according to calculated quantities as per 
treatment was applied in the opened furrow at a depth 
of about 8-10 cm. The nutrient N and Zn were 
applied in the form of urea and zinc sulphate 
respectively. The recommended dose of phosphorus 
(40 kg P2O5 ha-1) in the form of Diammonium 
phosphate was applied before sowing in all the plots. 
The fertilizers were covered with a 4-5 cm layer of 
soil. The remaining half dose of nitrogen in the form 
of urea was applied at 35 days after sowing as per 
treatment. In the previously opened furrows, seed 
were sown manually and covered with a thin layer of 
soil. The irrigations were given as and when required. 
The experimental field was kept weed free through 
one inter cultivating by hand hoe and hand weeding.  

RESULTS AND DISCUSSION 

Effect of varieties 

The outcome of the investigation among the 
varieties GFS 5 recorded significantly higher plant 
height, stem thickness, length of internodes and leaf: 
stem than variety GFS 4.The differences in growth 
attributes such as, number of leaves per plant and 
number of internodes per plant were non- significant 
(Table.1). The lowest days to 100% flowering was 
observed under V2 (GFS 5). Variety GFS 5 produced 
significantly the highest green forage yield (257 q ha-

1) and dry matter yield (118.93 q ha-1).  
Effect of nitrogen 

 The results show that the application of 120 kg 
N ha-1 was found significantly superior to 80 kg and 
40 kg N ha-1 as it enhanced the plant height, number 
of leaves per plant at harvest as well as leaf: stem 
ratio and length of internode. The growth attributes 
such as number of internodes per plant, stem 

thickness were not affected significantly. Days for 
100% flowering decreased with the increase in 
nitrogen level from 40 to 120 kg ha-1.  Green forage 
(262q ha-1) and dry matter (120q ha-1) were found 
significantly higher under treatment N3                         
(120 kg N ha-1).Whereas, the lowest green forage and 
dry matter yield were recorded under treatment N1 
(40 kg N ha-1) (Table.1). This might have accelerated 
the meristematic activity, vegetative growth and 
photosynthetic activity, consequently resulting in to 
increased plant height, number of leaves per plant, 
internode length which had eventually increased 
green forage and dry matter yields. Similar trend was 
also observed by Sumeriya et al., (2007), Gupta et al. 

(2008) and Azam et al., (2010). 
Effect of zinc 

Fertilizing the fodder sorghum with different 
levels of zinc failed to show significant increase in 
plant height, number of leaves per plant, number of 
internodes per plant, stem thickness, length of 
internode, days to 100% flowering and leaf: stem 
ratio (Table.1). Application of zinc @ 4 kg Zn ha-1 
was found significantly superior and produced 
highest green forage (254 q ha-1) and dry matter yield 
(120 q ha-1). These results are in close conformity 
with those reported by Patel and Patel (1994) and 
Verma et al., (2005). 

Interaction effect 
Interaction between variety and nitrogen (VxN) 

was found to be significant in respect of dry matter yield 
of forage sorghum only (Table.3). The treatment 
combination V2N3 (GFS 5 fertilized with 120 kg N ha-1) 
gave the highest dry matter yield (Table.2). These results 
are in accordance with those reported by Ammaji and 
Surynarayana (2003). 

Conclusion 
 Based on the results from one year 

experimentation it is concluded that higher 
production of fodder sorghum crop grown in summer 
season loamy sand soil of North Gujarat by growing 
the variety GFS 5 and fertilized with 120 kg N ha-1 
and 4 kg Zn ha-1.  

 

Table1. Growth and yield of fodder sorghum varieties as influenced by different nitrogen and zinc levels 

Treatment Plant 

height 

(cm) at 

harvest 

No. of 

leaves per 

plant at 

harvest 

No. of 

days to 

100% 

flowering 

No. of 

internodes 

per plant 

Stem 

thickness 

(cm) 

length of 

internode 

(cm) 

Leaf: 

stem ratio 

Green 

forage 

yield 

(q ha-1) 

Dry 

matter 

yield 

(q ha-1) 

Varieties (V)          

V1 : GFS 4 150.56 6.62 50 5.82 0.56 15.02 0.32 232 103 

V2 : GFS 5 159.00 6.90 58 6.00 0.72 21.43 0.45 257 119 

S. Em.+ 2.63 0.11 1.23 0.09 0.01 0.38 0.01 4.24 1.61 

C.D. at 5 % 7.58 NS 3.53 NS 0.03 1.10 0.03 12.19 4.63 

Nitrogen levels (kg ha-1) 

N1 : 40 kg N 
ha-1 

146.67 6.23 58 5.75 0.63 17.38 0.35 224 102 

N2 : 80 kg N 
ha-1 

155.67 6.69 53 5.94 0.64 18.10 0.38 248 111 

N3 : 120 kg 
N ha-1 

162.00 7.35 52 6.03 0.66 19.19 0.41 262 120 

S. Em. + 3.23 0.14 1.50 0.11 0.01 0.47 0.01 5.19 1.97 

C.D. at 5% 9.28 0.40 4.33 NS NS 1.35 0.03 14.93 5.68 
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Treatment Plant 

height 

(cm) at 

harvest 

No. of 

leaves per 

plant at 

harvest 

No. of 

days to 

100% 

flowering 

No. of 

internodes 

per plant 

Stem 

thickness 

(cm) 

length of 

internode 

(cm) 

Leaf: 

stem ratio 

Green 

forage 

yield 

(q ha-1) 

Dry 

matter 

yield 

(q ha-1) 

Zinc levels (Zn) 

Zn0 : 0 kg 
Zn ha-1 

152.61 6.59 55 5.83 0.63 17.62 0.36 235 101 

Zn1 :  2 kg 
Zn ha-1

 
155.72 6.79 54 5.90 0.64 18.21 0.39 245 112 

Zn2 :  4 kg 
Zn ha-1

 
156.00 6.89 53 5.99 0.65 18.84 0.40 254 120 

S. Em. + 3.23 0.14 1.50 0.11 0.01 0.47 0.01 5.19 1.97 

C.D. at 5% NS NS NS NS NS NS NS 14.93 5.68 

C.V. % 8.85 8.89 12 8.05 8.91 10.90 12.99 9.00 7.53 

Interaction 

V X N NS NS NS NS NS NS NS NS S 

V X Zn NS NS NS NS NS NS NS NS NS 

N X Zn NS NS NS NS NS NS NS NS NS 

V X N X Zn NS NS NS NS NS NS NS NS NS 

 

Table 2: Dry matter yield (q ha
-1

) as influenced by interaction of varieties and nitrogen 

Treatments Levels of nitrogen 

Varieties (V) N1 (40 kg Nha-1) N2 (80 kg Nha-1) N3 (120 kg Nha-1) 

V1 (GFS 4) 93.89 107.00 109.00 

V2 (GFS 5) 110.22 115.00 131.56 

S.Em.± 

C.D. at 5 % 

C.V.% 

4.71 

13.56 

7.53 
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ABSTRACT 

Heterosis and combining ability was estimated for oil content and oil quality traits in Indian 
mustard  with the help of Line X Tester matting design of total 34 accessions comprised ten parental 
genotypes (six female and four male) and their 24 F1 hybrids of Indian mustard at S.D.Agricultural 
University, Sardarkrushinagar. Eight hybrids recorded significant and positive heterobeltiosis for oil 
yield. The range of heterobeltiosis varied  from -9.48 per cent (SKM-9033 x GM 2) to 6.96 per cent 
(BPR-610-50-6 x VARUNA). Parent PUSA BOLD was proved to be good donors for oil content, 
linolenic acid and glucosinolate. PBR-122 for oil content, oleic acid, linolenic acid, erucic acid and 
Glucosinolate, PCR-7 good combiner for erucic acid, SKM-9033 having good gene for increasing oleic 
acid and linoleic acid content. Parent BPR-610-50-6 good for oil content, oleic acid, linolenic acid and 
glucosinolate. The hybrid SKM-9033 x VARUNA pursued by BPR-610-50-6 x VARUNA and BIO-902 x 
PUSA BOLD and SKM-9820 x GM 2 proved high  sca effects for oil content. 

Key words: Line X Tester, Combining ability, Heterosis and oil content and quality traits. 
 

The Rapeseed-mustard is second most 
important edible oilseed crop of the world as well as 
of India after groundnut. Oilseed Brassica rapeseed 
and mustard accounting for over 13.2% of the world’s 
edible oil supply are the third most important edible 
oil crop after soybean and palm. In India, Brassica 

ranks second in acreage with 4.6 million hectare next 
to the groundnut only. The Brassica have about 40% 
oil on a dry weight basis and the meal contains 38-
44% quality protein. Mustard seed is largely crushed 
for oil, which is perhaps the cheapest source of oil in 
our daily diet. Mustard seeds contain about 38-42% 
oil, which is golden yellow, fragrant and considered 
among the healthiest and most nutritional cooking 
medium. The oil cake is the by-product after 
extraction of oil which is used as manure and also as 
an excellent animal/poultry feed. Mustard meal or 
cake contains about 12% oil and 38 to 42% protein 
(Nagraj, 1995).  

Fatty acid composition of oils from different 
Brassica species makes them suitable for both edible 
and industrial purposes. Rapeseed-Mustard oil has 
substantial amount of unsaturated fatty acids and 
around 7% saturated fatty acids, the lowest among the 
oil seed crops. Further, it contains significant amount 
(20-25%) of essential fatty acids like linoleic (cis, cis-
9, 12-octadecadienoic : 18:2  n-6) and linolenic acid 
(cis, cis, cis-9, 12, 15-octadecadienoic : 18:3 n-3). 
Linolenic acid is also a sulfur-cholesterol scavenger. 
The saturated fatty acid palmictic acid (16:0) and 
stearic acid (18:0) are present in very low quantities 
totally about 5%. They have been implicated in 
increasing turombotic tendency in the blood platelets. 
The oil is also good source of required ratio 3-6 fatty 
acids and natural antioxidants and known to reduce 
the risk of cardiac diseases and enhances the quality 

of life (Shyam Prakash et al., 2001). The oil of B. 

juncea crop contains long chain fatty acid erucic acid 
(cis-1, 3-decasenoic :  22:1, n-9); The Indian 
cultivated varieties have high erucic acid in seed oil, 
which is nutritionally undesirable and have low oleic 
acid, while, high oleic is required for extended shelf 
life. The presence of high erucic acid in oil is 
considered antinutritional, as it has been reported to 
cause lipidosis in children and myocardial fibrosis in 
monkeys (Ackman et al., 1977). The erucic acid 
content must be as low as possible and preferably 
zero. For international acceptance, erucic acid content 
should be below 2%. Therefore, minimization of 
erucic acid is an important objective in Brassica 
improvement. 

MATERIAL AND METHODS 

The experimental material consist of six 
lines (BIO 902, PCR 7, SKM- 9033, SKM- 9820, 
PBR-122 and BPR-610-50- 6) and four testers (GM 
2, GM 3, PUSA BOLD and VARUNA) crossed in 
Line x Tester mating design. The resultant 24 hybrids 
along with their ten parents were evaluated in 
Randomized Block Design with three replications at 
Main Castor - Mustard Research Station, S. D. 
Agricultural University, Sardarkrushinagar during 
rabi 2010-2011. A random sample of seeds weighing 
approximately 12 gm was taken from bulk seeds 
harvested from five selected plants of each genotype 
and oven dried. Oil content of each samples were 
estimated in percentage by using Nuclear Magnetic 
Resonance Technique (NMR) (Tiwari et al., 1974), 
While Fatty acids composition; (Linolenic acid 
(%),Oleic acid (%),Lenoleic acid (%), Glucosinolate 
content (%),Erucic acid (%) of each sample was 
estimated in percentage by using Fourier Transferable 
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Near Infrared (FT-NIR) Technique. The data pertaining 
to various traits were analysed as per the procedure of 
RBD given by Panse and Sukhatame (1978). The 
combining ability analysis was performed for a Line X 
Tester matting design as per the method suggested by 
Kempthorne (1957). The hybrid performance (%) tested 
in comparison with mean value of batter parent 
((Heterobeltiosis/BPH) and with standard parent/check 
(standard heterosis/SH) as per the formulae BPH=100 x 
(F1-BP/BP); Fonseca and Patterson, (1968) and 
SPH=100 x (F1-SP/SP) ; Meredith and Bridge (1972)  
respectively. Where F1=mean hybrid performance, 
BP=Mean performance of batter parents and SP= mean 
performance of standard parent/check (GM 3). For the 
characters viz., erucic acid, glucosinolate and linolenic 
acid low scoring parent was considered as better parent 
for the estimation of heterobeltiosis and standard 
heterosis. Whereas, high scoring parent was considered 
as better parent for the rest of quality traits. 

RESULT AND DISCUSSION 

Table 1 illustrated that analysis of variance 
revealed significant difference among the parents for 
majority of quality parameters stated considerable 
amount of variability among the parents. Mean squares 
due to hybrids were significant for all quality traits 
except Glucosinolate, revealed existence of extensive 
variability in the parental materials. Comparison of mean 
squares due to parent vs. hybrids was found highly 
significant for almost all the quality parameters except 
linolenic acid which indicating that mean of hybrids 
were significantly different from that of the parents as a 
group for these traits. 

It mentioned that for oil content eight hybrids 
evidenced significant and positive Heterobeltiosis varied 
from -9.48 per cent (SKM-9033 x GM 2) to 6.96 per 
cent (BPR-610-50-6 x VARUNA).The minimum and 
maximum values for standard heterosis were -9.61 per 
cent  (SKM - 9033  x  GM 2)  and  5.51 per cent (PBR-
122 x GM 2), respectively. Five hybrids traced 
significant standard heterosis in desired direction. The 
positive desirable heterosis and heterobeltiosis for oil 
content was previous statement by Patel and Sharma, 
1999, Sohan Ram, 2009 and Patel et al., 2010. For fatty 
acid composition comprised linolenic acid, erucic acid 
and glucosinolate negative heterosis desired while oleic 
acid and linoleic acid heterosis desired in positive 
direction. Desired  heterosis and heteobeltiosis were 
observed were agree with those reported by Chauhan et 

al., 2002, Chauhan et al., 2009 and Tyagi et al., 2009.  
From the  analysis of variance for combining 

ability exposed the mean squares due to females (lines) 

were significant for erucic acid and Glucosinolate, while 
non-significant for oil content, oleic acid, linolenic acid 
and linoleic acid which showed that female significant 
contributed towards general combining ability variance 
component. The variances due to males (testers) were 
non-significant for all the traits. The Line x Testers 
interaction was significant for all the traits signified the 
contribution of hybrids for specific combining ability 
variance components. The variance component due to 
females were higher than that of males for oil content, 
oleic acid, linolenic acid, erucic acid and glucosinolate 
which indicated greater contribution of females towards 
σ

2
gca (Table 2).The ratio of σ

2
gca / σ

2
sca being less than 

unity for all the traits. This indicated that non-additive 
components played greater role in the inheritance of 
these characters (Table 2). The presence of 
predominantly large amount of non-additive gene action 
would be necessitate the maintenance of heterozygosity 
in the population. Such results are in accordance with the 
findings of Solanki et al., 2009 and Singh and Ranjeet, 
2010 for oil content.Chauhan et al., 2002, Chauhan et 

al., 2009, Tyagi et al., 2009 and Satyanarayana et al., 
2010  for Fatty acid composition.  

