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INTRODUCTION 

India has around 160 million ha of cultivated land .Out of this only 35% 

area having assured irrigation and remaining 65% area is dependent on vagaries 

of monsoon. This 65% area contributes about 40% of the food production and 

that indicates its poor productivity level. Due to increasing cost both physical 

and environmental, new big irrigation systems are no more feasible and 

therefore, rainwater harvesting and management has become crucial for 

agricultural production system. It is possible to develop appropriate rainwater 

management strategies in conjunction with irrigation systems in these regions for 

increasing productivity of land, by 100 to 200% on sustainable basis using 

bottom up approach. Though India's water resources are good, the harnessable 

water is only about 115 M ham out of 400 M ham of rainfall (Unevenly 

distributed), 70M ham from surface and 45M ham from ground water which can 

irrigate about 130-140M ha. This is only about 50-60% of the gross cultivable 

area in the country. The rest can only be managed by the efficient utilization of 

harvested rainwater. 

Rainwater harvesting for full filing domestic and agricultural land is as 

old as human civilization itself. However, it's role varies as per the climatic 

conditions of the region. In arid and semi arid regions the role of rainwater 

management is to provide life saving irrigation to kharif crop to save it from 

vagaries of monsoon. This reduces the instability in yield and provides cushion 

to subsistence level agriculture against rainfall variations. However, the situation 



is di flcrcnt in this rcgion having high rainfall whcrc rainwatcr nH1I1ngcl11cnt hns n 

potential of being an irrigation water resource which can provide full irrigation 

in conjunction with rainfall to a transplanted rice based two crop rotation and a 

proper development of rainwater management systems has potential of 

substantially increasing the irrigation. As this water is limited stored at 

signi ficant cost, it should be utilized as efficiently as possible at appropriate cost. 

The efficient advanced and sophisticated methods generally followed are 

drip, sprinkler and micro irrigation system. Drip irrigation or micro irrigation is 

the most efficient method of irrigation. It applies water and other inputs 

efficiently and directly near the root zones of the plants. Irrigated areas can be 

doubled from the available water resources using micro irrigation. It can be 

installed by small as wcll as large farmcrs and is equally beneficial to both. For 

the operation of drip irrigation system the clogging of emitters is a major 

problem. The water supplied from water harvesting systems contain large no of 

foreign particles and contaminants. The physical quality of water plays a major 

role in the success of modern precision irrigation system. This is very important 

in case of drip irrigation as the organic or inorganic constituents present in the 

water clog the emitters. As gravity fed micro-irrigation/drip irrigation operates 

under very low pressure, the problem becomes more acute. Therefore selection 

of filter is very important for gravity fed drip system. 

The design parameters of the drip system have been well developed, but it 

is mostly limited to systems which uses pump ror generating pressure, and fed 

from ground water. for utilizing of water harvesting systems the tradition drip 

systems can not be used due to three reasons: (i) the size being small, pumping 

2 



may not be economical and further there is gravity head available which can be 

used for providing necessary head, and (ii) the water is turbid requiring filters 

which consume less head. Cost has been a limiting factor in these applications. 

The cost can be reduced if some locally available and cheap material can be used 

as a filter fabric 

Further there will be significant change in design of water harvesting 

system for drip irrigated crops. Thus a mathematical model is required for 

designing such system. 

In view of above, this study has been planned with following objectives: 

I. Development and design of a low cost low head efficient filter for use in 

gravitifed micro irrigation system 

2. Study of hydraulics of gravitifcd drip system for selection of suitable emitter. 

3. Development of a mathematical model for design of water harvesting system 

for drip irrigated banana. 

3 
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REVIEW OF LITERATURE 

This chapter deals with the summary of prevIOus research works 

condul.:ted in the field study and other related fields. 

2.1 HISTORY AND DEVELOPMENT OF DRIP IRRIGATION 

Drip irrigation was developed originally as a sub-irrigation system and 

this basic idea underlying drip irrigation can be traced back to experiments in 

Germany in 1860s. The first work on drip irrigation in the United States was a 

study carried out by a I-louse in Colorado in 1913. An important break-through 

was made in Germany way back in 1920, when perforated pipe drip irrigation 

was introdul.:ed (Samj. 2(00). 

During early 1940s. Symcha Blass, an Israeli engineer observed that a big 

tree near a leaking tap exhibited a more vigorous growth than other trees in the 

area, which were not reached by water from the tap. This led him to the concept 

of an irrigation system that would apply water in small quantity, literally drop by 

drop. Around 1948, green house operators in the United Kingdom began to try a 

similar method with some modifications. The earliest drip irrigation system 

consisted of plastk capillary tubes of small diameter( I mill) attached to large 

pipes. Frktion inside the tube restrkted the flow of water into the soil n·ol11 a 

given discharge of 2 to 10 I ph. Initially. the system was installed under ground, 

out oecause of the primitive filtration techniques of the time and frequent 
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clogging, the system moved above the ground. One of the refinements made by 

Blass in his original system was "Coiled emitter". Thus he developed the first 

patented trickle irrigation system (INCID, 1994). 

Drip irrigation was introduced in India after 1970 in the agricultural 

universities and research institutions. Use of drip irrigation is gradually 

increasing through out the country. Data recorded from Department of 

Agriculture and Co-operation, it is found that the area under drip irrigation has 

gone up to 1,39.185 hectare. Among all the states, Maharashtra is the highest on 

area coverage by drip i.e. 27.000 hectare, followed by Karnataka with 20,700 

hectare. 

2.2. DRIP IRRIGATION RESEARCH IN INDIA 

Research works have been taken up by various Agricultural Universities 

and research stations. manufacturers. farmers etc. The IPCLINCPA has 

sponsored many research scheme under plasticulture development centres (POC) 

to the various institutions in the country from 1985 onward. The results of 

various research studies under taken for the last 20 years are described briefly 

under each institutions. 

2.2.1 TAMILNADU AGRICULTURAL UNIVERSITY, COIMBATORE, 

TAMILNADU 

At the college of Agricultural Engineering, TNAU, Coimbatore, studies 

on drip irrigation are being carried out since 1970 onwards. A low cost drip 

irrigation system was designed and fabricated to determine the water use for 
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various vegetables and fruit crops. Extensive experiments were conducted to 

study the water requirements and yields of various crops, namely tomato, radish, 

lady's finger, brinjal, papaya, banana, cotton and sugarcane. The results have 

indicated that the water requirement under drip method was about one third to 

one fourth or that or sur race method and yield was invariably more in drip 

system, when compared to surface method. (G.C .,1999) 

2.2.2 HARYANA AGRICULTURAL UNIVERSITY, I-IISAR, HARY ANA 

Comparative studies of drip versus surface method were conducted in 

small pots with onion. sugarbeet, potato and radish. It was found that drip 

method produced 112.0, 489.0, 344.2, 268.13 quintals per hectare of onion, 

sugarbeet, potato and radish respectively compared to 93.0, 4] 8.4. 235.7 and 

174.93 q/ha in surl~lce method. Similarly water use efficicntly arc 2.48, 13.17, 

22.95 and 29.778 q/halcm respectively in drip method compared to 1.84, 8.45, 

11.78 and 9.43 q/ha/cm in surface method (Saroj. 2000). 

In another experiment, the size of onion under surface irrigation was only 

6.15 to 7.2 cm as compared to 7.71 cm when irrigated by drip method. Similarly 

the weight of lady's finger was only 5.67 to 6.24 kg per plant when surface 

irrigated as compared to 6.68 kg per plant of drip irrigated (Saroj, 2000). 

2.2.3 UNIVERSITY OF UDAIPUR, JOHNER, RAJASTAN 

Under the all India coordinated scheme on water management 

experiments on drip irrigation were conducted at lobner. During 1974-75, trickle 

irrigation was tried for pomegranate and compared with check basin irrigation. It 
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was observed that the water applied by trickle was only 76.5 lit was compared 

to 110.3 lit in check basin method. When the plants were given irrigation the 

same amollnt of water namely 211.50 lit in both the methods, the growth in drip 

irrigation was 3.22 times more than that of basin irrigation. 

Similarly significant increase in production and water use efficiency of 

potato were observed (G.C .. 1999) 

At College of Technology and Agricultural Engineering of Udaipur it was 

reported that besides the saving in water. the yield of potato tubers was high and 

effect of rront was minimum and weed growth was the lowest during 1970-71. 

During the year 1972-73 the experiment was repeated with improved design of 

drippers-water was given at the rate of 28.25 cm/plantlhr which resulted a saving 

of 47% over furrow method and yield was incrcased by 74.2%. 

2.2.4 PUNJABRAO KRISHI VIDY APITH AKOLA, MAHARASTRA 

Experiments were conducted to compare drip with furrow method of 

irrigation of vegetable crops like cauliOower. tomato and brinjal. The research 

findings shows that 30 to 50% water is savcd and substantial increase in crop 

yield oCCllrs through drip irrigation. Field experiments on drip irrigation from 

orange crop showed that water saving was more than 50% and wetted area was 

10 to 20% of the traditional irrigation system. The soil moisture content in the 

root zone was within 70 to 100% of the field capacity of soil in drip and 

accumulation of salt was found to be maximum at the periphery of wetted area. 

The \\ccd ill fcstatioll was minimum in drip irrigated plot. There also 20-25% 

saving of fertilizer \\'a5 noticed (G.C., 1999). 
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2.2.5 UNIVERSITY OF AGRICULTURAL SCIENCES, DHARWAR, 

KARNATAKA 

Experiments conducted at the University of Agricultural Sciences at 

Dharwar in Karnataka, on the evaluation of drip and furrow method of irrigation 

of cabbage have indicated that 

(a) 46.25% of water \vas saved in drip method 

(b) 17.65% of increased yield was obtained in drip system 

(c) the weed infestation was less by 40.320/0 in drip system 

(d) Early maturity was noticed in drip irrigation as compared to furrow 

irrigation. 

The studies 011 the effect of drip irrigation compared to check basin method 

for grapes have revealed that the drip method resulted in 88.8% higher yield per 

unit of water over the control. The net return per hectare per cm of water was 

39.68% more under drip system than the check basin system (Saroj, 2000). 

2.2.6 JYOTHI FARl\'I, VADODARA, GUJARAT 

Experiments were conducted from 1975 onwards with drip irrigation for 

lime plants at Jyothi farm. Vadodara. The results have indicated that over a span 

of five years an average saving of 5.3% of water was observed in drip system. 

After 3.5 years. 50% trees under drip and 30% trees under basin irrigation 

started bearing fruits and the first year of fruiting was about 14% more in drip as 

compared to basin ((J.e .. 1999). 
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The trial .conducted on groundnut has indicated that the yield was 66% 

higher under drip compared to border method of irrigation. This WUE under 

drip method was 2.8 times more than the surface method. The experiments 

conducted on tomato crop using drip irrigation have shown that the water saved 

was about 50% compared to furrow irrigation. The production of tomato per 

hectare per cm of water observed as 1540 kg and 1040 kg under furrow and drip 

method respectively due to water saving (Saroj, 2000). 

2.2.7 JIVRAJBHAI PATEL AGRO FORESTRY CENTRE 

SURENDRABAGII, GUJARAT 

Many farmers in Gujurat had introduced drip irrigation for various trees 

in Saurastra Region of Gujurat State. Many innovative techniques were adopted 

by farmers including getting water through tankers and supplying drip irrigation 

to reap a rich harvest much encouraging with increased yield of more that 25% 

and income raised by 60% (G.C. 1999). 

2.2.8 CENTRE FOR \VATER RESOURCES DEVELOPMENT AND 

MANAGEMENT, KOZHIKODE, KERALA 

At the centre for Water Resources Development and Management, 

Kozhikode, Kerala, studies were conducted to compare the drip method with the 

conventional methods stich as ring and basin method for coconut. Under drip 

method quantity of water applied was about 30 lit/day/plant. About 360 lit of 

water were applied once in six days (60 lit /day/plant) in case of ring and 600 lit 

once in six days in the basin method (100 lit/day/plant). No difference in yield 

was noticed among various methods. The trial conducted for banana crop has 
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indicated that the treatments in\'ol\'ing micro irrigation daily with mulching was 

superior to other treatments in sa\'ing water and crop performance. The quantity 

of water lIsed for micro irrigation was 4.6 lit/plant against 20 lit in conventional 

method (Samj, 20(0). 

