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Preface

India is endowed with a rich and vast diversity of natural resources particularly soil, water, climate and agrobiodiversity. In order to realize the optimum potential of the agricultural production systems on a sustained basis, efficient management of these resources is of paramount importance. Out of 142 million hectares of the cultivable land in the country only 57 million hectare (40%) in irrigated and rest 85 million hectare (60%) is rainfed. The rainfed area in India covers the arid, semiarid and dry subhumid regions. The climate of this region in general is characterized by low, erratic and undependable rainfall, frequent droughts, high wind speed and high evapo-transpiration demand. Soils are generally coarse textured and highly degraded with low water retention capacities and multiple nutrient deficiencies. 


Rainfed agroecosystem plays an important role to feed the burgeoning population of the country and the production per unit area per unit time has to be increased without causing any adverse effect on the natural resource base. Improving production and productivity in rainfed crop-land is essential for food and nutritional security as the total food production fluctuates with crop performance on these lands particularly nutritionally important crops like coarse cereals, pulses and oilseeds etc. The huge potential of rainfed agroecosystem in field corps, horticultural crops, animal husbandry and fisheries is underexploited by the low levels of productivity. Under this challenging scenario, management of natural resources is the key issue to provide the better livelihood options to the vast majority of small and marginal famers living in rainfed areas. Rainfed regions face the twin problems of ‘water thirst’ and ‘plant nutrient hunger’. Due to moisture scarcity these soils are incapable of supporting double cropping. Consequently, the soil organic matter is very low. Emerging nutrient deficiencies and less availability of moisture are the main constraint for productivity of rainfed crops in soils of eastern region of Uttar Pradesh. Most of Eastern Uttar Pradesh exhibits low yield levels of rainfed crops due to nutrient (N, P, S, Zn, B and Mo) deficiencies under rainfed ecosystem. 

The winter school is being held at an appropriate time when the rainfed agroecosystem is seriously concerned with the challenges posed by demands of the burgeoning poor resource use efficiency. The previous year witnessed a steep decline in global food stocks and sky-rocketing prices of food commodities due to a number of supply-side constraints, including deteriorating production environments and the growing menace of global warming.  I understand that the winter school will provide an excellent opportunity to the delegates to share successful experiences, identify R&D areas, and develop future partnerships with fellow scientists from different parts of the country. There is ample scope of improving soil fertility and increasing productivity under rainfed ecosystems of Eastern Uttar Pradesh by adopting appropriate soil moisture and nutrient management strategies. Use of water and nutrient management technology would increase productivity of rainfed crops without affecting the soil health. Thus, there is a pressing need of new green revoluation in rainfed agroecosystem of Eastern Uttar Pradesh to feed the teeming millions. Against this backdrop, the winter school on “Water and Nutrient Management for Crops Under Rainfed Ecosystem of Eastern part of Uttar Pradesh” is designed. 
(S.K. Singh) 
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Climatic Variability, Drought and their Influence on Rainfed Agriculture in Eastern Uttar Pradesh
R. S. Singh

Department of Geophysics, BHU, Varanasi-221 005 India

Life demands food. The food production depends upon four factors mainly plant genetic material, weather, soil & water. Out of these, weather plays a more decisive role and nobody has control on it. Agriculture in rainfed areas continues to be a gamble because farmers face many uncertainties. Risks are high because rain is undependable in timing and amount. Currently in India, about 65% of the cultivated area is under rainfed agriculture. Presently, about 40% of human population and 60% of the total livestock inhabit these lands. Undoubtedly, rainfed agriculture would continue to occupy a prominent place in Indian agriculture for an indefinite period. All India annual total crop production was significantly correlated to all-India summer monsoon rainfall. Results using state–level crop production statistics and sub-divisional monsoon rainfall were generally consistent with the all-India results.

Eastern Uttar Pradesh subdivision of India Meteorological Department (IMD) comprising approximately 1,38,048 km2 geographical area which is about 58% of the total geographical area of the entire Uttar Pradesh and about 4.2% of the total area of India. It lies approximately between latitudes 23-280N and longitudes 79.5 – 84.50E. This region comes under large and fertile central parts of Indo-Gangetic belt. By and large climatically it comes under sub-tropical and dry sub-humid region of India. 

In recent years, a great emphasis has been given on the studies of local/regional climatic fluctuations and resource characterization. Fluctuating tendency in rainfall has been experienced by many researchers over Eastern Uttar Pradesh (U.P.) including East Vindhyan agro-climatic zone comprising Varanasi and Mirzapur division. This region is a part of Indo-Gangetic Plain, where agriculture is largely depends on monsoon rainfall. Therefore any kind of abnormal behavior of monsoon rainfall and day to day variations in weather causes the drastic decrease in farm produce and ground water table. A comprehensive knowledge of characteristics of rainfall of a region including its variation both in time and space is very essential for proper planning and overall development of an area. Therefore in this study, detailed rainfall pattern, temperature trends, climatic water balance,  assessment including its frequency and intensity and shift in climatic type were described, so, as to have comprehensive and clear view of rainfall variability and other meteorological phenomena like drought/flood occurrence in East U.P / Varanasi region.  
Rainfall distribution and its variability in different parts of Eastern U.P.
Annual rainfall varies between 800 mm in the western part (Kanpur and Farrukhabad district) to more than 1200 mm in the NE region (some parts of Deoria, Gorakhpur, Basti and Gonda districts. Sonebhadra and adjoining parts of Mirzapur district located in the SE receives annual rainfall of >1100 mm. Number of rainy days is less about 39 in Farrukhabad to large no. of rainy days about 56 in Gorakhpur. Central region of East UP comprising Lucknow & Faizabad district receive rainfall of 950 to 1050 mm and distributed over 46 to 47 rainy days. Coefficient of variation of annual rainfall over East UP ranged between 21 and 35%. Drought and floods are not unusual and some district of East UP always suffers either due to drought or floods occurring in some or other parts of the East UP subdivision. There were occasion when one part of the same district is suffering due to severe agricultural drought and other part is affected by floods in river.

Detail statistical charecteristics including skewness and kurtosis values with respect to annual rainfall time series of various stations in East UP are carried out for the period 1970 to 2005. Faizabad, which is situated in central part of East U.P. receives about 1050 mm annual rainfall. The skewness, which is measure of asymmetric in a frequency distribution around the mean, is 1.60 indicating that annual rainfall over the Faizabad station during the period is asymmetric and it lies to the right of the mean. Rainfall distribution is more or less asymmetric to the right of the mean over all the stations. Kurtosis is also mentioned which is a statistic describing the peakedness of a symmetrical frequency distribution.

Trends in rainfall

Mann-Kendall rank statistics worked out on long-term (1970-2005) time series of annual rainfall indicated that there is apparent decreasing trend in rainfall at a linear rate about 3.9 mm/year with respect to entire East U.P. However, among thirteen representative rain gauge stations studied, four stations only indicated apparent upward trend in rainfall and majority of remaining nine stations indicated downward trend at a linear rate ranged between 3.3 and 12.9 mm annum-1. Out of nine stations showing decreasing trends, four district headquarters station viz; Kheri, Ballia, Faizabad and Lucknow showed significant downwards trend at probability equivalent to 95% significance point either for two or one tailed test. This overall decrease trend in rainfall may effect on the crop productivity slowly in the region in the years to come.

Rainfall during different season particularly in tarai districts (viz: Deoria, Gorakhpur, Basti, Bahraich, Gonda & Kheri) has got no definite trend during the period (1970-2005). However, Kheri is only district headquarter showing decreasing rainfall during all the season either significantly or apparently at highest linear trend rate of 7.0 mm year-1 during monsoon season followed by pre-monsoon (2.1 mm year-1) and post monsoon (1.9 mm year-1) and lowest during winter season (0.6 mm year-1). 

Trends in maximum and minimum temperatures

Linear trends fitted over the long-term time series of maximum and minimum temperatures for different zones/parts of the East U.P are very peculiar as well interesting and alarming to the concern scientists and environmentalists as well as for agriculturist of the region. Maximum temperature has significant cooling trend at a linear rate 1.6 0C century-1 (cc = -0.33) and in contrary minimum temperature has significant warming trend at a linear rate 1.3 0C century-1 (cc = 0.3446) over the East Uttar Pradesh for the same period (1970-2005). 

District wise analysis indicated that maximum temperatures are significantly decreasing at a linear rate ranging from 1.0 to 2.5 0C century-1 and in contrary to this minimum temperature are significantly rising / increasing at a linear rate ranging between 2.2 and 3.7 0C century-1 over all the districts headquarters of tarai region including Gorakhpur & Bahraich. Over various districts of East Vindhyan agro-climatic zone, both maximum and minimum temperature are showing similar decreasing trends excepting at Churk (Mirzapur) which indicates apparent rising trends in both the temperatures. Both maximum and minimum temperatures recorded over various district headquarters of Central U.P. (Luchnow & Faizabad division) have showed either significant or apparent warming trends during the same period (1970-2005). The rising trend in maximum temperature is gentle and varied between 0.7 and 1.9 0C century-1 whereas, the rising trend in minimum temperature is steep and found between 0.5 and 5.7 0C century-1.  Since, particularly, minimum temperature is negatively correlated with the sugar quality and quantity in cane. Therefore, rising trends in minimum temperature over the trai and central U.P region may adversely affect on sugar quality which is a matter of concern to us. Tarai region, which is known for sugarcane cultivation may suffer with regards to sugar production (in quality as well as in quantity) if similar trend is continued in future. 

DROUGHT
Drought is defined as 'prolonged dry weather'. The definition highlights the fact that drought is a meteorological term involving a rainfall deficit. A drought in the wet tropics may constitute a flood in the arid-zone. Drought is generally understood as a period of dryness due to lack of sufficient rain. Drought is the most complex and least understood of all natural hazards, resulting in serious economic, social and environmental costs and losses all over the world. It affects more people than any other hazard. Drought is a normal feature of monsoons climate and its recurrence is inevitable. Drought is generally acknowledged as a normal feature of any climate associated with scarcity of water. Drought in the recent years is recognized as one of the natural calamities though they are not quick-onset disasters like floods, earth quacks, typhoons Katrina and Rita hurricane. In fact, drought is a creeping phenomena and its effect can be felt after it has happened. Drought may begin at any time, attain many degrees of severity and last indefinitely. 

Despite considerable advancement in technology, Indian agriculture is still subject to the vagaries of monsoon. Among weather parameters rainfall is the most critical because about 65% of the net sown area is still unirrigated in India. Low and poor rainfall distribution during the cropping season often results in water stress conditions. The impact of water stress or drought is different for different crops and at different growth stages. Abnormalities like delayed onset of monsoon, aberrant behaviour of monsoon and prolonged dry spells are some of the causes for decreased food productivity in the country.  Food production (Million tonnes) in India has significantly dropped during the years of drought and aberrant weather that have been preceded by a good production year 

Drought classification

Droughts are classified into four main categories. They are:

(i) Meteorological droughts: Meteorological drought over an area is defined by India Meteorological Department (IMD) as situation when the seasonal rainfall over the area is less than 75% of its long term normal. It is further classified as "moderate drought" if the rainfall deficit is between 26 and 50% and "severe drought" when it exceeds 50%. 
(ii) Hydrological droughts: Prolonged meteorological drought can result in hydrological drought with marked depletion of surface water and consequent drying up of reservoirs, lakes, streams and rivers as also fall in ground water table. Hydrological drought differs from the meteorological drought in that the stream flow rate, the water reservoir supplies, and ground water levels are affected by longer durations of unseasoned dryness. Consequently, hydrological drought is often out of phase with meteorological drought.

(iii) Agricultural droughts: An agricultural drought occurs when soil moisture and rainfall are inadequate during the growing season to support a healthy crop growth to maturity causing extreme crop stress and drastic fall in yields. In nutshell, drought is a climatic anomaly, characterized by deficient supply of moisture resulting either from sub-normal rainfall, erratic rainfall distribution, higher water need or a combination of all the factors.
(iv) Socio-economic drought: A situation where water shortage ultimately adversely affects the established economy of the region. Societal drought relates to the combined impact of meteorological, hydrological and agricultural droughts on society, especially in terms of supply and demand of commodities and purchasing power of the people. Severe societal drought may even lead to mass migration in search of food, fodder, water and work, leading to famine, death and social unrest. 

Identifying drought and its magnitude in India 
When drought is defined in relation to precipitation or agriculture, the limits of the definition, though arbitrary, are important to scientists, administrators, planners, and policy makers. The India Meteorological Department (IMD) uses two measures- the first describe rainfall conditions (departures) while the second represents meteorological drought severity. Rainfall conditions are defined as follows:

Excess
+ 20% or more of the normal rainfall

Normal+19% to –19% of the normal rainfall

Deficient-20% to –59% of the normal rainfall

Scanty
-60% or less of the normal rainfall


The precipitation is expressed on a weekly and monthly basis.

Severity of meteorological drought: General meteorological drought can be identified from areas with deficient or scanty rainfall as mentioned below which is also used by IMD: 

	Percentage departure of annual rainfall from normal
	Meteorological drought condition

	0 or above
	No drought

	0 to –25
	Mild drought

	-26 to –50
	Moderate drought

	-50 or more
	Severe drought


The rainfall criterion described above is useful for continuous monitoring of drought during the monsoon season on weekly as well as on monthly basis. This is most accepted measure of drought in India, principally because of its simplicity. The sum of the season’s rainfall becomes basis for describing a region under moderate or severe drought. When more than 50% of the area in the country is under moderate or severe drought, the country is described as severely affected by drought; and when the affected area is 26-50% of the country, it is described as an incidence of moderate drought.
Drought and floods over different districts of East Uttar Pradesh

By analyzing the data for a long period (105 years) we found that different districts of East U.P. region experienced drought of various intensity during 11 to 28 years. On average the region experienced severe drought once in five year. Frequency of excessive rainfall varied from 8 to 16 years in different district leading to flood situation is less than that of drought occurrence in the region during the same period (1901-2005).

Climatic water balance of BHU farm (1975-2006) reveals that there is considerable amount of surplus water with a long term average water surplus of 242 mm year-1, which is wasted as runoff water. If this water could be properly harvested and stored in a field reservoir can be utilized as supplemental irrigation later on during dry spell to minimize the loss in agricultural production. Therefore, development of water storage structures like tanks and ponds have to be developed on massive scale for collection and recycling of rain water
Because of inter and intra season variations in rainfall and in other weather variables, agricultural droughts are common in this dry sub-humid climate of Eastern Uttar Pradesh. Proper understanding of the rainfall pattern and occurrence of droughts and their impact on the rainfed crop production is required to formulate cropping strategies for each season. The adverse effects of droughts can be minimized and the potential of good seasons can be harnessed by adopting both strategic and tactical approaches. 

Estimation of Annual Groundwater Draft due to Multiple Crops using Satellite Image and Geophysical Data
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ABSTRACT

The estimation of annual groundwater draft has been done on the basis of water requirements for the crops as one of the components of Groundwater balance study of the area around Rajatalab, Varanasi District of Uttar Pradesh which is a tiny part of Indo-Gangetic plain. The area is limited to 5 km radius surrounding the bottling plant of Hindustan Coca-Cola Beverages Private Limited which is situated about 17 km from Varanasi Cantt railway station (refer to Map 1) towards western side and is connected with National Highway NH-2 (Grand Trunk Road) falling under the satellite township of Varanasi known as Rajatalab. About 70% population is engaged in agriculture as a support of their economy through this activity. The area in the current study comes under Survey of India toposheets nos. 63 K/15 and 63 K/16 of 1:50,000 scale.
The groundwater table data were collected at 111 prefixed monitoring stations distributed within 2.5 km of radius around the Coca-Cola plant. The elevations of these observation wells were determined through cadastral survey and were computed with the help of benchmark (with reference to mean sea level) available in the area. The monthly observations were made between the dates of 15 and 18 during each month started from March 2004 till Oct 2006. The water table data collected at different monitoring stations were used for the preparation of hydrographs (ref. Figs. 1 to 2). The depth of water table was converted in terms of reference level (R.L.) of water table with respect to the mean sea level. The contour maps of RL of water table have also been studied for each month. All the figures show the decline in groundwater table during the entire period of study at each station. This fact clearly states that there is more exploitation of groundwater than the recharge of groundwater reservoirs.
The Indian Remote Sensing Satellite offers unique opportunity as well as potential for mapping and monitoring various land features on the surface of the earth. High resolution multi-spectral imageries taken from Resourcesat (IRS-P6) for the February 2004 and April 2004 were used. Also Enhanced Thematic Mapper (ETM) data of October 2003 along with other reference datasets were used. Details of cropping pattern and percentage area under cultivation during the rabi and the kharif seasons were obtained from the analysis of cropping areas pertaining to the groundwater irrigated zones demarcated based on the satellite imageries. 
The modified FAO Penman-Monteith Equation has been used to estimate the evapotranspiration (ET) through different crops and climatic data. For this purpose, the climatic data was obtained in the form of daily record from meteorological station of India Meteorological Department at Banaras Hindu University [Long. 830 01’ E, Lat 250 17’ N] located at an altitude of 76 m from mean sea level, for the period of June 2003 – May 2004. It forms dataset of that monthly mean of temperature (min & max), humidity, sunshine hours and total rainfall were calculated as a part of the basic requirement of climatic data in ‘CROPWAT’ model. Since the wind speed that applied in CROPWAT model are in m/sec, km/day or km/hr at an elevation of 2 m from the ground level, but the recorded wind speed is in Knots at an elevation of 10 m from ground level. Accordingly, the wind speed was computed as dataset which is listed in tabular form in Table 1.
Table 1.     Meteorological Data for CROPWAT

	Year
	Month
	Mean Temperature
	Mean Humidity

(%)
	Monthly

Rainfall

(mm)
	Mean Wind Speed

 at 2m height

(km/d)
	Mean Sunshine

(Hours)

	
	
	Maximum

(0C)
	Minimum

(0C)
	
	
	
	

	2003
	June
	37.6
	27.1
	60.0
	85.8
	95.32
	7.0

	2003
	July 
	33.3
	26.8
	86.2
	275.1
	85.35
	5.4

	2003
	August
	33.1
	26.9
	88.8
	214.2
	66.50
	5.1

	2003
	September
	32.3
	26.1
	90.9
	470.6
	75.37
	4.6

	2003
	October
	30.6
	21.6
	86.2
	22.8
	67.58
	6.2

	2003
	November
	28.8
	13.8
	83.2
	0.0
	64.29
	8.6

	2003
	December
	23.9
	9.9
	92.6
	3.2
	57.92
	6.4

	2004
	January
	19.2
	8.7
	97.1
	2.0
	52.56
	4.7

	2004
	February
	26.5
	10.9
	85.0
	61.2
	67.65
	9.3

	2004
	March
	34.4
	16.8
	56.0
	1.6
	90.10
	8.7

	2004
	April
	38.8
	22.0
	52.2
	0.0
	98.65
	8.0

	2004
	May
	40.5
	25.6
	51.1
	7.7
	100.83
	8.7


 Details of cropping pattern and percentage area under cultivation during the rabi and the kharif seasons were obtained from the analysis of cropping areas pertaining to the groundwater irrigated zones demarcated on satellite imageries. According to data mentioned above, CROPWAT model was run for obtaining the water requirement for the four dominant crop types grown in the region viz. wheat, sugarcane, maize and paddy. Other ancillary data involved such as approximate date of sowing of the dominant crop type and approximate date of harvesting of the crop was used. All these datasets were given as input to the CROPWAT (ver. 4.3) for the generation of crop water requirement and irrigation water requirement for each crop over the growing period. The summation of the difference of the crop water requirement of individual crops and the effective rainfall over the period is the estimate of the annual groundwater draft in the study area. 
Since the calculations have been carried out for groundwater-irrigated areas, the summation (of total field water supply multiplied by cropping area in hectare) for individual crop would provide the annual groundwater draft in the study area for cropped regions. The final result is depicted in Table 2.

Table 2.     Groundwater Draft in the study Area

	Crop Type
	Cropped Area

(km2)
	 Field Water

Supply 

(litres/km2)
	Volume of groundwater used during the life-cycle of crop

(liters)

	Maize
	5.83
	9296000
	5,41,95,680

	Sugarcane
	33.26
	156107000
	5,19,21,18,820

	Paddy
	43.51
	49546000
	2,15,57,46,460

	Wheat
	41.81
	37289000
	1,55,90,53,090

	Total volume of groundwater depleted
	8,96,11,14,050


The estimate of the total annual groundwater draft based on water requirement of crop areas demarcated from satellite imageries is 8,96,11,14,050 litres.


Applying IRS P-4 (Resourcesat) images to agricultural crop classification gives acceptable results. The crops such as sugarcane, paddy and wheat were classified with reasonable accuracy, while the other crops like vegetables could only be distinguished poorly on the image. More successful identifications of agricultural crops would have required multi-temporal images of higher resolution. 

The CROPWAT model is very sensitive to climatic and crop growth data. Hence, the input data of this model should have high accuracy. This model offers reasonable results for crops in comparison with other available models. For higher accuracy in the groundwater draft estimation the CROPWAT model needs to be calibrated and validated in the field.

Groundwater draft estimates are essential for making decisions regarding water conservation, supply and management. This study defines essential ingredients of crop water requirements in irrigated lands, by the means of remote sensing, geographic information system, ground truth and CROPWAT model and climatic data.
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Map 1: Location map of the area along with Satellite Image.
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Fig.(1): Month wise hydrographs of all the wells for the months of Mar04, Apr04, May04, Jun04, Jul04, and Aug04 distributed in the area under study.
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Fig.(2): Hydrographs for the wells W-1 to W-6 and W-7 to 12 based on the monthly records for the periods from March 2004 to June 2004.
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In India, out of 142.2m ha net cultivated area, about 87m ha is unirrigated. While the irrigated area produces about 56% of total food requirement, remaining 44% of the total food production is supported by rainfed agriculture. Most of the essential commodities such as coarse cereals (90%), pulses (87%), and oil seeds (74%) are produced from the rainfed agriculture. In view of the stagnating productivity levels of irrigated agriculture, the contribution from the rainfed agriculture should increase to meet the requirements of the growing population. In India, the total degraded area accounts to 120.7 m ha, of which 73.3 m ha was affected by water erosion, 12.4 m ha by wind erosion, 6.64 m ha by salinity and alkalinity and 5.7 m ha by soil acidity (Anonymous 2008). Land degradation is a major threat to our food and environmental security and the extent of degradation is more pronounced in rainfed regions. 

Rainfed production systems are quite heterogeneous and diverse in terms of land and water management and cropping systems. These include the core rainfed areas which cover upto 60-70% of the net sown area and the irrigated production systems in the remaining 30-40% area. The rainfed cropping systems are mostly single cropped in the red soil areas while in the black soil regions, a second crop is taken on the residual moisture. In rabi black soils, farmers keep lands fallow during kharif and grow rabi crop on conserved moisture. The rainfall ranges from >500 mm in arid to 1000 mm in dry sub-humid.

Conservation Agriculture: concept

Due to growing resource degradation problems world wide, conservation agriculture has emerged as an alternative strategy to sustain agricultural production. Conservation agriculture (CA) is a concept for resource-saving agricultural crop production that strives to achieve acceptable profits together with high and sustained production levels while concurrently conserving the environment (FAO 2007).CA is characterized by four principles that are linked to each other. They are (i) minimum mechanical soil disturbance for erosion control, (ii) maintenance of permanent organic soil cover, (iii) diversified crop rotations for pest and disease control, conserving bio-diversity and (iv) controlling in field traffic for reducing the compaction. However, in practice, zero tillage and residue retention have emerged as the two cardinal principles of CA.

Conservation tillage is a more appropriate strategy for rainfed production systems to promote CA. Conservation tillage is a generic term encompassing many different soil management practices. It is generally defined as 'any tillage system that reduces loss of soil or water relative to conventional tillage; mostly a form of non-inversion tillage, allows protective amount of residue mulch on the surface. Conservation tillage (i) allows crop residues as surface mulch, (ii) is effective in conserving soil and water, (iii) maintains good soil structure and organic matter contents, (iv) maintains desirably high and economic level of productivity, (v) cut short the need for chemical amendments and pesticides, (vi) preserves ecological stability and (vii) minimizes the pollution of natural waters and environments. In other words, the basic principles of conservation tillage and dryland agriculture are essentially same. 
Conservation technology in rainfed production system: some experiences 

The key principles of rainfed agriculture rely on soil and water conservation, both essential components of the CA. Tillage in rainfed areas is mostly carried out for seed bed preparation and interculture operations for weed control and does not use heavy equipment. Though conserving both soil and water are equally important; in low to medium rainfall regions, more priority is given for conservation of rainfall by facilitating better infiltration and reduced runoff. That is why; deep tillage once in three years is suggested to promote greater infiltration of rainwater and control weeds. This also breaks the sub surface hard pan. However, practices like chiseling can meet the objective of breaking the hard pan without soil inversion associated with deep tillage.

Experiences from several experiments in the country showed that minimum or reduced tillage does not offer any advantage over conventional tillage in terms of grain yield without incorporation of surface residue. Leaving surface residue is key to control runoff, soil erosion and hard setting in rainfed areas which are the key problems. In view of the shortage of residues in rainfed areas in arid and semi-arid regions, several alternative strategies have emerged for generation of residues either through in situ cultivation and incorporation as a cover crop or harvesting from perennial plants grown on bunds and adding the green leaves as manure cum mulching. Agroforestry and alley cropping systems are other options where biomass generation can be integrated along with crop production.  This indicates that the concept of CA has to be understood in a broader perspective in arid and semi-arid areas which includes an array of practices like reduced tillage, land treatments for water conservation, on-farm and off-farm biomass generation and agroforestry. Here, conservation tillage with residue retention on surface are more appropriate than zero tillage which is emphasized in irrigated agriculture. 

Under semi-arid conditions at Hyderabad, summer tillage helped in higher soil moisture retention by 20%, reduced weed infestation by 40% and contributed to higher yields. In sub-montane region of Hoshiarpur in Punjab and in the lnceptisols at Agra, land shaping resulted in higher crop yields. The benefits were seen mostly in low rainfall years owing to even distribution soil moisture due to leveling. Practices like contour cultivation, and cultivation on graded bunds help in effective conservation of moisture. These practices reduce runoff up to 40% and contribute to yield increments up to 25-35% depending on the rainfall situation. The most important conservation practice acceptable to farmers is the ridge and furrow system of planting. Several trials across different soil types and rainfall zones conclusively proved the advantage of ridge and furrow systems over flat planting. Ridges and furrows reduce runoff and help in insitu moisture conservation.  Response to ridges and furrows in a number of coarse cereal and legume crops was more in moderate rainfall regions that either severely drought prone or high rainfall regions.

Straw and soil mulching are other simple practices that conserve moisture. The effect of mulching is seen more in rabi crops than kharif crops. Advantage of mulching was noted both under adequate and sub-optimum soil moisture. Shallow and fibrous rooted crops benefit more than deep rooted crops from mulching. 

Reduced or zero tillage in arid and semi arid climatic regions did not give encouraging results so far. Farmers generally adopt a system of plough planting which can be considered as minimum tillage. However, this practice is not suitable for deep black soils due to heavy weed infestation and reduction in infiltration of water.In a long term experiment (8 years) under semi-arid conditions minimum tillage (plough planting) was inferior to conventional tillage in sorghum and castor crop rotation due to heavy weed infestation and reduction in infiltration of water due to compaction of the surface soil.  In another experiment involving sorghum and mung bean rotation, reduced tillage remained consistently lower in terms of sorghum grain yield but at the end of 8 years, the yields came close to the conventional tillage indicating that it takes long period under semi-arid conditions before reduced tillage comes on par with the conventional tillage.

Rainfall and soil type had a strong influence on the performance of reduced tillage. In arid regions (<500 mm rainfall), low tillage was found on par with conventional tillage and weed problem was controllable in arid inceptisols and aridisols. In semi arid (500-1000 mm) region, conventional tillage was superior. However, low tillage + interculture was superior in semi-arid Vertisols and low tillage + herbicide was superior in Aridisols. In sub-humid (>1000 mm) regions, weed problem was severe depending on the rainfall distribution. In this zone, there is a possibility of reducing tillage intensity by using herbicide. Thus, there is a possibility on greater success of minimum tillage in high rainfall sub-humid regions.

Surface seeding (utera cropping) is an important practice followed by farmers in eastern India which has all elements of the conservation farming. Crops like lathyrus  gram, pea fababean ,lentil and linseed are grown as a relay crops after rainfed low land rice which minimizes the cost of tillage and takes advantage of the residual moisture. However, the productivity is low due to poor crop stand of utera crop. Improvements can be made both through better crop choice and agronomic management of the utera crop and manipulation of the stubble height of the paddy crop at harvest.
Summary
Conservation agriculture in arid and semi-arid regions has to be understood in a broader perspective. It should involve both soil and water conservation methods mutually reinforcing each other. Conservation tillage appears more appropriate under rainfed agriculture than zero tillage. Tillage alone without residue retention may not be of much utility. Therefore, the real challenge lies in ways and means of sparing the crop residue for conservation farming and find out alternative strategies of meeting fodder requirements of livestock. CA practice has to be adopted holistically so that it minimizes soil loss, conserves water and controls weeds which are essential for success of crop production under rainfed conditions.
In- situ management of rice straw under reduced tillage of rice – wheat cropping system by farmers participatory approach
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Introduction

Rice-wheat systems of Indo Gangetic Plains (IGP) which remains water logged during the monsoon season are unique yet simple systems of continuous food grain monoculture (cereal - cereal) and farming is characterized by small, fragmented farm holdings, deteriorating natural resources and droughts and floods which is the result of intense production practices (Anonymous 2005). According to an ICAR report (1988), although huge benefits were reaped during the 1970s and early 1980s with the introduction of high yielding variety and adoption of intensive agriculture, over time, rice and wheat yields have either stagnated or declined. As a result of these concerns, questions are being raised about the long-term sustainability of intensively managed agricultural systems. Adding to these mounting difficulties is the problem of residue burning which has a huge negative impact on the already fragile ecological balance. With the seeding time of wheat influencing its yield, burning of surface straw is a common practice in the IGP as it facilitates easy, cheap and faster tillage operations. It is also presumed to reduce yield losses associated with incorporating wide C: N residue that immobilizes nitrogen during decomposition (Aulakh et al., 2001).  However, for every one ton of straw burnt, 3 kg of particulate matter, 60 kg of CO, 1460 kg of CO2, 99 kg of ash and 2 kg SO2 are released. These are green house gases and have been implicated for their role in global warming (Gupta et al., 2004). Adoption of resource conserving practices such as reduced tillage in the Indo Gangetic plains is gaining momentum (Joshi et al., 2007). However, objections to residue retention which is supposed to result in soil compaction (Mielke et al. 1986) and the possibility of surface crop residue harboring carryover pathogens in monoculture set-ups (Bockus and Shroyer, 1998: Krupinsky et al. 2004 ) need to be addressed. In the present communication results of various experiments related to diverse methods of residue management in this unique cropping system have been reported with special emphasis on benefits of surface residue retention under zero tillage practice. Carryover pathogens with regard to the major diseases affecting the rice-wheat cropping system in the Eastern Gangetic Plains are also documented.
Understanding about the reduced and conventional tillage

Concept of reduced tillage evolved around the crop residue and differ from the conventional in  (i) the micro environment viz., soil structure and texture, moisture etc available to a seed, seedling or the growing plant.(ii) there could be difference in the biodiversity of weed flora and thus a new host–weed competition over years; (iii) seed may get different moisture regime if sown deep or under stubbles; (iv) host-pathogen interaction may be different due to substantial presence of crop residues and reduced or no tillage. The insect stubble borne insect may increase over a period of time. (v) residue decomposition are the main issue and needs to be taken as a trait (vi) plants may face abiotic stresses in a different manner; (vii) there could be different plant type need to be designed to suit to meet specific mechanization; (viii) certain agronomical issues such as allelopathy may be desired which are probably not so important in conventional system; (ix) there could be specific issues related to the problem soils such as greater tolerance to salinity where salt deposits on the earth curst; (x) crop diversification may be possible and needs to be promoted for sustainability and profitability of farmers and, (xi) there could be need for following an all together different breeding approach such as participatory research to develop varieties suiting to specific location or environment.
Retention of paddy straw 

On an average 5-6 tone of paddy straw per hectare of land was generated by long duration genotypes when paddy was harvested using a combine cutter as against an average of around one ton when paddy was manually harvested. On using a combine harvester two types of straw were noticed viz. loose straw (that which is spread loose over the field) and anchored straw which is generally erect and remains anchored to the soil. Amount of loose straw generated was found to depend on the cutting height of the rice plant from the base. Significant reduction in accumulation of loose straw by decreasing cutting height to 30 cm as against the regular 50 cm was recorded and found to cause minimum inconvenience during subsequent seeding operations. 
Rate of Straw Decomposition under Field Conditions 

Under field conditions, in zero tilled plots decomposition of surface straw proceeded slowly under low temperature (18 -25 o C) conditions from mid November up to January. The anchored straw when left standing undisturbed in the field started collapsing on its own 45 days from harvest due to decomposition at the base. All of the anchored straw was found to topple down two months from the date of sowing of wheat and accumulate in the space between the two rows of wheat lines. The rate of straw decomposition was found to accelerate with increase in temperature above 25 o C from around the first week of February and nearly 60% of straw had decomposed by the 10th of March i.e. 80-90 days from sowing. Ploughed in plots recorded a higher rate of decomposition over time as compared to zero tilled plots (Table 1). However after the month of March no significant difference could be observed in the rate of decomposition of field straw amongst any of the practices. 

Microbial Succession in Paddy Straw to monitor for carry over pathogens:

To monitor the microbial succession during the course of straw decomposition, fungi were isolated from soil and straw samples at 0, 30, 75, and 125 days after sowing of wheat. An increase in microbial activity was observed at 75 DAS i.e. at flowering stage   (Fig. 1), when remaining dosage of nitrogen as well as the third irrigation was given to the standing wheat crop. Presence of paddy straw increased the fungal diversity of the mycoflora population where with increased temperature the fungal population increased by several folds. While Cladosporium was the dominant fungi present in straw at low temperature, several species of Aspergillus, Penicillium, Mucor, Rhizopus  became dominant with increase in temperature. In certain cases Trichoderma konnagi and T. harzianum were also recorded.

Monitoring for carry over pathogens of rice was done from soil and straw beginning December in all the three cropping seasons.  Rhizoctonia solani could not be recovered from soil. It could be isolated from 3 to 4% of the infected straw samples after two months from harvest of paddy. However samples tested from the third month onwards scored negative for R. solani. Observations for presence of R. solani were followed up to the month of June. Initially Cladosporium was the major colonizer on the areas infected with sheath blight subsequently making way for Aspergillus sp.  Phytopthora and Pythium could not be recovered at any stage from straw and recorded a decrease in number over time in soil (Fig.1). From internal tissues a very low frequency of Fusarium could be recovered indicating its disinclination to colonize the internal tissues of paddy straw. A Bipolaris species non pathogenic to both rice and wheat was isolated from soil as also straw although at a very low frequency as compared to the prominent straw colonizers viz. Cladosporium sp. and Aspergillus sp.
Coarse Particle Debris and Bulk Density

It was noticed that larger the size of clods greater is the chance of diverse fungi colonizing it (Table 2). Clods of smaller sizes tended to be dominated by generally one or two species of fungi.   Significant decrease in coarse particle debris was recorded under conditions where field straw generated from harvest of paddy was disposed off by burning. After three years, the total coarse particle debris recovered was highest for plots with combine harvesting + zero tillage (8.627 g/cc) followed by combine harvesting + ploughing (Table 4). For the other cultural practices, coarse particle debris varied from  6.517- 4.167 g/cc. Recovery of fungi was higher for plots with higher amount of coarse particle debris. Bulk density of soil was lowest (1.267g/cc) in combine harvesting + zero tillage followed by combine harvesting + ploughing (1.283 g/cc) (Table 4) in the final cropping season. It was highest (1.567g/cc) for practice involving hand cutting + ploughing and negatively correlated with coarse particle debris and yield.
Yield

No significant difference in yield of rice and wheat for the cropping season of 2003-2004 was noted in all the six treatments involved. However significant yield gains for both rice and wheat was noticed in the zero tilled plots during the years 2004-2005 and 2005-2006 (Table 3). Among the various package of practices, yield was found to be higher when harvesting paddy using a combine cutter at a height of 30 cm was followed by sowing of wheat with the zero till seed drill. An additional advantage was the reduction in weed population due to presence of surface straw, which also acted as mulch. Effect of the different cultural practices on seedling growth revealed that irrigated plots where straw was ploughed is resulted in yellowing of seedlings leading to a significant reduction in yield as against plots, which were subjected to zero till treatment. Necrotic seedlings were very low in intensity in zero tilled plots where the straw was left undisturbed on the surface. In plots with partially burnt straw, initial growth of seedlings was more vigorous due to release of some minerals. 
Farmer’s perception about new practice:

Majority of farmers convinced that in situ straw decomposition is beneficial to retain the soil moisture during month of March when temperature rise very fast. Some farmers realized reduced weed flora. Farmers agreed that it may help to build organic matter in their soil in long rum. They were not much aware about the microbial diversity. However, reduced population of Trichoderma was their concern. Farmers those followed zero tillage with crop residue found the wheat seedlings green than those who ploughed the straw in the soil after first irrigation.
Conclusion


Farmers of all the experimental sites are confident now to adopt the new practices. However, further monitoring of all those sites revealed that farmers are not cultivating their wheat crop with rice residue. Combine harvesting in and around city areas are mostly discouraged due to the good price Rs 2000- 3000 /ha of paddy straw. Hand cutting has also provided additional lively hood to the local people. Many people engaged in making straw in to animal feed also got the job for two to three month. 

Most of the places this practice could not be adopted due to lack of zero till seed drill with tractor owner as well as service provider. Residue burning still a common practices to facilitate the early wheat sowing. Alternate method of surface seeding of wheat can be promoted to small and marginal farmers. 
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Table 1: Estimation of surface rice straw residue 

	TREATMENT

COMBINATIONS
	Weight of straw biomass at different time intervals (g m-2)
	Loss in weight of straw biomass at different intervals of time 

	
	Initial
	30 DAS
	75 DAS
	125 DAS
	30 DAS             (g m-2)       %                          
	75 DAS                              (g m-2)       % 
	125 DAS                              (g m-2)       % 
	Over all loss
	over all %

	HC+ZT
	172.17
	146.42
	87.15
	56.08
	25.75
	14.95
	59.27
	40.47
	31.07
	35.65
	116.09
	67.42

	HC+PL
	165.62
	136.52
	76.21
	45.76
	29.1
	17.57
	60.31
	44.17
	30.45
	39.95
	119.86
	72.37

	CC+ZT
	508.5
	409.9
	212.21
	124.68
	98.6
	19.39
	197.69
	48.22
	87.53
	41.24
	383.82
	75.48

	CC+PL
	484.25
	375.9
	187.95
	106.35
	108.35
	22.37
	187.95
	50
	81.6
	43.41
	377.9
	78.03

	CC+PB+ZT
	286.87
	257.99
	181.97
	134.97
	28.88
	10.06
	76.02
	29.46
	47
	25.82
	151.9
	52.95

	CC+PB+PL
	245.12
	220.73
	132.69
	92.16
	24.39
	9.95
	88.04
	39.88
	40.53
	30.54
	152.96
	62.40

	
	
	
	
	
	
	
	
	
	
	
	
	

	LSD    (0.05)
	5.96
	6.58
	4.65
	4.49
	
	
	
	
	
	
	
	


Observations are means of data recorded over three cropping seasons.

Figure 1: Number of different fungal species isolated from decomposing paddy straw at different time intervals (x 103)
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Table 2. Effect of particle size on the colonization of fungi
	Particle size 

(mm) 
	Association of species 
	Mean frequency 

      ( %)

	0.5
	Fusarium sp.
	84.3

	1
	Fusarium + Penicillium
	78.3

	1.5
	Fusarium + Penicillium + Aspergillus 
	60.9

	2
	Fusarium + Penicillium + Aspergillus + Rhizopus 
	55.2

	2.5
	Fusarium + Penicillium + Aspergillus + Rhizopus + Alternara 
	34.5

	3
	Fusarium + Penicillium + Aspergillus + Rhizopus + Alternaria + Trichoderma 
	22.5

	LSD ( 0.05)
	
	1.38


Table 3. Yield of rice and wheat under crop residue management

	Treatments
	Rice yield

(ton/ha)
	Wheat yeild

(ton/ha)

	
	2004
	2005
	2006
	2004
	2005
	2006

	H+Z
	6.33
	6.10
	5.70
	2.97
	2.20
	3.18

	H+P
	6.23
	6.00
	5.70
	2.80
	2.18
	3.15

	C+Z
	6.33
	6.40
	6.10
	3.00
	2.55
	3.43

	C+P
	6.20
	6.33
	6.20
	2.83
	2.50
	3.25

	C+B+Z
	6.37
	6.00
	6.00
	2.80
	2.24
	3.25

	C+B+P
	6.20
	5.93
	5.93
	2.80
	2.19
	3.15

	L SD (0.5)
	-
	0.101
	0.096
	-
	0.085
	0.067
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Per capita land is decreasing every year due to rapid increase in human population. Thus there is a bleak scope of horizontal increase in land area under plough. Hence, the future requirement of food is to be met through vertical expansion or more intensification of agriculture. About 40 Mt fertilizer nutrients are needs to be added to produce 380-400Mt of food grains to feed an estimated population of 1.5 billions by 2050 AD. The stagnation in crop productivity in recent years has been linked with the imbalanced supply of nutrient elements particularly the depletion of micronutrients reserve of soil under rainfed ecosystem. Thus, the micronutrients application for optimum productivity has assumed greater emphasis in crop production in modern agriculture. Katyal (2001) listed rise  in micronutrients deficiency as a leading cause of decline in productivity growth rate of 1990s compared to that of 1980s. 

