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I. ll1l'LUDICE or LOCAL COBDITIOIJS OR 'DIE SBLE(.TIQN or 
APPIOPllA'l.'E llllGATIOB TECHNOLOGY 

General introduction 

1. Agricultural production aust increase worldwide not only f.n order to 

maintain but also to iaprove the nutritional level of an ever-expanding 

population. Productio~ bottlenecks aust be reduced and prevented. lbe 

incidence and availability 9f water is certainly the aost iaportant 

contributing factor to production bottlenecks in arid ano seai-arid parts of 

the world. By ensuring that fields receive a better water supvly, the crop 

yield per hectare could be increased many tiaes over and a guaranteed harvest 

could be achieved. 

lbe influence of appropriate irrigation on the ecoloiical soil systea 

2. lbe ecological systea is usually defined as an interaction of ~rganisms 

and factors which aake up a COllaOD environment. lbe ecological syste• is 

constantly subject to changes brought about by elementary factors such as 

light and heat and also by cODtplex factors such as climate etc. 

3. When assessing the influence of irrigation on the ecological soil system 

it is essential to observe the conditions causing these changes. In 

particular, cliaatic changes play an important part in the development of the 

ecological systeas in plant, •niaal and hwaan spheres: an important exoaple 

of this is the cli88tic changes and related ecological changes in the Sahelian 

region where, between 1968 and 1984, drought created a disastrou!I situation 

fo~ the plant and aniaal world and consequently for the local povulat1on. 

4. lrreapective of whether these changes were caused by the shift in the 

tropical monsoon zone towards the equator or by direct huaan intervention, the 

fact r ... ins thAt the Sahara Desert is expanding southwards at a rate of SO la 
1/ per 7ear.-

• 

• 
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S. Irrigation creates a coaplex water economy scheme consistiD& of wells, 

reservoirs, water-supply canals, overflow and drainage ditches which ensure 

that water is distributed accurately to predetel'lllined areas. It is, 

therefore, indisputable that irrigation exerts a tremendous influence upon the 

preservation and also upon the developaent of new ecol:>gical systems. After 

the introduction of irrigation schemes in soil which, up till that time, had 

been insufficiently supplied with water, the existing soil S)steu.s undergo 

tremend,us dynaaic changes: in 11any cases these system& cease to exist ano a 

• new ecological systea eaerges. 

• 

6. Irrigation causes a 11oisture ratio to dev,•lop in the soi.J. \olhl.cb 

encourages a favourable aetabolisa, an increase in lai.crotlora ano the 

emergence of fauna in the soil. lbe existence of aicroflora in soil exerts an 

extremely positive influence on the ecological system of cultivated plants. -Mould, bacteria and other lai.cro-organisas are influenced in that the number of 

individual organisas rises while the actual number of species decreases. 

Ani11al life in the soil is also greatly influenced. Fauna is sparse in aria 

soil and it is specially adapted to aridity. Irrigation usually causes the 

destruction of previous ecological systems and the creation ot new ones whose 

aain feature is the presence of earthworas, mites and nematodes. Earthworms, 

of course, play an extreaely important part in the formation of topsoil. 

Their presence serves to loosen and aerate soil simultaneo•·sly. 

7. Increased evaporation and transpiration cause considerable changes to 

take place in the aicroclimote. The moisture level rises and the ~emperature 

decreases, thereby causing a reduction in transpiration. lncreaseo moisture 

in soil assists the oxidation process, cools the surface ot the soil and slows 

down the mineralisation of organic substances in the soil; trais has a 

favorable effect on the increase in humus concentration, ~art1cularly in arid 

sou.11 
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8. The water balance of the ecological system of plants is defined by the 

intake and supply of water and its function. lbe 110st iaportant functions of 

water in connection with the eco-systeas of cultivated plants are as follows: 

Water serves as a aeans of dissolving and conveying plant 
nutrients which can only be absorbed by the plants in solution. 

~ater is a aajor constituent of ~lant cells. It is absorbed 
into the cells by aeans of osaotic and suction forces. It 
greatly influences the physical structure of the plants. 

Water plays an iaportant role in the aetabolisa ot plants. 

Because water requires a specific aaount of beat energy to 
evaporate. it bas a regulatory effect on high and low 
temperatures. During transpiration. water cools the surface of 
leaves which are inclined towards the sun. 

Water is essential for photosynthesis. 

9. Irrigation also exerts a considerable influence on the huaan ecological 

systeas 9 especially in arid and semi-arid regions. Related to this. the 

syaposiua entitled •Arid Land Irrigation in Develo~illls Countries·. which was 

held in Alexandria. Egypt, in 1976, 1118de the followin~ recomaendations: 

The economic conditions for social developaent should be 
iaproved. 

The exchange of goods for food produced from irri~ated soil 
should be aade possible. 

Agricultural production should be stabilized by the prevention 
of losses incurred because of drought. 

lbe population's standard of livin~ should be increased. 

Nt;,11&dic tribes should be evacuated. 

10. Irrigation causes iaprovements to take place in the lives ol farmers aOL 

their families. Irrigation scheaes alto 90dernise a~ricultural cultivation 

and effect a rationalisation of agricultural production wa.en tall.en in 

conjunction with a higher level of education for the local population. 
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Water econa.y ache.es 

11. Water econoay sche•s. which fora an organic part of irr4ation scheaes. 

are expanding 110re and aore. In 1975 it was estiaated that 245 aillion 

hectares of cultivated land were being irrigated: this u.ounted to lb.6 per 

cent of a total of 1 9 473 aillion hectares ot cultivated land. i·roa current 

• situation and trends in developmient 9 it can be foreseen that the yearly ~ro~tb 

in irrigated land will aaount to about 10 aillion hectares. On the basis of 

ti.is assuaption. about 500 aillion hectares of land will be irriKated by the 

year 2000: this represents double the nuaber of hectares irri~ated in 1975. 

Aasuaing Lbat 49 500 al of water is required per year for l hectare of land 

(450 l/a2 or 450 .. ) then 45.000 aillion al of water will be used per year to 

irritate 10 aillion hectares of land - by the year io~~. Ohe billion 1.125 

aillion ml of water. lbis aaounts alaost to the yearly tlo~ ot the &io de la 

Plata. or to five tiaes that of the Indus, or 14 tiraes that of the Nile •. !/ 

12. Since such colossal aaounts of water aust be used for irriiation and 

because of the actual conditions facin~ farmers !n ar.o and semi-arid regions, 

it is essrntial to switch over to water-saving scheaes such as sprinkler 

systems and automatic sprinkler aachines. Using this system, the exact alliOuot 

of water required can ba set and water loss thro~t. leakage or evaporation 

will be ke~t to an absolute ainiaua. 

Soils peraeabili~ 

13. A peraeability problem in soils occu~s when the rate 0£ water 

infiltration into and through the soil is reduced by the effect ot specitic 

salts or a lack of salts in the vater to such an extent tbat the crops are not 

adequately supplied with water and yield is reduced. lt may leao to croppin~ 

• difficulties through crusting of seed beds, water lo~~in& 01 sur1~ce soil au~ 

accoapanying disease, salinity, oxygen and nutritionai l'robleas. Lo~ salt 
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water levels can result in poor &oii .,e:naeability due to the treaendous 

capacity of pure water to cissolve and reaove calciua and other solubles in 

lhe soil. Carbonates and bicarbonates can also affect soil peraeability. To 

deteraine the long tera influence of ~ater on soil peraeability. 3 factors are 

of iaportance: 

Sodiua content relative to calciua and 11ta~nesiua 

~!carbonate and carbonate content 

l'he total salt concentration of the water. 

14. An infiltration rate of 2.5 .. /hour is considered lo~ ~bile 12 aa/bour is 

relatively high. For Sodi .. Absorption Ratio {SAit) asreater than 6-9. the 

irrigation water could be expected to cause a permeability vroblea on 

shrinki.ng-svelling types uf soil (aontaorillonite). 21 

Salt content of irrigation water 

15. The aineral aalt content ot 1srouna water exerts a &i~niticant influence 

on the eco-systea. In arid regions. irrigation aay result in a rise in the 

ground wa~er level; this in turn causes a rise in aineral salts on the soil 

surface. Deterioration in the quality of the water in the root area of crops 

occurs. because of aineral salts. fertilizer sediaent and pesticiaes. 

16. Salination and alltalinisation of soil have an unfavorable influence on 

the development of the eco-systeas of cultivatea crops. If the 8.ount of salt 

in the soil is greater than about 0.) tc. l per cent, eco-syateas 1 do not 

develop • .!/ ~ven a salt content of 0.2 per cent (choride, ~-aaltf) baa a 

daaaging influence. Soluble salts also influence the supply of vater to 

crops. In the case of higher concentrations tbe osaotic presaur~ increaaes. 

• 
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Irrigation scheaes and efficiency 

17. Irrigation scheaes have achieved very variable levels of efficiency in 

the last few decades. particularly because efficiency levels are dependent on 

soil type and aethod of irrigation. On average it can be assdlled that only 

about 30 per cent of the water supplied is really absorbed by the crops.~/ 
In countries with priaitive methods of farming and irri~ation. the percenta~e 

is even worse. Accordin& to a study fro• the Food and Agriculture 

Organization (FAO). only about 40 per cent of the water supplied to 

distribution networks actually reaches the irrigation areas. Effective water 

use of 10 to 20 per cent is exceptional and agricultural irritation enJoys tne 

reputation of incurring the greatest waste of water. what can be done to 

raise the total efficiency of water use? 

Replaceaent of conventional surface irrigation by sprinklers 
which are far aore efficient 

Iaproveaent of the accuracy and reliability ot tbe ovtional 
irrigation scbeae in teras of timing and quantity 

Automatic control of irrigation by using fully automatic 
sprinkler equi_.ent. 

18. In the United States of Aaerica. the ratio of lano irrigated by 

sprinklers to land irrigated by surface irrigation altered in the period 

between 1958 and 1969 frOll 1:10 to 1:5.4. For an ex~ected doublin~ of 

irrigation areas by the year 2000. an increase in water conauaption of only 5 

per cent is expected. This increase will alaost entirely be supplied by a ne~ 
4/ water-saving systea.-

19. A sprinkler systea can supply water to soils at rates equal to, greater 

• or less than the infiltration rate. It can be operated aut011atically or 

.. nually. In aeneral a sprinkler systea can be eaployed for aost soil and 

topographic conditions and for those areas where surface irri~ation .. , be 

inefficient and expensive. 
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20. 'l'he high degree of water control is the outstanding advantage of 

sprinkler over surface irrigation aethods. Water application rates can be as 

low as 2.5 ~. thus avoiding the hazard of soil ~~osion or excessive water 

loss. Sprinklar systems generally utilize saalle~ ar~JUnts of water aore 

etfect!vely than surface irrigation aethods and a~~ advantageous in the case 

of soils with high peraeability or low water-holdi'lg capacity. When labour 

costs are high for surface irrigation. sprinltler irrigation -Y be the aost 

econoaical aethod of supplying water. 

21. Sprinkler syscems can also be used when employing pesticide for frost 

protection and temperature control. Sprinltler aysteas also have soae 

disadvantages. Por ex&19ple, daaag~ to citrus was observed when poor quality 
SI irrigation water was sprayed on the foliage.- In other cases poor quality 

water will leave undesirable deposits on leaves, fruits and crops. 61 

22. If excessive quantities of soluble salts accuaulate in the root area, the 

crop has difficulty in extracting enough water fro. the salty soil solution. 

A reduction in the plant's water intake can result in slov or reduced growth 

and uy also be indicated by syaptoms siailar to those of drought. A bluish 

green colour and heavier deposits of wa: on leaves appear on aany plants. 

23. If water tables are es close as two aetaL"s froa the soil surface, they 
10/ 

can beco.e •.n iaportant source of additional aalt in tbe crop root area.-

When water tables exist within the tvo aeter depth, salinity problems will 

occur even vben irrigation water quality is good. 

Irrigation-salinity probl ... will occur at 

( 
( 
( 

less than O. 7S 
o.1s to 3.o 

.ore than 3.0 

8o prob! .. 
lacreaaiag probl
S.•ere prob!-

* zc;, • llectrical coliductivit7 of irription water in - boa/ca 
1 - boa/ca • 1 •/ca (91111 •1-.n• pro ca). 

• 
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24. With shallow water tables a salinity problea .. y exist due to upward 

.ove.ent of water and salt. Such a problea is related to high water tables 

and lack. of dr&.inage and !s only indirectly related to salt in the irrigation 

water. 

25. The advantages and disadvantages o! sprinkler systeas are as follows: 

(a) Advantages 

Independence fr .. sur£ace conditions. Ho levt:lli~ work 
is required. Boch uneven and sloping ground can be 
sprinkled. 

Total exploitation of the irrigation area as ditches and 
daas with eabankaents are not required. 

It is possible to use s~rinkler systeas on li~ht ano even 
ground. 

Soils with low water-holdin& capacity and soils which 
cannot be levelled may be sprinkled. 

Optional use of the sprinkliJ1it e~uip11ent on differe11t 
areas. 

Multi-purpose sprinklin~: sprinkliJl8 systeas can be used 
to spray fertilizers and plant-protective agents as well 
as for temperature control ano frost protection. 

(b) Disadvantages 

High purchase and running costs. 

Qualified personnel required to maintain systeas. 

'l'be adverse effect ~f wind: the use of sprinklin~ systems 
is restricted by strong winds. 

26. AutOllatic and selli-aut011atic sprinkling systems are also available. 

'l'he1e 1ystem1 make possible quantitative and accurately-timed distribution of 
I 

water to crops. 
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27. Salt tolerance in agricultural crops is very M~de. lbis wiae choice 

expands greatly the usable range of water quality for irrigation. For 

e:aaple, water of EC 1.5 - 2.0 which is unsuitable for the production of a 
w 

salt-sensitive crop, field beans, ground nuts, 1111y be acceptable for corn, 

cotton or sugar beet. Sensitive crops could be grown but yield might be 

reduced to about 50 per cent. 

