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ABSTRACT 

India being a signatory to World Trade Organisation’s General Agreement on Trade in Services, 
which include wholesale and retailing services, had to open up the retail trade sector to foreign 
investment. There were initial reservations towards opening up of retail sector arising from fear of job 
losses, procurement from international market, competition and loss of entrepreneurial opportunities. 
However, the government in a series of moves has opened up the retail sector slowly to Foreign Direct 
Investment (FDI). In 1997, FDI in cash and carry (wholesale) with 100 percent ownership was allowed 
under the Government approval route. It was brought under the automatic route in 2006. The world’s 
largest retailer Wal Mart has termed India’s decision to allow 51 percent FDI in multi-brand retail as a 
“first important step” and said it will study the finer details of the new policy to determine the impact on 
its ability to do business in India. However this decision of the government is currently under 
suspension due to opposition from multiple political quarters. 51 percent investment in a single brand 
retail outlet was also permitted in 2006.  
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What is Foreign Direct Investment 

Foreign Direct Investment (FDI) is investment 
directly into production in a country by a company located 
in another country, either by buying a company in the 
target country or by expanding operations of an existing 
business in that country. In other words the foreign  direct  
investment is  an investment made by Multi-National 
Enterprises (MNEs)  or  by a  non-resident in  an enterprise 
of  host  (recipient) countries over which they  have  a  
control  and  earn  private  return. The foreign investment 
by and in any country can be made in two ways as direct 
and indirect. The  indirect  investment includes  portfolio 
investment, acquisition of  stock of  an  enterprise, 
medium- term and long-term  loans  by  financial  
institutions  and  intermediaries,  and  investment  in  new 
issues  of  national  loans,  bonds  and  debentures.  The 
direct  investment is  a long-term equity  investment  in  a  
foreign  company  that  gives  the  investor  managerial  
control over  the  company  (Griffiths  and  Hall,  1984).  
FDI an important and vital component of development 
strategy in both developed and developing nations and 
policies are designed in order to stimulate inward flows. 
Infect, FDI provides a win – win situation to the host and 
the home countries. Both countries are directly interested 
in inviting FDI, because they benefit a lot from such type 
of investment. The ‘home’ countries want to take the 
advantage of the vast markets opened by industrial growth 
and on contrary the ‘host’ countries want to acquire 
technological and managerial skills and supplement 
domestic savings and foreign exchange. In fact,  FDI  is  
considered  as  an  equity capital  in  India  though  the  
IMF  guideline  prescribes  to  include  reinvestments  and 
venture  capital on  the  FDI  flows  (RBI,  2003).  
Accordingly, the Government of India redefined  the  FDI  

inflows  in  2002  and  included  reinvestments  and  
venture  capital along with  equity  capital.  

Significances of FDI  

Emphasizing on the role of FDI in the developing 
countries, (Moran, 1998) observes  that  FDI  is  a  method  
of  transmission  of  the  package  of  'managerial 
resources'  from  one  country  to  another  country. The 
package of 'managerial resources'  may  include  
specialized  and  technological  knowledge  in  the  areas  
of patents,  know-how,  sales  techniques,  managerial  
expertise,  and  ability  to  obtain funds  and  credit. 
(Chenery and Strout, 1966) stated that foreign assistance 
was the striking force for the rapid and sustained growth 
by countries like Greece, Israel, Taiwan and the 
Philippines during 1950s.  In  each case,  a  substantial 
increase  in  investment  financed  largely by  foreign  
loans and grants, which has  led  to rapid  growth  of GNP  
followed  by  a  steady  decline  in  the  dependence  on  
external financing.  The  huge  success  of the  Chinese  
economy  in  the  post-Mao  era  is  also credited to  the 
FDI  flows  into China (Sahoo et.al.,  2002). In case of the 
sectoral level of the Indian economy, FDI can help to raise 
the output, productivity and export in some sectors.  It can 
be helpful in reducing chunk of middlemen in marketing of 
agricultural produces by directly purchase of produced 
from farm producers. The economic impact of foreign 
direct investment in South Asia by undertaking time-
series, cross-section analysis of panel data from five South 
Asian countries; India, Pakistan, Bangladesh, Sri Lanka 
and Nepal found that there exist complementarily and 
linkage effects between foreign and national investment. 
Further he argued that, the impact of FDI inflows on GDP 
growth rate is negative prior to 1980, mildly positive for 
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early eighties and strongly positive over the late eighties to 
early nineties (Agrawal, 2000).  

There industrial sectors have been an unnerving 
upsurge in the economic developments of the country. In 
the liberalization, India is known to have attracted a 
quantum amount of Foreign Direct Investment, especially 
after the liberalization. The huge market for computer 
hardware in India, coupled with the availability of skilled 
workforce in this sector has boosted the inflow of FDI. 
High growth prospects, in terms of increased consumption 
in the India as well as increasing demand for exports are 
expected to lead to more Foreign Direct Investments in this 
sector. FDI opportunities in the telecommunication sector 
in India exist in the areas of Ecommerce, Manufacturing of 
equipments and components, Tele-education, Tele 
banking, Exports of telecom equipment and services, 
Telemedicine, Setting up a national long distance 
bandwidth capacity in the country. Construction projects 
which have received the maximum FDI include, housing, 
commercial premises, hotels, resorts, hospitals, educational 
institutions, recreational facilities, city and regional level 
infrastructure. FDI Inflows in the construction industry in 
India are permissible under automatic route to ensure 
flexibility in construction activities which will boost the 
Indian economy. In the real estate sector, the foreign 
investors are not allowed to sell undeveloped land, (such 
as, lands which do not have proper facilities of roads, 

water, electricity, drainage and all other basic requirements 
for inhabitation in India). The huge size of the market in 
the power sector and high returns on investment are 
important factors in boosting FDI inflows to power. 
Opportunities of Foreign Direct Investment (FDI) in the 
Power Sector in India exist in Hydro Projects, Captive 
Power, Ultra Mega Power Projects, Nuclear Power, 
National Grid Program, Rural Electrification, Trading, 
Renewable etc.   Important factors which are conductive to 
FDI Inflows to Electronics are the availability of low-cost, 
efficient, and technically skilled workforce, opportunities 
for the manufacturing of consumer electronic goods and 
mobile handsets are high given the growing demand in the 
domestic electronics market, and electronics hardware is 
growing leaps and bounds globally. 
Dimensions of FDI in India  

Table 1 shows Sector wise Analysis of FDI Inflow in 
India (Figure-1) reveals that maximum FDI has taken 
place in the service sector including the 
telecommunication, information technology, travel and 
many others. The service sector is followed by the 
telecommunication in terms of FDI. High volumes of FDI 
take place in construction activities, computer software & 
hardware, housing & real estate, chemicals (other than 
fertilizers), drugs & pharmaceutical, power, automobiles, 
etc. 

 
 
Table 1: Sector-wise FDI Inflows from April, 2000 to March, 2012 
 
Sector  *Amount of FDI Inflows (in crore) % with total FDI 
Services Sector 145764.14 18.82 
Telecommunication 57077.92 7.37 
Construction Activities 
(including roads & highways) 

52252.89 
 

6.75 
 

Computer Software & Hardware 50117.86 6.47 
Housing & Real Estate  49714.79 6.42 
Chemicals (other than fertilizers) 47903.8 6.19 
Drugs & Pharmaceutical 42868.04 5.54 
Power 33214.03 4.29 
Automobile Industry 30785.47 3.98 
Metallurgical Industries 26936.11 3.48 
Hotel & Tourism  15483.19 2.00 
Petroleum & Natural Gas  14611.84 1.89 
Others 207742.83 26.82 
Total  774472.91 100.00 
Source: Department of Industrial Policy and Promotion, GoI, Ministry of Commerce & Industry 
* RBI’S- NRI Schemes excluded 

 
Based upon the data presented from April, 2000 to 

March, 2012 (table 1) there are sixty two (62)sectors in 
which FDI inflows are seen but it is found that top ten 
sectors attract almost seventy percent (70%) of FDI 
inflows. The cumulative FDI inflows from the above 

results reveals that service sector in India attracts the 
maximum FDI inflows amounting to 145764.14 crore, 
followed by telecommunication amounting to 57077.92 
crore. These two sectors collectively attract more than 25 
percent of the total FDI inflows in India. 
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The housing and real estate sector and the 
construction industry are among the new sectors attracting 
huge FDI inflows that come under top ten sectors 
attracting maximum FDI inflows. Thus the sector wise 
inflows of FDI in India shows a varying trend but acts as a 
catalyst for growth, quality maintenance and development 
of Indian Industries to a greater and larger extend. The 
technology transfer is also seen as one of the major change 
apart from increase in operational efficiency, managerial 
efficiency, employment opportunities and infrastructure 
development. The rapid development of the tele- 
communication sector was due to the FDI inflows in form 
of international players entering the market and transfer of 
advanced technologies. The telecom industry is one of the 
fastest growing industries in India. With a growth rate of 
45%, Indian telecom industry has the highest growth rate 
in the world. FDI inflows to real estate sector in India have 
developed the sector. The increased flow of foreign direct 
investment in the real estate sector in India has helped in 
the growth, development, and expansion of the sector. FDI 
Inflows to Construction Activities has led to a phenomenal 
growth in the economic life of the country.  

India has become one of the most prime destinations 
in terms of construction activities as well as real estate 
investment. The FDI in Automobile Industry has 
experienced huge growth in the past few years. The 
increase in the demand for cars and other vehicles is 
powered by the increase in the levels of disposable income 
in India. The options have increased with quality products 
from foreign car manufacturers. The introduction of tailor 
made finance schemes, easy repayment schemes has also 
helped the growth of the automobile sector. The basic 
advantages provided by India in the automobile sector 
include, advanced technology, cost-effectiveness, and 
efficient manpower. Besides, India has a well-developed 

and competent Auto Ancillary Industry along with 
automobile testing and R&D centres. The automobile 
sector in India ranks third in manufacturing three wheelers 
and second in manufacturing of two wheelers. 
Opportunities of FDI in the Automobile Sector in India 
exist in establishing Engineering Centres, Two Wheeler 
Segment, Exports, Establishing Research and 
Development Centres, Heavy truck Segment, Passenger 
Car Segment. 

The increased FDI Inflows to Chemicals industry in 
India has helped in the growth and development of the 
sector. The increased flow of FDI in the chemicals 
industry in India has helped in the development, 
expansion, and growth of the industry. This in its turn has 
led to the improvement of the quality of the products from 
the industry. The increased FDI Inflows to Metallurgical 
Industries in India has helped to bring in the latest 
technology to the industries. Further the increased FDI 
Inflows to Metallurgical Industries in India has led to the 
development, expansion, and growth of the industries. All 
this has helped in improving the quality of the products of 
the metallurgical industries in India. 

There FDI is considered to be the life blood and an 
important vehicle of for economic development as far as 
the developing nations are concerned. The important effect 
of FDI is its contribution to the growth of the economy. 
FDI has an important impact on country’s trade balance, 
increasing labour standards and skills, transfer of 
technology and innovative ideas, skills and the general 
business climate. FDI also provides opportunity for 
technological transfer and up gradation, access to global 
managerial skills and practices, optimal utilization of 
human capabilities and natural resources, making industry 
internationally competitive, opening up export markets, 
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access to international quality goods and services and augmenting employment opportunities. 
 

The share of different countries was presented (table 3 and 
figure 2) that contribution in India’s 83% of cumulative 
FDI is contributed by nine countries while remaining 17 
per cent by rest of the world. The analysis of country wise 

inflows of FDI in India indicates that during 2000-2012, 
the total amount of Rs. 7, 74,472.92 crore of FDI were 
received from 113 countries excluding NRI investments.    

 
Table 3: Country-wise FDI Inflows from April, 2000 to March, 2012 

Country *Amount of FDI Inflows (in ` crore) % with total FDI 
Mauritius  289470.99 37.68 
Singapore   77587.82 10.07 
United Kingdom  74661.24 9.33 
Japan  57851.03 7.23 
U.S.A  47889.21 6.2 
Netherlands 32324.68 4.17 
Cyprus 29670.32 3.76 
Germany  20827.86 2.71 
France 13377.53 1.72 
UAE  10320.41 1.32 
Switzerland  9429.36 1.22 
Others 1,11,062.47 14.59 
Total  7,74,472.92 100 
Source: Department of Industrial Policy and Promotion, GoI, Ministry of Commerce & Industry.    * RBI’S- NRI Schemes 
excluded 
  

India’s perception abroad has been changing steadily 
over the years. This is reflected in the ever growing list of 
countries that are showing interest to invest in India. 
Mauritius emerged as the most dominant source of FDI 
contributing 37.68 % of the total investment in the country. 

Singapore was the second dominant source of FDI inflows 
with 10.07 % of the total inflows. However, United 
Kingdom slipped to third position by contributing 9.33% 
of the total inflows. They maintained continuous 
increasing trend under the period of study.. 
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It has been observed that some of the countries like Israel, 
Thailand, Hong Kong, South Africa and Oman increased 
their share gradually during the period under study. It is 

also interesting to note that some of the new countries such 
as Hungary, Nepal, Virgin Islands, and Yemen are making 
significant investments in India. 

 
It is generally said to be correct that future is always 

uncertain. But at the same time it is also said that 
exceptions are always there. This exception is about India's 
certain higher rate of growth in the coming future. The 
future of Indian economy is brighter because of its huge 
young human resources, rapidly upcoming service sector, 
availability of large number of competent professionals, 
vast market for every product, increasing impact of 
consumerism, absence of controls and licenses, interest of 
foreign entrepreneurs and existence of four hundred 
million middle class people. In India even today, India is 
producing largest number of billionaires in a year, take 
over by Indian multinationals is amazing, the craze of 
Indians to go abroad is rapidly diminishing, and the Rupee 
is becoming stronger and stronger in relation to Dollar. 
India's say in the international diplomacy and political 
affairs has now become meaningful, thousands of 

foreigners are working as executives in India, packages are 
becoming lucrative and competitive and annual rate of 
growth is highest after China. This present picture gives 
some reflections of the future. But this is all in the absolute 
sense and not in the relative terms.   A country can only 
grow if the Govt. policies allow more participation and is 
able to attract more and more foreign direct investment in 
India. Today, India provides highest returns on FDI than 
any other country in the world. India is poised for further 
growth in manufacturing, infrastructure, automobiles, auto 
components, food processing sectors, real estate 
development etc. Undoubtedly, India is ceding billions of 
dollars of FDI to its neighbours each year. While China 
achieved actual FDI inflows of around $45.3 billion in 
1997, India settled for a mere $3.2 billion.  India therefore 
stands to win in the next few years. 
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ABSTRACT 

The study was carried in traditional agroforestry systems of  mid hill situation of Garhwal Himalaya 
of district Tehri Garhwal (Uttarakhand) between the elevation of 1000 to 2000 m asl. The study discloses 
the majority of land-use of the study sites fall in forest area adjacent to different villages followed by 
area under cultivation including traditional agroforestry practices. The remaining area spread in the 
category of orchards, habitats, roads, barren, uncultivable and cultivable waste. The traditional 
agroforestry systems in the area recorded are agrisilviculture (AS), agrihortisilviculture (AHS), 
agrihorticulture (AH), agrisilvipasture (ASP), silvipasture (SP) and hortisilviculture (HS) etc but the 
predominant systems are agrisilviculture (AS), agrihortisilviculture (AHS), agrihorticulture (AH). The 
major tree under agrisilviculture systems were Grewia optiva, Celtis australis, Melia azedarach and 
Ficus roxburghii etc. alongwith agricultural crops. The average tree density of agrisilviculture system 
(AS) was recorded 620 trees ha-1 with average species of 15 trees ha-1 on the northern aspect and 465 
trees ha-1 on the southern aspect with average 13 species in a hectare. The another major system is 
agrihortisilviculture systems that included the combination Grewia optiva + Malus domestica (apple) + 
wheat; Quercus leucotrichophora + Malus domestica (apple) + wheat/potato; Grewia optiva + Prunus 
domestica (wild apricot) + barnyard millet etc. The average tree density of agrihortisilviculture systems 
(AHS) was recorded 495 trees ha-1 with average highest number of tree species 20 trees ha-1 on the 
northern aspect and 340 trees ha-1 on the southern aspect with average 14 species in a hectare. The 
major fruit-tree based agrihorticulture systems are comprised of Malus domestica (apple), Prunus 
domestica (Plum) and Prunus armeniaca (wild apricot) alongwith routine agricultural crops. The average 
tree density of agrihorticulture system (AH) was recorded 705 trees ha-1 with average species of 9 trees 
ha-1 on the northern and 435 trees ha-1 on the southern aspect with average 8 species in a hectare.  
 
Key words: Agrihorticulture, Agrihortisilviculture, Agrisilviculture, Garhwal Himalaya and Traditional 
agroforestry. 
 

Traditional agroforestry is a new name for the old 
sets of practices, well established in Garhwal Himalaya 
since long back. Agroforestry has recognized itself as one 
of the most productive and protective land management 
systems, helping the farming systems in Garhwal 
Himalaya in sustainable basis. It has been shown that the 
socially and culturally valued species in agroforestry 
systems, right across the Himalayan region and elsewhere 
in the world where traditional agriculture is practiced, are 
invariable ecological keystone species within the 
ecosystem (Ramakrishnan, 2007). This applied 
technology, so far, has been adopted to augment the 
productivity of the land for mitigating the tangible as well 
the intangible deficits of the land and environment, 
reflecting its dual role: supporting the socio-economic 
status of the farmers on the one hand and mitigating the 
adverse climatic effects of deforestation to a greater extent 
by increasing the green cover index, on the other 
(Sulaiman, 2001).  

Agriculture is the main occupation of about 80 per 
cent of the people in Garhwal Himalaya. The agricultural 
production in the Garhwal Himalaya is leading to the 

massive consumption of forest energy, and yet the level of 
agricultural production is insufficient to meet the human 
needs. The altitudinal range from 1000 m to 2000 m a.s.l. 
comprised the intense agricultural zone, which is also 
called as the ‘problem zone” of the region, because 
majority of the human population and agricultural activity 
is concerted over here. The mounting population 
subsequently requires higher amounts of forest products 
and even today the production in forestry sector is not 
enough to meet the existing demands, which ultimately 
creates intense pressure on the reserve forest. In the 
present context therefore, the agroforestry is the only 
viable alternative, through which the pressure on existing 
forests can be minimized. In addition to this, it can also 
play a significant role in the conservation of natural 
resources of Garhwal Himalaya.  

In the traditional agroforestry systems, trees are used 
to improve the soil fertility, maintain the hydrological 
balance and stabilize the slopes. Dhadwal et al., (1986) 
have shown the presence of multipurpose trees as an 
essential component of traditional established agriculture 
on terraced slopes, and indicated the importance of trees in 
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rehabilitation, improvement of degraded wastelands and 
mitigating drought. There are various agroforestry systems 
prevailing in the Garhwal Himalayan region but the 
species diversity in agrihortisilvicultural systems is much 
higher as compared to agrisilvicultural and 
agrihorticultural systems (Mazumdar, 1991).  

Agroforestry systems in addition to sustainable 
agriculture production, also provide the food, fodder, fuel 
wood, timber, fruits, vegetables and medicine from the 
same unit of land which not only satisfy the demands of 
people, but also improve their socioeconomic status 
(Solanki and Bisaria, 1999).   The hilly and mountain 
farming systems of Uttarakhand, have been classified into 
seven agro-ecological zones (NARP, 1989, Vol. I, II and 
III).  Each zone is determined on the basis of altitude and 
aspect. Every zone corresponds to a unique type of 
agroforestry system and its impact on production systems 
i.e. fodder or grains. But still there is a paucity of 
information regarding positive or negative impacts on each 
land unit system from farmers’ viewpoints. The Land-use 
pattern and species composition of traditional agroforestry 
systems of this region is important aspect to be studied, in 
this context the present investigation on land-use and 
vegetation pattern in the Mid-hills (1000 to 2000 m a.s.l.) 
of Garhwal Himalaya was conducted to work out the 
presence of trees, agricultural crops, shrubs, herbs, grasses 
and detailed land-use pattern under traditional agroforestry 
systems.. 

MATERIALS AND METHODS 

The study was carried out in the traditional 
agroforestry systems of  mid hill situation of Garhwal 
Himalaya of district Tehri Garhwal (Uttarakhand) between 
the elevation of 1000 to 2000 m asl. The study area lies 
between 77° 51’ 30” to 80° 30” E longitudes and 29° 40’ to 
31° 28” N latitudes. Geographically the area falls between 
sub-tropical to temperate zone, with the luxuriant and 
green lush natural vegetation. The area receives an average 
annual rainfall of 1240 mm with most of the rain occurs 
during July to September (monsoon period). The mean 
annual temperature of the study area ranging from 9o to 33 
°C with occurrence of snowfall during November to 
February. The total six sites (villages) were studied with 
three each in northern (N1, N2, N3) and southern (S1, S2, S3) 
aspects. The existing agroforestry systems, vegetation 
(trees, shrubs, herbs, grasses) and combination of 
agricultural crops in the study sites were inventoried in 
each aspect.  In the present study 20 quadrates were laid in 
each site with 4 replication (in different period) having 
sample size 10x10 m for trees, 5x5 m for shrubs and 1x1 m 
for herbs, grasses and agricultural crops.  

The land use pattern in particular reference to 
vegetation analysis of the study area was recorded with 
proper survey and feedback drawn from the local 
people/farmers by using questionnaires. The elevation and 
aspect of the area was measured with the help of GPS 
(Model No. Rino-130, Garmin). The composition of 
different agroforestry components were enumerated on the 
basis of population dynamics and functional diversity 
(James, 1988). The farming situation of the study area 

depends upon elevation, slope and aspect of the area. The 
farming practices also depend on the climatic factors 
specially availability of rain, therefore the sites were 
selected as mid-hills (Northern aspect), mid-hills (Southern 
aspect), valley rainfed and valley irrigated in the study 

RESULTS AND DISCUSSION 

Land use pattern 
The land use pattern of the study area between 1000 

to 2000m asl. exhibited that 56 per cent of the area in 
different villages of the study sites was surrounded by 
forest, the net area under cultivation was only about 18 per 
cent, 1.54 per cent area was under orchards and rest of the 
area was under the category of villages, towns, roads, 
barren, uncultivable and cultivable waste lands. The 
average land holding size was about 0.58 ha per household 
which was higher beyond 2000 m elevation. Integration of 
aspects and altitude alongwith physiographic factors 
helped in the stratification of different agroforestry 
systems that eventually caused the variation in vegetation 
composition and cropping pattern.  
General forest cover 

The species composition in natural fields varied 
mainly with elevation. At 1000 m elevation the trees like 
Sal (Shorea robusta), Chirpine (Pinus roxburghii), 
Shisham (Dalbergia sissoo), Khair (Acacia catechu) etc 
were common, while at 2000 m the occurrence of Oak 
(Quercus leucotrichophora), Deodar (Cedrus deodara), 
Rhododendron (Rhododendron arborium) etc was 
prevalent. The northern aspects had comparatively 
luxuriant vegetation due to high moisture content, 
therefore, generally oak-mixed forest were found, while on 
southern aspects (which were comparatively warmer due 
to higher insolation period) the species like Sal, Shisham, 
Khair were present in the natural forests. The upper limit 
of Sal (1000 m) was the lower limit of Chirpine. 
Generally, Chirpine was present throughout the altitudinal 
range of the study area. 
Agricultural crops and cropping sequences  

The agricultural practices adopted on the study sites 
were dependent on the climatic and geographical situations 
of the area. Rain is the main source of water for the 
agricultural crops in rainfed areas; hence the cultivation of 
crops is mainly dependent on the rainfall. Generally in 
rainfed areas, coarse grains are cultivated in combination 
with Rabi and Kharif crops. In order to maintain the proper 
agricultural outcome the following crop sequences are 
being practiced: 
Rainfed areas 
Rainfed rice – Wheat – Finger millet – Fallow (2 years) 
Barnyard millet – Wheat – Finger millet – Fallow (2 years) 
Barnyard millet – Wheat – (Soybean + Black gram) – 
Vegetable Peas (2 yrs.) 
Grain Amaranth – Wheat – Finger millet – Fallow (2 
years) 
Wheat - (Soybean + Black gram + Horse gram) (1 year)  
Barnyard millet – Lentil/Mustard (1 year) 
Irrigated/Valley areas- 
Rice – Wheat (1 year) 
Rice – Potato (1 year) 



Journal of Progressive Agriculture, Vol.3, No. 2: Oct. 2012 
_____________________________________________________________________________________________________________________ 

 8 

Pea – Potato (1 year) 
Tomato – Cabbage (1 year) 
Traditional agroforestry systems  

The traditional agroforestry systems in the area are 
agrisilviculture (AS), agri-horti-silviculture (AHS), agri-
horticulture (AH), agri-silvipasture (ASP), silvipasture 
(SP) and horti-silviculture (HS) etc but the predominant 
systems are agri-silviculture (AS), agri-horti-silviculture 
(AHS), agri-horticulture (AH) (Table 1). 
Agri-silviculture (AS) system 

This system is mainly comprised of agriculture crops 
along with forest trees. The locations of the trees are 
mostly on the bunds, but occasionally the trees were also 
found in-between and middle of the agricultural fields. The 
major tree based agri-silviculture systems included the tree 
species like Grewia optiva, Celtis australis, Melia 
azedarach and Ficus roxburghii etc. alongwith  
agricultural crops. The average tree density of 
agrisilviculture system (AS) was recorded 620 trees ha-1 
with average species of 15 trees ha-1 on the northern aspect 
and 465 trees ha-1 on the southern aspect with average 13 
species in a hectare (Table 1).  

Though there are various multipurpose trees are 
deliberately retained by the farmers on their agricultural 
filed under agrisilviculture system, yet G. optiva being a 
multipurpose species is widely preferred in agroforestry 
systems in Garhwal Himalayan regions. This species 
provides the fodder during the lean period (winter) and 
therefore, deliberately cultivated by farmers on the bunds 
of the agriculture fields. The fodder of this species is 
preferred by the animals and therefore, used for stall 
feeding, which is believed to enhance the milching 
property of animals. According to Sehgal et al. (2003), the 
G. optiva is one of the most important fodder trees of 
north-western and central Himalaya and is found 
distributed throughout the Sub-Himalayan tracts.  The 
species is considered as a boon for the Himalayan regions 
by several workers Bhatt and Pathak, 2003). In the hilly 
areas of Garhwal Himalaya, farmers commonly use FYM 
in their fields after the harvest of Rabi and Kharif crops. 
The terraces have generally an outward slope therefore, 
after rains; the nutrients of FYM are washed away towards 
the bunds, where the farmers are deliberately retaining the 
fodder trees. These trees get sufficient nutrients from 
FYM, hence, have good growth and development. The 
Celtis australis, Melia azedarach and Ficus roxburghii are 
also among the preferred trees by the farmers under 
agroforestry system for the multipurpose benefits in terms 
of fuel, fodder, fibre etc. alonwith agricultural crop (Table 
2).   
Agrihortisilviculture (AHS) system 

This is a very common traditional agroforestry 
system in the Garhwal Himalayan region where farmers of 
the local community grow horticultural and forest trees in 
various randomized fashion on the agricultural farm 
alongwith agricultural crops. This is the general 
psychology of the farmer to prefer the horticultural tree 
species over the forest tree species. The horticultural trees 
are found scattered throughout the agricultural fields, 
while forest trees/MPTs are mostly seen on the bunds of 

the farmers’ fields. The major agrihortisilviculture systems 
on the study sites includes Grewia optiva + Malus 
domestica (apple) + wheat; Quercus leucotrichophora + 
Malus domestica (apple) + wheat/potato; Grewia optiva + 
Prunus domestica (wild apricot) + barnyard millet etc. The 
average tree density of agrihortisilviculture systems (AHS) 
was recorded 495 trees ha-1 with average highest number 
of tree species 20 trees ha-1 on the northern aspect and 340 
trees ha-1 on the southern aspect with average 14 species in 
a hectare (Table 1).  

In agrihortisilviculture systems (AHS) among 
horticulture crop the Malus domestica (apple) is 
considered to be the dominant species followed by Prunus 
armeniaca (wild apricot).  Among the forest tree specie the 
Quercus leucotrichophora, Grewi optiva Celtis australis 
and Melia azedarach are the dominant tree species (Table 
2).  It was concluded in the study that elevation and aspect 
have marked effect on vegetation types Bijalwan, 2002; 
Sharma and Baduni, 2000 and Maikhuri et al., 2000).  
Agrihorticulture (AH) system 

This system was made up of agriculture crops and 
fruit/horticultural trees. The occurrence of the horticultural 
trees was recorded throughout the agricultural fields. The 
major fruit-tree based agrihorticulture systems are 
comprised of Malus domestica (apple), Prunus domestica 
(Plum) and Prunus armeniaca (wild apricot) alongwith 
routine agricultural crops. The average tree density of 
agrihorticulture system (AH) was noted 705 trees ha-1 with 
average species of 9 trees ha-1 on the northern and 435 
trees ha-1 on the southern aspect with average 8 species in 
a hectare (Table 1).   

Cultivation of agricultural crop alonwith fruit trees 
(Agri-horticulture) is an exclusive and unique practice in 
the Garhwal Himalayan region. Fruit trees are planted and 
retained by the farmers as associate crops in the different 
places on agricultural fields of this region. The presence of 
trees also create hindrance during agricultural operation 
and on the agricultural productivity but their other benefits 
bound farmers to grow them in the suitable places. The 
status of natural regeneration of tree crop is very poor in 
the existing systems due to the deliberate removal of 
seedlings from the field during cultural and other 
operations.  

The agri-horticulture is a common practice by the 
farmers mostly having high land holding in order to 
produce fruits and crops from the same piece of land and 
to achieve more income. The apple tree (Malus domestica) 
was dominated in northern and southern aspect in agri-
horticulture system of this region.  The apple is the major 
fruit crop because it provides additional monetary benefits 
to farmers’ alongwith agricultural crops. It was also 
concluded; that on the sloppy land the sole agricultural 
practices were difficult; therefore, different agroforestry 
combinations are preferred by the farmers and horticultural 
trees are the priority by the farmers. It was observed that 
the fruit yield increased some times, when the fruit trees 
were grown in intercropping with agriculture, that could be 
attributed to the application of fertilizers for the growth 
and development of agricultural crops.  
Vegetation analysis under existing agroforestry systems 
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Three major existing agroforestry systems viz. 
agrisilicultural (AS), agrihortisilvicultural (AHS) and 
agrihorticultural (AH) were recorded in the study area. In 
addition to this the systems like agrisilvipastoral (ASP), 
silvipastoral (SP) and silvihorticultural (SH) systems were 
also observed. The study was conducted on the farmers’ 
fields, where the sufficient trees (horticultural and forest) 
were available to form the agroforestry systems. The 
inventory of vegetation including trees, shrubs and herbs 
alongwith agricultural crops has been presented in the 
Tables 2-6. 

The common agroforestry trees in the region are 
Grewia optiva, Celtis australis, Melia azedarach, Ficus 
roxburghii etc. In a study conducted by Singh (1982) in 
Himanchal Pradesh between 1000 to 2000 m asl. found 
that Grewia optiva, Celtis australis, Robinia pseudoacacia, 
Sapindus mukorossii, Melia azedarach, Eucalyptus spp., 
Bauhinia spp., Juglans regia, Toona ciliata, Quercus 
leucotrichophora, Populus spp., Prunus spp., Cedrus 
deodara, Quercus floribunda, Morus serrata etc. were the 
prominent tree species raised by farmers on bunds of their 
fields. On the other hand Tejwani (1987) also enlisted the 
trees used in agroforestry systems in Uttar Pradesh and 
Himanchal Pradesh between 500 to 2300 m elevation and 
revealed the same tree species i.e., Grewia optiva, Celtis 
australis, Quercus spp. as reported in this study, except 
few tree species i.e., Bauhinia variegata and Ficus 
roxburghii, which were reported from Himanchal Pradesh 
(Toky et al., 1989). Melia azedarach is also a promising 
agroforestry tree species (Luna et al., 2006), though it is  
not a highly preferred fodder species. Selection of 
intercrops depends mainly on edapho-climatic conditions 
of the area, farmer’s need/traditions and  resource 
availability (Saroj and Dadhwal, 1997), Similarly in the 
Kashmir valley the field boundaries were planted with 
Salix spp., Robinia pseudoacacia, Poplars and Toona 
ciliata (Tewari, 1995). 

Apple based agrihorticulture and 
agrihortisilviculture systems are more frequent, because 
apple fruit provides additional benefits to agricultural 
crops. It was also concluded that on the sloppy land the 

sole agricultural practice were difficult, therefore, different 
agroforestry combinations were preferred by the farmers. 
It was observed that the fruit yield was found increased 
some times, when the fruit trees were grown in 
intercropping with agriculture, which was attributed to the 
application of fertilizers for the growth and development 
of agricultural crops. 

The trees present of these agroforestry systems are 
comparable with the diversity indices reported by different 
workers for other regions; Sharma et al., 2006. Thakur et 
al. (2004) in a similar study in Western Himalaya, reported 
that among all the three agroforestry systems (AS, SP, 
HSP), HSP system was more diversified, as it had  as 
many as 12 trees, 4 shrubs, 7 herbs and 6 fruit species.  

Among the different agroforestry systems, the AHS 
systems showed higher tree species (Table 1) while AH 
systems had low number of tree species. The higher 
diversity values on northern aspects may be due to the 
higher moisture content and low insolation rates  as 
compared to southern aspects, which receive the Sun rays 
in later part of the day, when the atmosphere is sufficiently 
warmed.  

Among the different agroforestry systems, Toky et al. 
(1989) have reported that the highest tree density was in 
agrihorticulture system and basal area in agrisilviculture 
system, while maximum number of species was in 
agrihortisilviculture system. The higher density values in 
agrihorticulture systems of the present study were probably 
due to the priority of farmers for growing fruit trees. The 
proper gap filling in the orchards in place of dead or 
damaged trees was a common practice in order to maintain 
the higher plant density, whereas no such practice was 
commonly adopted in AS and AHS systems. Beside this, 
proper spacing was encouraged for higher fruit yield in the 
orchards. The forest trees were found naturally present on 
the bunds of fields and maintained for various uses, but 
they are not considered as a part of cash crops, hence 
usually not planted in the fields. Moreover, the natural 
regeneration of forest trees was poor due to prevalent 
cultural operations in the agricultural fields which resulted 
in poor density of forest trees in AS systems.  

Table 1: Types of agroforestry systems prevailing in the study sites 

Agroforestry system                               Density (trees ha-1) 
Northern aspect Southern  aspect 

Agrisilviculture (AS) 620  (15.33) 465 (13.00) 
Agrihortisilviculture (AHS) 495 (20.00) 340 (13.67) 
Agrihorticulture (AH)  705 (9.00) 435 (8.00) 
Agrisilvipasture (ASP) - - 
Silvipasture (SP) - - 
Hortisilviculture (HS) - - 
Figure in parenthesis shows average number of tree species (trees ha-1) present in different agroforestry systems  
 
Table 2 : Presence of tree species in traditional agroforestry systems 

Scientific name Vernacular/English/common name Family Agroforestry systems 
Fodder trees    
Grewia  optiva J.R.Drummond ex Burret Bhimal Tiliaceae AS, AHS 
Celtis australis L. Khadik Ulmaceae AS, AHS 
Ficus roxburghii Wallich ex Miq. Timla Moraceae AS, AHS 
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Scientific name Vernacular/English/common name Family Agroforestry systems 
Quercus leucotrichophora A.Camus Banj/Oak Fagaceae AHS 
Bauhinia variegata L. Guriyal/Kachnar Caesalpiniaceae AS, AHS 
Morus serrata Roxb. Sahtoot Moraceae AS, AHS 
Alnus nepalensis D.Don Utees/Alder Betulaceae AS, AHS 
Timber and fuelwood trees 
Melia azedarach L. Bakain Meliaceae AS, AHS 
Pinus roxburghii Sargent Chirpine Pinaceae AS, AHS 
Toona ciliata Roemer Tun Meliaceae AS, AHS 
Lyonia ovalifolia (Wallich) Drude Aiyar Ericaceae AS, AHS 
Pyrus pashia Buch-Ham. Ex D.Don Mehal. Wild pear Rosaceae AS, AHS 
Ficus palmata Forsk. Bedu Moraceae AS, AHS 
Myrica esculenta Buch-Ham. ex D.Don Kaphal Myricaceae AS, AHS 
Prunus cerasoides D.Don Painya/Wild Cherry Rosaceae AS, AHS 
Bombax ceiba L. Semal Bombacaceae AS 
Dalbergia sissoo Roxb. Shisham Fabaceae AS, AHS 
Populus deltoides Bartr. Ex Marsh Poplar Salicaceae AS, AHS 
Cedrus deodara (Roxb. ex D.Don) G.Don Deodar Pinaceae AS, AHS 
Rhododendron arboreum Smith Burans Ericaceae AS, AHS 
Horticultural trees 
Malus domestica Borth Apple Rosaceae AH, AHS 
Prunus persica (L.) Batsch Peach Rosaceae AH, AHS 
Prunus domestica L. Plum Rosaceae AH, AHS 
Prunus armeniaca L. Chulu/Wild apricot Rosaceae AH, AHS 
Prunus amygdalus Batsch Badam/Almond Rosaceae AH, AHS 
Pyrus communis L. Nashpati/Pear Rosaceae AH, AHS 
Juglans regia L. Akhrot/Walnut Juglandaceae AH, AHS 
Castanea sativa Mill  Chest nut Fagaceae AH, AHS 
Musa paradisiaca L. Kela/Banana Musaceae AH, AHS 
Mangifera indica L. Aam/Mango Anacardiaceae AH, AHS 
Citrus limon (L.) Burm.f. Lemon/Jambri Rutaceae AH 
Citrus aurantifolia (Christman)Swingle Kagazinimbu Rutaceae AH, AHS 
Citrus sinensis (L.) Obeck Malta/Sweet orange Rutaceae AH, AHS 
Psidium guajava L. Amrood/Guava Myrtaceae AH, AHS 
Carica papaya L. Papeeta/Papaya Caricaceae AH 
Emblica officinalis Gaertn. Aonla Euphorbiaceae AH, AHS 
AS- Agrisilviculture system, AHS- Agrihortisilviculture system, AH- Agrihorticulture system 

 
Table 3: Agricultural crops present in the traditional agroforestry systems  

Scientific name Vernacular/English/common name Family 

Kharif- Cereals crops   
Oryza sativa L. Paddy  Poaceae 
Zea mays L. Maize Poaceae 
Eleusine coracana (L.) Gaertner Manduwa/Finger millet Poaceae 
Echinochloa frumentacea Link Jhangora/Barnyard millet Poaceae 
Setaria italica (L.) P.Beauv. Kakun/Foxtail millet Poaceae 
Amaranthus caudatus L. Marshu/Amranth Amaranthaceae 
Fagopyrum esculentum (L.) Moench Ougal/Buckwheat Polygonaceae 
Perilla frutescens (L.) Britton. Bhangjeera Lamiaceae 
Pulses 
Vigna mungo (L.) Hopper Urd/Black gram Fabaceae 
Vigna radiata (L.) R.Wilczer Mung/Green gram Fabaceae 
Phaseolus vulgaris L. Chhemi/Rajmash Fabaceae 
Vigna umbellata (Thunb.) Ohwi & Ohashi Naurangi/Ricebean Fabaceae 
Dolichos uniflorus Lam. Gahat/Horse gram Fabaceae 
Cajanus cajan (L.) Hutch Tour/Pigeon pea Fabaceae 
Vigna sinensis (L.) Savi ex Hasskarl Lobia/Cow pea Fabaceae 
Lens culinaris Medikus Musoor/Lentil Fabaceae 
Oilseed crop 
Glycine max (L.) Merill Soybean Fabaceae 
Sesamum indicum L. Til/Sesame Pedaliaceae 
   
Rabi- Cereals crops 
Triticum aestivum L. Wheat Poaceae 



Journal of Progressive Agriculture, Vol.3, No. 2: Oct. 2012 
_____________________________________________________________________________________________________________________ 

 11 

Scientific name Vernacular/English/common name Family 

Avena sativa X sterilis Bor Jawatu/Jai/Oat Poaceae 
Hordeum vulgare L. Jau/Barley Poaceae 
Oilseeds crop   
Brassica campestris ssp. rapa Hook. f. & Anderson Sarson/Toria/Mustard Brassicaceae 
 
Vegetables- Pod crop   

Pisum sativum L. Mattar/Pea Fabaceae 
Lycopersicon esculentum Miller Tamatar/Tomato Solanaceae 
Capsicum annuum L. Shimla mirch/Capsicum Solanaceae 
Solanum melongena L. Baingan/Brinjal Solanaceae 
Hibiscus esculentus L. Bhindi/Ladies finger Malvaceae 
 
Cucurbits   

Lagenaria siceraria (Molina) Standley Lauki/Bottle gourd Cucurbitaceae 
Luffa acutangula (L.) Roxb. Torai/Ribbed Gourd Cucurbitaceae 
Momordica charantia L. Karela/Bitter gourd Cucurbitaceae 
Cucumis sativus L. Kakree/Cucumber Cucurbitaceae 
Cucurbita maxima Duchesne  Kaddu/Pumpkin Cucurbitaceae 
   
Cole crop 
Brassica oleracea var-botrytis L. Phulgobhi/Cauliflower Brassicaceae 
Brassica oleracea var-capitata L. Bandh gobhi/Cabbage Brassicaceae 
 
Leafy vegetables 
Spinacea oleracea L. Palak/Spinach Chenopodiaceae 
Brassica juncea (L.) ssp. rugosa (Roxb.)          Prain Rai/Lai Brassicaceae 
 
Tuber and root vegetables 
Solanum tuberosum L. Aalu/Potato Solanaceae 
Raphanus sativus L. Muli/Radish Brassicaceae 
Daucus carota L. Gajar/Carrot Apiaceae 
Colocasia antiquorum Schott Pindalu/Arabi Araceae 
 
Spices 
Coriandrum sativum L. Dhaniya/Coriander Apiaceae 
Trigonella foenum-graecum L. Methi Fabaceae 
Capsicum frutescens L. Mirch/Chilli Solanaceae 
Zingiber officinale Roscoe Adarak/Ginzer Zingiberaceae 
Curcuma longa non L. Haldi/Turmeric Zingiberaceae 
Allium cepa L. Piaz/Onion Amaryllidaceae 
Allium sativum L. Lahsun/Garlic Amaryllidaceae 
 
Table 4: Shrubs present in the traditional agroforestry systems 
 
Rhus parviflora Roxb. Tungala Anacardiaceae 
Rumex hastatus D.Don Amilada Polygonaceae 
Coriaria nepalensis Wallich Makola/ Coriaria Coriariaceae 
Myrsine africana L. Ghani/Myrsine Myrsinaceae 
Artemisia vulgaris L. Kurinja Asteraceae 
Eupatorium adenophorum Sprengel Kalabansa Asteraceae 
Lantana camara L. Lantana/kuri Verbenaceae 
Murraya koenigii (L.) Sprengel Kurry patta Rutaceae 
Berberis asiatica Roxb. ex DC. Kilmora Berberidaceae 
Solanum khasianum Clarke Kantili/Kantkari Solanaceae 
Solanum nigrum L. Makoi Solanaceae 
Zanthoxylum alatum Roxb. Timru Rutaceae 
Rubus ellipticus Smith Hinsalu Rosaceae 
Rubus niveus Thunb Kala Hinsalu Rosaceae 
Desmodium elegans DC  Chamlai Fabaceae 
Rosa brunonii Lindley Kunja Rosaceae 
Indigofera gerardiana Wallich ex Baker Sakina Fabaceae 
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Table 5: Grasses present in the traditional agroforestry systems 
 

Scientific name Vernacular/ common name Family 

Andropogon munroi C.B.Clarke Musliya ghas Poaceae 
Chrysopogon fulvus (Sprengel) Chiovenda Gurla Poaceae 
Cynodon dactylon (L.) Persoon Dubla/Doob  Poaceae 
Saccharum narenga (Nees ex Steudel) Hackel Kans Poaceae 
Apluda mutica L. Tachula Poaceae 
Heteropogon contortus (L.) P.Beauv. ex Roemer & Schultes Kumrya ghas Poaceae 
Setaria glauca (L.) P.Beauv. Bandra Poaceae 
Arthraxon ciliaris P.Beauv.  Kandlya Poaceae 
 
Table 6: Herbs present in the traditional agroforestry systems 
 
Oxalis latifolia Humb. Tipatiya/Khatura Oxalidaceae 
Parthenium hysterophorus L. Gajar grass Asteraceae 
Ageratum conyzoides L. Gundrya Asteraceae 
Salvia lanata Roxb. Salvia/Ghania Lamiaceae 
Strobilanthes atropurpurea Nees in Wallich Kangdai Acanthaceae 
Vervascum thapsus L. Kakri tamakhu Scrophulariaceae 
Cannabis sativa L. Bhang Cannabaceae 
Phalaris minor Retz. Phulla Poaceae 
Argemone mexicana L. Satyanashi Papaveraceae 
Urtica dioca L. Bichhu ghas  Urticaceae 
Bidens pilosa L. Kurei Asteraceae 
Cyperus rotundus L. Motha/Morya Cyperaceae 
Trifolium repens L. Tipatiya Fabaceae 
Debregeasia longifolia (Burm.f.)Wedd.in DC Sausaru Urticaceae 
Cleome viscosa L. Jakhya Cleomaceae 
Rumex nepalensis Sprengel Pahadi palak Polygonaceae 
Spergula arvensis L.  Jangali dhania Caryophyllaceae 
Fagopyrum dibotrys D.Don Ban ogal Polygonaceae 
Amaranthus viridis L. Jangli chaulai Amaranthaceae 
Lathyrus aphaca L.  Jangli matar Fabaceae 
Avena fatua L.  Jawatu/Jangli jai Poaceae 
Chenopodium album L. Bathua Chenopodiaceae 
Ranunculus sceleratus L. Aglaon Ranunculaceae 
Reinwardtia trigyna(Roxb.)Planchonin Hook. Phiunli Linaceae 
Euphorbia hirta L. Dudhi Euphorbiaceae 
Fragaria nubicola Lindley ex Lacaita Wild strawberry Rosaceae 
Xanthium indicum Koenig in Roxb. Gokhuriya Asteraceae 
Galinsoga parviflora Cav. Marchya Asteraceae 
Capsella bursa-pastoris L. Tuntkya/Botlya Brassicaceae 
Senecio nudicaulis Buch.-Ham. ex D.Don Neelkanthi Asteraceae 
Fumaria indica (Haussknecht) Pugsley Khairua Fumariaceae 
Achyranthes aspera L. Latjira, Lich-kuri Amaranthaceae 
Datura metel L. Dhatura Solanaceae 
Polygonum capitatum Buch.-Ham. ex D.Don  (creeper habit) Kaflya/Ghundi Polygonaceae 
Vicia sativa L. Kurphali Fabaceae 
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ABSTRACT 

     The present study was undertaken by selecting Krishi Vigyan Kendras functioning in Rajasthan. Four 
Krishi Vigyan Kendras were selected as per the criteria from three institutions- SKRAU, CAZRI & NGO. 
The study found that the facilities developed in selected KVKs were not alike and differ among one 
another.  KVK-B (KVK, Badagaon) a NGO KVK got highest points in the facilities developed among 
selected KVKs, followed by SKRAU, KVK-2 (KVK, Banswara) 30/40. The results emphasize the need for 
better infrastructural facilities to all KVKs for the effective performance. 
 
Key words: CAZRI, NGO, Krishi Vigyan Kendra and SKRAU. 
 

Agriculture is the Main Stay of India's economy on 
which 70% of total populations depend directly. Role of 
agricultural information in the production of food grains 
has been always under assess in India. Because of this 
farmer's in the want of new information/technical know 
how could not produced as per our expectations. In this 
regard Govt. of India and States Government launch 
several transfer of technology programmes through which 
new advances in agricultural could be conveys to farmers 
effectively. 

To reduce this gap ICAR has also launched several 
TOT programmes and Krishi Vigyan kendra is one such 
scheme started in 1974. These Kendras are the grass-root 
level vocational training institutions designed for bridging 
the gap between the available technique at one end and 
their application for increased production at the other. The 
KVK project is sponsored by the ICAR and is 
implemented by (i) ICAR Research Institutions, (ii) State 
Agricultural Universities (SAUs) and (iii) Reputed 
Voluntary Organisations. Presently Majority of these are 
run by State Agricultural Universities followed by NGO 
and Research Institutes of ICAR. It has become a matter of 
common observation that while the KVK being run by 
NGOs are, by and large doing well, the performance of 

those under the ICAR Institutes and SAUs is relatively 
poor. This situation warrants a critical look into factors 
that make for the difference in performance of KVKs 
managed by ICAR Institutes, SAU, NGOs, so that 
necessary remedial measures may be taken to cure the ills 
of poor performing KVKs. This necessitates empirical 
studies on the working of KVKs on a continuing basis. 
According, present study entitled "Training programmes of 
Krishi Vigyan Kendras in Rajasthan. An Analytical Study" 
was undertaken with specific objective "To Study the 
infrastructural facilities of Selected KVKs and its impact 
on their performance. 
 

METERIAL METHODS 

The present study was undertaken by selecting 
Krishi Vigyan Kendras functioning in Rajasthan. The 
Rajasthan State was purposively chosen as the setting for 
the present study as it is the only state which has a KVK in 
each district under different host institutions. The selection 
of KVKs for the study was based as their year of 
establishment, location, accessibility, host institute under 
which they are working. As per these criteria, four Krishi 
Vigyan Kendras were selected. 

