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CHAPTER 1
INTRODUCTION

Water is the most important resource input of agriculture. The economy of
India greatly depends on agriculture with its contribution of 50% to the Gross
Domestic Product (GDP). Indian agriculture is mainly rainfed and is susceptible to all
vagaries of the climate. Irrigation has a major role in the production and productivity
of almost all crops. However, the presence of irrigation in Indian agriculture is still at
a marginal level due to reasons such as non availability of water, lack of investing
capacity, lack of efficient irrigation methods etc. It goes without saying that cost
effective irrigation methods with water use efficiency is the need of the hour to

protect Indian agriculture and impart food security.

Irrigation is an age old practice as old as civilization. Today, it is considered
as a modern science supporting the survival of valuable crops. It may be defined as
the science of artificial application of water to the crops. The ever increasing
population and the consequent need for additional food supplies are forcing the rapid
expansion of irrigation facility throughout the world. As more water is to be given for
growing population and industrialisation, the demand for water is increasing day by
day. Hence, agriculture will have to content with less allocation of water than of
earlier time. Technological development in irrigation is to be explored to achieve
twin objectives of higher productivity and better water use efficiency. Presently, the

area under the improved method of irrigation is abysmally low in India.

The source of irrigation water is limited, at the same time, its demand for
agricultural production is increasing. Therefore, the theme of water conservation
would continue to command its priority and importance. Introduction of micro
irrigation has already been acknowledged as a step towards judicious utilization of
irrigation increasing water use efficiency. Also there is scope to minimise evaporation

losses by the use of micro irrigation leading to highest water use efficiency.



1.1 Micro irrigation

Good scientific water management involves adoption of right method of
irrigation consistent with the topography of the field to supply water to the crop at the
right time and the required quantity. Micro irrigation can be considered as an efficient
irrigation method, which is economically viable, technically feasible and socially
acceptable. It has emerged as an appropriate water saving technique for row crops
especially for wide spaced high value crops in water scarcity, undulated, sandy soil
and hilly areas. Micro irrigation refers to low pressure irrigation systems that
spray, mist, sprinkle or drip. Micro irrigation technologies are increasingly seen as
a means of addressing the growing competition for scarce water resources. It refers to
a family of irrigation systems that apply water through small devices. These devices
deliver water into the soil surface very near the plant or below the soil surface
directly into the plant root zone. Micro irrigation components include main pipes,
lateral tubes, water emitting devices, flow control equipment, fittings and
accessories. Today, micro irrigation is used extensively for row crops, mulched

crops, orchards, gardens, greenhouses and nurseries.

The area under micro irrigation system comprising drip, bubbler, micro jet
and sprinklers is steadily on the increase in commercial agriculture. Among the
several methods of micro irrigation, drip irrigation has gained better acceptance
among the farmers. However, the sophisticated design of its components, frequent
clogging of emitters and high cost of installation are the major constraints in the large

scale adoption of this technology by farmers.
1.2 Micro sprinkler irrigation

Micro sprinklers are emitters commonly known as sprinkler or spray heads.
The emitters operate by throwing water through the air, usually in predetermined
patterns. Depending on the water spray patterns, the micro sprinklers are referred to

as mini sprays, micro sprays, jets, or spinners. The sprinkler heads can be mounted on



a support stake or connected to the supply pipe directly. Micro sprinklers are
desirable in certain situations as fewer sprinkler heads are necessary to cover larger
areas. The flow rates of micro sprinkler emitters vary from 20 Iph to 200 Iph

depending on the orifice size and line pressure.

Micro sprinkler is a low discharge sprinkler that combines the advantages of
the conventional sprinkler system and the modern drip irrigation system. It requires
lesser energy than sprinklers and is less susceptible to clogging than of drip emitters.
It has much larger area of coverage than drip emitters. In micro sprinkler irrigation
system, the plant root system develops evenly due to larger volume of wetting of the
soil, resulting in a denser spreading of roots throughout the wetted soil volume. This
ensures better supply of water and nutrients to the plants and better anchorage. Micro
sprinkler system has a wide range of application in fertigation, herbicide application,
frost protection, green house and poultry house cooling, etc. The system can be run
continuously or intermittently to get the desired rate of water application.

Micro sprinkler irrigation has gained better attention during recent years
because of its potential to increase yields and decrease water use, fertilizer and labor
requirements. Micro sprinkler irrigation applies water directly to the soil surface
allowing water to dissipate under low pressure in a wetted profile that uniformly
meets water demand throughout the area. With micro sprinklers, the amount of water
required by the plants is applied to a given volume of soil. This enables the root
system to develop evenly and to spread densely throughout the volume of wetted soil,
thus ensuring the supply of water and nutrients to the crop. This serves as an
advantage over the drip irrigation system, because the roots of the drip irrigated trees
will be concentrated in a shallow, small volume of soil under the dripper. Micro
sprinklers with its large diameter wetting pattern is especially desirable in areas with
coarse textured soils where lateral movement of soil water is limited. The greater

diameter of coverage results in greater soil moisture reserve.



The examination of micro sprinkler for its water application rate and
distribution pattern is required for the development of new prototypes,
manufacturer’s quality control and sprinkler evaluation by consumer organizations.
Uniformity is an indicator of the quality of the application rates within the pattern
diameter of an emitter. The devices should be tested before field installation to verify
the quality of the emitters. Moreover, such tests will help the manufacturers to
improve the design of their products and the end users will get a general guideline for

the selection of such products.
1.3 Mulching in micro irrigation

The loss of water from the field can be reduced by covering the soil surface
around the inter-plant area with organic or non organic materials known as mulches.
Dry leaf, paddy straw, paddy husk, dry grass, saw dust, coconut husk, coconut leaves,
paper etc. are some of the materials used for mulching. Besides these, plastic films
such as Low Density Poly Ethylene (LDPE) films, Ethyl Vinyl Acetate films, etc. are

also used as mulches to reduce evaporation.

Organic mulches decay over pass of time and are temporary in nature. The
benefits of mulching are to prevent the loss of water by evaporation and transpiration,
keep down weeds due to soil solarisation/heating, dampen temperature fluctuations,
increase soil moisture storage and more uniform moisture distribution in the root
zone. It increases water intake rate and water storage capacity, reduces run off and
soil losses, prevents crusting and soil compaction, reduces blowing and beating action
of water and wind, facilitate faster germination and emergence (up to 30 days early),
permits early maturity, leads to faster crop growth and development and prevents

leaching of water and nutrients.

It has been observed that different mulches with varying optical properties
influence the degree of soil warming, owing to insulation and energy reflection. With

light coloured material like paddy or wheat straw, energy reflection will be more than



from bare soil surface. There are many advantages for paper mulches. Being
biodegradable, they are environmentally friendly. At the same time, they keep the soil
moist, which is desirable in areas where summer is hot and dry. As time passes, paper

decomposes and adds organic matter to the soil.

Hence, micro sprinkler irrigation along with mulch helps to achieve both the
objectives of efficient utilization of available water and conservation of soil moisture.
Therefore, the present thesis work is an attempt to study the performance of a simple
and novel micro sprinkler developed by a farmer ‘Avaran’, with the following

objectives.

1. To evaluate the hydraulic performance of a farmer developed novel micro
sprinkler.

2. To develop a technology to produce low cost and standardised micro sprinklers
on large scale.

3. To determine the best combination of irrigation level and mulch for the micro

sprinkler for cucumber crop (Cucumis melo var. conomon ).
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CHAPTER 2
REVIEW OF LITERATURE
2.1 Micro irrigation

Micro irrigation is a low pressure, low discharge irrigation system suitable for
high value crops such as fruits and vegetables. If managed properly, micro irrigation
can increase yield and at the same time decrease water, fertilizer and labor
requirements. Micro irrigation applies the water only to the plant's root zone and
saves water because of the high application efficiency and high water distribution
uniformity. Micro irrigation can irrigate sloping or irregularly-shaped land areas that
cannot be flood irrigated. Any water-soluble fertilizer may be injected through a

micro irrigation system.

Anwar and Aswani. (1980) reported that micro irrigation is an efficient
method of providing irrigation water directly into soil at the root zone of plants. It
permits the irrigation to limit the watering closely to the consumptive use of plants. It
also permits the utilization of fertilizer, pesticides and other water-soluble chemicals
along with irrigation water with better crop response. Micro irrigation conserves
irrigation water easily doubling the command area of a water source with yield
increase upto 50%.

Micro irrigation is the frequent application of small quantities of water
directly on or below the soil surface. Usually water is applied as discrete drops,
continuous drops, tiny streams or miniature spray through devices placed along a
water delivery line (BIS 1987).

Micro irrigation may be described as a method of applying low volumes of
water directly to the root zone of the crop and limiting it to the root spread volume of
the soil layer. Micro irrigation systems are typically designed to wet only the root

zone and maintain this zone at or near an optimum moisture level (James, 1988).



Micro irrigation is defined as an irrigation method that applies water to less
than 100% of a crop area. This includes drip, micro jet and micro sprinkler irrigation
systems. The design principles are similar for micro sprinkler and trickle systems
(Cuenca and Richard, 1989).

Boman (1999) studied micro tubing effects on micro sprinkler discharge rates.
Variations in discharge rates were examined to determine the effects of system
operating pressure and the diameter of micro tubing. When micro tubings were used
even the emitter with smallest orifice diameter had 5-10% reductions from specified

flow rates.

Since scarcity of water is a major problem in semi-arid and arid areas of Spain
and many other Mediterranean regions, water consumption in irrigated agriculture
has to be reduced to a sustainable level that is also adapted to the environment. This
goal can be reached by applying the highly effective and resource preserving
techniques of micro irrigation. Compared to other irrigation methods, the high
irrigation efficiency achieved by this system was outstanding. Minimum maintenance
requirement and a long life span are additional positive characteristics of the system.
The beneficial outcomes of this system give reason for an optimistic appraisal of the
strategies involved towards sustainable irrigated agriculture (Barth, 1999).

Asokaraj (2001) conducted a study in micro irrigation and reported that micro
irrigation, which includes drip and micro sprinklers, is an effective tool for
conserving water resources. The studies revealed significant water saving ranging
between 40 and 70% by drip irrigation compared with surface irrigation, with yield
increasing as high as 100% in some crops in specific locations. The water saving by
adoption of this technology would also pave way for increasing the irrigated area

under food grains for India’s ever increasing population.

Although water is a renewable resource, stress in the availability of water to

meet the growing demand of the rising population has been increasing. Therefore



efforts have been on for employing more efficient method of irrigation like
drip/micro irrigation. Since most of the fruit crops are planted on rows, they are
ideally suited for micro irrigation. On an average about 30,000 ha area is being

brought under micro irrigation annually under horticultural crops (Jose, 2001)

Micro irrigation has been recognized as an answer to meet the increasing
demands of water for irrigation with an efficiency of about 95%. It ensures increase
in crop yield, higher quality of crops, less water and energy consumption, less weeds
and less soil compaction. Evaluation study on the impact of micro irrigation
programme reveals that farmers who had installed drip irrigation sets invariably
introduced high-value horticultural crops like grape, banana, mango, cashew nut and
coconut (Singh, 2001).

In India, the area of irrigation of fruit crops is only about 30% and the average
productivity is very minimum. Drip irrigation can increase productivity and also the
quality of fruit crops. Therefore, it is planned to bring atleast 2 million ha under

micro irrigation by the year 2020/25 (Sivanappan, 2001).

Rolbiecki (2007) conducted a study to recognize the possibilities of zucchcini
(Cucurbita pepo L.) cultivation on a sandy soil under drip and micro sprinkler
irrigation systems. In the framework of investigation, three field experiments were
conducted in a randomized blocks method of a two-factoral ‘split-plot’ system with
four replications. The average yield increase for both systems of irrigation equaled 26
tha ™ (85%).

Cigdem et al. (2008) carried out a study to determine the effects of different
water application levels on the vegetative growth, flower bud formation and yield of
sweet cherry trees irrigated by micro sprinkler systems. The trees were subjected to
five irrigation treatments based on Class A pan evaporation (0.50Epan, 0.75Epan,
1.00Epan, 1.25Epan, 1.50Epan). Mean yield per tree and trunk cross sectional area was

0.70-2.40 kg and 0.01-0.05 kg/cm? respectively at different irrigation water levels.



Irrigation levels did not affect, statistically significantly, fruit quality parameters such
as fruit weight, flesh/seed ratio, water soluble solids, pH, titratable acidity and
inverted and total sugars. Only flesh firmness values were statistically significant at

probability level with respect to the irrigation levels.

Studies were conducted by Singh et al. (2009) to standardise the package of
practices of strawberry cultivation with modern techniques under northern Indian
Plains. Micro irrigation system has been found to be quite successful for its
remunerative cultivation. Use of micro sprinkler during early stage and drip system
during flowering and fruiting has given encouraging results. Further, with the use of
micro sprinkler plant mortality was reduced and enhanced fruit yield significantly

compared to the traditional method and increased the period of fruit availability.

Jadhav et al. (2011) conducted a study to evaluate the effect of nozzle size
and operating pressure on performance of medium volume rain gun (8, 10, 12 and 14
mm diameter size). The system was operated at various operating pressures viz. 2, 3,
4 and 5 kg/cm® The increase in nozzle size and operating pressure increased the
discharge of medium volume rain gun. Jet length was also found to be increased in

operating pressure.
2.1.1 Classification of micro irrigation

Micro irrigation systems include low pressure, low volume irrigation systems
and can be sub divided into four main methods according to pressure and volume
(Barret, 1979). Drip irrigation applies water directly to the soil surface or subsurface
and allows the water to dissipate under low pressure in a pre-determined pattern. The
other three methods viz., mist, sprayer and mini sprayer methods that convey water
through the air can be termed as micro-sprinkler systems. The wetted area of these
emitters is small, can be controlled fairly easily and has different shapes to match the
desired distribution pattern.



Micro irrigation spray and spinner emitters were characterized by Post et al.
(1985) as devices having operating pressure less than 2kg/cm?, discharge rates in the
range of 20-100 Iph and throw diameters ranging from 1.5 to 10m. Losses due to
surface evaporation and deep percolation are avoided in this method. The system is
required for water scarce areas and is largely confined to fruit crops, widely spaced
vegetables etc. (Walker and Skogerboe, 1987).