An overall appraisal of general combining 
ability effects of parents revealed that parent BIO-902 
was also good general combiners for one or more of its 
component traits i.e., oleic acid and glucosinolate, while 
parent PUSA BOLD  was proved to be good donors for 
oil content, linolenic acid and glucosinolate. PBR-122 
good for oil content, oleic acid, linolenic acid, erucic 
acid and glucosinolate PCR-7 good combiner for erucic 
acid, SKM-9033 having good gene for increasing oleic 
acid and linoleic acid content. Parent BPR-610-50-6 
good for oil content, oleic acid, linolenic acid and 
glucosinolate (Table 3).  

The hybrid SKM-9033 x VARUNA pursued 
by BPR-610-50-6 x VARUNA ,BIO-902 x PUSA 
BOLD and SKM-9820 x GM 2 be evidenced for 
significant and positive sca effects for oil content. The 
cross PBR-122 x PUSA BOLD registered significant 
and negative sca effects for erucic acid and 
glucosinolate, while hybrid BIO-902 x GM 2 manifested 
significant and negative sca effects for glucosinolate and 
significant and positive sca effects for linoleic acid. The 
best three crosses selected on the basis of per se 
performance, their sca effects and heterosis over better 
parent and standard check (GM 3) for different 
characters (Table 4). The cross BPR-610-50-6 x 
VARUNA  and BIO-902 x PUSA BOLD registered high 
per se performance, standard heterosis and sca effects 
for oil content with  involved both average and good 
combiner parents.  
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Table 1:Analysis of variance (mean square) for parents and hybrids foroil content and oil quality parame characters 

   

Source of variation d.f. 
Oil 

content  

Linolenic 

acid 

Oleic 

Acid 

Erucic 

acid  

Linoleic 

acid  

Glucosinolate 

 

Replications 2 0.73 0.10 0.88 6.03 2.49 2.06 
Parents 9 1.63** 8.09** 8.09** 66.30** 42.46** 990.09** 

 Females 5 1.92** 10.46** 10.41** 72.65** 27.55** 1137.23** 

 Males 3 1.56* 4.69** 6.10** 67.49** 76.27** 302.20** 
 Female vs. 

Male 

1 0.34 6.44** 2.50 30.99** 15.62** 2318.14** 

 Parent vs. 

hybrid 

1 12.01** 0.08 2226.07** 3638** 161.46** 1104.18** 

 Hybrids 23 5.99** 25.25** 122.24** 237.20** 62.48** 473.93 
Error 66 0.52 0.47 1.42 3.12 1.13 3.22 

* P ≤ 0.05, ** P ≤ 0.01. 

 

 

Table 2:Analysis of variance (mean square) for combining ability, estimates of components of variance and their ratio 

for various qualitycharacters in mustard 

 

Source of variation d.f. 
Oil 

content 

Oleic 

Acid 

Linolenic 

acid 
Erucic acid Linoleic acid 

Glucosinolate 

 

Replications 2 0.63 0.70 0.39 4.26 1.06 1.44 

Crosses 23 5.99** 122.25** 25.26** 237.20** 62.48** 473.93** 
Females (Lines) 5 8.86 170.61 34.83 202.52** 78.59 1308.33** 

Males (Testers) 3 4.29 48.68 10.53 20.10 115.98 188.72 

Females x Males 23 5.37** 120.84** 25.01** 292.18 46.41** 252.85** 

Error  0.55 1.92 0.61 2.79 1.29 3.19 

COMPONENTS OF VARIANCE 

σ2 Females 0.29 4.15 0.82 -7.47 2.68 87.96 

σ2 Males -0.06 -4.01 -0.80 -15.12 3.86 -3.56 
σ

2
gca 0.08 0.75 0.16 12.06 3.39 33.05 

σ
2
sca 1.62 39.81 8.18 96.35 15.09 83.21 

σ
2
gca / σ

2
sca 0.05 0.02 0.02 0.13 0.22 0.40 

* P ≤ 0.05, ** P ≤ 0.01.  

Table 3:The estimates of general combining ability (gca) effects of the parents for various quality traits in mustard 

Parents Oil content Oleic Acid Linolenic acid Erucic acid Linoleic acid Glucosinolate 

 

FEMALE PARENTS (Lines) : 

BIO-902 -0.25 0.88* 1.57** 1.46** 0.33 -4.59** 

PCR-7 -0.43** -4.18** 2.49** -2.03** -3.07** 3.20** 

SKM- 9033 -0.76** 5.47** -0.02 -0.26 3.43** 2.44** 

SKM- 9820 -0.60** -4.49** -0.89** 7.03** 2.16** 16.30** 

PBR-122 1.48** 1.07** -1.75** -5.27** -0.28 -1.91** 

BPR-610-50-6 0.56 ** 1.27** -1.40** -0.92 -2.58** -15.44** 

S.Em.±    0.21 0.34 0.20 0.51 0.31 0.52 

MALE PARENTS (Testers) :  

GM 2 -0.11 0.63* 1.03** 0.56 2.12** 4.82** 

GM 3 -0.42** 1.89** -0.36* -0.06 1.87** -1.16** 

PUSA BOLD 0.70** -0.50* -0.74** 0.96* -0.70** -2.16** 

VARUNA -0.17 -1.99** 0.08 -1.45** -3.29 -1.50** 

S.Em.± 0.17 0.28 0.16 0.41 0.25 0.42 

   * P ≤ 0.05, ** P ≤ 0.01. 

 

 

 

 



Journal of Progressive Agriculture, Vol.4, No. 1: April, 2013 

   130 

Table 4:Three top ranking parents with respect to per se performance and gca effects and the three top ranking hybrids with respect 

to per se performance and sca effects and heterosis over better parent and standard check (GM 3) 

Character Best 
performing 

parent 

(per se 

performance) 

Best 

general 

combiners 

Best performing  

hybrids 

per se performance 

Status of 

the 

parents 

Hybrids with 

high sca effects 

GCA of 

the 

parents 

SCA 

effects 

Heterosis (%) over 

Better 

parent 

Standar

d check 

(GM 3) 

Oil content 

PCR-7 PBR-122 PBR-122 x GM 2 G x A SKM-9033 x 
VARUNA 

P x A 1.60 4.26 1.83 

GM 3 BPR-610-50-
6 

BPR-610-50-6 x 
VARUNA 

G x A BPR-610-50-6 
x VARUNA 

G x A 1.40 6.96 4.80 

GM 2 PUSA BOLD BIO-902  x PUSA 
BOLD 

A x G BIO-902 x 
PUSA BOLD 

A x G 1.26 6.82 4.60 

Oleic acid 

BIO-902 GM 3 PCR-7 x GM 2 P x A SKM-9033 x 
GM 2 

G x G 12.53 171.02 235.02 

GM 3 BPR-610-50-
6 

BIO -902 x 
VARUNA 

G x P PBR-122 x 
VARUNA 

G x P 6.05 88.13 126.82 

GM 2 PBR-122 SKM-9033 x GM 2 G x G PCR-7 x PUSA 
BOLD 

P x P 5.57 90.83 92.92 

Linolenic 

acid 

BPR-610-
50-6 

PBR-122 PCR-7 x VARUNA P x A PCR-7 x 
VARUNA 

P x A -3.43 - -21.26 

SKM-9820 BPR-610-50-
6 

SKM-9033 x PUSA 
BOLD 

A x G BIO- 902 x GM 
2 

P x P -2.84 -9.63 -16.75 

PCR-7 SKM-9820 SKM-9820 x PUSA 
BOLD 

G x G BIO-902 x 
PUSA BOLD 

P x G -2.53 -8.84 -27.53 

Erucic acid 

BPR-610-
50-6 

PBR-122 PBR-122 x PUSA 
BOLD 

G x P SKM-9033 x 
PUSA BOLD 

A x P -11.10 -41.94 -41.48 

GM 3 PCR-7 PCR-7 x GM 3 G x A PCR-7 x GM 3 G x A 10.05 -45.46 -45.46 

SKM-9820 
VARUNA BIO 902 x 

VARUNA 
P x G 

PBR-122 x 
PUSA BOLD 

G x P 
10.01 -57.49 -50.51 

Linoleic 

acid 

VARUNA 
SKM-9033 

SKM -9033 x GM 3 G x G 
BIO-902 x 

PUSA BOLD 
A x P 

5.46 55.49 108.93 

PCR-7 
SKM-9820 

BIO-902 x GM 3 A x G 
PCR-7 x 

VARUNA 
P x A 

5.35 - 59.40 

PBR-122 
GM 2 BIO-902 x PUSA 

BOLD 
A x P 

SKM-9033 x 
GM 3 

G x G 
4.81 150.52 150.45 

Glucosinolate 

VARUNA BPR-610-50-
6 

BPR-610-50-6 x GM 
3 

G x G BIO-902 x GM 
2 

G x G -15.15 - - 

PCR-7 BIO-902 BPR-610-50-6 x 
PUSA BOLD 

G x G PBR-122 x GM 
3 

G x G -9.38 - - 

GM 2 PUSA BOLD BPR-610-50-6 x GM 
2 

G x P PCR-7 x PUSA 
BOLD 

P x G -8.26 - - 
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ABSTRACT 

A study of delineation of Cu and Zn status in soil of Central Research station, Akola was conducted during 
year 2006 and 2007. detailed maps of micronutrient also prepared. Delineation of study area was completed with 
help of global positioning system and for predicting available cationic micronutrient status extraction with chelating 
agent such as di ethylene triamine penta acetic acid (DTPA) is used. The soils of Central Research Station were 
found 52 per cent deficient in zinc and 4 per cent deficient in copper. While the available micronutrient status of 
Central Research Station soils was found as zinc from 0.21 to 2.46 and copper 0.004 to 7.49. 

 
key words: Delineation, Copper and Zink. 

 
 
The essentiality of copper was first 

conclusively proved in 1931 by Sommer. Copper 
increases the oxidase activity of the catalases 
peroxidases, polyphenols etc. It influences metabolic 
reactions of N. Even though copper is not a part of the 
chlorophyll molecules, it is essential for the formation 
of porphyrin a precursor of chlorophyll. It helps in 
translocation of sugar. Popular plant disease caused by 
lack of Cu is “dieback” or “exanthema” in fruit tree 
and “reclamation disease’ in cereals. 

 Copper is known to be associated with a 
number of metallo proteins which are able to accept 
and donate electrons and thus, participate in oxidatin / 
reduction reaction. Its capacity to form organic 
complexes is equally important the essential metabolic 
role of Cu is evident from its presence in cytochrome 
oxidase. Copper normally occurs as a constituent of 
proteins, mostly enzymes and these are involved in a 
vital metabolic function (Shorrocks and Alloway, 
1988). 

 Copper in earth’s crust occurs chiefly as 
sulphides the most abundant mineral being 
chalcophyrite (CuFeSO2). It also occurs in secondary 
minerals and organic complex, a part of which is 
present on the exchange site of the soil colloids and in 
the soil solutions. Copper content of different rocks is 
highly variable. Granite schist content the large amount 
(87ppm Cu) while sandstone (8ppm) and limestone 
(7ppm) were among the poorest. Apart from climate 
and parent material, age of the soil and length of 
leaching also appears to influence the distribution of 
Cu. Total Cu status of Indian soils have been found to 
be in the range of 1.8 to 960 ppm, while the available 
Cu content in the range of trace to 1.8 ppm (Kanwar 
and Randhawa, 1974). 

 The role of zinc application in improving crop 
productivity is as important as that of major nutrients in 
present day agriculture. Zinc is now being regarded as 
the third most important limiting nutrient element in 
crop production after N and P. Increasing cropping 
intensity and a complying change in the soil and 

fertilizer management practices have altered the status 
of soils and its availability. As the plant demand for 
higher yield increases and plant requirement deficiency 
is likely to become more widespread and intense. Zinc 
deficiency has developed to be a major constraint in 
Indian agriculture.  

 The increasing use of NPK fertilizers, has no 
doubt remarkably increased the food production, but it 
brought with a host of problems related to 
micronutrient deficiencies by depleting their resource 
in soils. As a result, the micronutrient deficiency is 
now being recognized as a critical yield limiting factor 
in cereals, pulses, oilseeds and horticultural crops and 
emerging as serious constraint to high productivity.  

 This demands a systematic study of 
micronutrients including assessment of micronutrient 
status of different soils with delineation of areas of Cu 
and Zn deficiency and/or sufficiency.   

MATERIALS AND METHODS 

In view of the emerging micronutrient 
deficiencies in soils and plants, a systemic approach for 
assessment of micronutrient status of soils of eight 
blocks of central Research station, Dr. Panjabrao 
Deshmukh Krishi Vidyapeeth, Akola. was employed 
which comprising soil sampling, their analysis and 
delineation of Cu and Zn deficient areas. Total 222 
surface soil (0-30 cm) geo referenced samples from 
central Research station with latitude and longitude 
using global positioning system (GPS) were collected 
and soil variability were analyzed for DTPA 
extractable Fe and Mn. 

The central research station is situated about 2 
km east of Akola town. It is located at longitude 770 
021 44ll to 770 04l 59ll E, Latitude 200 42l 15ll to 200 43l 
18ll N. The research station extends over an area of 
1145 hectares. Akola town is accessible both by road 
NH No. 6 and rail Nagpur Mumbai, central Railway. 
The farm area is bounded by Gudadhi and Akola- 
Borgaon Manju road in the north, Sivani village in the 
south, Babhulgaon in the east and Umri in the west.  
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Mechanical analysis was done by using 
Bouyoucos hydrometer method (Bouyoucos, 1928), 
Soil pH (1:2.5) and Ec were estimated By using pH 
meter and Electrical Conductivity meter respectively 
(Jackson, 1967) and Available Cu and Zn were 
determined by using DTPA (Diethylene triamine penta 
acetic acid) extract on AAS (Lindsay and 
Norvell,1978). Maps for soil sampling sites were 
generated using map send worldwide, Thales 
Navigation system. 

