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Foreword

All farmers know that water is essential for crops, but sometimes 

delivering water to the plants efficiently can be difficult, especially 

when water may be scarce, or obtaining the water may be a burden.  

The authors of this manual describe a simple, low-cost, very low-

technology water-efficient method known as the “Drip Bucket 

Irrigation System for Small-Scale Agriculture.” The purpose of this 

system is to enhance food security and nutrition especially for the 

families of small-scale, rural farmers.

Families' food security and nutrition can be enhanced through better 

management of water and land resources (both irrigated and rainfed 

areas) for crop diversification and intensification. Unlike higher 

technology pump-driven drip irrigation systems, the drip bucket 

irrigation system uses only gravity and simple equipment to provide 

water efficiently and directly to each plant.

The drip bucket irrigation system has been found particularly useful 

by women who want to grow fresh vegetables on small plots at their 

homes. The United States Department of Agriculture (USDA) and the 

International Center for Agricultural Research in the Dry Areas 

(ICARDA) have collaborated under the project “Watershed Rehabili-

tation and Irrigation Improvement: Demonstrating and Disse-

minating the Best Practices and Technologies to Help Rural Farmers 

in Pakistan” and worked with 11 Pakistani partner agricultural 

institutions to demonstrate this technology in Pakistan. 

The reactions of farmers who have participated in the project 

suggests there is significant potential to improve the availability of 

food by using small and simple interventions such as bucket-drip 

irrigation systems to grow vegetables for home consumption and for 

selling at small scale. This technology may be quite useful for 

v



families living in remote areas and far away from the fruit and 

vegetable markets.

The authors have developed this manual to be easy to understand 

for installing a bucket-drip irrigation system. They have used 

stepwise procedures with a number of photographs so that it can be 

easily followed by a variety of audiences in Pakistan, and perhaps 

elsewhere. Congratulations to the authors for this important work.

This manual will be useful to any farmer who wants to set up a drip 

bucket irrigation system, or an agricultural service provider who 

wants assemble and sell these systems. For government officials, 

agricultural extension professionals, NGO officials, university 

professors, researchers, or students interested in the potential of this 

simple technology for Pakistan, this manual will be useful to them as 

well.

Dr. Otto Gonzalez
Special Projects Officer

USDA Foreign Agricultural Service,
Office of Capacity Building and Development,

Washington DC, USA
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1. Introduction

A safe, consistent and reliable food supply is a universal need. In 
many parts of the world, buying food from a local grocery or market is 
not an option. People must grow their own food if they want to eat. To 
grow food, a user needs water, soil, sun and seed. The inability to 
produce a reliable food supply can be because of problems with a 
combination of some or all of these items. There are many efforts 
throughout the world to help poor, rural farmers' better produce food 
and to reduce poverty. Often this is done with small gardens that help 
supplement the diet of individual families or produce an excess for 
sale. 

Hand watering small plots of crops is often practiced in water-scarce 
environments. However, hand watering is time consuming and 
tedious. Mostly women struggle to maintain kitchen gardens, using 
hand-watering to cultivate vegetables for their families. In poor and 
unimproved soils, the crops may be of poor quality or fail altogether in 
a harsh climate. As a result, rural households may limit vegetable and 
fruit production to only the times when it rains or give up altogether 
and go without.  

In Pakistan, the United States Department of Agriculture (USDA) 
through International Center for Agricultural Research in the Dry 
Areas (ICARDA) introduced the bucket drip irrigation system in the 
areas of Murree and Dera Ismail Khan to fulfill the domestic food 
requirements of the poor people living in those areas. Coupled with 
efforts to improve soil health and improved cropping, these kits enable 
farmers to grow high-value crops, and create employment 
opportunities in the rural areas. This has a significant potential for 
poverty alleviation. This low head drip irrigation technologies 
promises improved food security and increased incomes at the 
household level, ultimately culminating in a healthy national economy.

Providing water to crops using bucket drip irrigation is the focus of 
this document and is discussed in detail. Finally, issues related to 
raised bed design and layout are also presented. This manual 
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provides basic information for the design and installation of bucket-
drip irrigation system as part of a small-scale agriculture effort. While 
the discussions are from a Pakistani perspective, the lessons in this 
document are applicable in many areas throughout the world. 
Information and lessons from many other areas are referenced in this 
manual.

The format of this manual is a toolbox approach to addressing issues 
related to food production in small gardens. Minimal discussions of 
theory are provided. Rather, the focus is on selected specific, how to 
do techniques. Photographs are preferred over narrative 
descriptions so that this information can be discussed and shared 
during field applications with rural farmers. It is intended that this 
manual be viewed as a field booklet, and carried with a service 
provider during a field visit and used to explain the various 
techniques and practices.