2.3 MICRO / DRIP IRRIGATION 

According to Buck Nakayama (1982). drip irrigation has the greatest 

potential where: (I) water is expensive or scarce~ (2) soils are sandy, rocky, or 

di fficult to level: & (3) high \'alue crops are produced. In such areas, the capital 

expenditure on drip irrigation is offset by the reduction in cost of the expensive 

water & the cost of levelling. But in the alluvium belt of eastern India where 

water is of good quality and available in plenty at shallow depth, the advantage 

of drip irrigation will be in terms of the reduced size of pumping unit, decreased 

energy requirement and increased yields, and this may offset the capital 

expenditure for drip irrigation. While designing an optimal tank irrigation 

system, srivastava (1996) treaded off the cost of efficient application system 

with a reduction in the cost of storage requirement to find the optimal 

combination of application systems. Davis (1975) and Shoji (1977) studied the 

energy conservation of different irrigation methods and found that the real 

energy conservation under drip irrigation comes from reduced amount of 

pumped \vater because or a higher Oil-farm irrigation efficiency. Batty compared 

the installation energy (including the energy to produce plastic tubing) & annual 

pumping cost for nine irrigation system on a specific site. He found that flood 

irrigation consumes more energy than drip irrigation if the same amount of water 
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was applied. Most of the research workers (lNCID, 1994; DWMR, 1994) have 

reported higher yields with irrigation compared to surface irrigation. 

Microirrigation is suited for undulated terrain, shallow soils and water­

scarce areas. Saline / brackish water can also be used with good filtration 

systems. The salt stress is kept minimum at the root zone of crop with drip 

system as the salts are pushed to the periphery of the wetting zone by daily, drip 

irrigation. lienee the salt injury is avoided. The spectacular advantages of 

microirrigation as reported by Bucks el at.. (1982) are increased water-use 

efficiency (90-95%), higher yield (40-100%), decreased tillage requirements, 

high quality products, higher fertilizer use efficiency by ferligation (saving 

fertilizer lip to 30%). lesser weed growth, less occurrence of pest and diseases, 

reduced labour requirement etc. Thus mcroirrigaiton chiefly offers the twin 

benefits of yield increase and water saving owing to that root zone or the crop is 

always kept nearer to field capacity. It is possible to apply water and fertilizer 

most precisely and unirormly to all plants by fertigation. Drip irrigation also 

enahles re-use of poor quality waters like sewage effluents after proper 

filtrations. 

i\ decade or research (1986-1988) at WTCER, indicated that the plains of 

eastern region are endowed with good quality ground water at shallow depths. 

The question is weather drip irrigation is economical in this region or not. 

Studies have showll that drip irrigution is economical even for shallow ground 

water zones (below the ground water table 3m) if the yield gain, from drip is 

more than 20%. The threshold value of fixed cost of drip irrigation increases 

sharply if electricity charges are changed from fixed tariff based on load to 
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actual consumption cven if at much lower than the actual cost of electricity. 

Nomographs have bcen dC\'c1oped for deciding threshold cost of drip irrigation 

systems. It has also been I(Hmd that contrary to common perception that drip 

irrigation is energy intensive. the drip irrigation consumes less energy. Energy 

consumption is almost half if we used drip irrigation, even the size of the prime 

mover is drastically reduccd with adoption of drip irrigation. The reduction 

ranges from 40 to 75%. 

In the experiment of gravity fed drip irrigation system for cauliflower in 

mid-hills of llimalaya. the irrigation system involving collection of springs 

water and runoff in small low density polyethylene (LOPE) film lined tanks can 

be used slIccessfully to grow vegetables even in upland areas (Srivastava, 1987 

and 1988). However, due to limitation of storage capacity of tanks (10 to 

100m3). only small area can be irrigated with surface irrigation methods i.e. 

check basin or flood irrigation which are commonly prevalent in the valleys. 

Drip irrigation method provides an opportunity to minimize the unproductive 

losses and labour requirement and increase crop water use efficiency (Singh and 

Singh. 1978, Reddy el al... 1990). Drip irrigation also has the potential to 

increase yield of most if not all. vegetable crops (Singh and Singh, 1978). 

Moreover due to topographical advantages of hills. gravitational energy may be 

utilized to operate the drips and thus. the initial and operational cost of pumping 

can be eliminated (Bhatnagar. el al .. , 1998). 

Many irrigated areas in the world are running increasingly short of water 

(Buck's, 1995), with growing competition between farmers who need to irrigate 

their crops and the world's rapidly expanding cities. water saving forms of 
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irrigation are at a premium (postel, 1992). Dip irrigation, the most efficient form 

of irrigation currcntl" available. now irrigates a little under two million hectares. 
~ - ~ 

This is less than one percent of global irrigated acreage. The main obstacle to its 

wider adoption is its high capital cost (Postel. 1996)- about $ 1,000 (U.S) per 

acre for row crops like vegetables. This makes installation of drip systems 

prohibitive for the great majority of farmers in dcveloping countries who 

cultivate less than five acres. 

In the language of economists existing drip irrigation technology is 

not "divisible" that is it cannot be divided into very small functional units. A 

typical slllall farmer in India cultivates five plots ranging in size from one fifth 

of an acre to a half acre. Biological technologies like green revolution seeds and 

fertilizer are divisible because they can be split into small affordable packets that 

lit tiny plots. But drip irrigation systems. like other current i .... igation 

technologies, are difficult to customize to mcet the needs of the small plots of 

poor farmers and they are too expensive to be affordable. The development of a 

reliable low cost drip system that fits the needs of small farmers in developing 

countries has long been recognized as a critical need (Hillel, 1985, Saksena, 

1995~ Nir. 1995). For example. Sivanappan and his colleagues tested the use of 

holes instead of emitters in India in the 1970s (Sivanappan and Padmakumari, 

1980). To meet the need for a low cost system, International devclopment 

Enterprises specializing in small scale irrigation. has developed and field tested a 

simpli lied drip system that is divisible and cost $250 a hecta .. c ($50 for a onc-

half acre unit) 
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Pandey V.K. and Mahajan Vijay in their experiment, performance of drip 

irrigation in tomato in 1995-96 and 1996-97 at zonal agricultural research 

station, IGAU, Ambikpur. M.P to study comparative performance of drip and 

surf"I\I.:l: 1I1dhods of" irrigatioll ill tomato (Var. I'usa curly dwarf). Four intervals of 

water application through drip system were evaluated in terms of yield, water 

saving and water use efficiency. Two years pulled data showed that drip 

irrigation at 1 day interval produced 18% more crop yield (225.09 q/ha followed 

by yield 200.37 q/ha) under drip irrigation at 2 days interval and saved 20.52% 

irrigation water over surface method of irrigation. Water use efficiency was 

highest (708.55 kg/ha em) with drip irrigation at one day interval and lowest 

(477.28 kg/ha.cm) with surface method of irrigation. 

Expcrimcnt inn:stmcnt decision model ror drip irrigation system showed 

that drip irrigation for sugarcane is economical in areas having ground water 

available at shallow dcpths, if electricity charges are at domestic consumption 

basis and the yield gain is more than 20%. They found that economics of drip 

irrigation is influenced by yield gain ratio, electricity charges, irrigation 

requirement and depth of ground water in that order. Davis (1975) and Shoji 

(1977) round that reduccd amount or pumped water conserves energy in drip 

irrigation systems. Srivastava (1996) traced off the cost of efficient application 

system with a reduction in the cost of storage requirement to find the optimal 

comhination of application system. Designing pressurized irrigation system for 

canal cOlllmands, Srivastava & Ahmed (1998) found that charge over to 

pressurized irrigation system from surface systcms can save 0.855 to 2.85 ha-m 

of water for a 5ha cOlllmand area (Srivastava and Upadhaya. 1998). 
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Mathematical model ror designing watcr harvesting system for drip 

irrigated banana orchard "as studied. It indicated that a pond-based system can 

irrigate a banana orchard. On canopy area basis. optimum irrigation schedule for 

the crop has been round at I W lePE of O.R. The optimal design or water 

harvcsting system for such crop will depend upon hydrologic factors, pond site 

I~lctors. plant type 1~lctors and weather paramcters. The hydrologic factors will 

include catchment. command area ratio and runoff pattern. The pond site factors 

will consider size and dimensions of pond. irrigation requirement pattern, 

seepage loss amI e\'aporation loss. The plant factors will be relationship between 

age and canopy area. These factors are interdependent and need to be analyzed 

together along \\"ith their constraints and contribution to objective function of 

minimizing the cost of irrigation. With the above view the mathematical model 

is being developed. The model is based on multilevel dccomposition where all 

the factors at di fTerent levels are first considered and then merged for their 

interaction (James. Panda. 1999-2000). 

Experiment on performance evaluation on drip irrigation system for 

orchard crops and shown that sapota and banana crops response to drip 

irrigation. Pressure compcnsating drippers with discharges rate of 4 Iph have 

been installcd. For sapota irrigation schcdule at IW/CPE of 0.5, 0.75, 1.00 and 

1.25 were cvaluatcd under mulched and non-mulchcd conditions. The 

experiment is continuing, the experiment on banana crop was terminated in 

2002. A new crop or banana was planted with optimal irrigation scheduled at 

IW/CPE or 0.8. To optimally utilizc the drip system inter crop of briJ1jal was 

planted. This crops was irrigated by micro tubcs and pressure-compensating type 

drippers. Thc hydraulics of the systcm was studied. Since this system was based 
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on a pond. mathematical model is being developed for designing and optimal 

water harvesting system ror irrigating drip irrigated banana crop (Srivastava, 

et.aJ.. 1999-2000). 

13hatnagar. P.R and Srivastava R.C. (200 I) had done experiment on a new 

drip irrigation system i.e. gravity fed irrigation system for hilly terraces. This 

system operates with low pressure head (mostly 0.5 -5m) and can be laid on 

number of terraces having varying elevations, sizes, shapes and slopes. Keeping 

climatic conditions of N- \V Ilimalayas and practicability of uniform water 

application in \·iew. a star layout systcm of micro tube cmittcr was dcsigned that 

feed four plant rows with one lateral. This system is economical, easy to handle 

and have capacity to adjust the pressure head variation due to field slope, friction 

loss in pipes etc. FlTorls were also made to develop design criteria for gravity 

led drip irrigation system incorporating provisions cssential to solve the 

problems to terrace cultivation. The criteria were demonstrated for a typical 

terrace system at experimental farm, VPKAS. Almora (Uttaranchal). Pilot 

testing on the terraces shown that the system work well with a uniformity 

coefficient more than 90%. 

Water resource development through LOPE tanks has facilitated summer 

vegetable cultivation in upland areas. However. carrying over the monsoon 

runolT to SlIllllller involves high cvaporation losses and hcnce ndcquatc provision 

has to he kept to mect thc high water requirement during summer season. Thus it 

is essential to reduce the water requirement of the crops through efficient 

application of water. Drip irrigation is one such method and due to topographical 

advantage. a power source is not required to operate the system by (Anonymous, 
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1(89). With this in \'icw. gravity fed drip irritation system has been evaluated for 

two crops \·iz. caulillowcr in rabi and tomato in summcr. It is cvidcnt that for 

cauli flowcr 81111111 of watcr application through drip gave yield at par to 200mm 

irrigation by chcck basin mcthod. rcsulting in a saving of about 60% water. The 

water saving can bc further increased to 85%. if the yield is compromised by 

18.8%. Similarly. fl)r tomato there is no significant difference among different 

irrigation treatment and thus 46.7 mm water through drip gives yield equal to 

that of 120mm water through check basin, resulting in a saving of about 61.1 % 

water. Thus, the incorporation of drip irrigation can increase the command area 

of an irrigation source by 2.5 times. 