RESULTS AND DISCUSSION 

Soil of study area: 

It was observed (Table 1) that soil pH varied 
from 7.6 to 8.8 with an average of 8.1. According to 
classification of soil reaction suggested by Brady 
(1985) samples were found moderately alkaline to 
strongly alkaline. The minimum value of pH 7.6 was 
observed in Malkapur western and Babhulgaon Soils 
and maximum value of pH 8.8 was observed in soil of 
Malkapur and Western Block. 

The electrical conductivity of the soils varied 
from 0.18 to 0.68 d S m-1. On the basis of the limits 
suggested by Muhr et al.,(1963) for judging salt 
problem of soils, most of samples were found normal 
(EC < 1.0 dSm-1). The soil texture varied from clay to 
clay loam and silty clay. 

Available copper status of CRS soils  

 The DTPA extractable Cu varied between 
0.004 to 7.49 mg kg-1 with the average of 2.02 mg kg-1 
(Table 2) according to wood (1945), the critical limit 
for DTPA extractable cu is 0.2 mg kg-1. out of 222 soil 
samples 14% samples are marginal, 82% are adequate 
whereas only 4% samples are found to be deficient 
(Table 2 and Fig. 1).  

 Copper deficiency is at present well known in 
a number of field as well as horticultural crops. It is 
evident that copper is strongly adsorbed to cation 
exchange sites, especially those sites on humus 
particles. Copper has very low mobility in soils. In 
acidic soils, aluminum may interfere with copper 
nutrition in plants and cause low copper uptake by the 
plants rendering copper deficiency. The copper iron 
balance seems to be important in preventing copper 
deficiency in plants. 

 Indiscriminate use of Cu causes toxicity to the 
plants. Roots are most affected as Cu is normally more 
concentrated in root than in shoot. The symptoms of 
copper toxicity are stunted growth of both main and 
lateral roots, chlorosis, reduced shoot region and 
stunting. The deficiency of Cu can be corrected 
through the use of copper containing fertilizer, the most 
common of which is copper sulpahte CuSO4. 5H2O. it 
can be applied with relative case to either soil or 
foliage since copper is presented in several disease 
controlling chemical, in areas where such chemicals 
are frequently used the crops need Cu, is taken care of 
inadvertently. However, to correct its deficiency, its 
use as fertilizer is required to sustain high level of 
productivity under intensive cropping and to minimize 
the depletion of soil copper. 

Available Zinc status of CRS soils  

 Besides in being a component of various 
enzymes, it plays a vital role in biosynthesis of nucleic 
acids and synthesis of proteins. The deficiency of Zn 
has been found to be wide spread in different parts of 
the country. The typical common disease listed due to 
deficiency are “little leaf” or “rosette” or “frencling” in 
fruit trees “ mottle leaf” and “bronzing” in tung trees 
“white bud”  in maize, “Khaira” disease in rice etc. 

 The plant available Zn in Indian soils is 
extracted with DTPA solution which removes small 
amount (<1%) of total zinc. Available zinc content in 
Indian soils ranges between 0.08 to 20.5 ppm. The 
mean value of available zinc varies from 0.21 to 2.46 
mg ka-1 with a mean 0.70 mg kg-1 in soils of central 
research station (Table 4). The analysis of 222 soil 
samples carried out by DTPA extract indicates that 
about 52% soil samples are deficient in zinc.  

 
Wide variation in the proportion of zinc 

deficient soil samples are seen within the research 
farm, which is related with soil texture, pH of the soil 
zinc deficiency was observed, 10 per cent in Mission, 
19 per cent in Malkapur, 50 per cent in Shivar, 45 per 
cent in western, 84 per cent in Shivani, 81 per cent 
Gudadhi, 84 per cent in Babhulgaon and 40% in 
highway Block soils further, the zinc status was found 
to be 40 per cent medium and 8 per cent high (Table 5 
and Fig.2). 

In soils of pH> 7.0, the availability of Zn 
becomes very low (Table 1 & 4). Severe in deficiency 
is often associated with high soil pH. Under acidic 
conditions, Zn is most soluble and plant available. 
Liming of acid soil having pH 5.6 and above reduced 
the availability of Zn to forage crops (Gupta et al, 
1972). Over liming can drastically reduce in 
availability and results in its severe deficiency in 
sensitive crops. Lime inactivates the Zn in the soil, 
though it’s reduction in solubility and induces 
competition between Ca2+ and Zn+2 ions on the root 
surface. Acid soils may contain large amount of 
hydrous oxide of Fe, Al or Mn, which coat the clays 
and may form clay – size particles themselves. 
Removal of top soil during land leveling for irrigation 
purposes exposes the sub soil, which are often lower in 
available Zn.  

High intensity cropping coupled with the use 
of high doses of Zn free fertilizers results in depletion 
of available Zn in soils. Use of acidic fertilizers 
enhances available zinc in the soil, thus acidification 
favours solubilization of Zn from soil reserves. Crop 
cultivars differ in their ability to absorbs soil zinc 
genotypes that have poor ability to utilize soil zinc will 
be more susceptible to zinc deficiency. Higher doses of 
P and N influence the utilization of Zn by plants either 
through their responses or their interacting effect. 
Generally deficiency of Zn has been observed in soils 
which are heavily fertilized with P.  

 In order to ameliorate the zinc deficiency in 
soils as well as to meet up to crop requirement for 
obtaining high yields of field, fruit and vegetable crops 
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etc, the application of Zinc fertilizers in soils and on 
crops as foliar spray is highly economic and profitable. 
The choice of an appropriate zinc fertilizer its doses 
and methods of application either in soil or on crops a 
foliar spray is very much dependent upon the nature of 

zinc deficiency. Therefore, after characterizing the 
nature of its deficiency, the efficient in fertilizers with 
efficient techniques are to be used for the amelioration 
of deficiency problems.  

 

Table 1. Important soil characteristics of CRS Akola.  

 
Block pH EC (dSm-1) Texture 

Sand % Silt % Clay % Textural Class 

Mission school  7.8-8.6 0.18-0.36 20 13 67 Clay 
Malkapur  7.6-8.8 0.28-0.36 21 23 56 Clay  
Shivar  7.8-8.6 0.22-0.38 34 21 45 Clay loam 
Western  7.6-8.8 0.24-0.44 35 25 40 Silty clay  
Shivani  7.8-8.7 0.23-0.49 53 12 35 Clay loam 
Gudadi  7.7-8.4 0.24-0.49 23 33 44 Silty clay  
Babulgaon  7.6-8.5 0.22-0.68 25 23 52 Clay  
High way  7.9-8.7 0.20-0.58 19 26 55 Clay  

 
Table 2: Available copper status of central research station soil  

 
Blocks No. of samples analyzed Available range 

(mg kg-1) 

Mean 

(mg kg-1) 

Mission  21 0.02-5.27 3.02 
Malkapur  27 0.02-2.93 2.00 
Shivar  30 0.1-6.57 2.28 
Western  22 0.10-7.49 2.33 
Shivani  44 0.004-1.99 1.45 
Gudadhi 32 0.22-3.85 1.76 
Babulgaon  31 0.34-3.33 1.44 
High way  15 0.24-4.14 1.93 
Total  222 0.004-7.49 2.02 

 

Table 3: Available copper status of central research station soils (DTPA extractable) 

 
Blocks No. of samples 

analyzed 

Low < 0.2 

mg kg-1 

Medium 0.2 to 0.5 

mg kg-1 

High > 0.5 mg 

kg-1 

Mission School 21 0 (0%) 2 (10%) 19 (90%) 
Malkapur  27 0 (0%) 4 (15%) 23 (85%) 
Shivar  30 2 (7%) 6 (20%) 22 (73%) 
Western  22 1 (5%) 2 (9%) 19 (86%) 
Shivini  44 4 (9%) 6 (14%) 34 (77%) 
Gudadhi 32 2 (6%) 5 (13%) 25 (81%) 
Babulgaon  31 0 (0%) 3 (10%) 28 (90%) 
High way  15 1 (7%) 3 (20%) 11 (73%) 
Total  222 10 (4%) 31 (14%) 181(82%) 

(Figures in parenthesis indicates percentage of samples analyzed)  
 

Table 4: Available zinc status of CRS soils   
Blocks No. of samples analyzed Available range mg 

kg-1 

Mean mg kg-1 

Mission School  21 0.48-1.42 0.87 
Malkpur 27 0.45-1.72 0.80 
Shivar 30 0.283-2.28 0.83 
Western  22 0.34-2.16 0.77 
Shivani  44 0.27-2.46 0.59 
Gudadhi 32 0.23-1.19 0.57 
Babulgaon  31 0.21-0.80 0.48 
High way  15 0.23-1.15 0.66 
Total  222 0.21-2.46 0.70 
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Table 5: Available zinc status of CRS soils (DTPA extractable)   

 
Blocks No. of Samples 

analyzed 

Low <0.6 mg 

kg-1 

Medium 0.6 to 

1.2 mg kg-1 

High > 1.2 mg 

kg-1 

Mission School  21 2 (10%) 16 (76%) 3 (14%) 
Malkapur  27 5 (19%) 19 (70%) 3 (11%) 
Shivar  30 15 (50%) 13 (43%) 2 (7%) 
Western 22 10 (45%) 8 (36%) 4 (18%) 
Shivani  44 37 (84%) 0 (0%) 7 (16%) 
Gudadhi  32 26 (81%) 6 (19%) 0 (0%) 
Babulgaon  31 26 (84%) 5 (16%) 0 (0%) 
High way  15 7 (40%) 8 (60%) 0 (0%) 
Total  222 128 (52%) 75 (40%) 19 (8%) 

(Figure in parenthesis indicate percentage)  
 
Fig-1 : COPPER STATUS OF CENTRAL 

RESEARCH STATION SOILS, AKOLA 

Fig-2: ZINC STATUS OF CENTRAL RESEARCH STATION 

SOIL, AKOLA 
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ABSTRACT 

 The present study was carried out to evaluate the effect of genetic group, parity, season and 
period of calving on production and reproduction traits of 210 lactation records of Gir and crossbred 
cows maintained at Livestock Farm, Rajasthan College of Agriculture, Udaipur covering a period of 10 
years (1995-2004). The TMY, MY 305, PY, MY/CI, LL, DP were significantly affected by genetic group. 
Effect of parity was observed significant on LL, SP and CI and effect of season of calving was 
significant only on PY. The production performance was significantly lower in Gir purebreds as 
compared to crossbred cows. The performance was significantly higher for crossbred having less than 
62.5% exotic blood than crossbred having more than 62.5% exotic blood. 

Key words: Crossbred Cattle, Gir, Production and Reproduction Traits,  
 
The fast growing human population is 

demanding a rapid increase in agriculture and animal 
production. The modern technology related to dairy 
animals is trying to increase production by use of 
different biotechnological tools, crossbreeding, 
artificial insemination, feeding technologies, 
protection from diseases and improved management 
practices. Crossbreeding as one of the quickest means 
for augmenting milk production was realized since 
the nineteenth century in our country. The present 
study was carried out to study the effect of various 
factors on productive and reproductive traits of Gir 
and crossbred cows. 

 
MATERIALS AND METHODS 

 Two hundred ten lactation records of Gir 
purebred and crossbred cows maintained at Livestock 
Farm, Rajasthan College of Agriculture, Udaipur 
were used to study the effect of genetic group, parity, 
season and period of calving and two factors 
interaction on production and reproduction traits. 
Data were classified in to genetic group (Gir 
purebred, crossbred having < 62.5% exotic blood and 
crossbred having > 62.5% exotic blood), 5 periods 
(1995-96, 1997-98, 1999-2000, 2001-02 and 2003-
04). On the basis of meteorological conditions a 
calendar year was further divided into three seasons 
as rainy (July to October), winter (November to 
February) and summer (March to June). The traits 
under study were total milk yield (TMY), 305 days 
milk yield (MY 305), peak yield (PY), milk yield per 
day of lactation length (MY/LL), milk yield per day 
of calving interval (MY/CI), lactation length (LL), 
days to attain peak yield (DAPY), dry period (DP), 
service period (SP) and calving interval (CI). The data 
were analysed using least-squares analysis of variance 
(Harvey, 1990) with following mathematical model: 

Yijklm = µ+ GGi + PCj + SCk + Pl + (GG x PC)ij + 
(GG x SC)ik + (GG x P)il + eijklm 

Where, 
Yijklm  is the mth observation belonging to lth parity, kth 
season of calving, jth period of calving and ith genetic 
group 
µ is the overall mean 
GGi is the fixed effect of the ith genetic group 
PCj is the fixed effect of jth period of calving 
SCk is the fixed effect of the kth season of calving 
Pl is the fixed effect of the lth parity 
(GG x PC)ij, (GG x SC)ik and (GG x P)il is the 
interaction of the genetic group  with the jth period 
of calving, kth season of calving and lth parity 
respectively and eijklm

 is the random error term 
associated with observation with mean zero  and 

variance σe
2. 

 
RESULTS AND DISCUSSION 

 The least-squares means of production and 
reproduction traits for Gir purebreds and crossbred 
cows are present in Table 1. The overall averages for 
total milk yield, 305 days milk yield, peak yield, milk 
yield per day of lactation length, milk yield per day of 
calving interval, lactation length, days to attain peak 
yield, dry period, service period and calving interval 
were 2369.50±62.01 kg, 2080.82±46.12 kg, 
12.53±0.26 kg, 6.46±0.13 kg, 5.11±0.14 kg, 
367.96±6.53 days, 29.94±0.55 days, 114.78±5.40 
days, 201.99±8.09 days, 480.78±8.16 days 
respectively. 

 The TMY, 305 MY, PY, MY/CI, LL and DP 
were significantly affected by genetic group while its 
effect was non-significant on MY/LL, DAPY, SP and 
CI. Comparison of least-squares means of purebreds 
and crossbreds showed that the production 
performance in terms of TMY, MY305, PY and 
MY/CI was significantly lower in Gir purebreds as 
compared to crossbreds. The difference were 617.44, 
415.16, 2.22 and 1.24 kg respectively between Gir 
purebreds and crossbred having more than 62.5% 
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exotic blood and 1310.09, 997.86, 4.63 and 3.16 kg 
respectively between purebred and crossbred having 
less than 62.5% exotic blood.  

