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Foreword

This report was prepared as part of tid Water InitiativeNational Policy Dialogue
(EUWI NPD) on Integrated Water Resources ManagenreRtyrgyzstan withfunding from EU
and with technicasupport fronthe UNEconomic Commission for Europe (UNECE).

The basis for work was the order of the Government of Kyrgyzstan on thetmeed
implementa set of measures aimed at improving irrigation techmedognd introduction of
effective methods of crop irrigation, inclhad drip irrigation.

Report provides an overview of the current state of agri@#ind irrigation sectors of
Kyrgyzstan, the analysis of experience in application of diffemreigation methods in the
Republic These sections were prepalsdKirill Valentinion the basis of synthesis wiaterials,
contained in reports ofhe National Experts Valery Gutnick, Amanjol Atakanov, Ryazidin
Zhoosheyand Qulmira Adzhygulowa. Section containing summaryof international experience
of development of advandetechnologieof agricultural cropdgrrigation has been prepared by
Yakov Lev,theinternational consultant hired YNECE Recommendations for introduction of
advanced irrigation technologies in Kyrgyzstan were developed jointtiidoyational Experts
and international GnsultantsErkin Orolbaevhas oordinaed thework of Projectexperts and
consultants Peep Mardistehas carried ougeneraloversightof the Projecton behalf ofthe
UNECE

It is expected that the main conclusions of the report can be used in plahaotyities
onintroduction of advanced technologigsagricultural cropgrrigation in Kyrgyzstan.
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l. Summary of current situation in Kyrgyzstan

1. Geography and climate

The Kyrgyz Republic (Kyrgyzstan, KR) is located in the naadist of Central Asia. Its
territory covers an area ahore than @99 million km2 The length of the territory from west to
eastis 900 km andfrom the north to south i50 km. Kyrgyzstan has common borders with
the Republic of Kazakhstan, the People's Republima the Republic of Tajikistgrand the
Republic of Uzbekistan (Fige1l).

Kyrgyzstanhas mostly mountainousandscape The average altitude of the courdtry
territory is 2,750 mabovethe sea levelwith the highest poinat 7,439 m (Pobeda Pealgnd
the lowest is394 m (in the soutlivest of the country). Mountain ranges cover about a quarter
of the territory and extenby parallelchainsmainly in thelatitudinal direction. About 94% of
the country is located d@he marks higher thab,000 m abovehe sea level ananly 20% of
territories arethe areas with relatively comfortable living conditions. In this zone resickes
mostpartof population as well as theconomic activitys mainly concentrated.

Thelocation ofKyrgyzstan in the center of Eurasits remotenesfrom the oceans and
seas, as well as the neighborhood of deserts predeteffioimegion of cotinental arid climate
with clearly defined seasonsf the year Most of the territory of the Republic is locatedan
temperate climate zonand onlythe southern areas are in a subtropical climate zone. Average
temperaturesn Januaryfrom -1°C to-8°C in the valleys and up t@7°C in the highlandsin
July from +20°C to +27°C in the valleys and up 6°€ in the highlandsAnnual pecipitation
ranges from 180 mnm the Eastto 1,000 mm irthe Suth-westof the country

2. Population and workforce

According todata ofthe National Statistics Committee (NSC K& ofOctober 2014
the population of Kyrgyzstan is 5,868illion people The populationdensityis about 29
people / krA Approximately 66% of the populatioresidesn rural areasEconomically active
population in rural areas is 1ngillion people, fromwhich 1.5 million or 94%employed.From
thetotal size ofemployed population thehare ofpeople engaged enterprises and institutions
is 31%.The 21.8% of total emplogd population is workin in farms, add.5%is workingfor
individual enterprisg 147.7thousancpeople are workingn the personal subsidiary plot$he
rural popuétionresidesn 440 rural communities, including 1,871 village

The employment rate of the population of Kyrgyzstan as a whole is about 60%. The
total number of officially registered unemploypéoplein the countryis 210thousandoeople,
including 102.2housandpeople in rural areas. According to tikata of theMinistry of Labour,
Migration and Youth of the Kyrgyz Republicfor today, the number of employees in the
foreign labor market amounts to 591tBousandpeople,or 25.9% of the dtal number of
employees.di t ot al , a c ¢ o Ondthermigratioro statistice in Kyogwz&ta(Aipril
2014), for the period from 1991 to 2013 external migration of the populationeoKtmgyz
Republic amounted to T8 million people, fromthem 81% personof working age. The main
directions of migration flows arthe Russian Federation and Kazakhstanrecent yearshe
characterof outflow of Kyrgyz citizens, includinghative populationmore and moréecomes
not labor migration but rather irretrievable export of population The impact of migration
processe®n macroeconomic indicators #&fyrgyzstanis confirmed by the statistics: of the
total incomeof country populatior30% are remittancdsom migrans.