2.4 RAIN \VATER IIARVESTING 

Dry land or rainred agriculture primary dependent on rall1, influences 

6150 million hcctares (Mha) of land world wide. It stretches over 48 countries 

on four continents. where 850M people derive their sustenance from it (Miller 

and Wali; 1994). Among the Asian countries rain fed agriculture dominates India 

where nearly 70% of the 1424M ha net sown area depends upon rainfall. Year 

ailer year, the fate of a large proportion of rain fed agriculture hangs in the 

balance because of undependable rainfall behaviour. Low yields and even crop 

failures onen lead to fodder and food scarcity. Drought is a recurring 

phenomenon. Uuring the last 120 years (1870-1990) drought struck 29 out of the 

35 mcterological sub-divisions of India on 425 occasions; 70 times with severe 

intensity (Katyal el al .. , 1993). Lack of serious efforts to create assured water 

supply through scicntific management of rainwater is a factor causing, recurring 

miseries of human being and cattle. Otherwise savings in rainfall can be handled 
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succcssrully if the ram which tends to descent in a few discrete storms IS 

IJIHllliged (0 preserve for use during periods of drought. 

Research on various aspects of soil and water conservation has been 

reviewcd on sevcral occasions (Tejwani et 01.., 1975; Katyal el al.., 1992; 

Dhruvanarayana. 1993). Central Research Institute for Dryland Agriculture 

(CRIOA) compiled the outcome of research conducted over two decades 

(Anonymous., 1988) on rainwater management combined with various facets of 

crop production technologies relevant to diverse agrd climatic regions of the 

country and for erticicnt utilisation of vast resource of rainwater for the 

development of sustainable rain fed agriculture. 

The existing irrigation systems both government-owned and farmer 

managed have their limitations in terms or topography, water resource 

availability and cost. Thus the only alternative len to provide water to vast 

upland area is through utilization of very small springs and rain water 

harvesting. With this view. an intensive research effort was under taken at 

VPKAS, Alrnora to develop a technology package for rain water harvesting 

which covers the whole gamut of designing an inexpensive but seepage proof 

tank to store water. designing of irrigation systems based on it, development of 

irrigation schedules for optimal utilization of this precious water and gravity 

based drip irrigation for vegetables to achieve maximum water use efficiency 

(Srivastava et al. 1988a). 

The rainwater (40 years average) in Orissa is 1482mm and ranges from 

1378/11/11 in Kalahandi to 1648 mill in Sundergarh with average number of rainy 

days varyIng bct\\ccn 65 to 78 days. Ilowcvcr. the yields are unstable due to 
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erratic rainl~lll and dry spells. In 1961-1996 there were 13 drought years, out of 

which Ihe were se\"cre (Mohapatra, 1997). but the total average rainfall of state 

was less than 1000111111 only in three years with the lowest being 950mm in 1979. 

Thus the f~trI11erS or rain fed areas suffer due to erratic nature of rainfall even 

whell the total anllual rainfall is around 1000111111. 

It is therefore necessary to bring these areas under irrigation to protect the 

resource poor farmers from the \"agaries of the monsoon. This water resource 

can be developed by small scale runoff recycling Srivastava (1983, 1996 a), 

Srivastava {'( al. (1993), and Bhatnagar e( al. (1996) have shown that small scale 

runorr recycling can successfully alleviate moisture stress by providing 

slIpplementary irrigation to nlriollS field crops like rice, wheat and vegetables on 

terraced fields or North Westcrn tlima)aya wilh yicld cOl11parnh)c to rully 

irrigated conditions. An optimal design of runoff recycling tanks in a series by 

overlapping command area of one lank with catchment of succeeding tank can 

minimize the catchment syndrome (Srivastava, 1996 b) 

The rainwater harvesting system necessary to innovate irrigation 

potential. Ilowever. irs role varies as per the climatic conditions of the region. 

In arid and semi arid regions, the role of rainwater management is to provide life 

saving irrigation to kharif crop to save it from vagaries of monsoon. This 

reduces the instability in yield and provides cushion to subsistence level 

agriculture against rainfall variations. Ilowever. the situation is different in this 

region having high rainfall where rainwater management has a potential of being 

an irrigation water resource. which can pro\'ide full irrigation in conjunction 

\'lith railll~lll to a transplanted rice based two crop rotation and a proper 
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developmcnt of rainwater management system has potential of substantially 

increasing the irrigation potential (Srivastava & Panda, 1988; Srivastava, 200 I) 

2.5 CLOGGING OF EMITTERS. 

Me Elhoe and Hilton (1974) found that improving filtration to remove 

partkles greater than 25p (rather than 90 ~l) reduced the level of blockage over 

80 days operation from 92 to 78%. but treatment with intermittent chorination at 

10 ppm ror 20 minuets/day on water filtered to 90 ~l reduced the level blockage 

from 92 to 10%. Other additives with bacterial or aJgicidal properties had similar 

but less marked erfects. Mcethoe and Gibson have confirmed the effect of 

chlorination but obtained higher levels of blockages with chlorinated sand 

filtered watcr than chlorinated scrcen mesh filtered water. To rectify the problem 

ror system operation for se,·eral years without treatment Morris and Black 

( 1973) suggested slug dosing with chlorine at 1000 ppm for 24 hr to destroy 

organic matter. Where bore water is used for micro irrigation the chemical 

composition of the water will have an important bearing on the source of 

clogging material and specific action to ovcrcome each problem may be 

required. Peleg (1974) suggested that where precipitation of carbonates is a 

major source of blockages, treatment with I % hydrochloric acid for about 10 

min, will clear partially blocked system. Black (1971) suggested that this 

prohlem can he minimized if the reticulation system is buried It lew centimeters 

below the soil surface to reduce the temperature rises, responsible for the 

precipitation or carbonates from the soluble bicarbonates. Biochemical 

precipitation of iron and sulpher produces blockages from well water in Florida 

(Foret el 01. 1974). Sulphur precipitation can be reduced by reducing the pH of 
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thc water and iron precipitation may be reduced by chlorination. Calcium and 

oxidativc irull prccipitation IU1\'C bccn sllcccssfully prevcntcd fhull causing 

blockages in Australia (Anonymous. 1975) by injecting poly -phosphates as 

chclating matcrial into the irrigation watcr 3-5 ppm 

The study made by Bralts et af. .. (1981) has shown that emitter plugging 

can be statistically includcd in thc calculation of uniformity of emitter flow of 

single and dual chamber drip irrigation lateral lines. The number of emitters per 

plant has been shO\vn to be important when calculating uniformity of emitter 

/low including cmitlcr plugging. Remedial measures such as increased irrigation 

time or lateral line replacements could be made when the uniformity decreases 

below acceptable limits. Design curves and nomographs were also developed 

which simplify the inclusion of emitter plugging in design of drip irrigation 

lateral lines. 

The successful operation of trickle irrigation system requires the reliable 

performances of all emitters. The major problem associated with the system is 

the emitter clogging which increases the operational maintenance cost and 

adversely affects the water distribution efficiency. Emitter clogging is directly 

related with thc quality of irrigation water (Bucks et al. .. 1982). Progress has 

been made in understanding clogging materials and variolls methods have been 

utilizcd to reclaim clogging (Ford, 1975; Gilbort ef al .. 1981). 

Initial attcmpts to overcomc the clogging of drip system with filtration 

were partial successful (Parchomchuk ; 1979). The water may also be chemically 

unstable. produce precipitation in the emitter. Several bacteria and algae, 

particularly its b~ product is onc of the greatest contributors to the blockage 
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\\hich can not tiltcr out (M .e Elhoe and Hilton. 1974 and English, 1985). It is 

very difficult to detect the causes of clogging and very expensive to replace 

clogged emitters . To determine an effective concentration and duration of 

application. \'ariuus chemical solutions \\'ere used to reclaim the biological and 

chemical deposits of the clogged cmitters . 

Most emitters consist of narrow paths or tiny orifices. I-Ience, all emitters 

are vulnerable to resulting from physical, chemical. or biological factors (Bucks 

cf al. . 1979;Ciilbert and Ford . 1986). It is, therefore recommended to perform a 

chemical analysis on water quality before designing the system. Proper 

maintenance during the growing season, inspection of emitters and distribution 

llni forlllity in ficld to minimize the problems resuiting from complete or partial 

plugging is necessary.(Nakayama & Bucks. 1991: FAO 1981). Most factors 

clfccti\'e in emitter clogging cxist in surfi\ce \\·ater. especi<!Ily those containing 

Sc\\age (Bucks ef 01. .. 1979: Gilbert ef al. 1981 :Nakayama Bucks 1991). Drip 

irrigation sys tem are characterized by a large number of emitters per unit area, 

placed on or below the ground surface. that operation of emitters is not easy to 

check and crop damage may occur before a plugging problem is spotted (Ravina 

et al.., 1992). To prevent emitter clogging it is recommended to start from the 

control head of the system. Mechanical filtration , injection of certain chemical 

compollnd for water quality treatment and flushing lateral pipe with proper 

frequenc y and timing are useful in minimizing the plugging problems 

(N<lk<lYllllli\ and I !UCKs I t)t) I ). 

Mechanical filtration is one of the main components or a trickle system. A 

set of filters including screen filters . centrifugal sand separators and cartridge 
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and/or sand tilters are lIsed to entrap suspcnded matters (Ravina ef al .. , 1992). 

Most ll1anUI~lcturers recoll1ll1elH1cd precise filtrations in design of trickle 

systems. When water with poor qualities used. mismanaging the system along 

with improper operations in filtcr flushing. are the most important factors 

resulting in cmitter clogging. 

Shanti R. Padmakulllari 0 and Raman Sundar (1998) suggested that 

emitter clogging is the most ehronic and serious problem t~lced by drip irrigation 

users. This study was conducted at Tamil Nadu Agricultural University, 

Coimbatare to identi fY the clogging agents and the exact cause of emitter 

clogging. Four fields were selected for the study where the drip irrigation 

systems were in operation continuously for a period of three years and were 

reported to have clogging problem. The performancc of emittcrs fbi' a further 

period or seven months was monitored to asses the effect or control measures 

e.g. flushing of lines and acid treatment adopted by the farmers in these fields. 

The study revealed that in all the four fields emitter clogging was mainly caused 

by carbonate precipitation due to chemical action caused by high pH and 

dissolved solids in irrigation water. The langelier saturation index (LSI) 

calculated for the water samples in these fields were +ve indicating a high 

potential to precipitate calcium carbonate(CaC03). Flushing of lines had less 

effect whereas acid treatment was found to improve the flow rate or partially 

cI ogged em i Hers. 

2.6 DRIP FILTERS 

Benami (1984) used 80 mesh screen for coarser material and 150 mesh 

for finer material. I Ie suggested take into account the head loss data for 
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designing the filter. Nakayama et a/.. (1986) reported that screen filters do an 

adequate job if properly sized and maintained but they are limited in their load 

capacity. Many of the researchers have done very good work on evaluation of 

filter performances. Zeier et al.. (1987) studied the effect of sand particle size 

and concentration on the performance of screen filters and reported that smaller 

ratio of tilter pore sizes to sand particle sizes caused greater weight of sand to 

accumulate in the filter prior to reaching a predetermined head loss unit. 

Filters are basically of two types surface filters and depth filters. In 

surface tilters the particles larger than the opening size of a screen are removed 

from the filtrate whereas in depth filters particles smaller and larger than opening 

area trapped in their passages. Even surface filters will begin to runction as depth 

filters when they built a cake of unfiltered material on their surface. Surface 

filters sllch as screen filtcrs are widely used ror drip irrigation. Organic maHer 

sllch as algae is not easily removed from the screen filter mesh (Bruce). For this 

reason screen filters are used in system where low amount organic matters are 

present in water or are placed downline from a filtering, device that will remove 

these matters. Screen filters are often placed after a sand filter. However, the size 

of the sand filter is quite large and it increases the cost of the filter unit. 