 Significant effect of parity was observed on 
lactation length, service period and calving interval. 
The Duncon's New Multiple Range Test indicated 
that the LL, SP and CI were significantly higher for 
first calvers as compared to cows that calved during 
later lactations. However, the difference between II to 
IV parities were non-significant. Significant effect of 
parity on lactation (Bhadoria et al., 2004) and service 
period and calving interval (Barwe et al., 2003) was 
also reported in cattle. The effect of season of calving 
was found to be significant on peak yield only. 
Similar results was also reported by Bhadoria et al. 
(2002) in Gir cows. The peak yield was significantly 
higher for cows that calved during summer season as 
compared to cows that calved during other seasons 
i.e., rainy and winter. The differences between these 
seasons were non-significant. Least-squares analysis 
of variance for production and reproduction traits 
showed that all the traits under study was not 
significantly affected by period of calving. 

 The effect of genetic group x parity 
interaction was found non-significant on all the 
production and reproduction traits under study. 
Goswami (1995) also observed non-significant effect 
of genetic group x parity interaction on production 
and reproduction traits in Rathi and its crossbreds. 
This indicates that trend of various production and 
reproduction characteristics across different parities 
does not depend upon genotypes. 

 Genotype x season interaction was found to 
be significant on the dry period, service period and 

calving interval in the present study. Goswami (1995) 
also observed significant effect on genotype x season 
interaction on dry period in Rathi and its crossbreds. 
Lower DP, SP and CI was observed for cows that 
calved during winter season than cows that calved 
during rainy and summer in Gir purebreds. In 
crossbreds both (< 62.5% and > 62.5% exotic blood) 
cows that calved during rainy season had significantly 
lower DP, SP and CI as compared to cows that calved 
during winter and summer seasons.  

 Effect of genetic group x period of calving 
interaction was found to be significant only on DP. 
Goswami (1995) also observed significant effect of 
genetic group and period of calving interaction was 
significant on DP in Rathi and its crossbreds. The 
genetic group is the main cause of variation in 
production and reproduction traits. Crossbreds 
perform better than Gir purebred cows. Among 
crossbreds, crossbred cows having less than 62.5% 
exotic blood perform significantly better than 
crossbred cows having more than 62.5% exotic blood. 

CONCLUSION 

 On the basis of results of interaction between 
genotype and non-genetic factors, it could be inferred 
that dry period, calving interval and service period of 
purebreds and crossbreds having > 62.5% exotic 
blood cows are affected more by non-genetic factors 
to a greater extent as compared to crossbreds having 
less than 62.5% exotic blood level. Appropriate 
management practices might reduces the non-
productive phase of lactation in Gir purebreds and 
crossbred having more than 62.5% exotic blood level 
and this leads to harvest more profit per unit of time.  

 
Table 1. Mean, standard deviation, standard error and coefficient of variation for production and reproduction traits 

of Gir and crossbred cows (pooled)  

Traits Unit Mean SD SE CV (%) 

TMY kg 2369.50 898.48 62.01 37.92 
MY305 kg 2080.82 668.25 46.12 32.11 
PY kg 12.53 3.91 0.26 31.20 
MY/LL kg/day 6.46 1.92 0.13 29.72 
MY/CI kg/day 5.11 2.08 0.14 40.70 
LL days 367.96 94.59 6.53 25.71 
DAPY days  29.94 8.00 0.55 26.72 
DP days 114.78 78.21 5.40 68.14 
SP days 201.99 117.29 8.09 58.07 
CI days 480.78 118.24 8.16 24.59 

All means based on 210 observations. 
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Table 2 Least-squares means and standard error of production traits 

 
Effects  No. Production traits (Mean ± SE) 

TMY            (kg) MY305         (kg) PY                

(kg) 

DAPY (days) MY/LL    (kg) MY/CI  (kg) 

µ 210 2105.90±91.57 1881.20±65.08 11.39±0.40 30.22±0.95 5.85±0.21 4.43±0.022 
Genetic groups:        
Purebreds 43 1463.39a±202.14 1410.19a±143.66 9.11a±0.89 31.04a±2.10 4.81a±0.42 2.96a±0.20 
Crossbred less than 
62.5% EB 

125 2773.48c±92.68 2408.05c±65.87 13.74c±0.41 29.67a±0.962 7.26a±10.19 6.12c±0.20 

Crossbred more than 
62.5% EB 

42 2080.83a±161.31 1825.35b±114.64 11.33b±0.741 29.94a±1.67 5.48a±0.42 4.20b±0.45 

Parity: 
Parity I 29 2206.95a±175.20 1848.44a±124.51 11.11a±0.77 30.01a±1.82 5.41a±0.37 4.21a±0.39 
Parity II 41 1991.24a±159.79 1864.78a±113.56 11.04a±0.70 30.75a±1.66 5.73a±0.34 4.45a±0.36 
Parity III 34 2050.22a±183.79 1874.81a±130.62 11.50a±0.81 30.15a±1.91 5.82a±0.39 4.33a±0.42 
Parity IV 34 2224.43a±186.88 1993.40a±132.81 11.66a±0.82 30.52a±1.94 6.31a±0.40 4.77a±0.43 
Parity V 72 2056.65a±158.68 1824.56a±112.98 11.66a±0.70 29.66a±1.65 5.98a±0.36 4.39a±0.38 
Season: 
Rainy  65 1981.07a±141.68 1776.49a±100.69 10.84a±0.62 29.88a±1.47 5.56a±0.32 4.32a±0.34 
Winter  63 2147.66a±136.10 1890.69a±96.72 10.73a±0.60 31.08a±1.41 5.76a±0.29 4.32a±0.31 
Summer 82 2188.96a±123.37 1976.42a±87.68 12.61b±0.53 29.70a±1.28 6.24a±0.27 4.65a±0.29 
Periods: 
Period I (1995-96) 43 2157.64a±167.18 1854.15a±118.81 10.99a±0.73 31.29a±1.73 5.89a±0.35 4.63a±0.37 
Period II (1997-98) 50 2160.50a±149.06 1849.48a±105.93 11.82a±0.65 28.78a±1.55 5.82a±0.31 4.34a±0.33 
Period III (1999-2000) 52 2174.08a±131.55 1932.17a±93.49 11.68a±0.58 29.55a±1.36 6.10a±0.27 4.60a±0.29 
Period IV (2001-02) 53 2233.80a±145.36 2023.68a±103.31 11.95a±0.64 30.59a±1.51 6.09a±0.31 4.74a±0.33 
Period V (2003-04) 12 1803.46a±369.16 1746.51a±262.35 10.52a±1.62 30.90a±3.83 5.36a±0.89 3.83a±0.94 
Genetic group x Parity: 
Purebreds x Parity I 5 1466.93a±372.92 1348.75a±265.03 9.75a±1.34 30.57a±3.87 4.36a±0.78 2.64a±0.83 
Purebreds x Parity II 14 1354.04a±311.40 1397.35a±221.30 9.13a±1.37 33.87a±3.23 4.68a±0.65 2.78a±0.69 
Purebreds x Parity III 8 1495.18a±376.18 1453.53a±267.34 8.37a±1.65 34.03a±3.90 4.71a±0.79 2.90a±0.83 
Purebreds x Parity IV 8 1616.48a±377.11 1564.98a±268.00 9.44a±1.66 29.87a±3.91 5.19a±0.79 3.28a±0.84 
Purebreds x Parity V 8 1384.30a±375.42 1286.35a±266.80 8.86a±1.65 26.88a±3.90 5.09a±0.81 3.21a±0.85 
Crossbreds < 62.5% 
EB x Parity I 

15 2933.76a±224.67 2391.88a±159.67 12.83a±0.99 27.98a±2.33 6.79a±0.47 6.06a±0.50 

Crossbreds < 62.5% 
EB x Parity II 

19 2722.75a±196.56 2491.73a±139.69 13.03a±0.86 31.91a±2.04 7.43a±0.41 6.74a±0.43 

Crossbreds < 62.5% 
EB x Parity III 

20 2801.54a±188.91 2448.64a±134.26 14.79a±0.83 29.22a±1.96 7.54a±0.40 6.00a±0.42 

Crossbreds < 62.5% 
EB x Parity IV 

20 2801.54a±187.51 2425.03a±133.26 14.25a±0.82 29.51a±1.94 7.67a±0.34 6.24a±0.41 

Crossbreds < 62.5% 
EB x Parity V 

51 2604.76a±113.77 2282.97a±80.85 13.81a±0.50 29.76a±1.18 6.90a±0.24 5.58a±0.25 

Crossbreds > 62.5% 
EB x Parity I 

9 2220.18a±294.75 1804.68a±209.26 10.74a±1.29 31.49a±3.05 5.09a±0.62 3.92a±0.66 

Crossbreds > 62.5% 
EB x Parity II 

8 1896.92a±306.89 1705.26a±218.10 10.96a±1.35 26.48a±3.18 5.09a±0.68 3.82a±0.72 

Crossbreds > 62.5% 
EB x Parity III 

6 1850.88a±356.12 1722.27a±253.08 11.33a±1.57 27.20a±3.69 5.21a±0.79 4.09a±0.84 

Crossbreds > 62.5% 
EB x Parity IV 

6 2255.27a±370.88 1990.20a±263.00 11.30a±1.63 32.17a±3.84 6.08a±0.83 4.80a±0.88 

Crossbreds > 62.5% 
EB x Parity V 

13 2180.88a±271.27 1904.36a±192.78 12.30a±1.19 32.35a±2.81 5.95a±0.68 4.37a±0.72 

Genetic group x Season 
Purebreds x Rainy 12 1496.58a±306.48 1459.65a±271.81 9.18a±1.35 32.26a±3.18 4.71a±0.64 2.89a±0.68 
Purebreds x Winter 16 1393.51a±268.45 1371.18a±190.78 8.81a±1.18 31.94a±2.78 4.93a±0.56 3.04a±0.59 
Purebreds x Summer 15 1500.06a±241.11 1399.74a±171.35 9.35a±1.06 28.94a±2.50 4.79a±0.52 2.96a±0.55 
Crossbreds < 62.5% 
EB x Rainy   

36 2537.57a±146.08 2246.19a±103.81 12.94a±0.643 29.03a±1.51 6.95a±0.31 6.06a±0.32 

Crossbreds < 62.5% 
EB x Winter 

37 2752.29a±149.79 2391.80a±106.45 13.09a±0.65 31.19a±1.55 7.06a±0.31 5.75a±0.33 

Crossbreds < 62.5% 
EB x Summer 

52 3030.57a±125.97 2586.17a±89.52 15.20a±0.55 28.81a±1.31 7.78a±0.26 6.55a±0.28 

Crossbreds > 62.5% 
EB x Rainy 

17 1909.05a±255.74 1623.63a±181.74 10.41a±1.12 28.35a±2.65 5.01a±0.65 4.01a±0.69 

Crossbreds > 62.5% 
EB x Winter 

10 2297.17a±268.72 1909.09a±190.97 10.29a±1.18 30.11a±2.79 5.28a±0.59 4.16a±0.62 

Crossbreds > 62.5% 
EB x Summer  

15 2036.26a±250.98 1943.34a±178.36 13.29a±1.10 31.36a±2.60 6.15a±0.57 4.43a±0.61 

Genetic group x Period 
Purebreds x Period I 
(1995-96) 

5 1564.11a±377.19 1510.03a±268.06 9.33a±1.66 28.61a±3.91 5.23a±0.79 3.21a±0.84 

Purebreds x Period II 
(1997-98) 

15 1622.33a±253.58 1453.14a±180.21 9.46a±1.11 27.35a±2.63 4.96a±0.53 3.04a±0.56 

Purebreds x Period III 
(1999-2000) 

11 1597.14a±279.11 1502.08a±198.35 10.54a±1.23 28.98a±2.90 5.29a±0.58 2.94a±0.62 

Purebreds x Period IV 
(2001-02) 

8 1433.57a±278.04 1418.83a±197.59 9.10a±1.22 33.70a±2.88 4.58a±0.59 2.85a±0.62 

Purebreds x Period V 
(2003-04) 

4 1099.78a±896.13 1166.89a±636.85 7.12a±3.94 36.58a±9.30 3.98a±1.88 2.77a±1.99 



Journal of Progressive Agriculture, Vol.4, No. 1: April, 2013 

   138 

Effects  No. Production traits (Mean ± SE) 

TMY            (kg) MY305         (kg) PY                

(kg) 

DAPY (days) MY/LL    (kg) MY/CI  (kg) 

Crossbreds < 62.5% 
EB x Period I 

29 2764.70a±150.24 2186.40a±106.77 13.07a±0.661 29.29a±1.56 6.66a±0.31 5.80a±0.33 

Crossbreds < 62.5% 
EB x Period II 

29 2477.06a±153.98 2159.56a±109.43 13.02a±0.678 29.56a±1.60 6.60a±0.32 5.41a±0.34 

Crossbreds < 62.5% 
EB x Period III 

28 2637.99a±156.10 2312.54a±110.93 13.26a±0.687 27.90a±1.62 7.30a±0.33 6.07a±0.35 

Crossbreds < 62.5% 
EB x Period IV 

30 2966.06a±166.74 2674.93a±118.50 14.70a±0.734 31.23a±1.73 8.05a±0.35 6.79a±0.37 

Crossbreds < 62.5% 
EB x Period V 

9 3111.58a±293.63 2706.81a±208.68 14.67a±1.29 30.38a±3.05 7.71a±0.61 6.55a±0.65 

Crossbreds > 62.5% 
EB x Period I 

9 2234.11a±294.47 1866.03a±209.27 10.58a±1.29 35.96a±3.05 5.78a±0.62 4.88a±0.66 

Crossbreds > 62.5% 
EB x Period II 

6 2382.11a±334.60 1935.75a±237.79 12.99a±1.47 29.43a±3.47 5.89a±0.70 4.58a±0.74 

Crossbreds > 62.5% 
EB x Period III 

13 2287.11a±231.25 1981.88a±164.34 11.23a±1.02 31.75a±2.40 5.71a±0.48 4.78a±0.51 

Crossbreds > 62.5% 
EB x Period IV 

12 2301.78a±291.66 1977.29a±207.28 12.04a±1.28 26.83a±3.03 5.64a±0.63 4.58a±0.67 

Crossbreds > 62.5% 
EB x Period V 

2 1199.01a±580.72 1365.82a±412.70 9.79a±2.55 25.72a±6.03 4.40a±1.78 2.18a±1.89 

EB = Exotic Blood 
Means of particular class with different superscript differ significantly 
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ABSTRACT 