The concept of micro irrigation though simple, was not practiced widely until
very recently due to lack of economic materials. The first experiments leading to the
development of micro irrigation were introduced by German researchers in 1860.
They pumped irrigation water into short clay pipes with open joints used for
underground drainage, to maintain a water table near the plant root zone. In the 1920s
porous pipe and canvas was used for subsurface irrigation at Michigan State
University, and subsequent experiments were centred on development of perforated
pipes made of various materials and on control of flow through the perforations
(Bucks and Davis, 1986).

2.1.1.1 Drip irrigation

The discovery of high density polyethylene (HDPE) in 1948 made the
breakthrough for micro irrigation. A significant step in the evolution of trickle
irrigation took place in Israel in the late 1950s when long path emitters were greatly
improved. By the early 1960s plastic pipe micro irrigation systems were being used
extensively in greenhouses in most commercial enterprises. Drip irrigation was first
tried on a commercial scale for vegetables in Israel, in 1960s in the Arava valley. In
1969, the first research and demonstration study of micro irrigation was initiated on
an avocado orchard in California (Gustafson et al., 1974). Around the same period,
field trials were conducted using surface micro irrigation on strawberries and
tomatoes, also in California (Hall, 1985). It soon became apparent that drip irrigation
almost doubled the yields. The large scale and commercial use of micro irrigation

began in the late 1960s and early 1970s.Numerous inventors and companies began



developing drip irrigation emitters, and by mid 1970s well over 250 emitter devices

were being marketed.

The interest of micro irrigation was more in Israel, USA and the Middle East
since these areas suffered very high shortage of irrigation water. In recent years,
farmers have made wide use of pressurized irrigation systems to increase crop yield.
The drip (trickle) irrigation system is the most important of these systems and has
contributed to a marked increase of yield under open-field and greenhouse conditions
in the past decades in Turkey. Its use is increasing rapidly for vegetable and field
crops (Oron, 1984).

Drip irrigation relies on the concepts of irrigating only the root zone of a crop
and maintaining the water content of the root zone at near optimum level. Irrigating
only a portion of the land surface limits evaporation, reduces weed growth, and
minimizes interruption of cultural operations. Maintaining near-optimum water
content in the root zone usually involves frequent application of small amounts of
water (James 1988). These small amounts of water prove high water use efficiency

(WUE) and higher yield and quality of crop through drip irrigation.

The trickle system transports water through an extensive pipeline network to
the soil near the plant and puts the water directly into the root zone. Trickle irrigation
methods are high frequency-low discharge, localised over a long period of
application, have a low-pressure requirement, and apply water near or into the plant’s

root zone (Bucks and Davis 1986).

Israel started using the modern-day surface trickle system in 1963, and the
United States started using it in 1964. Today, studies are done on the design,
operation, and management principles of the trickle system (Davely et al., 1973). Its
advantages, disadvantages, and the effects on the crop yield are subjects of intensive
study throughout the world (Mostaghimi et al., 1981)



Drip irrigation has contributed to a marked increase in agricultural yield over
the past decade. One snag in this technique is that, in contrast to the other methods, it
is not applicable to all plants and land types. Before and following the years of World
War 1l, British farmers used plastic pipes in drip irrigation on land and in
greenhouses (Goldberg et al., 1976; Hall, 1985). Publications on the present-day
surface trickle system began to appear from Israel in 1963 and United States in 1964,
although research and development in both countries started some years before
(Bucks and Davis, 1986). Several researchers in the 1970s and 1980s studied design

and project planning for drip irrigation systems (Keller and Karmeli, 1975).

Drip irrigation is also called low-pressure irrigation, because it is a low-
pressure system. It takes water through drippers or injectors. Water leaves the dripper
at zero pressure and gravity moves it to the soil and downward. The distribution in
the soil has the shape of an onion. The lateral flow of the water in the soil limits the
area each dripper wets.

2.1.1.2 Micro sprinkler

Micro sprinklers are low discharge sprinklers that operate at low pressures.
The concept of micro sprinklers was materialised in the beginning of 1980s as an
improvement over the drip irrigation system, by replacing the trickle emitters by low
discharge, low pressure sprinklers in the drip irrigation network. They have been
introduced to the world of irrigation by fusion of the peculiarities of drip irrigation

and sprinkler irrigation methods.

Micro sprinkler has low volume of water to be sprinkled at a low rate and
allowed to fall back either on the canopy or soil surface covering part of the area
allotted to each tree with a small sprinkler which works under low operating pressure

ranging from 1-2 kg/cm? with wetted diameter of 4 m (Kulkarni, 1987).

Micro sprinkler is a versatile means of applying water to plants. The design

principles are similar for micro sprinkler and trickle systems (Cuenca and Richard,



1989). It requires less energy than conventional sprinkler and less susceptible to
clogging than drip emitters (Singh and Singh, 1990).

Saving due to micro sprinkler is reported to the extent of 30-60 per cent over
traditional methods of irrigation (Mane et al., 1987).

The spray pattern of different micro sprinklers is varies as per manufacturer’s
specifications. (Aragade and Thombal, 1994). Demand of micro sprinklers increased
greatly when it was found they could provide frost and freeze protection. The
maximum water use efficiency reported under micro sprinkler system for the crop
chilli was 167.42 kg/ha/cm (Shinde, 1995). New citrus planting during and after the
severe freezes of the 1980s made Florida one of the fastest growing markets for micro
sprinkler irrigation between 1985 and 1990 (Smajstrala, 1995).

Research works carried out at the agronomic Research station, Chalakkudy,
Kerala agricultural University by Suseela et al. (2006) has resulted the development
of a low cost, simple and farmer friendly micro sprinkler head called “bubbler head”,
which was later renamed as “KAU micro sprinkler”. It is very simple in design and
clog-free system of irrigation, ensuring complete wetting of the basin area (> 90%) of
the crop due to its rotating action. The discharge rate of this micro sprinkler was
found to be 35-76 | and effective wetting radius of 1.65 m to 0.5 m.

A study conducted by Ceres et al. (2009) proposed a novel micro sprinkler
system that uses micro tube as the emitter and where the length of the micro tube can
be varied in response to pressure changes along the lateral to give uniformity of
emitter discharges. They have developed and validated empirical and semi-theoretical
equations for the emitter hydraulics. Laboratory testing of two micro tube emitters of
different diameter over a range of pressures and discharges was used in the
development of the equations relating pressure and discharge, and pressure and length
for these emitters. The equations proposed will be used in the design of the micro
sprinkler system, to determine the length of micro tube required to give the nominal

discharge for any given pressure.



Rao et al. (2010) conducted a field experiment to study the response of Cumin
(Cuminum cyminum L.) to variable irrigation through micro sprinkler, organic
manure and nitrogen under semi-arid environment. The maximum irrigation water
productivity was recorded at 0.8 IW/CPE ratio where 40 mm less irrigation water was
applied indicating that water was utilized efficiently under this irrigation schedule as
compared to 1.0 IW/CPE ratio. Farmyard manure at 10 tonnes/ha increased cumin
seed vyield significantly by 12.5% (613 kg/ha) over control (546 kg/ha) and water
productivity to 0.313 kg/m?® from 0.277 kg/m®.

2.2 Micro sprinkler irrigation system

Micro sprinklers are becoming a preferred irrigation method for water
application. Micro sprinkler irrigation has gained attention during recent years
because of its potential to increase yields and decrease water use, fertilizer and labour
requirements. Micro sprinkler irrigation applies water directly to the soil surface area
allowing water to dissipate under low pressure in a wetted profile that uniformly

meets water demand.

Although sprinkler irrigation and drip irrigation methods are adoptable means
of applying water to any crop, soil and topographic conditions, each of these methods
has its own demerits also. The micro sprinkler system combines the merits of both the

systems and avoids most of the demerits.

Davies et al (1988) detailed the special adaptability of micro sprinkler
systems to difficult situations. Besides the adaptability over a wide range of soil, crop
and topographic conditions, some other objectives that can be attained using micro-

sprinkler are,

1. Effective use of small, continuous streams of water such as from

springs and small tube or dug wells.



2. Proper irrigation of problem soils with inter mixed textures and

profiles or the irrigation of shallow soils that cannot be graded without detrimental

results.

3. Irrigation of steep rolling topography without runoff or erosion.

4. Effective, light and frequent watering may be possible whenever
needed.

5. The micro sprinklers are highly adopted to water sensitive crops where

wetting of upper portion of the plant is undesirable.

Spray or spinner micro sprinklers are often preferred over drip systems since
they have provided a larger diameter wetting pattern. This characteristic is especially
desirable in areas with coarse textured soils where lateral movement of water in soil
is limited (Boman, 1989). The greater coverage diameter allows a larger percentage
of the root zone to be wetted by the irrigation and can result in greater soil moisture

reserve and better root development.

Micro sprayer emitters have low precipitation rates, which typically are, less
than 4mm/h. Thus by applying the right amount of water at the correct irrigation rate,
there will be no seepage beyond the root zone, or the problem of decreased aeration
in the root zone, caused by water logging. Considerable saving in water will result in
going for micro sprinkler irrigation system. They wet only 40-80% of the soil surface
in a mango orchard. The area wetted by the micro sprinkler can be adjusted according

to the development of the root system (Chaya and Hills, 1991).

Koumanov et al. (1997) conducted a study to quantify the components of the
water balance of an almond tree under micro sprinkler irrigation. Neutron probe
readings at 15 cm depth increments and tensiometer readings were taken 4 to 6 times
daily. Evaporation losses of the wetted area were estimated to be between 2 and 4
mml/irrigation event. Consequently, application efficiencies were only 73-79%, the
wetting of the root zone was limited to the 0-30 cm depth interval only, the soil



profile was depleted of soil water, and daily crop coefficient values at days between

irrigation events were between 0.6 and 0.8.

A field experiment was conducted by Awari et al. (2001) on Chilli (Capsicum
annum L) under micro sprinkler irrigation system with different irrigation interval
and irrigation level treatments during 1996-97. A non-significant effect was observed
for consumptive use efficiency and yield of dry chilli among the treatments. The
maximum vyield was recorded in three days irrigation interval treatment and in
treatment combination of five days irrigation interval with 0.7 CPE level. Also, the
consumptive use efficiency was recorded highest in treatment combination of four

days irrigation interval with 0.7 CPE level.

A study was conducted by Mandal et al. (2003) during 2003-04 to compare
micro sprinkler, drip and furrow irrigation systems for potato (Solanum tuberosum
L.) production at Central Institute of Post Harvest Engineering and Technology,
Ludhiana. Each irrigation method was combined with 4 irrigation levels, ie IW/CPE
ratio of 1.20, 1.00, 0.80 and 0.60. Better crop performance was recorded under micro
sprinkler regime. The highest potato yield (31.60 tonnes/ha) was obtained with micro
sprinkler when irrigation was scheduled at 1.20 IW/CPE. Highest water-use
efficiency (1.37 g/ha/mm) was recorded with 0.80 IW/ CPE under micro sprinkler
irrigation. Economic analysis revealed that using micro irrigation for potato
production in semi-arid environment is a profitable alternative of existing irrigation

method.

Tomar (2003) conducted a field experiment in the foot hills of the Himalayas
to study the response of Bush snap bean to drip, micro sprinkler and conventional
surface method of irrigation. The value for all the biometric characteristics, seed
weight and seed: husk ratio was found on the higher side for micro sprinkler

irrigation.



Between 2002 and 2004, passive capillary wick samplers were used to test the
effects of micro irrigation systems (dripand small radius micro sprinklers). Irrigation
was automated and applied twice daily based on ET estimates from an electronic
atmometer. Over-supply resulted in greater losses under drip than micro sprinkler,
particularly close to the emitter (Neilson et al., 2008).

Satyendra et al. (2008) made an effort to determine the optimal water
allocation to potato crop with micro sprinkler irrigation system. Results of the study
indicated higher yield at 1.2 Ep irrigation level, whereas water use efficiency was
found to be maximum at 1.0 Ep. This study indicated that reduction in water
application from 280 mm to 247 mm increased net profit by 7%.

Satyendra et al. (2009) carried out field investigations for 3 years with the aim
of studying the feasibility of using micro sprinkler and drip irrigation systems for
vegetable production in a canal command area. Increased crop yield with micro
sprinkler and drip irrigation is the factor behind higher profitability than existing
surface irrigation. The overall results of the present study favoured micro sprinkler
over existing irrigation methods for onion production in a canal command area with

higher profit under limited available surface water.

Asin et al. (2011) conducted a study to increase fruit wetting at night by
irrigating 1 mm/day using micro sprinkler. Irrigation was performed every day at
midnight, from the end of petal fall, and for a period of 40 days. Applying micro
sprinkler irrigation significantly increased fruit russet compared to the untreated
control in the first two years. For all three years, the percentage of fruit in the extra
russet category (with russet on over 50% of their surface) was 10% higher in the

micro sprinkler trial than in the untreated control (36 Vs. 26%).

2.2.1 Comparison of micro sprinkler irrigation with other methods
The micro sprinklers are generally used for under-tree sprinkling in orchards

and for widely spaced crops. The wind drift losses are less compared to conventional



sprinkler system due to shielding by the canopy and lesser wind velocities near the
ground.

In conventional sprinklers, large droplets having higher kinetic energy disrupt
the soil surface causing reduced infiltration rate due to crusting (Dadiao and
Wallender, 1985). This does not occur for micro sprinklers, thus preventing losses by
runoff, and they apply the right quantity of water only, so that no anaerobic condition
is developed within the root zone.

The micro sprinklers are generally operated at a low pressure range of about
1-2 kg/lem?, which is very low as against the high pressure operation of conventional
sprinkler systems and comparatively high as compared to the operation of drip
irrigation systems. Obviously, considerable saving in pumping energy can be attained
with micro sprinklers over conventional systems. The combined effect of larger
nozzles and higher operating pressure minimises the chance of clogging. Singh and
Singh (1990) states that micro sprinklers require lesser energy than conventional

sprinklers and are less susceptible to clogging compared to drip emitters.

Compared to other methods of irrigation, the micro sprinkler system has
proved to be efficient, water, energy and labour saving, trouble free and economical.
Saving of water due to micro sprinkler is reported to the extent of 30 to 60% over
traditional methods of irrigation (Mane et al., 1987 and Bankar, 1992). This is due to
the partial wetting of the soil volume, reduced runoff and controlled deep percolation

losses.