Svarovsky explained the mechanism of cake formation. The filter medium has a 

relatively low initial pressure drop and particles of the same size or larger wedge 

into the opening. and create smaller passages which remove even smaller 

particles li'Dlll the Iluid. 1\ filter cake is thus formed which in turn functions as a 

medium for the filtration of subsequent input suspension. provided the pressure 

drop does not exceed the prescribed limit. 
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Suryawanshi S.K. & Panda R.K. (J 993), in their experiment designed a 

drip lilter ullit tll lise dillerellt filtering. materials. 1\ filter casillg was prepared 

out or 15 em dia (i.1. pipe. 1\ filtering chamber to use wire mesh (80 mesh) and 

nylon mesh (IO() mesh) as filtering material was prepared from P.V.C. pipe by 

drilling 5 I11Ill holes in it. \\hereas for fiber materials a M.S frame was fabricated ... 

bv \\c1din!.!. 6 rvl.S rods of 3 111m dia to two rings of 8cm dia. Tractor rubber tube . ~ ... 

'vas lIsed to make gaskets. The reduction in turbidity of the flow passing through 

the filler was taken as the basis of evaluating the performance of the filtering 

materials. Turbidity is the measure of soil concentration in water. An electronic 

digital turbiditv meter (NTM 900) was used for this purpose. A calibration curve 

was prepared bel,veen JTU (Jackson Turbidity Unit) value given by digital 

turbidity meter and known soil sustention concentrations in gm/]it. 

Dash Nutan KUllar (1998) discussed drip irrigation technology f(}r the 

selection of filters with reference to orchard plants. This includes a filter used in 

drip irrigation system, i.e. sand and gravel filter. 

This filter is used for the purpose of removing organic matters from irrigation 

waler. It is so designed that unwanted matters like algae or bacterial slime is forced 

down under pressure through a bed of sand gravel kept within the filter and to allow 

suspended solid in the water being arrested. Thereafter clean water comes out of the 

filter. As the sand/gravcl traps sediments while in operation it is cleaned periodically by 

hack Ilushing simply by n:wrsing thc liltration mcchanislll. This filter is strong and are 

designed for prolonged lise in thc field. They arc made up of high quality or steel 

treated by anticorrosive chemicals and are protected by overbaked epoxy coating to 

ensure most effective long term non-corrosive treatment in steel products used under 
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water and/or chemical environment. These filters are fitted with threaded / fanged / 

inlet / outlet. 

Filter available in market are having high cost and unable to filter all 

types or impuritics . (Ilo\\'usc S.S: 13lluyan R.C: and Wadatkar S.B; 200 I), made 

an attclllrt to dcsign and dc\'Clop low cost filter in combination of sand filter and 

hydrocyclone liltcr ror 18 cum/hr 110\\' rate \\'itll efficient cleaning of all types of 

impurities, C.R. sheet \\as used /01' fabrication of sand and hydro cyclone 

component whcrc as, G.I pipe fitting and hose pipe were used far flushing 

systems, inlet and outlet accessories and ventur), attachment. The filter possed 

the fac ility of \1ushing the sand and hydrocyc\one component separately and 

cr/iciclltly in addition to \Tntur)' attachment for applying liquid or water soluble 

krtilizl:1'. Till: liltl:!' pnrorlllalH:l: \\'as tested at concentratiolls of 40.80,120 find 

160 Illg/ !. It \\'as round that the filter work cd crticicntly in the range of 93 to 

95 %. The rilter \\as able to operate vcntury for applying liquid or water soluble 

fertilizers eflectin:I), . The flushing systems clean sand and hydrocycJone 

cOIllPonent or the filter frequently . The cost analysis of the filter showed that the 

filter cost Rs 2046 only which too low as compared to that of filters available in 

the nl<lrket. The cost of the sand clim hydroc),clone filter per hour comes to be 

Rs . 0.72 only. 

2.6.1 Diffcr-cnt typcs of Filters 

Thc Il(\z,ml of blocking or clogging ncccssitates the lise of filters for 

efficient and trouble free operation of the system (Patil. 200 I) . The different 

types or filters includes: 
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(a) Media filters 

Media tiltcrs consists or line gravcl and sand or selected sizes placed in a 

pressurized tank. It is required to remove organic matter sllch as algae mass and 

othcr vegetati\'e material prescnt in thc watcr. The filtcrs arc made up of a 

circular tank filled with layers of coarse sand and different sizes of gravel with a 

provision of "al\'cs for flushing the filter assembly in case of clogging. The 

mcdia filters are availablc in different sizes ranging from 500 to 900mm 

diameter with an output of 15-50 cu.m/hr respectively. 

(b) lIydro-cyclonc or ccntrifugal filtcrs or sand scparators 

I r thc irrigation water is hm'ing more sand. hydro-cyclone type filters are 

required to remO\'c the sand. it is known as vortex sand separator. Hydro-cyclone 

type filters are produced in \'arious sizes for different discharges and have been 

found most suitable for mO\'ing particles from water before it enters the drip 

irrigation system. Ilydro-cyclones must be followed by a screen filter as a 

safeguard. 

(c) Screen filter 

The screen filters is fitted in series with the gravel filter in order to remove 

the solid impurities like fine sand. dust etc. from the water. In general, the screen 

filter consists of a single or double perforated cylinders placed in a plastic or 

mctallic container Ilu' removing the impurities. Generally 100 to 200 mesh 

screens are used in this type of filters. It must be cleaned and inspected 

periodically for satisfactory operation of any drip system. 
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(d) Spill clean filt~r 

Incoming water is forccd through a dircctional nozzle plate on to the inside 

scrcen. The cenlri fugal control of the contaminated water helps prevent debris 

bui Id-up on the Ii Iters screen by constantly rotating the particles and forcing 

them 100\'ards the Ilush port by opening the flush valve, the particles may be 

remO\·cd. 

(c) Sclf clcaning filtcl-

As water passes through the filter. dcbris builds and up on the fine screen 

causing a pressure di ffcrcntial bctwecn the inlet and outlet of the filter. When 

\'arianee goes be: ond the sci \ah'e pressure_ differential controller initiates a 

c1caning cyclc. Cleaning of the screen is implemented by the suction scanner 

which scans and Slicks up the dirt from the screen. The dirt is removed through 

/lUsh vah·e. 

(I) Lateral filters 

Small poly filters have been developed and used on individual lateral lines to 

reduce the load on main filter. These poly filters are adaptable to various sizes 

and havc auto flushing arrangemcnt through which dirt from lateral gets flushed 

during start lip and shut 01'1' of the system. which in turn reduces the maintenance 

cost of the system 

(g) Disc filter 

The filtration is obtained through compressed grooved plastic discs. The 

solids retained on the filter accumulate at the intersections between the grooved 
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f~lCt~s or each pair or adjacenl discs. During backwash. discs are separated the jet 

spray C<llIses rapid spillning of" the discs \\"hilt: cleaning them. The dirt particles 

are washed out through flush port. 

(It) Settling Basin 

I r f<l\\ \\'ater containing high suspended matter (inorganic turbidity) more 

than 200 ppm. a settling basin is recommended to prevent rapid clogging of the 

filter and to avoid exeessivc (frequent) back flushing 

2.7 DESIGN OF DRIP IRRIGATION SYSTEM 

2.7.1 lI)'draulic Design Procedures 

Ilydraulic design procedure for drip irrigation systems are fairly well 

established. An important goal in their dcsign is the determination of the head 

loss in the system. Lateral length and diameter. emitter spacing and flow rare, 

and elevation changes are important parameters which are considered in the 

design process. The flow regime throughout a drip irrigation system is 

hydraulically steady but spatially varied. Drip irrigation distribution lines are 

generally considered to be smooth pipes and either Darcy- Wcisbach (D-W) or 

Hazen Williams (11- W) equation is used to compare head losses. The latter is 

widely used in hydraulic design becausc or its simplicity (Kcllcr and Karmali, 

1975: Jeppson. 1982) .. Although. according to Morris and Wiggert (1972) this 

furmula is not recommended fur calculating head loss in small diameter pipes, 

and at low value of Reynolds number, because it is dimensionally non­

homogeneolls, no account is taken on fluid \"iscosity, and it is high degree of 

turbulence. The empirically dc\"cloped Ilazen- Williams equation is, 
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I 1 131 I() '-' 1)-' x~'[ () ('I' x~~ 2 1 ..-c. :\. '- __________________________ (. ) 

where . 

.I = II/I. :~ Ilydraul ic gradient in parts per million (% = mil OOm); 

II,. = I lead loss due to friction (111): 

L = pipe length (111): 

D = Inside pipe diameter (mill): 

Q = Pipe flow rate (m)/hr): 

v·=: Velocity or flo\\ (l1l/scc): and 

C = Dimensionless pipe roughness factor. 

Carc should be taken in selecting the C- values. lIughes and Jeppson 

(1978) showed that the selection of the proper C value for equation (2.1) 

obviously depends on the Reynolds number Re: and 1I0well et al .. , (1980) 

suggested that the best C values for drip irrigation systems were C = 130 for 14-

15ml11 pipe, C = 140 for 18-19 111111 pipe and C = 150 for 25-27111m pipe. A low 

estimate or C will ovcr estimate that friction loss. where as a high estimate will 

result in more conservation friction loss for design purposes. 

Pressure variations along a drip irrigation linc are primarily duc to friction 

and slope. The flow of water in a pipe with a number of equally spaced outlets 

has less total n-ktioll than if the flow remained constant in a similar pipc line 

with the same inside diameter and length, but no outlets. Christiansen (1942) 

develored the concert of the' f factor that accounts for this effect. Therefore the 

friction head loss in a pire "ith mUltiple outlets. 'I, is given hy. 
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11,,= ",x 1'--------(2.2) 

Whl'l"L' . 

. r is the li'iction I~lctor (fraction): and 

III = Absolute head loss li'om pipe li"iclion. 

2.7.2 Research 011 design of drip irrigation 

Wu and Gitlin (1974) dcveloped a design chart, which can be used to 

design a drip irrigation line by considering an acceptable value of uniformity and 

trying with different combination of pressure (II) and length (L) to find a 

suitability for field conditions. 

Wu (1975) concluded that a straight energy line can be used to design 

main lil1es I()/' drip irrigation system. Ill' de\"Cloped a very simple technique Jf.)r 

selecting main line size, which can be adopted for all topographic and slope 

condition. 

Wu and Gitlin (1977) developed design charts for sub-main. In general 

the sub-main length in short and size in designed for single size. Discharge is the 

most importal1t I~l(:tor here. 

Kannoli ( 1977) reported that the cross section of the flow path would be 

quite narrow for producing along drip in pressure and obtaining low discharge. 

The requiremcnt of low discharge with high pressure drip and large flow cross 

section and contradictory and this has led to the development of drippers with 

pressure compensation capabilities. 
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Gillespie e( al. .. (1979) developed some mathematical expression for 

lateral lines relating to pressure heads, and or different types of uniform slope 

conditions but \\'ithout changing the length of the emitter lines. 

Khatri el al.. (1979) conducted laboratory experiments and showed that 

Darcy- Weisbaeh equation for hydraulically smooth pipe can be used to represent 

fi'ictiol1 drop relations for micro tubes with a size ranging from 0-8 111m to 4mm, 

they had also dcriyed some empirical relationship and designed charts with the 

help of some empirical equations. 

Amll1oozegar-ford et al.. (1984) developed nomographs to be used in the 

design and operation of drip irrigation system. The plant rating geometry, uptake 

rate, soil properties and the drip irrigation design parameters are related in the 

Ilornog.raphs to the sui I moisture status. 

Wu ( 1985) de\'elopcd uniplot technique for drip irrigation lateral and sub­

main design. I Ie uscd the line slope and allowable pressure variation to form a 
'-

hetter reference arca. This method can be used for both uniform and non­

uniform slope conditions and also for single or multi size lateral or sub-main 

design. 

Yitayew and Warrik( 1987) studied the effect of velocity and total energy 

drop. The)' observed that the total energy drop was greater in turbulent flow 

compared 10 laminar /10\\ irrespedh'c of velocity head. The relative error in 

t II d t... I' 'tl'fIg yelocit)' head was higher for laminar flow than turbulent 
ota lea u)' neg l:C ..... 