In recent years Self help Groups have become significant institutions for rural development. It is 
now being increasingly realized that instead of targeting the individuals in the process of development, 
it would be more useful to adopt the approach make available the collective wisdom and combined 
resources for any task. Though SHGs have gained access to all government officials, they have not 
become bold enough to speak out as demonstrated at some forums in the country. The present study 
carried out in Sriganganagar district of Rajasthan state during 20010-2011, revealed that members of 
the rural women’s SHGs have been benefited in many ways such as exposure to different development 
programmes of the government, exposure to the banks as well as transactions, their confidence level 
has been increased because of their own savings and easy access to loan from SHG. There was a 
good impact on economic aspects of the members in their financial position, family income and 
improvement in the employment generation through different income generation activities. Major 
reasons for group formation by the rural women were to take advantage of group action(85%), followed 
by improved employment activities (79.17%), meeting for collective decisions (75%), overcoming 
exploitation of money lenders(75%),internal lending (66.67%), improved social participation (66.67%), 
saving money regularly(62.50%) and general income(54.17%). The social impacts of SHGs on rural 
women were exposure to different development departments and participations in meetings, decision 
making and exposure to banks as well as to transactions .The most influential change was observed in 
loan borrowing pattern of the SHG members as most of them had developed their own funds, were 
able to transact with the banks and the borrowing of loans from the money lenders had reduced to 
considerable extent. The major impacts like improvement in the economic status of the 
family(80.83%),avoiding exploitation by money lenders (77.33%) easy to get money in emergency 
situation and facilitates savings (73.33%) have been witnessed for the empowerment of women. The 
reduced rate of bank interest , simple procedure to be followed for releasing the loan, marketing and 
transport facilities to be improved, training on skill improvement, increase in the duration of the training, 
enhanced repayment period were the other suggestions highlighted the strengthening of rural women 
SHGs in order to provide more opportunity for empowerment of farm women.  

key words: Empowerment, rural women, self help groups   

Women contribute two thirds of world work 
hours and comprise half of the humanity yet she earns 
only one third of the total income and owns less than 
one tenth of the world resources. Female poverty is 
most directly related to the absence of economic 
resources including credit, land ownership and 
inheritance, lack of access to education and support 
services and minimal participation in the decision 
making process. Lack of institutional credit has been 
one of the major constraints to the poor to come out 
of the vicious circle of poverty. At the Government 
level attempts like introduction of cooperatives and 
nationalization of commercial banks were made with 
a view to make the institutional credit available to the 
weaker section particularly the poor. The failure of 
these has stressed the need for an alternative 
arrangement for the delivery of credit to the poor. 
SHGs emerge as an alternative mechanism to meet 
the urgent needs of the poor. 

 The dependence of the rural poor on money 
lenders especially for meeting emergent requirement 
is still very high. And most of the rural poor remain 

outside the preview of formal credit system, despite 
significant attempt made by the Government and the 
banks to improve the efficiency and effectiveness of 
the rural credit delivery system. 

 Self help groups are mostly informal groups 
whose members pool saving and relend within the 
group on rotational or needs basis. These groups have 
a common perception of need and impulse towards 
collective action. Many of these groups got formed 
around specific production activity promote savings 
among members and uses the pooled resources to 
meet emergent needs of members, including 
consumption needs. Since SHGs were able to 
mobilise savings from the poor who were not 
expected to have any savings among members, they 
succeeded in performing or providing banking 
services to their members, may be in a primitive way, 
but in a manner which was cost effective, simple, 
flexible at the door step of the members and above all 
without any defaults in repayment by borrowers.  
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 In recent years, SHGs have become 
significant institution for rural development. It is now 
being increasingly realized that instead of targeting 
the individual in process of development it would be 
more useful to adopt the approach of group 
development. The group approach make available the 
collective wisdom and combined resources for any 
task. The number of SHGs in the country have 
multiplied by many felids during the last decade.  

OBJECTIVES 

In this prospect, a critical study of the evaluation 
of the SHGs will be of immense use in knowing the 
functioning, prospects and problems in their operation 
and to suggest appropriate strategies for successful 
functioning of SHGs. Hence the present study has 
been formulated with the following specific 
objectives.    

1. To find out the socio economic impact on SHG 
members. 

2. To analyse the impact of income generating 
activities on the SHG members. 

3. To describe the impact of SHGs in generating 
average employment days through various income 
generating activities. 

4. To identify the role of KVK in establishing links 
between SHGs and banks. 

5. To obtain the suggestions of the members for the 
success of SHGs. 

MATERIAL AND METHODS 

The study was conducted in Sriganganagar 
district of Rajasthan state. The expost facto research 
design was adopted for the study. Two panchayat 
samities were selected from the district, namely 
Sriganganagar panchayat samiti and Padampur 
panchayat samiti. Out of each panchayat samiti, ten 
SHGs were selected thus comprising of total 20 SHGs 
from whole district. Finally twelve members were 
selected from each SHGs to constitute a total sample 
of size of 240. 

 Keeping in view the objectives and variables 
of the study, the schedule was prepared in 
consultation with experts in the field of Agriculture 
and rural development, scientists of the university and 
extension workers of development department. The 
schedule was pre-tested with a sample of 40 SHG 
members in non sample area for testing the adequacy 
of the schedule Later modifications were incorporated 
with some suitable changes and final schedule was 
standardized. 

The data was collected by personal interview 
method. All the 240 SHG members spread our the 

district, were interviewed to collect reliable 
information. 

RESULTS AND DISCUSSION 

1. Social impact 

The results on the social impact as presented in 
Table 1, highlight that the members of SHG felt that 
they have been benefited in many ways such as 
exposure to different development departments and 
participation in meeting, in decision making, 
exposure to banks as well as transactions in the bank. 
Many of the members expressed that their respect in 
home as well as in society has improved due to being 
a member of SHG. Their confidence has been 
improved because of their own saving, easy access to 
loan and awareness about development departments. 
The members have the feeling that their social 
responsibility has been enhanced for being a  
members of SHG. The SHG has also helped to 
develop a sense of unity and they were able to make 
mutual help. 

Some of the SHGs have initiated voluntary 
services in village such as cleaning road, cleaning of 
drinking water tap connection, women members were 
able to organized some of the women development 
activities and also encouraged other members to send 
their children to school, and protest alcohol in the 
village etc. In one instance, one woman SHG 
promoted many of the income generation activities 
and also organized training programme to encourage 
the entrepreneurial behavior of women. 

The participation of SHG members in SHG 
programme has given a good platform to develop 
leadership qualities. Similarly participation in training 
programme and exposure visit has created confidence 
among the members as evidenced from the fact that 
three members of society have been elected to the 
farmers’ service society. 

2. Economic impact 

(a)  Impact of income generating activities on 
the SHG members 

 It was observed from table 2, that the 
members of the SHG in both the Panchayat samities 
(PS) have taken up different income generation 
activities after formation of SHG. Of these a high per 
cent of members have taken up tailoring (47.50%) 
and dairy enterprises (36.67%). The moderate 
numbers were found to earn from the activities like, 
weaving (15.83%), and vermincomposting (14.58%). 
Similarly the activities of papad making (12.50%), 
mat making (11.67%), marketing of produce 
(10.83%), masala packing (9.58) and sheep and goat 
rearing (9.17%) were the other IGAs among the SHG 
members. The comparative analysis reveals that, in all 
most all income generating activities, more economic 
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impact was observed in SHG members of 
Sriganganagar Panchayat Samities (SGNR PS) than 
Padampur Panchayat Samities (PDM PS ) SHG 
members. 

(b) Impact of SHGs in generating average 
employment days through various IGAs 

It was observed from table 3, that the total 
average maximum employment days were noticed in 
IGAs like dairy (38 days), sheep and goat rearing (21 
days) and tailoring (17 days). The PS wise 
distribution shows the highest employment generation 
in SGNR PS is in dairy (42 days), and tailoring (18 
days) whereas in PDM PS highest average 
employment days was observed in dairy (34 days) 
and sheep and goat rearing (25 days) whereas mat 
making generated employment days in SGNR PS (31 
days) only. The activity of sheep and goat rearing 
created more employment days in PDM (25 days) as 
compared to SGNR (16 days). Finally, total average 
employment days created due to IGAs was observed 
to be higher in SGNR Panchayat Samiti (157 days) as 
compared to PDM Panchayat Samiti (118 days). 

3. Role of KVKs in establishing link between banks 
and SHGs. 

The clear cut roles of KVK as presented in the 
table 4, shows that KVK was adopting the criteria like 
providing the proper guidance for record keeping and 
money saving, training to SHG members for 
maintenance of records, and proper follow up and 
supervision of SHG activities. Similarly the 
management of difference of opinions and clashes 
among SHG members and facilitating frequent 
contacts with bank officials were followed by KVK. 
The organization of krishimala and monitoring and 
evaluation of SHG activities by KVK was reported to 
the extent of 75.00 per cent of both the PS. Lastly, 
encouraging of SHG members to undertake IGAs, 
arranging exposure trip and identification of genuine 
needs of SHG members by KVK was reported by 75 
per cent members of SGNR Panchayat Samiti and 50 
per cent of PDM Panchayat Smiti. 

4. Suggestions of SHG members for the success 
of SHGs. 

The suggestions were elicited from the members 
were elicited from the members of SHGs for the 
improvement of loan arrangement and infrastructure, 
purchase of assets, marketing, training and other 
activities and is presented in table 5. It is evident from 

the data that a high per cent of SHG members 
expressed the need for reducing the interest rate 
(91.25%) and simple procedure to avail the loan 
(80.83%), followed by suggestion of increasing the 
repayment period (71.66%). For the improvement of 
infrastructure and assets purchase only moderate 
number of SHG members have pointed out the need 
for providing adequate infrastructure facilities for the 
selected activity (59.50%) and minimizing too many 
complications in purchasing of assets (42.08%). The 
similar observations were also pointed out in both the 
PS. 

 The need for providing improved facilities 
for marketing and transport were briefed by 91.67 per 
cent and 73.33 per cent of members respectively. To 
strengthen training activity majority members 
expressed the need for providing basic orientation 
(91.66%) followed by focus on skill upgrading 
(65.85%). Lastly 61.66 per cent and 37.50 per cent of 
members respectively suggested the need for 
including more income generating activities and 
providing opportunity for the beneficiaries to select 
activity. 

RECOMMENDATIONS AND IMPLICATIONS 

OF THE STUDY:- 

 In the light of major findings on the 
socioeconomic impact on SHG members, and 
suggestions expressed for the success of SHGs, the 
significant recommendations and major implications 
emerged are summarized as follows. 

• There is a need to promote micro financing 
facilities for encouraging rural livelihood 
programmes for the poorest of the poor. 

• Promotion of women leadership in rural areas is 
very much essential for strengthening women 
empowerment. 

• There is a need to identify and promote important 
locations specific IGAs. 

• Appropriate trainings to develop entrepreneurship 
qualities among women should be organized  

• Training programmes need to organize not only in 
production technologies but also in processing and 
marketing of produces. 

• Technical skill trainings in seed production, 
floriculture and nurseries should be organized. 
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Table 1. Social Impact on the families of SHG members. 

Type of impact SGNR P.S. 
(n=120) 

PDM P.S. 
(n=120) 

Aggregate (n=240) 

No. % No. % No. % 

It helps in improving the economic status of the 
family 

98 81.66 96 80.00 194 80.83 

It provides easy access to institutional loans 73 60.83 72 60.00 145 60.41 
Easy to get money in emergency situation 95 79.16 90 75.00 185 77.03 
It facilitates savings 94 78.33 91 75.83 185 77.08 
It provides social security 69 57.50 78 65.00 147 61.25 
It increases social participation 71 59.16 76 63.33 147 61.25 

 
It avoids exploitation by money lenders 94 78.33 92 76.66 186 77.50 
It increase income and employment to the family 85 70.83 91 75.83 176 73.33 
It helps in making appropriate decisions 73 60.83 80 66.66 153 63.75 
It has increased confidence level 68 56.66 75 62.50 143 59.58 
It has increased social status 80 66.66 78 65.00 158 65.83 
It has increased social cohesiveness  75 62.50 71 59.16 146 60.83 
It helped in development of leadership 64 53.33 76 63.33 140 58.33 
It has increased moral courage 60 50.00 69 57.50 129 53.75 

 
Table 2. Economic impact on the members of SHGs 

Particulars SGNR P.S. 
(n=120) 

PDM P.S. 
(n=120) 

Total 
(n=240) 

No  % No % No % 

Dairy (Rs. 1500-5000) 47 39.17 41 34.17 88 36.67 
Poultry (800-1800) 04 3.33 - - 04 1.67 
Tailoring (Rs. 700-1000) 60 50.00 54 45.00 114 47.50 
Vermicomposting (Rs. 600-1600) 23 19.17 12 10.00 35 14.58 
Weaving (Rs. 400-800) 38 31.67 - - 38 15.83 
Papad making (Rs. 1250-1800) - - 30 25.00 30 12.50 
Masala Packing (Rs. 800-1200) 08 6.67 15 12.50 23 9.58 
Agarbatti  making (Rs. 600-1800) - - 08 6.67 8 3.33 
Marketing of agril. Produce (Rs. 1800-2400) 21 17.50 05 4.17 26 10.83 
Mat making (Rs. 2500-4000) 28 23.33 - - 28 11.67 
Sheep and goat rearing (Rs. 2000-4000) 06 5.00 16 13.33 22 9.17 
Pickles making (Rs. 400-1200) 02 1.67 16 13.33 18 7.50 

 
Table 3. Impact of SHGs in generating average employment days through various IGAs              (n=240) 

Income generating activities Average employment days per annum 

 

Total average 

SGNR P.S. PDM  P. S. 

Dairy 42 34 38 
Poultry  12 - 06 
Tailoring 18 16 17 
Vermicomposting 11 06 09 
Weaving 08 - 04 
Papad making - 08 04 
Masala Packing 03 06 05 
Agarbatti  making - 07 04 
Marketing of agril. produce 12 03 08 
Mat making 31 - 16 
Sheep and goat rearing 16 25 21 
Pickles making 04 08 06 
Total  157 118  

 
Table 4. Role of KVKs in establishing the link between banks and SHGs 

Particulars SGNR P.S. 

(n=120) 

PDM  P. S. 

