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Abstract 

As population grows mainly in developing countries resulting in an increase in water scarcity particularly in arid 

areas, irrigated agriculture is required to produce more food while using less water, and to do so without 

degrading the environment. The extent of improvement of water management in arid lands involves very high 

costs and irrigation methods that can help meet this challenge by giving growers greater control over the 

application of water is desirable. Clay pot is an efficient and cheap irrigation method that does not require water 

of high quality. Despite the significant efforts at Kapkuikui informal irrigation scheme to increase food 

production using furrow irrigation method, production has been declining over time due to water scarcity and 

fields abandoned as a result of salinity raising the need for improvement of the water productivity using an 

environmentally sound irrigation method. The objective of the present study was to evaluate water use savings 

under clay pot compared to furrow irrigation methods using field trials of maize and tomato crops and also soil 

water balance techniques. In addition, analysis of the salinity of irrigation water and soil at the scheme was done. 

Results indicate that the irrigation water sourced from springs at the scheme is saline with a salinity of 0.85g/l. 

The clay pot system was found to be more efficient than the furrow irrigation method by saving 97.1% of 

applied water for the maize crop and 97.8% for the tomato crop respectively. In terms of yield increases, the clay 

system was more productive per unit of water than the furrow irrigation method. The maize grain yields was 

32.2% higher than that under the furrow, while fresh fruit tomato yields was 43.7% higher in the clay pot system 

than the furrow. 
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1. Introduction 

The increased water scarcity for irrigation particularly in arid and semi-arid lands (ASALs) and the need to 

expand irrigated cropped area with less or the same quantity of water to grow food crops to feed the increasing 

population mainly in developing countries, a need for a more efficient and suitable irrigation methods becomes 

necessary (FAO, 2000). Despite the significant efforts by the community in Kapkuikui informal irrigation 

scheme, the study area considered in the present study to increase their food production and thus food security, 

the available quantity of water which is of low quality for irrigation remains constant. A need therefore arises for 

the improvement of the efficiency of the current furrow irrigation method in use or replacement with a different 

efficient and environmental sound irrigation system bearing in mind that ASALs are fragile.  

The furrow irrigation system whose soil surface is usually heavily wetted at each irrigation cycle remains 

vulnerable to weed infestations which compete with crops on water and nutrient consumption as well as the very 

important factor of direct evaporation of water. These factors drastically reduce water use efficiencies. On the 

other hand, the clay pot irrigation system is one of the most efficient systems of irrigation known and is ideal for 

many small scale farmers (Bainbridge, 2001; Mahajar et al, 2001; Lovell and Murata, 1998). Since water is 

supplied underground directly to the root zone without wetting the soil surface, water losses as a result of soil 

evaporation is minimal. Besides this, the system reduces weed prolification. However, this does not mean that 

the clay pot, which wets only part of the soil volume in the field, reduces water consumption by plants but rather 

cuts back on the waste of water due to evaporation, deep percolation and competitive consumption of water by 

weeds. These reductions on water wastage enhance the crop water use efficiency. The clay pot irrigation 

technology is a conservation irrigation system, which saves between 50% and 70% of water when compared to 

the conventional watering can irrigation system (Okalebo, et al, 1995). The clay pot system is therefore 

important when water conservation is crucial. The objective of the present study was to evaluate the water use 

savings under clay pot irrigation method compared to furrow irrigation method using field trials of maize and 

tomato crops located in a semi-arid region in rift valley region in Kenya. 

 

2. Materials and methods 

2.1 Study area 

Field experiments were carried out on a sandy-clay loam site with soil moisture content of 12 vol% and 24 vol% 
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at wilting point and field capacity respectively during the 2005 short rains growing season at Kapkuikui 

irrigation scheme. The scheme, that is located in Loboi near Lake Bogoria in Baringo County, is characterized as 

small scale; informal irrigation system, that has been in operation since the 1940’s using water from the swamps 

and springs occurring around the Lake. The irrigation scheme initially covered an estimated area of 65 ha, 

however over time the area has decrease to the current estimated 30 ha. The decline in area is mainly due to 

problems associated with salinization of the soils despite continues expansion over the years. The area receives a 

mean annual rainfall of 649mm and is therefore classified as arid and semi-arid lands (ASAL), which is 

inhabited by pastoralists, some of whom are nomads. However, with growing population and the resulting 

increase in food requirements, cultivation especially of irrigated agriculture has become necessary in the area. 

