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I. INTRODUCTION

“Alone those men who plough their fields and eating live, do live.

The rest are bowing and following those who food would give.”

- THIRUKKURAL
Agriculture is the backbone of the Indian economy as more than 70 percent of the population is directly or indirectly dependent on agriculture activities. This is one reason that agriculture is central to all strategies and planning for the socio- economic development of the country (Mishra, 2002).

The economic regeneration attempted in India through successive Five Year Plans since 1951, has made agriculture a pride of national economy. The Green Revolution and the impetus given by the Central and State governments, Agricultural Universities and other Organizations through generation and introduction of numerous hybrid varieties of grains, legumes and vegetables and improved agricultural practices have stepped up food production in the country. The agricultural production has increased from 89.36 million tones in 1964 – 65 to 211.32 million tones in 2001 – 02. However, it did not make uniform impact in all the crops production. The production of cereals has increased substantially while it was almost stagnant in pulses (Rajkumar, 2002). 

Pulses (legumes), the wizard of the health, owe a strategic position in the bio spectrum of the world. They are the only richest source of protein in the agricultural galaxy. Pulses besides providing protein, also sustains the edaptic resources by virtue of their dynamic roots. Pulses occupy an important place in human nutrition due to their higher protein content viz, 20 to 40 percent, which is two to three times more than cereal grains or any other group of plants besides plenty of micro nutrients, low fat, high dietary fibre and complex carbohydrates (Raman and Ganesan, 2005).

Importance of pulses in Indian diet can be judged from the fact that about 10 percent of the dietary protein is met from pulses as compared to four percent in Asia. They are particularly important for major segment of population in developing countries who cannot afford animal protein due to high cost. Grain pulses complement cereals and make an ideal combination to provide protein quality matching that of animal products. Therefore, as long as cereals remain the staple food for millions of people in the country, the pulses would continue to play a critical role of complementation in the vegetarian diets as blend of both provides balanced amino acids with high biological value (Ali et.al, 2003).

 Pulses also contribute a major portion of lysine in the vegetarian diet. They are also fairly good sources of vitamins like thiamine, niacin and riboflavin and much needed iron. Nutritive studies have shown that inclusion of various pulses in the cereal-based diet can solve the protein calorie malnutrition and promote growth especially of the underweight children.

Pulses occupy 68.32 million hectare area and contribute 57.51 million tones to the world food basket. India shares 35.2 percent area and 27.65 percent of the global production. Contribution of pulses in total food grain production in India has declined during the last three decades (Joshi,et.al, 2004).

Once a net exporter, India is presently one of the largest importers of pulses because our domestic production is chronically short of domestic demand. The current domestic production of pulses amounted to 12.5 million tones against the current requirement of 20 million tones. In TamilNadu, the current production level of 5.7 lakh tones, against a requirement of 17 lakh tones.

     
Ramanathan (2004) expressed that although pulses were an important dietary component of Indians. Production had stagnated for two or three decades, leading to a reduction in per capita availability.

The per capita consumption of pulses in a day was 61gm during 

1950-51 which has declined to 39gm per day during 1999-2000 (Devaraj, 2002).

          
The pulse production in the country is declining resulting in the import of pulses to the tune of 0.5 million tones every year (Ali et.al, 2003). The crisis of pulses is gradually firing up its grip due to growth of population and introduction of protein based food industries. There are four ways of increasing the per capita pulse availability. One is the increase the area under agriculture, second is to increase the productivity, third, is to control of population and the fourth one is to prevent post harvest losses. Considering the limited and dwindling land and water resources, slow growth of productivity and ever increasing population; minimizing post harvest losses is one of the most effective and economic ways of increasing per capita pulse availability (Pandya and Ali, 2000 and Hazra, 2001).

   
Post harvest technology is an integral part of agricultural production and utilization system and it plays a key role in loss prevention, value addition and employment and income generation. Pulse production is seasonal; therefore storage of pulses is necessary to meet the year round demand throughout the year. Pulses are stored under a variety of environmental conditions. These conditions influence the nutritional quality and shelf life of the pulses. Pulses are subjected to losses during pre and post harvest losses. Pre harvest losses from birds and mammals are small (1%). However, post harvest losses are substantial.  Losses of stored foods are due to insects, rodents and micro organisms are estimated at about nine percent (Cheran et.al, 2004). Unfortunately, farmers who spend a considerable amount of finance on good seeds, fertilizer, pesticides, tractors and other implements, often store their grains only in their traditional storage devices. The devices are neither moisture or rat proof nor fumigation worthy resulting in the damage of huge quantities of food grain (Agarwal and Korde, 2003). About 80 percent of the storage losses is due to insects, rodents and micro organisms. Pulses are specifically attacked by bruchids. The losses caused by bruchids may range from 10 to 30 percent. In India, the losses are to the extent of 8.5 percent (Modgil, 2002).  It may not be possible to increase the pulse production level beyond a certain limit; a reduction of losses during storage could lead to substantial increase in pulse availability to the increasing population.

    
The research carried out in the past focused on issues relating to trends and growth of food grain and pulse production, improved methods for food grain, cereal storage and so forth. These literatures have not focused in depth on the post harvest losses of stored pulses. The post harvest losses are the growing concern in the present situation of inadequate availability of pulses and astounding population. Hence, conducting research in the field of grain storage especially in the sphere of pulses storage is the need of the hour.  Therefore to serve the very purpose, the investigator has made an attempt in this direction to assess the quality of pulses stored in different storage devices by using simple technology with the following general and specific objectives.

General objectives: to

1. find out the existing pulse storage practices and problems faced during storage and

2. assess the quality of pulses stored in different storage devices.

Specific objectives: to

1. collect information on pulses cultivated in the selected areas

2. study the existing storage practices and their drawbacks

3. find out the extent of losses and determine the factors leading to such losses

4. assess the quality of stored pulses in terms of moisture, weevilization, germination, organoleptic quality and nutrient content

It is hoped that this study will help farmers to improve their storage practices, leading to optimum saving of pulses, which would lead the nation to prosperity.
II. REVIEW OF LITERATURE

The literature pertaining to the study on “Assessing the Quality of Selected Pulses Stored in Different Storage Devices” is reviewed under the following headings:

Role of Agriculture in Indian Economy

Importance of Post Harvest Technology 

Post harvest Losses of Food Grains

Factors Responsible for Food Grain (Cereals and Pulses) Losses

During Storage and Measures to Control the Losses

Importance of Pulses 

A. Role of Agriculture in Indian Economy

Agriculture has been and will continue to be the lifeline of the Indian economy. As the largest private enterprise in India, agriculture contributes 25 percent of the Gross Domestic Product (GDP), sustains livelihood of about 70 percent of the population, and is the back bone of agro based industry (Rai, 2004).

Since independence, India has made substantial progress in the agricultural sector in terms of growth in output, yields and area under many crops. The technology led development in agriculture has made India self sufficient in food grains and a leading producer of several agricultural commodities in the world. The green revolution in major crops, yellow revolution in the oil seeds, white revolution in milk production, blue revolution in fish production and the golden revolution in horticulture significantly contributed towards the present achievements in these sub sectors (Acharya, 2000, Naik and Thimmappa, 2001)

Sujit and Mishra (2002) revealed that a rapid growth in the agricultural sector is essential not only to achieve self reliance at the national level but also to the household food security and most important to bring about equity in distribution of income and wealth. The sector provides employment to 56.7 percent of country’s work force and is the single largest private sector occupation. Agriculture accounts for about 14.7 percent of the total export earnings and provides raw materials to a large number of industries (Ahmed and Chetle, 1999).

Any change in this sector, positive or negative, has a multiplier effect on the entire economy. A nation of more than a billion people cannot be dependent on imports for the basic item like food grains. The agriculture sector, therefore, acts as a bulwark in maintaining food security and in the process, national security as well. To maintain the ecological balance, there is need for sustainable and balanced development of agriculture and allied sectors (Tenth Five Year,2002- 07).

India has not only become self sufficient in food grains but now has a surplus of food grains. The production of various crop commodities has increased substantially, over various plan periods. The total food grain production has increased from 1973-74 to 2001-02 is shown in table-I (Tenth Five Year Plan 2002 – 07).

TABLE - I

FOOD GRAIN PRODUCTION DURING THE FIVE YEAR PLANS

(In million tones)                   

	Commodity
	IV plan

(1973-74)
	V plan

(1978-79)
	VI plan

(1984-85)
	VII plan

(1989-90)
	VIII plan

(1996-97)
	IX plan

(2001-02)

	Rice 
	44.05
	53.77
	58.34
	73.57
	81.74
	91.61

	Wheat 
	21.78
	35.51
	44.07
	49.85
	69.35
	71.47

	Coarse cereals
	28.83
	30.44
	31.17
	34.76
	34.10
	34.72

	Pulses 
	10.01
	12.18
	11.96
	12.86
	14.24
	13.52

	Total food grains
	104.67
	131.90
	145.54
	171.04
	199.44
	211.32


The total food grain produced in 2002 is 211.32 million tones. Though the production has been increased, but the food grain requirement is not enough to the growing population. In 2030, we need 260 million tones of food grains to meet the demand of growing population 

(India, 2004).

Realizing the importance of Indian agricultural production for economic development, the central government of India has played an active role in all aspects of agricultural development. Recognizing the crucial role played by the agriculture sector in enabling the widest dispersal of economic benefits, the approach paper to the Tenth plan has emphasized that agricultural development is central to economic development of country (Indian child.com, 2002).

B. Importance of Post Harvest Technology
Patwardhan (1995) explained that harvesting is the single deliberate action to separate the food stuff, with or without associated non edible material from its growth medium. According to Ramanujam(1995) post harvest operations include cutting of crop, stacking, drying, threshing, winnowing, bagging, temporary storage and distribution. Since food cannot stay indefinitely in a natural state after harvesting, it has to be processed and preserved for a required period.

Post harvest technology is inter-disciplinary “Science and Technique” applied to agricultural produce after harvest for its protection, conservation, processing, packaging, distribution, marketing and utilization to meet the food and nutritional requirements of the people in relation to their needs. Post harvest period in other words is a period elapsing between production and consumption of grains (Devadas, 2001, Ganesan, 2003).

According to Sonelal (1995) post harvest technology is a multidisciplinary science, which has the capacity of increasing the agricultural production through scientific conservation elimination of avoidable losses and making available high value products from low grade raw materials. It can be achieved by proper processing, fortification, packaging, transporting, storage and marketing of agricultural output, efficiency of these operations makes the post harvest technology an important step in the nation’s economy (Swaminathan, 1996, Goodland et.al,2000).

Post harvest technology can play a major role in the establishment of agro- industries by producing value added products assuring financial returns and generating employment opportunities for the farmers and rural poor (Pandya, 1998). These technologies also help in systematizing the complex system of food marketing, making food available to consumers of all times and saving foreign exchange too. (Venkataramani,2002).