Plants need water, but in many areas, rainfall is unreliable and 
irrigation water is limited. Out of 30 Mha of culturable lands in 
Pakistan, dryland farming is practiced on about 12 Mha (40% of the 
culturable land). Life in these areas depends on rainfall. Rainfall 
varies from less than 200 mm to over 1000 mm. Bucket drip irrigation 
can be implemented on a household or home compound level to 
increase crop yield and reduce water usage. In studies conducted in 
India, farmers have reported increases in yields of 50 to 100% and 
decreases in water usage of 40 to 80% (Keller and Keller, 2000). 
Significant income and quality of life improvements have also been 
documented as resulting in part from the use of this low tech drip 
irrigation (Winrock, 2000; KARA ,1998).

Bucket drip irrigation system is a low cost solution that can provide 
fresh vegetables at the home particularly to those living away from 
the markets. This simple but powerful technology involves gravity fed 
irrigation lines that convey water to individual food plants. By using 
this system with a small amount of water, vegetables crops can be 

2. Drip Bucket Irrigation
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grown with no external resources involves such as electricity or other 
charges. 

There are no moving parts in this and is easy to maintain and operate 
the irrigation system. These systems can be packaged as kits and 
have been used by a variety of organizations as part of development 
work (Fripp, 2012; Childs, 2011). Thousands of these kits are in use 
in over 150 countries across the world (Chapin, 1998; Fripp, 2012). 
Two kits can be carried in a small field pack and can provide irrigation 
to feed a family for five for seven years. Use of the drip kit is spreading 
rapidly in Kenya and the majority of drip users (some 70-80%) are 
women (Keller, 2001). In many areas, after an initial distribution, 
small industries have sprung up where the kits have been 
constructed locally (Keller, 2001; Kulecho and Weatherford, 2005). 
These industries have included producing the kits as a whole as well 
as the individual components which would allow local users to 
assemble them on their own.

Drip irrigation involves supplying water to the soil very close to the 
plants at very low flow rates (0.5–10 liter/hr) from a plastic pipe fitted 
with outlets (drip emitters). The basic concept underlying the drip 

2.1 What is drip irrigation?

Figure 1: Distribution of drip bucket irrigation kits in Africa 
and South America where thousands have 

utilized this system
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irrigation method is to maintain a wet bulb of soil in which plant roots 
suck water. Only the part of the soil immediately surrounding the 
plant is wetted. The volume and shape of the wet bulb irrigated by 
each drip emitter are a function of the characteristics of the soil 
(texture and hydraulic conductivity) and the discharge rate of the drip 
emitter. Applications are usually frequent (twice a day to every 1–3 
days) to maintain soil water content in the bulb close to field capacity.

Drip irrigation is not a substitute for all other forms of irrigation. Drip 
irrigation is just another technique which offers some distinct 
advantages when water quantity is limited and quality is marginal. It 
is also highly suitable for where the land areas are not leveled or 
where high value crops require frequent irrigations. Additional 
advantages are described below: 

Drip irrigation offers a significant water 
savings. This is not because the plants use any less water compared 
to other techniques but because there are less water losses in 
applying the water. Compared to surface irrigation and sprinkler 
methods, drip irrigation can achieve 90-95% efficiency. This is 
because percolation losses are minimal and direct evaporation from 
the soil surface and water uptake by weeds are reduced by not 
wetting the entire soil surface between the plants. With the low rate of 
water application, there is no runoff loss. In addition, since the 
emitters are close to the plant, evaporation losses and lose due to 
wind are minimized.

Precise application of nutrients is 
possible using drip irrigation. Fertilizer costs and nitrate losses can 
be reduced considerably when the fertilizers are applied through the 
irrigation water (termed fertigation). Nutrient applications can be 
better timed to coincide with plant needs since dressing can be 
carried out frequently in small amounts and fertilizers are brought to 
the immediate vicinity of the active roots.

2.2 Advantages of Drip Irrigation

More efficient use of water:

Reduced cost for fertilizers:
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Reduced labor demand:

Low energy requirement:

Reduced salinity risk:

 

 

Water application is less labor demanding 
compared to surface or bucket irrigation. Since the water is applied 
uniformly from the drip lines, there is little wastage. The reduction in 
water needed is significant and that can result in less trip to a well or 
river to obtain water. Practices such as weeding can also be 
performed when the plants are being irrigated.

A drip irrigation system requires less 
energy than a conventional pressurized system as it increases 
irrigation efficiency and therefore requires less water to be pumped. 
Compared to other pressurized systems, savings are also made 
because of the lower operational water pressure required for drip 
systems. The bucket drip irrigation system relies entirely on gravity.  
As long as the bucket is a minimum of 1 m above the ground, there is 
sufficient gravitational head to pressurize the system and no 
additional energy is required. 

The drip lines are placed close to a row of 
plants and the root zone tends to be relatively free of salt 
accumulations as the salts always accumulate towards the edge of 
wetting front. The accumulation of salts on a surface-irrigated field 
tends to be right in the middle of the root zone. Drip irrigation such as 
what is used in the bucket system does not tend to have this problem.