Appropriate irrigation schemes for selected types of crots 

28. Perennial forr.~e crops. Perennial grasses and leguaes used in forage 

production have small seeds and, therefore, require careful seedbed 

preparation. lbe aost cc ..110n cause of failure to establish perennial forage 

crops is a deficiency in soil water caused by a loose seedbed. lf the surface 

is dry, early irrigation is necessary to guarantee regular gel"lllination, but 

irrigation is never a substitcte for good agronomic practices. 

29. Generally the best tiae to seed fora~e crops is springtime with good 

ground water conditions. lf the ground water is not adequate to aeveiop 

alfalfa to the 3-4 leaf stage, irri~ation is a necessity. A sprinkler system 

is pref~rable for better water distribution a&J uniform moistening of the 

upper soil layer. 

30. As alfalfa is one of the most important forage cro~s, irr16ation practice 

is well-known. Alfalfa is a very deep-rooted crop, ~ to 12 feet, and 

irrigation should be adequate to charge the full root area. nae auaount of 

water and the irrigation cycle depend on the depth of rootin& anu the 

water-holding capacity of the soil. Values for these parameters as well as 
71 for evapo-traospiration rates are published by FAO.-
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31. All forage species capable of hf.ah production respond to irri~ation, 

especially in arid areas. Reports froa California show an increased alfalfa 

yield of St/acre after supplying 760 111111 water per year.!/ Noraal yield in 

rainy conditions is 5 to 6t per hectare. In the western aountains 3lfalfa 

yielded 4.5t per acre after bein8 given either 3 irrigatiuns of 13 .. each or 

5 irrigations of 8 ma. 

32. Gr~n and field crops. lbis sectio.n presents intol'lliation about the 

irrigation of corn (~ea moys), sorghum (borghua vul,sare), rice {urysa sativa), 

wheat (Triticum vulgare), barley (Hordeua vul1;are), potatoes (bolaisum 

tuberosua), field beans (Pluaseolu vul~are). Apart fro• rice, the crops 

considered in this chapter are irri~ated specifically to lllllint~iu tavorable 

ground water conditions for crop growth. In the case ot rice, t.Loooin~ 

assists in controlling weeds. 

33. 'l'he growing season influences strongly the frequency and quantity ot 

irrigation use because of variations in evapo-tra~spiration levels (ET). 

Depletion of a quantity of water in micispring by winter wtaeat with full 

vegr.tative cover requires two or three times as long as corn or sorghum in 

midsummer. Winter small grains are normally grown in temperate re~ions for 4 

to 12 weeks during the fall months. Low evaporation and only partial 

vegetative canopy results in low El, seldom exceeding 0.2 cm per day. el rate 

during the winter period is generally in the range of ~.02 to 0.1 cm daily. 

Full vegetative cover is aoou attained if climatic potential is favorable ana 

the ET rate generally follows the climatic conditions until the crop begins to 

mature. 

34. Corn, sorghum, potatoes &nd field beans grown in teu.verate climates are 

seeded in late winter or spring and harvested in micisU111111er. Full vegetative 

canopy is achieved 6 to 12 weeks after emergence depenoin~ un t.11~ c.Limate. 
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35. Sugarcaae and aoya ....... Sugarcane (Sacchariua officuarua) ia a 

tropical crop which is grown between 30° i. and 30° ~ latitude. It ia a 

fibrous rooted crop whose roots are most active in the first 2-3 feet of 

surface soil. 

36. ET rate represents the quantity of· water which ... at be applied at 

suitable intervals to .. intain a ground water bal•nce favorable to plant 

growth. A lot of studies have been carried out to explain the water yielci 

relatioubip. lbe Hawaian Sugar Planters Association in 1963 studied the 

.. tter under a controlled teaperature (19.6 to 23.8 C) and shoved that 135 g 

of water produced 1 g of dry .. tter (Tranapiraticn dry .. tter production 

study). 

37. For a 2 year crop saall plot testing phase, 216 to ~bO ca ot irri~ation 

water provided by 35 to 44 irrigations were needed to supvleaent an annual 

rainfall of 49 ca. Under these conditions approxi .. tely l~O lb of water 

produced 1 lb of cane. 91 Seasonal water used by soya beans ranges between 

SO to 76 ca lO/ and 33 to 60 ca with rates averaging 0.75 ca/day during July 

and August in Missouri, USL.ll/ In kansas the estiaated water requirements 

are 50 to 60 ca with peak use of ~.7~ ca/day. Grisson calculated the water 

use for optiaal growth in Mississippi as 16.2/17.8/16.0 ca for June, July and 

August respectively. 

38. 'Ibis data indicates that the aaount of water used by soya beans is quite 

similar to that used by other crops grown at the s-e tiae. .l common cause of 

reduced yields through lack of •oisture is a reduction in s£ed wei~ht. Witt 

1954 reported that in non-irrigated plots, seed weight and yield were reducea 

by one third in coapariaon to irrigated soya beans. 
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39. Cotton (Gossypuia Sp) provides an excellent e:uaple ot a crop vhere 

research baa developed optiaal production by introducing adapted irrigation 

practices. In areas where cotton is grown Vi.th natural rainfall. irrigation 

.. y be beneficial when applied at the tiae of need; under seai-arid to arid 

conditions, irrigation is essential to ~row cotton. Since early root 

development in cotton is extensive, the soil should be moistened prior to 

planting by preplanting irrigation. lbe aovantage of preplanti~ irri~ation 

was shown by Ragle, 1954. in Queensland, Australia. Preplanti~ irrigation is 

iaportant to a favorable salt balance since the infiltration rate is highest 
12/ during this irrigation.- Preplanting irr~ation consolioates the soil 

disturbed by deep tilla&e and lano preparation, thereby iaprovi~ planting 

conditions. 

40. 'l'he aaount of water is low during emer~ence and early plant growth. 

Water used during this period is about 10 ca or approxiaately 16 per cent or 

the total water consuaption. Soil water deficits occurr1116 duri~ tbe 

pref lovering stage can cause yield reductions of bet~een 22 ana 3~ per 

cent.131 

41. Half or aore of the tota~ water use occurs during the flowering stage 

vbich is the stage when the aost rapid plant development and growth take 

place. Frequency of irrigation is determined by the water holding capacity, 

rooting depth, degree of plant cover ana evaporative demand of the 

enviro1111ent. Fiber and seed developaent takes place in tne post-floweri~ 

period as the plant approaches aaturity. 

42. The water holding capacity of the soil root ·:,relopaent and depth of 

water penetration generally deteraine the amount of each irrigation and the 

interval between irrigations, and will also determine the tilling of the final 

irri~ation. Early irrigation is haraful to yield and quality because aoae 

bolls llight not 11&ture pr~perly; late irrib&tion in the vost-flowering period 

aiabt cause delay in the opening of bolls and greater susceptibility to frost 

d ... se and lodaiaa. 
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43. Veg~tablea are high value crop& and are grown wherever people live. An 

adequate water supply is one of the .. in requireaents for growing vegetable 

crops successfully. Vegetable production deaands a large outlay of capital 

and, if water is not available at the ri~~t tice, this investaent is no longer 

safely protected. A further benefit of irrigation iti that good vegetables are 

tender, crisp, succulent, free froa excess fibers and aildly flavoured. 

Without an aaple and unifora supply of water and plant nutrients iil the root 

area, this would never be realisea. 

44. Perennials such as asparagus, artichokes and rhubarb have extensive root 

systeas and require open, well-drained soil for optiaal ~rowth. Boots occupy 

~uch a large volume of soil that irrigation requireaents are lower than for 

annual vegetables. Potherbs or greens (Spinacia oleracea, b~assicaol), 

mustard (B. Juncia), are shallow-rooted. 1.bese crops are usually grown auring 

che cooler part of the season when ET rates are low. Salad crops, apart froa 

lettuce (Lactuca saliva), celery, endive and parsley are lo1J6 sea1:1on crops 

with liaited root systeas. Irrigation is necessary for ll&alLi.aw.. yieias. Crops 

with shallow-root systems (celery, lettuce) are aore susceptible to drought 

injury than deep-rooted crops (asparagus, tOll8toes). Irrigation increases the 

quality of leafy crops which should be crisp and tender at harvest. 

45. Cruciferae like cabbage, caulitlower, brussel sprouts and broccoli 

(Braaica oleracea spp) grow best in a cool, moist climate and well-drained 

soil. Roots are shallow to moderately deep. For top yields, irri~ation is 

essential since a high level of soil water is necessary. 

46. Legume& like beans (Phaseolus vul&•• ph. limeusis, ph. lU1118tus) or peas 

(Pisum salivua) are rapidly growing ve5etables with relatively limited root 

systeaa. Snap beans reaponded to irrigation in 18 out of 30 different trials 

in the North-East of USA. The .. xilDUll increase in yield was between 36 to 64 

per cent dependi~ on the different areas. 
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47. Tomatoes (Lycopersicoo esculentua) are long season aeel'-ruoteo (ll.ants 

with high •ter requirements. Yield increases of 7.8 t/acre or 67 per cent 

were obtained in different trials in North-East of the USA du~ing 

1956-1960.6/ 

48. Cucuaber (CUcuais satiYUS), 11eloa and water melon are 100& season crops 

with lledi•• or deep root systeaa that require large aaounts of water; 

irrigation not only increases their yield but also the quality. 

s~ry 

4S. The need for irrigation is inflU211ced by aany factors interacting in a 

complex way. lbe amount of water required for vegetables and the frequency of 

irrigation vary considerably according to the local cliaate, soil conditions 

etc. It is, therefore, iapossible to aake specific rec011111eD4ations. Two 

cha'r'acteristics should be used as guidelines to irri~ation requirements: 

The depth of the soil profile and the aaount 01 water that it 
can store; 

The depth to which the roots can penetrate. 

50. Deep-rooted crops growing in deep soils filled with water aay require 

little irrigation or none at all. Shallow-rooted cro~s on the saae soil will 

usually benefit greatly froa several irrigations. &hallow soils require 

frequent irrigations for _both deep or shallow cro.,s. 



General 

- 16 -

II. A MIU DBSCZDTIO• OP DIE YaIOUS SRJWIR 
MD RIP IUICO'I09 S1Slm 

Sl. 'lbere i• no accepted uaifora international standard for the technical 

layout and Yarious systeaa and processes of aodern irrigation. In the present 

report, under the des4nation ·rain irrigatiun'" or ·aoaern irrit.ation aystea'", 

all necessary and releYtlllt sacb.inery and equipment for tbe o.,eration ot field 

irrigation is to be understood. 11ds includes all coaponents as well as water 

supply and cU.stribution. Figure l (page 19) depicts the 110st ~rtant aoclern 

irrigation systems and their designation. In this report, llOdem irrigation 

or rain irrigation bas been classified into two diatinct types, viz: 

A. Sprinkler Irrigation 

•• Drip IrrigatiOll. 

Each of these two types of irri8ation baa been aealt with separately in 

the follov11J8 sections. 

A. Sprinkler irri,ation 

52. A sprinltler systea ia a network of tubing or pipes with svrinklers or 

nozzles attached for spraying water and/or liquids over the land's surface. 

It is .. de froa aany different coaponents. Beginni~ at tlae "ater svray froa 

nozzle and tracting the aystea to the water source, there are svr~nklers, 

preseure of f lov regulator&, riser pipe, couplers, tubing and titting•. These 

components .. te up that part of the sprinkler aystea called the sprinkler 

lateral. 1'be sprinkler lateral is connected to a valve tee or elbow to the 

aain pipeline which i• connected to the water supply source. Sprinkler 

laterals are tbe part of tbe pipiaa syatea that carries tbe water to the 

sprinklers, spray noz•lea or perforations froa the supply or distribution aain 

pipelines. 
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Figure 1. llodena Irriptioa 878c .. 
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53. Agricultural spr!nkler systeas are classified into tvo general groups. 

One group applies water only while ~he strinkler lateral is stationary. lbe 

other group applies water vhile the lateral is continuously aoviog. 

A.I. Stationary lateral sprinkler systeas 

Installation character.istics of sprinker syste• 

S4. According to the way the systea is installed aDG (operated) 9 stationary 

lateral sprinkler systems can be classified as per.anent. se.i-peraanent or 

portable. 

SS. PeEmanent systems are those aade up of peraanentl) locateu pi~i~ 

systeas 9 usually buried. Soae overhead piping systeas are uaeo iu nurseri~s. 

The risers and sprinklers arP. located peraanently~ Irrigation s~illed labour 

shortage has increased the nuaber of peraanent systeas in use today. 

S6. High initial installation costs aust be offset over the life of the 

systea by labour savings and increased quality aud quantity of crops 

produced. Peraanent systeas have brought the aultiple use concept to the 

irrigation field by peraitting the irrigation equipment to be used in avvlyin5 

fertilizers. environaental control. weed and insect control. in addition to 

their original irrigation water application functions. All of these 

additional uses reduce production costs aoa help amortize the ori~inal system 

invest•nt. 

57. Seai-portable ayat ... are aade uv of both permanently located piping 

and portable piping which together make up either a field or far• system. 

Most seai-portable eysteas have a permanent aain line and soa.etimes sub-mains 

with portable sprinkler laterals. IA!gally. tbe definition of semi-portable. 

peraanent and portable aysteas can be iaportant in deterainint. whether the 

system i• appurtenant to the land or det3chable. ttain li~es, althou•h 

intended for one location, would be classified as portable it boltea together 

and laid on the ground surf ace. 
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S8. Portable aprink1er ayatema are those aade up entirely ot portable 

piping frOll the puaping plant or water-pressure source to tnt last s~riukl~r. 