C. Post Harvest Losses of Food Grains

Foods are highly perishable and require utmost care in all the post harvest operations. The various factors involved in the ideal handling chain are harvesting at optimum maturity, pre- treatments to prevent microbial and physiological losses, packaging and transportation to markets and storage.  (Patwardhan, 1995)

A variety of factors determine the food grain losses after harvest which vary from commodity to commodity and with the circumstances under which they are grown, harvested, stored, processed and marketed (Chaudhary, 1993). The reasons for post harvest losses are either mechanical or biological, often interrelated. Mechanical injury may be due to the result of poor harvesting, handling or processing methods. Biological losses can arise from pest damage (insects, rodents and birds) and the activities of micro- organisms (bacteria, yeast and fungi) (FCI, 2004).

According to FCI (2004), 10 percent of the food grains produced is being wasted in various ways in the country. The Food and Agricultural Organization (FAO) reveal that the average loss of five percent of the world production of harvested foodstuff was only a conservative figure. 

Pandya and Ali (2000) estimated the production of different types of food commodities and their estimated post harvest losses along with monetary values per year are given in table – II.

TABLE – II

ESTIMATED POST HAREST LOSSES

	Type of food commodity
	 Production level
	Post harvest losses

	
	Quantity (Mt)
	Average price

(Rs / t)
	Value Rs. Cr
	%
	Quantity (Mt)
	Monetary value

Rs. Cr.

	Durable

(cereals, pulses and oil seeds)
	215
	10000
	215000
	10
	21.5
	21500


Leelapriya (2003) present the break up of losses of 9.33 percent during the post harvest stages as threshing 1.68 percent, transport 0.15 percent, processing 0.92 percent, rodents 2.50 percent, insects 

2.55 percent, moisture 0.68 percent and birds 0.85 percent. Although losses through insects and rodents are as high as 25 percent of the annual losses of food grains stored in traditional storage structures and devices, losses due to insect infestation alone account for five million tones (Ghule et.al, 2003).

Attention to the concept of post harvest food loss reduction as a significant means to increase food availability was drawn by the World Food Conference. In 1985, the U.N. General Assembly, passed a resolution calling for a 50 percent reduction of post harvest losses. In the FAO, after consultation with its governing bodies food loss prevention became a priority area and an Action Programme became operational in early 1988. The Food Loss Prevention Programme of FAO till recently focused mainly on the durable food grains, because of their prominence in the daily diet. The population of the world is likely to increase by about 50 percent at the end of the century. So a similar increase in food availability is necessary to maintain balance. This is primarily possible by proper post harvest management, and by increasing the area under production by increase in productivity. (Roy, 1995)

Mass awareness and mobilization of rural youth, men and women is needed to minimize the post harvest losses. These losses, in most cases, can easily be reduced to half or even less which tantamounts to addition to farmer’s income and to the rural economy (Swaminathan,1999, Ramesh and Thirumurugan, 1998).

D. Factors Responsible for Food grain (cereals and pulses) Losses                                               

    During Storage and Measures to Control the Losses                                                                                                                                                                  

Food grains are stored under different conditions. Storage losses can be broadly categorized as a loss in weight, loss in quality, loss in nutritive value and hygienic deterioration. The factors responsible for grain loss may be divided into physical and biological factors. The physical factors are temperature, moisture and oxygen concentration. Biological factors are birds, rodents, insects, mites, moulds, bacteria and yeast (Eevera and Vangamudi, 2003). A rough estimate of post harvest losses ranges from nine percent in the US to 40 to 50 percent in some developing nations. It has been indicated that pest population are destroying close to one- third to one- half of the world food supply (Caswell, 1997, Tewari, 2004).

a. Physical factors

i. Moisture               

Food grains seeds contain moisture mainly in two forms: bound water and absorbed water. The amount of free water present in legume seeds governs the rate of deterioration of the produce. Biological activity occurs only when moisture is present (Daniel et.al, 1997). The amount of water required to exhibit biological activity depends on the organism. It is well known that germinating seeds require a higher amount of moisture, as legume seeds soaked in water for 24 – 48 hour begin to sprout.  Con – comitant biochemical changes in the grains produce a significant increase in ascorbic acid and the degradation of starch, protein and lipids. When less than the amount of moisture required for germination is present, bacteria grow, less moisture than this will provide conditions suitable for the development of moulds and mites; still less will encourage infestation by insects (Abu and Aroba, 1999, Gunasekhar and RaviShankar, 2000).

Infestation by insects and moulds is influenced by the interaction of grain moisture, relative humidity and storage temperature. Insects attack grains at moisture content of above eight percent, if the storage temperature is above 19(c in addition, several biochemical changes occur in the seeds which result in the loss of seed viability and deterioration in nutritional and cooking qualities. Therefore, to minimize losses, grain must be dried to a safe level of moisture content before storing. Ali and Mohan (1993), Amon (1998) and Dash et.al (1999) recommended the safe level of moisture content for pulses ranges between 10 – 12 percent. 

ii. Temperature

All living organisms remain alive and flourish only within certain limits of temperature. Atmospheric temperature of grain and intergranular air temperature are all crucial variables for the safe and prolonged storage of grains. Heat from external sources penetrates slowly into the grain bulk. Diurnal temperature fluctuations rarely affect the grain below a few centimeters of the surface invading the grain is considerably higher. The effect of temperature on an organism is correlated with the amount of moisture present. A rise in temperature corresponds with decrease in the relative amount of moisture in the atmosphere (Lal, 1998, Yadawa singh and Agarwal, 2003).

The temperature inside the storage should be as low as possible to reduce the activity of micro organisms and insects. It has been observed that optimum temperature growth of insects and micro organisms are 35- 37( c and 25 – 30(c respectively and their activity reduces as temperature decreases. The insects are killed at temperature up to 30(c (FCI, 2004). Therefore, low temperature can be as effective as low moisture in preventing damage to stored grains (Raja et.al, 2003).

b. Biological factors:

i. Respiration

The property of grain respiration itself is crucial in understanding the grain deterioration process. Respiratory microflora plays a major role in grain deterioration. The direct effects of respiration are weight loss and moisture gain in the content of the grains, accompanied by a rise in carbon-di-oxide level in the intergranular air and a rise in temperature of grains. The rate of respiration is higher in oilseed as compared to cereals. The rate is reduced to half by each 10(c reduction in temperature. The rate of respiration in storage is extremely low. The respiration mechanism is especially important in grain storage. If grains with moderate or high moisture are stored immediately after harvesting, they exhibit a higher rate of respiration. Moisture and heat generation from respiration create conditions favourable for mould growth and spoilage may start within a period of few hours (Amon, 1998, Rajendar Kumar et.al, 1998).

To control micro organisms the grain must be dried before storage. Micro flora cause heating of grains and such heating starts in certain pockets or spots. Detecting the heating pockets in time and turning over the grains temporarily (Rao et.al, 1991). The temperature should be lowered below the optimum (for most fungi it is 23- 24(c) as this will reduce the activity of these organisms (Johnes et.al, 1993, Mendki et.al, 2001).

ii. Insects:

In tropical countries, several insects attack grains and cause significant losses. Bruchid beetles breed rapidly in stored legumes, preferring a relatively high temperature and humidity. Three genera of bruchidae cause severe damage to legumes. Bruchus are found in the Middle and Far East Africa and India. The dehusked and split stored pulses may be infested by insects such as rhizopertha, trogoderma and tribolium species from other stored products (Mahalingam, 1994).

Beetles are the serious pests of leguminous seeds in storage of the 850 known species, about eight are responsible for serious damage to harvested seeds and another 12 species cause losses by feeding on seeds in ripening pods. Pests of leguminous crops zabrotes subfasciatus bob; acanthoscelides obtectus and four species of genus callosobruchus have become adapted breeding successive generations in stored seeds. Breeding on stored seeds does not, however, prevents adults from migrating to the growing crop. This tendency is greater when the density of population in the store is high (Raman and Ganesan, 2005).

The following precautions are recommended by IGSI (2001), FCI (2003) and SGC (2003) to save the grains from insects during storage:

Clean the bullock-carts, trucks and wagons in which food grain is transported. Clean and dry gunny bags for reuse. Avoid storing grains near feed rooms. Spray insecticides inside and outside the storage structures before storing food grains.

 Disinfestations of food grains is a method where food grain stocks are preserved from the attack of live insect and rodent population by making use of either permitted chemicals or natural gifted materials and conditions by prophylactic and curative treatments. (Dwivedi, 1994)

Prophylactic treatment to stacks godowns should be done once a fortnight irrespective of the live infestation present. Food grain bags (after cleaning and brushing) and godowns are sprayed with the permitted chemicals of required dosage to control cross infestation. Chemicals like Malathion 50% EC and pythreum are commonly used to spray on bags empty space and DDVP (Dimethyl Dichloro Vinyl Phosphate) are used for air charging the empty space only. The spraying may be done by a power sprayer or foot or hand operated sprayer. (Prakash and Rao, 1992)

Curative treatment is given to food grain stocks to arrest and control the resident and hidden live infestation completely. This treatment is given depending upon the nature of live insects present and also the degree of infestation in food grain stocks. Fumigation is a process where the insect population present hidden in food grains are exposed to lethal doses of fumigants for a required period of time to cause cent percent destruction due to inhaling the poisonous gas emitted by the fumigants. Fumigants are chemical compounds which are volatile at ordinary room temperature and sufficiently toxic to insect population (Appiah,1994,Thimmiah and Ravishankar, 1993, Swati Joshi, 2004).

iii.       Rodents 

                   Several species have been reported to damage stored legumes. These include rattus rattus, ratus norvegicus, bandicotta indica, bandicota begalensis, and musculkatus. These species incur serious losses to food grains. The quantity of food they hoard in many times more than what they actually consume. Studies have shown that rats contaminate about 20 times the amount of food grains they actually consume.

Rodent damage to stored food is three fold:

i. Rodents consume a certain quantity of product.

ii. They foul a much larger quantity with excretions

iii. They gnaw holes in the containers

 
 Jute bags are particularly susceptible to this form attack and are frequently damaged, beyond repair. In some countries, plastic sacking or sheeting can also be gnawed. Damage to grain in bulk is much less than damage to bagged grains, rodents cannot burrow into bulk grain and therefore feed only at the surface. Bulk storage methods also provide fewer harborages for rats, and the containers used are frequently rat proof.