The canopy to active root ratio is much better under micro sprinkler than drip
irrigation system. Roots of drip irrigated trees are concentrated in a shallow, small
volume of soil under the dripper, whereas a large number of roots penetrated to depth
of 70-80 cm in areas irrigated by micro sprinklers. Since visual inspection of the
micro sprinkler system is simple and fast, less time is required than for the inspection

of several emitters per tree in a drip irrigation system.



The only notable disadvantage associated with micro sprinkler irrigation
system as compared to the drip system is the enhanced weed growth caused by the
large area of wetting, which can be solved by the use of herbicides along with

irrigation water.
2.3. Performance evaluation of micro sprinkler irrigation

The performance of micro sprinkler has been assessed commonly using catch
can methods with the cans placed in full wetted area or part (one quarter) of the
wetted circle (Post et al., 1985; Boman, 1989; Pandey et al., 1995).

The technique of catch can test is the suitable method for the performance
evaluation of spray type irrigation systems. ASAE (1991), ASAE (1997) and BIS
(1987a) describe the general procedure for catch can testing and other standard

methods of testing of sprinkler systems.

The hydraulic design of micro irrigation systems to achieve high system
uniformity has led design engineers to over-design irrigation systems arbitrarily.
Commonly used emitter flow variations of 10-20% are equivalent to a uniformity
coefficient of about 98-95%, or a coefficient of variation of emitter flow of only 3-
7%. The uniformity of a micro irrigation system is affected by not only hydraulic
design but also manufacturer's variation, grouping of emitters, plugging, soil
hydraulic characteristics and emitter spacings. Among all the factors affecting the
uniformity, the hydraulic design, with an emitter flow variation of 10-20%, produces

only a few percent changes in uniformity (Pai, 1997).

In a purely volumetric sense, the efficiency of the system should be
determined as the ratio of the water used by the plant to the water input. While the
ultimate volumetric output of the irrigation system is the water used by the plant, the
output product from the whole farming system is commonly viewed as the

marketable crop of economic returns (Dalton and Raine, 2000).



Holzapfel (2011) evaluated micro sprinkler irrigation system in apple orchard
under different soil characteristics in a 100 ha apple farm. The evaluation was done
using the Christiansen Uniformity Coefficient (CUC), the Efficiency of Low Quarter
(ELQa2s%) and Total Efficiency Distribution (TED). The CUC and ELQgss, Were 84
and 79%, respectively, whereas the average TED was 23%, due to the excess of water
applied, of up to 100% in the irrigation times in some sub-units. The operation
efficiency of the pumping systems took values from 33 to 87%, an increase resulting
from changes in the discharge required by every subunit in the micro sprinkler

systems.

Since irrigation uniformity is an important component of the evaluation of
field performance and the determination of application efficiency often involves the
crop yield produced or value obtained at the farm level; the performance of single
non-overlapping micro sprinkler systems that can be evaluated on the basis of
irrigation uniformity. Since the uniformity of distribution of irrigation water applied
by a micro sprinkler is the primary factor that determines the application efficiency, a
measure of the distribution uniformity can better describe the performance of the

system.
2.3.1. Performance indicators

It is difficult to evaluate irrigation performance using a single parameter. Hart
(1972) suggests that it is necessary to use three efficiency terms and one distribution
uniformity term to adequately describe the hydraulic performance of an in-field
irrigation system. A large number of indices for the assessment of irrigation
performance have been proposed. Willardson (1972) stated that at least 20 definitions

of irrigation efficiency existed at that time.

Different performance indicators (dimensionless coefficients) are used to
describe the performance of micro sprinkler. A wide range of irrigation uniformity

coefficients are commonly used in performance evaluation (Jenson, 1983). The



different coefficients commonly used in performance of micro sprinkler are
uniformity coefficient (UC), distribution uniformity (DU), coefficient of variation
(COV), distribution characteristic (DC), distribution pattern and scheduling
coefficient (SC). However, Walker (1993) used two efficiency and one uniformity
term. At the system or whole farm level, a range of performance parameters may be
appropriate depending on the spatial and temporal boundary conditions established

for the evaluation (Dalton and Raine, 2000).

2.3.1.1. Uniformity coefficient

One of the basic measures of any irrigation system’s performance is
Christiansen’s uniformity coefficient, CUC (Christiansen, 1942). Christiansen

defined the uniformity coefficient as

CUC = 1-(D/M); where
D is the average absolute deviation of irrigation amounts, and M is the
average irrigation amount.

2.3.1.2 Coefficient of variation

The coefficient of variation, COV, of application depths for a particular
emitter is calculated by dividing the standard deviation of depths by mean of the
depths. Since COV is a measure of the deviation of individual depths compared to the
average depth, higher values of COV describe poor performance of the system and

vice versa. COV is expressed as a percentage.

Boman (1989) evaluated several micro irrigation emitters to determine their
uniformity of distribution. The coefficient of variation of catch depths was selected as
the primary performance indicator for the study. The author stated that COV is
independent of the scale of measurement, and thus allows dimensionless comparison
of variability for emitters with different flow rates. The COV values less than 100%
can be considered as good water distribution and values over 200% indicate patterns
that have a large portion of the effective area that receive no water. These high COVs



may also signify that the pattern has areas with very high application depths relative

to the mean.

Pandey et al. (1995) determined the performance parameters such as average
application rate, absolute maximum depth and coefficient of variation by single
nozzle test for five makes of micro sprinklers, designated for reference as A,B,C,D
and E. The range of mean depth at varying pressures and heights for micro sprinklers
A, B, C, D and E respectively were found to be 2 mm, 6 to 4 mm, 16 to 5 mm, 3 to 2
mm and 9 to 2 mm and the range of COV were found to be 254 to 76%, 207 to 90%,
189 to 66%, 199 to 105% and 215 to 63% respectively.

2.3.1.3 Distribution uniformity

The distribution uniformity coefficient is usually used by the engineers who
often combat with dry spots in the irrigated area, rather than well-watered or wet
spots. The use of the “lowest 25%” is purely arbitrary and bears no relationship to the

crop’s growing characteristics.

According to Farbman (1992) the factors affecting application uniformity
were head losses along the laterals and manifolds, elevation differences within the
plot, variability of emitter performance, clogging of emitters, drainage of water
balance before pressure build up and after shut off.

Amir and Dag (1993) reported that high application rate increases the
uniformity and width of the wetting pattern and decreases the depth of water
application. Low volume micro irrigation sprinklers spaced 3 to 3.7 m apart had
coefficient of uniformity values between 87% and 95%. The distribution uniformity
coefficient (DU) is also widely used for spray systems. It takes into account the
variation of can readings from the mean but concentrates only on the lowest 25% of
the readings. The range of DU values for sprinkler distributions will be similar to
CUC; however, due to method of calculation, DU will generally be lower. For



example, for a system with CUC of 85%, Du will be approximately 78% (Conellan,
1994).

Emission uniformity Ey has been one of the most frequently used criteria for
micro irrigation design and evaluation. Uniformity expressions of a micro irrigation
system can be shown in many forms from the simple range of maximum to minimum
emitter flow, or minimum to mean emitter flow Eyk, or emitter flow variation gy,r to
the statistical terms, such as uniformity coefficient of Christiansen (CUC) and
coefficient of variation (COV). For a micro irrigation system designed for high
uniformity all the uniformity expressions are highly correlated to each other
(Barragan et al., 2006).

Micro irrigation can apply water with high uniformity. However, uniformity
alone is not sufficient to achieve the goal of irrigation. It is important to specify that
the differences in total return and water saving between different schedules are
reduced when high uniformity is applied in the design. Since a high proportion of
water resources are used for agricultural production, micro irrigation systems
designed with high uniformity can be scheduled to achieve water conservation as well

as environmental protection (Barragan et al., 2010).
2.3.1.4 Distribution characteristic

Unlike impact sprinklers, micro irrigation emitters generally are located in the
field with non-overlapping patterns on widely spaced plants. Merriam and Keller’s
(1978) distribution characteristic (DC) is the standard method for evaluating the non-
overlapping sprinklers. The DC is defined as the ratio of the area that receives more
than half of the average application to the total wetted area, expressed as a
percentage. The authors suggested that DC value greater than 50% are probably

satisfactory and that very good patterns result with DC values greater than 66%.

Although DC is the standard method for the evaluation of non-overlapping

sprinklers, other methods are also used either alone or in combination with one



another. Post et al. (1986) recommended that using additional performance indicators
in addition to DC for better characterizing emitter performance. The coefficient of

variation was the indicator suggested by him.
2.3.1.5 Distribution pattern and densogram

The distribution pattern or spray coverage pattern is formed by a collection of
curves (isograms) plotted by connecting the interpolated points of equal application
rates within the wetted area. This gives a rough idea of how the emitter applies water
to the irrigated area. A good emitter should produce circular isograms of decreasing

application rates from centre to outer perimeter of the wetted area.

Christiansen (1942) was probably the first to point out the significance of
distribution pattern in assessing the performance. The distribution pattern of a
sprinkler gives water application rates (or depths) as a function of the radial distance
from the sprinkler. The distribution pattern is affected by the combination of nozzle
size and pressure as well as the sprinkler model itself.

The densogram is a modification to the distribution pattern. The densogram
gives a good visual impression of distribution of irrigation water; it does not provide

quantitative means to actually measure the uniformity.

A non-quantitative way to look at the wetted area is graphically displayed
using a shading technique. This process transforms the actual catch values into
various intensities of shades. The dot matrix printer shading technique used by Centre
for Irrigation Technology, Florida is to transform the application rates to different
intensities/densities of dots. The wettest area is displayed as black (solid dots); all
other application amounts are scaled between black and white (white represents area
receiving no water or the dry spot) with corresponding shades or densities of dots.
The resulting densogram gives an excellent visual description of where high and low
watering spots are, how wet or dry they are; and in general, how uniform the water

application is.



Boman (1989) has experimented several micro sprinklers to determine their
individual performance. He reported that the application rate of several micro
sprinklers was not very uniform. Some emitters put out a ‘doughnut’ pattern where
more water is thrown to the outside and less remains near the centre. Only one of the
emitters tested had a DC value greater than 50%. Apparently, low DC values (less
than 50%) are typical for micro-irrigation sprinkler and spray emitters. The average
COV values for the spray emitters tested were 181%, 165%, 167%, and for the
spinner emitters were 101%, 71% and 73% respectively for the 103, 138 and 172 KPa
tests. The higher COV values in the 103 KPa tests were due to a more pronounced
doughnut effect in some of the emitters at the lower pressure. This problem is

common for high-pressure sprinklers that are operated at too low pressure.

In drip and micro sprinkler with the increase in water application, the
moisture content of soil increased horizontally and vertically. The moisture content
was in the range of 76 to 100% and 71 to 100% of field capacity under micro
sprinkler and drip irrigation. In both the irrigation systems the accumulation of salt

was found to be maximum at the periphery of wetted area (Arulkar et al., 2008).

2.4. Mulching

Mulching is the practice of covering the soil around plants to make conditions
more favorable for growth, development and efficient crop production. Both natural
and artificial materials are used for mulching materials. Natural mulches such as
straw, paddy husk, coir pith, saw dust, compost, etc. are in use for centuries. The
advent of synthetic materials like polyethylene, polyvinyl chloride and ethylene vinyl
acetate have altered the methods and benefits of mulching. Many scientists from all
over the world have reported that mulching increased the growth and yield of the

plant.

The effect of soil mulching polyethylene and some biodegradable alternatives
on weed control and tomato (Lycopersicum esculentum L.) growth and yield was

evaluated by a study conducted by Anzalone et al. (2010). The mulch treatments



were rice harvest residues, maize harvest residues, wood sawdust, Kraft paper and
silver-black non degradable polyethylene, untreated, hand weeding and herbicide.
The best vegetative growth was obtained by plastic and paper mulches. The
polyethylene mulch gave the highest tomato yield, followed by paper and maize
harvest residues mulches. Results show that paper and vegetal mulches could be
excellent biodegradable alternatives for weed control and increasing growth and

tomato yields in semiarid tropical regions.

A two year field experiment was conducted by Weon et al. (2011) to evaluate
the effects of paper and plastic mulching with hairy vetch alone or in combination
with barley on weed control and rice yield. The results showed that plastic film (10 or
20 um) and paper mulching with hairy vetch alone had no significant effects on weed
density and rice yield when compared with conventional practice during the first
year. However, during the second year, plastic film (20 pum) with partial tillage of
hairy vetch alone increased rice yield and decreased weed occurence; but barley and
hairy vetch mixture showed opposite trends. Plastic film mulching led to a decrease

in soil redox potential, mainly due to the absence of decomposed soil organic matter.
2.4.1 Effect of natural mulching on growth and yield of crops

Rajput and Singh (1970) have reported that straw mulch conserved higher soil
moisture to an extent of 55 per cent more compared to control. Average available soil
moisture stored up to 1.5 m depth of soil increased significantly by mulching of
wheat residue at 6730 kg/ha compared to bare soil. Lal (1978) reported decreases in
bulk density under straw mulch (1.42 g/cm) compared to bare soil (1.50 g/cm). In
heavy black soil also, application of mulches like coir pith at 20 t/ha, press mud at 10
t/ha decreased the bulk density over control (Mayalagu, 1983). Koni (1983) found
that sorghum stubbles, cotton stubbles and maize stubbles as mulch in chilli

conserved more moisture compared to control.



Okra production was significantly higher under straw mulch followed by dust
mulch over control (Batra et al., 1985). Sood and Sharma (1996) reported similar
beneficial effects of mulching through improvement of soil environment resulting in
better plant growth and tuber yield of potato. Application of straw mulch at 6 t/ha
increased yield of tomato and okra by 100 and 200 per cent, respectively over control
(Gupta and Gupta., 1987). In okra, the highest uptake of N, P and K was observed in

sugarcane trash mulched plots over unmulched (Vethomoni and Balakrishnan, 1990).

Rose et al., (1994) reported that organic mulch gave highest fruit yield of bell
pepper over control. Similar results were also obtained by Hassan et al., (1994).
Mulching with coconut fronds increased leaf N, P and K content in chilli.
Chakraborthy and Sadhu (1994) reported that water hyacinth mulch was better than
rice straw mulch for increased fruit number and size of tomato. The yield of potato
was the highest under paddy straw mulch (27.9%) and also starch content was highest
in paddy straw mulch (18.18%) than unmulched plot (Dixit and Majmudar., 1995).
Aref et al. (1996) reported that application of hairy vetch mulch recorded
significantly higher yield of tomato (32%) than bare soil.