The area experiences two seasons of rainfall, with the long rains received during the period March to July and 

short rains received during the period end of September to November. The received rainfall is erratic and 

coupled with high evaporation rates results in the area experiencing scarcity of water resources. The present 

rangeland economy in the area is based on livestock supplemented by irrigated cropping of maize crop (Gerrits, 

1994). The sources of water are a series of springs and a wetland that occur around the lake. Despite the potential 

for irrigation in the area, the quantity of water available for irrigation is low besides being saline. The irrigation 

method used in the scheme is furrow irrigation that encourages accumulation of salts in the root zone as a result 

of evaporation. The water is abstracted from the sources using canals and directed using unlined canals to the 

fields.  

2.2 Experimental details 

2.2.1 Field details 

Four plots (Figure 1) each measuring 5× 4m were considered with irrigation method and crop grown as follows: 

furrow (maize), furrow (tomato), clay pot (maize) and clay pot (tomato). The plots were prepared by cultivating 

the soil to a fine tilt with a hand hoe then followed by pre-irrigation to raise the soil moisture content to field 

capacity followed by direct sowing for maize and transplanting for tomato on 26
th

 November 2005 using the 

recommended spacing of 45 cm × 15 cm and 60 cm × 30 cm respectively. Between the sub-plots, a dyke of 0.5 

m wide was constructed to prevent accidental flow or seepage of water across the plots (Figure 1). A parshail 

flume was installed, on the field canal, to measure using the rating curve the flow rate (Q) of irrigation water 

supplied to maize and tomato crops under furrow irrigation method. The irrigation schedule used by the local 

farmers of twice per week was applied to supply irrigation water under the furrow system. The volume of 

applied water (V) was obtained as the product of Q and the time of irrigation water application (t). 

Figure1: Schematic diagram of the field setup for comparing performance of furrow and clay pot irrigation 

systems. 
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Adjacent to the furrow irrigation system plots configuration, the clay pot irrigation system was set up in two 

plots prepared and measured as in the case of furrow irrigation method (Figure 1). Clay pots made locally by 

rural women measuring five litres in capacity were installed at 0.5 m intervals in a line in the study plots by 

burying them neck deep in the prepared seed beds. During irrigation the clay pots were filled with water and then 

covered with ceramic lids to prevent evaporation losses of water and losses from rodents and other small animals 

drinking from the pots or falling into the pots. Covering of the pots also prevents mosquitoes from breeding in 

them. Sixteen (16) clay pots were used for each configuration in each plot for maize and tomato respectively. To 

determine when to irrigate for the clay pot irrigation, 50% pot depletion was considered. The amount of water 

applied during each refilling event was determined manually refilling the pot using a one litre capacity 

measuring cylinder. 

2.2.2 Climatic data 

Lake Bogoria meteorological station measuring daily weather data located 2 km east of the field site was 

considered. Daily rainfall records from the station were collected for the period of the field experiments. During 

this period 0mm of rainfall was received. Daily pan evaporation (Epan) records for the station were also 

collected for the same period and reference crop evapotranspiration (ET0) for the station was calculated by 

multiplying the pan coefficient (Kpan) by Epan (Allen et al., 1998). 

2.2.3 Soil water balance 

A soil water balance procedure that estimates reasonably well, the water content in the root zone at the end of 

each day using available information on soil water availability and plant uptake (Kipkorir, 2002) was used in the 

present study to compute net irrigation water requirements for no water stress conditions for maize and tomato 

crops. The procedure is based on empirically established results of plant response to available soil water (Allen 

et al. 1998; Kipkorir, 2002). The inputs required by the procedure are crop data (crop coefficients and rooting 

depth), soil data (moisture content at wilting point and field capacity) and daily climatic data (rainfall and 

reference evapotranspiration). The procedure monitors the soil water conditions in the root zone on a daily basis 

during an irrigation season by estimating actual evapotranspiration on each day and applying a specified 

irrigation depth when root zone depletion exceeds the specified irrigation depth that is less than the maximum 

application depth. 