Esti mat es o fKyrgyrsten inNF§@es, RAL4) and the World Bards of the
end of 2014 show thafor today 37-38% of the population live below the poverty line,



including 72% of the rural population. According ttata for JanuaryOctober 2014, the
averge salary in Kyrgyzstan wdsl 984 thousandKGS (excluding small businessesyhile in
agriculture itdoes not exceed 3.347 thousa€@S. For comparisonthe minimum consumer
basket for the third quartesf 2014 in Kyrgyzstan was.958 thousandKGS, while the
subsistence levelvas 5.011 thousandKGS". It should be noted thdh the Governmental
Decreeas of 14 . 08 .0GhQahe 4orecadtl of soti@@omic development of the
Kyrgyz Republic for 2015 and 204817 , twas pravided for an annual growth of
nominal GDP by &% and thegradualincreaseof realincome ofpopulationfrom 1.2 to 4.7%
peryear. The growth rate of production in the agricultural sestsexpectedon the levelof
2-3% per year. These indicators are to be achieved under the following favorable external
impactfactors:

- Political stability in the regiomiand countrie$ themain trade partners of the Kyrgyz
Republic;

- Gradual strengthening of the global economy with projected growth to 4%;

- Projected economic growth theneighboring statesRussia (2%)Kazakhstan (7.1%),
and Ching7.3%);

- Moderate growth of inflation in the countrieshemain trade partners of the Kyrgyz
Republic: in Russia (4-5.5%), Kazakhstan (6-8.0%),andChina (3.0%);

- Development of foreign economic cooperation inftaenework of the Shanghai
Cooperation Organization (SCO) and the Eurasian Economic Community;

- Projected stabilization afvorld oil prices at the level dJS $100-105 per barrel,

- Strengthening the global trends of investrs@éminnovative technologies.

However, a number of weknown political events that occurred in the world during
2014,hasled to a significant change the previouslyestablishedjlobal economic trends, and
had anegative impact on the soesronomic development of th€entral Asiacountries,
including Kyrgyzstan. Irthis connectionit is appropriate to expect that the previousiyrked
out shortterm forecasts of the Kyrgyz Repubtievelopmentincluding the expected volume
of investments for development of the national agricultseator, will be reviewed on the basis
of more moderate performanicelicators

3. Land resources

According to offtial data of the Department cddastre and registration oghts inreal
estate of the Kyrgyz Republic, thatal area of land within thet&e borders of the Republig
19,995million hectares.

Distribution of landresourcesaccording to thecollection of theNational Statistical
Committee of the Kyrgyz Republiiyrgyzstan in Figures(2014) is shown in Figure 2.

! Note: In accordance with the structure aftiosistence levebpproved by the Government Deciée 694 asof
06.11.2009the share of food products is 65%, ffond products 16%, services 17%, and tax - 2%.
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Figure 2. Distribution of land resourcesof the Kyrgyz Republic by land categories

Of the total area ofgricultural land 1.064 million hetares isowned privately and
4.611 million hectares is owned by theaa®. The total area dand belonging to different
categories of land in th®epublicand suitable for agricultural development is about 10.8
million hectares, of which about 9 millidrectaresan potentially be used as pasture and about
1.5 million hectares asand arable landPasture resources and natural hayfields occupy about
50% of the totalcountry territory or about 90% of all agricultural lasdActually, in
Kyrgyzstanabout1.28 million hectares of arable lamsl developedor 7% of the total r@a.
However, according to thdata of collection of the National Statistical Committee of the
Kyrgyz RepublicfiOn the state of agriculture in the Kyrgyz Repuliti20092013 , in 20
al cultivated arable area occupied by cragsounted to 1170.4 thouand hectaresbeing
slightly increased by 0.3 percent compared to 2009. The average size of arable land in peasan
(farmer) facilities in Kyrgyzstan is only 2.7 hectares, including 1.9 hectarnesgattedarable
land.