 
ICAR Research Institute KVK,   CAZRI, Jodhpur 
NGO (Non-Governmental Organization) Vidhya Bhawan KVK, Badgaon, Udaipur 
SAU (RAU, Bikaner) KVK, Fatehpur-Shekhawati 

KVK, Banswara 
 
As per need of objective of the study, the data was 
collected in questionnaire Containing lists of items based 
on ICAR norms for starting a Krishi Vigyan Kendra. In 
accordance with norms, an index of infrastructural 
facilities was developed. The facility index was 
categorized into four sub-areas and weight age was 
awarded as per items available, The developed facilities 
of selected KVKs were recorded against the respective 
sub-heads. 

 

RESULTS AND DISCUSSION 

For effective functioning of the institution, 
infrastructural facilities are pre-requisite. Better the 
facilities; more is the amount of work and achievement of 
targets. The facility index was categorized into four sub-
areas namely buildings, land development, demonstration 
units, and equipment, machinery, vehicle. A summary of 
progress of infrastructuctural facilities developed at 
selected KVKs has been given in table-1. 
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Table 1: Progress of infrastructuctural facilities developed at selected KVKs 

Particulars Krishi Vigyan Kendra 
Buildings A B C D 
Office of training organizer     
Office room     
Class room (training hall)     
Room for Training Associates/Assistants     
Library-cum-information hall     
Laboratories     
Store    x 
Farmer's hostel   x  
Engineering workshop x  x  
Staff quarters     
Land development     
Total land areas (20 ha)   x x 
Area covered in building (2 ha)   x x 
Area under demonstrations units (as per norms)   x x 
Area under irrigation (total/half) x  x  
Plain topography of land     
Boundary of farm     
Fertility status of soil (good) x    
Irrigation channel (pucca) x    
Land plotting   x  
Internal road/farm road x  x x 
Demonstration units     
Crop unit     
Horticulture unit   x  
Dairy unit   x  
Home science unit (lab)   x  
Fodder unit   x  
Fish farming unit x x x x 
Audio-visual unit    x 
Exhibition unit     
Poultry unit x  x x 
Bee keeping/rabbitary/musroom/ vermin-culture/sericulture  x  x  
Equipments, machinery, vehicle etc.     
Tractor     
Harrow     
Seed drill     
Thresher x  x  
Sprayers x    
Dusters     
Tubewell/pumpset (diesel/electric)     
Jeep/mini bus     
Motorcycle x  x  
Sprinkler/drip irrigation system    x 
Total facility 28/40 39/40 23/40 30/40 
* KVK-A, Jodhpur, ICAR   = Available 
 KVK-B. Udaipur, NGO x    = Not available 

KVK-C, Fatehpur, SAU KVK-D, Banswara, SAU 
 
From table-1, it is evident that the facilities developed, in 
selected KVKs were not alike and differ among one 
another. The score from the table 1 clearly indicates that 
KVK-B (KVK, Badagaon) a NGO KVK got highest 

points in the facilities developed among selected KVKs, 
followed by RAU, KVK-2 (KVK, Banswara) 30/40. 
When the score of individual KVK was converted into 
index, the difference in infrastructural facilities developed 
at KVKs become clearer Table 2. 

Table 2: Infrastrustructural facilities index KVK wise. 

Krishi Vigyan Kendra Facility index Rank 
CAZRI, Jodhpur (ICAR) 70.00 III 
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Badagaon, Udaipur (NGO) 97.50 I 
Fatehpur-shekhawati (SAU) 57.50 IV 
Banswara (SAU) 75.00 II 

 
From the above table, it is clear that KVK, Badagaon, 
Udaipur run by a NGO stood first in terms of 
infrastructural facilities developed. It got 97.50 point in 
facility index. This was followed by a SAU KVK, 
Banswara with 75 points, CAZRI KVK (ICAR) with 70 
point and SAU KVK Fatehpur-shekhawati with 57.50 
points, respectively. The results concluded that KVKs run 
by NGOs were better equipped than the KVK run by 
ICAR and SAUs. The reason lies in the fact that the NGOs 

KVKs are also getting additional fund from other sources 
in addition to fund from sponsoring agency. It is pertinent 
to report here that NGO KVK was run by Vidhya Bhawan 
Society, Udaipur, a NGO of repute, having broad network 
and international funding source. This might be the reason 
for better facilities of this KVK. This KVK was also 
involved in social work in additional to the KVK works. 
The results emphasize the need for better infrastructural 
facilities to all KVKs for the effective performance.

 
Conclusion 

To conclude the findings, it is emphasized that better 
infrastructural facility helps KVK trainers to organize 
effective trainings. Among the selected KVKs, NGO KVK 
stood first in terms of infrastructural facilities developed. It 

was followed by SAU KVK and ICAR KVK. There is an 
urgent need for better infrastructural facilities to all KVKs 
for effective performance. 
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ABSTRACT 

 
Water is the source of life. Despite its preciousness water has remained a neglected issue till date. One 
of the important reason behind India becoming water insecure nation is its free supply. The International 
Water Management Institute (IWMI) forecasts that by 2025, thirty three percent of India’s population will 
live under absolute water scarcity condition. The per capita water availability, in terms of average 
utilizable water resources in the country, has dropped drastically from 6008 m3 in 1947 to 2200 m3 now 
and is expected to dwindle to 1450 m3 by 2025. Against this backdrop a study was carried out to assess 
the awareness level of farmers in Uttar Pradesh. A total of 210 respondents were selected from 14 
Village (Fifteen respondents each village) through equal allocation random sampling technique for the 
study. The major findings of the study include, majority (60.95 per cent) of the respondents belonged to 
the medium level of knowledge about the watershed practices followed by 20.48 per cent belonged to 
low level of knowledge and 18.57 per cent respondents were having high level of knowledge about 
watershed practices. The respondents (49.52 per cent) had knowledge about the crops with less canopy 
that were grown to protect the soil from rain water erosion, 49.05 per cent respondents were knowing 
the crops grown along the slope of the land while only 28.57 per cent respondents aware about 
staggered trenching checks surfaces runoff and soil loss in hills, and retaining wall in combination of 
vegetative barrier is economical and sustainable system of torrent controls. 
 
Key words: Knowledge, Stakeholders, Water and Watershed.  
 

India shares near about 19 per cent of the world’s 
population, 15 per cent of the live stock population, while 
it has only one per cent of the forest area, 0.5 per cent of 
the pasture land, and two per cent land of the total 
geographical area of the world. Naturally, leading pressure 
on the productive lands and forest. Therefore, the lands 
especially the farmlands in India are in the constant 
process of various degrees of degradation and are going 
very fast turning into wastelands. In accordance with the 
National Remote Sensing Agencies (NRSA) findings 
75.05 million hectares wastelands in the country. It has 
been estimated that out of these around 58 million hectares 
are treatable and can be brought back to productive levels 
through watershed technology.  

In our country out of the total geographical area 329 
million ha, 143 million ha is under cultivation of which 
108 million ha area is rainfed (75%) contributing about 44 
per cent of the total food grain production in the country 
and supports 40 per cent of the population. Bulk of pulses, 
oil seeds, millets, coarse grains and commercial crops like 
cotton and ground nut etc., are accounted by the rainfed 
agriculture. Thus, dryland holds great prospect of 
contributing substantially to country’s food production and 
unless the production from these areas increases, the real 
breakthrough in agriculture may not be possible. 
Thus water and Soil constitutes the vital resources of the 
country. These two resources nourish and support the plant 
and animal life. The prosperity and welfare of humanity is 
also depending on water, which is irreplaceable resource. 

Soil, water and vegetation are most important natural 
resources; they provide food, firewood, fiber and raw 
materials to satisfy variety of needs of people. Hence, its 
judicious management is a pre-requisite for overall 
development of the country. This clearly implies that 
judicious utilization of soil and water will increase 
substantially the present level of food grain production. In 
recent years more attention has been given for soil and 
water management.  

Conceptually watershed is defined as “a geographical 
area that drains to a common point”. Watershed 
management is a holistic approach which aims at 
optimizing the use of land, water and vegetation in an area, 
to alleviate drought, moderate floods, prevent soil erosion, 
improve water availability and increase fuel, fodder and 
agricultural production on sustained basis. Knowledge 
about watershed development ensures   sustainable and 
conservation of natural resources. Keeping in view it was 
considered necessary to plan out “Knowledge level of 
farmers on watershed programme in Unnao district of 
Uttar Pradesh. 
 

METARIAL AND METHODS 
The study was conducted in the central region of state 

Uttar Pradesh which was purposively selected, with the 
reason that the district Unnao experienced implementation 
of maximum number of watershed projects. The district 
Unnao consists of 16 blocks. The watershed development 
programme was implemented in seven blocks of the 
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district. All the blocks, in which watershed development 
programme were implemented were selected for the study. 
In order to facilitate the selection of the villages, list of 
number of villages were obtained from the district head 
office and two villages per block were selected randomly 
by employing lottery method. Thus a total 14 villages 
namely Sakhan, Gahauli, Arsena , Newada dhar, Ajgain, 
Jaitipur , Bandakhera, Patari ,Sikandarpur karan, Manpur, 
Jhabba khera, Sohon, Jagat khera, and Dhamni khera 
constituted sample of the study. 

A comprehensive list of beneficiaries under 
watershed development programme were obtained village 
wise fourteen villages from the district head office and 15 
(farmers)   beneficiaries from each village were selected 

randomly. Thus a total of 210 farmers (beneficiaries) 
constituted the sample of the study. The data was collected 
with the help of well structured pre-tested schedule by 
using personal interview method. The variables for the 
study were selected based on the review of literature and in 
consultation with various experts in the fields of watershed 
development and agricultural extension.   

 
RESULTS AND DISCUSSION 

The findings of the study have been presented in the 
following tables followed by the discussion for the 
findings of the study and the possible reasons behind the 
behavior of respondents 

 
Table 1: Over all knowledge level  

Categories Scores Frequency Percentage 
Low (Mean – SD)  < 16.29 43 20.48 
Medium (Mean + SD)  16.29-22.72 128 60.95 
High (Mean + SD)  > 22.72 39 18.57 
 

The data (Table 1) revealed that majority (60.95 per 
cent) of the respondents belonged to the medium level of 
knowledge about the watershed practices followed by 
20.48 per cent belonged to low level of knowledge and 
18.57 per cent respondents were having high level of 
knowledge about watershed practices.  

The respondents were having medium and high level 
of knowledge about watershed practices, which is 
approximately 80 per cent while very few number of 
respondents were having low level of knowledge. It might 
be due to high rate of literacy among respondents. 
Basavaprabhu and Kumar, (2008) observed similar results 
in their study in Karnataka. 

 

Table 2: Distribution of respondents based on cognition level regarding watershed practices.  

Knowledge Statements Frequency Percentage 
The material such as saw dust, straw, paddy husk, crop residues, leaves etc. are spread on the surface 
of the land to protect the soil from erosion  147 70.00 
Two or more crops are grown simultaneously for continuous land cover and protection from feating 
action of rains    122 58.10 
The crops are grown across the slope of the agriculture field  146 69.52 
The cultivation of cereal crops is followed by pulse crops or leguminous crops  210 100.00 
In crop cultivation, cereal crops follow the cereal crops only 169 80.48 
The bunds are made along the slope of the sloppy land  188 89.52 
Earthen bund is made around the gully head to prevent flow of runoff water from upper area in to the 
gully to check erosion  210 100.00 
The trees are planted on the boundaries of crop fields.   188 89.52 
The waterways used for conducting surface water in agricultural fields should not be covered with 
grasses   188 89.52 
The animals can be allowed in the specific grazing land after adequate growth of grasses and 
vegetation   189 90.00 
The minimum ploughing is done to create appropriate soil condition for seed germination      210 100.00 
One crop is grown repeatedly in cultivable land, year after year.    168 80.00 
In the fallow fields, the stubbles of crops are taken completely with roots  189 90.00 
Grasses should not be grown on earthen bunds and check dams   148 70.48 
Sloppy ravine land can be converted into level terraces for cultivation of horticulture crops  143 68.10 
Staggered trenching checks surfaces run off and soil loss in hills  60 28.57 
Retaining wall in combination of vegetative barrier is economical and sustainable system of torrent 
controls       60 28.57 
Plantation of lemon, Amla and Ber are the best options of suitable land use for degradable wasteland   187 89.05 
Green manuring with sunhemp improves soil fertility and organic content in soil  189 90.00 
Geo-Jute application is the most suitable method to control debris on hill slopes of land slide affected 
area  128 60.95 
Terracing is the ultimate practice of reclaiming ravenous fields for agriculture  105 50.00 
Ploughing after the harvest of crops during summer is done to conserve soil and moisture    168 80.00 
Excess rain water or run off from the agriculture field is to be collected, stored and used for irrigation    167 79.52 
The green gram crop should be cultivated during rainy season before mustard cultivation   210 100.00 
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The (Table 2) reveals that majority (100 per cent) of 
the watershed beneficiaries were aware about the 
cultivation of cereal crops after pulse or leguminous crop, 
earthen bunds should be made around the gully head to 
prevent flow of runoff water from the area into the gully to 
check erosion, the minimum ploughing should be done 
create appropriate soil condition for seed germination and 
the green gram crops would be cultivated during rainy 
season before mustard cultivation Kadam et al., 2001 and 
Raghunandan, 2004.  

The table also shows that 90 per cent of the 
respondents were aware about the animal can be allowed 
in the specific grazing land after adequate growth of 
grasses and vegetation, in the fallow fields.  
The table also indicates that 89.52 per cent respondents 
were having knowledge of the bunds to be made along the 
slope of the sloppy lands, the trees should be planted on 
the boundaries  of crop field and the water way are used 
for conducting for surface water in agricultural fields 
should not be covered with grasses.  

The table also reveals that 89.05 per cent respondents 
were aware about plantation of Lemon, Amla and Ber are 
the best options of suitable land use for degradable 
wasteland. While 80.48 per cent knew about; in crop 
cultivation, cereal crops follow the cereal crops only. 
The data presented in the table indicates that 79.52 per cent 
of the respondents had knowledge about excess rain water 
or runoff from agriculture field should be collected, stored 

and used for irrigation. Majority 70.48 per cent were aware 
about grasses should not be grown on earthen bunds and 
check dams, 70.00% were having knowledge about the 
material such as saw dust, straw, paddy husk, crop 
residues, leaves etc. should be spread on the surface of the 
land to protect the soil from erosions. Majority of the 
respondents 69.52 per cent were aware  about the crops are 
grown across the slope of the agricultural land with minute 
difference 68.10 per cent respondents were know about 
sloppy ravine land can be comunted into level terrace for 
cultivation of horticulture crops.  

The respondents (60.95 per cent) were aware  about 
geo-jute applications is the most suitable to control debris 
on hill slopes of land slide affected area 58.10 per cent 
respondents had knowledge of two or more crops should 
grown simultaneously for continuous land cover and 
protection from feting action of rains. While 80.00 per cent 
respondents were known about terracing is the ultimate 
practice of reclaiming ravenous fields for agriculture.  
The respondents (49.52 per cent) had knowledge about the 
crops with less canopy cover should grown to protect the 
soil from rain water erosion, 49.05 per cent respondents 
were knowing the crops should grown along the slope of 
the land while only 28.57 per cent respondents aware 
about staggered trenching checks surfaces runoff and soil 
loss in hills, and retaining wall in combination of 
vegetative barrier is economical and sustainable system of 
torrent controls, Saroj, (2009).  

 
Table 3: Relationship between independent variables with knowledge level of respondents in watershed development 
programme 

Independent Variables ‘r’ value 
Age -0.509(**) 
Education 0.445(**) 
Irrigation facilities 0.371(**) 
Land holding 0.656(**) 
material possession 0.678(**) 
Source of information utilized 0.849(**) 
Caste 0.472(**) 
Family Type 0.081 
Family size -0.352(**) 
Housing pattern 0.728(**) 
Social Participation 0.059 
Annual income 0.319(**) 
Social Capital 0.658(**) 
Political Administrative Status 0.630(**) 
Leadership Style 0.457(**) 
Position in family 0.071 
Management Orientation 0.650(**) 
**. Correlation is significant at the 0.01 level of probability 
*. Correlation is significant at the 0.05 level of probability 
 
Table 3 reveals that age and family size, of the respondents 
were negatively and significantly co-related with their 
knowledge level of watershed practices with correlation 
coefficient r = -0.509, and -0.352. It is showed that the 
knowledge level of respondents of watershed practices 
increased significantly with the decrease their age and size 
of family. 

The data presented (Table 3) shows that the levels of 
knowledge, towards watershed practices of respondents 
were increased with the increase in their education level, 
irrigation facilities, land holding, material possession, 
source of information, caste, housing pattern, annual 
income, social capital, political administrative status, 
leadership style, and management orientation. It indicates 
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that respondents with high level of education, good 
irrigation facilities, large land holdings, better material 
possession, good source of information, higher caste, 
better housing pattern, good annual income, share in social 
capital, best political administrative status, good leadership 
style, and better management orientation had more 
knowledge of watershed practices Basavaprabhu et al., 
2011.  

Thus the observation confirms the following 
hypothesis: 
 
Ho, There is no association between the knowledge 
level of respondents in watershed development programme 
with their family type, social participation and position in 
family.  

The above observation side by side also rejects the 
following hypothesis. 

Ho1, There is no association between the age, 
education, irrigation facilities, land holding, material 
possession, source of information, caste, family size, 
housing pattern, annual income, social capital, political 
administrative status, leadership style, and management 
orientation with knowledge level of respondents in 
watershed development programme. 
 

Thus it can be inferred that out of 17 independent 
variables 14 variables those were, age, education, 
irrigation facilities, land holding, material possession, 
source of information, caste, family size, housing pattern, 
annual income, social capital, political administrative 
status, leadership style and management orientation exert 
their influence significantly on knowledge level of 
respondents in watershed development programme. 

 
Table 4: Multiple regressions with selected independent variables related to knowledge level of respondents in 
watershed development programme 
 

R2  =  0.772        F value = 114.434        DF= (197) * Significant at the 1.00 level of probability  
 

The results presented (Table 4) indicates that these 
independent variables would account for a highly 
significant amount of variation in the knowledge about the 
watershed practices from the above observation ‘t’ test of 
significant indicates that the regression (β-values) are 
found to be significant for age, irrigation facilities, 
material possession, source of information utilized, 
leadership style, and management orientation, those 
explained that the utilization of these parameters with full 
certainty in making sound strategies of watershed 
development plane be highly effective. It can be therefore 
concluded that these variables have definite role to play in 
affecting level of knowledge about watershed development 
programme. The remaining variables under this study were 
not affecting the knowledge level of watershed 
development programme.  

 
CONCLUSION 

On the basis of research findings it can be concluded 
that, in case of overall knowledge level 60.95 per cent 
respondents were having medium level knowledge of 
watershed technologies. While in case of individual 
watershed practices, highest 100 per cent of respondents 
were having knowledge about- the cultivation of cereal 
crops is followed by pulse crops or leguminous crops, 
earthen bund is made around the gully head to prevent 
flow of runoff water from upper area in to the gully to 
check erosion, the minimum ploughing is done to create 
appropriate soil condition for seed germination and the 
green gram crop should be cultivated during rainy season 
before mustard cultivation. 

 
 

 

 

Variables Std. Error β values ‘t’ values 
Age 0.023 0.242 3.335** 

Education 0.084 -0.148 -2.562 
Irrigation facilities 0.101 0.038 1.115** 

Land holding 0.298 -0.304 -4.254 
Material possession 0.137 0.037 0.633** 

Source of information utilized 0.037 1.333 12.896** 

Social Participation 0.027 0.001 0.043 
Annual income  0.064 -0.003 -0.115 
Social Capital 0.127 -0.168 -3.904 
Leadership Style 0.177 0.581 17.522** 
Position in family 0.171 -0.212 -4.939 
Management Orientation 0.067 0.742 19.615** 
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ABSTRACT 

Fifty-three genotypes of groundnut including twelve lines, three testers, thirty-six crosses, and two 
checks were evaluated in randomized block design with three replications at two environments. 
Analysis of variance indicated significant difference among parents and among crosses for all 
characters in both the environments except primary branches in E2. Significant positive heterosis was 
recorded in nine and eight crosses for pod yield per plant in E1 and E2 respectively. Seven crosses 
exhibited economic heterosis for one or other characters viz., JAL-17 x GG-2   (4), JAL-43 x GG-2   (2), 
UG-5 x ICGS-37(2), UG-5 x GG-2 (2), UG-17 x GG-2  (1), UG-16 x GG-7  (1) and UG-13 x GG-2  (1) and 
frequency was higher in E1 than E2. The parents UG-5, UG-10, UG-11, JAL-17 and GG-7 were good 
general combiner and crosses JAL-17 x GG-2, UG-14 x GG-7 and UG-16 x GG-7 were best specific 
combiner for pod yield per plant and maximum number of characters in both the environments. 
Although the economic heterotic cross UG-5 x GG-2 involved both parents and UG-16 x GG-7 cross 
involved at least one good general combiner parents. But non-significant SCA effects were identified for 
selection of transgressive segregants in F2 generation with expected that heterosis in these crosses 
were due to accumulation of desirable alleles. 
 

Key worlds: Combining Ability, Environment and Genetic effects, Groundnut and Heterosis. 
 

The magnitude of heterosis provides information on 
the extent of genetic diversity of parents which helps in 
selection of superior parents for hybrid breeding. However, 
in a self-pollinated crop like groundnut, where commercial 
production of hybrids is not feasible owing to the inherent 
problem associated with it. However, if heterosis is due to 
additive x additive type of epistasis or due to repulsion 
phase linked loci, exhibiting partial or complete 
dominance, it would be possible to fix the alleles at 
interacting loci to preserve the heterosis in pure lines 
(Arunachalam et al. 1984). The allopolyploid nature of 
groundnut will also favor preservation of such cross vigor 
for a considerable number of generations. It is therefore, 
desirable to identify the crosses which exhibit cross vigor 
preferably when one of the parents is of acceptable 
commercial quality (Isleib and Wynne, 1983). In addition, 
the heterotic crosses can also produce desirable 
transgressive segregants in their advanced generations if 
parents are having dispersed dominance. Under such a 
situation, it will be useful to observe the genetic effects in 
heterotic crosses, which may throw desirable recombinants 
in later generations. Selection is only effective when 
character is under control of additive gene action and 
desired gene complex is available in presents. However, if 
parents are diverse and control of the characters is 
unknown the selection of parents based on combining 
ability will be more effective. The present study was 
undertaken with a view to estimates heterosis and 
combining ability. 

MATERIAL AND METHODS 

The research comprised of twelve lines, three testers, 
thirty-six crosses and two checks which were evaluated in 

randomized block design with three replications at 
research farm, Rajasthan College of Agriculture, Udaipur 
during summer and kharif season 2004. Crosses obtained 
by adopting L x T mating design. In each replication, each 
genotype was sown in one row of 7 meter length along 
with inter and intra row distance of 15 and 45 cm, 
respectively. All recommenced package of practices were 
follows to raise a good crop. Irrigations were given as and 
when required. Observations were recorded on fourteen 
characters viz., days to 50 percent flowering, height of 
main axis, number of primary branches, haulm yield per 
plant, barren pods per plant, total number of pods per 
plant, mature pods per plant, pod yield per plant, kernel 
yield per plant, harvest index, shelling percent, 100-kernel 
weight, oil and protein content. The observations for all the 
traits were recorded on 10 randomly selected competitive 
plants for each genotype in each replication, except for 
days to 50 per cent flowering, oil content and protein 
content. Heterosis, heterobeltiosis and economic heterosis 
were calculated as per procedure suggested by Shull 
(1914), Fonesca and Patterson (1968) and Meredith and 
Bridge (1972) respectively. The combining ability analysis 
was carried out as per Griffing (1956) with modification 
for line x Tester mating design 

RESULTS AND DISCUSSION 

Frequency of heterosis was almost uniform in both 
the environments however, heterobeltiosis and economic 
heterosis was higher in E1 as compare to E2. For pod yield 
per plant, positive heterosis was recorded in nine and eight 
crosses and heterobeltiosis in three and one crosses in E1 
and E2, respectively. In E2 the cross JAL-43 x ICGS-37 
having highest magnitude of heterosis and heterobeltiosis 
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for pod yield per plant i.e. 27.94 and 25.41 percent and for 
kernel yield per plant i.e. 30.83 and 30.62 percent, 
respectively. 

The cross JAL-17 x GG-2  had highest significant 
positive heterosis (38.74, 49.91  %), heterobeltiosis 
(34.84, 42.93 %) in E1 and economic heterosis (12.60, 
11.84 %) in pool for total number of pods per plant and 
mature pods per plant. Seven crosses exhibited economic 
heterosis for one or other characters viz., JAL-17 x GG-2   
(4), JAL-43 x GG-2   (2), UG-5 x ICGS-37(2), UG-5 x 
GG-2 (2), UG-17 x GG-2  (1), UG-16 x GG-7  (1) and UG-
13 x GG-2  (1) and frequency was higher in E1 than E2. 
Nagda et al. (2001) and Vyas et al. (2001) had also 
reported economic heterosis for one or other characters. 
Analysis of variance indicated that variance due to SCA 
was higher than variance due to GCA of lines for all the 
characters in both the environments there by indicating the 
preponderance of non-additive variance in expression of 
these traits. . The predominance of non-additive effects for 
pod yield per plant, harvest index, shelling outturn and oil 
content in groundnut was also reported by Wynne et al., 
(1975), Dwivedi et al., (1989) and Varman and 
Raveendran, (1994).  Contribution of line x tester was 
maximum for almost all the characters in both the 
environments, while line had maximum contribution for 
days to 50 percent flowering, haulm yield per plant and 
100-kernel weight in E1 and total number of pod per plant, 
mature pod per plant and oil content in both the 
environments. The tester contribute maximum only for 
protein content in both the environments. Among the tester 
GG-7 was good general combiner for pod yield per plant 
and most of the characters. Among lines, UG-5, UG-10, 
UG-11 and JAL-17 were good general combiner for pod 
yield and most of the characters in both the environments, 
Cross JAL-17 x GG-2, UG-14 x GG-7 and UG-16 x GG-7 
were best specific combiner for pod yield per plant, kernel 
yield per plant, total number of pods per plant and mature 
pods per plant and cross UG-11 x GG-7  for oil content and 
protein content in both the environments Nagda (2000), 
Sharma (2001) and singh (2002). The transgressive 
segregants are expected more frequent in the crosses 
having economic heterosis, non-significant SCA and both 
the parents with good GCA effects (Arunachalam et al., 
(1984), Nagda,  ( 2000), Sharma, (2001), Upadhyay et al. 
(1992) and Singh, (2002). The economic heterosis in such 
crosses were on account of accumulation of favorable 

alleles in the cross combination. No such crosses could be 
identified for pod yield per plant. However, UG-5 x GG-2   
for oil content in E2 and 100-kernel weight in E1 and cross 
UG-16 x GG-7 for shelling percent in E1 also had 
economic heterosis, non-significant SCA and one parent 
with good GCA. Six other crosses viz. JAL-17 x GG-2, 
UG-5 x ICGS-37, JAL-43 x GG-2, UG-17 x GG-2, UG-16 
x GG-7 and UG-13 x GG-2 involved both or at least one 
good general combiner parent for pod yield correlated 
characters but, had significant SCA may provides 
transgressive segregants for these characters and pod yield 
per plant. This was an indication of gene dispersion and 
interaction between favorable alleles contributed by both 
the parents. These hybrid combinations may be utilized 
through inter mating of segregants and simultaneous 
selection for desirable plant type and yield components. 
Similar findings have also been reported by Dwivedi et al., 
(1989), Holbrook (1990), Lontican and Abilay (1992) and 
Ali et al. (1995). 

CONCLUSIONS 

Economic heterosis was not recorded for pod yield 
although these seven crosses exhibited economic heterosis 
for one or other characters viz., JAL-17 x GG-2   (4), JAL-
43 x GG-2   (2), UG-5 x ICGS-37(2), UG-5 x GG-2 (2), 
UG-17 x GG-2  (1), UG-16 x GG-7  (1) and UG-13 x GG-2  
(1). Frequency of these economic heterotic crosses was 
higher in E1 as compared to E2. The economic heterotic 
cross UG-5 x GG-2 and UG-16 x GG-7 involved both or at 
least one good general combiner parent. They also 
exhibited non-significant SCA effects which were 
identified for selection of transgressive segregants in F2 
generation with assumption that heterosis in these crosses 
were caused due to accumulation of desirable alleles. Six 
other crosses viz. JAL-17 x GG-2, UG-5 x ICGS-37, JAL-
43 x GG-2, UG-17 x GG-2, UG-16 x GG-7 and UG-13 x 
GG-2 were also expected to be transgressive segregants 
which were involved both or at least one good general 
combiner parent for pod yield correlated characters but 
they had significant SCA effects.  
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ABSTRACT 

The field experiment was conducted during rabi season of 2007-08 at the Research Farm of Navsari 
Agricultural University, Navsari for evaluating the effect of planting geometry and stage of harvesting 
and their interaction on yield attributes and seed yield of rabi fennel (Foeniculum vulgare Mill.) under 
south Gujarat condition. Planting geometry 90 X 30 cm (G4) and 60 x 30 cm (G2) were equally effective in 
improving almost all the yield parameters studied. However, these treatments failed to touch the yield 
level recorded under closer planting geometry 60 X 15 cm (G1). The seed weight plant-1 and test weight 
were significantly higher under full length green seed stage of harvest (S2). Growing crop at 60 X 15 cm 
(G1) geometry found most remunerative with maximum net realization of Rs 55533 ha-1 and higher 
(Benefit Cost Ratio) BCR of 3.12. Harvesting at full length green seed stage (S2) found most 
remunerative with maximum net realization of Rs 42087 ha-1 with BCR 2.40. The present study can be 
concluded that higher and profitable yield of rabi fennel (Cv. Gujarat Fennel-2) can be secured by 
growing crop at 60 X 15 cm and harvesting at full length green seed stage. 

Key words: Fennel, Harvesting stage and Planting geometry. 
 

Nature has gifted many valuable spices to human 
being. India is known as the “Home of spices” from very 
ancient times and is the largest producer, consumer and 
exporter of spices. Fennel crop cultivated during rabi on 
sandy loam soil of North Gujarat. In the South Gujarat 
region, beans and gram crops are extensively grown during 
rabi after harvest of rice. Fennel has considerable scope for 
increasing the production potential in Gujarat state. 
Because of remunerative prices and low input requirement 
it may be more profitable than bean and gram in South 
Gujarat. Too high plant population may cause adverse 
effect on crop in terms of interplant competition for nutrient 
and moisture, while low plant population may not take full 
advantage of applied nutrients and allow weeds to grow 
resulting in low production. Thus maintaining optimum 
plant population is primary requirement to obtain higher 
yield. With this background in view the present 
investigation entitled “Effect of planting geometry and 
stage of harvesting and their interaction on yield attributes 
and seed yield of rabi fennel (Foeniculum vulgare Mill.)” 
was under taken with the objectives to find out the precise 
planting geometry, stage of harvesting and interaction 
effect of planting geometry and stage of harvesting for 
good growth yield and quality of rubi fennel. 

MATERIALS AND METHODS 

A field experiment was conducted at Instructional 
farm, N.M. College of Agriculture, Navsari Agricultural 
University, Navsari during rabi season of 2007-08. The 
farm is geographically located at 20o 57’ N latitude and 72o 
54’ E longitude at an altitude of 10 m above the mean sea 
level. There were twelve treatment combinations involving 
four levels of planting geometry (G1: 60 X 15 cm, G2: 60 
X 30 cm, G3: 90 X 15 cm, G4: 90 X 30 cm) and three 

stages of harvesting (S1: Half length seed stage, S2: Full 
length green seed stage, S3: Full grown seed turning 
yellow stage) were evaluated in factorial randomized block 
design with four replications. The fennel cultivar Gujarat 
Fennel-2 was sown at 31-10-2007 and harvested on 24-04-
2008.  The required quantities of urea and single super 
phosphate to fertilize crop @ 90:30:00 NPK kg ha-1 were 
calculated for gross plot area. Total quantity of phosphorus 
was applied as basal in previously opened furrows of all 
plots, whereas total quantity of nitrogen was applied in 
three splits viz. 50 per cent as basal and remaining 50 
percent in two equal splits at 30 and 60 days after sowing 
as top dressing.   

The harvest index for each plot was computed by 
using formula suggested by Donald (1963).  

 
      Economic yield (kg ha-1) 
Harvest index (%) =               x 100 
      Biological yield (kg ha-1) 

RESULTS AND DISCUSSION 

Effect of planting geometry on yield attributing 
characters 

 
Various parameters on yield viz. number of umbels 

plant-1, number of umbelletes umbel-1, number of seeds 
umbellete-1, seed weight plant-1 and test weight were 
significantly influenced by various treatments of planting 
geometry (Table 1). Planting geometry G4 (90 X 30 cm) 
recorded maximum value for all the above characters, 
which was statistically at par with G2 (60 X 30 cm). Seed 
and stalk yields (Table 2) in fennel were significantly 
influenced under various treatments of planting geometry. 
High density planting at 60 X 15 cm (G1) resulted 
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significantly higher seed yield (19.35 q ha-1) and stalk 
(39.98 q ha-1) yields over rest of the geometry. Similar 
findings were also reported by Singh and Singh (1984), 
Malav and Yadav (1997), Yadav and Khurana (2000)  Bist 
et al. (2000), Muhammad and Anjum (2001), Jaiswal et al. 
(2003) and Masood et al. (2004). 

The interaction effect between planting geometry and 
stage of harvesting was found to be non significant with 
respect to number of umbels plant-1, number of umbellets 
umbel-1, number of seeds umbellete-1, seed weight plant-

1,test weight plant-1 in fennel. 
The interaction effect between planting geometry and 

stage of harvesting was found significant with regards to 
seed yield in fennel. The data (Table 3) revealed that the 
highest seed yield (23.06 q ha-1) was noticed under the 
treatment combination of G1S2 (60 X 15 cm harvested at 
full length green seed stage) and it was closely followed by 
G1S3 (60 X 15 cm harvested at full grown seed turning 
yellow stage). Whereas, the minimum seed yield (5.04 q 
ha-1) was observed in treatment combination G4S1 (90 X 
30 cm harvested at half length seed stage) being at par with 
G2S1 (60 X 30 cm harvested at half length seed stage). 

Interaction effect between planting geometry and 
stage of harvesting was found to be significant with respect 
to stalk yield in fennel (Table 3). The data revealed that the 
treatment combination of G1S3 (60 X 15 cm harvested at 
full grown seed turning yellow stage) recorded 
significantly the highest stalk yield (48.13 q ha-1) in fennel. 
Whereas, the lowest stalk yield (12.32 q ha-1) was recorded 
with the treatment combination of G4S1 (90 X 30 cm 
harvested at half length seed stage).  

Harvest index (Table 2) was also significantly 
influenced by various treatments of planting geometry. 
Significantly the higher value (32.35 %) was recorded 

under G1 (60 X 15 cm) planting density. The results are 
partially in agreement with those of Yadav and Khurana 
(2000) and Singh et al. (2001). 
Effect of stage of harvesting on yield attributes  

Varying treatments of harvesting significantly 
influenced the seed weight plant-1 and test weight (g) 
(Table 1). The maximum seed weight plant-1 and test 
weight were recorded with S2 (harvesting at full length 
green seed stage) being statistically at par with S3 
(harvesting at full grown seed turning yellow stage). 
Similar findings were reported by Bhati (1988) and 
Kewalanand et al. (2001). 

The better development of yield attributes 
particularly seed yield and stalk yield under S2 (full length 
green seed stage) and S3 (full grown seed turning yellow 
stage) resulted significantly higher seed yield of 14.78 q 
ha-1 and 14.01 q ha-1 over treatment S1. Similar findings 
were reported by Singh et al. (1980) and Kewalanand et al. 
(2001). 

While the stalk yield recorded significantly higher 
with the treatment S3, it was closely followed by S2. 
Harvest index (Table 2) was also significantly influenced 
by various treatments of harvesting stage. Significantly the 
higher value (31.05 %) was recorded at full length green 
seed stage (S2). The results are in agreement with those of 
Bhati et al. (1988). 
Economics 

The mean data (Table 2) indicated that planting 
geometry of 60 X 15 cm (G1) secured maximum net 
realization of Rs. 55533 ha-1 with (Benefit Cost Ratio) 
BCR of 3.12. A perusal of data shows that the treatment S2 
(harvesting at full length green seed stage) secured 
maximum net realization of Rs. 42087 ha-1with BCR of 
2.40. 

 
Table-1:  Influence of various treatments of planting geometry and stage of harvesting on yield attributes in fennel. 
 

Treatments 

No. of 
umbels 
plant-1 

No.of 
umbelletes 
umbel-1 

No. of seeds 
umbellete-1 

Seed weight 
(g plant-1) 

Test weight 
(g) 

Planting geometry (G) 
     G1   :     60 X 15 cm  (1,11,111) 18.63 20.53 19.27 30.8 6.39 

G2   :     60 X 30 cm  (55,555) 23.63 24.33 23.47 32.22 6.65 

G3   :     90 X 15 cm  (74,074) 20.4 21.18 20.43 29.85 6.45 

G4   :     90 X 30 cm  (37,037) 25.43 26.5 25.33 33.9 6.88 
            S.Em. ± 0.69 0.79 0.66 0.65 0.12 
            C.D. at 5 % 1.99 2.27 1.9 1.88 0.34 

Stage of harvesting (S)  
S1   :     Half length seed stage 21.94 22.74 21.63 22.05 4.44 
S2   :     Full length green seed stage 22.04 23.38 21.94 37.01 7.85 
S3   : Full grown seed turning yellow stage 22.1 23.3 22.81 36.01 7.48 
            S.Em. ± 0.6 0.68 0.57 0.57 0.1 
            C.D. at 5 % NS NS NS 1.63 0.29 
            Interaction NS NS NS NS N S 
            C.V. % 10.87 11.79 10.36 7.14 6.17 
NS = Non-significant 
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Table 2. :  Influence of various treatments of planting geometry and stage of harvesting on yield, harvesting index 
and economics in fennel.  
 

Treatments 

Yield (q ha-1) Harvest 
index 
(%) 

Net realization 
(Rs ha-1) BCR 

Seed Stalk 

Planting geometry (G)    
G1   :     60 X 15 cm  (1,11,111) 19.35 39.98 32.35 55533 3.12 
G2   :     60 X 30 cm  (55,555) 10.07 26.30 27.79 21247 1.23 
G3   :     90 X 15 cm  (74,074) 13.18 31.70 29.28 32685 1.87 
G4   :     90 X 30 cm  (37,037) 7.05 17.58 28.65 9987 0.58 
            S.Em. ± 0.372 0.758 0.52   
            C.D. at 5 %  1.070 2.182 1.51   
Stage of harvesting (S)  
S1   :     Half length seed stage 8.45 20.76 28.85 28706 1.58 
S2   :     Full length green seed stage  14.78 31.81 31.05 42087 2.40 

S3  :      Full grown seed turning yellow stage  14.01 34.10 28.65 18796 1.12 

            S.Em. ± 0.322 0.657 0.49   
            C.D. at 5 %  0.927 1.890 1.40   
            Interaction  Sig. Sig. NS   
            C.V. % 10.38 9.10 6.61   
NS = Non-significant 
 
Table 3:  Influence of interaction effect of planting geometry and stage of harvesting on Seed and stalk yields in 
fennel  
 
Stage of 
harvesting 

Planting geometry 
G1 G2 G3 G4 Mean 

 Seed yield (q ha-1) 
S1 12.96 6.88 8.91 5.04 8.45 
S2 23.06 12.08 15.80 8.19 14.78 
S3 22.03 11.26 14.82 7.92 14.01 
Mean 19.35 10.07 13.18 7.05  
 S.Em. ± 0.644 C.D. at 5 % 1.854  
 Stalk yield (q ha-1) 
S1 30.59 17.35 22.77 12.32 20.76 
S2 41.24 30.24 35.88 19.87 31.81 
S3 48.13 31.30 36.45 20.55 34.10 
Mean 39.98 26.30 31.70 17.58  
 S.Em. ± 1.314 C.D. at 5 % 3.781  
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ABSTRACT 

Rice is principally grown in Kheda district as it is the staple food crop of this region. The studies 
conducted in past in this region regarding rice crop production technology indicate that there is a wide 
gap exist between the know how already attained and their application in the fields. Thus, there is a wide 
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mean score was obtained by the total number of score divided by total number of respondents.  Major 
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protection measures, Marketing, Schedule of water supply by Canal, Fertilizer management, Water 
management, Preparation of Seedlings, Variety, Land preparation and sowing, Supportive facts, 
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Rice is predominantly grown in Kheda district as it is 
the staple food crop of this region. The studies conducted 
in past in this region regarding rice crop production 
technology indicate that there is a wide gap exist between 
the known how already attained and their application in the 
fields. Thus, there is a wide scope for increasing 
production of rice per unit area. In order to increase the 
level of adoption, farmer must be made aware of the 
improved technologies. 

Acquisition of information has always been regarded 
as a factor playing an important role in molding human 
behavior leading to decision for adopting of innovation. 
Mass dissemination of information may play an important 
role in increasing the adoption of technology. The 
preparation of good content of information of rice farming 
is possible based on the real information needs of the 
farmers. The content based on actual needs of the users 
will create interest among them to apply it in practice 
(Mehta, 2003). With a view to supporting larger group of 
rice growers with agricultural information in future, the 
present study was carried out with specific objective to 
ascertain the information needs of the rice growers.  

METARIAL AND METHODS 

The present investigation was confined to Anand 
district of Gujarat state. Anand district comprises of eight 
talukas. Khambhat is the major rice growing taluka of the 
district. This taluka was selected purposively because area 
under rice cultivation is highest among all the eight talukas 
of district. Five villages viz; Gudel, Galiyana, Naviakhol, 
Rohini, and Tamsa were selected randomly from among 
the list of the major rice growing villages of Khambhat 
taluka. The lists of rice growers were obtained for each of 
the selected villages from the gram panchayat office. 
Twenty respondents from each of the selected villages 
were randomly selected. Thus, the study was confined to 

100 respondents. The information need of the farmer was 
measure using three point continuums. The mean score 
was obtained by the total number of score divided by total 
number respondents. 

RESULTS AND DISCUSSION 

Information necessitates of the rice growers. 
The data presented in Table 1 revealed that major 

area of information needs expressed by the rice growers in 
descending order of rank were Plant protection measures, 
Marketing, Schedule of water supply by Canal, Fertilizer 
management, Water management, Preparation of 
Seedlings, Variety, Land preparation and sowing, 
Supportive facts, Harvesting and post harvesting 
technology and Weed management. The results are in 
conformity with the findings of Patel (2004). It means that 
the rice growers gave highest emphasis on market related 
information, as this information can help them to a great 
extent to convert their produce in more money. They were 
also conscious about information on schedule of water to 
be supplied by canal as well as plant protection measures. 
The data also reflects that the rice growers have become 
more cautious about fertilizer management due to new 
trend of organic rice framing. The same was also reported 
by Chauhan, 2011. 
Operation wise Information necessitates of the rice 
growers 

An attempt was made to ascertain operation wise 
information needs of the rice growers. The data in this 
regard are presented (Table 2). 
Variety 

Majority of the farmers have expressed their needs 
for information about sources of seeds, suitable high 
yielding variety for the area and rate of seeds. The reason 
might be that the farmers are convinced to sow good 
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variety but the availability of seed of suitable variety and 
its’ rate are always a dilemma for him. 
 Schedule of water to be supplied by Canal 

In the area of the study farmers are facing big 
dilemma of uncertain availability of the irrigation water 
through canal, thus they are facing problem of crop failure 
due to lack of expected irrigation water as and when 
required in required quantity. The Information about water 
to be supplied in canal before sowing time and advance 
information about time and date of supply of water in 
canal for complete crop period were the expected 
information needs of the rice growers .It is observed that 
due to lack of technical know-how farmers are not in 
position to prepare seedlings to transplant rice crop and 
faces problem in getting it as and when required. Some 
time due to unavailability of needed varieties’ seedlings 
they grow unwanted variety of rice.  
Preparation of seedlings 

The data presented in Table gives us an idea that 
How to select site for raising seedlings, Method of 
preparing bed for nursery, Plant protection in nursery 
management, Nutrient management in nursery, Irrigation 
management in nursery and Proper age to select seedlings 
for transplanting were the major information realized by 
the rice growers. 
 Land preparation and Sowing 

The probable reason for high need for soil treatment 
related information might be due to the fact that the area 
encompasses high potentiality of irrigation mainly with 
canal. This resulted in accumulation of salts on the surface 
of soil, which forces the farmers to learn more about soil 
reclamation. 
Fertilizer management 

The fertilizer management is indispensable for higher 
yields. The responses of the rice growers reveal that 
majority of them shown their interest of information on 
Price of fertilizers, Stock of fertilizers, Place of availability 
of fertilizers, Name of highly advantageous chemical 
fertilizers for rice, Method and time of fertilizer 
application, Nutrient requirements of plant, Calculating the 
doze of chemical fertilizer, Deficiency symptoms of major 
plant nutrients, Bio-fertilizers, Making organic manures. 
This means that the respondents know the importance of 
this input. It may help them in reducing the total cost of 
cultivation.  
Weed control 

Weed management is important non-monitoring 
inputs. Some of the least important needs expressed were 
Chemical weed control, Price of weedicides, Place of 
availability of weedicide, Trade name of weedicides, Stock 
of weedicides and Hand weeding. 
Irrigation management 

The rice growers expressed that Schedule for 
irrigation, Critical Stages of Irrigation, How to save crop 
during shortage of water, Fertilizer management during 

irrigation and Method of irrigation were key areas of their 
need regarding irrigation management in rice crop. They 
realized that only by increasing the water use efficiency 
with the help of suitable method and time of irrigation, 
they can fetch good production of rice crop. That’s why 
the rice growers had more in getting information related to 
irrigation. 
Plant protection measures 

It was observed from the same table that majority of 
the rice growers have expressed their information needs 
about identification, nature of damage and control 
measures for insects/pests as well as diseases of rice crop; 
price of insecticides/pesticides; integrated pest 
management and method of preparing solutions of 
insecticides /pesticides. The probable reason for 
information needs about protection measures might be that 
this crop faces major problems in this regard and if plant 
protection is not done correctly, that may decrease 
production and increase the cost of cultivation. 
Harvest and post harvest technology 

The data also shows that Proper time of harvest, Ideal 
thrasher for thrashings rice, How to store rice production; 
Care after harvesting at farm level and Care during 
harvesting were major information needs of rice growers. 
Market  

The rice growers expressed high information need for 
almost all the areas of market information. They 
articulated high need for information on market price 
followed by quality parameters that affects price and time 
of market inflow. The fluctuation in price of rice is very 
common mainly due to time of inflow, quality of rice and 
its’ demand. Further, considerable variations between 
market yards are also observed.  These leads rice growers 
to confirm high interest in the information regarding 
market so as to get maximum returns of their produces.  
Supportive facts 

It can be seen that the rice growers expressed their 
needs for information about subsidies, insurance and 
government policies related to rice cultivation. The high 
cost of cultivation might have led the respondents to get 
information about subsidies. Similarly, high risk associated 
with the crop may force them to acquire information of 
insurance. The market price of rice depends greatly on 
government policies, which lead the farmers to know more 
about government policies including support price related 
to rice crop, declared from time to time.  
Implications: 

It can be concluded that close collaboration with the 
extension worker should be thought of in order to impart 
training to the rice growers about improved technologies 
especially in the areas as expressed by them.  Further, 
orientation of the training programme on how to make best 
use of the various sources of information may be organized 
which enables the rice growers to seek information. 

