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Introduction

In near future, several developing countries would face major challenge in achieving sustainable food security. For enhancing sustainable food production, proper and effective use of available land, water and fertilizer resources are essential. This requires agricultural intensification with the emerging concept of fertigation, scientific usage of micro-irrigation with water-soluble fertilizers and prevention of soil pollution and restoration of soil health. The yield and quality of the produce is mainly depending upon the agronomic practices, mainly nutrient and water management. Under the present situation, cultural methods are need to be modified and standardized based on the need of existing market and immediate attention has to be given for maximizing the productivity of crops. This is possible through application of adequate quantity of the available water and fertilizers economically as and when required. Solaimalai et al. [1] considered drip irrigation is one of hi-tech method which receives wider acceptance and adoptability, particularly in areas of water is scarce. Hence, it is very important that the concerted efforts are now needed to harness the available quantities of water for achieving higher productivity per drop of available water. Fertigation is a practice, through which fertilizers are applied along with irrigation water through drip system. The crop yields are increased due to higher fertilizer use efficiency as the fertilizers are applied through drip system.



Pulses are mostly grown under rainfed situation. Due to the uneven distribution of rainfall, the crop is not able to get required amount of water during the critical stages of their life cycle. Drip fertigation is the best option available for pulses to increase productivity with less quantity of water and judicious use of fertilizer input. The adoption of drip fertigation technology is highly successful in the case of commercial crops such as banana and sugarcane. While the pulses are generally cultivated under rainfed or rice fallow situations, the concept of drip fertigation could be well exploited under irrigated condition to increase pulses productivity and also to save total water requirements. To improve the pulses productivity through intensification process, growing pulses under irrigated condition along with drip fertigation is essential. These facilitate us to reduce the gap between production and requirement. Among the different agricultural techniques, drip fertigation is the most effective method for enhancing the use efficiency of two key inputs namely water and nutrients. Hence, the importance of fertigation in pulses is discussed in detail for better understanding as well as to increase the area and production


Water Requirement

Water is a key input to attain desired growth and yield of any crop. Water needed for normal growth, development and yield of crop may be supplied through precipitation or by irrigation or by both. As reported by Saxena et al. [2], pulse crop uses around 200-250 mm water to produce one-ton grain ha-1. Agarwal et al. [3] reported that the consumptive use of kharif pigeon pea was estimated as 406 mm at Hisar, 416 mm at Sriganganagar and 491 mm at Pantnagar. Tomar et al. [4] noted that seed yield of pigeonpea was higher in scheduling of irrigation at IW/CPE ratio of 0.5 at branching, flowering and pod development stages over two irrigations at branching and pod development stages. Gajera et al. [5] stated that the irrigation could be scheduled by adopting IW/CPE ratio of 0.30 for the maximum production of pigeonpea. The seed yield of pigeonpea (16.51 q ha-1) was significantly higher with two protective irrigations than one protective irrigation (14.33 q ha-1) and control (10.96 q ha-1). Duraisamy et al. [6,7] reported that the irrigation scheduled at IW/CPE ratio of 0.45 showed the highest water use efficiency of 1.05 kg ha-1 mm-1 as compared to other treatments was observed in perennial pigeonpea (BSR 1). Irrigation at every 14 days from flower initiation to pod development stage of pigeonpea was optimum for producing ample quantity seeds Mula et al. [8]. The highest seed and stalk yield (1429 kg ha-1 and 3921 kg ha-1 respectively) was recorded in pigeonpea by scheduling irrigation at IW/CPE ratio of 0.9 Thanki et al. [9].



Effect of Crop Water Stress on Growth and Productivity


In semi-arid regions, pigeonpea is often subjected to terminal water deficit during flowering and pod filling phases. Water stress is responsible for rapid leaf shedding, reduction in grain size, weight and grain yield of crops Becker et al. [10]. Water deficit may also affect the canopy development through its effect on total leaf number Arkin et al. [11]. The leaf area decreased with the proportional increase in water stress. The quantity of total chlorophyll has been found to be affected by short supply of water, irrespective of the plant parts viz. leaves, flowers and pods. Chlorophyll 'a' has been affected to a greater extent than chlorophyll 'b' content. Stress induced decline in protein content has been correlated with increased protease activity in plants De Lucad'Oro [12,13] in a pot culture study with pigeonpea with three moisture regimes found a sharp reduction in growth parameters and maximum leaf shedding under severe water stress condition. Porter et al. [14] observed that plant morphology, biomass production and root diameters were significantly affected by moisture regimes. They also reported that plants which were frequently supplemented with water were found to grow taller with more number of leaves, accumulated maximum dry weight and had larger diameter vessels within the root tissue of pigeonpea.