2.2.4 Soil salinity 

Using a DR 2000 spectrophotometer (HACC Company) and following the soil pH and electro-conductivity 

procedure as proposed by Rhodes (1982), the soil in the newly irrigated area was found to have a pH of 7.3 while 

that of degraded land was found to have a pH of 9.7. In addition, the soil sample was found to have a salinity of 

3.83g/l (5.87 milliSiemens/cm) in the irrigated land and 9.98g/l (14.99 milliSiemens/cm) in the degraded areas. 

Using FAO, 1985 salinity classifications and the above results the irrigated land in Kapkuikui scheme can be 

said to be slightly saline while the already degraded land can be classified as medium saline. Noting that the 

current land under irrigation receives annual alluvial deposition and flash floods, the salinization of the soil 

which is attributed mainly to poor quality irrigation water and improper irrigation practices has been slightly 

reduced. However, this process will continue and if not checked, the entire irrigated land will eventually suffer 

complete salinity and therefore degradation leading to abandonment of cultivation. 

2.2.5 Water salinity 

Water salinity is the amount of salt contained in water. Using Hanna HI9143 conductivity metre, the spring 

sources irrigation water at Kapkuikui scheme was found to have a salinity range of between 0.83g/l and 0.85g/l. 

This finding represents a slight to moderate risk of salinity according to the FAO, 1985 classification. Along the 

field canals and feeders as well as the irrigation furrows, the irrigation water had salinities of 1.14g/l and 1.18g/l 

respectively. This increase in salinity as the water flows from the water source to the farms can be attributed to 

the dissolution and erosion of some of the accumulated salts along the canals and furrows by the flowing water. 

This calls for the use of proper irrigation water management practices and techniques.  

2.3 Data analysis 

The yield and applied water in each of the treatments were used in a comparative study of the water productivity 

by considering the water savings of clay pot irrigation compared to the furrow irrigation method. Maize yield for 

each treatment was determined from the total weight of field grain maize harvested from each plot and dried to 

12.5% moisture content. For tomato the fresh fruit weight was determined also for each treatment. 

 

3. Results and Discussion 

3.1 Irrigation water applied 

In the present comparative study, field experiments of irrigated maize and tomato crops was done by considering 

clay pot and furrow irrigation systems. The furrow irrigation system was considered as control since it is the type 

of irrigation method used by the local farmers. For the two plots under furrow system the flow rate in each plot 

was measured using parshail flume and the flow used to determine amount of irrigation water applied to each 
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field by multiplying it by respective application time during each irrigation cycle. Results indicate that 

348,194.58 m
3
/ha of irrigation water was applied to both maize and tomato crops during the crop growing season. 

For the clay pot irrigation system, the water added to the pots based on 50% depletion in the pot was also 

measured and totaled for each crop. Results indicate that amount of water applied was 10,250.00 m
3
/ha for maize 

crop and 7,605.00 m
3
/ha for tomato crop. This represents irrigation water saving of 97.1% for the maize crop and 

97.8% for the tomato crop when compared to the furrow irrigation system (Table 1).  

Table 1: Comparison of the irrigation water savings under the clay pot and furrow systems for maize and tomato 

crops 

Type of crop Furrow (A) 

(m
3
/ha) 

Clay pot (B) 

(m
3
/ha) 

water savings (A-B)/A 

% 

Maize 348,194.58 10,250.00 97.1 

Tomato 348,194.58 7,605.00 97.8 

The net irrigation water needs for the two crops was determined using water balance techniques in which the 

crop data, soil data and daily climatic data were considered. Results indicate that for both the maize and tomato 

crops, the net irrigation requirement was estimated as 3,600m
3
/ha. 

Comparing the net irrigation water requirements for maize and tomato crops with the furrow irrigation system as 

the reference, since the system is currently used by farmers in Kapkuikui irrigation scheme, 344,594.58m
3
/ha of 

water would have been saved representing 98.97% savings. The net irrigation water requirements as determined 

using the water balance technique showed a water saving of 64.88% for the maize crop and 52.66% for the 

tomato crop compared to the same crops under the clay pot system, representing a water saving of 6,650.00m
3
/ha 

and 4,005.00m
3
/ha for the maize and tomato crops respectively (Table 2).  