To be p<>rtable. toe pipe connections are not necessarily "quick cuuplin6· as 

long as they can be connected or disconnected aanually 4no rea~seui~led at 

other locations. It shoula be noted that the definition ot a vortable 

sprinkler systea includes only the FiPill6 system, and that luc tiuur~e ot water 

• pressure .. y be portable or peraanent. Ir. SJae instances. where gravity or 

cOllaUDity line pressure is utilized. a pumpiflK plant aay not be involved as 

part of the systea. 

Piping and tube characteristics of sprinkler systeas 

S9. Sprinkler systeas can also be classified accorai~ to the pipe ano tube 

drraogements, layout and to the .aterial used. viz: 

Stiff pipe systeas (st• ~1. aluainiua or PVC tubing) 
Stiff pipe + flexible pipe systeas 
Flexible pipe systems. 

Operational characteristics ot sprinkler sy&teas 

60. According to the different aodes of operation, the ~tationary lateral 

sprinkl~r ~;~ can be classified into: 

Hand-aove 
Side-roll 
End-tow 
Side-aove 
Booa or large voluae sprinklers 
Solid set. 

61.Balwl-ao•e lateral• are aoved entirely by uncouplin~. pickilli. u~ ana 

aoving section of the lateral pipe with hands requiring no tools. lhe 

quick-coupling purtable ty~e of lateral used in the head type of sprinklers is 

now the common type of lateral used. A general layout of the pipe network is 

shown in Figure 2. 
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Figure 2. !'ield La70'lt of ~ Sprialtler Bqai,_at 
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Figure 4. LaJOUt of a Pipe Becwork vitb ltobile Sprinkler Later.ta 
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1.aJO'lt of - Eatinl.7 ~ P1fl9 llebork. 
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62. In these systems, a larger or aaall part of the systea IMI) reM&in fixed 

but the aore o~ uses the saae equipment for different positions, the aore 

l.t.bour will be required to aove it. 

The principal operating techniques are presented below: 

(1) All equiplll!nt is used in several positions during the 
irrigation season, sprinltler laterals being used in aoLe 
positions than the conveying pipes (see Figure 3, pa&e 22); 

(ii) During the irrigation season sprinltler laterals and sprinkler 
units are used in several positions tog~ther with fixed 
conveying pipes (see Figure 4, ~e 23); 

(iii) Sprinklers are used in several positions, while the other 
equipaent reaains fixed throughout the irrigation season (see 
Figure S, page 23); 

(iv) All equi1J11ent reaains in place throughout the irri~ation 
season, while only the valves are aanipulated to open or close 
the irrigation on the spriDLler laterals (see ¥i~ure 6, paKe 
24). lbis system is called solid set &nd is presently used 
widely. 

(v) In the specific case where spri~lers are attacbeo tu tielLible 
pipes and all supplyinK pipes reaain stationary, s~rillll..lers are 
moved by one aan hauling on the flexible pipes (see Fi~ure 7, 
page 24). 

63. 'lbe side-roll wheel 110ve was one of the first mechanized sprinkler 

laterals to be placed on the aarket. This lateral utilized the pipe as 

an axle, with the wheels being placed at each coupler or fastened around 

tbe pipe away frOll the coupler. Where wheels were placed at the coupler, 

the wheel bub and coupler were c011bined and designed to be quick 

coupling. The size of wheels available varies froa 46 to 84 inches (l.~ 

to 2.1 •ters) in diaaeter. The larger wbeels'are required to allow 

pasaage over soae of the higher growing crops • 

64. lad-tov lateral SJ•tw aay be either of the drag-type or the 

pull-type wheel syst ... 
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65. Dng-tJPe. 'l'bE: principle of operation is to pull th• entire line 

from one setting to another. across the -in line, s"~~ over into tbe 

cew lateral posit~on as the line is pulled forward. in the aa.e 118DDer as 

traina are switched froa one track to another. 

66. Pull.-CJPe wheel •J•t- operate the saae as the drag-type but with 

supporting wheel carriages to raise the pipe off the grounci durin& 

aoving. Wheel carriages differ in design and resulting flexibility. 

67. carriage• with trailer liDe or aide-mo.- laterala were developed 

to reduce the labour required for lateral aoving. 'lbe lateral is aoveci 

by a aotorized drive shaft th~t extends the lena.th of the lateral and 

drives each carriage wheel by 11eans of belts or chains and gears. 8oae 

laterals have a quick. power disengageaent lever that peraits the freeing 

of any wheel to allow for realignaent of the section of the lateral while 

being aoved. Ibe carriage wheels on soae aocaels can be turn~ . ~u deKrees 

to perait end towing froa one field to another after the trailer 

pipelines have been disconnected froa main lateral pipeline ana stored on 

the carriage racks. 

68. Solid-set or rotating booll--type laterals consist of a tower and 

cable arrangeirf!nt to hold the laterals in place. 'l'he booa is rotated by 

the jet action of the many nozzles on the boom. lbe booaa are of various 

length deper-ding on the acreage desired to be covered at each setting. 

Some boolla can be lowered for transportinK beneath power or telephone 

lines. The booa is transported on a trailer which may also be used as a 

pipe carrier. 

69. Booa or large-volume apriakler lateral• ba~c the sprinkler aountea 

on a wheel cart or trailer and are llOVed froa set to set by hand or 

tractor. The larga sprinkl-rs are sometimes uaeo for farwi waate water 

disposal. Spacing of sprinkler• on the lateral devends on the type of 

sprinkler, size of sprinkler nozzle and operating preaaure. 

• 
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70. Of the systeas desr.ribed above, hand-.ove irri~ation ano s~iia set are 

now the state of the art and c01111only used. For mechanized systeas, the 

continuously aoving laterals are now the state of the art which have been 

dealt with in the following paragraph. 

A.2. Continuously aoving laterals 

71. Continuously moving laterals are a special type of aechanized sprinkler 

lateral that remains connected to the main pipeline and continuously aove 

while water is being applied. This contrasts with the previously describeo 

aecbanized sprinkler laterals that have to be disconnected froa the aain 

pipeline each time it is aoved. Develop11ent of aoving laterals was advanceo 

by the development of lightweight high-pressure hose. lypes of continuous 

laterals are: 

Center pivot 
Straight-line linear move, and 
Traveller. 

72. Mechanization of farm operations as labour costs increa11e, tu~etner with 

the shortage of labour for moving portable laterals and sprinklers, have 

resulted in improved and increased use of continuously aovin& sprinkler 

systems. These systems are characterized by laterals and sprinklers that 

remain connected to the main pipeline, but continuously move while applying 

water. 

73. The center pivot ayetea was first patented in 1~52. Use of center 

pivot systems bas risen rapidly in recent years, primarily because of their 

lor1 labour requirements. Once irri~ation parameters are entered into their 

automatic control systems, center pivot systems are capable of operatin~ for 

long periods of time with minimum attention • 
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74. This type of systea consists of a sin&le sprinkler lateral with one end 

anchored to a fixed pivot structure and the other end aovi~ in a circle about 

the pivot. Water is supplied to the lateral at the pivot ~01nt l&ee Figure 8, 

page 29). The lateral is supported by towers and cables or trusses vbicb aove 

on wheel, tracks or skid support units located 80 to 250 feet (24.4 to 76.2 

aeters) apart along its length. Lateral lengths vary fro• 200 to 2,600 feet 

(61 to 792.S aeters).-

75. The lateral is kept in a straight line as it aoves around the pivot point 

by an aligllllellt systea that speeds up or reduces s~~ed of support units or 

starts and stops aoveaent of the support units as r~uired to aaintain 

alignment. Should the alignment systeas and support units get too far out of 

alignaent, a safety device automatically shuts down th~ entire sprinkler 

system before the lateral can be damaged. Amecbanisa for propelling the 

lateral is aounted on each lateral support structure. 

76. The five types of power units for propelling a center pivot sprinkler 

system are: 

(a) Hydraulic water drive 

piston 
rotary 

(b) Hydraulic oil drive 

piston 
rotary 

(c) Electric aotor drive 

(d) Air-pressure drive 

(e) Mechanical or cable drive 

77. Continuously aoriag straight lateral or liaear syste11&. The systems 

are similar to the center-pivot laterals in that the pipe is supported by 

towers and cable or trusses between towers aounted on wheels. 1bere are three 

method• of supplying water to the movi~ lateral by pumping from an open canal 

(see Figure 9, page 30), through a long high pressure flexible hose connected 

• 

• 
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Figure 8. Center Pivot ll:rigatioa 

• 

• 

I , 
I 
I 
I 

·~=--..... -. ... _____ __, ____ ,__ .. _..J 



- 30 -

to risers froa a •in pipeline (see Figure 101 page 3.1) ana a systea that 

aut011atically connects and discoDDect& frClll riser valves tro. ah unaer~round 

pressure pipe. 

Figure 9. Lateral Syatea Irrigatillg a ltectaaplar or &pare Field 
during it• Tr-:lt (Water taken ap fraa a ditch) 

-·-

.... _ .... ....., ..... 

78. TraTeller •priak.l.er lateral •Y•t ... are powered track or wheeled 

vehicles that tow a high-pressure, flexible hose connected to the water supply 

aain pipeline. 'lhe vehicle is towed by a power winch and cable or propelled 

by its own engine across the field at regular intervals. usually 330 feet (100 

.. ters) apart, irrigating as it aoves. '!he sprinkler is typically ot the 

large voluae or boo• type, operating at pressure of 80 psi (552 kPa) or 

higher, delivering 300 to 11 000 ¥P'I (1,136 to 3,785 liters per ldnute) or 

aore, and covering a wetted dia.eter of 200 to 600 feet (61 to 183 9eters). 

Figure 11 (see page 33) shows a reel type hose pull ~~rinkler. 

• 

• 
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Figure 10. Sprialtler Lateral Irrigatioa 11b.Ue M••acfag at tigh1. 
... lea to iU Olna Lirectioa 
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79. Traveller sprinkler laterals -y have a long (up to 660 f~t. 183 aeters. 

or longer). flexible. hish-pressure hose to connect the sprinkler on the 

vehicle to the water supply pipeline. It was the develo.,.ent of large 

diameter. high-pressure. flexible and wear-resistant hose tbat gave added 

iapetus to the developaent of the traveller sprinkler systeas. 'the 

high-pressure hose is aade in 2.5 to 5 inches (63 to 127 ailliaeters) 

dia.eters. It is usually .. nufactured in one-piece lengths o~ 3W or 660 feet 

(101 to 201 aeters). 

Sprinkler applications 

80. Apart froe irrigation of fields and orchards. sprinkler equi1J9ent bas 

-ny alternative uses. viz: 

Eoviron.ental modification 
Fertigation (fertilizers siaultaneously applied duri~ irrigation) 
Chewigation (cheaicals s:laultaneously applied duri~ irrigation) 
Land application of waste water and sludges 
Rural fire protection 
Dust control 
Cooling of ant.els in feedlots and on ranges 
Buildi111 cooling 
Soil coapaction for construction sites 
Artificial snow1181tiD& 
Devatering flooded areas 
Aeration of water 
Log curi111 
Waste flush systeas 
Nursery and greenhouse irrigation. 



- 33 -

Figure 11 • Traftller SpriDller S,.~e11 
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B. Drip or trick.le irrigation (aee Figure 12, page JS) 

81. Drip irrigation ia the precise, slov application ot water as discrete 

drops, continuous drops, aaall streams, or lliniature sprays through .cbanical 

devices called emitters (drippers or applicators) located at selected points 

along water delivery lices. Faitters dissipate the pressure to allov low 

discharge rates. Types of drip irrigatiOG methods include surface, 

subsurface. bubbler, spray, aecbanical-aove, and pulse systems. 

82 In drip irrigation, the objective is to frequently supply each plant with 

sufficient soil 110iature to aeet evapotranapiration de-ands. Drip irrigation 

offers unique agronomic, agrotechnical and ecoooaic advantages for the 

efficient use of water. Fertilizer, or other cheaical additives, can be 

applied directly onto or into the aoil. It eliaiuatee spray or running water 

down furrova and allovs water to diaaipate under lov pressure. ..ater is 

carried through a pipe network to each plant. Advanta&es ot drip irrigation 

ayate.a include improved water application and distribution etxiciency, 

iaproved water control, enhanced crop response, reduced weed growth, 

fertilizer application efficiency, potential usage of saline water, and 

reduced energy requirmenta. Possible diaadvantages of drip irrigation 

systema are clogging, salinity buila-u~ and restricted soil 110iature 

distribution. 

t'ype• of drip irrigation systems 

83. '11ae priury types of drip irrigation ayeteu and methods are: 

B.l. Static systeaa 

84. Surface ayat.... the drip irrigation aysteaa with lateral lines laid 

on the aoil surface are tbe llOBt COllmOD practice. Surface drip has been used 

pri .. rily on widely-spaced plant& but can alao be utilized fer rcn. cropa. 

• 

• 
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Figure 12. Drip lrrf&atioa 
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Advantages of surface drip irrigation include the ease ot installing. 

inspecting. changing and cleaning of emitters. plus the poS&ibility of 

checking soil surface wetting patte.cns and .easuring individual emitter 

discharge rates. 

85. SW..urface ayat-. Lately. subsurface drip irrigation systeu have 

gained wide acceptance. Earlier probleas of clogging baye been reduced, ana 

these systeu are now being used prilMlrily on saall fruit and ~-e~etable 

crops. Advantages of subsurface drip irrigation include freedoa froa 

anchoring of tubing at the be~inn111& anG re90ving it at the eoa of the growing 

season. little interference with cultivation or other cultural practices, and 

possibly a longer operational life. 

86. Subsurface drip irrigation is not the saae as subirri~ation. ~uicb is the 

irrigation through or by a groundwater table. 

B.2. Moving systems 

87. Hecbaaical~ve drip syate11a for row crops are ot tvo principle types. 

Center pivot and linear move sprinkler laterals have been llOdified to utilize 

trailing drip irrigation laterals rather than sprinklers or spray beads. 