Crop plants requires 17 nutrient elements viz. C, H, O, N, P, K, Ca, Mg, S, Fe, Cu, Mn, Zn, B, Mo ,Cl and Ni for completing their life cycle. Out of these last eight elements are micronutrients that are needed in very less amount for crops but these are equally important as that of macronutrients. Little attention has been paid to take care of depleting stock of micronutrients in soil.  Management of micronutrients deficiencies in view of decline in production of major crops is a cause of concern that requires immediate attention. Production of adequate food grain from the finite land resources to feed the burgeoning population is a great challenge in the years to come. The incidence of micronutrients deficiencies in crops has increased markedly in recent years due to intensive cropping which is one of the major factors limiting crop yield. Thus, micronutrients management in soil for sustaining crop production assumes importance. 

It has been found that a widespread deficiency of S, B and Zn in farmers’ fields in the semiarid regions of India. The extensive Zn, B and S deficiencies was due to poor organic carbon status of soils and depletion under continuous cropping without application of these plant nutrients. Low levels of organic carbon in these soils were primarily due to high temperature and low rainfall in these regions and also due to low or little organic matter additions The extent of deficiency of Zn B and S, as revealed from our analysis, are comparable to these reported from well endowed and intensive irrigated production systems Coarse textured, calcareous, alkaline or sodic soils having high pH and low organic matters are generally low in available Zn
Deficiency Scenario


The deficiencies of various micronutrients like Zn,B, Fe and Mn have started appearing with the fast pace in intensively cultivated areas from various parts of the country and crop responses of their application are becoming more and more apparent. Based on the work done under the auspices of the “All India Research Project on micro and secondary nutrients and pollutant elements in soils and plants”s  of ICAR, analysis of 2.52 lakh soil samples drawn from various states of the country indicated that quantum of micronutrients deficiencies in Indian soils are of a tune of 49, 33, 12, 4 and 3 per cent for Zn, B, Fe, Mn and Cu, respectively . Statewise scenario of soils tested deficient in micronutrients (Table 1) revealed that Zn deficiency was mainly associate with the states of Maharastra (86%), Karnataka (72%), Haryana (60%), Tamilnadu (58%), Orissa (54%), Bihar (54%) and U.P. (45%). Whereas B deficiency is widespread in West Bengal (68%), Bihar (38%), Karnataka (32%), U.P. (24%), M.P. (22%) and Tamilnadu (21%). Other micronutrients such as Fe is mainly deficient in Karnataka (35%), H.P. (27%), Maharastra (24%), Haryana (20%), Tamilnadu (17%), and Punjab(14%). Deficiency of Mn,Cu and Mo is also emerging as the results of soil tests are being available from different parts of the country. Intensive soil testing is required to documents the actual status of micronutrients.
Table:1 Statewise scenario of Soils tested deficient in micronutrients

	Zn
	B
	Fe
	Mn
	Cu
	Mo

	Maharastra

(86%)
	West Bengal

(68%)
	Karnataka

(35%)
	Meghalaya

(23%)
	Tamilnadu

(6%)
	Haryana

(28%)

	Karnataka

(72%)
	Bihar

(38%)
	H.P.

(27%)
	Assam

(20%)
	Karnataka

(5%)
	M.P.

(18%)

	Haryana

(60%)
	Karnataka

(32%)
	Maharastra

(24%)
	Karnatak

(17%)
	Gujrat

(4%)
	Gujrat

(10%)

	Tamilnadu

(58%)
	U.P.

(24%)
	Haryana

(20%)
	U.P.

(3%)
	Bihar

(3%)
	

	Orissa

(54%)
	M.P.

(22%)
	Tamilnadu

(17%)
	Punjab

(2%)
	Haryana

(2%)
	

	Bihar

(54%)
	Tamilnadu

(21%)
	Punjab

(14%)
	Bihar

(2%)
	U.P.

(1%)
	

	U.P.

(45)
	Punjab

(3%)
	Bihar

(6%)
	
	
	

	All India

(49%)
	All India

(33%)
	All India

(12%)
	All India

(5%)
	All India

(3%)
	


Source: Singh,M.V.(2001) 

Zinc deficiency particularly causes ‘Khaira disease’ in rice, which could be managed by application of 25 Kg Zinc Sulphate/ha in most of the cases. Boron deficiency is a cause of concern in highly calcareous soils of Bihar, parts of Gujrat and Tamilnadu. Application of 10kg Borax/ ha or spray of 0.2% Boric Acid is recommended to address the nutritional problem pertaining to boron. Manganese deficiency is mainly reported from Punjab where it has become a major threat for wheat productivity. It is recommended to apply Mn through spray as soil application is not effective because of the problem of fixation. Molybdenum deficiency is a limiting factor for higher crop production mainly in acidic soils of Bihar, Assam and Orrisa.Ageneral symptom of micronutrients are presented in Table2.
Table 2: General symptoms of micronutrients deficiency in crop plants

	Micronutrients
	Symptoms

	B
	Death of growing points of roots and shoots. Failure of flower buds to develop. Blackening and death of tissues especially the cambium tissues.

	Cl
	Reduce leaf size.Yellowing, bronzing and necrosis of leaves. Root reduced in growth and without hairs.

	Cu
	Yellowing of young leaves. Rolling and dieback of leaf tips. Leaves are small.Tillering is retarded. Growth is stunted.

	Fe
	Interveinal yellowing of younger leaves with distinct green veins. entire leaves become dark yellow or white with severe deficiency and leaves border turns brown and die.

	Mn
	Interveinal tissue becomes light green with veins and surrounding tissue remaining green on dicot (Christmas tree design)and long interveinal leaves streaks on cereals. Develop necrosis in advance stage.

	Mo
	Mottled pale appearance in young leaves.Bleaching and withering of leaves and sometime tip death.Legumes suffering molybdenum deficiency have pale green to yellowish leaves.Growth stunted. Seed production is poor.

	Zn
	Deep yellowing of whorl eaves(cereals).dwarfing(rosette) and yellowing of growing points of leaves and roots(dicot).Rusting in strip on older leaves with yellowing in mature leaves.Leaf size reduced.Main vein of leaf or vascular bundle tissue becomes silver-white and marked strips appear in middle of leaves.

	Ni
	 Chlorosis of newest leaves. Ultimately leads to necrosis of meristems .Reduced germination and seedling vigor(low seed viability).

	Co
	Diffuse yellowing in leaves. Young shoots and younger leaves have severe localized marginal scorching.


Source: Fageria et al. (2002)

Some micronutrients fertilizers used in agriculture are Zinc Sulphate (21% Zn), Manganese Sulphate (30% Mn), Ammonium Molybdate (52% Mo), Borax (10.5% B) for soil application, Solubor (19% B) for foliar spray, Copper Sulphate (24% Cu), Ferrous Sulphate (19.5% Fe), Chelated Zn (12% Zn), Boronated Super-phosphate (0.18%B + 16% P2O5) and Zincated Urea (2% Zn + 43% N). Chelated micronutrient fertilizers are superior but their high cost make them uneconomical for use. Zinc oxide is reported to be effective source of Zn for root dipping and seed coating. Best time of zinc application is prior to sowing or transplanting. However, 2 – 3 sprays of 0.5% Zinc Sulphate at an interval 7-10 days is recommended when the deficiency appears in field. Soil application of ferrous sulphate is uneconomical. Thus 1-2% Ferrous sulphate solution is recommended for foliar application. Soil application of Manganese sulphate is also uneconomical, therefore, 0.5 to 1% MnSO4 solution is recommended for spray. One spray before and two sprays after first irrigation in wheat is recommended. Soil application of Boron is advantageous, however, foliar spray of 0.2% boric acid or borax at preflowering or floral head formation stage is recommended to crops. Optimum dose of Borax is 10-15 Kg Borax/ ha in non calcareous soils and 15-20 kg / ha in calcareous soils. Incidence of copper deficiency is sporadic and copper sulphate is mostly used as carrier for soil or spray application. Molybdenum deficiency is mostly reported from high rainfall areas having acidic soils. Application of 1 Kg Ammonium molybdate/ ha is recommended for soil application and 0.02% spray application is needed for standing crop.

Comprehensive soil testing is urgently needed to map the deficiency in soils so as the problem of hidden micronutrients deficiencies could be taken care off to achieve the target crop productivity. 

Future Research Needs


Micronutrients deficiency in crop production is increasing with intensive cultivation. It has assumed importance because micronutrients deficiencies are identified as one of the key barrier in augmenting productivity of crops. Therefore,a well planed systematic and focused basic and strategic research work is need to be carried out to suggest its need, economic use of fertilizers and measures to inhance fertilizer use efficiency.

·  There is an urgent need to increase the facilities of micronutrients analysis with qualified and trained personnel able to guide sampling techniques, take up the job of analysis and fertilizer recommendation effectively.

· Basic research to develop simple and cost effective methodology of micronutrients detection is urgently required.

· Training of farmers to collect a representative soil sample for analysis is urgently required to make the soil testing a meaningful.

· A holistic work to generate a complete data base of micronutrients at farmers field would be a timely intervention to sustain crop productivity. 

· Suitable models for making prognosis of micronutrients deficiency required to be developed.   

· Emerging menace of multimicronutrients deficiencies needs its documentation and validation of the use of multimicronutrients fertilizer mixture.

· Farmers are needs to be educated and supplied literature in local language to acquaint them about the identification of visible deficiency of micronutrients.

· Intensive study needs to be initiated  to inhance use efficiency of micronutrients fertilizers which seldom exceed 5%. Therefore, comprehensive study on increasing fertilizer use efficiency using low doses of organics should be taken on priority basis.

· Data on incidence of B and Mo need to be generated in view of limited available information.

· Conjoint efforts of soil scientists, agronomists and plant breeders are required to evolve efficient crop varities having high density of Fe and Zn to combat the emerging issues of malnutrition associated with them.

· Studies on role of micronutrients in soil-plant-animal-human continuum require special attention.

· Basic studies are also required to be carried out to manage the huse stock of total quantities of micronutrients in soil and find ways and means to make them available to plants to combat hidden hunger.

· Documentation and identification of micronutrients deficiencies in India is urgently required to manage them for higher orchards productivity. 
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Introduction

        Rainfed agro-ecosystems face the twin problems of “water thirst” and “plant nutrient hunger” and play an important role to feed the burgeoning population of the country and the production per unit area per unit time has to be increased without causing any adverse effect on the natural resource base. Improving production and productivity in rainfed crop –land is essential for food and nutritional security as the total food production fluctuates with crop performance on these lands particularly nutritionally important crops like coarse cereals, pulses and oilseeds etc. The huge potential of rainfed agro-eco system in field crops is underexploited by the low levels of productivity. The rainfed area in India covers the arid, semiarid and dry sub-humid regions. Soils are generally coarse textured and highly degraded with low water retention capacities and multiple nutrient deficiencies. The major soil orders found in rainfed agro-ecosystems are :Alfisols, Entisols, Inceptisols, Mollisols, Oxisols, Ultisols, Vertsols and Aridisols. 

          Rainfed agro-ecosystems having annual rainfall from 500-1500 mm, the so-called grey patches un-touched by green revaluation, occupies a very important position in Indian agriculture. Out of 142 million hectares of the cultivated land, 85 million hectare is rainfed, supports 40 per cent of the India’s population and contributes 44 per cent to the national food basket. It accounts for nearly 70.0 per cent of the oilseeds, 90.0 per cent of the pulses and 7.0 per cent of the cotton. Among all the dark pictures of rainfed agriculture, still there is a silver lining that the potential of this neglected agro-ecosystem has not been fully tapped. Since the productivity of irrigated areas of the country has almost reached a plateau, the future of the Indian agriculture lies in the rainfed agro-ecosystem. 

         Adequate plant nutrient supply holds the key to improving the food grain production and sustaining livelihood. Nutrient management practices have been developed, but in most of the cases farmers are not applying fertilizers at recommended rates. They feel fertilizers are costly and not affordable and due there is a risk particularly under rainfed agro eco-systems. The nutrient use efficiency in rainfed agro-eco systems should be improved through optimizing the nutrient levels with the limited availability of water. 

Need of Nutrient management in rainfed agro-ecosystem

          Crops under rainfed farming systems suffer more from nutrients deficiency rather than moisture inadequacy. Low yields of rainfed crops are due to low level of fertilizer application. Fertilizer use in most of the rainfed areas in the country is suboptimal. Fertilizer consumption in rainfed areas is very low (<50 kg ha-1).Soil organic carbon is the source of energy to fuel for biological activities in the soil, which in turn control the availability of nutrients for plant growth as well as soil water availability.The supply of nutrients in the form organic manures helps in retaining more moisture, which otherwise will go to waste as runoff water, increasing the water storage capacity and thereby increases water and nutrient use efficiency in rainfed soils.         

 Primary nutrients and soil fertility status in rainfed agro-ecosystem 

          Nitrogen(N), phosphorus(P) and potassium (K) are primary plant nutrients (PPN), because they are taken up by plants in large amounts and must be supplied almost every crop season in adequate amounts. They are also the key elements involved in photosynthesis, the biochemical process responsible for the food production essential for all plant and animal life on the planet earth. Nitrogen is a constituent of chlorophyll, the energy trapping food sysnthesizing molecule in plants, phosphorus is involved in energy transfer and potassium is involved in opening/closing of the leaf stomata. Optimum nitrogen and phosphorus nutrition results in the development of deep root systems, increased leaf area and chlorophyll content. Adequate potassium supply, on the other hand, helps in plant water conservation by regulating stomatal resistance.    

          In general, Alfisols and vertisols are low in organic matter (OM) status, hence deficient in N. A comprehensive survey of N status of Indian soils revealed that 62.5 per cent of the district is low and 32.6 per cent of the district is of medium fertility class. Phosphorus is another important element whose deficiency is widely spread and constraint productivity of rainfed crops. Based on the current information, deficiencies of potassium are not serious, except in some coarse textured soils. Sulphur deficiency is wide spread in majority of the soils under rain fed areas where oilseeds and pulses are more grown. Nutrients removed (N+P2O5+K2O) to produce a tonne of grain vary from 69 kg in sorghum, 76 kg in maize, 104 kg in chickpea, 194 kg in groundnut and 124 kg in pigeonpea of which one-third is N in case of cereals and half in case of pulses (Tandan 1991). Unless these nutrients are replenished, soil fertility is bound to decline. 

Secondary nutrients and soil fertility status in rainfed agro-ecosystem

          Calcium (Ca), magnesium (Mg) and sulphur (S) are referred to as secondary nutrients. Deficiencies of secondary nutrients varied greatly mainly in intensive cropping areas due to imbalanced fertilization causing a large gap between the nutrient removed by crops and their additions to soil. The significance of secondary nutrients in agriculture production has been increasingly recognized in recent years. Acid soils are developed under high rainfall conditions and their specific nature poses several problems for successful crop production. Secondary nutrients are the key nutrients responsible for low productivity of crops in acid soils of the country.Red and lateritic soils of the country are in general low in productivity. Such low productivity is attributed to a number of factors of which nutritional disorders are most important. They not only suffer from the deficiency of primary nutrient elements via; N, P and K but also secondary nutrients (Ca, Mg and S). Deficiency of secondary nutrients in red and lateritic soils emanate from soil and nutrient losses arising from high runoff and excessive leaching owing to high rainfall. High porosity and sandy nature of these soils accentuate the problems of containing low amount of Ca, Mg and S. Most of soils of the Indo-Gangatic alluvial plains, red and lateritic and hill soils are prone to S deficiency while coastal soils are reported to be adequate in it. Sulphur deficiency is also wide spread in calcareous as well as medium and shallow black clays soils due to low organic matter content. Acid soils of India are prone to S deficiency due to poor content of organic matter and coarse texture.

          Sulphur deficiency is widespread in several agro-ecological zones of India. Deterioration in soil fertility is often observed in crops/cropping systems, even with adequate use of NPK fertilizers. In the post-green revaluation period, S deficiencies in soils have been found to be one of the major constraints for sustainable growth and productivity of several field crops. Most of the soils are either low in available S or these have depleted due to continuous cropping and because of regular use of S free fertilizers. Based on analysis of 3.6 million soil samples all over India, deficiency of S in variable degree in 250 districts was reported. Acid soils of Jharkhand, Kerala, Maharastra, Orissa and hill soils of Himanchal Pradesh are prone to S deficiency (21-100 per cent) due to poor content of organic matter and coarse texture. In West Bengal, analysis of 156 bench mark samples at a grid of 10 km indicates low available S status in red and lateritic soils.

Management of primary nutrients

         Efficient nutrient management demands understanding the pathways of nutrient losses through gaseous loss, leaching loss, erosion and runoff losses and developing technologies to minimize these losses. Among the nutrients, nitrogen is the most mobile and likely to be lost easily from the soil – plant system. Nitrogen may be lost in gaseous form through volatilization of ammonia in alkaline soil pH or through denitrification under submerged and reduced condition, because of water soluble nature may be lost with percolating water by leaching under heavy rainfall situation. Many water soluble nutrients are lost through runoff during intense rainfall and nutrients sorbed on the surface of soil particles-clays and sil and soil organic matter are lost when the top soil is eroded by water or wind.These losses of nutrients must be controlled by developing appropriate site specific technologies.Inclusion of legumes in the cropping system improves the fertilizer nitrogen use efficiency.A ratio of 4:2:1 of N: P205 : K20 is generally considered to be ideal for achieving maximum use efficiency in each nutrient. Split application of N synchronizing with the crop demandimproves its use efficiency. Application of N in 4 splits could significantly improve the grain yields of rainfed crops.Deep placement of fertilizer in the moist zone improve their use efficiency. Placement of nitrogenous fertilizers reduces the volatilization loss where as placement of phosphatic fertilizers reduces the fixation.The management practices like deep tillage, summer ploughing, conservation tillage and mulching which conserve moisture in the root zone improve the response of the crop plants to applied nutrients.Liming of acid soils improves the phosphorus use efficiency, amelioration of alkali or saline alkali soils with gypsum helps in improving NUE.

Management of secondary nutrients

All the liming materials have value for supplying calcium and calcium and magnesium, rising the pH and making aluminium, manganese and iron less toxic The choice of which one to buy is determined by the cost in relation to its purity, the ease of handling, their availability in the speed with which the lime reacts. Calcium carbonate, often occurring as a mixed compound with Mg is the most common liming source. Pure crystalline CaCo3 is called calcite or calcitic limestone and has neutralizing value of 100%. Lime stone with Ca and Mg in equimolar proportions is referred to as dolomite lime stone. The neutralizing value of dolomitic limestone can vary less than 60% to over 100%. Lime stone rocks contain primarily calcium carbonate and magnesium carbonate plus an insoluble residue (clay and sand). Finely ground limestone is an effective material for correcting or preventing Ca deficiencies as well as for reducing soil acidity. A number of industrial by-products like basicslag, limesluges, phosphogypsum and pressmud etc. are rich sources of calcium and could serve as cheap liming materials in some areas. Use of single super phosphate, triple super phosphate, gypsum, phosphogypsum, rockphosphate and Basicslag may also be useful for arresting calcium deficiency. Liming materials containing Mg (dolomite and basic slag) are usully regarded as a better source for crops in acid soils.  Most commonly used material to supply Mg are Mg SO4 and dolomite.

Choice of particular sulphur-containing fertilizer will depend upon a number of factors including (a) cost; (b) ease of application; (c) local supply condition; (d) services of fertilizers dealers; (e) need for other nutrients present in the fertilizers; and (f) agronomic effectiveness of product. Sulphate containing S sources (S containing fertilizers, gypsum and phosphogypsum) should be applied as basal in soils at sowing/planting time of the crops. On the other hand, elemental and pyrites sources of S should be applied 3-4 weeks before sowing/planting of the crops under moist and aerated soils. Pyrites (FeS2) and elemental sulphur can be oxidized slowly in the soils. Reduced form of sulphide-sulphur such as pyrites must be oxidized to sulphate to be available to growing plants. Gypsum, pyrite, phosphogypsum and SSP can be good source of sulphur for different crops and their effectiveness varies with soil conditions. Gypsum and phosphogypsum are very effective S source in oilseeds and pulses production in acidic soils of Jharkhand. Basal application of secondary nutrients is generally advocated in most cases. Soil test based Ca and Mg fertilizer recommendations are scanty for acidic and sodic soils in the country.

MINERAL NUTRIENT DEFICIENCY DISORDERS IN MAIZE AND THEIR RECTIFICATION

J. P. Srivastava

Professor, Department of Plant Physiology,

Institute of Agriculture Sciences, B. H. U. Varanasi, 221 005

Nearly 10% dry matter of crop plants is represented by elements which are derived from soil. Analyses indicate that 64 different elements can be traced in plants. All the elements present in plants are not classified as essential. At least C, H, O, N, P, K, Ca, Mg, S, Fe, Zn, Mn, B, Cu, Mo, Cl and Ni are considered to be essential. Except C, H, and O, rest of the elements are derived from soil, hence termed as essential mineral elements. There are certain other elements which are specifically required by certain species or group of plants for their optimal growth, termed as beneficial elements.

On the basis of their biochemical functions essential elements have been classified into four major groups. First group includes nutrients that form the organic compounds in plants, viz., N and S. Second group includes elements that are important in energy storage and structural integrity of plants like P, B and Si. In third group, those elements are included that are active in the ionic forms inside the plants viz.,  K, Na, Mg, Ca, Mn, Cl. Fourth group of elements includes Fe, Cu, Zn, Mo and Ni, and these are involved in electron transfers reactions in plants.

For any element, the nutrient concentration which yields 90% of the optimum productivity is termed as the critical level and nutrient level ± 10% of the critical level is defined as the transitional zone.

Deficiency of an element causes characteristic symptoms in plants. Tissue analysis technique helps in the detection of hidden hunger and its timely correction.

Under N deficiency, older leaves are affected first. It is characterized by general yellowing of leaves, poor tillering, thin and short stem, development of reddish lines on stem. 

Potassium is required to maintain plant water status and general health. Deficiency symptoms appear first on older leaves. Leaves become light-green; margins of leaves become scorched or fired. Under severe deficiency inter-nodal length is reduced, roots are poorly developed and plants become susceptible to pathogens. 

Under P deficiency plants become stunted and dark green in colour. Leaves and stem develop purple colouration due to accumulation of anthocyanin. Plant maturity is delayed, pollination is affected adversely

Zinc deficiency affects younger parts of the plants. Reduced internodes length, resulting in stunted growth is the common symptoms of Zn deficiency 

Sulpher deficiency appears first on younger leaves and characterized with inter venal chlorosis. 

Success of green revolution was based on the application of fertilizers. The major nutrients which are still in uses include N, P and K. As a result of intensive cultivation and shifting from crop diversification to almost mono culture, green revolution has resulted in deterioration in soil health. As plant growth is a complex phenomenon and affected by a number of factors, it follows the law of minimum. Over exploitation of soil has resulted in deficiencies of other elements also. This is the basic reason why fertilizer use efficiency has gone down and even higher dose of N, P or K are not able to enhance crop yield any more.  

Earlier it was considered that the efficient plants have ability to absorb large amounts of nutrients and convert them into plant production on highly enriched soils where less efficient plants reaches a yield plateau. However, recent developments have indicated that significant food production must have to come from nutrient-poor soils; have emphasized an entirely different kind of efficiency-that production from limited nutrient inputs. Plant strategies for efficient nutrient use, under nutrient limiting conditions include adjustment of growth rate to make it compatible with nutrient supply, efficient acquisition of the nutrients, and efficient internal economy, which may result from efficient distribution within plant and/or lower requirements at functional sites. It has been observed that nutrient efficient genotypes produce more growth from a given amount of nutrient than the inefficient genotype. Such genotypes may have efficient nutrient acquisition system. In Zea mays there is a correlation between efficient nutrient utilization and nitrate reductase activity. Mobility of nutrient with in plant is another factor: in corn, efficient and inefficient inbread lines absorb Mg with same rates, but translocation to shoot is more in efficient lines. 
Genetic variation exists with respect to ion absorption. Genes responsible for such variations have been identified in some species. With the help of biotechnological tools it is possible to develop transgenic plants with efficient nutrient use and high productivity.
EFFICIENT WATER UTILIZATION UNDER RAINFED ECOSYSTEM

Dr R.K.Singh, 
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Globally, agriculture accounts for 80–90% of all freshwater used by humans, and most of that is in crop production. In many areas, this water use is unsustainable; water supplies are also under pressure from other users and are being affected by climate change. Much effort is being made to reduce water use by crops and produce ‘more crop per drop’. This is one of the most important inputs essential for the production of crop production. It is continuously needed during life cycle in huge quantities. It profoundly influences photosynthesis, respiration, absorption, translocation and utilization of mineral nutrients, and cell division besides some other processes. Both its shortage and excess affects the growth, development, yield and quality of crop. Rainfall is the free source of natural water supply. Its distribution and amount are not in accordance with the needs of the crops. Hence, artificial water supply through irrigation as well as removal of excess water through drainage is play important role. Water management in India, thus, comprises irrigation or drainage or both, depending on the environmental conditions, soil, crops, and climate. Water effects the performance of crops directly as well as indirectly by influencing the availability of other nutrients, the timing of cultural operations, etc. Water is costly input and evolved huge money if it is price. The misuse of water leads to the problems of waterlogging, salt imbalance, etc. Hence, a proper relationship among soils, crops, climate and water resources for maximum crop production is must. The scientific utilization of water resources for crop production involves the consideration of the suitability of land and water for irrigation and then planning of crop as per specific purpose and water-management practices commensurate with them. Water management practices include irrigation and drainage.

Efficient water utilization is ‘a gamble in the agriculture at farmer’s level’ even today. So, water is becoming the most crucial resource for sustainability of agriculture. Fifty five per cent or more than one-half of the total land surfaces of the earth receives an annual precipitation of less than 500 mm and must be reclaimed, if at all by dry farming practices. Area with 500-750 mm rainfall, which accounts for 10 per cent of the total land area, also need dry farming measures for successful crop production. The distribution of the annual average rainfall of about 1200 mm, is highly variable, irregular and undependable with wide spread variations among various meteorological sub-divisions in terms of distribution and amount. The spatial distribution of rainfall varies from 100mm/annum in Rajasthan to about 11000 mm/annum in Cherrapunji in Meghalaya. The efficient water utilization under rainfed ecosystem will be discussed here under major heads of rainwater and moisture conservation. Water is the scarcest resource in rainfed agriculture. Inefficient use of this scarce resource leads to inefficiency of all other inputs. Rainfed areas can be made productive and profitable by adopting improved technologies for rainwater conservation and harvesting and commensurate agricultural production technologies. 
Water conservation includes agronomic practices(contour farming, cover management, strip cropping, mulching, tillage, selection of suitable cropping and alternate land use systems, micro-watersheds, vegetative barrier/live bund), mechanical measures of soil and water conservation (contour bunding, graded bunding or channel terracing, bench terracing, puetorican type bench terracing, conservation bench terracing, compartmental bunding), moisture conservation(measures for moisture conservation, water harvesting and recycling, factors influencing choice of water and moisture conservation practices), type mulches, mode of action of mulches, effects of mulches, limitations of mulches, anti-transpirants-scope of using anti-transpirants, types of anti-transpirants ( stomatal closing type, film-forming type, increasing leaf reflectance type, growth retardants),  effect of anti-transpirants on crop production, limitations of anti-transpirants, efficient management of rainfed crops (land preparation, seeding, plant population, choice of crops, varieties and cropping systems, alternate cropping and land use strategy, soil fertility management and fertilizers use, weed control, weed prevention, weed control measures, contingency crop planning for aberrant weather), rainfed hill agriculture and watershed management. In order to boost efficient water utilization, the following steps may be adopted:

1. Encouraging reuse of water in domestic and industrial sectors;

2. Promoting irrigation efficiency in the agricultural arena;

3. Augmenting water storage facilities (viz., construction of check dams, lakes, ponds, recharging canals, and dams);

4. Preventing water loss by evaporation and other means through adoption of necessary    techniques;

5. Maintaining soil moisture and fertility through proper maintenance of the ecosystem and the environment;

6. Undertaking all other necessary measures, this may be necessary in a local perspective.

Promoting agricultural production:

The methods necessary for improving efficiency of water resource utilization could be categorized as given below:

1. Irrigation methods: Adoption of suitable and efficient irrigation methods viz., drip and sprinkler irrigation as per crop suitability;
2. Crop suitability: This is vital to suit the local micro climate, soil type, soil fertility with respect to major and micro-nutrients, local water quality as reflected by Sodium Absorption Ratio (SAR), toxic element concentration in the soil, crop water requirement, and all other local environmental factors such as water retention capacity of the soil, soil aeration, soil microbial composition, sunshine, day and night time duration, presence of symbiotic plants and symbiotic microbial biota, humidity, wind velocity, slope of the land, altitude, rain intensity, season, which all have a significant impact on the crop;
3. Water potential: Raising crops that are suitable and compatible with the available water quantity and quality is another thing that should always be taken into account. The availability of water during the lifetime of the crop is very essential. If water becomes scarce at the onset of germination, or during maturation, whatever effort has been put forward towards raising the crop would become waste along with the water that has been spent so far for raising the crop. 
4. Cropping pattern: Even if all the above conditions are satisfied, raising the same crop again and again will severely reduce the capability of the land to support further the healthy growth of a repeated crop. Thus, suitable rotational cropping and inter-cropping techniques should be adopted in order to maintain the crop yield.
5. Technological adoption: In order to meet the increasing demands, we should also focus our attention on implementation of suitable technological advancements into the agricultural system. Some of these are:
a.  Use of hydroponics for growing selected plants.
b.  Utilization of greenhouse for maintenance of suitable temperature and humidity.
c. Adoption of genetically modified plants to suit local environmental conditions and to have good disease control and yield.
d. Conserving genetic resource to maintain the specialty of particular species that may of importance with respect to getting more crop yield or obtaining good quality seeds.
e. Developing suitable ecosystem to suit the ecological and environmental needs of the crop. Since every species on Earth depends on other species for some purpose or the other, it is essential that the required ecosystem is either retained or, restored; otherwise, it may not be feasible to obtain optimized crop yield.

Effective water resource utilization:

The following guidelines may be adopted for effective utilization of water resources as per suitability of the local environment.

1. The canal could be widened, and the concrete lining should be eliminated, so that water could be stored in the canal below the sluice level, in order to promote recharge of ground water quifers;

2. Water conserving irrigation methods, viz., drip and sprinkler irrigation, could be implemented to reduce water requirement and increase irrigation efficiency;

3. Conserving soil fertility and preventing soil erosion to retain the fertility;

4. Augmentation of recharging potential of canal is necessary for increasing percolation of surface water into the ground. For this purpose, the canal could be lined up with grass, instead of concrete, for retention of water, promotion of percolation into the ground. Growth of grass along the bunds also helps in attaining higher stability of the bunds, during flooding and in other times.

5. Establishment of water harvesting structures in farmer’s land is vital and essential for storing excess water. In addition, these water structures could be used for storing water from the canal, and utilizing it during summer time for irrigation purposes.

6. Changing crop patterns to suit local soil and microclimatic conditions;

7. Lavish use of water should be avoided along with the implementation of efficient irrigation systems (drip and sprinkler irrigation), so that more land could be irrigated with the currently    available water;

8. Implementing vegetative techniques which are locally available in the canal, along the    streams, and areas inside check dams, for preventing soil erosion and improve ground water recharge.

9. Water logging should be avoided to maintain soil characteristics in the long run. Thus, proper drainage facilities should be provided in the agricultural fields, and the overflow from the agricultural land could be stored in farmer’s recharge ponds, and can be wisely utilized for raising crops with low water requirement;

10. Using nets for reducing heat and retaining soil moisture for longer time. While controlling exposure of plants from excess heat enhances their productivity, retention of soil moisture improves its fertility through the growth of soil microbes.

11. Information centers could be established in order to promote awareness among the farmers about the best practices of agricultural production. Also, this center may cater to the needs of local people by providing vital information about crop selection, crop water requirement, soil condition, disease control, required rotational and inter-cropping pattern, optimized pesticide and fertilizer load, prices of various agricultural products in the market, etc.

12. Moisture retention capacity of the soil could be enhanced by the application of fibrous materials, such as carpet waste, coir pith;

13. Application of organic manure could be promoted by providing subsidies, so that the demand for fertilizer is greatly reduced, soil fertility is maintained, and agricultural production is sustained;

14. Watershed modeling  should be carried out in the catchment area to predict the runoff during rainy season, so that the quantity of water flow could be estimated in advance and necessary measures could be taken for proper utilization of available water resource;

15. Flood prediction models could be used to augment storage facilities to store excess water during the times of flooding;

16. Climatic models  could be used to predict rainfall, soil moisture, wind speed and direction, and temperature variations during various seasons, so that proper crop selection could be made to suit local environmental conditions, and ensuing loss due to improper planning could be avoided;

17. Promoting farmer’s participation in government management. They are a better manager to manage the activities time to time on real basis. Thus, farmer’s participation is a very important component required for the success of any agriculture activities.

18. Promotion of low-cost and highly efficient agricultural technologies  – for example growth of grass for preventing soil erosion in the basement area, and preventing silt deposition in the check dams, tanks, and dams.

19. Encouraging the establishment of private and community land forestry plantations for fuel wood and fodder, thereby promoting conservation of existing forest cover in order to improve the microclimate of the concerned region;
20. Promoting the use of biotechnology to increase drought and pest resistance in the plants;

21. Developing plans to efficiently handle harsh climatic conditions;

22. Implementing early warning systems for disease control, draught management, and meeting other natural calamities that could affect agricultural production. For this purpose, geo-statistical methods can be employed using Geographical Information System (GIS);

23. Providing enough information through implementation of information technology for agricultural purpose in rural areas;

24. Promoting awareness among the farmers and self-help groups about conservation of natural resources and best practices in agriculture;

25. Mitigating environmental pollution to minimize contamination of water resources, thereby increasing the availability of usable water on sustainable basis;

26. Enhancing application of cost-effective agricultural technology in rural areas;

27. Balanced use of fertilizers in order to prevent its excess utilization and ground and surface water contamination.

Conclusion

All these above mentioned measures are cost-effective in the environmental, ecological, economical, and ethical perspectives. Obtaining higher yield should not be the only criteria to be taken into account while planning for efficient water utilization under sustainable agricultural development either rainfed or irrigated ecosystem. Externally applied force on the ecosystem to promote efficient water utilization for agricultural production would invariably disturb the balance in existing natural ecosystem. This will upset the sustainability of agricultural system. Thus, it is important that resource planners and policy makers should take into account the ecosystem as a whole, instead of focusing efficient water utilization on the crop only.

Water management in vegetable crops
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In India, around 80 per cent water is being used in agricultural sector, covering 81.8 million hectares land under irrigation. Due to water demand in industrial as well as domestic sectors, there is an increasing pressure on the availability of water for agricultural sector. Over the years, due to frequent incidence of drought and over exploitation of ground water, the water table has been declining in many part of the country. Such situations are most alarming in Punjab, Haryana and Western Uttar Pradesh. Agricultural water use will be a key element for increasing food production, especially in many developing countries, where currently around 800 million people are suffering from chronic hunger. It is expected that in 2030 agricultural water withdrawal for irrigation will be some 14 % higher than today, to meet food production needs. Considering its scarcity in future, the planning and management of this resource and its optimal, economical and efficient use has become a matter of prime urgency to sustain the availability of water forever. 

The irrigation requirement of vegetables depends upon the duration of the crop, type of soil and growing season. The aim of irrigation scheduling in vegetables is to maintain a continuous high soil moisture level in effective root zone. The soil moisture level at about 15-20 cm depth should not be allowed to drop below 70 per cent of total available soil moisture. Most of vegetable crops require up to 4-5 cm of water each week during summer at plant spread of 30 cm or more. This need decreases to about 2.0-2.5 cm per week during cooler seasons. The recommended moisture range for vegetable production is to maintain SWT between 6 to 8 cb (field capacity) and 15 cb (1 atm ≈ 1 bar = 101.3 centibars = 100 kPa). Vegetables may tolerate SWT up to 25 cb without yield reduction on loamy soils and less than 15 cb in sandy and sandy loam soils. On the other hand, volumetric water content (VWC) represents the volume of water present in a definite volume of soil. VWC for sandy soils ranges between 14% and 18%, whereas it may reach 38% in clay soils. The optimum soil moisture tension and/or the available soil moisture at which irrigation should be given to obtain potential yield is given under table-1.

Table 1: Irrigation schedule in vegetable crops 

	PRIVATE

	Minimum soil moisture required

	Crop
	Soil moisture tension (bars)
	Available soil moisture (%)

	Asparagus 
	-0.70
	40%

	Broccoli 
	-0.25
	70%

	Cabbage 
	-0.34
	60%

	Carrot 
	-0.45
	50%

	Cauliflower 
	-0.34
	60%

	Chinese cabbage 
	-0.25
	70%

	Cucumber 
	-0.45
	50%

	Eggplant 
	-0.45
	50%

	French beans 
	-0.45
	50%

	Okra 
	-0.70
	40%

	Onion 
	-0.25
	70%

	Peas 
	-0.70
	40%

	Chilli and Capsicum
	-0.45
	50%

	Potato 
	-0.35
	70%

	Pumpkin 
	-0.70
	40%

	Tomato 
	-0.45
	50%

	Watermelon 
	-2.00
	40%


Impact of water imbalance in vegetables
Vegetables contain 80-95% water and the product quality e.g. tenderness, succulence, crispiness and flavour is very much influenced by water supply at various stages. Water maintains turgidity of the cells, which is essential for osmosis, transpiration and plant growth. When vegetables are sold, a "sack of water" with a small amount of flavoring and some vitamins is being sold. Most vegetables are shallow rooted and even short periods of two to three days of stress can decrease marketable yield. Water deficit in plant causes: (i) decrease in stomatal opening (ii) reduction in transpiration and photosynthesis (iii) dehydration of protoplasm (iv) reduction in cell division and cell enlargement (v) increase in respiration rate at initial stage (vi) hastening in maturity and (viii) accumulation of sugar particularly during later part of growth. Irrigation, besides improving growth and yield, also prevents defects such as toughness, strong flavor, poor pod fill, cracking, bitterness, blossom-end rot and misshapen fruits. Irrigation must be supplied at crop’s critical stages (Table-2).

Table 2: Critical stages of moisture stress in vegetables

	Vegetables
	Critical stage of watering

	Asparagus
	As ferns begin to grow their foliage

	Broccoli
	During the time the heads begin to develop

	Corn
	As ear silk develops and tassels become apparent 

	Tomato
	Flowering and period of rapid fruit enlargement 

	Brinjal
	Flowering and fruit development

	Chilli and Capsicum
	Flowering and fruit set

	Cabbage and Cauliflower
	Head/curd formation and enlargement

	Carrot, radish and turnip
	Root enlargement

	Cucumber
	During flowering as well as through fruit development

	Onion
	Bulb formation and enlargement

	Okra
	Flowering and pod development

	Melon
	During flowering and evenly throughout fruit development

	Peas
	Flowering and pod filling

	Potato
	Tuberization and tuber enlargement

	Leafy vegetables
	Sufficient soil moisture from sowing to harvesting


Tomato: Water stress at the time of flowering cause shedding of flowers, lack of fertilization and reduced fruit size, while higher amount of water during fruit ripening cause rotting of fruit and reduction in TSS.  Fluctuation in soil moisture during fruit growth may cause splitting in fruit. Water stress during flowering is known to induce calcium deficiency and thereby blossom end rot may appear.
Brinjal: Brinjal is very sensitive to soil moisture fluctuations. Low soil moisture drastically reduces yield and produces fruits of poor colour.
Chilli and Capsicum: Long dry spell particularly in summer crop may cause shedding of flowers and young fruits and plants make slow recovery upon re-watering. Moisture stress also reduces dry matter production and nutrient uptake and rate of fruit extension is slowed down.
Radish and carrot: Moisture stress during root enlargement causes poor growth of roots and they become distorted and rough. Nitrate content in roots is increased due to moisture stress. Low moisture grown carrots have very strong and pungent odour. Overwatering results in excessive foliage growth, poor quality roots, delayed maturity and cause decaying of roots.

Onion: Onion is very sensitive to moisture stress particularly during bulb expansion. Moisture stress during bulb growth causes new growth, splitting and doubles, which greatly reduce market price. Irrigation in onion should stop 15 days before harvesting for proper curing of bulbs. Irrigation after toppling/withering of leaves may cause infection of Fusarium rot during storage.