The bucket drip irrigation system offers all of the advantages of drip 
irrigation that is described above. In addition, the bucket drip system 
is inexpensive and easy to understand. It can be readily implemented 
on small plots of land by farmers who have limited resources. The 
components are simple and can be easily repaired and even locally 
fabricated. Farmers who become skilled in the operation and 
maintenance of a bucket drip system can expand their operation to 
more sophisticated systems to increase production and further raise 
their income (Kulecho and Weatherford, 2005).  

 

2.3 Advantages of Bucket Drip Irrigation
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2.4 Components of Bucket Drip Irrigation System

A bucket drip system is often provided as a kit which includes most of 
the components that might not be readily available in a rural setting. A 
typical bucket drip irrigation kit includes:

Bucket adapter
Filter screen and fitting
Water supply line
Connecting tubes
Header tape
Drip line (also called drip tape)
Instructions.

There are no spare parts in a typical kit, so the user should be 
instructed to be careful not to lose any of the smaller pieces. Users 
should also be instructed to handle with care so that nothing gets 
broken. The user needs to add:

Bucket (at least 5 gallon, but larger is good)
Stand
Soil
Plants
The effort to maintain and operate the system.

Figure 2: Bucket kit assembly materials provided in a typical 
kit. Some of these materials can be locally fabricated
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The Bucket:

The Stand:

Bucket Adapter:

 

 

Bucket is a basic component of the system. The 
material of the bucket should be plastic or any other compact which is 
not damaged due to sun or wind. The bucket is generally provided by 
the individual user. Plastic containers, new or used should hold about 
20 liters of water. 

To get the water from the bucket to the drip tape, an adapter is 
inserted through a hole in the bottom of the bucket.  A hole must be cut 
or drilled at the bottom of bucket (center or off-centers). This can be 
accomplished with a hole saw (or a drill) or by hand with a sharp knife.   
Be careful to keep the hole exactly round. A  jagged hole is not good. 
A metal container may also be used, but making the hole might be 
more difficult.  A hole saw is not included in the kit.

The bucket must be held above the ground by 1 m in 
order to provide sufficient pressure for the drip lines. This can be 
done by suspending the bucket from a tree limb or tripod. Or the 
bucket can be placed upon a stand. If a stand is used, the bucket 
should be secured so that high winds to not blow it away.

This component is used to connect supply tubes 
with bucket. A combination of a threaded male and a female plastic 
adapter is used. The male adapter is inserted from inside the bucket 
through the hole and the black rubber washer is inserted over the 

 

Figure 3:The bucket and a plastic container 
used in the bucket assembly
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threads of the male adapter. The female adapter is then screwed 
onto the male adapter that protrudes from the bottom of the bucket. 
When firmly hand tightened, the connection is secure and should not 
leak. The slits in the male adapter are made to prevent large pieces of 
trash from entering the supply tubes as the bucket empties.

The filter screen is a black rubber stopper with two 
holes on the flat end and a fine-mesh metal screen attached to the 
other end. The screen filter fits in the lower end of the adapter. It filters 
the stones or any sand particles in the bucket. The filter screen should 
be clean. The method of cleaning is washing or gently rubbing it with 
fingers. Do not use a knife to clean the screen. The filter is a second 
stage of filtering that excludes fine particles of trash from the drip lines. 

These tubes connect with bucket to the header tape. 
The length of the tube should be greater than 1.5 m according to the 

Filter Screen:

Supply Tubes:

 

 

Figure 4: Bucket adapter and rubber stopper

Figure 5: Side and front view of filter screen
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stand height. The diameter of the tubes is 8 mm. In the kit there is one 
round black tube (the larger sized tube), that is cut in two equal 
lengths. One end of each tube is inserted into the rubber stopper in 
the bottom of the bucket. The tubes will fit more securely in the 
filter/stopper if the tubes are inserted in the stopper before the 
stopper is inserted into the female 
adapter. 

The other end of the tube is fitted 
onto a tip by firmly pushing the 
small end of the barb into the end 
of the tube. The other end of the 
barb connects to a drip tape. By 
rotating the collar on the barb, the 
drip tape is securely connected to 
the tip.

These tubes 
are used to connect the drip tape 
with header tape. The diameter of 
the tube is 5 mm, and length is 3 
m. The smaller sized tubing is 
used to connect drip tapes to one 
another or to connect the drip 
tape to header tubing that has no 
emitters. 

This tape is used to connect between supply tubes and 
drip tape. This is flat tape without silts. There are 5 m (15 ft) of header 
tubing. It is flat and looks like drip tape, but has no emitters.