Micro Irrigation


Among the different sector, agricultural sector consume the largest portion of water for various operations. The flood irrigation system is the major practice followed for irrigation and the efficiency ranged between 25 and 40 per cent. Food production in India needs to be doubled to feed the projected population by 2020 so as to meet the food security. Adoption of micro irrigation for pulse crop may help in saving significant amounts of water in dry areas and increase the quality and quantity of produce. As the new slogan "more crop per drop of water" is in force, emphasize need to be given for water conservation and improvement in water- use efficiency. Micro irrigation is one of the irrigation methods and has several manifold advantages over the conventional irrigation practice. Micro irrigation can reduce the wastage of water to a negligible amount results in increasing irrigation use efficiency in pulses. Micro irrigation precisely supplies water and nutrients to the plants in time to avoid plant stress. It also optimize pulse production (maximize economic yield for each unit of water) and increase the quality of end products. Micro irrigation has many potential advantages like increased beneficial use of water, enhanced plant growth and yield, efficiency of fertilizer and other chemicals, reduced salinity hazard, limited weed growth, decreased energy requirements and improved cultural practices [15-17] indicated that through micro irrigation the problem of soil salinity and degradation, poor crop yield could be prevented by applying water to the effective root zone under low pressures. Considerable water saving up to 50 per cent was possible through micro irrigation by maintaining available soil moisture at low water tension and almost constant during entire growth period of crop Patel et al. [18].



Drip Irrigation


Drip irrigation is method of irrigation to provide water most efficiently and precisely near the root zone of the crop. Drip irrigation can be mostly practiced for growing vegetable crops with considerable savings in irrigation water. Drip irrigation is now being used in row crops such as cabbage, potato, cassava, etc., in water deficit areas. Ahluwalia et al. [19] reported that considerable saving of irrigation water can be achieved by adopting drip method, as water applied almost precisely and directly to the root zone. For installing the drip irrigation economically in row crops like tomato, potato, etc., paired row planting method can be adopted without reduction in plant population for considerably reducing the cost of laterals and also to economize irrigation water without any reduction in the recommended optimum plant population.



In drip irrigation system, generally between 15 to 60 per cent fraction of the soil surface is wetted. During initial period of establishment, drip irrigation was considered as an emerging technology with its application limited to some special crops. At present, drip system is being practiced on a wide variety of crops, which was initially considered uneconomical Nakayama et al. [17,20] stated that the use of drip irrigation along with fertigation saves water and fertilizer results in better yield and quality of pulse crop. The benefits of drip irrigation include better crop survival, reduce water usage, higher yield and improved crop quality Martin et al. [21]. Increase in crop yield, quality and reduction of leaching loss of nutrients below the rooting zone could be achieved by using drip irrigation Hagin et al. [22]. Drip irrigation has the potential for improving most common contributing factors for the growth of crops such as over fertilization and over irrigation. Irrigation requirement can be reduced by 50 to 80 per cent with drip irrigation compared to conventional irrigation and sprinkler irrigation Locascio et al. [23]. Significantly higher fruit yield of tomato was obtained from drip irrigated plots and the increase was 40.4 per cent than the surface irrigation Bafna et al. [24]. Drip irrigation has proved its superiority over other methods of irrigation owing to direct application of water in the root zone of crops. Drip irrigation can play a vital role in increasing water use efficiency with economically feasible in high value crops [1,25] reported that the increase in seed cotton yield under drip irrigation was 24, 35, 45 and 53 per cent over all furrow, skip furrow, alternate furrow and check basin method, respectively.