Table 2: Comparison of irrigation water application under clay pot system with net irrigation water requirements 

for maize and tomato 

Crop 

Clay pot Irrigation (A) 

(m
3
/ha) 

Net irrigation water requirement 

(B) (m
3
/ha) Water Saving (A-B)/A (%) 

Maize 10,250.00 3,600.00 64.9 

Tomato 7,605.00 3,600.00 52.7 

3.2 Yield comparisons 

Results indicated that the maize crop under the furrow system yielded grain yield of 3.645 ton/ha while under the 

clay pot system grain yield was 4.820 ton/ha, representing a percentage yield increase of 32.2%. On the other 

hand, the tomato crop under the furrow system yielded fresh fruits of 8.700 ton/ha while under the clay pot 

system produced 12.500 ton/ha of fresh fruit representing a 43.7% increase (Table 3). The results indicate that 

the clay pot irrigation system leads to more yield per drop of water compared to the furrow irrigation method. 

This is explained by the crop root development and distribution that is limited within the wetted bulb around the 

buried clay pot that determines the amount of water applied and uptake by the crop. This was confirmed in the 

present study, at the end of the field trial, it was found that the tomato plants had formed mats of fibrous roots all 

around the clay pot. In this way, the crop enjoyed a direct abstraction of water as it oozed out of the pot. 

Table 3: Yield data for maize and tomato crops under clay pot and furrow irrigation systems 

Crop type 

Clay pot (A) ton/ha 

Furrow (B) 

ton/ha 

Yield increase (A-B)/B 

% 

Maize 4.820 3.645 32.2 

Tomato 12.500 8.700 43.7 

 

4. Conclusions 

From the results obtained from analysis of applied irrigation water and resulting crop yields for each irrigation 

method in the field trials conducted, it can be concluded that the clay pot system is more efficient than the furrow 

system by water saving of 97.1% for maize crop and 97.8% for the tomato crop respectively. In terms of yield 

increases, the clay system is also more productive per unit of water applied than the furrow system. The maize 

crop grain yields under the clay pot system was higher than that under the furrow system by 32.24% while the 

fresh fruit tomato yields was higher in the clay pot system than the furrow system by 43.68%. In addition, 

compared to the net irrigation water requirements for maize and tomato crops in similar ecological condition, the 

clay pot system was found to be less efficient by 64.9% for the maize and 52.7% for the tomato crops 

respectively. It is concluded that the clay pot irrigation method is a water saving technology, which optimizes 

yields per unit water under slight to moderate saline water supply when compared to furrow irrigation method. 



Journal of Natural Sciences Research                                                                                                                                                www.iiste.org 

ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 

Vol.3, No.8, 2013 

 

38 

References 

Allen, R.G., Pereira, L.S., Raes, D. and Smith, M. 1998. Crop Evapotranspiration: Guidelines for Computing 

Crop Water Requirements. Irrigation and Drainage Paper No. 56. F.A.O. Rome. 

Bainbridge, D.A. 2001. Buried clay pot irrigation: A Little Known but very Efficient Traditional Method of 

Irrigation. Agricultural Water Management Journal, 48: 79-88. California. 

FAO. 2000. Crops and Drops: Making the Best Use of Water for Agriculture, Advance Edition Rome, pp: 24. 

Kipkorir, E.C. 2002.Optimal Planning of Deficit Irrigation for Multiple Crop Systems According to User 

Specified Strategy. Ph.D. Thesis, N°514, Faculty of Agricultural and applied Biological Sciences, K.U. Leuven, 

Belgium.pp:166. 

Mahajan, S., Pednekar, P., and Patel, S. 2001. Pot Drip: An Efficient Low Cost Watering System. Waterlines, 

19(4): 26-28. 

Ayers, R.S. and Westcot, D.W. 1976. Water Quality for Agriculture. Irrigation and Drainage Paper No 29.  

F.A.O., .Rome. 

Bainbridge, D.A. and Virginia, R.A., 1989: Irrigation Trials: Progress Report - Systems Ecology Research Group. 