The name 'tape' can be confusing since it is actually a flat 
pipe that fills with water and is used to irrigate the plants. The tape 
has built in emitters that are fixed at 30 cm apart. The emitters appear 
as little slits in the drip tape. The length of the tape is 30 m. Inside is a 
strip containing 10,000 filters per 30 m that keeps water moving 

Connecting tubes:

Header tape:

Drip tape:

 

 

 

Figure 6: Supply tubes

Figure 7: Connecting tubes



freely. A  zigzag pattern provides uniform pressure through the tape. 

The bucket kit includes 30 m of a specially designed black plastic drip 
tape. It comes in one long piece but is cut into various lengths based 
on the garden layout of the lines; 
that is, 2, 4, or 6 rows. On the inside 
of the tape, water has to pass 
through hundreds of small filters 
and jagged protrusions creating a 
“turbulent flow,” which prevents 
clogging of the water passage. The 
water drips out of the tape through 
tiny slits spaced 30 cm apart. Also 
with the turbulent flow design, the 
pressure inside the tape is the 
same over the full length of the 
tape so that the last plant in the row 
gets as much water as the first 
plant. The end of the tape is sealed 
off by folding over the end twice, 
lengthwise, and then slipping a 
plastic sleeve over the folds. A 
sleeve is made by cutting off about 
a 5 cm piece of the tape.

10

Figure 8: Water exiting emitters in drip tape

Figure 9: Installed drip bucket 
irrigation system

Stand
Bucket

Fitting and Filter

Water Supply Lines

Connectors

1 meter

Drip Lines
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2.5 Step by Step Installation of a Bucket Drip Irrigation 
System

Step 1:

Step 2:

 Preparation of a planting bed as described in the Raised Bed 
section of this manual. 

 Make hole in the bottom of bucket. Hole should be according 
to the size of adapter.

Bucket

Supply tubes

Header tape

Connecting tubes

Drip tape

Emitters

Screen filter

Stand

Figure 10: Layout of bucket drip irrigation system

Figure 11: Preparation of beds (Step 1)



Step 3:

Step 4:

Step 5:

 Insert male adapter through hole from inside bucket.

 Insert both supply tubes into the stopper

 Insert small end of each barb into one end of each supply tube

12

Figure 12: Hole in the bucket (Step 2)

Figure 14: Adapter installed into the bucket and supply tubes 
(Steps 3 and 4)

Filter Screen

Bucket Hole

Bucket

Bucket Adapter

Figure 13: Cross section of adapter installed in bucket



13

Step 6:

Step 7:

 Insert large end of each barb into one end of each header 

tape or the drip line. Turn the nut so that it is all the way to the water 

supply line. Then slide the drip tape onto the fitting and tighten the nut.  

It should be very tight. This can be difficult to accomplish the first 

couple of times and may take some practice.

 Close each end of drip tape and header tape, fold tape and 
squeeze length wise so that it will fit into the sleeve made from a short 
piece of tape.

Figure 15: Connection of header tape and supply tubes 
(Steps 5 and 6)

Figure 16: Close the ends of header tape and drip tape (Step 7)



Step 8:

Step 9:

Step 10:

 Determine number of rows that fit the garden space and cut 
drip tape to correct lengths. Do not exceed 15 m (50 ft) in any one 
length. Stretch the drip tape across the garden. Avoid folds or 
creases. Do not vary elevation by more than 30 cm. The drip tape 
should be in contact with the soil with the drip opening on top of the 
line.  Weight the drip tape down with rocks.

 Make hole in the header tape and ends of drip tape.

 Connect the drip tape with header tape through connecting 
tube.

14

Figure 17: Placing drip tape (Step 8)

Figure 18: Make hole in the header  tape and
ends of drip tape (Step 9)
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Step 11:

Step 12:

 The bucket should be at the highest point of the garden and 
at least 1 m above the ground. It can be suspended or placed upon a 
stand.

 Cover the bucket with a cloth. This will keep dust and sand 
from blowing into the bucket.

Figure 19: Connection of drip tape with header
tape by connecting tube (Step 10)

Figure 20: Example Installations
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Step 13: Pour water in the bucket to check the system. The amount 
of water required is crop and weather dependent. The farmers 
should be encouraged to monitor their crop and fill the buckets as 
needed. When it is hot and dry, it may be required that the buckets 
are filled several times a day. When it is humid, cooler and cloudy, 
only one filling may be necessary. Garden operation and irrigation is 
discussed in more detail later in this manual.

Figure 21: Cover the bucket with a cloth

Figure 22: Pour water in the bucket to check the system
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3. Preparation of Garden

4. Drip Bucket Maintenance

Healthy growth and good yields of garden crops depend on a 
balance of light, air, nutrients, and water. Choose an area away from 
large trees that might shade the garden. During dry periods, water 
becomes the crucial ingredient for gardening success. Therefore, 
garden preparation should be done in such a way so as to use the 
water as efficiently as possible. The bucket kit greatly reduces the 
amount of water needed to grow a crop. 