Effect of Drip Irrigation on Growth Parameters of Crops


Anil Kumar (2005) reported that drip irrigation significantly increased growth parameters like number of leaves and dry matter production in baby corn at 100 per cent PE over 75per cent PE, 50per cent PE and surface irrigation. The highest dry matter production of cotton was recorded in drip irrigation as compared to surface irrigation Sampathkumar et al. [25,26]. Similarly, drip irrigation recorded higher dry matter production in tomato over furrow irrigation Hebbar et al. [24,27] stated that drip irrigation with 100 per cent Epan recorded the higher plant height (177.3,169.0	cm), ear length (19.97, 19.03 cm) and single fresh ear weight of corn (255.3, 243.7g) whereas, the lowest values were found at 70 per cent Epan. Gupta et al. [28] noted that drip irrigation along with fertigation was found superior than their individual effects. The treatment combination of 80 per cent ET through drip and 80 per cent recommended NPK through fertigation recorded maximum fruit yield in chillies (366.48 q ha-1). Pigeonpea grown under drip irrigation with 0.8 Epan during the crop period recorded higher plant height (61.6 cm), LAI (2.04) and total dry matter production (3731kg ha-1) at harvest.



Effect of Drip Irrigation on Yield of Crops


Vishwanatha et al. [25] recorded maximum grain and stover yields by drip irrigation at 0.8 Epan under normal planting (200.7 and 248.7 q ha-1, respectively) over 0.4 and 0.6 Epan by drip (159.3, 202.3 and 167.0, 214.0 q ha-1, respectively) in sweet corn in red sandy loam soil. Yazar et al. [29] recorded higher corn yield of 11920 kg ha-1 from the full irrigation treatment (100 per cent CPE) with six days interval. Based on the results, trickle irrigation system could be used successfully for irrigation of corn crop under arid climatic condition. Around 371 to 428 mm of water was used under drip irrigation, while it was 547 to 629 mm of water under furrow irrigation system [30,31] reported that among the different irrigation schedules, drip irrigation at 100 per cent PE recorded higher yield and other parameters like baby corn length, girth and number of cobs per plant over drip irrigation at 75 per cent PE, 50 per cent PE and surface irrigation. Rani et al. [32] observed that drip irrigation at 80 per cent pan evaporation and 50 per cent fertigation of recommended dose of N and K as the best agronomic practice to have higher yield of baby corn. Abdullah Oktem [27] recorded highest fresh ear yields (14.76 and 14.17 t ha-1) at 100 per cent E pan, whereas lower fresh ear yields (9.15 and 8.84 t ha-1) were observed at 70 per cent of E pan during the year 1998 and 1999 respectively. In pigeonpea, highest seed yield of 33 q ha-1 was recorded in farmer's field by adopting drip irrigation in Hingne village of Jalgaon district in Maharashtra [33,34] observed that grain yield of maize was significantly higher (7.46 t ha-1) in fertigation scheduled at 1.0 Epan and 100 per cent RDF with water soluble fertilizers like MAP, urea and KNO3 over fertigation at 1.0	Epan with 100 per cent RDF through conventional fertilizers application. Mahalakshmi et al. [35] reported that drip irrigation with 0.8 E pan throughout the crop period of pigeonpea recorded the higher grain yield of 3731 kg ha-1.



Effect of Drip Irrigation on Quality Components of Crops


Malik et al. [36] found that under drip irrigation, maximum yield (296.9 q ha-1), fruit size (61.7 mm) and TSS (5.6 per cent) were recorded in tomato when recommended fertilizer N (200 kg ha-1) was applied through drip irrigation. Except for diameter and weight, quality parameters of cauliflower were generally not affected by N or irrigation treatments, except in the control plots Thompson et al. [37,38] reported that two row planting under drip irrigation with 100 per cent Epan had higher juice weight than the surface irrigation method over all other methods of planting in sugarcane. Manish Kumar et al. [39] noticed that scheduling of irrigation at 1.0 IW/CPE ratio recorded the lowest protein content in grain (9.87%) over one irrigation at tasseling at 0.7 IW/CPE ratio (10.41%) in sandy loam soil of Raipur during 1997. Sunder Singh et al. [40] revealed higher crude protein (13.23 %) and vitamin C (12.65 mg 100 g-1) due to irrigation at 1.0 IW/CPE ratio over 0.75 and 0.5 IW/CPE ratio (12.78 and 12.57, and 12.11 and 12.44 respectively) in sandy clay loam during summer 1997 at Coimbatore. Thus, increasing the irrigation regimes improves the quality characters of crops.