San Diego State University, San Diego, California. pp.10.  

Beaumont, P., 1993. Dry Lands: Environmental Management and Development. Mackays of Chatham plc. 

London. 

Brouwer C., Goffeau A., and Heibloem M., 1985. Land Reclamation and Improvement Manual, FAO, Rome. 

Bryan, R.B, 1994. Soil Erosion, Land Degradation and Social Transition: Geo-ecological Analysis of a Semi-

Arid Tropical Region, Kenya. International Society of Soil Science,Catena Verlag, Cremlingen. 

Dubey, S.K., Gupta, S.K. and Mondal R.C.1990.  Response of Ridge-Gourd to Saline Irrigation Water Applied 

through Earthen Pitchers. Indian Society of Desert Technology 15, 53-61. New Delhi. 

Dubey, S.K., Gupta, S.K. and R.C. Mondal, 1991: Pitcher irrigation Technique for Arid and Semi-Arid Zones. 

Dryland Resources & Technology 6, 137-177. New Delhi. 

Food and Agricultural Organization. 1996. Food production: The Critical Role of Water, Technical Background 

Document. World Food Summit, Rome. 

Glover C. 2001. Irrigation Water Classification Journal, New Mexico State University, U.S. Department of 

Agriculture, Washington. 

Government of Kenya. 1996. Baringo District Development Plan, 1997-2001. Government Printer, Nairobi. 

Government of Kenya. 2002. National Development Plan (2002-2008). Effective Management for Sustainable 

Economic Growth and Poverty Reduction. Government Printer, Nairobi. 

Government of Kenya. 2001. 1999 Population and Housing Census. Government Printer, Nairobi. 

Kamar M. J. 1994. Stone Mulching in Bryan, R.B, 1994. Soil Erosion, Land Degradation and Social Transition: 

Geo-ecological Analysis of a Semi-Arid Tropical Region, Kenya. International Society of Soil Science,Catena 

Verlag, Cremlingen. 

Kerala, J. D. 2002. Agricultural Research Journal.20 (pt2):65-67. New Delhi. 

Kipkore D. 1994. Management of Dryland Forests in Bryan, R.B, 1994. Soil Erosion, Land Degradation and 

Social Transition: Geo-ecological Analysis of a Semi-Arid Tropical Region, Kenya. International Society of Soil 

Science, Catena Verlag, Cremlingen. 

Kwaw-Mensah. 1996. Effect of Tillage and Nitrogen Rate on Corn Yield and Nitrogen and Phosphorus Uptake 

in a Corn-Soybean Rotation. Agronomy Journal, 15 October 2007. American Society of Agronomy, New York. 

Murata, M and Lovell, C. 1998. Garden irrigation: Alternative techniques and technology diffusion in dry 

regions. Waterlines, 17(2): 23-26. 

Okalebo J.A., Home P.G., and Lenga, F.K. 1995. Pitcher Irrigation: A New Irrigation Technique to Curb the 

Effects of Salinization. In Proceedings of the 7
th

 Conference of Society of Agricultural Engineers on Engineering 

the Economy, Jomo Kenyatta University of Agriculture and Technology, Nairobi, pp: 15-21. 

Oweis, T., Hachum, A., and Kijne, J., 1999.Water Harvesting and Supplemental Irrigation for Improved Water 

Use Efficiency in Dry Areas. SWIM papers No. 7. ICARDA-IWMI, pp 41-49. 

Penman, H. L. 1949. The Dependence of Transpiration on Weather and Soil Conditions. Journal of Soil Science, 

Vol. 1 pp74-81. 

Pereira, L.S., Oweis, T., and Zairi, A. 2002. Irrigation Management under Water Scarcity. Agricultural Water 

Management. Vol. 57 pp175-206. 

Porter, P. W. 1984. Problems of Agrometerological Modeling in Kenya. Agroclimate Information for 

Development, ed. D. F. Cusak, Westview Press, Boulder, Colorado pp 276-290. 

Power, G.1985: Porous Pots Help Crops in North Eastern Brazil. World Water Vol. 10 (4), pp 21-23. 

Raes, D. 2002. Budget: A Soil and Salt Balance Model, Scheduling Information System: Reference Manual N°3, 

Volume 1(Manual). Land and Water Management, K.U.Leuven, Belgium. 