Operating pressures are lover than those of aost conventional sprinkler 

systeas and the uniforaity of water distriLution over the field is usually 

good. Discharge rates fro• the travelling drip systea of ten exceed the soil 

infiltration rate so that soil or metal check daas are requir~d in the furrow 

to prevent soil erosion or water runoff. Potential advantages of travelling 

drip/sprinkler aysteas include a possible reduction in clo~in¥ probleas and a 

less expensive pipe network, coapared to soil-set drip irri,atioo systeas. 

Drip irrigation systea components 

88. 'l'he .. in drip irrigation systea consists of eaitters. lateral lines, aain 

lines and the "bead'" or control atation. 

• 

• 
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89. Bllitt~ra. 'l'be e9itter controls the flow from. the lateral to the soil. 

Eaitters range froa staple perforateG pipe (line-source eliitters) to 

individual or aultiple outlet devices inserted into ~lastic pii-es 

(point-source eaitters). the eaitt~r decreases the water ~r~ssure head froa 

the lateral to the soil. '!bis aay be done by saall hoie~, lunb iH&~sa~eways, 

vortex chaabers. discs. steel balls. aanual adjustiaent, or other aecnanical 

means to reduce eaitter discharge rates • 

90. Lateral lines (usually aade of plastic) have diameters of 0.2 to 0.75 

inches (9 to 19 .. ). Lateral lines are usually placea one or two per tree or 

plant row and aay go long distances because the flows are low; however, 

lateral lines are seldoa longer than 1,000 feet (300 aeters). 

91. The .ate U.11ea carry Yater to the lateral lines froa the head. Ibey 

are usually aade of plastic and are buried. 1.beir si:e aepends on the 

required water flow to the laterals. 

92. 'lbe control station or •bead• of the syst~• is where the water is 

aeasured, filtered or screened, treated and re&ulated as to pressure and 

tiaing of application • 
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III. FACTOU 10 K ~ - _.IJiDD D DB sa.acnm OF 
SftlWIQ DUG&TIM SUIW 

93. Selection of tbe proper sprinkler •)'Stea Uld ita layout 1a baaed on 98DY 

different factors. 'lbe 908t t.portant factora bear~ Ul'Oll layout and 

selection which should be cocaiclered are the follovtna.: 

Effect of land slope 

94. Slope is a measurement of the difference in elevation frOll one point to 

another. It is generally expressed as a percentage - the number of feet 

difference in elevation per 100 feet o~ horizontal distance (the slope in per 

cent is equal to the difference in elevation divided by the horizontal 

distance and 11Ultiplied by 100). 

The foHowing rules indicate the uxi•m slope on which different 

sprinkler systeaa can generally be operated satisfactorily, although there are 

exception& to these rules. this data is also included in Table 1 (page 4)). 

If the land has only slopes of less than five per cent, any type of 
sprinkler systea can be used. 

U the land bas slopes ot approxiaately five per cent, auy type of 
sprinkler systea booll can be used. the long boo• bas a tendency to tilt 
over on steeper slopes. 

If the land bas slopes of approxiaately five per cent anc aore, tbere may 
be probleaa with aligning aultiaprinkler, tractor-aoveo 11y11teaas. 
Side-wheel-roll and side-aove systeas are also ditticul.t to keep in 
align8ent on the steeper slopes. 

Self-propelled center-pivot and sid~ove aysteaa aay not aaintain proper 
aligllllent on slopes of five to fifteen per cent or 11e>re. this depends on 

• 

• 

the design of the ayatea. • 

If the land bas dopea of fifteen .,er cent or aore, one 1a liaited to the 
use of hand-aoved types; the self-propelled, ainale sprinkler type; or 
the peraanently iutalled type. Reaardleaa of the ty.,. ot ayatea used, 
erosion becomes 11e>re of a ha&ard on the steeper slopes. Proper 
couervation aeasurea should be used. 
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Effect of water intake rate 

9S. SOiie ayst ... are better adapted to extreme soil conditions than 

otbera. For ~le, if the soil absorbs water very slowly. a syste• 

ahould be aelected that will apply water slowly. Table l ~ives the raDKe 

of application rates that can be expected froa the various sprint.ler 

ayateaa. 

96. ?be water intake rate of the soil and the slope of the field are 

closely related in the pl.aoniog of an irrigation syste.. If the soil 

abeorba va~er slowly and the slope is fairly steep, a systea should be 

selected that will apply water at. a rate that is low enoU&h to prevent 

runoff. 

97. Single-sprinkler syste11a using big guns have a tendency to produce 

large droplets that fall froa a considerable height. This is 

particularly true if the systea is operati~ with water pressures which 

are too low. l'he single-sprinkler systea aay, therefore, not be 

satisfactory for soil that absorbs water slowly and. if the slope is 

fairly steep. 

Effect of shape of area to be irrigated 

98. Alllost all syateaa are adaptable to square or rectanbulariy-sraa~ed 

fields because of the uniform lengths of the laterals. belt-propelled, 

side-wheel-roll and side-.ove ayste88 were, in fact, developed for use on 

square or rectangularly-shaped fields • 

99. If the field is irregularly sbaJled, there will be no difficulty in 

usiua the band.,..,ved or tractor-.oved sin~le sprinkler, the tr6etor-.oved 

rotatina booa, or the permanent type of aystea. 1bese can be designed to 

fit Alaost any sbiape field. However, it will be difficult to adapt 

tractor-.oved syst ... to use on an irregularly-shaped field without a 
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loss of efficiency. lbose systeas with fleiible hose laterals work best 

when operated froa a aainline in the center of a f iela of uniturm width. 

100. The center-pivot systeas irrigate only circular areas in a field. 

lbere will be a loss of about 20 to 25 per cent in the corners ot a 

square-shaped field 11 unless special provisions are aade tor irr4atin& 

the corners. If the field is recta~ular or irregularly sbapecl 11 tnere 

will be still aore area that is not irrigated with this type of systea. 

Effect of field surface conditions 

101. kough land 11 with irregular slopes 11 streaas and ditches 11 presents 

probleas for aost types of systeas. tiand-aoved and peraanent systems can 

be designed to fit such conditions without too auch difficulty 11 but for 

tra::tor-.oved systeas the field aust be saooth enough for safe operation 

of the tractor. Special preparation aust be aade before a self-propelled 

systea can be installed. Both the self-propelled sin&le s• .. nkler and 

the self-propelled booa sprinkler systeas need a strip of uncultivated 

land for the travellin~ sprinid.er. It is best to leave a strip b to 12 

feet wide for each lateral station. 

102. A center-pivot or a self-propelled side....ave systea aust have a 

reasonably saooth path for the wheels 11 tracks or skids. 11 tue fields 

are hilly 11 flexible couplings can be put in the laterals that will allow 

them to flex as t.hey travel ·•er high and low areas. Terraced fields can 

be irrigated with these systeas 11 but the terrace ridge~ will have to be 

maintained where the wheels on the sprinkler syste .. cross thea. 

Effect of crops 15.!2!! 

103. The crops that cao be grown are limited if either a aulti-sprinkler 

hand-moved systea or a peraanent systea is selected. These 1ysteu can 

• 
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be designed for row crops, sod crops, vineyards and orchards. lbe 

gun-type sin&le sprinkler systems are safe to use on most crops provided 

sufficient water pressure is 11aintained to keep the droplet size small. 

Otherwise there may be some damage to delicate crops. Soke s1111&ll plants, 

such as young toaatoes, aay b~ uprooted or buried by lar~e arops of 

water. Alaost any type of systea can be used for 1'4Sture or soa crops. 

104. Multi-sprinkler tractor-aoved systems are better adapted for pasture 

and sod crops than for other crops. lbis is because the lateral is moved 

in a zig-zag manner across the field, which would dama&e a field crop 

unleas a section is left unplante~. For vineyards or orchards, special 

paths and guides aust be made for towing the pipe. If the crops are 

taller than four feet, a side-wheel-roll systea cannot be used because 

the lateral is too near the ground. 

105. The rotating-boom and center-pivot systems are adaptable to alaiost 

any crop that does not grow more than 8 or 10 feet high. Center-pivot 

systems may be used on orcharas and vineyaras, provided that the tree 

heights are low and special paths are provided for the wheels. 

106 Considerabl~ foggill8 will result near the center of the center-vivot 

type of system because of th£ high water pressure and the slll8ller nozzles 

at this point. This fo1'Sing and the long length of wettill6 ti.Dae llll:l) 

damage some ~rops in the center area that are sensitive to the wet 

conditions where fungi can develop. Table l {page 43) gives the maximum 

hP.ight for crops that can be grown using different types of sprinkler 

systems • 

Other factors affecting the selection of sprinkler systems 

107. Tbere are severa! other factors which will affect the selection of a 

sprinkler systC!11l. Three of these are the amount of labour required, the 

acreage which is expected to be irrigat~d and whether or not the 

sprih~]er systems will be uaed for oth~r purposes. 
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108. Table 1 (page 43) shows the approxiaate aaount of labour required 

per acre of irrigation using the different systeaa. llanci-aoved syste11S 

require so auch labour that they practically cannot be used except for 

very s .. 11 acreages of high-value crops. the current trend ia towards 

using systeas that will require the least aaount of skilled labour, such 

as the self-propelled and per1181lent syateaa. One reason for this trend 

is that the skilled labour required for moving the systea is not 

available in aany areas. lbe other reason is that the cost of skilled 

labour -Y be too high coapared to the financial returns of the 

irrigation systea. 

109. The acreage to be irrigated aay be a factor in selectillli a sprinkler 

system. Table 1 gives the suggested range of acr~es that can be 

adequately covered by a single systea, provided that there is eno115n 

water and aa!nline pipe capacity to deliver the water. l'be capacity is 

shown of a single sprinkler and a lateral. All of the sprinkler systeas 

can be increased in size, but is aore econoaical to operate a systea 

within the rec01111ended liaits. 
I 

110. If it is planned to use the system for other purposes as well, such 

as crop cooling or frost protection, either a hand~ved solid set or a 

peraanent system aust be selected. Sprinklers must be operatill6 alllost 
I 

continuously during the time that the protection is needed. Almost any 

type of sprinkler system can be adapted to the distribution of pesticides 
I 

and liquid fertilizers. 

111. If it is planned to distribute liquid anillal waste with the systea, 

a hand-moved systea i• not recomaended. Most other sprinkler systeas can 
I 

be used for this purpose, however. If there are any solids in the 

~ffluent, larger sprinkler nozzles aay be necessary. Selt-propelled 

systeas driven by water pistons are usually not recommenaea for use in 

~aste disposal. 

• 

• 
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Table 1. FACTORS AFFECTING THE SELECTION OF SPRINKLER IRRIOAtlON SYSTEMS 

Shtpt Flt Id Sire of ,... .. ""'"' M11'mum W1ter Appll· of S!.lrfact M11. Hel1ht Labor Sln1te Appro1. ...... e.tlon Rate Fltld Conditions of Crop Required System Cost• 

Mln.·I 
. 

Mix. 

Cper cent) (Inches (fHO (hrs. per acre (111cres) (dolhtrs 
per hour) !lf'r lrriR~tlon) ~r 11cre) .. ......,....., 

• Hend-lftl!Md: 
Pelteble set 20 .10 2.0 Rect11nRular No limit 0.50. 1.50 I· 40 50·100 
Solld set No limit .05 2.0 Any shape n.?O · 0.50 1 or mor19 400. C)O(J 

Trldor-moved: Smooth No limit 
Skid-Mounted 5.10 .10 2.0 enou11:h for 0.20. 0.40 20· 40 100. )f)() 
Whleloft"OUntecl 5· 10 .10 2.0 s11fo tractor 0.20. G.i10 20· 40 100. 300 

Seff .ftlCN!ld: RcctanRUlar 
Sidi Wheelof'Oll 5~ 10 .10 2.0 Reason11hly 4 0.10. 0.30 • 20· (10 100· 300 
SldNtcM 5.10 .10 2.0 smooth 4. 6 0.10. 0.30 20. 80 125. 300 

S.H......,.,.lled: CIHr of 
Centw-plvot 5· 15 .20 1.0 Circular obstructions. a. Jo 0.05. 0.15 40 -160 125. 250 
s~ 5· 15 .20 1.0 Square or path for 8 • 10 0.05. 0.15 BO· 160 125· 250 

RectanRUlar towers 

Slntll Sprlnllltr 
Hancf.mcMd 20 .25 2.0 No limit 0.50·1.50 2\i. 40 50. 200 
lfldor-mcwed: Any shape Safe operation 

Sfdd.mounted 5· 15 .25 2.0 of tractor 0.20. 0.40 '"" "" 40 100. 300 
5· 15 .25 2.0 No limit 0.20. 0.40 20· 40 100. 300 

Seff......,.,.lled No limit .25 1.0 Rect11nRUlar Lane for winch 0.10. 0.30 40·100 120 • Z5U 
and ho!ll 

l...Sllflaltr Safe operation 
T'8CtoNncMd 5 .25 1.0 Anv Sh.llDlt nf •-"•"• 8·10 0.20. 0.50 20. •o 200. 300 s."......,.,.'ltd 5 .25 1.0 Rect'9nRUIU Lane tor ooom 8·10 0.10. 0.50 40·100 200· 300 

And ho9e 

............ _.._.,Of' 
Automltic No llmlt .OS 2.0 Any shape No limit No limit 0.05. 0.10 1 or mont 400 • lOOCI 

•r."°~ • ...... ,.,. ~• tlf ••l•r •111'1'lw, """'"· ..., •.• , """ ""'' mnl11lln• 

• 

Ad•Dtabll To 

C00Hn1 Ptstl· Ftrtl• 
and clde "'" Frost AppU. lppll. 

Protwct. cation utlon 

No 
Yf'S 

NI) Y•s V~s 

Yes 

Llqullt 
Anim•I 
W:t~tl 
Dl~trl· 
bu ti on 

N,,t 
R..,.,.,,, 

V•s 

,.,(t, 
R•com. 