 
Table1: The respondents according to their overall information necessitates for rice cultivation.                                            
                              n = 100 
Areas of information Mean score Rank 
Variety 1.31 V 
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Areas of information Mean score Rank 
Schedule of water supply by Canal  1.67 II 
Preparation of Seedlings  1.36 IV 
Land preparation and sowing 1.22 VII 
Fertilizer management 1.67 II 
Weed management  0.71 XI 
Irrigation management 1.42 III 
Plant protection measures 1.89 I 
Harvesting and post harvesting technology 0.88 IX 
Marketing 1.89 I 
Supportive  facts 1.21 VIII 
 
Table: 2  Information necessitates of Paddy growers. 
                                N=100 
Areas of information needs Mean score Rank 
Variety of Paddy 
Source of seeds 1.63 I 
Suitable high yielding variety for the area 1.27 II 
Rate of seeds 1.12 III 
Characteristics of high yielding variety 0.67 IV 
Schedule of water to be supplied by Canal   
Water to be supplied in channel before sowing time  1.82 I 
Time and date of supply of water in canal for complete crop period 1.27 II 
Preparation of seedlings of Rice                      
How to select site for raising seedlings  1.31 I 
Method of preparing bed for nursery 1.28 II 
Plant protection in nursery management 1.22 III 
Nutrient management in nursery  1.14 IV 
Proper age to select seedlings for transplanting  1.06 V 
Sowing                      
Seed rate 1.56 I 
Sowing time 1.34 II 
Depth of sowing 1.31 III 
Method of sowing 1.21 IV 
Spacing 1.11 V 
Seed treatment inputs 0.93 VI 
Fertilizer management 
Price of fertilizers  1.82 I 
Method and time of fertilizer application 1.71 II 
Nutrient requirements of plant 1.41 III 
Calculating the doze of chemical fertilizer  1.40 IV 
Deficiency symptoms of major plant nutrients 1.32 V 
Bio-fertilizers 0.98 VI 
Areas of information needs Mean score Rank 
Weed control 
Chemical weed control  0.93 I 
Price of weedicides 0.81 II 
Place of availability of weedicides  0.72 III 
Trade name of weedicides 0.61 IV 
Hand weeding 0.21 V 
Irrigation management 
Schedule for irrigation 1.78 I 
Critical Stages of Irrigation  1.77 II 
How to save crop during shortage of water 1.66 III 
Fertilizer management during irrigation   1.21 IV 
Method of irrigation 0.41 V 
Plant protection measures 
Identification, nature of damage and control measures for insects/pests of rice 1.73 I 
Identification, nature of damage and control measures for diseases of rice 1.71 II 
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Areas of information needs Mean score Rank 
Price of insecticides and pesticides 1.53 III 
Integrated pest management in rice 1.22 IV 
Method of preparing solution of pesticides  1.05 V 
Harvest and post harvest  technology  
Proper time of harvest 1.21 I 
How to store rice production  1.09 II 
Care after harvesting at farm level 0.92 III 
 
Marketing 
Market price  1.79 I 
Quality parameters that affects price 1.72 II 
Time of market inflow 1.67 III 
Place of marketing 1.52 IV 
Value addition  0.51 VII 
Supportive facts   
Subsidies for rice cultivation 1.33 I 
Insurance of rice crop 1.16 II 
Government policies related to rice crop 1.04 III 
Credit/loan facilities for rice cultivation 0.89 IV 
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ABSTRACT 

A field experiment was conducted to study the different levels of Nitrogen and Phosphorus on 
nutrient content and uptake of Palmarosa under rainfed conditions on vertisols at  Panjabrao Deshmukh 
Krishi Vidyapeeth, Akola during 2007-2008. The experiment  was laid in factorial randomized block 
design with three replications. There were four levels of nitrogen viz., 0 k g (N0), 40 kg (N1), 60 kg (N2), 80 
kg (N3) and three levels of phosphorus 0 kg (P0), 20 kg (P1), 40 kg (P2) ha-1. The results revealed that the 
nitrogen content (0.85%),  phosphorus content(0.69%) and potassium content (0.56%) in the crop was 
highest when treated with 80 kg (N3) ha-1 and the nitrogen content (0.74%),  phosphorus content (0.60%) 
and potassium content (0.48%) was also more with the application of 40 kg (P2) ha-1. Similarly the crop 
uptake was recorded highest with application of 80 kg N ha-1 where the nitrogen uptake was (30.50 kg 
ha-1), phosphorus uptake (14.36 kg ha-1 ) and potassium uptake (13.25 kg ha-1), while the nitrogen uptake 
(22.12 kg ha-1),  phosphorus uptake (11.90 kg ha-1) and potassium uptake (10.12 kg ha-1) was also more 
when treated with 40 kg (P2) ha.-1 

Key words: Content, Nutrient uptake and Palmarosa, 
 

Palmarosa (Cymbopogan martini var. Motia) 
commonly known as Rosha grass is a tall perennial tufted 
hedge native of most parts of sub-tropical India. Palmarosa 
oil has a sweet floral rose-like odour also has notes of rye 
bread, tea and clary sage (Mallavarapu et al., 1998). The 
oil is extensively used as perfumery raw material in soaps; 
floral rose-like perfumes; cosmetics preparations and in the 
manufacture of mosquito repellent products. It is used for 
flavoring tobacco products, foods and non-alcoholic 
beverages (Prakasa Rao et al., 1985). The volatile oil is 
used as a remedy for lumbago, stiff joints, skin diseases 
and for bilious complaints (Rajeswara Rao, 1999). The 
crop is estimated to remove 31.6, 74 and 75 kg each of 
NPK from the soil besides 34.8 kg Ca, 20.6 kg Mg, 0.9 and 
0.034 kg of Mn and Zn respectively in a harvest of 108 q 
ha-1 of dry mass (Pareek et al., 1983). 

It is universally accepted that the use of chemical 
fertilizers is an integral part of the package of practices 
(like use of improved seeds, proper soil and water 
management, improved cultural practices, plant protection 
measures, post harvest operations etc.) for raising the 
production to a higher one. Studies conducted by the FAO 
have established beyond doubt that there is close 
relationship between the overuse crop yields and fertilizer 
consumption level. The economy return from Palmarosa 
plantation mainly depend upon the proper selection of 
variety, its nutritional management, the biomass yield, 
percentage of oil in the herbage and quality of the oil. 
Studies on the nutrient content, and uptake of a crop helps 
in judging the efficacy of applied nutrient elements 
through fertilizers and it is directly correlated in the 
biomass yield. The content of nutrients also indicates 
quality of oil produced. The present work was therefore 
undertaken to study the periodic concentration and uptake 

of nutrients by Palmarosa crop under recommended 
cultivation practices and different nitrogen and phosphorus 
fertility levels. 

MATERIALS AND METHODS 

A field experiment was conducted at Nagarjun 
Medicinal and Aromatic Plants Garden, Dr. Panjabrao 
Deshmukh Krishi Vidyapeeth Akola during Kharif 2007-
2008. The soil site selected for the experiment was 
medium black and medium fertility status with good 
drainage. There were twelve treatment combinations laid 
in factorial randomized block design with three 
replications. The treatment  include four levels of nitrogen 
viz., 0 kg (N0), 40 kg (N1), 60 kg (N2), 80 kg (N3) and three 
levels of phosphorus 0 kg (P0), 20 kg (P1), 40 kg (P2) ha-1. 
Four weeks old seedlings were planted at the spacing of 
45x30 cm. Protective irrigations were given at timely 
interval as and when required. Nitrogen was applied 
through urea in three split doses as per 2:1:1 basal dose, 
after 1st cutting and after 2nd cutting respectively. 
Phosphorus was applied as per the treatment as basal dose 
at the time of planting through single super phosphate. 
Potassium was applied as basal dose @ 40 kg ha-1 through 
murate of potash to all the treatments. The first cutting was 
done after 110 days of planting i.e. at flowering stage, 
subsequently second and third cuttings were undertaken 
after 90 and 170 days after 1st cutting respectively. The 
second cutting was delayed or growth of the Palmarosa 
was adversely affected due to cold wave during December 
and January. Total nitrogen, total phosphorus and total 
potassium in plant was estimated by Kjeldhal's method. 
Vandomolybdate phosphoric acid Yellow colour method 
in di-acid extract and Flame photometer respectively 
(Piper, 1966). Uptake of nutrient (N, P and K) was 
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calculated by multiplying the per cent composition (N, P 
and K) by dry matter at each cutting.  
 

RESULTS AND DISCUSSION 

Nitrogen content: 
Application of nitrogen had significant effect on the 

nitrogen content at each cutting. The content of nitrogen 
was increase with each level of nitrogen application up to 
80 kg N ha-1 at all three cuttings under study and the 
highest nitrogen content  at 1st, 2nd and 3rd cutting (0.76, 
0.85, 0.77%, respectively) was recorded with the 
application of 80 kg N ha-1 (Table 1). Whereas in P 
application significantly highest nitrogen at 1st, 2nd and 3rd 
cuttings (0.68, 0.74, 0.69 per cent respectively) was 
recorded with the treatment P2 (40 kg P2O5 ha-1) followed 
by treatment P1 (20 kg P2O5 ha-1) (Table 1).  
Nitrogen uptake 

The data presented in Table 2 revealed that the 
nitrogen uptake was significantly influenced by various 
levels of nitrogen and phosphorus at different harvesting 
stages of crop. On an average the nitrogen uptake was 
found to increase from 1st cutting to 3rd cutting and highest 
uptake was recorded at 3rd cutting.  

Application of different levels of nitrogen favorably 
increased the nitrogen uptake at all three cuttings. 
Significantly highest nitrogen uptake at 1st cutting (18 kg  
ha-1), 2nd cutting (16.16 kg ha-1), 3rd cutting (30.50 kg ha-1) 
was recorded under treatment N3 (80 kg N ha-1). In second 
cutting the nitrogen uptake was comparatively low, which 
might be due to the reduction in temperature during 
January, resulted into the slow growth of crop.  
The application of phosphorus shown the significant effect 
on uptake of nitrogen at each cutting. Significantly highest 
nitrogen uptake was recorded at 1st, 2nd and 3rd cuttings 
(14.40, 13.17, 22.10 kg ha-1 respectively) under treatment 
P2 (40 kg P2O5 ha-1) followed by treatment P1 (20 kg P2O5 
ha-1).  

The present findings revealed that the nitrogen uptake 
increased progressively with the crop growth may be due 
to increase in dry matter accumulation. As the dry matter 
accumulation increases, the nitrogen uptake in plant also 
increases Veerannah et al., (1976). These results also 
supported  by  Prakasha Rao et al., (1985) who reported 
that application of N fertilizers increased  the uptake of 
N,P and K by Lemon grass. These results also supported 
by Sundaravadivel et.al., (2000) who reported that the 
application of 75 Kg N ha-1 produced highest levels of 
available nutrients(N,P and K) in the soil. 
Interaction effect on Nitrogen uptake: 

Significant interaction effect of nitrogen and 
phosphorus on nitrogen uptake at 3rd cutting was observed 
(Table 3). The highest nitrogen uptake was recorded under 
the treatment combination N3+P2 (80 kg N ha-1 + 40 kg 
P2O5 ha-1) followed by treatment N3+P1 (80 kg N ha-1 + 20 
kg P2O5 ha-1).  
Phosphorus content  

The data revealed that application of nitrogen and 
phosphorus had significant effect on P content at various 
harvesting stages (Table 1). On an average the content of 

phosphorus found to increase with each cutting. The 
content of phosphorus was found in the range of 0.42 - 
0.69%. 

Nitrogen had significant effect on phosphorus content 
at each cutting. Significantly highest P content at 1st, 2nd, 
and 3rd cutting (0.63, 0.69, 0.65 % respectively) was 
recorded under treatment N3 (80 kg N ha-1) which is found 
to superior over other treatment levels (Table 1). The 
application of phosphorus at different levels increased the 
P content at all the harvesting stages. Significantly highest 
P content (0.56, 0.60, 0.57 % respectively) was recorded at 
1st, 2nd and 3rd cuttings under treatment P2 (40 kg P2O5 ha-1) 
followed by treatment P1 (20 kg P2O5 ha-1).  
Interaction effect on phosphorus content  

Interaction effect of nitrogen and phosphorus on P 
content was found to be non significant (Table 4).  
Phosphorus uptake  

It is observed from the data presented in Table 2 that 
significantly highest P uptake (13.46, 14.36, 13.40 kg ha-1 
respectively) at 1st, 2nd and 3rd cuttings under treatment N3 
(80 kg N ha-1) followed by treatment N2 (60 kg N ha-1). 
The lowest P uptake was observed at treatment N0 (0 kg N 
ha-1).  

The application of phosphorus at each level had 
significant effect on phosphorus uptake by Palmarosa crop 
at all harvesting stages. Significantly highest P uptake 
(11.40, 11.90, 11.40 kg ha-1 respectively) at 1st, 2nd and 3rd 
cutting was recorded due to application of P2 (40 kg P2O5 
ha-1), followed by treatment P1 (20 kg P2O5 ha-1). Similar 
results were shown by Barooh and Khader (1990) who 
observed the addition of 40 kg P2O5 ha-1 increases 
significantly highest phosphorus content and stimulate bio-
synthesis of high energy phosphate compounds and uptake 
was high after 45 days of application.  
Interaction effect  on phosphorus uptake 

The interaction effect between nitrogen and 
phosphorus on phosphorus uptake was found to be 
significant. From the data presented in Table 4 revealed 
that significantly highest P uptake was recorded under the 
treatment combination N3 + P2 (80 kg ha-1 + 40 kg P2O5 ha-

1) followed by treatment combination N3 + P1 (80 kg N ha-

1 + 20 kg P2O5 ha-1).  
Potassium content  

It was noticed that, potassium content found to 
increase with each cutting and lowest was observed at 1st 
cutting stage. Data presented in Table 1 revealed that, 
nitrogen had significant effect on K content at each 
cutting. Significantly highest K content (0.48, 0.56, 0.49 % 
respectively) was recorded due to application of 80 kg N 
ha-1 (N3) followed by 60 kg N ha-1 (N2).  

Potassium content at each cutting was found to 
increase with each level of phosphorus up to 40 kg P2O5 
ha-1. Significantly highest K content (0.42, 0.48, 0.43 %) 
was revealed under treatment P2 (40 kg P2O5 ha-1) followed 
by treatment P1 (20 kg P2O5 ha-1). 
Interaction effect on potassium content 

Interaction effect of nitrogen and phosphorus levels 
was recorded as non significant.  
Potassium uptake  
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The data (Table 2) indicated that, the application of 
nitrogen had a significant effect on uptake of K and 
significantly highest K uptake (12.70, 13.25, 12.96 kg ha-1 
respectively) at 1st, 2nd and 3rd cuttings under treatment N3 
(80 kg N ha-1) followed by treatment N2 (60 kg N ha-1). 
Whereas in case of P, significantly highest K uptake (9.55, 
10.12, 9.82 kg ha-1 respectively) at 1st, 2nd and 3rd cuttings 
was recorded due to application of 40 kg P2O5 ha-1 (P2) 
followed by treatment P1 (20 kg P2O5 ha-1).  
These results are supported by the findings of Rajeshwara 
Rao et al. (1991). The reports revealed that application of 

22 kg P2O5 ha-1 increased K uptake through biomass yield 
of Palmarosa.  
Interaction effect on potassium uptake 

The interaction between nitrogen and phosphorus on 
uptake of K was found to be significant. From the data 
presented in interaction Table 5 revealed that significantly 
highest K uptake was recorded due to application of 80 kg 
N ha-1 + 40 kg P2O5 ha-1 (N3 + P2) followed by treatment 
combination N3 + P1 i.e. 80 kg N ha-1 + 20 kg P2O5 ha-1.  

 
Table 1: NPK contents (%) as influenced by nitrogen and phosphorus at various cuttings  

       Nitrogen content (%)     Phosphorus content (%)      Potassium content (%) 
 1st 

cutting 
2nd 
cutting 

3rd 
cutting 

1st 
cutting 

2nd 
cutting 

3rd 
cutting 

1st 
cutting 

2nd 
cutting 

3rd 
cutting 

Nitrogen levels (kg ha-1) 
N0 – 0 0.52 0.55 0.53 0.42 0.47 0.43 0.32 0.35 0.33 
N1 – 40 0.65 0.69 0.66 0.52 0.56 0.54 0.37 0.42 0.37 
N2 – 60 0.73 0.77 0.74 0.59 0.62 0.60 0.44 0.49 0.44 
N3 – 80 0.76 0.85 0.77 0.63 0.69 0.65 0.48 0.56 0.49 
'F' test  S S S S S S S S S 
SE (m) ± 0.005 0.008 0.008 0.009 0.006 0.007 0.005 0.008 0.005 
CD at 5 % 0.015 0.023 0.024 0.02 0.016 0.019 0.015 0.023 0.013 
Phosphorus levels (kg ha-1) 
P0 – 0 0.65 0.69 0.66 0.53 0.56 0.53 0.38 0.43 0.39 
P1 – 20 0.66 0.71 0.67 0.54 0.58 0.56 0.40 0.45 0.40 
P2 – 40  0.68 0.74 0.69 0.56 0.60 0.57 0.42 0.48 0.43 
'F' test  S S S S S S S S S 
SE (m) ± 0.004 0.007 0.007 0.008 0.005 0.006 0.004 0.007 0.004 
CD at 5 % 0.013 0.020 0.020 0.022 0.014 0.017 0.013 0.020 0.013 
Interaction          
'F' test  NS NS S NS NS NS NS NS NS 
SE (m) ± 0.0028 0.0042 0.0044 0.0046 0.0030 0.0036 0.0027 0.0043 0.0028 
CD at 5 %          
(S: Significant and NS: Non significant) 
 
Table 2: Effect of nitrogen and phosphorus on N, P and K uptake (kg ha-1) at various cuttings 

    Nitrogen uptake (Kg ha-1)    Phosphorus uptake (Kg ha-1)    Potassium uptake (Kg ha-1) 
 1st 

cutting 
2nd 
cutting 

3rd 
cutting 

1st 
cutting 

2nd 
cutting 

3rd 
cutting 

1st 
cutting 

2nd 
cutting 

3rd 
cutting 

Nitrogen levels (kg ha-1) 
N0 – 0 8.24 8.93 11.90 7.37 7.50 7.40 5.23 5.80 5.46 
N1 – 40 12.70 10.90 15.93 9.81 10.00 9.83 7.23 7.97 7.56 
N2 – 60 15.92 13.50 22.46 12.64 13.20 12.25 9.86 10.33 10.10 
N3 – 80 18.00 16.16 30.50 13.46 14.36 13.40 12.70 13.25 12.96 
'F' test  S S S S S S S S S 
SE (m) ± 0.31 0.14 0.09 0.07 0.08 0.15 0.098 0.096 0.040 
CD at 5 % 0.88 0.39 0.25 0.220 0.227 0.43 0.27 0.26 0.13 
Phosphorus levels (kg ha-1) 
P0 – 0 12.70 11.60 18.40 10.34 10.72 10.00 7.72 8.32 8.00 
P1 – 20 14.00 12.30 20.10 10.72 11.17 10.77 9.00 9.60 9.25 
P2 – 40  14.40 13.17 22.12 11.40 11.90 11.40 9.55 10.12 9.82 
'F' test  S S S S S S S S S 
SE (m) ± 0.27 0.12 0.07 0.06 0.07 0.13 0.084 0.083 0.040 
CD at 5 % 0.76 0.34 0.22 0.19 0.19 0.37 0.25 0.23 0.11 
Interaction          
'F' test  NS NS S S S S S S S 
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SE (m) ± 0.049 0.048 0.04 0.03 0.04 0.07 0.049 0.048 0.020 
CD at 5 %   0.12 0.110 0.113 0.210 0.135 0.134 0.066 
(S: Significant and NS: Non significant) 
 
Table 3: Interaction effect of nitrogen and phosphorus on nitrogen uptake (kg ha-1) at third cutting  

Treatments                     Phosphorus levels kg ha-1 
P0 P1 P2 Mean (N) 

Nitrogen levels (kg ha-1)  
N0  10.50 11.80 13.50 11.90 
N1  14.80 15.90 17.10 15.93 
N2  20.50 22.50 24.40 22.46 
N3  27.80 30.20 33.50 30.50 
Mean (P) 18.40 20.10 22.12 - 
'F' test  S    
SE (m) ± 0.04    
CD at 5 % 0.12    
(S: Significant and NS: Non significant) 
 
Table 4: Interaction effect of nitrogen and phosphorus on phosphorus uptake (kg ha-1) at various cuttings 

            1st cutting        2nd cutting         3rd cutting 
 P0  P1 P2  Mean 

(N) 
P0  P1 P2  Mean 

(N) 
P0  P1 P2  Mean 

(N) 
N0  6.33 7.16 8.63 7.37 6.50 7.50 8.50 7.50 6.40 7.20 8.60 7.40 
N1  9.40 9.63 10.40 9.81 9.50 9.70 10.80 10.00 9.40 9.60 10.50 9.83 
N2  12.53 12.60 12.80 12.64 12.90 13.20 13.50 13.20 11.00 12.80 12.90 12.25 
N3  13.10 13.50 13.80 13.46 14.00 14.30 14.80 14.36 13.20 13.50 13.60 13.40 
Mean (P) 10.34 10.72 11.40 - 10.72 11.17 11.90 - 10.00 10.77 11.40 - 
'F' test  S    S    S    
SE (m) ± 0.03    0.04    0.07    
CD at 5 
% 

0.110    0.113    0.21    

(S: Significant and NS: Non significant) 
 
Table 5: Interaction effect of nitrogen and phosphorus on potassium uptake (kg ha-1) at various cuttings 

             1st cutting          2nd cutting           3rd cutting 
 P0  P1 P2  Mean 

(N) 
P0  P1 P2  Mean 

(N) 
P0  P1 P2  Mean 

(N) 
N0  4.70 5.40 5.60 5.23 5.00 6.00 6.50 5.83 4.90 5.60 5.90 5.46 
N1  5.90 7.50 8.30 7.23 7.00 8.00 8.93 7.97 6.30 7.80 8.60 7.56 
N2  9.00 9.90 10.70 9.86 9.50 10.50 11.00 10.33 9.30 10.10 10.90 10.10 
N3  11.30 13.20 13.60 12.70 11.80 13.90 14.05 13.25 11.50 13.50 13.90 12.96 
Mean 
(P) 

7.72 9.00 9.50 - 8.32 9.60 10.12 - 8.00 9.25 9.82 - 

'F' test  S    S    S    
SE (m) 
± 

0.049    0.048    0.24    

CD at 
5 % 

0.135    0.134    0.066    

(S: Significant and NS: Non significant) 
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ABSTRACT 

Behavioral scientists often restrict to measure the tests’ validity with the help of content validity or 
some other convenient or easiest techniques which are not statistical. Therefore, we can not rely more 
on these techniques. The term validity means truthfulness. Lindquist (1951) defined “validity of a test as 
the accuracy with which it measures that is intended to be measured.” One common technique used to 
measure item validity of test is the point -biserial correlation (rpb). The “pt bis”, as it is sometimes 
called is the correlation between an item score (1/0) and the total score on a test (Downee and Heath, 
1970). The present paper attempts to measure the validity of a knowledge test with the help of point-
biserial correlation coefficient. Point-biserial technique is more powerful than that of   biserial 
technique. The present paper is based on original data. Behavioural scientists and students are advised 
to use this mathematical technique which proves to be more authentic.  
 
Key words: correlation coefficient, Knowledge, Point–biserial and Test. 
 

Point–biserial correlation coefficient (rp-bis) is 
estimated for establishing internal validity of tests’ during 
their construction. Though, this technique is considered 
only when items are scored simply as 1 if the response 
toward items is correct and 0 for incorrect. Point- biserial 
assumes that the variable, which has been classified into 
two categories, can be thought of as concentrated at two 
distinct points along a graduated scale or continuum. 
Point-biserial correlation is mathematically equivalent to 
the Pearson product moment correlation. The point -
biserial correlation coefficient (rpb) is considered only in 
the situations or circumstances, especially in the field of 
test construction when one variable is continuous and the 
other is conceived as dichotomous (e.g.Y). 

In the usual scoring of items, the procedure is to mark 
the item either right or wrong. This right - wrong scoring is 
regarded as being a true dichotomy. Y can either be 
"naturally" dichotomous, like gender, or an artificially 
dichotomized variable. In most situations, it is not 
advisable to artificially dichotomize variables. When we 
artificially dichotomize a variable, the new dichotomous 
variable may be conceptualized as having an underlying 
continuity. If this is the case, a biserial correlation would 
be more appropriate computation. 

In the present study, the validity of the knowledge 
test of tribal and non- tribal women regarding natural 
resources conservation was measured using following 
formulae of point-biserial technique: 
  

t

tp

S
XX 

q
p

 
rpb = 

  
Where,  

 pX
 = The mean score of those respondents answering the 

item correctly 

 tX
  = The mean of the total test scores 

 tS
   = Standard Deviation 

 p     = the proportion of the total respondents answering the 
item correctly 
 q     = 1- p 

Correlation coefficient was worked out for all the 
items separately, one after another, having difficulty index 
between 30 to 80. The range of 30 to 80 was arbitrarily 
fixed up by the authors. The Point –biserial value for all 
the items were tested for significance with n-2 degree of 
freedom, where ‘n’ was the total number of respondents 
and degree of freedom was 2 because there were two types 
of respondents. Items having significant biserial 
correlation at 0.01 and 0.05 level of probability were 
selected for the final format of knowledge test. For testing 
the significance of departure of correlation coefficient 
from zero, the required‘t’ test of the difference between 
means was estimated with the help of following formula: 
 

 21
2

rpb
n



 

t = rpb 

 
Where,     
rpb = Point –biserial correlation coefficient 
n   = number of total respondents. 
Illustration 

The point- biserial correlation coefficient is being 
illustrated below with the help of empirical data 
(Khandelwal, 2006). This is the example of only one item 
of knowledge test {which tree species should be planted 
in degraded lands? - fuel wood trees (1), any other (0)} 
regarding soil conservation. Thirty farm women (15 tribal 
and 15 non-tribal were selected for data collection).These 
were other than those targeted respondents, who were 
included in the study. These were true to the types of 
targeted respondents for the study. The test-developers 
were concerned with how well the item was separating the 
well informed respondents from the poorly informed ones.  
Dichotomously scored items may also be correlated with a 
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continuous outside criterion, such as academic grade point 
indexes or other measures of achievements.   

In the first column of Table 1, total number of 
respondents was arranged in three ranges on the basis of 
scores in descending order. Say, range is of scores between 
26-29, there were total 12 respondents who answered the 
item correctly. Respondents whose score was in the range 
of 26-29 were put in column 2nd. Each interview schedule 
was drawn, and the responses of the first item were tallied 
into either column 2nd or 3rd based on right or wrong 
answers. Column 4th  was the total number of respondents. 
The sum of this column was 30, which was the total 
number of respondents who replied correctly and the 

number of respondents who responded incorrectly to the 
item. Column 5th indicated the reference point. The 
reference point (x’) in the present case was the midpoint of 
the mid range (22-25) which came to be 23.5. The 
reference point of mid range and the sum of all the 
reference points is always zero. Column 6th was the 
multiplication of respective values of columns 4th and 5th. 
Column 7th was the square of column values of 5th and 
multiplication with column 6th. The mean of the 
respondents who answered the item was also needed. 
Hence, column 8th was set up which contains the products 
of the values of column 2nd and 5th (fpx’). 

 
Table 1:  Worksheet for the Point-biserial 

Range of Score   
(1) 

Fp 
(2) 

fw 
(3) 

Ft 
(4) 

x' 
(5) 

ft x’ 
(6) ft

2'x  
(7) 

fp x’ 
(8) 

26-29 12 0 12 1 12 12 12 
22-25 5 3 8 0 0 0 0 
18-21 2 8 10 -1 -10 10 -2 
  fp = 19  fw  =11  ft =30   x’  =0   ft x’ = 2  ft

2'x  = 22  fpx’ = 10 
Where, 
    fp    = Frequency of the respondents who replied correctly to test item 
    fw    = Frequency of the respondents who replied incorrectly to test item 
    ft     = Total frequency of respondents 
    x'     = Reference point (23.5 in the present example) 

ft x’ =Scores obtained by multiplying the respective values of column 4th  and 5th  

  ft
2'x  =Scores obtained by squaring  the respective values of column 5th  and multiplying with column 6th  

            fp x’=Scores obtained by multiplying the respective values of column 2nd  and 5th  
 

rpb 
t

tp

S
XX

biserialPo


 )int(  
q
p

 
 
 First two means were found out as follows:  

pX
 

= 
x’ + 


fp

fpx 4)'(

 

 (4 was the total number in one range, (that 

was 26-29) means 4 in this case) 

(i) pX   =   23.5 + 19
)10( 4

 

= 25.6 

 (ii) tX = x’ + 



ft
ftx 4)'(

  

           =   23.5 + 30
)2( 4

 

  = 23.7 

The standard deviation was also computed as given below: 

  
2x

 =  

   2
2

2 4











  N

X
X

                                                                                                                             

(Here 
2x

= 
2ftx

,
  2x

 =  'ftx
 and 

N was the total number of respondents, who were 30 in 

the present case) 

= 
   2

2

4
30
222 










 
= 

(22- 0.13) 

(16) 

= 

349.92 

 

tS  = 
30

92.349

 
= 3.41 
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P = 
30
19

 
= 0.63 

 
q = 1-p  = 1- 0.63   = 0.37 

 

rpb 
41.3

7.236.25 


 37.0
63.0

 

= 
41.3
9.1 702.1  = 

0.557  1.304  = 

0.72 

 

t = 0.72 2)72.0(1
230




 
 = 0.72 

48.
28

 

 

= 0.72 33.58  = 0.72  7.63   = 5.493 

Since the calculated value of‘t’ (5.493) was greater 
than that tabulated value of ‘t’ (2.763) at 0.01 level of 
significance with 28 degree of freedom. Therefore, it was 
inferred that there had been significant difference between 
tribal and non-tribal women with regards to knowledge of 
one item of soil conservation practices. More clearly; the 
item (which tree species should be planted in degraded 
lands?) was capable of differentiating well informed 
women from poorly ones. Hence, the item was included in 
the final format of the knowledge test. 

On the basis of above procedure and findings, it is 
concluded that point-biserial technique is the most 
appropriate and the best technique for establishing the 
validity of knowledge test in hand. Even it is powerful 
technique than the biserial correlation coefficient 
technique. Every behavioral scientist and student must use 
it, because it is statistical and more authentic technique. 
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ABSTRACT 

A study on constraints perceived by the farmers in adoption of animal husbandry practices was 
undertaken on Uttari Rajasthan Sahkari Dugdh Utpadak Sangh Limited (URMUL),the largest milk 
collecting union in arid region of northern Rajasthan. Ten members and 10 non- members of each 
selected dairy co-operative societies were selected by systematic random technique. The study found 
that. majority of the members (58.75%) and non-members(71.25%) were belonged to   medium 
constraints category. The constraints faced were location of artificial insemination centre at distance 
place, poor adaptability of cross bred cow in local climate condition and no provision of loan for cattle 
purchasing by the society and union. On the basis of the study it was suggested that for wider spread of 
improved animal husbandry practices these constraints can be minimized by providing artificial 
insemination(A.I.)services at the farmer’s door through mobile extension unit and awareness campaign 
on credit facilities should be organized by involving banks officers in the locality. 
Key words: Adoption, Animal husbandry practices, Constraints, Dairy cooperative societies. 
 

India is a vast country with diversified agro-climatic 
conditions. Majority of farm families performed 
agriculture operations for about 8-9 months in a year but 
agriculture alone is unable to provide necessary 
employment and income to the people. Under such 
conditions, animal husbandry constitutes an important 
activity for the rural population, as subsidiary .The 
National Commission on Agriculture 1976 also observed 
that next to agriculture, dairying is the most important 
subsidiary occupation and mixed farming is best suited 
under Indian conditions. The milk union has proved that 
dairying can be best alternative in production, processing 
and marketing of milk by the farmers themselves. The 
milk production has increased substantially with the efforts 
of the “NDDB” operation flood programme started in 
1970. Considering the rapid increase in the human 
population we have to increase our milk production and 
concentrate our efforts on improving the quality of milk 
and milk production. The total milk production of 
Rajasthan was 9783 thousand tonnes in 2007-08. 
Rajasthan co-operative dairy federation consists of 19 milk 
unions. These milk unions cover 33 districts in the state. 
The objective was to increase the socio-economic status of 
the rural population by providing them market for milk at 
the in doorstep irrespective of their difficult geographical 
conditions. URMUL started its business in July, 1973 with 
the initial membership of 64 societies and an average milk 
collection of 1500 liters a day. The milk union established 
its own processing facilities during the year 1977.  

In order to improve the overall lot of village 
population effectively, the URMUL, in 1984 established a 
Rural Non-Govt. Organization known as URMUL TRUST 
taking up all kinds of activities, mainly focused on primary 
health, primary education, income generation for the poor, 
general awareness and women development programmes 
spreading all over Rajasthan. It also provides food, fodder 
and water security.  

 Keeping all these views in mind, the present 
investigation was undertaken to identify the constraints 
perceived by the farmers in adoption of animal husbandry   
practices in Bikaner district of Rajasthan 

MATERIAL AND METHODS 

The study was undertaken in Bikaner district of 
Rajasthan in 2009. The investigation was concerned with 
URMUL dairy in Bikaner, Rajasthan which is the largest 
milk collecting union in arid region of northern Rajasthan 
which collected 6.88 lakhs liter milk/day. The head office 
of URMUL is situated at Bikaner. URMUL dairy Bikaner 
rank, sixth in terms of milk collection and consist of 32 
milk procurement routes, out of which eight routes were 
selected on the basis of highest milk collection. Thus, total 
8 dairy co-operative societies were selected. For the 
selection of respondents from each selected dairy co-
operative society, 10 members and 10 non-members of 
dairy co-operative societies were selected by systematic 
random technique. Total 160 respondents i.e. 80 member 
and 80 non-member respondents were personally 
interviewed with the help of pre-tested interview schedule 
 
 Obtained score by the respondent     
MPS = ----------------------------------------- X100 
  Maximum score of constraints  
MPS= Mean percent score of constraint 
 

All the constraints being faced by the member and 
non-member respondents were grouped into three major 
categories viz., constraints related to infrastructural, 
technical and economic aspects.   
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RESULTS AND DISCUSSION 

Major constraints perceived by the respondents in the 
adoption of improved animal husbandry practices  

Majority (65.00%) of the respondents experienced 
medium level of constraints. (Table-1) Whilst 16.88 per 
cent respondents faced high constraints and remaining 
18.12 per cent respondents were faced low level of 

constraints in adoption of improved animal husbandry 
practices. The data further indicate that 6.25 per cent 
member and 27.50 per cent non-member respondents faced 
high constraints and 58.75 per cent DCSs members and 
71.25 per cent non-member respondents faced medium 
constraints in adoption of improved animal husbandry 
practices, because of services are not provided at the time 
required. 

Table-1: Distribution of respondents according to constraints perceived by them in adoption of improved animal 
husbandry practices  
                                                                                                                                N= 160 
Extent of constraints Member of DCSs (%) Non-member of DCSs (%) Pooled (%) 
Low(Mean-SD=below 7.54 score)        35.00         1.25 18.12 
 (Mean-SD to Mean +SD =7.5 to 15.22 score)        58.75        71.25 65.00 
High ( Mean +SD=above 15.22 score)         6.25       27.50 16.88 
DCSs= Dairy Cooperatives Societies 
 
Constraints related to infrastructural as perceived by 
the respondents in adoption of improved animal 
husbandry practices 

The member respondents were facing more 
constraints like ‘location of Artificial Insemination centre 
at distant place’, ‘dairy co-operative society is far away 
from home’ and ‘irregular supply of cattle feed’. Further, 
constraints like ‘poor feeding of dairy animals during 
scarcity condition like drought’ and ‘non-availability of 
green fodder throughout the year’ was least perceived by 
the member respondents and assigned 4th and 5th rank 

respectively. The data (Table 2) shows that overall 
respondents were facing major infrastructural constraints 
of ‘location of artificial insemination centre at distant 
place’ (59.38 %) followed by ‘dairy cooperative society is 
far away from home’ (52.50%) and ‘irregular supply of 
cattle feed’ (49.38 %) in the adoption of improved animal 
husbandry practices.‘Poor feeding of dairy animals during 
scarcity condition like drought and ‘non-availability of 
green fodder throughout the year’ were other constraints 
faced by respondents and ranked 4thand 5th respectively, 
Gill and Oberai (2000).  

 
Table- 2: Constraints related to infrastructural as perceived by the respondents in adoption of improved animal 
husbandry practices.                                                                                                                                                       N=160                        

Infrastructural Constraints 
Member of DCSs 

(n=80) 
Non-member of DCSs 

(n=80) 

MPS Rank MPS Rank 
Dairy co-operative society is far away from home 38.75 II 66.25 II 
Irregular supply of cattle feed 36.25 III 62.50 III 
Location of artificial insemination Centre at distance place 46.25 I 72.50 I 
Non-availability of green fodder throughout the year 31.25 V 61.25 IV 
Poor Feeding of dairy animals during scarcity condition like drought 33.75 IV 56.25 V 
Overall severity 37.25 63.75 
 

The respondents were residing in their field/farm 
which was far away from their own village as a result most 
of the respondents did not properly utilize the services of 
dairy cooperative at village level. On the basis of pooled 
score it was concluded that member respondents 
experienced less severity of constraints as compared to 
non-member respondents in adoption of improved animal 
husbandry practices,(Ulmek et al.2001). 
Technical constraints perceived by the respondents in 
adoption of improved animal husbandry practices.  

The data (Table 3) reveals that overall respondents 
were facing severe constraints of ‘poor adaptability  of 
cross bred cow in local climate condition’ (55.63 MPS), 

‘susceptibility of cross bred cow to disease’ (52.50 MPS), 
‘lack of knowledge about feeding, breeding and 
management practice’ (50.00 MPS) in adoption of 
improved animal husbandry practices and ranked 1st, 2nd 
and 3rdwhilst ‘lack of knowledge about animal treatment’, 
‘milk of cross bred cow has poor consumer acceptability’ 
and ‘ignorance of respondents about clean milk 
production’ were ranked 4th, 5th and 6th, respectively.  

The table further reveals that non-member of dairy 
cooperative were experiencing more severity (61.04%) of 
constraints as compared to member farmers (severity 
33.54%) in adoption of  improved animal husbandry 
practices, Meena and Chauhan (1999). 
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Table-3: Constraints related to technical as perceived by the respondents in adoption of improved animal 
husbandry practices.                                                                                                                                                 N=160 

Constraints 
Members of DCSs 
(n=80) Non-members of    DCSs   (n=80) 

MPS Rank MPS Rank 
Lack of knowledge about feeding, breeding and management practice 38.75 III 61.25 III 

Susceptibility of cross bred cow to disease 41.25 II 63.75 II 

Milk of cross bred cow has poor consumer acceptability  27.50 IV 57.50 V 
Ignorance of farmers about clean milk production 26.25 V 56.25 VI 
Poor adaptability of cross bred cow in local climate condition 42.50 I 68.75 I 
Lack of knowledge about animals treatments 25.00 VI 58.75 IV 

Overall Severity 33.54 61.04 
 

Economic constraints perceived by the respondents in 
adoption of improved animal husbandry practices 
adopters 

The data (Table 4) reveals that overall respondents 
were facing severe constraints such as ‘no provision of 
loan for cattle purchasing by society and union’ (58.13 
MPS), ‘lack of guidance for available credit facilities’ 
(49.38 MPS) in adoption of improved animal husbandry 
practices. ‘Irregular and inadequate system of bonus 
distribution’, ‘labour requirement for crossbred animals in 
more as compared to nondescript/indigenous animals’ and 

‘high charge for emergency service/ field’ were ranked 3rd, 
4th and 5th, respectively.  

The society and union have no provision to provide 
the loan to the member of dairy cooperative, moreover 
dairy officials were unable to provide the information 
about latest credit facilities available in the locality,(Rathor 
et al.2006). 

In totality, member of dairy cooperative and non-
member farmers perceived economic constraints with 
33.33 and 54.79 per cent, respectively.  

 
Table-4: Economic Constraints as perceived by the members and non-members in adoption of improved animal 
husbandry practice.                                                                                                                                              N=160 

Constraints 
Member of DCSs 
(n=80) 

Non-member of DCSs 
(n=80) 

MPS Rank MPS Rank 

Lack of guidance for available credit facilities 36.25 II 62.5 II 
High charge for emergency service/feed  21.25 VI 51.25 V 
Less price of cow's/buffalo's milk offered by society 26.25 V 38.75 VI 
There is no provision of loan for cattle purchasing by society and union 52.50 I 63.75 I 
Irregular and inadequate system of bonus distribution  28.75 IV 60.00 III 

Labour requirement for cross bred animals is more as compared to 
nondescript/indigenous animals 35.00 III 52.50 IV 

Overall Severity 33.33  54.79  
 

CONLUSION 

It was concluded that ‘location of artificial 
insemination Centre at distance place’, ‘poor adaptability 
of cross bred cow in local climate condition’ and ‘there is 
no provision of loan for cattle purchasing by society and 
union’ were the most serious constraints as experienced by 
member and non- member famers in adoption of improved 

animal husbandry practices in the study area. On the basis 
of this study it was suggested that for wider spread of 
improved animal husbandry practices these constraints 
should be minimized by providing AI services at the 
farmer’s door through mobile extension unit. On the other 
hand awareness campaign on credit facilities should be 
organized by involving banks officers in the locality 
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ABSTRACT 

Twenty-eight newly developed cotton inbreds were evaluated for clustering based on genetic 
divergence. The set of inbreds were grouped into 4 clusters. Therefore, it is suggested  to make the 
breeding crosses between inbreds from  different clusters to get the raise in yield plateau for heterosis 
breeding and inbred development. Monopodia per plant contributed most in genetic divergence 
followed by plant height and boll weight. However, It was observed that seed cotton yield and days to 
50% flowering showed least percent contribution towards genetic divergence.  Further, one, two or more 
inbred(s) from different clusters may be chosen for further genetic studies either by diallel or Line X 
Tester analysis. 

Key Words: Cotton, Cluster and genetic diversity. 
 

Cotton is an important cash crop and it plays a major 
role in India's national economy.   Among the four 
cultivated species, Gossypium hirsutum is well known for 
high yielding and occupied majority area of cotton. To 
support the raise in yield plateau by developing the better 
genotypes through cotton breeding program, the diversity 
is the pre-requisite for the source of the dispersed desirable 
alleles.  Aspiring the selection of diverse parents for the 
development of new breeding material, clustering of 
genotypes by using Mahalanobis's D2 analysis has been 
widely used as a biometrical measure of genotypic 
divergence among the genotypes Mahalanobis (1936). 
Babu et. al. (2011), Waghmare et. al. (2011) and 
Mikkilineni et. al. (2011) worked on diversity analysis in 
cotton and suggested good way to get wide spectrum of 
variability. Similarly, Prakash and Shekhawat (2012) 
studied clustering in chickpea.  

MATERIAL AND METHODS 

The experiment was carried out at the research farm, 
Dhanlaxmi Crop Science Private Limited, Himatnagar-
383001 during kharif season in 2011. Newly developed 
twenty-eight inbreds of cotton (Gossypium hirsutum L.) 
were planted in a randomized block design with three 
replications. Each inbred had two rows of 4.50 m length 
with spacing of 120X45 cm. The standard package of 
practices recommended for cotton cultivation was 
followed. The observations were recorded for seed cotton 
yield and yield attributes namely, seed cotton yield 
(kg/ha), days to 50% flowering, plant height (cm), 
monopodia per plant, sympodia per plant, number of bolls 
per plant and boll weight (g). The data were analysed for 
genetic divergence as suggested by Mahalanobis, 1936.  
D2 values used for grouping the inbreds into different 
clusters as according to Tocher's method Rao (1952). 
The list of inbreds used for present investigation is as 
follows: DGHC836, DGHC837, DGHC838, DGHC839, 
DGHC840, DGHC841, DGHC842, DGHC843, 
DGHC844, DGHC845, DGHC846, DGHC847, 
DGHC848, DGHC849, DGHC850, DGHC851, 

DGHC852, DGHC853, DGHC854, DGHC855, 
DGHC856, DGHC857, DGHC858, DGHC859, 
DGHC860, DGHC861, DGHC862 and DGHC863. 

RESULTS AND DISCUSSION 

The inbreds showed significant differences for all the 
traits. The calculated variances also been found significant. 
Twenty-eight inbreds were grouped into four clusters 
(Table 1). Cluster I had 14 inbreds followed by cluster II, 
IV and III. Cluster III was mono-genotypic cluster as it had 
only one inbred viz. DGHC839. The intra cluster distance 
range from 0.00 to 9.37 and inter clusters distance between 
9.88 to 13.67. However, inter-cluster distance exhibited 
good distance between all the clusters, indicating that it 
could be used by making inter-clusters crosses for further 
breeding programme. The maximum inter-cluster distance 
was noticed between cluster III and IV (13.67) followed by 
cluster I and IV (12.03), cluster II and IV (10.84) (Table 
2). The inbreds classified in these clusters can be used in 
breeding programme in order to get dominance & over-
dominance effect for heterosis breeding and accumulate 
the scattered alleles for development of new inbreds.  

The comparison of cluster means revealed that cluster 
II had highest seed cotton yield (2303 kg/ha) and plant 
height (177.5 cm). Cluster I showed that it had second 
highest for seed cotton yield with medium days to 50% 
flowering (56.2 days) and low monopodia per plant (1.68) 
along with medium boll weight (4.6g). The percent 
contribution of traits registered highest by monopodia per 
plant (34.66%) followed by plant height (17.20%) and boll 
weight (14.81%).However, Seed cotton yield and days to 
50% flowering showed least percent contribution. 

Present study is very informative to make the 
breeding crosses between inbreds from different clusters to 
get the raise in yield plateau for heterosis breeding and 
inbred development. However, it is suggested to avoid 
making the crosses within cluster, as it will be simple 
wastage of resources only. Further, one two or more inbred 
from different clusters may be chosen for further genetic 
studies either by diallel or Line X Tester analysis. 



Journal of Progressive Agriculture, Vol.3, No. 2: Oct. 2012 
_____________________________________________________________________________________________________________________ 

 45 

 
Table 1: Grouping of cotton inbreds into different clusters 

Cluster Number of 
genotypes 

Name of genotypes 

I 14 DGHC838, DGHC844, DGHC837, DGHC851, DGHC843, DGHC842, DGHC847, DGHC836, 
DGHC850, DGHC853, DGHC846, DGHC848, DGHC841 and DGHC840 

II 10 DGHC857, DGHC863, DGHC855, DGHC862, DGHC856, DGHC858, DGHC861, DGHC860, 
DGHC852 and DGHC854 

III 1 DGHC839 
IV 3 DGHC845, DGHC849 and DGHC859 
 
Table 2: Inter and Intra (bold) cluster distances 

Cluster I II III IV 
I 7.67 (2.769) 10.57 (3.251) 9.88 (3.143) 12.03 (3.468) 
II  6.35 (2.519) 10.56 (3.249) 10.84 (3.292) 
III   0.00 (0.00) 13.67 (3.697) 
IV    9.37 (3.061) 
D values are in parenthesis 
 
Table 3: Cluster means for different characters in cotton inbred  

Cluster Seed cotton 
yield (kg/ha) 

Days to 50% 
flowering 

Plant height 
(cm) 

Monopodia / 
plant 

Sympodia / 
plant 

Number of 
bolls / plant 

Boll weight 
(g) 

I 2231 56.2 139.9 1.68 14.7 52.5 4.7 
II 2303 60.4 177.5 3.22 19.3 54.5 4.6 
III 2199 59.3 136.3 3.60 13.1 63.8 3.6 
IV 2099 57.5 154.1 3.19 17.1 42.3 6.0 
Percent 
contribution 

5.56 5.82 17.20 34.66 12.70 9.26 14.81 

 
Figure1: Cluster diagram (Not to Scale) 
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ABSTRACT 

Genetic divergence was studied for grain yield and six other morphological characters in 
mungbean. Divergence study helped in grouping 26 mungbean genotypes into five diverse clusters. 
Maximum number of genotypes (10) was grouped into cluster II, followed by 8 in clusters IV and the 
lowest (1) in cluster V. Clustering of population did not follow their geographic or location distribution. 
MYMV, days to 50% flowering, Days to maturity and pods per contributed maximum towards the 
divergence. Mean value of cluster III (IPM 02 -09-3, MH 2-15, IPM 02-09-1 and Ganga-1) ranked first for 
grain yield along with lowest infestation of MYMV. Earliest flowering genotype along with lowest plant 
height and highest 100 seed weight was clustered in monogenotypic cluster V (SML 668). The maximum 
distance  was between cluster II (MGG 360, RMG 989, RVSM 11, KM 2268, ML 1472, GM 04-02, KM 2272, 
MH 721, NDMZ 09-18 and Ganga-8) and V (SML 668)  The genotypes grouped in these clusters can be 
used in breeding programme in order to get a wide spectrum of variability and transgressive 
segregants. A higher heritability (broad sense) estimate associated with good estimates of genetic 
advance expected in the next generation for grain yield, pods per plant, 100- seed weight and plant 
height suggested that these characters are governed by additive genetic effect and improvement of 
these characters would be effective through phenotypic selection. 
 

Key Words: Heritability, Genetic advance, Genetic diversity and Mungbean. 

 
 

Mungbean (Vigna radiata L. Wilczek) is one of an 
important pulse crop of India. It is a short duration crop 
and grown as sole as well as inter and multiple cropping 
system, hence it contributes to increase the income of 
marginal farmers. Mungbean is a source of digestible 
protein. In India, dehulled grain is mainly used to make 
Daal. Besides, this it is used to prepare various delicious 
sweet items and salad (soaked and sprouted grains). It 
improves the nutrient status of soil through atmospheric 
nitrogen fixation and adds humus to the soil. It is also 
useful to cattle as it is a fodder and concentrate. Looking 
toward its importance it is very much essential to improve 
its yield. For yield improvement, knowledge on variability 
of different characters is the prime requisite. The 
variability of a biological population is an outcome of 
genetic constitution of individuals making up that 
population in relation to prevailing environment. A survey 
of genetic variability with the help of suitable parameters 
such as genotypic coefficient of variation, heritability and 
genetic advance are absolutely necessary to start an 
efficient breeding program. Genetic diversity is one of the 
criteria of parent selection in the hybridization program. 
The availability of transgressive segregant in any breeding 
program depends upon the diversity between the parents 
involves. The quantification of genetic diversity through 
biometrical procedures such as Mahalanobis's D2-statistic 
and Canonical Variate Analysis (CVA) has made possible 
to choose genetically diverged parents. Recent works 
indicated that the Mahalanobis generalized distance (D2-
statistic) may be an efficient tool in the quantitative 
estimation of genetic diversity (Mahalanobis, 1936). The 

divergence analysis has a definite role to play in an 
efficient choice of divergent parents for hybridization to 
exploit maximum heterosis. Therefore, the present study 
was undertaken to select the divergent parent for future 
hybridization program. 