Cucumber: Moisture stress during flowering results in deformed, non-viable pollen grains. A water stress during fruit growth causes bitterness and deformity in fruit.  Water stagnation for any length of time cause chlorotic or yellow leaves and retarded growth. 
Muskmelon:  Irrigation just before or during ripening period results in poor fruit quality due to decreases in TSS, reducing sugar and ascorbic acid (vitamin C) content of fruit.
Pea: Peas respond well to irrigation only when there is soil moisture deficit. Vegetable peas require sufficient moisture for seed germination. Usually two light irrigations are given in peas; one at flower initiation (35-40 days after sowing) and other at pod development (between 65-70 days after sowing). Over irrigation generally reduces several quality aspects like uniformity of seed, maturity and colour intensity indices. High soil moisture at any growth period causes wilting in plants

Cabbage: Lack of water at peak growth may result tip burning. Excessive irrigation in early stages cause superficial rooting and draining of nutrient. Splitting of heads occur when rains follow dry weather or heavy irrigation after long dry spell.  
Drip/ Trickle irrigation 

Considering water scarcity in future, the planning and management of water has become an urgent matter. Drip irrigation system, beside considerably water saving also enhances quality and yield of the produce. Drip or trickle irrigation has proved its superiority over other irrigation methods owing to precise and direct application of water in the root zone without wetting entire area. It is most suitable tools for row planted wide spaced crops of high values crops like vegetables. It has also ability to supply water soluble fertilizers (known as fertigation) in rhizosphere more efficiently. In India, drip technology at farmer’s level was introduced around 1980. The area under drip is not much increased (3 lakhs hectare); however, the potentiality of drip irrigation in India is estimated to be 27 m ha. 

Table 3: Comparative advantages of drip-irrigation over conventional method 

	Variables
	Drip irrigation
	Conventional irrigation

	Water saving
	High: 40-80%
	Less due to evaporation run-off, percolation etc. 

	Irrigation efficiency
	80-90%
	30-50%

	Weed problem
	Almost nil
	High

	Water quality
	Saline water up to 3 mmhos/cm can be used
	Only normal water can be used

	Disease and pest problem
	Relatively less
	High

	Water logging, run-off
	Nil
	High

	Efficiency of fertilizer use
	Very high and regulated supply
	Heavy loss due to leaching

	Range of applicability
	In wide range of soil
	Not suitable for sandy and undulated type of soil

	Yield
	20-100% increase
	Less compared to drip irrigation


Sprinkler irrigation

Sprinkler irrigation is a method of applying irrigation water similar to natural rainfall. Water is distributed through a system of pipes usually by pumping. It is then sprayed into the air through sprinklers so that it breaks up into small water drops (0.5-4.0 mm) which fall to the ground. Sprinkler irrigation is suited for most row and field crops. In vegetables, this system has most practical utility in peas and leafy vegetables. Large sprinklers are not recommended for irrigation of delicate crops such as lettuce because the large water drops produced by the sprinklers may damage the crop. Sprinkler irrigation may be adaptable to any slope, whether uniform or undulating. Sprinklers are best suited to sandy soils with high infiltration rates (25-40 mm/hr) although they are adaptable to most soils. Irrigation rate depends on soil type but application rates through sprinkler should not exceed 1cm per hour for sandy soils, 0.75 cm per hour for loamy soils or 0.5 cm per hour for clay soils. High application rates will result in irrigation water running off the field, contributing to erosion and fertilizer runoff. Sprinklers are not suitable for soils which easily form a crust. If sprinkler irrigation is the only method available, then light fine sprays (0.5 - 1.0 mm) should be used.

COMMUNICATION SUPPORT IN EXTENSION
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Extension uses communication as tool to bring about positive changes in rural communities. Communication is more than just transfer of infomlation. It is sharing of meaning, calling for two-way communication.Such audience-based participatory communication approach has been termed as 'Development Communication'. There are range of different methods and media available today from farm and home visit to demonstration field trip, radio, television, etc. Indigenous channels and new communication technologies also count. However, extension work must use well planned communication strategy to bring the desired effects. Extension work has rightly been labeled as communication intervention. Extension workers use a variety of methods and media of communication. However, experiences all over the world suggested that there is need to improve communication dimension of extension work so that there is more interaction with the people. This lecture aims to describe role of methods and media of communication in Extension. 
Media-based Communication
No communication is possible without use of five sense organs, viz. eyes (visual), ears (audio), nose (smell), taste buds (taste) or physical touch. However, use of media accelerates the effect by reinforcing desired ideas. A range of communication media is available today to use one or all of these senses in different situations.

Role of Communication in Development
How can communication help in rural development? Communication cannot provide finance, inputs or infrastructure. But it can help in creating awareness about technologies and mobilise people to use them. Links can be created between government agencies and people as well as people to people. It is a common understanding that communication helps to inform, motivate, educate and entertain. Besides it can also help in training of people, organising community forums and co-ordinating various activities.
Development Communication
Communication is not a process of transferring information alone through media from the government to people. Development in rural areas calls for systemic use of principles of communication taking characteristics, capacities and environment of people in full view. Users must become active partners in communication. Such communication has been label1ed as development communication. It is a circular process where the users are seen as active participants in the communication process and affecting the outcome of communication. The accent of development communication is not on dissemination of information but on its reception and utilization by the users (Quebral, 1983).
Communication Support in Extension Work

Communication can be categorized as inter-personal, group or mass communication on the basis of size of audience involved in the process. There is an array of mass media available today. An attempt has been made here to discuss commonly available mass media in terms of their application to extension work.

Radio
Radio is most popular mass media, among majority of rural people. Transistor radio sets are cheap and convenient to use. There is no problem of electricity maintenance and repair.How can radio be used in extension work apart from encouraging individual listening? One way tried in India and many other countries is called Rural Radio Forum (Churcha Mandal).

Rural Radio Forum: Rural Radio Forum is local discussion group organised by development worker. Community listening and discussion are encouraged with the help of extension worker. Community radio sets are provided for group listening. Advance information is provided about programmes to be broadcast and the group discusses the programme. Farmers’ reaction on relevance of the topic, difficulties in listening, queries, etc. are recorded by the extension workers. Such feedback are sent to the radio station for modifications in programmes. Thus, the lacuna of the programmes are fed back to the radio station. Extension workers may also record useful programmes of current importance on audio tape. This can be supported by extension literature of local relevance. Audio tapes can be played with the village groups at convenient time and discussions can be organised.

Local Radio/Community Radio: Looking to the popularity of radio as medium of communication and its effectiveness in development, All India Radio (AIR) ventured into a new phase of broadcasting by experimenting with the concept of local radio station. A local radio station serves a small area (a district or so) with similar agro-climatic and cultural situations. The programmes are supposed to reflect local culture and aspirations. They are supposed to support on-going developmental programmes. Field-based programmes using local talents, give voice to people's views. Local culture finds more air time. Community service programmes should provide opportunity to people, their organisation and development organisations to broadcast matters of information. Radio thus becomes voice of the people and catalyst in development. Unlike regular radio, extension workers can find air time.

Television

Television has unique advantages over other mass media. While it provides sound, vision and movement, it can reach largest number of people in shortest possible time. It is a medium unlike any other. TV screen is small and depends on c1ose-ups. People can watch sitting in their homes. Television viewing does not demand extra strains to go out or read a book and the message are pre-selected, sorted out to present in simple manner. The medium is quite suitable for subjects that require dramatized presentation, identification of objects, live demonstration of complex technical process depicting animated presentation and presentation of experiences, places, processes unfamiliar to viewers. TV has been used for extension work in the form of Krishi Darshan (January 26, 1967), SITE (August 1, 1975), Rural Television (RTV) by FAO in 1974 in Sudan, Teleclub, Annadata etc.
Video

Video is an important aspect of advancement in communication technology. It provides the facility of audio-visual communication like film or television but with less complexity and added advantages. This is the reason why video has spread all over the world with electrifying speed. It is now easily accessible in India. Video has been used successfully in extension work in India and abroad. Some of the cases have been presented below.

Taprana Video Project: The project initiated by National Dairy Research Institute, Kamal, Haryana, aimed to use video in order to organise dairy co-operatives in a village inhabited by resource poor farmers. Video tapes of dairy co-operative running in neighbouring villages were shown to stimulate lively discussion among Taprana's inhabitants. Video helped farmers to realize the constraints of low price, role of middle men, quality control etc. Technical know-how was also presented with the help of video tapes. A coummunity worker was used as animator to stimulate discussion among farmers with the help of videos focussed on problems existing in the villages. Locally relevant scene of neighbouring villages having similar problems catalysed imagination of farmers. Thus, video was successfully used in creating dialogue between farmers and community workers.

Saharanpur Experiment: Centre for Development of Instructional Technology (CENDIT), New Delhi carried out an experiment using portable video recorder as medium of communication among villages in Uttar Pradesh. The team found that usual films and documentation on agriculture and family planning were unable to stimulate farmers because they were far removed from the problems being faced. Thus the CENDIT team lived in villages to record thoughts and actions of people and show it to them. Ideas of villages, identifiable scenes and problems catalysed fierce discussion about real problems. The villagers articulated their misery and oppressions. This also helped in deep realizations of the problem and formation of groups to tackle these problems. In fact, at one stage people were given opportunities to handle the equipments themselves. The results were exciting in terms of capturing real scene and through opinions of villagers. 

Both these projects and other experiences around the world proved efficacy of video in communicating developmental messages to farmers. 

Rural Press

It is press of, for and by the rural people in their own languages and themes of interest. No doubt, agricultural information and development messages are critical inputs for the ruralites. A project of development journalism launched by an Indian daily newspaper in English, proved the value of such information.

Project Village Chhatera: The project popularly known as Chhatera project focussed its attention on a small village 'Chhatera' situated 25 miles north-west of New Delhi. The Hindustan Times started a regular fortnightly column describing life in village Chhatera. 'Our village Chhatera' appeared on the cover story in a Sunday magazine of The Hindustan Times and continued for years week after week. A team of enterprising reporters wrote about the village with rare sensitivity and perception, giving detailed story of rural situation.They wrote about village Chaupal, marriage, festivals, day to day activities, aspiration, institutions, profession, etc. The problems of erratic power supply, rainfall, village disputes, etc. were reported with good photographs.Even the view points on controversial topics were reported. Every week village problems and matters were treated afresh. Thus, the features attracted attention of a wide variety of readers. Besides it proved as a catalyst in bringing various services and benefits. Solutions to village problems were available due to attention of authorities and other concern citizens. The village got a rural bank, new road, a bridge, machines, etc. Above all the faction ridden village community got together (Gupta, 1982).

Agricultural Reporting in Kerala: 'Mathrubhoomi' one of leading dailies threw open one page every week for reporting agriculture and alIied topics, with the help of scientists of the State Department and Agricultural University. Soon after other newspapers folIowed the trend. It is usual in Kerala that newspapers publish articles on agriculture once every week. Kerala Agricultural University has taken steps to avail the opportunities offered by the newspapers. They provide regular features and items of topical interests. The university also provides exclusive materials to newspapers. The university has taken steps to appoint scientists for this purpose. So that steady flow of materials is maintained (National Seminar, 1983).

‘BATABARAN’ – a wall newspaper: The Nepal Forum of Environmental Journalist (NFEJ) with assistance from the World Conservation Union (IUCN) has been publishing a walI newspaper, 'Batabaran' (Environment) with the objective of providing news to rural areas and create environmental awareness. The major focus is on simple text, real life stories and lot of pictures and graphics. So that readers and rural areas can understand easily. It caters to the needs of large majority of new-literates and village influentials. Success stories of efforts of conservation and environmental protection are highlighted. Stories are timed with activities in the local areas. The newspaper also publishes issues of national and international events related with environment. The writers of the 'Batabaran', mostly journalist members of NFEJ 'visit vilIages to colIect true stories and write in people's language. VilIager's opinion about content and presentations of the paper are taken regularly by the members of NFEJ. The wall newspaper has been successful in providing viIIagers with relevant news and support for literacy in Nepal (DCR No. 79, 1992/4).

Self-Help Farm Journalism:  All India Arecanut Growers’ Association in Puttur, Karnataka started publishing farm journal Akike Pathrika in Kanada Language. It has several new features, such as:

· It concentrates on articles written by farmers on the basis of successful farming experiences.

· Articles are selected on the sale criteria of usefulness of information for the farmers.

· Farmers are trained through workshop in writing articles.

· The major focus is on sustainable agriculture.

· The noble experiment is an effort to highlight knowledge and wisdom of farmers. It has created a platform to share their precious experience. The training workshops are held in villages. Besides lectures, the trainers have hands-on writing opportunities. Living in the village provides them opportunity to explore farmers' experiences. Thus, a band of grass-root reporters are being prepared. They have their roots in the villages with interest and experience in agriculture. This is a happy new trend.
Indigenous Communication Channels

In every society there are various forms of communication among people. Some channels and forms of communication are deeply rooted in the culture and preserved traditionally from generation to generation. Such channels are called as indigenous traditional folk media. They serve various social needs of the community. They are direct, face to face and linked with emotions and values of people. Thus, they are quite powerful in raising consciousness of people. They are cheap and do not require external resources. Examples of Indigenous communication channel may include various social gatherings like feasts, village meetings, spontaneous gathering at tea shops, festivals, fairs, story telling, magic shows, dances, songs, oral narrations, etc. Traditional folk media like puppets have been used for communicating development messages and have been found effective.  

Though puppets have largely been used for entertainment, there is a successful case of its application in communicating developmental messages. Shanker Singh, a community worker in Social Work Research Centre, Tilonia, Rajasthan (A reputed voluntary organisation) used puppets to create awareness and mobilize people for development. It was possible for him to use recognisable characters, local gossips and real life events to drive points home in interesting manner. The villagers enjoyed the stories conveyed through puppets. Shanker Singh was very much in demand in villages to pull crowds and appeal for donations for good road or solve such other problems. He innovated a character, 'Jokhim Chacha', supposedly a 300 years old man who would call anyone (even elders and authorities) a child. Thus, even sensitive topics were handled amicably without hurting anyone. After all Jokhim Chacha was such elderly.

Conclusion

On the whole it can be concluded that mass media are very powerful tools of communicating extension programmes and other development messages. Judicious use of mass media in combination with other methods and media of communication can bring desired changes in the rural areas of the country. Extension workers and development workers should learn and try to use mass media for effective communication of development messages. Thus they can help in making India a developed nation by 2020.
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1.
Introduction


The contribution and impact of Research and Extension in generation and transfer of appropriate technologies for rainfed farming need to be constantly improved because it is from these areas that further increases in production have to come to meet the growing demands of the population. Rainfed areas account for 68% of India's net cultivated land and support about 360 million people which may rise to 600 million by 2020. Even after the realization of India's full irrigation potential by 2013, it is estimated that around 50% of India's net cultivable area of 142 million ha will remain rainfed. Research and Extension systems have to come up with technological options to provide improved livelihoods for this burgeoning population over the foreseeable future.

Agriculture continues to be mainstay for livelihood of rural people in this area. Agricultural growth relies on the use of fertilizers very heavily. Fertilizers have been considered as an essential input to Indian agriculture for meeting the food grain requirements of the growing population of the country.  Chemical fertilizers bear a direct relationship with food grain production along with a number of supporting factors like High Yielding Varieties (HYVs), irrigation, access to credit, enhanced total factors of productivity, the tenurial conditions, size of the product market and prices they face both for inputs and the outputs etc. In the Post Green Revolution period, more than 50% of additional foodgrains production has been contributed by the fertiliser alone.  To ensure adequate availability of right quality of fertilizers at reasonable price to the farmers in the country, the ‘Fertiliser’ was declared as an Essential Commodity in March, 1957 and the Fertiliser Control Order (FCO) was promulgated by the Central Government under section 3 of the Essential Commodities Act (ECA), 1955 to regulate the trade, price, quality and distribution of Fertilisers in the Country. 
India is the third largest producer and consumer of fertilisers in the world after China and USA.    It contributes to 12.1% of world production and 12.6% of world consumption but sustains 1/6 of world population.  India is the second largest producer of Urea & DAP after China/ USA respectively. About 20 grades of various fertilisers are produced in 58 Major  N & P manufacturing units and 73 SSP Manufacturing units.   About 36.56 million tonnes of fertiliser material (17.36 mt nutrients) are distributed through a network of 2.83 Lakh dealers of both private and institutional channel.  The occasional shortage of some fertilisers in sporadic pockets and high cost of fertilisers specially after decontrol of phosphatic and potassic fertilisers, are often exploited by the unscrupulous elements for adulteration/misbranding.
2.
STatuS QUALITY CONTROL OF FERTILISERS IN INDIA

 

The Fertiliser Control Order, issued under section 3 of the Essential Commodities Act, provides for compulsory registration of fertiliser manufacturers, importers and  dealers, specification of all fertilisers manufactured/imported    and sold in the country, regulation on manufacture of fertiliser mixtures, packing and labelling on the fertiliser bags, appointment of enforcement agencies, setting up of quality control laboratories and prohibition on manufacture/import and sale of non-standard/spurious/adulterated fertilisers.  The order also provides for cancellation of authorization letter/registration certificates of dealers and mixture manufacturers and also imprisonment from 3 months to 7 years with fine to offenders under ECA.  The FCO offence has also been declared as cognizable and non bailable. 

The FCO has been amended periodically to keep it abreast with the changing  scenario.  A number of amendments have been made during last 4 decades and a few recently in 2003, which includes replacement of Dealers Registration Certificate with Authorisation letter, providing grievances redressal mechanism through Referee Analysis and tolerances in Moisture and particle size, for the first time prescribing specification of provisional fertilizers for commercial trials, specification of new grades of 100% water soluble NPK fertilizers, maintaining  of minimum laboratory facilities for all Fertilizer Control Laboratories for ensuring accuracy of results, reduced time limit from sampling to communication of results, provision for secrecy of samples, reprocessing of damaged stock during transit in special situation and methods of analysis of different fertilizers etc. 
3.
MAJOR PROBLEMS OF QUALITY CONTROL

The problem of quality control is major limitations to the efficient use of fertilizer in modern commercial agriculture.The major problems in quality control are:-
 ADULTERATION/MISBRANDING - (70% PROBLEM)
· NPK(Mixtures)/SSP (Granular)    --------------DAP/NPK Complexes

· Magnesium Sulphate 

  --------------Zinc Sulphate

· Common Salt/sand

            --------------MOP

· Gypsum/Fly ash/Clay

  --------------SSP/DAP/Complexes.

IDELIBERATE MANUFACTURING OF LOW QUALITY FERTILISERS : (20 % PROBLEM)
· NPK Mixtures

· SSP 

· Micronutrient Fertilisers

III.SHORT WEIGHT OF BAGS (5% PROBLEM)

IV.Black marketing or over Charging price




 The problem of quality control in fertilizer, can be exploited by the unscrupulous elements.  However, certain fertilizers are more prone where adulteration/mixing of cheap foreign material having physical similarities is quite easily possible without detection by the ordinary means or where the inputs/ingredients can be easily manipulated for affecting the finished product to a lower quality.  These are called as Prone Fertilizers. At Macro level based on the samples found  Non-standard in different states, the following prone fertilizers have been identified in order of severity Fertilizer Mixtures, SSP, Micronutrient fertilizers and DAP & Complexes.A list of commonly used adulterant materials with the common fertilizers is listed in Table 1. 

Table 1. Commonly used adulterant materials with the common fertilizers

	Fertilizer
	Adulterant

	Macro nutrient fertilizer

	Urea
	Normal Salt

	DAP
	Granular SSP, Rock phosphate

	SSP
	Ash, Gypsum

	MOP
	Sand, Normal salt, Morram

	NPK
	Superphospahe, Rock phosphate

	Micro nutrient fertilizer

	Ca
	Black soil, Ammonium nitrate, Gypsum

	Zinc sulphate
	Magnesium sulfate

	Ferrus sulphate


	Sand, Normal salt

	Cupper sulphate
	Sand, Normal salt


4. 
WEAKNESSES IN QUALITY CONTROL
The main reasons for non standard material in fertilizer mixtures and micronutrient fertilizers are due to use of lesser quantity of ingredients/raw material or their lower quality, the non standard sample in SSP is either due to this account or inadequate curing or use of the excess quantity of fillers and non homogenous mixing. The following seven weaknesses due to which the magnitude of the problem rises by leaps and bound. 

i)No full time Inspectors :-In states except Haryana, J & K, Gujarat, Maharashtra and Orissa only the part time inspectors have been assigned the responsibility of fertilizers, which is not very effective.

 ii)Multiplicity of Grades :-A large number of grades of NP & NPK having the common nutrient ratio are being produced and consumed which often creates problem in the field because of variable price and demand.

 iii)Inadequate Laboratory Facility :-
Against minimum 5.66 lakh samples to be drawn analysed from 2.83 lakh dealers, the existing capacity of 67 laboratory is only around 1.25 lakh sample which is only 20% of minimum requirement.

 iv)Drawing samples fron Non prone Fertilizers :-In many of the states inspite of repeated advice by the Government of India, around 30-40% of samples drawn by the field inspectors are of Urea, MOP etc.  which is not prone for adulteration and so less attention given on the problem fertiliser. 

v)Very Low prosecution :-Though about 4000-5000 samples are declared non standard by the laboratories every year, the legal prosecutions are only in 5-6% cases(Rajasthan, UP, Gujarat, TN and MP) and unfortunately the convictions by the courts is hardly to the extent of 2-3%. This dilutes the quality control system.

vi)No Testing facility for Dealers and Farmers :-The Government Laboratories normally do  not  accept the private samples of dealers and farmers.  There is also no private laboratory in the Country to cater the need of dealers or farmers.  

 vii)Non Participation in Training Programmes:-   Though Clause FCO provides for mandatory training for Fertilizer Inspectors & Analysts in training programmes organized at Central Fertilizer Quality Control & Training Institute, Faridabad and RFCL, Kalyani .  The participation from different states is also not satisfactory. 

viii)Non submission of reports by State Governments:-  Half Yearly reports are required to be sent by State Governments regarding the number of samples received and analysed, follow up action on Nonstandard samples and also the details of non standard Urea etc. to the Institute.  
5.
REMEDIAL MEASURES

Following remedial measures may be advocated for a sustainable solution.

i)Full Time Regular Inspectors :-To be appointed by redeployment from the existing agricultural officers.  This will require only one inspector at each of 5000 blocks and 3 Inspectors at the district headquarter making the total of about 6000 Inspectors in the Country instead of existing about 20,000 inspectors.

ii)Relationalisation of Product Pattern :-As per the recommendation of GVK Rao Committee and as approved by the Government the new product pattern should be nitrogen as Urea, Phosphate as DAP, SSP and Nitrophosphate and Potash as MOP.  The other grades of NP/NPK complexes having common nutrient ratio, need to be restricted to the barest minimum with high nutrient value.

iii)Restriction on Granulated NPK mixtures :-Since the major problem of quality control is the granulated NPK mixtures and granular SSP, which are used as a adulterant in DAP and popular grades of complexes, there is urgent need to discourage any further expansion in the NPK mixtures in most of the States.

iv)Sampling Priority and adequate training:-
Based on the identification of problem fertilizers at micro level in the States, the stress should be made on the problem fertilizers for sampling and analysis.  Adequate training to Fertiliser Inspectors are required in both technical and legal aspects of quality control for proper presentation of cases in courts of law for successful convictions.

v)Setting up of Input diagnostic Centres by the Entrepreneurs :-Like the medical facilities, private entrepreneurs need to be encouraged for setting up of the testing laboratories to provide the testing facility to the dealers and farmers for advisory purposes in respect of major inputs like fertilizers, seeds and pesticides.  

vi)Popularizing the Quick Testing Kits for Quick Detection of Adulteration in the field :-
To instill the confidence of farmers in the fertilizers purchased by them and also to help the enforcement agencies in segregating the suspected stocks in the field for quick follow up action, the Quick Testing Kit need to be popularized at the gross root level.

viii)Creating awareness amongst farmers for use of consumer forums :-For seeking compensation for the purchase of non standard fertilizers from the dealers, the farmers need to be well educated for approaching the consumer Forums, in addition to the legal action by Government Agencies. 
6.
Conclusions
Fertilizer is an input that allows considerable farmer experimentation, and there is much evidence to support the view that farmers are able to arrive at economically efficient fertilizer practices and evaluation of quality control through their own experience. In this perspective quick testing kits will definitely help in reshaping the fortunes of Indian farmers under rainfed ecosystem. Quality testing of fertilisers has to be ensured and supplies of spurious inputs have to be checked.  Threats to availability of quality input are real and cannot be ignored anymore. In last, I would conclude my lecture by a very famous aphorism of Mahatma Gandhi. "Live as if you were to die tomorrow. Learn as if you were to live forever."  
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Rice is most important cereal crop as it is a staple food of more than 70% of world’s population and extensively grown in tropical and subtropical regions of the world. It is consumed by 2500 million people in developing countries (Datta and Khush, 2002). India has the largest area under rice cultivation (44.6 m ha) and occupies second position in production (90 million tones) only next to China among the rice growing countries of the world (Viraktamath, 2007). In India, upland rice constitutes about 17% of total rice area and 10% of total rice production. This crop is grown in an area of 7.1 million hectares in the country and is mostly concentrated in high rainfall receiving eastern region. In South and South east Asia, upland rice is grown on about 4 million ha of level to gently rolling (0-8%) slope land and on 2 m ha where slopes are greater than 30%.It is grown at altitude of up to 2000m and in areas with annual rainfall ranging from 1,000 to 4,500 mm. Soils range from highly fertile, volcanic and alluvials to highly weathered infertile and acidic types. Only 15% of upland rice grows in the most favourable sub- ecosystem that has fertile soil and a long growing season.

                     Upland rice producers are among the poorest of the World’s farmers. Many grow barely enough to feed their families, although not always the major component of upland farming systems , rice is the dominant and preferred staple food and the focal point of Asian farmer’s resource allocation decisions. Upland rice is typically a subsistence crop and farmer’s apply few or no purchased inputs and do most of the work by hand, though animals are used for tillage in some areas. 
                   Upland rice, also known as dry land rice is grown on rainfed, naturally well- drained soils. Strictly defined, upland rice fields are not bunded and no surface water accumulates. The upland rice ecosystem is extremely diverse, ranging from shifting cultivation to relatively intensive systems, utilizing hand, animal or mechanical tillage and rotations with other crops, including cotton, legumes and other cereals. Shifting cultivation occurs throughout the humid forest zone, where land is cleared from forest, usually by slash and burn, rice is grown for one or more seasons before the land is returned to fallow. Invasion by weeds is principal reason for abandoning, after periods of cultivation. 

                  Weeds rank second to drought stress in reducing upland rice grain yields and quality (Sankaran and De Dutta, 1985). Aerobic soil conditions and dry tillage practices in upland rice, besides alternate wetting and drying conditions make the conditions conducive for germination and growth of highly competitive grasses, sedges followed by certain dicots which cause a grain yield loss of 50-91% (Morthy and Manna, 1993; Paradkar et al, 1997).

Reasons for losses due to weeds in upland rice
(i) Moisture stress: Crop production in upland rice depends highly on the storage and utilization of soil moisture. Upland aerobic rice experiences moisture stress during its growth due to break in the monsoon which may occur in any month and at any stage of crop growth. Under moisture stress condition, infestation of competitive weed flora intensifies the competition for soil moisture. Several weed species transpire at a greater speed than the crop plants. Weeds deprive crop of 20-40% of the soil moisture.

(ii) Weeds emerge in three flushes coinciding seedling, tillering and reproductive stages of direct seeded upland rice.

(iii) Transplanted seedlings have a competitive advantage over newly emerged weeds compared with emerging rice seedlings in upland rice.

(iv) Early weeds in TR are controlled by flooding, which is not the case in upland rice.

(v) C3 plants are dominant in submerged soils whereas C4 plants are dominant in dryland soils. Upland weeds are heavily infested with C4 weeds and most of C4 weeds are more competitive in upland conditions.(Ampong-Nyarko and De Dutta,1989).

(vi) The currently registered herbicides in India have been developed for transplanted rice and are less effective in upland rice.

Crop weed competition in upland rice

Early emergence of weeds relative to crop seedlings and their rapid growth result in severe crop weed competition for light, nutrients, moisture and space in upland rice. Weeds cause most injury to crops during certain crop growth stages i.e. critical period of crop weed competition. Knowledge of critical period will enable farmer to make most efficient use of his limited labour resources resulting in time and cost saving weed control practices. Initial 3-4 weeks are considered as most critical period for weed control in upland rice Ladu and Singh (2006). The crop is very sensitive to weeds during tillering stage to just before heading of rice. (Singh et al, 1989). 
The variability of weed species in upland rice tends to be greater than the other production systems and is dependent upon ecology, the cropping system and management practice. Among the families , Poaceae encompases nearly 28% of all weed species found in upland rice Cyperaceae and Asteraceae each represent 10%; Amranthaceae,Euphorbiaceae, and Papilionaceae each represent 5%;and Commelinaceae,Malvaceae,Rubiaceae, and Convulvulaceae each represent 3%of the total weed species present.(Sankaran and De Dutta,1985). Cyperus rotundus is the most noxious weed in upland rice regions because it has an extensive underground root and tuber system (Holm and Herberger, 1969) and apical dominance (Smith and Fick,1973). It is also a problem because it germinates and grows with upland rice( De Datta,1974a).Echinocloa colona is the second most serious weed in upland culture, probably because it needs less soil moisture for growth than E. crus-galli(Noda,1977).

Economics of weed management 
       One of the earlier researches carried out in dry land centers of India, exciting examples of the benefit of weed control were observed (Friesen and Korwar, 1983).  The per cent increase in yields of upland rice in various dry land centers varied greatly from 59-374%. This would result in enormous economy to the farmer. Porwal (1999) reported that pre-emergence application of oxyfluorfen @ 1.0 kg ha-1 gave B: C ratio of 6.32: 1 in direct drilled upland rice under agroclimatic condition of Banswara, Rajasthan. Primary weed control method like herbicide, hand hoeing and weeding, increase rice yield by reducing weed density. Secondary weed control methods, such as seed bed preparation, moisture conservation, and crop rotation, directly reduce weed pressure and increase rice yields. Other secondary weed control methods, such as seeding method and density, increase the competitive ability of rice. (O’Brien, 1981).

Summer Tillage 


Tillage during summer brings some weed seeds from sub surface to surface which are decayed due to heating. Some weed seeds from surface are placed in deeper layer of soil which prevents their emergence. The nuts (rhizomes) tubers of perennial weeds are cut into pieces and are exposed to sun resulting in their desiccation. This advantage is missed when field preparation is started after onset of monsoon. Disking immediately prior to planting destroys existing weeds and allows the rice crop to be competitive with later emerging weeds. Tillage practices are soil and site specific and for each agroecological conditions optimum tillage methods should be evolved for their particular soil and weed problems.

       At Varanasi, many pre-monsoon tillage practices were compared and these showed little advantage over traditional ploughing at onset of monsoon, either from standpoint of weed control or rice yields. (Friesen and Korwar, 1983)

Reduced Tillage

           Zero tillage can be used on hilly rocky, rough land where animal or tractor tillage is difficult or impossible. It greatly reduces water and wind erosion, conserves soil moisture and organic matters. It may improve or maintain soil structure increases water infiltration rate, leaves mulch or crop residue on the soil surface, thus  reducing weed germination and suppressing annual grass weeds. Avoids stimulating germination of weed seeds through burying and does not bring new seeds to the surface. Lascina et al. (1980) observed that consistent satisfactory performance of herbicides is imperative if minimum or zero tillage is to be successful. For surface seeding and zero tillage planting the cultivar should  display better germination and growth under shallow or surface seeding, possess faster root development to enable rapid establishment of the crop( Trethowan and Reynolds,2005), taking best advantage of early available soil moisture.  

           Rice crop can be grown with minimum soil disturbance and reduced energy inputs, if herbicides are used to control weeds. Lack of success of zero till sown rice has been attributed to the rapid regeneration of perennial weeds and the failure of herbicide controls (De Datta,1983).

Method of crop establishment 

               Direct seeding is the chief method of rice crop establishment method under upland conditions. Direct seeding is the oldest method of rice establishment and prior to the late 1950’s direct seeding was the major method of rice establishment in developing countries. Direct seeding refers to the process of establishing a rice crop from seeds sown in the field rather than by transplanting. Rice is direct seeded by two methods (dry and wet seeding) based on the physical condition of the seed bed and seed (pre-germinated or dry). Broadcasting, dibbling, and drilling are the common seeding practices for upland rice. The crop should be sown preferably in rows either by dibbling or drilling instead of broadcasting to facilitate inter culture and other operations (Longchar et al., 2002).


Dry seeded rice is a traditional practice developed by farmers to suit the agro ecological conditions in systems ranging from shifting cultivation in the humid forest zones to intensive cultivation in the rain fed low lands (Fujisaka et al., 1993). Dry seed is sown at the beginning of the rainy season after either minimum zero tillage in the shifting cultivation systems (Singh, 1988) or into prepared seed beds in more intensive systems hand broadcasting or dibbling seeds into furrows or drill seeding in rows by machine is used for seeding at shallow depths into moist aerobic soil (Hill, et al., 1991). The use of only high quality certified seed is prerequisite for solid and uniform stand of rice. A maximum of 0.05% weed seed is allowed in certified rice seed. There is zero tolerance for objectionable or noxious weed seeds.


Timely sowing and rapid canopy closure minimize weed growth and ensure good stand establishment. The sowing time of upland rice is site specific and depends on agroclimatic conditions. Earlier sowing of drilled rice in heavy rainfall areas decreased the grain yield (Lakpale, et al. 1994). The crop sown 20 days after onset of rainfall recorded significantly higher yield under agro ecological conditions of Dapoli, Maharashtra (Mane and Raskar, 2002). 

Suitable cultivar for upland rice

    Selecting a suitable variety which matches the rainfall duration and competitive to weeds will be a major non monetary input in upland rice cultivation. Many rice farmers plant local rice that does not respond well to improved management practices. But these cultivars are well adapted to the variable constraints in the ecosystem and have grain quality characteristics that meet the specific local needs. Upland rice cultivars with drought avoidance (through deep root systems) and drought recovery abilities are preferred. Upland rice in India is generally grown during the monsoon season (June-Sept.). The Central Rice Research Institute (CRRI), India has so far developed 12 high yielding rice varieties for rainfed upland ecosystem. Extra early varieties like Heera, Dhala Heera and Sneha maturing 68-75 days were found suitable for low rainfed drought prone areas, while early varieties namely Kalinga-III, Vanaprbha, Neela,Vandana, Anjali, Hazari Dhan and Annada maturing 85-105 days have become already popular in  high rainfed uplands. In Varanasi region of Uttar Pradesh, where rainfall is more than 750 mm/annum and water availability period in the region is 234 days (from 26th to 5th standard week) (Singh et al. 2008); double cropping is more common. Under such conditions, raising Kharif rice of suitable variety (100 days duration) and conserving soil moisture for succeeding rabi crop will be imperative. 

Weed Competitive rice cultivars

                  Upland rice cultivars with drought avoidance (through deep root systems) and drought recovery abilities are preferred. Intermediate-stature cultivars with moderate tillering, big panicles, blast resistance, and tolerance for iron deficiency and aluminum toxicity are also desirable. Cultivars for sustainable systems should be both high yielding and competitive against weeds. Enhancing rice competitiveness against weeds would provide a low-cost and safe tool for integrated weed management to reduce herbicide dependence. Two factors contribute to crop competitiveness with weeds: weed tolerance(WT), the ability to maintain high yields despite the presence of weeds and weed suppressing ability (WSA), the ability of the crop to reduce weed growth through competition(Goldberg and Landa,1991: Jannik et al., 2000).Differences in weed suppression ability among upland rice cultivars have been reported by Garrity et al.,(1992). Tall varieties of rice smother weed growth due to long and droopy leaves and initial faster growth in comparison to weeds (Jennings and Aquino,1968; Garrity et al., 1992). Garrity et al., (1992) found that the height of upland rice was strongly correlated with weed suppression, but other traits such as crop dry matter and leaf area were also associated with competitive ability.

Allelopathic rice cultivars
        Genotypes with greater early vigor or those exhibiting favorable allelopathy, may be selected for initial competitive advantage against weeds which will lead to reduced usage of herbicides. Current evidence suggests that it exists in land races and wild species of rice. The goal should be to transfer this character either by conventional breeding or other genetic engineering techniques into commercial rice cultivars. The drudgery and cost of weeding will be reduced if genes for allelopathic effects can be incorporated into rice.  Several studies show that some crop cultivars are allelopathic and their inhibitory effects on weeds apply under field conditions. (Olofsdotter et al.1999; Wu et al. 1999)
Herbicide resistant rice

     Herbicide resistance rice varieties are a new tool for managing weeds in rice production system.These varieties would enable early season weed control and promote direct seeded rice systems which is most common in upland rice. Another advantage of HR-rice, especially glyphosate- orglufosinate-resistant rice, is that both are used post emergence, and will promote total post-emergence control programs that allow growers to adjust doses according to the level of weed infestation. HR-rice would enable application flexibility due to the high efficacy of these herbicides and good crop tolerance (Olofsdotter et al.2000).However, benefits of herbicide resistance rice must be weighed against potential risks before widespread adoption is encouraged.     
Nutrient Management

The extent of nutrient competition differs with the time and method of fertilizer application, even if same quantity is applied at different times. Fertilizers placed as narrow soil bands, rather than surface broadcast, has been found to reduce the competitive ability of weeds. Further, it has been also found to reduce fertilizer application rates, if it is used as deep or surface banding of nutrients in the crop row. Fertilizer application should be timed to prevent weed proliferation and maximize benefit to the crop. Where effective weed control is impossible nitrogen application should be delayed until weed nitrogen uptake has slowed so more will be taken up by the competing rice crop(Matsunaka,1970).Proper weed control is mandatory when fertilizer is applied to crop .Nitrogenous fertilizer is applied in split doses to increase the vigor and competitive ability of crops against weed. Before top dressing of nitrogenous fertilizer weed should be managed effectively. Saving of nitrogen and increase in grain yield of upland direct seeded rice has been also reported by Mukhopadhay (1974). The fertilization should be done as per the requirement of the crop and soil conditions, sub-optimal doses of fertilizer reduce the competitive ability of the rice crop. Under the acidic upland soils, application of rock phosphate at the time of sowing has been found to be better in comparison to single super phosphate in reducing weed growth (Mishra, 2003).
Manual and mechanical methods

Manual method of weed control is successful under conditions where labourers are easily available. Two manual weeding before 40 days after rice seeding has been found to be satisfactory in reducing crop weed competition (Angiras and Sharma, 1999; Chaubey et al., 2001; Moorthy and Saha, 2002). The second weeding should be done in accordance with the split doses of nitrogen application schedule. Mechanical weeding is feasible in row sown crop and it depends on the physical condition of soil for running the implement. Mechanical weeding is done at the same stages recommended for manual weeding. 

Herbicidal weed management

The choice of herbicides for weed control in rice depends upon type of rice culture (irrigated or rain fed), rice establishment method (transplanted verses direct seeded), land preparation (lowland or upland) and cultural practices. Appropriate herbicide programme need to be developed for upland rice in terms of doses, time of application and integration with other non chemical methods, other herbicides to optimize weed control. Herbicide phytotoxicity can be reduced by applying them after a germinating rain rather than applying them immediately after seeding. No loss in weed control, and in some instances better weed control, has been observed when herbicides are applied at that time (Moody ,1977b). When the herbicide is applied within 3-4 days after seeding, several weeks may pass before there is sufficient rainfall to provide quick germination. During that dry spell, herbicides may break down and weed control will be less than desirable than if rain had fallen immediately after seeding.
Pre-emergence application: 
Several pre-emergence herbicides viz., butachlor, thiobencarbs, pendemethalin, oxadiazon, oxyfluorfen and nitrofen alone or supplemented with hand weeding have been reported to provide a fair degree of weed control in upland rice ( Mishra et al., 1988; Moorthy and Manna, 1993; Mishra, 1996, Paradkar, et al., 1997; Porwal, 1999). However, some difficulties are associated with pre-emergence application of herbicides such as their limited application duration (0-5 DAS of crop before emergence of weeds) and lack of soil moisture at the time of herbicide application. Two sprays of oxadiazon @ 0.4 Kg ha-1 and oxadiargyl  @ 1.0 Kg ha-1 (Pre and Post emergence,45 DAS) produced 361 and 316 % higher grain yield in comparison to weedy check at Dapoli, Maharashtra (Mane and  Raskar, 2002) . Chaubey et al., (2001) reported that cyhalofop butyl at 80 g ha-1 (16DAS) and butachlor at 1.6 kg ha-1 (3 DAS) had comparable grain yield with each other and were better in comparison to weedy check at Raipur, Madhya Pradesh.

Sequential Application : Cyhalofopbutyl @ 120g ha-1 followed by 2,4-D @1.0 kg ha-1 significantly reduced lower weed dry weight and higher yield attributes and yield of rice at Palmpur( Saini,2005).A study conducted at Central Rice Research Institute, Cuttack, Moorthy and Saha (2002) reported that quniclorac  at 375 g ha-1 as pre emergence application and butachlor and propanil (at 560 + 500 to 840+840 g ha-1) when applied 10 DAS provided adequate weed control and yields were comparable to hand weeding twice in upland rice.At Raipur, Madhya Pradesh, Kolhe and Tripathi (1998) observed that pre emergence application of  anilofos (0.4 Kg ha-1) alone or in combination with  pre or post emergence application of 2, 4 -D (0.533 Kg ha-1) or post emergence application of cyhalofopbutyl (0.09 Kg  ha-1) produced significantly higher grain yield than weedy check . 