Yes 

.. 
w 
I 
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IV. C'll'IDIA 1'0 Bl a>llSIDDRD DJ PURCllASDIG IlllIGATIOll SYS1DJS 

112. For aany centuries, all irrigation systeas were gravity systeas where 

water was discharged froa a ditch or pipe to the head of a field and water 

floved by gravity down the length of the field. Factors such as water supply, 

soil type, field slope, crop etc., vere considered in designing the system. 

In recent decades, sprinkler and drip systeas have been introduced and design 

has becoae soaewbat aore coaplicated, but aany of the saae factors that were 

considered aany centuries ago aust still be considered in desi&n and selection 

of irrigation systeas today. 

'lbe factors that should be considered are: 

Water supply 
Soil type 
Crop 
Topography 
Field size and shape 
Labour 
Heed for environaental aodif ication 
Rainfall distribution 
Financial resources 
Lease versus purchase 
Dealer availability and service. 

The order in which these factors are considered is not necessarily in the 

order given, but each should be considered. 

113. The most important factor is the water supply. lhe system is of no 

value unless there is water available. To apply one inch ot ettective 

irrigation to one acre of land requires between 33,000 ana 37,00~ ¥allons of 

water. Water sources include impounded ponds, dug pits, streams and wells. 

The source of water is not too important provided sufficient water is 

available to aeet the needs of the crops. Many ponds and irrigation pits are 

supplied by surface runoff and have little or no recharge. These aust store 

enough water to aeet crop needs durin8 the irri&ation season. Stream flow 

will be less during drought periods. Wells will provide a relatively constant 

• 

• 
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supply throughout the year. Ground water resources .. Y vary greatly and in 

many areas satisfactory irrigation wells cannot be developed. Well drillers 

and water resource officials can provide data on ground water availability. 

Some growers are nov going to coabination water sources, a pond which is 

partially recharged by a well. Where the irrilsation systea is not operated 

continuously, the well capacity can be reduced, resulting in a lover well 

• cost. 'lbe cost of a combination water supply systea reciuiri~ t"'o puaps and 

power units aust be coapared to the cost of a single water so~rce and one puap 

• 

• 

• 

and power unit. In .. ny areas, adequate ground water .. y not be available to 

operate an irrigation system, but adequate water supplies .. , be obtained by 

coabining surface storage and grt'und water. 

114. Water supplies need to be developed in the off-irrigation season. 

Contractors aay not be as busy during this tiae and can better schedule their 

work and can possibly reduce their costs. t.oraally, well construction costs 

will be lover if the contractor is not required to guarantee a certain puaping 

rate. Test wells can provide good data on potential yield fro• wells 2nd are 

a good investment. 

115. Soil type is iaportant for several reasons. ~ater application rates, 

total amount of water to be applied at one irrigation and frequency of 

irrigation is affected by soil type. In fielos that have more than one soil 

type, the system aust be designed for the 11&jor soil type. Normally, sandy 

soils will have a higher intake rate, a lower water holoin~ capacity, and will 

require aore frequent irrigation than will clay soils. 

116. The crop to be irrigated will play a major role in the profitability of 

irrigation. Soae crops, such as tobacco, soybeans, peanuts and hay crops, 

have the potential to recover from short drought periods with ainiaal 

reduction in yield or quality. Other crops, such as corn and aost of the 

short season horticultu~al crops, are drastically affected by droughts at the 

pollination and fruit dev~lopaent stage of growth. 'lbe yield response of some 
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crops to irrigation .. Y not be sufficient to return a prof it after 

subatracting the cost of owning and operating an irrigation systea. lbe soil 

type on which crops are grown and the rainfall distribution can affect the 

profitability of irrigation. 

117. Most countries have available infon.ation on bi•torical rainfall 

diatributJ.oa. Soae countries have published inforaation on ~robability of 

drought days and aver~e rainfall aa.>unts. A potential irri~ator should stUdy 

these data to determine the extent of drought in his area. there ia 

considerable variation in rainfall. Localized rainfall aistribution .. , vary 

considerably fra.:a published data. 

118. Once it has been determined that an adequate water su~~ly ia available or 

can be obtained and that it .. y be profitable to irrigate 11 one can then beKin 

to decide on what type of irrigation syatea vill beat fit a particular 

situation. lbere are a nuaber of people who can provide assistance. lbe 

.Agricultural Extension Services and the ~oil Conservation Services in 

developing countries should have personnel who are specialized in irrigation. 

Consultants 88Y be: eaployed to provide design assistance. Irrigation dealers 

provide assistance on ayatea selection, design and operation. It is 

recommended that several irrigation dealers be contacted. 

119. There is a wide choice of irrigation systeaa froa which to select. lhey 

are not all equally adaptable to a particular situation. Even though there 

are a nuaber of types of irrigation systeas, for aoat grovers the choice is 

liaited either because of initial coat per acre, topo~raphy, field size and 

shape, crop 11 soil type 11 acres to be irrigated, labour available, or whether 

the systea will be used for purposes other than supplyin~ soil aoisture. 

120. Purchasing an irrigation ayatea means the purchase ot a variety of 

compoaeata to coaplete a ayat... These coaponents are ~roviaed by several 

-nufacturers and it 1• up to the dealer or a consultant to euure that all 

the c011ponenta fit together to provide a ayatea that will Met the 

requira1enta, naaely to •et the peak aoiature deaanda of tbe crop to be 

irrigated. 

• 

• 

• 

• 
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121. When sprinkler systeas are being constructed. it ~s iaporta'!:.c to take 

account of the faraiag coaditfoaa in which a particular s~stea vf.11 operate • 

...eneous cultivation 

122. When cODStructing a sprinkling systea for hollogeneous cultivation. lar~er 

pieces of ground can be caabined into sprinkltng units. In addition. 

centralized .. aage.ent ll&kes it possible for sprinkling to be 110re easily 

controlled. 

123. DJ.Yisioa of sprtnklfag areas into plots for different far.era. In 

order to calculate to cost of this method of aprinkling. it is essential to 

11easure accurately the a.ount of water vbich will be used. In addition. 

suitable supply equipment is required to Hait the water suvvly to indivi.dual 

plots of land; thus it is possible to guarantee uDifor.i.t) ib tn~ aaount ot 

water supplied throughout the whole irrigation project. 

124. It is absolutely essential to control the operation of the sprinkler in 

keeping with the hydraulic conditions in the water supply network. '1'he 

advantage of the above sprinkling syste11& is that they have a central water 

supply. the investment outlay for the supply network aa well as for the 

puaping station is apportioned on the strength of plot sizes. '1'he use of 

larger puaping stations aakea auto.atic control with optiaal aonitoring 

posaible • 

125. S..11 sy•te•• in scattered ar .... eacb vi.th separate water supplies • 

'l'hese systeas llU8t be supervised by their respective owners. However. they do 

have the advantage of being 110re flexible, e.g. they can be u5ed vhen crop 

rotation takes place and when the location of cultivation is changed. 
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The basi~ requirements for sprinkler projects 

126. In order to construct sprinkler proJects, it is essential to possess 

accurate ltnovledge of soil and cliaatic conditions. Jsecause the installation 

of a sprinlt.ler constitutes quite a considerable invest.ent, the conditions in 

which crops are grown, possible yield increases, rise in incomes etc. aust be 

assessed so that the efficiency of these projects can be guaranteed. 

127. Siailarly, sprinkler technology aust be chosen according to the 

conditions in which it will be eaployed. lbe following conditions aust be 

taken into consideration: 

S..11 or lar~e plots 

Difference in height between the sprinkled areas 

Existing kinds of cultivation such as field or peraanent cultivation 

Method of faraing. 

128. 1be standard aprinJtl.er systea, Solid Set Systea and the hose l'ull Systea, 

have proved to be extre11ely good value when used on a.all plots of land. 

lbese systeas of fer the following advantages: 

'l'he sprinkling equipaent only rotates on one owner's plot. 
Careful treataent is, therefore, guaranteed. 

It is a very econoaical investaent and can be used universally 
for all types of cultivation. 

Eaaily adaptable to sections of land which have to be sprinkled 
to a greater or lesser extent. 

Accurate measureaent of water supply. 

129. Mechanized sprinkler systems Buch as the pivot or linear systeaa, can 

only be used econoaic.ally on larger plots of land. lberefore, they cannot be 

used so e:xtena1.vely OP .... 11 plots. 

• 

• 

• 
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130. Mechanized sprinkler systems require adequate .. intenance and servicing. 

If .. intenance is not carried out satisfactorily the entire .. chine vill break 

down. i.e. it will not be possible to sprinkle lar&er units of land. In the 

case of standard sprinkler systeas. breakdown is restrictea to saall units. 

e.g. a &11all sprinkler. lberefore. sprinkling of llOSt of the land can still 

be .. intained. Especially if only inadequate senici~ is available. then 

these systems are substantialy 110re reliable in the long tera • 

131. In order to operati: sprinkling systeas. it i& essential to aake sure that 

appropriate aaintenance and servicing can be carried out. For lar~e systeas. 

this takes place in central workshops. r.entralized servicing should also be 

aspirecl to in the case of systems with several owners. 

132. lbe financing of both of the systeas mentioned here aust be effected 

according to statutory requir~nts. For systeas shared by a lot of owners. 

an appropriate kind of co-operative is usually createu to unify procedures. 

133. Sllall- and aecliua-scale enterprises have the advantage of aultipurpose 

methods of faraing which can :aore easily respond to aarket deaands. 

Furtheraore. aost of the tiae less bureaucracy is needed because it is easier 

to keep these sprinkling syste2s under surveillance • 
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n. IWIJFAClllRDG OF IUIC&TIOll ~ MD 
BQUUltDT DJ DDEIDPIS OOUIJDIES 

Definition of irrigation equip!ent and coaponents 

134. 'lbe various c•ponents and eleaents of the different irrigation systems 

frOll water supply source to the plants aigbt be defined as follows: 

(a) Pmp station 
Electro 80tors 
Diesel motors 
Pullps such as deep-well puaps, centrifugal puaps, 
submersible puaps etc. 
Accessories such as non-return valves, stop valves, 
pressure regulators etc. 

(b} llaiti distribution ayatea 
Qtannels 
Pipes (100 to 2,000 .. in diameter) ana fitti"6¥ li&de of 

steel 
asbestos-ceaent 
plastics 

Accessories and hydrants 

(c) Irrf.gati.oa •Y•t-
s~rface irrigation or traditional systeas 

channels with float ~ates 
furrows 
gated pipes 
hose (for siph n tubing) 

Sprinkler systeas 
Galvanized steel or aluainiua pipes (50 to 200 mm in 
diameter of quick-coupling type) 
Sprinklers 
Contiouously aove mechanized irrigation systems 
o travellins aachines 
o center pivot 
o lateral aove systell8 
Drip irrigation systea 
o larger filter system 
o plastic pipes (13 to 25 - in diaaeter) and 

fittings 
o eaittere. 

135. The average proportion of costs of the aain components of various 

irrigation ayateas are given in the following table to aake a~varent tbe 

importance of each component with regard to the irrigation ayatea adopted. 

I I I I 

• 
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Table 2. ProportJ.aa of ~t of tbe lla1n O-..enta of 

Various Irrigation Syat- (in per cent) 

'-I> Sutiaa Ilda DlaU'ibution lrr4atioa S,JSt- or 
Syat- lrr4ation Lateral 

Sprinkler ayateas 25 so 25 

Travelling aachine 20 35 45 

Center pivot 10 15 15 
Drip irrigations 30 20 so 

136. A smooth operation of any irrigation ayatea requires systeaatic 

.. intenance, repair and replacement (after elapsing of the useful life of the 

components). 1be followiq Table 3. spells out the details on the above 

factors. 

Local conditiona and their !!pact on th~ development of manufacturing 
facilities for irrigation equipment 

137. Although in recent years the iaportance of irrigation in huaid 

environments bas been fully recognized and is being eaployed, the 

environaental conditions for determining the extent of irri~atiuh used in 

agricultural production are governing factors. lbe influence of local 

conditions on the irrigation aethod, and consequently the required components, 

is spelled out in Part I of the present docuaent. 

138. These local conditions are the governing factors fur deteraining the 

potential demand of the appropriate irrigation systeas and consequently the 

needs for irrigation coaponents in any mark.et. Depending on the local 

conditions, the deaand for various irrigation components fro• one country to 

•nother will be different. Therefore, the required manufacturing facilities 

and the degree of manufacturing COllplexity needed might also be different. 
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Table 3. Sugeated Depreciatioa Period aall Amwal llaiuteaance Coat for 
a.po.au of au IrripUon S:pbll 

Annual Maintenance 
Coaponent Depreciation Period and repairs (I of 

(hours) Cvr) initial cost) 
P\l•pin& plant 

·1tnacture 20-40 0.5 1.5 
r.p. vertical turbine 

bowls 16000-20000 1-10 s 7 
columns. etc. 32000-40000 16-20 3 s 

Vells and casings 20-30 o.s l.S 
Pump. centrifugal 32999-50000 16-25 3 s 
Pover transaission 

&ear head 30000-36000 5 7 
V-belt 6000 3 5 7 
flat belt. rubber /fabric 10000 j s 7 
flat belt. leather 20000 10 s 7 

Pr iae aovers 
electric aotor 50000-70000 25-35 1.5 2.5 
diesel engine 28000 14 5 8 
1asol ine engine 

air cooled 8000 4 6 - 9 
vater cooled 18000 9 s - 8 

propane engine 28000 14 4 7 
Open farm ditches (permanent) 20-25 1 2 
Concrete structures 20-24 0.5 1.0 
Pipe• asbestos-cement 

and PVC (buried) 40 0.25 - 0.75 
Pipe. aluminium. gated 1urface 10-12 1.5 2.5 
Pipe, steel vatervorks 

class (buried) 40 0.25 0.50 
Pipe, steel coated and 

lined (buried) 40 0.25 - o.so 
Pipe. steel coated, buried 20-25 0.50 - 0.75 
Pipe, steel coated, surface 10-20 l.S 2.5 
Pipe, steel galvanized, 

surface 15 l.O 2.0 
Pipe, steel, coated and 

lined (surface) 20-25 1.0 2.0 
Pipe, vood, buried 20 0.75 - 1.25 
Pipe. aluminium, sprinkler 

use (surface> 15 l.S 2.5 
Pipe, reinforced plastic 

mortar (buried) 40 o.n - 0.50 
Pipe. plastic. trickle, 

•"rface 10 1.s 2.S 
Sprinkler head1 8 5 8 
Trickle eaitters a s 8 
Trickle tilten 12-15 6 9 
Mechanical •ove sprinkler• ll-16 s 8 
Continuously moving •?rinklers 10-15 s 8 

Source: l>'!si&r. and Operation of Farm lrri1ation System•; 
The Ar..c.:-: ; .. :-. ~.:iciety of A&d.::ultural C:~ineers~ December 1980. 