Ragab, R., 1996. Constraints and Applicability of Irrigation Scheduling under Limited Water Resources, 



Journal of Natural Sciences Research                                                                                                                                                www.iiste.org 

ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 

Vol.3, No.8, 2013 

 

39 

Variable Rainfall and Saline Conditions. F.A.O. Water Report No. 8, Food and Agricultural Organization, Rome, 

pp149-165. 

Rawls W. J. and Brakensiek D. L.1982.  Estimation of Soil Water Retention and Hydraulic Properties. 

Unsatured Flow in Hydrologic Modeling. Theory and Pratice, Ed. S. Morel, Editor, Kluwer Academic 

Publishers, pp 275–300. 

Ritchie J.T., Gerakis A., and Suleiman A.A. 1999.  Simple Model to Estimate Field-Measured Soil Water Limits. 

Trans. ASAE 42 6 (1999), pp. 1609–1614. 

Rijiks, D.A. and Harrop, J.F. (1969). Irrigation and Fertilizer Experiments on Cotton at Mubuk, Uganda. 

Experimental Agriculture, 5, 17-24. 

Saxton K.E., Rawls W.J., Romberger J.S. and. Papendick R.I. 1986.  Estimating Generalized Soil–Water 

Characteristics from Texture. Soil Science Society, American Journal 50 (1986), pp. 1031–1036. 

Sheng Han, Shih., 1974: Fan Sheng-chih Shu: An Agriculturist Book of China written by Fan Sheng-chih in the 

First Century BC. Science Books, Peking. pp. 36-37. 

Sijali, I.V. 2001. Drip Irrigation: Options for Small-Holder Farmers in Eastern and Southern Africa. Technical 

Handbook No.24, Regional Land Management Unit, SIDA Project, Nairobi, pp54 Stewart K. and Hash B. 1983.  

Applications of Crop Simulation in Agricultural Extension and Research in Kenya. Agricultural Systems, Vol. 

49, Issue 4 of 1985, Pp 399-412. Agricultural Systems Applications through an International Consortium, 

ICASA .Elsevier Science Ltd. 

Taylor R. M., and Fenn L. B. 1985.  Translocation of Water within Root Systems of Pecan, Grape, and Tomato.  

Hortscience, 20:11, 104 - Cat.Inist.Fr, American Society. 

Vegetable Research Team (VRT). 1996. Clay Pot Irrigation. VRI Journal Vol.2, Page 13-17. Pretoria. 

Wallis, J.A.N. 1963. Water Use by Irrigated Arabica Coffee in Kenya. Journal of Agricultural Science, 60 pp 

381-388. 

World Bank. 1992. World Development Report 1992: Development and the Environment. New York: Oxford 

University Press. pp: 308. 

Yadav R.K. 1983. Clay Drip Irrigation: An Automatic System. Transaction of the Indian Society of Desert 

Technology and University Centre of Desert Studies Vol. 8 (1), 18-22. 



This academic article was published by The International Institute for Science, 

Technology and Education (IISTE).  The IISTE is a pioneer in the Open Access 

Publishing service based in the U.S. and Europe.  The aim of the institute is 

Accelerating Global Knowledge Sharing. 

 

More information about the publisher can be found in the IISTE’s homepage:  

http://www.iiste.org 

 

CALL FOR PAPERS 

The IISTE is currently hosting more than 30 peer-reviewed academic journals and 

collaborating with academic institutions around the world.  There’s no deadline for 

submission.  Prospective authors of IISTE journals can find the submission 

instruction on the following page: http://www.iiste.org/Journals/ 

The IISTE editorial team promises to the review and publish all the qualified 

submissions in a fast manner. All the journals articles are available online to the 

readers all over the world without financial, legal, or technical barriers other than 

those inseparable from gaining access to the internet itself. Printed version of the 

journals is also available upon request of readers and authors.  

IISTE Knowledge Sharing Partners 

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 

Archives Harvester, Bielefeld Academic Search Engine, Elektronische 

Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial 

Library , NewJour, Google Scholar 

 

 

http://www.iiste.org/
http://www.iiste.org/Journals/