Bucket kits work most efficiently when rows are made on a wide 
raised bed of soil. The bed should be a maximum of 15 m (50 ft) in 
length because that is maximum length that water can be pushed 
through the tape under 1 m of height. Generally, the bed is one meter 
wide. The beds should be flat but if they are sloped, the bucket should 
be located on the higher end. Healthy soil with sufficient organics 
should be provided for the bed. More information on garden 
preparation and the construction of raised beds is provided later in 
this manual.

Ensure that only clean water is used in order to minimize the risk of 
clogging the filtration system.  A filter screen will keep coarse particles 
from entering the drip lines. If there is fine silt in the water, or sand 
blowing in the air, a piece of cloth can be tied over the top of the 
bucket. Water can be poured through the cloth to keep the fine 
particles from entering the bucket. Clean the filtration system at least 
twice a month. Inspect the emitters to identify clogged emitters at 
least once a week and unblock or replace any clogged emitters. 
Clogged drip emitters cause non-uniform application of water and 
result in non-uniform growth of the plants. A clogged emitter can be 
repaired by rubbing it vigorously with one's fingers, blowing in it, or 
trying to force water out of the outlet. Never use a knife to clean 
emitters or the screen.
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5. Cost of the Drip Bucket System

6. Raised Beds

The current estimated cost in Pakistan of a system is Rs 3000.  
However, there are many areas in the world where local 
manufacturers and small business micro enterprises and 
cooperatives have produced the kits with local materials (Keller, 
2001). In many cases the prices have been brought down to closer to 
Rs 700 to 900 per unit.

Small scale gardening is often done using beds of raised soil. The 
bucket drip irrigation works best on this type of garden. The raised 
bed facilitates the improved soil techniques using compost as well as 
provides for the specific application of water that is done with the drip 
bucket irrigation.

A raised bed is simply a long, elevated mound of soil in which the 
plants are grown. The bucket drip irrigation lines limit the length of the 
raised beds to 15 m or less and one kit comes with 30 m of irrigation 
drip lines. But any increment of 15 m can be used. For example, a 
farmer could use two 15 m lines, three 10 m lines, six 5 m lines, etc. 

The width of the raised bed is typically 70 cm to 1 m. Usually two rows 
of plants are placed in the center of a raised bed. Raised beds are 
easily constructed in the following steps.  

 Locate the garden where it is convenient to the users and 
where it will get plenty of light. Avoid shady areas and be sure the 
area which is relatively flat. If there is a gentle slope in the garden, 
locate the bucket at the higher end.

 Stake the center location of the raised bed that is to be 
constructed. The beds should be straight. If more than two raised 
beds are used, stake the centers approximately 2 m apart. It is 
important to leave sufficient space to walk between the beds and the 
garden.

Step 1:

Step 2:



Step 3:

Step 4:

Step 5:

Step 6:

 Dig a trench down the center of the bed. Pull the soil to one 
side of the trench. Remove weeds and rocks. The trench should be 
60 to 100 cm wide and 15 to 30 cm deep. Break up the soil at the 
bottom of the trench.

 Place a 10 to 15 cm layer of organic material (manure and dry 
leaves) in the center of the trench. Wet the material so it is damp. If 
available, add 10 cm of organic compost into the trench.

 Mix the soil that was removed from the trench with the 
organic compost soil. Add water so that the mix is moist. Break up 
any large clogs of dirt.

 Form the raised beds into even, long mounds of soil.

Figure 23: Organic material being placed in a raised bed that 
is under construction
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Figure 24: Recently completed raised beds
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Step 7: Add 5 cm of mulch to the top of the raised beds. Mulch serves 
the following functions:

Reduce water loss and prevents delicate transplanted 
seedlings or seeds from drying out

Protection against surface erosion

Prevents weeds from sprouting

Helps maintain the temperature of the soil

Organic mulch improves soil health as it decomposes.

Mulch can be synthetic or organic. Organic mulch can be leaves, 
wood chips, grass clippings, or coconut husks. Synthetic mulch can 
be plastic sheeting or plastic chips. Even flat stones can be used. Be 
careful to prevent the mulch from contacting the stem of delicate 
seedlings. This can result in rot and mold.

Figure 25: Organic mulch applied to a raised bed garden
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Step 8: Install the drip bucket irrigation kit as described earlier in this 
report. Place the irrigation drip tape along the top of the bed. Small 
sticks or rocks may be needed to hold the tape in place. Add some 
water to bucket and note where the water comes out of the tape.  
Place the plants at these drip irrigation points. In addition 1 
tablespoon of double super phosphate per planting hole can also be 
beneficial.

Figure 26: Avoid placing mulch against plants

Figure 27: Plants being installed and growing at drip points 
along the irrigation drip tape on a raised bed
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In some situations, it may be advantageous to enclose the raised 
beds in a box or container. This can be built with masonry, rock or 
wood. Such a container may allow for more confined gardening and 
will prevent any soil loss from rainfall runoff. It also may have a more 
pleasing appearance.