/1 II tl \' stlggested not to neglect the change in velocity head for long 
I O\'V. ence, Ie. ' .......... 

laterals amI laminar flow regimes. 

32 



2.7.3 Emission uniformity (Ell) 

The term emission uniformity has generally been used to describe the 

emitter flm\! variation for a trickle irrigation unit or sub-unit. Emission 

uniformity can be a fUIH.:lion of : (i) hydraulic variation caused by elevation 

changes and friction losses along distribution lines and (ii) emitter discharge 

variation at a gin~n operating pressure caused by manufacturing variability, 

clogging. watcr tClllperature changes. and aging. Presently, 110 design equation 

has been developed that includes all the factors which might affect emission 

uniformity. 

With sprinkler irrigation system, the cO-J:llicient of unifonnity 

(Christiansen 1942), has been widely accepted and can be expressed as, 

ell:o= [ 1-(t1ql q)j 100 ----------(2.3) 

\VhCl"l'. ~ is the mcan sprinkler discharge rate and ~q IS the mean 

absolute variation of sprinkler discharge rates. All among that the sprinkler 

discharge rates arc normally distributed. 
'-

Ilarl ( 1961 ) developed the following: 

C, = (I-O,798Cv>100 ___________ (2.4) 

WI ' " C I'S the co-efficient of variation (statistically, the standard lcre, \. 

d . t' u' 'd'd b,' tile mean) between the discharge rates. 
eVIa IOn IVI c • 

K II I K'll'lll'll' (197') wcre first to define an empirical design e er lllll < <. -

., ./. .!,. JJer"cnt'lge EU for drip irrie.ation system as, emiSSIOn lIlll on11l _ '- < '- '-. 
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EU = [ 1-1.27 (C\II1) n- 1/2] (qlJ q) 100 ------------(2.5) 

Where. ('\111 is the manufacturers co-cfficient of variation. 'n' is the 

IIlll11ber or emitters per plant (minimum one).t)1I is the minimuill emitter 

discharge ratcs. The EU increases as more emitters are added to each plant. 

Nakayama e/ al. (1979) dcveloped a co-efficient of design uniformity Cud 

bas cd 011 statistical analysis: 

Equations (2.5) & (2.6) stress the importance of manufacturing variability 

and the number of emitters per plant. Ilowcver. the original derivation of EU 

was hased on the ratio of the discharge rate for the low cost 25% of emitters to 

thc an:ral!C dischan!c ratc. where as Cull is based on the dischargc ra(c variations 
~ ~ . 

from the average rate. 

Wu and Gitlin (1977) proposed another parameters called emitter flow 

variation, defincd as. 

= [ 1_( II ill )J 100 --------------- (2.7) q,ar n III 

where. qll and qlll arc the minimum and maximum emitter rates 

Ihalts et al. (1981) illustrated for single-chamhcr trickle irrigation tubing 

that the hydraulic and manuf~lcturing variability where independent and that the 

(otal co-efficient of variation C\'I can be expressed as, 

C' = (C,2 + C2 )112 _________ (2.8) 
\ ( , II \ III 
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Where. C \h is the hydraulic co-efficient of variation 

The 1110st widely lIsed formula of EU (Karunakaran. 1990): 

EU = Minimum rale of dischargc per plant X 100 --------(2.9) 
;\ n~rage rate of discharge pcr plant 

General criteria for EU ntlucs for systcms which have been in operation 

for one or 1110re season arc: 

(i) Ell > 90%- Fxcellcllt 

(ii) Ell = 80 to 90%- Good 

(iii) Ell = 70-8()Oo - Fair 

(iv) EU < 70%- Poor 

2.7.4 Disl rilJutioli lIetwork of drip system 

The distribution network mainly constitutes main line, sub-main line and 

laterals with dripper and other accessories (Michael, J 997). 

(i) Main line, Sub-main line 

Generally rigid PVC and high density polyethylene (IIDPE) pipes are 

used as main line. Pipes of 63 mm diameter and above, with a pressure rating of 

4 to 6kg/sq cm are recommended for main pipes. These pipes laid underground, 

olTer a long life of more than 20 years. 

For sub-main pipes. rigid PVC. HDPE or LDPE are recommended. Pipes 

having all outer diameter ranging ii·om 32111111 to 75mm with a pressure rating of 
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2.5 kg/sq.em are lIsed as sub-mains. These pipes may be laid above the ground 

or undcrground. 

(ii) Laterals 

The laterals arc normally l11antJt~)ctl1red from LDPE. These pIpes are 

generally laid above the ground. Recently a better material than the presently 

lIsed LDPE i.e. Linear low density polyethylene (LLDPE) is being used. The 

LLDPE givcs Illore protection against ultra violet rays and longer life of pipe 

than LDPI:. Generally pipes having 10,12.16 and 20111111 internal diameter with 

wall thickness varying from I to 3mm are used in drip system. 

(iii) Drippers/Emitters 

Drippers ti.IIKtion as energy dissipaters. reducing the inlet pressure head 

(0.5 to 1.5 atm) to zero atmosphere at the outlet. These drippers are generally 

manufactured from poly propeIene material. These drippers can be classified as 

inline and online drippers. 
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MATERIALS & METHODS 

This chaptcr deals with different materials. methodologies utilized for the 

design or 100v cost tilters. 

3.1 FABRICATION OF FI L TERS 

Low cost filters were f~lbricated to reduce the cost of filters. The body of the 

lilter was made by clltting a PVC pipc of 140ml11 dia meter, to a length of 45 cm. 

Two end caps were fixed at two ends. The buttol1l end was permanently fixed 

and the upper end was kept removable, so that it can be removed if required to 

clean the filtcr. A 50ml11 dia PVC pipe (blue) was used as the base pipe for the 

filter. It was threaded at both ends and the upper end was covered by an end cap. 

The lower end was inserted through the fixed end of the outer tube. The joint 

\\-as thoroughly packed to prevent leakage of \\-ater_ The body of the inside pipe 

was drilled through. so that water can be filtered through it. The bottom threaded 

portion or the pipc was joined to thc submain through a FTA (Female thread 

adopter). 

The same set-up was used for five different filters using different 

combination of filter materials. 

I. Coconut eoir filter 

2. Jutc filter 

3. Mesh tiltcr 

4_ Mesh with coir filter 

5. Mesh \\ilh jute filter 
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PLATE NO.1. 
Fabrication of low cost filter. 

PLATE NO.2. Low cost filter. 



3.1.1. Coconut coir filtcr:-

Coconut coir was loosened and washed with clean water till all the small 

particles \\cre rel11o\'Cd. It was inserted in the annular space between the outer 

pipe and inner pipe of the filter. The inner pipe was not covered with any net. 

The coir was filled in a compacted way so as to improve filtration ef1iciency. 

The diagram of this filter is shown in figure - 3.1. 

3.1.2. Jute Filter:-

Jute filters were loosened and washed with clean water till all the small 

particles were removed. Then it was cut into pieces of approximately 15cm 

length and kept in the annular space of the filter. No net was put around the 

inside pipe. The jutl: was similarly compackd to incrl:ase the filtration 

efficiency. The diagram of this filter is shown in figure-3.2. 

3.1.3. Mesh Filter:-

i\ nylon net having net sizes I 111m was taken according to the size of the 

filter. i\ layer of net was rapped around the 50111111 inner PVC pipe and for proper 

fixation. it was tied with G.I. wire. The diagram of this filter is shown in 

figure-3.3. 

3.1.4. Mesh wilh t'oir filtcr:-

The nylon mesh of 1111111 net size was rapped around the inner pipe of the 

filter with G.1. wires. Along \\"ith that, the loosened COCOllut coir was placed in 

I I ' ()fthe filter The diagram of this filter is shown in figure-3.4. 
t le annu ar spact.: . ... 
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J.I.S. I\Il'sh with jute I1lfcr:-

The nylon mesh of 1111111 net size \\'as rapped around the inner pipe of the 

lilter with (i.1 \\ires. Along with that the loosened jute was placed in the annular 

space of the /ilter. The diagmm of this filter is shown in figure-3.5. 

These lin: low cost f~lbricated filters were compared with a conventional 

screen filter (Ere irrigation manufacture). 

3.1.6. Screen filtcr:-

Screen filter is used for removal of inorganic foreign matters from water 

such as sands and small stones which adversely affect the performance of the 

system. When the llsed water is turbid. the screen filter is used in series with 

sand filtel'. Sereell filler consists or a single perli.mltcd cylinder placed in a 

metallic container for removing the impurities. Generally 100 to 200 mesh 

screens are lIsed in this type of filters. The diagram of this screen filter is shown 

in tigure-3.6. 

3.2 MEASUREl\'IENT OF TURBIDITY 

3.2.1 Turbidity: Turbidity in water is caused by suspended matter such as clay, 

silt. finely divided organic and inorganic matter, solubles, coloured organic 

compollnds and plankton and other microscopic organisms. Turbidity is an 

expression or opt ical property that ceases light scattering properties of 

suspension in the sample. Optically black particles such as those of activated 

b ll,)Sl)('h light and effecti\'el\' increase turbidity measurements. 
car on may l... • 
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The Digital Turbidity meter was used for measurement of turbidity up to 

1000 NTl J 

3.2.2 Operating instructions 

All the parts like display. test tube holder. range switch. set zero, calibrate 

on/ofr s\\"itch and test tube holder cover were checked before using the 

i nstrumenl. 

3.2.3 Installation 

I )uring installatioll or thc instrumcnt the f()lIowing points must be tuken 

into consideration. 

I. The power supply was of 230V. 50 liz AC supply. Proper grounding 

or till' instrument was l'llsured Cor its smooth operation and saCety of 

thc operator. 

2. A 3 pin plug in 5amp \\"(IS connected to AC voltage supply socket. 

3. The cnvironment was free from dust. 

4. The instrument was placed on a strong vibration free working bench. 

5. Room temperature was between 5° to 45° C. 

6. I(umidity was not morc than 90%. 

7. Then switch was kept on. 

A test tubc containing distilled water was kept in the test tube holder. 
8. 

'I'he '000' zero was set by rotating the SET ZERO knob. 
9. 

10. Then the instrument \\"as set ready for use. 
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3.2.4 C:llihration: 

3.2.4.1 Reagent Pr'cpar'ation 

Turhidit)' free water: The distilled water was taken for testing as turbidity free 

water. 

Stock Turbidity Suspension 

Soln-I: 1,000 gill of hydrazine sulphate [(NH2)2 I-hS04] was mixed with 

distilled water in a IOOml volumetric flask and the Solution was made upto 

mark, to make it 1001111. • 

Soln-II: I 0.00 gm of hexamethylenetetramine (CH2)6N4 was mixed with 

distilled water and diluted to 100ml in the 100mi volumetric flask. 

Then 51111 of Solution I and 51111 Solution-II were allowed to stand for 24 

hours at 25 ± 3°C and then it was made to IOOml in a volumetric flask. The 

turbidity of the suspension was tested and found 400 NTU. 

Standard Turbidity Suspension 

Another standard turbidity sllspension was also made for geUing a range 

or 100 NTU by mixing 25ml of suspension (Prepared) and 75ml of water. 

3.2.4.2 Calibration 

--) The switch of the instrument was kept on for sometime to be warmed up. 

-fl . te range was selected depending upon the expected turbidity of 
--} le appropna 

the sample. 

46 



PLATE NO.3. Preparation of standard turbidity 
sllspension for calibration. 

- -- -- - - -
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~ The '(r of the instrument was set with turbidity free water using a blank 

Solution by 'st:t zero' knob. 

~ Then standardization was done for both the cases, 100 NTU and 400 NTU 

solution by using calibration knob. 

~ Now the instrument was found to take the reading. 

--jo Then the unknown solution was kept and reading was taken. 

3.2.5 Pn'cautiolls: 

--jo Sample test tube should be cleaned inside and oulside, ill case allY scratched 

or etched should bc discarded. 

~ The test tubL' should not bL' touched at thL' siues only the top CIH..I should be 

hold. 

~ The tcst tube with samples should be thoroughly agitated and sufficient time 

should be allowed to make the solution air bubble free before taking the 

reading otherwise it will give misreading. 