    
Rodents carry diseases that are transmissible to humans. Stored produce may become contaminated with rodent faeces, urine and ecto- parasites and become a potential source of danger to persons handling or eating it. (Dykistra, 1999)

    
Rodent control can be initiated with ecological control measure. It involves removing all sources of food, water and shelter for the rodents, both inside and outside the houses, providing sanitary conditions and removing brushes, shrubbery, trash, garbage and standing water which would reduce the favorable breeding grounds (Rangarajan et.al, 1995)


Mechanical control is the second line of measure to be taken which involves use of traps, flooding of rat holes and rat proofing. Biological control entails use of predators. Some farmers keep trained dogs who prey on rats or even dig out the rats from burrows by smelling them. Snakes, mongoose, weasel, and cats are well known predators of rat and contribute to keep the rodent population low (Venkatesha, 1999)


Chemical control forms the backbone of rodent control programmes. Use of poison baits is the quickest way of reducing high rodent population. Chemical materials currently used can be broadly classified into acute toxicants (quick acting), chronic toxicants (slow acting), fumigants, attractants and repellants (Tripathi and Jain, 1994)

Acute toxicants, also known as single dose poisons, are generally used to bring down the rodent population rapidly. They include zinc phosphide, silmurin, vacor or RH 787, strychrin, arsenious trioxide, barium carbonate norbromide, sodium thallium sulphate. Chronic toxicants which include most of the anticoagulant rodenticides delay blood clotting causing leakage of blood through the capillaries resulting in internal hemorrhage and death. Death occurs after multiple feeding and thus reduces hazards of non-target species (Majumder, 1997).

Fumigation method is used in food godowns and stores. Fumigation of rat burrows with aluminium phosphide is effective under practical conditions. It is prepared in the form of tablets and pellets, which release phosphic gas on exposure atmospheric or soil moisture.

 Repellants are low- hazard alternative to toxic rodenticides. But there has been little effect in practical application as a single repellent may not be effective universally (Chauhan and Ghaffer, 2001)

Sustained rat control campaign on the above lines will help the farmers to keep the rat menace under check.

E. Importance of Pulses 

Pulses occupy an important place in the farming system of India. Pulses are the ancient food crops with evidence of their cultivation for over 8000 years. Pulses are the cheapest source of protein for common man. They are biologically rich source of protein and essential minerals. Besides high protein content and minerals, consumption of pulses also offers numerous other health advantages like low fat or high carbohydrate content (Ali et.al, 2003).

Pulses contain fair amounts of minerals like calcium and iron, and if consumed in the necessary amounts, than a fair percentage of the total mineral requirements of the body can be met from pulses. Calcium is especially needed for the growth and maintenance of bones and teeth and iron in sufficient amounts is required for keeping blood healthy. Pulses contain B- vitamins which are needed by the body for keeping tissues like skin and nerves in a healthy condition. Nutritionally, pulses fulfill the human requirement for body building and develop a strong body system. (Modgil, 2002, and Panwar et.al, 2004).

Pulses besides providing protein it also sustain the edaptic resources by virtue of their dynamic roots. Pulses, in a system, help to sustain and stabilize the productivity of soil by affecting its physical, chemical and biological properties (Singh and Singh, 1995)

Pulses help to control blood sugar levels, and so can be useful to diabetics. They help to lower the cholesterol levels. Pulses contain insoluble and soluble fibre and guard against constipation, as well as possibly lessening the risk of cancer of the colon and rectum thereby reducing the risk of heart disease and stroke.

Most cooked pulses contain iron, potassium, phosphorus, manganese, magnesium and the B- vitamins. Some of them also contain vitamin – F.

 India stands first in the world in the production of pulses in the country. Grain legume production remained static between 10.6 million tones to 13.7 million tones in the past few decades (Ganesan, 2003). The factors limiting the production and availability of legumes are climatic and ecological, non availability of high yielding varieties, proper research support, socio- economic factors and constraints in post harvest technology (Nigan, 1994 and PratheepKumar, 2005).



Although there has been a phenomenal increase in the pulse production during the past few years in the state, a high percentage of cultivated area under pulses in the state depends on rainfall. Consequently, the pulses production fluctuates from year to year. The extent of fluctuations in crop output can be reduced to considerable extent by use of efficient water management and moisture conservation techniques (Dhaka and Agarwal, 2000, Pankaj Sharma,2000).


Pulses are an important ingredient of vegetarian diet of Indian masses. The balanced diet provides nutritional security to the majority of the population of the country. The pulses are the major source of protein in predominantly vegetarian diets of Indian people as pulses, protein help in making diet more balanced as in its nutritive value. The proteins derived from pulses are less risky from disease point of view and cheap as well. The crops also enrich the soil with nutrients for the succeeding crops (Devaraj, 2002).


According to the National Nutritional Survey, the diet of common man is predominantly cereal based. The poor section of the population derives major part of protein from cereal grains and some protein is added from pulses, which are in common use (Bhatty et.al, 2000).

III. DESIGN OF THE STUDY

          The research design for the study on “Assessing the Quality of Selected Pulses Stored in Different Storage Devices” consisted of the following aspects:
A. Conduct of the Household Survey

B. Assessing the Quality of Selected Pulses Stored in Different Storage Devices

A. Conduct of the Household Survey

A household survey was conducted to understand the storage practices of pulses and related problems faced by the farm households. Kothari (2002) points out that surveys are concerned with conditions or relationships that exist, opinions that are held, processes that are going on, effects that are evident or trends that are developing. The household survey included the following steps:

     1. Selection of the block

     2. Selection of the villages

     3. Selection of the sample

     4. Conduct of the survey and 

     5. Analysis and interpretation of the data collected

1. Selection of the block

   
The study was conducted in Coimbatore district of Tamilnadu state. From the records maintained at the District Agricultural Office, Coimbatore, on food grains especially pulses produced, it was noted that out of 21 blocks in the district, Thondamuthur block had the maximum surplus pulses available for the storage and therefore Thondamuthur block was selected for the study. The Agricultural profile of the selected block is presented in 

Table – III.

                                              TABLE – III
  AGRICULTURAL PROFILE OF THE SELECTED BLOCK

	S.No
	Particulars
	Thondamuthur block

	1.
	Total Number of Revenue Villages
	31

	2.
	Population (in thousands)

Male

Female

Total
	41,555

41,065

82,620

	3
	Total Geographical Area (in Hectares)
	22,661

	4
	Total Cultivable Area  (in Hectares)
	20,052

	5
	Number and Type of Farm Families

Marginal  ( below 1 Hectare )

Small       ( 1 to 2 Hectares    )

Large        ( above 2 Hectares)

Total
	3,143

2,163

2,055

7,361



	6
	Crops Generally Cultivated
	Cereals:-

Paddy,Bajra

Maize,Jowar

& Ragi

Pulses:-

Black gram,

Bengal gram

Horse gram

Red gram,

Green gram & Cowpea, Chillies,Turmeric,  Sugarcane,Fruits, Groundnut, Coconut and Sunflower


2. Selection of the villages


Scrutiny of the village-wise record maintained in the selected block showed that out of 21 villages, only five produced surplus pulses available for storage. Therefore these five villages were chosen for the study.

 (Appendix-1)

3. Selection of the sample


According to Gupta (2002), purposive sampling is a technique in which a desired number of sample units are selected deliberately or purposely depending upon the object of enquiry. One hundred and fifty farm households were randomly selected from the five villages with equal representation from the three categories of land holding as detailed below:

                    Marginal

5 x 10          =   50



Small

          5 x 10
         =   50



Large

          5 x 10          =   50



Total



          = 150


Since the farmwomen (home makers) play a significant role in the storage of food grains, they were selected to be the respondents for the household survey. 

4. Conduct of the Survey

Saravanavel (1999) opined that the personal interview helps to establish close personal contacts between the interviewer and interviewee and by its means detailed knowledge about intimate and personal aspects of the individual can be had.  Owing to its suitability, direct personal interview method was selected to collect first hand information from the farmwomen. The interview schedule prepared (Appendix-II) called for information on the socio economic profile, types of pulse crops cultivated, storage practices adopted, problems encountered during storage and the measures undertaken to solve the problems. After a couple of informal visits intended to build rapport the schedule was administered to all the 150 farm home makers were selected for the study.

5. Analysis and Interpretation of the Data Collected


The findings of the household survey were analysed, interpretated discussed and presented under chapter IV – Results and Discussion.

B. Assessing the Quality of Selected Pulses Stored in Different Storage Devices


The quality analysis of selected pulses included the following aspects:

1. Selection of pulses for storage

2. Selection of storage devices

3. Conduct of the experiment and 

4. Quality analysis of the stored pulses

1. Selection of Pulses for Storage

The pulses commonly stored by all the categories of  farmers namely black gram, green gram, red gram, bengal gram, and horse gram (Plate-I) were selected for the storage experiments.

    2. Selection of Storage Devices

The household survey revealed that the varied categories of farmers stored pulses in gunny bags, polythene bags, air tight stainless steel container and boxes like aluminium and plastic  (Plate II). The maximum capacity of storage devices used in the selected households were 100 kg for gunny bag and polythene bag, 50 kg for air tight stainless steel container and 20 kg for aluminium and plastic boxes.  Therefore the storage devices with these capacities were selected for conducting the experiments on pulse storage.

3.Conduct of the Experiment

Three farm households representing one each from the marginal, small and large categories who possessed the storage devices were selected to carry out the storage experiment based on the willingness of the clientele and availability of pulses.

   i. Preparing the Pulses for Storage

· Prior to storage in the respective storage devices, the pulses were properly cleaned, graded, dried and cooled.

·  The moisture level of the pulses was brought down below the safe level of moisture content that is 12 percent. The cracks and crevices in the room were closed and the walls were white washed. 

· The inside and outside surface were sprayed thoroughly with insecticide – malathion 50% EC. 

· Gunny bags and polythene bags were made pest proof with malathion solution. 

· Wooden crates, black polythene bags and iron planks (plate- III a & b) were provided as dunnage materials to avoid moisture seepage and to facilitate air circulation. 

· During the nine months of experiment, the storage rooms were sprayed with malathion 50% EC once in fifteen days.

· To control insect infestation, the indigenous methods such as use of neem leaves, pungam leaves, kattu thulasi, red chillies, turmeric powder and red soil were used during storage (plate–IV).

·  An anticoagulant ‘Roban’, zinc phosphide and rat trap were used to control rats.

The household survey revealed that the maximum storage period of pulses is nine months. Hence this experiment was continued for a period of nine months. For comparison, the same experiment was conducted with the same type of storage devices and pulses without any treatment.