Integrated Weed Management

Farmer’s field activities directly or indirectly influence weed growth in almost every phase during the vegetative period. Crop husbandry, plant nutrition, crop protection and farm hygiene, all are factors, which in one way or another have been demonstrated to affect germination and development of weeds as well as weed population dynamics. Integrated Weed Management emphasizes the use of different techniques to anticipate and manage weed problems rather than react to them after they are present. Therefore, IWM aims at preventing seed production, reducing weed emergence, and minimizing weed crop competition, not predominantly complete weed control. An important objective is the integration of different weed management tactics into a long term strategy, which supports sustainable crop production.


IWM is generally accepted to be the farmer’s best combination of cultural, biological, and chemical measures that yield the most cost effective, environmentally sound and socially acceptable weed management for crops in a given situation (Smith & Reynolds, 1966).Results indicated that integrated approach of weed management i.e. deep tillage associated with herbicide and mechanical control enhanced the carry over soil moisture after the harvest of rice (Singh et. al., 1993) .


Singh et al., (1993) observed that preparatory tillage (either deep or shallow) produced least competition due to weeds when combined with post seeding weed  control measure of pre emergence herbicide and mechanical controls were applied. Further, at all level of tillage, application of pre emergence herbicide was found effective in controlling weeds than inter-culture. Inter culture at later stage (one month after sowing) may further become effective in control of weeds. However, during severe drought conditions weed should not be removed from the field and mechanical weeding should also be avoided as there is rapid depletion of soil moisture due to removal of weeds or  inter culture operation (Mishra, 2003).

Weed management in shifting cultivation 

               Logging in forested upland areas is most often followed by shifting cultiuvation. Rice is not always grown as monocrop in the uplands .Farmer’s sometimes use maize, root crops and vegetables as intercrops with rice or plants them in rotation. Upland rice is also planted among fruit trees and other perennials. These farmer’s prepare their scattered fields using traditional slash and burn techniques where they cut, dry and burn trees and bush; plant crops 1-2 years and then move to new areas, allowing the cropped areas to rejuvenate. They usually return to previously cleared areas 3-10 years later.   Weeds are the major factor limiting the crop production in shifting cultivation under upland condition; weed infestation is more severe in upland (71%) as compared to wet land (29%) condition (Hazarika et al., 2001). Weed  infestation in upland shifting cultivation are more due to inadequate land preparation, poor moisture and nutrient content of the soil and alternate and wetting and drying due to erratic nature of the rainfall (Singh,2001).

                Upland rice in hills suffer from mineral deficiencies and toxicities, additionally erosion is a serious problem in high rainfall areas with unstable top soil. The weed management practices that expose soil to erosion or in anyway degrade it are thus in appropriate for suitable crop production in shifting cultivation. Weed control in hills is traditionally based on fallowing, slash and burning and hand pulling or shallow hoeing. In areas where fallow periods are drastically declined, farmers adopt tillage and / or herbicides based weed control.  
Fallow management in shifting cultivation

              Fallow management is an important option for reducing weed burdens by changing factors such as the aeration of the system e.g. flooded to aerobic – and/or by preventing the production of seeds by weeds during the fallow period. Changing system aeration tends to force major shifts in weed species from one season to the next. Such strong changes in weed flora helps in prevent the build up of any dominant weeds that are favoured by particular set of growing conditions.

               One of the most widely used methods of controlling weeds in traditional farming systems is to allow arable land to revert to natural vegetation (bush fallow).Under such circumstances natural selection shifts the balance in favour of perennial plant species ,including trees, which then become the dominant species. Such a system suppresses the growth of herbaceous plants, including weeds. Given enough time (up to 10 years) the weed seed population is depleted to such a level that the weeds are not usually a problem in the first year of cultivation after the forest is cleared.
Future Research Needs
· Influence of summer ploughing , preparatory tillage, zero tillage and RCT,s and crop establishment methods on weed population dynamics under upland conditions.

· Development of broad spectrum post emergence herbicide.

· Development of weed competitive and allelopathic rice and HR rice varieties.

· Detailed studies on biology and ecology of noxious rice weeds and their management

·  Development of socially acceptable, economically feasible and environmentally sound site specific IWM for upland rice.
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In a developing country like India were vegetarian diet is pre-dominant, the important of pulses has been well emphasized. Most of the pulse crops especially pigeonpea, chickpea, lentil, Lathyrus etc. may be described as a unique pulses as they had an inherent ability to withstand well under varying environmental stresses especially moisture stress, acidic soil etc. and thus making them most successful crops aimed new areas under cultivation (Okiror, 1986). Further pulses contribute significantly to the carbon, nitrogen and phosphorus contents of the soil (Fujita et al. and Rao, 2000) and their performance were observed to be comparatively better even under drought and marginal input conditions. In addition, few pulse crops such as pigeonpea, urdbean, mungbean etc. may be intercropped with maize, pearl millet, sorghum, sugarcane etc. without a negative impact on the yield of main crop.

Among the pulses, pigeonpea is the unique crop as they perform comparatively better in moisture stress condition and can be used as a food, feed, fodder, fuel, rearing lac insects, hedges, wind-breaks, soil conservation, green manuring, roofing and making baskets etc. Some of the important pulse crops being grown in our country are:     

· Gram/Chickpea/Bengal gram (Cicer arietinum L. 2n=16 rarely 14), 

· Pigeonpea/Arhar/Tur (Cajanus cajan (L.) Millsp. 2n=22), 

· Mungbean/Greengram (Vigna radiata (L.) Wilczek 2n=22), 

· Urdbean/Mash/Blackgram (Vigna mungo (L.) Hepper 2n=22), 

· Mothbean (Vigna aconitifolia (Jacq.) Marechal 2n=22), 

· Adzukibean (Vigna angularis 2n=22), 

· Ricebean (Vigna umbellata (Thunb.) Ohwi & Ohashi 2n=22) 

· Cowpea (Vigna unguiculata (V. sinensis) 2n=22 rarely 24), 

· Horsegram/Kulthi (Dolichos biflorus 2n=24), 

· Lentil (Lens culinaris Medikus 2n=14), 

· Peas (Pisum sativum L. 2n=14),

· Khesari/Grosspea (Lathyrus sativus L 2n=14), 

· Broad bean/Horse bean/Faba bean/ Garden bean (Vicia faba L. 2n=14), 

· Sem /Fieldbean (Dolichus lablab 2n=24), 

· Rajmash /French bean/Kidney bean/Common bean/Drybean (Phaseolus vulgaris L. 2n=22) 

· Soybean/Soya (Glycine max (L.) Merr.  2n=40).  

The protein contents of the pulses, in general is two to three times more than that of cereals. Besides high protein content, pulses are also rich source of certain essential amino acids (lysine, leucine, valine, Isoleucine, phenylalanie and threonine), which are lacking in cereals. On the other hand certain sulphur containing essential amino acids (Methionine, tryptophane etc.) are abundantly found in cereals. Therefore, when we get adequate quantity of mixed food (cereals and pulses together) in our diet, the calories as well as protein requirements are fully met with. Among the pulses, pigeonpea observed to be a major source of protein for about 20 per cent of the world population (Thu et al. 2003) besides being rich source of minerals and vitamins (Saxena et al. 2002). Further the perennial nature of pigeonpea allows farmers to take multiple harvests with lowest input making it more remunerative than other crops.

Most of the pulse crops, on an average, fix 60 to 225 kg. nitrogen per hectare viz. pigeonpea 225 kg, chickpea 103 kg, lentil 101 kg, peas 65 kg and mungbean 61 kg. (Elkan, 1992) besides adding about 0.5 to 1.5 tonnes organic matter per hectare through falling of leaves during maturity.  

The per capita availability of the pulses in India has declined from 64 g/capita/day in 1951-56 to less than 35 g/capita/day in 2007-2008 as against FAO/WHO’s recommendation of 80 g/capita/day. 

India is the largest producer, importer and consumer of pulses in the World amounting 25% of the global production and 15% consumption.  The area under pulses in our country during 2006-2007 was 23.76 million hectares with total production of 14.11 million tonnes and productivity being 594 kg/ha, which is being far below as compared to France where it was observed to be as high as 4769 kg/ha (Swaminathan, 2005). At the present rate of consumption, the demand of pulses would increase annually by 3.3 per cent and therefore the requirement of pulses is likely to be around 19 million tonnes in 2015 and 26 million tonnes by 2030 (Paroda and Kumar, 2000). During current year, importing of pulses may reach >3 million tonnes especially dry peas, pigeonpea, kabuli chickpea and urdbean to meet our requirements. 

Besides India pulses are also being grown in Myanmar, Turkey, Canada, Australia, France, Nepal, Tanzania, Uganda, U.S.A., Syria, Spain, Egypt, Italy, China, Pakistan, Bangladesh etc  (Ali 2007). If we look total pulse production at global level, it was observed to be 60.01 million tonnes from an area of 73.2 million ha with an average yield of 843 kg/ha. Dry beans (Phaseolus beans, urdbean, mungbean etc.) contribute about 31% share in global production followed by dry peas (18.3%), chickpea (14.9%), broad beans (7.5%). lentils (6.5%), cowpeas (6%) and pigeonpea (5.3%).
Globally, the pulses have experienced significant increase in production from 43.32 million tonnes in 1980-81 to 60.01 million tonnes in 2004-05 registering annual growth rate of 1.74%. Maximum production gain was observed in dry beans (5.03 million tonnes) followed by lentil (2.28 million tonnes), dry peas (1.97 million tonnes), chickpea (1.80 million tonnes) and pigeonpea (1.17 million tonnes). The maximum yield gain was observed in dry peas (620 kg/ha) followed by lentil (288 kg/ha), chickpea (158 kg) and dry beans (148 kg). Phenomenal growth in pulses production was observed during the period of 1981 to 1990 followed by near stagnation afterward. Growth in the eighties was driven by the developed countries, expanding their output by 8% annually from 10.7 million tonnes in 1980 to 20.8 million tonnes in 1990.
Global area (m ha), production (m tonnes) and productivity (kg/ha) of important pulses during 2005.
	Crop 
	Area (m ha) 
	Production (m tons) 
	Productivity (kg/ha) 

	Dry beans 
	24.60 
	18.45 
	750 

	Dry peas 
	6.39 
	11.30 
	1770 

	Chickpea 
	10.61 
	8.30 
	782 

	Lentil 
	3.86 
	3.65 
	946 

	Pigeonpea 
	5.54 
	3.22 
	708 

	Others 
	21.86 
	15.09 
	690 

	Total pulses 
	71.86 
	60.01 
	835 


Productivity (kg/ha) of food legumes in major Countries
	Chickpea 
	Pigeonpea 
	Lentil 

	Country 
	Yield 
	Country 
	Yield 
	Country 
	Yield 

	India 
	789 
	India 
	678 
	India 
	711 

	Mexico 
	1600 
	Uganda 
	1000 
	Australia 
	1388 

	Canada 
	1304 
	Myanmar 
	928 
	Canada 
	1276 

	Turkey 
	953 
	Nepal 
	895 
	Turkey 
	1238 

	Pakistan 
	709 
	Tanzania 
	725 
	Nepal 
	839 

	Iran 
	411 
	Malawi 
	642 
	Bangladesh 
	717 


	Dry beans 
	Dry peas 

	Country 
	Yield 
	Country 
	Yield 

	India 
	379 
	India 
	1046 

	Canada 
	1887 
	France 
	4440 

	China 
	1770 
	Canada 
	2168 

	Myanmar 
	948 
	Ukraine 
	1736 

	Brazil 
	786 
	Australia 
	1250 

	U.S.A 
	719 
	
	


In India the total production of pulses after its peak of 14.91 million tonnes in 2003-04 had declined to 13.13 million tonnes in 2004-05 and to 13.39 million tonnes in 2005-06 due to adverse climatic conditions, especially in production zones (Ali and Kumar, 2007). The increase in production of pulses during 2003-04 has been reported mainly through area expansion (rather than increment in yield per unit area) particularly in central and peninsular regions of the country. Besides India, pulses are also being grown in Myanmar, Turkey, Canada, Australia, France, Nepal, Tanzania, Uganda, Bangladesh etc. (Ali 2007).
The Area, Production and Productivity of total pulses in India as well as productive level of pulses in major pulse producing states are depicted in Table 1 and 2, respectively. Similarly crop wise area, production and productivity of major pulses in India as well as in Uttar Pradesh are presented in Table 3 and 4, respectively.  
Table 1: Area, production and productivity of total pulses in India 

	Year 
	Area (m ha) 
	Production (m tonnes) 
	Yield (kg/ha) 

	1950-51 
	19.09 
	8.41 
	441 

	1960-61 
	23.56 
	12.70 
	539 

	1970-71 
	22.54 
	11.82 
	524 

	1980-81 
	22.46 
	10.63 
	473 

	1990-91 
	24.66 
	14.26 
	578 

	1998-99 
	23.50 
	14.91 
	634 

	2000-01 
	20.35 
	11.08 
	544 

	2003-04 
	23.46 
	14.91 
	635 √ 

	2004-05 
	22.76 
	13.13 
	577 

	2005-06 
	22.39 
	13.39 
	598 

	2006-07 
	23.76 
	14.11 
	594 


Table 2: Productivity levels of the pulses in major pulse producing states during 2005-06. 

	States 
	Pulses 

	
	Area (m.ha) 
	Yield (kg/ha) 

	Madhya Pradesh 
	4.28 
	755 

	Maharashtra 
	3.39 
	532 

	Rajasthan 
	3.41 
	248 

	Uttar Pradesh 
	2.74 
	805 

	Karnataka 
	1.92 
	452 

	Andhra Pradesh 
	1.78 
	773 

	Gujarat 
	0.81 
	719 


FAO, STAT–2005. Agriculture 

Table 3. Crop-wise Area, Production and Productivity of important pulses in India. 

Chickpea: 

	Year 
	Area (m ha) 
	Production (m tonnes) 
	Yield (kg/ha)

	1949-50 
	8.3 
	3.73 
	449 

	1958-59 
	10.08 
	7.02 
	697 

	1990-91 
	7.52 
	5.36 
	712 

	1994-95 
	7.54 
	6.44 
	853 √ 

	1998-99 
	8.47 
	6.8 
	803 

	2000-01 
	4.89 
	3.52 
	720 

	2003-04 
	7.29 
	5.77 
	792 


Pigeonpea:

	Year 
	Area (m ha) 
	Production (m tonnes) 
	Yield (kg/ha) 

	1950-51 
	2.18 
	1.72 
	788 

	1960-61 
	2.43 
	2.07 
	849 √ 

	1970-71 
	2.66 
	1.88 
	709 

	1980-81 
	2.84 
	1.96 
	689 

	1990-91 
	3.59 
	2.41 
	673 

	2000-01 
	3.63 
	2.25 
	618 

	2005-06 
	3.58 
	2.74 
	765 

	2006-07 
	3.53 
	2.51 
	712 

	2007-2008
	3.75
	3.1
	824

	2008-2009
	-
	2.37
	-


	Year 
	Area (m ha) 
	Production (m tonnes) 
	Yield (kg/ha) 

	1970-71 
	2.07 
	0.70 
	339 

	1980-81 
	2.83 
	0.98 
	344 

	1990-91 
	3.36 
	1.38 
	413 

	2000-2001 
	3.08 
	1.02 
	340 

	2003-04 
	3.55 
	1.70 
	480 

	2005-06 
	3.20 
	0.95 
	304 

	2007-2008
	3.77
	1.56
	413


Urdbean 
	Year 
	Area (m ha) 
	Production (m tonnes) 
	Yield (kg/ha) 

	1970-71 
	2.07 
	0.66 
	318 

	1980-81 
	2.83 
	0.96 
	339 

	1990-91 
	3.48 
	1.65 
	473 

	1992-93 
	3.02 
	1.53 
	506 

	2000-2001 
	3.01 
	1.30 
	431 

	2002-03 
	3.55 
	1.47 
	415 

	2004-05 
	3.17
	1.33
	419 

	2005-2006
	2.97 
	1.25 
	463

	2007-2008
	3.24
	1.52
	469


Lentil 

	Year 
	Area (m ha) 
	Production (m tonnes) 
	Yield (kg/ha) 

	1979-80 
	0.25 
	0.32 
	374 

	1990-91 
	1.16 
	0.83 
	727 

	2000-2001 
	1.48 
	0.92 
	619 

	2003-04 
	1.40 
	1.03 
	741 √ 


Peas
	Year 
	Area (m ha) 
	Production (m tonnes) 
	Yield (kg/ha) 

	1979-80 
	0.49 
	0.23 
	470 

	1990-91 
	0.54 
	0.59 
	1093 √ 

	2000-01 
	0.65 
	0.54 
	819 

	2003-04 
	0.71 
	0.73 
	1020 


	Year 
	Area (m ha) 
	Production (m tonnes) 
	Yield (kg/ha) 

	1979-80 
	1.08 
	0.35 
	328 

	1990-91 
	0.94 
	0.52 
	554 

	2000-01 
	0.52 
	0.33 
	639 

	2003-04 
	0.63 
	0.44 
	698 √ 


Lathyrus 
Table 4. Crop-wise Area, Production and Productivity of some of the important pulses    in Uttar Pradesh. 
	Year 
	Area (Lac ha) 
	Production (Lac tonnes) 
	Yield (kg/ha) 

	1980-81 
	5.23 
	7.6 
	1450 

	1884-85 
	5.20 
	8.4 
	1620 

	1990-91 
	4.70 
	5.8 
	1230 

	1999-00 
	4.31 
	5.5 
	1280 

	2004-05 
	3.90 
	3.8 
	0980 


Pigeonpea: 

Mungbean 
	Year 
	Area (Lac ha) 
	Production (Lac tonnes) 
	Yield (kg/ha) 

	1981-85 
	1.5 
	0.57 
	380 

	1991-95 
	1.0 
	0.48 
	483 

	2005-06 
	0.69 
	0.37 
	523 

	2007-2008
	0.72
	0.40
	556


Urdbean 

	Year 
	Area (Lac ha) 
	Production (Lac tonnes) 
	Yield (kg/ha) 

	1981-85 
	2.1 
	0.55 
	270 

	1991-95 
	2.9 
	1.2 
	411 

	2005-06 
	5.4 
	2.4 
	444 

	2007-2008
	3.9
	1.72
	440


Major Constraints of Pulses
1. General Constraints: 
· Evolutionary Background

· Plant type usually showed poor response to fertilizer etc. 

· Grown under marginal land i.e. poor fertile land 

· Sensitive to fluctuating weather conditions 

· Lack of quality seed

· Natural calamities including untimely rains, snowfall and hailstrom during maturity and harvesting

· Seed sprouting if there is rain during maturity 

· Attractive/liked crops of animals including man, blue bull, birds etc. 

· Inadequate facility of mechanized farming including planting, threshing, weeding etc.

· Inadequate minimum support price with poor procurement system
2. Socio-Economic Constraints: 
· Poor purchasing power of inputs including seed, insecticides etc.

· Unawareness of the newly released high yielding, disease resistant varieties

· The lack of information on use of different cultures such as, Rhizobium, PSB, Seed treatment etc. 

· Lack of adoption of proper cultural practices such as, adequate fertilizer, defective method of sowing, low seed rate, improper sowing time, intercultural operations etc.

· Storage problem for insect-pests damage 
3. Abiotic Constraints: 
· Water logging

· Frost and fog

· Photo-thermo-sensitivity 

· Excessive flower/pod dropping

· Unsuitable for high moisture content including alkaline and saline soils 
4. Biotic Constraints: 

· Susceptibility to prevalent diseases 

· Susceptibility to insect-pest

Prevalent diseases and insect-pest of some important pulse crops
Pigeonpea crop 

Major diseases 

· Fusarium wilt  caused by Fusarium udum 

· Sterility mosaic virus (SMV/SMD) transmitted by mite (vector) Aceria cajani 

· Phytophthora blight caused by Phytophthora drechsleri, sub sp. cajani 
· Alternaria blight caused by Alternaria tenuissima 

· Root-rot caused by Rhizoctonia bataticola
Major insect-pests 

· Pod fly caused by Melanagromyza obtusa 

· Pod borer caused by Helicoverpa armigera (Heliothis sp.)

· Pod bug caused by Maruca vitrata (M. testulalis) 

· Store pest caused by Bruchids (Callosobruchus maculatus, C. analis and C. chinensis)
Chickpea

Abiotic  
· Lack of appropriate moisture during germination
· Heat & Cold

· Luxuriant vegetative growth followed by excessive flower/pod dropping if there is frequent rains 

· Frost and fog

· Poor ability to withstand well in excessive moisture condition 

Major diseases 

· Fusarium wilt  caused by Fusarium oxysporum sub sp. ciceri 
· Ascochyta blight caused by Ascochyta ciceri 

· Botrytis gray mold caused by Bortrytis cineria 

· Root-rot caused by Rhizoctonia solani occurs in seedling stage in excessive moisture condition

Major insect-pests 
· Pod borer caused by Helicoverpa armigera 

· Grain store pest caused by Bruchids 
Mungbean 

Major diseases 

· Mungbean yellow mosaic virus (MYMV) transmitted by white fly, Bemisia tabaci 

· Cercospora Leaf Spot (CLS) caused by Cercospora canescens and Cercospora cruenta 

· Powdery mildew caused by Erysiphe polygoni 
· Leaf Crinkle Virus 

· Macrophomina blight

· Bacterial Leaf Spot caused by Xanthomonas phaseoli 
Major insect-pests 
· Thrips i.e. Caliothrips indicus and Megaluro thrips usitatus 

· Aphids caused by Aphis craccivora 
· Leaf Hopper i.e. Empoasca kerri, E. moti, E. terminalis 

· Grass Hopper i.e. Colemania sphenariodes 

· Pod borer i.e. Maruca vitrata 

· Grain store pest caused by Bruchids. 

Peas

Major diseases 

· Powdery mildew caused by Erysiphe polygoni 

· Rust caused by Uromyces fabae or Uromuces pisi 

· Downy mildew caused by Peronospora pisi 

· Wilt complex caused by Fusarim oxysporum sub sp. pisi,  Rhizoctonia solani and Sclerotium rolfsii 

· Botrytis gray mold caused by Botrytis cineria 

Major insect-pests 
· Stem cut worm caused by Agrotisi ipsilon 

· Stem fly caused by Agromiza phaseoli 

· Leaf miner caused by Phytomiza atricornis, Liriomyza cicerina 

· Pod borer i.e. Etiella zinckenella 
· Grain store pest caused by Bruchids 

Abiotic

· Susceptible to lodging

· Susceptible to frost

· Susceptible to excessive moisture

· Photo-thermo sensitive
Lentil 
Major diseases 

· Wilt caused by Fusarim oxysporum sub sp. lentis 

· Rust caused by Uromyces fabae 

· Collar rot caused by Sclerotium rolfsii 

Opportunities/options for increasing pulse production

· Availability of the inputs (seed, fertilizer etc.) well in time to the farmers

· Cultivation of high yielding, diseases and insect-pest resistant varieties

· Use of  organic (5-10 tonnes Vermicompost/ha) and/or inorganic fertilizer (100 kg DAP + 200 kg Gypsum/ha or 250 kg SSP + 40 Urea/ha) 

· Kharif pulses like pigeonpea, mungbean, urdbean etc. should be grown on ridges to maintain optimum plant population.

· Seed treatment with 2g thiram + 1g carbendazim/kg or trichoderma 5-10g/kg

· Use of Rhizobium and PSB cultures

· Sowing of seed in rows as per agronomic recommendation

· Popularizing the cultivation of chickpea/lentil/khesari with the available residual moisture after harvest of rice

· Use of IPM

· Pigeonpea in rotation with rice and chickpea and lentil with wheat

· Sowing of pulses as mixed/intercrop with bajara/sorghum/maize/sunflower/ cotton/pigeonpea/groundnut/sugarcane/fruitcrops etc. 
Researchable issues: 

· Exploitation of hybrid vigour in pigeonpea

· Development of genotype with high input use  efficiency

· Development of genotypes with tolerance to water logging, moisture stress and temperature extremities

· Development of insect-pest resistant varieties through the use of bio-technological tools such as transgenics 

· Initiation of farmer’s participatory varietal development and seed production programme

High yielding varieties of some important pulse crops

1. Pigeonpea: 
Long duration : Bahar, MAL13, MA6, MA3, NDA1, Amar, Azad, Pusa-9 

Medium duration : C-11, Asha (ICPL 87119), LRG-41, ICPL 8863 (Maruti) 

Short duration : UPAS 120, Pusa 855, Pusa 992, Manak, ICPL 4, ICPL 87 
Hybrid varieties: GMS based: ICPH 8, PPH 4, COH 1, COH 2, AKPH 4101, AKPH 2022, 

CMS based: SKNPCH 10 (GTH 1), ICPH 2671, (Pushkal) released on July 15, 2008
2. Chickpea 

Timely sown: Pusa 362, Pusa 256, KGD 1168 (Alok), Avrodhi, KWR 108, GCP 105 (Gujarat Chana 4)

Late sown: (Ist fortnight of December): KPG 59 (Uday), Pant G 186, WCG 2 (Surya)

Kabuli Chickpea : Pusa 1003, Pusa 1053, HK 94-134
3. Mungbean
· HUM1 (Malaviya Jyoti), 
· HUM2 (Malaviya Jagriti), 
· HUM6 (Malaviya Janpriya), 
· HUM12 (Malaviya Janchetna), 
· HUM16 (Malaviya Jankalyani), 
· Samrat, Pusa Vishal, Pant mung 4
· SML 668, Meha, Pusa 9072 (Rabi),
4. Urdbean 

· Pant Urd 31 

· Pant Urd 40

· Narendra Urd 1, 

· Azad Urd 1

· Azad Urd 2, 

· Uttra, 

· Type 9, 
5. Peas 
Dwarf peas : 
HUDP 15 (Malaviya Matar 15), HFP 4 (Aparna), KPMR 522, IPFD 99-13, DDR 23, KPMR 400 and KPMR 144-1

Tall peas : HUP 2 (Malaviya Matar 2), Rachna, Pant Matar 5

Vegetable peas: Arkel, VRP 5, VRP 6, VRP 7, Azad Pea 3, Golden Pea

6. Lentil 

PL 406, HUL 57, DPL 62, DPL 15

7. Lathyrus 

Pusa 24, BIOL 212 (low ODPA)
ODPA, a neurotoxin
(Beta N-oxalyl-L-alpha-beta diamino-propianic acid) 

8. Rajmash 
PDR 14, HUR 137, HUR 15, HUR 203

Detail of high yielding variety of pigeonpea and mungbean developed at BHU
pigeonpea
Malaviya Vikalp (MA 3) 

	Crop 
	Pigeonpea 

	Pedigree 
	Selection from local germplasm (Mirzapur) 

	Identified for Release for (with date) 
	Central Zone (MP, Chhattisgarh, Part of Maharashtra and Gujarat) for Kharif season on May 5, 1999. 

	Notification no. & date 
	1050 (E), 26.10.1999 

	Average yield 
	22 Q/ha. 

	Maximum yield 
	43.5 Q/ha. 

	Seed colour and test weight 
	Brown; 9 g/100 seed 

	Maturity (days) 
	220-260 

	Disease reaction 
	Resistant to SMV, wilt and tolerant to pod fly. 
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Malaviya Vikash (MA 6) 

	Crop 
	Pigeonpea 

	Pedigree 
	MA 2 X Bahar 

	Identified for Release for (with date) 
	NEPZ (Eastern UP, Bihar, Jharkhand, West Bengal Part of MP and Chhattisgarh) for kharif season on Sept. 11, 2002 

	Notification no. & date 
	283 (E), 12.03.2003 

	Average yield 
	23 Q/ha. 

	Maximum yield 
	38 Q/ha. 

	Seed colour and test weight 
	Brown; 11.5 g/100 seed 

	Maturity (days) 
	250-270 

	Disease reaction 
	Resistant to SMV and moderately resistant to    wilt 
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Malaviya Chamatkar (MAL 13) 

	Crop 
	Pigeonpea 

	Pedigree 
	(MA 2 X  MA 166) X Bahar 

	 Identified for Release for 
(with date) 
	NEPZ (Eastern UP, Bihar, Jharkhand, West Bengal Part of MP and Chhattisgarh for kharif  and pre-rabi season) on Nov. 4, 2003. 

	Notification no. & date 
	122 (E), 02-02-2005 

	Average yield 
	25 Q/ha. 

	Maximum yield 
	31 Q/ha. 

	Seed colour and test weight 
	Brown; 13 g/100 seed 

	Maturity(days) 
	230-250 

	Disease reaction 
	Resistant to SMV, wilt and tolerant to Phytophthora blight. 
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MUNGBEAN

Malaviya Jyoti (HUM 1) 

	Crop 
	Mungbean 

	Pedigree 
	BHUM1 (Mungbean) X Pant U 30 (Urdbean) 

	Identified for Release for 
(with date) 
	Central Zone and South Zone for spring season on April 4, 1995. Further for South Zone for kharif season on Sept. 4, 2001. 

	Notification no. & date 
	425 (E), June 8, 1999 

	Average yield 
	9.5 Q/ha. (spring), 6.5 q/ha. (kharif) 

	Maximum yield 
	16 Q/ha. 

	Seed colour and test weight 
	Attractive shiny green;         3.8 g /100 seed 

	Maturity (days) 
	65-70 

	Disease reaction 
	Resistant to MYMV, CLS, Powdery mildew, Web blight and leaf crinkle. 
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  Malaviya Jagriti (HUM 2) 

	Crop 
	Mungbean 

	Pedigree 
	Selection from local germplasm accession no. TVCM 3 

	Released for (with date) 
	Entire Uttar Pradesh including Uttaranchal for Zaid season on Oct. 28, 1999 

	Notification no. & date 
	340 (E), April 3, 2000 

	Average yield 
	10.1 Q/ha. 

	Maximum yield 
	21.1 Q/ha. 

	Seed colour and test weight 
	Green ; 4.2 g/100 seed 

	Maturity (days) 
	62-65 

	Disease reaction 
	Moderately  resistant to MYMV 
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Malaviya Janpriya (HUM 6) 

	Crop 
	Mungbean 

	Pedigree 
	Selection from local germplasm accession no. BHUM 54 

	Released for (with date) 
	Entire UP  on June 29, 2001 

	Notification no. & date 
	1134 (E), 15.11. 2001 

	Average yield 
	9.9 Q/ha. 

	Maximum yield 
	19.3 Q/ha. 

	Seed colour and test wt. 
	Green; 4.4 g/100 seed with high protein content (25.8 %) 

	Maturity (days) 
	60- 62 

	Disease reaction 
	Moderately  resistant to MYMV 
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Malaviya Janchetna (HUM 12) 

	Crop 
	Mungbean 

	Pedigree 
	HUM 5 X DPM 90-1 

	Released for (with date) 
	NEPZ (UP, Bihar, Jharkhand, WB, Assam,  MP and Chhattisgarh) May 3, 2002 

	Notification no. & date 
	283 (E), 12.3. 2003 

	Average yield 
	11.2 Q/ha. 

	Maximum yield 
	19.2 Q/ha. 

	Seed colour and test wt. 
	Green; 4.5 g/100 seed 

	Maturity (days) 
	60-62 

	Disease reaction 
	Moderately  resistant to MYMV 
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Malaviya Jankalyani (HUM 16) 

	Crop 
	Mungbean 

	Pedigree 
	Pusa Bold 1 X HUM 8 

	Identified for released for  (with date) 
	NEPZ (UP, Bihar, Jharkhand, West    Bengal, Assam) Sept. 9, 2005 

	Notification no. & date 
	599 (E), 25.4.2006 

	Average yield 
	11.6 Q/ha. 

	Maximum yield 
	13.9 Q/ha. 

	Seed colour and test wt. 
	Shiny green; 5.7 g /100 seed 

	Maturity (days) 
	55 

	Disease reaction 
	Resistant to MYMV 
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Xeriscaping: Sustainable gardening in drought-stricken areas

Anil K. Singh 
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An adequate supply of water has become a critical issue in various parts of India, what we can think of high quality water for the future prosperity of India. Booming populations have increased the demand on the country already limited supply of high quality water. In addition, seasonal fluctuations in rainfall and periodic droughts have created a feast-to-famine cycle in most parts of the country. 

In urban areas of about 25 per cent of the water supply is used for landscape and garden watering. Much of this water is used to maintain traditionally high water-demanding landscapes, or it is simply applied inefficiently. 

In an attempt to reduce the excessive water use, there is need to educate flower growers and gardeners in Xeriscape landscaping that conserve water and protect the environment. This concept is a first-of-a-kind, comprehensive approach to landscaping for water conservation. Traditional landscapes may incorporate one or two principles of water conservation, but they do not utilize the entire concept to reduce landscape water use effectively. 

"Xeri" is from the Greek word "xeros" meaning dry and "scape" means scene or view. Xeriscaping and xerogardening refers to landscaping and gardening in ways that reduce or eliminate the need for supplemental irrigation. It is promoted in areas that do not have easily accessible supplies of fresh water, and is gaining acceptance in other areas as climate patterns shift.
Xeriscape landscaping incorporates seven basic principles which lead to saving water: 

· Planning and design 

· Soil improvement

· Practical lawn/turf areas 

· Appropriate plant selection 

· Efficient irrigation 

· Use of mulches 

· Appropriate maintenance

By incorporating these seven principles can help to preserve most precious natural resource-water. 

Xeriscape landscapes need not be cactus and rock gardens. They can be green, cool landscapes full of beautiful plants maintained with water-efficient practices.

Advantages of xeriscaping

· Saves time and money 

· Conserves water resources 

· Pest and disease problems are minimal 

· Low maintenance 

· Low fertilization requirements 
· Preserves landfill space
 Plan and design

         The fundamental element of Xeriscape design is water conservation. Landscape designers constantly look for ways to reduce the amount of applied water and to maximize the use of natural precipitation.
Improve the soil

         The ideal soil in a water-conserving landscape does two things simultaneously: it drains quickly and stores water at the same time. Irrigation is necessary in a xeric landscape, at least during the first few years while the plants’ root systems are developing.

Vegetation
    For best results, select plants that are native to your region. Plants that require less water are becoming more readily available in the nurseries. There are many very attractive plants for use in water-wise landscapes.
Lawn/turf areas

          Reduce the size of turf areas as much as possible, while retaining some turf for open space, functionality and visual appeal. When planting new turf, or reseeding existing areas, use water-saving species adapted to your area.

Irrigation

          Water conservation is the goal, so avoid over watering. Soaker hoses and drip-irrigation sys​tems offer the easiest and most efficient watering for xeriscapes because they deliver water directly to the base of the plant.

Mulch

          Cover the soil’s surface around plants with mulch, such as leaves, coarse compost, pine needles, wood chips, bark or gravel. Mulch helps retain soil moisture and temperature, pre​vent erosion and block out competing weeds.
Maintenance

             Low-maintenance is one of the benefits of xeriscape. Keeping the weeds from growing up through the mulch may require some attention. Thickening the layer of mulch will help. Turf areas should not be cut too short - taller grass is natural mulch which shades the roots and helps retain moisture. Avoid over fertilizing.
INTEGRATED CROP AND RESOURCE MANAGEMENT IN RICE-WHEAT PRODUCTION SYSTEM
Prof. Yashwant Singh

Department of Agronomy
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The agriculture is now facing a big challenge to enhance food and nutritional security to meet the demand of ever-increasing human population of the world. This is due to emergence of a host of biotic and abiotic stresses, falling factor productivity and degradation and depletion of land and water resources. Besides, the demand for land is growing due to rising requirements of animal feed and fodder and competition created by crops cultivated for biofuels. The on going effects of climate change are further complicating the situation. Therefore, the current and futuristic scene and scenario compulsates a renewed focus on agricultural policies which help in developing technologies leading to sustainable growth of agriculture and allied sectors. Development of technologies, techniques and tools that support resource use efficiency and diversification is considered essential. Conservation agriculture is important where resource conserving technologies and environment protecting strategies are going to play a vital role for realizing enhanced productivity and profitability on a long term sustainable basis. There would be growing pressure on technological needs to make agriculture sustainable competitive in terms of cost and quality for varying situations and systems (Abrol, 2009 & Rai 2009).

The rice-wheat (RW) system is the life line of millions of food producers and consumers in the Indo-Gangetic Plains (IGP) of South Asia. Practiced over on area of 13.5 million ha, this system provides food, employment and income to the local population of the four IGP countries- India, Pakistan, Bangladesh and Nepal. The RW system is highly intensive in the north west and parts of the central IGP with a liberal and often excessive use of irrigation water and chemical inputs to maximize crop yields. The system is becoming more and more unsustainable due to problem such as a depletion and/or degradation of natural resources (water, soil, biodiversity) low input use efficiency (fertilizers, pesticides, labor), pollution of the environment (soil, water and air), changing climate and fast changing economic conditions (population growth, increasing poverty, fewer rural employment opportunities, rural -urban irrigation, increasing farm labor scarcity. In contrast, in the eastern IGP, the RW system in more or less traditional with low productivity and income due to a lack of adoption of improved crop and resource management technologies. Both types of problems have to be overcome to enhance and sustain the high productivity and profitability of the RW system with the least adverse impact on the environment and thereby improve the livelihoods of the local people. 

A number of improved land and crop management practices, often termed resource conserving technologies (RCTs), have successfully been developed and disseminated in the Indo Gangetic Plains (IGP). Among the RCTs the most popular are laser land leveling, zero and reduced till drill seeded wheat, direct seeding of rice, brown manuring, raised bed planting, leaf colour chart for nitrogen management and crop diversification. Approximately 4.0 million ha of combined rice and wheat area were under one or more RCTs in the IGP countries (Ladha et al., 2009). The vast majority of farmers have adopted them because of increased productivity, reduced costs, and higher profitability.

Nutrient management perspectives in conservation agriculture – Nutrient management in conservation agriculture must be formulated within the framework of soil health and strategies in CA systems would need to fulfill the four general aspects: 

(i) The biological processes of the soil are enhanced and protected so that all the soil biota and micro organisms are privileged and that soil organic matter and soil porosity are built up and maintained.

(ii) There is adequate biomass production and biological nitrogen fixation for keeping soil energy and nutrient stocks sufficient to support higher levels of biological activity, and for covering the soil.

(iii) There is an adequate access to all nutrients by plant roots in the soil, from nautral and synthetic sources, to meet crop needs; and

(iv) The soil acidity is kept within acceptable range for all key soil chemical and biological process to function effectively. 

Sesbania Co-culture (Brown manuring)

Traditionally farmers grow green-manure crops before rice culture and incorporate them by puddling before transplanting rice seedlings. This means an additional need for irrigation water for the sesbania crop and fuel for incorporating it. Since there is little water in the reservoirs during peak summers, farmers have not been able to take full advantage of green manuring in the rice growing season. "Brown manuring" practice involves seeding of rice and sesbania (12 kg/ha) together and then controlling the sesbania crop after 25-30 days with 2,4-D ester at 0.40-0.50 kg ha-1. Sesbania surface mulches decompose very fast to supply nitrogen. This is helpful in areas where soil crust formation is a problem for the emergence of rice seedlings. It also provides inoculums for the microbe active on the surface-retained residues that help in the degradation of the residues. Sesbania proved to be effective as a mulch in weed suppression atmospheric nitrogen fixation and in increasing rice yield. Concern is increasing about soil organic matter depletion and environmental pollution due to the burning of crop residues in intensive rice-wheat production system due to the limited return of organic matter. The sesbania option also provides an alternative to crop residue.

Diversification of rice-wheat system

Crop diversification is intended to give a wider choice the production of a variety of crops in a given area so as to expand production related activities on various crops and also to minimize risk. It is also critical to overcome the problems that are currently associated with the food security system of the Indo Gangetic plains. Crop diversification in Indo Gangetic plains is generally viewed as a shift from traditionally grown input inefficient crops to input efficient ones. The present scenario in Indo gangetic plain is dominated by monoculture of wheat after rice. Crop diversification proved to be paramount importance in mitigating the environmental problems arising on account of monoculture. Diversification within existing cropping systems through introduction of resource conserving technologies may be just what is needed to bring the total factor productivity to a more sustainable pace. Fortunately, many new opportunities based on conservation agriculture have appeared to give stimulus to the productivity through a more sustainable pace of natural resource use. Taken together, these practice can raise productivity, cut costs, save water and soils reduce use of external inputs, foster greater agro-ecosystems diversity, lower emission of green house gases, and generate employment. Surface seeding of excessively wet 'rice-fallow' land (about 3.5 million hectare) in eastern Gangetic plains can be done and the land planted with legumes (lentil, chickpea, peas) and other crops through para cropping and surface seeding practice. Farmers who wait for conventional  tillage for establishment of succeeding crops after rice often end up in fallows due to very short winter window in the east. The prospects for introduction of a series of crops as inter crop with wheat and winter maize provide good avenues for further intensification and diversification of rice-wheat system. 
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CULTIVATION TECHNIQUE OF WHITE BUTTON MUSHROOM
                      The white button mushroom (Agaricus bisporus (Lang) Sing. is very popular throughout the world and most important mushroom on commercial scale. This mushroom is extensively cultivated throughout the world and contributed about 60 percent of the total world production of the mushroom. It can be successfully cultivated in places where the environmental conditions are favorable. The optimum temperature for mycelial growth is 20-250C and that for fruit body formation 15-200C and also needs a high percentage of relative humidity (85-95%). Cultivation of white button mushroom requires technical skill. 