--jo At the time of taking fL'ading the test tube should coincide with the mark on 

the instrument pancl. 

3.2 EV ALVATION OF DRIP IRRIGATION SYSTEM 

For evaluation of drip irrigation system, different types of emitters were 

selected and evaluated for their performance. 



In the present \\ork. four di ffercnt drip emitters are tested. They are 

I. Online drippers 

") Inline drippers 

3. Micro tuhes 

4. Micro sprinkler 

3.3. I Online drippers: 

Drippcrs function as energy dissipaters, reducing the inlet pressure head 

(0.5 to 1.5 atm.) to zero atmosphere at the outlet. These drippers are generally 

manufacturcd from poly propclene material. These drippers can be classified as 

onlinc ami inlinc drippers. Thc online drippers are fixed on the lateral by 

punching suitable size holes in thc pipe. Thcse drippers can be classified into 

pressure compensating and non pressurc compensating type. 

3.3.2 1IIlille drippers: 

Inlinc drippcrs are fixed along the line. The inIine drippers have generally 

a simplc thread type and labyrinth type flow path, With the labyrinths type flow 

path. it is possible to have larger cross section area and turbulent flow of water to 

prcvcnt clogging of drippers. The inline drippers are available with discharge of 

2.3.4.8 Iph at I atmosphere pressure. These drippers can be fixed in 10 to 13mm 

intcrnal dia pipes. 

3.3. 3 Micro .tubes : 

S\'lll,"'I'> 1.2111111 LLDPE pipes which are inserted into Micro tubes arc } \,. 

I I V .(' sIl1ali dl' '1111cter controlled amount of water is discharged. 
atera s. ue to I S {' 

O· h f J . , 0 ttlbes can be varied by changing the length of the micro 
ISC argc 0 t Ie I11lcr { 

'-

tube. 



PLATE NO.4. System with online drippers. 

PLATE NO.5. System with inline Drippers. 
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PLATE NO. 6. System with microtubes. 
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3.3.4 Micro sprinkler: 

Micro sprinkler is a low volumc sprinkcr that can be operated at low 

pressure. It requires less energy than the conventional sprinkler system and is 

less susceptible to clogging drip emitters. 

3.4 EXPERIMENTAL SET UP 

A PVC pipe or 165mm dia was put vertically and the bottom was closed. 

The top portion was kept open to put the waler of desired turbidity. A bypass 

pipe was arranged at the top of the 165111111 pipc to provide uniform head to the 

systclll. A 50111111 dia PVC pipe was fixed towards the bottom of the main pipe, 

so that the water can be available to the filter through this pipe. The other end of 

the 50111111 PVC pipe was joined with the inlet of the filter through a G.I union. 

The outlet of the screen filter was attached to a sub-main pipe of 50mm dia 

through a FTA. A lateral was allached to the sub-main pipe through a grolllate 

lake off. The drippers and micro tubes were attached to separate 16mm laterals 

at a 60 cm spacing cacho To mcasure the hcad loss through the filter, two 

numbers of transparent flexible plastic pipes were fixed to the inlet and outlet of 

the filter by brass nipples. The head loss was measured by using manometer 
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EXPERIMENTAL SET-UP OF LOW COST FILTER 

~ 
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PL;\T~ NO.7. Screell filter before set lip. 

PLATE NO.8. Experimental set-up for screen filter. 



PLATE NO.9. Experimental set-up for low cost filter. 
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PLATE NO. 10. IVleasurement of discharge using 
microtubes. 

I\
leaSllrement of discharge using 

PLATE NO. II. drippers 

c..7 



PLATE NO. 12. Measurement of head loss using 
mercury mano meters. 

PLATf: NO. I J . I'lcasllrcmcnt of hcad loss "sing nater 

111:1" () 111 d l''- S . 
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3.5.3 I\lcastlrclIlcnt of filtratioll cfficicIICY:-

I ilL' liltLTL'd salllpk \\ater \\ 'as collected /'or c!eanwater,3Upplll, 5Uppm 

solution bellm: ami altcr filtration separately, The turbidity values were 

mcasured in NTlI ullits by using digital turbidity meter. Thc head loss across the 

filter \\as determined by measuring the difference of pressure gauges readings 

provided at the inlet and out let end of thc Ii Iter. 

The f1llralioll efticieIlC\' \\ '[l S delermined by the equation 

Fe= I ()()( I-so si) 

So - COfllPOIICllt conccntration at the filter outlet. 

,Sf' )f) 'f)1 cOllcelllr(lli(ln of' initial ked in the filtt:r - COIIlP( l 

Filtr[ltioll efficiency \\'ere computed for all filters [lnd [Ire shown III 

Table 4.3, 

3.5.4. 1\1casurcment of uniformity coefficients 

- t f Lilli formit\' coeflicient steel cans for each drippers / ,. or meas urelllen 0 . 

I d ' line to collect samples, The system was operated Inicrotubes were pace 111 a 
, I Theil all the cans were removed at a time, The 

CUlltillUOllSl\' for (I certaill renO( , 
. , ,, ' " \\ '[l S Illc[lslIred with the help of measuring cylinders, 

WaleI' collected /I) l:dl:h cdn " , 
, I ,t 'rrllillCd hy IISIllg the followlllg eql/(Ilio/J hy 

! Illi/ i ),.,,,il \' cpc i'li c icllt \\;lS l L L • 

Chris ti ansen ( I t)42) 

ell == 100 (1,0 - L) 
/1111 

, _ fficicnL percellt 
Where. ell = UniformIty coe 'I l >n'cd amoullt, /i'OIll average amount. 

I" li\ 'ldua 0 -,sc 
v . 1 I ' , t,' 1)1) 0 I/H /\ :--- NU} l/ c.:r c(l l ( c\ II) ~ . 

III ==== el V"'I" f' II l-" sC l' \ '/lf;( II! \.. dge 1I111 UUI1t 0 a {) I , ( 

1\ 
==== t 1 I ' I tiun 1111inls , o ,I IlLJIIlhn 01 0 -,scn a , ' tl ,' 11 Tabl e 4.4, 

1'1 , - ' t 'IrL' 1)ltlL le ' " ' \ C(lel/lelCI\ ( 
COlllj1utcd \ ,tllIL' or lInJlonll ft . 



3.5.3 I\lcaStlrClllcllt of filtratioll crticicllcy:-

I Ill' liltLTl'd Slllllple \\;ltLT \\llS collcclL:d I'or cleall\\,ater,JUppm, 5Uppm 

so lution hefure <lilt! aller tiltratiull separately . The turbidity values were 

measured in NTl1 ullits hy lIsillg digital turbidity meter. The head loss across the 

/liter Was delcnllincd by measuring the difference of pressure gauges readings 

prO\'ided at the inlet and out let clld of the filter. 

The liltration cfficicncy \\as determined by the equation 

Fe "" I ()()( l-s l) si) 

Where I' " - t-It ' /./_. 
• L I rlltloll l' ICleIlC~ .(00) 

So COlllj10lll'llt Cllllccfltrlltitlll at tile tilter outlet. 

S'I I . COlllj1(lflellt cOllcelltration of initial ked in the Ii ter 

Filtration crticicnc\ \\erc computed for all filters and are shown in 

labIc4.J. 

3.5.4 Me'l f'f' fli' t . ,SlIl'el11ent 0 lIllI Ol'lIl1ty coe IClen S 

Fo fl-' ttl cans for each drippers / r measurement of uniformit\· coe IClen s ee 
1I1icr t b • '1'1 tem was operated 

() 1I es \\erc placed in a linc to collect samples. le sys ., 
CUlltillU '1 " . .' . I ,.. . ,' 3 rcmoved at a time, I he OUS) tor a ccrtaln pCrlod. I hen all t lC CdllS \\Cle . 
\Vater ' II., . .' " J I of measuring cyllllders, 

co ccted III cach can \\as measured \\ Ith the le p 
I 'IIi! ' . . I t' II \Vill" eqlllltioll by llllllity c(lcllicicllt \\;IS dL'lLTlllincd 11\ !I .SIII!! tIe () 0 I:' 

CIII, ' , . 
Istl,IIlSCIl (I tJ42) 

ell - J 
- 00 (1.0- Ii) 

Illn 

'vVh-ere ('ll - U ' 1" t't- . 'cellt • \... - 111 on11lt\" coe IClcnt. pel t 
X - ' I" )J11 average amoun ' 

-. NUll . I " " I' ' Ill' '1,\'Cd aJ11ount, I( lcnca dnilltioll 01 lilt 1\· J<.. UlI 01SC 

111 ::::: . 
d\ 'cragc amuullt of all obscnatiolls . 

11 
'. ::::: tutlll 1I1111lhn or ohscn atiol1 pt)ints . , " , . 4 
I h~ eu . - ' ' liT 1)laced III I,lblc 4 .. 

Il1putcd \ ;t1l1C t)r l f llit i. lI"Illit~ cocilielent, 



3.5.3 I\JcasllrcllIclI( of filtratioll cfficicncy:-

I ilL' Ii ItL'lL'd S<llllple \\;ltL'l \\ <IS c(JllcclL:d I'm cleanWlIlL:r,3Uppm, SUppm 

solution before and aller filtration separately. The turbidity values were 

measured in NTLJ units by using digital turbidity mcter. Thc head loss across the 

lilter was determined by measuring the difference of pressure gauges readings 

prtwided at the inkt and out let end of the filter. 

The filtration erticiency \\as determined by the equation 

Fe =: I Oll( I-s() si) 

Sll ' clllllj1onl'nt concl'ntration at thl' filter (Jutlet. 

Si ' ClllllPOlll'llt cOllcclltr;ltioll of illitial ked ill the liller 

Filtration cniciency \\ere computed for all filters and are shown 1I1 

Table 4.3, 

3.5.4 . Measurement of uniformity coefficients 

For measurement of uniformity coefficient steel cans for each drippers / 

l1licrotubes \\ere "laced ill a line to collect samples. The sys tem was operated 

continuuusly fur a certain "eriod . Theil all the cans \\ere removed at a time. The 

\\ater collected in each clln \\lIS measured \\'illl tile help of measuring cylinders. 

I III i I'll 1\ II i 1 Y COL' /I i C i L'lll \ \ ; I S l k 1 l' nil i 11 L'd h \' \I sin g I he I ( ) II ()\ vi n g L' q \I a t i () n h y 

Christiansen ( 1l)~2) 

C'1I =: 100(1 .0- L) 
mn 

Where. eu = llni I'ormity coefficient. percent 

X =-: NUllIerical de\ 'iation of illdi\'idual obsern:d amount. from average amount. 

In :::: i\\'Crage amount or all obsen'atiolls. 

11 ::-: tllt a I IlUlllillT 0 I' ohsen a I i on poi n ts . 

rile CUlllputcd \ ;dllL' or l inirllrlllil: coefficient arc placed in Table 4.4. 



PLATF, NO. l-t. f\le:lsurert1ent of filtration efficiency 
using Digital turhidity meter. 
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J.ll I\IATIIEl\IATICAL l\IODEL FOR DESIGNING WATER IIAI~VESTING 

SYSTEl\1 FOR DRIP IRRIGATED BANANA ORCHARD. 

Bal1al1a is a crop which gi\"t~s fruiting within onc ycar and its mainlrullk is cut 

aner harycst of fruit and slicker is allowed to grow. In tropical climate, it can be 

planted any time. \\TCER (20()O) has found that irrigation schedule at IW/CPE = 

(J.R based on canopy area gi\"Cs the best result. Thus the water requirement of the 

crop \\"ill \"ary as per the growth stage. with low water requircmcnt during initial 

stage and higher at later stage" Ilowc\'cr the water availability in tank will be maximum 
'- ..... 

during autumll and kast durin!.!. SlIlIlmer. Furthcr the cost of carrying over a particular 
'-

amount or water in SlImlller will be higher as there will be additional storage 

requircment to COYer seepage and c\"aporation losses. These factors are interrelated 

and a mathcmatic modelling is required for designing the system. The design 

parallleters will he (i) timing. of' planting. (ii) tank sizc (iii) required catchment 

cOlllmand area rat io. (j\") hydrological characteristics of the catchment and (v) 

thresh hold \"aille o/'sccpagc too" 

The uhjecti\e function \\i11 be to minimize the cost of the tank. i.e. 