4. Quality Analysis of the Stored Pulses 

          According to Food Corporation of India (FCI) 2003, the quality of food grains (cereals and pulses) stored is to be assessed in terms of percentage of moisture, weevilization, germination, organoleptic qualities and nutrient content. Therefore, the study focused on the quality analysis of stored pulses following the guidelines of FCI.

a. Moisture Content:

          The moisture content of food grains varies during prolonged periods of storage because of the atmospheric changes. Therefore the moisture content of pulses stored in different storage devices was analyzed periodically over a period of nine months. For analysis, the pulses were collected from different sections (top, bottom, middle and side).  Digital Moisture Meter (plate – V) and Thermosampler were used to measure the percentage of moisture and room temperature once in three months for a period of nine months. The moisture content recorded was compared with safe level moisture content for all type of pulses. 

 b. Weevilization Percentage:

         For assessing the weevilization percentage, 1000gm of pulses were collected from each of the storage devices and kept in polythene bag to avoid spillage. From this, a sub-sample of 100g was taken and spread in a tray. All the insect infected pulses were separated from the sample, counted and weighed and the percentage of infestation was calculated (plate –VI). This was repeated once in three months for a period of nine months. On the basis of this data, the percentage of infestation in the respective type of storage devices was determined.

c. Germination Percentage:

         
The germination test was conducted by using sand medium in mud pot. Four replicates of 25 seeds each were used for this test. The germination percentage was calculated at the end of the seventh day. This was done once in three months for a period of nine months. The number of normal seedlings was counted and expressed as percentage of germination (plate – VII).

d. Organoleptic Quality:

The stored pulses were cooked as a part of the daily menu and the organoleptic qualities such as taste, flavour texture and general appearance were assessed by the homemakers (plate –VIII and IX) and the head of the 

family using a score card (Appendix- III). This experiment was repeated once in three months for a period of nine months
e. Nutrient Content:

          Since the pulses are rich sources of protein, fibre, energy and minerals, the nutrient analysis was restricted to protein, fibre, energy and minerals (calcium, phosphorus and iron).   This analysis was done at the time of start of the experiment and at the conclusion after nine months 

(plate –X).                   

          The results obtained from experiments on moisture content, percentage of weevilization, germination, organoleptic quality and nutrient content recorded was compared with control group and presented under chapter IV – Results and Discussion.

IV. RESULTS AND DISCUSSION

The findings of the study on “Assessing the Quality of Selected Pulses Stored in Different Storage Devices” are discussed as detailed here under: 

A. Household Survey

B. Assessing the Quality of Selected Pulses Stored in Different Storage Devices

A. Household Survey

The findings of the household survey are discussed under the following headings:

a. Socio – economic status of selected households

b. Pattern of pulse crops cultivation and

c. Storage practices adopted and problems faced

a. Socio- economic status of selected households

The educational and occupational status of the homemakers and the heads of families, types of land holding and income of the selected households are discussed under this sub heading.

    i. Educational status

Table – IV depicts the educational status of the homemakers and the heads of families in the selected households.

TABLE – IV

EDUCATIONAL STATUS OF SELECTED HOMEMAKERS AND 

HEADS OF FAMILIES

	S.No
	Educational status
	Percentage of homemakers and heads of families

	
	
	Homemakers
	Heads of families

	
	
	M* (150)
	S* (150)
	L* (150)
	M (150)
	S (150)
	L (150)

	1.
	Illiterate
	1
	-
	-
	-
	-
	-

	2.
	Primary
	16
	8
	7
	12
	11
	4

	3.
	Secondary
	15
	21
	15
	20
	18
	8

	4.
	Higher secondary
	48
	29
	29
	19
	13
	14

	5.
	Graduate
	12
	25
	35
	35
	39
	39

	6.
	Post graduate
	6
	12
	7
	12
	14
	27

	7.
	Professional
	2
	5
	7
	2
	5
	8


*M – Marginal farmers, S – Small farmers, L – Large farmers

It is encouraging to note that among the entire samples, only one percent of the homemaker was illiterate. The educational status of the homemakers revealed that about 48 percent and 29 percent of marginal and small farmers respectively were educated at higher secondary level. Thirty five percent and 25 percent of large and small farmers respectively were graduates. Twelve percent and seven percent of small and large farmers respectively were post graduates.

The educational status of head of the families revealed that among marginal, small and large farmers 35 percent, 39 percent and 39 percent respectively were educated up to graduation. Twenty seven percent and 14 percent of large and small farmers respectively were educated up to post graduation.

From this, it can be concluded that head of families was better educated than their counter parts.

ii. Occupational status

Agriculture was the main occupation for all the large farmers and 92 percent and 88 percent of small farmers and marginal farmers respectively. In addition, agriculture related business was the subsidiary occupation for 87 percent of large farmers and for 48 percent and 32 percent of small and marginal farmers respectively.

iii. Type of land holding

The type of land possessed by the households under study is presented in table – V.

TABLE – V

TYPE OF LANDHOLDING POSSESSED BY THE HOUSEHOLD

	Type
	Percentage of household

	
	M (150)
	S (150)
	L (150)

	Wet land
	88
	100
	100

	Dry land
	58
	43
	24

	Garden land
	33
	74
	100


All the large farmers possessed wet land and garden land, while 58 percent of marginal farmers owned dry land. A higher proportion of small farmers (74 percent) possessed garden land when compared to the marginal farmers.

iv. Family income

Income from agriculture and allied occupations and other sources were taken as the family income. The respondents were categorized into three income groups viz., high, middle and low following the categorization of HUDCO (2000)

                  Low       – up to Rs. 4500 per month

                  Middle   – Rs. 4501 to Rs. 7500 per month

                  High       – above Rs. 7500 per month

Table – VI gives the income level of the selected households.

TABLE – VI

FAMILY INCOME OF THE SELECTED HOUSEHOLD
	Income category
	Percentage of households

	
	M (150)
	S (150)
	L (150)

	Low
	51
	46
	7

	Middle
	30
	29
	24

	High
	19
	25
	69


From the above table, it is clear that 69 percent of the large farmers belonged to high income group, while 46 percent and 51 percent of small and marginal farmers belonged to low income groups respectively. The level of the income depends on the farm size of the farmers.

b. Pattern of Pulse Crops Cultivation 

The aspects discussed under this heading are types of pulse cultivated, frequency of cultivation and quantity of pulses produced per cropping.

i. Types of crops cultivated

Table – VII and figure - I presents the pulse crops cultivated by the selected households.

TABLE – VII

PULSE CROP CULTIVATED BY THE SELECTED HOUSEHOLDS

	Types of pulse cultivated
	Percentage of households



	
	M (150)
	S (150)
	L (150)

	Black gram (Phaseolus mungo roxb) *
	100
	100
	100

	Green gram (Phaseolus aureus roxb) *
	100
	100
	100

	Red gram (Cajanus cajan) *
	89
	94
	100

	Horse gram (Dolichos biflorus)*
	52
	60
	70

	Bengal gram (Cicer arietinum) *
	46
	50
	65

	Cow pea (Lobia vigna sinesis) *
	28
	25
	35


* - Botanical name of the pulse crops

Black gram and green gram were cultivated by all categories of households followed by red gram and horse gram by 89 percent, 94 percent, 100 percent and 52 percent, 60 percent and 70 percent of marginal, small and large farmers respectively. From the table, the cow pea has been cultivated only 35 percent, 28 percent and 25 percent of large, marginal and small farmers respectively.

ii. Frequency of Cultivation

Irrespective of the category of farmers, the pulse varieties were cultivated only once in a year.

iii. Quantity of pulses produced per cropping

All the farmers irrespective of the type of landholding,  produced up to ten quintals of pulses such as black gram, green gram, red gram, bengal gram and horse gram per cropping.

c. Storage Practices Adopted and Problems Faced 

The aspects discussed under this head are quantity of pulses stored, reasons for storage, duration of storage, storage devices in use, problems during storage, causes for pulse losses during storage and methods adopted to control the losses.

i. 
Quantity of pulses stored by the selected households and reasons 

for storage 

All the small and marginal farmers stored up to five quintals per annum, while the large farmers stored up to ten quintals per annum. All the small and marginal farmers stored the pulses either for their family consumption or for purpose of seed. On the other hand, the large farmers stored the pulses for future marketing.

ii. Duration of storage of pulses

Irrespective of the locale, or the category of the farmers, all type of 

pulses were stored up to a period of nine months.

iii. Storage devices in use

Table – VIII and figure - II reveals the pulse storage devices in use by the households under study.

TABLE – VIII

PULSE STORAGE DEVICES IN USE BY THE HOUSEHOLDS UNDER STUDY
	Storage devices
	Percentage of households

	
	M (150 )
	S (150 )
	L (150 )

	Gunny bag
	100
	100
	100

	Polythene bag
	100
	100
	100

	Air tight stainless steel container
	31
	61
	76

	Plastic box
	40
	38
	35

	Aluminium box
	50
	40
	60


The traditional gunny bag and polythene bag were used for storage by all the households because of its advantages such as low cost, less weight and ease of handling. As the pulses stored in gunny bags are well aerated, they were preferred for storage of seed pulses. They were also utilized as a measure of quantity for pulses. Air tight stainless steel container was used by 76 percent and 61 percent of large and small farmers respectively. Aluminium box was used by 60 percent and 50 percent of large and marginal farmers respectively.

iv. Problems during storage

    Table – IX indicates the problems during storage.

TABLE – IX

PROBLEMS DURING STORAGE
	Problems
	Percentage of households

	
	M (150)
	S (150)
	L (150)

	Inadequate technical guidance
	84
	77
	31

	Insufficient space for storage
	66
	30
	5

	Non –availability of chemicals
	59
	40
	36

	Seasonal variations
	57
	31
	9


A majority of 84 percent and 77 percent marginal and small farmers respectively expressed inadequate technical guidance as the most significant problems faced in storage of pulses. Insufficient space for storage, non availability of chemicals and seasonal variations were the other major problems expressed mainly by the marginal and small farmers respectively.

v. Causes for pulse losses during storage

Table – X indicate the causes for pulse losses during storage



TABLE – X

CAUSES FOR PULSE LOSSES DURING STORAGE

	Causes for pulse losses
	Percentage of households

	
	M (150)
	S (150)
	L (150)

	Insect infestation
	99
	89
	82

	Rodents 
	31
	11
	7

	Moulds and fungi
	25
	35
	11


A majority of 99 percent and 89 percent and 82 percent of marginal, small and large farmers respectively mentioned insect infestation as the major cause for pulse losses during storage. Thirty five percent and 25 percent of small and marginal farmers respectively expressed moulds and fungi as other causes for pulse losses during storage. Thirty one percent and 11 percent of marginal and small farmers respectively complained about the menace by rodents. 

vi. Indigenous methods adopted to control insect infestation during storage

Table – XI and figure - IV exhibits the indigenous methods adopted to control insect infestation during storage.

TABLE – XI

INDIGENOUS METHODS ADOPTED TO CONTROL INSECT INFESTATION DURING STORAGE
	Indigenous methods
	Percentage of households

	
	M (150 )
	S (150)
	L (150)

	Sun drying
	100
	100
	100

	Use of boric acid powder
	90
	92
	99

	Use of ‘neem’* leaves
	95
	66
	54

	Use of ‘kattu thulasi’ *
	84
	52
	36

	Coating with red soil and ash
	95
	67
	78

	Use of ‘pungam leaves’*
	54
	49
	42

	Use of red chillies
	22
	31
	65

	Use of turmeric powder
	15
	17
	13


Botanical name: 

              *- neem – Azardirachta indica, 
*- kattu thulasi – Ocimum 

gratissiman

                   *- pungam - Ponganuam

The traditional method of sun drying was used by all the households as a pre treatment for storage of pulses to reduce moisture content which coincides with the study of Moreno Reyes (1999), revealed that sun drying is the best method which controls the loss by reducing moisture content. Over 90 percent of all categories of farmers stated, spreading of boric acid powder around the storage bags and mixing the same with pulses to minimises the insect infestation. Use of neem leaves and kattu thulasi leaves in storage devices was adopted by over 80 percent of marginal farmers and 50 percent of small farmers. 