PREPARATION OF COMPOST: 

         Ingredients                                  Quantity (Kg.)
·       Wheat straw                                        600       

·       Wheat bran (chokar)                              60     

·       Urea                                                      7.5     

·       Murate of potash                                  6.0    

·       Single super phosphate                         6.0    

·        Molasses (rab)                                      9.0     

·         Gypsum                                                60                                     

·     Insecticide powder (5%)                              0.5 
                    The compost is prepared by long method of composting in which wheat straw is spread on cemented floor and wetted thoroughly by sprinkling water. This moistened straw is mixed with other ingredients and again with water.  A heap (stack) is made of this mixture and covered with polythene sheet. The compost is de-composted by total seven turnings and each turning is done at 4 days interval.  Gypsum is mixed during 3rd turning and insecticide dust powder is mixed at the last turning for prevention of insect pests. 
SPAWNING: 

                    For spawning, completely colonized and fresh spawn should be used.  The amount of spawn is 2-2.5 kg/quintal compost.  The spawned compost @ 5 kg is filled in one polythene bag.  The upper surface of compost is covered with news paper sheet within the polythene bag.  These spawned bags are placed in growing chamber where temperature ranges between 20-250 C. 

CASING: 

               After completion of spawn run, the news paper sheet is removed and surface of compost is covered (3-4 cm thick layer) by casing soil.  The casing soil is prepared from 2 years old farm yard manure and loam soil (1:1 ratio). 
WATER SPRAYING: 
               Mushroom beds are sprayed regularly with water to keep the casing layer adequately moist. The yield of white button mushroom depends on the compost ingredients, supplements used in the compost, casing materials, temperature and relative humidity. 
HARVESTING: 
        Fruit bodies can be harvested in 5 days after their appearance. Harvesting is done by grasping the stalk and gently twisting from mushroom beds and re-cased with casing soil for proper fruiting.
MUSHROOM YIELD: 
                The yield of white button mushroom depends on the compost ingredients, supplements used in the compost, casing materials, temperature and relative humidity. Aproximately15-20 kg fresh button mushroom can be raised from one quintal compost.
CULTIVATION TECHNIQUE OF OYSTER MUSHROOM
               Oyster mushroom (Pleurotus species) is one of the yield potential mushrooms which can be cultivated in polythene bags on wheat straw after sterilizing the substrates. Various agricultural residues are utilized for cultivation of oyster mushroom. Generally wheat straw and paddy straw are used for substrate preparation on large scale in India and abroad too. The best substrates should be cheapest, locally available and suitable for rapid colonization by mushroom mycelium and better yield. 

PREPARATION OF SUBSTRATES:
            Wheat straw or paddy straw or other cereal straw are soaked in water for 18 hours and drained off excess water.  Sterilization of moist straw by Autoclave, Chemicals, Solarization and Hot water treatment 

1. By Autoclave the moisted straw is pasteurized by autoclave at 10 lbs for 30 minutes, cool at room temperature and used for spawning.  
2. Moist wheat straw re-soaked in solution of bavistin 5gm. and farmalin 125 ml. in 100 liter water for 4-5 hrs. (100 lit. solution need for 10-12 kg straw). These substrate exposed to air for 2 hrs. to get escape formalin odour. These sterilized substrate ready for spawning.

3. Solarization technique is more effective but sun-light should be properly raising during process. The moist straw spread on cemented floor in thin layer and covered with polythene sheet and treated from 10 am to 4 pm. Substrate ready for spawning.

4. Moist straw treated in hot water for 30 minutes. Drained off excess water and cool at room temperature for 1 hour. These treated substrate ready for spawning.

SPAWNING: 

             Mixing of spawn in the well prepared substrate is called spawning. Generally two types of spawning methods (mixing and layer method) are followed by mushroom growers. 1 kg spawn used for 10-12kg. dry straw. Spawned substrate filled in polythene bags (50 x 45cm) and bind with thread. 8-10 holes (2mm) made at 10cm apart from each other in bags.
CROPPING: 

 These mushroom beds are kept in mushroom house under dark condition at seasonal temperature and humidity ranging between 24-280C and 75-80 percent respectively during formation of fruiting bodies and flush-harvesting period. The spawned bags completed with mushroom mycelium in 10-20 days. Polythene bags tear off and removed the side without disturbing the beds. This compact block kept on wooden racks 
WATER SPRAYING: 
              To provide adequate moisture, daily water sprayed on mushroom beds. Water spraying should not be excessive and retain on the substrate 3-4 days after opening the bags, fruit body begin to form. 
HARVESTING:
          Fruit bodies can be harvested in 3 days after their appearance. Harvesting is done by grasping the stalk and gently twisting from substrate level.
MUSHROOM YIELD: 
           The yield of oyster mushroom depends on the agricultural residues, supplements used in the substrate, temperature and relative humidity.  Aproximately70-100 kg fresh oyster mushroom can be raised from one quintal straw.
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Plants live in soil-plant-atmosphere continuum environment, and they have to coordinate the mechanisms of diverse types to respond to the changing environment for sustainable survival. Plant production realization is obtained through physiological pathways at least at the level of individual and community. Loss of water in soil will lead to great reduction in plant production. Water is the important material for photosynthetic reactions that plants depend on to complete the accumulation of photosynthetic products, which are impacted greatly by physiological pathways and environmental factors. Water deficits in soil environment also affect ion and nutrient uptake of plants, which in turn affects photosynthetic reactions. Besides, plant responses to soil water deficit including nutrients take a ‘slow-fast-slow’ shaped curve in terms of main physio-biochemical indices change and this is in agreement with Plant Growth Grand Periodicity. Around 85% of cropped area of the world is under rainfed. In India, around 127 million ha area is under rainfed.


When water deficit is large enough to increase tissue water deficit, there will be a reduction in turgor pressure. Initial impact of water limitation in soil can affect photosynthesis through stomatal closure, which may close because of a root signal, probably ABA, or low turgor pressure in guard cell. Photosynthetic enzymes are also affected. Besides, reduced turgor may increase permeability of outer chloroplast envelope which results in a change in chloroplast pH and ion concentration thereby affecting activity of Rubisco. Light harvesting and electron transport associated with PSII is preferentially decreased. Other adverse effects of water deficit under rainfed conditions are: stimulation of respiration, decreased ratio between photosynthesis and respiration, decrease in rates of nitrate and ammonium accumulation from soil solution. Crop plants can be made tolerant to drought by: maximization of water uptake by deep, dense root system, reduction of leaf area, minimization of water loss by stomatal closure, turgor maintenance, osmotic adjustments, changes in cell wall elasticity, increased water use efficiency (WUE).


The nutrient status of soil under rainfed conditions can be enhanced by several ways: (a) adding Zn @ 4x10-4 M (b) use of biofertilizers like diazotrophs like Azotobacter, Clostridium, Rhizobium, Klebsiella, Azospirillum, besides mycorrhizae.  AM fungi are known to sequester toxic metals thus reducing their availability to plant. These also alter leaf water potential, stomatal conductance, photosynthesis, hormonal patterns besides increasing drought resistance of young seedlings to combat high soil temperature, extreme acidity or alkalinity by resulting in increased nutrient absorption. Increase in nodulation status and N2 fixation activity with mycorrhiza is well known in legumes (mycorrhizal legumes). Ectomycorrhiza traverses a long distance in the soil, and with that roots spread miles away into the soil making them trap water and other nutrients including phosphorus for the plants (c) seed priming with certain nutrients/chemicals followed by sowing of seeds under rainfed agriculture (d) enhancing nitrogen use efficiency (NUE) by: crop rotation involving legumes to harness benefit of biological nitrogen fixation; use of organic manure, breeding and selection of crop cultivars with higher efficient use of soil and fertilizer N (e) increasing phosphorus  use efficiency besides use of phytosiderophores.

Biotechnological techniques like plant tissue culture can also be utilized to produce stress tolerant plants, for instance, using callus culture followed by organogenesis; drought tolerant plants can be produced through a step-wise (gradual exposure) of selecting agents. Such in vitro derived plants when transplanted into soil deficient in moisture content can better sustain the prevailing water deficit conditions. Using genetic engineering also one can transform a suitable trait (gene) into the crop plants for better combating the water deficit, for instance, genes that code for compatible solutes can be transformed into the desired crop plant; this will lower osmotic potential so that turgor pressure is maintained and plant is able to withstand moisture stress.
ABIOTIC STRESSES IN MAIZE UNDER RAINFED ECOSYSTEM
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Agriculture is the basis of livelihood in most part of the tropics and will continue to play an important role as region pursues sustainable food security for all in view of trends in global climatic changes declining resources poor conditions of agriculture, and water saving crops like maize will have to be given more attention for sustainable food security as it is the most versatile crop adopted to different agro ecological and climatic conditions. Global maize demand is increasing rapidly and in most of the developing countries particularly those with large population, the accelerating demand of maize must be met through increase in domestic supply. Diversified uses of maize as food feed and for industries created a greater per capita consumption and demand. It is predicted that by 2020 the developing countries will demand 55 % of global maize production as against 45% level of consumption (Singh and Zaidi, 2002).


In India greater increase in food and feed production are expect to come from coarse cereals primarily maize which has comparative advantage in low productivity marginal environments. Today increasing maize productivity and production and utilization are not a matter of choice but necessity due to high population pressure with high rate of population increase. The potential of nutrition food is brighter than other cereals. 

In the country during 2007-08 maize occupied 8.1 m ha of area with an average productivity 2.4 t ha-1 giving over 19.7 m tones production (DMR, 2009). About 45 % of total maize produced is used as human food and 52 % goes to feed industries. Maize growing states like Rajasthan, Gujarat, U.P., M.P. and Bihar (kharif maize) covering area of about 65 % but yield levels are much lower than national average ranging between 1.9 t. ha-1 in Rajasthan to M.P. 1.3 t. ha-1. Maize production in these states are limited by severe problem of abiotic stresses viz; drought and excess moisture conditions. During kharif season drought as well as excess soil moisture is major limiting factors for production and productivity. Simultaneously, crop faces the problem of low nitrogen fertility because of high rain off / leaching of applied N under excessive moisture and poor N uptake from dry soil under drought. The other reasons for low N stress may be due to fact that farmers often respond with lower N or even no application of N during kharif season because of risk involved due to drought and excess moisture. In this way maize production is limited to three major stresses, which may vary with space and time. This is also common that the same crop is exposed to all the three stresses in the same space. It may be exposed to excess moisture in July – August due to heavy and concentrated rainfall and drought during September-October at flowering / grain filling stage due to poor and scanty rainfall and both these stresses are coupled with low N availability. Inspite of the maximum share in area of kharif relative contribution in production is much lower than rabi season. Therefore the Research has been focused to develop suitable technologies for kharif season to developing procuring tolerant germplasm for individual and across stresses and suitable crop management practices that can be helpful in minimizing / avoiding stress injuries.

I. Drought Stress:-

A survey of drought prone area conducted by CIMMYT accounts for 90% maize growing area is in Southern Asia. Drought affected area in these countries ranged from 23 % in Vietnam to 85 % in Laos. India registered highest drought affected area of (2.5) m ha-1followed by Indonesia (2.2) and South China (1.15)   (Zaidi and Singh, 2005). In India during 2002 drought caused about 42% yield losses in kharif (DMR 2003 Annual Report, Directorate of Maize Research).


Predictions regarding climatic changes by scientists and environmental experts have been realized that global warming is likely to increase the incidence of drought in many maize growing areas. Crosson and Anderson (1992) concluded that certainly maize production and productivity will be affected by doubling of CO2​ but there will be both gain and lose situation. Sustaining production and productivity with stability under drought prone area is major challenge to breeders, agronomists, soil scientists and physiologists to improve yield under water deficit condition.
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Agronomic management cultural practices such as time of sowing, planting density and reduced tillage have been found beneficial in drought stress. Through agronomic management leading to reduction in water loss through evaporation run of and weed infestations. Many options like tillage, water harvesting and mulching etc. have been exploited for intercepting larger proportion of precipitations and directing it towards utilization by crops. Various options for screening the germplasm to identify relatively tolerant to water deficient conditions which varies in terms of their suitability and precision to control the stress treatment. Growth chamber and green house screening may provide precise management of stress in term of intensity, uniformity and timing of treatment. However, findings may have least repeatability in target population environment that are close representative to farmers field. Managed stress environments under rain free season may play an important role. Many approaches have been used for genetic improvement in maize under water deficit conditions. Plant breeders traditionally evaluate the advance materials in a range of environments. Since the materials are at advance generation at the time of testing for

abiotic stress the selection intensity is low and therefore, progress in breeding for tolerance to stress is poor (Banziger et al., 2000). Grain yield is complex traits. Therefore, use of secondary traits for selection in addition to grain yield have often been suggested by various scientists Edmeades et al. (1998) suggested that an ideal secondary traits should be (i) genetically associated with grain yield 

(ii) Highly heritable (iii) Genetically variable (iv) Cheap and fast to measure (v) Stable with measurement period. (vi) Not associated with yield penalty under stress. (vii) Observed at or before flowering (viii) It showed reliable estimator of yield potential.

Very few traits meet these requirements. Past experience is indicate that key traits under drought are reduced barrenness, anthesis  silking interval stay green lesser leaf rolling and no. of adventitious roots. Improved crop water productivity and stable yields can be achieved across the environment with an approach of selection and improvement of germplasm on the basis of their performance under stress.  Scope of genetic enhancement is tremendous and can be adopted in systematic manner. However, multidisciplinary approach including molecular breeding and biotechnology for greater tolerance to abiotic stress will be useful.  

II. Low Nitrogen Stress:

After drought low N fertility is the second must important constraint for maize production. The major causes of low N fertility are poor soil type with low N mineralization, high leaching of applied N in light soil texture, poor N uptake due to water stress and application of low nitrogen by farmers. Report indicated that maize takes up to only 20 - 40 % of applied N during whole growing season. Maize crop is affected by low N fertility ranged from 19 % in Taiwan to 80 % in Laos and Nepal with mean of 51 % total area of the region affected by low N fertility. In India about 40 % of total area is affected by low N stress. 

Nitrogen consumption in developed countries is much more than developing countries. Apart from application of lower N fertilizer, farmers in many parts of the tropics may not apply the N at all due to limited access or poor purchasing power. Therefore, it would be desirable to develop maize cultivars with improved N uptake and use efficiency. 

Increasing low N tolerance in maize has been attempted by many breeding programmes and genotypic variability has been observed (Zaidi et al., 2002, Srivastava et al., 2006). At CIMMYT considerable efforts have been made to improve low N tolerance in tropical maize using S1 recurrent selection, and several inbreds and germplasm were released. Medici et al. (2004) reported

that the response of lines to N supply should be considered in breeding programme in order to achieve acceptable hybrids for environments with high and low N.

III. Excessive Soil Moisture (Waterlogging):

Among the abiotic stresses excessive soil moisture caused by flooding, waterlogging or high water label is a problem in Asian Region. In South East Asia alone about 15% of total maize area is affected by floods and waterlogging (Rathore et al., 1996). Similar situations also exist in many Asian countries including Sri Lanka, Bangladesh, Malaysia, Pakistan, Indonasia, Phillipines, China, Laos, Thailand and Vietnam. In India on an average 25-30% loss of national maize production almost every year.

There is no ventilation system in maize plants for gaseous exchange between above ground plant parts and inundated roots. Therefore, plant roots suffer from progressive decline of oxygen, this hypoxia followed by anoxia whenever it faces prolonged excess soil moisture (Zaidi and Singh, 2002).  If temperature is warm (77o F) plant may not survive for even more than 24 hours, however, cooler temperature prolongs the survival. The extent of damage in maize varies significantly with developmental stage and past studies have shown that maize crops comparatively more susceptible to excess moisture during early seedling to tasseling stage (Evans et al., 1990, Rathore et al., 1998 and Zaidi etal., 2002). At later stage (after knee height stage), some major genotypes with inbuilt capacity of adventitious roots and morphological adaptation like arrenechyma formulation can tolerate excess water situation (Zaidi and Singh 2002).


In general maize is known as a highly susceptible crop for excess moisture. However, remarkable genetic variability has been observed (Torbert et al. 1993; Rathore et al. 1996, 1998; Zaidi and Singh, 2002; Zaidi et al., 2003). Excess moisture stress management in field condition is quite difficult for which new screening technique (cup method) for large genotype can be done (Zaidi et al 2005). Field screening can be done at various stages of crop growth.


Grain yield is commonly used as selection criteria for crop improvement. However, under abiotic stresses it is misleading and inefficient. Inheritance of yield is complex and heritability often declines under stress conditions. Therefore, stress-breeding programme commonly uses a secondary trait which has high correlations with grain yield. Several secondary traits have been reported for excess soil moisture. (Rathore et al., 1996, 1998; Zaidi and Singh, 2001, 2002). Early and increased adventitious rooting in enhanced root porosity, anthesis silking interval, moderate transpiration rate may be used as selection index for excess moisture tolerance. (Zaidi et al., 2007) reported that the performance of hybrid under excess moisture can be predicted and improved to some extent on the

basis of their inbred parents that have been systematically selected and improved for excess moisture stress.


Drought stress and waterlogging is unpredictable and occurring with variable intensity at various crop development stage However, the most critical stage is flowering. Depending upon the severity of stress yield can be reduced considerably. Low N stress on the other hand is more predictable. A breeder has the option of applying uniform rates of N to create testing environments. Developing stress tolerant cultivars requires strategies and experiences in managing stress environments to maximize genetic gain through selection. In general mechanism that helps to avoid stress should be exploited.
References:

Banziger, M., Edmeades, G.O., Bech, D. and Bellon, M. 2000. Breeding for drought and nitrogen stress tolerance in maize; from theory to practice. (CIMMYT), Mexico, D.F.

Banziger, M., Pixley, K.V., Vivek, B. and Zambezi, B.T. (2002) b. characterization of elite maize germplasm grown in eastern and Southern Africa: Result of the 1999 regional trials conducted by CIMMYT and the Maize and Wheat Improvement Research Network for SADC (MWIRNET) . Harare, Zimbabwe. CIMMYT, pp. 1-44.

Crosson, P. and J.R. Anderson. 1992. Global food-resources and prospects for the major cereals. World Development Report 1992. Background Paper No. 19. Agriculture and Rural Development Department. Washington, D.C. World Bank.

DMR, 2003. Annual Report, Directorate of Maize Research (DMR).

Evans, R.O., Skaggs, R.W. and Sneed, R.E. 1990. Normalized crop susceptibility for maize and soybean to excess water stress. Trans. of the ASAE. 33: 1153-1161.

Edmeades, G.O. Bolanas, M. Banziger, J.M. Ribeut, White J.W., Reynaolds M.P. and H.R. Lafitte. 1998. Improving crop yields under water deficit in the tropics. In V.L. Chopra, R.B. Singh and A. Verma (eds), Crop Productivity and Sustainability- Shaping the Future. Proc. 2nd Int. Crop Science Congress, p. 437- 451, New Delhi, Oxford and IBH.

Myers, R.J.K. 1998. Nitrogen Management of Upland Crops: from cereals to food legumes to sugarcane. p. 257-273. In: J.R. Wilson (ed.) Advances in nitrogen cycling in agricultural agro-ecosystems. CAB International, Wallingford UK.

Medici, L.O.,  Pereira, M.B., Lea, P.J. and R.A. Azlvedo. 2004. Diallel analysis of maize lines with contrasting responses to applied nitrogen. J. of Agric. Sc., 142: 535-541.

Rai, R.K., Srivastava, J.P. Srivastava. and Shahi, J.P. (2004). Effect of water logging on some biochemical parameters during early growth stages of maize. Indian J. Plant Physiol. 9: 5-68.

Rathore, T.R., Warshi., M.Z.K., Lothrop, J.E. and Singh N.N. 1996. Production of Maize under excess soil moisture (Waterlogging) conditions. 1st Asian Regional Maize Workshop, 10-12 February 1996, P.A.U., Ludhiana, pp. 56-63.

Rathore, T.R., Warshi., M.Z.K., Singh N.N. and Vasal, S.K. 1998. Production of Maize under excess soil moisture (Waterlogging) conditions. 2nd Asian Regional Maize Workshop PCCARD, Los Banos, Philippines, Feb 23-27, pp.23.

Singh, N.N. and Pervez H. Zaidi. 2002. Changes in priorities of maize research in India and relation to CIMMYT regional activities. Proceedings of the Eighth Asian Regional Maize Workshop. pp. 561-570.

Srivastava, J.P., Gangey, S.K. and Shahi, J.P. 2007. Water logging resistance in maize in relation to growth, mineral composition and some biochemical parameters. Indian J. Plant Physiol., 12(1): 28-33.

Srivastava, J.P., Shahi, J.P. and Shah, N.A., 2007. Survival of Plants under waterlogging: A review In. Plant Physiology-Current Trends, Ed. P.C. Trivedi, Pointer Publisher, Jaipur, India, pp. 50-83.

Torbert, H.A.,  Hoeft, R.G., Vanden-Heuvel, R.M., Mulvaney, R.L. and Hollignger, S.E. 1993. Short-term excess water impact on maize yield and nitrogen recovery. J. Prod. Agric. 6: 337-344.

Zaidi, P.H. and N.N.  Singh (2005). Stress on Maize in Tropics. pp. 500.

Zaidi, P.H. and Singh, N.N., 2002. Indentification of morpho-physiological traits for excess soil moisture tolerance in maize. In. Stress and Environmental Physiology. K.K. Bora, Karan Singh and Arvind Kumar, Scientific Publisher, Jodhpur, India, pp.172-183.

Zaidi, P.H., Mai Selvan P., Rafat Sultana, Ashish Srivastava, Singh K. Anup, Srinivasan G., Singh R.P., and Singh P.P., 2007. Association between line per se and hybrid performance under excessive soil moisture stress in tropical maize (Zea mays L.)

Zaidi, P.H. and Singh, N.N. 2001. Effect of wter logging on growth, biochemical compositions and reproduction in maize (Zea mays L.) J. of Plant Biol., 28(1): 61-70.

Zaidi, P.H., Rafique, S., Singh, N.N. and Srinivasan, G.2002. Excess moisture tolerance in maize- progress and challenges. Proceeding, 8th Asian Regional Maize Workshop- New technologies for new millennium, Bangkok, Thailand, 5-9 August 2002, CIMMYT, Mexico, D.F., pp. 398-412.

Zaidi, P.H., Rafique, S. and Singh, N.N.2003. Response of maize ( Zea  mays L.) genotypes to excess moisture stress: morpho-physiological effects and basis of tolerance Eur. J. Agron. 19: 383-399.
Processing and value addition in fruits and vegetables

Dr. S. P. Singh

Department of Horticulture

Institute of Agricultural Sciences,

B.H.U., Varanasi.

India is the second largest producer of both fruits and vegetables. Fruits and vegetables are the reservoir of vital nutrients. Being highly perishable, 20-40% of the total production of fruits and vegetables goes waste from the time of harvesting till they reach the consumers. It is, therefore, necessary to make them available for consumption throughout the year in processed or preserved form and to save the sizeable amount of Losses. At present, about 2% of the total produce is processed in India mainly for domestic consumption. Fruits and vegetables have great potential for value addition and diversification to give a boost to the food industry, create employment opportunities and give better returns to the farmers.

Some value added products of Fruits and Vegetables:

1. Fruit Toffees 

Fruit Toffee is a highly nutrious product as compared to sugar boiled confectionery. It is made from pulp of mango and other fruits alongwith certain ingredients. Small and cottage scale manufacture of fruit toffee provides potential avenues for self employment in the area where the fruits are available. Although fruit toffees are being made in the organized sector, there exists a vast potential for cottage scale production also.

2. Fruit Bars 

Fruit bar is a concentrated fruit product meant for ready consumption. It has a good shelf life. Any variety of pulpy fruits, e.g. mango, guava, papaya, banana, apple etc. singly or in combination can be used for manufacture. Fruit bars are becoming increasingly popular due to good shelf life, taste, flavour and texture.

3. Fruit Jams and Jellies 

These products are prepared by boiling the fruit pulp with sufficient quantity of sugar to a moderately thick consistency. The popular varieties of jam are pineapple, mango, mixed fruit, strawberry, grape, apricot and among jellies, guava and apple. The product is used as a bread spread and is also taken along with chapati, pun or similar products. Jams, jellies and marmalades share approximately 17% of the total processed fruit and vegetable products.

4. Improved Murabba Making

Murabba is one of the indigenous sweet preparations of the country. Murabba made from amla, bael, carrot, mango, citrus peels are quite popular. 

5. Tutti Fruity 

Fruits generally used for making preserves/candies are amla, papaya, mango, etc. Among these raw papaya is largely used to make tutti-fruity used in bakery products, sweetmeats, ice creams, salads and pan.

The candied fruits and vegetables are quite popular food items. The consumption of these products is rapidly increasing.

6. Osmo-air dried Fruits 

Osmo air- dried fruits are based on a novel approach towards dehydration. Slices of ber, pineapple, jackfruit, mango, etc. are processed in two stages. The first phase is the removal of most of the water using sugar syrup as an osmotic agent. The second phase is air drying where the moisture content is further reduced to about 15%. The osmo-air dehydrated product is near to the fresh fruit in terms of colour, flavour and texture. The product can be used in ready -to- eat type foods, ice cream, fruit salad, kheer, cakes and bakery products. Such osmo-air dried fruit based units can be set up in areas near fruit orchards to the benefit of people. The process is simple and involves operations like selection of fruits, cleaning, washing, peeling, curing and slicing/dicing. The prepared fruit slices are steeped in sugar solution to remove water by osmosis. The slices are then drained, dried in a hot air drier and packed in flexible pouches. Any grape variety with high sugar and low acid content can be used yielding a good quality product. No sophisticated equipment is needed and the unit can be installed in orchards. It can generate rural employment.

7. Dehydrated Vegetables edno1ogy Source.

Vegetables are seasonal and perishable. Dehydration is one of the methods to preserve them and make available throughout the year in hygienic conditions at reasonable cost. The dehydrated vegetables are easy to transport and cater to the needs of large catering establishments. They can be used in various preparations at any season of the year. Traditional sundrying is time consuming, less hygienic and climate dependent.

The process for controlled dehydration of vegetables consists of grading/ sorting, washing, peeling! trimming, size reduction, blanching, Chemical treatment, dehydration and packing

8. Prepackaging of fruits and Vegetables 

This simple technique involves cleaning, trimming, cutting of the fresh produce and packing the same in unit packages in polyethylene bags. Bean, carrot, brinjal, green chilli, root crops, leafy vegetables and fruits like orange, lemon, banana, grape can be prepackaged to obtain 1 to 2 times extension in shelf life in polyethylene bags under normal conditions without any refrigeration. The prepacked produce presents better consumer appeal, longer shelf life and has considerable handling advantages in transport and marketing. 

9. Wax Emulsion for Fruit & Vegetables

A large number of units in tiny sector can be set up for improving the shelf life of fresh fruits and vegetables in villages where they are grown for marketing in the urban areas.

The wax emulsion is diluted with cold water and used for dipping fruits and vegetables. It enhances the shelf life, protects fruit from fungal attack, and reduces desiccation and weight loss during storage. The emulsion is harmless and imparts a gloss to fruits and vegetables. 

10. Pickles and Chutneys 

Pickles and chutney have a great important in the Indian menu and have now become essential items in any feast and lunch. Pickling of fruits and vegetables is an old art. A large variety of these items are method of preparation varies. The basic method is salt curing of fruits and vegetables, acidifying, addition of vinegar/oil and the spices.

11. Tomato Products 

Tomato is extensive grown in India and used for the preparation of puree, paste, ketchup, sauce and ready- to- eat products. There is a good domestic and export market. Since the fast food sector is expanding rapidly the demand, particularly for tomato ketchup and sauces, is also increasing
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Introduction
            The rainfed agro ecosystem in India covers arid, semi arid and sub humid zones which represents more than 70 per cent of the geographical area. Sixty six per cent of the 142 m ha cultivated area is rainfed. Rainfed farming systems are more diverse than intensive cropping systems however, the vast majority of rainfed farmers in remote areas still practice low external input farming which is well integrated with livestock. It is estimated that up to 30 per cent of the rainfed farmers of the country do not use chemical fertilisers and pesticides thus, many resource poor farmers are practicing organic farming by default (Venkateswarlu, 2005 ). During the post green revolution period, the intensive use of numerous agrochemicals though enhanced the production but also brought certain ill effects on soil health, crop environment, microbiota etc. which raises question about sustainability of the current farming practices. Thus, a change from a high input and chemically intensive agriculture to a sustainable form is not only desirable, but has become a necessity. Organic farming is a holistic food production management system, which enhances health of agro ecosystem, utilizing both traditional and scientific knowledge. Organic farming refers to a system designed to produce organic agricultural products until they reach consumers. 

Organic Movement Scenario
           The organically managed land at global level has reached to 30.42 m ha.  As per Agricultural Processed Food and Export Development Authority (APEDA), the certified organic area in India during 2007- 08 was 2.8 m ha and  country has exported 35 items worth 78 million US $. Presently India ranks 33rd in total organic area and 88th regarding agricultural land in proportion to total cultivable land.  During year 2000, a National Programme on Organic Production (NPOP) had been set up by the Ministry of Commerce and national standards for organic forming were formulated in respect of every process through which the product emerges. APEDA, Tea Board, Coffee Board, Spices Board, Coconut Development Board and Cocoa and Cashewnut Board were authorized by Ministry of Commerce as accreditation agencies for organic farming.  In India organic farming regulations are being implemented only for export commodities. Presently 11 accredited certification bodies are doing the job in the country. National Biofertilizer Development Centre (NBDC) was renamed as National Institute of Organic Farming (NIOF) in October 2003 for organic farming promotion.

Characteristics, Components and Benefits
           Organic production systems are based on specific standards formulated for food production and the term certified organic denotes that the labeled product have been produced in accordance with certain standards and is certified by an authenticated agency. Actually in real sense, it is a process claim rather than a product claim indicating definite standard of production and handling. Organic farming system is focused on whole farm which uses agronomic, biological and mechanical methods with preference to on farm or locally available resources. It emphasizes more on optimization of yield potential by maintaining soil health in an eco-friendly manner for the long term. Indigenous seeds, crop rotation, intercropping, biological control of pests and diseases, botanical pesticides, reduced tillage, mulching, green manuring, and green leaf manuring, composting, vermicomposting, biofertilizers, soil and water conservation are some of the techniques and practices integral to organic farming (Mahapatra et al., 2009). Organic farming opposes to use synthetic materials to maintain long term biological activity and to achieve specific standards. It emphasizes optimization of yield potential under a given set of farming conditions rather than maximization. Organic foods are considered as safe and healthy food and there is tremendous scope and demand in export market for organically produced foods which pay premium prices. Moreover, use of on farm or local resources without dependency on purchased external inputs will lower production costs may result in increased profits over conventional farming. Organic agriculture is beneficial in protecting environment, conserving biodiversity, minimizes energy consumption, reduces greenhouse gases, minimizes risk due to stable yields, utilizes traditional knowledge in a better way hence, and may provide economically sustainable livelihoods

Status and scope of organic farming    
 
Several states in India had already formulated organic promotion programmes and are in process to formulate organic policies. Maharashtra and Madhya Pradesh states have taken an early lead while Kerela, Karnataka, Tamil Nadu, Rajasthan, Gujarat etc. are also promoting organic farming. Uttarakhand declared as organic state and Mizoram, Sikkim, Nagaland states declared their intention to go totally organic (Yadav and Verma, 2007).  Marwaha and Jat (2004) were of the opinion that organic farming may be promoted in selected rainfed areas of India where little or no use of fertilisers and agrochemicals due to poor resources and associated risk in farming. Rainfed farming systems are more diverse and majority farmers still practice low external inputs and many of them practicing organic farming by default. Several workers identified rainfed areas as more suitable for organic farming due to low input use. 

Constraints in organic farming
        In spite of several merits there are some limitations also in the adoption of organic production system. To get premium price is not so easy for resource poor and small holders, country lack enough organics to replace chemical fertilisers for sustaining even current level of food grain production and adoption of organic farming by majority of farmers may lead to the problem of food security (Chhonkar and Dwivedi, 2004). High cost of certification, initial yield loss, lack of infrastructural facilities etc. are also important for small holding farmers of rainfed areas.

 Important issues emerged    
  The major issues emerged related to organic farming are:

-         Sustenance of food security for ever increasing population.

-         Economic viability of organic production systems.

-         Satisfying nutrient requirement of crops through organics alone.

-         Management of pests, diseases and weeds to sustain the yield levels.

-         Whether the present knowledge base and available research are enough to      favour /    oppose the feasibility of organic farming?

-      Is there any serious limitation and whether the small holders are able to make necessary adjustments?
Strategies for promoting organic farming
 
 The future success of organic farming would largely depend upon supplies of organic inputs, thoroughly backed up by well- proven technology. However, no systematic study has been done so far to develop a package of practices for adoption of organic farming under agro ecosystem of eastern Uttar Pradesh (Meena et al, 2007). Research efforts needed to meet challenges for a stronger flow of appropriate region specific technologies for rainfed areas in an organic mode, keeping farmer and available resources as the focus of the activity. Formulation of package of practices for organic farming with due emphasis to rainfed / dryland areas is important in present day of agriculture. Adequate institutional support through execution of technological models, advisory service, field demonstrations and trainings at gross root level need to be strengthened. Government should take initiatives to provide financial support and subsidies on organic input, reduction in high cost of certification for organic products and creation of domestic market for organic produce is needed. 

Conclusion
        Organic farming is a holistic production system which provides ample scope in rainfed areas. However, organic farming may not be a sole alternative to chemical farming. Hence, sincere efforts are required with the development of adequate institutional support in the areas of financial support, subsidies, creation of market facilities with strengthening the research and extension potential. 
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Integrated Nutrient Management Strategies for Vegetable Cultivation

R.B. Yadava
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Introduction:

India is a leading vegetable producing country in the world. It ranks second as for as total vegetable production is concerned.  The total vegetable production in the country has increased from 63.8 million tones in 1993 to 113.5 million tones in 2005-06. However, the national average productivity of different vegetable crops is much below the potential productivity. Among numerous factors responsible for the low productivity of vegetables in the country, inefficient nutrient management practices are of prime concern. Since, the growth and development of any plant and the quantity as well as quality of the produce is directly influenced by the availability of essential plant nutrients in a balanced form, adoption of INM (integrated nutrient management) strategies holds the key in enhancing the productivity as well quality of various vegetable crops in an eco-friendly manner.

What is INM?

Integrated nutrient management may be defined as the technical and managerial component of achieving the objectives of integrated plant nutrition system (IPNS) under farm situations i.e. maintenance or adjustment of soil fertility and of plant nutrient supply to an optimum level for sustaining the desired crop productivity through optimization of the benefits from all possible sources of plant nutrients in an integrated manner (Roy, 1995). Besides nutrients, it takes into account all the factors of soil and crop management including water, weed and pest management.

Objectives of IPNM

According to Harmsen (1995) following are the broader objectives of IPNM.

i) To increase the availability of nutrients from all sources in soil during the growing season.

ii) To match the demand of nutrients by the crop and supply of nutrients from all sources through the labile soil nutrient pool both in space (root zone) and time (the growing season).

iii) To optimize the functioning of the soil biosphere.

iv) To minimize the losses of nutrients through various processes like volatilization, leaching, surface runoff, denitrification etc.

Need of IPNM

With the introduction of high yielding crop varieties and increased use of irrigation, fertilizers and other inputs, the agricultural production has increased tremendously. The total nutrient (N+P+K) consumption in India has increased from 69.8 thousand tonnes in 1950-51 to 20.34 million tonnes in 2005- 06. Despite this tremendous increase in fertiliser use, Indian agriculture is budgeted at an annual deficit (between nutrient removal by crops and addition through fertilizers) of about 8-10 million tonnes. This excessive mining and over withdrawal of nutrients from the soil reserve has resulted into yield stagnation and progressive appearance of multi-nutrient deficiencies (Chhonkar and Rattan, 2000). The results of the long-term fertility experiments have revealed that besides deficit nutrient budgets, the current fertilizer management practices have resulted into the following problems.

· Continuous use of N fertilizers alone causes sharp reduction in soil organic matter.

· Excessive rates of fertilizer N application result in its poor utilization by the crop and increased nutrient loss through various processes causing environmental pollution.

· Accentuation of decline in yield.

· Accelerated appearance of deficiency of secondary and micronutrients.

· On acutely P deficient soils, N application alone depresses the crop yields.

Besides the above mentioned points, environmental concerns and increasing prices of chemical fertilizers also call for the adoption of integrated nutrient management practices.

Components of Integrated Nutrient Management

1. Chemical Fertilizers: Chemical fertilizers have played a significant role in increasing crop productivity. Their use is inevitable because the entire nutrients demand (Table-2) can not be met by organic manures and biofertilizers alone.  However, in the application of chemical fertilizers following points must be kept in mind.

· These should be applied as per the soil test recommendations.

· Application of nutrients should be in a balanced form.

· Selection of proper source as per the soil conditions is very important.

· Time and method of application is equally important for the efficient utilization of resources.

Besides major nutrients (NPK), application of secondary and micronutrients is very important for productivity as well as quality of the hybrid seeds. The data presented in the tables- 5 indicate that application of micronutrients along with NPK have significantly improved the productivity and quality of brinjal.
2. Organic Manures: Organic manure-induced improvement in soil physical, chemical and biological properties is well established. Build up of secondary and micronutrients, counteracting deleterious effects of soil acidity, salinity and alkalinity and sustenance of soil health are the key beneficial effects associated with organic manures application. Use efficiency of fertilizers is also improved in the presence of FYM/ organic manures. 

3. Crop Residues: Crop residues, which are produced in huge quantities and contain all the nutrients essential for plants growth, can also be diverted to agricultural fields to improve the soil quality and productivity. 

Limitations in the use of organic manures and crop residues:

· Required in large quantities

· Most of the cow dung is used as fuel

· Crop residues are used as animal feed

· Some of the crop residues are burnt in the field

· Residues with wider C:N ratio require longer time for decomposition

· Undecomposed residues cause termites problem

To overcome the above mentioned problems in the use of organic manures and crop residues, following options may be followed.

· Biogas technology: It will provide both fuel as well as slurry for manure.

· Diversification of agriculture

· Vermicomposting

· Narrowing C:N ratio by addition of urea or   leguminous residues.

4. Green manures: Green manuring has a long history in many countries. Besides improving N economy, it also has many other beneficial effects on soil properties. However, under intensive production systems, farmers may not be able to practice green manuring in a traditional manner, by devoting an entire season to a green manure crop. Under such situations, short-duration summer grain-legume crop like mungbean, cowpea may be used as green manure after picking of pods. Planting of leguminous trees (Subabul , Sesbania, Gliricidia etc.) on field bunds may also be done to get green leaves for manuring.

5. Biofertilizers: Biofertilizers are the products containing living cells of different types of micro-organisms that have an ability to fix/mobilize nutrients from non-usable form through biological processes. These include nitrogen fixers (both symbiotic as well as non-symbiotic bacteria), phosphate solubilizers (bacteria and fungi), mycorrhizal fungi, sulphur and iron oxidizing bacteria. These micro-organisms are capable of mobilizing non-labile nutrients and transferring them to and across the plant roots. As an estimate, Rhizobia, Cyanobacteria and Azospirillium can fix atmospheric nitrogen in the range of 50-300, 15-25 and 10-30 kg/ha, respectively, (Hamdi, 1995). Besides, nutrient economy, these also secrete some growth promoting substances. One of the major advantages associated with biofertilizers is that they do not pose any environmental pollution problem like chemical fertilizers.
6. Introduction of Legumes in Cropping System: Usefulness of legumes as a soil fertility-building practice in multiple cropping systems is well established. Symbiotic association of the legumes with different species of Rhizobium has been proved useful in sequestering atmospheric N2 in the soil-plant system. About 25-50% of the fertilizer N requirement of the succeeding cereal crop can be met by introduction of legumes (Subba Rao, 1988). Being deep rooted in nature, legumes utilize the nutrients from deeper soil layers which otherwise remain untapped by cereal crops. Also, having smothering effect, legumes reduce the weed infestation. They also reduce the problem of soil erosion.

7. Non- conventional sources of nutrients: Some of the non-conventional materials such as sewage-sludge, urban wastes, press mud, basic slag, fly ash, spent wash and other industrial effluent etc. could also be the potential sources of plant nutrients. However, due precaution should be taken while using sewage sludge and industrial wastes as these contain toxic metals.  Therefore, regular monitoring of these pollutants in soil- plant system is essential.

Strategies for efficient IPNM

For efficient and eco-friendly integrated plant nutrient management, following points have to be kept in mind :

· Use of most efficient management practices, which are congenial for efficient water and fertilizer use.

· Soil test based fertilizer application.

· Maximize crop productivity with highest use efficiency and lowest avoidable losses of nutrients.

· Maximum possible exploitation of FYM, on-farm and off-farm crop residues, biofertilizers, wormicompost and non-conventional sources of nutrients.

· Time the application of fertilizer nutrients to synchronize with physiological stages at which demand for them is maximum

· Apply FYM/organic manures in such a manner that the mineralization of organic nutrients occurs at the peak period of their demand by the plants.

· Minimize the losses of nutrients through volatilization, leaching runoff, denitrification etc.