Min 

:. VT "['·~'R. CA,(E, - ~ POOD + ILE, + L5,] 10'00 + 500 

Where , 

CA, :=: f(i) 

Estimation of evaporation losS 

LE, " O. 7E, {w _ 2F _ 2t, (d, + s, +e,)} {L - 2F - 2t, (d, +5; + eJ} 

Where 

do ,,[ ~L _ 2( F + ~ do + 50} W + ~ + (F + ~ do + So )' + 4( h - ~ d; + 5; )' 

hI 



_ {[_ WL+ 2( F + ~ d, + S, )(W + l) + (F + ~ d, + S,)' + 4( h - ~ d, + S, rJ 
- 4· V,l W + L-· 2F - 2~ d. ' S, - 4h )V2( W + L- 2F - 2~ d, + S, - 4h). 

V, = R . CA, . (E, - ~ )/n 

d, :: depth o/" water lost due to irrigation in thc i'" wcek 

CA, = Canopy area (1111) in i'" week 

E, :: open pan evaporation during in i'h week. /1un. 

P,:: Precipitation during i'" week. 111111. 

LE, :: Loss of tank water due to evaporation during i'h week. litres 

LS, :: Loss of tank waler due to seepage during i'" week. lilres. 

R -II" , - ngatlOll Ratio 

n:: nllmber of week when crop is planted 

(3000 is the numher of plants pcr hectare) 

Estimation of seepage loss :-

S-c ,- + III hh. 
I -I 

hh, :: It - ~ S + d L I I 

Where. 

S,:: rate o/" seepage loss during i'" "./eek 

hh, ::: depth of water during i'll week 

~::: Illaxilllllm depth of watcr 

LS,:: V - V 
I 1,1 

V ::: Vol '-Ih ck 
I lIllle of water in tank iO I we 

LS ::: S 
I ,cepage loss in terms of \'o!UIl1C 

\I,::: WW,LL _ (W\V +LL) hh : + 1.33 hh,' 
I I I ' 
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, 1 

WWi = W - 2F - 2I (s, + d, + o· 7e, - Rn,) 
, - I 

, 1 

LL, = L - 2F - 2~ (s + d + o.7e - Rn) L I I I I 

,= 1 

Wherc. 

WW, = wiJth of \va tcr area in il" wcck . 

LL j == Icngth of watcr area in ilh week . 

n == numbcr of week when crop is planted 

lOU~ == 1l1l111her (II' plallts per hectare . 

Now for cach n starting from 29 1
" week i.e . 3rd week of July, the above equation 

Was sulvcd tu estilllatc lIlillimulIl va lue of VT. To check that sufficient water is 

a v a i I it hie, 1'0 II u \V i 11 g C () 11 d i t i 0 /l \\' it S c he eke d . 

s~ == S~ _ I + [Q, _ R . CA, (E, - ~) 3000 - LE, - LS,l/1 000 

Where ST == Volume of wat cr in tank in il" week , 

Q = run off received in il" week · 
I 

0, == i[(~i -a.2SY] CCR 
' =1 ~I + O.Rs 

s == 25400/ eN - 254 

R == 0.8 

GO!' . <lily week, 

S~ 2 R . CA,(E, -~). 3000 

A c de to solve this and optimum system has been 
am puter program has been rna L 

determill ed 
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I{ESUL~rs AND DISCUSSION 

4.1 DISCHARGE THROUGH DIFFERENT DRIP SYSTEMS: 

The discharge in drippers. micro tubes and inline drippers were measured 

with application of clean water with different filters. The discharge in Iph with 

di fferellt drip systcm arc shown in Table -- 4.1. 

Tabll'-4.1 nisch~lI'gl' of diffl'rl'nt l'l11ittl'rs (Iph) with different filters 

.-

Discharge Scrl'l'1l Cocollut Jute Mesh Mesh with Mesh 

(Iph) filter coir coir with Jute 

I--

Microlube 7.54 7. I I 7.67 7.67 7.2 7.7 

f-

Dripper 2.83 ? -3 3.5 2.75 2.6 2.7 
_.) 

I-

Inlille 0.70 0.675 0.8 0.91 0.66 0.7 

dripper 

The discharge through di fICrent filters have been shown in graphical form 

in fig.4.1. The discharge of micro tube is highest in mesh with jute filter (7.7 

Iph) '111. 1 '1 I . . '-lit 'r (7 II Iph) The drippcr discharge is highest in J'ule 
l U s owcsl ttl COlr t.:. . 

filter (3.5 (ph) and lowest in coconut coir (2.53 Iph). The inline dripper discharge 

IS highest (0.91 I ph) ill mesh Ii Iter alld lowest ill eoir Ii Iter (0.675 Iph). 

S .' d' -1 rne the mcsh with jute filter is a better one . 
• 0 consldertng the ISC 13 e 
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Fig. 4.1 Discharge of different emitters (Iph) 
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4.2 ilEAl) LOSS IN J)IFFEI~ENT FILTEI~S : 

I lead loss in di rfcrent filters \\"ere measured with different turbid water when 

the discharge through the later is (2.66IiUmin). Clean water, 30ppm turbid water 

and 50ppm turbid water. This head loss values in cm of water are shown in 

Table-4.2. 

Table-4.2 Ilead loss in different filters 
r--

Coconut coir lilter Jute Ii Iter Mesh filter Mesh with coir Mesh with jute 
Screen lilter lilter filter 

-
---- ---- .- - --- ---------

Omin 15min Omin 15min Omin 15min Omln 15min Omin 15min Omin --
Clean 17.5 19.0 1.2 21.5 no 0.5 0.7 

1.0 
1.6 1.9 8.5 

water 
r---

30ppm 54.0 Choked 1.2 1.2 34.0 36.0 0.5 0.6 0.1 0.2 9.5 --
50ppm 69.0 Choked 1.4 1.7 52.0 53.0 0.9 1.0 1.7 1.9 10.0 

This has been sho\\n in graphical form in fig-4.2. Maximum head loss 

Was observed in screen filter and jute filter. This was followed by mesh with jute 

tilter. Lower head loss was obsc[\'cd in coir filter. mcsh filter and mesh with coir 

filter. I.{lwer head loss in coir filter can he attributed to lesser compaction in 

comparison to jute filter. Among water of different turbidity, maximum head 

loss Was observed in 501"1"111 turbid water followed by 30 ppm turbid water and 

then clean water. It is evident that. when turbid water was used some of the pore 

spaces are choked. It affects the freeness with which the water moves through 

the f~llter S . 11'''1.1 loss The head loss in all the filters have been 
.• 0 It callses more ~,u .. 

l110re 'lf't Ie' I t tl ,. beninninQ. After the filter runs for 15 minutes the 
( er _1 mill t lUn a It.: 5 ~. 

Pore spaces arc slil!htl\' choked sho\\ the head loss. 
~ . 
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Fig. 4-:1. Head losS in different I1Iters 



4.3. FILTRATION EFFICIENCY OF DIFFERENT FILTERS: 

Filtration efficiency of different filters were measured by measuring the 

turhidity or inkt and outkt \\ater. The experiment was conducted for 30 ppm 

turhid water and 50 ppm turhid water. The fiitration efficiency of di frerent filters 

are shown in Tabk-o.l.3. 

Tahlc-4.3 Filtration efficiency of different filters in percentage (%). 

r--- ___ 
--------r----- -- ------ -----

Screen Coir Jute Mesh Mesh with Mesh with 

filter filter filter filter coir filter jute filter 

30 ppm 45.07 25.29 41.87 43.78 49.55 50.69 

-
50 ppm 42.52 38.75 31.25 41.87 38.14 49.0 

This has also been shown 111 a graphical form in tig-4.3. Maximum 

filtrlltio/l erlieiellcy 50.69~f, ill case of )Oppl11 turbid water and 49'% in 50ppm 

tUrbi(1 \ t I b b . d I'rl rnesh with jute filter. This filter is followed by 
va cr las cen 0 sen c . . 

Inesh . I . _ (-It Inesh filter jute filter and coir filter. So mesh 
Wit 1 cOlr tdter, screen I er, ' 

\ 
• t I lacement for screen filter as this 

vnh jute filter can be made a suitao e rep 

Inv()I\,c' I d I /. /1")' ,'f'f-)cicnc\'. s css cost an 1(lS lIg ~ ~ • 
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404. UNIFORMITY COEFFICIENT (UC) OF DIFFERENT DRIP 

IRRIGATION SYSTEl\lS \VITII DIFFERENT FILTERS: 

The unili.mnil\" cocrticicnl of differenl drip irrigation systems were 

measured with <.:Ican water with di ffcrcnt filters. The UC values are shown in 

Tablc-4.4 

Tablc-4.4 Uniformity coefficient of differcnt drip irrigation systems with 
diffcl'cnt filters 

Screen ("ocon ut .Jule 1\1rsh Mrsh with Mesh with 
mll'r (:oir mtn mtl't" mll't" cnh' mler jute niter 

----- -- ---- -- ------ ---------- --

~vlicrolllbe 9-l.8 83.73 92.56 95.21 94.09 92.69 

Dripper 65.9 I 57.:'3 89.)R 86.74 79.0 93.96 
~--- -- --- ------ --------- - --------- ---- -~- - --f---- ---

In\inedripper 93.6\ I 93J3 93.33 97.1 93.93 97.1 
L-______ . ___ . _______ J __________ .1 ___ ----------.----'------

Uniformity coefficicnt has also been shown in a graphical form in fig-4.4. 

Bcttcr U.l'. hm'c occn obsCI'\'cd in microtubc and in line dripper. The UC in both 

the systems is more than 90% for all the filters. In comparison to these values the 

llC or drippers arc less. I\s the discharge ill micro tubes are more they can be 

preferred over inlille drippers in sllch circulllstances. 

4.5 TilE SELECTION OF PROPER FILTER: 

The filters made by cocolllll coil', jute fibres. nylon mesh, nylon mesh 

with coir and nylon mesh wilh jute were found to have low cost as compared to 

screcn liller. Cost of filters are Rs,425/-. Rs,450/-. Rs.425/-, Rs. 4501- and 

Rs.475/- rcspccti\'ely and screen filter haying cost Rs.2000/-. Hence these low 

cost Ii Irers \\i II be more hCllelicial to small and marginal f~mners. 

7() 
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While selecting the proper filter care has to be taken regarding their 

workabilit\' alolll'. \\"ilh the cost. r-..ksh wilh jule filler was rounu lo be best as its . ~ . 

uischarge. head loss. lillration erticicncy and uniformity coefficient are 7.7 lit / 

hr., 9.75 cm or \vater. 50% and 95~ (, respectively. 

4.6 EFFECT OF PLANTING DATE ON IRRIGATION 

REQUIREMENT AND POND SIZE OF BANANA CROP: 

According lo the computer programme the total irrigation required 

(l11l/\\"l~ek) and lola I size or pond in (111~) was found oul. These are shown in 

Table 4.5. 

Table 4.5 Irrigation requirement (m-') and size of pond (111-') in different 

mctcorological weeks of a year for banana crop. 
1-- . 

No. of weeks Total irrigation Pond size (1113) 

required (1113) 

28 6683.8701 8539.8701 

30 5558.753 7624.753 

32 5058.273 7082.273 

34 4447.442 6429.442 

3() 4188.93 6128.93 

37 3t)4(L443 5949.443 

lhe same has also been shown in fig. (4.5). it sho\\'s the effect of change 

in planting date on size of pond and irrigation water requirement. It is evident 

that the alllount or \\ater required, as well as pond size decreases with delay in 



planting. This happens because the peak canopy area time coincides with the 

rainy season when no irrigation is required. The size and irrigation requirement 

will further decline if planting is done in October. Ilowcver planting of 

samplings when there is no rain is risky as microclimate is hard and dry. In view 

of it the planting should be done around 37th meteorological week to get 

maximum benefit of rainfall and least losses. Based on this the following 

parameters of the Water Harvesting System for drip irrigated banana has been 

worked out. 