The modern structure @fssignment of tharable lando businessntities is shown in
Figure3.
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Figure 3. Distribution of arable land amongbusinessentitiesin agriculture (in thousands
hectares and%)

To date,1.035 million hectares of irrigated land developedn Kyrgyzstan It means
that more than 70% of total areaafrrentlyused arable land depesdn irrigation. Irrigated
lands give more than 90% dgricultureproducts, and relate the strategic natural resources
of the Republic. According tthe various expert estimates, perspectivan Kyrgyzstanthe
area ofirrigated lan@d can be increased to 1-%.3 million hectares However, the dggn of
thesepredictions as a ruledoesnot provide justification for possibleattracton of additional
water resource®f about 26 km?® /year for irrigation of teselands . T h e r eNatmmake |,
Strategy for Sustainable Development of the Kyrgyz Republic for-2013 year8 ppaoved
by the Presidential Decreses of 21.01.2013provides for a very limited @velopment of new
irrigated area of about 50 thousantiectaresin the short termperspective However, the
possibility of realiation even otthis goalcurrently seems highly questionable, based on the
deterioration of the macroeconomic situation in the country.

Crop productivity sector significantldependson the quality of land resources. The
continuing trend of land degradaticnrrentlyis a serious sociecmnomic and environmental
problemin the Republic. According to the State Register of the Kyrgyz Repiylittie end of
2013 the differentiation of degraded agricultural landas as follows: salinsoil -1,180.8
thousandhectares;alkaline soil- 471.2; swamp lands 118.6; stone landg 4,021.2; wind
eradibility 7 5,689.8; water emibility 1 5,626.8 thousand hectares present, bthe total area
of irrigated lang, 220.0 thousand hectaraese salinein a varying degreef81.8 are alkaline;
33.1lare swamped96.1are stony651.1arewind eralible; 764.8thousand hectares anater
eradible. Itis already practicallympossible to get any harvest the saline and alkaline lands.
Within thecountryterritory, thearea ofirrigatedlandsin submaitane zongswhich areexposed
to wind and watererosion, is more than 7QBousandhectaresin general,at presenin the
Republic of the totahrea ofirrigatedlands 864.5 thousand hectarasein good condition61.8
thousand hectaregre in satisfactory condition96.7 thousandhectares are innsatisfactory
condition,including due to close groundwateccurence 38.0 thousand hectaresalinization
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of soil - 51.4 thousandhectaresand in a complexf both close groundwateoccurenceand
salinization - 7.3 thousandhectares Area of disadvantagedoil-reclamationlands is 96.7
thousand hectare23.4 thousandhectaresof irrigated landare prone toovergrowng with
reeds in total215settlements are impounded

The main indicator of soil fertility humus- continues to decreass a result of erosion
andnonapplication & appropriatedoses of organic fertilizers. Removal of hunfitesn arable
horizonby plants, according to various estimates)etweenfrom 20 to 45%. Actual loss of
cropyield on exhaustedwaterlogged, saline and alkaline soils raafgem 1020 to 7680%.

4. Water resources

In the aggregatef current estimateshe totalamount ofwater resources of Kyrgyzstan
(Figure4) is about 2458 kn#, including 650 kra of water in glaciers; 45 kn# in the lakes, as
well as 13km3 of potential groundwater resourcesid from 44.5 to 51.9 khof Annual River
flow. Kyrgyzstanranksthe seconglacein Central Asiaby thespecific indicators ofesenes
of waterresourceper capita.

M Glaciers ™ Lakes Rivers M Groundwaters

Figure 4. Water resources of Kyrgyzstan

The total area oflaciers is more than 8 thousakw2 or 4.2% of thecountryterritory.
In recent decaddbe fresh wateresourcesn the mountain glacierare permanently reducg
due tothe global warming processes. The most significgtotageof fresh and slightly saline
water resources is concentrated in the lakes, mostly in the-Kagykake. On the territory of
the Republic there are more thap@® riversthat belong to the large watérasinsof the Syr
Darya, Amu Darya, Chu, TalaBi, Tarim Rivers,andthe IssykKul Lake Although the vast
majority of surface waterare formed on the territory of the countrfgr the domestic water
consumptionneedsis usedno more than a quarter of river flow annyalthe rest offlow
ingresses to the territory of the neighborirgt&s.Average perenniatolumes ofreturn wates
areweakly studiedandestimatedapproximatelyas3 km3/ year. Volumes ofollectordrainage
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watess are estimated as insignificarand do not exceed 1.3 Riyear. The annual volume of
wastewates is 0.711.02 knd/year (excluding wastewater discharges from decentralized
wastewater systems in rural are&@3i. thecountryterritory 106 deposits of feshgroundwaters
were revealedand20 ofthemare used fohouseholedrinking and industrial water supplgt
present44 underground water deposése studied in detajlwhich havepotential reserves of
fresh waterof 11 knf/year anduseful groundwatestorage 0f5.3 kn# / year, includingby
industrial categories 2.2 kn#/ year. In general, except for local areas in the southern regions,
the Republids providedwith drinking waterstorage fothe long ternperspective

Surface water resources are disited unevenly wer the territory of the Republic. In
the south of Kyrgyzstaii in Osh, JalalAbad and BatkerDblastsi 28.5 kn$ of wates are
concentratedin the IssykKul Oblast- 11.7kms3; in Naryn- 13.9km3; in Talas- 17.5kms3; and
in Chui- 4.6 kn# of waters are concentratddp to 90-92% of thewater resourcedemandof
the Republic isnetat the expense glurface wates, includingin the IssykKul Oblast- 95.6%;
in Naryn- 98.1%:;in Osh, JalalAbad aml Batken 89.1%; inTalas- 97.7% andin Chui Oblast
- 93.4%.