Hedge et al. (1994) conducted a study to find out the effect of mulches and
cover crops on Robusta banana. The treatments consisted of two mulches, rice straw
and black polyethylene, and four cover crops along with a control (no mulch and
control crops). Water use of banana was lowest under the polyethylene muilch,
followed by straw mulch, and was highest when banana was raised with cover crops.
The evapotranspiration under polyethylene mulch decreased by 8% and 14%
compared with that under straw mulch and no mulch. Water use efficiency was

highest under polyethylene mulch, due to higher yield and reduced transpiration.

Patra et al. (1994) conducted a two year field study in which Japanese mint
plants were mulched with rice straw and citronella distillation waste, and controls

were not mulched. Herb yield was increased by 17% and 31% with rice straw and



citronella distillation waste respectively, compared with controls. The essential oil

yield was also significantly increased.

A field experiment was conducted by Pulekar et al. (1996) to study the effect
of irrigation schedules based on cumulative pan evaporation with and without grass
mulching on two varieties of bhindi. The results revealed that scheduling of irrigation
at 50 mm cumulative pan evaporation with 50 mm of water in conjunction with dry
grass mulching significantly increased green fruit yield in both varieties of bhindi as

compared to other treatments.

Organic mulches induced earliness in flowering, less days to fruit set and days
to harvest, also increased number of flowers and per cent fruit set in tomato crop over

control (Ravinder and Shrivastava, 1998).

A field evaluation by Hochmuth et al. (2001) of the University of Florida to
find an effective and affordable alternative to paper mulch would contribute the same
production benefits as plastic mulch and in addition would reduce non-recyclable and
non-renewable waste. In their study they used end rolls of 26 Ib. kraft paper, coated
with polymerized vegetable oil, black polythene film and control were the treatments.
Result revealed that watermelon grown on paper mulch coated with polymerized
vegetable oil yielded on par with black plastic mulch.

Shrivasthava et al. (1999) conducted an experiment to study the effect of drip,
mulches and irrigation levels on tomato yield. The treatments comprised various
combinations of two irrigation methods namely, drip and surface flood, with and
without two mulches of either black plastic of sugarcane trash. For drip, three
irrigation levels viz. 0.4, 0.6 and 0.8 fractions of pan evaporation (PE) were tried.
This study revealed that drip plus sugarcane trash mulch scheduled at 0.4 PE level
was the best combination, which gave the highest fruit yield of about 51 MT/ ha with
44% water saving. The highest yield of 163 kg/ha/mm of water used was also

maximum in this treatment.



An investigation was conducted by Ghosh et al. (2007) to study the effect of
different mulches on yield and physico-chemical properties of ber fruits. The results
showed that mulching treatments significantly conserved higher moisture in soil. The
hoeing around the plant basin followed by organic mulching and white polyethylene
resulted highest soil moisture status of 6.8% and maximum fruit retention of 70% and
yield of 15 kg/plant. The fruit quality was superior under organic mulches with
maximum net return of Rs. 185/plant which was higher by Rs. 95/plant as compared

to control.

Dinesh et al. (2008) conducted a field experiment during 2003-04 and 2004-
05 to assess the effect of different types of organic mulches on growth, yield and soil
moisture in turmeric grown as inter crop in mango orchard under rain fed conditions
in eastern India. Five treatments viz, paddy straw mulch (1kg/cm?), paddy straw
mulch (0.5 kg/cm?), local grass mulch (1 kg/cm?), local grass mulch (0.5 kg/cm?) and
control (no mulching) were replicated four times in a randomized block design. The
results indicated that effective production was recorded with the application of paddy
straw mulch at lkg/cm? The soil moisture content was higher during rhizome
formation, development and maturation stage in plots where paddy straw was applied
at 1 kglem?.

Anzalone et al. (2010) carried out a three years of field trials using different
biodegradable mulch materials in tomato in Zaragoza, Spain. The aim was to evaluate
weed control with several biodegradable mulches as alternatives to black
polyethylene (PE) mulch. The treatments were rice straw, barley straw, maize harvest
residue, absinth wormwood plants, black biodegradable plastic, brown kraft paper,
PE, herbicide, manual weeding, and unweeded control. The best organic mulch was
rice straw and the worst weed control was from absinth wormwood. Tomato yield
was highest for PE followed by paper, manual weeding, biodegradable plastic, and
rice straw and was clearly related to weed control. Paper, biodegradable plastic, and

rice straw are potential substitutes for PE and herbicides.



Berihun (2011) conducted an experiment to evaluate the effect of mulch and
amount of water on the yield of tomato under drip irrigation system. A factorial
combination of three levels of water (hamely 315, 440 and 565 mm) combined with
three mulch treatments [namely without mulch (WM), black plastic mulch (PM) and
straw or crop residue mulch (STM)] amid three replications and two days irrigation
interval was used. The application of 440 mm/ha water in two days interval with

straw mulch is found to be economically and agronomically feasible.
2.4.2 Effect of synthetic mulch

According to Emmert et al. (1969) black plastic mulch was exceptionally
good for early planting of vegetables. Bhattacharya et al. (1985) reported beneficial

responses like early maturity and higher yield by using polythene mulches.

Free et al. (1990) reported that grain yields of shelled corn over a 3 year
period of corn hybrids, Cornell M-10 and Robson 350, were increased by 1456 and
896 Ib/acre, respectively, by the use of slit translucent plastic covers on the field as
mulch. They also reported that, when the plastic cover was no slit, but was sealed to
the stalks to suppress evaporation and to prevent the entrance of rain, yields were at
or above 5600 Ib/acre, and were consistently higher than the yields of unmulched
plots.

Himelrick et al. (1993) conducted an experiment to find out the effect of
mulch type in annual hill strawberry. The control treatments were bare ground and
plastic mulch treatments were clear plastic, black, black on white, white on black.
Total yields with all mulches except white on black were significantly higher than the

control.

Taber et al. (1993) reported that plastic mulch and cover treatments increased
total and early yield of musk melon compared with bare soil. Sikhamany et al. (1993)
found that vine yields were highest with polythene mulch followed by straw mulch

and no mulch.



Castilla et al. (1994) studied influence of soil mulching with polyethylene
film on garlic. Single and double garlic rows mulched with polyethylene film were
compared with bare soil. Yields of fresh green plants were significantly higher in the
mulched treatment. The final garlic yields were similar in the single row mulched and
control treatments, but significantly higher in the double row mulched treatments than

control treatments.

According to Gutal et al. (1994) the use of plastics in agriculture helped to
increase the production per unit area for all types of crops. Based on 3 years data they
concluded that 25 micron black LDPE film had a significant effect on the growth and
yield of crops, increasing yield by 55% compared to the control treatment.

An experiment was conducted by Srinivas et al. (1994) to find out the effect
of different mulches and cover crops on water relation, yield and water use of
Robusta banana. Two mulches (rice straw and black polythene); four cover crops and
a control (no mulch and cover crops) were the treatments. Polythene as well as straw
mulch significantly increased the plant height and girth. Fruit yield of banana was
higher under polythene mulch than under cover-cropped banana and banana without
cover crop and mulch. The yield increases with polythene mulch was 19% and straw
mulch 11%.

In an experiment conducted by Quadir et al. (1995) seedlings of water melon
were mulched with straw, clear polyethylene film or black polyethylene film. Control
plants were not mulched. Marketable fruit yield per plant was significantly improved
by mulching, polyethylene being more effective than straw.

Lourduraj et al. (1996) conducted field experiments for four years on bhindi
and for two years on tomato at Tamil Nadu Agricultural University, Coimbatore.
Results revealed the beneficial effects of mulching. In case of tomato, mulching with
black LDPE recorded yield of 12,735 kg/ha, thus registering 28.4% higher yield over



unmulched control. In bhindi, mulching with black LDPE resulted in 50% yield

increase compared with control.

In the field trials conducted by Farghale et al. (1997) aubergine plants grown
on a clay soil were mulched with black or white polyethylene sheets applied before
planting. Compared with controls, mulching resulted in earlier flowering and fruiting,
increased plant height and greater number of branches. Average early yield and total

yield was more in mulched plots compared to control plots.

Farias et al. (1997) conducted field studies in south western Mexico to
determine the effect of three colours of plastic mulch (black, white, and clear) on
aphid populations, soil temperature, and on fruit yield of watermelon (Citrullus
vulgaris Schard.). Fruit length was increased with clear and white plastic. Plants
grown on clear plastic mulch produced higher marketable yields than those grown on
bare soil. Other colours (black and white mulches) were intermediate in their effects
on aphid populations, soil temperature, fruit weight, and yield response. Marketable
yields of 48.3, 43.2, 38.3, and 22.8 t/ha were achieved under clear, black, white, and
unmulched soil treatments respectively. All plastic mulches increased fruit weight

and total yield as compared with production on bare soil.

An experiment was conducted by Gilsha Bai (1997) to study the effect of drip
irrigation along with two colours of plastic mulch on the growth and yield of summer
season vegetable. Two types of irrigation methods, drip and surface, and two colours
of plastic mulches, black and transparent were used. Mulches increased soil
temperature. Higher soil temperature was developed under transparent muich
compared to black mulch. All treatments with black mulch increased the vyield
compared to the control. Most of the treatments with transparent mulch reduced the
yield. This reduction in yield is due to the high soil temperature developed under the
transparent mulch. Yield was increased with the soil temperature upto an optimal

level of about 46°C and then decreased with further increase in soil temperature.



Studies by Faris et al. (1998) on cucumber showed that fruit number and yield
were higher for mulched plots. Mulching reduced the number of days to flowering

and first harvest.



MATERIALS AND METHODS




CHAPTER 3
MATERIALS AND METHODS

This chapter gives the description of various materials used and the
methodology adopted for achieving the objectives of the study. The hydraulic studies
and the field performance evaluation of the micro sprinkler on crop performance were
conducted during July 2011 to February 2012.

3.1 Study area

The hydraulic performance of the micro sprinkler was evaluated in the Soil
and Water Engineering Laboratory and its field performance at the instructional farm
of Kelappaji College of Agricultural Engineering and Technology (KCAET),
Tavanur, Malappuram, Kerala, India. Geographical reference of the study area is 10°
51°18” N latitude and 75° 59> 117 E longitude. The soil type of the experimental plot
was sandy loam. Average annual rainfall of the area is 300 cm. About 75% of the
annual rainfall is received through South West monsoon and the balance 25% by
North East Monsoon. Climate is humid tropic with a mean annual maximum

temperature of 30°C and relative humidity 75%.
3.2 Description of the Farmer Developed Micro Sprinkler (FDMS)

The micro sprinkler used for the hydraulic and field performance evaluation
was developed by a farmer named ‘Avaran’ hailing from Malappuram District of
Kerala State, India. It is made from Low Density Poly Ethylene (LDPE) 3 mm
diameter micro tube. The method of construction of micro sprinkler is simple. It is
formed by fusing one end of the micro tube, an L shaped bend is formed near the
fused end, at the outer side of this bend a small cut is given having length 4 mm and
width ranging from 0.5 mm to 2 mm size by a sharp knife. The discharge rate of these
micro sprinklers varies from 20 Iph to 90 Iph at the nominal operating pressures of 1

kg/cm? to 2 kg/cm? producing quarter circle jets of 1 to 3 m diameter. As this micro



sprinkler is manually made with indigenous techniques, there exists a large variation

in the dimensions of cut from one sample to another.

Plate 3.1 Micro sprinkler developed by the farmer

3.3 Hydraulic performance of the FDMS

The experimental set up consisted of a sump, a centrifugal electric pump (1
hp, 20 m of total head), filter, pressure gauge (0-7 kg/cm?), main pipe and lateral with
micro sprinkler. The main line was 40 mm diameter PVVC pipe and the lateral by 16
mm diameter LDPE. Two gate valves were connected, one to the suction and the
other to the delivery line to control the discharge from the pump. The catch cans of
13 cm diameter and 14 cm height were placed at 30 cm grid intervals in a matrix

extending to a radius of 270 cm from the micro sprinkler.
3.3.1 Discharge

The discharge of the micro sprinkler was collected for a specified time
interval in a collecting vessel and its volume was measured to get the nozzle
discharge. The micro sprinkler connected to the lateral was mounted on a platform

and the collecting vessel was placed beneath the micro sprinkler. A small plastic jar



was placed over the micro sprinkler without disturbing the operation, to confine and
direct the stream ejected from the micro sprinkler to the collecting vessel. The gate
valve in the experimental set up was adjusted to maintain the required operating
pressures, monitored by a pressure gauge. Time was noted by a stop watch and the
volume of water collected in the vessel was measured by a measuring jar. The
discharge rate was determined by dividing the volume of water collected by the

corresponding time.

The procedure was repeated for different samples of the same nozzle size,
four different nozzle sizes and different operating pressures. The functional
relationship (pressure Vs discharge) of the micro sprinkler was established by
plotting the flow rate against the operating pressure. Further, the variability of
discharge within same sized micro sprinklers were plotted and their COVs were

determined.
3.3.2 Wetted radius

The wetted radius (R) is defined as the distance measured from the emitter
location to the farthest point at which the emitter delivers water at a minimum rate of
0.26 mm/hr. The wetted radius was taken as the average distance from the micro
sprinkler to the most distant catch cans which received water as per the above

criterion.

3.3.3 Mean application depth

The mean application depth (D) can be calculated by averaging the depths of
water caught in the cans located within the wetted radius from the emitter. It can also
be computed from the volume of water applied and the area over which water is
being sprayed.



Plate 3. 3 Pressure gauge

Plate 3. 4 Test set up of micro sprinkler: pump, pipe and control valves
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Plate 3.5 Micro sprinkler with lateral

Plate 3. 6 Uniformity test using catch cans



3.4 Uniformity of application

The various performance indices of the micro sprinkler viz. coefficient of
uniformity, coefficient of variation and distribution characteristics which are used to
describe the uniformity of application of the emitters were calculated and the
distribution patterns were plotted to get a proper knowledge on the water distribution

by the emitters (Jenson, 1983).
3.4.1 Christiansen Uniformity Coefficient

One of the popular measures of determining the uniformity of water
distribution of sprinklers is Christiansen Uniformity Coefficient (Christiansen, 1942).