Tahll' .... 6 Details of the optimum S)'stl'm for Imnana l'l"Op. 

Time or planting 

Size of pond 

Amollnt or irril.!ation ... 

Catchment. command area ratio ~6.0 
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SUMMAI{Y AND CONCLUSTION 

To reuuce the cost and to increase the filtration efficiency a low cost filter 

was fabricated. A 140mm dia PVC pipe of 45cm length was used as the outer 

cover of the filter and a 50mm dia was used as a base pipe for the filter. This was 

testeu at five different arrangements i.e. as five different filters. They are 

I. Coconut coir filter 

., Jute filter 

3. Mesh filter 

4. Mesh with coir filter 

5. Mesh with jute filter 

They were compared with a standard screen filter. To compare the 

performance of different filters an experimental set up was established. To allow 

the entry of water into the filters. a PVC pipe of 165mm dia was put vertically 

with the bottom doseu. Water entered into the 165 111111 dia. pipe through the top 

and constant head in the pipe was maintained by the arrangement of a by pass at 

the top. It ensured a constant water head in the filter. The filtration efficiency 

(FE) of all the filters were calculated by measuring the turbidity of inflow and 

outtlow water. The mesh with jute filter was found to have maximum filtration 

efficiency. The F.E. of the above filter was 50.69% and 49.00/0 for 30 ppm and 

50 ppm turhid water respecti\-ely-



Di ITerent type of drip irrigation systems were evaluated by using the 

above tillers. lhe\' arc online dripper. micro tubes and micro sprinklers. The 

micro sprinkler could not be operated as the available head was very less. The 

discharge or different drip irrigation systems were compared. The maximum 

discharge was observed in 1.2mm dia and 25cm long micro tubes. This was 

followed by drippers and inline drippers respectively. 

The head loss in different ftIters with clean water, 30ppm & SOppm turbid 

water were measured for different filters by using manometers. Maximum held 

loss was observed in 50 ppm turbid water followed by 30 ppm turbid water and 

then clean water. The head loss increased with duration of filtration. The turbid 

water choked the pore spaces in the Ii lLer and there by caused more head loss. 

Maximum head loss was obscn·cd in scrcen filter and jute filter. 

The Uniformity cocfficicnt (U.C.) of differcnt drip irrigation systems were 

measured. The micro tubes and Inlinc drippers gave better U.C. than online 

drippers. Considering the discharge and U.C. The micro tubes were considered a 

better micro irrigation systcm under thc present sct-up. 

!\ mathematical model for designing Water harvesting system for drip 

irrigated banana or chard was dcveloped. The model showed that the planting 

should be done in the month of July. The size of tank for I ha of banana should 

he about 6000111"1 and the catchment :Command area ratio should be 6.0. The 

Pond can be used I()f fisheries and duckeries. 
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SUGGESTIONS FOI~ FUTURE WORK 

• Further work on filters for reducing turbidity of the harvested rain water 

is needed. 

• Ilydraulies or gravity red drip irrigation should be studied in detail. 

• Intensive stuu), on inten;ropping in urip irrigateu horticultural crops IS 

needed. 

• Intensive study on estimation or irrigation schedule of othcl' crops are 
required. 
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APENDIX-A 

Agro-Climatic zones of Orissa 

Sf. Agro-clilllatic zone Mean Annual Agriculture districts Area (in ha) 

No. rainfall (01111) 

I. Northern Western 1600 Sundargarh. Panposh, 1290.6 

plateau Banaigarh. Kuchinda 

., North Ccntral platcau 15H Rainmgpur • Baripada. Karanjia. 1725.7 
~. 

Kconjhar. champua 

3. Npllh 1· ... -;t<:1II cnaslal 15(lR 1\ nandapllr. Balasorc. Bhndrak. 884.0 

plaill 
.Iajpttr (except Sukilllill hlock) 

------ --- - - ------ - ~--.-.- ------ ... _-' 

4. East and Snuth Eastern \577 ClIttack. .lagatsinghpur, 1685.0 

coastal plain KClldrapara. Banki. Puri, 
Bcrhampur, Chhatrapur 

5. North-Eastcrn Ghat 1597 Khurda. Nayagarh. Aska. 2305.0 
Parlakhelllundi. Rayagada. 
GlIllliPur. Ph1l1hani, Boudh. 

6. Eastern Ghat highland 1521.8 Korapllt. Nawarangpur (Except 955.3 
. ~ Dabugaon area) 

7. South East Ghat 1710A Jeypore, Malkangiri 659.0 

8. Westcrn Undulating 1352.3 Bhawanipatna. Dharamgarh. 1258.0 
Padampur. Kharia. Dabugaon 
area of Nawarrmpur 

- .-- --~----- ----.-.<.- - -------
- -- -- -

I) \\' ~: -; I C 11\ C cllllal I able I(Ji ·1 Salllhalpur. Bargarh, Bolallgir. 1719.0 

SOllcpur 
lalld 

1 (). I\lid Ccntral lable land 1470 Dhcllkanal. I\ngul, 1364.2 
K;lInakhyanagar, Banki, 

I\thag.arh, Sukinda block of 

Jajpur i\gril. District. 

'--

s ., N 1997 Directorate of Extension Education. O.U.A.T. 
ourcc . Dds. R... ' 



APPENDIX -A 
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APENDIX-B 

Area covered under drip irrigation in India 

State Area (ha) State Area (ha) 

Andhra Pradesh 31.600 Maharashtra 1,23,000 

Assam 200 Orissa 2,800 

( illjarat X.OOO Punjab 1,500 
... - ... _-- - .-. -------------

Ilaryana 1,900 Rajasthan 30,300 

Karnalaka 40.000 Tamil Nadu 34,000 

Kerala 6.000 Uttar Pradesh 2,000 

Madhya Pradesh 3.000 \Vest Bengal 200 

Others 2,000 

Total 2,59,500 

SOURCE: Microirrigation: Eds. Singh II.P .. S.P. Kaushish, Ashwani Kumar, 

T.S.Mllrthy. Jose c. Samuel-200 I. 



APENDIX-C 
Measurement 0 um ormllY coe f "~ "t ffi" t IClen usmg screen filt I er 

l\licro tuhcs Drippers Inline drh!I!ers 
Dischargc Dcviation Discharge Deviation Discharge Deviation 
(mllm in) from mean (ml/min) from mean (ml/min) from mean 
1~ (d) (x) l dl J~ l dl 
135 9.286 75 27.715 13 1.25 
125 0.714 31 16.285 1 1 0.75 
120 5.714 37 10.285 12 0.25 
135 9.286 76 28.715 I I 0.75 
1 1 () 15.714 35 12.285 
125 0.714 40 7.285 
DO 4.2X6 J7 IO.2RS 

- -- - -- -- - .- --. -- - -_. --- - - -- - - - _._- --- ----- ._--- ---- - .. _--_._------L x= 880 Ld = 45.714 Lx =331 Lu=112.855 Lx=47.0 2:d=3.0 
X = 125.714 X =47.285 X=11.75 

lJC = 94.8% UC - 65.9% UC = 93.61% 

APENDIX-D 
Measurement of uniformity coefficient using coconut coir filter 

1\1 icro tu bes Dr~ers Inline dl"ip...I.!ers 
Discharge Deviation Discharge Deviation Discharge Deviation (rul/min) from mean (fIlI/m in) from mean (ml/min) from mean lxl Jdl (x) l d) Jx) Jd) IJO 11,429 22 20.28 12 0.75 - -----_._.- ------- ---_. --- _._-- ----

135 1(1,429 72 29.72 II 0.25 - -- -- - - ---~-- - -. ----- -- - ------ ._-------
135 16,429 33 9.28 12 0.75 
155 36,429 65 22.72 10 1.25 
DO 11,429 S3 10.72 

130 11.429 26 16.28 

ISO 31.429 25 17.28 

L x= 830 L U =135 LX =296 LU = 126.28 LX =45 Ld=3 
X=118.751 X = 42.28 X = 11.25 

lIC = 83.73% UC - 57.33% UC = 93.33% 

X7 



APPENDIX-E 
Mcasurcmcnt of uniformity cocfficient using Jute filter 

Micro tubcs Drippers Inline drippers 

Dischar~e Deviation Discharge Deviation Discharge Deviation 

(ml/min) from mean (ml/min) from mean (ml/min) from mean 

(x) (d) (x) (d) (x) (d) 

105 18.571 53 5.428 I I 0.25 

DO (l.428 50 8.428 ]2 0.75 

I--
125 1.428 54 4.428 ]2 0.75 

125 1.428 60 1.571 10 1.25 
---- ----

140 I (1.42R 65 6.571 
- -- --~---

110 13.571 72 13.57 
-

130 6.428 55 3.428 
---- - - - -- -.-- -- -_ .. ---- --'-
r-_L x== gZ)5 

- -- - --- ._.-----

L d ~64.2g2 LX =409 [d = 43.424 LX =45 Ld=3 

~ ~ 127.857 X = 58.42 X = ] 1.25 

lJC == 92.56 11'-0 
tlC= 89.38% UC~ 93.33% 

APPENDIX-F 
!Vleasurernent of uniformit)' coefficient using mesh filter 

r-----
~licro tubes 

Drippers Inline drippers 

IScharge DC\'iution Discharge Deviation Discharge Deviation 

(lUI/min) from mean (ml/min) from mean (ml/min) from mean 

-----l& (tI) (x) (tI) (x) (d) 

~5 2.857 61 15. ]42 15 0.33 

__ 130 
2. ]42 44 1.85 16 0.666 

---_ ... ------- - ---_.- --
-- -._ .. .. _-- _. _. _._---

33 12.85 15 0.33 
IJS 7.142 

~25 2.857 
';') 6.15 _ ... 

~40 12. ]42 45 0.85 

~15 12.857 44 1.85 

]25 2.857 42 3.85 

r--L x~ 895 ~ d -=42.854 ~ x ==J2~ 
Ld -- 42.542 LX 46 L d -1.3266 

--- ~- X = 15.33 
_ X == 127.857 X = 45.85 

lIC - 95.21°", 
LIe - 86.74% UC 97.] 1% 
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APPENDIX-G 

Measurement of uniformity coefficient 'of mesh using coir filter 

Micro tuhcs Drippers Inline drippers 
Dischnrge Dc\'intion Dischnrge Dc\'iation Discharge Deviation 
(mllmill) from menn (mllmin) from mean (ml/min) from mean 

(x) (d) (x) (d) (x) (d) 
115 0.714 73 29.85 11 0 
120 4.285 42 1.14 12 1 
105 10.714 45 1.86 10 1 
130 14.285 36 7.14 

I 15 0.7142 40 3.14 
120 4.285 35 8.14 
135 15 31 12.14 

L x= 840 L d =49.99 I x =302 Id = 63.41 LX =33 Ld=2 
X = 120 X=43.14 X = 11 

UC= 94.04% UC= 79% uC= 93.93% -

APPENDIX-H 

l\Ieasurement of uniformity cocfficicnt of mesh using jute filter 

l\Iicro tuhes __________ .l?ril)l!£!~ _________ ___ I n lil)~!:!.I!eers ~----- --- --- --------------
Dischargc DC\'iation Uisch:u'gc Dcviation Uischargc Deviation (ml/min) from mean (ml/min) from mean (ml/min) from mean (x) (d) (x) (d) (x) (d) 125 3.571 43 2 15 0.333 150 21.429 44 1 16 0.666 125 3.571 43 2 15 0.33 

125 3.571 46 1 1------------ - -----_._----- .-----
120 X.571 44 1 ---- - --- - - - --- --- - - ------.- _. - -- - -- - ----
140 1 1,429 53 8 ---- ---- ------1-------r----
115 13.571 42 3 

L x= 900 L J =65.713 LX =315 Ld = 19 Lx =46 L d =1.33 
X=128.571 X = 45 X_= 15.33 

ue = 92.69~'o lie = 93.96% UC= 97.1% 

Xl) 