MATERIALS AND METHODS 

The experiment was laid out at Agricultural Research 
Station, Sriganganagar of S K Rajasthan Agricultural 
University during Kharif 2009. Twenty six genotypes 
(varieties/lines) of Mungbean (Table 1) were used in this 
experiment contributed by different pulse improvement 
centres of India in Initial Varietal Trial of AICRP on 
MULLaRP. A Randomized Complete Block Design 
(RCBD) with three replications was used in the 
experiment. The individual plot was of 4m long with six 
rows. The seeds were sown on July 8th, 2009 with plant 
geometry 30×10 cm. N and P fertilizers @ 20:40 kg/ha 
were applied as a basal dose during final land preparation. 
The standard agronomic practices were maintained to raise 
a good crop. Data on 10 randomly selected plant from each 
plot were recorded on plant height (cm) and pods per plant 
while data on days to 50% flowering, Days to maturity, 
100 Seed weight, MYMV and grain yield were recorded 
on plot basis. Genotypic and phenotypic coefficient of 
variations, heritability and genetic advance were estimated 
as per Singh and Chowdhury (1985) and Johnson et al. 
(1955). Genetic diversity was analysed using D2-statistic 
given by Mahalanobis, 1936. 
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RESULTS AND DISCUSSION 

Genetic variability analysis 
The estimate of genotypic variance (σ2g), phenotypic 

variance (σ2p), genotypic coefficient of variation (GCV) 
and phenotypic coefficient of variation (PCV), heritability 
broad sense (h2bs) and genetic advance in percent of mean 
for 7 different characters are presented in Table 2. The 
coefficient of variation indicated that there were significant 
differences among the genotypes for measured characters. 
The phenotypic variance (σ2p) and phenotypic coefficient 
of variation (GCV) was slightly higher than the genotypic 
variance (σ2g) or genotypic coefficient of variation (GCV) 
for all the characters suggesting the presence of 
environmental influence to some extent in the expression 
of these characters. Relatively higher value of genotypic 
variance and phenotypic variances were found for grain 
yield, MYMV and pods per plant indicating higher degree 
of genetic variability for these characters. A higher 
heritability (broad sense) estimate associated with good 
estimates of genetic advance expected in the next 
generation for grain yield, pods per plant, 100 seed weight 
and plant height suggesting these characters are governed 
by additive genetic effect to a great extent and 
improvement of these characters would be effective 
through phenotypic selection. Similar results were found 
by Vikas et al. (1998) for plant height and number of pods 
per plant, Sharma (1999) for the number of pods/plant, 
number of seeds/plant, 100-seed weight and seed yield/ 
plant. High heritability estimates has been found to be 
helpful in making selection of superior genotypes on the 
basis of phenotypic performance. Jonson et al., (1955) 
suggested that heritability estimates along with genetic 
gain were more useful in predicting the selection of best 
individual. 
Genetic divergence analysis 

The analysis of variance showed significant 
differences among the genotypes for all the characters 
revealed the presence of notable genetic variability among 

26 Mungbean genotypes. The estimated V-statistics was 
also found significant. The D2 value ranged between 0.00- 
258.68. Twenty six mungbean genotypes were grouped 
into five clusters (Table 3). Kumar et al. (2009) grouped 
60 genotypes into 13 clusters based on the divergence 
among mungbean genotypes. Maximum number of 
genotypes (10) was grouped into cluster II, followed by 8 
in clusters IV and the lowest (1) in cluster V. Clustering of 
population did not follow their geographic or location 
distribution. Table 4 showed that the mean value of cluster 
III ranked first for grain yield along with lowest infestation 
of MYMV. Cluster II had the highest cluster mean for days 
to maturity. Earliest flowering genotype along with lowest 
plant height and highest 100- seed weight was clustered in 
monogenotypic cluster V. MYMV, days to 50% flowering, 
days to maturity and pods per contributed maximum 
towards the divergence (60.62%, 9.85%, 9.54% and 
8.31%, respectively) It is assumed that maximum amount 
of heterosis is manifested in cross combination involving 
the genotypes belonging to most divergent clusters. In the 
present study, the maximum distance (258.68) was 
between cluster II (MGG 360, RMG 989, RVSM 11, KM 
2268, ML 1472, GM 04-02, KM 2272, MH 721, NDMZ 
09-18 and Ganga-8) and V (SML 668) followed by cluster 
IV (SG 63-14, PUSA 0971, PUSA 0972, MH 709, GM 05-
08,   OGG 56, MGG 359 and SG 33-5) and V (SML 668), 
cluster II (MGG 360, RMG 989, RVSM 11, KM 2268, ML 
1472, GM 04-02, KM 2272, MH 721, NDMZ 09-18 and 
Ganga-8) and III (IPM 02 -09-3, MH 2-15, IPM 02-09-1 
and Ganga-1) and cluster III (IPM 02-09-3,   MH 2-15, 
IPM 02-09-1 and Ganga-1) and IV (SG 63-14, PUSA 
0971, PUSA 0972, MH 709, GM 05-08, OGG 56, MGG 
359 and SG 33-5). The genotypes grouped in these clusters 
can be used in breeding programme in order to get a wide 
spectrum of variability and transgressive segregants. The 
minimum distance (57.28) between cluster III and V and I 
and III (89.98) indicate them to be genetically closer 
clusters. Selection of parents from such clusters should be 
avoided because it may result in narrow genetic base.  

 

Table 1: Source of origin of 26 mungbean genotypes. 
Genotype Source Pedigree 
CGG 973 TNAU, Coimbatore COGwG 923 x VC 6040 A 
MGG 360 Madhira MGG 295 x MGG 322 -2 
RMG 989 ARS, Durgapura ML 613 x BDYR-2 
RVSM 11 Sehore - 
KM 2268 CSAU, Kanpur Samrat x ML 13 
ML 1472 PAU, Ludhiana ML 267 X ML 949 
GM 04-02 SK Nagar GM 9303 x PB 1 
KM 2272 CSAU, Kanpur PDM 54 x Pusa 9872 
MH 721 CCSHAU, Hisar C0-6 x BDYR -1 
IPM 02 -09-3 IIPR Kanpur PDM 139 x PB-2 
MH 2-15 CCSHAU, Hisar PDM 116 x Gujrat 1 
SG 63-14 Shilongini T 44 x AAU 34 
PUSA 0971 IARI, New Delhi IPM 99-125 x IPM 02-1 
ML 1354 PAU, Ludhiana ML 267 X ML 955 
ML 818 PAU, Ludhiana 5145/87 X ML 267 
PUSA 0972 IARI, New Delhi Pusa Bold 2 x Sel. 11 
MH 709 CCSHAU, Hisar Asha x MH 98-7 
NDMZ 09-18 NDUAT, Faizabad NDM 1 x NDM Sel. 11 
Ganga-8 ARS, Sriganganagar K 851 x Pusa 105 
GM 05-08 SK Nagar GM 9402 X E 92-3 
OGG 56 Behrampur (Orissa) Mutant of Sujata 
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MGG 359 Madhira MGG 295 x MGG 332-2 
SG 33-5 Shilongini (PDM 84-143 x ML 337) x SG 1 
IPM 02-09-1 IIPR Kanpur PDM 139 x PB-2 
Ganga-1 ARS, Sriganganagar Local selection of Rajasthan 
SML 668 PAU, Ludhiana Selection from AVRDC line NM 94 
 
Table 2: Genetic variability, genetic parameter, heritability and genetic advance for five characters of 26 mungbean 
genotypes. 
 
Characters Grand 

mean 
Mean sum of 
square σ2g σ2p GCV 

(%) 
PCV 
(%) h2 (bs) GA (5%) of 

mean 
Grain yield (kg/ha) 696.6 252234.1** 80728.0 90778.2 40.8 43.3 88.93 79.23 
Days to 50% 
flowering 40.1 12.5** 4.0 4.5 5.0 5.3 90.01 9.78 

Days to maturity 73.2 8.2** 2.6 3.0 2.2 2.4 86.67 4.22 
Plant height (cm) 64.8 452.2** 140.4 171.4 18.3 20.2 81.88 35.00 
Pods per 
plant 23.8 175.8** 56.7 62.3 31.7 33.2 91.10 62.31 

100 seed  
weight (g) 3.2 1.1** 0.4 0.4 19.2 20.0 92.08 37.97 

MYMV (1-9 scale) 5.2 24.9** 8.1 8.7 55.2 57.3 92.73 109.44 
** Significant at P=0.05 
σ2g = Genotypic variance, σ2p = Phenotypic variance, GCV (%) =Genotypic coefficient of variation, PCV (%) =Phenotypic 
co-efficient of variation, GA (5%) = Genetic advance in 5 percent of mean, h2 (bs) = Heritability in broad sense. 
 
Table 3: Distribution of 26 genotypes of mungbean in five clusters. 

Cluster Number of genotypes Name of genotypes 
I 03 CGG 973, ML 1354 and ML 818   

II 10 MGG 360, RMG 989, RVSM 11, KM 2268, ML 1472, GM 04-02, KM 2272, MH 721, 
NDMZ 09-18 and Ganga-8  

III 04 IPM 02 -09-3,   MH 2-15, IPM 02-09-1 and Ganga-1 

IV 08 SG 63-14, PUSA 0971, PUSA 0972, MH 709, GM 05-08,   OGG 56, MGG 359 and SG 
33-5   

V 01 SML 668 
 
Table 4: Clusters means for different characters and percent contribution to divergence in mungbean 

Cluster Grain yield 
(kg/ha) 

Days to 50% 
flowering 

Days to 
maturity 

Plant Height 
(cm) Pods /plant 100 Seed 

weight (g) MYMV 

I 867.44 42.67 72.00 60.11 29.67 3.40 3.00 
II 620.83 40.03 74.40 66.50 22.40 2.82 6.20 
III 1002.75 39.92 72.50 63.42 30.00 4.03 2.50 
IV 550.13 39.71 72.50 67.25 19.38 2.90 6.25 
V 889.67 37.33 73.00 47.00 30.00 4.73 3.00 
Percent 
contribution 2.46 9.85 9.54 4.31 8.31 4.9 60.62 

 
Table 5: Intra and inter – cluster distances (D2) in different characters in mungbean. 

Clusters I II III IV V 
I 115.373 163.817 089.982 169.337 163.677 
II  108.591 188.256 111.917 258.676 
III   49.342 182.461 57.278 
IV    113.782 240.250 
V     0.000 
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ABSTRACT 

The present study was carried out during 2010-11 at  Department of  Soil Science and Agricultural 
Chemistry, College of Agriculture, Rajendranagar, ANGRAU, Hyderabad to prioritize the constraints 
causing yield loss in both irrigated and rainfed rice. A study had conducted on 60 farmers in irrigated 
rice ecosystem and 30 farmers from rainfed ecosystem of Andhra Pradesh. It was found that the soil 
related constraints faced by farmers ranked from more to less serious and the constraints were related 
to low fertility of soil, inadequate organic matter, problem soils and multi nutrient deficiencies of the 
soils. Under crop management related constraints, it was found that adopting specific fertilizer 
application method, availability of improved variety, inadequate supply of water, infestation of weeds 
and higher pest incidence were the most serious constraints perceived by large percentage of farmers. 
In case of socio-economic constraints, the study found that  the poor infrastructure, high cost of inputs,  
availability of credit, low price for the produce, inadequate inputs and lack of trainings were the most 
important constraints as perceived by large percentage of farmers. Other constraints as perceived by 
lower percentages of farmers were poor extension services, lack of information and lack of support 
from local authorities or government. 

 

Key words: Irrigated rice, Rainfed rice, Production constraints 
 

Rice is the staple food of more than 60 per cent of the 
world's population and majority in the South-East Asia. 
Rice is the most important crop of India, covering an area 
of about 42.56 M ha with an annual production of 95.33 
Mt and productivity of 2240 kg ha-1 during 2010-11. The 
country is ranking first and second with respect to area and 
production and twenty eight position with respect to 
productivity of rice in the world.  Rice occupies about 23.3 
per cent of gross cropped area of the country and plays a 
vital role in the national food grain supply. In Andhra 
Pradesh rice is cultivated in an area of 2.68 M ha during 
kharif and 1.2 M ha during rabi seasons in 22 districts of 
the state with an annual production of 63.93 lakh tones and 
productivity of 2100 kg ha-1. Rice productivity fluctuates 
significantly from region to region due to various factors 
such as pest and diseases, soil type, soil fertility, rainfall 
pattern, flood, drought, water logging and variable climatic 
conditions.  

Therefore the approach should be to identify the 
constraints which operate to keep rice yields significantly 
high and maintain the yield gap. Choudhary and Tran 
(1999) approaches to bridge the gap of projected demand 
to current level of production could be done through the 
expansion of rice cultivated area (horizontal expansion), 
improving yield (vertical expansion), and reducing yield 
losses. The increase in production of rice not only come 
from expansion of area under rice cultivation or 
identifying suitable rice production technologies due to 
competing use of land from other sectors and 
environmental concerns. Possible avenues for growth in 
yield and production would depend to a large extent on 
exploring ways by which yield per land area could be 

increased and also removing the constraints of rice 
production to achieve high yield for each production 
ecosystem and location by yield gap analysis. Removing 
constraints to yield is not synonymous with outright 
increase in production. It must be backed with some level 
of commitment in terms of adoption of improved farming 
methods, improved technologies, research, credit and 
extension support given to farmers. The extent to which 
any of these commitments contribute to low yields will 
vary from one production ecosystem to another; hence the 
need has been arise to carry out a survey to identify the 
constraints associated with each production system.  This 
paper aims at understanding the problems and constraints 
faced by farmers in rice production of different rice 
ecosystems. The constraints of the farmers were focused in 
three problems viz. soil related constraints, crop 
management related constraints and socio-economic 
constraints for understanding the real situations in rice 
production of Andhra Pradesh, which are useful to find out 
the suitable solutions for overcoming the constraints and  
achieving high and sustainable yields in  rice production. 

 

MATERIALS AND METHODS 

Study area  
Three districts of Andhra Pradesh selected for the 

present study. Guntur and Nalgonda are the two districts, 
where rice area of 2.77 and 1.47 lakh ha produced 8.49 and 
4.18 lakh tonnes of rice production under irrigated 
condition, respectively in Andhra Pradesh.  Because of the 
suitable soils and good irrigation facility almost all the 
farmers in the region are growing two crops of rice per 
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year with the rice yield per ha relatively high.  The other 
district Visakhapatnam where rice is grown in an area of 
0.96 lac ha with the production of 1.42 lac tones under 
rainfed condition selected for the study.  
Selection of farmers 

There were 60 farmers selected from the two districts 
viz., Guntur and Nalgonda where rice is growing under 
irrigated conditions and 30 farmers selected from 
Visakhapatnam district where rice is cultivated under 
rainfed conditions.      
Measurement of the constraints 

There is no single best method for identifying 
Farmers constraints and research needs. A personal survey 
helps to identify some constraints. The information on 
constraints faced in rice production by farmers was 
collected with the help of interview schedules. The major 
constraints taken into account were technical, socio-
economic and soil related constraints.  To help in the 
constraint analysis, a comprehensive list of socio-
economic, technical and soil related constraints was given 
to farmers. The respondents were asked to express the 
constraints as per the severity felt by them and the scores 
are analyzed based on majority of responses as obtained 
and ranked on the basis of the importance. 

The data thus selected from the sample respondents 
through interview schedules were coded, tabulated, 
analyzed and presented in the form of tables in order to 
make the findings meaningful and easily understandable. 
The findings emerged from the analysis of data were 
suitably interpreted and necessary conclusions and 
inferences were drawn.  The frequencies and percentages 
were calculated in documentation of production 
constraints. The percentage analysis was done to make 
simple comparisons wherever necessary. 

 

RESULTS AND DISCUSSION 

Rice yields in Andhra Pradesh fluctuate greatly in 
time and space on account of its cultivation under diverse 
weather, ecological and socioeconomic conditions. 94 per 
cent of the area is under irrigated condition and remaining 
6 per cent of the area is under rainfed conditions often 
affected by erratic weather aberrations. Constraints 
responsible for lower yields are majorly technical and 
socioeconomic Paroda (1998). Major constraints in each 
rice ecosystem along with the details of selected farmers 
are indicated below 
Profile of the selected farmers 
Land holding 

The data (Table 1) shows that with respect to size 
of the land holdings, marginal, small and big farmers 
accounted for an equal percentage 33.34%, 33.33%, 
33.33%, respectively and an equal number of farmers were 
selected from each category.  
 Area of rice cultivation and cropping pattern  

With regard to the area under rice cultivation in 
irrigated ecosystem, the low (13.34%), medium (13.33%) 
and high (73.33%) categories and in rainfed ecosystem the 
low (23.30%), medium (33.33%) and high (43.33%) 
categories. With respect to cropping pattern, it was 

observed that all the farmers in irrigated ecosystem 
practiced a single crop of rice followed by 13.3% practiced 
double crop of rice. Where as in rainfed ecosystem all the 
farmers practiced a single crop of rice. 
Social participation  

In irrigated ecosystem, with regard to social 
participation of the rice growers,  the trend of the farmers 
participation in the social commitments which are related  
to their farming activity was observed in the fallowing 
manner that the  50% belong to medium level of social 
participation followed by 26.7% and 25.40%  in low and 
high level of participation  respectively. In rainfed 
ecosystem, 40% represents low level of social 
participation, 26.7% represents medium and 33.3% 
represents high level of social participation.  
Economic motivation and information seeking behavior 
of the farmers 

In irrigated rice ecosystem, with respect to the 
economic motivation it was observed that 36.7% comes 
under low category of economic motivation followed by 
33.3% of medium economic motivation and 30.3 % comes 
under high category of economic motivation.  In rainfed 
rice ecosystem, the trend observed that 53.3% comes under 
low category followed by 23.3% each of medium and high 
economic motivation (Table 1).  

As far as the information seeking behavior is 
concerned, in irrigated rice ecosystem 30.0% of the 
farmers belonged to low level followed by 33.3 per cent in 
the medium level and 36.7 per cent belong to high level 
and in rainfed ecosystem, 63.3 per cent of the respondents 
belonged to low level followed by 20.0 per cent in the 
medium level and 16.7 per cent belong to high level of 
seeking information behaviour.  
Labour availability 

In irrigated ecosystem about 71.7% of the farmers 
had medium level of labour availability, 21.67 % had low 
level of labour availability and only 6.63% farmers getting 
high level of labour availability for their farming activities. 
In rainfed ecosystem most of the respondents 50.0% had 
low level of labour availability, 26.7% medium level of 
labour availability and 23.3 % of the farmers getting high 
level of labour availability for their cultivation activities. 
Adoption behavior of farmers on recommended 
practices 
Variety and seed rate 

Majority of the farmers about 88.3% in irrigated rice 
cultivation sowed with the recommended varieties in their 
region while in rainfed area 70.0 % of the farmers adopted 
the recommended variety.  But in case of both irrigated 
and rainfed rice cultivation about 66.7% of the farmers 
fallowed the recommended seed rate. The reason could be 
for the rest of the farmers in both the  may be attributed to  
the reason that  they  were not willing to take risk  of loss 
of plant population while raising their own nursery and the 
possibility of loss of seedlings during germination due to 
heavy rain, pest and disease attack and other reasons. Most 
of the farmers expressed that they could not afford to take 
risk due to poor germination of own seeds, pest and 
disease and root snapping problem during pulling of 
seedling (Table 2).  
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Soil test and fertilizer recommendation 
It is observed that 25.0% in irrigated and 23.3% in 

rainfed are responded to application of fertilizers based on 
soil testing. 50.0% of the farmers applied fertilizer in split 
in irrigated area and 33.3% in rainfed area. 48.3% of the 
farmers in irrigated and 36.7% in rainfed area were 
responded to micronutrient application (Table 2). Majority 
of the farmers had not adopted fertilizers based on soil test, 
Integrated Pest Management and micro nutrient 
application due to lack of technical knowledge, complexity 
of the practices, and non-realization of importance of these 
practices. The findings of the study were in agreement 
with the findings of Balasubramani et al. (2005). 
Constraints faced by rice growing farmers in irrigated 
and rainfed conditions 
Soil related constraints 

The major soil related constraints faced by farmers in 
the production of paddy were low fertility of the soils, 
multinutrient deficiency in the soils, problem soils and 
inadequate organic matter. In irrigated rice ecosystem, 
58.3% of the farmers responded to low fertility in soils and 
30% of the farmers responded to problem soils. Where as 
in rainfed ecosystem 80% of the farmers facing low 
fertility in soils and 33.3% of the farmers facing different 
soil problems. In rainfed rice ecosystem, low soil fertility 
due to soil erosion resulting in loss of plant nutrients and 
moisture (Table 3). 
Crop management related constraints  

The crop related constraints faced by the framers are 
adopting specific fertilizer application method, infestation 
of weeds, higher pest incidence, and inadequate supply of 
irrigation water. Majority of the farmers applied fertilizers 
on blanket recommendation due to their lack of awareness 
and knowledge about recommended and dose of fertilizers 
(Table 3). Lack of suitable varieties with stress-tolerance at 
various stages of growth has been one of the limiting 
factors together with inadequate nutrition.  

In rainfed rice, often crop suffers with soil moisture 
stress due to erratic and inadequate rainfall. In upland soils 
rain water flows down quickly and farmers are not able to 
conserve the soil moisture. There is also no facility for life 
saving irrigation particularly in upland areas.The scarcity 
of farm yard manure and green manure in upland areas, 
farmers depend heavily on the indiscriminate application 
of inorganic fertilizers to maintain productivity which 
leads to susceptibility of the crop to pests and diseases and 
also leads to deteriorating soil health. Heavy infestation of 
weeds and insect pests such as rice Blast disease and 
Brown spot resulted in reduction of yield drastically. In 
rainfed rice, the growth is mostly dependent on the well 
distribution of the rainfall. In case of scanty or adverse 
distribution of rainfall, the crop fails owing to drought and 
in the case of heavy rainfall, particularly during 
blossoming, there is poor grain setting and also the 
matured grains germinate on the panicles. 

Herbicide application, pest and disease management 
maintaining plant population in nursery as well as in the 
main field were not adopted by the majority of the farmers. 

Non availability of high yielding varieties, high cost of 
labour, and low fertility of the soils, Drought and lack of 
conviction in the new technology were the major 
constraints faced by the farmers. Therefore, it was 
necessary to intensify the extension efforts to increase their 
knowledge level and adoption of recommended rice 
technologies, which would help in increasing the yield of 
rice at farm level. 
Socio-economic constraints 

Among the major socio-economic constraints 
perceived by the farmers were high cost of labour, high 
cost of inputs, high rate of credit, non-availability of credit 
and scattered land holding. High cost of the high yielding 
variety seeds was expressed as a major constraint by 
68.3% and 66.7% of the farmers in irrigated and rainfed 
rice ecosystems respectively (Table 3). Most of the farmers 
reported that they were not getting enough quantity of 
seeds for their entire cultivable land holding. It was also 
found that high yielding variety seeds produced and 
marketed by the State Government and other agencies 
were priced higher due to high production cost or because 
of other unknown reasons.   

High cost of labour was expressed as a constraint by 
76.7% of the respondents as the agricultural labourers were 
demanding higher wages irrespective of nature of work in 
irrigatrd ecosytems. Most of the farmers reported that the 
available farm labourers were not properly trained since 
most of the cultivation practices in rice farming right from 
sowing to post harvest require special skills. Veearswami 
et al. (2003) reported similar constraints perceived by the 
rice farmers of Cuttack and Puri districts of Orissa. Due to 
demand for labour at the peak period of crop, the major 
works like transplanting, broadcasting of seed, weeding 
and harvesting was carried out on contract basis. Leads to 
delay in carrying the practices, and also maintaining the 
optimum plant population was perceived as a difficult task 
due to timely unavailability of farm labours.  
Other constraints of rice growing farmers 

Other constraints perceived by the farmers were the 
absence of demonstration and lack of training facilities to 
the farmers from the agriculture officers or concerned 
authorities. These constraints were found to affect the 
dissemination of innovation and adoption of improved 
practices in paddy cultivation. Non-availability of desired 
technology was seen as a constraint by 60% of the farmers 
in rice cultivation of both irrigated and rainfed rice 
cultivation (Table 3). The recommended rice technologies 
may not be suitable to all the regions. The 
recommendations of State Department of Agriculture for 
obtaining higher yields may not be relevant to the site 
specific conditions.  As a result, there is a possibility of 
reduction of yield at farm level due to various climatic and 
soil factors. With regards to adoption of recommended rice 
technologies in the farm, 56.7% and 63.3% of the farmers 
in both irrigated and rainfed conditions given the response 
that the lack of training facilities about certain 
technologies could be the reason for low adoption of the 
technologies. Similar results were reported by Singh and 
Varshaney (2010). 
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Conclusions 
 

With respect to the adoption behavior the  new 
technologies and fallowing the recommended package of 
practices, the majority of the farmers showed medium 
level of overall adoption of recommended package of 
practices and technologies. Herbicide application, pest and 
disease management in nursery and main field, 
maintaining plant population in main field were not 
adopted by the majority of the farmers due to the various 
reasons mentioned earlier.  With respect to the Constraints 

faced by the farmers in their cultivation practices the non 
availability of high yielding varieties, high cost of labour, 
lack of conviction in the new technology and weak 
extension activities at the village level were the major 
constraints faced by the farmers. Therefore, it was 
necessary to intensify the extension efforts to increase their 
knowledge level and adoption of recommended rice 
technologies, which would help in increasing the yield of 
rice at farm level as well as increase in productivity of the 
rice crop both in the irrigated and rainfed conditions.  

Table 1: Details of the selected farmers. 

Variable 
Irrigated ecosystem  (n=60) Rainfed ecosystem (n=30) 

No. of farmers Percentage (%) No. of farmers Percentage (%) 
Occupation 
Agriculture as primary activity 46 76.7 25 83.3 
Agriculture as secondary activity 14 23.3 5 16.7 
Farm size 
Marginal (< 1 ha) 20 33.3 10 33.3 
Small (1-2.5 ha) 20 33.3 10 33.3 
Big (>2.5 ha) 20 33.3 10 33.3 
Area under rice cultivation 
Low (< 25 per cent of land holding) 8 13.3 7 23.3 
Medium (25-50 per cent of land holding) 8 13.3 10 33.3 
High (>50 per cent of land holding) 44 73.3 13 43.3 
Social participation     
Low 16 26.7 12 40.0 
Medim 30 50.0 8 26.7 
High 14 25.4 10 33.3 
Economic motivation 
Low 22 36.7 16 53.3 
Medium 20 33.3 7 23.3 
High 18 30.0 7 23.3 
Cropping pattern 
Single crop rice 60 100.0 30 100.0 
Double crop rice 8 13.3 0.0 0.0 
Input availability     
Low 14 23.3 14 46.7 
Medium 26 43.3 9 30.0 
High 20 33.3 7 23.3 
Information seeking behavior 
Low 18 30.0 19 63.3 
Medium 20 33.3 6 20.0 
High 22 36.7 5 16.7 
Labour availability 
Low 13 21.7 15 50.0 
Medium 43 71.7 8 26.7 
High 4 6.6 7 23.3 
 
Table 2: Adoption behaviour of farmers on recommended package of practices in rice.       
Specific recommended practices in rice 
cultivation 

Irrigated ecosystem (n=60) Rainfed ecosystem (n=30) 
No. of farmers Percentage (%) No. of farmers Percentage (%) 

Variety 53 88.3 21 70.0 

Optimum seed rate 40 66.7 20 66.7 
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Seed treatmnet 50 83.3 14 46.7 

Plant population 40 66.7 12 40.0 

Soil testing 20 33.3 10 33.3 
Diammonium phospahte to nursery 32 53.3 - - 
Application of fertilizer based soil testing 15 25.0 7 23.3 

Micronutrient application 29 48.3 11 36.7 
Split application of fertilizer 30 50.0 10 33.3 
Pest management 28 46.7 14 46.7 

Timely harvest 52 86.6 24 80.0 
 

Table 3: Constraints faced by rice growing farmers in irrigated and rainfed rice  

Constraints Irrigated ecosystem Rainfed ecosystem 
Frequency Percentage (%) Rank Frequency Percentage (%) Rank 

Soil related constraints 
Inadequate organic matter 33 55.0 II 18 60.0 II 
Low fertility of soil 35 58.3 I 24 80.0 I 
Problematic soil (Acidic, saline and 
alkaline) 

18 30.0 IV 10 33.3 IV 

Micro nutrient deficiency in soil 21 35.0 III 16 53.3 III 
Crop management related constraints 
Availability of improved variety 20 33.3 V 18 60.0 V 
Adopting correct spacing 36 60.0 IV 17 56.7 VI 
Adopting specific fertilizer 
application 

48 
 

80.0 I 23 76.7 II 

Inadequate supply of water 36 60.0 IV 26 86.7 I 

Occurrence of weeds 46 76.7 II 20 66.7 IV 

Higher pest incidence 38 63.3 III 21 70.0 III 

Using of aged seedlings 20 33.3 V - - - 
Socio-economic related constraints 
High cost of inputs 41 68.3 III 20 66.7 IV 
High cost of Labour 46 76.7 I 26 86.7 I 
Non-availability of credit 40 66.7 IV 25 83.3 II 
High rate of credit 42 70.0 II 21 70.0 III 
Non-availability of farming 
implements 

30 50.0 VI 20 66.7 IV 

Scattered land holding 32 53.3 V 12 40.0 VI 
Lack of transport facilities 18 30.0 VII 21 70.0 III 
Contract system for cultural 
operations 

41 68.3 III 19 63.3 V 

Other Constraints 
Lack of awareness of technologies 34 60.0 I 18 60.0 II 

Lack of training facilities 36 56.7 II 19 63.3 I 
Lack of union 16 26.7 III 13 43.3 III 
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ABSTRACT 

The study was conducted in four villages of three Panchayat Samities of Udaipur district by 
interviewing 80 trained and 80 untrained farmers. Thus total sample comprised 160 maize growers. It 
was found that trained and un-trained farmers possessed comparatively more knowledge about 
harvesting, threshing & storage, field preparation. Minimum knowledge was possessed in weed 
management, and plant protection measures. There was rank order correlation between knowledge 
possessed by trained and un-trained farmers about maize cultivation practices. A significant difference 
was found in existing knowledge of trained and un-trained respondents about improved maize 
cultivation practices. 

Key Words: Maize, Production, Technology, Knowledge, Trained, Un-trained. 
 

Maize is most important cereal crop and knows as 
queen of cereal due to un-parallel productivity among 
cereal crops. In India, maize occupies third position both in 
area and production after rice and wheat. In Rajasthan it is 
grown on 1 million hectare area with production 1.1 
million tonnes and productivity of 1,100 kg/ha. Udaipur 
district of Rajasthan has covered 1, 73,614 lakh hectors of 
land. However, the production of maize in the district is 
very low as compared to average national productivity 
(2,435 kg/ ha.). The productivity of maize per unit area can 
be increasing when farmers were aware about new 
technology and by adopting it. Taking into account the 
above consideration, trainings were conducted by KVK, 
Udaipur on maize cultivation for enhancing productivity of 
maize. Keeping in mind the importance of trainings 
conducted by Krishi Vigyan Kendra for increasing the 
production of maize, the present study entitled 
‘Knowledge of trained and untrained farmers about 
improved maize cultivation’ was undertaken with the 
specific objectives. 

MATERIALS AND METHODS 

The study was conducted in four villages of three 
Panchayat Samities of Udaipur district where training was 
conducted. Thus total 80 trained farmers were interviewed. 
Equal number i.e. 80 maize growers from adjoining 
villages were interviewed as untrained respondents. Total 

160 maize growers were interviewed with specially 
designed interview schedule. Personal interview method 
was used for data collection. The data were analyzed by 
using suitable statistical tools like frequency, mean, 
standard deviation, mean percent score, ‘Z’ test and rank 
correlation. 

RESULTS AND DISCUSSION 

Extent of knowledge of improved maize cultivation by 
trained and untrained maize growers 

The results regarding the extent of knowledge of 
maize cultivation practices are presented here under in 
Table 1 and 2. The range of knowledge score obtained by 
trained and untrained respondents were found wide spread. 
In order to have a closer look, the range of score was 
divided into three categories and data were reset to find out 
the frequency and percentage in each category.     
The data presented in table 1 revealed that 41.25 percent 
maize growers had low level of knowledge this was 
followed by medium and high knowledge maize growers 
group with 33.75 and 25.00 per cent respectively.  
In case of trained respondents, majority of them 43.75 per 
cent possessed the high level of knowledge, followed by 
28.75 per cent having medium level knowledge. Further 
only 27.50 per cent respondents fall under the low level of 
knowledge group regarding improved agricultural 
practices of maize cultivation.

 
Table 1:  Distribution of respondents according to their level of Knowledge 

Level of knowledge Trained (n = 80) Untrained (n = 80) Pooled (n = 160) 
f % f % f % 

Low (below 53 score) 22 27.50 44 55.00 66 41.25 
Medium (53-75) 23 28.75 31 38.75 54 33.75 
High (above 75 score) 35 43.75 5 6.25 40 25.00 
Overall 80 100 80 100 160 100 
f = frequency, % = percentage 
 

In case un trained respondents 55.00 per cent were 
possessed low level of knowledge, followed by 38.75 per 
cent having medium level of knowledge. Only 6.25 per 
cent respondents possessed high level of knowledge 

regarding maize cultivation practices. The findings was 
similar to findings of Chandra (1995) 

Comparative view to the data pertaining to these 
three groups of respondents clearly bring to light that there 
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had been upward movement in the knowledge of the 
farmer after conduction of training.  
 
Knowledge of farmers about improved practices of 
maize cultivation  

The knowledge of trained and untrained respondents 
with regard to improved package of practices were 
measured in terms of Mean Percent Score (MPS).  As 
many as 11 important maize cultivation practices were 
included to assess the knowledge of maize growers which 
is presented in Table 2. 

From table 2, it seen that  at overall level respondents had 
very good amount of knowledge regarding practices like 
harvesting, threshing & storage, field preparation, time of 
sowing and irrigation management with 90.31, 88.00, 
82.35 and 77.49 MPS respectively. Respondent possessed 
good amount of knowledge in the practices like seed rate 
& spacing, high yielding varieties, inter cropping, fertilizer 
application and seed treatment and assigned 66.24, 64.24, 
60.46, 59.44 and 49.92 MPS respectively. They possessed 
least knowledge regarding weed management, and plant 
protection measures.  

 
Table 2: Level of knowledge of trained and untrained farmers about maize cultivation practices 

Package of practices Trained (n = 80) Un trained (n = 80) Pooled (n = 160) 
MPS Rank MPS Rank MPS Rank 

Field preparation  92.75 2 83.25 2 88.00 2 
High yielding varieties  65.75 7 62.75 5 64.25 6 
Inter cropping 69.27 6 51.66 8 60.46 7 
Seed treatment 56.09 9 43.75 9 49.92 9 
Time of sowing 90.27 3 74.44 3 82.35 3 
Seed rate & spacing 76.87 5 55.62 7 66.24 5 
Fertilizer application  61.11 8 57.77 6 59.44 8 
Irrigation management 84.58 4 70.41 4 77.49 4 
Weed management 50.17 10 41.96 10 46.06 10 
Plant protection measures 41.45 11 37.01 11 39.23 11 
Harvesting, threshing & storage  93.75 1 86.87 1 90.31 1 
Overall 71.09  69.49  65.79  
rs = 0.94**  
t = 5.79 
rs = Rank correlation;  ** = Significant at 1% level of significance 
 

The data (table 2) further shows that trained 
respondents possessed very good knowledge regarding 
harvesting, threshing & storage, field preparation, time of 
sowing, irrigation management and seed rate & spacing 
with 93.75, 92.75, 90.27 84.58 and 76.87 MPS 
respectively. Similarly they had good amount of 
knowledge regarding, inter cropping, high yielding 
verities, fertilizer application, seed treatment, weed 
management. The trained respondents possessed least 
knowledge regarding plant protection measures.  The data 
(Table 2) also indicated that untrained respondents had 
very good amount of knowledge in only practice i.e. 
harvesting, threshing & storage and field preparation, 
irrigation management with 86.87 and 83.25 MPS. They 
had good knowledge in the package of practices like time 
of sowing, irrigation management, high yielding varities, 
fertilizer application and seed rate spacing and inter 
cropping of maize cultivation practices with the 74.44, 
70.41, 62.75, 57.77 and 55.62 and 51.66 MPS. The 
respondents also possessed least knowledge in seed 
treatment, weed management and plant protection 
measures.  

The overall knowledge level for maize cultivation 
practices by the trained and untrained farmers were 71.09 
and 69.49 MPS, respectively.                
An effort was also made to find out the correlation 
between existing knowledge of maize growers of both 
categories i.e. trained and untrained respondents. The 

value of rank order correlation (rs) was 0.94 which shows 
positive correlation, the significance of rs was tested by ‘t’ 
test and it was observed that ‘t’ value calculated (5.79) was 
higher than it’s table value. This leads to conclusion that 
there is correlation in ranking of knowledge possessed by 
trained and un trained farmers about maize cultivation 
practices, though there was difference in magnitude of 
Mean Percent Score of trained and un trained farmers.  
These findings are in lines with the findings of Chandawat 
(2002) who reported that majority of respondents had low 
knowledge about plant protection measures. 
Practices wise Comparison of knowledge among 
trained and untrained respondents about maize 
cultivation practices 

The data regarding practices wise comparison of 
knowledge among trained and untrained respondents about 
maize cultivation practices presented in Table 3.The data 
related to level of knowledge of both trained and un 
trained respondents incorporated in table 3 show that 
calculated ‘Z’ value was higher than the tabulated value at 
1 per cent level of significance in nine packages of 
practices of maize cultivation practices except two 
practices viz., high yielding verities and fertilizer 
application. This call for rejection of null hypothesis and 
acceptance of alternative hypothesis, leading to conclusion 
that there is significant practice wise as well as overall 
difference in knowledge with regard improved practices of 
maize cultivation in trained and un trained respondents. In 



Journal of Progressive Agriculture, Vol.3, No. 2: Oct. 2012 
_____________________________________________________________________________________________________________________ 

 59 

other words, there is no similarity between the extent of 
knowledge of trained and un trained farmers regarding 

maize cultivation practices.          

   
 Table 3: Practice wise comparison of knowledge among trained and untrained respondents regarding maize 
cultivation practices 

Package of practices 
Trained 
(n = 80) 

Un trained 
(n = 80) ‘Z’ value 

Mean + S.D. Mean + S.D. 
Field preparation 4.63 0.64 4.16 1.01 3.61** 
High yielding varieties  13.15 3.25 12.55 2.84 1.27NS 
Inter cropping 8.31 0.97 6.20 1.30 12.41** 
Seed treatment 4.48 1.55 3.43 2.56 3.18** 
Time of sowing 8.12 1.16 6.70 0.81 9.46** 
Seed rate and spacing 3.07 0.80 2.22 0.67 7.72** 
Fertilizer application  5.50 1.31 5.20 1.03 1.66NS 
Irrigation management 2.53 0.65 2.11 1.07 3.23** 
Weed management 3.51 1.01 2.93 0.81 4.14** 
Plant protection measures 7.46 2.36 6.66 1.48 2.66** 
Harvesting, threshing & storage  7.50 0.82 6.95 0.72 5.00** 
Overall 6.20 1.32 5.37 1.30 4.94** 
NS = Non Significant, ** = Significant at 1% level of significance 
 

The higher knowledge level of maize cultivation 
practices among the trained in comparison to untrained 
respondents may be because of the reason that the training 
was imparted trained farmers by the K.V.K., Udaipur and 
they have also provided necessary guidance by the SMSs 
of K.V.K., Udaipur. Whereas, the training were not 
provided to untrained farmers and they may be not 

provided any type of guidance by the SMSs and as such 
were deprived of technical knowledge. This might have 
resulted in higher level of knowledge of trained farmers 
than that of un-trained farmers.   These findings are also in 
the line of finding of Chandawat (2002) and Mahawer 
(1998). 
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ABSTRACT 

An experiment was conducted on chickpea with levels and depth of irrigation water as variables in 
four replications during Rabi 2006-07 to 2008-09 at Agricultural Research Station, Sriganganagar. The 
treatments comprising of the combination of 3 levels of sprinkler irrigation (IW/CPE 0.5, 0.6 and 0.7) and 
3 depths of irrigation (4, 5 and 6 cm) along with one control treatment of border strip irrigation (As per 
recommendation). The total ten treatments were replicated four times in Randomized Block Design.On 
the basis of experimentation, it was observed that under sprinkler irrigation system the seed yield of 
gram significantly increased with the increase in irrigation level up to IW/CPE 0.6. It increased 1.5 % 
seed yield and saved 9.8 % irrigation water over conventional boarder strip irrigation. The maximum 
water expense efficiency (8.77 kg/ha mm) was also recorded under IW/CPE 0.6. Further, the yield of 
gram was increased significantly with every increase in the depth of irrigation water. Highest seed yield 
(23.00 q/ha) was recorded with 6 cm depth.  
 
Key words: Chickpea, Irrigation, Randomized Block Design, Sprinkler irrigation. 
 

Chickpea is the third important pulse crop of the 
world after French bean and field pea, with an average of 
11.15 Mha, production of 9.2Mt and productivity of 826 
kg/ha (FAO, 2009). It is also the premier food legume crop 
in India, covering about 8.56 Mha with a production of 
7.35 Mt and productivity of 859 kg/ha (AICRP, 2010). 
India is contributing highest share in area (65.3%) and 
production (67.2%) in the world (FAO, 2009). Poor 
agronomic practice such as seed rate, fertilizer 
management, weed control and mainly irrigation 
management etc. are responsible for low productivity of 
chickpea in India. In North-Western part of India, chickpea 
is normally sown under rain fed conditions. Its sowing date 
is depending upon the withdrawal of monsoon and 
moisture stress to the crop etc., which ultimately result in 
poor seed yield.  

Chickpea is grown on conserved moisture in major 
area and the crop face moisture stress. There is need to 
improve irrigation efficiency through optimization of 
irrigation water under conditions of limited water 
availability Due to paucity of irrigation water accompanied 
with the provision of subsidy on construction of farm 
reservoir and purchase of sprinkler, the farmers of the 
region are slowly adopting pressurized system of 
irrigation. By adopting sprinkler irrigation system, the 
yield of chickpea may be increased by 30-40% with same 
quantity of irrigation water. Raman (2009) in his special 
lecture on Micro-Irrigation in India reported that in our 
country the maximum area under sprinkler irrigation has 
been covered in Rajasthan and the potential of pressurized 
irrigation is the maximum in Uttar Pradesh followed by 
Madhya Pradesh and Rajasthan. Due to the gradual 
depletion of water resources, the situation is again 
changing and time may come, when farmers may hardly 
get water to apply sufficient water to irrigate their crop. 
The present study was under taken to determining the 
optimum amount of irrigation water required in producing 
appreciable and sustainable chickpea yields.  

MATERIALS AND METHODS 

An experiment was conducted on chickpea with 
levels and depth of irrigation water as variables in four 
replications during Rabi 2006-07 to 2008-09 at 
Agricultural Research Station, SKRAU, Sriganganagar. 
The treatments comprising of the combination of 3 levels 
of sprinkler irrigation (IW/CPE  0.5 , 0.6 and 0.7) and 3 
depths of irrigation  (4 ,  5  and 6 cm) along with one 
control treatment of  border strip irrigation  (As per 
recommendation ). The total ten treatments were replicated 
four times in Randomized Block Design. The soil of 
experimental site was sandy loam in texture, low in 
organic carbon (0.19%), medium in available P2O5 (33 
kg/ha) and high in available K2O (330 kg/ha). The pH 
(1:2) and EC (1:2) of the soil were 8.1 and 0.20 dS/m, 
respectively. A uniform basal dose of 20 kg N/ha + 40 kg 
P2O5 /ha was applied at the time of sowing. Above nutrient 
were applied through urea and Single Super Phosphate. 
Chickpea variety GNG-663 was sown in November and 
harvested in the month of April, every year. 

RESULTS AND DISCUSSION 

 On the basis of experimentation, it was observed that 
flood irrigation recorded at par yield as compared to the 
average yield received from sprinkler irrigation system. 
Under sprinkler irrigation system the seed yield of gram 
significantly increased with the increase in irrigation level 
from IW/CPE 0.5 to IW/CPE 0.6, further increase in the 
irrigation level (IW/CPE 0.7) did not show their 
superiority in respect of seed yield statistically over 
IW/CPE 0.6. Irrigation in gram at IW/CPE 0.6 recorded 
significantly higher seed yield (21.11q/ha) as compared to 
its lower level (IW/CPE 0.5) and at par yield as compared 
to IW/CPE 0.7 (Table-1). Singh et al 2006 found an 
increase in the seed yield in lentil, chickpea and mustard 
with the sprinkler irrigation in Bihar. Further, in sprinkler 
irrigation, the yield of gram was increased significantly 
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with every increase in the depth of irrigation water. 
Highest seed yield (23.00 q/ha) was recorded with 6 cm 
depth. It was statistically superior over that of 4 & 5 cm 
depth (Table-1) Dobariya and Mehta (1994) found that 
application of 50 mm irrigation depth was optimum with 
higher water use efficiency at Gujrat. The yield attributing 
characters like number of pods/plant, number of seeds/pod, 
primary branches/plant and test weight also increased 
significantly up to 6 cm. depth of irrigation water per 
irrigation through sprinkler (Table-2).  
 A pre-sowing irrigation of 100 mm was applied by 
surface method of irrigation in experimental area to ensure 
good germination. Post sowing irrigations were applied as 
per treatment. The maximum irrigation water was applied 
in flood irrigation treatment (270.47 mm), while minimum 
irrigation water was used in sprinkler irrigation at IW/CPE 
0.4 (Table-3). On the basis of the average water applied 

through sprinkler system was 240.01 mm, which was 
almost 13 percent less as compared with conventional 
flood irrigation system. Water expense efficiency is 
generally considered as a conservative term and is 
expressed as the ratio of economic yield to water supply 
expressed in term of ET or transpiration on daily or 
seasonal basis. The maximum water expense efficiency 
(8.77 kg/ha mm) was recorded under IW/CPE 0.6 followed 
by that (8.62 kg/ha mm) under IW/CPE 0.7, while 
minimum water expense efficiency (7.69 kg/ha mm) was 
recorded under flood irrigation treatment (table 4). Sharma 
and Singh (1993) also observed lower level of water use 
efficiency with higher amount of irrigation water. 
Irrigation in Chickpea at IW/CPE 0.6 each of 6 cm depth 
through sprinkler has been recommended. It increased 1.5 
% seed yield and saved 9.8 % irrigation water over 
conventional boarder strip irrigation. 

 
Table 1: Effect of levels and depth of irrigation on yield of Chickpea 

Treatment Yield (q/ha) 
Levels of irrigation 2006-07 2007-08 2008-09 Pooled 
I1 - IW/CPE  0.5 15.67 23.38 20.97 20.01 
I2 - IW/CPE  0.6 15.94 25.28 22.13 21.11 
I3 -  IW/CPE  0.7 16.23 25.67 22.20 21.37 
Flood 16.53 24.65 21.18 20.79 
S. Em. ±( Sp) 0.39 0.32 0.33 0.20 
CD (Sp.) (5%) NS 0.97 0.97 0.57 
CD (Flood/Sp. 5%) NS NS NS NS 
Depth of irrigation     
4 cm. 14.65 22.11 19.47 18.74 
5 cm. 15.94 24.38 21.92 20.74 
6 cm. 17.25 27.85 23.91 23.00 
S. Em. ± 0.39 0.32 0.33 0.20 
CD (5%) 1.15 0.97 0.97 0.57 
 
Table 2: Effect of levels and depth of irrigation on yield attributes of Chickpea (pooled) 

Treatment Plant height(cm) No. of branches / plant No. of pods/plant 
Levels of irrigation    
I1 - IW/CPE  0.5 49.26 6.28 46.44 
I2 - IW/CPE  0.6 53.20 7.31 46.98 
I3 -  IW/CPE  0.7 56.48 7.80 51.35 
Flood 58.78 7.17 48.44 
S. Em. ±( Sp) 0.69 0.22 1.14 
CD (Sp.) (5%) 1.96 0.61 3.21 
CD (Flood/Sp. 5%) 1.39 NS NS 
Depth of irrigation    
4 cm. 50.44 6.59 45.15 
5cm. 52.41 7.17 49.17 
6cm. 56.09 7.63 50.46 
S. Em. ± 0.69 0.22 1.14 
CD (5%) 1.96 0.61 3.21 
Table 3: Effect of different irrigation treatments on water use and No. of irrigations 

Irrigation schedule  Total water applied (mm)* 
 2006-07 2007-08 2008-09 Average 

I1 - IW/CPE  0.5 226.4 242.2 233.6 234.07 
I2 - IW/CPE  0.6 226.4 258.9 233.6 239.67 

             I3 -  IW/CPE  0.7 226.4 278.9 233.6 246.30 
Flood 276.4 276.4 258.6 270.47 
Rainfall 76.4 28.9 83.6 62.97 
*Including rainfall and pre-sowing irrigation   
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Table 4: Effect of different irrigation treatments on water expense efficiency 

Irrigation schedule  Water expense efficiency  (kg/ha mm) 
 2006-07 2007-08 2008-09 Average 

I1 - IW/CPE  0.5 6.92 9.65 8.98 8.52 
I2 - IW/CPE  0.6 7.04 9.80 9.47 8.77 

            I3 -  IW/CPE  0.7 7.15 9.20 9.50 8.62 
Flood 5.98 8.90 8.19 7.69 
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ABSTRACT 

The study was conducted to investigate the biochemical properties of different varieties of rice. The 
experiment was design in simple Randomized Bock Design and shown in ambient climatic condition 
(rainfall 810.40 mm, temperature 23.2-42.10C, Relative humidity 56.4-88.05% in Kharif season). For the 
investigation, Pusa Basmati 1, Sarju 52, Pant 12 and Mahsuri were selected, the crop was monitored 
throughout the season and the required crop protection measurements were taken. Seed samples were 
collected after the harvesting of crop; samples were processed and studied for  total protein, total 
sugar, Reducing sugar and non reducing sugar, amylose, total ash, methionine, tryptophan and lysine 
contents (g/16g N), Albumin and globulin contents (mg/100g). Nitrate reductase (NR) and nitrite 
reductase (NiR) activities (unit/g of fresh leaves) were estimated at different period of crop growth, days 
after sowing (DAS). NR and NiR activities of rice at different stages were increasing significantly 
(P<0.05) in Sarjoo 52 variety. Total protein (8.19g/100g), total mineral content (1.30g/100g), Albumin 
(0.50g/100g) and globulin (0.82g/100g). Methionine (2.37g/16gN), tryptophan (1.31g/16gN) and lysine 
(4.35 g/16gN) contents were reported significantly (P<0.05) highest in Sarjoo 52. From our study Sarjoo 
52 variety potential nutritional composition and NR and NiR activities than the other varieties so this 
variety should be included in human diet as per the nutritional composition is concerned. 