The Christiansen’s uniformity coefficient (CUC) is calculated as

cuc = [1_ ijxloo' where,
mn
CUC = Christiansen’s uniformity coefficient (%)
m = Average value of all observations, mm
n = Total number of observation points
x = Numerical deviation of individual observations from
the average application rate, mm

3.4.2 Coefficient of variation

The performance of micro sprinklers could be studied by taking the
coefficient of variation (COV) of catch depths (Boman, 1989). The coefficient of
variation of the application depths for a particular emitter was calculated by dividing
the standard deviation of the application depths by the mean application depth,

expressed as a percentage.

D
Coefficient of variation (COV) = FSd =100 where

a

Dgq = Standard deviation of application depth



i Da)2

Dsd = N

Where, Dg= Average application depth

D; = Individual application depth

N = Total number of application depths used to calculate the mean
3.4.3 Distribution characteristic

‘Merriam and Keller’s distribution characteristic (DC) was defined as the ratio
of the area which receives more than half of the average application depth to the total
wetted area, expressed as a percentage. The coefficient was also calculated as the

ratio of the number of individual application depths greater than half of the mean
application depth (i.e. > D4/2) to the total number of the individual application depths
(Merriam and Keller, 1978).

DC = Area receiving more than half of the mean application depth
Total wetted area

3.5 Water distribution pattern

The can catches were used to plot the moisture distribution pattern
corresponding to the spray coverage of the emitters. The amount of water collected
in each catch can was expressed as a percentage of the mean application depth, Ds.
The computer software ‘SURFER’ was used to plot the curves by connecting the
interpolated points of equal collection (application) rates. The software fills the area
between the contour lines, the isograms, connecting points of equal collection rates
according to the levels specified. Thus the contour lines and the filled area together
formed the distribution pattern.



3.6 Manufacture of standardised micro sprinkler

To develop standardized micro sprinklers of various dimensions, plastic
injection moulding was used. Plastic injection moulding is the process of using
molten plastic and an injection mold machine to create molded plastic products. It is
used for both thermoplastic and thermosetting plastic materials. Here, the material is

fed into a heated barrel, mixed, and forced into a mold cavity where it cools and
hardens to the configuration of the mold cavity. After a product is designed, usually
by an engineer, moulds are made by a mould maker (or toolmaker) in metal, usually

either steel or aluminum, and precision machined to form the features of the desired

part.

3.7 Field performance of the Farmer Developed Micro Sprinkler (FDMS)
3.7.1 Crop and variety

A vegetable crop cucumber has been used in this study for evaluating the field
performance of the micro sprinkler. It is one of the most popular vegetable crops of
Kerala, grown in tropical and sub tropical regions for its tender green fruits. Hence,
this crop was selected and the variety was Saubhagya. Recommended crop spacing is
50 x 50 cm with a root zone depth of 45 cm. The total duration of the crop was 120

days.

3.7.2 Land preparation
The field was prepared by a tractor drawn rotovator. Land leveling and

digging of plots was done manually.

3.7.3 Experiment design

The layout of the experimental plot is shown in figure 3.2. The various
treatments are marked. The experiment was laid out in a Randomized Complete
Block Design with 9 treatments and 3 replications. The treatments selected for the

study are:
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Treatment 1 (T1): 100% irrigation through micro sprinkler
Treatment 2 (T,). 75% irrigation through micro sprinkler
Treatment 3 (T3): 50% irrigation through micro sprinkler
Treatment 4 (T4): 100% irrigation through micro sprinkler + paper mulch
Treatment 5 (Ts): 75% irrigation through micro sprinkler + paper mulch
Treatment 6 (Tg): 50% irrigation through micro sprinkler + paper mulch
Treatment 7 (T-): 100% irrigation through micro sprinkler + paddy straw muich
Treatment 8 (Tg): 75% irrigation through micro sprinkler + paddy straw mulch
Treatment 9 (Tg): 50% irrigation through micro sprinkler + paddy straw mulch
The experimental field was irrigated uniformly with the locally developed micro
sprinkler.
3.7.4 Installation of micro sprinkler

Field was prepared and the locally developed micro sprinkler system was
installed in the field. The discharge rate of micro sprinkler selected for the study
having 1Imm wide nozzle size was between 50-60 Iph at 1 kg/cm?® There were nine
laterals in the system. Each lateral was laid along breadthwise for applying equal
level of irrigation. One sprinkler serves one pit taken for raising the plant. Each

lateral is fitted with three such sprinklers to supply water for twenty seven pits.

3.7.5 Mulching, sowing and agronomic practices

Position of each treatment plot was marked in the layout. Farm Yard Manure
(FYM) was mixed with the top soil of the pit. Two different mulching materials viz.
paddy straw at the rate of 1 kg/m?and news print paper of 80 GSM were spread on
the treatment plots. The edges of the news print sheets were covered by soil to
prevent blowing off by wind. For sowing the seeds, small holes were made in the
case of newsprint paper mulch and five seeds were sown in a pit. The unhealthy

plants were removed after two weeks and only three plants were retained per pit.

Manure and chemical fertilizers were applied in the soil as per the Package of

Practices Recommendations of KAU. Fertilizers were fully applied as basal dose,



because spreading of the mulch material prevents split application. The weeding and

raking of the soil were done at the time of fertilizer application.

3.7.6 Estimation of crop water requirement

Water requirement of crops is a function of plants, surface area covered by the
plants and evaporation rate. The maximum discharge required during any one of the
three seasons is adopted for the design. The daily water requirement for fully grown

plants was calculated as under.

Vin = KeXKpXCe X Ep XA

In which,
Vm = Monthly irrigation water requirement, L
K. = Crop coefficient
C. = Canopy factor (C.= 1.0 for closely spaced field crop, C.= wetted area/plant area
for orchards and vegetable crops)
K, = Pan evaporation factor (generally 0.7)
Ep = Normal monthly pan evaporation, mm
A = Area to be irrigated, m?
3.7.7 Scheduling of irrigation

As the shoots were so short during the seedling stage manual watering was
done for a period of one week to ensure that the roots get enough water to survive.
The discharge rate of the micro sprinklers selected for the field study was varying
between 50-60 Iph at 1 kg/cm?. Hence, daily irrigation was applied for a time period

of 24 minutes to obtain the required amount of water.
3.8 Observations for evaluating field performance of the micro sprinkler

Observations required for evaluating field performance of the micro sprinkler
were soil moisture distribution, temperature variation in the field, number of female

flowers, yield and fruit characteristics.



3.8.1 Effect of micro sprinkler treatments on soil moisture distribution

The soil moisture content at the surface and at 30cm depth in the root zone
was determined in each plot one hour after irrigation by gravimetric method. The soil
samples were taken from the centre and four diagonally opposite corners from the
circular basin of the plant. The soil samples taken from surface and at 30 cm depth
were collected in air tight aluminum containers. The samples were weighed and oven
dried at 105°C for 24 h, until all the moisture dried out. After removing from the oven
they are cooled slowly to room temperature and weighed again. The difference in the
weight is the amount of moisture in the soil. The percentage of moisture content was
determined by gravimetric method.

Lateral

~ Micro
sprinkler

Fig. 3.3 Moisture content determination
3.8.2 Effect of micro sprinkler treatments on soil temperature

Soil temperature was measured at 5 cm depth from the soil surface using a
soil thermometer. The measurement was taken at 2.30 pm, at a time when the soil is

expected to attain maximum temperature of the day.

3.8.3 Effect of micro sprinkler treatments on yield
The harvest of the crop started 45 days after sowing. Harvesting was done
weekly from all the plots. The weight of fruits harvested from each plot was recorded

separately.



3.8.4 Effect of micro sprinkler treatments on fruit characteristics
After harvesting of the crop, observations on Fruit length, weight and girth

was measured.

3.8.5 Effect of micro sprinkler treatments on water use efficiency
Water use efficiency was calculated as the ratio of the crop yield in kg/ha to

the cumulative depth of water applied in mm.
ie.,, Ew = Y/W, where,

Ew = Water use efficiency (kg/ha/ mm)
Y = Yield of the crop in kg/ha
W, = Total water applied, mm

3.9 Statistical analysis of the data

Data collected from the field experiment was analysed statistically by the
computer software MSTAT. Analysis of variance has been done to analyse the total
variation of the data into components which may be distributed to various “sources”
or ‘causes” of variation. Its purpose is to test the significance of the differences

among sample means.
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CHAPTER 4
RESULTS AND DISCUSSION

The findings from experiments conducted on hydraulic and field performance

of the micro sprinklers under study are presented in this chapter.

4.1 Hydraulic performance of the Farmer Developed Micro Sprinkler (FDMS)

The hydraulic performance of the micro sprinkler was evaluated in terms of
discharge, wetted radius, water application depth, water distribution pattern and
uniformity of application are given in the forthcoming sections.

4.1.1 Discharge

The discharge of the four different sized FDMS tested under four different
operating pressures are presented in and fig. 4.1. The mean discharge of the 0.5 mm
wide cut micro sprinkler (WCMS) was 30.6 Iph at 0.5 kg/cm? operating pressure.
Mean discharge of the MS for other operating pressures of 1, 1.5 and 2 kg/cm? are
respectively 39.2, 47.0 and 53.7 Iph. Corresponding discharge values in the case of 1
mm WCMS were 39.0, 48.5, 59.9 and 68.1 Iph respectively for the same variations of
operating pressures. Discharge values were 44.5, 60.2, 67.3 and 75.6 Iph for 1.5 mm
WCMS. In respect of 2 mm WCMS, the mean discharge values varied through 45.8,
60.0, 74.1 and 90.1 Iph for the four different operating pressures (Jadhav et al. 2011).

Operating pressure versus discharge curve as presented in fig. 4.1 shows non
linear trend for all the four different micro sprinkler sizes and the best fitted equation
with RMS errors is shown against each. The variability of discharge within the same
size sprinklers was considerable for all the four different sized sprinklers under study
(fig. 4.2, 4.3, 4.4 and 4.5). It can be revealed by the high COV values of 11.7, 19.3,
13.5 and 14.1% for 0.5, 1.0, 1.5 and 2.0 mm WCMS respectively. This variability can
be attributed to the non standard method of giving incision to the micro sprinkler
head. The variability of discharge will be a serious set back as it will lead to non

uniform application of water and the associated inefficiencies.
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4.1.2 Wetted radius

The wetted radius was calculated as the distance measured from the emitter
location to the farthest point at which the emitter supplies water at a minimum rate of
0.26 mm/h. Wetted radius of the FDMS for various operating pressures are shown in
figure 4.6.The mean wetted radius for 0.5 mm wide cut sprinkler at 0.5 kg/cm? is 2.31
m. The corresponding values were 2.42, 2.46 and 2.51 m respectively for other
operating pressures of 1, 1.5 and 2 kg/cm?. Mean wetted radius for other sprinkler
sizes falls between 2.0 m and 2.34 m for 1.0 mm WCMS, 2.27 m and 2.46 m for 1.5
mm WCMS and 2.32 and 2.6 for 2.0 mm WCMS. Variability of the wetted radius
between samples of the same size sprinklers were significant with a COV of 13.9,
10.0, 7.0 and 10.0 % in the case of 0.5, 1.0, 1.5 and 2.0 mm WCMS respectively.
Variability of wetted radius within same sized samples decreases as the width of cut
of MS increases. The values of the wetted radius are suitable for many of the

plantation crops viz. coconut, areca nut and for vegetable and fruit crops.
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Fig. 4.6 Mean wetted radius of FDMS at different operating pressures
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4.1.3 Mean water application depth

The mean water application depth (Dg) of the FDMS and its variability is

shown in and fig. 4.11. In the case of 0.5 mm WCMS mean water application depth
vary from 7.8 to 11.1 mm/h corresponding to variation in operating pressure of 0.5 to
2.0 kg/cm?. The corresponding variation is 12.0 to 16.1 mm/h for 1.0 mm WCMS. In
the case of 1.5 mm and 2 mm WCMS, the application depth varies respectively from
11.1 to 15.9 mm/h and 11.2 to 17.3 mm/h corresponding to the above said pressure
variation. The variation of application depth within same sized MS as indicated by
COV is 33.5, 23.4, 18.6 and 28.2% for 0.5 mm, 1.0 mm, 1.5 mm and 2.0 mm WCMS.
In all the cases the mean application depth are suitable for soils of moderate
infiltration rate. The most ideal application depth appears to be the one given by 1.0
mm WCMS at 1.0 kg/cm?. The highest mean application depth was 17.7 mm/h for
2.0 mm WCMS at 2.0 kg/cm? and the lowest mean application depth was 7.8 mm/h
for 0.5 mm wide WCMS at 0.5 kg/cm?,
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Fig. 4.11 Mean application depth of FDMS at various operating pressures
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4.1.4 Water distribution pattern

The water distribution pattern plotted with ‘SURFER’ software is
presented in fig. 4.16 to 4.31 for various sized sprinklers at various operating

pressures. The amount of water collected in each catch can was expressed as a
percentage of the mean application depth, D5. The software plotted the curves by

connecting the interpolated points of equal collection (application) rates. The water
distribution pattern plotted, by joining the points of equal application rate and shading
the space between the isograms corresponding to the percentile proportion of the
application rate, were analysed. The densograms gave a good visual impression of the

nature of water distribution under the micro sprinklers.

The micro sprinkler with 0.5 mm wide cut at different operating pressures
(Fig. 4.16, 4.17, 4.18 and 4.19) show a clear indication of poor performance.
Although there is an increase in application depths, the distinct zones of higher
application depth at central part of the wetted area shows high non-uniformity of
application. Densograms justifies the low values of CUC and high values of COV
(215.31% at 1 kg/cm?).

In the case of the micro sprinkler with 1.0 mm cut also, the application depth
was not uniform at various operating pressures viz. 0.5, 1.0, 1.5 resulting in poor
distribution pattern (Fig. 4.20, 4.21, 4.22 and 4.23), but this micro sprinkler at 2.0

kg/cm? showed a much better water distribution pattern.

The water distribution pattern of the micro sprinkler with 1.5 mm width of cut
also showed an irregular pattern. Although DC values were high, the presence of
considerable area with application depth at 0.5 and 1.0 kg/cm? reduces the uniformity
(low values of CUC and high values of COV), but this micro sprinkler at 1.5 and 2.0
kg/cm? showed a moderate water distribution pattern (Fig. 4.24, 4.25, 4.26 and 4.27).
The densograms of the micro sprinkler at 2.0 mm wide cut at 0.5, 1.0, 1.5 and 2.0

kg/cm? gives a better performance than 0.5 mm wide cut.
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By analyzing the moisture distribution patterns of the micro sprinkler of
different widths of cut it can be said that the performance of the micro sprinkler has
been improved when the operating pressure is increased (the doughnut patterns

disappeared and the whole pattern became more even and circular).