Moisture Distribution Under Drip Irrigation


Water movement and its distribution under drip irrigation in the soil mainly depends upon many parameters like type of soils, infiltration rate, hydraulic conductivity of the soil, emitter discharge rate, quantity of irrigation water to be applied, soil moisture content, depth of water table and few climatic factors. Moisture distribution pattern in drip irrigation is mainly depends upon the rate of application of water and soil profile. Higher rate of application may lead to deep percolation loss whereas; a very low rate may result in evaporation losses. The size of the wetted soil surface and geometry of the wetted zone is decided by irrigation frequency and rate of water application in drip irrigation system. The wetted soil surface influences the extent of the evaporating surface and the geometry of wetted zone determines the zone of root activities and the efficiency of the particular regime. Moisture distribution pattern of summer squash irrigated under drip for the daily irrigation treatment shows that downward water movement is limited to surface 60 cm while lateral movement occurs up to 60cm from the emitter Earl et al. [41,42] observed the water movement pattern for a discharge rate of 8lph and noted that it was moved in both horizontal and vertical directions upto 30-40cm distance. For discharge rate of 4lph, the moisture content after 48 hours at the surface (below the emitter) was decreased from 37.8 to 27.8 per cent. The moisture content after 48 hours at 30cm depth below the dripper was found to be stabilized at 23.9 per cent in 0-30cm depth. Discharge rate of 4lph, the moisture content for 40cm distance away from the dripper was 21.8-22.7 per cent. The water applied at higher rate saturated the soil near the dripper and infiltration rate was slower, whereas the water percolated deeper with lower application rate as more time was available for infiltration Goel et al. [43]. Contrary to this result, Khepar et al. [44] noted that deeper penetration in the soil profile observed at higher discharge rates.



Soil moisture content after 6 hours irrigation was the maximum in 30-45 cm depth interval at all points along the radial distance between two emitters. Further, the moisture content at a radial distance of 30 cm was the lowest from a given emitter at all soil depths. However, the moisture content was increased with decreasing radial distance from the emitter with maximum value obtained at the point source Ahluwalia et al. [19]. The soil water content (by volume) distribution in the profiles was higher near the emitter and decreased as the distance from the emitting point increased under all drip and fertigation treatments. This difference however, was not observed below 30 cm depth, irrespective of the distance from the emitter Debashis Chakraborty et al. [45] noted that frequent irrigations under drip irrigation system had maintained soil moisture content that did not fluctuate between wet and dry extremes and also most of the soil in the root zone was kept in well aerated condition. He also observed that the water movement in the soil depends on characteristics of the soil and dripper discharge rate. Faster wetting front movement in both radial and vertical directions was observed at higher application rate. The wetted depth was significantly increased with volume, but horizontal wetted area was not affected.



This may be due to the water entry into saturated radius approaching a constant value at particular time. Li et al. [46] reported that water distribution in horizontal direction is more when water application rate is increased, while decreasing the rate allows more water to distribute in vertical direction. The wetted zone geometry was affected by soil type, the volume of water applied to the soil and emitter discharge rate Amin et al. [47,48] also stated that under drip irrigation system, available soil moisture was almost consistent and nearer to field capacity as against wide fluctuation under surface irrigation. Adequate soil moisture availability ensures successful cotton production under any type of cultivation. Higher available soil moisture (ASM) was observed in drip irrigation plots as compared to furrow irrigation in two soil depths of 0-15 cm and 15-30cm Veeraputhiran et al. [49]. reported increased available soil moisture with increase in irrigation from 0.5 to 1.0 ETc. In 1.0 ETc, soil moisture content remained very near to field capacity of 115 mm per 60 cm soil layer However, irrigation up to 0.80 ETc also seems to be adequate as soil moisture depletion was found within the range of 25 per cent of 86 mm per 60 cm of available water but drip irrigation at 0.7 ETc, soil moisture depletion beyond 25 per cent available water. At higher deficit irrigation level of 0.6 ETc to 0.5 ETc, soil moisture availability to the crop was inadequate for its full growth in fine loamy soil with 4lph dripper. Prashant Shrivastava et al. [50] reported that the lateral and vertical spread of water in the soil increased with the amount of irrigation.



Rooting Pattern Under Drip Irrigation


In order to achieve proper growth, the root zone of a plant must be well supplied with both water and oxygen. Water potential should be kept close to saturation Stanhill et al. [51] but, if a low water tension is maintained in a clay soil, plants will suffer most of the time from a sub-optimal level of oxygen supply in the root zone Follett et al. [52,53]. Oxygen is essential for good root development. If oxygen percentage is reduced, root growth ceases altogether and ultimately there will be no recovery of normal root growth even roots are well supplied again with oxygen Brandt et al. [54,55]. The trickle irrigation synonymous to drip irrigation is a modern technique which is supposed to solve this problem. The water spreads from the trickler according to the potential gradients in a three-dimensional flow and creates a pear shaped mass of wetted soil Goldberg et al. [56,57]. Therefore, the soil is saturated only in the vicinity of the trickle, while most of its volume is wetted by an unsaturated flow. These features of drip irrigation system enable frequent water applications in small amounts, which maintain the moisture regime in soil volume quite stable.