Local experience and skills are often the best source of advice for 
successful small scale agriculture. However, if there is limited local 
agriculture experience or a new technology is being introduced, then 

7. Garden Operation

7.1 Planting Tips 

Figure 28: Raised beds

Figure 29: Raised beds in containers in the U.S. and in Africa



tips and suggestions which have been developed and applied in 
other areas should be consulted. The comments below are focused 
on the use of drip bucket irrigation in small-scale agriculture.

To ensure that the plants are planted 
where they will benefit most from the water supplied by the emitters, 
irrigate the field before planting and plant seedlings on the wetted 
circle. 

Vegetable seeds are small and usually planted at a depth of 
1.5 cm or less. Since the upper layers of soil in hot and dry climates 
can rapidly dry, the seeds can be damaged and fail to properly 
germinate.  It is recommended that the soil be irrigated immediately 
after sowing and that frequent irrigation be applied through 
germination stage.

Vegetable transplants require that the soil is moist. It is 
generally recommended that a light irrigation be provided 
immediately before and after installing transplants. 

Many crops benefit from the application of raw compost 
and/or manure at a rate of 1-2 handfuls and/or 1 tablespoon of double 
super phosphate per planting hole.

Supplying the correct amount of water to the garden 
is a critical element to a healthy and productive garden. Sufficient 
water must be supplied without over watering the garden. The water 
requirement varies by the type of crop and the growth stage of the 
crop. In general, shallow rooted crops require light and frequent 
irrigations while deep rooted crops require higher volume but less 
frequent irrigation. Water requirements are also weather dependent 
with cooler season crops requiring less water than warm season 
crops. Table 1 provides some general irrigation tips for particular crop 
types.

Location of plants/seeds:

Seeds:

Transplants:

Fertilizer:

Critical stages:

 

 

 

 

 

7.2 Irrigation Tips
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Table 1: General irrigation tips for gardening 

Crop Type Irrigation Recommendations

Cucumber ·Frequent watering needed throughout growing
·Needs frequent and regular watering during dry times

Beans ·Critical watering during flowering stage
·Critical watering during bean development stage

Tomato ·Critical time is the first three to four weeks after
transplanting

·Critical watering is during flowering stage
·Critical watering during fruiting stage
·Needs frequent and regular watering during dry times

Lettuce / 
Cabbage

·Critical watering during heading stage
·Frequent irrigation between heading stage and

harvest
·Needs frequent and regular watering during dry times

Carrot ·Critical watering during root enlargement
·Uneven irrigation can result in misshapen and split

roots

Onion ·Critical watering during bulb development
·Not as sensitive to missed watering’s after

establishment

Potato ·Critical watering during tuber initiation (when they
become the size of marbles)

·Critical watering during tuber development
·Uneven irrigation can result in misshapen and split

tubers

Asparagus ·Critical watering during fern development

Broccoli ·Critical time is the first four weeks after transplanting
·Not as sensitive to missed watering’s after

establishment

Brussel
Sprouts

·Critical time is the first four weeks after transplanting
·Not as sensitive to missed watering’s after

establishment
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How much water:

When to water:

 

 

It is important that the soil profile in the rooting 
zones is supplied with correct moisture. Insufficient watering may 
result in shallow rooting which leaves the plants susceptible to 
drought. Over irrigation is usually not a problem with drip bucket 
irrigation but it should be noted to farmers that over watering can 
leach nutrients from the soil and encourage the development of 
diseases. In general, the top 5 to 15 cm of soil should feel damp but 
not appear soaked or muddy. The new farmer should be encouraged 
to physically feel the soil around the plants after watering until he/she 
becomes accustomed to the operation of the system.

Most vegetable crops require an application of 2.5 cm (1 inch) of 
water per week. For the 30 cm irrigation emitter spacing provided on 
the drip tape, this is approximately 0.62 gallons per plant. This is just 
a guideline and if the weather is windy, dry, and very hot, the plants 
may require two to three times as much water. 

If it rains, the amount of rain should be used to offset the amount of 
water that is applied through irrigation. The farmer should be 
encouraged to monitor amount of rain with a rain gauge.  A rain gauge 
can be as simple as a can placed in the garden.

It is best to water in the early morning or late 
evening. While drip irrigation applies water close to the soil and 
minimizes evaporation losses, watering during cooler times will 
almost eliminate losses.  In addition perform better with cooler water 
rather than warm water in the irrigation.

 All gardens require effort for management and operation if they are 
to be successful. Service providers should be very clear to new users 
that certain activities must be completed. While there will be some 
site specific requirements for any garden operation, some of the 
general inspection and operation activities are illustrated in Table 2.