Pulses were coated with moist red soil and ash and then sun dried by 95 percent and 78 percent of marginal and large farmers respectively. Mixing pulses with whole red chillies was practiced by 65 percent and 31 percent of large and small farmers respectively to reduce insect infestation. 

vii. Methods adopted to control rodents

Table – XIIshows the methods adopted to control rodents in the                                                                   selected households.

TABLE – XII

METHODS ADOPTED TO CONTROL RODENTS
	Methods adopted
	Percentage of households

	
	M (150)
	S (150)
	L (150)

	Mechanical control
	65
	52
	42

	Chemical control
	59
	71
	76


In order to control rodents during storage period, about 65 percent and 52 percent of marginal and small farmers respectively adopted mechanical proofing methods such as wiremeshing the windows, sealing the broken windows and using rat trap, while 76 percent and 71 percent of large and small farmers respectively used chemical methods such as ‘roban cake’ and aluminium phosphide to control rodents.

B. Assessing the Quality of Selected Pulses Stored in Different

Storage Devices

The aspects discussed under this head are percentage of moisture content, weevilization and germination percentage, organoleptic qualities and nutrient retention of selected pulses stored in different storage devices.

a. Moisture Content 

Table – XIII and figure – V shows the percentage of moisture content assessed once in three months for a period of nine months.

TABLE – XIII

MOISTURE CONTENT

	Sl.

No
	Name of the pulse
	Moisture content

	
	
	Initial
	Experimental group
	Control group

	
	
	
	After 3 months*
	After 6 months**
	After 9 months***
	After 3 months
	After 6 months
	After 9 months

	1.
	Black gram
	10.2
	
	
	
	
	
	

	
	Aluminium box
	
	10.3
	10.6
	10.8
	11.0
	12.0
	13.4

	
	Air tight stainless steel container
	
	10.6
	10.9
	11.2
	11.3
	12.1
	13.5

	
	Gunny bag
	
	10.7
	11.0
	11.3
	11.4
	12.6
	13.0

	
	Plastic box
	
	10.5
	10.5
	10.9
	11.0
	12.0
	12.8

	
	Polythene bag
	
	10.2
	10.4
	10.6
	11.0
	11.0
	12.3

	2.
	Red gram
	10.4
	
	
	
	
	
	

	
	Aluminium box
	
	10.4
	10.6
	10.8
	10.7
	11.1
	11.8

	
	Air tight stainless steel container
	
	10.6
	10.8
	11.0
	10.8
	11.2
	12.4

	
	Gunny bag
	
	10.8
	11.1
	11.3
	11.0
	11.8
	13.3

	
	Plastic box 
	
	10.5
	10.9
	11.4
	10.8
	11.4
	11.8

	
	Polythene bag
	
	10.4
	11.0
	11.6
	10.4
	11.1
	12.5

	3.
	Green  gram
	11.0
	
	
	
	
	
	

	
	Aluminium box
	
	11.9
	12.0
	12.3
	12.0
	12.0
	13.0

	
	Air tight stainless steel container
	
	12.1
	12.3
	12.5
	12.1
	13.0
	13.8

	
	Gunny bag
	
	12.3
	12.5
	12.6
	11.8
	13.0
	12.8

	
	Plastic box
	
	12.0
	12.1
	12.4
	12.0
	12.5
	13.0

	
	Polyhtene bag
	
	11.8
	11.9
	12.0
	11.8
	12.2
	12.8

	4.
	Bengal gram
	9.5
	
	
	
	
	
	

	
	Aluminium box  
	
	9.7
	9.9
	10.2
	9.9
	11.0
	11.5

	
	Air tight stainless steel container
	
	9.9
	10.1
	10.4
	10.3
	10.8
	11.0

	
	Gunny bag
	
	9.8
	10.6
	10.6
	10.1
	10.8
	11.1

	
	Plastic box
	
	9.6
	9.8
	10.6
	10.1
	10.9
	11.1

	
	Polythene bag
	
	9.5
	9.9
	10.3
	9.5
	10.0
	10.5

	5.
	Horse gram
	11.4
	
	
	
	
	
	

	
	Aluminium box 
	
	11.6
	11.8
	12.1
	11.9
	12.5
	12.8

	
	Air tight stainless steel container
	
	11.4
	11.6
	11.9
	11.8
	12.1
	12.8

	
	Gunny bag
	
	11.5
	11.9
	12.3
	11.8
	12.0
	12.8

	
	Plastic box
	
	11.4
	11.7
	12.0
	11.9
	12.3
	12.7

	
	Polythene bag
	
	11.4
	11.5
	11.8
	11.4
	12.1
	12.5


*-    July – September, room relative humidity- 65-75

        room temperature – 16- 18c

**-  October – December, room relative humidity- 60- 70,

        room temperature- 20- 21c

***- January – march, room relative humidity- 55-60,

         room temperature- 26-30c

The Food Corporation of India  (2004) recommended the safe moisture content for pulses ranges between 10 – 12 percent. From the above table, it was evident that  for the experimental group, irrespective of storage devices and all the selected pulses except green gram maintained the safe level of moisture content as recommended by FCI.

In the control group, upto three months, the pulses were under safe moisture level after that the moisture content was crossed the safe level and reached 13.5 percent, 13.3 percent, 13.8 percent and 12.8 percent for black gram, red gram, green gram and horse gram respectively.

     
From the results, it was concluded that polythene bag maintained the safe level of moisture content for all the pulses throughout the experiment. Aluminium box and air tight stainless steel container were next in order, which is ideal for red gram and horse gram respectively.                       

b.Weevilization Percentage    

     Table – XIV and figure - VI shows the weevilization percentage of 

stored pulses for a period of nine months. 

TABLE – XIV


WEEVILIZATION PERCENTAGE
	S.no
	Name of the pulse
	Weevilization percentage

	
	
	Initial
	Experimental group
	Control group

	
	
	
	After 3 months
	After 6 months
	After 9 months
	After 3 months
	After 6 months
	After 9 months

	1. 
	Black gram
	NIL
	
	
	
	
	
	

	
	Aluminium box
	
	0.5
	0.7
	1.2
	2.0
	3.8
	4.8

	
	Air tight stainless steel container
	
	0.9
	1.2
	1.6
	2.1
	4.0
	5.1

	
	Gunny bag
	
	0.1
	1.2
	1.6
	2.5
	4.5
	4.2

	
	Plastic box
	
	0.3
	0.8
	1.2
	2.0
	3.8
	4.0

	
	Polythene bag
	
	0.4
	0.9
	1.0
	1.8
	2.2
	3.9

	2.
	Red  gram
	NIL
	
	
	
	
	
	

	
	Aluminium box
	
	NIL
	0.4
	0.9
	1.9
	5.8
	6.8

	
	Air tight stainless steel container
	
	0.1
	0.3
	1.8
	2.7
	6.0
	6.2

	
	Gunny bag
	
	0.4
	1.7
	2.0
	4.5
	7.0
	7.8

	
	Plastic box 
	
	0.5
	1.2
	2.0
	2.9
	4.4
	7.2

	
	Polythene bag
	
	NIL
	0.3
	0.8
	2.8
	4.2
	7.0

	3. 
	Green gram
	NIL
	
	
	
	
	
	

	
	Aluminium box 
	
	NIL
	0.5
	1.0
	1.2
	3.0
	4.2

	
	Air tight stainless steel container
	
	0.4
	1.0
	1.4
	3.9
	4.7
	5.2

	
	Gunny bag
	
	0.3
	1.4
	1.9
	4.0
	4.8
	5.0

	
	Plastic box
	
	0.5
	1.1
	1.5
	3.2
	4.8
	5.1

	
	Polythene bag
	
	0.4
	0.8
	1.0
	1.8
	3.0
	4.7

	4.
	Bengal gram
	NIL
	
	
	
	
	
	

	
	Aluminium box 
	
	NIL
	0.8
	1.0
	1.2
	3.1
	4.1

	
	Air tight stainless steel container
	
	0.4
	1.2
	1.6
	1.2
	3.0
	4.2

	
	Gunny bag
	
	0.2
	1.3
	1.8
	3.0
	3.8
	5.0

	
	Plastic box
	
	NIL
	1.0
	1.2
	3.9
	3.7
	5.2

	
	Polythene bag
	
	0.5
	1.0
	1.2
	1.0
	3.0
	4.0

	5.
	Horse gram
	11.4
	
	
	
	
	
	

	
	Aluminium box
	
	NIL
	NIL
	0.7
	NIL
	1.6
	2.0

	
	Air tight stainless steel container
	
	NIL
	0.3
	1.0
	NIL
	1.2
	3.0

	
	Gunny bag
	
	NIL
	0.1
	1.2
	NIL
	1.0
	2.8

	
	Plastic box
	
	NIL
	NIL
	0.8
	NIL
	1.5
	1.8

	
	Polythene bag
	
	NIL
	0.2
	1.0
	NIL
	1.9
	1.7


     As for weevilization, the Bureau of Indian Standards (BIS) has marked the maximum level for paddy was three percent and for the other food grains as one percent.

     With regard to the experimental group, the pulses stored in polythene bag, the percentage of weevilization was maintained the BIS mark except bengal gram. This result of the present study are also in conformity with the findings of Sonelal (1995), Doharey et.al, (1992) and Reyes (1999). Along with polythene bag, aluminium box was also proved to be good for red gram, bengal gram, and horse gram. Plastic box and air tight stainless steel container for horse gram.