• 

• 

• 
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139. 1be existence of & market deaand can be considered as a pre-requisite for 

establishing any production facilities. In this connection. a distinction 

should be aade between potential deaand and effective market demand. In our 

particular case. the difference can be considerable. In spite of the 

existence of a aarket potential, the effective market demand is depenoent on: 

Agricultural structure in the country; size ot land; etc • 
Educational background of the faraers 
Purchasi~ power of the faraers 
Governaental policies and financial supports 
Price structure of crops, water, utilities, etc • 
Others 

140. By having the above viewpoints in mind, for the a$Sessaent of 

possibilities of 11&nufacturing of irrigation equipaent in developing 

countries, the following doaestic and regional conditions must be taken into 

account: 

141. Existence of a domestic market demand to justify the local production. 

As aentioned above, the effective demand is governed by environmental 

conditions, macro-economic situation in the concerned country as well as 

micro-economics of the agricultural sector. The demand should preferably 

surpass the economic scale of manufacturint. co achieve better financial 

viability. Also the following conditions should be fulfilled: 

Existence of feeding industries 

Tecbno- and socio-iafrastructure 

Availability of skilled labour force 

A•ailability of financial ... ns. 

142. However, it should be emphasized again that the tDain criterium is the 

availability of demand while the other ~onditions mentioned above can be 

provided or arrangements made for • 
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l&l. Due to different environmental conditions prevailing in different 

developiJ18 countries (arid countries in coaparison to buaia countries). 

different irrigation systeas and consequently different coaponents are 

needed. Therefore, in each particular case, the de11&nd for the 11e>st illportant 

components aust be taken into account for assesaaent of their aanufacturing 

possibilities. 

144. As the various irrigation coaponents are of different aanufacturill8 

caaplexity, their econOllies of scale of aanufacturill8 are aitterent. However, 

all local conditi~ns, such as technical infrastructure, possibiiities of 

interlinkages, existence of feeding industries, price structures. selected 

degree of integration etc. have an iapact on the econoaic scale of 

aanufacturing. Therefore, in each particular case, by investigating all 

factors the right decision on manufacture or purchase aust be aade. 

145. The local conditions and, consequently, the aarket structure and the 

availability of techno-infrastructure, are the detenainill6 factors tor any 

decision with regard to the degree of integration and local integration (local 

content). 

146. By taking into account all of L~ae local conditions, an optiaal degree of 

integration (local content) for various irrigation coaponents in each 

developing country aust be selected. The aarket de .. nd and the level of 

techni~al skills and possibilities of interlinkages with other industrial 

sectors have considerable impact on the optimal degree of integration (local 

content), i.e. on decisions regarding &elf-.anufacturing or buyiD¥ froa 

outside sources (purchased components); there is no general &Uiaeline for 

determining the degree of integration for the aanufacture ot irr1~Ation 

components in all developing countrias and in each particular case, in-depth 

investigations and studies are required to select the optimal solution for the 

key cOllponents which might vary from country to country due to changes in 

local conditions. 

• 

• 

• 
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147. For the selection of an optiaua degree of integration (local content), 

the existing techno-infrastructure and the local econoay aust also be taken 

into account and a proper strategy with regard to local integration aust be 

worked out. 

Selection of aanufacturing technologies 

148. lrief description of various irrigation components' llallUfacturiag 

tecbnologies. The various irrigation conponents and equipment are defined 

in para 134. By taking into account the existing irrigation practices in the 

developing countries, the irrigation components can be classified into the 

following groups: 

Pumps 
Various pipes (steel, aluminium, asbestos-cement, plastic) 
Fittings and accessories 
Diesel engines 
Electro motors 
Sprinltlers 
Quick-coupling pipes (dteel, aluminium) 
Mechanized irrigation systems 
Drip irrigation systems. 

The technologies involved for manufacture of the most important 

coaponent&, i.e. pumps, pipes and modern irrigation coaponents, are dealt with 

in the following sections: 

Manufactur~ of pumps 

149. The main types of pumps usually used in irrigation schemes are as follows: 

ISO. Centrifugal pUllp•. These pumps are driven by electro-motors or dies~l 

engines and are of lillited suction capacity. Therefore, they are usually used 

in surface water pumpage and are of limited draw-off. 

I I I 



- 5& -

151. Deepvell pumps. lbese puaps are aaihly used for plDlpage of underground 

water. lbe drive unit is located at xround level while the puaping unit is 

placed under water in the well. A pipe connects these tlilo units vltich carries 

the water and house the connection cardan shaft between drivi~ and puaping 

units. 

152. Sublteraible pumps. These puiaps are driven only with electro-aotors. 

The driving unit as well as pumping unit is under water. These plDlps are used 

when the draw-off needed exceeds the depth which noraal centrifugal puaps can 

suck. 

153. The pumps are of single or multi-stage performance depending on the 

pressure requirements. The main components of the above aentioned puaps are: 

Casing; made of cast tron 

Impeller; made of cast iron, plastics or non-ferrous alloys 
(bronze) 

Crankshaft; made usually of alloyed steel 

Accessorie,: such as anti-friction bearings, pressure tauge, 
sealings, ~taffing box, nuts and bolts, etc. 

154. For the manufacture of the above aentioned componentti different processes 

and technologies are needed, i.e.: 

Various casting methods are used for the manufacture of casinKs 
and impellers from cast iron or non-ferrous alloyti resvect1vely 

Crankshafts are made of alloyed steel and are finished by 
employing various machining operations 

For the ~anufacture of accessories different technologies and 
processes •re used and are usually manufactured in.specialized 
facilities. Therefore, most of the puap aanufacturers buy 
these components froa outside sources. A ¥000 exaaple is 
anti-friction bearings which are produced by companies which 
are specialized only in producing all kinds of bearings. 

I 11 

• 

• 

• 
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155. The illportant international puap aanufacturers are prociuci~ a large 

variety of puaps for all purposes and are specialized only in puaps 

production. In this connection. in the developing countries. puap production 

facilities should also be planned by taking into account the r;!C{uireaents of 

other sectors of .. rket to benefit fro• aass production ana be able to 

rationalize the cost • 

• Kanuf acture of pipes 

• 

156. Steel pipe. Many aethods and different types of equipaent are involved 

in pipe production. Briefly. pipes aay be categorized as welded (that is. 

exhibiting a seaa) anci seaaless. lbe fol'ller aay be fabricated by heating and 

foraing flat strip or skelp into a tubular fora and lap- or butt-welding the 

joint. Alternately. the strip. when cold aay be foraed into a tubular shape 

and the seaa electrically welded by resistance heating at low or hiKh 

frequencies or by sut.erged arc welding. lbe iaportant steel pipe 

.anufacturing process which is usually used for production of pipes for 

irrigation purposes is Electric-Resistance-Welding (E.R.~.) process. 

157. Electric-leaistaace-velded Tubing. Tubin& up to about 26 inches in 

diaaeter with wall thicknesses up to O.S inch is manufactured by tne E.R.W. 

aetbod. 1be basic steps involved in the E.R.W. process are: siittin~ (when 

llUltiple-width strip is used), foraing, welding, sizi~, cuttin~ ana 

fini&hing. lbe foraing of the strip is illustrated by Figure 13 (page 61). 

lbe coils are either fed directly into foraing rolls or into a looper to 

perait the end-to-end welding of strips. the strip first passes through an 

edge tri..er where the width is est~blished and the edges aade suitable for 

welding. It then passes sequentially through breakcaown or for.Ung rolls, 

idler vertical closing rolls and finpass rolls. The veldinK is accoaplished 

• by restraining the tube on squeeze rolls and heating the edges by 

lov-f requency current applied through electrode wheels or by radio-frequency 

currents applied inductively or by slidina contacts. 
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Figure 13. fte Con'ftraioa of Scrip iDCo a -.utam.ce-lleldeci tube 

• 

• 

• 
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After welding. the fhsh is removed and the tube subjected to any 

post-welding treat9ellts that -1 be required metallurgically. 'Daen 9 after 

cooling. Che pipe is processed on a sizing aill (t:aually cooaisting of several 

driven horizontal rolls and several idler vertical rolls) and cut to length. 

158. Almiai- pipe 18 aacle by three proceS&es: 

drawn seaaleas pipe 

aeaaless extruded pipe and 

welded pipe • 

159. The drawn seaml.esa tubing is ude by drawing tube stock produced by die 

and .. ndrel extrusion methods. It is drawn through a die to produce final 

dimensions. 

160. The seaaless extruded pipe is produced froa hollow extrusion in&ct and is 

extruded by the use of the clie and a&Qdrel method or colca-Gravn. l'be ingot 

used is cast in hollow fora. or cast in solid fora and drilled or pierced froa 

a solid ingot. 'l'he welded pipe is aacle by welding the ecflses of a formed sheet 

of aluainiua. 

161. Aluailliua pipe can be protected froa some corrosive factors by claddiJ18. 

Thi• is a pipe coaposed of an aluainiua alloy core having the inside or 

outside surface or both .etallvrgically bonded with an aluainiua alley coating 

that is anodic to the core. thus protectinai the core against corroeion by 

electrolysis. 

162. The pipe sizes and pipe vall thicknesses required (relatively thin wall) 

for quick coupling aluaioiua pipes in sprinkler irrigation systems are best 

1111Dufactured by the welding proceaa vbich is also the aoat econOllic proce••· 

163. Plutic pipe i8 a aan-.ade or~anic poly.er. there are nu.eroua kinda 

of plastic•, but four aajor kinda are used in pipe aanufacture. theae are: 
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Polyvinyl chloride (?VC) 

Polyethylene (PE) 

Al:.rylonitrile-butacliene-tryrene (ABS} 

Polybutylene (PB). 

Of these, only polyvinyl chloride {PVC), polyethylene (PE) and 

acrylontrile-butadiene-styrene {ABS) are presently used to an) 6 reat extent in • 

sprinkler irrigation. 

164. Plastic pipe is manufactured by the extrusion process, converting rav 

tbeTmDplaatics (PE, PVC, Pl, ABS) granul.ar or pCMildered aaterial to continuous 

lengths of finished product. A si~le- or aultiple-screv extruder acceptlii the 

rav -terial froa a feed source, subjects the -terial to heat and pressure 

for complete melting and aixiog, then forces the melted -terial continuously 

through extrusion dies to shape the pipe, which is then cooled to sec the 

shape, and cut to length by haul-off and cutting units. 

16S. AabeatM-c a nt pipe vas first developed in Europe, where 1t was use_, 

to carry sea water for fire fighting and street cleaning purposes. This type 

of pipe bas been -nufacturea in Great Britain since 1928 and is used in aany 

countries around the world. 

166. The pipe i& coaposed of an intiAate aixture of Portland ceaent, Portland 

blast furnace slag ceaent, and clean asbestos fibre with or without silica. 

This aixture is formed under pressure on a aandrel to pruv1oe a dense, 

homogeneous pipe with a saooth interior surface. The ai~ture ot ceaent and 

asbestos fibre should not contain grit, organic fibre, or other adulterants. 

The finished pipe uy be cut, drilled and tapped. 

167. Asbeetoe-ceaent pipe is ude in classes of 100, l!>O and 200. These class 

nuabera indicate working pressures in pounds per square inch (689, 1034 and 

1378 kilo-pascals). It is unufactured in sizes ranging froe 3 to 36 inches 

(76.2 to 914.4 -> i4ner cii-eter and in standard 13 foot (4 •) lengths. 

• 

• 

• 
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Fittings and accessories parts 

168. For the production of fittings, coupli03s and all other a.ecbanical parts, 

the standard workshop 11ethods such as: 

cutting 
foraing 
pressing 
various -chining vorlt 
welding 
casting 
etc. 

are required. Finally the various aanufactured parts have to be asseabled to 

the finished products such as riser, tee, valves, etc. 

Diesel engines and electro-motors 

169. Diesel engines and electro-aotors are used in a large variety of 

applications and their econoaic production aust be accODplished by taking into 

account all possible uses and the benefits of mass production. Furthenaore, 

the aanufacture of these coaponents is a ver) specialized field and cannot be 

aixed with another spe.:ialized aanufacturin8 field li~e the aanutacture of 

irrigation coapoaents. 'Dlerefore, the production of these coaponents is not 

recommended within the framework of irrigati~n equipa.ent .anu1acturing but by 

taking into account all end-users in the agricultural sector ati ~eii as 

industrial sectors. 

Sprinklers 

170. A sprinkler is coaposed of a variety of saall components aost of which 

are aade of non-ferrous aetals. 'Dle choice of aetal for each part is based on 

ita suitability and its aarket prices. The nozzle is 88de of plastic • 

Different casting methods are usually used for the production of various 

metallic parts. 'Dle production of pl•stic nozzles is carried out by the 

injection 110lding aethod. See also the following process diagram Figure 14 

(page 66). 
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Quick.-couplhg pipes 

171. The aanufacture of pipes is as described in the prececiing sections. the 

aanufacture of couplings and their asseably requires standard workshop 

operations such as aaterial shearing. foraing by pressing. weldi~ etc. A 

aiaplified process diagraa is shown in figure 15 {pag~ 67). 