Key Words: Ambient environmental conditions, Nutritional composition, Northern India and Rice.  
 

Rice (Oryza sativa L.) is one of the oldest cultivated 
crop first mentioned in history as far back as 2800 BC in 
China and it has been cultivated as a major crop from 
11500 years. Rice is a cereal foodstuff which forms a 
significant part of the diet of more than three billion people 
around the world Cramer, (1967). It is most diversified 
crop due to its adaptation to a wide range of geographical 
ecological and climatic regions (Chang, 1976). One of the 
most vital stable food crops in the world; in Asia more 
than two billion people are getting 60-70% of their energy 
requirement from rice and its derived products. To sustain 
present food self- sufficiency and to meet the future food 
requirements, India has to increase its productivity by 3% 
per annum Thiyagarajan and Selvaraju, (2001) and it 
currently sustains nearly one half of the world population 
Wu et al., (2004),  

Rice grain contains 90% starch, and 10% protein, it is 
important from the nutritional point of view, due to the 
high quality of its protein which contains 60% essential 
amino acids, higher than other widely consumed grains 
such as corn and wheat with 40 and 43% respectively 
Eggum, (1980). Rice is an excellent food source, low in fat 
and high in starchy carbohydrate, it is packed full of 
vitamins and minerals and provides an excellent source of 
vitamin E, B vitamins (thiamin, niacin) and potassium. 
Rice has been found to be very easy to digest, low in fat, 
low in cholesterol, high in starch, and has a high 
nutritional content and an excellent source of energy.  
Rice contains an average protein content of 5.9-11.9% 
Villareal and Juliano, (1978), 8.2-12.1% Perdon and 

Juliano, (1978), 6.6% Bandemer and Evans, (1963), and 
8.0% McCall et al., (1953). It is lowest but its protein 
quality is the best, major source of dietary protein for most 
people in tropical Asia Juliano, (1993), high protein 
quality is due to its high gluteline to prolamine ratio 
Huebner et al., (1990), gluteline has superior quality than 
prolamine since its higher lysine content Padhye and 
Salunkhe, (1979).  

Storage proteins in rice seeds are composed of 
albumins (5%), globulins (10%), prolamins (5%), and 
glutelins (80%) Perdon and Juliano (1978) and Juliano 
(1972), gluteline is the major fractional component, 
constitutes about 80% of the milled rice protein Helm and 
Burks, (1996) is insoluble in water at neutral pH Sawai and 
Morita, (1968) insolubility results in deprived functional 
properties and limits the use of rice protein in food 
applications.   

The amino acid composition of rice protein is similar 
to that of other cereal grains, with high levels of the 
nonessential amino acids viz. glutamic and aspartic acid 
and low levels of the essential amino acids as lysine and 
methionine Cagampang et al., (1966) and Houston et al., 
(1969), lysine is limiting amino acid MacLean et al., 
(1979). Because rice is providing an ever-increasing 
percentage of the total protein for human consumption 
worldwide, it is important to understand the physical and 
nutritional makeup of the protein present in rice grain. The 
biochemical characterization of storage proteins allows the 
identification of genotypes that show important nutritional 
characteristics, for instance: the Index of Essential Amino 
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Acids (IEA), which is determined by the amount of amino 
acids needed by the human body that cannot be 
metabolized so that direct ingestion is necessary, and 
determining the protein content and amino acid 
composition is an important step in determining the 
nutritional quality of a particular protein.   

Amylose: amylopectin ratio of endosperm starch is 
an important characteristic of rice in determining 
processing, eating, and cooking quality Han and Hamaker 
(2001) and Tan and Corke (2002) swelling behavior of rice 
is the property of amylopectin and amylose acts as both a 
diluent and an inhibitor of swelling, especially in the 
presence of lipid Tester and Morrison (1990a). 
Amylopectin contains branches and is less resistant to 
digestion whereas amylose is a straight chain molecule and 
harder for the digestive system to break up. The maximal 
swelling might also be related to the molecular weight and 
the shape of the amylopectin Tester and Morrison, 
(1990b). Reduced the swelling index is linked to amylose  
means that rice varieties with a greater proportion of starch 
in the form of amylose tend to have a lower glycaemic 
index, starch contain a high ratio of amylose: amylopectin 
absorb more water during boiling lean to cook fluffy with 
separate grains, desirable for cooking point of view. 

Nitrate is the mainly oxidized nitrogenous compound, 
various types of unicellular organism exploit nitrate in 
respiration as a terminal oxidant Stewart (1988), and plants 
used as initial substrate for the synthesis of nitrogenous 
compounds such as amino acids Marschner, (1995). 
During the conversion of nitrate to amino acids, nitrate is 
reduced to nitrite by nitrate reductase (NR) enzyme; 
consequential nitrite is reduced into ammonia by nitrite 
reductase (NiR) enzyme. Accumulation of nitrite is 
suicidal for the cells and is a strong oxidant in neutral and 
acidic solutions Hinze and Holzer, (1985). So the rice is 
not grow well utilizing nitrite and died with roots damaged 
possibly due to the toxicity of accumulated nitrite. 
Although rice could not metabolize nitrate well, the 
activities of NR and NiR are comparable to those of the 
plants that prefer nitrate as a source of nitrogen Oji and 
Okamoto, (1981). Hence the activities of NR and NiR are 
most important nitrogen metabolism and their assimilation 
in form of the amino acids. So the present study was 
undertaken to know NR and NiR behavior and nutritional 
composition of various species of rice (Oryza sativa L.) 
under the ambient climatic conditions. 

MATERIAL AND METHODS 

Study site: 
The study was done in Narendra Deva University of 

agriculture and Technology Faizabad (UP). 
Geographically this area falls under the humid and 
subtropical climate and is located between 26.50 N latitude 
and 82.120 E longitudes and an altitude of about 113 meter 
above mean sea level. 
Chemicals and Reagents: 

Chemicals and reagents used in the estimation of 
different biochemical parameters were purchased from 
Merck, Germany and Sigma Aldrich, U.S.A.  
Laboratory methods: 

The estimation of total protein content was done by 
(Lowry’s, 1951), total sugar (Dubois et al., 1956) and 
reducing sugar by (Mille, 1959). None reducing (mg/10g) 
was obtained by subtraction of reducing sugar from total 
sugar. Amylose content by (juliano, 1979). Total mineral 
content was estimated by the method of (Hort and fisher, 
1971). Methionine content by the method of (Spies and 
Chamber, 1949), lysine (Can Con, 1975) and tryptophan 
content (Horn et al., 1946). Albumin and globulin contents 
were determined by (Nagy et al., 1941). Nitrate reductase 
activity (Unit/g of fresh leaves) in vitro by (Hageman and 
Hucklesby, 1971). Nitrite reductase (NR) in the aliquot 
was determined by the method of (Evans and Naso, 1953). 
The enzyme activity was expressed as micro mole nitrate 
reduced per gram fresh weight per hour.  
Statistical analysis: 

The data obtained on the various observations were 
subjected to the analysis on the pattern of Randomized 
Block Design as suggested by Fisher and Yates (1963). 
Data were analyzed by SPSS statistical software SPSS 
(1999). 

RESULT AND DISCUSSION 

Total protein and sugar contents: 
Data pertaining to protein content in various rice 

varieties are displayed in Table l. The protein content in 
various varieties ranged from 6.92 to 8.19 g/100g. The 
significantly highest (P<0.05) was recorded in Sarju 52 
(8.19g/100g). The increase in protein content in milled rice 
is reflected mainly in the storage proteins, glutelin and 
prolamin Nishizawa et al. (1977) located in protein bodies 
Juliano et al., (1973) so the Sarjoo 52 may be having 
higher content of glutelin storage protein fraction. The 
results of percent investigation also are in conformity with 
the findings of Anigbogel (1997).  

The reducing sugar content in different varieties 
varied from 140.50-149.48 (mg/100g). The highest value 
was obtained in Pant12 (149.48 mg/100g) followed by 
Sarju 52 (149.37 mg/100g), Mahsuri (142.62 mg/100g) 
and Pusa Basmati1 (140.50 mg/100g). The highest value 
of non reducing sugar content was observed in Pusa 
Basmati 1 (144.96 mg/100g) and minimum quantity was 
obtained in Sarju 52 (97.14 mg/100g). The maximum 
value of total sugar was obtained in Pusa Basmati1 (285.45 
mg/100g) and significantly highest (P<0.05) quantity was 
recorded in Sarju 52 (246.56 mg/100g). Most of the plant 
capable of photosynthesis i.e. autotrophic, fix atmospheric 
CO2 in the presence of RUDP carboxylase through Calvin 
cycle. This enzyme catalyzes the carboxylation of ribulose 
1, 5-biphosphate to form 3-phosphoglyceric acid for this 
reaction the energy is supplied from the sun. The 3-
phosphoric acid is converted into 3-
phosphoglyceraldehyde which is then converted into 
tetrose, pentose, hexose and heptose sugar phosphates. The 
sugars undergo interconversion and are ultimately utilized 
in the synthesis of oligo and polysaccharides. The results 
of present investigation are in agreement with the findings 
of Duan et al. (1995). 
 
Albumin, globulin, Amylose and total mineral contents: 
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The albumin content in various varieties is displayed 
in table 2. The maximum value of albumin content was 
recorded in Sarju 52 (0.50g/100g) followed by Pusa 
Basmati1 (0.43g/100g), Pant12 (0.40g/100g) and Mahsuri 
(0.39g/100g) varieties. The albumin content varies due to 
lysine content. Among the protein fraction, the albumin 
has highest lysine percentage followed by globumin, 
glutelin and prolamin, IRRI (1979).  

Data pertaining to globulin content in various rice 
varieties were presented in table 2. The highest globulin 
content was observed in Sarjoo 52 variety (0.82g/100g) 
followed by Pusa Basmati 1 (0.72g/100g) Pant12 
(0.71g/100g) and Mahsuri (0.69g/100g). The globulin 
content may change due to storage because globulins are 
concentrated in rice bran, The variation in globulin content 
found due to lysine content also IRRI (1979) and Tecson et 
al. (1971). 

The highest amylose content was recorded in Pusa 
Basmati1 (23.19%) followed by Sarju 52 (22.97%), Pant12 
(22.13%) and Mahsuri (21.67%) (Table 2). The amylose 
and amylopectin in the native starch grain are attached by 
α-amylase into α (1-4) glycosidic bond between the 
glucose residues at random points throughout the chain. 
Thus polysaccharides which degraded into maltose and 
glucose is the product of amylase degradation where α-
amlylase fuctions as a key enzyme. Protein distribution 
within the grain becomes more even as protein content 
increases because the number of protein bodies increase 
Juliano et al. (1973). 

Mineral content was significantly (P<0.05) highest 
observed in Sarju 52 (1.30 g/100g) followed by Pusa 
Basmati1 (1.07g/100g), Mahsuri (1.02g/100g) and Pant12 
(0.89g/100g) (Table 2). Principal components of dry 
matter are polysaccharides and lignins, thus some 
protoplasmic components as protein, lipids, amino acids, 
organic acids and certain elements viz. oxygen and carbon 
are the most abundant elements on a weight basis. There is 
approximately the same distribution of the elements as in 
carbohydrates including cellulose, the most abundant 
compound in wood (Mengel, 2001). The findings of 
present investigation are in agreement with the Borua et al. 
(2003); Sarkar et al. (2003).  
Essential amino acid (Lysine, tryptophan and 
Methionine):   
The essential amino acids viz. lysine, tryptophan and 
methionine were analysed in different varieties of rice, 
observed highest content of Methionine in Sarju 52 
(2.37g/16g N), followed by Pusa Basmati 1 (2.15 g/16g 

N), Pant 12 (2.21g/16g N) and Mahsuri (2.20 g/16g N). 
While the tryptophan was obtained in highest in Sarjoo 52 
(1.31g/16g N) followed Pusa Basmati 1 (1.18g/16g N) 
Mahsuri (1.17 g/16g N) and Pant 12 (1.11g/16g N). On the 
other hand, the Lysine content was recorded highest in 
Sarjoo 52 (4.35 g/16g N) followed by Pusa Basmati 1 
(4.03 g/16g N), Pant 12 (3.65g/16g N) and Mahsuri (3.57 
g/16g N), (Table 3). Results of our study are in agreement 
with Sotelo et al. (1994) who predicted that the lysine 
content varied from 136 to 203 mg/gN, tryptophan 63-
83mg/gN and methionine 69-133mg/gN in 12 Mexican 
varieties of rice. Study of Nishizawa et al., 1977 and Taira 
et al., 1970 revealed that the increase in milled rice protein 
<10% protein only slightly reduces the lysine content of 
the protein, but has no effect on lysine content when 
protein is >10%, as our results also proved similar 
findings.  
Nitrate reductase (NR) and Nitrite reductase activities 
(NiR): 

NR and NiR activities (unit/g of fresh leaves) in 
different varieties of rice in various periods of crop growth 
displayed in table 4. The results of our investigation 
revealed that the NR activity (unit/g) in all studied 
varieties increasing continuously from 30 DAS to 90 DAS 
and significantly (P<0.05) highest activity (unit/g) was 
estimated in Sarjoo 52 and lowest in Mahsuri from 30 
DAS to 90 DAS. The increase in nitrate reductase activity 
might be due to high metabolism of nitrogen and 
conversion of nitrate to nitrite during these stages Mengel 
(2001) and Buchanan (2003). Because we know that low 
nitrate concentration in leaves is another favourable 
property for food materials. So the new rice varieties have 
been bred to have good taste and consequently lost active 
nitrite metabolism Ogawa et al., (1999) and Nishimura et 
al., (2005). The highest activity of nitrite reductase (unit/g 
of fresh leaves) was reported in Sarjoo 52 while the lowest 
in Pant 12 from 30 DAS to 90 DAS other than these 
varieties, have followed the same trend of Nitrate. The 
NIR activity (unit/g) increasing continuously and this must 
be due to the higher nitrogen metabolism and 
transformation of nitrite to ammonium Mengel, (2001). 
The presence of these enzymes suggests that the rice can 
reduce nitrate to ammonium through nitrite and that the 
ammonium produced may be assimilated into glutamic 
acid or glutamine Yoneyama, (1986), hence the large 
amount of nitrate reduced into ammonium in subsequent 
stages of plant growth, causes higher amount of nitrogen 
assimilation. 

 
Table 1: Protein content, sugar content and non-reducing sugar reducing sugar in different rice varieties 

Varieties Protein (g/100g) Reducing sugar (mg/100g) Non-reducing sugar 
(mg/100g) 

Total sugar 
(mg/100g) 

Pusa Basmati-1 7.27 140.50 144.96 285.45 
Pant-12 7.09 149.48 97.56 247.04 
Mahsuri 6.92 142.62 104.58 246.87 
Sarjoo-52 8.19 149.37 97.14 246.50 
Sem + 0.24 2.53 4.99 4.23 
CD at 5 % 0.82 (S) 8.74 (NS) 11.94 (S) 12.69 (S) 
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Table 2: Globulin and Albumin amylose content and total mineral content in different rice varieties 

Varieties Amylose (%) Total mineral (g/100g) Globulin (g/100g) Albumin (g/100g) 
Pusa Basmati-1 23.19 1.07 0.72 0.43 
Pant-12 22.13 0.89 0.71 0.40 
Mahsuri 21.67 1.02 0.69 0.39 
Sarjoo-52 22.97 1.30 0.82 0.50 
Sem + 0.82 0.03 0.03 0.02 
CD at 5 % 2.30 (S) 0.21 (NS) 0.10 (NS) 0.05 (S) 
 
Table 3: Methionine, lysine and tryptophan content in different rice varieties 
Varieties Methionine (g/16 g N) Lysine (g/16 g N) Tryptophan (g/16 g N) 
Pusa Basmati1 2.15 4.03 1.18 
Pant12 2.21 3.65 1.11 
Mahsuri 2.20 3.57 1.17 
Sarju 52 2.37 4.35 1.31 
Sem + 0.07 0.08 0.03 
CD at 5 % 0.20 (NS) 0.22 (S) 0.07 (S) 
 
Table 4: Nitrite reductase (NiR) and nitrate reductase (NR) activity in fresh leaves of paddy at the different stages of 
crop growth 

Varieties 
Time interval day after sowing (DAS) 

30 DAS 60 DAS 90 DAS 
NiR NR NiR NR NiR NR 

Pusa Basmati-1 22.33 36.33 35.67 41.67 46.67 63.33 
Pant-12 23.33 36.00 32.00 44.00 43.67 63.33 
Mahsuri 24.00 34.33 33.00 43.33 48.33 62.00 
Sarjoo-52 32.00 40.00 40.00 54.00 60.67 68.00 
Sem + 0.96 1.95 1.01 1.33 1.80 1.35 
CD at 5 % 2.33 (S) 5.73 (NS) 2.51 (S) 3.60 (S) 4.24 (S) 3.66 (NS) 
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ABSTRACT 

 Despite recent agricultural advances, climate play key role in today’s agricultural production. In 
fact, due to the recent climate change yield of many crops reduce marginally, especially due to the 
temperature increase, uncertainty of monsoon and uneven distribution of precipitation. Barley is one 
hope to mitigate these challenges as possess natural potential which is not common in most of the 
cereals and its wild relatives also. It is also alternate flour to wheat (especially hull less barley varieties). 
Barley is C3 plant, the layer of green grain i.e. pericarp, in particular act as C4 photosynthesis and hence 
contribute more as comparable to other cereals as in pericarp of barley large amount of carbon fixation 
takes place due to PEP carboxylase. Barley possesses all the physiological, morphological  and 
biochemical traits to withstand during water stress. New germplasm and molecular tools make it 
possible to develop better variety faster for drought or salinity tolerance, but challenges still remain due 
to complexity of drought and salinity tolerance. The mechanism of drought tolerance can best studied 
under the heading of barley. In this paper, we will review progress on drought and saline tolerance in 
barley. 

Keywords: Barley, Drought and salinity tolerance. 
 

Barley (Hordeum vulgare L.) is the leading cereal 
crop ranks next only to wheat, rice and maize among the 
cereals cultivated worldwide. In India, barley is important 
cereal crop cultivated in rabi season, after wheat in both 
area and production. It has been widely used in different 
purposes such as, stable food for mankind, cheap 
ingredient in whisky and beer production industry and feed 
for animals. It can grow on wide range of environmental 
conditions than any other cereals and spread in tropical to 
sub-tropical areas. Barley is self pollinated, diploid crop 
and vegetatively completely similar to that of other cereals, 
particularly to wheat except the auricle which are 
conspicuous on the leaf in case of barley. 
Natural adaptations of barley to drought compare to 
other cereals 

Barley is the most drought and salinity tolerant than 
any other cereal crops and that’s why it is an ideal model 
crop to study the genetic and mechanism of drought in 
cereal crops. Generally the mechanisms of drought 
tolerance are well-knowingly classified into three 
categories first is drought escape, second one drought 
avoidance and third drought tolerance Li et al. (2007). 
Drought escape is defined as the ability of a plant to 
complete its life cycle before serious soil and plant water 
deficits develop. Drought avoidance is the ability of plants 
to maintain relatively high tissue water potential despite a 
shortage of soil-moisture, whereas drought tolerance is the 
ability to withstand water-deficit with low tissue water 
potential. Number of traits that have been investigated for 
drought tolerance include (1) physiological/biochemical 
traits, such as osmotic adjustment capacity, proline 
content, stomatal conductance, plant water status, water-
soluble carbohydrates, epidermal conductance, canopy 
temperature, relative water content, leaf turgor pressure, 
ABA content, transpiration efficiency, water use efficiency 
and carbon isotope discrimination; and (2) 

developmental/morphological traits, such as leaf 
emergence, leaf area index, leaf waxiness, stomatal 
density, tiller development, flowering time, maturity rate, 
cell membrane stability, and root characteristics. However, 
despite of this, yield and yield stability under drought are 
still considered as the most important parameters for 
drought tolerance. 

When barley crop are under the drought stress, a 
number of physiological responses have been observed and 
reported by number of scientists. Now we go through 
individual traits mechanism related to drought under the 
heading of the barley. In some cultivated cereals 
particularly in barley osmotic adjustment has been found 
to be one of the most effective physiological mechanisms 
underlying plant resistance to water deficit Turner & Jones 
(1980) and Blum, (1988). Osmotic adjustment, as a 
process of active accumulation of compatible osmolytes in 
plant cells exposed to water deficit, may enable (1) a 
continuation of leaf elongation, though at reduced rates (2) 
stomatal and photosynthetic adjustments (3) maintained 
root development and soil moisture extraction Morgan and 
Condon (1986); (4) delayed leaf senescence Hsiao et al. 
(1984); (5) better dry matter accumulation and yield 
production for crops in stressful environments Boyer 
(1982) and Blum (1988). Recently, mapping the single 
gene and/or quantitative trait loci (QTLs) for osmotic 
adjustment in cultivated cereals has been conducted in 
wheat Morgan and Tan (1996), rice Lilley et al. (1996) and 
barley Teulat et al. (1998).  

Accumulation of glycine betaine is one mechanism 
for barley response to drought or salt stress. Ishitani et al. 
(1995) reported a gene up-regulated by drought stress and 
encoding an enzyme of known function - betaine aldehyde 
dehydrogenase (BADH). This enzyme is the last step in 
the betaine synthesis pathway. The mRNA level of BADH 
increased significantly when barley was subjected to 



Journal of Progressive Agriculture, Vol.3, No. 2: Oct. 2012 
_____________________________________________________________________________________________________________________ 

 69 

drought or saline conditions. Sorbitol has a role in 
osmoregulation. The enzyme aldose reductase involved in 
the accumulation of sorbitol was regulated by ABA Bartels 
et al., (1991). 

Transcripts for the biosynthesis of jasmonate were 
highly up regulated by drought, which is well-known as a 
signal in pathogen defence and under drought conditions. 
These genes included jasmonate induced proteins (JIPs) 
and a methyl-jasmonate inducible lipoxygenase. 
Lipoxygenase and fatty acid-oxidase may be in the signal 
transduction pathway that is regulated by jasmonates. Two 
arginine decarboxylases are induced by drought, which 
may be involved in the synthesis of polyamines that are 
observed in many stressed plants Ozturk et al., (2002). 

Another one mechanism is the carbon isotope 
discrimination ratio of the floral parts, leaves, and stems of 
barley and oat plants were measured to determine, net CO2 
fixation by PEP carboxylase makes a significant 
contribution to total carbon fixation in these tissues. There 
are numerous reports of certain tissues or organs from C3 
plants having characteristics typical of C4 photosynthesis. 
In simple words though the barley is C3 plant, the layer of 
green grain i.e. pericarp, in particular act as C4 
photosynthesis and hence contribute more as comparable 
to other cereals as in pericarp of barley large amount of 
carbon fixation takes place due to PEP carboxylase. For 
example, high levels of activity of enzymes typical of C4 
plants have been found in the seed pod of Vicia faba L. 
and in the pericarp of barley Duffus and Rosie, (1973), and 
in the green organs of the wheat ear and oat panicle (Wirth 
et al, 1977). If these enzymes, notably PEP carboxylase, 
were to function as they do in the C4 pathway of 
photosynthesis, and if in so doing they made a significant 
contribution to net carbon gain in these organs, we would 
expect the ∂13C value of these plant parts to differ from 
those characteristic of the leaves of C3 plants. 

Drought is the single most important factor limiting 
yield. Yet, compared to other cereals, barley is well 
adapted due to better water-use efficiency and mechanisms 
of drought escape, avoidance and tolerance. Three 
strategies have been considered in relation to the optimum 
environment for selection Byrne et al., (1995). The first 
strategy is based on selection where growing conditions 
are optimum or near-optimum. The second strategy 
assumes that the optimum environment(s) for selection 
should be as representative as possible of the target 
population of environments Blum, (1988). The third 
strategy, the alternate use of optimum and stressed 
conditions has been used to select genotypes that yield 
well in both conditions Calhoun et al., (1994). Ceccarelli 
et al. (1998) demonstrated that the most effective way to 
improve productivity of barley grown in drought 
conditions is to use locally adapted germplasm and select 
in the target environment(s).  
 
 
 
Achievements and Challenges: 

Breeding for drought resistance based on direct 
selection for grain yield in the target environment 
(empirical or pragmatic breeding) appears intuitively to be 
the most obvious solution, this approach faces two major 
problems; a) the precision of the yield trials conducted 
under drought conditions, and b) the existence of several 
target environments, each characterized by its own specific 
type of drought and combination of stress (Ceccarelli and 
Grando, 2002). Breeding for drought resistance based on 
putative traits, in other words, traits associated with 
drought resistance, but easier to select for than grain yield 
has been very popular, but the progress is still slow. In the 
case of barley, the traits more consistently associated with 
higher grain yield under drought include growth habit, 
early growth vigour, earliness, plant height under drought, 
long peduncle, and short grain filling duration. However, 
most of traits were controlled by multiple genes and 
environments played an important role in the expression of 
specific traits. Identification of molecular markers for 
these traits provided tools for directly selection of drought 
tolerance. In several studies, it has shown that the 
developmental genes are key factors in the determination 
of yield potential under drought condition Baum et al., 
(2003) Teulat et al., (2001b). These genes include 
photoperiod response, basic vegetative period, earliness 
and vernalization. These genes have been well 
characterized and tagged using molecular markers Boyd et 
al., (2003). Molecular markers, especially the candidate 
genes regulated by drought can be used to characterize the 
germplasm Maestri et al., (2002). In addition, genes 
controlling plant height on chromosome 3H and 5H are 
obviously target loci for selection of drought tolerance 
using molecular markers. The other candidate loci 
included the major QTLs on chromosome 6H and 7H for 
OA, RWU and DIS. Extensive research has been devoted 
to the characterization of genes induced or up-regulated by 
drought. The up-regulation of a drought-induced barley 
gene (HVA1) improved tolerance to drought and salinity 
in rice grown under controlled conditions Xu et al., (1996). 
Encouraging as these results are, there is widespread 
skepticism that up-regulation of one or more genes 
encoding structural proteins may not lead to meaningful 
results in terms of field tolerance to drought. 
 

By account of additional features, such partially act 
as C4 plant (pericarp) which help the panicle during actual 
grain filling stage, the comparable yield of barley increases 
in drought condition. Besides this the Osmotic adjustment, 
as a process of active accumulation of compatible 
osmolytes in plant cells exposed to water deficit play key 
role in drought as it  may enable the plant a continuation of 
leaf elongation, though at reduced rates, stomatal and 
photosynthetic adjustments, maintained root development 
soil moisture extraction  and delayed leaf senescence. 
Though, drought is the single most important factor 
limiting yield. Yet, compared to other cereals, barley is 
well adapted due to better water-use efficiency and 
mechanisms of drought escape, avoidance and tolerance. 
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ABSTRACT 

Six plant extracts, such as rhizome of Zingiber officinalis, bulb of Allium sativum, leaves of 
Azadirachta indica, Eucalyptus sp., Lantana camara and Vinca rosea  were tested for their efficacy in-
vitro against five species of fungi viz., Alternaria sp., A. niger, Curvularia lunata, Fusarium sp. and 
Rhizopus stolonifer  which were associated with the seed of chickpea. Among all the plant extracts 
Allium sativum at 5% and Zingiber officinalis at 15% significantly reduced the incidence of seed-borne 
fungi. Leaf extracts of Lantana camera was found effective against Fusarium sp. at 15% concentration 
where as Eucalyptus sp. was found to be effective against Alternaria sp. at 15% concentration. 
Aspergillus niger and Curvularia lunata was  more sensitive to the extracts of garlic and ginger at 5% 
and 15% concentrations respectively followed by neem at 15% concentration.  

Keywords: Chickpea, Phytoextracts and Seed mycoflora 
 

Chickpea (Cicer arietinum L.) is the premier pulse 
crop of India and widely appreciated as health food. 
Chickpea suffers from several seed borne diseases and also 
regarded as major constraints in the production. Seed 
borne infection of fungal pathogens are important not only 
for its association with the seeds which cause germination 
failure or causing disease to newly emerged seedlings or 
growing plants, but also contaminate soil by establishing 
its inocula permanently.  It is well known that infected 
seed serves as the source for the occurrence of diseases in 
disease free areas. It was therefore necessary to search for 
control measures that are cheap, ecologically sound and 
environmentally safe to eliminate the incidence of these 
pathogens, so as to increase seed germination and to obtain 
healthy and vigorous plant as well as better yields. To 
increase the production of chickpea quantitatively and 
qualitatively farmers requires healthy and quality seeds 
with high percentage of germination and purity. Hence, it 
is imperative that seeds must be tested before they are 
sown in the field. So, it necessitates the eradication of 
seed-borne inoculum through various seed treatments.  

 Protection of crops by using fungicides has been the 
regular practice for many years and it is a widely adopted 
strategy. However, it has bad effects on human health and 
environment. These factors have compelled the workers to 
look for the eco-friendly safe and socially acceptable 
alternatives for management of seedborne diseases. Green 
plants act as the reservoirs of effective chemotherapeutents 
and constituents’ in-exhaustible source of harmless 
pesticides (Swaminathan, 1975). So the present study was 
undertaken to evaluate the fungitoxic effect of 
phytoextracts against chickpea seed mycoflora. 

MATERIAL AND METHODS 
The effect of plant extracts on mycelial growth of 

seed mycoflora was studied in the laboratory. Six plant 
extracts viz., blue gums (Eucalyptus sp.), garlic (Allium 
sativum L.), ginger (Zingiber officinalis), periwinkle/ 
Deadman’s flower (Vinca rosea), neem (Azadirachta 
indica), and Lantana camara pertaining to different plant 

genera are used for conducting the experiment.(Asha 
shivpuri et al., 1997).  
Preparation of plant extracts  

Leaves of neem, eucalyptus, lantana camera and 
vinca rosea, cloves of garlic and cone of ginger were 
collected afresh and washed with tap water and sterilized 
distilled water. Air dried plant material was ground with 
sterile distilled water (1:1 W/V) using pestle and mortar. 
The material was homogenized for 5 minutes and  filtered  
through  muslin cloth and finally through a filterpaper 
(Whatman No.1). The clear filterate formed was collected , 
which served as stock solution(100%) for making further 
dilutions like 5, 10 and 15 per cent with sterile distilled 
water for further study. (Muthulakshmi and Seetharaman, 
1993).  
Poisoning the medium  

Potato dextrose agar was used as the basal medium 
for poisoning with plant extracts. Required quantities of 
plant extracts were mixed aseptically to luke warm PDA 
medium to give desired concentrations using sterile 
pipettes (Nene and Thapliyal, 1993). The poisoned 
medium was poured into petri plates and allowed to cool. 
Each petri plate was inoculated with a mycelial disc of 5 
mm diameter under aseptic conditions. The fungal colony 
diameter was measured in each treatment after 7 days of 
incubation and percent inhibition was calculated by the 
equation given by Vincent (1947). The medium without 
plant extract was served as control. Each treatment was 
replicated thrice. 

RESULTS AND DISSCUSSION 
Effects of six plant extracts viz., Azadirachta indica, 

Eucalyptus sp., Zingiber officinalis, Allium sativum, Vinca 
rosea and Lantana camara at different concentrations such 
as 5%, 10% and 15% were tested in vitro by poisoned food 
technique and the results are presented here under Table 1. 
All the plant extracts have inhibitory effect and reduced 
the incidence of seed-borne fungi Alternaria, Aspergillus 
niger, Fusarium sp., Curvularia lunata and Rhizopus 
stolonifer when treated with plant extracts. The incidence 
percentage of seed-borne fungi varied with the types of 
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plants and concentrations used. The phyto-extracts of 
garlic and ginger were found to be effective in inhibiting 
the growth of most of the fungi at 5 per cent and 15 per 
cent respectively as compared to control. Leaf extracts of 
Lantana camara was found effective against Fusarium sp. 
at 15 per cent concentration where as leaf extract of 
Eucalyptus sp. was found to be effective against Alternaria 
sp. at 15 per cent concentration. Aspergillus niger and 
Curvularia lunata was more sensitive to the extracts of 
garlic and ginger at 5 per cent and 15 per cent  
concentrations respectively, followed by that of neem at 15 
per cent  concentration. 

Shekawat and Prasada (1971) reported that the antifungal 
activity of leaf extracts of Allium sativum against 
Alternaria tenius and Curvularia penniseti. Similarly 
Egawa et al. (1977) observed the inhibition of conidial 
germination of Alternaria solani by the leaf extracts 
Eucalyptus spp. Extracts of neem was found to be toxic to 
Fusarium oxysporum f. sp. ciceri by Singh et al. (1980). 
Similarly bulb extracts of A. sativum showed the reduced 
growth of Fusarium oxysporum  f. sp ciceri (Hari Chand 
and Surender, 2005). Therefore, fungitoxic effects of all 
six phytoextracts may be responsible for controlling seed 
mycoflora of chickpea and worthy for further 
investigation. 

 
Table 1 : Efficacy of plant extracts on the seed-borne fungi of chickpea  in vitro 

Plant extract Concentrations (%) 
Per cent inhibition over control* 

Alternaria sp. Aspergillus niger Fusarium sp. Curvularia 
lunata 

Rhizopus 
stolonifer 

 Eucalyptus 5% 93.77 
(75.47) 

52.23 
(46.27) 

39.62 
(39.01) 

88.93 
(70.54) 

61.47 
(51.60) 

 10% 95.64 
(77.89) 

58.64 
(49.96) 

43.71 
(41.39) 

91.28 
(72.75) 

62.02 
(51.95) 

 15% 96.13 
(78.61) 

68.97 
(56.15) 

65.12 
(53.80) 

95.35 
(77.50) 

79.18 
(62.81) 

 Garlic 5% 99.61 
(86.42) 

100.00 
(90.00) 

98.52 
(82.97) 

98.43 
(82.74) 

99.82 
(87.57) 

 10% 99.80 
(87.44) 

100.00 
(90.00) 

99.45 
(85.75) 

99.81 
(87.50) 

100.00 
(90.00) 

 15% 100.00 
(90.00) 

100.00 
(90.00) 

100.00 
(90.00) 

100.00 
(90.00) 

100.00 
(90.00) 

 Lantana camera  5% 79.41 
(63.04) 

45.37 
(42.31) 

100.00 
(90.00) 

80.19 
(63.52) 

94.31 
(76.07) 

 10% 81.46 
(64.46) 

52.23 
(46.27) 

100.00 
(90.00) 

85.13 
(67.30) 

95.06 
(77.09) 

 15% 95.12 
(77.22) 

61.46 
(51.61) 

100.00 
(90.00) 

93.17 
(74.78) 

96.90 
(79.84) 

Neem 5% 68.29 
(55.68) 

73.75 
(59.16) 

94.53 
(76.45) 

50.21 
(45.12) 

00.00 
(0.00) 

 10% 79.70 
(63.22) 

77.83 
(62.59) 

99.15 
(84.71) 

66.81 
(54.83) 

28.21 
(32.09) 

 15% 96.28 
(78.78) 

80.49 
(63.74) 

99.51 
(85.99) 

89.89 
(71.38) 

47.98 
(43.80) 

Vinca rosea 5% 82.16 
(64.98) 

55.72 
(48.28) 

52.69 
(46.50) 

79.89 
(63.30) 

54.82 
(47.76) 

 10% 90.00 
(71.56) 

62.84 
(52.42) 

74.55 
(59.68) 

88.71 
(70.37) 

61.06 
(51.36) 

 15% 95.94 
(78.32) 

76.76 
(61.15) 

82.42 
(65.12) 

94.16 
(75.95) 

72.26 
(58.19) 

Ginger  5% 96.69 
(79.38) 

99.16 
(84.74) 

80.88 
(64.02) 

96.47 
(79.07) 

30.64 
(33.59) 

 10% 99.61 
(86.42) 

99.96 
(88.85) 

99.84 
(87.71) 

99.81 
(87.50) 

41.35 
(39.99) 

 15% 100.00 
(90.00) 

100.00 
(90.00) 

89.45 
(71.01) 

100.00 
(90.00) 

57.77 
(49.45) 

Control  0.00 0.00 0.00 0.00 0.00 0.00 
CD(0.05%)      Pathogen     0.18         concentration    0.13   pathogen X concentration     0.32 
* Mean of three replications        
Figures in parenthesis are arc sine transformed values  
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ABSTRACT 

In Tripura, all the tribes are commonly called as Jhumias because they mainly depend on Jhum or 
shifting cultivation for their livelihood. Not only that, the socio-cultural life-pattern of the tribal 
communities is woven in such a way that it corresponds to this practice of cultivation. The Jhumias 
adopt primitive methods of food gathering or food production and make various traditional handicrafts. 
The paper documents the traditional system of crop husbandry and allied activities of tribals in Tripura.  

Key words: Jhum, Jhumias, Shifting cultivation, Traditional farming, Tribal community and Tripura.  
 

Tripura, originally a tiny tribal state in the remotest 
corner of North-eastern India, stretched in between 22.56' 
and 24.32' north latitudes and 91.09' and 92.10' east 
longitudes. The total geographical area of the state is 
10,491 square km (Singh, 2008). Tripura has a moderate 
climate with high humidity having average annual rainfall 
of 2100 mm. The soil is mainly lateritic in the hills and 
hillocks and alluvial in the flat land. In the valleys, soil is 
medium to fine texture and light grey in colour and 
contains more organic matter than the tila or hill soil. The 
soil of the plains locally known as nal i.e. arable can be 
described as loamy with less sand than the tila-soil. The 
soil of the lunga or marshy land and valley is coarse to 
medium generally acidic in reaction.                                      

Tripura has 4 districts, 17 subdivisions and 40 blocks. 
The state also has an Autonomous District Council (ADC) 
for tribal spread over 7,132.56 square km. or 68.10 % of 
the total geographical area. The total population of the 
state is 31, 99,203 (2001 census, GOI, India). A diverse 
ethnic element among the people of Tripura is that there 
are two major racial elements namely the Indo-Aryans 
represented by the Bengalese and the Indo-Mongoloids 
represented by 19 Scheduled Tribes (Deb Barman, 1983; 
Majumdar and Datta, 2007). 

It is in this context that the present study was 
undertaken to document the intrinsic traditional knowledge 
system and practices involved in crop cultivation pattern 
and allied activities of the tribal communities in Tripura.  

MATERIAL AND METHODS 

The study was conducted using questionnaire based 
personnel interviews at different villages of Sachiram Bari, 
Shak Bari, Maliram Bari, Abam Chhara, Laxmi Chhara, 
Kalma, Patichari and Rupaichhari in South Tripura district; 
Sonamura and Mandai in West Tripura district; 
Dharmanagar in North Tripura district and Manu and 
Fatikray in Dhalai district.  

A questionnaire was prepared for data collection as 
per the objectives of the study. After obtaining permission 
from the Secretaries of the local Gram Panchayats 
extensive questionnaire survey was performed. Almost all 
the resource persons were old people, head of the family 
and most of them were illiterates. The  

RESULTS AND DISCUSSION 

In Tripura all the tribes are collectively called as 
Jhumias because they mainly depend on Jhum or shifting 
cultivation for their livelihood. Not only that, the socio-
cultural life pattern of the tribal communities is woven in 
such a way that it corresponds to this practice of 
cultivation (Singh, 2008). It is also interesting to note that 
their social as well as religious pursuits and calculation of 
time centres on the operation of shifting cultivation. As for 
instance, birthday ceremony, marriage settlement or even 
construction of houses coincide with Jhum cultivation. 
Jhuming operations are celebrated with songs and dances 
along with socio-religious rites to ensure good harvest. The 
Jhumias are by tradition forest dwellers. A perusal of their 
economic pattern also reveals that they are economically 
self-contained and self-sufficient. The Jhumias make their 
own articles of daily use without any help from available 
extraneous sources. This naturally implies that they make 
or produce their own requirements and this engages them 
largely to cottage industries. Today, however, it is very 
difficult to live in economic isolation and Jhumias are also 
no exception. The crop husbandry and allied activities of 
the Jhumias is discussed under food gathering and food 
production activities. 

Food Gathering or Food collection: 

 Food-gathering activities of the Jhumias mainly 
consist of collection of fruits, roots, tubers, leaves, 
etc.from the nearby hillocks or jungles, hunting animals 
and birds in the hills and forests and fishing in the 
neighbouring rivers or rivulets. The collection of fruits, 
roots, tubers or leaves etc. is mainly done by women but if 
necessary males render their help.  
Honey collection:  

The collection of honey by the Jhumias is done 
during June to July mainly by young males. The honey 
collected is equally distributed among the gatherers. 
Hunting:  

Almost all animals are hunted for food except for 
monkey and crow. Jhumias do not always hunt birds or 
animals for food but for protecting the Jhum crops from 
them. Thus there is taboo on killing the tiger persists 
among them even today.  
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Hunting activity is closely associated with the life 
pattern of the Jhumias however females are not allowed to 
hunt. The Jhumias start practicing it from childhood. The 
elders teach and impart training to the youngsters 
regarding the use of weapons and traps during the hunting 
operation. The adult Jhumia males are either solitary or 
group hunters. Generally small games like deer, boars, 
hare, etc. are hunted individually while big games are 
hunted by groups. Before hunting Jhumias perform some 
magical rites with the purpose of pleasing the Lagri deity, 
the Goddess of fortune so that they would be able to entrap 
or kill wild animals very easily. 

Another important hunting activity of the Jhumias is 
fishing and is done by both males and females together in 
groups throughout the year especially during the rainy 
season. The presence of Lungas or marshy places and 
Chheras or streams in and around the village encourages 
the Jhumias for fishing and very often fishing is preferred 
over Jhuming. In festive occasions almost all the villagers 
are engaged in fishing and the catch is equally distributed 
amongst the participants. 

Jhum Cultivation: 
The Jhumias produce food crops by a primitive type 

of agriculture on hilly jungle slopes, a very common 
practice of food production in all the North-Eastern states 
known as ‘Jhum’ or shifting cultivation, i.e., shifting of 
cultivation from one forest patch to another. In Tripura, the 
total area of land under shifting cultivation is 0.03 million 
hectares (Bhattacharjee, 2005).  

In this farming practice a patch of forest is cleared by 
felling trees, bushes and bamboos. The plant biomass is 
burnt and the ashes are spread over the whole field because 
they are source of essential plant nutrients. After about 
three years of cultivation the land is abandoned and a new 
patch of forest is cleared for three years cultivation again 
so that the abandoned site meanwhile can restore its 
fertility by regeneration of vegetation. The different stages 
of Jhum practices of the Jhumias are discussed: 

Selection of the Jhum field:  

While making the selection of a Jhum field, the 
Jhumias always take into account the factors like virginity 
of the site bearing bamboos and bushes on the hill slopes 
and secondly the selected Jhum field must be in the 
vicinity of the dwelling place for the purpose of keeping 
constant watch over the field and making all sorts of 
provision for the protection of the crops. The virgin site 
with bamboos and bushes are preferred because of their 
strong inherent fertility and moreover sites for Jhum are 
always cleared for cultivation by burning which enriches 
the soil again with mineral nutrients and also clears the site 
from previous pest and disease infestation. More the 
vegetation cover on the site, more the return of minerals 
back to the soil after burning and so the preference of site 
with bamboos and bushes for Jhum by the Jhumias over 
the sites with trees and moreover the Jhumias treat the 
trees as sacred. Of course the liberty of the selection of the 
Jhum field has been presently been restricted by the Forest 

Department which actually allot plots to the individual 
Jhumia family for cultivation. 

The selection of the Jhum land is completed during 
the months of November and December because during 
these months vegetation growth is less or ceased with 
surface covered with leaf litter and other plant debris 
which on burning adds to the fertility of the site and site 
working for preparing the field for cultivation is easier. 
But the final selection of the land for the Jhum-operation is 
closely associated with some magico-religious beliefs and 
practices. The Jhumias believe in the existence of the 
Jhum deity known as Bura-Devta. The Jhum-God is 
worshipped at the site itself which was selected for the 
Jhum-cultivation. The rituals of the worship include 
clearing a small area of the selected Jhum patch for placing 
three short bamboo pieces on the ground horizontally at 12 
inches apart from one another. These bamboo pieces 
represent the Jhum-God of the Jhum field. Then the owner 
of the Jhum field drops down two halves of the bamboo 
pieces thrice to the ground from his hand chanting the 
hymn, “Hima louming hai pui ah, Shi par ar jir rang nung, 
Rikhu thang Khu akong rang nung, Tanga mao jit te rel 
jun woa, Ar dai nabul, sing lai a-detai, Chong Khel rilmok 
takhel rilmok, Ni Sug Khaowar ah Omong, Chandi Sakhi 
ah Omong, Satya, Satya, tin Satya Khata,                                 
Khupate Khata thalte deo” meaning ‘I shall cultivate this 
plot of land. It is really a wonderful place. Let there be a 
plenty of corps and bamboo! Let your head be seen by the 
birds, the Moon and the Sun and the root penetrate deep 
into the soil. Please make correct forecast in the presence 
of the Moon, the Sun and the Chandi. If one half of the 
bamboo split falls on the ground obversely and the other 
half reversely which is believed auspicious, the site is 
considered to be suitable for Jhuming but if both halves of 
the bamboo splits fall on the ground either obversely or 
reversely i.e. a inauspicious sign, the site is abandoned as 
unsuitable and a new selection of another field is made. 

Preparation of the Jhum field:  

For the preparation of a virgin patch of land to Jhum 
field the Jhumias clear the field by cutting down all plants 
and bushes which are left in the field to be sun dried for at 
least 25-30 days. However clearing operation is not that 
extensive for old Jhum plots. After complete sun drying of 
cut plants and shrubs, fire is set to burn for 4-5 days. Ashes 
are considered to be good manure for the fertilization of 
the soil which will promote bumper production. After 2-3 
days when the field has cooled down, the ashes are evenly 
distributed and leveled up. The field is ready for sowing by 
February to March.                                                                                          

Digging of holes and sowing of seeds: 

 On the onset of rain preparations are made for 
sowing seeds. The day for sowing is to be fixed in 
accordance with the omens or dreams of the head of the 
family. Dreaming clear water, fish, paddy or cooked rice is 
considered auspicious for sowing and the Jhum field thus 
prepared is also considered to be a potential one. But if the 
head of the family dreams an animal killed by a tiger or a 
broken takal (iron chopper) or a dying domestic animal(s), 
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pig(s) or fowl(s) being stolen which are considered 
inauspicious indication and thus another day is fixed for 
sowing. The Jhumias either sow seed by broadcasting or 
by placing the seeds in dug holes. Seeds are held in a 
bamboo basket called ‘Japa’ for broadcasting by walking 
up and down the entire Jhum field. In second method of 
sowing, holes of 3 inches depth separated by a distance of 
18 inches from each other are dug in rows for sowing. 
Earlier these holes were dug out by the ‘Latha’ or digging 
stick .but now takal or iron chopper is commonly used for 
digging holes in the Jhum field. Sowing is done by both 
men and women folk of the Jhumia community. 
Weeding: 

Hand weeding is done thrice at monthly interval by 
uprooting the undesirable sprouts or plants from the field 
normally in the months of June, July and August. Very 
often the iron chopper is used for this purpose. Weeding is 
primarily done by of the women and children.  
Protection of Jhum field:  

Jhumias adopt all protective or defensive measures to 
protect their Jhum fields. The most important protective 
measures by the Jhumias are keeping a constant watch 
over the Jhum fields and to drive out all animals and birds 
approaching the field. For this, they build a ‘Dandy’ or 
watch-house of either in the center or at any one of the 
sides of the Jhum field. The watch-man staying in the 
Dandy remains vigilant by driving out the birds and 
animals from it by making loud cries, hand clapping etc. 
Sometimes Guard dogs are also employed for guarding the 
field. During night, fire is set to drive the nocturnal pests 
out of field. An acoustic method is also adopted for driving 
out birds and animals. Bamboo poles having the upper 
portion splitted into four parts are erected on the ground 
from which long ropes are tied so that the watch man on 
the Dandy can pull the rope in such a way that a peculiar 
sound is produced when the bamboo splits collide with 
each other when the rope is released. This clamouring 
sound of splitted bamboo poles frightens away the birds 
and animals from the Jhum fields. Traps are also 
commonly used for trapping the pest animals approaching 
the Jhum field. One popular trap used is ‘Man Khang’ and 
is placed near a fence. A long and heavy log is placed in a 
slanting position of which one end rests on the ground and 
other end placed horizontally on another bar acting as a 
balancing rod. A board of bamboo poles and splits are 
placed below the long and heavy log and the balance rod 
serves as the connecting media between the log and the 
tread-board. If a wild animal steps into the tread-board, the 
board presses the horizontal bar which releases the log 
causing its fall and as a result the animal becomes 
entrapped.     
Harvesting, Threshing and Winnowing:  

Thaichumu (round cucumber), Mamphal (melon), 
Sasha (cucumber), Magdam (maize) etc. are harvested 
during June; Maisinga (sugarcane), khakloo (white gourd), 
Chalkumra (pumpkin) are harvested in July; Mai (paddy), 
Chiping (sesame), Depsia (China rose), Mesta (jute) are 
harvested during August to October and Khool (cotton) 
flowers are plucked during of December to January. For 
harvesting, Jhumia harvester carries a long conical basket 

called ‘Langa’ on his back kept hanging by fastening it 
with a string of fiber around the head. By using iron sickle 
called ‘Cekhra’ the Jhumias cut each plant at its base. 
Harvesting is a communal affair and all members of the 
family aided by other villagers of the community 
participate in harvesting.  
Harvested yields are brought home and kept in heaps for 
threshing. The threshing operation is restricted primarily to 
the members of the family concerned. The Jhumias adopt 
different methods of threshing. Grains of paddy are 
separated from the plant by beating the ears against 
wooden log while for crop like maize treading is adopted 
i.e., walking over the ears/plants spread on an open 
courtyard for separating or detaching the grains from the 
ears/plants. Treading is carried out till the grains are 
separated from the ears. Maize or corns are also threshed 
by beating the cob with a piece of wood or bamboo till the 
grains are separated from the cob.  