     For the control group except horse gram, the weevilization percentage was above the BIS mark from third month onwards.

c. Germination percentage 

   Table – XV and figure – VII depicts the germination percentage 

TABLE - XV

GERMINATION PERCENTAGE
	Sl.No
	Name of the pulse
	Germination percentage

	
	
	Initial
	Experimental group
	Control group

	
	
	
	After 3 months
	After 6 months
	After 9 months
	After 3 months
	After 6 months
	After 9 months

	1. 
	Black gram
	100
	
	
	
	
	
	

	
	Aluminium box
	
	100
	98
	90
	90
	80
	60

	
	Air tight stainless steel containr
	
	99
	93
	88
	80
	70
	50

	
	Gunny bag
	
	100
	92
	87
	100
	88
	70

	
	Plastic box
	
	100
	95
	90
	60
	40
	20

	
	Polythene bag
	
	100
	100
	95
	90
	80
	60

	2.
	Red gram
	100
	
	
	
	
	
	

	
	Aluminium box
	
	100
	98
	92
	90
	80
	50

	
	Air tight stainless steel container
	
	98
	96
	90
	90
	70
	70

	
	Gunny bag
	
	99
	98
	90
	80
	70
	60

	
	Plastic box
	
	99
	96
	92
	70
	60
	60

	
	Polythene bag
	
	100
	98
	93
	100
	90
	80

	3.
	Green gram
	100
	
	
	
	
	
	

	
	Aluminium box
	
	100
	98
	92
	90
	80
	50

	
	Air tight stainless steel container
	
	100
	96
	90
	90
	70
	70

	
	Gunny bag
	
	100
	98
	90
	80
	70
	60

	
	Plastic box
	
	100
	96
	92
	70
	60
	60

	
	Polythene bag
	
	100
	98
	93
	100
	92
	80

	4.
	Bengal gram
	100
	
	
	
	
	
	

	
	Aluminium box
	
	100
	99
	97
	80
	70
	60

	
	Air tight stainless steel container
	
	100
	98
	96
	70
	60
	60

	
	Gunny bag
	
	100
	97
	94
	90
	80
	40

	
	Plastic box
	
	100
	98
	96
	80
	70
	30

	
	Polythene bag
	
	100
	99
	98
	90
	60
	20

	5.
	Horse gram
	100
	
	
	
	
	
	

	
	Aluminium box
	
	100
	100
	95
	100
	90
	88

	
	Air tight stainless steel container
	
	100
	100
	92
	100
	80
	80

	
	Gunny bag
	
	100
	100
	93
	100
	90
	87

	
	Plastic box
	
	100
	100
	94
	100
	95
	90

	
	Polythene bag
	
	100
	100
	95
	100
	80
	80


A higher percentage of germination was noticed for the pulses stored in the experiment of storage device as against pulses stored in control condition. Polythene bag followed by aluminium box were found better than the other storage structures with regard to germination rate for all pulses. Girish (1987) reported that pulses stored in polythene bag was found better than the other storage devices with regard to germination rate for all pulses. According to Wang (1969), storing black gram, green gram and horse gram seeds for longer than six months in polythene bags resulted in high retention of germinability compared with other storage devices.                                 

d. Organoleptic Characteristics of Stored Pulses

Table – XVI shows that the score obtained by the (recipe) dishes prepared using the pulses stored in the experimental storage devices and control group pulses.

All the dishes prepared out of the pulses stored under experimental group were rated higher for all the organoleptic qualities than those prepared using pulses stored in the traditional way. The rank order was polythene bag followed by gunny bag, aluminium box air tight stainless steel container and plastic box. These findings are in agreement with those of Reddy and Reddy (1997) who reported that any simple treatment did not affect the organoleptic properties of the stored pulses.

e. Nutrient content 

Table – XVII shows the nutrient retention of the stored pulses at the time of start of the experiment and at the conclusion, after nine months.
The pulses stored in the polythene bag, for experimental group ranked the highest for retaining the nutrients – protein 92-99 percent, fibre 67-95 percent, energy 93-100 percent, calcium 98-100 percent, phosphorus 98-100 percent and iron 92-95 percent. The next in order were aluminium box, air tight stainless steel container respectively.

The pulses stored in the polythene bag, for control group, retained the nutrient content in the range of 75-88 percent for protein, 33-74 percent for fibre, 72- 86 percent for energy, 89 –96 for calcium, 92-96 for phosphorus, 74-90 for iron.               

From the above results, it was confirmed that the application of simple storage measures definitely maintained the quality of stored pulses, through out the storage period. Polythene bag was found to the best storage devices followed by aluminium box and air tight stainless steel container for storing pulses.

V. SUMMARY AND CONCLUSION

Indian agriculture has made great strides during the last 50 years after independence.  The agriculture is the largest sector in Indian economy, which provides not only food and food materials, but also employment to a large chunk of population (Nagabhushanam, 2002).


Agriculture development in the country needs to be put on a faster track, to meet the growing demand for food grains in the future.  


Pulses contribute one of the most important components of human diet.  It is the major source of protein for all the section of people across the different income class. The research carried out in the past focused on issues relating to trends and growth of food grains and pulse production, improved methods for food grain, cereal storage and so forth.  These literatures have not focused in depth on the post harvest losses of stored pulses.  The post harvest losses of pulses are the growing concern in the present situation of inadequate availability of pulses and astounding population. Therefore the study on “Assessing the Quality of Pulses Stored in Different Storage Devices” has been under taken the following general and specific objectives.

General objectives: to

3. find out the existing pulse storage practices and problems faced during storage and

4. assess the quality of pulses stored in different storage devices.

Specific objectives: to

5. collect information on pulses cultivated in the selected areas

6. study the existing storage practices and their drawbacks

7. find out the extent of losses and determine the factors leading to such losses

8. assess the quality of stored pulses in terms of moisture, weevilization, germination, organoleptic quality and nutrient content

The study was conducted in Coimbatore district of Tamilnadu state. From the records maintained at the District Agricultural Office, Coimbatore, on food grains especially pulses produced, it was noted that out of 21 blocks in the district, Thondamuthur block had the maximum surplus pulses available for the storage and therefore Thondamuthur block was selected for the study. 

Out of 21 villages in Thondamuthur block, five villages were selected, on the basis of surplus pulses produced. One hundred and fifty samples were randomly selected, from the five villages with equal proportion from the three categories of land holding viz., marginal, small and large farmers.  Since the farmwomen (home makers) play a significant role in the storage of food grains, they were selected to be the respondents.  The interview schedule was prepared called for information on socio economic profile, types of pulse crops cultivated, storage practices adopted, problems encountered during storage and the measures undertaken to solve the problems.

The result of the present study on “Assessing the Quality of Selected Pulses Stored in Different Storage Devices” is discussed under the following heads.

1. Conduct of the house holds survey.

2. Assessing the quality of selected pulses stored in different storage devices.

A. The findings of the household survey are summarized below:

· The educational status of the selected head of families was better educated than their counter parts.

· Agriculture was the main occupation for all the large farmers and 92 percent and 88 percent of small and marginal farmers respectively. In addition, agriculture related business was the subsidiary occupation for 87 percent of large farmers and for 48 percent and 32 percent of small and marginal farmers respectively.

· Regarding the types of land holding, all the large farmers possessed wetland and garden land, while 58 percent of marginal farmer owned dry land. A higher proportion of small farmers (74 percent) possessed a garden land when compared to the marginal and large farmers.

· The family income of the selected households revealed that 69 percent of large families belonged to high-income group. While 46 percent and 51 percent of small and marginal farmers belonged to low-income group respectively.

· Black gram and Green gram were the major crops cultivated by all categories of farmers, followed by red gram and horse gram. Irrespective of the category of farmers, the pulse varieties were cultivated only once in a year.

· All the farmers irrespective of the type of landholding, produced up to ten quintals of pulses per cropping. All the small and marginal farmers stored upto five quintals per annum, while the large farmers stored upto ten quintals per annum. All the small and marginal farmers stored the pulses for their family consumption or for the purpose of seed.

· Irrespective of the category of the farmers, all types of pulses were stored upto nine months.

· The storage devices used by the selected households were gunny bag and polythene bag because of its advantages such as low cost, less weight and ease of handling. Air tight stainless steel container was used by 76 percent and 61 percent of large and small farmers respectively.

· A majority of 84 percent and 77 percent of marginal and small farmers expressed inadequate technical guidance as the most significant problem faced in storage of pulses.  Insufficient space for storage, non-availability of chemicals and seasonal variations were the other major problems expressed mainly by marginal and small farmers respectively.  

· A majority of 99 percent, 89 percent and 82 percent of marginal, small and large farmers respectively mentioned insect infestation as the major cause for pulse losses during storage.

· All the households used the traditional method of sun drying as a pre treatment for storage of pulses to reduce moisture content.  Over 90 percent of all categories of farmers stated, spreading boric acid powder around the storage bags and mixing the same with pulses to minimise the insect infestation. Over 80 percent of marginal farmers and 50 percent of small farmers adopted use of neem leaves and kattu leaves in storage devices.

· Pulses were coated with moist red soil and then sun dried by 45 percent and 78 percent of large farmers respectively.

· To control rodents during the storage period 65 percent and 55 percent of marginal and small farmers respectively adapted mechanical control methods such as wire meshing the windows, sealing the broken windows and using rat trap, while 76 percent and 71 percent of large and small farmers respectively used chemical methods such as ‘roban cake’ and aluminium phosphide.

B.  
Assessing the Quality of Selected Pulses Stored in Different                                                                                                                                                       

Storage Devices

The pulses commonly stored by all the categories of farmers such 

as black gram, green gram, red gram, bengal gram and horse gram were selected and their qualities were analysed in terms of moisture content, percentage of weevilization and germination, organoleptic qualities and nutrient content.  The selected pulses were properly cleaned, graded, dried and cooled and were stored in gunny bags, polythene bags, air tight stainless steel containers and boxes like aluminium and plastic.  The experiment was continued for a period of nine months.  For comparison the same experiment was conducted with the same type of storage devices and pulses without any treatment. The major findings are:

· Polythene bag maintained the safe level of moisture content for all the pulses throughout the experiment. Aluminium box and airtight stainless steel container were next in order, which is ideal for red gram and horse gram respectively.

·  For weevilization percentage, it was concluded that for the experimental group, the pulses stored in polythene bag, the percentage of weevilization was maintained the BIS mark except bengal gram. Along with polythene bag, aluminium box was also proved to be good for red gram, bengal gram and horse gram.

· A higher percentage of germination was noticed for the pulses stored under experiment as against pulses stored in controlled condition.  Polythene bag followed by aluminium box were found better than the other storage structures with regard to germination rate for all pulses.

· All the dishes prepared out of the pulses stored under experimental group were rated higher for all the organoleptic qualities than those prepared using pulses stored in the traditional way. The rank order was polythene bag, gunny bag, aluminium box, airtight stainless steel container and plastic box.

· The polythene bag ranked the highest for retaining the nutrients – protein in 92- 99 percent, fibre 67 – 95 percent, energy 93 - 100 percent, and calcium 98 -100 percent, phosphorus 98 –100 percent and iron 92- 95 percent. The next in order were aluminium box, airtight stainless steel container respectively.

CONCLUSION

From the above results, it was confirmed that the application of simple storage methods definitely maintained the quality of stored pulses, throughout the storage period. Polythene bag was found to be best storage devices followed by aluminium box and airtight stainless steel container for storing pulses.

RECOMMENDATIONS:

For the continuation of the programme, the following recommendations are suggested:

· Atleast one storage center for storing food grain in each village or panchayat union could be developed where all the storage operation can be done. All the essential requirements like small size dryers, cleaning machine, weighing scale, dunnage, polythene covers and insecticides can be provided in this storage center which could be of great help to the marginal and small farmers.