· Use of suitable amendments to minimize the toxicities of elements and pollutants.
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Integrated Plant Nutrient Management in Solanaceous Vegetable Crops          
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Vegetables are considered to be the most important component in the diet. It plays an important role in balancing the nutrients in our body, as they are chief source of carbohydrates, proteins, vitamins, minerals, fats, elemental salts, crude fibers and antioxidants. In addition to nutritional richness, vegetables add a variety of taste, colour and texture to the diets. India occupies prime position in the world’s vegetable production, ranking 2nd next to China and producing about 125.00 million tones from an area of 7.2 million ha. However, the current production level of vegetables is not sufficient to meet the requirement of 300 g of vegetables / capita / day to the present population. By the year 2020 A.D., India will require about 160.00 million tones of vegetable annually. 

The family solanaceae includes mainly tomato, brinjal, chillies, capsicum and potato as major crops. However certain other vegetables include Pepino, Jilo, Garden huckleberry, Bird paper, Tomatillo, Cape gooseberry, Tree tomato etc.
	Crop
	Botanical name

	Tomato
	Solanum lycopersicum

	Brinjal
	Solanum melongena

	Chillies
	Capsicum annuum

	Capsicum
	Capsicum annuum

	Potato
	Solanum tuberosum

	Pepino
	Solanum muricatum

	Jilo
	Solanum gilo

	      Garden hukleberry
	Solanum nigrum

	Bird paper
	Capsicum frutescens

	Tomatillo
	P. ixocarpa

	Cape gooseberry
	P. peruviana

	Tree tomato
	Cyphomandra betacea


Importance

The crop has certain importance in our day to day life.
·  Tomato is rich source of lycopene, beta-carotene, vitamins and minerals and used as vegetable and as well as salad, paste, puree, juice and ketchup. It also helps as antiseptic property against intestinal infection and promoter of gastric secretion and blood purifier. The lycopene helps in curing certain types of cancer.

· While brinjal is rich source of Fe and catalase and good for diabetic patients. It has low calorie and high potassium content and mostly suited to control diabetes, hypertension and obesity 

· Chillies is rich source of vitamins especially vitamin A & C and used for vegetables, spices, condiments, sauces, pickles, oleoresin and capsaicin extraction for medicinal and industrial uses. 
Main Factors of vegetable production

Production of vegetable crop mainly depends on certain factors like varieties/hybrids, cultivation techniques like weeding, hoeing, irrigation; soil type, nutrient requirement and plant protection measures. Among them, nutrient requirement is one of the most important factors of production which include organic, inorganic and biofertilizers. 

Nutrients Essential for the Vegetables

There are about 17 nutrient elements required for proper growth and development of vegetables crops are C, H, O, N, P, K , Ca, Mg, S, Zn, Mn, Fe, Mo, Cu, B, Cl, Ni. Nitrogen, phosphorus and potassium are the major nutrients and require in large quantities followed by 20-25 kg of calcium, Magnesium and sulfur by plant for sustaining their life cycle and higher yields. The micronutrients are required in very small amounts and applied mostly as foliar sprays. The C, H, O is freely available in the atmosphere.

          Now a day’s farmer are using only N, P and K in unbalanced amount without soil test which leads reduction in yields of vegetables and causes certain other problems like, soil degradation, health hazards and killing of certain beneficial microorganisms. Then the question arises how to overcome those problems without scarifying the yields to feed ever growing populations? The only and only way left is integrated nutrient management.
Integrated Plant Nutrient Management

Integrated plant nutrient management (IPNM) is a holistic, integrated approach that considers all the available farm resources that can be used as plant nutrients. The main principles of IPNM are to maximize the use of organic inputs while minimizing nutrient losses and to make supplementary use of chemical fertilizers. Good practices for IPNM often involve a combination of organic and inorganic sources of nutrients. Organic materials maintain and improve soil productivity, whereas chemical fertilizers are often needed if production is to increase. IPNM contributes to better farm waste management, minimizing environmental pollution, improving soil productivity, and the production of safe food and feed.

In other words integrated plant nutrient management (IPNM) is an important component of sustainable agricultural intensification. The goal of IPNM is to integrate the use of all natural and man-made sources of plant nutrients so as to increase crop productivity in an efficient and environment friendly manner [FAO (1998)]. IPNM incorporates nitrogen fixation and organic and inorganic fertilizer application. Organic fertilizers play an important role in the improvement of soil structure and organic matter content and often a good source of secondary and micro-nutrients necessary for plant growth. 
Nutrients required by the plants

Nitrogen is an integral constituent of amino acids, proteins, enzymes, vitamins and plant hormones. It imparts vigorous vegetative growth with dark green colour in plants and better flowering and fruit set when it was used in optimum amount. Nitrogen deficient plant had lower level of exogenous auxins and reduced gibberellins activity. Present day, agriculture relies heavily consumption of nitrogenous fertilizers. Oxidized form of nitrogenous fertilizers posses hazards to human health and environment (Ladha, 2002). Excess application of Nitrogen results in luxurious plant growth and unfruitfulness. Blossom end rot in tomato also increased with increased nitrogen level. 
Next to nitrogen, Phosphorus is one of the limiting nutrient which helps in rapid root development, facilitates carbohydrate transportation from leaves to roots and also induces prolific of fruits thus increases total yield. Phosphorus in combination with N and K improved peel colour, taste, hardness and vitamin ‘C’ content and hastened maturity.
Potassium is another most important major nutrient, which promotes growth and increases yield. It involves in the synthesis of proteins, organic acids and regulates the carbohydrates synthesis. In the potassium deficiency, yellowing at the margin of the leaves appear. In advanced stages intervene choroids become more pronounced. The root development is stunted, becomes brown and secondary growth is reduced. Stem growth is also checked, earlier fruit set and ovary drop have been observed under potassium deficient conditions (Tiedjens and Wall, 1938). Potassium has marked effect on the quality of tomato fruits. It promotes the colour of tomato fruits.
Sulfur is a part of every living cell and constituent of three essential amino acids viz., cystine, cytokinin and methionine. It is also associated with synthesis of oil and formation of chlorophyll, enzymes and vitamins. It acts to stabilize protein structures. Stunted plant growth with short, slender and spindly stalks; yellowing of younger leaves and in severe condition choroids of younger leaves is the typical deficiency symptoms of sulfur. Sulfur deficiency delayed maturity and fruits often do not mature fully. Sometimes sulfur deficiency symptoms are confused with those of nitrogen etc. and leaves become pale, yellow or light green. Unlike nitrogen, the deficiency symptom of sulfur appears first on younger leaves and persists even after nitrogen application. 
Micro Nutrients
Micronutrients play an important role in crop production. Application of micronutrients to crop plants as foliar spray has got the tremendous response besides the use of major nutrient fertilizers to push up crop yield. The nutrient solutions are sprayed on the foliage to feed the plants rather than through the soil, where complex chemical reactions are often a great interference. Improvement in the weight of the fruits was observed by the application of zinc and manganese application. Spray of minor element corrects the nutritional disorders. It has been observed that the foliar spray of zinc, iron, copper and molybdenum are often more effective than soil application, because these elements are not highly soluble in the soil. Major role of zinc in plants appeared to be its associate ships with the auxin. Besides other enzyme activities zinc plays an important role in carbohydrates metabolism. Boron affects the quality of tomato fruits particularly chemical constituents of the fruits. Boron under deficient conditions plays a vital role on balancing carbohydrates thereby reducing and non-reducing sugars were gradually increased with increasing levels of boron. Application of Boran decreased the acidity of tomato where copper exhibited the highest acidity and TSS.
 In recent years, tremendous emphasis have been given on food and nutritional security as micronutrient malnutrition is seriously damaging the health of human beings more than 40% of the world population.
Recommendations of IPNM treatments under All India Coordinate Vegetable Improvement Project

A number of recommendations on different crops were made under the project on different solanaceous vegetable crops are as follows:

· Application of FYM@ 20 t/ha along with NPK 150:60:60 kg/ha gave better yield in tomato cv. Hisar Arun. While JT-99 of tomato gave better results at Madhya Pradesh with the application of NPK-180:120:80kg/ha along with 20 t/ha FYM.

· The incorporation of Azospyrillum, phosphate solublizing bacteria (PSB) and FYM @ 10t/ha with inorganic fertilizer significantly improved the content and available NPK status in soil and increased plant height, number of leaves and yield of tomato.

· Application of Nitrogen @ 120 kg/ha + Phosphorus @ 60 kg/ha and Potash @ 60 kg/ha coupled with application of Pressmud @ 5 t/ha + root dipping treatment with Azotobacter before transplanting and foliar spray of Ferrous Ammonium Sulphate @ 20 ppm S at 30, 45 and 75 days after transplanting could reap a harvest of 1200 to1645 q/ha yield in cv.Avinash-2, 812 q/ha yield in Urvashi and 565 q/ha yield in ARTH-3.

· The maximum yield of tomato fruits were recorded 635.52 q/ha  with the application of Poultry manure @ 5t/ha +  NPK (60:30:40kg/ha)  The fruit length (5.51 cm), fruit width (5.85 cm) and average fruit weight (136.2 g) were recorded under the same treatment .
· The maximum yield of hybrid tomato ( 827.85 q/ha) and C:B ratio (1:4.81) were recorded with cv. Tolstoi by 3 foliar application  of micronutrients (mixture of B, Zn, Cu, Fe, Mn each @ 100 ppm and Mo @ 50 ppm at 10 days interval 30 DAT over and above to the recommended dose NPK (150:80:100 kg/ha). 
· Application of 120:60:60 kg /ha NPK +Pressmud @ 5t/ha + Seedling root dipping with Azotobactor + foliar sprays of Boron @ 100 ppm gave brinjal fruit yield 976 q/ha. 

· Applications of 75% recommended N (150 kg/ha) + Azospyrillum as seed treatment, seedling dip and soil incorporation gave maximumyield of green chillies cv. LCA-235 (117.52 q/ha) along with maximum C:B ratio ( 1:1.77) followed by application of 50% recommended dose of N + Azospirillum.
· The chilli cultivar KA-2 gave maximum green fruit yield 118.7 q/ha with the applications of Pressmud @ 5 t/h + ½ NPK rec.+ Azospirillum followed by 110.2 q/ ha under Vermicompost @ 5t/ha + ½ NPK rec. + Azospirillum.
· The maximum yield of Capsicum var. Indra (142.3 q/ha), average fruit weight (130.5 g), fruit length (9.3 cm) and fruit width (7.3 cm) was recorded with the application of Poultry manure@ 5t/ha + ½ NPK.
Organic Sources of Nutrients

The use of organics improves soil fertility because it contains major and minor nutrients in available form that plants can assimilate for their growth and development. Continuous use of organics will reduce the cost of fertilizers application over synthetic fertilizers and increase the soil fertility.  The microbes present in organics release hormones like Gibberellins, Cytokinins and Auxins during metabolism. These substances help in germination and plant growth (Lal et. al., 2002). 
a. Vermicompost
Vermicomposting is a type of compost making in which earthworms are used to convert organic wastes into valuable material to supply nutrients for crops. Vermicompost is also a rich source of compost contains 1-2% N, 1.0% P2O5 and 1.5% K2O along with contains other macro and micro elements (Singh, 1998). The presence of worms in the field increases the water holding capacity of the soil resulting the need for irrigation has been reduced by 40-60% (Bhawalkar earthworm research institute projects).  Soil with a healthy earth worm population is better aerated because it requires no mechanical tillage. It improves the fertility of soil and gives firmness to the roots for surviving above soil for long duration. 
b. Farmyard Manure (FYM)
FYM consists of materials collected from animal droppings, beddings, and domestic sweep. The value of animal manures has been recognized since ancient times. Based on number of animals, the estimated contribution is shown in Tables. However, it may be stated that about 50 percent of animal dropping is not collected. Of the collected about 50 percent is used as fuel. Thus, nutrients recycled to crops are about 1/4th of the total droppings.

Table. Livestock population, production of manure, and nutrient potential of manures
	Animal
	No. of animals (million heads)
	Droppings (m. t/ per year)
	Urine
	Manure moisture (av. %)
	Total dry matter (m. t/ year)
	Total N/ year (’000 t)
	Total P2O5/ year (’000 t)
	Total K2O / year (’000 t)

	Cattle
	23.77
	208.3
	103.6
	79
	43.7
	1 159
	477
	1 242

	Buffalo
	26.15
	267.0
	134.2
	79
	56.1
	1 492
	611
	1 600

	Goat
	59.15
	33.1
	21.5
	65
	11.6
	595
	204
	512

	Sheep
	24.46
	17.7
	9.3
	65
	6.2
	252
	80
	217

	Poultry
	357.18
	8.1
	0.0
	54
	3.7
	120
	68
	31

	Others
	4.84
	21.0
	6.0
	60
	8.4
	143
	47
	149

	Total
	495.55
	555.2
	274.6
	  
	129.7
	3 761
	1 213
	3 049

	Sources: (i) Livestock Census, 1996. (Figures modified/estimated for 2005). (ii) Hussain. 1996.


c. Green manures
Green manuring with N-fixing leguminous crops improves soil fertility and enhances availability of other nutrients (Nagarajah et al; 1989). The studies have shown that the contribution of green manure legumes was quite high at low level of nitrogen application through fertilizers and dropped with increase in rates (Bhatti et al., 1985). Major green manure crops are dhaincha/jantar (Sesbania aculeatea) and guar (Cyamopsis tetragonolaba). However, trials on sun hemp (Crotalaria juncea) and tropical jantar (Sesbania rostrata) have also been conducted. The nitrogen contribution from all these sources have been quantified from 70 to 100 kg/ha. 

Limitations in use of green manuring
· Small size of holdings;

· High demand for fodder;

· Lack of proper knowledge about green manuring and legumes.

Major Green manure and Leaf Crops
	Crop
	Nutrient content (% on dry weight basis)

	Green manure crop
	N
	P
	K

	Sesbania aculeatea 
	 3.3
	0.7
	1.3

	Crotalaria juncea 
	2.6
	0.6
	2.0

	Sesbania speciosa
	2.7
	0.5
	2.2

	Tephrosia purpurea
	2.4
	0.3
	0.8

	Phaseolus trilobus 
	2.1 
	0.5
	-

	Pongamia glabra 
	3.2
	0.3
	1.3

	Glyricidia maculeata 
	2.9
	0.5
	2.8

	Azadirachta indica 
	2.8
	0.3
	0.4

	Calatropis gigantea
	2.1
	0.7
	3.6


d. Crop residues

A huge quantity of crop residues such as wheat straw, cotton sticks, sugarcane trash/tops and rice husk, etc., are available. But due to some economic compulsions such as need for animal fodder and fuel, the crop residues are partially recycled in the soil, or burned to clear field for next crop otherwise these may contribute in improving organic matter in the soil and thus keep it productive. Kallar grass is recognized as a salt tolerant grass capable of producing a good amount of biomass on degraded soils in summer. 

Limitation in use of crop residues

The price of straw and stalks is very high and the farmers are not willing to leave crop residues on the soil surface or incorporate into the soil as they fetch a good income from straw and stalks;

· Farmers dry crop residues and feed their cattle during winter when there is a shortage of fodder;

· Farmers use crop residues as fuel energy source as they do not have access to other sources of energy;

· Crop residues are used as a construction material in mud houses or cattle sheds.

e. Sewage sludge, city garbage, industrial wastewater etc.
Sewage sludge, city garbage, industrial wastewater and effluents are also good source of plant nutrients. However, these materials require proper treatment to remove the toxic heavy metals before application to crops. Sewage water is partially used for raising vegetables near the urban areas without any pre-treatment. If adequate treatment of above waste materials is managed before their application, they will not only supplement the chemical fertilizers but the chance of environmental pollution will also be minimized.

f . Biofertilizers
The term ‘biofertilizer’ denotes all the nutrients inputs of biological origin for plant growth (Subba Rao, 1982). They are natural fertilizers containing carrier-based microorganisms, which help to enhance productivity by biological nitrogen fixation or solubilization of insoluble phosphates or producing hormones, vitamins and other factor required for plant growth. The response of biofertilizers is not only area specific; however, it may vary with soil, environmental factors, crops as well as its varieties (Bhattacharyya et al., 2000).

Biofertilizer are the culture of bacteria which benefit the plants by providing nitrogen, used mostly to release plant nutrients available from rhizosphere and stimulate plant growth and therefore known as biological fixation. Azotobactor is free living heterotrophic N fixing bacteria which not only provides nitrogen but produces varieties of growth promoting substances. Vegetable crops, in general responded better to Azotobacter inoculation than other field crops. Nevertheless, yield increase in several crops using Azotobacter chroocum culture were 0-13% higher than control (Shende and Apte, 1982). It also produces hormones like Indole Acetic Acid (IAA), Gibberellins and Vitamins like folic acid and vitamin of B-groups are also formed. The application of Azotobacter along with organic matters and fertilizers ensure good germination, growth and production. In field experiment, the application of Azotobacter increased the yield of okra (8.3%), brinjal (15.8 %), chilli (10.3%) and cauliflower (6.2%) as reported by Bhattacharyya et al., 2000. A number of early experiments demonstrated the beneficial effect of Azotobacter inoculation in maize, sugarcane, rice, tomato, onion and mustard (Patil, 1985).

· Nitrogen fixing biofertilizers: (Rhizobium, Azotobacter, Azospirillum, Acetobacter, BGA, Azolla)

· Phosphorus solubilising/mobilising biofertilizers:  (PSB or PSM): (P-solubilising e.g. Bacillus Pseudomonas, Aspergillus etc. P-mobiliser e.g. VA-mycorrhiza).

· Composting accelerators (i) Cellulolytic (Trichoderma), (ii) Lignolytic (Humicola). Plant growth promoting rhizobacteria: (Species of Pseudomonas).
Limitation in use of biofertilizers
· Application techniques and efficiency of strain.

· Packing the product in marketable form.

· Shelf life.

· Specified minimum population of concerned microbes.

Conclusion

Integrated Plant Nutrient Management (IPNM) through balanced use of mineral fertilizers, combined with organics and bio-sources may usher into new era for sustainable crop production to achieve food security, improving livelihood of small farmers and poverty reduction. The combined use of all these sources can lead to new green revolution. However, the national research institutions, universities, agriculture extension, private sector and government at policy level, all have to play their relevant role for technology development, its transfer and adoption at farm level in different ecological regions. The future approach will be to shift from increased use of fertilizer towards optimizing integrated management of all sources to address issues of low productivity, efficiency, soil nutrient depletion and environmental concerns. 

References

1. Bhattacharyya, P.; Jain, R.K. and Paliwal, M.K. (2000). Biofertilizers for vegetables. Indian Hort. 44 (2): 12-13.

2. Patil, P.L. (1985). Recent advances in technological development in the field of biofertilizers, Azotobacter. National Seminar on Biofertilizers. Vigyan Bhawan, New Delhi, 9-10 Oct.

3. Shende, S. T. and Apte, R. (1982). Proceedings of National symposium on Biological N Fixation, New Delhi, India, pp. 532-541. 

4. Subba Rao, NS. (1982). Biofertilizers in Agriculture. Oxford IBH Publishing Co. New Delhi.

5. Lal O. P. , Srivastava O. N. and Sinha S. R. (2002). Vermicomposting. Indian Farming, 52 (3): 243-246.

6. Tiedjens, V.A. and Wall, M.E. (1938). The importance of potassium in the growth of vegetable plants. Proc. Ann. Soc. Hort. Sci. 36: 740-743.

7. Ladha, J.K. (2002). Managing nitrogen for crop productivity and environmental quality. Extended Summaries Vol. 1: 2nd International Agronomy Congress, Nov. 26-30 pp. 35-37. New Delhi, India.

8. Bhatti, H.M., M. Yasin and M. Rashid. 1985. Evaluation of sesbania green manuring in rice-wheat rotation. In. Proc. Int. Symp. on Nitrogen and the Environment. P.275 NIAB, Faisalabad.

9. FAO. 1985. Integrated Plant Nutrition Systems. FAO Fertilizer and Plant Nutrition Bulletin 12, Rome.

10. Hussain, T. 1996. Manures and Organic Wastes. Soil Science. National Book Foundation, Islamabad pp. 387-403.

11. Nagarajah, et al., 1989. Effect of sesbania azolla, and rice straw incorporation on kinetics of NH4, K, Fe, Mn, Zn and P in some flooded soils. Plant Soil. 116: 37-48.
Nutrients drain through weeds and their utilization in rainfed agriculture.

R.P. Singh and M.K. Singh

Department of agronomy

Banaras Hindu university,

Varanasi – 221005

            Rain fed farmers has many constraints like moisture and nutrient stress, weed stress, adverse weather conditions. The rains are uncertain and soils have poor water holding capacity. The development of high yielding, fertilizer-responsive varieties offer great potential for the judicious use of fertilizers to increase crop yields in normal - and above-normal rainfall areas and stabilize them in low rainfall years and areas. The crop production is severely limited due to draining of the moisture and nutrients due to heavy infestation of weeds. Weeds like annual crops, respond positively to increased soil fertility. Weeds remove considerable amount of major nutrients (N, P and K) from soil if left unchecked. Nutrient depletion by weeds in weedy crop as worked by various scientists is given in table- 1. 
Table1: Nutrients depletion by weeds in different crops.

	Crop 
	N(kg/ha)
	P (kg/ha)
	K (kg/ha)
	References

	Rice(direct sown)
	26
	80
	25.8
	Singh &Sharma 

(1981)

	Rice(direct sown puddle)
	20.5
	5.4
	16.6
	

	Rice (transplanted)
	10.9
	2.6
	9.8
	

	Wheat 
	23.5
	2.2
	28.8
	

	Sorghum
	39.5
	15.0
	31.7
	Mani (1975)

	Maize
	59.0
	10.0
	59.0
	Rajan and Sankaran(1974)

	Groundnut(rainfed)
	39.0
	9.1
	23.5
	

	Groundnut (irrigated)
	14.7
	4.6
	20.7
	Soundrajan et.al.(1981)

	Peas
	29.7
	5.4
	-
	Mani (1975)

	Soyabean
	26.1
	2.7
	79.9
	Maurya et al.(1990)

	Sugarcane
	162
	24
	203
	Gupta (1960)

	Mungbean 
	120.4
	15.9
	119
	Yadav et.al.(1985)


          Soil fertility is a key component of all farming systems managed with the goal of sustaining or improving yield, and fertilization with the synthetic or organic nutrient source is standard practices in agricultural systems. Both crop and weeds species respond with increasing  soil fertility, however, many studies have shown that fertilizers benefits weeds more than crops .Fertilizers application can shift the balance of competitive relationship between crops and weeds. Competitions among weeds and crops for nutrients is not independent of competition for other resources .The ability of a species to better utilize available nutrients can also provide an advantage in competition for water and light .Okafor and Dutta, (1976) found that increasing N in rice benefited purple nutsedge (Cperus rotundus L.) more than the crop .The subsequent increase in purple nutsedge growth reduced light transmission to the crop. As a result rice leaf area index declined, concomitant with a decrease in rice grain yield.
Weed Fertility Interaction         

        Fertility manipulations to manage weeds are virtually unknown, even though it is widely accepted that fertility affects weeds. Fertilizer is added to improve crop yield, but weeds are often more competitive with crops at higher nutrients levels ( Di Tomaso, 1995).Nitrogen is often the most limiting element for plant growth in agro –ecosystem ,and its status in the soil can have strong effects on weed crop interaction. Nitrogen fertilizer can markedly alter crop weed competitive interaction .Depending on weed species and density; nitrogen fertilizers can increase the competitive ability of weeds more than that of the crop. When weed density is low in added fertilizers, particularly nitrogen, increases crop yield and makes the crop a more vigorous competitor with weeds but when weeds density is high, added nutrients favour weed over crop growth. (Carlson and Hill, 1986).

Table- 2:  Average yield of wheat grown in competition with wild oat under varied N fertilizer. (Carlson and Hill, 1986)

	                                                       Wheat yield
                             ________________________________________________________

                                               Pre plant  N (kgha-1)

                             __________________________________

Wild oat density   0                            84                           168                        Average 

	Plants m-2                     __________________ kg ha-1 _______________________________

	0
	6390
	6780
	7240
	6803

	3
	5300
	6140
	6420
	5953

	8
	5420
	5090
	4100
	4870

	20
	4710
	4770
	3110
	4197

	50
	3630
	2900
	2580
	3037

	Average 
	5090
	5140
	4690
	


       Some species exhibited a strong growth response to either nitrogen or phosphorus, but not both, other weeds responded strongly to both nutrients, however, the biomass of many weeds increased more with added phosphorus than with added nitrogen. In a study, applying N benefited Cyperus rotundus L. more than upland rice. Cyperus rotundus L. dry weight and rice yield reduction were maximum at 60 kg N/ha. (Okafor and De dutta, 1976). At high nitrogen application rates (above 103 kg N /ha), nitrogen uptake by weeds was higher than that by rice. Nitrogen application at levels below those required by rice reduced its competitive ability with goose grass, itch grass, and spiny amarthanus (Amaranthus spinosus) but did not affect interference with purple nut sedge (Cyperus rotundus L.) (Ampong Nyarko and De Dutta,1993). Over two years , time of nitrogen fertilizations  did not affect weed- free sugar beet  biomass  , yield or quality ,but early nitrogen fertilization resulted in higher crop biomass reduction with the presence of wild mustard and lower crop biomass in the presence of common Lambsquaters  (Chenopodium album),(Paolini et al.1999).

               High phosphorus fertility enhanced the competitive ability of lettuce with smooth pig weeds(Amaranthus hybridus ).Smooth pig weeds was not responsive to phosphorous but luxurious consumption by the weeds  reduced  the nutrients availability to lettuce. Common purslance (Portulaca oleracea) also responded to phosphorous and increased its competitive ability in lettuce (Santos et. al.1998).Competitions for phosphorous appeared to be the main mechanism of competition between common purslance (Portulaca oleracea)  and lettuce grown in low phosphorus soil .The interaction between lettuce and spiny amaranth was not due to competition  for phosphorous, although banding phosphorous reduced the effect of spiny amaranth on lettuce (Shrefler et al.,1994).

Indirect strategies to check nutrient drain through weeds

Preventive methods 

The most basic of all weed control methods is prevention, using measures to stop the introduction and spread of weeds. Preventable means by which weeds can be introduced into new areas include contaminated crop seed; transport of plant parts and seeds on planting, tillage, harvest, and processing equipment; livestock; manure and compost; irrigation and drainage water; and forage and feed grains (Walker 1995). Seed purity and noxious weed laws are important for successful weed prevention programs.

Tillage 
Tillage is widely used to control weeds directly and by burying their seeds. Germination of many weed seeds is stimulated by exposure to light. In the presence of crop residues, only those weeds that can grow under diffuse light would flourish. Hence changes in weed populations, at both the species and temporal levels, may occur under reduced tillage. Cultivars with faster emergence or displaying better competition are more desirable in both conventional and reduced/ zero –tillage system. However, they appear to be of greater importance in situations with more weeds and where tillage is not used for weed control. (Joshi et al. 2007) 
Stale Seed bed technique 
     This method refers to a cultural method of weed control commonly applied in rice monoculture (Ferreo, 2003). After seed bed preparation, the land is left unsown to allow weed emergence. The rice is then sown after weed removal by either mechanical (harrows) or chemical (non selective herbicides) means. The technique reduces both the size of the soil seed bank and the emergent weed infestation. The success of this technology depends much on the efficacy of practices promoting weed germination as it does on non selective mortality of emerged weed seedlings. Use of herbicides may have advantage of destroying weeds without disturbing the soil, reducing possibilities of bringing new seeds to the upper soil surface. The rice should be sown with a minimum soil disturbance after destroying the emerged weeds. The use of zero-till-ferti-seed drills may be very useful to serve this purpose. Minimum tillage results in a higher percentage of germination of the weed seeds that are present in the upper soil layer, compared with mould board ploughing (Ferreo and Vidotto, 1999). Renu et al. (2000) observed that the use of paraquat in a stale seed bed was more effective than mechanical weeding in rice. Application of glyphosate before planting rice can reduce labour input for weeding by 30-60% (Roder et al., 2001).

Intercropping

       Competitive suppression of weeds can take a very different form with intercropping than in crop monocultures. Increasing the complexity of a cropping system by interplanting species of differing growth forms, phenologies, and physiologies can create different patterns of resource availability, especially light, to weeds (Ballare and Casal, 2000). Because resource availability is key to weed occurrence (Harper, 1977; Radosevich et al. 1997), increasing resource utilization through intercropping may provide unique opportunities for IWM. 
Potential fertilization strategies to check nutrient drain through weeds

             Most weeds can be controlled by manipulations of fertilizer application, but managing fertilizer application to optimize crop performance and minimize weeds requires 

(1) Identification of differential responses of crop and weed species to edaphic factors 

 (2) Manipulation of the soil environment to exploits these differences. 

Banding:
Weed growth is often influenced by how fertilizers are applied to crops and often it is fertilizer placement which is the factor influencing weed response. Placement of fertilizers appears to have a major impact on how these nutrients influence weed growth and it affects weed crop competition. Fertilizers placed as narrow soil bands, rather than surface broadcast, has been found to reduce the competitive ability of weeds. Further, it has been also found to reduce fertilizer application rates, if it is used as deep or surface banding of nutrients in the crop row. In the absence of a crop, weed growth was reduced when fertilizer was deep banded compared to broadcast application (Everrats, 1992).
            Otabbong  et al. (1991) compared the effect of weeds on bean yield using three fertilizer methods; broadcast application ,surface banding (5-cm strip) on seed row , and deep banding within the seed row 7 cm below seed level. Their results indicates that surface banding in crop row had little  beneficial effect  on bean yield  and weed suppression , and even reduced bean yield in unwedded  plots.(Table -3).

Table 3: Effect of three fertilizer application methods on weeds and bean fresh weight, and bean yield in weeded and unweeded plots (Otabbong et al. 1991)

___________________________________________________________________

                                                       Fresh weight                                            Bean yield 

                              __________________________________       ___________________

Application                                   Weeded            Unweeded 

Method                  Weeds              beans               beans                 Weeded    Unweeded  

_______________________________________________________________________

                               ___________Kg ha-1x 10-3 __________         ______Kg ha-1 _____

Broadcast               24.9                33.5                   29.4                     1730             760

Surface banding     24.4                33.7                   23.9                     1750             520

Deep banding         14.4                38.8                   31.9                     1710             850

LSD                        3.1                  2.5                     2.7                       38                 16

         This was presumably due to increased access by weeds growing in the crop row to concentrated level of nutrients. In contrast, deep banding of fertilizer in the crop seed row significantly increased bean biomass and yield, particularly in unwedded plots, while also suppressing weed biomass by 44%. Thus, bean gained a significant competitive advantage when the nutrients were placed below the weed seed level. Similar results were reported for deep placement of fertilizer in rice (Moody, 1991).
Timing of fertilization applications 

              Plant growth stage can have a dramatic effect on the utilization of available nutrients. The timing of nutrient availability relative to crop and weed demands upon nutrient supplies appear to be especially important for determining the outcome of competitive interaction. In cases in which weeds are capable of absorbing nutrients earlier and more rapidly than crops, fertilizer application before or at planting may promote weed germination and growth to the detriment of the crop. Consequently, delayed nutrient application may be useful strategy for starving weeds during critical initial growth stages and better matching nutrient supply with crop uptake capacity.
               Pandey  et.al. (1971)  studied P uptake in a variety of weeds and crops and noted the rate of P uptake varied with age and species. In the perennials weed, purple nut sedge, uptake of P was rapid until plant was 24 days old. In contrast, the demand for P in other weeds and a number of crop, including pearl millet (Pennisetum glaucum R.Br.) wheat, and chickpea (Cicer arietinum L.) was higher after 60 days, during the flowering and fruiting stage.

Use of organic amendments

               Decomposition of organic materials and subsequent changes in soil nutrient status are affected by a variety factor , including age and quality (e.g. C:N ratio ,lignin and polyphenol contents) of the materials, loading rate ,temperature and moisture condition ,soil aeration and pH, tillage and its timing and soil biota (Palm and Senchez,1991 ; Honeycutt et al. 1993; Dou et al. 1995). Because decay and nutrient transformation require time, soil inorganic nutrient concentration may increase more slowly after application of organic materials than after an application of synthetic fertilizers at or before planting.

                   Plants N uptake data also suggest that organic materials can function as slow release nutrient sources, compared with synthetic fertilizer applied in single dose at the start of the growing season. In a field experiment, Ladd and Amato (1986) found that 17% of the 15 N label in residues of the legume Medicago  littoralis  Rohde ex .Lois. was taken up by a wheat crop , where as 62% of the label remained in the soil organic fraction. In contrast, an average of 47% of the labelled N in urea, ammonium sulphate and potassium nitrate fertilizers was taken up by wheat, and only 29% remained in the soil organic fraction.

      However ,release of nutrient from organic materials is not always a slow process, particularly when soil temperature is warm , period of abundant moisture alternate with  drying period and C:N ratio of decomposing materials is relatively low .If pattern of nutrient release from organic materials can be predicted successfully and regulated effectively , it may be possible to satisfy the nutrient requirement of large –seeded crops , while stressing small- seeded weeds early in the growing season , in a manner similar to that achieved with delayed application  of synthetic fertilizers. 

             In addition to serving as sources of nutrient, crop residues, animal manures and compost also release chemicals that can inhibit or stimulate crop and weed growth. Managing soil organic amendments thus require knowledge of how their effect on plant growth can be used to the advantage of crops and the disadvantage of weeds

Nutrient –efficient crop cultivars:

                  Crop cultivars vary in a number of developmental characteristics, including stature, canopy development, and leaf orientation. These qualities can have dramatic effects on competitiveness in the presence of weeds. Several studies have reported differences in the ability of various cultivars soybean (Monks and Oliver 1988),pea(Liebman and Robichaux ,1990),bean(Malik, et al., 1993), rice(Ampong-Nyarko and De Dutta 1993),wheat(Balyan  et.al. 1991),and other crops(Satore and Snaydon, 1992) to compete with weeds. While these studies generally examine the influence of weeds on specific growth parameters or crop yield, few have compared either the effect of fertilizer rates, particularly N on crop/weed interaction (Liebman and Robichaux ,1990) or nutrient acquisition properties of crop cultivars alone or in the presence of weeds (Gonzalez 1988).

           The development of better N –efficient crop cultivars would be of great value in tropical environments where poor nutrients soil are common and the economics of the region prohibit extensive use of fertilizers and pesticides. 

        In most instances, excessive fertilizer application rates can provides sufficient nutrients for season- long growth of both the crop and weed. How ever, in other cases the availability of nutrients for crop growth is dramatically reduced in the presence of weeds. Growth and yield reduction because of nutrient depletion is exacerbated when weeds accumulate a disproportionate amount of macro – and micronutrients (Varadraju et al. 1990) .To maintain adequate mineral uptake in crops under these condition one or more weed control measures must be employed(Kolhe et .al 1988).

            Researchers have demonstrated increased N, P, and K accumulation in crops when weeds are controlled by the e herbicides or hand weeding (Pandey and Thakur,1988). Mechanical or chemical weed control increased rice grain yield  34% and increased the accumulation of N, P, and K 48,30, and 38% respectively, compared to the unweeded plots (Kolhe et.al 1988 ). Thus, maintaining adequate weed control can greatly enhance the uptake and efficiency of fertilizer in crops.  

Row spacing and seeding rate

       Johri et al. (1992) evaluated the effect of reducing crop row spacing, increasing seeding rate and cross- sowing seed on N, P, and K uptake in wheat and several broadleaf and grass weed species. In this study, all three treatments led to significantly higher uptake of N, P, and K in wheat, and reduced nutrient uptake in grass and broadleaf weeds. In contrast, Singh et al. (2004) also reported nutrient drains through weeds and reported that normal row spacing in chick pea cultivars recorded higher nutrient uptake in comparison to narrow row spacing. (Table 4) 

Table 4: Effect of row spacing, genotype and weed management on Nitrogen. Phosphorus and potassium uptake (kg/ha) in grain and stalk and nutrient depletion (N,P, and K) by weed. 

	Treatment
	Nitrogen uptake

kg/ha

Grain       Stalk
	Phosphorus uptake

(kg/ha)

Grain             Stalk
	Potassium uptake

(kg/ha)

Grain             Stalk
	Nutrient depletion by weed

(kg/ha)

Nitrogen      Phosphorus    Potassium

	Row spacing (cm)



	30
	67.1
	19.3
	11.3
	9.8
	28.3
	27.5
	3.2

(10.8)
	1.8

(3.8)
	3.3

(11.1)

	45
	70.3
	20.1
	11.8
	10.0
	29.4
	28.4
	3.3

(12.1)
	1.9

(4.1)
	3.3

(12.0)

	CD (P=0.05)
	2.8
	NS
	NS
	NS
	0.9
	NS
	NS
	NS
	NS

	Genotype



	‘Avarodhi’
	72.8


	21.4
	12.2
	10.8
	30.0
	30.4
	3.2

(10.8)
	1.8

(4.0)
	3.2

(11.0)

	‘Radhey’
	67.6
	19.5
	11.5
	9.9
	28.6
	27.8
	3.2

(11.4)
	1.9

(4.3)
	3.3

(12.3)

	‘Pant G 114’
	65.7
	18.2
	11.1
	9.1
	28.0
	25.8
	3.3

(12.8)
	1.9

(4.4)
	3.5

(13.0)

	CD (P=0.05)
	3.4
	NS
	0.9
	1.1
	1.1
	3.9
	NS
	NS
	NS

	Weed management



	Weed- free
	81.4
	22.2
	13.7
	11.1
	34.5
	31.4
	0.7

(0.0)
	0.7

(0.0)
	0.7

(0.0)

	Weedy
	56.0
	17.3
	9.4
	8.7
	23.2
	24.6
	5.8

(37.5)
	3.1

(11.6)
	6.0

(38.3)

	CD(P=0.05)
	4.7
	1.6
	0.9
	0.7
	1.9
	2.5
	0.2
	0.1
	0.1


Singh et al. (2004)

Direct strategies to control drain of nutrients through weeds

Several direct methods like mechanical, manual, chemical and biological method has been found to be effective in weed control. These techniques alone or in combination directly reduce the competitive ability of weeds. Under rainfed conditions, integrated method of weed control will be a good option to reduce weed stress since farmers had little options for chemical weed control because many times there is poor moisture availability at the time of herbicide application. Integrated systems diversify the selection pressure on weed communities, use resources more efficiently, and provide producers a broader range of management options. Singh et al. (2008) reported that  N uptake of rice increased when weeds were effectively controlled.(Table5). The same authors reported that the combination of controlled-release urea and two hand weedings  was most effective to increase N use efficiency and N recovery by rice.
Table 5: Influence of N application and weed-control measures on N uptake by crop and weeds.

	N treatment                                             Weed- control measures(w)

	                                         Unweeded                               butachlor +once                                           twice hand-weeded

                                                                                           Hand- weeded 

	                           Crop N uptakes   Weed N uptakes    Crop N uptakes     Weed N uptakes     Crop N uptakes     Weed N uptakes

                                (Kgha-1)                 (kgha-1)              (kgha-1                     (kgha-1)
         (kgha-1)             (kgha-1)

                                     2002        2003      2002   2003    2002   2003   2002     2003     2002   2003     2002  2003        

	No N (No)
	4.1
	5.3
	25.5
	38.1
	16.5
	15.5
	5.6
	11.1
	21.0
	20.2
	4.8
	6.5

	Controlled –release urea (CRU)
	9.3
	12.4
	46.8
	58.6
	41.8
	46.7
	13.4
	21.3
	58.8
	63.1
	10.9
	13.9

	Urea super granuals (USG)
	8.5
	8.9
	47.3
	62.8
	40.8
	39.4
	14.9
	31.2
	53.5
	50.9
	11.1
	15.8

	Split- applied prilled urea with basal N (PUB)
	8.6
	10.5
	49.0
	63.6
	41.1
	40.6
	15.7
	32.0
	59.1
	51.7
	11.6
	17.6

	Split- applied prilled urea(PU)
	11.3
	9.0
	54.9
	67.2
	40.8
	37.4
	18.8
	29.1
	51.2
	48.6
	14.1
	17.8

	W means
	8.4
	9.2
	44.7
	58.1
	36.2
	35.9
	13.7
	24.9
	48.7
	46.9
	10.5
	14.3

	                                       LSD0.05

	Mean comparison 
	Crop Nuptake      Weed N uptake


	

	
	2002
	2003
	2002
	2003
	

	N means 
	3.4
	6.6
	2.6
	3.0
	

	W means 
	2.6
	5.1
	2.0
	2.3
	

	N xW means 
	5.9
	11.4
	4.4
	5.2
	


Singh et al. (2008)
Conclusion

Nutrient drains can be minimized by evolving site specific integrated weed management as long term options   which suitably fits in integrated crop management under rainfed condition.
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Table 1. Nutrient uptake (kg/ha) by sunflower and its associated weeds under different planting patterns and weed management practices at harvest.