Cotton flowers are spread over the courtyard for sun 
drying for 3-4 days and then seeds are separated from the 
flowers by a wooden gin with two rollers geared to revolve 
in opposite directions. Cotton flowers pass through the 
roller and seeds being unable to pass through it are left 
behind. After separation of seeds, cotton flowers are 
beaten by a bamboo bow to make them soft and fluffy. 
Fluffy cotton is then rolled down in a cylindrical stick of 
about 12 cm long and 1.5-2 cm in diameter. These rolls of 
cotton are then spun on a spinning wheel to obtain yarn. 
The yarn is removed to a very simple tool made of bamboo 
or wood for dyeing it red, chocolate brown, black, dark 
blue or green with locally available floral and soft stone 
specimens. 

The traditional method of winnowing is by sprinkling 
them in the direction of wind blowing. Use of a winnowing 
fan is now gaining popularity.  After winnowing grains are 
sun dried either on the courtyard without mat or on a mat. 
After drying the grains are stored in Mai nok or granary 
which is built at a corner of the courtyard and also at a 
little distance from the place of cooking so that it may not 
catch fire.  

Textile Weaving 
The art of weaving amongst the Jhumias is absolutely 

a family concern that too of women folk only and naturally 
the textile requirements of the members of each family are 
to be woven by the members themselves. So each and 
every Jhumia family has a loom for textile weaving. In fact 
there is taboo on weaving by man. However men always 
help the women during cultivation of cotton, plucking of 
cotton flowers, spinning, yarning, dyeing, etc. and also 
make loom out of bamboo and wood. Jhumias believe that 
if men are engaged in weaving, the entire village may be 
affected by natural calamities or that the member(s) of 
family may suffer from all kinds of adversaries including 
failures in hunting operation or he may be killed by an 
animal. A pragmatic explanation may be that men are 
always engaged in outdoor activities and have little time to 
devote for weaving which is a time consuming process. 
However the womenfolk are primarily concerned with the 
domestic works and have sufficient time at their disposal 
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to engage themselves in all indoor or domestic activities 
like weaving. The raw material used for textile weaving is 
cotton harvested from Jhum field. After dyeing the yarns, 
Jhumia women start weaving clothes of size 18-30″ x 5-6′ 
by ‘Ri-thanthi’ or an indigenous loom. Different colours 
are used in the wrap and woof is mostly of single colour 
either white or black. Among the traditional loom 
products, breast garments ‘Risa’ and ‘Riha’ are worth 
mentioning. Riha is remarkable for its colorful variety and 
texture.  
Handicrafts 

Jhumias are expert craftsmen. They make their own 
tools and articles to be used for food gathering, food 
producing and household purposes. Jhumias are self-
sufficient and self-contained and this is revealed in their 
food gathering and producing activities, handicrafts and 
making of tools and weapons which are essential requisites 
for their very existence. Jhumias do not make anything in 
excess of their needs. They generally make an article only 
to replace the old or suitable one and gather or produce 
only for their need. Further, because of the self-contained 
economic pattern prevailing amongst the Jhumias, each 
and every member of a family is also acquainted and well-
skilled in all sorts of craft-making which are essentially 
required by the Jhumias. In other words, the Jhumias do 
not purchase any tools or any other essential articles from 
outside. Jhumias use very simple tools for Jhuming. Tools 
used earlier were only digging stick and a chopper. By the 
digging stick holes are dug out in the field for sowing 
seeds and the chopper is used for cutting plants, bushes 
etc. But now Jhumias rarely use any digging stick or even 
‘Takal, or iron chopper. Now iron tool used in Jhum 
cultivation is ‘Cekhras’ or sickle. Baskets made of 
bamboos and canes are used for holding seeds to be sown 
and carrying harvested produce. 
Food gathering tools:  

The most important tool used by the Jhumias is for 
gathering roots and herbs for their consumption from the 
jungles is the ‘Khura Latha’ or the digging stick. A digging 
stick of 50-60 cm length and 7 cm diametre is made of a 

firm mature bamboo having uniform girth and lower end 
sharply pointed for effective digging operation. The 
bamboo species used is ‘barak’ i.e. Bambusa balcoa Roxb. 
To carry home all gatherings made in the forest the 
Jhumias use a type of a carrier or a basket made of thin 
bamboo splits which is roughly oval at its opening and 
gradually narrows down the flat and circular base. The 
basket hanged from the shoulder under the arm-pit and 
held by a strap. It is an all purpose carrier basket. 
Food producing tools:  

Traditional tools used by Jhumias for food 
production are also simple and very few in numbers. The 
primary tools used for food production are cutting tool, 
digging stick, basket or ‘khara’ and a winnowing fan. 
These simple tools are sufficient enough for successful 
Jhuming operation for which there is hardly any need for 
any other complicated equipments.  Generally the Jhumias 
tear the ears containing grains using ‘chapranga’ which is 
made up of a branch of tree with three smaller branches 
diverging from one place. These smaller branches are 
brought to the same line and their upper parts are slightly 
curved by pressure. The user holds the tool at lower end 
and strikes the paddy ears spread out on a mat. A husking- 
lever or ‘dhenki’ is commonly used for husking grains.  
Hunting tools:   

Bow and spear are the main hunting tools used by the 
Jhumias. The bow is made from a single piece of bamboo. 
Its stave is about one and half meter in length and the 
middle portion is oval in cross section. The arrow shaft is 
made of the same kind of a bamboo as the bow-stave. The 
shaft itself is rounded and polished. Sometime for killing 
large animals effectively, the arrow head is poisoned by 
smearing with fluids derived from the heads of the snake, 
centipede, bee or wasp or any other dead animal kept in an 
earthen pot. Jhumias are sharp shooters and bow is their 
effective weapon for killing birds and animals. Jhumias 
also use spear for hunting which is made up of a solid 
bamboo species having uniform girth called ‘muli, or 
Melocanna bambusoides. 
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ABSTRACT 

The present study was conducted to screen for the presence of ech33 gene in 80 isolates of 
Trichoderma belonging to three species viz.  T. harzianum, T. virens, and T. viride. Gene specific 
primers of ech33 gene were designed and subjected for PCR based screening. The presence of gene 
was observed in 73 isolates.  Seven isolated did not show amplification and belonging to different 
species, but they are from same place and showing similarity. 

Key words: Ech33, T. harzanium, T. virens and T. viride. 
 

Traditional methods used to protect crops from 
diseases have been largely based on the use of chemical 
pesticides. Applications of fungicides can have drastic 
effects on the environment and the consumers. Chemical 
methods with repeated use are not economical in the long 
run because they pollute the atmosphere, damage the 
environment, leave harmful residues, and lead to the 
development of resistant strains among the target 
organisms (Naseby et al., 2000). A reduction or 
elimination of synthetic pesticide applications in 
agriculture is highly desirable. Trichoderma spp. are 
among the most frequently isolated soil fungi present in 
plant root ecosystems (Harman et al., 2004). These fungi 
are opportunistic, avirulent plant symbionts, and function 
as parasites and antagonists of many phytopathogenic 
fungi, thus protecting plants from disease. So far, 
Trichoderma spp. are the most studied fungal BCAs and 
commercially marketed as biopesticides, biofertilizers and 
soil amendments (Harman, 2000; Harman et al., 2004; 
Lorito et al., 2004). They have evolved numerous 
mechanisms that are involved in attacking other fungi. 
These mechanisms include competition for space and 
nutrients (Elad et al., 1999), mycoparasitism (Haran et al., 
1996; Lorito et al., 1996a), production of inhibitory 
compounds (Sivasithamparam and Ghisalberti, 1998), 
inactivation of the pathogen's enzymes (Roco and Perez, 
2001) and induced resistance (Kapulnik and Chet, 2000).  

There are about 41 species in the genus Trichoderma 
Among them T. harzianum, T. viriens, T. pseudokoningii, 
T. hamatum T. viride, T. asperellum, are most commonly 
used in biological control. The species and the isolates 
within the same species differ in their biocontrol potential 
(Umamaheswari and Sankaralingam, 2005). The antifungal 
mechanism of Trichoderma, an extensively studied and 
widely used biocontrol fungus, mainly relies on cell wall 
degrading enzymes such as chitinases and glucanacses 
(Lorito et al., 1998) and are being exploited to control a 
variety of plant pathogens. The genes ech33encoding 
chitinases are most potent and isolated from Trichoderma 
and transferred to plants to impart resistance to several 
fungal plant pathogens. 

 MATERIAL AND METHOD 

Eighty Trichoderma isolates (Table.1) belonging to 
three species of Trichoderma viz. T.  harzianum, T. virens, 
and T. viride were used  and inoculated in100 ml potato 
dextrose broth at 30oC in room temperature. The complete 
growth occured in 2-5 days depending upon the species. 
About 100 mg of fungus mycelium was taken in 1.5 ml 
micro centrifuge tube and 500μl of lysis buffer was added. 
Mycelium was finely macerated using micro-pestle and 
vortexed for 5 min. The suspension was extracted with 
equal volume of phenol: chloroform: IAA (25:24:1) and 
centrifuged at 10,000 rpm for 10 min. The supernatant was 
taken into a fresh tube and RNase at the rate of 100 μg per 
ml was added and this solution was incubated for 20 min at 
55°C on water bath and then equal volume of isopropanol 
was added at room temperature, mixed by gentle inversion 
and kept for 10 min at room temperature. The DNA was 
recovered by centrifugation at 10,000 rpm for 10 min at 
4°C. The DNA pellet was washed with 70 per cent ethanol, 
air dried and resuspended in 50μl of T10E1 (10 mM Tris-Cl 
and 1 mM EDTA, pH 7.5). Concentration of DNA was 
estimated using ethidium bromide spotting method as 
described by Sambrook and Russel (2001). For PCR 
amplification, two gene specific primer were used-  FP 
5’ATGCCTTCATTGACTGCTCTT 3’ and RP 
3’TTACCTCAAA GCATTGACAACC5’. Reaction 
mixture for PCR (20 µl) contained 10 mM Tris-HCl (PH 
8.3), 50 mM KCl, 1.5 mM MgCl2, 10 mM each of dATP,  
dCTP, dGTP and dTTP, 5 pM primer, 1 µl genomic DNA 
(100 ng) and one unit of Taq polymerase. Amplification 
was performed in 0.2 ml tube using thermocycler 
(Eppendorf 2231, Hamburg, Germany). Initial 
denaturation was carried out at 94°C for 5 min. Thirty five 
cycles of the following programme were used for 
amplification; denaturation at 94°C for 2 min, annealing at 
41°C for 2 min and  extension at 72°C for 10 min. The 
amplified products were separated by electrophoresis on 
1.2% gel stained in ethidium bromide. The gel was 
observed and photographed using UV transilluminator.  
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Table 1: Trichoderma spp and presence of ech33 genes 

Isolate Trichoderma species Place Presence of ech33 genes 
IABT 1001 Trichoderma virens Jaipur + 
IABT 1005 Trichoderma virens Dharwad + 
IABT 1007 Trichoderma virens Dharwad - 
IABT 1010 Trichoderma virens Gujarath college + 
IABT 1012 Trichoderma viride Dharwad + 
IABT 1013 Trichoderma viride Pune + 
IABT 1014 Trichoderma viride Pune + 
IABT 1015 Trichoderma harzianum Dharwad + 
IABT 1017 Trichoderma virens Dharwad + 
IABT 1019 Trichoderma harzianum Mumbai - 
IABT 1021 Trichoderma viride Kerekatti + 
IABT 1022 Trichoderma viride Sorthababbi + 
IABT 1023 Trichoderma viride Yallapur + 
IABT 1025 Trichoderma harzianum Dharwad + 
IABT 1026 Trichoderma viride Magod + 
IABT 1027 Trichoderma viride Magod + 
IABT 1028 Trichoderma viride Yallapur + 
IABT 1029 Trichoderma viride Bihar + 
IABT 1031 Trichoderma harzianum Udaipur + 
IABT 1032 Trichoderma harzianum Manglore + 
IABT 1034 Trichoderma harzianum Kalkeri soil + 
IABT 1036 Trichoderma harzianum Kalkeri soil + 
IABT 1037 Trichoderma harzianum Kalkeri soil + 

IABT 1040 Trichoderma harzianum 
Kuluvane  leaf 
litter 

+ 

IABT 1041 Trichoderma harzianum Neernalli farm + 
IABT 1042 Trichoderma harzianum Neernalli farm + 
IABT 1043 Trichoderma harzianum Neernalli farm + 

IABT 1044 Trichoderma viride 
Janmane run off 
soil 

+ 

IABT 1045 Trichoderma harzianum Prabhunager + 
IABT 1046 Trichoderma harzianum Malagi  + 
IABT 1047 Trichoderma harzianum Ambekoppa soil + 
IABT 1049 Trichoderma viride Lodagi field  + 

IABT 1050 Trichoderma harzianum 
Bhandoor gudda 
soil 

+ 

IABT 1052 Trichoderma harzianum Khanapur soil + 
IABT 1053 Trichoderma viride Khanapur soil + 
IABT 1054 Trichoderma harzianum Khanapur soil - 
IABT 1055 Trichoderma harzianum Khanapur soil - 
IABT 1056 Trichoderma viride Khanapur soil + 
IABT 1057 Trichoderma harzianum Khanapur soil + 
IABT 1058 Trichoderma harzianum Khanapur soil + 
IABT 1061 Trichoderma harzianum Aravatagi run off + 
IABT 1062 Trichoderma harzianum Godalli leaf litter + 
IABT 1063 Trichoderma harzianum Tanarghatta forest + 
IABT 1068 Trichoderma harzianum Sirapur compost + 
IABT 1069 Trichoderma viride Tanarghatta forest + 
IABT 1070 Trichoderma harzianum Tanarghatta forest + 
IABT 1073 Trichoderma harzianum Rifai Joida + 
IABT 1076 Trichoderma harzianum Rifai Sintheri - 
IABT 1081 Trichoderma harzianum Rifai Sintheri - 
IABT 1083 Trichoderma harzianum Rifai Yadagiri + 
IABT 1085 Trichoderma harzianum Rifai Kalathgiri + 
IABT 1086 Trichoderma harzianum Rifai Manikedara + 
IABT 1087 Trichoderma harzianum Rifai Kalathgiri + 
IABT 1088 Trichoderma viride Kalathgiri - 
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Isolate Trichoderma species Place Presence of ech33 genes 
IABT 1089 Trichoderma harzianum Rifai Kalathgiri + 
IABT 1090 Trichoderma harzianum Rifai Kalathgiri + 
IABT 1091 Trichoderma viride Thitimuthi + 
IABT 1092 Trichoderma viride Yadagei + 
IABT 1093 Trichoderma harzianum Rifai Yadageri + 
IABT 1103 Trichoderma viride  Kalathgiri + 
IABT 1104 Trichoderma harzianum Rifai Kaveri Dam + 
IABT 1105 Trichoderma harzianum. Yana + 
IABT 1106 Trichoderma harzianum Rifai Yana + 
IABT 1112 Trichoderma harzianum. Kalathgeri + 
IABT 1114 Trichoderma harzianum Rifai Bharamagiri hills + 
IABT 1115 Trichoderma harzianum Rifai Kalatgiri + 
IABT 1117 Trichoderma harzianum Rifai Kalatgiri + 
IABT 1119 Trichoderma harzianum Kalatgiri + 
IABT 1122 Trichoderma harziamum Kalatgiri + 
IABT 1127 Trichoderma harzianum Sikkim + 
IABT 1128 Trichoderma viride Sikkim + 
IABT 1134 Trichodrema harzianum Sikkim + 
IABT 1141 Trichoderma viride  Dakshinakannada + 
IABT 1142 Trichoderma harzianum Rifai Sikkim + 
IABT 1143 Trichoderma harzianum Rifai Sikkim + 
IABT 1145 Trichoderma viride  Sikkim + 
IABT 1150 Trichoderma hamatum  Sikkim + 
IABT 1152 Trichoderma harzianum Rifai Sikkim + 
IABT 1156 Trichoderma harzianum Rifai Sikkim + 
IABT 1158 Trichoderma harzianum Rifai Kallatgiri- 5 + 

 
 

                      RESULTS AND DISCUSSION 

The amplification of expected size of 1.15 kb (Plate 
1) corresponding to ech33 gene was observed in 73 
Trichoderma isolates, and the remaining seven isolates 
which included all the three species of Trichoderma 
(IABT1007, IABT1019, IABT1054, IABT1055, 
IABT1076, IABT1081, IABT1088) did not show 
amplification of ech33 gene (Table 1). Thus PCR-based 
identification of genes has been used commonly by several 
workers (Chakrabarti and Schutt, 2001; Ramaiah et al., 
2000; Mingzhu et al., 2007). The results indicate that the 
different isolates differed with respect to the endochitinase 
gene content.  Thus presence of ech33 in 73 isolates and 
the remaning 7 isolates (one belong to T. virens, and one 

belong to T .viride, and five belong to T. harzanium) did 
not show the presence of ech33. Similar observation was 
made earlier by several researchers (Hobel et al., 2005; 
Kubicek et al., 2003). 

Another observation two T. harzanium isolates are 
from same location (Khanapur). Similarty other two 
Trichoderma harzanium isolates IABT1076 and 
IABT1081 are isolated from Sintheri soil. Probably these 
isolates which are from same location and did not show 
amplification were isolated from the same soil sample. The 
antagonism experiments conducted parallely in our 
laboratory grouped this isolate as poor performing isolate 
against S. rolfsii.  
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ABSTRACT 

The potassium status of Inceptisol of Baloda block at Janjgir district of Chhattisgarh State was 
evaluated for the pH, EC, organic C, available and water soluble K, exchangeable and non 
exchangeable, values in the soils. Surface soil samples collected from from 87 villages in Baloda block 
in which 1003 samples were identified as Inceptisol. The soil pH showed positive and significant 
correlation with water soluble, exchangeable and available-K. Organic C exhibited significant and 
positive correlation with water soluble and exchangeable-K and negative correlation with non-
exchangeable K. Significant and positive correlations were observed among different soil K fraction. 
The order of dominance of different forms of soil potassium was non- exchangeable K > exchangeable 
K > available K > water- soluble K. Potassium fixation study reveals that K fixation decreased beyond 20 
ppm K addition level in the soil under study. 

Keywords: K- fraction, Fixing capacity, Inceptisol 
 

Potassium is the third major essential plant nutrient 
which is absorbed by plant is in larger amount than any 
other mineral element except nitrogen. Potassium plays 
number of vital and crucial physiological roles in plant 
growth and development, but its importance is often under 
estimated, as it doesn’t produce rapid growth like nitrogen. 
Although the crop response to applied fertilizer K is very 
meager due to its well soil supply, however, its exploration 
by the crop is very high results in depletion of non-
exchangeable fraction of this element. Soil K exists in soil 
solution and in exchangeable and non-exchangeable (fixed 
and structural) forms. The amount of solution and 
exchangeable potassium is usually a small fraction of total 
K (1–2% and 1–10%, respectively). The bulk of soil K 
usually is associated with K-bearing micas and feldspars 
(Sekhon, 1995).  

Bansal et al. (2002) and Kirkman et al. (1994) shown 
that there is a continuous but slow transfer of potassium in 
the primary minerals to the exchangeable and slowly 
available form of potassium. The release of these non-
exchangeable forms of K occur when the level of 
exchangeable K and solution K (labile K) was decreased 
by crop removal and or leaching (Sparks et al. 1980). The 
quantity of these non - exchangeable forms of potassium 
(Total K, reserved K, mobile K and residual K) present in 
a soil has been the basis for the assessment of the 
potassium status in soils in recent times. For sustaining soil 
fertility and crop productivity, it is always emphasized that 
nutrient removed must be replenished through balanced 
fertilization and manuring. Results of fertilizer trial in 
India have shown the negative balance of available K 
(Nambiar, 1984) and (Sharma, 2002).  

MATERIAL AND METHODS 

Baloda is a Taluka comes under Janjgir district in the 
state of Chhattisgarh, and about 87 villages come under 
this Taluka, its located 22.15° North latitude, 82.48° East 

longitude with an altitude of 280 m above the mean sea 
level. Surface (0-15 cm depth) soil samples were collected 
with the help of soil auger and local spade with proper 
labels from different villages. Collected soil sample from 
the study area were dried and crushed with the help of 
wooden rod and passed through 2 mm sieve and then used 
for the determination of soil pH, organic matter and K- 
fraction content by adopting standard laboratory methods. 
Soil pH was determined by glass electrode pH (Piper 
1967), EC with Solu-bridge method (Black 1965), OC by 
wet digestion method (Walkley and Black’s rapid titration 
method 1934) Available potassium was extracted by 
shaking with neutral normal ammonium acetate for 5 
minutes (Hanway and Heidal 1952), Exchangeable K was 
determined by centrifuge and decantation procedure 
(Black 1965), Water soluble K  was estimated in 1:5 
soil water suspension after shaking it for 1 hour (Black 
1965), Non exchangeable K was determined by 1N HNO3 
(Black 1965) and estimation of potassium fixing capacity 
was suggested by All India Coordinated Research Project 
on Soil Test Crop Response Correlation and then K in the 
extract was estimated by flame photometer.  

RESULTS AND DISCUSSION 

Physico-chemical characteristics of soils 
The results of soils analysis pertaining to some salient 

properties under study are presented in summarized in 
Table 1. The mean values of different parameters indicate 
that Inceptisol of the area under study was slightly acidic 
in nature, normal in soluble salts, low in organic C, 
available N and P and medium in available K. The mean 
values on micronutrient status (Zn, Fe, Mn and Cu) of the 
soil had sufficient level.  One pooled soil sample was also 
prepared for analysis of mechanical analysis and cation 
exchange capacity of Inceptisol. The mechanical analysis 
resulted 48.22% sand, 27.32% silt and 24.26% clay and 
exhibited under the textural class of sandy loam which 
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shows light textured soil. The representative soil sample of 
Inceptisol had 18.6 Cmol (p) kg-1 of CEC. 
Forms of soil potassium 
Water soluble K 

The water soluble K in soils ranged from 3.9 to 16 
mg kg -1 with a mean value of 7.69 mg kg -1 in soils. Water 
soluble K had positive and significant correlation (r = 
0.122*) with pH (Table 2) and positive but non- significant 
correlation with EC (r = 0.059). Similar observations were 
also found by Singh et al. (2007) in Firozabad district, 
Uttar Pradesh. Water soluble K showed positive and 
significant correlation with organic C (r = 0.177*). Similar 
observations were also found by Sharma et al. (2009).   
Available K 

The available K content ranged between 47.75 to 
158.95 mg kg -1 with a mean value of 90.93 mg kg -1 in 
soils. Available K had positive and significant correlation 
with pH (r = 0.105*). Similar result was observed by Ram 
and Singh, 1975 and negative and non- significant 
correlation with EC (r = -0.010). Available K had positive 
but non-significant correlation with organic C (r = 0.036). 
Exchangeable K 

The exchangeable K ranged between 44.1 to 153.7 
mg kg -1 with a mean value of 98.56 mg kg -1 in soils. 
Exchangeable K had positive and significant correlation 
with pH (r = 0.081*). Similar result obtained by Islam et 
al. (1994) and negative and non- significant correlation 
with EC (r = -0.057). Exchangeable K had positive and 
significant correlation with organic C (r = 0.307*). Similar 
observation found Sharma et al. 2009. 
Non-Exchangeable K 

The non-exchangeable K varied from 177.3 to 456 
mg kg -1 with a mean value of 304.71 mg kg -1 in soils. 
Non-exchangeable K had positive but non- significant 
correlation with pH (r = 0.060*) and positive but non- 
significant correlation with EC (r = 0.036). Similar 
observation found by Singh et al. 2007. Non-exchangeable 
K had negative and significant correlation with organic C 
(r = -0.114*). 
Coefficient of inter-correlation values among different 
forms of K in soil 

Water soluble K showed positive and significant 
correlation (r = 0.544*) with exchangeable K (Table 3). 
Similar observation found by Singh et al. 2007 and Islam 
et al. 1994. Water soluble K showed also positive and 

significant correlation with available and non-
exchangeable K (r = 0.706* for Available K and r = 0.433* 
for Non-exchangeable K). Available K showed positive 
and significant correlation (r = 0.700*) with Non-
exchangeable K.  Similar observation found by Pal et al. 
(2001) and Singh et al. (2010). It showed also positive and 
significant correlation with exchangeable (r = 0.704*). 
Exchangeable K showed positive and significant 
correlation (r = 0.437*) with Non-exchangeable K. Similar 
observation found by Islam et al. 1994. The order of 
dominance of different forms of soil potassium was non-
exchangeable K > exchangeable K > available K > water- 
soluble K (Fig. 1). 
K fixation capacity in Inceptisol of Baloda block 

The soil samples were taken from the compose 
sample of Baloda block of Inceptisol to study the K 
fixation capacity. In general, results show that the amount 
of extracted K increased and percentage of K fixation 
gradually decreased with addition of increasing K levels in 
these soils (Fig 2). This result indicates that K fixation 
increases if K is depleted either by crop removal or by no 
K fertilization. Similar results were found by Sharma 
(2002), Bhandarkar (2004) and Zhang et al. (2007) 
 

It can be concluded from the results under study that 
the Inceptisol group of Baloda block in Janjgir-Champa 
district of Chhattisgarh is characterized under moderate to 
neutral in soil reaction, less than one dS m-1 soluble salt 
content comes under safe limit for all crops. The organic 
carbon level exhibited low to medium. The Inceptisol of 
the area showed low in available N and P, and medium 
level in available K.  In general, the soil samples were 
tested sufficient in DTPA-extractable Fe, Mn and Cu. 
Whereas, Zn deficiency was observed in study area. An 
assessment of the potassium status of the soils, based on 
the fraction of exchangeable potassium (mg kg-1), revealed 
that the level of potassium in these soils was adequate for 
the sustainable production of the dominant crops (maize, 
corn, soybeans and cowpea) grown in the area of study. K 
fixation and release characteristics of the Inceptisol under 
study need to be evaluated. Depletion and build up study 
for potassium in Inceptisol should be taken for correct dose 
of fertilizer application to avoid the negative balance of K 
in soil. 

 
Table 1:  Salient soil properties of study area 

 Soil characteristics Range Mean 
pH  (1:2.5, Soil water) 4.7 - 7.50 5.89 
E.C. (dS m-1) 0.05 - 0.37 0.13 
O.C. (%) 0.23 - 0.83 0.44 
Available N  (kg ha-1) 112.9 - 338.69 185.16 
Available P (kg ha-1) 4.13 - 23.35 8.86 
Available K (kg ha-1) 104.27 - 481.15 212.62 
Available Fe (mg kg-1) 4.54 - 68.70 30.18 
Available Mn  (mg kg-1) 3.72 - 59.58 26.08 
Available Cu  (mg kg-1) 0.2 - 8.78 2.79 
Available Zn  (mg kg-1) 0.06 - 3.34 0.68 
Water Soluble (mg kg -1) 3.9 - 16 7.69 
Exchangeable (mg kg -1) 44.1 - 153.7 98.56 
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Available (mg kg -1) 47.75 - 158.95 90.93 
Non-Exchangeable (mg kg -1) 177.3 - 456 304.71 

Table 2 Correlation of coefficient of different forms of K with pH, E.C. and Organic C 

  WS K Av. K Ex. K Non-Ex. K 
pH  0.122* 0.105* 0.081* 0.06 
EC 0.059 -0.01 -0.057 0.036 
OC 0.177* 0.036 0.307* -0.114* 
*Significant at 1% level **Significant at 5% level 
 
Table 3. Correlation of Coefficient among different forms of K in soil. 

  WS K Av. K Ex. K Non-Ex. K 
WS K     
Av. K 0.706*    
Ex. K 0.544* 0.704*   
Non-Ex. K 0.433* 0.7* 0.437*  
*Significant at 1% level **Significant at 5% level 
 
Fig. 1 Relative distribution of K form in Inceptisol of Baloda block 
 

 
 
Fig. 2 Relationship between added K and Percent K fixed in pooled sample  
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ABSTRACT 

On farms trails (OFT) and Frontline demonstration (FLD) is most of the powerful tools for 
assessment and demonstration of technology in micro farming situation after this technology was ready 
for use. Keeping in view of an effective extension approach for dissemination of plant protection 
technologies for sustainable production of pulses, oilseeds and horticultural crops in central India 
farming system conducted at 130 farmers fields in 10 villages of one district chhindwara in satpura 
pleatue zone and three districts viz, Gwalior, Bhind and Morena in Gird agro climatic zone of Madhya 
Pradesh at central India during five consecutive years 2007-08 to 2011-12 was assessed. The impact 
assessment was based on the technologies assessed over farmers’ practices with reference to plant 
infestation per cent, yield, net return and cost benefit ratio. It was found that the significantly lower 2 
gum spot/plant of gummosis disease was noticed in mandarin with assessed and demonstrated plant 
protection technologies in compression to farmers practice 5 gum spot /plant. The higher fruit yield 
1150 fruits/plant, net return Rs 1140 /plant and cost benefit ration 3.1 were also recorded over farmers 
practice 860 fruit/plant, Rs 757/plant and 2.75 respectively. Average 4.93 percent infestation due to 
insect pests and diseases were observed in vegetables and spices with assessed technology over 
farmers practice 16.95 percent infestation. higher 188.1 q/ha yield, Rs 117522.2 /ha net return and 3.35 
cost benefit ratio were also seemed in the recommended practice over farmers practice with their 157.65 
q/ha yield, Rs 86331.7 /ha net return and 2.43 cost benefit ratio. There are nine plant protection 
technologies were assessed and demonstrated at the farmers field for management of disease and 
insect pests in pulses. Average 4.7  percent infestation , 16.17 q/ha yield, Rs 27351/ha net return and 2.4 
cost benefit ratio in comparison to farmers practice 13.24 percent infestation , 13.73 q/ha yield, Rs 
20654/ha net return and 2.0 cost benefit ratio. On farm trails and front line demonstrations were 
undertaken to validate location specific plant protection technologies to manage the aphid infestation 
and disease complex in mustard, there are two technologies were assessed to control them. Average 
4.65 percent infestation was observed with 19.75 q/ha yield, Rs 38855 /ha net return and 3.3 cost benefit 
ratio, farmers were happy in comparison to their own practice, higher 12.25 percent infestation were 
noticed with 17.15 q/ha yield, Rs 31975/ha net return and 2.9 cost benefit ratio.  

Key Words: Assessment, Impact, Plant protection technologies and Sustainable production. 
 

‘Believing through seeing’ and ‘learning by doing’ 
accomplished through assessment and demonstrations help 
Krishi Vigyan Kendra’s in technology integration. This 
process arouses interest and improves the adoption, 
because it is based on the principles of ‘learning by doing’ 
and ‘seeing is believing’. Technology demonstration is the 
most effective way to show how a thing works, how to do 
the work, principles involved in an operation and to show 
the end results of the technology/methodology adopted. 
Over the next three decades, production of food grains in 
India has to increase at least 2 million tonnes a year to 
meet the food demand of the growing population (Paroda 
and Kumar, 2000). In the past, agricultural production 
increased through area expansion and increasing use of 
high yielding seeds, chemical fertilizers, pesticides and 
irrigation water. Now, prospects of raising agricultural 
production through area expansion and application of 
existing technologies appear to be severely constrained. 
Land frontiers are closing down, and there is little, if any, 
scope to bring additional land under cultivation. Green 
revolution technologies have now been widely adopted, 
and the process of diminishing returns to additional input 
usage has set in. Concurrently, agricultural production 

continues to be constrained by a number of biotic and 
abiotic factors. For instance, insect pests, diseases and 
weeds cause considerable damage to potential agricultural 
production. Evidences indicate that pests cause 25 percent 
loss in rice, 5-10 percent in wheat, 30 percent in pulses, 35 
percent in oilseeds, 20 percent in sugarcane and 50 percent 
in cotton (Dhaliwal and Arora, 1996). Due to their tender 
and supple nature, vegetables are most prone to pest attack 
and at a conservative estimate cause about 20 – 25% losses 
(Sardana et al., 2004). Due to the losses though cannot be 
eliminated altogether, these can be reduced. Until recently, 
chemical pesticides were increasingly relied upon to limit 
the production losses. Pesticide use in India increased from 
a mere 15 g/ha of gross cropped in 1955-56 to 90 g/ha in 
1965-66. Introduction of green revolution technologies in 
mid-1960s gave a fillip to pesticide use, and in 1975-76, it 
had increased to 266 g/ha, and reached a peak of 404 g/ha 
in 1990-91 (Birthal, 2003). Although, there is a paucity of 
reliable time-series information on pest-induced 
production losses, anecdotal evidences suggest increase in 
losses (Pradhan 1983, Atwal 1986, Dhaliwal and Arora, 
1996), despite increase in the pesticide use. The paradox is 
explained in terms of rising pest problem, technological 
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failure and changes in production systems. Despite use of 
pesticides, insect pests and diseases cause considerable 
losses in agricultural crops. The crop protection 
technologies and practices embedded provide better 
protection against insect pests, improve crop yields and net 
benefits to the farmers. Farmers are facing scarcity to 
improved and competent plant protection technology for 
diminish the losses due to infestation of different insect 
pests and diseases in their farms for sustainable 
production. 

No work has been done for minimize the losses due 
to insect pests & disease and validate the suitable plant 
protection technology to the farmers of Satpura pleatue 
and gird agro climatic zones of Madhya Pradesh in central 
India. Therefore the present study was undertaken with the 
following specific objective: 
1.  An Impact Assessment of plant protection technologies 
for sustainable production of horticultural crops, pulses 
and oilseeds at farmers field in central India farming 
system 

MATERIALS AND METHODS 

Description of the study area 
Different villages were surveyed by scientists of 

Krishi Vigyan Kendras. While collecting preliminary 
information of cropping pattern and resource availability, 
it was found that the farmers of these villages were found 
to suffer from the severe Insect pests and disease 
infestation in their cereals, pulses, oilseeds, fruits and 
vegetables and they were not using any management 
practices. They were also not aware about the technical 
knowledge of improved agricultural plant protection 
practices. Looking to the demand of region these work 
were conducted in leading crops grown by farmers with 
major pests problem in them.  

 
 
 
 
 

Period, location, climate, soil and crops 

The field experiment was laid down five consecutive 
years during 2007 - 08 to 2011 – 12 at 130 farmers’ fields 
in 10 villages of one district chhindwara in satpura pleatue 
and three district viz, Gwalior, Bhind, Morena in Gird agro 
climatic zone of Madhya Pradesh, which is the part of 
central India. Madhya Pradesh is bounded by the state of 
Uttar Pradesh and Rajasthan on the north, Uttar Pradesh 
and Chhattisgarh on the east, Maharasthra on the south and 
Gujarat on the west, it is located between latitudes 230 10’ 
N and longitudes770 12’ E. The mean annual maximum 
and minimum temperature is ranged from 500 to 20 C. The 
average annual rainfall received from 750 mm to 1250 
mm, out of which 90 per cent received during rainy session 
15th June to September. The soils of study area are deep 
black, medium black, sandy light and alluvial. All type of 
crops viz., cereals, legumes, oil seeds, vegetables and fruit 
crops are being cultivated.  
Sample procedure, sample size, data collection and 
analysis 

Five farmers fields in each crop were selected for 
assessment and demonstrate the one plant protection 
technologies with compared to farmers practices. All the 
vegetables, spices, pulses and oilseed crops were sown in 
the time and recommended agronomical package of 
practices were followed in all the plots. Treatments and 
plant protection technologies assessed and demonstrated in 
different crops were given in following tables with farmers 
practice (fruits, vegetables and spices are given in table 1) 
pulses in table 2 and oilseeds in table 3. Data of damage 
plant percent were recorded after sowing of the crop. The 
data of per cent infestation of damaged plant was 
calculated by using following formula. 
 
 Damaged plant/part  
Damage plant percentage = ---------------------------- x100 
 Total plant  
 

Yield, Net returns and cost; Benefit ratio were also 
calculated to find out the economics of various treatments   
understudy.

. 
Table 1: Treatments and plant protection technologies assessed and demonstrated in Fruits, vegetables and spices 

Crop  Plant protection technologies 
Mandarin Bordo paste two times in a year (1st week of June and 1st week of December ) + Ridomil 2.75 gm/lit water 

spray and soil drenching (1st week of May and IInd  week of June ) 
FP- one time bordo pasting  in a year  
(improper method of bordo paste preparation) 

Okra Foliar application of Chlorfenpyre 10 % SC @ 250 ml/ha 
FP-(Endosulfan 35 EC @ 2.0 l/ha ) 

Brinjal Application of Profenophos 50% EC @ 1 lit/ha. at 15 days interval  
FP-(No use of insecticide) 

Potato 
Foliar application of Imidachloprid 17.8 % SL @ 250 ml/ha 
FP-(No use management practices) 

Potato 
 

Imidachloprid 17.8 % SL @ 250 ml/ha 
FP- (No use of pesticides) 

Ginger Seed treatment with ridomil 1 g/kg seed and soil application of Trichoderma viridi 2.5 kg with 65 kg 
FYM/ha + Foliar spray with ridomil 1g/lit. water 
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Table 2: Treatments and plant protection technologies assessed and demonstrated in pulses 

 
Table: 3 Treatments and plant protection technologies assessed and demonstrated in oil seeds 
Crop Technology Demonstrated 
Mustard Foliar application of Imidachloprid 17.8 % SL @ 250 ml/ha 

FP- (melathian 50 EC / No use of pesticides) 

Mustard Sowing before 15th October and Foliar application of Carbendazim @ 500 g/ha 
FP- No use of Fungicide 

 
RESULTS AND DISCUSSION 

Impact of plant protection technologies assessed and 
demonstrated in Fruits, vegetables and spices 
Fruits:  

The impact assessment of plant protection 
technologies were conducted in horticultural crops like 
fruit, vegetables and spices for management of diseases 
and insect pests are given in Table 1. Among the 
horticultural crops, mandarin was only the fruit plant on 
which assessment of plant protection technologies were 
conducted. Mandarin is attacked by a number of pathogens 
causing serious losses in its production. Among fungal 
disease, the gummosis disease caused by phytophthora spp 
causing tremendous losses in mandarin light from nursery 
level to well grown orchards. A large number of plants 
succumb to phytophthora disease every year in central 
India. In general, citrus growers are not well aware about 
the highly destructive fungus and its effective control 
measures (Shyam singh 1997). Looking to the above facts 
and management of citrus declining plant protection 
technologies were assessed and demonstrated at farmers’ 
orchards in satpura pleatue. Bordo paste two times in a 
year (1st week of June and 1st week of December ) + 
Ridomil 2.75 gm/lit water spray and soil drenching (1st 
week of May and IInd  week of June ) were applied for the 
management of gummosis in mandarin plants and it was 

found that the 2 gum spot/ plant were observed with 1150 
no of fruits/plant, Rs 1040/plant net return and 3.1 cost 
benefit ratio in comparison  to farmers practice (wrong 
prepared bordo paste one time in a year) 5 gum spot/ plant 
were observed with 860 no of fruits/plant, Rs 757/plant net 
return and 2.75 cost benefit ratio. Looking to the above 
results farmers were agree to the adopt these practices. 
Vegetables:  

Vegetables are one of the most important components 
of Indian horticulture and play a unique role in our daily 
life as well as employment potential per unit area. Reduce 
the yield loses and improve the productivity of vegetables 
at farmers field assisment of plant protection technologies 
were conducted. In the okra shoot & fruit borer is the 
major problem for minimize the yield. Foliar application of 
Chlorfenpyre 10 % SC @ 250 ml/ha were gave the 
minimum infestation 3.5 percent with higher production 
(206.7 q/ha.), net return (Rs. 205040/ha) and cost benefit 
ratio (5.3) in compression to farmers practice (Endosulfan 
35 EC @ 2.0 l/ha) higher infestation 8.0 percent with 
production 185 q/ha, net return Rs. 177650/ha and 3.05 
cost benefit ratio. Chlorfenpyre is the first and only 
member of pyrroles unique chemical group as both a 
contact and stomach insecticide cum miticide. The 
compound was derived from natural products and it is a 
bio rational (Patil and Rajnikantha, 2004), so it is safer for 

FP –  Soil application of Forate 10 G @ 10-15 kg/ha 
Chilli Two spray of Imidachloprid 17.8 % SL @ 250 ml/ha at 15 days interval 

FP-(No use of insecticide) 

Crop Technology Assessed 
Gram Foliar application of profenophos 50 EC @ 1.5 lit/ha 

FP-(Endosulfan 35 EC @ 2.0 l/ha ) 
Gram Seed treatment with Tricoderma viridi @ 5 gm/kg seed 

FP- No use of seed treatment 
Gram Soil application of Trichoderma viridi  @ 2.5 kg with 65 kg FYM/h for wilt management in gram 

FP-(No use of pesticides) 

Gram Soil application of Fipronil 0.3 % G @12.5 kg/ha for termite management  
FP-(No use of pesticides) 

Pigeon pea Foliar application of Spinosad 45% SC @ 250 gm/ha for the management of pod borer 
Indosulfan, trizophos @ 1.0 lit/ha 

Pigeon pea Pheromon trap @ 20 + HaNPV 500 LE + Quinolphos 25 EC @1.5 lit/ha  
FP- Indosulphan @1.5 lit/ha 

Green gram Foliar application of Imidachloprid 17.8 % SL @ 250 ml /ha for management of YVM in Green Gram 
FP-(No use of pesticides) 

Green gram Seed treatment with Carbendazim @ 2 g/kg seed + Foliar application of Carbendazim @ 1 g/lit  
FP- No use of Fungicide 

Lentil Foliar application of Imidachloprid 17.8 % SL @ 250 ml/ha 
FP-(No use of any management practices) 
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use in vegetables. For reduce yield losses due to shoot and 
fruit borer in brinjal foliar application of profenophos 50 % 
EC @ 1.0 lit /ha was assessed and demonstrated. The 6.13 
percent infestations were recorded with  191.6 q/ha yield, 
Rs. 57977/ha net return and 3.05 cost benefit ratio over 
farmers practice (no use of insecticide) 22.7 percent 
infestation with 160.77q/ha yield, Rs 32870/ha net return 
and 2.3 cost benefit ratio. The potato diseases are of 
several kinds, caused by bacteria, fungi, viruses as well as 
nematodes. Besides, a number of insect pests affecting 
potatoes and recommends measures for preventing or 
reducing losses due to them. Late blight and stem necrosis 
are the leading to heavy crop losses up to 40 percent. For 
the control of late blight  and increase the productivity 
foliar application of carbendazim 50 % WP @ 500 gm/ha 
were assessed and demonstrated to the farmers and it was 
noticed that 3.2 percent plant infestations were recorded 
with  198.6 q/ha yield, Rs. 90490/ha net return and 3.34 
cost benefit ratio over farmers practice (no use of 
management practices) 8.2 percent infestation with 173.4 
q/ha yield, Rs 74910/ha net return and 2.9 cost benefit 
ratio.. An other assessment in potato for the management 
of stem necrosis the foliar application of imidachloprid 
17.8 % SL @ 250 ml /ha were applied and it was observed 
that 3.0 percent plant infestations with 144.0 q/ha yield, 
Rs. 58400/ha net return and 2.4 cost benefit ratio over 
farmers practice (no use of management practices) 21.0 
percent infestation with 123.4 q/ha yield, Rs 46580/ha net 
return and 1.8 cost benefit ratio. Similar findings of somani 
et al. 2007 reported significantly yield increased by 
controlling of stem necrosis and also observed 
imidachloprid one of the best management option. 
Spices:  

Among the spices, ginger and chilli are the major 
spices of the study area. Soft root in ginger and leaf curl in 
chilli are the serious disease causing yield losses. Seed 
treatment with ridomil 4 g /kg seed + soil application of 
Trichoderma viridi 2.5 kg with 65 kg FYM /ha and foliar 
application of  ridomil 1 g/lit water were applied for the 
management of soft root in ginger at farmers fields with 
farmers practice (Forate 10 G @ 10 kg/ha). Lowest 3.0 
percent plant infestation were observed with 195.0 q/ha 
yield, Rs 172750/ha net return and 1.58 cost benefit ratio 
in assessed technology in comparison to farmers practices 
7.0 percent plant infestation were recorded with 132.0 q/ha 
yield, Rs 86400/ha net return and 0.82 cost benefit ratio. 
For the management of leaf curl virus disease in chilli, 
foliar application of imidachloprid 17.8 % SL @ 250 ml/ha 
was assessed and it was noticed that the 9.64 percent 
infestation with their 193.39 q/ha yield, Rs 120476 /ha net 
return and 4.43 cost benefit ratio over farmers practice 
27.30 percent infestation with their 171.35 q/ha yield, Rs 
99580 /ha net return and 3.73 cost benefit ratio. These 
findings are confirmed by the findings of (Llhe and 
Warade, 2004), who reported that imidachloprid was good 
controlling of leaf curl viral disease in chillies. In disease 
management by the use of insecticides, The data recorded 
during present investigation revealed that imidacloprid at 
0.003% concentration level was found to be best treatment 
for checking the vector of leaf curl disease of chilli 

resulting minimum disease incidence (14.81%) and 
reduced maximum percent disease than the other 
treatments (Susheel Kumar Pandey et al, 2010)    
 
Impact assessments of Plant protection technologies in 
pulses: 

Chick pea, pigeon pea, green gram and lentil are the 
major pulses cultivated in the study area of Madhya 
Pradesh. The production of pulses has remained almost 
stagnant. The adoption rate of new technologies in pulses 
is low as compared to other crops. Pulses have highly 
unstable performance due to many biotic and abiotic 
stresses. Though the role of plant protection is very well 
documented in pulses still there is a great scope to increase 
the total production through minimizing the losses caused 
by insects, disease and other pests. Hence there is an 
urgent need to implement, assessment and demonstrated 
the plant protection technologies for effective management 
of disease and insect pests in pulses. Through there are 
several disease, which attack pulses crop, the major ones, 
wilt, viral mosaic and among the insects pests the pod 
borer, termite and sucking insects, which attack the 
reproductive stages, are of major economic importance. 
There are four plant protection technologies were assessed 
and demonstrated at the farmers field for management of 
disease and insect pests in chick pea are given in table 2. 
Among them two for the wilt management, first is seed 
treatment with Trichoderma viridi @ 5 g/kg seed were 
evaluated and observed that 8.0 percent infestation , 16.5 
q/ha yield, Rs 24350/ha net return and 2.3 cost benefit 
ratio in comparison to farmers practice (no use of 
management practices) 23.0 percent infestation , 14.05 
q/ha yield, Rs 19350/ha net return and 1.9 cost benefit 
ratio. Another one is soil application of Trichoderma viridi 
@ 2.5 kg with 65 kg FYM/h for wilt management in gram 
were recorded the 2.5 percent infestation , 19.53 q/ha 
yield, Rs 20313/ha net return and 2.0 cost benefit ratio 
over farmers practice (no use of management practices) 6.5 
percent infestation , 18.44 q/ha yield, Rs 18724/ha net 
return and 1.9 cost benefit ratio. Both the method of 
trichoderma application found superior over farmers 
practice and gave higher economics. Jeswani et al., 2004 
were also reported Trichoderma found effective 
controlling wilt in gram. Pod borer Helicoverpa was the 
major pest and its incidence was quite low 3.0 percent 
infestation in foliar application of profenophos 50 % EC @ 
1.5 lit/ha with 16.65 q/ha yield, Rs 23170 /ha net return 
and 2.8 cost benefit ratio, while in farmers practice 
(Endosulfan 35 % EC @ 2.0 lit/ha) were high 10.5 percent 
infestation, 15.45 q/ha yield, Rs 20900/ha net return and 
2.2 cost benefit ratio obtained in gram. The on farm trails 
and front line demonstrations on soil application of fipronil 
0.3 G @ 12.5 kg/ha to control the termite infestation in 
chick pea was also carried out. The average 4.2 percent 
termite infestation was recorded with 19.8 q/ha yield, Rs 
41560/ha net return and 2.9 cost benefit ratio over farmers 
practice (no use of management practices) 18.2 percent 
infestation were showed with 16.7 q/ha yield, Rs 32340/ha 
net return and 2.5 cost benefit ratio. Termite feed upon 
roots and plant were dried. The above findings are in 



Journal of Progressive Agriculture, Vol.3, No. 2: Oct. 2012 
_____________________________________________________________________________________________________________________ 

 90 

confirmation with Sharma et.al., (2009). He also reported 
termite infestation 20-25 per cent in rain fed and up to 10 
per cent in irrigated crop. 

In pigeon pea two pod borer management 
technologies were validated. Foliar application of Spinosad 
45 % SC @ 250 gm/ha were gave low 3.0 percent pod 
borer infestation was observed with 21.12 q/ha yield, Rs 
40660/ha net return and 2.8 cost benefit ratio, farmers were 
happy in comparison to their own practice (Endosulfan and 
trizophos) higher 8.0 percent infestation were noticed with 
16.7 q/ha yield, Rs 29200/ha net return and 2.3 cost benefit 
ratio. Another technology pheromone trap 20 /ha, HaNPV 
500 LE and quinolphos 25 % EC @ 1.5 lit/ha was 
validated for pod borer management in pigeon pea and it 
was found that 4.0 percent infestation with 21.5 q/ha yield, 
Rs 42000/ha net return and 2.8 cost benefit ratio in 
comparison to farmers practice (endosulfan 35 % Ec @ 2.0 
lit/ha) 9.0 percent infestation, 17.12 q/ha yield, Rs 
30760/ha net return and 2.4 cost benefit ratio. Spinosad 
and HaNPV both of the bio rational unique pesticides. 