Mechanized irrigation systeas 

172. the aanufacturing process of the mechanized irriasation systems can be 

groupea into the following stand&rd vorltabop activities: 

Ml!.terial cut-to-length 
Metal cutting (aachining) vorlta 
Manufacturing of various ca.ponents and assembly lines. 

Figures 16 (page 68) and 17 (page 69) sbow .. nufac~uring processes of 

travelling aacbines and center pivot •ysteas respectively. 

Drip irrigation co.pon~nts 

173. A siaplified process diagraa for the production of drip irrigation 

components are 8iven in Fi~ure 18 (pa&e 70). As can be seen froa this figure, 

two production lines are necessary, viz: 

Extrusion line for production of 

Injection aoulding facilites for 
eaitters, nozzles etc. 

Ileaarks regarding choice of aanufacturing 

pipes 

11anufacture of fittinjsS and 

174. From the brief description of aanufacturing technologiH o.t the various 
irrigation components given in the preceding section, it becoaes evident that 

' the c011plexity of technologies involved varies in quite a wide range. It is 
' of benefit for developina countries to start aanufacturfng the siapler and 

aore comaon coaponents. By aaetering of the technologies involved, new 
' production facilities for other aore complicated products can then be 
' impleaented. 

-------~-~---~-------~-~-------------- ---- - ___[__ ~-L-------~ j -- ----

• 
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Figure 14. Sprf.Dller llamafacturing 
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Figure 15. Couplings and Fitting& Manufacturing (Steel and Aluainiua) 

FOUNDRY 

ALUMINIUM 
CASTING 

STANDARDANO 
PURCHASED 

PARTS 

RAW MATERIAL 

STRIP SHr.ARS 

PRESS ROOM 

COUPLING 
ASSEMBLY 

INTERMEDIATE 
STORAGE 

i 
! STEEL 

FITTIN\iS 

HOT DIP 
GALVANIZING 

PLANT 

PIPE MILL 

PIPE 

PRODUCTION AND 
ASSEMBLY 

.... TEST PLANT 

ALUMINIUM 
FITIINGS 

I 

' I . 
MAIN STORAGE AND 

SHIPPING PLANT 

• 

• 

1 

• 



- 65 -

Figure 16. Tra-.el.11.ng Gun Irrigacor llamat.cblrhg 
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Figure 17. Ceater Pi'wot llaaaf.:turlag 
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Figure 18. Drip Irrigation mad Plastic Parca llumfacturiag 
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175. A related issue is that for the aanufacture of sillpler coaponents, auch 

higher local content (degree of integration) could be achieved due to lesser 

nuabers of parts or ele.ents involved. Therefore, less ciependency on 

purchased c<>1aponents and iaportation iroa developed countries. 

176. By taking into account the above viewpoint the following irrigation 

coiaponents sees to be suitable for 11&Dufacture in develo~in& countries: 

Quick-coupling pipes 
Pipe fiUiags and accessories 
Sprinklers 

177. For the aanufacture of the above coaponents, a local content ot .ore than 

60 to 90 per cent could be achieved which is a favourable factor for 

developing countries. 'lbe range of 60 to 90 per cent of local content is 

dependent on the availability of aetal producing industries such as steel and 

aluainiua industries in the host country. 

178. l'be above mentioned irrigation components constitute the aain elements of 

the irrigation lateral of pipe sprinkler systeas. 

179. By having the above coaponents at disposal, aodern irri~ation of a lar~e 

variety of lands in developing countries is possible which could play a llaJOr 

role in the increase of agricultural pr~duction and consequently food supply 

security. 

180. By manufacturing the suggested quick-couplillfs pipes and sprinklers, the 

installation of simple band move irrigation systems (portable) to fully 

mechanized solid set is possible. 

181. As mentioned in the preceding section, for the manufacture of 

quick-coupling pipes, a pipe mill and workshop facilities for the manufacture 

of coupling and fittings are neceHary. For sprinkler production, castioa 

facilities together with machine tool~ for finishing the parts are required 

(see Figures 14 and 15). 

• 

• 

• 
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182.-ICrow-bow and technologtcal skills for the above aentioned workshop 

ope~ations are readili available in most of the developing countries; only 

-specific know-how for production of quick-couplin~ pipes and sprinklers is 

necessary whicn could be acquired easily froa the internationdl supvliers of 

reputable mKkes and desi~ns • 

Maintenance atrat~3y 

183. Preventive maintenance and proper repair of the aachinery is of vital 

iapo~tance. Maintenance is often not given enough attention in developing 

countries which irequently causes major breakdowns and 10118 production 

interruptions. Thus, the company shoulu choose a ~ell vroKrallllled maintenance 

policy and mafnteD3nce procedures from the beginning ot operation. 

184. •1aintenance strategy shoul~ be well suited to the local conditions of the 

region where the plant is located. If the plant is located in an area with 

adequate local enbineering skills, a good balance of outside contracted 

maintenance and repair work to in-plant maintenance bei~ done by the own 

person~al should be ~ound. A ~ood balance of outside ana inside repair and 

maintenance work wi:l facilitate a minimal maintenance cost ~itbout 

jeopardizing the operstion. IU>wever, the increase of the rate of outside 

contracting results in the decrease of the rate of availability of the 

production lines. This is •1e to the fact that with any breakdown of the 

production lines which canr• ! fixed ~y ~wn per&onnel, lont,er duwntimes 

(repair, waiting etc.) should be taken into account. lbu~ the ~roouction 

target might not be achieved. Therefore, by taking into account all of the 

above mentioned aspects, a well balanced and appropriate maintenance strategy 

• should be selected. The appropriate maintenance strategy could be selected 

when a thorough knowledge of local en~ineering capacity is at disposal • 

• 
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Infrastructure and linkage& with the rest of econ°'!Z. 

185. Econoaic and technical infrastructure are vital to the development of any 

capital goods industry. Efficient and econoaical aean& of transport. 

especially for the transport of voluainous finished product& to the market. 

communications. water and energy supply. social infrastructure etc •• all are 

iaportant factors. 

186. Basic technical services such as casting. aerchant bot-clip galvanizing. 

manufacture of jigs and fixtures. etc. constitute the techn1cal infrastructure 

which facilitate the s800th develop11ent of the irrigation equip11ent 

manufacturing. 

187. Supply of raw aaterials and interaediate goods can also play an iaportant 

role. Of pri~e iaportance is the availability of iron and steel products. lo 

the case of pipe and puaps and even other iaportant irrigation COllponents. 

iron and steel constitute the major portion of weight and are a aajor cost 

el~nt. 

188. lbe manufacture of the main coavanents of irrigation can be classified as 

low v~luae high coapouents manufacturing pr,cesses. lberefore. ideally can be 

lntegrated into a local econoay to increase the utilization rate and 

consequently achieve better econcaic, i.e. higher local cvntent; e.g. the 

existence of an engineering or casting industry will positively influence the 

possibilities of establishing a pump manufacturing unit. 

189. On the other hand. the iapleaentation of pwq>s or pipe proauction 

facilities could be of greater iaportance for the development of other sectors 

of economy, such as urban vater supply and diAtrihut!on systell8 etc. In this 

:onnection, it can be st3ted that the impact of the ~&tablishaent cf 

manufact~rins of irrigation components on local econ0111y and infrastructure is 

double-fold, i.e. the irrigation equipaent aanufacturin~ could be integrated 

in an ex1sting local economy and simultaneously the possible interlinltase• 

with other industrial sectors could be utilized to achiave better econollics. 

• 

• 
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Role of aulti-purpose plants as links a.oy the -nufacture of 
irrigation equif!!!!t1 agricultural .. chinery and water-related 
comaon-purpose capital goods 

190. The level of technological coaplexity of irrigation coa.,onents run over a 

vi.de range and it should be borne in aind that coaplexity level is dependent 

upon the selected degree of integration as well as the technological route 

adop~ed 9 i.e. the technological coaplexity level can be reduced by decreasing 

the rate of integration. in-plant production, or by siaplifying the product 

design and/or aanufacturing processes. or incraased by coaplicating these 

paraaeters. 

191. Proa the above stRtement 9 it becoaes evident that the manufacture of most 

of the irrigation coaponents requires rather specialized facilities because 

often different technologies of different cosplexities are used. It is also 

of illportance to ncte that the aulti-purpose. facilities should on. J be 

considered if the deaand for creation of specialized facilities is not 

available. However, aulti-purpose prod~tion should be planned and 

iaple9ented as an entry route into the irri~ation components manufacturing 

sector. lbe aulti-purpose plant should be conside~ed as a development pole 

which, in tiae, hands tile -nufacture of the products over to new specialized 

units. n.e increase of the aarket demand and the mastery of the technologies 

within the aulti-purpose unit fora the basis for these ~ossioiiicieb. 

192. For establishlaent of aulti-purpose facilities, the governaental support 

aight be necessary to protect the industr; from very large-scale and fully 

autoaated international suppliers which have rationalized the cost and can 

of fer the product cheaper on the market • 

193. It should also be noted that the multi-purpose facilities must be planned 

by taking into account that the various products manufactured must have some 

cOmllOn dominant characteristics, in which context the nature of the production 

equipment is not the sole facto1 to be taken into consiaeration. 
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194. lberefore. the aulti-purpose t•ci!ities can be ~ested as under: 

Production facilities for pipes and fittings, for all purposes, such 
as irrigation. water supply and distribution. etc. 

Multi-purpose facilities for puaps, valves ao.d li~ht agricultural 
equipment such as rice hullers. dryers, threshers. power tillers 
etc. In these facilities, production of aechanized irr~ation 
systeas could also be planned. 

195. lbe two above aentioned facilities which use coapletely different 

production technologies can be also inte&rated in one •ulti-purpose plant of 

course in different shops. 

196. On the other band. the exis~ing •ulti-purpose plant for manufacture of 

capital goods, in any developin& country. could be adapteo tor vroauction of 

irrigation coaponents. This possibility should also be tue:n !nto 

consideration. lbis can be achieved by detailed planning and i•pleaentation 

of the necessary unit adaption aeasures and the acquisition of production 

know-how. In this connection, the adaption of steel pipe production, for 

.. nufacturing of quick-coupling pipes (irrigation piJ.e) and addition of pump 

production to existing light agricultural aacbinery production facilities ana 

purchasing of all required casting products can be aentioned as typical 

emples. 

Role of small and medium-scale enterprises in technology transfers. 
training and financing 

197. The sll811 and aediua enterprises.in coapariaon to lar¥e c011panies have 

the following advantages: 

Can respond aore flexibly to urket opportunities 

Are technically more dar11J8 and innovative ana 

Tend to rely leas on in-plant operations ana aort! on sui..-coutracting 
which facilitates aore integration into the local econoay. 

• 

• 

• 
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198. l'herefore. the s .. 11 and aediU11-scale enterprises could ~iay a .. jor role 

in all aspects of: 

Technology transfer 

Training 

Financing 

• 199. Teclmology transfer. Any k.ind of technology transfer fr• joint 

venture to purchase outright of technology and knov-hov could be undertak.en by 

• these coapanies. 'Ibis is due to the fact that they are aore flexible in 

negotiating and the decision in each case could be aade 110re rapidly and 

without too aany internal regulations and constraints. This is true for both 

sides. i.e. technology suppliers as well as technology purchasers. 

I 

• 

I 

200. Train.iog. Training is considered as the vital el.1!9ent of survival in 

the present tille. Faailiarisation with the technology takes time; a lot of 

planning is necessary and inevitably long periods of traini111o:are neecieo. 

Even in western countries where industrialization bas becoae bi~hly 

sophisticated, the learning processes involved have been &ros~ly 

under-est:laated by users and training is often considerea only as an 

afterthought. International transfer of aanufacturi11t. technolo6) i~ 6rowi111>. 
I 

Faced with their inherent probleas of high rural populations and scarce 

resources of highly educated aanpover, entrants froa develop!~ countries 

should give training its proper significance. Broader training packages will 

be required for countries in early stages of develol'llent. 

201. Micro level skills are required for the establisbaeqt of' specific 
I 

industries (e.g. irrigation equipment aanufacturin&). Trainiag of such 

personnel goes far beyond foraal education. lbere is auch on~he-job traininK 

of engineers and production labour. The skills that are developed and passed 

on in on-the-job or plant specific training, constitute a lar~e fraction of 

the technology 888tered by the manufacturing c011pany. Therefore, it is 
' ' advisable to acquire the know-how and technology and accompli,baent of 

technical training from a single supplier. 

I I I 
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202. In this connectioo, there are a large nuaber of aedium-scale coapanf.es, 

some of thea specialized fins in training, which can play a major role in 

proriding tr111ining programaes for developing countries for each special field. 

203. Al: the sa11e tiae, the mediua and small-scale enterprises in the 

developing countries, which are desiring to enter in irr~ation coapoaents 

aanufacturing, should consider training as a vital element for survival and 

acquire it as an invest.ent itea. 

204. Financiaa. Financing constraints can be considered as a aaJor obstacle 

for the develop.ent of industrial sectors in general and irrigation 

ll&llufacturing in particul:ar in the developing countries. However, if the 

priority and the interrelation of irrigation equip.ent aanufacturi~ and 

agricultural production and its role in food securi~ would be taken into 

account, the financial constraints could be overcoae in aost ot the developing 

countries by choosing an appropriate policy and strate~y for allocation of the 

available resources. 

205. In addition to doaestic financial resources alaost all international 

financing institutes such as World Bank, Asian Development Bank etc., consider 

the financing of irrigation scheaes as high priority projects for developing 

countries. In this connection, negotiation could be held with these agencies 

to extend their financial support to irri~ation equiv.ent manufacturin~ 

projects. 