Treatments                                                                                                                             Weed


             Sunflower

                                                                                                    _______________________________________________________________________________

                                                                                                              Nitrogen        Phosphorus      Potassium                Nitrogen        Phosphorus         Potassium

_________________________________________________________________________________________________________________________________

Planting patterns 



45 x 30 cm    

15.6

5.3

16.5

44.6

15.3

52.9


60 x 22.5 cm

19.1

6.8

21.9

41.9

14.2

51.1

LSD (P=0.05)

2.1

1.3

4.1

1.3

NS

NS


Weed management 

Unweeded check

43.2

15.3

44.6

22.4

6.2

36.5

Fluchloralin 1.0 kg/ha

15.8

5.7

18.9

48.4

16.8

50.5

Pendimethalin 1.0 kg/ha

14.4

5.6

18.5

49.7

17.7

59.5

Fluchloralin 0.5 kg+Pendimethalin 0.5 kg/ha

16.3

6.3

19.6

39.7

12.5

44.3

Fluchloralin 0.5 kg/ha + Pendimethalin 0.5 kg/ha+HW
6.9

1.9

7.4

46.4

14.8

52.9

HW twice

6.5

1.8

7.2

53.0

20.5

61.4

LSD (P=0.05)

4.4

2.8

8.3

2.4

4.4

6.2

NS-Not Significant 

Internet in Academics

 J.Sarkar

The Internet is a vast source of information. It connects billions of computers in the world belonging to diverse group of users and organizations. The World Wide Web also referred to as the Web, WWW or W3, is a network of Internet servers that use hypertext links to access Internet. WWW is a distributed heterogeneous collaborative multimedia information system.

When Google started indexed 25,000 web pages – today indexed billions. Each time it indexes the web it's grown by 10 to 25%. In Jan2010 Netcraft survey it is estimated that there are about 206,741,990 sites. The Internet is disorganized, volatile and dynamic. Web sites appear, disappear, move daily .Since It's like a library - the bigger the library, the more important the index, there is no bibliographic control, like ISBN, as in the print world and no central cataloging system of the Web’s holdings as the web grows.

Categories of Information on the Web

There are basically three categories of information on the web.

The Free visible Web

Most of the web sites are placed on the web which is indexed by search engines or directory.

The Free invisible Web

No Search engine knows every page published on net. Invisible web or deep web is the term used to describe all the information available on the World Wide Web that is not found by using general-purpose search engines. Since a large amount of useful data and information resides in the deep Web, search engines have begun exploring alternative methods to crawl the deep Web. Incywincy.com, completeplanet.com, 
turbo10.com, infomine.ucr.edu, lii.org are few invisible (deep) web pathfinder.
	Types of Invisible web
	Why it is Invisible

	Disconnected Pages
	Crawler can not reach to the pages

	Multimedia files
	Less or no text for crawler to index

	Files using various file format like pdf , Postscript, Flash, Executable, Compressed (Zip, Rar, tar etc)
	Technically indexable but some search engine as a policy dont index it.

	Dynamic generated pages
	customized conents 

	Real time contents
	Since information keep changing rapidly and huge.

	Database Contents
	Data stored in a local database.


Paid Databases over the web 

Many information placed on the web are commercial nature, they are not freely available instead you need to subscribe for accessing these information. Mostly they are password protected.

Resources on the net

With the advent of Internet, many traditional printed documents can be converted  in a digital format and it is possible to have it online. It is allowing many portals to publish and manage e-resources (Electronic resources) as a service. E-resources are  searchable, shareable, interactive, ease of publishing, and possibility to store multimedia documents. 

Free Books: gutenberg.org, authorama.com, bartleby.com, readprint.com, bartleby.com, eserver.org, digital.library.upenn.edu/books,                                           e-book.com.au/freebooks.htm

E Journals: doaj.org, sciencewatch.com, gort.ucsd.edu/newjour, openj-gate.com, arxiv.org, plos.org/index.php, biomedcentral.com/home, unesco.org/shs/shsdc/ , highwire.stanford.edu, freemedicaljournals.com/, strategian.com, cogprints.org, stu.findlaw.com/journals/index.html

Open Course ware (OCW), is a term applied to course materials created by universities and shared freely with the world via the internet.
MIT OpenCourseWare (MIT OCW) is an initiative of the Massachusetts Institute of Technology (MIT) to put all of the educational materials from its undergraduate- and graduate-level courses online, partly free and openly available to anyone, anywhere, by the end of the year 2007

OCW: ocw.tufts.edu, see.stanford.edu,  webcast.berkeley.edu, oyc.yale.edu,

Indian initiative: nptel.iitm.ac.in, egyankosh.ac.in, ncert.nic.in/textbooks/testing/Index.htm,  salisonline.org,  drtc.isibang.ac.in 

Gateways

There are two kinds of gateways: library gateways and portals.
Library gateways are collections of databases and informational sites, arranged by subject that have been assembled, reviewed and recommended by specialists, usually librarians. e.g academicinfo.net, digital-librarian.com, infomine.ucr.edu, infomine.ucr.edu, ipl.org, 

lii.org, vlib.org. Use it when you are looking for high quality information sites on the Web.

Subject-Specific Databases (sometimes called "Vortals")
Subject-specific databases, or vortals (i.e., "vertical portals") are databases devoted to a single subject, created by professors, researchers, experts, governmental agencies, business interests, and other subject specialists and/or individuals who have a deep interest in, and professional knowledge of, a particular field and have accumulated information and data about it. Use subject-specific databases when looking for information on a specific topic .e.g expedia.com, vos.ucsb.edu, webmd.com, jumbo.com. 

A web portal, also known as a links page, presents information from diverse sources in a unified way
osti.gov/eprints: E-prints are scholarly and professional works electronically produced and shared by researchers with the intent of communicating research findings to colleagues.
www.intute.ac.uk, Intute is a free online service providing access to the very best web resources for education and research. All material is evaluated and selected by a network of subject specialists to create the Intute database.
www.jstor.org: : JSTOR is a not–for–profit organization dedicated to helping the scholarly community discover, use, and build upon a wide range of intellectual content in a trusted digital archive.

Search Engines and Subject directories

Search Engine are Search Directory are two basic tools available for web searcher.

Subject Directories

Are like table of contents in the front of book. Built by human selection not by computers or robot. Organized into subject  categories, classification of pages by subject. Subject not standardized and varies according to the scope of each directory. Often carefully evaluated. NEVER contain full text of the web pages they link to home pages only.

Useful Directory on Internet

www.About.com:  is written by "Guides" who, themselves, often are experts in the sections they manage. Sometimes they write excellent overviews of a topic. 

bubl.ac.uk  BUBL uses the Dewey Decimal Classification system as the primary organization structure for its catalogue of Internet resources 
biology-online.org/directory/: Life & Earth Sciences Directory.
agriscape.com: Agriculture industry directory with links to companies, universities, publications, weather, and news.

dmoz.com The Open Directory Project is the largest, most comprehensive human-edited directory of the Web. It is constructed and maintained by a vast, global community of volunteer editors. To find information related to plant physiology click in sequence of Top: Science: Biology: Botany: Plant Physiology.  One of the larger directory databases,   Newer than Yahoo! and seems to have fewer dead links,  Run by a large group of volunteer editors

Yahoo.com ; Yahoo(Yet Another Hierarchical Officious Oracle) actually a directory and web portal. Overtime yahoo directory has become less important.  You can use Yahoo search ( search.yahoo.com )  facility but search results provided may not be from yahoo, it might be Inktomi or Google.

	Example for use of search engines
	Example for use of Subject Directory

	Use Search engine when you have to search specific topic.
	Use directory to search the internet when you are searching broad topic

	Americans With Disabilities Act 
Battle of Appomattox
Mars Pathfinder 
Charles Dickens
	Disabilities 
Civil War 
Space exploration
 British literature


Search Engines 

Are like the Index in the back of the book. Built by computer program (“spider”), –not by human selection.  NOT organized by subject categories – all pages are ranked by computer algorithm. Contain full text (every word) of the web pages they link to. Huge often retrieve lots of information. Google retrieves ~500 million web pages for word tree. 

The Spider crawls the web to find information and used by another program (Indexer) to create an index that can be searched which is being searched by query engine. Google spider is named as GoogleBot which crawls the web site once a month and any update within month is crawled by FreshBot. 

There are two categories of search engines: 

1. Individual.  Individual search engines compile their own searchable databases on the web.

2. Meta.   Metasearchers do not compile databases. Instead, they search the databases of multiple sets of individual engines simultaneously 

The following factors influence the search results

1. The frequency of update.

2. Search capabilities

3. Search speed 

4. Design of search interface

Types of Search Engine

Global Search Engine: It reads pages from all over the world in many languages Google.com, Altavista.com, alltheweb.com, gigablast.com,.,kartoo.com. bing.com

Regional limited to particular geographical locations: Limited to particular geographical locations, 123india.com, indiamart.com, indiabook.com, guruji.com, philb.com/countryse.htm (Country based Search Engine), searchindia.com, surfindia.com

Hindi Search engines: raftaar.com, khoj.com, hindi.co.in, yanthram.com/

Reference: britannica.com, wikipedia.com ( Wiki`s) , yourdictionary.com , ratlab.co.uk , who2.com, bartleby.com,   webteka.com, howstuffworks.com, infoplease.com, onelook.com, newseum.org/, timeanddate.com

Special Search engine

archive.org The Internet Archive is working to prevent the Internet - a new medium with major historical significance - and other "born-digital" materials from disappearing into the past.

Jobs: Monster.com, naukri.com
Agriculture agrisurf.com, agnic.org, agricola.nal.usda.gov, agview.com, csrees.usda.gov, agecon.lib.umn.edu/, insectclopedia.com/
Science & Engineering : articlesciences.inist.fr, cos.com, citeseer.ist.psu.edu (digital library), ojose.com, sciseek.com, ChemFinder.Com, emolecules.com (Chemistry Search Engine) , worldwidescience.org,scicentral.com, chemweb.com, solvdb.ncms.org, isihighlycited.com
Geo Sciences: oddens.geog.uu.nl,  geointeractive.co.uk, geotags.com, geology.com, ngdc.noaa.gov/hazard/volcano.shtml
Humanities and Social Issue: www.multcolib.org/homework/sochc.html, apa.org/topics, websophia.com/gateway,  sociosite.net/index.php
Bio Search: www.botany.net/IDB, biolinks.net.ru  biologybrowser.com ,  bioone.org/, nbii.gov (National Biological Information Infrastructure), biomedcentral.com
Social  Science: socioweb.com, sosig.ac.uk

Economics: ese.rfe.org

Sanskrit: http://sanskritdocuments.org/dict/ (dictionary)

Translation: translate.google.com/#, systran.co.uk, .freetranslation.com, babelfish.yahoo.com

Hindi: hinkhoj.com, kavitakosh.org, shabdkosh.com.

Meta Search Tools

Measearch  engines allows the user to search multiple databases simultaneously, via a single interface. Metasearch engines can give you a fair picture of what's available across the Web and where it can be found. Metasearchers are very fast.  Use metasearchers when you are in a hurry. Popular multi-threaded search engines include:

Metacrwaler ( "http://www.metacrawler.com" )

Ixquick (http://www.ixquick.com)

Surfwax (http://www.surfwax.com)

Mamma: (http://www. mamma.com)

Vivisimo ("http://www.vivisimo.com, clusty.com) (Clustered results)

Grokker: "http://grokker.com/" Explore a web of your topic and subtopics (Yahoo results)

The idea of meta search engine is much better than the reality in most cases. They cannot be better than the database query. For complex search meta search engine will not work, need to know rules of the search engine. Most do not search Google.

Natural Language search

A question is typed into the question box; possible alternative statements of the question are then given, followed by links for possible answers e.g. "http://www.ask.com merged with teoma. 

Google Q&A service

Google Q&A is a fun answer feature built directly into the Google.com web search. It answers certain questions right above the search result, so there's no need for you to visit a web page – the answers themselves are extracted from web pages. 

who is the prime minister of India 

India population

who is bill gates wife

who is obama wife

Albert Einstein birthday

Washigton birth place

Where is the Eiffel tower

where is the nile

3.2.3 Find Information

In google type time sydney, or what is time in paris will search time in sydney and paris. italy weather will search for weather in Italy.

Compare currency

1USD in INR or 1lira in INR will convert currency to respective units.

Unit Conversion

10.5 cm in inches

Map

India map

Google Bombing 

A  google bomb or Google wash is an attempt to influence the ranking of a given site in results returned by the search engine.  Due to the way that Google's PageRank algorithm works, a website will be ranked higher if the sites that link to that page all use consistent anchor text. 

"arabian gulf"  The Gulf You Are Looking For Does Not Exist. Try Persian Gulf.

french military victories: Did you mean: french military defeats . Your search - french military victories - did not match any documents.

Some unscrupulous website operators have adapted google bombing techniques to spamdexing. Spamdexing or search engine spamming is the practice of deliberately and dishonestly modifying HTML pages to increase the chance of them being placed close to the beginning and effect the search result.

Web site evaluation

Anybody can publish anything on the Web.  There are no editors and no central authorities.  

The information you get may be good, bad or ugly. You should ask question before using the information. 

Before you rely on information, you should:

Determine its origin. Who wrote the pages? 

Discover the author. Is there a way to contact him/her? Is he an authority on the subject? Is the author an expert?

Ascertain the publisher's credentials. Discover Web site ownership by checking the domain registration record. use easywhois.com to find owner of the website.
Discover the date of the writing. This gives the information historical context. When was last updated.

Can it be verified in an encyclopedia? Find another reputable source that provides similar information. 

Where does the information come from? What are the author’s sources? Are the sources listed? Are they reputable sources?

Need for academic Search Engine and Directories

 Aside from tremendous growth, the Web has also become increasingly commercial over time. This sometimes causes difficulties in finding academic or scientific results  when terms with the same name (but different meaning) are also used in commercial jargon. (e.g dolly it is clone ship as well may be singer dolly)

When searching for information with key words coinciding with popular Internet forum You are going to get technical and analytical information at last.

Google bombing is still a issue in searching google.

Reed- Elsevier Inc was the first to detect that there was a new need for academic information on the Web, and created free search engine named "http://www.scirus.com. The focus of Scirus is  on indexing free scientific scholarly  information, it links directly to Science Direct articles.
Google came with Google Scholar (scholar.google.com )

ONLINE ACADEMIC DATABASES

Proquest:  ProQuest.com provides abstracts and full text of articles in a wide range of subjects. ProQuest is an aggregator, a depository of, among other things, already published periodical articles.  It searches its own bank of articles (from newspapers, magazines, trade magazines, academic journals, etc). ProQuest also indexes dissertations, book excerpts and others. 

worldcat.org  WorldCat:  is the world's largest network of library content and services. You can search popular books and many new kinds of digital contents like downloadable audio books, article citation, authoritative research materials. Sign in to specify India as your local institution. 
Web of Science is an online academic service provided by Thomson Reuters. It provides access to seven databases: Science Citation Index (SCI), Social Sciences Citation Index (SSCI), Arts & Humanities Citation Index (A&HCI), Index Chemicus, Current Chemical Reactions,Conference Proceedings Citation Index: Science and Conference Proceedings Citation Index: Social Science and Humanities. Its databases cover almost 10,000 leading journals of science, technology, social sciences, arts, and humanities and over 100,000 book-based and journal conference proceedings.
Research Centers and Databases 

The majority of the content of the invisible Web is databases. Databases are not accessible to ordinary search engines. 

ebi.ac.uk: Worlds most comprehensive range of molecular databases.

ensembl.org/index.html The Ensembl project produces genome databases for vertebrates and other eukaryotic species, and makes this information freely available online.

ice.ucdavis.edu (geospatial data and technologies ), iucnredlist.org (Red List of Threatened species), ncbi.nlm.nih.gov, biochemweb.org/databases.shtml,  scicentral.com/Y-databa.html (Scientific databases), 

soils.usda.gov: Soils is part of the National Cooperative Soil Survey, an effort of Federal and State agencies, universities, and professional societies to deliver science-based soil information.

www.isric.org/:  World Soil Information.
Search Strategy

Regardless of the search tool being used, the development of an effective search strategy is essential if you hope to obtain satisfactory results. Most search engines index every word of a document, this method increase the number of search results retrieved while decreasing the relevance of theses results. Most engines allow you to type in a few words, and then search for occurrences of these words in their database. Each one has their own way of deciding what to do about approximate spellings, plural variations, and truncation. It's a good idea to use multiple search terms to narrow your search, but if you use too many terms, Google ignores them. Google only pays attention to the first 32 words of a query, and ignores the rest.

Search Logic

Search logic refers to the way in which you are using combine your search term. For example Banaras Hindu University could be interpreted as a search for any of the three search terms. Depending on the logic applied, the results of the three searches would differ greatly. All search engines have default method. grammar doesn't count in Google searches,

Boolean logic,
The basic Boolean operator are AND, OR, NOT. Variations on this operator are called proximity operators that are supported by search engine ADJACENT, NEAR, FOLLOWED BY.

Boolean AND
The Boolean AND actually narrows your search by retrieving only documents that contain every one of the keywords you enter. The more terms you enter, the narrower your search becomes.
 ecology  AND environment 

In Google, there is no need to include “AND” between terms, it automatically add it. Of course the orders in which the terms are typed affect the results.

Boolean OR

OR is used to search synonyms terms. It can also be typed as |   (Note:  The OR has to be capitalized). 

naval OR sea OR maritime OR marine

battle OR conflict OR combat OR action 

"banaras hindu university | "kashi hindu vishwavidyalaya"

Use of Parenthesis

Use of parentheses in the search is known as forcing the order of processing. In this case, we surround the OR words with parentheses so that the search engine will process the two related terms first. Next, the search engine will combine this result with the last part of the search that involves the second concept. Using this method, we are assured that the semantically-related OR terms are kept together as a logical unit.

(popular OR common OR favorite)
(method* OR way* OR technique*)
(“global warming OR “greenhouse effect”) AND “sea level”

Boolean AND NOT

This operator tells the search engine to exclude the web page from search result if they contain the word. In some search engine it is called ANDNOT, in some you enter NOT operator.

“biomedical engineering” AND cancer AND NOT “Department of” AND NOT “School of”

film NOT photography

Proximity Operator (NEAR)

A type of operator used by some search engines to improve search constraints by instructing the search to look for words that are within a short distance of each other in a document . If  are looking for information on the inventor Thomas Alva Edison, Google doesn't support the Boolean NEAR syntax while Altavista and Lycos does support.
“Thomas Alva Edison" OR "Thomas A. Edison" OR "Thomas Edison"
Thomas NEAR Edison

How near is NEAR? That depends. In AltaVista the words used to be less than 10 words apart.

dogs near/3 cats 

Finds documents in which dog and cat occur within three words of each other, in either order."

Searching with Implied Boolean Logic - Search Engine Maths

Using the + Symbol to Add

use a '+' immediately in front of any word you want to require to be in the document. This is the Boolean equivalent of AND

+banaras +hindu +university

Only pages contain all the words would appear in your results.

Google ignores common words and characters such as where and how as well as certain digits and single letters because they tend to slow down search without improving results. Included common words are displayed below the search box. If common words are essential include + sign front of it.

star war episode +I

Using the – Symbol to subtract

If your search term has more than one meaning (bass, for example, could refer to fishing or music)  , you can focus your search by putting a minus sign ("-") in front of words related to the meaning you want to avoid. Stem cell experiments but not legislation related to those experiments might be constructed as: "stems cells" experiments OR studies -legislation -laws 

internet marketing –advertising rice –university gandhi -indira

 "madan mohan malaviya" biography -site:com you will get lot of material about founder of BHU Pandit Madan Mohan Malaviya not from com domain..

Using quotation Marks to Multiply

By default, Google searches for all words placed in the search box (the connector AND is assumed between words).  To help you sort through results, Google assumes that phrases which contain your words are more important, and so displays results with phrases near the top of the list.  However, to avoid irrelevant results, quotations marks should be used to search for phrases, that is, things like proper names, famous phrases or quotations, and concepts.  The phrase can also be used in combination with '+' (to require it be in the document) or with '-' (to exclude those document can contain it).

+world +health +organization

may not guarantee the nearness of the two words instead 

“world health organization” 

In capital initial letter will cause the terms to be searched as a phrase “World Health Organization”

"stem cells" experiments OR studies
If you want to include stop-words in your search either use + sign just before the word or put the word within quotes e.g.

“to be not to be”

Google uses stem technology automatically. if you typed wish*, your hits would include wishes, wishing, wished, wishful, etc.  

Phrase search are particularly effective if you are searching for proper names (“Madan Mohan Malaviya”).

Wild Cards
To find a word within a certain number of words from another word, use the asterisk (*)  which should in quoted phrase with a limit of 10 search term.  To find the word “bush” within two words of

“iraq” type “bush ** iraq”.

Let Google “fill in the blank” to find information you need, e.g., "madan mohan malaviya was born in *"

"there are * types of snakes in india" will give you reply to your query, anything that can be scientifically classified can be searched for with this query.

Similar Words and Synonyms

The synonym finder "~" (tilde) will sometime include singular plural and other grammatical variants also. For example ~physicians retrieves results with “physicians,” “doctors,” “medical,” etc.

castle~glossary  glossaries about castles, dictionaries, lists of terms, terminology, etc.

Numrange searches for results containing numbers in a given range. Just add two numbers, separated by two periods, with no spaces, into the search box along with your search terms. You can use Numrange to set ranges for everything from dates Climate change 2000..2007 to weights ( 5000..10000 kg truck).

Google define operator search for word definitions: Foe example define:epa may result in environmental protection agency and many other results.

Use of Hyphen (-)
Put a hyphen between two or more words to pick up the two words, the words hyphenated, or the words together without a space or hyphen, e.g., a search for health-care picks up

health care, health-care, and healthcare

Field Search The main fields that can be accessed in field searching are:

Searching web page title
Google two methods of search by title,  intitle operator  and allintitle operator. Only first keyword in intitle will search for keyword in the title, wheras allintitle will search all the keyword entered after it, in the title of the web page. . You want to find information about George Washington and his wife Martha you try this 

+intitle:” George Washington” +President +Martha

allintitle:genetically modified crops  will search for all the terms in the title of web page.


Site Specific Search: site: 
Limiting your search results to a specific site or a type of site on the public web is a useful strategy to control the quality of your results or when you know a site that is likely to have what you need.  For example, most academic researchers do not care to include results from commercial sites (.com) in their general web searches.  The most useful sites for academic research are those with domains of .edu, .gov, and .org (and sometimes .com for publishers web sites) , .in for india as well as .ac.in for academic institution in India.

"sustainable farming" OR "sustainable agriculture" site:.edu
 If you include site: in your query, Google will restrict your search results to the site or domain you specify. For example admissions +site:www.lse.ac.uk will show admissions information from London School of Economics’ site.

"green algae" professor site:in will return results professors who are working for  green algae in Indian domain (in).

Image search:  images.google.com type site:uk "ornamental tree" will return images of all  ornamental tree in United kingdom. It helps in visually exploring the site.

site:com job scientist will return jobs related to scientist.

Specific Document Types:
Limiting your search to a specific file type also helps to focus your results to scholarly resources.  When you suspect that your information may appear in a certain format, such as PowerPoint presentations or .PDF documents, using Google's file type limit function is very helpful.. 

"tropical ecology"  filetype:ppt

"biodegradable polymers" site:com filetype:pdf
Searching Web address
Because the address of the web site and name of the folder are mostly describe the conents , it is some time useful to search for web address using URL, most search engine allow you to search url , Google has two operator inurl:, which searches first  keyword , whereas allinurl: restricts results to those containing all the query terms you specify. For example,   inurl:flower will return all web pages which contain keyword flower in it, and allinurl:flower  desert will search for both the word flower and desert in url.

Similarly allinurl:+google +faq will return only documents that contain the words “google” and “faq” in the URL, such as “www.google.com/help/faq.html”.

Link Searching 
If you have a web page and would like to know who is linking to it, or if you would like to see who is linking to a particular page of interest, you may choose a LINK search.

For instance, [link:www.google.com] will list webpages that have links pointing to the Google homepage. Note there can be no space between the "link:" and the web page url.

Dead Search Engine

AlltheWeb [Switched to Yahoo! database in March 2004]
AltaVista, which means "a view from above, [Switched to Yahoo! database in March 2004]

InvisibleWeb.com [a hidden Web directory, defunct by 2003]

Lycos [Switched to Yahoo!/Inktomi database in April 2004 and Ask Jeeves in 2005.]

Teoma [Dead, technology bought and now used by Ask.com]
COMPARISON OF SEARCH ENGINE

	Command
	Implementation
	Supported by

	Must Include Term
	+
	All

	Must Exclude Term
	-
	All

	Must Include Phrase
	“ “
	All

	Match  Any Terms
	OR  (all Caps)
	Altavista, Ask Jeeves,Google, Toma, Yahoo, Alltheweb

	
	title:
	Altavista, Alltheweb

	
	Intitle:
	Google, Teoma

	
	allintitle:
	Google

	
	host:
	Altavista

	
	Site:
	Google

	
	url.host:
	Alltheweb

	
	url:
	Altavista

	
	allinurl:
	Google

	Link Search
	link:
	Google, Altavista

	
	*
	Altavista, yahoo

	
	none
	Google, Alltheweb

	Page Translation 
	
	Altavista, Google

	Search by language
	
	Altavista, Alltheweb, Google

	Date Range
	
	Altavista, Googl,Yahoo

	Or
	OR
	Altavista, Google, Lycos

	
	AND
	Altavista

	
	none
	Google, Alltheweb

	
	NOT
	Excite

	
	AND NOT
	Altavista

	
	(   )
	Altavista, Excite, AOL, About

	
	None
	Alltheweb, Google, Lycos

	
	NEAR
	Altavista (10 Words), Lycos (25 Words)

	
	None
	Google, Alltheweb, Looksmart

	File type Searches
	
	Alltheweb, Altavista, Google,Temoma


.
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Geomedicine – with special reference to iodine deficiency
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Geomedicine may be defined as the science dealing with environmental factors, which influence the geographical distribution of nutritional and pathological problems relating to human and animal health (Lag, 1994). Geo-medicine, however, is not new concepts. Hippocrates and Plinius the Elder wrote the first records on the relationship between geo-chemistry and geo-medecine. Marco Polo described health problems in humans and animals in China, the symptoms of which later identified as selenium deficiency (Lag, 1986). In addition iodine deficiency in man was already recognized at that time as a disease caused and associated to a geo-chemical deficiency (Crounse et al, 1983). The first clear geo-medical evidence was established by the French chemist Chatin in 1851(Beeson and Matrone, 1976), who linked prevalence of goiter in the Alps to deficiency of iodine environment.
Human health status is to a large extent conditioned by the intake of mineral elements in the daily diet, through drinking water, and by inhalation of dust. These elements include, on the one hand, macro and micronutrients which are essential in human nutrition and lead to health problems if they are deficient in body and on the other hand, elements which are toxic to the human organism. Since about 98% of the human food is produced on the land, soil is a primary source of these elements, which get into the human food chain via plants that absorb them from the soil and are consumed directly as vegetative material or indirectly as animal products (meat, egg, milk etc.) via animals using the vegetation as fodder. Intake of micronutrients from dinking water represents only a small fraction (less than 10%) of the total intake.

Macro nutrients available in the soil comprise calcium, potassium, phosphorus, magnesium, sodium, chlorine, sulphur and nitrogen. Essential microelements for human health include chromium, fluorine, iron, iodine, copper, manganese, molybdenum, selenium and zinc. Microelements that are toxic above certain concentrations are aluminum, arsenic, cadmium, lead, mercury and tin.

Agriculture provides the nutrients essential for human life. If agriculture fails to produce adequate amounts of food containing enough nutrients in balance to meet human needs, health will deteriorate, livelihoods will diminish, national morbidity and mortality rates will rise, development will stagnate or decline, discontent and civil unrest will swell. Political upheaval will ensure and human suffering will dramatically increase. Therefore, it is imperative that the world’s agricultural institutions understand that the nutritional health of humans globally is largely dependent on the nutrient outputs that agricultural systems produce. Such a view must be reached if we are to reduce malnutrition around the world and prevent much human suffering resulting from the ever increasing demand on our food systems for nutrient resources brought on by the increasing population pressure.

Even though micronutrients are needed in minute quantities (i.e., micrograms to milligrams per day), they have tremendous impact on human health and well being. Insufficient dietary intakes of these nutrients impair the functions of the brain, the immune and reproductive systems and energy metabolism. These deficiencies result in learning disabilities, reduced work capacity, serious illness and death. Micronutrient malnutrition (particularly iron, zinc and iodine) is a serious global affliction that limits the work capacity of people and seriously hinders economic development.

There are a number of ways in which the micronutrient density  of the crop plants can be increased to solve the problems of malnutrition, viz varietals selection & plant breeding, molecular-genetic crop transformation (GM crops), fertilizer and organic amendments (for fortification) use.

Fertilizer technology and use are widely understood and appreciated in modern agriculture. It is a major vehicle for change in plant mineral content and food quality. The density of several micronutrients can usefully enhanced by application of the appropriate mineral forms: zinc, iodine, copper, nickel. On the other hand, organic amendments, especially FYM, sea weeds increase the concentration of many nutrients and can be seen to enhance the nutritional value and nutrient balance of plant foods.

Iodine, one of the most important essential nutrient elements for human health and at presently, is of much interest in nutritional research. It is an essential component of the thyroid hormones; thyroxin and triiodothyronin are iodinated molecules of the amino acid tyrosine. The thyroid hormone regulate a variety of important physiological process in human body viz. promotes protein synthesis, regulates energy conversion, preserves the composition of central nervous system, and maintains normal metabolism. Deficiency of iodine in human diet leads to visible and invisible spectrum of health consequences collectively called iodine deficiency disorders (IDD) (Liao, 1992). Its major manifestations are goitre (enlargement of thyroid gland), mental defects, deaf mutism, stillbirth and miscarriages, weakness and paralysis of muscles as well as lesser degree of physical and mental dysfunction (Hetzel, 1983, 87 and 97). To prevent its negative manifestations iodine either have to be incorporated in the daily intake of individual (50-200 µg I day-1) or to be fortified in agricultural crops specially vegetables and leafy vegetables (Dai et al., 2004, 06; Hong et al., 2009; Huanxin et al., 2003). To prevent and control IDD, iodized salt has been commonly used most economically practical method for supplementing iodine to human needs. Salt is iodized by the addition of fixed amounts of potassium iodide or iodate, as either dry solid or an aqueous solution. However, iodized salt as a daily supplement have some problems. The inorganic iodine is too volatile to be measured and thus difficult to evaluate its validity to the diet (Longvah and Deosthale 1998). Loss of iodine from iodized salt is mainly due to exposure to humidity and sunlight and also upon short term heating (dry and in solution) as may be encountered in cooking and during this the losses can be account 30-98% (Diosady et al. 1998; Biber et al. 2002; Wang et al. 1999 and Das Gupta et al. 2008).
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1.0 Introduction

The small scale industries (SSI) constitute an important segment of the Indian economy in terms of their contribution to the country’s industrial production, exports, employment and creation of an entrepreneurial base. The Government established the Ministry of  Small Scale Industries and Agro and Rural Industries (SSI & ARI) in October, 1999 as the nodal Ministry for formulation of policies and Central sector programmes /schemes, their implementation and related co-ordination, to supplement the efforts of the States for promotion and development of these industries in India. The Ministry of SSI & ARI was bifurcated into two separate Ministries, namely, Ministry of Small Scale Industries and Ministry of Agro and Rural Industries in September, 2001.

1.1
What are Micro, Small & Medium Enterprises ??

· In accordance with the provision of Micro, Small & Medium Enterprises Development (MSMED) Act, 2006 the Micro, Small and Medium Enterprises (MSME) are classified in two Classes:

(a) Manufacturing Enterprises- The enterprises engaged in the manufacture or production of goods pertaining to any industry specified in the first schedule to the industries (Development and regulation) Act, 1951). The Manufacturing Enterprise are defined in terms of investment in Plant & Machinery.
(b) Service Enterprises: The enterprises engaged in providing or rendering of services and are defined in terms of investment in equipment. 

2.0
CLASSIFICATION OF MSME WITHIN THE PRIORITY SECTOR

· The Micro and Small Enterprises (manufacturing and service) will be Classified under Priority Sector.

· The Micro and Small (Service) enterprises shall include Small Road and Water Transport Operator, Small Business, Professional and Self-employed Persons and all other service enterprises. Retail Trade will not be classified under Micro and Small enterprises (service sector).

· Small Road and Water Transport Operator (SRWTO),  Small Business, Professional and Self Employed Persons (PSEP) will be classified as per the original cost of equipments either under Micro or Small Enterprises (service) sector instead of earlier classification/ definition of 10 vehicles incase of SRWTO and working capital and /or Term loan limits incase of Small Business/Professional and Self employed persons. 

· If the following Storage Units, registered as SSI Unit/Micro or Small Enterprises, the loans granted  to such units may be classified as Small Enterprises Sector :   “Loans for construction and running of storage facilities(warehouse,market yards, godowns and silos), including Cold Storage Units designed to store agriculture produce/ products, irrespective of  location”.
· Lending to Medium Enterprises will not be included under Priority Sector.
The limit for investment in plant and machinery / equipment for manufacturing / service enterprises
	Manufacturing Sector 

	S. No. 
	Enterprises 
	Investment in plant & machinery 

	1. 
	Micro enterprises 
	Does not exceed twenty five lakh rupees 

	2. 
	Small enterprises 
	More than twenty five lakh rupees but does
not exceed five crore rupees 

	3. 
	Medium enterprises 
	More than five crore rupees but does not
exceed ten crore rupees 

	Service Sector 

	1. 
	Micro enterprises 
	Does not exceed ten lakh rupees 

	2. 
	Small enterprises 
	More than ten lakh rupees but does not
exceed two crore rupees 

	3. 
	Medium enterprises 
	More than two crore rupees but does not
exceed five core rupees 


3.0
Constraints

· Supply of raw materials regarding quantity and quality 

· Lack in spending on advertisement

· Deeply hindered by Power supply and frequent power cuts

· Technology up gradation

· Lack of Infrastructure

· Lack of Management Skill

· Lack of Knowledge

· Poor Marketing Skill

4.0
Success Story

· Indian carpet industry –Bhadohi [Uttar Pradesh]

· Varanasi’s Silk Sari Industry

· Leather Industry “AGARA”

· West Bengal’s Jute Industry

· Reliance Industry

· Bharti Enterprises

· Hariyali Kisaan Bazaar– DSCL Corporation

· Project Shakti – Hindustan Unilever Limited

· E-Choupal – ITC Limited

· Biostadt Aastha Clinics – Biostadt India Ltd.

5.0
Impact of Entrepreneurial Initiatives on Rural India

· Farmers get agri-inputs at competitive rates and have range of products to choose from

·  Increasing rural bank aid (loans) helps improve the purchasing capability of farmers

· Farmers avail of the services of agronomists to improve their farming practices, thereby impacting on their final produce

·  Farmers get a better price for their products and avoid middlemen

6.0
Conclusion

· There is pressing need to have simple harmonize system to define Micro/SSI/MSI/Cottage Industries and they should have incubators mode to address all activities under one umbrella for focused growth.

· The economy is displaying alarming symptoms of overheating. This implies that demand is outpacing supply and hence the pace of growth looks unsustainable, unless certain long-term socio-economic measures are planned and implemented in the areas of 

· Ramping-up infrastructure (esp. education)

· Improving public services (esp. education)

· Addressing skill shortages

· Rationalizing labor laws

· To re-energize Agribusiness in India:

· Diversification from monotonous cereal based crop to Non-conventional crops like aromatic, medicinal, exotic fruits, floriculture.

· Saturating rural India with versatile and diversified cocktail of agriprenural activities

·  All various ministries to be merged under one and to be linked with Agriculture and Industries, Accreditation body has to accept GAP/GLP/IPR

· Government to come forward with some protection polices against Multinational companies

· More Subsidies to be siphoned in rural India

· Private Public  Partnership mode has to be propagated like Parag and Amul model

· Special drive of Credit Guarantee Scheme of NABARD to be linked with RRBs

· VA in rural setting not only by transformation (it is limited in rural India) rather Grading and sorting of produce, cleaning of produce and most importantly forming Farmers Interest Group (FIG) in order to assemble large quantity of produce at one place for VA by enhanced bargaining.

ECO-FRIENDLY FERTILIZATION IN RAIN-FED AREAS FOR FOOD SECURITY
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Banaras Hindu University


Fertilization has played a vital role in bringing about green revolution in India along with high yielding dwarf cereal varieties and remarkable enhancement in irrigated area during 1960-90. However, a number of reports have now started pointing out towards the ill effects of use of chemical fertilizers. Many organizations have even advocated a complete shift to organic farming. It becomes therefore pertinent to review the current status of use of chemical fertilizers in India vis-à-vis their use in other parts of globe, the requirement of food grains in India and world, the projections about addition and removal of nutrient elements and the results of long term field experiments being carried out to assess the impact of chemical fertilization on soil health.


It is a well known fact that population of India which was mere 0.36 billion in 1950 is estimated to touch 1.5 billion mark in 2025 and 1.80 billion in 2050. Thus, it is likely to register a five fold increase in hundred years as compared to less than two fold increase in developed countries. This alarming increase in population will require an equally fast enhancement in our food grain production from continuously shrinking agricultural land. If we see our resources and liabilities, the pressure on agricultural land is bound to go up. With only 4% (1/25) of world’s fresh water resources and 2.3% (1/44) of land, India has to support 17% (1/6) of world’s human population and 11% (1/9) of world’s livestock. Though, we have achieved so far 4.5 times increase in food production, 6 times increase in horticultural crops, 9 times increase in fish production and 27 times increase in egg production, the challenges ahead are even bigger. The country will require more than 400 tons of food grains in 2050 and with the present growth rate we would be no where near to that. We are stagnating near 210 M tons since last about 10 years. Further, non agricultural use of land which was 16.48 M ha in 1970 has already risen to 24.72 M ha in 2004 and it is likely to increase dramatically in years to come. India unfortunately has no possibility to enhance area of cultivation. Thus, the only option is to increase productivity by using modern technologies including soil test based fertilizer application. 


Use of chemical fertilizers has contributed to the tune of 40-60% in production of food grains from different cropping sequences. However, the imbalanced use of fertilizers may also lead to decline in crop yield and soil health. The major issues of soil health that need to be addressed are:

1. Physical degradation caused by compaction, crusting etc., by excessive cultivation or puddling, soil erosion
2. Chemical degradation caused by: 
· Wide nutrient gap between nutrient demand and supply
· High nutrient turn over in soil-plant system coupled with low and imbalanced fertilizer use
· Emerging deficiencies of secondary and micro nutrients
· Poor nutrient use efficiency
· Insufficient input of organic sources because of other competitive uses
· Acidification and aluminum toxicity in acid soils
· Salinity and alkalinity in soils
· Irrigation induced water-logging

3. Biological degradation due to organic matter depletion and loss of soil fauna and flora
      4.  Soil pollution from industrial wastes, excessive use of pesticides and heavy metal      

           contamination

An estimate points out that about 75% of total soil degradation (220.61 Mha) in India is caused by soil erosion. Therefore, in spite of the large scale efforts of Govt. of India to check soil erosion, it continues to be our prime concern. Erosion causes an annual soil loss of 6000 Mt in the country. Thus, one ha of eroded land may loose on an average 163 tons of precious top soil per year. This results in nutrient loss of 5.6-8.4 Mt and loss in food production may be around 30-40 Mt per year. The nation thus suffers a loss in food production of about 11560 crore and loss in nutrients due to erosion may amount to 6250 crore.


All the above mentioned factors have collectively caused multi nutrient deficiencies in India. The table given below shows the extent of deficiencies of nutrients in India:

	N
	Low in 228, medium in 118, high in 18 districts

	P
	Low in 170, medium in 184, high in 17 districts

	K
	Low in 47, medium in 192, high in 122 districts

	S
	Deficiency scattered in 100-120 districts

	Mg
	Kerala, other southern states, very acid soils

	Zn
	50% of 150,000 soil samples analyzed were found deficient

	Fe
	Deficiency in upland calcareous soil for rice, groundnut, sugarcane

	B
	Parts of Bihar, Orissa, W.B., N.E., Karnataka


The nutrient consumption in India compared to some other countries clearly points out that there is lot of scope to encourage use of higher doses of fertilizers in the country. However, the current ratio of use of NPK fertilizers is not as per the recommended norms.  

	Continent 
Country
	N+P2O5+K2O =  Total (per hectare)
	N : P2O5 : K2O

	Average yield of cereals (t/ha)

	Asia

	     China
	184+73+44=301
	4.2 : 1.7 : 1
	5.23

	     India
	75+31+14=120
	5.3 : 2.2 : 1
	2.49

	Europe

	     France
	112+30+37=179
	3.0 : 0.8 : 1
	7.00

	     Germany
	147+23+35=205
	4.2 : 0.6 : 1
	6.72

	     Netherlands
	407+55+204=466
	2.0 : 0.3 : 1
	8.28

	     U.K.
	185+42+60=287
	3.1 : 0.7 : 1
	7.20

	N. America

	     Canada
	34+13+6=53
	5.4 : 2.1 : 1
	3.20

	     U.S.A.
	88+36+37=161
	2.4 : 1.0 : 1
	6.48

	Africa

	     Egypt
	544+73+7=624
	77.7 : 10.4 : 1
	7.56

	Oceania

	     Australia
	19+23+5=4.7
	3.5 : 4.2 : 1
	2.00

	     New Zealand
	124+139+46=309
	2.7 : 3.0 : 1 
	6.67

	World Average
	63+26+20=109
	32 : 1.3 : 1
	3.35


The crop response to applied NPK fertilizers (kg of food grains/kg of nutrients) which used to be about 12 in sixties, has been dropping gradually over the years, and  has reached a low of about 5 at present. The projected plant nutrient (NPK) addition and removal in India shows that there will be a gap of about 7.86 Mt in 2020. This could only be met by using all possible organic sources in conjunction with chemical fertilizers. Therefore, the only option in future will be extensive use of integrated nutrient management. The benefits of INM in enhancing productivity and enriching soil health are well known. The following table clearly shows that when FYM was added along with recommended doses of NPK, there was greater build up of soil organic carbon. This will also result in higher fertilizer use efficiency which at present is only 40-45% in irrigated areas and less than 35% in rain fed areas.  