In case of green gram two plant protection 
technologies were analyzed for the management of yellow 
vein mosaic and leaf spot diseases. Due to incidence of 
yellow vein mosaic viral disease 6.0 percent plant 
infestations was observed in recommended practice foliar 
application of Imidachloprid 17.8 % SC @ 250 ml/ha with 
3.0 q/ha yield, Rs. 1900/ha net return and 1.22 cost benefit 
ratio in comparison to farmers practice (no use 
management practices) 19.5 percent infestation with 2.6 
q/ha yield, Rs 1100/ha net return and 1.13 cost benefit 
ratio. Low yield & economics were recorded in green 
gram, because crop was damaged due to continues rains in 
kharif session. Seed treatment with carbendazim 50 % WP 
@ 2 g /kg seed and foliar application @ 500 gm/ha in 
green gram was carried out for the control of leaf spot 
disease and it was found that 6.0 percent infestation with 
their yield 8.22 q/ha, net return Rs 13946 /ha and cost 

benefit ratio 1.7 observed over farmers practice (no use 
management practices) 12.0 percent infestation with 6.78 
q/ha yield, Rs 8554 /ha net return and 1.4 cost benefit 
ratio. 

Only single plant protection technology was assessed 
and demonstrated to farmers for management of aphid 
infestation in Lentil at farmers fields. Foliar application of 
Imidachloprid 17.8 % SL @ 250 ml/ha was showed 5.5 
percent aphid infestation with 19.2 q/ha yield, Rs 38260/ha 
net return and 2.96 cost benefit ratio, farmers were 
satisfied in comparison to their own practice (no 
management practices used) higher 12.5 percent 
infestation were noticed with 15.7 q/ha yield, Rs 24960/ha 
net return and 2.3 cost benefit ratio.           
Impact assessments of Plant protection technologies in 
Oilseeds: 

On farm trails and front line demonstrations were 
undertaken to validate location specific plant protection 
technologies to manage the aphid infestation and disease 
complex in mustard, results are given in table 3. The foliar 
application of Imidachloprid 17.8 % SL @ 250 ml/ha for 
aphid management occurred 5.4 percent infestation was 
observed with 18.3 q/ha yield, Rs 31450 /ha net return and 
3.6 cost benefit ratio, farmers were happy in comparison to 
their own practice (Melathion 50% Ec @ 1.0 lit /ha) higher 
16.0 percent infestation were noticed with 16.8 q/ha yield, 
Rs 29200/ha net return and 3.3 cost benefit ratio. Another 
technology for the management of white rust and stem rot 
in mustard, sowing done before 15th October and foliar 
application of carbendazim 50 % WP @ 500 gm/ha were 
conducted at farmers fields over their own practices. In 
assessed practice were recorded 3.9 percent disease 
infestation, 21.2 q/ha yield, Rs 46260/ha net return and 3.0 
cost benefit ratio in comparison to farmers practice (no use 
of management practices) showed high 8.5 percent 
infestation with least economics 17.5 q/ha yield, Rs 
34750/ha net return and 2.5 cost benefit ratio.    

     

Table: 4 Impact assessments of Plant protection technologies in fruits, vegetables and spices 

 
Problem Crop No. 

of 
trials 

Farming 
situation 

Place Technology Assessed Performance 
of the 

Technology 
with 

parameter 

Production 
( q/ha) 

Net 
Return 
Rs. / ha 

B:C 
Ratio 

Mandarin 
declining 
due to 
gummosis 
infestation 

Mandarin 05 Irrigated CWA Bordo paste two times in a year (1st week of june 
and 1st week of December ) + Ridomil 2.75 gm/lit 
water spray and soil drenching (1st week of May 
and IInd  week of June ) 

No of Gum 
spot 2/plant 
 

 No. of 
fruits  
1150 / 
plant 

Rs. 1040 
/Plant 

3.1 

     
FP- one time bordo pasting (improper 
method of bordo paste preparation)in a year 

No of Gum 
spot 5/plant 

No. of 
fruits  860 
/plant 

Rs. 757 
/Plant 

2.75 

Low yield 
due to 
shoot and 
fruit borer 
infestation   

Okra 05 Irrigated GWL Foliar application of Chlorfenpyre 10 % SC 
@ 250 m l/ha 

Infestation: 
3.5 % 
 

206.7  205040 5.3 

     FP-(Endosulfan 35 EC @ 2.0 l/ha ) Infestation 
8.0 % 

185.0  177650/- 3.05 

Low yield 
due to 
attack of 
fruit and 
shoot 

Brinjal 05 Irrigated GWL Application of Profenophos  50% EC at 15 
days interval @ 1 lit/ha. 

  Infestation 
6.13 % 

191.6  57977.5 3.05 
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Problem Crop No. 
of 

trials 

Farming 
situation 

Place Technology Assessed Performance 
of the 

Technology 
with 

parameter 

Production 
( q/ha) 

Net 
Return 
Rs. / ha 

B:C 
Ratio 

borer  

     FP-(No use of insecticide) Infestation – 
22.7 % 

160.77  32870 2.3 

Low yield 
due to Late 
blight 
infestation 

Potato 05 
irrigated. Morena Foliar application of  Carbendazim50 % 

WP @ 500 gm/ha  
Infestation – 
3.5 % 

198.6 90490 3.34 

     FP-(No use management practices) Infestation – 
8.2 % 

173.4 74910 2.9 

Low yield  
due to 
stem 
necrosis 

Potato 
 

05 
 

Irrigated 
 

GWL Imidachloprid 17.8 % SL @ 250 ml/ha Infestation : 3 
% 

144.0 58400/- 2.40 

     FP- (No use of pesticides) Infestation : 
21 % 

123.4 46580/ 1.8 

Low yield 
due to soft 
rot  
infestation 

Ginger 05 Irrigated CWA Seed treatment with ridomil 1 g/kg seed 
and Trichoderma viridi 2.5 kg with 65 kg 
FYM/ha + Foliar spray of ridomil 1g/lit. 
water 

Infestation 
3.8 % 

195  1,72,750 1.58 

     FP – Use of Forate 10 G @ 10-15 kg/ha Infestation 
14.5 % 

132  86,400 0.82 

Low yield 
due to 
infestation 
of leaf 
curl viral 
disease  

Chilli 05 Irrigated GWL Two spray of Imidachloprid 17.8 % SL @ 
250 ml/ha at 15 days interval 

Infestation 
9.64 % 

193.39   
120476 

 
4.42 

     FP-(No use of insecticide) Infestation – 
27.30 % 

171.35  99580 3.73 

4.93 188.21 117522.2 3.35 
16.95 157.65 86331.7 2.43 
 
Table: 5 Impact assessments of Plant protection technologies in pulses 

Problem Crop No. 
of trials 

Farming 
situation 

Place Technology Assessed Performance 
of the 

Technology 
with 

parameter 

Production  
(q/ha) 

Net Return 
Rs/ha 

B:C Ratio 

Low yield 
due to pod 
borer 
infestation   

Gram 05 Rainfed GWL Foliar application of 
profenofos 50 EC @ 1.5 
l/ha 

Infestation : 3 
% 
 

16.65  23170 2.8 

     FP-(Endosulfan 35 EC 
@ 2.0 l/ha ) 

Infestation : 
10.5 % 

15.45 20900 2.2 

Low yield 
due to wilt  

Gram 05 Semi- 
irrigated. 

GWL Seed treatment with 
Trichoderma viridi @ 
5gr/kg seed 

Infestation – 
8.0% 

16.5  24350/- 2.3 

     FP- No use of seed 
treatment 

Infestation – 
23.0% 
 

14.05  19350/- 1.9 

Low yield 
due to  
yellow vein 
mosiac 
disease 
 

Green  
Gram 

10 Irrigated Bhind Assessmant of 
Imidachloprid 17.8 % 
SL @ 250 ml /ha for 
management of YVM  

Infestation -6 
%  

3.0  1900/- 1.22 

     FP-(No use of 
pesticides) 

Infestation -
19.5 %  

2.6  1100/- 1.13 

Low yield 
due to wilt 
disease 

Gram 10 Irrigated Bhind Assessment of 
Trichoderma viridi  @ 
2.5 kg with 65 kg 
FYM/ha for wilt 
management  

Infestation -
2.5   

19.53   20313/- 2.0 

     FP-(No use of 
pesticides) 

Infestation -
6.5  

18.44  18724/- 1.9 

Low yield 
due to pod 
borer 
infestation 

Pigeon 
pea 

05 Semi- 
irrigated. 

Morena Foliar application of 
Spinosad 45% SC @ 
250 gm/ha for the 
management of pod 

Infestation -3 
% 

21.12 40660/- 2.8 
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Problem Crop No. 
of trials 

Farming 
situation 

Place Technology Assessed Performance 
of the 

Technology 
with 

parameter 

Production  
(q/ha) 

Net Return 
Rs/ha 

B:C Ratio 

borer 

     Indosulfan/ trizophos @ 
1.0 lit/ha 

Infestation -8 
% 

16.7 29200/- 2.3 

Low yield 
due to aphid  
infestation 

lentil 05 
Semi- 
irrigated. 

Morena Foliar application of 
Imidachloprid 17.8 % 
SL @ 250 ml/ha 

Infestation -
5.5 % 

19.2 38260 2.96 

     FP-(No use 
management practices) 

Infestation -
12.5 % 

15.7 24960 2.3 

Low 
productivity 
due to pod 
borer 
complex  

Pigeon 
pea 

05 Semi 
Irrigated 

Morena Pheromon trap @ 20 + 
HaNPV 500 LE + 
quinolphos 25 EC @1.5 
lit/ha  

Infestation -
4.0 % 

21.5 42000 2.8 

     FP- Indosulphan @1.5 
lit/ha 

Infestation -
9.0 % 

17.12 30760 2.4 

Low 
productivity 
due to 
disease 
complex  

Green  
gram 

05 Semi 
Irrigated 

Morena Seed treatment with 
Carbendazim 50 % WP 
@ 2 g/kg seed + Foliar 
application of 
Carbendazim @ 1 g/lit  

Infestation -
6.0% 

8.22 13946 1.7 

     FP- No use of Fungicide Infestation -
12.0 % 

6.78 8554 1.4 

Low yield 
due to 
termite 
infestation 

Gram 

05 Semi-
irrigated 

Morena Soil application of 
Fipronil 0.3 % G @12.5 
kg/ha for termite 
management  

Infestation -
4.2  

19.8 41560 2.9 

     FP-(No use of 
pesticides) 

Infestation -
18.2  

16.7 32340 2.5 

4.7 16.17 27351 2.4 
13.24 13.73 20654 2.0 
 
Table: 6 Impact assessments of Plant protection technologies in oilseeds 

Problem Crop No of 
trials 

Farming 
situation 

Place Technology 
Demonstrated 

Performance of 
the Technology 
with parameter 

Production 
(q/ha) 

Net 
Return 
Rs./ha 

B:C 
Ratio 

Low yield due 
to aphid 
infestation  

Mustard 05 Semi- 
irrigated. 

GWL Foliar application 
of Imidachloprid 
17.8 % SL @ 250 
ml/ha 

Infestation : 5.4 
% 
 

18.3  
 

31450 3.6 

FP- (melathian 50 
EC / No use of 
pesticides ) 

Infestation : 16 % 16.8  29200 3.3 

Low 
productivity  
due to disease 
complex Mustard 

05 Semi 
Irrigated 

Morena Sowing done 
before 15th October 
and Foliar 
application of 
Carbendazim 50 % 
WP @ 500 gm/ha 

Infestation -3.9  21.2 46260 3.0 

FP- No use of 
Fungicide 

Infestation -8.5  17.5 34750 2.5 

4.65 19.75 38855 3.3 
12.25 17.15 31975 2.9 
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ABSTRACT 

The present study was carried out to see the effect of different housing system in Chhotanagpuri 
ewes. The animals were selected from Mega Sheep seed Project (MSSP), ICAR, Ranchi Veterinary 
College, Birsa Agricultural University, Ranchi, for the present experiment. A total of 24 non-pregnant 
parous healthy ewes were allocated to three different groups consisting of 8 animals each. Animals of 
group I were kept between the temperature range of 350C to 400C and maintained in hot humid 
condition. Animals of group II were kept under semi-intensive system maintain temperature between 
200C - 270C. Animals of group III were kept under loose housing system and served as control. Plasma 
estrogen and plasma progesterone concentration were estimated during the experiment. The ewes 
allotted to different treatment groups were of nearly similar age and body weight. The study revealed 
that the plasma estrogen, plasma progesterone and concentration between different groups did not vary 
significantly while all the above hormones varied significantly within the group. The level of plasma 
estrogen decreased significantly upto day 45 of gestation then increased gradually and significantly 
upto expected day of parturition in all the groups. The level of plasma progesterone significantly 
increased from day 20 to day 135 of gestation in comparison to the day of estrus (day 0) in all the 
groups.  

Key words: Chhotanagpuri, Ewe Estrogen, Progesterone and Temperature. 
 

There is a vast genetic diversity in sheep and out of 
about 900 breeds listed in the world, 42 breeds of sheep 
are found in India. Different breeds vary substantially in 
their physiological, morphological and genetic 
characteristics including reproductive characters i.e. 
ovulation, fecundity and lambing. Among ruminants sheep 
is considered to be one of the most important livestock in 
India and it ranks 3rd in the world population, estimated to 
be 62.85 million (FAO, 2003) i.e. 5.5% of total world 
population. There is a general acceptance that sheep are 
extremely useful in Indian and other tropical countries.  
The breeds have generally been named after their native 
place of origin like Chhotanagpuri sheep. The actual 
profitability of sheep keeping depends on the exploitation 
of fertility potential. This can be achieved by providing 
good nutrition management and also good environment to 
animals. Continuously elevated environmental temperature 
and humidity shows a significant decrease in the incidence 
of behavioral estrus and a pre-ovulatory LH surge at the 
expected time of estrus cycle in ewes (Hill et al., 2009). 

The physiological considerations like reproductive 
hormones Estrogen and Progesterone level in serum during 
pregnancy play vital role in regulating the reproductive 
efficiency. Estrogen and progesterone helps in the growth 
and development of uterus, fallopian tube, vagina, 
endometrial gland and duct system of mammary gland (Mc 
Donald, 1980).  

In recent times, studies on sheep production and 
reproduction have gained importance because of its 
economic value. While considerable amount of 
information are available on various physiological aspects 
of reproduction in other breeds of sheep, especially 
Chhotanagpuri sheep of Jharkhand. Keeping this in view, 
the present study was undertaken to determine the 

relationship between temperature changes on reproductive 
status. 

MATERIAL AND METHODS 

The experiment was conducted on twenty four non-
pregnant parous healthy ewes of almost similar age 
between (14-24 months) and average body weight (14.6 
kg) reared under uniform managemental husbandry 
practices. The animals were selected from Mega Sheep 
Seed Project (MSSP), ICAR, Ranchi Veterinary College, 
Birsa Agricultural University, Ranchi, for the present 
experiment and all the suggestions given by the Animal 
Ethics Committee were followed.  The selected animals 
were allocated to three different groups comprising 8 
animals in each group, keeping the age and body weight 
uniformity.  Animals of group I were kept between the 
temperature range of 350C to 400C and maintained in hot 
humid condition. Animals of group II were kept under 
semi-intensive system maintain temperature between 200C 
- 270C. The temperature was maintained providing gunny 
bags on asbestos roof and sprinkling of water on the side 
of window and roof. About 1.5 inches fine sand was 
provided on the floor for cooling effect. Animals of group 
III were kept under loose housing system and served as 
control. Animals in all the groups were bred naturally on 
occurrence of oestrus. 

Blood samples were collected by jugular 
venipuncture in heparinized vaccutainer tubes on the day 0 
(estrus), 20, 45, 90, 135, expected day of parturition and 
also two days after parturition from ewes of all the three 
groups. The collected blood samples were taken 
immediately to the laboratory in ice box. Plasma was 
separated by centrifugation at 3000 rpm for 20 minutes and 
stored at -20oC±5oC till analysis. Estrogen and 
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Progesterone were estimated by ELISA technique at 
Nuclear Research Laboratory (NRL), Division of 
Physiology& Climatology, Indian Veterinary Research 
Institute, Izatnagar, Bareilly, U.P. 

The estrogen concentration in plasma was determined 
by solid phase Enzyme Linked Immunosorbent Assay as 
per method described by Wramsby et al. (1987). 
The progesterone concentration in plasma was determined 
by solid phase ELISA as per method described by Filicori 
et al. (1984). 

Statistical analysis of the data collected during the 
study of different parameters were done by using standard 
formulae and methods described by Snedecor and Cochran 
(2004). 

RESULTS AND DISCUSSION 

The average initial concentration of plasma estrogen 
on day of estrus was 42.33±2.28, 43.74±3.16 and 
48.72±1.97 pg/ml respectively in group I, II and III. In 
present experiment the concentration of plasma estrogen 
(pg/ml) varied significantly (P<0.01) upto day 45 of 
gestation, then gradually and significantly (P<0.01) 
increased upto expected day of parturition in all the groups 
(Table-1). The estrogen level remained constant upto 135 
days of pregnancy in all the groups but increased 
drastically on expected date of parturition was similar to 
the findings of Agarwal et al., (1988) and Kaushik et al., 
(1992). The prepartum increase and spurt in the level of 
estradiol- 17 β on day of parturition is in general 
agreement with similar observations in goats (Jain et al., 
1982; Emanuel et al. 1986 and Salah, 1994) which was 
suggestive of requirement of estrogen for uterine 
contraction for providing favourable stimulus for oxytocin 
and triggering prostaglandin release for myometrial 
contraction (Patel et al., 1992).The study revealed plasma 
estrogen concentration decreased two days after parturition 
in all groups but it was non-significant.  

The average Progesterone concentration in different 
treatment groups recorded at different intervals is 
presented in Table-2. The initial concentration of plasma 
progesterone on day of estrus was 0.17±0.01, 0.15±0.01 
and 0.17±0.02 ng/dl in group I, II and III, respectively. 
Analysis of variance revealed no significant effect on the 
mean value of plasma progesterone in all the periods 
among all the groups. However, the level of plasma 
progesterone significantly increased (P<0.01) from day 0 
to day 90 of gestation then gradually decreased to two days 
after parturition. The significant increase of Plasma 
Progesterone from day 0 to day 90 of gestation and gradual 
decrease to two days after parturition was also observed on 
Black Bengal x Beetal goats (Kaushik et al., 1992). 
Thorburn and Schneider (1972) studied the rate of decline 
in progesterone level seven days before parturition in goat 
which is similar to present findings. It is critically said that 
the mechanism by which estrogen and Progesterone affect 
the regulated body temperature has not been established in 
Chhotanagpuri ewe. Silva and Boulant (1986) reported sex 
steroid most likely impact thermoregulation through action 
in the brain to change the regulated hypothalamic 
temperature. They also studied animals have shown that 
estrogen and progesterone can act directly on specific sex 
steroid- binding neurons in the anterior hypothalamus. 
On the basis of present study and the findings it is 
concluded that the different housing system did not have 
any significant effect on the blood hormonal profiles 
during different stages of gestation. 
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Table 1. Mean ± S.E. of Plasma Estrogen concentration (pg/ml) of Chhotanagpuri ewes in different groups at 
different periods. 

Periods 
Groups 

      Group-I 
(Hot & Humid) 

    Group-II 
(Cold treatment) 

Group-III 
(Control) 

Day 0 D42.33±2.28 D43.74±3.16 D48.72±1.97 

Day 20 A9.83±0.38 A10.04±0.64 A10.89±0.48 

Day 45 A8.73±0.44 A8.78±0.56 A9.37±0.44 

Day 90 B15.84±0.63 B15.73±0.71 B14.79±0.61 

Day 135 C26.29±1.17 C23.25±0.62 C24.83±0.84 
Expected Day  of 
Parturition 

F260.26±2.95 F259.55±3.36 F263.90±2.75 

Two  days after 
Parturition 

E81.83±2.02 E84.29±01.91 E81.97±2.96 

Values having similar superscript in a column did not differ   significantly 
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Table 2. Mean ± S.E. of Plasma Progesterone concentration (ng/ml) of Chhotanagpuri ewes in different groups at 
different periods. 

Periods 
Groups 

Group-I 
(Hot & Humid) 

Group-II 
(Cold treatment) 

Group-III 
(Control) 

Day 0 A0.17±0.01 A0.15±0.01 A0.17±0.02 
Day 20 C3.28±0.32 CD4.35±0.51 CD3.66±0.56 
Day 45 C3.74±0.30 DE4.88±0.59 DE4.46±0.48 
Day 90 D4.63±0.29 E5.53±0.56 E5.31±0.46 

Day 135 C3.29±0.13 C3.50±0.21 C3.30±0.19 
Expected Day of 

Parturition B1.26±0.07 B1.52±0.14 B1.34±0.11 
Two  days after 

Parturition A0.53±0.06 AB0.65±0.08 AB0.60±0.09 
Values having similar superscript in a column did not differ significantly. 
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ABSTRACT 

One of the important indicators of efficient functioning of market is that the markets should be 
spatially integrated. Market integration for sunflower was studied by employing zero order correlation 
analysis. The result of the analysis revealed that a very high degree of association was found between 
Chitradurga and Challkere markets (0.95) and a low degree of association of prices (0.87) was found 
between Davanagere and Mysore markets. Similar degree of association was found between Challkere 
and Mysore (0.934) markets and also Challkere and Davanagere (0.89) i.e prices in Challkere market 
influences the price of both Davanagere and Mysore markets, where as price in Davanagere market 
influences the price in Mysore and Gouribidhanur markets by 0.887 and 0.888 degree. Thus the 
competitive conditions prevailing in one market might have influenced the prices in other market in the 
same direction.  

 
Keywords: Commodity, Competitive environment, Market integration and Stabilization. 

 
Market integration concept explains the relationship 

between two markets that are spatially separated. One of 
the important indicators of efficient functioning of market 
is that the markets should be spatially integrated. 
Integrated markets are those where the prices are 
determined interdependently. If the markets located at 
different places are not integrated, there will be wide 
differences among the prices in different markets which 
cannot be explained by transport costs. 

In an integrated market, price of a commodity is 
responsible to price changes of same quality product in 
other markets, as such price differences for a particular 
variety of product in different markets of the area, should 
not exceed the cost involved in the transportation and 
handling of the produce. The analysis of price movement 
for variety of the commodity in the corresponding and 
linked markets helps in judging the extent of efficiency of 
marketing system in the region for selected crops. 

In this study an attempt was made to analyze the 
spatial integration of sunflower markets in South 
Karnataka, by considering the five major sunflower 
markets of South Karnataka.  

MATERIAL AND METHODS 

The study was conducted during the year 2009-10 
and was completely based on the secondary data. The 
markets for the study were selected based on the maximum 
quantity of arrivals of sunflower to the markets, and the 
major markets of sunflower in South Karnataka are 
Chitradurga, Challkere, Davanagere, Mysore and 
Gouribidhanur. Monthly price data pertaining to the study 
was collected from the respective APMC’s for a period of 
20 years (1989-90 to 2008-09). 

To know the extent of integration that exists between 
the markets with respect to price, Zero order correlation 
matrix was employed using the following formula. 

 
 
RESULTS AND DISCUSSION 

Zero order correlation analysis of sunflower prices 
between the markets is presented in the Table 1. The 
results revealed that a very high degree of association was 
found between Chitradurga and Challkere markets i.e 
about 0.957 which was found to be highly significant at 
one percent level of significance and a low degree of 
association of prices i.e 0.877 was found between 
Davanagere and Mysore markets and association was 
found to be statistically significant at 0.01 level of 
significance in all the selected markets; a high degree of 
association for prices was found between one market with 
that of another market and all the association were found 
to be statistically significant 0.001 level of significance. 
Similar degree of association was found between Challkere 
and Mysore (0.934) markets and also Challkere and 
Gouribidhanur (0.950) i.e prices in Challkere market 
influences the price of both Mysore and Gouribidhanur 
market, where as price in Davangere market influences the 
price in Mysore and Gouribidhanur markets by 0.877 and 
0.889 degree respectively. Whereas price in Mysore 
market influences the price in Gouribidhanur market by 
0.900 degree. 

The high degree of association between Chitradurga 
and Challkere market may be due to the reasons that they 
are the nearby sunflower markets. Hence the price signals 
are easily transferred between Chitradurga and Challkere 
markets. However a low positive relation was found 
between Chitradurga and Davanagere market, which can 
be attributed to the reason that there might be imperfection 
of market information flow between the markets. 
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CONCLUSION 

As per the results of the study the price of sunflower 
between the markets are highly integrated. This clearly 
indicates that the prices are governed not only based on 
arrivals, but also on other factor like transportation and 
communication network. Integration of markets thus helps 

to bring about stabilization in prices and also to create a 
favourable and healthy competitive environment in the 
market. This can be achieved successfully by 
strengthening the services like market information and 
intelligence system, providing storage facilities improving 
the market infrastructure facilities etc.  

 
Table 1: Correlation between the prices of Sunflower between selected markets 

Markets Chitradurga Challkere Davanagere Mysore Gouribidhanur 
Chitradurga 1  0.957468**  0.888676**  0.930823**  0.92787** 

Challkere  1  0.896891**  0.934329**  0.950808** 

Davanagere   1  0.87741**  0.889011** 

Mysore    1  0.900886** 

Gouribidhanur     1 
Note:    ** Correlation is significant at the 0.01 level (2-tailed) 
               * Correlation is significant at the 0.05 level (2-tailed) 
NS – Non-significant 
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ABSTRACT 

Cultivation of mat-sedges (Cyperus tegetum Roxb.) and its valuable products and production of 
matreed provides a gainful employment opportunity to the rural economy for their secured livelihoods. 
From the literature, preliminary survey and contact with the farmers at Sabong and Pingla block of 
Paschim Medinipur, West Bengal, India, where it is being widely cultivated mostly as mono-crop with 
poor management practices by the poor and marginal farmers, resulted poor returns. From their 
practice, it proven that this crop is raised as per their traditional practice without much care, needs 
further improvised agro-techniques. So, on the basis of this fact, a field experiment was conducted to 
study the effect of irrigation schedule on growth characters of  mat-sedges during 2006 – ‘07 to 2007 –‘ 
08 at farmer’s field at Bural under Sabong block area of Paschim Medinipur, West Bengal, India on clay 
loam soil. From the experimental results it reveals that during kharif season, there was no significant 
difference observed in respect to growth characters of mat-sedges in pooled data. However, W6 
treatment (W3 + paddy straw mulching during winter and summer season, respectively) exhibited 
highest crop growth rate (3.719 and 5.516), leaf area index (1.080 and 1.109), maximum stem area index 
(2.004 and 2.354) and higher value of total green area index (2.912 and 3.282) during winter and summer 
season, respectively (pooled data).  

Key words: Agro-techniques, Growth characters, Irrigation schedule, Mat-sedges, Paddy straw mulching and 
Rural employment opportunity. 

   
Cultivation of mat-sedges, its valuable products and 

production of mat-reed with different quality can play an 
important economic role. It provides wonderful 
opportunity for the betterment of employment potential of 
rural people. In West Bengal, about one-lakh farm families 
are associated and solely or partly dependent on mat-
sedges cultivation for their secured livelihoods. There are 
several species under the genus Cyperus, are mostly 
habitants in swampy, marshy land; dominated in tropics to 
sub-tropical environmental condition. Plain white mat with 
or with-out coloured boarder made from culm of Cyperus 
tegetum Roxb. is known as Calcutta mat in foreign market 
and earn foreign money. These are useful for various 
purposes and are used in different parts of the country, 
particularly in the eastern and southern parts of the 
peninsula. Besides India, it is also grown abundance to 
other similar countries like China, Japan, Thailand, Nepal, 
Malayasia, Java, Sumatra, Sri Lanka and Bangladesh. It is 
the glabrous robust sedge with culms of 1.5 to 2.0 m of 
height arising from a creeping woody rhizome. Mandal 
(1986) reported that application of irrigation water 
according to physiological growth stages of the crop, 
particularly during the drier months of the year increased 
productivity of mat-sedges as water management practices 
is one of the most important aspect during winter and 
summer season. The method of mat-sedges cultivation 
followed till date is most primitive. So, there is a great 
scope for further research to improve the agronomy of this 
crop in integrated way for more production in unit area. 

The marginal and sub-marginal lands along with cultivable 
wastelands may be profitably used for its cultivation. Good 
quality lands are more suitable for growing of important 
economic crops. But the poor quality lands are kept vacant 
for a greater part of the year owing to a large number of 
agro-economics factors.  For the economic use of water, it 
is essential to apply irrigation at critical growth stages of 
mat-sedges crop. Mulches reduce evaporation loss of soil 
moisture. The research-based information on the water 
management practices of mat-sedge in this region is very 
meager.  

MATERIALS AND METHOD 

A field experiment was conducted in the sub-tropical 
climatic condition to study the effect of irrigation schedule 
along with paddy straw mulching on growth characters of 
mat-sedges (Cyperus tegetum Roxb.) under old alluvial 
zone of West Bengal during 2006 - ‘07 to 2007 - ‘08 at 
farmer’s field at Bural under Sabong block of Paschim 
Medinipur district, West Bengal, India on clay loam soil. 
The experiment was laid out in randomized complete 
block design (RCBD) with six different types of irrigation 
management practices [W1 – Farmer’s Practice (Rainfed 
during kharif + one irrigation during winter + 2 irrigations 
during summer); W2 – Rainfed during kharif + one life-
saving irrigation during winter and summer, respectively; 
W3 – Rainfed during kharif + 2 irrigations during winter + 
3 irrigations during summer; W4 – Rainfed during kharif + 
3 irrigations during winter + 4 irrigations during summer; 
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W5 – W2 + paddy straw mulching during winter and 
summer, respectively; W6 – W3 + paddy straw mulching 
during winter and summer season, respectively] were 
carried out randomly with four replications. The irrigation 
water is effective, particularly during the drier months of 
the year. So, a precise irrigation according to need based 
and physiological growth stages of the crop was provided 
for better growth. For this, excess rainwater was conserved 
in excavated two harvesting ponds (50m x 20m x 3m) in 
adjacent of experimental area for subsequent use by the 
crop for providing life-saving irrigation and need-based 
irrigations. The recommended dose of nitrogen (N), 
phosphorus (P2O5) and potassium (K2O) was 100, 50 and 
40 kg ha-1, respectively and applied after each cutting of 
previous crop also for the ratoon crop (regeneration) 
during winter and summer season, respectively. During 
final land preparation neem cake @ 0.2 t ha-1 + FYM @ 5 t 
ha-1 were applied as basal. Same dose of neem cake and 
FYM were also applied during next year only for kharif 
mat-sedges as basal. 50% of recommended dose of N, full 
dose of P2O5 and K2O were applied as basal at the time of 
final land preparation. Remaining N (50%) of the 
recommended dose was applied at tillering stage of this 
crop. 5 stems from each sample were randomly selected 
for measuring stem area index (SAI). Their girths and 
heights were measured and average values were recorded. 
Areas were calculated by simply multiplying the values of 
girth and height. Average values of dry weights of those 5 
stems were taken. Then stem area index were calculated by 
using area weight relationship (Watson, 1947a). The 
values of total green area index were obtained from simple 
addition of leaf area index and stem area index. Pooled 
analysis was made from two years data of three seasons, 
namely kharif (2006 and 2007), winter (2006-’07 and 
2007-‘08) and summer (2007 and 2008), respectively.  
[Note: One irrigation: After cutting (previous crop) at tiller initiation 
stage (12 – 15 DAC) during winter and summer, Two irrigations: 1st and 
2nd at tiller initiation and maximum tillering stage (70 DAC), Three 
irrigations: 1st, 2nd and 3rd at tiller initiation, tillering (40 DAC) and at 
maximum tillering stage, respectively and Four irrigations: 1st, 2nd, 3rd and 
4th at tiller initiation, tillering, maximum tillering and at inflorescence 
initiation stage (90 DAC), respectively].  

RESULTS AND DISCUSSION 

As the mat-sedges is perennial in nature, grown 
round the year once it’s established in the field with proper 
agro-techniques. After full establishment of the crop in the 
field, it may possible to take 3 cuttings for their economic 
return. Here, respectively three-season’s mat-sedges crop 
are highlighted, viz. kharif season (June to end of 
September of 2006 and 2007, respectively), subsequent 
winter season (October to end of January of 2006 - ‘07 and 
2007 -‘08, respectively) and summer season (February to 
end of May of 2007 and 2008, respectively). Observations 
recorded in course of investigation in the present 

experiment were analyzed and are presented and discussed 
below. 

Growth Characters  
Growth attributing characteristics, like crop growth 

rate (CGR), leaf area index (LAI), stem area index (SAI), 
total green area index (TGAI) were studied during both 
years of the experimentation.  

Crop growth rate:  
Initially CGR of mat-sedges was slow and thereafter 

increased rapidly with the increase in age of the plant upto 
60 - 90 DAP and 60 - 90 DAC. Maximum CGR was noted 
between 60 - 90 DAP and 60 - 90 DAC during kharif 2006 
and 2007 of the experimentation, respectively. During 
kharif 2007 at  60 - 90 DAC interval the highest CGR 
value (6.98 g m-2 day-1) was obtained from the treatment 
W6 (W3 + paddy straw mulching during winter and 
summer season, respectively) and it was not statistically 
significant, when crop grown under rainfed situation. Both 
at 60 - 90 and 90 - 120 DAC intervals during 2006 - 07, 
2007- 08  and in pooled data, the CGR value was recorded 
to be highest from the treatment W6, where 2 irrigations 
were applied at tiller initiation and maximum tillering 
stages, respectively along with paddy straw mulching 
imposed on the crop during winter season. It was 
statistically at par with W4 treatment, when crop was 
irrigated with 3 irrigations at tiller initiation, tillering and 
maximum tillering stages, respectively during winter 
season. The lower value of CGR was recorded from W2 
and W1 treatment, where crop was irrigated with one life-
saving irrigation and one irrigation during winter season, 
respectively. It was significantly lower than other 
treatments of water management practices. At 60 - 90 
DAC interval the CGR value was recorded to be highest 
(5.506 - 5.526 - 5.516 g m-2 day-1 during 2007, 2008 and in 
pooled data, respectively) from the treatment W6 (W3 + 
paddy straw mulching during summer season) and it was 
significantly higher than other treatments of water 
management practices. The lowest value of CGR (1.686 - 
1.876 - 1.781 g m-2 day-1 at 90 – 120 DAC interval during 
2007, 2008 and in pooled data, respectively) was recorded 
from W2 (one life-saving irrigation at tiller initiation stage) 
during summer season. Thus, it was clear from the results 
that crop growth rate (CGR) was increased with increase in 
irrigation frequency along with paddy straw mulching. 
Higher irrigation frequency in treatment W4 and the 
combination of irrigations along with paddy straw 
mulching in treatment W6 produced progressively higher 
dry matter and good crop growth as well as higher CGR 
value as compared to the other treatments of water 
management practices. While, deficit in moisture status in 
W2 treatment reduced the crop growth, which in turn gave 
rise to less amount of photosynthesis, dry matter 
accumulation and ultimately in poor crop growth rate.  
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Table 1: Crop growth rate (CGR) of mat-sedges at 60-90 DAP/DAC as influenced by irrigation schedule 
Treatments Kharif season Winter season Summer season 

2006 2007 Pooled 2006-‘07 2007-‘08 Pooled 2007 2008 Pooled 
W1 6.333 6.726 6.529 1.933 2.123 2.028 3.480 3.513 3.497 
W2 6.303 6.690 6.497 1.926 2.003 1.965 2.113 2.123 2.118 
W3 6.373 6.814 6.594 3.053 3.236 3.145 4.360 4.373 4.366 
W4 6.333 6.834 6.583 3.486 3.676 3.581 4.390 4.410 4.400 
W5 6.390 6.820 6.605 2.500 2.743 2.622 2.776 2.816 2.796 
W6 6.350 6.980 6.665 3.626 3.813 3.719 5.506 5.526 5.516 
S.Em. () 0.1166 0.1417 0.0918 0.1580 0.1623 0.1133 0.1521 0.1631 0.1115 
CD (0.05) NS NS NS 0.4760 0.4890 0.3413 0.4581 0.4914 0.335 

Table 2: Crop growth rate (CGR) of mat-sedges at 90-120 DAP/DAC as influenced by irrigation schedule 

Treatments Kharif season Winter season Summer season 
2006 2007 Pooled 2006-‘07 2007-‘08 Pooled 2007 2008 Pooled 

W1 3.566 3.593 3.579 1.023 1.066 1.044 2.360 2.520 2.440 
W2 3.560 3.590 3.575 1.006 1.036 1.021 1.686 1.876 1.781 
W3 3.506 3.610 3.558 2.370 2.450 2.410 2.620 2.793 2.706 
W4 3.573 3.693 3.633 2.476 2.600 2.538 3.263 3.303 3.283 
W5 3.506 3.610 3.558 2.336 2.361 2.350 2.773 2.900 2.836 
W6 3.493 3.724 3.644 2.626 2.753 2.689 3.196 3.336 3.266 
S.Em. () 0.1268 0.1353 0.0927 0.1415 0.1616 0.1075 0.1403 0.1576 0.1055 
CD (0.05) NS NS NS 0.4264 0.4869 0.3238 0.4226 0.4746 0.3178 
 
Leaf area index:  

Leaf area index of mat-sedges was increased upto 90 
DAP/DAC and thereafter declined with the increase in age 
of the plant. However, during kharif 2007 the maximum 
value of LAI (1.392 and 1.282) was recorded from the 
treatment W6 (W3 + paddy straw mulching during winter 
and summer season, respectively) at 90 and 120 DAC (at 
harvest), respectively when crop grown under rainfed 
situation. This was statistically at par with W4 at 90, 120 
DAC during kharif 2007. Mat-sedges in W6 treatment 
received 2 irrigations along with paddy straw mulching 
during winter season and 3 irrigations cum paddy straw 
mulching during summer season. As vigorous growth of 
this crop was resulted in W6 treatment when crop grown 
under rainfed situation. The treatment W6 (W3 + paddy 
straw mulching during winter) recorded the higher LAI 
value (1.068, 1.092 and 1.080 at 90 DAC during 2006 - 
‘07, 2007 - ‘08 and in pooled data, respectively) and it was 

significantly higher than other treatments. The highest 
value of LAI (1.105 - 0.925, 1.113 - 0.931 and 1.109 -
0.928 at 90 – 120 DAC during 2007, 2008 and in pooled 
data, respectively) was recorded from W6 (W3 + paddy 
straw mulching during summer). The value of LAI was 
recorded to be lowest (0.637 - 0.589, 0.639 - 0.592 and 
0.638 - 0.590 at 90 - 120 DAC during 2007, 2008 and in 
pooled data, respectively) from the treatment W2, when 
one life-saving irrigation was applied at tiller initiation 
stage of this crop. The trend of increment in LAI value of 
mat-sedges was resulting from increase in irrigation 
frequency along with paddy straw mulching. This was 
possibly due to the stimulating effect of increased 
irrigation frequency along with paddy straw mulching on 
mat-sedges that produced a vigorous plant growth. Lack of 
water status excreted a set back in leaf growth and its 
subsequent development resulting depressed LAI value in 
W2 treatment (Table 3 and Table 4). 

 
Table 3: Leaf area index (LAI) of mat-sedges at 90 DAP/DAC as influenced by irrigation schedule 

Treatments Kharif season Winter season Summer season 
2006 2007 Pooled 2006-‘07 2007-‘08 Pooled 2007 2008 Pooled 

W1 0.987 1.066 1.027 0.626 0.628 0.627 0.789 0.795 0.792 
W2 0.998 0.997 0.998 0.624 0.627 0.625 0.637 0.639 0.638 
W3 1.075 1.263 1.169 0.778 0.780 0.779 0.945 0.952 0.949 
W4 0.992 1.376 1.184 0.928 0.932 0.930 0.949 0.955 0.952 
W5 0.985 1.156 1.070 0.872 0.878 0.875 0.885 0.892 0.889 
W6 0.996 1.392 1.194 1.068 1.092 1.080 1.105 1.113 1.109 
S.Em. () 0.0456 0.0529 0.034 0.0237 0.0267 0.017 0.0315 0.0325 0.0227 
CD (0.05) NS 0.1595 0.102 0.0715 0.0804 0.0512 0.094 0.098 0.0683 
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Table 4: Leaf area index (LAI) of mat-sedges at 120 DAP/DAC as influenced by irrigation schedule 

Treatments Kharif season Winter season Summer season 
2006 2007 Pooled 2006-‘07 2007-‘08 Pooled 2007 2008 Pooled 

W1 0.835 0.952 0.894 0.507 0.510 0.508 0.715 0.721 0.718 
W2 0.842 0.848 0.845 0.502 0.506 0.504 0.589 0.592 0.590 
W3 0.856 1.187 1.021 0.652 0.662 0.657 0.865 0.869 0.867 
W4 0.848 1.245 1.046 0.836 0.842 0.839 0.869 0.872 0.870 
W5 0.852 0.987 0.919 0.718 0.721 0.719 0.792 0.798 0.795 
W6 0.862 1.282 1.072 0.906 0.910 0.908 0.925 0.931 0.928 
S.Em. () 0.0198 0.048 0.026 0.0174 0.0168 0.012 0.0132 0.0143 0.0097                                                                                                                       

CD (0.05) NS 0.1451 0.078 0.0526 0.0507 0.0361 0.039 0.043 0.0292 
 

Stem area index:  

In general, stem area index (SAI) of mat-sedges 
increased successively with advancement of crop age. It 
was not significantly influenced during kharif 2006, as 
mat-sedges crop grown under rainfed situation (Table 5). 
However, during kharif 2007, the stem area index of mat-
sedges was significantly influenced. The maximum value 
of SAI (2.482 - 2.095 and 3.768 - 3.197 at 90 and 120 
DAC during 2007 - in pooled data, respectively) was 
recorded from W6 treatment. The higher value of SAI 
(1.996, 2.012 and 2.004 at 120 DAC during 2006 – ‘07, 
2007 – ‘08 and in pooled data, respectively) was obtained 
with W6 (W3 + paddy straw mulching during winter) and it 
was closely followed by treatment W4 (3 irrigations during 
winter). The lowest value of SAI of mat-sedges was 
recorded from W2 (one life-saving irrigation during winter) 
during both years of experimentation and in pooled data, 
too. As because, deficit in soil moisture status excreted a 
set back in culm growth and its subsequent development 
resulting depressed SAI values in W2 and W1 treatments. 
At the time of harvesting, the highest value of SAI (2.349 - 
2.359 - 2.354 during 2007, 2008 and in pooled data, 

respectively) was obtained with W6 (W3 i.e. 3 irrigations 
during summer + paddy straw mulching). It was 
statistically at par with the treatment W4, when 4 
irrigations were applied at tiller initiation, tillering, 
maximum tillering and at inflorescence initiation stages, 
respectively. The lowest SAI value (1.242 - 1.247 - 1.244 
during 2007, 2008 and in pooled data, respectively) at 
harvest was recorded from W2 (one life-saving irrigation 
during summer). It was statistically at par with W1 (2 
irrigations during summer), which was significantly lower 
than other treatments. It was clear from the experimental 
results that the trend of increment in SAI value of mat-
sedges resulted from increased in irrigation frequency + 
paddy straw mulching. As because, this combination 
improved water holding capacity of soil as well as 
conserve soil moisture helped in better utilization of 
nutrients from soil, greater photosynthetic activity of crop 
and translocation of photo-synthates also. While, deficit in 
moisture status excreted a set back in stem growth 
resulting depressed SAI value in W2 treatment.  

Table 5: Stem area index (SAI) of mat-sedges at 90 DAP/DAC as influenced by irrigation schedule 

Treatments Kharif season Winter season Summer season 
2006 2007 Pooled 2006-‘07 2007-‘08 Pooled 2007 2008 Pooled 

W1 1.685 1.732 1.708 0.987 0.992 0.990 1.377 1.382 1.380 
W2 1.657 1.712 1.685 0.984 0.988 0.986 1.043 1.092 1.068 
W3 1.678 1.965 1.821 1.254 1.262 1.258 1.797 1.807 1.802 
W4 1.712 2.396 2.054 1.593 1.599 1.596 1.799 1.810 1.805 
W5 1.695 1.972 1.834 1.326 1.332 1.329 1.567 1.588 1.577 
W6 1.708 2.482 2.095 1.727 1.735 1.731 1.995 2.008 2.002 
S.Em. () 0.0253 0.111 0.057 0.0424 0.0413 0.0296 0.0617 0.0671 0.0456 
CD (0.05) NS 0.337 0.171 0.1278 0.1246 0.0891 0.185 0.202 0.1373 
 
Table 6: Stem area index (SAI) of mat-sedges at 120 DAP/DAC as influenced by irrigation schedule 

Treatments Kharif season Winter season Summer season 
2006 2007 Pooled 2006-‘07 2007-‘08 Pooled 2007 2008 Pooled 

W1 2.597 2.635 2.616 1.162 1.172 1.167 1.597 1.609 1.603 
W2 2.592 2.627 2.610 1.157 1.168 1.162 1.242 1.247 1.244 
W3 2.498 3.285 2.891 1.472 1.493 1.483 2.086 2.088 2.087 
W4 2.635 3.484 3.060 1.852 1.871 1.861 2.182 2.190 2.188 
W5 2.582 2.982 2.782 1.582 1.603 1.592 1.882 1.885 1.883 
W6 2.627 3.768 3.197 1.996 2.012 2.004 2.349 2.359 2.354 
S.Em. () 0.0785 0.102 0.064 0.0485 0.0444 0.0329 0.236 0.194 0.1531 
CD (0.05) NS 0.307 0.192 0.1462 0.1339 0.0991 0.712 0.584 0.4612 
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Total green area index:  

It was revealed from the experimental results that 
there was no significant difference observed in respect to 
total green area index (TGAI) during kharif 2006. During 
kharif 2007 and in pooled data, the maximum value of 
TGAI (3.874 - 3.289 and 5.050 - 4.269 at 90 and 120 
DAC, respectively) was obtained from W6 treatment (W3 + 
paddy straw mulching during winter and summer season, 
respectively). It was statistically at par with the treatment 
W4 (Rainfed during kharif + 3 irrigations during winter + 4 
irrigations during summer) at 90 and 120 DAC during 
kharif 2007. The maximum value of TGAI (2.902, 2.922 
and 2.912 at the time of harvest during 2006 -‘07, 2007 - 
‘08 and in pooled data, respectively) was recorded from 
W6 (W3 + paddy straw mulching during winter) and it was 
statistically at par with W4 (3 irrigations during winter). 
The minimum value of TGAI was obtained with W2 (one 

life-saving irrigation during winter).The maximum TGAI 
value (3.100 - 3.274, 3.121 - 3.290 and 3.110 - 3.282 at 90 
-120 DAC during 2007, 2008 and in pooled data, 
respectively) was recorded from the treatment W6 (W3 + 
paddy straw mulching during summer). The minimum 
value of TGAI (1.680 -1.831, 1.731- 1.839 and 1.706 - 
1.835 at 90 - 120 DAC during 2007, 2008 and in pooled 
data, respectively) was obtained from W2 (one life-saving 
irrigation during summer at tiller initiation stage) and it 
was significantly lower than other treatments. Higher value 
of both LAI and SAI were obtained from the treatment W6. 
Thus, higher value of TGAI resulting from W6, as TAGI is 
the summation of LAI and SAI. The combination of 
increased irrigation frequency along with paddy straw 
mulching had stimulating effects on the mat-sedges and 
gave higher value of TGAI.  

 
Table 7: Total green area index (TGAI) of mat-sedges at 90 DAP/DAC as influenced by irrigation schedule 

Treatments Kharif season Winter season Summer season 
2006 2007 Pooled 2006-‘07 2007-‘08 Pooled 2007 2008 Pooled 

W1 2.672 2.798 2.735 1.613 1.620 1.617 2.166 2.177 2.172 
W2 2.655 2.709 2.682 1.608 1.615 1.612 1.680 1.731 1.706 
W3 2.753 3.228 2.991 2.032 2.042 2.037 2.742 2.759 2.751 
W4 2.704 3.772 3.238 2.521 2.531 2.526 2.748 2.765 2.757 
W5 2.680 3.128 2.904 2.198 2.210 2.204 2.452 2.480 2.466 
W6 2.704 3.874 3.289 2.795 2.827 2.811 3.100 3.121 3.110 
S.Em. () 0.0871 0.104 0.0679 0.1210 0.1450 0.0945 0.1118 0.1032 0.0761 
CD (0.05) NS 0.313 0.2045 0.3646 0.4369 0.2846 0.3367 0.3109 0.2292 
 
Table 8: Total green area index (TGAI) of mat-sedges at 120 DAP/DAC as influenced by irrigation schedule 

Treatments Kharif season Winter season Summer season 
2006 2007 Pooled 2006-‘07 2007-‘08 Pooled 2007 2008 Pooled 

W1 3.432 3.587 3.510 1.669 1.682 1.675 2.312 2.330 2.321 
W2 3.434 3.475 3.455 1.659 1.674 1.667 1.831 1.839 1.835 
W3 3.354 4.472 3.913 2.124 2.155 2.139 2.951 2.957 2.954 
W4 3.483 4.729 4.106 2.688 2.713 2.700 3.051 3.062 3.056 
W5 3.434 3.969 3.702 2.300 2.324 2.312 2.674 2.683 2.679 
W6 3.489 5.050 4.269 2.902 2.922 2.912 3.274 3.290 3.282 
S.Em. () 0.1125 0.2596 0.1415 0.1342 0.1418 0.0977 0.1396 0.1465 0.1012 
CD (0.05) NS 0.7820 0.4263 0.4044 0.4271 0.2943 0.4207 0.4414 0.3049 

 
CONCLUSION 

Thus, the following conclusion can be drawn from 
the present investigation. The treatment W6 (W3 + paddy 
straw mulching during winter and summer season, 
respectively), where crop was irrigated with 2 irrigations + 
paddy straw mulching during winter and with 3 irrigations 
+ paddy straw mulching during summer, produced higher 
value of growth characteristics of mat-sedges as compared 
to other treatments. The treatment W4 (Rainfed during 
kharif + 3 irrigations during winter + 4 irrigations during 
summer) produced an appreciable value of growth 
characters of mat-sedges. The treatment W5 (W2 + paddy 
straw mulching during winter and summer season, 
respectively), where one life-saving irrigation at tiller 

initiation stage + paddy straw mulching imposed on the 
crop, produced an intermediate value of growth characters 
of mat-sedges. Considering the economy of water use, 
single irrigation should be applied at tiller initiation stage 
of the crop, particularly when the water is scare.Tiller 
initiation to maximum tillering stages, proved to be critical 
for application of irrigation water for better growth and 
development of this crop.  