In drip irrigation system the root development is restricted to the soil volume wetted by the emitters near the soil surface and root length and density was decreasing with depth Stevens et al. [58]. Most of the roots are present in the top of the soil i.e 75 per cent of roots occurring within 50 cm of the emitter, around the water source for daily irrigated plots. In contrast, under weekly irrigated plots roots are more evenly distributed laterally with 63 per cent occurring within 50cm of the emitter. In case of root length, roots are highly concentrated in the surface layers in the daily irrigated plots, with 64 per cent occurring in the upper 45 cm and the density markedly decreasing below 75cm. In weekly irrigated plots, roots are more evenly distributed with 43 per cent in the surface 45cm and root penetration up to below 120 cm was observed Earl, [41]. In trickle irrigated wheat crop, roots tend to accumulate in the margins of the wetted zone in and no root growth occurred beyond a distance of 35cm. This was due to limited wetted area of the lateral distance. The results concluded that irrigation from through trickler may solve the problem of the root system for a low water tension on the one hand and good aeration on the other hand Silberbush et al. [56,59] reported that root water uptake is not always in direct proportion to root length density. In response to irrigation water distribution, plants can quickly adapt to spatial pattern of water uptake Clothier et al. [60]. To match irrigation system design and management with crop requirements, information about the structure and function of crop root systems is essential. Through root weight density or root length density (RLD) rooting pattern of the crop can be traditionally analyzed. The main indicator of potential water uptake is distribution of root length density Sharp et al. [61]. The actual water uptake patterns (root activity or effectiveness) reflect a complex system between root length density and other factors like water, nutrient and aeration status of the root zone. It is a need of hour for better understanding of crop root distributions and water uptake patterns, as we seek to develop modern and environmental friendly practices involving high frequency irrigation and fertigation for higher production Clothier et al. [60]. Evidence shows that root systems under partial soil wetting are dominated by the wetting pattern under the drippers Clausnitzer et al. [62]. The tomato root length intensity decreased as water applied decreased and the pattern of root distribution along the soil profile shows an exponential decrease in root length intensity with depth. The larger proportions of roots were found in the area of the emitter, close to the plant and decreases with distance from the emitter



Between 12 and 21 per cent of total root length was found more than 0.5 m from the stem, which can be attributed to interpenetration of roots from plants of adjoining rows Oliveira et al. [63,64]. reported that the root length of chilli was higher when irrigation was scheduled at 83 mm CPE as compared to irrigation at 63 and 53mm CPE reported that root length and root dry weight were favourably influenced by drip fertigation. All the drip irrigation levels have recorded high root dry weight with less root length as compared to surface irrigation. Hagin et al. [22] reported that drip irrigation generates a restricted root system requiring frequent nutrient supply that may be satisfied by applying fertilizer through irrigation water. Improving crop yield and quality and reducing loss of nutrients by way of leaching below the rooting zone may be achieved by managing fertilizer concentrations in irrigation water, based on the crop requirements. Major root activity was observed in the wetted volume of soil Haynes et al. [65,66]. Observed enhanced root spread and root dry mass of maize under drip fertigation practices while rooting depth was more under surface irrigation method.



Nutrient Requirement For Pulses


The three major and primary nutrients required for the crop growth and productivity are Nitrogen, phosphorus and potassium. Small quantity of nitrogen is very important during early stage of seedling growth. Phosphorus is important for energy storage and transfer and also essential for vigorous growth and development of seeds. Especially in grain crops, it enhances crop maturity and quality. Potassium maintains water balance and strength of the stalk. In addition, it also promotes energy generation which is essential for translocation of nutrients in the plant, N uptake and protein synthesis. Crops that suffer with K deficiency lead to low total N uptake, yield and protein. Proper inoculants and sufficient amounts of P, K, sulphur and micronutrients are available in the soil, legumes can fix their own nitrogen. N uptake was maximum during branching and early bud formation Malhi et al. [67]. During early growing period, availability of P and K is critical not only for direct incorporation, but to ensure early N fixation. The nutrient uptake by pigeonpea is mainly depends on yield, which in turn vary with season, variety, soil, nutrient status and cultural practices followed in particular region. During early stage of Pigeonpea growth, it takes up relatively small amounts of nutrients, but as it grows and develops, the daily rate of nutrient uptake increases and it requires an adequate supply of nutrients at each growth stage for optimum yield. Substantial quantity of nutrients removal from the soil by high yielding long duration pigeonpea, this should be taken into consideration in an overall nutrient management plan.