4.1.5 Uniformity of water application
Water application uniformity of the FDMS has been determined using
different indices viz. Christiansen’s Uniformity Coefficient, Coefficient of Variation

and Distribution Characteristic.

4.1.5.1 Christiansen’s Uniformity Coefficient (CUC)

The Christiansen’s uniformity coefficient directly gives a measure of the
uniformity of distribution of micro sprinklers. It is presented in table 4.1. It can be
seen that CUC values range from 6.8 to 23.0% for the 0.5mm wide cut MS for an
operating pressure of 0.5 kg/cm?. For the same size of sprinkler, the range of CUC
corresponding to operating pressures of 1.0, 1.5 and 2.0 kg/cm? were respectively
11.5 to 24.3%, 3.7 to 28.2% and 12.9 to 32.0%. In respect of other MS, the CUC
varied from 6.3 to 35.3% for 1.0 mm wide cut, 3.7 to 32.0% for 1.5 mm wide cut and
from 19.0 to 30.0 for 2.0 mm wide cut.

In general the values of uniformity coefficient are low in the case of single
sprinkler operation. Usually high uniformity is achieved in the field by overlapping of
sprinkler sprays. Most of the commercially available sprinkler heads, when operated
as single sprinkler units, reported to have uniformity in the range of 30-35%. Hence

the values obtained are satisfactory as far as a single sprinkler is concerned.

4.1.5.2. Coefficient of variation (COV)

Table 4.2 shows the values of Coefficient of variation (COV) of can catches
for the tests conducted. The overall variation of COV is between 169.0 to 224.1% for
0.5 mm wide cut sprinklers, 111.2 to 210.2% for 1.0 mm wide cut sprinklers, 112.4 to
148.4% for 1.5 mm wide cut sprinklers and 98.47 to 167.6% for 2.0 mm wide cut



respectively for a range of operating pressure of 0.5 to 2.0 kg/cm® Since the
coefficient of variation is the measure of the deviation of individual observation from
the mean, higher values of COV represents poor distribution (large deviation from the
average application depth) and lower values represents better performance. The micro
sprinkler having coefficient of variation less than 100 per cent indicates “good”
performance by that emitter, while COV values more than 200 per cent indicate poor
water distribution efficiency and in between 100 per cent and 200 per cent indicate

medium water distribution efficiency (Boman, 1989).

Based on the COV values, the best performance was for 2 mm wide cut micro
sprinkler (98.47% at 2.0 kg/cm?). The lowest value of COV (215.31%) was for the
MS with 0.5 mm wide cut at 1.0 kg/cm? Many other micro sprinklers have shown
COV between 100% and 200%. The results further reveal that the micro sprinkler
samples showed large variation in its performance due to non-standardised
manufacturing process. The major reason leading to the above said variation is the
manual cut given by the farmer for the sprinkler head. The discharge performance of

the micro sprinkler necessitates the standardisation of the product.

4.1.5.3. Distribution characteristic

The Merriam and Keller’s distribution characteristic (DC) showed the
percentile area receiving irrigation water at a rate, higher than half of the average
application rate over the irrigated area. It was calculated as the ratio of the number of
catch can that received more than half of the average application depth, to the total
number of catch can placed over the wetted area.

The values of Distribution characteristic (DC) of the can catches are shown in
table 4.3. The best performance was shown by the MS with 2.0 mm wide cut at 2.0
kg/cm? operating pressure (78.90%). The lowest DC obtained was 53.13% from 0.5
mm wide cut MS at 0.5 kg/cm?. It is observed that about 80% of the total wetted area

receives more than half of the mean application depth.



Table 4.1 Coefficient of uniformity of FDMS at various operating pressures

Emitter size CUC (%) Emitter size CUC (%)
| b Pressure | b Pressure

(mm) | (mm) (kg/cm2) | S1 S2 (mm) | (mm) (kg/cm?) S1 S2
0.5 5.2 41.8 0.5 6.8 23.0
A 05 1.0 21.2 | 376 A L5 1.0 115 24.3
' 1.5 48 | 32.7 ' 15 3.7 28.2
2.0 2.7 30.7 2.0 12.9 32.0
0.5 35.3 19.1 0.5 24.0 15.5
4 10 1.0 14.0 10.2 4 20 1.0 19.0 19.0
' 1.5 235 | 16.0 ' 1.5 30.0 | 300
2.0 6.3 14.4 2.0 26.8 26.8

Table 4.2 Coefficient of variation of FDMS at various operating pressures

Emitter size COV (%) Emitter size COV (%)

I b Pressure I b Pressure

(mm) | (mm) (kg/cm?) S1 S2 (mm) | (mm) (kg/cm?) S1 S2
0.5 209.4 | 196.9 0.5 1345 | 137.4
1.0 224.1 | 215.3 1.0 122.7 | 1235

4 0.5 4 15
15 175.6 | 186.7 15 130.8 | 119.1
2.0 170.5 | 169.0 2.0 148.4 | 112.4
0.5 210.2 | 200.6 0.5 124.9 | 122.7
1.0 159.5 | 166.1 1.0 167.6 | 108.8

4 1.0 4 2.0
15 163.1 | 159.5 15 105.6 | 102.1
2.0 111.2 | 149.2 2.0 106.6 | 98.47




Table 4.3 Distribution characteristic of FDMS at various operating pressures

Emitter size DC (%) Emitter size DC (%)

| b Pressure | b Pressure

(mm) | (mm) (kg/cm?) | S1 S2 (mm) | (mm) (kg/lcm?) | S1 S2
0.5 53.1 | 50.0 0.5 64.6 | 66.0
1.0 58.1 | 55.2 1.0 62.5 | 64.8

4 0.5 4 15
15 57.9 | 46.2 15 66.0 | 66.6
2.0 47.7 | 54.8 2.0 59.0 | 70.3
0.5 66.6 | 59.4 0.5 74.0 | 67.0
1.0 56.8 | 53.8 1.0 70.7 | 73.7

4 1.0 4 2.0
15 545 | 56.0 15 705 | 75.0
2.0 56.0 | 70.3 2.0 70.7 | 78.9

4.2 Recommended size of the FDMS

From the extensive evaluation of the various sizes of FDMS at different
operating pressures, it is found that 1 mm wide cut MS at an operating pressure of 1.0
kg/cm? yields best result when viewed from all angles. Hence, 1.0 mm wide cut
micro sprinkler at an operating pressure of 1 kg/cm? is used for field performance

evaluation.

Table 4.4 Possible discharge of standardized micro sprinkler

Sl Dimensions of the sprinkler Operating pressure _
: 9 Discharge (Iph)
No. | Length (mm) | Width (mm) (kg/em?)
1 4.0 0.5 1.0 39.0
2 4.0 1.0 1.0 49.0
3 4.0 1.5 1.0 60.0
4 4.0 2.0 1.0 73.0




4.3 Industry manufactured micro sprinkler

Attempt has been made to produce uniform sized micro sprinkler through
standardized manufacturing processes. The design drawing and the manufacturing
process of the product was finalized in consultation with the Dept of Chemistry,
National Institute of Technology Calicut. Plastic injection moulding was chosen as
the manufacturing process. The mould for the production of MS was developed at
Messianic Mould Tool Engineering, Coimbatore. Two attempts of moulding the MS
were made and the performance of them have been evaluated and the results and

inferences are given in the following sections.
4.4 Hydraulic performance of the First Moulded Micro Sprinkler (FMMS)

The design drawing for the mould of FMMS is shown in fig. 4.32 and the

moulded product is shown in plate 4.1.
4.4.1 Discharge

The result of the laboratory experiment carried out on FMMS are presented in
fig.4.33. The mean discharge of the 0.5 mm wide cut micro sprinkler (WCMS) was
21.3 Iph at 0.5 kg/cm? operating pressure. Mean discharge for other operating
pressures of 1.0, 1.5 and 2.0 kg/cm?® were respectively 30.1, 38.4 and 45.9 Iph.
Corresponding discharge values in the case of 1.0 mm WCMS were 27.7, 31.6, 35.8
and 40.9 Iph respectively for the operating pressures of 0.5, 1.0, 1.5 and 2.0 kg/cm?.
The values were 45.6, 53.3, 59.9 and 64.4 Iph for 1.5 mm WCMS. In respect of 2.0
mm WCMS, the mean discharge values varied over 48.9, 56.0, 64.6 and 74.6 Iph for

the different operating pressures.

Operating pressure versus discharge curve as presented in fig. 4.33 shows non
linear trend for all the four different micro sprinkler sizes and the best fitted equation
with RMS errors is shown against each. The variability of discharge within the same

sized sprinklers was very high for 0.5 mm WCMS sprinklers under study (fig. 4.34).
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Plate 4.1 Mould developed for plastic injection moulding
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Plate 4.2 First Moulded Micro Sprinkler (FMMS)
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It is revealed by the high COV values of 17.2, 28.1, 38.5 and 31.9% for
operating pressure of 0.5, 1.0, 1.5 and 2.0 kg/cm? respectively. This variability can be
attributed to some defects that crept into the manufacturing process. At the same
time, the variability of discharge was lower for the case of manufactured product
when compared to the FDMS for sizes 1.0, 1.5 and 2.0 mm. The variability was

lowest in the case of 1.5 mm size micro sprinkler.

4.4.2. Wetted Radius

The wetted radius was calculated as the distance measured from the emitter
location to the farthest point at which the emitter supplies water at a minimum rate of
0.26 mm/h. Wetted radius of the FMMS for various operating pressures are shown in
fig. 4.38. The mean wetted radius for 0.5 mm WCMS at 0.5 kg/cm? is 1.38 m. The
corresponding values were 1.61, 1.75 and 2.12 m respectively for other operating
pressures of 1, 1.5 and 2 kg/cm?®. Mean wetted radius for other sprinkler sizes lied
between 1.47 and 2.17 m, 1.98 and 2.48 m and 1.96 and 2.79 m respectively for 1.0,
1.5 and 2.0 mm corresponding to the operating pressures considered. Variability of
the wetted radius between samples of the same sized sprinklers was significant in the
case of WCMS with a COV of 27.3, 24.4, 22.4 and 20.4 % respectively for the range
of operating pressures of 0.5 to 2 kg/cm?. In the case of 1.0, 1.5 and 2.0 mm WCMS,
the variability of wetted radius was much lower compared to 0.5 mm size and the
least value was for 2 mm WCMS. The values of the wetted radius are suitable for

many of the plantation crops viz. coconut, areca nut and for vegetable and fruit crops.
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4.4.3 Mean water application depth

The mean water application depth of the FMMS and its variability is shown in
fig. 4.43. In the case of 0.5 mm WCMS water application depth decreases from 15.6
to 14.0 mm/h as operating pressure increases from 0.5 kg/cm? to 2.0 kg/cm?. The
corresponding decrease was 16.7 to 11.4 mm/h, 15.8 to 14.0 mm/h and 16.7 to 12.7
mm/h respectively for 1.0, 1.5 and 2.0 mm size micro sprinklers. Highest mean
application depth observed was 16.7 mm/h. The variability of water application depth
within same sized sprinklers was significantly high with COV values of 31.4, 39.4,
47.1 and 42.4 %. Corresponding values in the case of 2 mm WCMS were 24.3, 17.9,
23.8 and 28.8 %. In other sizes also the variability was considerable.
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4.4.4 Inference on the hydraulic performance of the FMMS

The hydraulic study has proved that there is considerable sample to sample
variation for the FMMS. It was found that the incisions are not uniform in shape,
more problems being observed in smaller size, and the major reason for the same was
the small diameter of the micro tube on which the incision is made. Hence, it was
decided to increase the diameter of the micro tube and go for modification in the
design of the mould and moulding of the new micro sprinkler.

4.5. Hyraulic performance of the Second Moulded Micro Sprinkler (SMMS)
4.5.1 Discharge

The results of the discharge studies carried out on SMMS are presented in Fig.
4.48. The mean discharge of the 0.5 mm cut micro sprinkler was 58.0 at 0.5 kg/cm?
operating pressure. Mean discharge for other operating pressures of 1, 1.5 and 2.0
kg/cm? respectively 64.1, 71.4 and 79.7 Iph. Corresponding discharge values in the
case of 1.0 mm WCMS were 61.6, 77.9, 84.1 and 89.0 Iph. The values were 63.7,
82.4, 92.9, 104.0 Iph for 1.5 mm WCMS. In respect of 2.0 mm WCMS, the mean
discharge values varied through 77.5, 87.5, 100.2 and 110.4 Iph.

Operating pressure versus discharge curve as presented in fig. 4.48 shows non
linear trend for all the four different micro sprinkler sizes and the best fitted equation
with RMS errors is shown against each. The variability of discharge within the same
size sprinklers was low for all the four different sized sprinklers under study (fig.
4.49, 450, 4.51 and 4.52). The highest COV obtained 10.1% for 0.5 mm WCMS at
1.5 kg/cm® In most of the cases, the COV ranges between 4.0 to 7%. It can be
inferred that as diameter of the micro tube increases, variability in discharge
decreases. However, the discharge values are higher and may lead to surface runoff.

4.5.2 Wetted radius

The wetted radius was calculated as the distance measured from the emitter

location to the farthest point at which the emitter supplies water at a minimum rate of



0.26 mm/h. Wetted radius of the SMMS for various operating pressures are shown in
fig. 4.53.The mean wetted radius for 0.5 mm wide cut sprinkler at 0.5 kg/cm? is 1.62
m. The corresponding values were 1.68, 1.81 and 1.97 m respectively for other
operating pressures of 1, 1.5 and 2 kg/cm?. Mean wetted radius for other sprinkler
sizes lied between 1.58 to 1.92 m, 2.0 to 2.75 m, and 2.37 to 2.75 m respectively for
1.0, 1.5 and 2.0 mm WCMS. Variability of the wetted radius between samples of the
same size sprinklers were in general low with the COV values ranging between 4.9 to
10.9%. The values of the wetted radius are suitable for many of the plantation crops

viz. coconut, areca nut and for vegetable and fruit crops.
4.5.3 Mean water application depth

The mean water application depth of the SMMS and its variability is shown in
fig. 4.58. In the case of 0.5 mm WCMS water application depth vary from 28.2 to
26.6 mm/h for an operating pressure of 0.5 kg/cm®. The corresponding variation is
31.7 to 31.8 mm/h, 20.5 to 17.6 mm/h and 17.7 to 18.7 mm/h respectively for 1.0, 1.5
and 2.0 mm WCMS. In general, the application depths are higher and are suitable
only for soils of high infiltration rate. The variability of application depth as indicated
by COV varies from 4.6 to 11.4% for 0.5 mm WCMS, 17.4 to 21.9% for 1.0 mm
WCMS, 8.3 t0 19.6% for 1.5 mm WCMS and 11.5 to 17.5% for 2.0 mm WCMS.