· Short term training course on scientific storage practices for pulses could be organized for the benefit of the local farmers in all the panchayat unions by trained agriculturists.

· More research on pulse storage practices so as to minimise the storage losses should be encouraged.

· The Government can help the marginal farmers by providing 50 percent subsidy for buying improved storage devices.
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APPENDIX – I

LIST OF VILLAGES

1. METHIPALAYAM

2. KARADIMADAI

3. KALVEERAMPALAYAM

4. PALANIKOUNDAN PUDUR

5. PUTHUR

APPENDIX – II

AVINASHILINGAM INSTITUTE FOR HOME SCIENCE AND HIGHER EDUCATION FOR WOMEN

(DEEMED UNIVERSITY)

COIMBATORE – 641043.
Interview Schedule to Elicit Information on Storage Practices of Pulses in the Selected Households

Name of the village


:  

Name of the interviewee  
:

Name of the interviewer
:

Name of the head of the family
:

Educational status

	S.No
	Educational status
	Home Makers
	Head of the family

	1.
	Illiterate
	
	

	2.
	Primary 
	
	

	3.
	Middle 
	
	

	4.
	Higher secondary
	
	

	5.
	Graduate 
	
	

	6.
	Post graduate
	
	

	7.
	Diploma 
	
	

	8.
	Professional 
	
	


Occupational status

	S.No
	Occupational status
	Home Makers
	Head of the family

	.1.
	Agriculture
	
	

	2.
	Business
	
	

	3.
	Teacher
	
	

	4.
	Clerk
	
	

	5.
	Professional
	
	

	6.
	Any other
	
	


Size of land holding

	S.No
	TYPE OF LAND
	SIZE IN HECTARES

	1.
	Dry land
	

	2.
	Wet land
	

	3.
	Garden land
	


Family income

	S.No
	INCOME CATEGORY
	

	1.
	Low
	

	2.
	Middle 
	

	3.
	High 
	


Type of pulses cultivated

	    PULSES
	FREQUENCE OF CULTIVATION

	Green gram
	

	Red gram
	

	Black gram
	

	Bengal gram
	

	Cow pea
	

	Horse gram
	

	Others 
	


VII Quantity of Pulses produced per cropping

	S.No
	NAME OF THE PULSE
	QUANTITY PRODUCED 

(in kg)
	QUANTITY STORED 

(in kg)
	QUANTITY SOLD      (in kg)

	1.
	
	
	
	

	2.
	
	
	
	

	3.
	
	
	
	

	4.
	
	
	
	


VIII. Storage practices

	S.No
	NAME OF THE PULSE STORED
	DURATION OF STORAGE
	STORAGE STRUCTURE USED
	PROBLEMS DURING STORAGE
	METHODS OF TREAMENT
	EFFECTIVENESS

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


IX. Are you aware of scientific storage structures?               Yes                         No

a. If yes, what are they?

i. intact bag

ii. dunnage

iii. white washing and dark painting on walls

iv. metal bins

v. chemical treatment

b. Sources of information gained?

i. training

ii. demonstration by experts

iii. radio

iv. television

v. newspaper

vi.     others

      c.     Do you put them in practice?                                        Yes                         No

a. If yes, in what way have been practicing it?

                                  Scientific storage practices

1. Dunnage

2. white washing

3. dark painting

4. metal bin

5. chemical methods

i. pesticides

ii. insectides

iii. fumigants 

IX. Have you undergone any training programme in storage practices?    Yes         No

X. If such training is conducted in your village would you like to participate and benefit from it?

                     Yes                                  No 

PLATE  I
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PULSES SELECTED FOR STORAGE

PLATE II
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STORAGE DEVICES USED FOR THE EXPERIMENT


PLATE III

PREPARING PULSES FOR STORAGE
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   POLYTHENE SHEETS 



IRON PLANKS
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PLATE IV
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INDIGENOUS METHODS ADOPTED TO CONTROL THE LOSSES

PLATE V
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ANALYSIS OF MOISTURE CONTENT OS STORED PULSES 
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      IDENTIFYING THE 
              GERMINATION BY USING

       WEEVILIZATION 
         SAND MEDIUM IN MUD PART
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    ITEMS PREPARED FROM          SENSORY EVALUATION OF
        THE STORED PULSES                  THE ITEMS PREPARED
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TYPES OF PULSE CULTIVATED
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STORAGE DEVICES IN USE
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PROBLEMS DURING STORAGE
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FIGURE V 


MOISTURE CONTENT
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FIGURE VI 


WEEVILIZATION PERCENTAGE
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FIGURE VII
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table1

		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large

		Black gram		100		100		100				Gunny Bag		100		100		100		Inadequate Technical Guidance		84		77		31

		Green gram		100		100		100				Polythene Bag		81		100		100		Insufficient space for storage		66		30		5

		Red gram		89		94		100				Air Tight SS Container		31		61		76		Non-availability of chemicals		59		40		36

		Horse gram		52		60		70				Plastic Box		40		38		35		Seasonal Variations		57		31		9

		Bengal gram		46		50		65				Aluminium Box		50		40		60

		Cow pea		28		25		35				Indigenous Methods		Marginal		Small		Large

												Sun Drying		100		100		100

												Use of Boric Acid		90		92		99

												Use of Neem Leaves		95		66		54

												Use of Kattu Thulasi		84		52		36

												Coating with Red soil and ash		95		67		78

												Use of 'pungam leaves		54		49		42

												Use of Red chillies		22		31		65

												Use of turmeric powder		15		17		13





table1

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Marginal

Small

Large

Percentage of House Holds

FIGURE I 
Types of Pulse Cultivated

28%

46%

52%

89%

100%

100%

25%

50%

60%

94%

100%

100%

35%

65%

70%

100%

100%

100%



table2

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Marginal

Small

Large

Percentage

FIGURE II 
STORAGE DEVICES IN USE



table 3

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Marginal

Small

Large

Percentage

FIGURE III 
PROBLEMS DURING STORAGE



table4

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Marginal

Small

Large

Percentage

FIGURE IV INDIGENOUS METHODS ADOPTED



Sheet3

		

						Black Gram		Experimental Group						Control Group

								After 3 months		After 6 months		After 9 months		After 3 months		After 6 months		After 9 months

						Aluminium Box		10.3		10.6		10.8		11		12		13.4

						Air Tight SS Container		10.6		10.9		11.2		11.3		12.1		13.5

						Gunny Bag		10.7		11		11.3		11.4		12.6		13

						Plastic Box		10.5		10.5		10.9		11		12		12.8

						Polythene Bag		10.2		10.4		10.6		11		11		12.3

						Red Gram		Experimental Group						Control Group

								After 3 months		After 6 months		After 9 months		After 3 months		After 6 months		After 9 months

						Aluminium Box		10.4		10.6		10.8		10.7		11.1		11.8

						Air Tight SS Container		10.6		10.8		11		10.8		11.2		12.4

						Gunny Bag		10.8		11.1		11.3		11		11.8		13.3

						Plastic Box		10.5		10.9		11.4		10.8		11.4		11.8

						Polythene Bag		10.4		11		11.6		10.4		11.1		12.5





Sheet3

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



Aluminium Box

Air Tight SS Container

Gunny Bag

Plastic Box

Polythene Bag

MOISTURE CONTENT (BLACK GRAM)



		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



Aluminium Box

Air Tight SS Container

Gunny Bag

Plastic Box

Polythene Bag

MOISTURE CONTENT (RED GRAM)



		

						Black Gram		Experimental Group						Black Gram		Control Group

								After 3 months		After 6 months		After 9 months				After 3 months		After 6 months		After 9 months

						Aluminium Box		0.5		0.7		1.2		Aluminium Box		2		3.8		4.8

						Air Tight SS Container		0.9		1.2		1.6		Air Tight SS Container		2.1		4		5.1

						Gunny Bag		0.1		1.2		1.6		Gunny Bag		2.5		4.5		4.2

						Plastic Box		0.3		0.8		1.2		Plastic Box		2		3.8		4

						Polythene Bag		0.4		0.9		1		Polythene Bag		1.8		2.2		3.9





		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Experimental Group After 3 months

Experimental Group After 6 months

Experimental Group After 9 months

Percentage

Weevilization Percentage (Experimental Group)



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Control Group After 3 months

Control Group After 6 months

Control Group After 9 months

Percentage

Weevilization Percentage (Control Group)



		





		






_1177302120.xls
Chart1

		After 3 months
Experimental Group		After 3 months
Experimental Group		After 3 months
Experimental Group		After 3 months
Experimental Group		After 3 months
Experimental Group

		After 6 months		After 6 months		After 6 months		After 6 months		After 6 months

		After 9 months		After 9 months		After 9 months		After 9 months		After 9 months

		After 3 months
Control Group		After 3 months
Control Group		After 3 months
Control Group		After 3 months
Control Group		After 3 months
Control Group

		After 6 months		After 6 months		After 6 months		After 6 months		After 6 months

		After 9 months		After 9 months		After 9 months		After 9 months		After 9 months



Aluminium Box

Air Tight SS Container

Gunny Bag

Plastic Box

Polythene Bag

BLACK GRAM

0.5

0.9

0.1

0.3

0.4

0.7

1.2

1.2

0.8

0.9

1.2

1.6

1.6

1.2

1

2

2.1

2.5

2

1.8

3.8

4

4.5

3.8

2.2

4.8

5.1

4.2

4

3.9



table1

		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large

		Black gram		100		100		100				Gunny Bag		100		100		100		Inadequate Technical Guidance		84		77		31

		Green gram		100		100		100				Polythene Bag		81		100		100		Insufficient space for storage		66		30		5

		Red gram		89		94		100				Air Tight SS Container		31		61		76		Non-availability of chemicals		59		40		36

		Horse gram		52		60		70				Plastic Box		40		38		35		Seasonal Variations		57		31		9

		Bengal gram		46		50		65				Aluminium Box		50		40		60

		Cow pea		28		25		35				Indigenous Methods		Marginal		Small		Large

												Sun Drying		100		100		100

												Use of Boric Acid		90		92		99

												Use of Neem Leaves		95		66		54

												Use of Kattu Thulasi		84		52		36

												Coating with Red soil and ash		95		67		78

												Use of 'pungam leaves		54		49		42

												Use of Red chillies		22		31		65

												Use of turmeric powder		15		17		13
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table1

		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large
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		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large

		Black gram		100		100		100				Gunny Bag		100		100		100		Inadequate Technical Guidance		84		77		31

		Green gram		100		100		100				Polythene Bag		81		100		100		Insufficient space for storage		66		30		5

		Red gram		89		94		100				Air Tight SS Container		31		61		76		Non-availability of chemicals		59		40		36

		Horse gram		52		60		70				Plastic Box		40		38		35		Seasonal Variations		57		31		9