(n=120) 

Aggregate 

(n=240) 

No % No % No % 

Providing proper guidance for record keeping and money 
saving  

120 100 120 100 240 100.00 

Providing training to SHGs members for maintenance of 
records 

120 100 120 100 240 100.00 

Conducting group meetings 120 100 120 100 240 100.00 
Follow up and supervision of SHG activities 120 100 120 100 240 100.00 
Management of difference of opinion/clashes among SHG 
members at field level 

120 100 120 100 240 100.00 

Facilitating frequent contacls with bank officials 120 100 120 100 240 100.00 
Exposure visit to Krishimela 90 75 90 75 180 75.00 
Monitoring and evaluation of SHG activities 90 75 90 75 180 75.00 
Encouraging SHG members to undertake IGAs 90 75 90 75 150 62.50 
Arranging exposure trip 90 75 90 75 150 62.50 
Identification of genuine needs of SHG members 90 75 90 75 150 62.50 
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Table 5. Suggestions of the SHG members for improving the performance of SHGs 

S.  

No 

Suggestions SGNR PS 

(n=120) 

PDM PS  

(n=120) 

Aggregate (n=240) 

No. % No. % No. % 

1. Loan amount  
a. Quick release of loan 54 45 38 31.60 92 38.33 
b. Increase the loan amount 25 19.16 12 10.00 35 14.58 
c. Increase the repayment period 92 76.66 80 66.66 172 71.66 
d. Reduce the interest rate 104 86.66 115 95.83 219 91.25 
e. Simple procedure to avail the 
loan 

96 80.00 98 81.66 194 80.83 

2. Infrastructure and purchase of assets  
a. Material should be provided at 

proper time 

12 10.00 18 15.00 30 12.50 

b. Procedure for procurement of 

raw material to be made easy 

32 26.60 28 23.33 60 25.00 

c. Too many complications in 

purchasing should be 

minimzed 

47 39.16 54 45.00 101 42.08 

d. Provide adequate infrastructure 

facilities for selected activity 

68 56.66 75 62.50 143 59.50 

3 Marketing 

a.Arranging single outlet for 
marketing  

15 12.50 13 10.83 28 23.33 

b.Increase assistance from SHG 20 16.60 32 26.66 52 21.66 
c.Improved facilities for marketing  105 87.50 115 95.83 220 91.67 
d.Providing transport facility 84 70.00 92 76.66 176 73.33 

4. Training  
a.Providing a basic orientation 
besides skill development 

108 90.00 112 93.33 220 91.66 

b.Increase the duration of training 27 22.50 43 35.83 70 29.16 
c.Focus on skill up grading 87 72.50 72 59.16 158 65.85 

 
5. Other Activities 

a. Increased number of activities 62 51.66 86 71.66 148 61.66 
b .Opportunity for the beneficiaries 
to select the activity  

54 43.00 36 30.00 90 37.00 
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ABSTRACT 

Good Agricultural Practices (GAP) is a food safety management program or pre requisite programs for 
hazard analysis and critical control point (HACCP). The purpose of GAP is to give logical guidance for 
vegetable grovers to minimize food hazzards risk and ensuring safety and quality of fresh vegetables in 
the food chain and increase the consumer satisfaction. Records documentation are necessary for 
GAP. It should be ensure that all vegetables grovers follow the same globalized standards for fresh 
vegetables production and their retailing. GAP contributes to meeting national & international 
environment & social development objectives. Worker health and hygiene with good sanitation 
practices are also the important issue of GAP. 
 
Key Words: Good Agricultural Practices, Grover, HACCP, Safety and Vegetable. 

 
Food safety and quality has become a serious 

concern in the production and marketing of 
Vegetables over the past decade. The increasing 
awareness of peoples about food borne illnesses 
associated with the consumption of fresh vegetables 
due to increase in consumer’s income, changing 
lifestyle and growing concern for healthy food. Most 
of these food borne outbreaks were associated with 
microbial contamination. The major microbes that 
have been implicated include Salmonella, Escherichia 

coli 0157:H7, Campylobacte, Listeria monocytogenes 
and the Norwalk virus. Protozoan type organisms 
(Cryptosporidium sp.) and Nematodes, (Strongylus 
sp.), were also implicated in some outbreaks.  There 
were few cases where documented evidence had 
shown that the food borne illness could be traced back 
to poor agricultural practices occurred during 
production and postharvest handling which led to 
produce contamination and illness (Mohammed, 
2005). In an attempt to reduce these risks Good 
Agricultural Practices (GAPs) protocols is requiring 
(Sabir et al., 2010). The concept of Good Agricultural 
Practices is the application of available knowledge to 
addressing environmental, economic and social 
sustainability for on farm production and post 
production process resulting in safe and healthy food 
and non food agricultural products or utilization of 
the natural resource base in a sustainable way for the 
production of safe and healthy wholesome vegetables, 
in a humane manner, while achieving economic 
viability and social stability. The purpose of GAPs is 
to give logical guidance in implementing best 
management practices that will help to reduce the 
risks of microbial contamination of vegetables or 
guide to minimize microbial food safety hazards for 
fresh vegetables. A GAP includes physical, chemical 
structure, and biological activity of soil, manure use, 
water quality throughout the production, crop 
protection, harvesting process, worker hygiene and 
health etc. This requires a sound, comprehensive 
management strategy and the capability for 
responsive tactical adjustments as circumstances 

change. Success of GAPs depends upon developing 
the skill and knowledge bases, on continuous 
recording and analysis of performance, and the use of 
expert advice as required. The framework portrays the 
guiding principles of good agriculture within 
elements of resource concerns, disciplines and 
practices. Using the framework, detailed management 
guidelines can be prepared for individual production 
systems within specific horti-ecosystems. The 
International Standardization Organisation (ISO) has 
developed its food safety standard ISO 22000:2005 
(Mohammed, 2005). To accelerate good agricultural 
practices (GAP) on the farms, the Quality Council of 
India was introduced a protocal in 2011 to ensure safe 
and quality produce that can effectively compete in 
both the domestic and international markets. 
Considering the importance of GAP, vegetable 
farmers should adopt it and minimize the risk of 
contamination, right from pre planting stage of crop 
to post harvest stage of crop. 
Why there is a need of GAP 
� Ensuring safety and quality of produce in the 
food chain.  
�  Maintenance of an adequate supply of quality 
rich product.  
�  Conservation of biodiversity.  
�  Farmers are the direct link to the consumers in 
the food chain.  
�  Increase the consumer satisfaction.  
�  Globalization of retailing and production. 
�  Small farmers can get higher prices of their 
produce. 
�  Improving natural resources use, workers health 
and working conditions. 
�  Creating new market opportunities for farmers 
and exporters in developing countries. 
Good agriculture practices (GAP) in field 

condition for safe vegetables production should be 

follow these: 

Site selection: 

Land must be suitable for vegetable cultivation and 
selected on the basis of land history, previous manure 
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applications and crop rotation. It must not have a 
history of industrial use and located away from the 
zone of heavy industries, animal housing and 
pastures. 
Soil: 

Soil management practices will maintain and improve 
soil fertility by minimizing losses of soil nutrients, 
and agrochemicals through erosion, runoff and 
leaching into surface or ground water. Such losses 
represent inefficient and unsustainable management 
of these resources, in addition to their potential 
deleterious off-site effects. Management also seeks to 
enhance the biological activity of the soil and protect 
surrounding natural vegetation and wildlife. Good 
agricultural practice will: 

• Soil must not be contaminated with heavy 
metals i.a. Cadmium, chromium, lead and 
mercury. The heavy metals levels must not be 
exist from MRL (minimum residual level/ limit).  

• Maintaining a record of the analysis from 
laboratory for heavy metals, nutrients and the 
inputs that applied in soil such as FYM, Compost, 
and other organic, inorganic fertilizers. 

• Fertilizers (organic and inorganic) and other 
agrochemicals should be applied in proper 
amounts and timing and by methods appropriate 
to agronomic and environmental requirements. 

• To reducing the risk of microbial 
contamination use proper and completely de 
compost of manure (FYM), incorporating it into 
soil prior to planting avoiding top-dressing of 
plants. 

• Maintain or improve soil organic matter 
through the use of soil-building crop rotations and 
appropriate mechanical and conservation tillage 
practices. 

• Mulch should be used to minimize erosion 
loss by wind and/or water (Simonne et al., 2008). 

Water: 

Water quality can play a vital role in quality as well 
as safe vegetables production. The quality of water 
available to irrigation in vegetables production has a 
considerable impact on what plants can be 
successfully grown, the productivity of these plants, 
water infiltration and other soil physical conditions. 
Careful management of water resources and efficient 
use of water for irrigation where applicable is criteria 
for good agricultural practice. They include 
maximizing the infiltration of rain water on 
agricultural land and maintaining mulch to avoid 
surface run-off and minimize leaching to water tables. 
The maintenance of adequate soil structure, including 
continuous macropores and soil organic matter, are 
important factors to achieve this. Efficient irrigation 
methods and technologies will minimize losses during 
the supply and distribution of irrigation water by 
adapting the quantity and timing to agronomic 
requirements to avoid excessive leaching and 
salinization. Good agricultural practice will: 

• Keep records or documentation with respect to 
each water source used for agricultural purposes, 

including the intended use, and any water test 
performed on the source(s).  

• Livestock must not direct access to water source 
and provide adequate, safe, clean watering points 
for livestock. 

• Any waste or sewerage water must not be contact 
with irrigation water. 

• Apply production inputs, including waste or 
recycled products of organic, inorganic and 
synthetic nature by practices that avoid 
contamination of water resources. 

• Adopt techniques to monitor crop and soil water 
status, accurately schedule irrigation, and prevent 
soil salinization by adopting water-saving 
measures and re-cycling where possible. 

• Enhance the functioning of the water cycle by 
establishing permanent cover or maintaining or 
restoring wetlands as needed. 

• All agricultural water sources should be quarterly 
tested in laboratory for biological contamination 
(E.coli and fecal coliforms etc.) and using a water 
treatment to reduce biological contamination. 

• Drip irrigation method to be used, whenever 
possible to reduce the risk of crop contamination 
because of the edible parts of most vegetable crops 
are not directly wetted. Water use efficiency is 
highest with this method (Simonne et al., 2008).  

Manures and fertilizers management: 

• Green raw manure or Human manure cannot be 
used for protected vegetables production only 
completely FYM and/or compost decomposed, 
free from any contaminations should be 
incorporated into the soil prior to planting and 
avoid top dressing of plants. 

• Recommended fertilizers schedule should be 
follow completely with Integrated Nutrient 
Management (INM). 

• Manure should be stored separately from 
pesticide, herbicide in accordance with legislation 
and as far away as practical from areas where 
fresh vegetables are grown and handled. 

Crop protection 

• Use resistant cultivars and varieties, crop 
sequences, associations, and cultural practices that 
maximize biological prevention of pests and 
diseases. 

• Maintain regular and quantitative assessment of 
the balance status between pests and diseases and 
beneficial organisms of all crops. 

• Follow Integrated Pest Management (IPM) 
Practises to minimize the use of agrochemicals.  

• Only the recommended pesticide against various 
pest should be used at proper required dose.  

• Store and use agrochemicals according to legal 
requirements of registration for individual crops, 
rates, timings, and pre-harvest intervals. 

• Ensure that agrochemicals are only applied by 
specially trained and knowledgeable persons. 
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• Ensure that equipment used for the handling and 
application of agrochemicals complies with 
established safety and maintenance standards. 

• Maintain accurate records of purchase, application 
dose, and spray time of agrochemical. 

• Empty container of pesticide must be disposing or 
destroyed immediately (Simonne et al., 2008).  

 Harvest, on-farm processing and storage 

Vegetables quality also depends upon implementation 
of acceptable protocols for harvesting, clean and 
safe handling, packaging and storage etc. 
Harvesting must conform to regulations relating to 
pre-harvest intervals for agrochemicals. 
Vegetables should be stored under appropriate 
conditions of temperature and humidity in space 
designed and reserved for that purpose. 

Operations involving animals, such as shearing and 
slaughter, must adhere to animal health and 
welfare standards. Good agricultural practice will: 

• Harvested vegetables should be precooled within 
a  short time 

• Washing should be done with recommended 
detergents and clean water. 

• Vegetables must be stored under hygienic and 
appropriate environmental conditions. 

• Vegetables should be graded and packed for 
transport in clean and appropriate containers or in 
refrigerator condition. 

• The container used for packaging vegetables 
should be in appropriate size and the prescribe 
weight of vegetables should be filled in container 
with avoiding over filling. 

• Workers at the time of grading and packing of 
vegetables should not be sick, wear cleaned 
clothes and washed hands or used gloves.   

• Proper level should be attached on packed 
container. 

• Washroom and toilet should be separate from 
processing house.  

• Maintain accurate records regarding harvest, 
storage and processing of vegetables. 

• All should be washed with detergents and ringed 
with high pressure to be sanitized before 
harvesting of vegetables and when not in used to 
avoid contamination by birds and animals etc. 

 
 

Figure: 1 Marketing channel of tomato from the GAP practicing farmers in Cameron Highland. 

                                                                                              (Source: Islam et al., 2012) 
Farm maintenance 

• Select cultivars and varieties on an understanding of 
their characteristics, including response to sowing 
or planting time, productivity, quality, market 
acceptability, disease and stress resistance, edaphic 
and climatic adaptability, and response to fertilizers 
and agrochemicals. 

• Animal including poultry or pets should not be 
allowed to roam in the cultivation area, storage and 
package house etc., especially close to harvest and 
processing time. 

• Adhere to safety regulations and observe 
established safety standards for the operation of 
equipment and machinery for safe vegetable 
production. 

• Tractors and other machinery that were used to 
manure handling should be cleaned prior to entering 
produce fields. 

• Farmer should stay out of wet fields to reduce the 
spread of plant or human pathogens. 

• Devise crop sequences to optimize use of labour 
and equipment and maximize the biological benefits 
of weed control by competition, mechanical, 
biological and herbicide options, provision of non-

host crops to minimize disease and, where 
appropriate, inclusion of legumes to provide a 
biological source of nitrogen. 

• Washing storage and packaging area should be 
cleaned with appropriate schedule (Simonne et al., 
2008). 
Energy and waste management 

• Establish input-output plans for farm energy, 
nutrients, and agrochemicals to ensure efficient use 
and safe disposal. 

• Adopt energy saving practices in building design, 
machinery size, maintenance, and use. 

• Investigate alternative energy sources to fossil fuels 
(wind, solar, biofuels) and adopt them where 
feasible. 

• Recycle organic wastes and inorganic materials 
where possible. 