4.5.4 Inference on the hydraulic performance of the SMMS

The emitter discharge and the water application rate of the SMMS were
higher than the desirable limit for most of the commonly seen soils. Sample to sample
variation of same sized SMMS was also considerably high. It may be concluded that
further refinement in the manufacturing process is required to produce more
uniformly performing micro sprinklers in terms of discharge, wetted radius and water
application depth. One of the suggestions is that if moulding of the body of the micro
sprinkler and the incision cutting are done through two separate manufacturing

processes, better uniform sized products may be possible.
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Plate 4.3 Second Moulded Micro Sprinkler (SMMS)
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4.6 Field performance of the FDMS

To evaluate the micro sprinkler for irrigating vegetable crops, a cucumber
variety Saubhagya was cultivated and micro sprinkler (FDMS) was laid as described
in section 3.7.3. Only 1mm wide cut FDMS was used in the study as this model was
found to be the best out of 4 models, after the hydraulic study. Micro sprinklers
giving near uniform discharge (50 to 60 Iph) were selected for the study. The
observations and their inferences on soil moisture distribution, soil temperature,
number of female flower per plant, yield and fruit characteristics are described in the

forth coming sections.

4.6.1 Effect of micro sprinkler treatments on soil moisture distribution

Soil moisture measured from different locations of surface and sub surface
layers for different treatments are presented in table 4.5 and 4.6. Mean value of
moisture content at surface level in the case of non-mulched field is 11.4%, 9.5% and
7.5% for 100, 75 and 50% levels of irrigation. Mean value of the corresponding
moisture content below 30 cm depth was 4.7, 4.5 and 3.2%. In the case of paper
mulched fields, the mean moisture content was 10.3, 9.1 and 6.6 % corresponding to
the three levels of irrigation in the order mentioned above. In the case of straw mulch,
the above values were respectively 16.3, 10.9 and 6.8%. At 30 cm depth, moisture
content for straw mulched plots was 7.1, 5.0 and 3.1% respectively. It can be seen
that the FDMS is able to maintain the desired level of moisture in both mulched and

non-mulched plots.

Coefficient of variation of moisture content within the basin was 18% for
100% irrigation and 13% for 75% irrigation in the case of non-mulched fields. For
paddy straw mulch, the COV of surface moisture was 18.2% for 100% irrigation and

7.5% for 75% level of irrigation.



Table 4.5 Effect of micro sprinkler treatments on

surface (%o)

moisture distribution at the

Treatment C1 C2 C3 C4 Centre
T1 6.30 16.40 8.90 9.80 6.00
T2 11.50 13.80 13.00 9.00 9.60
T3 7.30 8.20 7.90 5.80 8.05
T4 8.90 14.70 9.30 8.30 10.40
TS5 9.30 11.40 8.50 7.20 9.00
T6 6.10 7.04 6.90 5.70 7.20
T7 14.10 20.43 15.10 13.60 18.50
T8 9.20 17.80 8.70 7.20 11.50
T9 6.60 7.50 6.90 6.10 7.00

Table 4.6 Effect of micro sprinkler treatments on moisture distribution at 30 cm

depth from the surface (%)

Treatment C1 C2 C3 C4 Centre
T1 3.52 7.58 4.00 4.31 3.00
T2 4.87 5.35 5.41 3.97 4.00
T3 3.10 3.50 3.70 3.30 2.34
T4 4.13 6.63 4.30 3.63 4.90
TS5 3.90 5.50 3.47 3.15 4.00
T6 2.64 2.40 2.90 2.40 3.10
T7 6.22 9.47 7.00 4.53 8.35
T8 4.40 7.24 4.20 3.80 5.26
T9 2.73 4.20 2.90 2.13 3.30




4.6.2 Effect of micro sprinkler treatments on soil temperature

Mean soil temperature measured from 5 cm depth from the basin of the plant
Is shown in fig. 4.63. Mean value of soil temperature in the non-mulched field was
29, 32 and 35°C respectively for 100%, 75% and 50% levels of irrigation in the non-
mulched fields. Corresponding temperature in the straw mulched fields were 28.1,
29.7 and 31.4°C. Increase in soil temperature was evident as the level of irrigation
was decreased in both mulched and non-mulched fields.
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Fig. 4.63 Effect of micro sprinkler treatments on soil temperature in the field
4.6.3 Effect of micro sprinkler treatments on number of female flowers per plant

Mean value of female flowers one month after sowing in the non-mulched
fields were respectively 6, 6 and 5 for 100, 75 and 50% level of irrigation.
Corresponding figures in the case of paper and straw mulched fields are 8, 7 and 6
and 9, 7 and 5 respectively. Variations in levels of irrigation have marked
significance on the number of female flowers. The combination of 100% irrigation
with paddy straw mulching appeared to be the best followed by 100% irrigation and
paper mulch from the point of view of number of female flowers.
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Table 4.7 Data on growth and yield of cucumber

Parameters
Treatments Number of Number of fruits | Fruit length | Fruit girth |  Yield
female flowers per plant (cm) (cm) (kg/plant)
T1 5.67°C 5.33% 22.03 2880 | 3.99%
T2 6.33%C 5.00%° 22.80 29.70 3.23¢
T3 4.67° 4.33° 21.37 28.93 3.22°
T4 8.33" 6.67° 23.87 2857 | 480"
T5 6.67°° 6.33% 24.27 29,57 5.27"
T6 6.33%° 433" 20.93 29.20 3.96%
T7 8.67° 6.67° 23.53 30.27 6.37°
T8 7.33% 6.67° 23.10 2860 | 568"
T9 5.00°° 467 22.83 3050 | 527°
CD (0.05) 2.34 1.89 NS NS 0.99




Plate 4.4 Micro sprinkler in the field

Plate 4.5 A view of the harvested cucumber



4.6.4 Effect of micro sprinkler treatments on yield of cucumber

Yield of cucumber obtained from different plants from different treatments
are presented in table 4.7 and fig. 4.65. Mean yield received from non-mulched
treatments was 3.99, 3.23 and 3.21 kg/plant corresponding to 100, 75 and 50%
irrigation respectively. For the mulched treatments, mean yields were 4.80, 5.27 and
3.96 kg/plant (paper mulched) and 6.37, 5.68 and 5.27 kg/plant (straw mulched).
Variation in yield between the replications is minimum in the case of straw mulch

and maximum for non-mulched case.
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Fig. 4.65 Effect of micro sprinkler treatments on yield of Cucumber

4.6.5 Effect of micro sprinkler treatments on fruit Characteristics of cucumber

Marketability of the fruit depends upon the length and girth of the fruit and
hence, an attempt has been made to analyse the impact of treatment combination on
these fruit attributes. Mean fruit lengths were 22.0, 23.9 and 23.6 cm respectively for
non-mulched, paper mulched and straw mulched plots corresponding to 100%
irrigation. For 75% level of irrigation, these values were 22.8, 24.3 and 23.1 cm

respectively.
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4.6.6 Effect of micro sprinkler treatments on water use efficiency

Water use efficiency for different treatment combinations are shown in fig.
4.69. Mean water use efficiency of the non-mulched crops were 72.4, 83.7 and 89.3
kg/ha/mm respectively corresponding to 100, 75 and 50% levels of irrigation.
Corresponding figures for paper mulched crops were 108.0, 118.8 and 157.4
kg/ha/mm and that for straw mulched were 117.8, 147.4 and 195.6 kg/ha/mm. The
results show that different levels of irrigation have marked influence on water use
efficiency and it increases as the levels of irrigation decreases. Higher water use
efficiency was shown by straw mulched treatments. Maximum water use efficiency

was for the combination of straw mulch with 50% level of irrigation
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4.7 Best treatment combination

From the analysis of the suitability of the farmer developed micro sprinkler
for cucumber crop, it can be concluded that straw mulch with 100% irrigation is the
best from the point of view of yield. Whereas, in the case of water use efficiency,
straw mulch with 50% irrigation is the best management practice followed by straw
mulch with 75% level of irrigation. Places, where water scarcity is experienced, straw

mulch with restricted irrigation can be thought of as a feasible alternative.



SUMMARY AND CONCLUSION




CHAPTER 5
SUMMARY AND CONCLUSIONS

Micro sprinkler is a low discharge sprinkler that combines the advantages of
the conventional sprinkler system and the modern drip irrigation system. It requires
lesser energy than conventional sprinklers and is less susceptible to clogging than
drip emitters. It has much larger area of coverage than drip emitters. Micro sprinkler
irrigation has gained attention during recent years because of its potential to increase
yields and decrease water use, fertilizer and labor requirements. The new micro
sprinkler used in this study is developed by a farmer and is made from 3 mm diameter
LDPE micro tubes. As this micro sprinkler is manually made using indigenous
technology, there exists large variation in the dimensions of cut from one sample to
another. The hydraulic and field performance of the micro sprinkler was tested in this

study.

Micro sprinkler developed by the farmer in 4 different dimensions were tested
in 4 different operating pressures to evaluate the hydraulic performance. The flow
rate of the micro sprinkler with 0.5 mm wide cut was in the range of 30 Iph to 54 Iph,
corresponding to a pressure variation of 0.5 to 2.0 kg/cm?. In the case of 1.0 mm wide
cut micro sprinkler, the corresponding discharge variation was 38 Iph to 60 Iph. Flow
rate was varying from 44 Iph to 76 Iph in 1.5 mm wide cut micro sprinkler. The

values were between 50 Iph to 91 Iph for 2.0 mm wide cut micro sprinkler.

The catch can data collected for the micro sprinklers was used to analyse the
water application performance. The different factors used to analyse the performance
were wetted radius, average application depth, uniformity coefficient, coefficient of

variation, distribution characteristic and distribution pattern.

The maximum wetted radius obtained for the micro sprinkler was 2.6 m for
width of cut 2.0 mm at a pressure of 2 kg/cm?. The minimum wetted radius obtained

was 2.0 m for 1.0 mm wide cut at 0.5 kg/cm?. These values show that this micro



sprinkler can be adopted for most of the crops such as arecanut, coconut, banana and
vegetables growing in Kerala state, India. The mean application depth was observed
during the 1 h catch can test. The mean application depth was varying considerably
according to the width of cut and pressure applied. The highest mean application
depth was 17.7 mm/h shown by micro sprinkler with width of cut 2.0 mm at 1.5

kg/cm? and the lowest value was 7.8 mm for 0.5 mm wide cut at 0.5 kg/cm?.

The highest CUC was 41.8% at 0.5 kg/cm? shown by micro sprinkler with 0.5
mm wide cut. In general the values of uniformity coefficient are low in the case of
single sprinkler operations. Even between the same sized micro sprinklers, there
exists a high variation in the values of uniformity coefficient. This is due to the
sample to sample variations in the dimensions of cut made for the micro sprinkler.
Many of the commercially available sprinklers are reported have a CUC value in the
range of 30-40%. Hence the values of CUC obtained for the micro sprinkler are
satisfactory.

The coefficient of variation (COV) of the micro sprinkler was also determined
from the catch can test. Based on the COV values the best performance was shown by
2 mm wide cut micro sprinkler (98.47% at 2 kg/cm?). The lowest value of COV
(215.31%) was shown by the micro sprinkler with 0.5 mm wide cut at 1.0 kg/cm? and
the other micro sprinklers have shown COVs between 100% and 200%. This high
percentage variation may be due to the non standardised manual cut given by the
farmer. Hence, this observation necessitates the standardisation of the product.
Further, the distribution characteristic (DC) of the micro sprinkler was calculated for
each sample at four different pressures. The best performance was shown by the
micro sprinkler with width of cut 2.0 mm at 2.0 kg/cm? (78.90%). The lowest DC
obtained was 50.0% for the micro sprinkler with 0.5 mm wide cut at 0.5 kg/cm?. It is
observed that about 80% of the total wetted area receives more than half of the mean
application depth. The moisture distribution pattern of the micro sprinkler for

different width of cut was drawn using the software ‘SURFER’.



An attempt was made to produce the micro sprinkler with standardised
dimensions by plastic injection moulding. The hydraulic performance of industry
manufactured micro sprinklers was not promising and needed further refinement. It
is felt that if sprinkler head moulding and nozzle-cutting are done through two
separate manufacturing processes, better performing micro sprinkler heads could be

manufactured. Hence, there is further scope of research in this area.

The field performance of the farmer developed micro sprinkler was done at
the instructional farm, KCAET, Tavanur. The crop chosen for the study was
Cucumber (Cucumis melo var. cocomon) and variety selected was ‘Saubhagya’.
Randomised Complete Block Design was used for the study which comprised of 9
treatments with 3 replications. The irrigation levels selected for the study were 100%,
75% and 50% of the recommended irrigation as per the Package of Practices
recommendations of KAU and two mulches viz. news print paper and paddy straw
were used. The total cultivated area used for the experiment was 81 m?. The various
parameters such as moisture distribution in the soil, temperature variation in the field,
number of female flowers developed, yield and yield attributing characters like
number of fruits per plant, fruit length, fruit girth and water use efficiency of the

micro sprinkler were evaluated.

The soil moisture content at the surface and at 30 cm depth from the surface
was determined from each plot one hour after irrigation by gravimetric method.
Average soil moisture retained was much higher for the treatment with paddy straw
mulch which favorably attributed to the plant growth and yield. The mean moisture
content on weight basis with paddy straw mulch at the surface and at 30 cm depth
was 20.3% and 9.47% respectively. The temperature within the field varied from
27°C and 37°C for measurements recorded at 2.30 pm for the entire growing period
of the crop. Maximum number of flowers was observed in treatment with paddy
straw mulch and first female flower was also found in the case with paddy straw and

paper mulching.