		Bengal gram		46		50		65				Aluminium Box		50		40		60

		Cow pea		28		25		35				Indigenous Methods		Marginal		Small		Large

												Sun Drying		100		100		100

												Use of Boric Acid		90		92		99

												Use of Neem Leaves		95		66		54

												Use of Kattu Thulasi		84		52		36

												Coating with Red soil and ash		95		67		78

												Use of 'pungam leaves		54		49		42

												Use of Red chillies		22		31		65

												Use of turmeric powder		15		17		13
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table1

		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large

		Black gram		100		100		100				Gunny Bag		100		100		100		Inadequate Technical Guidance		84		77		31

		Green gram		100		100		100				Polythene Bag		81		100		100		Insufficient space for storage		66		30		5

		Red gram		89		94		100				Air Tight SS Container		31		61		76		Non-availability of chemicals		59		40		36

		Horse gram		52		60		70				Plastic Box		40		38		35		Seasonal Variations		57		31		9

		Bengal gram		46		50		65				Aluminium Box		50		40		60

		Cow pea		28		25		35				Indigenous Methods		Marginal		Small		Large

												Sun Drying		100		100		100

												Use of Boric Acid		90		92		99

												Use of Neem Leaves		95		66		54

												Use of Kattu Thulasi		84		52		36

												Coating with Red soil and ash		95		67		78

												Use of 'pungam leaves		54		49		42

												Use of Red chillies		22		31		65

												Use of turmeric powder		15		17		13
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table1

		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large

		Black gram		100		100		100				Gunny Bag		100		100		100		Inadequate Technical Guidance		84		77		31

		Green gram		100		100		100				Polythene Bag		81		100		100		Insufficient space for storage		66		30		5

		Red gram		89		94		100				Air Tight SS Container		31		61		76		Non-availability of chemicals		59		40		36

		Horse gram		52		60		70				Plastic Box		40		38		35		Seasonal Variations		57		31		9

		Bengal gram		46		50		65				Aluminium Box		50		40		60

		Cow pea		28		25		35				Indigenous Methods		Marginal		Small		Large

												Sun Drying		100		100		100

												Use of Boric Acid		90		92		99

												Use of Neem Leaves		95		66		54

												Use of Kattu Thulasi		84		52		36

												Coating with Red soil and ash		95		67		78

												Use of 'pungam leaves		54		49		42

												Use of Red chillies		22		31		65

												Use of turmeric powder		15		17		13
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table1

		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large

		Black gram		100		100		100				Gunny Bag		100		100		100		Inadequate Technical Guidance		84		77		31

		Green gram		100		100		100				Polythene Bag		81		100		100		Insufficient space for storage		66		30		5

		Red gram		89		94		100				Air Tight SS Container		31		61		76		Non-availability of chemicals		59		40		36

		Horse gram		52		60		70				Plastic Box		40		38		35		Seasonal Variations		57		31		9

		Bengal gram		46		50		65				Aluminium Box		50		40		60

		Cow pea		28		25		35				Indigenous Methods		Marginal		Small		Large

												Sun Drying		100		100		100

												Use of Boric Acid		90		92		99

												Use of Neem Leaves		95		66		54

												Use of Kattu Thulasi		84		52		36

												Coating with Red soil and ash		95		67		78

												Use of 'pungam leaves		54		49		42

												Use of Red chillies		22		31		65

												Use of turmeric powder		15		17		13
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table1

		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large

		Black gram		100		100		100				Gunny Bag		100		100		100		Inadequate Technical Guidance		84		77		31

		Green gram		100		100		100				Polythene Bag		81		100		100		Insufficient space for storage		66		30		5

		Red gram		89		94		100				Air Tight SS Container		31		61		76		Non-availability of chemicals		59		40		36

		Horse gram		52		60		70				Plastic Box		40		38		35		Seasonal Variations		57		31		9

		Bengal gram		46		50		65				Aluminium Box		50		40		60

		Cow pea		28		25		35				Indigenous Methods		Marginal		Small		Large

												Sun Drying		100		100		100

												Use of Boric Acid		90		92		99

												Use of Neem Leaves		95		66		54

												Use of Kattu Thulasi		84		52		36

												Coating with Red soil and ash		95		67		78

												Use of 'pungam leaves		54		49		42

												Use of Red chillies		22		31		65

												Use of turmeric powder		15		17		13
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table1

		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large

		Black gram		100		100		100				Gunny Bag		100		100		100		Inadequate Technical Guidance		84		77		31

		Green gram		100		100		100				Polythene Bag		81		100		100		Insufficient space for storage		66		30		5

		Red gram		89		94		100				Air Tight SS Container		31		61		76		Non-availability of chemicals		59		40		36

		Horse gram		52		60		70				Plastic Box		40		38		35		Seasonal Variations		57		31		9

		Bengal gram		46		50		65				Aluminium Box		50		40		60

		Cow pea		28		25		35				Indigenous Methods		Marginal		Small		Large

												Sun Drying		100		100		100

												Use of Boric Acid		90		92		99

												Use of Neem Leaves		95		66		54

												Use of Kattu Thulasi		84		52		36

												Coating with Red soil and ash		95		67		78

												Use of 'pungam leaves		54		49		42

												Use of Red chillies		22		31		65

												Use of turmeric powder		15		17		13
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table1

		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large

		Black gram		100		100		100				Gunny Bag		100		100		100		Inadequate Technical Guidance		84		77		31

		Green gram		100		100		100				Polythene Bag		81		100		100		Insufficient space for storage		66		30		5

		Red gram		89		94		100				Air Tight SS Container		31		61		76		Non-availability of chemicals		59		40		36

		Horse gram		52		60		70				Plastic Box		40		38		35		Seasonal Variations		57		31		9

		Bengal gram		46		50		65				Aluminium Box		50		40		60

		Cow pea		28		25		35				Indigenous Methods		Marginal		Small		Large

												Sun Drying		100		100		100

												Use of Boric Acid		90		92		99

												Use of Neem Leaves		95		66		54

												Use of Kattu Thulasi		84		52		36

												Coating with Red soil and ash		95		67		78

												Use of 'pungam leaves		54		49		42

												Use of Red chillies		22		31		65

												Use of turmeric powder		15		17		13
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table1

		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large

		Black gram		100		100		100				Gunny Bag		100		100		100		Inadequate Technical Guidance		84		77		31

		Green gram		100		100		100				Polythene Bag		81		100		100		Insufficient space for storage		66		30		5

		Red gram		89		94		100				Air Tight SS Container		31		61		76		Non-availability of chemicals		59		40		36

		Horse gram		52		60		70				Plastic Box		40		38		35		Seasonal Variations		57		31		9

		Bengal gram		46		50		65				Aluminium Box		50		40		60

		Cow pea		28		25		35				Indigenous Methods		Marginal		Small		Large

												Sun Drying		100		100		100

												Use of Boric Acid		90		92		99

												Use of Neem Leaves		95		66		54

												Use of Kattu Thulasi		84		52		36

												Coating with Red soil and ash		95		67		78

												Use of 'pungam leaves		54		49		42

												Use of Red chillies		22		31		65

												Use of turmeric powder		15		17		13
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FIGURE II 
STORAGE DEVICES IN USE



weevi

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Marginal

Small

Large

Percentage

FIGURE III 
PROBLEMS DURING STORAGE
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FIGURE IV INDIGENOUS METHODS ADOPTED
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table1

		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large

		Black gram		100		100		100				Gunny Bag		100		100		100		Inadequate Technical Guidance		84		77		31

		Green gram		100		100		100				Polythene Bag		81		100		100		Insufficient space for storage		66		30		5

		Red gram		89		94		100				Air Tight SS Container		31		61		76		Non-availability of chemicals		59		40		36

		Horse gram		52		60		70				Plastic Box		40		38		35		Seasonal Variations		57		31		9

		Bengal gram		46		50		65				Aluminium Box		50		40		60

		Cow pea		28		25		35				Indigenous Methods		Marginal		Small		Large

												Sun Drying		100		100		100

												Use of Boric Acid		90		92		99

												Use of Neem Leaves		95		66		54

												Use of Kattu Thulasi		84		52		36

												Coating with Red soil and ash		95		67		78

												Use of 'pungam leaves		54		49		42

												Use of Red chillies		22		31		65

												Use of turmeric powder		15		17		13
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FIGURE IV INDIGENOUS METHODS ADOPTED
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table1

		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large

		Black gram		100		100		100				Gunny Bag		100		100		100		Inadequate Technical Guidance		84		77		31

		Green gram		100		100		100				Polythene Bag		81		100		100		Insufficient space for storage		66		30		5

		Red gram		89		94		100				Air Tight SS Container		31		61		76		Non-availability of chemicals		59		40		36

		Horse gram		52		60		70				Plastic Box		40		38		35		Seasonal Variations		57		31		9

		Bengal gram		46		50		65				Aluminium Box		50		40		60

		Cow pea		28		25		35				Indigenous Methods		Marginal		Small		Large

												Sun Drying		100		100		100

												Use of Boric Acid		90		92		99

												Use of Neem Leaves		95		66		54

												Use of Kattu Thulasi		84		52		36

												Coating with Red soil and ash		95		67		78

												Use of 'pungam leaves		54		49		42

												Use of Red chillies		22		31		65

												Use of turmeric powder		15		17		13
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FIGURE II 
STORAGE DEVICES IN USE
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FIGURE III 
PROBLEMS DURING STORAGE
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FIGURE IV INDIGENOUS METHODS ADOPTED
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table1

		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large

		Black gram		100		100		100				Gunny Bag		100		100		100		Inadequate Technical Guidance		84		77		31

		Green gram		100		100		100				Polythene Bag		81		100		100		Insufficient space for storage		66		30		5

		Red gram		89		94		100				Air Tight SS Container		31		61		76		Non-availability of chemicals		59		40		36

		Horse gram		52		60		70				Plastic Box		40		38		35		Seasonal Variations		57		31		9

		Bengal gram		46		50		65				Aluminium Box		50		40		60

		Cow pea		28		25		35				Indigenous Methods		Marginal		Small		Large

												Sun Drying		100		100		100

												Use of Boric Acid		90		92		99

												Use of Neem Leaves		95		66		54

												Use of Kattu Thulasi		84		52		36

												Coating with Red soil and ash		95		67		78

												Use of 'pungam leaves		54		49		42

												Use of Red chillies		22		31		65

												Use of turmeric powder		15		17		13
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FIGURE I 
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FIGURE II 
STORAGE DEVICES IN USE
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FIGURE III 
PROBLEMS DURING STORAGE
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FIGURE IV INDIGENOUS METHODS ADOPTED
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		Types of pulse cultivated		Marginal		Small		Large				Storage Devices		Marginal		Small		Large		Problems		Marginal		Small		Large
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												Use of Neem Leaves		95		66		54
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