• Minimize non-usable wastes and dispose of them 
responsibly. 

• Establish emergency action procedures to minimize 
the risk of pollution from accidents. 

• Maintain accurate records of energy use, storage, 
and disposal (Simonne et al., 2008). 

Human welfare, health, and safety 
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Farming must be economically viable to be 
sustainable. The social and economic welfare of 
farmers, farm workers, and their local communities 
depends upon it. Health and safety are also 
important concerns for those involved in farming 
operations. Due care and diligence is required at all 
times. Good agricultural practice will: 

• Direct all farming practices to achieve an optimum 
balance between economic, environmental, and 
social goals. 

• Provide adequate household income and food 
security 

• Adhere to safe work procedures with acceptable 
working hours and allowance for rest periods. 

• Instruct workers in the safe and efficient use of tools 
and machinery. 

• Pay reasonable wages and not exploit workers, 
especially women and children. 

• Purchase inputs and other services from local 
merchants if possible. 
Wildlife and landscape: 

Agricultural land accommodates a diverse range of 
animals, birds, insects, and plants. Much public 
concern about modern farming is directed at the loss 
of some of these species from the countryside 
because their habitats have been destroyed. The 
challenge is to manage and enhance wildlife 
habitats while keeping the farm business 
economically viable. Good agricultural practice 
will: 

• Identify and conserve wildlife habitats and 
landscape features, such as isolated trees, on the 
farm. 

• Create, as far as possible, a diverse cropping pattern 
on the farm. 

• Minimize the impact of operations such as tillage 
and agrochemical use on wildlife. 

• Manage field margins to reduce noxious weeds and 
to encourage a diverse flora and fauna with 
beneficial species. 

• Manage water courses and wetlands to encourage 
wildlife and to prevent pollution. 

• Monitor those species of plants and animals whose 
presence on the farm is evidence of good 
environmental practice (Simonne et al., 2008). 
Workers hygiene:  

Worker health and hygiene with good 
sanitation practices during production, harvesting, 
sorting, packing, and transport are critical in 
minimizing the potential for microbial 
contamination of fresh vegetables. Maintaining 
good worker health and hygiene requires a sanitary 
facility and workers who are healthy, practice 
personal cleanliness, and who refrain from personal 
behaviours known to spread disease. Practicing 
good worker health and hygiene will help enhance 
the safety of fresh fruits and vegetables and promote 
consumer demand for your product (Simonne et 

al.,2008). 
Common factors involved in the spread of 

human infectious organisms include: 

Sick employees. Employees with open cuts 
and scrapes and who touch their faces and mouths 
with their hands. Employees who do not wash their 
hands after using the restroom. Unwashed hands or 
contaminated gloves. Unwashed and poorly sanitized 
food handling areas, and soiled clothing 

 Challenges related to GAP: 

� Record keeping and certification will increase 
production costs.  

� Global acceptance of INDGAP. 
� Uneducated farmers. 
� Strict adherence to uniform national standards. 
� Not easy for small holders (investment, 

paperwork, certification etc.). 
� Not always a better price for GAP products.  
� Awareness rising is needed of 'win-win' practices 

which lead to improvements in terms of yield and 
production efficiencies as well as environment 
and health and safety of workers.  
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ABSTRACT 

Foliar nutrition is practiced by the fruit grower’s worldwide. Nitrogen is a principle fertilizer 
nutrient routinely applied every year to both young and mature fruit trees. There is a positive 
relationship between N rate and Kinnow shoot growth. Application of N increased shoot growth, plant 
height, spread, and canopy volume in Kinnow. The growth, yield and quality of acid lime fruits were 
significantly influenced by the application of zinc and iron fertilizers (0.25, 0.50 and 0.75%). Maximum 
growth and good quality fruit and yield were observed with two sprays at one-month (Feb-march) 
intervals of 0.5% ZnSO4 and 0.5% FeSO4. The 2,4-D chemical could thus be used to increase fruit 
yield under conditions that favour fruit drop such as extreme temperatures as well as water deficits 
such as those that are prevalent in Botswana. The application of 2,4-D is more effective at the earlier 
stages of fruit development since navel oranges were shown to be more susceptible to fruit drop when 
small in size. 

Key words:- Application of Urea, Zinc Sulphate, 2,4-D and  Kinnow mandarin. 
 

Citrus fruits have a prominent place among 
popular and extensively grown tropical and 
subtropical fruits. Their whole some nature, multifold 
nutritional and medicinal values have made them so 
important, some times indispensible in several parts 
of the world. Citrus is primarily valued for the fruit, 
which is either eaten alone as fresh fruit, processed 
into juice or added to dishes and beverages (lemon, 
lime, etc.). Citrus has many other uses including 
animal fodder and as craft and fuel wood. Citrus fruits 
possess greater adaptability to different agro climatic 
conditions so are grown with equal success in tropical 
and subtropical even in some favourable parts of the 
temperate region of the world. 

 
 India is the fifth largest citrus producing 

country in the world contributing 6.5 per cent of 
world’s total citrus production.  However, still India 
is far behind in the world trade because of the lower 
productivity than many other citrus producing 
countries, which is at 8.4 tons/ha. Nutritional 
management accounts for nearly 30 per cent of 
recurrent input cost and inadequate nutrition is one of 
the major constraints resulting in limiting 
productivity, decrease in fruit quality and also in 
decline. Therefore, citrus requires judicious 
application of fertilizers for better growth and 
sustained production of high quality fruit. A desirable 
fertilizer schedule aims at an economic usage of 
fertilizers i.e. the extra money spent by the grower has 
to be recovered with the additional income generated 
through increased production, improved fruit quality 
and marketability. Citrus requires 17 elements for 
normal growth and production. Individual elements 
produce characteristics patterns on the foliage in the 
event of deficiency or excess of particular nutrient 

elements. The identification of these symptoms is 
quite useful in assessing the nutrients deficiency and 
their imbalance in the soil. So its need to test the 
foliar spray of urea and other micro nutrient to 
enhance production as well as quality of kinnow.  
1. Effect of foliar application of urea on growth, 

fruit drop, yield and  fruit quality of Kinnow 

mandarin. 

a. Effect of urea on growth of Kinnow 

Foliar nutrition is practiced by the fruit 
grower’s worldwide. Two decisive factors in its 
favour are the reliability and rapidity of tree responses 
to foliar spray. Nitrogen is a principle fertilizer 
nutrient routinely applied every year to both young 
and mature fruit trees (Bergmann, 1992). There is a 
positive relationship between N rate and Kinnow 
shoot growth. Application of N increased shoot 
growth, plant height, spread, and canopy volume in 
Kinnow (Shukla, et al. 2000). However, maximum 
tree volume was observed with higher dose of N 
(Monga, et al. 2004). El-Kobbia et al. (2011) 
recorded that the foliar sprays of urea at pea or marble 
stage significantly increased vegetative growth. 

A significant increase in shoot growth of 
different citrus species by urea sprays was also 
reported by Dubey et al. (2003) Rathore and Chandra 
(2003) reported that Soil and foliar application of 
nitrogen alone and in combination with zinc sulphate 
(0.5%) increased vegetative growth of acid lime trees 
with respect to plant height, spread (north to south 
and east to west) and stem girth. The maximum 
increase in these parameters was recorded in the 
treatment of 300g soil application of nitrogen in two 
split doses (in the month of July, and March) and 
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foliar spray of 1.5 per cent urea and 0.5 per cent zinc 
sulphate twice in the month of September and March. 

Urea had little effect on percentage fruit set 
but it increased leaf N and shoot growth, especially at 
the higher rate on Kinnow (Lodhi and Rashid 1980). 
Gilani (1989) observed in Kinnow plants that the 
maximum growth was obtained with NPK + Planofix 
in respect to tree girth, height and width parameters. 
The N was applied in 2 doses (Feb. and Apr.) whereas 
P and K were applied in Feb. Urea sprays at 0.5 per 
cent concentration increased height, girth, length of 
roots and number of leaves in grafted walnut plants 
(Joshi et al. 1986). Badyal (1980) reported that urea 
sprays to plum trees induced more growth than its soil 
application and control. Joon (1989) also reported 
increase in trunk girth, leaf area and pruning weight 
in Santa Rosa plums with nitrogen dose supplemented 
as foliar urea sprays. 

b. Effect of urea on flowering, fruit set and fruit 

drop of Kinnow 

Syamal et al. (2008) found that the spray of 
4% urea and 0.4% zinc sulfate in feb- march 
increased minimum duration of flowering and 
maximum number of flowers in Kagzi lime trees. The 
minimum fruit drop and maximum fruit retention 
were also recorded in the same treatment. The 
percentage of fruitlet thinning increased with the 
increase in urea concentration. Trees sprayed with 
6.0% urea recorded the highest percentage of fruitlet 
thinning 88.27% after 30 days of application in 
Kinnow (Nirmaljit et al. 2005). 

El-Otmani et al. (2004) reported that 
Cadoux' clementine mandarin (Citrus reticulata) is an 
alternate-bearing cultivar with problems of low fruit 
set and small fruit size. Properly timed foliar-applied 
urea has been shown to increase flower intensity, fruit 
set, fruit size and yield of citrus. Govind, and  Prasad 
(1982) observed that sweet orange cv. Musambi 
received   N at 400, 800 or 1200 g/tree applied in split 
doses (January, March and June) via the soil or 
foliage as 1% urea. Foliar application of N at the 
highest rate gave the best results with regard to fruit 
set (71.7-73.8%), reduction in pre-harvest fruit drop 
(9.07-9.81% drop) and yields (352-396 
fruits/tree),compared to control (246-289 fruits/tree). 

c. Effect of urea on fruit yield and quality of 

Kinnow 

The average fruit length and breadth 
increased with increasing urea and FYM levels. The 
maximum fruit length (6.67 and 6.89 cm) and fruit 
breadth (7.97 and 8.20 cm) were obtained using FYM 
at 150 kg/plant and urea at 2.475 kg/plant, 
respectively. Average fruit weight increased with 
increasing urea levels up to 1.650 kg/plant, and with 
increasing FYM levels up to 100 kg/plant. Urea at 
1.650 kg and FYM at 100 kg, supplied alone or in 
combination, resulted in higher fruit number, yield, 
length, breadth and weight of fruits than other 
treatments (Dudi, et al, 2004). 

Malik et al. (2000) recorded the maximum 
juice and total soluble solids in fruits from the trees 
sprayed with 1.0 and 0.8% urea and zinc sulfate, 
respectively. Ascorbic acid content in Kinnow fruits, 
however, decreased with increasing concentration of 
urea and zinc sulfate. Monga, et al. (2004) observed 
in Kinnow plant that the maximum yield (525 
fruits/tree), juice content (53.57%) and minimum peel 
thickness were recorded with the application of 1900 
g urea + 2730 g superphosphate/tree. Fruit weight, 
total soluble solids (TSS) and TSS acid ratio also 
increased with the application of different fertilizer 
doses. Maximum TSS/acid ratio (15.99) was recorded 
with medium dose of N. The combination of 400 g N 
and 256 g P resulted in fruit yields of 34.65 and 35.78 
kg/plant in 1998 and 1999, respectively in Kinnow 
(Shukla et al. 2000). The maximum number of fruits 
and yield per tree were found in trees that received 
1.5 and 0.4% urea and zinc sulfate spray, 
respectively. Ascorbic acid content in fruits, however, 
decreased with increasing concentration of urea and 
zinc sulfate in Kinnow (Malik et al. 2000). 

2. Effect of foliar application of ZnSO4 on growth, 

fruit drop, yield, fruit quality of Kinnow 

mandarin. 

a. Effect of zinc on growth of Kinnow 

Ahmad et al. (2012)  reported that the 
combined application of boric acid (0.3%) and zinc 
sulphate (0.5%) at fruit set stage effectively improved 
the B and Zn level in the leaves and increased the  
growth, productivity and fruit quality of Feutrell’s 
Early fruit (citrus reticulata Blanco). The growth, 
yield and quality of acid lime fruits were significantly 
influenced by the application of zinc and iron 
fertilizers (0.25, 0.50 and 0.75%). Maximum growth 
and good quality fruit and yield were observed with 
two sprays at one-month (Feb-march) intervals of 
0.5% ZnSO4 and 0.5% FeSO4 (Ingle, 2002). Yadav et 

al. (2007) studied the effect of three sprays (2nd week 
of May, last week of June and second week of 
August) of zinc sulphate 0.75 percent on sweet orange 
fruit trees in term of plant growth and fruit drop. 
Application of 0.75 percent zinc sulphate (three 
sprays) resulted in better growth and less fruit drop. 

El-Saida (2001) reported that Washington 
navel orange trees budded on sour orange rootstock, 
showing Fe, Zn and Mn deficiency symptoms, while 
received foliar nutrition of 400 ppm of NaFe EDTA, 
Na, Zn EDTA and Mn EDTA 3 times a year (at the 
beginning of flowering, after fruit set, and 4 weeks 
later) either solely or at different combinations, 
improved growth parameters (shoot percentage and 
shoot length of different growth flushes) and leaf 
chlorophyll content. Gendiah, and Hagagy (2000) 
suggested that vegetative growth of both species (C. 

volkameriana and citrus reticulata Blanco) increased 
significantly with 1% urea and 50 ppm GA singly or 
in combination. Zinc sulfate alone did not 
significantly affect the growth parameters except 
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plant height. The combined application of 1% urea, 
50 ppm GA, and 0.2% zinc sulfate gave the highest 
number of branches per plant and root length in C. 
volkameriana as well as the tallest plants and the 
highest number of leaves per plant, stem diameter, 
root diameter, number of secondary roots per plant, 
dry matter content of stems and roots, and total dry 
matter contents in both species. 

b. Effect of zinc on flowering, fruit set and fruit 

drop of Kinnow 

 Ashraf et al. (2012) reported that foliar 
application of Zn+K+SA [Zn (0.25 % Zn as 
ZnSO2.H2O solution), K (0.25% K as K2SO4 
solution), and salicylic acid (10µM)] is effective in 
reducing excessive Kinnow fruit drop, therefore, 
foliar application of Zn + K+SA is recommended at 
the onset of flowering, fruit formation and at the stage 
of color initiation on fruit. Ahmad Khan et al. (2012) 
reported that the application of 0.3% boric acid + 
0.5% zinc sulphate at fruit set stage effectively 
increased the leaf Zn and B level of Feutrell’s Early 
mandarin leaves and brought them from deficient to 
optimum range. 