206. Other financing possibilities for establishing irrigation equipment 

.. nufacturing in developing countries are the following: 

(a) Utilization of export financing of machinery suppliers' country 

(b) Financin& tbrou1b barter deals (coapensation) 
This is a difficult task but there are a lot of such. examples 
for financing industrial projects, therefore, this possibility 
could also be tapped for financin~ irrigation equipment 
aanufacturing projects 

I II 

• 

• 

• 



• 

• 

• 

• 

(c) 

(d) 

- 15 -

Suppll of the -chinery and ·buying of the product for re-sales 
in other aarketa can also be taken into consideration between 
the suppliers with international -rket share and those of 
developing countries which evident comparative advantage of 
.anufacturing. '11lis .ethod is alva7s to be realized with joint 
venture and is applicable to a liaited number of products as 
well as countries 

BOT-deals 
Build, operate 4nd transfer (BOT) ia usually applicable to low 
risk and high viability projects such as utility supply. For 
tapping this possibility, the -rket demand, tax and custoa for 
iaportation of -terials and other inputs, and orientation of 
sales prices towards international prices aust be guaranteed 
for a liaited perioca of tiae to aalte such deals attractive for 
the aachinerz suppliers or holdin& or f inanciJli companies 
usually interested in such deals. 

207. <Jloice of one of the above or other methods of financing auat be aacie for 

each particular case by aHeaa_ing all poaaibilitiea to fina the optiaua 

solution • 
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VII. OBSDCLIS AID IADIQS IDBIJTUDD 'IO i&UbLJ.bh Alm 
DEVELOP IDIGATIOll ftOJICIS MID/OI. IWllJFM.111~ Pl.MTS 

l'Oll IUIG&TIOll BQUUlllll'T 

Probleas associated with irrigated agriculture 

208. It is apparent that the potential for increaseo procluctivity through 

irrigated agriculture in the developiJl& countries is great but the perforaance 

of irrigation systems has been profoundly disappointing. Poorly aanaged 

irrigation has had serious adverse effects, includ11J8 floocling, water-lo8t,iog, 

increased soil salinity with destruction of the soil's productivity potential, 

and spread of water-borne and water-related diseases. Faraers at the tail 

ends of canal irrigation systeas typically receive i9adequate, untiaely and 

unreliable supplies of water, discouraging them froa adopting aore productive 

faraing practices. Crop yields reaain low. IrriKation efficiencies, defined 

as the aaount of water delivered to the root zones of the crops as percentaKe 

of the amount delivered, are generally as low as 30 per cent. while well 

managed irrigation systems show efficiencies of 60 per cent or more. There is 

great potential for increasing production as well as efficiency of water use. 

209. Several deficiences in irrigation management arise fro& inaue~uate 

planning (with narrow objectives, lack of reali&m and neglect of 

non-irrigation aspects), defects in dee!gn (ne&lecting requirement for 

flexible operation, on-farm development and drainage) and especially from 

deficiencies in operation and maintenance. Many current deficiencies in 

irrigation management are linked with methodologies and institutional 

problems. Good irrigation management requires a multi-disciplinary approach 

and methods, but specialization leads away from this. In particular, civil 

engineering training and professional formation reward and value construction, 

but neglect and undervalue the vital activities of operation and maintenance. 

210. Institutional changes are a national concern and responsibility but 

outside support can encourage and catalyse change. Actions are underway in 

most countries to remedy deficiencies but a multi-disciplinary flexibility is 

difficult within existing specialized institutions. 

• 

• 

• 
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Obstacles of aanufacturillf plants for irrigation equipment 

211. In llO&t of the developing countries, a set of barriers hinders the 

development of capital goods sector in general ana irrigation maoufacturiot. in 

particular. Although the type of barriers aay change froa country to country, 

there are always soae of thea which are typical and have o~ative iapacts on 

• the development of .. nufacturing facilities. It is, theretore, necessary to 

try and aake soae of thea apparent • 

• 

• 

• 

(a) Market size vbich is usually discussed together with the 
econoaies of scale of aanufacturing, can be regarded as a 11ajor 
barrier to the developaent of the irrigation equipaent 
aanufacturing in developing countries. Regional or co-on 
market between soae developing countries can be considered as a 
counter aeasure in this re~ard. 

(b) Fluctuation of doaestic aarltet deaand which i& specially 
observable on the agricultural aachinery aarket in general and 
irrigation equipment in particular, is probably as important as 
the average aarket size itself. No industry can exist in an 
environaent of dramatic peaks and troughs. To reduce the 
probability of fluctuations occurilli, careful plannin~ and 
consideration of multi-purpose or flexible conceyt of 
manufacturing may be helpful, however, is not always easy to 
realize and implement. 

(c) Lack of capital is another major constraint. 

(d) Compared to all other industrial sectors, the need for skilled 
manpower is the highest in the case of the capital 6ooos 
industry in ~eneral and irri~ation manufa,turin6 in 
particular. Training of skilled and semi-sk.illea D&Glll-O"'er 
takes time. Short-term'solutions are not always possible even 
if the financial resources are available. 

(e) Lack of socio- and technical infrastructure can be ot lkaJUr 
disadvantages for realization of irrigation equipment 
manufacturing plants. Lack of basic technical services such as 
casting, forging, heat treatment etc. constitute some of the 
technical infrastructure required for manufacturing of 
irrigation and other agricultural machinery • 
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(f) Lack of supply ot raw 11aterials (iron and steel) ana other 
aetals (aluainiua) and feeding industry (electric aotors, gears 
production etc.) can increase supply shortages, due to lack of 
fcreign currency for iaport or difficulties in obtaining iaport 
licenses. 

212. For aore detailed explanation of industrialization constraints in 

developing countries, a nuaber of published docuaents are available within 
14/ 

U~IDO and other United Nations agencies.~ • 

• 

• 

• 



• 

• 
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VIII., SnADGIBS AID> POLICIES 
(ROLE OP IITEIUIATIOIW. CO-OPllATIOll) 

213. Irrigation bas continuously gained iaportance in the civilization of 

aankind. Kost aen who are well inforaed on irrigation are certain of its 

perpetuity, as long as it is intelligently practised. lbe duration of 

civilized people is probably dependent on aany factors, of which a permanently 

profitable agriculture is vitally important • 

214. The :lllportance of irrigation in the world today is well stated by N.D. 

Gulbati of India: 

•irrigation in 1181lY countries is an old art, as old as 
civilization, but for the whole 111Drld it f.a a aoclern science, the 
science of survival.• 

215. The pressure of survival and the need for additional fooa supplies are 

necessitating a rapid expansion of irrigation throughout the world. Even 

though irrigation is of first importance in the arid re6 ions ot the earth, it 

is becoming increasingly important in humid regions. 

216. Experience gained during the last decades in the USA and by major 

producers of agricultural products has s!:.own that the irrigation of cultivated 

land is an effective measure for safeguarding the supply of the world's food 

requirements. 

217. Approximately 250 million hectares of cultivated land are bein~ irrigated 

worldwide, especially in arid regions, which make up about 15 per cent of the 

total cultivated land. On this comparatively small portion of cultivated 

land, approximatively 30 to 40 per cent of the total food is bein8 produced. 

218. Efficient and appropriate irrigation calls for a variety of machinery and 

• equipaent. lbe non-availability in the market or very high prices of 

irrigation equipment are the major constraints in most ot developing countries 

for proper application of irrigation systems by most ot the farmers. 

II I 
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Therefore, in line with other aeasures such &s: 

Access to land and natural resources 
Access to input and services 
Access to distribution channels, marketing, process!~ prices 
and incentives 
Access to institutions 
Access to education and training 
etc. 

the necessary facilitiea for econoaic production of key agric\&ltural aachinery 

in general and irrigation equipment in particular aust be provided. 

219. As key coaponents of modern irrigation, production of quick-coupling 

pipes, made of galvanized steel or aluainiua, is recomaendable. 

220. Quick-coupling pipes and sprinkers are the key coaponents of pipe 

sprinklers irrigation systeas. Pipe sprinkler systems can be applied to a 

large variety of lands; labour intensive systems (portable and bandaove) as 

well as fully mechanized systems such as solid set are accomplishable by 

having quick-coupling pipes and sprinklers at disposal. Pipe sprinkler 

systems are suitable for small-scale irrigation schemes, therefore, they are 

of high value for a large number of developint. countries. 

221. Manufacture of quick-coupling pipes is accomplished by a pipe mill; tor 

steel pipe by E.R.W. and for aluminium by non-ferrous ~eldi~ processes. The 

pipes diameters (50 to 220 DD) and the required wall thickness ano its 

resistance to preosured water call for specially desi~neo ~i}le miiis. 

222. For the manufacture of coupling and other necessary fittings, standard 

workshop operations such as cutting, pressing, machining, welding, assembly 

etc. are required which might be accomplishable in multi-purpose capital goods 

manufacturing facilities. For manufacture of sprinklers, casting facilities 

(die castings) for non-ferrous metals are required. 

• 

• 

" 
, 
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223. The akilla and know-bow for the above aentioned workshop activities are 

readily available in aost of the developing countries. the required des.txn 

details and production tnov:-hov for these syste11& aust be acquired. 

224. Production of drip irrigation systems' components can be rec09lllended for 

a large nuaber of developing countrie3. 'l'be production process is rotber 

a siaple and aastering of the saae can be achieved in a short ~riou of tiae. 

• 

Policy and strategy at the govern11ental level 
• 

225. For the realization of irri&ation equipment aanufacturing facilities in 

developing countries the followil&8 policy and strategy can be taken into 

account at the governaental level: 

(a) Support the systematic investigation of agricultural lands and 

possibilities of application of the various irrigation systems. 

(b) Based on above founded and detailed investi~ation. the potential 

market and effective market for irriKation components and equipment 

should be estimated and forecast for the same in the short and 1011& terms 

must be aade. Such market survey could be supported by tbe goverDlllent. 

(c) Support the P.reparation of detailed feasibility studies for the 

manufacturing of irrigation components determined in the course of the 

above market investigation. By implementing such feasibi~ity stuaies the 

various production technologies and application of multi-purpose 

facilities could be investigated. compared and optimal solution selected. 

226. Of major i•portance will be the working out of governmental strategy and 

policjes for promoting the irrigation equipment1 manutacturing projects. These 

promotion policies should provide the necessary' incentives for the private 
I 

sector to invest in irrigation equipment aanufacturif1K. Promotion measures 

could be such as: 

11 I I 
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Tax and duties exemption for iaportation of aan\lfacturing 
aacbinery and facilities 

Tax and duties exemption for iaportation of raw aaterials 
and inputs 

Inco.e tax holidays (for at least S years) 

Governaental protection aeasures such as application of 
custOllS and duties for iaportation of the irrigation 
COllpOnents already 11&11ufactured locally, etc. 

Providing soft loans for iapleaentation of irrigation 
equipaent aanufacturill6 projects 

etc. 

227. Support re6earch anel development for irrigation in general and irrigation 

equipaent and systeas suitable for local conditions in particular. 

Involvement and co-operation with local consultin~ and elJ8ineeriD8 coapanies 

and groups froa initiati~ phase to post iapleaentation phases for the 

realization of any project. 

228. Choice of an appropriate project realization aeth0e1, e.~. doi~ all basic 

engineering and detailed engineering by a project mana~eaent and project 

engineering task force. All individual pieces of equipment or contract 

disciplines be placed for coapetitive bidding. In other words, avoiding the 

turn-key project implementation aetbod. Of course this aet1&UG ot proJect 

iapleaentation in comparison t~ the turn-key aetbod is more difficult and 

requires more skills to implement but, on the other hand, is the only possible 

method for local engineers to learn on-the-job, bow to design, implement and 

monitor the project implementation. This system also ensures the retention of 

control by the client of the facility features and also ensures that the aost 

competitive offer for each component of the project is acquired without any 

mark-up by any ~ontractor. It avoids the major disadvantage of turn-key 

contracts; loss of control over desirable design and installation features 

vitbout suffering price changes which are not subject to competitive biddin~ 

disciplines. 

II I 

• 

• 

• 
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Policy and strategy r _t_!:~~nt~rnational level 

229. Tb~ ·one world• concept is not n~w. Spaceship Earth is an accepted 

metaphor in the United Nations. In 1980 the community of nations adopted an 

international developaent strategy reflecting their recognition of essential 

and coaprehensive interdependenee aaong nations. In this context tapping the 

f international co-operation possibilities for successful realization of 

irrigation coaponents manufacturing will be one of aany ~ood exaaples of 

c international co-operation. tbe aost iaportant areas of international 

co-oper~~ion are: 

' 
• 

I II 

I II 

{a) Capital and tecbnical aasistaace. Capital ana technical 

assistance to developing countries, both aultilateral and bilateral, bas 

becC>ft~ an iaportant part of the international framework of agriculture 

and \#.~ll play a key role in the llOdernization of agriculture in 

developing countries. In this connection utilization ot some of foreign 

aids for implementation of agricultural equipment manufacturing in 

general and irrigation equipment manufacturin~ in particular is possible 

and is of benefit for developing countries. 

{b) lesearcb and tranafer of technology. Attaimaent ot the necessary 

long-run growth of agricultural productivity which is dependent on 

irrigation and application of irrigation equipment must b~ based, aaong 

other things, on technical innovations. Much irrigation research and 

derivation of technologies i~ area-specific and must be carried out 

within the country concerned, often with reference to conditions 

particular to individual regions, but it must be integrated and 

cross-fertilized internationally. 

{c) Joint ventures for producing irrigation equipment will be a gC10d 

aeans of promoting such projects • 



- 84 -

(d) Conduct of regional. co-operation, between a nwtber of developing 

countries. This will be a good counter-aeasure for lack. ot adequate 

demand for starting an econoaic production of irri!s&tion equipment in 

some areas. 

(e) Collpenaation arr.age11ent (barter deals) for financing irri!sation 

equipment projects. 

' 
• 
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