7.3 Garden Management Tips
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The farmer should observe the flow from the emitters. These appear 
as slits in the drip tape. If one or more seems to have slowed, it may 
be necessary to clean the emitters. This can be easily accomplished 
by rubbing the emitter between a thumb and forefinger. Do not 
attempt to clear the emitters with a knife.

Table 2: General guidelines for bucket drip irrigation

Frequency Activity

Daily Evaluate recent weather (how hot, how dry,
recent rain)
Fill drip buckets (typically twice a day)
Confirm thatplants are getting adequate water
Inspect connections from the bucket to the drip
lines
Inspect drip lines for holes and clogged emitters
If the day is going to be especially hot, consider
addingshade cloth to protect delicate seedlings
If the weather may drop below freezing over the
night, consider covering the seedlings

Weekly Inspect each plant for evidence of disease or
inspect damage
Evaluate watering schedule. Consider adding
more or less bucket fills per day
Remove weeds
Stir compost pile, add water if necessary
Add compost tea to leaf plants

Monthly Add compost tea to fruit plants
Begin a batch of compost tea every month
Consider flushing the drip tape irrigation lines
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If this does not improve the performance, it may be necessary to flush 
the lines. This is done by opening the end of the line and allowing 
water to flow freely through the drip lines. The water will flow rapidly 
out of the opened end and should dislodge any particles which have 
become caught in the emitters. The water exiting the lines should be 
caught and reused for irrigation.

If the water is taking a long time to flow from the bucket, the stopper 
should be removed from the adapter and the filter screen rinsed in 
clean water. It is important to keep drip tape in place. The drip tapes 
are light weight and when not filled with water, they could be blown off 
the bed with the heavy wind. It is advisable to use stones at the end 
and periodically to hold it in place. Finally, it is suggested that the 
garden area be fenced to protect the plants and the tape from 
animals. 

To facilitate understanding and implementing small gardens that 
incorporate the use of drip bucket irrigation systems, the following 
examples are provided.

8. Example Designs

Figure 30: Inspect the fittings and repair any leaks
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9. Example - Tomato Farmer

 

A farmer living in Chakwal is interested in earning extra income by 
growing tomatoes for market sale. He only has a small area that is 
2.5 m by 3.5 m in size.

The minimal available area is well suited for 
drip bucket irrigation and raised bed agriculture. The farmer should 
be advised to construct two raised beds with sufficient organic 
material as described earlier in this manual. The soil bed should be 
organic and easy to work. Sufficient space to walk between the 
raised beds is needed so that the garden plants can be properly 
tended.  A drip bucket arrangement should be installed at one end of 
the garden. The lines should be laid on the surface and mulch 
applied. Figure 31 illustrates a possible configuration of a garden 
plot.

At time of transplant, the farmer should be directed to 
wet the soil around the plant location with a bucket. The water should 
be allowed to be absorbed into the soil before installing plant. Hand 
water within 10 minutes of planting to offset transplant shock 
approximately ½ to 1 gallon per plant.

Initially, the plants should be watered so that 
each plant gets 1/4 gallon of water per day.  After establishment, they 
should get one to two gallons per week. Since the garden has 32 
plants, this is 32 to 64 gallons per week. As the farmer is using a five 
gallon bucket, he would need to fill the bucket once a day when 
cooler and twice a day when warmer. 

Garden layout design:

Transplant: 

Watering schedule: 

3.5 m

2.5 m Bucket

Figure 31: Garden design
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Based on the weather, the tomatoes may require more or less water.  
However, it is important to keep watering as consistent as possible to 
avoid cracking. 

An average tomato plant that is consistently irrigated in 
good soil can produce 4.5 to 9 kg of tomatoes per plant. With 32 
plants, the farmer would produce between 145 kg and 290 kg of 
tomatoes from the season.  

If the farmer can sell the tomatoes at Rs. 70/kg, then his gross return 
would be Rs. 10,150 to Rs. 20,300. Assuming his total cost of 
installation is Rs. 3,000, his first year profit could be Rs. 7,150 to 
Rs. 17,800. After the plants are done with production, he could 
remove the plants and use them as compost. The drip lines should be 
carefully rolled, secured and stored for the next season. 

It is important for each plant to get a uniform volume of water. This is 
referred to as irrigation uniformity. The drip bucket system described 
in this report will provide a uniform flow if the following is maintained:

The bucket is 1 m above the ground
The garden beds are level
The lines are not kinked, bent, or flattened
The emitters are clear
The maximum distance is 15 m (50 ft).

If the above criteria are met, the user can be assured of adequate 
irrigation uniformity. However, the irrigation uniformity of the system 
can be confirmed if a service provider is concerned about blockage in 
the lines or if he/she is interested in the system performance. This 
confirmation can also be accomplished as part of a learning and 
familiarization exercise for new service providers. The following 
steps are suggested:

 Emitters are 30 cm distance in drip tape.  