Muhammad Sajid et al. (2010) studied that 
foliar application of Zn and B significantly influenced 
the days to flowering, fruit yield tree-1, % dieback, % 
chlorosis, and % rosette plant-1, whereas days to fruit 
set, % fruit set and % fruit drop were not significantly 
affected by foliar spray of Zn and B alone or in 
combination. The maximum fruit yield/plant was 
obtained when high concentration of zinc (1.0% Zn) 
with low concentration of boron (0.02% B) was 
applied to the plants. The maximum days to flowering 
were obtained in plants treated with foliar Zn, 
whereas, the combination of Zn and B as foliar spray 
significantly reduced the % dieback, % chlorosis and 
% rosette tree-1. The low conc. of Zn (0.5%) in 
combination with high conc. of B (0.04%) positively 
reduced the % dieback, % chlorosis and % rosette 
tree-1. A significant variation was observed in control 
of physiological disorder during two years. 

Wang-Gui Chang (1999) observed that 
spraying with 0.2% borax + 0.2% magnesium sulfate 
+ 0.1% zinc sulfate + Yemianbao before flowering 
and again after flower drop were required to increase 
fruit set. El-Rahman (1993) reported that Spraying 
zinc sulfate alone or in combination with calcium 
chelates, biozem and gibberellic acid increased fruit 
set and tree efficiency (fruits/m3 tree canopy) and 
reduced June and pre-harvest fruit drop. Langthasa 
and Bhattacharyya (1993) reported that when lemon 
cv. Assam were given foliar sprays of chelated (Zn-
EDTA) and non-chelated (zinc sulfate) at  0.1, 0.2, 
0.3 and 0.4%, number of leaves/terminal shoot, leaf 
area and leaf chlorophyll content increased with 
increasing concentration of zinc with both 
formulations. The interval from flowering to harvest 
decreased and fruit set, number of fruits/tree, fruit 
volume and weight and yield/plant also increased 

with increasing zinc. However the most beneficial 
treatment was chelated zinc at 0.4%, which gave the 
highest number of flowers/plant (289.33), fruit set 
(78.17%) and yield/tree (20.68 kg). 

Hassan (1995) observed that micronutrients 
such as Zn (5 ppm) and Fe (5 ppm) sprayed twice per 
year alone or in combination on Washington orange 
reduced fruit drop and increased fruit yield as 
compared to control.  Manchanda et al. (1971) 
recorded 11 per cent reduction in fruit drop as 
compared to control, when the Blood Red Orange 
trees were treated with a mixture of zinc and ferrous 
in combination at 0.5 and 0.4 per cent. Singh and 
Mishra (1986) reported the highest reduction of 31.75 
per cent in Kinnow mandarin fruit drop with ZnSO4 

(0.25%) combined with 2,4-D (20 ppm) and sprayed 
just after petal fall. It was further revealed that ZnSO4   

sprayed alone at 0.25or 0.5 per cent also reduced fruit 
drop considerably. Daulta et al. (1986) observed that 
the fruit retention percentage on Kinnow mandarin 
was significantly improved by ZnSO4 spray at 0.7 per 
cent. Jadbavar et al. (1991) reported that the fruit drop 
percentage was least in Nagpur Santra trees which 
received a combination of zinc and ferrous (30 and 15 
kg/hac.) respectively. 

c. Effect of zinc on yield and fruit quality of 

Kinnow 

Ahmad et al. (2012) observed that the 
application of 0.3% boric acid + 0.5% zinc sulphate at 
fruit set stage significantly increased the fruit length, 
leaf size, fruit weight, juice percentage, SSC(soluble 
solid concentration) and TA (Titrable acidity). The 
concentration of ascorbic acid in the juice increased 
with the application of 0.3% boric acid + 0.5% zinc 
sulphate at pre-mature stage. The combined 
application of boric acid (0.3%) and zinc sulphate 
(0.5%) at fruit set stage effectively improved the B 
and Zn level in the leaves, growth parameters, 
productivity and fruit quality of Feutrell’s early fruit 
(citrus reticulata Blanco). 

Ashraf et al.(2012)  reported that foliar 
application of Zn+K+SA [Zn (0.25 % Zn as 
ZnSO4.H2O solution), K (0.25% K as K2SO4 
solution), and salicylic acid (10µM)] on Kinnow is 
effective in improving fruit yield and juice quality by 
increasing juice volume, TSS, ascorbic acid and 
TSS/acid ratio of juice. Babu et al. (2007) reported 
that the highest productivity was recorded with zinc 
and manganese spray (34.07 kg/tree) in Kinnow. 
Total soluble solids (TSS) were maximum in fruits 
from trees sprayed with magnesium, zinc and 
manganese, and minimum in fruits from control trees. 
However, acidity was maximum in the control, less in 
treated trees and minimum in trees sprayed with 
magnesium, zinc and manganese. Ascorbic acid was 
minimum in the control, high in the treated trees, and 
maximum in trees sprayed with magnesium, zinc and 
manganese. Juice content and TSS/acid ratio were 
maximum in fruits from trees treated with 



Journal of Progressive Agriculture, Vol.4, No. 1: April, 2013 

   151 

magnesium, zinc and manganese, and minimum in 
fruits from the control Kinnow trees. 

El-Rahman (2003) observed that Zinc sulfate 
markedly increased the weight, size, firmness and 
length of the fruits. Zinc sulfate alone or in 
combination with calcium chelates at fruit set stage 
significantly increased fruit juice weight, total soluble 
solids (TSS), TSS/acid ratio and reduced acidity. 
Sharma et al. (2002) recorded that effects of 0.25 or 
0.50% zinc sulfate, applied alone or in combination 
with 10 or 20 ppm 2,4,5-T and 25 or 50 ppm 
gibberellic acid on the physico-chemical 
characteristics of fruits Kagzi lime (C. aurantifolia) 
and found that  fresh weight, fruit volume, juice 
content, number of seeds per fruit, acidity, ascorbic 
acid content and total soluble solids increased with 
increasing rates of zinc sulfate, 2,4,5-T and 
gibberellic acid. Combined application of 0.50% zinc 
sulfate and 20 ppm 2,4,5-T resulted in the highest 
fresh weight (51.84 g), volume of fruit (44.60 ml), 
number of seeds per fruit (15.05), acidity (9.20%), 
ascorbic acid content (49.83 mg/100 ml juice) and 
total soluble solids (10.18), whereas combined 
application of 0.50% zinc sulfate and 50 ppm 
gibberellic acid resulted in the highest juice content 
(57.36%). 

In acid lime the maximum growth and good 
quality fruit yield were observed with two sprays (feb 
and march) at one-month intervals of 0.5% ZnSO4 
and 0.5% FeSO4 (Ingle, 2002). Langthasa and 
Bhattacharya (1993) studied that micronutrient 
deficiency in citrus resulted in increased premature 
fruit drop, low yield and poor fruit quality. Zn EDTA, 
a chelate form of zinc and zinc sulphate were most 
effective treatments to improve the texture, size, 
colour and juice quality of sweet orange fruits.  Singh 
and Mishra (1986) reported that ZnSO4   (0.25 and 
0.5% ) combined with 2,4-D spray resulted in 
increased fruit size in Kinnow but effect was not 
significant, when it was applied alone. Nijjar and Brar 
(1977) observed that zinc application either as foliar 
spray or soil broadcast resulted in increased fruit size, 
weight and yield in Kinnow mandarin. Dixit et al. 
(1977) revealed that ZnSO4   (0.5 and 1.0%) increased 
fruit physical parameters of Kinnow, but the effect 
was limited upto 0.75 per cent concentration of 
ZnSO4  only. 

Dixit et al. (1977) recorded decreased acidity 
in Kinnow juice when ZnSO4 and FeSO4 were applied 
at concentrations ranging from 0.5 to 1.0 per cent and 
they further suggested a reverse relationship between 
acidity and fruit size. The total soluble sugar (TSS) 
comprising mostly sugar (70-85%) with small amount 
of other substances justify the conclusion made by 
Salunkhe et al. (1986) that any chemical which 
caused increase in TSS also enhanced the sugars 
content in citrus fruits. Dixit et al. (1977) found that 
ZnSO4 and FeSO4 caused an increased in total sugars 
mostly due to the increase of reducing sugars while 
non-reducing sugars remained unchanged  and  

ZnSO4 was found more effective than FeSO4 
sprays.The use of micro nutrient such as zinc (in the 
form of zinc chalate or zinc sulphate) FeSO4 or boron 
caused positive effect on increasing ascorbic acid 
content in different citrus species (Singh and Mishra 
1986; Langthasa and Bhattachandrya 1991 and 
Hassan, 1995). 

3. Effect of foliar application of 2,4-D, on growth, 

fruit drop, yield, fruit quality of Kinnow 

mandarin. 

a. Effect of 2,4-D on growth of Kinnow 

El-Kobbia et al. (2011) studied on 
Washington Navel orange trees the effect of spraying 
the trees with different agrochemicals on vegetative 
growth, fruit drop, fruit retention and yield. Foliar 
sprays of urea or 2, 4-D alone at pea or marble stage 
significantly increased vegetative growth, and the 
increase in vegetative growth by 2,4-D  increased 
shoot length by 31 per cent and 39 per cent 
respectively in two season. 

Saleem et al. (2008) studied the effect of two 
plant growth regulators (GA3 and 2, 4-D) when 
exogenously applied in different concentrations alone 
and their combinations on Blood Red sweet orange 
trees during full bloom. The leaf drop was 
significantly reduced by all treatments compared with 
control. The combination treatments at all 
concentrations retained maximum spring leaves 
ranging between 38.5% - 58.38%.The control trees 
had negligible number of spring leaves (3.09%). 
Number of leaves per flush, flush length, number of 
male flowers and flower drop intensity had also 
significant differences among treatments but no linear 
trend could be determined. Bud drop, hermaphrodite 
flowers, fruit on old shoots and fruit on current shoots 
were not significantly affected by the treatments.  

b. Effect of 2,4-D on flowering, fruit set and 

fruit drop of Kinnow 

Modise et al. (2009) reported that 2,4-D at 
concentration of 16 to 20 mg/L has ability to reduce 
fruit drop of navel oranges significantly when 
compared to the lower concentration levels. The fruits 
are also larger. At higher concentration level the more 
fruits are retained on the tree up to the threshold level, 
thereafter 2,4-D exhibits herbicidal properties by 
increasing fruit drop. The 2,4-D chemical could thus 
be used to increase fruit yield under conditions that 
favour fruit drop such as extreme temperatures as 
well as water deficits such as those that are prevalent 
in Botswana. The application of 2,4-D is more 
effective at the earlier stages of fruit development 
since navel oranges were shown to be more 
susceptible to fruit drop when small in size. 

Parez et al. (1992) summarized in his report 
that at appropriate times and concentration 2,4-D 
decreased fruit splitting in Valencia oranges and 
Ortanique tangors. Fu and Jia (1991) recommended 
2,4-D at 50 ppm as most suitable on Valencia orange 
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trees to check the fruit drop by 40 percent during 
winter, if applied 3-4 times from late January to early 
November. Chapman (1983) reported that spray of 
2,4-D at 10 ppm on Ellendale mandarin at colour 
break stage (10-15% yellow) reduced fruit drop from 
228 fruits(untreated)  to 113 fruits per tree, while the 
spray at full colour stage was ineffective.  Further he 
observed no significant difference between 2,4-D at 
10 and 20 ppm. Sinha et al.(1977) studied the relative 
effectiveness of 2,4-D and 2,4,5-T  in Nagpur Santra 
trees and concluded that 2,4-D at 40 ppm and 15 ppm 
concentrations could reduce fruit drop by 10.0 per 
cent and 11.2 per cent respectively, when applied at 
monthly intervals from July to October , but 2,4,5-T 
at 15 ppm proved much more effective . Significant 
reduction of fruit drop recorded by Thamburaj and 
Satyamurty (1981) in Kodai (Satsuma) mandarin 
using 2,4-D at 5,7.5, and 10 ppm. Chundawat et al. 
(1975) revealed that 2,4-D at 10 ppm applied in 
combination with aureofungin at 20 ppm in the first 
week of September reduced physiological and 
pathological preharvest fruit drop in Kinnow 
mandarin.  

Several workers have verified the efficacy of 
2,4-D at various concentrations ranged from 16 ppm 
to 25 ppm in combination  with GA3 at concentration 
of 10  to 20 ppm in controlling fruit drop when 
applied at different stages of fruit development 
(Chundawat and Randhawa,1972, El-Otmani, 1990; 
Ilanos et al., 1991; Almela, 1994; Garcia Luis, 1992; 
Nicosia, 1994 and Nicosia, 1996 ). Singh and Mishra 
(1986) observed that 2,4-D at 20 ppm when mixed 
with copper sulphate at 0.25 or 0.5 percent reduced 
fruit drop significantly, if sprayed just after petal fall 

stage in Kinnow mandarin. Aranguren  (1988) 

recommended the spray of 2,4-D (20 ppm) in 
Valancia orange trees when fruits were 18-25 mm in 
diameter, to reduce the fruit drop by 46.70 percent 
caused by splitting. Most of the reports confirm the 
positive effect of 2,4-D in increasing fruit size, fruit 
weight and juice content, when it was applied on 
citrus to control fruit drop or as fruit thining agent 
(Sinha et al. 1977) 

c. Effect of 2,4-D on  yield and fruit quality of 

Kinnow 

Most of the reports confirm the positive 
effect of 2,4-D in increasing fruit size fruit weight and 
juice content, when it was applied on citrus to control 
fruit drop or as fruit thinning agent (Lavee and 
Goren,1995 and Greenberg et al.1995). However, 
Chundawat et al. (1975), Daulta et al. (1986), El-
otmani and Coggins (1991), Jadhavar et al.  (1991) 
and Fu and Jia (1991) reported that 2,4-D has no 
effect on fruit physical characters though it maintain 
the fruit quality. Jadhavar et al. (1991) recorded a 
significant increase in non reducing sugar content of 
Nagpur Santra fruits with 2,4-D applied at 15 ppm. 
Total soluble solids (TSS) of Kinnow fruits were 
increased by 2,4-D at 10 ppm( Daulta et al. 1986) but 
it  remained uneffected  in trails carried out by 
Chundawat et al. (1975). Fruit acidity of Kinnow and 
Nagpur Santra were reduced when 2,4-D was applied 
at 10 ppm alone or in combination (Chundawat et al. 

1975 and  Sinha et al. 1977). However, in other trails 
carried out by Singh and Mishra (1986) and Daulta et 

al. (1986), the fruit acidity of Kinnow was increased 
with 2,4-D application. 
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