The yield response was sensitive to different mulched treatments. Maximum
yield of 6.75 kg/plant occurred from the treatment with 100% irrigation and paddy
straw mulching and a minimum of 2.33kg/plant occurred from the treatment with
75% irrigation and no mulching. The yield obtained with paper mulching was also on
par with paddy straw mulching. Hence, it can be stated that natural mulching along

with micro sprinkler irrigation is the best alternative for the crop under study.

Maximum number of fruits (7 numbers) was obtained from the treatment
with 100% and 75% irrigation with paddy straw mulch and also in 100% irrigation
with paper mulching. The minimum number of fruits per plant obtained was 4 for
treatment T3 (50% irrigation and no mulch) and T6 (50% irrigation and paper
mulch). It was found that T4 (100% irrigation and paper mulch), T7 (100% irrigation
and paddy straw mulch) and T8 (75% irrigation and paddy straw mulch) were

statistically superior to all the other treatments.

Water Use Efficiency (WUE) was more in the treatments with low irrigation
levels (T3, T5 and T9). The highest WUE obtained was 195.56 kg/ha/mm from the
treatment T9 (50% irrigation and paddy straw mulching) and the lowest WUE
obtained was 72.41 kg/ha/mm from T1 (100% irrigation and no mulching). This low
WUE was due to the fact that there were no mulching effect and 100% irrigation was
also applied. Statistical analysis was performed using MSTAT software and it is seen
that all the observations except fruit length and fruit girth showed significant
difference between treatments. Hence, it is concluded that micro sprinkler irrigation
along with mulch helps to achieve the twin objectives of efficient utilization of

available water and conservation of soil moisture.
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APPENDICES




Appendix- |

Catch-can data (Amount of water obtained in catch cans)

Pressure 1.0 kg/em?
Widthof cut 0.5 mm
Grid point | Catch (ml) Grid point | Catch (ml) Grid point | Catch (ml)
Al 0 H2 28 F4 38
Bl 0 12 0 G4 233
C1l 0 A3 17 H4 119
D1 0 B3 76 14 109
El = C3 255 A5 95
F1 226 D3 50 B5 73
Gl 91 E3 0 C5 13
H1 33 F3 0 D5 15
11 5 G3 0 E5 21
A2 0 H3 0 F5 49
B2 638 13 0 G5 0
C2 92 Ad 0 H5 0
D2 82 B4 0 15 0
E2 105 C4 112 A6 0
F2 73 D4 71 B6 0
G2 617 E4 62 C6 0
Pressure 1.0 kg/cm?
Width of cut 1.0 mm
Grid Catch Grid Catch Grid Catch Grid Catch
point (ml) point (ml) point (ml) point (ml)
Al 0 F2 129 B4 0 G5 144
Bl 0 G2 379 C4 55 H5 40
Cl 0 H2 167 D4 25 15 4
D1 0 12 114 E4 14 A6 0
= <4 A3 56 F4 4 B6 0
F1 116 B3 27 G4 419 C6 0
Gl 60 C3 227 H4 165 D6 0
H1 67 D3 135 14 88 E6 0
11 65 E3 57 A5 84 F6 0
A2 6 F3 19 B5 600 G6 0
B2 411 G3 1 C5 309 H6 0
C2 243 H3 0 D5 72 16 0
D2 192 13 0 E5 33
E2 152 Al 0 F5 315




Pressure 1.0 kg/em?
Widthof cut 1.5 mm
Grid Catch Grid Catch Grid Catch Grid Catch
point (ml) point (ml) point (ml) point (ml)
Al 0 F2 166 B4 0 G5 209
Bl 0 G2 472 C4 98 H5 176
Cl 0 H2 216 D4 115 15 128
D1 0 12 84 E4 41 A6 0
El == A3 86 F4 0 B6 0
F1 154 B3 141 G4 299 C6 0
Gl 98 C3 386 H4 199 D6 0
H1l 148 D3 201 14 229 E6 0
11 163 E3 21 A5 123 F6 0
A2 154 F3 5 B5 412 G6 0
B2 362 G3 10 C5 381 H6 0
C2 275 H3 0 D5 223 16 0
D2 233 13 0 ES5 212
E2 217 Ad 0 F5 209
Pressure 1.0 kglcm?
Width of cut 2.0 mm
Grid Catch Grid Catch Grid Catch Grid Catch
point (ml) point (ml) point (ml) point (ml)
Al 0 F2 108 B4 0 G5 180
Bl 0 G2 484 C4 166 H5 144
C1 0 H2 230 D4 1821 15 124
D1 0 12 142 E4 120 A6 0
El - A3 148 F4 60 B6 0
F1 202 B3 140 G4 340 C6 0
Gl 116 C3 406 H4 292 D6 0
H1 112 D3 188 14 284 E6 0
11 108 E3 60 A5 212 F6 0
A2 100 F3 44 B5 426 G6 0
B2 402 G3 64 C5 264 H6 0
C2 278 H3 0 D5 220 16 0
D2 220 13 0 E5 190
E2 150 Ad 0 F5 438




Appendix- 11

a. Pressure - discharge relationship of FDMS

E:nltter S'; © | Pressure Discharge | Emitter Pressure | Discharge
2 I 2
(mm) | (mm) (kg/cm?) (Iph) size (kg/cm?) (Iph)
0.5 30.63 0.5 44.52
1.0 39.15 1.0 55.00
4 0.5
1.5 46.95 4 | 15 15 67.29
2.0 53.73 2.0 75.57
0.5 38.97 0.5 50.81
1.0 48.53 1.0 59.55
4 1.0 4 |20
1.5 55.00 15 74.07
2.0 59.55 2.0 90.66
b. Wetted radius of FDMS at different operating pressures
Emitter size Emitter size
Wetted Wetted
I b Pkre/ssurze radius I b Pkrefsurze radius
cm cm
mm) | (mmy | 9Oy | m) | mmy | 9O )
0.5 2.31 0.5 2.27
1.0 2.42 1.0 2.36
4 0.5
1.5 2.46 4 1.5 15 2.40
2.0 2.51 2.0 2.46
0.5 2.00 0.5 2.32
1.0 2.28 1.0 2.47
4 1.0 4 2.0
1.5 2.29 15 2.54
2.0 2.34 2.0 2.60




c. Mean application depth of FDMS at different operating pressures

Emitter size Emitter size
| b Pressure D, | b Pressure D,
2 2
(mm) (mm) (kg/cm ) (mm/hr) (mm) (mm) (kg/cm ) (mm/hr)
0.5 7.8 0.5 11.1
1.0 8.7 1.0 13.9
4 0.5
1.5 10.2 4 1.5 1.5 15.1
2.0 11.1 2.0 15.9
0.5 12.6 0.5 11.2
1.0 12.0 1.0 12.8
4 1.0 4 2.0
1.5 14.8 1.5 17.7
2.0 16.1 2.0 17.3
d. Mean discharge of the FMMS at various operating pressures
- . - e - _
Erlmtter S'é € | Pressure D'?fg‘ﬁ)rge Im iter Sltz)e Pressure | Discharge
2 2
(mm) | (mm) (kg/em?) b (mm) | (mm) | (mm) (kg/em?) (Iph)
0.5 21.7 0.5 45.6
1.0 30.1 1.0 53.3
4 0.5 4 1.5
1.5 38.4 1.5 59.9
2.0 45.9 2.0 64.4
0.5 27.7 0.5 48.9
1.0 31.6 4 1.0 56.0
4 1.0 2.0
1.5 35.8 1.5 64.6
2.0 49.9 2.0 74.6




e. Wetted radius of FMMS at various operating pressures

Emitter size Wetted Emitter size Wetted
I b Pkre/ssurze radius | b Pkre/ssurze radius
cm cm
(mm) | m) | €9y | mm) | ) | KOO )
0.5 14 0.5 2.0
1.0 1.6 1.0 2.2
4 0.5 4 15
15 1.8 15 2.3
2.0 2.1 2.0 25
0.5 15 0.5 2.1
1.0 1.7 1.0 24
4 1.0 4 2.0
15 19 15 25
2.0 2.2 2.0 2.8

f. Mean application depth of FMMS at various operating pressures

Emitter size Emitter size
I b Pressure D, I B Pressure D,
2 2

(mm) | (mmy | KM mm/h) ey |y | KO | (mm/h)
0.5 15.6 0.5 15.9
1.0 16.52 1.0 15.3

4 0.5 4 15
15 17.6 1.5 15.2
2.0 14.0 2.0 14.0
0.5 16.8 0.5 16.7
1.0 14.9 1.0 12,5

4 1.0 4 2.0
15 13.7 1.5 13.4
2.0 11.5 2.0 12.7




g. Wetted radius of SMMS at various operating pressures

Emitter size Wetted Emitter size Wetted
I b Pkre}ssurze radius I b Pkre/ssurze radius
cm cm
(mm) | (o) | *9™ |y | o) | omy | C9 | )
0.5 1.62 0.5 2.02
A 05 1.0 1.68 1.0 2.27
' 15 1.81 4 | 15 15 2.48
2.0 1.97 2.0 2.75
0.5 1.58 0.5 2.37
1.0 1.68 1.0 2.52
4 1.0 4 2.0
15 1.75 15 2.61
2.0 2.2 2.0 2.91
h. Mean discharge of SMMS at various operating pressures
' i . Emitter si .
E:nltter Slée Pressure | Discharge Im ) S';e Pressure | Discharge
2 2
(mm) | (mm) (kg/cm?) (Iph) (mm) | (mm) (kg/cm?) (Iph)
0.5 58.0 0.5 63.7
. 05 1.0 64.1 1.0 82.4
' 15 71.4 4 | 15 15 92.9
2.0 79.4 2.0 110.4
0.5 61.6 0.5 77.5
1.0 77.9 1.0 87.5
4 1.0 4 2.0
1.5 84.06 1.5 100.2
2.0 89.04 2.0 110.4




I. Mean application depth of SMMS at various operating pressures

Emitter size Emitter size
I b Pressure Da I b Pressure Da
2 2
(mm) | (mm) (kg/cm?) (mm/h) (mm) | (mm) (kg/lcm?) | (mm/h)
0.5 28.2 0.5 17.6
1.0 28.8 1.0 21.2
4 0.5
15 27.9 4 15 15 19.4
2.0 26.6 2.0 30.46
0.5 31.7 0.5 17.7
1.0 35.3 1.0 17.9
4 1.0 4 2.0
15 35.2 15 19.1
2.0 31.8 2.0 18.7




Appendix- 1

Statistical analysis of field study of the micro sprinkler

Experiment Model: Randomized Complete Block Design

a. Effect of micro sprinkler treatments on number of female flowers per

plant
ANALYSIS OF VARIANCE TABLE
K value Source DF SS MS F value Probability | Remarks
1 Replication 2 2.000 1.000 0.5455 0.0261 S
2 Factor A 8 45.333 5.667 3.0909
-3 Error 16 29.333 1.833
Total 26 76.667
b. Effect of micro sprinkler treatments on number of fruits per plant
ANALYSIS OF VARIANCE TABLE
K value Source DF SS MS F value | Probability | Remarks
1 Replication 2 0.222 0.111 0.0930
2 Factor A 8 25.333 3.167 2.6512 0.0461 S
-3 Error 6 19.111 1.194
Total 26 44.667
c. Effect of micro sprinkler treatments on fruit length
ANALYSIS OF VARIANCE TABLE
K value Source DF SS MS F value | Probability | Remarks
1 Replication 2 3.059 1.529 | 0.7942 0.1214 NS
2 Factor A 8 30.061 3.758 | 1.9515
-3 Error 16 30.808 1.926
Total 26 63.927




d. Effect of micro sprinkler treatments on fruit girth

ANALYSIS OF VARIANCE TABLE

K value Source DF SS MS | Fvalue | Probability | Remarks
1 Replication 2 5.281 2.640 | 0.6523 NS
2 Factor A 8 12.021 | 1.503 | 0.3712 NS
-3 Error 16 64.766 | 4.048
Total 26 82.067
e. Effect of micro sprinkler treatments on yield
ANALYSIS OF VARIANCE TABLE
K value Source DF SS MS F-value | Probability | Remarks
1 Replication 2 2.838 1419 4.3172 0.0317 S
2 Factor A 8 29.392 3.674 11.1797 0.0000 S
-3 Error 16 5.258 0.329
Total 26 37.488
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ABSTRACT

This thesis work was undertaken to study the hydraulics and field
performance of a simple and novel micro sprinkler developed by a farmer Mr.
Avaran, M of Malappuram District, Kerala. It is made by fusing one end of a 3mm
diameter, 4 cm long LDPE micro tube and making an incision just below the fused
end. The manually made micro sprinkler samples of four different dimensions were
used for the experiment. The micro sprinklers were tested for their hydraulic
performance in the laboratory under four different pressures viz. 0.5, 1.0, 1.5 and 2.0
kg/cm?. The performance parameters of the micro sprinklers considered for the study
were discharge, wetted radius, mean application depth, Christiansen’s uniformity
coefficient, coefficient of variation, distribution characteristics and soil moisture
distribution pattern. The farmer developed micro sprinkler was found suitable to
irrigate most of the perennial and vegetable crops of the study region. However, the
micro sprinkler was showing considerable variability in discharge, wetted radius and
application depth. To solve the deficiency of the farmer developed micro sprinkler, it
was decided to manufacture standardised micro sprinklers through plastic injection
moulding. The hydraulic performance of the industry manufactured micro sprinkler
was not promising as revealed by the laboratory results and needed further
refinement. A preliminary investigation has led to the conclusion that if moulding and
cutting is done through two separate manufacturing processes better results can be

brought out.

Further, a field study was carried out with the farmer developed micro
sprinkler to evaluate its field performance for the crop cucumber, with different levels
of irrigation and mulching at the instructional farm, KCAET Tavanur. Randomised
Complete Block Design was used for the study with 9 treatments and 3 replications.
The various field performance parameters such as moisture distribution in the soil,

temperature variation of the soil, number of female flower emergence, yield and yield



attributing characteristics viz. number of fruits per plant, fruit length, fruit girth and
water use efficiency of the crop were evaluated. The micro sprinkler with 100%
irrigation level with paddy straw mulching has been emerged as the best treatment for
maximizing yield of cucumber in sandy loam soil and for the climatic condition of
the region where experiment was carried out. Looking from the yield and water use
efficiency angles together, the best treatment was 75% irrigation with paddy straw
mulching. It has been concluded that this simple and low cost micro sprinkler, despite
its minor limitations, can be used effectively for irrigating most of the vegetable crops

of Kerala.