Production: 

10. Example – Irrigation Uniformity Estimation

Step 1:
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Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

 Fill the bucket and place something to catch the water as it 
comes out of the emitter.  Measure the volume and the time to fill the 
container. 

 Calculate the discharge as:

Q = Volume/time

 Find the average of all measured discharge. Average of 
discharge = sum of discharge of all values/total number of emitters 
for which the discharge was measured. 

 Calculate the average of 4 smallest measured discharges:

Q minimum = sum of 4 smallest values discharge/4

 Calculate uniformity coefficients as: 

UC = Q minimum/average discharge

 If UC >90, then the uniformity is ok and if it is less than 90, 
then the system should be inspected for clogs or other issues.

Note: It is hoped that drip bucket irrigation systems will ease 
part of the work in growing crops for food. Please modify the 
system as needed to meet site specific needs.
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Annexure 1: Example Activities in the Field

A group photo of female farmer day at Arokuss, Murree

Practical section of female farmer day at Arokuss, Murree



Lecture section during female farmer day at Faisalabad

Practical section “learning by doing” during female farmer day 
at DI Khan
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A lady farmer looks after her field of vegetables grown 
under bucket-drip irrigation system

Soil wet by emitters discharge through bucket drip irrigation system
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A garden full of vegetables (Cabbage, Green salad, Cauliflower)

grown by drip bucket irrigation system

A lady farmer is collecting vegetables (Brinjal) in her garden
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Making hole in the drip tape 
in farmer day at DI Khan

Re-installation of the system by 
women farmer in a farmer day 

at Arokuss, Murree
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Annexure 2: Conversion Units

1 kg = 2.2 pound

1 acre inch = 27154 gallons

21 acre = 43,560 ft

1 inch/sq ft = 0.623 gallons

1 US gallon = 3.78 liters

1 GPM = 3.78 lpm

1 gallon/day = 3.78 liter/day

1 ft = 30.48 cm

1 meter = 3.28 ft

1 hectare = 2.47 acres

1 PSI = 2.31 ft depth of water

   Degrees F = Degrees C x 9/5 +32

   Decrees C = 5/9 x (Degrees F – 32)
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Annexure 3: Agriculture Assessment Questions

Before beginning any agriculture development project, it is important 
that the current food issues be accurately assessed. The project 
should be designed to address the site specific conditions and 
agricultural needs. It must also be determined that the users are 
invested in seeing the project succeed. Finally, the users must have 
some experience in raising the type of crops that are proposed and 
trained in the use of the drip bucket irrigation kits (Kulecho and 
Weatherford, 2005).

Below are some basic questions which should be asked by a service 
provider. This information will aid in the planning and implementation 
of any food project.  

1) People

a) How many people live on a typical farm?
b) What are the ages?
c) Can they earn their entire income from the farm or do they 

have to have outside employment?
d) What is the typical meal?
e) How often do they eat fresh vegetables?
f) Are they reliant on outside food aid?
g) Does anyone go hungry?

2) Labor

a) Who is in charge of the farm?
b) Who will be responsible for operation and maintenance?
c) How many people work on a typical field?
d) Do they work year round on the field?
e) Do farmers need other jobs off the farm to support 

themselves?
f) Are people available year round to work on a field?
g) Do they live adjacent to their field?
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3) Crops

a) What crops are grown?
b) What time of year?
c) Are they growing more than one crop per year?
d) Are cops started from seeds or seedlings?
e) Has there been a problem with crop pests or disease?
f) Are the rural farmers interested in expanding the crop types?
g) Are livestock kept adjacent to fields?
h) Are livestock kept on fields off season?
i) How is crops used?

i) By family?
ii) By village?
iii) Sold outside village?

4) Field condition

a) What is the size of a typical field?
b) What is shape of the field?
c) What is the slope of the field?

5) Soils

a) Do they fertilize? If so, of what kind?
b) Do they add organics? Compost? 
c) How much organic matter is present in the soil?
d) Is the soil heavily compacted?
e) Do they deep till?
f) How much salts are present in the soil?

6) Irrigation

a) Do they rely on rainfall for water?
b) Are the crops irrigated? If irrigated, how is this done?

i) Sprinkler, drip, bucket or hose?
ii) What is the source of water?
iii) How much effort is needed?
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7) Harvest Practices

a) Do they use equipment to plant/harvest? If so, of what 
kind?

b) What do they do after harvest?

i) Do they burn the residue?
ii) Leave residue on ground?
iii) Till in residue?
iv) Feed livestock on residue?

8) Storage

a) Is the produce from the field their sole source of food?
b) Do they store food from their field? If so how?

I) Silage?
ii) Canning or pickling?
iii) Other?

The above information should be carefully documented and 
discussed with the entire service provider team. The analysis of the 
answers to these questions will help focus the efforts as well as 
indicate other areas where agricultural help can be provided. Finally, 
the results of an initial survey can provide the basis to assess 

success in implementations of the proposed practices.  
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