Integrated approach for build up of SOC

	Cropping system, location, soil
	Initial SOC (%)
	SOC (%)

	
	
	Control
	NPK
	NPK+ FYM

	Rice-rice, Bhubneshwar,
Inceptisol
	0.27
	0.41
	0.59
	0.76

	Rice-wheat, Pantnagar, Mollisol
	1.48
	0.50
	0.95
	1.51

	Rice-wheat, Faizabad, Inceptisol
	0.37
	0.19
	0.40
	0.50

	Rice-wheat-jute,
Barrackpore, Inceptisol
	0.71
	0.42
	0.45
	0.52

	Rice-wheat-cowpea,
Pantnagar, Mollisol
	1.48
	0.60
	0.90
	1.44

	Maize-wheat
Palampur, Alfisol
	0.79
	0.62
	0.83
	1.20

	Fallow-rice-wheat,
Karnal, Alkali Soil, Inceptisol
	0.23
	0.30
	0.32
	0.35

	Cotton-cotton, Nagpur, Vertisol
	0.41
	-
	-
	0.55

	Cassava, Trivendrum, Ultisol
	0.70
	0.26
	0.60
	0.98



The low fertilizer use efficiency is a matter of great concern. It is therefore advisable to promote among the farmers the soil test based balanced fertilizer use in conjunction with organics, residue management and reduced tillage. The following points may be kept in mind while planning strategies for fertilization: 

Nitrogen

· Rate of application matched with crop needs

· Method of application to reduce nutrient losses

· Time of application matched to crop nutrient uptake pattern 

· Source of nitrogen-modified urea materials

· Fertilizer amendments-nitrification and urease inhibitors, coatings
Phosphorus & Potassium
· Placement of P and K fertilizers is key to their efficient utilization

· P and K fertilization should be done keeping in view the requirement of entire cropping system

· Use of VAM and phosphobacterium
Sulphur and Micronutrients

· Application of appropriate quantities of S and deficient micronutrients is essential to exploit yield potential and maintain soil quality 
In order to enhance the productivity of rain-fed ecosystems, it becomes vital to revive the farm/village ponds and to create small farm reservoirs to provide irrigations at critical stages. The other measures for in situ conservation of rain fall such as fallow ploughing, field leveling, and bunding are very effective in reducing run-off. 

Role of phosphate solubilizing microorganisms: mechanism and practices
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Phosphorus, the master key element is known to be involved in several functions in plant growth and metabolism. The inorganic forms of the element in soil are compounds of calcium, iron, aluminium and fluorine. The organic forms are compound of phytin, phospholipids and nucleic acids which come mainly by decaying vegetations. Therefore, soils containing high organic matter are also rich in organic forms of phosphorus. The cellular machinery is difficult to be imagined without phosphorus being involved in its metabolic continuity and even perpetuation. Such key functions include cell division and development, photosynthesis; break down of sugar, energy transfer, nutrient transfer within the plant and expression. Phosphorus nutrition benefits the plant by producing deeper and abundant roots. So, the supply of this element to plant is essential for achieving optimum crop yield. It is supplied through phosphatic fertilizers, animal manures, plant residues, domestic organic wastes and rock phosphate. Generally plants take up their phosphorus as the primary orthophosphate ion, H2PO4- .The secondary orthophosphate ion, HPO42- is also believe to be absorbed by the plant roots in small quantities. Rock phosphate is a basic raw material for phosphatic fertilizer production. Hardly one sixth of rock phosphate deposits in India are sufficiently enriched with P2O5 to be of any use for conversion into superphosphate. Furthermore, direct application of rock phosphate is limited to acid soils. These considerations together with the cost involved in transportation and pulverization of the rock phosphate for the agricultural use pose problem for rapid agronomic utilization of the raw material directly on the farm.
P availability issue

In agricultural systems, P fertilizers are routinely applied to promote crop yield. The P in these fertilizers is initially available to the plants but it rapidly reacts with soil and become progressively less available for plants uptake (as often as much 90%).This is known as “chemical fixation “of phosphorus.  Hardly 15-20%of applied phosphorus become available to the first crop in which it is applied. Hence, current trend throughout the world is to explore the possibility of using alternate nutrient source for increasing the efficiency of chemical fertilizers. Since phosphorus availability from the phosphatic reserves i.e. rock phosphate under neutral and alkaline soil conditions is very low or negligible and therefore, the phosphate solubilizing microorganisms dissolving interlocked phosphate appear to have an important implication in Indian Agriculture.  

Besides fertilization, the availability of P can be achieved by two path way (a) the enzymatic decomposition of organic P compounds (b) the non enzymatic solubilization of different rock phosphates and inorganic sources of phosphorus.

Solubilization of phosphate by microorganisms

Phosphate solubilizing microorganisms are found in all soils but their numbers vary with soil types and climate .The potentiality of different PSMs (phosphate solubilizing microorganisms) varies with different P sources. The solubilization is not restricted to calcium salts; Fe. Al, Mg and Mn and other phosphates are also acted upon. However, calcium phosphate dissolving microorganisms are found in large numbers compared to other phosphates. Many bacteria, fungi actinomycetes and cyanobacteria are potential solubilizers of bound phosphates in soil. A list of phosphates solubilizers are given in table1. Principle, fungi are   efficient P- solubilizers as compared to bacteria, actinomycetes and cyanobacteria as they traverse more distance in soil.


Several soil bacteria, particularly those belong to the genera Pseudomonas and Bacillus, and fungi belong to the genera Penicillium and Aspergillus possess the ability to bring insoluble phosphate in soil into soluble forms by secreting organic acids. 

Mode of action of phosphate solubilizing microorganisms

Primarily, there are two schools of thought interoperating the mechanisms of P solubilisation by microorganisms i.e. (a) solubilization by production o f organic acids (b) solubilization by action of phosphatase and phytase enzymes. 

Organic acids and P solubilisation 

The major microbiological means by which insoluble phosphorus compounds are mobilized is by the production of organic acids which is accompanied by the acidification of the medium. The organic and inorganic acids convert tri-calcium phosphate to the di-and mono basic phosphates with the net result of an enhanced availability of the element to the plant. The type of organic acids produced and their amounts differ with different microorganism. Di-and Tri-carboxylic acids are more effective as compared to mono basic and aromatic acids. Aliphatic acids are also found more effective in P-solubilization than phenolic acids.  Citric, isocitric and aconitic acids have highest P- solubilizing ability. The analysis of culture filtrate of PSMs has shown the presence of number of organic acids including formic, acetic, propionic, lactic, fumaric, citric, oxalic, malic, glyoxylic, gluconic, 2-ketogluconic, succinic acids etc. The extent of P- solubilization also depends on the accessory minerals present in rock phosphate. The solubilized phosphate may react with Ca and Mg present in rock phosphate as soon as pH of the growth medium increases. Presence of free carbonates in rock phosphate also reduces the extent of solubilization as a large part of organic acids is directed towards neutralization of free carbonates.

Enzymes and P- solubilization

The liberation of P from organic phosphate compounds is mainly due to the action of enzymes of esterase type. Phosphate solubilizing microorganisms along with acid production produces the phosphatase and phytase enzymes which cause the solubilization of P in aquatic environment.


Besides these two mechanisms, the production of chelating substances, H2S, CO2, mineral acid and siderophores are also involved in P solubilisation by phosphate solubilizing microorganisms. In addition, the action of Phosphate solubilizing microorganisms is not only due to the release of available phosphorus but also due to the production of biologically active substances like indole acetic acid, gibberellins and cytokinins.
Table 1: Some important microorganisms involved in phosphate solubilization

	Microorganisms

	BACTERIA
	FUNGI
	ACTINIMYCETESE

	Bacillus sp.
	Aspergillus sp.
	Streptomyces sp.

	B.circulans
	A. awamori
	CYANOBACTERIA 

	B. subtilis
	A. flavus
	Anabaena sp.

	B. megaterium
	A.fumigatus
	Calothrixbraunii

	B.Mycoides
	A. niger
	Nostoc sp.

	B.polymixa
	A. foetidus
	Talpothrix ceyonica

	B.fluorescence
	A. terreus
	Schytonema sp.

	B.mesentericus
	A. wentii
	

	Pseudomonas sp.
	A. nidulans
	

	P. striata
	A. carbonum
	

	P.putida
	A. canidus
	

	P. liquifaciens
	Penicillium sp
	

	P. rathonis
	P. digitatum
	

	P.calcis
	P. balaji
	

	
	P.funiculosum
	


Effect of PSMs on growth and P- economy

Efficient and economic use of P- solubilizers could be achieved by using phosphate solubilizing microorganisms in legumes, cereals -and other useful crops. P-uptake and p content has been augmented by the application of PSMs in many leguminous crops .In wheat an increase in dry matter production and P- uptake from 10-27% and 15-34%, respectively observed as a result of inoculation with PSM. Superiority of PSM to uninoculation in respect of nodulation, P-uptake, pod yield, and oil yield in groundnut production was observed. Seed inoculation of PSM along with 75:25: ratio of MRP:SSP showed the beneficial effect on the yield of crop. In addition, application of P solubilizers cause a replacement of 25% of phosphate fertilizers. Increase in yield was observed in cereals, legumes, potato and other field crops on the addition of RP and inoculation with PSM. The soybean yield in sandy loam alluvial soil was significantly increased by 204q/ha due to rock phosphate and P. striata where as with 80 kg P2O5 of SSP, increase was only1.0q/ha.A synergistic effect of PSB observed at low rate whereas at high P rate the effect was antagonistic. Seed inoculation along with30 kg of P2O5 gave similar dry matter yield as 60 kg P2O5 with and without seed inoculation. Similarly increase in seed yield was observed with 10kg P2O5 and also with seed inoculation. The release of P from rock phosphate by PSM resulted in higher P uptake and dry matter yield of maize.

Dual inoculation of P-solubilizers and Nitrogen fixers

Biological nitrogen fixation depends appreciably on the available form of phosphorus. So, the combined inoculation of nitrogen fixers and phosphate solubilizing microorganisms (PSM) may benefit the plant better (by providing both nitrogen as well as phosphorus) than either group of organisms alone. A positive response of combined inoculation with phosphobacteria and A. chroococcum on the yield and nutrient uptake of different crop have been observed. Dually inoculated plants with Azotobacter and PSM showed increase in nodulation, growth, dry weight yield and P and N uptake. In addition, inoculation with bacterial mixtures provides a more balanced nutrition and cause improvement in uptake of N and P. 


Stimulatory effect of combined inoculation of Rhizobium and PSB with application of rock phosphate indicated a possibility of saving 10 kg P2O5. Combined inoculation of Rhizobium and PSM increased dry matter content, grain yield, nitrogen and phosphorus uptake over uninoculated control in different legume crops. The inoculation effect remain more pronounced in presence of chemical fertilizers

Conclusions:

· Production of organic and inorganic acids in microenvironment of root zone of plant is the main cause of phosphorus solubilization.

· PSF are more effective in solubilization than PSB.

· Besides quantity of organic acids, quality of organic acids produced by Phosphate solubilising microorganism is more important.

· The enzyme phytase liberates phosphate from phytic acid with the accumulation of Free Inositol.

· Nuclease depolymerizes nucleic acids and phosphatase secreted by PSM cause release of phosphorus from nucleotide.

· Lecithinase produced by PSM mineralizes the phospholipid in soil.

· Phosphate solubilising microorganisms have the potential to increase the availability of phosphorus from native soil P augmenting the yield potentials of crops besides reducing the input of costly phosphatic fertilizers.

Natural Resource Management vis-à-vis Farming Systems Approach in Rainfed Agriculture
NIRMAL DE

Institute of Agricultural Sciences, B.H.U., Varanasi- 221 005.
Farming system as a concept takes into account the components of soil, water, crops, livestock and other resources with the farm family at the center managing agricultural and related activities and even non farm activities. Farming systems in rainfed regions are by and large complex. These are characterized by several environmental and socio economic variables.

Need of farming systems approach in rainfed agriculture
· Ever increasing population in our country necessitates to produce more food from limited cultivable area

· India's population is about 1005 million at present and expected to reach 1370 and 1600 millions in 2030 and 2050

· Need to produce 289 and 349 million tonnes in 2030 and 2050 to meet the demands of projected population

· 85 million out of 105 million operational holdings in India is less than 2 ha

· Size of the farm holding is declining from 0.8 to 0.3 ha

· About 70% of the poverty is found in rural areas

· 790 million people in rural areas of developing countries are under nourished 

· Women constitutes 44% of labour force in agriculture

· Farmers in rainfed areas view their farms as subsistence units with various components (crop, livestock, agro-forestry and off-season employment activities as farm units)
Characteristics of rainfed areas

· Rainfed area nearly (60 % of net cultivated area

· Soils are degraded and shallow 

· Higher slopes, indiscriminate land use 

· Poor soil fertility, mostly marginal lands

· Hardpan below plough layer 

· Low water holding capacity 

· Extensive deforestation and land degradation 

· Poor vegetative cover

· Rising human and livestock population
The Philosophy behind shifting from cropping system to farming system

· In-situ recycling of organic waste at farm to reduce dependence on chemicals.
· Decrease in cost of production and increase in input use efficiency.
· Effective use of bi-products of one component for benefit of other component.
· Upgrading of soil and water quality and biodiversity.
· Nutritional security
· Environmental security.
Characteristic of farming systems

· Holistic in nature 

· Problem solving approach

·  Inter disciplinary & Interactive approach

·  Complimentary to main stream disciplinary research.

·  Testing through on-farm conditions 

·  Farmers participatory mode

Advantages of farming systems approach

· Profitability, Productivity

· Sustainability and Balanced food

· Pollution free environment 

· Recycling

· Money round year 

· Solving energy, fodder, fuel and timber crisis.

· Opportunity Agro-oriented industries

· Increase input use efficiency 

· Improve livelihood of farming community.

Methodology to organize farming systems under on-farm conditions 

· Farm selection representing agro-ecological zone.

· Selection of villages: 

· Micro farming situations

· Categories of farmers

· Components

· Diagnosis of constraints of farm productions

· Inventory of farm resources

· Inventory support services

· Constraints analysis

· Research design and technology generation and adoption

· Technology transfer and diffusion of systems similar domains

· Impact of technology of improved farming system

· Productivity, economic returns, energy input-output, employment, equity (gender issue) and environment
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On station research component needed top address for rainfed agriculture

1. Eco-friendly water productive cropping systems

2. Energy management focusing post harvest & value addition

· Tillage options after rice in  lowland situation

3. Participatory evaluation of varieties for abiotic & biotic stresses

· Evaluation of new value added crops for dry land farming
4. Rainfed area network on Bio-fuel 

· Germplasm collection, evaluation and improvement of Jatropha

5. Farming System Research, Alternate Land Use Options, Rain water management

· Agri-Horticultural options



· Soil and  water conservation

· Crop intensification (second crop after rice) by using residual moisture, harvested  water design, improvised micro irrigation systems, lift irrigation, 

· Fish cultivation.
Suggestions for improving the livelihood security of rainfed farming system

1. Less External Input Sustainable Agriculture

2. Deep placement of NPK as briquette, Seed fortification for rainfed crops using FYM/ Biofertilizers/micronutrients/PGPS
3. Village Seed bank

4. Integrated rice-fish

5. Soil Water Conservation specific to farming situations & use of precision irrigation system of harvested water 

6. Processing & Value addition in Cashew, tamarind, Mango, Mahua, Palash (dye), Arjuna (Tussar silk).

7. Introduction of allied enterprises (Bee keeping, Lac culture, Mushroom production).

8. Use of non-conventional pumps for lift irrigation.

9. Linking lift irrigation with precision irrigation systems.

10. Introduction of male of Pig & Goat & sheep for breed improvement 
Strategies

· Second crop on residual moisture: target rice-fallow (zero / minimum tillage/ abiotic stress tolerance/ seed coating -fortification K-Mo-Trichroderma, water management?)
· Crop diversification/ Intercropping

· Development of resource conserving technologies  

· Rainwater harvesting and groundwater recharging

· Promotion of allied agricultural enterprises- lac culture, tamarind and cashew processing, bee keeping, linking low energy water mgt with drip  irrigation system for livelihood security
Increasing Balanced and integrated use of natural resources 
· Inclusion of legume crop / green manure on residual moisture as sequence or relay crop 

· Increasing biomass use efficiency in FS module

· Increasing input use efficiency, EUE (energy), FUE (fertilizer), WUE (water), RUE (radiation), CUE (carbon) 

Women Empowerment

Policy and institutions for improved land use and natural resources management

·    NREGA, DPAP, NWDPRA, IWDP, RKVY, SGSY, SHG are the important sources of funds by GOI that can be used for SWC, land improvement, plantation, infra structure development. 

MOISTURE CONSERVATION AND WATER HARVESTING – TECHNOLOGICAL OPTIONS IN RAINFED AGRO-ECOSYSTEM

Anupam Kumar Nema

Department of Farm Engineering

Institute of Agricultural Science

Banaras Hindu University, Varanasi

Approximately 60 percent of the cropped area of eastern Uttar Prasesh is subjected to vagaries of monsoon. Soil moisture is one of the limiting factor for crop production in these area. Moisture stress may occur at any stage of crop growth depending upon rainfall pattern and soil type. The average annual rainfall of the area is about 1100 mm and it is going to decline (Fig. 1).
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Fig.1: Variation in Rainfall and Pan Evaporation at Varanasi

Out of which about 80% is received during rainy season. The potential evaporation is 1500 mm. As such a deficit of 400 mm (Fig 2) coupled with the erratic pattern of rainfall results in moisture stress which may limit the crop production severely.

Of the total precipitation of 400 million hectare meters (Mha-m) which India receives annully, much is lost through evaporation and runoff, equaling 70 M ha-m and 180 M ha-m respectively. Hardly around 150 Mha-m enters into the soil. The country has been able to harness about 20 M ha-m in major and minor irrigation projects so far. Quite a sizable amount i.e. 160 M ha-m as precipitation flows through rivers into sea, as runoff.
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Fig.2: Variation in moisture availability at Varanasi

Of the total precipitation of 400 million hectare meters (Mha-m) which India receives annully, much is lost through evaporation and runoff, equaling 70 M ha-m and 180 M ha-m respectively. Hardly around 150 Mha-m enters into the soil. The country has been able to harness about 20 M ha-m in major and minor irrigation projects so far. Quite a sizable amount i.e. 160 M ha-m as precipitation flows through rivers into sea, as runoff.

There are massive regional variations because of rainwater availability and other natural resources. About 30% of the country is drought prone and as such suffers with critical water shortages. In view of the fact that about 40% of total annual precipitation goes as runoff, efforts should be made to capture this precious rainwater for augmenting the crop production.

The principles of rainwater management in rainfed lands include (i) Allowing more time for runoff to infiltrate, absorb and retain into the soil. (ii)To restrict runoff velocity within permissible limits by breaking the land slope into several short ones (iii) To prevent.

MOISTURE CONSERVATION TECHNIQUES FOR CULTIVABLE LAND

Ridge and furrow planting for higher productivity: Farmer’s grow pearmillet, pigeon pea and other kharif crops on flat bed by broadcasting of seed. Because of this, most of rainwater would go as runoff or stagnate at lower side. If the kharif crops are sown under ridge and furrow system the excess rain water is safely drained out from field or conserved in the furrows. This practice provides more opportunity time for the water to infiltrate into the soil. The size of ridges is 75 cm at bottom and 25 cm at top. This system provides better physical environment to the crop both during normal and sub normal rainfall situations.
Tillage: Deep tillage by M.B. plough or disc plough helps in increasing infiltration and moisture retention capacity of soil. Beneficial effects of deep tillage are found to continue for two years. Hence, deep  tillage is recommended once in three years while fall/summer ploughing is recommended every year.
Gurr: This is a Indigenous Technological Knowledge (ITK) practiced in western Uttar Pradesh during kharif season. The main objective of this practice are reduction of runoff and conservation of soil moisture. In this practice shallow ploughing is done by the bullock drawn country plough in standing crop within 30 days of sowing. Gurr practice involves construction of ridges and furrows in standing crop. Furrows constructed during this practice helps in harvest of rain water and increase the in-site soil moisture. 
Vegetative barriers on field boundaries: 

Small and marginal farmers of Agra, Firozabad, Etah and Mathura District of Uttar Pradesh adopt this practice. This is a permanent type of practice followed mostly on field boundaries. It is an age-old practice and is carried over from generation to generation. The seedbed is prepared on field boundary by tigging with the help of khurpi or spade. Rotted slips are planted with the pre-monsoon rains. The suckers of plant are transplanted in two rows (15-20 cm spacing) with a plant to plant spacing of 25-30 cm for khus and 30-40 cm for munj. The cost of this practice is about Rs. 4/m length. Annual cutting is done for maintaining barriers. The advantages of this practice are to strengthen field bunds, protect the crapped land from stray cattle, control the runoff as well as soil erosion from cultivated field, grasses may be used as a green fodder for domestic animals during severe drought conditions and grasses are also used as raw materials for handicraft and cottage industries.

Field Boundary Bund: The main objective of this practice is to harvest the rainwater and conserve the soil. This is a traditional practice adopted by all categories of farmers. Under this practice bunds are constructed by soil colleted from cultiavale land with the help of spade and kudali along the boundary of field. The cost involved is Rs. 2000 to to 2500/ha. This practice is technically effective for both kharif and rabi crops. The important constraints for adoption of this practice is, it require regular maintenance and is damaged by excess runoff.

Ridge-furrow planting of Pigeonpea and rice in Eastern Plain zone of Uttar Pradesh

Ridge-furrow plating of pigeonpea (Bahar) and rice (NDR-97) both in upland and medium lands helps in minimizing risk and harvesting bonus yield of component crop i.e. either rice in case of pigeonpea based or pigeonpea in case of rice based system. Pigeonpea is planted on ridge and rice in furrows. The ridge-forming machine makes ridges 60 cm apart and 15 cm wide on the top and the cost of the machine is Rs. 2000/-. This practice helps in runoff modulation, crop diversification, soil fertility build up, risk deduction and disruption of pest cycle.

Raised bed and furrow system: In regions with assured rainfall of more than 1000 mm and having flat topography, the upland kharif crops suffer due to poor drainage during the periods of continous and intense rainfall on sloppy lands on the other hand, runoff cause severe soil, water and nutrient losses. Raised bed and furrow system provides surface drainage, encourages in sity rainwater conservation and retards soil erosion. The dimension of raised bed would depend on many factors namely, amount of rainfall its intensity, runoff yield, water intake rate of soil and soil surface conditions.
Rainwater Harvesting through Contour: Contour Bunds are effective method to conserve soil moisture in watershed for long duration. These are suitable in low rainfall areas where monsoon runoff can be impounded by constructed bunds on the sloping ground all along the contour of equal elevation. Flowing water is intercepted before it attains the erosive velocity by keeping suitable spacing between bunds. Spacing between two contour bunds depends on the slope of the area as the permeability of the soil. Lesser the permeability of soil the close should be spacing of bunds.

Vegetative barriers: Vegetative barriers on field boundary helps in controlling the large amount of runoff, soil and nutrient losses. Vetiveria zizanioides is the most suitable grass species as vegetative barriers for soil and water conservation.

MOISTURE CONSERVATION TECHNIQUES FOR NON-ARABLE LAND
Trenches: Trenches are constructed for soil moisture retention in water deficient areas and for soil conservation. However, trenches, pits or small circular or trapezoidal storage dry along contours can be used for waster lands or woodlands as a means for harvesting runoff and transferring the same to underground strata also. 

Brushwood Dam: Brushwood dams are temporary structures constructed at the beginning of nalls to prevent further expansion of gully. The brushwood dam consists of three rows of wooden pegs (each peg having 0.5 m length and 50 mm dia) driven to a depth of about 20 cm in nalla bed. The spacing between rows was approximately 0.6 m and the 0.6 M. and the distance between two pegs in a row was 30 cm. These structures were found suitable for a nalla depth up to 1.5 M having catchment area up to 3 ha. These structures constructed using logs of local trees and brushes.

Loose Boulder Structure: These structures are made effective by providing reverse filter at the upstream of structure consisting sand, soil and metals. The upstream and downstream slope of structures are 1:1 and 3:1 respectively. The height of structure was taken as 75% of depth of nalla. The structure functioned efficiently up to a nalla depth of 2 M with a catchment area of about 15 ha.

Gabion Structure: That is a kind of check dam commonly constructed across small streams to conserve stream flows with practically no submergence beyond stream course. A small bund across the stream is made by putting locally available boulders in 4 mesh of steel wires and anchored to the stream banks. The height of such structures is around 0.5 m and is normally used in the streams with width of less than 10 m. The excess water over flows this structure string some water to serve as source of recharge. The silt conent of stream water in due course is deposited in the inter sites of the boulders in due course and with growth of vegetation, the bund becomes quite impermeable and helps in retaining surface water runoff for sufficient time after rains to recharge the ground water body. 
Check dams and gully plugs:

Cultivation along steep slopes results in formation of gullies even in tracts with moderate rainfall. Fertile soil is picked up at the time of formation of gullies and accelerated moisture depletion also takes place with less water percolation in the soils. Prevention and control of gully formation can be accomplished by vegetative controls such as natural grasses and by combination of vegetative control the first choice for gully plugs should be for trees, shrubs, vines, grasses with fibrous roots etc. native to the locality so that they have the best chance for survival under harsh conditions. Mechanical structure for gully plugs would include boulder check dams, gabion dams or check dams constructed from masonry or concrete. The idea is to induce water harvesting and silting so that natural vegetation gets a chance to get re-establish quickly. 

Farm Pond: Construction of farm pond is an important water harvesting and water conservation practice. The ponds can provide water for livestock, irrigation use, domestic use and in many situations for fisheries. The pond should be large enough to furnish water for the desired purpose allowing for losses. For arid and semi-arid areas, evaporation losses are very substantial and account up to 50% of the storage planned. The depth of ponds should not, therefore, be less than 8 to 10 ft. If the pond is to be used for fish culture, the depth should be appropriately 10 ft. or more. In many situations the bed of the pond may be pervious which may invite large seepage or infiltration losses. In such cases, bed may be made more or less impervious by applying clay blanket, membrane of polythelene, brick lining or certain chemical dispersing agents like sodium, polyphosphate or soda ash.

Resource Conservation through improved implements:

Resource conservation tillage technologies like zero tillage system, FIRB planning system, Till planting system and strip till planting system has been considered as proven technologies for improving the sustainability and productivity of wheat in Rice-wheat system. Use of these resource conservation technologies for rice-pulse system (sowing of lentil and chickpea through these improved implements) are a new area of research. Two years experiment results shows that use of these technology not only improving the grain yield but also help in enhancing the soil health.
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Water and nutrient management through drip irrigation

RM Singh
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1. Introduction



Judicious use of water and nutrients for agriculture is important to increase the productivity. This can be achieved by introducing drip irrigation coupled with water and nutrient management practices. The drip system is becoming more and more popular in India due to its higher advantages in crop yield, quality produce and saving in irrigation water and fertiliser. To enhance the area under drip irrigation system support of Government agencies, research institutions and manufacturers are equally important. The efforts are being made at all the levels. 



The technology of drip irrigation has to play very vital role in near future, hence greater attention may be provided to develop skills and know how about the system, chemicals and other compatible equipments required. Drip irrigation is an efficient method of providing irrigation water and fertilisers directly in to soil at the root zone of plants and it permits the irrigation to limit the watering closely to the consumptive use of plants. The important crops under micro irrigation systems are coconut, grapes, banana, mango, chikoo, pomegranate, other fruit trees, plantation crops like sugarcane, cotton, groundnuts, vegetables and flowers etc. It also permits the utilization of fertiliser, pesticides and other water-soluble chemicals along with irrigation water with better crop response. 



The application of fertiliser through the drip irrigation system is the most advance and efficient practice of fertilisation. It combines the two main factors in plant growth and development i.e., water and nutrients.  The right combination of water and nutrients is the key for high yield and quality of produce. In fertigation, fertilizer application is made in small and frequent doses that fit within scheduled irrigation intervals matching the plant water use to avoid leaching.  Significant savings in the use of fertilisers and increase in yield have been reported by different researchers.

Although liquid fertilisers are most appropriate for use in fertigation.  But in India the lack of availability and high cost of liquid fertilisers restricts their use for fertigation.  Experiments with granular fertilisers also established their feasibility and revealed significant fertiliser savings and increase in the yields of onion, okra and tomato. 

2. Drip Irrigation 


Drip irrigation is one of the most efficient irrigation techniques. Use of drip irrigation is growing fast in India. About 1.3 million-hectare areas under vegetables and high value crops were being irrigated through drip irrigation in India in the beginning of 2008 (Table 1). 

Table 1: Area (ha) under drip and sprinkler Irrigation

	State
	Drip
	Sprinkler
	Total

	Rajasthan 
	15248
	684748
	699996

	Maharashtra
	462240
	207205
	669445

	Haryana
	6243
	512657
	518900

	Andhra Pradesh
	317935
	182260
	500195

	Karnataka
	169795
	216978
	386773

	Gujarat
	158727
	128942
	287669

	Tamil Nadu
	124951
	26739
	151689

	West Bengal
	123
	150020
	150143

	Madhya Pradesh
	12518
	104049
	116567

	Chattishgarh
	2627
	44763
	47391

	Orissa
	3361
	23187
	26548

	Uttar Pradesh
	10577
	10555
	21132

	Punjab
	10427
	10276
	20702

	Kerala
	14119
	2516
	16635

	Sikkim
	80
	10030
	10110

	Nagaland
	0
	3962
	3962

	Goa
	762
	332
	1094

	Himachal Pradesh
	116
	581
	696

	Arunachal Pradesh
	613
	0
	613

	Jharkhand
	133
	365
	498

	Bihar
	107
	180
	287

	Grand Total
	1310956
	2320586
	3631542


  Source: NCPAH, New Delhi


The Government has planned to bring 14 M ha area under drip and sprinkler irrigation during XI Plan. Drip irrigation allows more crops per unit applied water as well as crop cultivation in an area where available water is insufficient to irrigate through surface irrigation methods. Drip irrigation is a method which optimizes the use of irrigation water by providing it uniformly and directly to the roots of the plants, through a closed network of plastic pipes and emitters. Nutrients can be dissolved in the water to reach the roots. Drip irrigation has had a remarkably successful track record in India.


Adoption of drip irrigation has resulted in high yields in sugarcane, grapes, banana, mango, guava, pomegranate, sapota, okra, cabbage, cauliflower, cotton, coconut, arecanut, and roses in the country. There are over 50 drip system manufacturers in the county. Industry is likely to grow at a much faster rate in the coming years. The modern methods of irrigation have surely number of advantages over the conventional irrigation methods like border, check basin, furrow or surge irrigation. The Table 2 shows some of the important points of differences between modern and other methods of irrigation.


If we could convert sizeable part of irrigated areas into modern irrigation systems, considerably more area can be brought under irrigation along with increasing the land and water productivities. The potential for coverage under drip and sprinkler irrigation is estimated to be about 27 and 42.5 M ha respectively (Agricultural Statistics at a Glance 2003, Ministry of Agriculture, New Delhi)
Table 2: Performance of Conventional and Modern Irrigation Methods

	Performance Indicator
	Conventional Irrigation Methods
	Modern Irrigation Methods

	Water saving
	Waste lot of water. Losses occur due to percolation, runoff and evaporation
	40-70% of water can be saved over conventional irrigation methods. Runoff and deep percolation losses are nil or negligible.

	Water use efficiency
	30-50%, because losses are very high
	80-95%

	Saving in labour
	Labour engaged per irrigation is higher than drip
	Labour required only for operation and periodic maintenance of the system

	Reduced weed intensity
	Weed infestation is very high
	Less wetting of soil, weed infestation is very less or almost nil.

	Use of saline water
	Concentration of salts increases and adversely affects the plant growth. Saline water cannot be used for irrigation
	Frequent irrigation keeps the salt concentration within root zone below harmful level

	Diseases and pest problems
	High
	Relatively less because of less atmospheric humidity

	Suitability in different soil Type
	Deep percolation is more in light soil and with limited soil depths. Runoff loss is more in heavy soils
	Suitable for all soil types as flow rate can be controlled

	Water control
	Inadequate
	Very precise and easy

	Efficiency of fertilizer use
	Efficiency is low because of heavy losses due to leaching and runoff
	Very high due to reduced loss of nutrients through leaching and runoff water

	Soil erosion
	Soil erosion is high because of large stream sizes used for irrigation.
	Partial wetting of soil surface and slow application rates eliminate any possibility of soil erosion

	Increase in crop yield
	Non-uniformity in available moisture reducing the crop yield
	Frequent watering eliminates moisture stress and yield can be increased up to 15-150% as compared to conventional methods of irrigation


                                         Source: Sivanappan, R.K. 1994. Prospects of Microirrigation in India. Irrigation and Drainage Systems. Vol. 8, pp. 49-58.

3. Methods of Fertiliser Application

Basically, there are four methods of fertiliser application i.e. broadcasting, drilling, foliar application and fertigation. The uniformity of fertiliser distribution and its availability to plant depends upon the selection and application of fertilisers, uniformity of water application and the flow characteristics of the water and the fertilisers within the soil. To increase the fertilizer use efficiency, fertilizer supplied must be distributed uniformly through out the field. 

3.1 Fertigation


Application of fertiliser through the drip irrigation system is called fertigation. It is the most advance and efficient practice of fertilization.  Fertigation combines the two main factors in plant growth and development, water and nutrients.  The right combination of water and nutrients is the key for high yield and quality of produce. Fertigation is the most efficient method of fertiliser application, as it ensures application of the fertilisers directly to the plant roots (Patel & Rajput, 2001a).  In fertigation, fertilizer application is made in small and frequent doses that fit within scheduled irrigation intervals matching the plant water use to avoid leaching.  Fertiliser use efficiency upto 95 % can be achieved drip fertigation (Table 3).

Fertigation is the essence of drip irrigation. Drip irrigation should actually be viewed as a method of growing crops and not simply as a method of irrigation. Many times people tend to compare drip irrigation to overhead irrigation (pivots, sprinklers, mini-jets) or flood irrigation. This is not an accurate comparison because the latter methods are viable mainly for irrigation while in drip irrigation, fertigation is a very integral part of the system. Fertigation is a must in order to realize the full potential and benefits of the system. Drip irrigation can be used solely for irrigation and would still be the most efficient method, but the foremost benefits are lost.

Table 3: Fertilizer use efficiency

	Nutrient
	Fertilizer use efficiency, %

	
	Soil application
	Drip
	Drip and  fertigation

	N
	30-50
	65
	95

	P
	20
	30
	45

	K
	50
	60
	80


3.2 Advantages of fertigation


Fertigation has the following advantages:

· Less labour, equipment and energy needed for receiving, storing and fertilizer application. 

· Reduced soil compaction. 

· Prevents damage to crop during delivery. 

· No restrictions or limitation on application timing. 

· Accurate and uniform distribution for superior efficiency. 

· Application restricted to most active root zone which reduces waste. 

· Adaptability of nutrients supply to the growth curve resulting in better crop response. 

· Split applications for better control of run-off and leaching into groundwater. 

· Extremely efficient method of accurately delivering uniform, minute quantities of minor elements. 

· Complete adaptability to automation. 

· Can be used for other purposes, i.e. pestigation, soil amendments, maintenance. 

· Can overcome negative effects of saline/waste water. 

Significant savings in the use of fertilizers and increase in yield  (Table 4) have been reported by different research workers (Anonymous, 2001). Although liquid fertilizers are most appropriate for use in fertigation, but in India the lack of availability and high cost of liquid fertilizers restricts their use for fertigation.  Experiments with granular fertilizers also established their feasibility and revealed significant fertilizer savings and increase in the yields of onion (Patel & Rajput, 2001a), okra (Patel & Rajput, 2001b) and tomato (Patel & Rajput, 2002 b &c).
Table 4  Savings in fertilizer and increase in crop yield under fertigation

	Sl.No.
	Crop
	Saving in fertilizer, %
	Increase in yield,%

	1.
	Okra
	40
	18

	2.
	Onion
	40
	16

	3.
	Banana
	20
	11

	4.
	Castor
	60
	32

	5.
	Cotton
	30
	20

	6.
	Potato
	40
	30

	7.
	Tomato
	40
	33

	8.
	Sugarcane
	50
	40



       (Rajput and Patel,2002)

4. Fertigation Unit

The chemical fertilizers are applied along with the irrigation water in drip irrigation system by using fertigation units like fertilizer tank, venturi and injection pump. 

i) Fertilizer tank: This method employs a tank into which the dry or liquid fertilizers kept. The tank is connected to the main irrigation line by means of a by-pass so that some of the irrigation water flows through the tank and dilutes the fertilizer solution. This by-pass flow is brought about by a pressure gradient between the entrance and exit of the tank, created by a permanent constriction in the line or by a control valve.

ii) Venturi injector: A constriction in the main water flow pipe increases the water flow velocity thereby causing a pressure differential (vacuum) which is sufficient to suck fertilizer solution from an open reservoir into the water stream. The rate of injection can be regulated by means of valves. This is a simple and relatively inexpensive method of fertilizer application.

iii) Direct injection system: With this method a pump is used to inject fertilizer solution into the irrigation line. The type of pump used is dependent on the power source. The pump may be driven by an internal combustion engine, an electric motor or hydraulic pressure. The electric pump can be automatically controlled and is thus the most convenient to use. However its use is limited by the availability of electrical power. The use of a hydraulic pump, driven by the water pressure of the irrigation system, avoids this limitation. The injection rate of fertilizer solution is proportional to the flow of water in the system. A high degree of control over the injection rate is possible, no serious head loss occurs and operating cost is low. Another advantage of using hydraulic pump for fertigation is that if the flow of water stops in the irrigation system, fertilizer injection also automatically stops. This is the most perfect equipment for accurate fertigation.

Two injection points should be provided, one before and one after the filter for fertigation. This arrangement helps in by-passing the filter if filtering is not required and thus avoids corrosion damage to the valves, filters and filter-screens or to the sand media of sand filters. The capacity of the injection system depends on the concentration, rate and frequency of application of fertilizer solution.

5. Indian Experience on Fertigation

Study conducted at IIHR, Banglore indicated marginally higher yield of mango with 80% evaporation replenishment rate than 40%. Fruit number and yield was on par in treatments with 100 and 75 % of recommended dose of fertilizer, but decrease markedly at 50%. TSS was not affected by irrigation and fertilizer.  A study revealed that fertigation of guava with NPK at the time of fruit setting resulted in more yield (76.3 kg/tree) followed by fertigation at time of flowering (67.10 kg/ tree). The research trials conducted at various places on fertigation indicated that crop yields were substantially increased from 26 to 40 % in pomegranate (Table 6), 11 to 41% in straw berry (Table 7) and 8 to 31% in grape (Table 8).

Table 6:  Comparative studies of fertigation for pomegranate

	Yield (t/ha)
	Increase in yield (%)

	Fertigation
	Conventional
	

	76.0

76.3

73.0

68.6

57.0
	56.0

56.4

43.8

41.5

40.3
	40.0

26.0

40.0

39.5

29.3


(Kumar,2001)

Table 7:  Comparative studies of fertigation for strawberry

	Yield (t/ha)
	Increase in yield (%)

	Fertigation
	Conventional
	

	23.8

22.0

19.3
	14.0

13.0

10.5
	41.0

10.9

40.5


(Kumar,2001)
Table 8:  Comparative studies of fertigation for grape crops

	Yield (t/ha)
	Increase in yield (%)

	Fertigation
	Conventional
	

	38.0

36.5

40.0

41.0

25.5

24.3

37.0

38.0
	29.5

29.0

36.8

37.0

13.0

16.8

28.0

29.8
	22.4

20.5

8.1

9.8

29.4

30.9

24.3

21.7


(Kumar,2001)

An automated drip fertigation system was adopted and installed in guava and mango orchards at CIAE, Bhopal. The fertigation system could perform excellent with uniformity coefficient, distribution uniformity and statistical uniformity in the range of 96-98%; and no emitters were clogged (Singh et al, 2009).
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Mean monthly rainfall distribution pattern of Rainfed area (1971-2003)
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Aridisols





Productive Farming Systems in Rainfed Regions


- AICRPDA Experiences at National Level 





Characteristics : 


Soil type : Alfisols


Annual rainfall : 750 mm


Predominant production system : Nutritive cereals based


Predominant cropping systems :


Sorghum + pigeonpea (3:1) – castor


Sunflower + pigeonpea (2:1)


Mungbean – horsegram system


Agri horti systems:  


Amla + mungbean, tamarind +mungbean


Clusturd apple + mungbean


Pasture : Cenchrus ciliaris + stylo


Important bushes : Jafra, Henna, Glyricidia


Prominent livestock : buffaloes, sheep, goat, cow/poultry
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