Drip Fertigation


Fertigation is the process where application of fertilizers was done through irrigation water. By definition, fertigation is the precise application of water soluble fertilizers through sprinkler and drip irrigation systems Billsegars et al. [68]. Considerable saving of fertilizers can be achieved when the fertilizers were applied along with water through drip irrigation system. Apart from yield increase there was saving of water compared to surface method of irrigation. It helps to achieve higher fertilizer and water use efficiency. The risk of crop damage in many crops due to high water table coupled with heavy rains can be minimized by drip fertigation. It allows nutrient supply directly into root zone during critical periods of nutrient demand by the crop Kozhushka et al. [69]. Drip fertigation also provides efficient fertilizer delivery system and reduce overall fertilizer application rate and minimize the adverse environmental impact Hartz et al. [70]. The increasing area of drip irrigated crops facilitates an excellent opportunity to explore complete and balanced plant nutrient programs that have the potential to improve plant health and increase yields. Improved efficiency of fertilizer recovery can be achieved by fertigation Miller et al. [71-72], reduction fertilizer losses due to leaching control of nutrient concentration in soil solution flexibility in timing of fertilizer application in relation to crop demand based on development and physiological stage of crops. Besides, fertigation reduces soil solution salinity due to fertilizers Papadopoulos [17], thereby improves soil solution conditions particularly for salt sensitive crops, and conserves labour and energy.



Advantages of application of fertilizers through the irrigation system [73]:



a)	According to crop requirements, nutrients can be applied at any time during the season


b)	Movement of mobile nutrient like Nitrogen can be regulated through amount of water applied in the soil profile by placement



c)	Applied nutrients are readily available for rapid crop uptake



d)	Uniform application of nutrients over the field


e)	Minimal crop damage during fertilizer application



With the possible exception of foliar sprays, the existing macronutrients (nitrogen, phosphorus, potassium, sulphur, calcium and magnesium) nutrient deficiency can be corrected in quickest ways through fertigation. There is a possibility of plant foliage burnt, if the macronutrients are applied at high rates in foliar sprays. Fertigation provides improved efficiency of irrigation, nutrient use and reduces cost of application. It also improves plant growth, nutrient uptake and reduces nutrient losses [73,74] reported that through fertigation fertilizer saving and increase in yield of tomato. Fertigation saves the fertilizer to the tune of 25-50 per cent Haynes et al. [75]. In modern irrigated agriculture, fertigation became an attractive technology as it increase in yield and quality together with the improved water and fertilizer efficiency Papadopoulos et al. [17,76] reported that significant higher tomato fruit yield (107.3 t ha-1) was obtained by fertigation which was 42.3 per cent higher than band placement. In general, frequent nutrient applications have improved the fertilizer-use efficiency and crop response to fertilizer application through drip irrigation Malik et al. [77]. Nutrient supply through fertigation to crops is mainly depends upon their concentration in irrigation water, plant nutrient uptake, rate of evapotranspiration and reactions such as precipitation or fixation. According to crop requirements, optimization of nutrient and water supply for increasing crop yield and quality and also reducing leaching losses below the rooting zone are achieved by managing fertilizer concentrations in measured quantities of irrigation water Hagin et al. [22]. Fertigation improved the overall root activity, mobility of nutritive elements and their uptake was improved, as well as reduction in surface and ground water contamination. The fertigation technology is mainly used for N and K fertilizers, as P is always applied as basal [78]. Through fertigation, yields of maize (7.9 t ha-1) and wheat (6.4 t ha-1) is possible to increase the crop productivity of sandy soils of low fertility [73]. Drip irrigation is an efficient method for fertigation, as both time and rate of nutrients will be well controlled to meet the requirements of a crop at each physiological stage of growth Bar Yosef et al. [79,80] stated that fertigation is the most efficient and effective method of fertilizer application for all crops.