Thus, application of paddy straw mulching along 
with higher frequency of irrigation (2 irrigations during 
winter and 3 irrigations during summer, respectively) 
enhanced the growth characters of mat-sedges to a greater 
tune.  
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Effect of nitrogen and phosphorus on uptake at different stages and harvest stages of Dill 
(Anethum sowa Roxb) 
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ABSTRACT 

Two year experiment was conducted to find out the effect of nitrogen and phosphorus on quality 
parameters of dill (Anethum sowa Roxb). The crop planted during rabi 2006-07 and 2007-08. The 
nitrogen application upto 90 kg ha-1 significantly increased the nitrogen uptake  at different growth 
stages(45,75,105 DAS )seed and stover at harvest stages.where it was found increase upto 120 kg ha-1, 
whereas, phosphorus uptake by dill crop at various  crop growth stages upto 40 kg P2O5 ha-  1 over the 
just preceding level of phosphorus during both the years of study separately as well as in the pooled 
analysis but phosphorus uptake in seed significiantly improved upto 60 kg P2O5 ha-1. 

 
Key words: Dill, Economics, Nitrogen, Phosphorus and Uptake.  
 

Dill seed (Anethun sowa Roxb) is an  important seed 
spices belongs to family umbelliferae . Dill is an aromatic 
annual herb and mainly cultivated for its seeds and tender 
leaves,dill seed nitrogen content at 2.5% in seed and 
0.49% in stover,while phosphorus  content in  seed 0.58% 
and stover 0.19% . . The present study was therefore made 
to find out the effect of nitrogen and phosphorus levels on 
uptake of dill crops. 

MATERIALS AND METHODS 

The two years field experiment was conducted during 
rabi seasons of 2006-07 and 2007-08 at Agronomy Farm, 
College of Agriculture, Swami Keshwanand Rajasthan 
Agricultural University, Bikaner in factorial randomized 
design in four replications. In all there was twenty 
treatments combinations, consisting of five levels of 
nitrogen (0, 30, 60, 90 and 120 kg N ha-1) and 4 levels of 
phosphorus (control, 20, 40 and 60 kg P2O5 ha-1). The soil 
of the experimental field was loamy sand in nature 
containing available 106.3 kg N, 16.15 kg P2O5, 170.35 kg 
K2O ha-1 in 0-30 cm soil depth with pH 8.36 and 0.14 per 
cent organic carbon content. The dill variety NRCSS-AD-
2 was sown on 14.10.2006 and 20.10.2007, maintaining 
plant geometry 30x10 cm with a seed rate of 7 kg ha-1.  

RESULTS AND DISCUSSION 

Effect of nitrosen uptake 
A perusal of data   reveals that nitrogen fertilization 

to dill increased the N uptake by crop significantly at 45, 
75, 105 and at harvest during both the years of experiment 
as well as in the pooled analysis. Each higher level of N 
upto 90 kg ha-1 recorded significantly higher N uptake by 
the crop over the just preceding level except at harvest 
stage (seed and stover) where it was found to increase upto 
120 kg N ha-1.   

The increase in nitrogen uptake at 45 DAS with 90 kg 
N ha-1 was 28.95, 17.20 and 7.54 per cent in pooled mean, 
respectively over control, 30 and 60 kg N ha-1. The 
nitrogen uptake at 75 DAS was found to increase 
significantly with the application of nitrogen upto 90 kg ha-

1 and it remained statistically at par with 120 kg N ha-1. The 
data pertaining  shows that increase in nitrogen uptake at 

105 DAS stage upto 90 kg N ha-1 was in the tune of 37.29, 
21.29 and 9.70 per cent in pooled mean, respectively over 
control, 30 and 60 kg N ha-1. The increase in nitrogen 
uptake in seed due to application of 120 kg N ha-1 was 
116.75, 46.14, 19.83 and 5.22 per cent in 2006-07, 106.85, 
50.21, 19.23 and 5.59 per cent in 2007-08 and 111.83, 
48.05, 19.52 and 5.38 per cent in pooled mean, 
respectively over 0, 30, 60 and 90 kg N ha-1.  

The data shows that increasing levels of nitrogen upto 
120 kg ha-1  increased significantly to the nitrogen uptake in 
stover during 2007-08 and in pooled analysis, while, nitrogen 
uptake in stover increased significantly by the application of 
nitrogen upto 90 kg N ha-1 69.13, 36.87, 17.98 and 5.89 per 
cent in pooled mean, respectively over control, 30, 60 and 90 
kg N ha-1.  

Effect of phosphorus uptake  
The data indicated a significant increase in nitrogen 

uptake by dill crop at different stages, seed and stover with 
the increase in the level of applied phosphorus upto 40 kg 
ha-1 in both the years of experimentation and in the pooled 
mean.  

The nitrogen uptake at 45 DAS with application of 40 
kg P2O5 ha-1 was found at par with that of 60 kg P2O5 ha-1. 
Nitrogen uptake in seeds of dill crop was found to increase 
significantly with the application of 40 kg P2O5 ha-1 by the 
tune 16.84 and 7.83 per cent in pooled mean, respectively 
over control and 20 kg P2O5 ha-1. The application of 20 kg 
P2O5 ha-1 enhanced the nitrogen uptake at 45 DAS by 7.95, 
9.40 and 8.36 per cent during 2006-07, 2007-08 and in 
pooled mean, respectively over control.   

Application of 40 kg P2O5 was capable of increasing the 
nitrogen uptake at 75 DAS by 33.19 and 16.22 per cent in 
2006-07, 25.10 and 10.57 per cent in 2007-08 and 29.85 and 
13.85 per cent in pooled mean, respectively over control and 
20 kg P2O5 ha-1.  

Fertilization of 40 kg P2O5 ha-1 increased nitrogen 
uptake significantly at 105 DAS by 21.83 and 9.13 per 
cent during 2006-07, 17.54 and 8.33 per cent during 2007-
08 and 20.03 and 8.78 per cent in pooled mean, 
respectively over control and 20 kg P2O5 ha-1. The 
application of 20 kg P2O5 ha-1 enhanced the nitrogen 
uptake at 105 DAS by 11.64, 8.50 and 10.34 per cent 
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during 2006-07, 2007-08 and in pooled mean, respectively 
over control. 

The data mentioned in Table 1 further showed that 
total nitrogen uptake in seeds at harvest increased 
significantly with increasing levels of applied phosphorus 
upto 40 kg  ha-1 in both the years and upto 60 kg P2O5 ha-1 
in pooled analysis. The increase in nitrogen uptake in seed 
with the application of 40 kg P2O5 ha-1 was the tune of 
48.51 and 13.21 per cent during first year and 52.08 and 
17.66 per cent during second year, respectively over 
control and 20 kg P2O5 ha-1. The application of 60 kg P2O5 
ha-1 registered an increase in nitrogen uptake by 53.62, 
17.94 and 2.26 per cent, respectively over control, 20 and 
40 kg P2O5 ha-1 in pooled mean.  

Application of 40 kg P2O5 ha-1 increased the nitrogen 
uptake in seed by 25.08 and 11.80, 20.62 and 9.03, 23.13 
and 10.60 per cent, respectively over 0 and 20 kg P2O5 ha-1 
during 2006-07, 2007-08 and for pooled mean. The dose 
20 kg P2O5 ha-1 increased the nitrogen uptake in seed by 
11.88, 10.63 and 11.33 per cent in 2006-07, 2007-08 and 
in pooled analysis, respectively over control.   

The per cent increase in nitrogen uptake in stover 
observed due to application of 40 kg P2O5 ha-1 was 37.67 
and 13.73, 38.98 and 12.54, and 38.37 and 13.20 in 2006-
07, 2007-08 and in pooled mean, respectively over no 
phosphorus and 20 kg P2O5 ha-1. The increase in nitrogen 
uptake by the application of 20 kg P2O5 ha-1 was 21.05, 
23.49 and 22.23 per cent 2006-07, 2007-08 and in pooled 
mean, respectively over control.    
Effect of Phosphorus uptake  

Data present in reveals that increasing levels of 
nitrogen from 0 to 90 kg ha-1 significantly increased the 
phosphorus uptake at all the stages of the crop growth 
during both the years and in pooled mean. The increase in 
phosphorus uptake at 45 DAS with 90 kg N ha-1 was 
46.97, 27.04 and 11.49 per cent, respectively over control, 
30 and 60 kg N ha-1.  

The phosphorus uptake at 75 DAS increased 
significantly with the application of nitrogen level upto 90 
kg ha-1 and it remained statistically at par with 120 kg N 
ha-1. Significantly increase in phosphorus uptake at 75 
DAS by 36.13, 23.15 and 10.66; 32.62, 19.49 and 8.41; 
34.85, 21.79 and 9.83 per cent in the year of 2006-07, 
2007-08 and in pooled mean, respectively over control, 30 
and 60 kg N ha-1. 

The data pertaining to phosphorus uptake mentioned 
in showed that increase in phosphorus uptake at 105 DAS 
upto 90 kg N ha-1 was in the tune of 37.41, 21.41 and 9.77 
per cent during first year, 43.87, 26.56 and 12.19 per cent 
during second year and 40.08, 23.47 and 10.75 per cent in 
pooled mean, respectively over control, 30 and 60 kg N 
ha-1. 

Similarly, increase in phosphorus uptake in seed due 
to the application of 90 kg N ha-1 was 84.69, 28.30 and 
10.32 per cent in 2006-07, 83.59, 33.52 and 9.64 per cent 
in 2007-08 and 84.05, 30.99 and 9.98 per cent in pooled 
mean over 0, 30 and 60 kg N ha-1, respectively over 
control, 30 and 60 kg N ha-1.  

The data [Table 2] further shows that increasing 
levels of nitrogen upto 90 kg ha-1  increased the 

phosphorus uptake in stover significantly during 2006-07, 
2007-08 and in pooled analysis. Corresponding increments 
in phosphorus uptake in stover with 90 kg N ha-1 was to 
the tune of 44.91, 22.66 and 8.99 per cent during 2006-07, 
49.40, 22.99 and 8.49 per cent in 2007-08 and 47.02, 
22.08 and 8.83 per cent in pooled mean, respectively over 
control, 30 and 60 kg N   ha-1.  
Effect of phosphorus  

Phosphorus fertilization favourably and significantly 
influenced the phosphorus uptake by crop at various crop 
growth stages upto 40 kg P2O5 ha-1 over the just preceding 
level of phosphorus during both the years of study 
separately as well as in the pooled analysis but phosphorus 
uptake in seed significantly improved upto 60 kg P2O5 ha-1 
[Table 2].  

Phosphorus uptake at 45 DAS crop growth stage 
significantly by the application of 40 kg P2O5 ha-1 to the 
tune of 28.52 and 11.60 per cent during 2006-07, 29.14 
and 10.80 per cent during 2007-08 and 28.97 and 11.29 per 
cent in pooled mean, respectively over control and 20 kg 
P2O5 ha-1. Application of 20 kg P2O5 ha-1 also registered an 
increase in phosphorus uptake to 15.16, 16.56 and 15.89 
per cent during 2006-07, 2007-08 and pooled mean, 
respectively over control.  

The data further indicated that phosphorus uptake at 
75 DAS increased by 38.60 and 18.13 per cent during first 
year, 24.91 and 10.91 per cent during second year and 
33.42 and 15.24 per cent in pooled mean were observed by 
the application of 40 kg P2O5 ha-1 over control and 20 kg 
P2O5 ha-1, respectively. Further, 20 kg P2O5 ha-1 also 
brought an increase of 17.32, 12.63 and 15.78 per cent 
more phosphorus uptake over control during first year, 
second year and in pooled mean, respectively.  

It is clear from Table 2 that increase in phosphorus 
uptake at 105 DAS due to application of 40 kg P2O5 ha-1 
was in order of 22.52 and 9.32, 20.06 and 9.51 and 21.52 
and 9.40 per cent, respectively over 0 and 20 kg P2O5 ha-1 
during 2006-07, 2007-08 and for pooled analysis. The 
increase in phosphorus uptake with 20 kg P2O5 ha-1 were 
12.8, 9.64 and 11.08 per cent 2006-07, 2007-08 and in 
pooled mean, respectively over control.    

The increase in phosphorus uptake in seed with 60 kg 
P2O5 ha-1 was 41.30, 14.40 and 3.32 per cent during 2006-
07, 42.53, 17.53 and 3.36 per cent during 2007-08 and 
41.84, 15.64 and 3.27 per cent in pooled analysis, 
respectively over control, 20 and 40 kg P2O5 ha-1.  

The phosphorus uptake in stover recorded with 40 kg 
P2O5 ha-1, remained statistically at par with 60 kg P2O5 ha-

1. Phosphorus uptake increased significantly in stover by 
the application of 40 kg P2O5 ha-1 to 27.59 and 10.16, 
30.43 and 9.89 and 28.99 and 9.84 per cent in the year 
2006-07, 2007-08 and pooled mean, respectively over 
control and 20 kg P2O5 ha-1. Further, the fertilization of 20 
kg P2O5 ha-1 also increase phosphorus uptake in stover by 
15.82, 18.70 and 17.44 per cent in the year 2006-07, 2007-
08 and in pooled mean, respectively N ha-1 which was at 
par to 90 and 120 kg N ha-1 and 11.23 and 4.97 per cent 
significantly higher over control and 30 N ha-1 The 
estimates of N and P content and N, P  uptake in seed and 
straw showed significant improvement with application of 
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increasing levels of phosphorus upto 40 kg ha-1 It might be 
due to improvement in nutrient availability in the root zone 
as well as in the plant system as a whole, leading to 
enhanced translocation especially of N, P  reproductive 
structures and plant parts. Since, uptake is function of seed 
and straw yield and their nutrient content, the significant 
improvement in content of these nutrients coupled with 

increase in seed and straw yield, increased the total uptake 
of N, P substantially. Significant positive correlation 
between seed yield and N, P uptake, respectively also 
justify these findings. The results obtained are in 
agreement with findings of Jamuna et al. (1991) and 
Verma (1997).Avtar singh(1991) 

 
Table 1 : Effect of nitrogen and phosphorus levels on nitrogen uptake at different stages of crop growth 

Treatments 

Nitrogen uptake (kg ha-1) 
45 DAS 75 DAS 105 DAS Seed  Stover 

2006-
07 

2007-
08 Pooled 2006-

07 
2007-

08 Pooled 2006-
07 

2007-
08 Pooled 2006-

07 
2007-

08 Pooled 2006-
07 

2007-
08 Pooled 

Nitrogen levels (N kg ha-1 ) 
N0 8.88 5.29 7.08 23.81 15.67 19.75 31.19 22.02 26.60 16.00 15.62 15.81 12.26 10.47 11.37 
N30 9.70 5.88 7.79 26.06 17.62 21.83 35.31 24.92 30.11 23.73 21.51 22.62 14.94 13.15 14.05 
N60 10.54 6.45 8.49 28.34 19.65 23.99 38.98 27.60 33.29 28.94 27.10 28.02 17.26 15.33 16.30 
N90 11.36 6.90 9.13 30.70 21.65 26.18 42.65 30.39 36.52 32.96 30.60 31.78 19.29 17.03 18.16 
N120 11.68 7.05 9.37 31.77 22.42 27.08 44.83 31.44 38.13 34.68 32.31 33.49 20.38 18.07 19.23 

S.Em± 0.20 0.13 0.12 0.69 0.38 0.40 1.02 0.59 0.59 0.33 0.39 0.25 0.41 0.30 0.25 
CD (P=0.05) 0.58 0.36 0.34 1.74 1.08 1.13 2.88 1.66 1.64 0.92 1.11 0.71 1.16 0.84 0.71 

Phosphorus levels (P2O5 kg ha-1 ) 
P0 9.43 5.64 7.54 23.29 16.73 20.00 33.76 24.46 29.11 20.49 18.97 19.73 13.54 11.75 12.64 
P20 10.18 6.17 8.17 26.69 18.93 22.81 37.69 26.54 32.12 26.88 24.52 25.70 16.39 14.51 15.45 
P40 10.97 6.66 8.81 31.02 20.93 25.97 41.13 28.75 34.94 30.43 28.85 29.64 18.64 16.33 17.49 
P60 11.15 6.78 8.96 31.54 21.01 26.28 41.78 29.34 35.56 31.24 29.37 30.31 18.74 16.65 17.70 

S.Em± 0.18 0.11 0.11 0.61 0.34 0.36 0.91 0.52 0.52 0.29 0.35 0.23 0.36 0.27 0.23 
CD (P=0.05) 0.52 0.33 0.30 1.74 0.97 1.01 2.57 1.48 1.47 0.82 0.99 0.64 1.03 0.75 0.63 

   
Table 2: Effect of nitrogen and phosphorus levels on phosphorus uptake at different stages of crop growth 

Treatments 

Phosphorus uptake (kg ha-1) 
45 DAS 75 DAS 105 DAS Seed  Stover 

2006-
07 

2007-
08 Pooled 2006-

07 
2007-

08 Pooled 2006-
07 

2007-
08 Pooled 2006-

07 
2007-

08 Pooled 2006-
07 

2007-
08 Pooled 

Nitrogen levels (N kg ha-1 ) 
N0 2.57 1.38 1.98 4.65 2.82 3.73 8.50 5.63 7.06 4.05 3.84 3.95 4.52 4.19 4.36 
N30 2.96 1.61 2.29 5.14 3.13 4.13 9.62 6.40 8.01 5.83 5.28 5.55 5.34 5.09 5.22 
N60 3.37 1.84 2.61 5.72 3.45 4.58 10.64 7.22 8.93 6.78 6.43 6.61 6.01 5.77 5.89 
N90 3.75 2.08 2.91 6.33 3.74 5.03 11.68 8.10 9.89 7.48 7.05 7.27 6.55 6.26 6.41 
N120 3.90 2.15 3.01 6.51 3.86 5.18 12.28 8.44 10.36 7.57 7.15 7.36 6.67 6.42 6.54 

S.Em± 0.08 0.04 0.04 0.15 0.06 0.08 0.27 0.14 0.15 0.08 0.08 0.06 0.13 0.09 0.08 
CD (P=0.05) 0.22 0.12 0.12 0.43 0.18 0.23 0.76 0.40 0.42 0.23 0.24 0.16 0.38 0.26 0.23 

Phosphorus levels (P2O5 kg ha-1 ) 
P0 2.77 1.51 2.14 4.56 2.93 3.74 9.19 6.33 7.76 5.06 4.75 4.90 4.93 4.60 4.76 
P20 3.19 1.76 2.48 5.35 3.30 4.33 10.30 6.94 8.62 6.25 5.76 6.01 5.71 5.46 5.59 
P40 3.56 1.95 2.76 6.32 3.66 4.99 11.26 7.60 9.43 6.92 6.55 6.73 6.29 6.00 6.14 
P60 3.72 2.02 2.87 6.45 3.70 5.08 11.43 7.76 9.60 7.15 6.77 6.95 6.34 6.12 6.23 

S.Em± 0.07 0.04 0.04 0.14 0.06 0.07 0.24 0.13 0.14 0.07 0.08 0.05 0.12 0.08 0.07 
CD (P=0.05) 0.19 0.11 0.11 0.38 0.16 0.21 0.68 0.36 0.38 0.21 0.21 0.15 0.34 0.23 0.20 
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ABSTRACT 
 

The study revealed that farmer’s “Educational level”, “Social participation”, “Size of land holding” 
and “Sources of information utilized” were positively and significantly correlated with the knowledge 
level of farmers about recommended technology of mustard cultivation at 1% level of significance, 
whereas, their “Market distance” and “Irrigation potentiality” were negatively and non-significant 
correlated with their knowledge level about recommended technology of mustard cultivation. 

 
Key words: Independent, knowledge, Mustard and Variables. 

 
 

Rajasthan is the largest rape-seed mustard growing 
state and alone contributes 31.12 per cent production from 
the hectarage of 33.5 per cent. As much as 90 per cent of 
the total edible oil product in the country comes from two 
oil seed crops namely groundnut and rape-seed mustard. 
Therefore, their is an urgent necessity of increasing the 
productivity of these oil seed crops in the country is quite 
obvious. Through adoption of recommended technology 
by the farmers and by minimizing the production 
constraints. This calls for adequate knowledge of 
innovation on the part of mustard growers who adopt the 
know-how to modernize or improve the mustard 
cultivation. Therefore, it is very necessary to know the 
knowledge level, adoption level and constraints 
responsible for non-adoption of various recommended 
technology of mustard cultivation by the farmers and 
efforts shaould be made to reduce the constraints for 
speedy adoption of recommended technology of mustard 
cultivation. Keeping all these view in mind, the present 
paper entitled “Association of selected independent 
variables with knowledge of recommended technology of 
mustard cultivation by farmers” was undertaken with the 
following objectives. To find out the association of 

selected independent variables with knowledge of 
recommended technology of mustard cultivation by 
farmers. 

MATERIALS AND METHODS 

The present study was under taken in Chirawa 
panchayat samiti of Jhunjhunu district. From the selected 
panchayat samiti, ten gram panchayats were selected by 
using simple random sampling technique. Similarly, 
twenty villages were selected from selected gram 
panchayats by random sampling technique. From the 
selected villages, a sample of 120 respondents was selected 
by stratified random sampling proportional allocation 
technique for the study purpose. Association between 
knowledge level of recommended technology of mustard 
and selected independent variables. The association 
between the knowledge level of farmers about 
recommended technology of mustard cultivation and 
selected independent variables namely educational level, 
social participation, size of land holding, market distance, 
irrigation potentiality and sources of information utilized 
by the farmers was measured by computing, “correlation 
coefficient” (r) the data have been presented in Table-1 

 
Table 1: Association of the selected independent variables with knowledge level of farmers about recommended 
technology of mustard cultivation.  

         N = 120 
S. No. Independent variables  Correlation coefficient 

X1 Educational level  0.385** 
X2 Social particiaption  0.413** 
X3 Size of land holding  0.588** 
X4 Market distance  -0.051 
X5 Irrigation potentiality  -0.151 
X6 Sources of information utilized  0.472** 

** Significant at the 0.01 level of probability  
 

A critical examination of the data presented in Table-
1 reveals that farmer’s “Educational level”, “Social 
participation”, “Size of land holding” and “Sources of 
information utilized” were positively and significantly 
correlated with the knowledge level of farmers about 
recommended technology of mustard cultivation at 1 per 
cent level of significance, whereas, their “Market distance” 

and “Irrigation potentiality” were negatively and non-
significant correlated with their knowledge level about 
recommended technology of mustard cultivation. 

The rejects the hypothesis Ho1.1, Ho1.2, Ho1.3 and 
Ho1.6 i.e. “There is no association between the knowledge 
level of farmers about recommended technology of 
mustard cultivation and their educational level, social 
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participation, size of land holding and sources of 
information utilized”. It means these variables exerted a 
highly significant effect on the knowledge level of farmers 
about recommended technology of mustard cultivation 
whereas, the hypothesis Ho1.4 and Ho1.5 i.e “There is no 
association between the knowledge level of farmers about 
recommended technology of mustard cultivation and their 
market distance and irrigation potentiality” were accepted. 
It means these variables did not exert significant effect on 
the knowledge level of farmers about recommended 
technology of mustard cultivation.  
 
Multiple regression analysis of the independent 
variables with the knowledge level of farmers about 
recommended technology of mustard cultivation   

Besides finding out the relationship between each of 
the independent variables and knowledge level of farmers 
about recommended technology of mustard cultivation, it 
was felt essential to analyze critically the relative influence 
of different selected independent variables on the 
knowledge level of farmers about recommended 

technology of mustard cultivation, separately as well as 
combinally. For the purpose “multiple regression 
technique” was used. 

All the six independent variables viz. educational 
level, social participation, size of land holding, market 
distance, irrigation potentiality and sources of information 
utilized were fitted with knowledge level of farmers in the 
multiple regression equation. The findings have been 
presented in Table-2. 

A close study of the data in Table-2 elucidates that all 
the six independent variables taken together explained to 
the extent of 54.4 per cent of the variation in the 
knowledge level of farmers about recommended 
technology of mustard cultivation. The respective ‘F’ 
value (22.43) was significant at 0.01 level of probability at 
6 and 113 degree of freedom. Hence the hypothesis was 
rejected i.e. Ho1.1, Ho1.3, and Ho1.6. Thus the results implied 
that all of the six independent variables would account for 
significant amount of variation in the knowledge level of 
farmers about recommended technology of mustard 
cultivation. 

 
Table 2: Multiple regression analysis of the independent variables with knowledge level of farmers about 
recommended technology of mustard cultivation    

S.No. Independent variables  b-value 
(R.coff.) 

S. error of b-
value 

‘t’ value 

X1 Educational level  0.669 0.285 2.350* 
X2 Social participation  0.391 0.362 1.079 
X3 Size of land holding 1.688 0.249 6.785** 
X4 Market distance  0.4636 0.044 1.043 
X5 Irrigation potentiality 0.145 0.021 1.691 
X6 Sources of information utilized 0.164 0.038 4.274** 

**  Significant at 0.01 level of probability,  *  Significant at 0.05 level of probability  
Coefficient of determination (R2)   = 0.544, Multiple correlation coefficient (R)   = 0.737, F. value for R = 22.43**  
d.f.  = 6, 113, Intercept constant = 55.14 
 

Further the‘t’ test of significance expressed that the 
coefficient of regression and ‘b’ values were found 
positively significant for “Size of land holding (X3)” and 
“Sources of information utilized (X6)” at  0.01 level of 
probability.  The “Educational level (X1)” was also found 
positively significant at 0.05 level of probability. Hence 
this proves that there is significant contribution of size of 
land holding, sources of information utilized and 
educational level with knowledge as perceived by farmers 
about mustard cultivation. On the contrary, coefficient of 
regression was non-significant for social participation (X2), 
market distance (X4) and irrigation potentiality (X5) i.e., 
these variables are not much important in predicting the 
knowledge level of farmers about recommended 
technology of mustard cultivation. 
Y = 55.14 + 0.669* X1 + 0.391 X2 + 1.688** X3 + 0.4636 
X4 + 0.145X5 + 0.164**X6 

The table also depicts that the social participation 
(X2), market distance (X4) and irrigation potentiality (X5) 
contributed positively and non-significantly. If one unit of 
educational level (X1) is increased the knowledge level of 
farmers will increase by 0.669 units. If one unit of size of 
land holding (X3) is increased the knowledge level of 
farmers will increase by 1.688 units. Similarly, it the 

sources of information utilized (X6) goes to change by one 
unit there will be change in knowledge of farmers about 
recommended technology of mustard cultivation in the 
proportion of 0.164 units. 

 

DISCUSSION 

Educational level  
The data presented in Table-1 shows that level of 

education was positively and significantly associated with 
the knowledge level of farmers about recommended 
technology of mustard cultivation. Hence the hypothesis 
Ho1.1 stated in null form that “There is no association 
between the knowledge level of farmers about 
recommended technology of mustard and their educational 
level” was therefore rejected. It means the level of 
education exerted a highly significance on the knowledge 
level of farmers about recommended technology of 
mustard cultivation. 

The results seems to be quite natural due to the fact 
that the literate farmers could be exposed more to the 
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literature about recommended technology of mustard 
cultivation which may result in their high knowledge level. 
The findings of the study are in conformity with the 
findings of Agarwal (2000) and Jangid (2001). 
 
Social participation  

Table-1 reveals that the social participation was 
positively and significantly associated with the knowledge 
level of farmers about recommended technology of 
mustard cultivation. Hence the hypothesis Ho1.2 that 
“There is no association between the knowledge level of 
farmer about recommended technology of mustard 
cultivation and their social participation” was therefore 
rejected. It means social participation of farmers exerted a 
highly significant influence on their knowledge level about 
recommended technology mustard cultivation. 
The findings might be so due to the fact that the social 
participation gave an opportunity to farmers to make their 
for interaction and to discuss their problem, which might 
some time help the farmers in discussing the various 
aspects of recommended technology of mustard cultivation 
with the group members resulting in the increase of the 
knowledge level of farmers. The findings of the study are 
in conformity with the findings of Agarwal (2000) and 
Jangid (2001). 
 
Size of land holding  

The data presented in Table-1 explains that the size 
of land holdings of the farmers was positively and 
significantly associated with their knowledge level about 
recommended technology of mustard cultivation. Hence 
the hypothesis Ho1.3 that “There is no association between 
the knowledge level of farmers about recommended 
technology of mustard cultivation and their size of land 
holding” was therefore, rejected. It means size of land 
holding of farmers exerted a highly significant influence 
on their knowledge level about recommended technology 
of mustard cultivation. 

This might be due to the fact that the farmers having 
large size of land holding were capable of taking risk of 
using new technology. Which helped them in getting more 
practical experience regarding recommended technology 
of mustard cultivation and hence they had more knowledge 
in this regards. The findings of the study are inconformity 
with the findings of Agarwal (2000) and Jangid (2001). 
 
Market distance  

The data in Table-1 shows that the market distance 
was negatively and non-significantly associated with the 
knowledge level of farmers about recommended 
technology of mustard cultivation. Hence, the hypothesis 
Ho1.4 that “There is no association between knowledge 
level of farmers about mustard cultivation and their market 
distance” was therefore accepted. It means market distance 
did not exert significant influence on the knowledge level 
of farmers about recommended technology of mustard 
cultivation. 

The non-significant correlation might be due to the 
fact that all the farmers regardless of living near the market 
or far from the market might try to get the knowledge of 

recommended technology of mustard cultivation. The 
negative correlation between the market distance and the 
knowledge level of farmers might be due to the reason that 
the farmers which live near the market might be slightly 
more exposed to information source and might also be 
slightly more cautious about the recommended technology 
of mustard cultivation practices as they know that the high 
yielding varieties capture more return in market. 

The result is in accordance with the findings of 
Jangid (2001). Who found that knowledge level of farmers 
was negatively and non significantly associated with their 
market distance. 
 
Irrigation potentiality  

The data in Table-1 shows that the irrigation 
potentiality was negatively and non-significantly 
associated with the knowledge level of farmers toward 
recommended technology of mustard cultivation. Hence 
the hypothesis Ho1.5 that “There is no association between 
the knowledge level of farmers about recommended 
technology of mustard cultivation and their irrigation 
potentiality was therefore, accepted. It means irrigation 
potentiality did not exert significant influence on the 
knowledge level of farmers about recommended 
technology of mustard cultivation. 

The non-significant correlation might be due to the 
reason that all the farmers, regardless of having high or 
low irrigation potentiality might try to get knowledge of 
recommended technology of mustard cultivation. The 
negative correlation might be due to the fact that the 
farmers with low irrigation potentiality might have put 
slightly more efforts of knowing the recommended 
technology of mustard specially suited to the areas of low 
irrigation. This might also be due to the fact that the 
farmers who have adequate irrigation facilities, might be 
busy in using their irrigation facilities for raising other 
more profitable vegetable like cabbage, tomato, brinjal, 
cauliflowers etc. and spare slightly less time to reach in 
training, demonstration, kisan melas etc. or they might 
consider themselves as well as knowledge of farmers and 
try to get slightly less to know other facts about 
recommended technology as compared to low irrigation 
potentiality farmers. The findings of the study are in 
conformity with the findings of Jangid (2001). 
 
Sources of information utilized 

It was found that the sources of information utilized 
was positively and significantly associated with the 
knowledge level of farmers about recommended 
technology of mustard cultivation. Hence the hypothesis 
Ho1.6 that “There is no association between knowledge 
level of farmers about recommended technology of 
mustard cultivation and their sources of information 
utilized” was therefore rejected. It mean this variable had 
exerted a highly significant influence on the knowledge 
level of farmers about recommended technology of 
mustard cultivation. 

The findings are quite natural, which might due to the 
fact that majority of the farmers were exposed to VLWs, 
AAOs, salesmen, relative, friends, news papers etc as well 
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as the majority of farmers were having radio and 
television due to which their knowledge level might have 

increased. There results are in accordance with the findings 
of Yadav (1997), Agarwal (2000) and Jangid (2001).
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ABSTRACT 

In Northern part of India chickpea (Cicer arietinum L.) is normally sown during second fortnight of 
October. Some time its sowing is delayed depending upon the early withdrawal of monsoon and late 
harvest of preceding kharif crop, which ultimately results in poor seed yield with the development of 
new genotypes, it becomes essential to test them at different sowing dates to exploit their full 
production potential. In early sown condition maximum seed yield recorded in 3rd week of October and 
late sown conditions highest seed yield recorded at first week of December. In late sown conditions 
maximum seed yield recorded at plant geometry of 30x7.5 cm and in case of genotypes that  varies 
place to place and climate to climate out of these genotypes (‘GNG-663’, ‘JG-74’, ‘D 96-99’ and ‘HC-1’) 
perform well in late sown conditions.  

 
Key words: Chickpea genotypes, Late sown, Plant geometry and Yield. 
 

Pulses are important source of dietary protein and 
have unique property of maintaining and restoring soil 
fertility through biological nitrogen fixation as well as 
conserving and improving physical properties of soil by 
virtue of their deep root system and leaf fall. It leaves 
behind reasonable quantity of nitrogen in soil and add up 
to 30 kg N/ha to soil (Anonymous, 2006).  Pulses play a 
significant role in diet of the Indian vegetarian people 
and in animal nutrition. These are not only rich source of 
protein but also have higher amino acid composition than 
cereals. A gradual decrease in the per capita availability 
of pulses has been noticed because of stagnant 
production and population explosion.   

 Hence various genotypes which have been 
developed by breeder and genotypes may behave 
differently due to their plant architecture particularly 
under late sown condition because of poor plant growth. 
Under such situation plant population play an important 
role in improving the productivity of crop. 

Chickpea (Cicer arietinum L.) is a major pulse crop 
of rabi season normally sown during second fortnight of 
October. Some time its sowing is delayed Due to early 
withdrawal of monsoon and late harvest of preceding 
kharif crop, which ultimately results in poor seed yield 
With the development of new genotypes, it becomes 
essential to test them at different sowing dates to exploit 
their full production potential. 
Effect of time of sowing on growth, yield attributes, 
yield and quality of chickpea 

Time of sowing is an important non-cash input 
which has been recognized as the most critical factor in 
influencing the yield of chickpea. Sowing of chickpea at 
optimum time ensures a better harmony among soil, 
plant and atmospheric system.  Behl (1983) reported that 
the biological as well as grain yield, harvest index and 
seeds per pod in new chickpea genotypes were 

significantly greater in 1st December sowing than that of 
normal sowing. Chickpea cultivar ‘H- 208’ sown on 25th 
October and ‘Type 3’, ‘K 468’ and ‘Radhay’ sown on 5th 
November gave highest seed yield of 1.09 - 1.16 t ha-1 
compared to others, Sowing on 20th November markedly 
decreased yield Tripathi and Singh (1985) from Utter 
Pradesh. However, Sharma and Dadheech (1985) 
obtained highest grain yield when planting was done on 
9th November. Arvadia and Patel (1988) GAU recorded 
significantly higher grain (1372 kg ha -1) and straw (2156 
kg ha-1) yield with 11th November planting. Rajput et 
al.(1986) observed higher values of pods per plant, 100- 
seed weight and grain yield with the 15th November 
planting. 

Arvadia and Patel (1987) GAU reported that 
protein content and grain yield were significantly 
influenced by sowing time. The maximum protein 
content and grain yield was obtained when the crop was 
sown on 21st November and Early planting of chickpea 
on 20th October produced significantly higher grain yield 
and protein content than all other late sowings in 
chickpea. Number of branches per plant, number of pods 
per plant and 1000-grain weight was also higher in early 
sowing which consequently resulted in higher grain yield 
(Sharma et al.1988). Shrivastava et al.(1990) found that 
maximum grain yield of 2.5 t ha-1 was obtained by 
sowing of chickpea on 10th  December, which was 
significantly superior to the later dates of sowing. With 
progressive delay in sowing beyond 10th December, a 
yield reduction of 28, 57 and 66 % was recorded with 
successive delay in sowing at every 10 days interval in 
Chattigarh region of Madhya Pradesh. Sowing of 
chickpea on January 10th resulted in the lowest seed yield 
and it was found statistically at par with yield obtained 
on 30th December sowing. Similar reduction in yield of 
chickpea under late sown condition were observed by 



Journal of Progressive Agriculture, Vol.3, No. 2: Oct. 2012 
_____________________________________________________________________________________________________________________ 

 114

Kumar et al., (1983) Singh et al. (1991) reported 
significantly higher grain yield of chickpea under Hisar 
condition on 20th October sown crop and lowest in last 
sowing (20th November). They also reported poor growth 
and development of plants in late sown crop which 
resulted in less pod bearing. 

Singh and Dixit (1992) observed that sowing of 
chickpea on 30th October increased the seed yield by 
4.31, 14.97 and 34.91 per cent as compared with the 
yield of the crop sown on 10th, 20th and 30th November, 
respectively. However, Dixit et al. (1993) reported that 
November 16th sowing of chickpea produced higher dry 
matter production, pods per plant and grain yield. 
However, Aravadia and Patel (1985) recorded highest 
seed yield and 1000- seed weight when planting was 
done 21st November. Crop of Kabuli gram sown on 20th 
October and 10th November being at par, produced 
significantly higher yield than 20th November sown crop. 
Test weight showed inconsistent behavior under different 
sowing dates, however, bolder seeds were recorded with 
October, 20 sown crop, reported by Sawney and Sandhu 
(1978). Paikaray and Misra (1992) while working in 
Orrisa, the highest seed yield of 1.41 t/ha and 1.02 t/ha 
for two years was obtained when the crop was sown on 
18th November.   

Saini et at. (1996) reported that LAI and LAD 
decrease significantly in chickpea with each fortnight 
delay in sowing. Higher NAR was observed with 
November 3rd week sown crop as compared to November 
1st week and October 3rd week sown crop during grand 
growth period and reproductive phase at Hisar condition. 

Early sown crop of chickpea (October 3rd week) 
attained more height, more leaf area/plant and 
accumulated more dry matter/plant. This increase in 
vegetative growth resulted in poor balance between 
vegetative and reproductive growth due to the utilization 
of fair amount of photosynthates for vegetative growth, 
and adversely affected pods/plant and seeds/pod and thus 
resulted in significantly lower grain yield as compared 
with November first week sown crop at Hisar (Saini and 
Faroda 1997). Yadava et al. (1998) reported that there 
was reduction in height, number of branches, RGR and 
total biomass production in both Deshi and Kabuli types 
under late planting as compared to normal planting, but 
the extent of reduction was more in bushy Kabuli types. 
Number of pods and test weight were severely affected 
due to late planting in both Desi and Kabuli types. 
Moreover, secondary and tertiary branches were also 
drastically reduced under delay planting. Thakur et al. 
(1998) reported from Madhya Pradesh that yield 
attributing characters and yield of chickpea was found 
higher in 20th October sown crop, however, any deviation 
in planting to this date led to significant variation in yield 
and yield attributing characters.  Bhattacharya et al. 
(1999) recently found that chickpea yield under late 
seeding was highly affected by total nitrogen and soluble 
sugar in grain during early stage and dry matter 
partitioned in grain during entire grain developmental 
stages. Dry matter partitioned in pod wall and growth 
rate showed a negative or negligible effect on yield.  

Yadav et al. (1999) reported that under late planting 
the relative growth rate was superior at vegetative stage 
and also at reproductive to harvest stage in all, tall and 
bushy types of chickpea over normal planting. The plant 
height, branching, pods number and seed size were 
drastically reduced under late planting of chickpea. The 
absolute growth rate and total biomass decreased but 
extent of reduction was of lower magnitude in Desi 
bushy types. The seed yield was drastically reduced in 
Kabuli tall and bushy types, but the extent of reduction 
was more in Kabuli bushy types than Desi tall and bushy 
types. Similar results were also reported by Yadav and 
Bahl (1988). 

Total N and P uptake in chickpea as well as 
individual  uptake of these nutrients in stalk and grain 
was found significantly higher in 20th  November sown 
crop and deviation from this date significantly reduced 
the uptake of N and P (Acrokinanathan 1983).   

Trivedi and Vyas (2000) reported at Khargone 
(M.P.), that sowing beyond 10th November yield 
reduction of 5.23%, 21.4% and 29.6% was recorded with 
successive delay in sowing at every 10 days interval. 
Sihag (2003) observed that the sowing of chickpea 
during December causes reduction in yield attributes and 
grain yield up to 37.21% at Sriganganagar. Kumar et al. 
(2003) at Hisar reported that the chickpea yield was 
significantly   reduced beyond 25th November sowing.  
Number of pods per plant was also reduced beyond 25th 
November sowing, whereas other yield attributes viz. 
number of seed/pod and 100-seed weight were not 
affected by sowing dates.  Chaitanya and Chandrika 
(2006) reported that ‘ICCV-10’ variety gave higher yield 
as compare to others and suggested 15th November for 
late sown crop in Chittoor (A.P.). Kumar et al. (2006) 
observed that dry matter accumulation in leaf, stem and 
pods decreases significantly in 5th December and 20th 
December sowing as compared to 5th November sowing. 

  
 Relative performances of chickpea genotypes for 
growth, yield attributes, yield and quality of chickpea  

The extent to which a plant can harness the natural 
resources of solar radiation, carbon di-oxide, water and 
other inorganic nutrients available to it in the production 
of yield is dependent upon its genetics composition. The 
genetic control of yield is achieved though regulation of 
morphological structure of the plant and its physiological 
functioning. The genetic constitution of the thus 
determine its potential yielding ability, but the degree to 
which this potential is realized depends to a large extent 
on environment in which it grow.  Behl (1983) reported 
that tall genotype developed from a cross between 
Russian Kabuli (P-9847) and Indian Desi (P-922) type 
showed significant interaction with sowing dates for 
grain and biological yield, seeds per pod and plant. 

Bassiri et al. (1985) Observed in low land 
Vindhyan soils in Utter Pradesh that varieties ‘Radhey’, 
‘Type 3’, and ‘K 468’ remained at par under all the dates 
of sowing and gave significantly higher yields when 
sown on 5th November as compared with earlier and later 
sowings. However, ‘H 208’ production maximum yield 
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at early sowing and there was a significant decrease in 
grain yield with each delay in sowing. The results are in 
partial agreement with those of Kumar et al. (1983), who 
also obtained non-significant differences in grain yield 
between ‘Radhey’ and ‘Type 3’ under all the dates of 
sowing at Masodha. 

Sharma et al. (1988) working at Gwalior reported 
that variety’ G2’ gave higher yield than other varieties 
tested (‘JG 315’, ‘St.76’ and ‘JG 74’). Chickpea 
genotype ‘JG 74’ contained significantly higher protein 
content as compared to other varieties, whereas, protein 
content of ‘JG 315’ was found the lowest. Shrivastava et 
al. (1990) observed in Chhatisgarh region of Madhya 
Pradesh that under late-sown condition, ‘JG-74’ was 
found significantly superior (1.82 t/ha) to the other two 
cultivars across three sowings as well as for each date of 
sowing. The two cultivars ‘JG1263’ and ‘H355’ were 
similar in response.  

Chickpea genotype HK 81-69 out yielded 
‘Gorahisari’ which also produced significantly more than 
‘L550’ (check). The higher yield of KH81-69 was 
attributed to its better pod bearing habit and higher seed 
weight. This was well demonstrated by Singh et al. 
(1991). Dixit et al. (1993) reported from Madhya 
Pradesh that ‘Radhey’ variety of chickpea produced 
significantly higher number of branches, pods, grain per 
plant and 100 seed weight and consequently the grain 
yield as compared to the genotype Ujjain. Dahiya and 
Singh (1993) reported that plants of cultivars ‘H82-2’ 
were taller and less branched than H86-143. However, 
no significant differences in the seed yield of these 
genotypes were observed at Hisar condition. 

Singh and Singh (1994) reported from Hisar that 
chickpea genotype ‘H82-2’ gave the highest seed yield 
(1.47 t/ha) and ‘PBG-1’ the lowest (1.25 t/ha) during 
1990-91, however, seed yield of these genotypes did not 
differ significantly during 1989-90. Mishra (1995) in 
Madhya Pradesh reported the mean seed yield of 0.81, 
0.78, 0.95 and 0.63 t/ha with the cultivars ‘JG315’, 
‘JG74’, ‘C235’ and local, respectively. Tiwari et 
al.(1996) found that variety ICCV-10 produced 
significantly more number of pods per plant, straw and 
seed yield than variety BDN 25 at Tikamgarh (M.P.) 
condition. Yadav et al. (1998) working at IARI, New 
Delhi reported that the relative growth rate (RGR) was of 
the same order and magnitude for both Deshi and Kabuli 
genotypes under normal planting which suggested that 
environmental factors were favourable for better growth 
and there was no adverse impact of any factor on 
genotypic performance. However, under late planting 
these values were of lower order in Desi and Kabuli tall 
type than Kabuli bushy type. 

Thakur et al. (1998) at Ujjain, Madhya Pradesh 
observed that varity ‘JG 315’ gave significant higher 
yield as compared to ‘Ujjain 21’. This was due to 
improvement in yield attributing characters such as pods 
per plant, grains per pod and test weight. 
Acrokiananathan (1983) reported from IARI that 
genotypes ‘HG 218-6-13’ has been found to absorb 
higher nitrogen and phosphorous in grain and straw of 

chickpea as compared to ‘HG175-61’. Chaitanya and 
Chandrika (2006) reported that ‘ICCV-10’ variety gave 
higher yield and its attributes as compared to others 
genotypes in Chittoor (A.P.). 

Sihag (2003) reported the ‘GNG-663’ significantly 
out yielded the rest by producing average grain yield of 
22.58 q/ha which was 9.8 and 14.3 per cent higher over 
the obtained with the genotypes HC-1 and ‘PBG-1’, 
respectively. The higher yield of genotypes ‘GNG-663’ 
was mainly due to higher number of pods/plant and 
bolder seeds than other genotypes. Kumar et al. (2003) 
reported ‘HC-1’ produced significantly higher grain as 
compared other genotypes which might be attributed to 
the higher number of pods per plant. Kumar et al. (2003) 
observed that genotype ‘H96-99’ out yielded 
significantly the genotypes ‘H92-67’ and ‘HC-1’. The 
higher grain yield of genotypes H96-99 was attributed to 
more number of branches/plant, number of pods/plant 
and bold seed size than genotypes ‘H92-67’ and ‘HC-1’. 
 
Effect of plant population on growth, yield attributes, 
yield and quality of chickpea 

Calcagno et al. (1988) found that the optimum plant 
density for chickpea is 25 plants/meter square, but the 
higher densities may be optimum for tall, erect genotype 
that can bear pod high in plant canopy. Sarawgi and 
Singh (1989) concluded that grain and straw yields were 
significantly higher with 50,000 plants/ha (30x10 cm), 
whereas number of pods/plant, grain/pod and 1000-grain 
weight were higher with 33,000 plants/ha. Saini and 
Faroda (1997) observed that delay in sowing time 
decrease the plant height, dry matter/plant and leaf 
area/plant, while pods per plant, grain/pod and 1000-seed 
weight improved with November first week sowing and 
also found that paired row planting of 20:40 cm and 30 
cm row spacing gave significantly higher yield compared 
to 20 cm row spacing. 

Thakur et al. (1998) reported that grain and straw 
yield of gram were significantly higher with 50,000 
plants/ha, whereas yield attribute were significantly 
lower with 50,000 plants/ha. Trivedi and Vyas (2000) at 
Khargone (M.P.), reported that narrow spacing of 30 cm 
gave a significantly higher grain yield than the wider 
spacing of 45 cm. Kumar et al.(2003) found that the  N 
and P accumulation in grain and straw were significantly 
higher in wider row spacing of 30 cm as compared to 
closer row spacing of 20 cm. Singh et al. (2003) showed 
the plant densities of 3.33 lakh plant/ha (30 cm row 
spacing) produced highest grain yield than other plant 
densities. 

According to Singh et al. (2003) the dry matter 
accumulation at 45 DAS and 75 DAS, ranged from 0.22 
to 0.31g/plant and 1.17 to 1.51g/plant, respectively under 
late sowing condition. Further, 3.33 lakh plant/ha (30 cm 
row spacing) produced the highest grain yield which was 
significantly   higher than other plant densities. 

The wider row spacing of 30 cm promoted the N 
and P accumulation in grain and straw and protein 
content in grain significantly as compared to closer row 
spacing of 20 cm as observed by Kumar et al. (2003). 
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Venkatachalpathi et al. (2004) showed that the seed yield 
with 30 cm row to row spacing was significantly higher 
than 20 cm row to row spacing, yet 30 cm row to row 
spacing was at par with both 20:40 cm paired row 
sowing and 30 cm cross sowing. Kumar and  Kadian 

(2006) reported that genotype ‘D 96-99’ behaved similar 
at both the planting densities (3.33 lakh plant/ha and 5.0 
Lakh plant/ha), whereas HC-1 produced significantly 
more grain yield at planting density of 3.33 lakh plant/ha. 
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