This results in reducing leaching and volatilization losses, improves the N utilization efficiency and minimizes ground water contamination Papadopoulos et al. [17]. As an additional benefit, applying N fertilizer along with the irrigation water is a more suitable and less expensive method compared to the traditional soil application methods. Fertigation allows us to supply nutrients directly to the active roots surface where the plants can readily uptake for the further process Sivanappan et al. [42,79] stated that drip fertigation system delivers water and nutrients at a proper rate, duration and frequency, so as to maximize water and nutrient uptake by individual plant, while reducing leaching loss of nutrients and chemicals from the root zone. Fertigation has an advantage that the nutrients are applied in solution form near the root zone hence, they are readily available to the plants. Apart from this, the quantity of nutrients delivered can be easily managed to meet the crop needs. Kozhushka et al. [69] reported that fertigation allows nutrient placement directly into root zone of crop during critical periods of nutrient requirement by crops. Drip fertigation provides an efficient method of fertilizer delivery and if properly managed, reduce overall fertilizer application rate and minimize the adverse environmental impact Hartz et al. [70].



Economics of Drip Fertigation


Fertigation enable farmers to reduce the cost of cultivation and to increase the economic product as high as possible. Hence, attaining maximum benefits from each unit of water and nutrient applied to crop are important. For successful adoption of fertigation, application of straight and water-soluble fertilizer through drip would be economically viable. Narkhede et al. [81] reported in cotton that drip fertigation with 1.5 litre day-1 plant-1 recorded maximum gross returns (16,085 ha-1), net returns (8,159 ha-1) and returns per rupee invested (2.02) as compared to low level of drip fertigation at 0.5 litre day-1 plant-1. The B: C ratio was much higher in tomato under drip irrigation, the water saved can be utilized to cover additional area of the same crop Hugar et al. [82]. Application of 80 per cent of normal fertilizers in the form of DAP, urea and MOP at bimonthly intervals was economical and effective in realizing higher yields and returns.



Water-soluble fertilizers were found to be better source for fertigation than the normal fertilizers as they resulted in less clogging Venkateshamurthy et al. [83]. Many scientists reported that additional benefit of WSF over normal fertilizers in fertigation was masked due to high cost of WSF in cotton Shinde et al. [84,85] in sugarcane observed that scheduling of irrigation by weekly surface irrigation at 1.0 Epan recorded higher B: C ratio (5.8) which was on par with drip irrigation at 0.8 Epan (5.2) over 0.4 and 0.6 Epan by drip (3.9 and 4.3, respectively) in sweet corn in red sandy loam soil.



Veeraputhiran et al. [86] reported that drip fertigation with 120 kg N ha-1 registered higher net income of ' 48,886 ha-1 as compared to furrow irrigation. He also reported that even though higher cost was involved for drip unit, benefit cost ratio for drip fertigation was the lowest when compared to furrow irrigation. Ramesh et al. [13] stated that the highest net return of '30,105 ha-1 and B:C ratio of 2.75 were registered under drip irrigation as compared to furrow irrigation (21,750 ha-1 and 2.04, respectively).



Sampathkumar et al. [87] reported that drip irrigation at 100 per cent PE once in 3 days interval with coir pith mulching registered higher net profit of '30939 ha-1 and B:C ratio of 2.34 than drip irrigation at 60 per cent PE once in 7 days. Patil et al. [88] stated that paired row planting (60/120cm x 60cm) was better than single row planting (90 x 60 cm) with considerable saving of drip system cost towards laterals. Drip fertigation with 100 per cent RDF recorded higher B: C ratio (1.79) followed by drip fertigation with 125 per cent RDF (1.77). Drip irrigation in cauliflower and hybrid chilli sequence gave a net return of 1,23,679 ha-1 against 35,418 ha-1 in check basin method of irrigation Singh et al. [89] Drip fertigation of pigeonpea at branching and pod development stage along with NK@ 10:10 kg ha-1 in 5-10 splits gave additional net monitory return of 9000 ha-1 annum-1 Praharaj et al. [90-94].



Conclusion


From the above review, it is clearly understood that drip irrigation requires less irrigation water as the irrigation efficiency is increased compared to conventional irrigation method and also ensure uniform distribution of water and nutrients to the crops. It also increases the fertilizer use efficiency; in turn it leads to increase in yield and economic returns to the farming community [95-97]. High yield and the quality of produce is mainly depends upon the correct combination of water and nutrients. Fertigation has the potential to ensure that the right combination of water and nutrients is available at the root zone, results in higher yield and quality of the product.
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