At the average the total volumeof annual consumptiof water resourcesn the
Republic is estimatedn the levebf 10-12 kn? / year. However, after 2010 the total volume of
water intake, according to official statistit®sdecreased to 8.10 Rrhyear.Groundwatemuse
hasalso decreased from 1.0 to @23 kn? per year. This was due not only the reduction of
volume of surface water rundfiecause ofhe climate change, but aldmecause o$lowing the
pace ofdevelopment bwaterusing industries and, to a large extdr@cause oflegradation of
the monitoring system of wateranagement the country.

The structure of domestic water consumption in Kyrgyzstan rersaifisiently stable
for many years and does not invobignificant changes in the medium teperspectiveAt the
average, laout 9093% of thewater volume is annualy used for the needs ofirrigated
agriculture about 6%- for water supply tdhe population and industrial productidemands
Forestry,fisheries, energy, and other watesing sector®f economy, together witlervice
industriesuse about 1% of the total domestic water consumption

In recent years, everywhere there is an increase of water losses at all levels of
communicationfrom thepoint of water intake tthe endwater users. Basically, this is due to
the deterioratin of technicatondition of wateworks infrastructure and disorderedater use
The ratio between the amount of total water consumption and water intake from nateral wa
sources, which characterizes the efficiency of waterhee changed from 0.8 in 1984 06-
0.7 in 20052013. Loss of water in irrigation systems the aggregate ofarious data and
expert estimatesis about 40% of the totalvater intake’. For comparison similar current
figuresin Uzbekistarare 33%;,n Turkmenistan 34%, in Kazakhstari from 30 to 60%. The
total averageannual loss of water in the country is estimatedbatut2.4 kn# / year, but these
figures seem to beot sufficiently reliable ancaresignificantly undeestimated

In general, the current quality of water resources in Kyrgyzstaassesseds
satisfactoryNo trendsof significant deterioratioof water quality were observexer the past
decadeHowever, water resources in the basins of the Chu Rivenardin southern regions
of the Republicare most sijectedto contamination There are regularly registeredchl
pollutions of surface and groundaters near majorsettlements The main sowes of vater
pollution are agriculture anohdustry enterprisesmunicipal gwerage systemand domestic
wastes of population. Potential threat to water resouresepresented bynining dumps

? Resolution of the Government of the Kyrgyz RepuBiim approval of priorityines ofadaptation talimate
change in the Kyrgyz Republimtil 201 .



located in thedebris conesand in highrwater bedswhere radvactive, cyanogerncontained
substances arghlts ofheavy metalsre utilized

Significant factors that negatively affect the quality of water resoweedisordered
economic activity in water protection zones and belts of surface water bodies, as well as the
poor state of sanitary protection zones of groundwater deposits.

Il. Characteristic of current state of the agrarian sector of Kyrgyzstan

1. Roleandinput of agrarian sectorin the National Economy

At present lhe agarian sector of Kyrgyzstan continues to maintain a leading position
among thesectorsof national economy, although its relative contribution togressdomestic
product of the countryhas significantly decreasedin recent years. Thus, according to
preliminary dateof express informatiom f t h e NdSi€ecokidric development of the
Kyrgyz Republic in 2014 in generalso far theras a positiveevolutionof the gross domestic
product (@P), which is actually increased by 3.5% compared with 2013. The share of
different industries in the total GDP of the counggs follows (Figure 5):

Agriculture,
forestry, hunting
17%

Net produce taxes
14%
Industry

15%

Services

47%
Construction

7%

Figure 5. Structure of GDP of KR at the beginning 0f2015 {n %)

It should be emphasized that the specific contribution of agricuitutetal volume
of GDP in recent years hasteadilydeaeasedand eventually dropped from 53.1% in 2000 to
16.4% in 20140nly forthe periodof JanuaryNovember 2014 wasnoted a furher decline of
gross agriculturalproductionby 0.8%,primarily dueto reduction in crop production by 4.6%
compared with 2013. At the same time, the relative contribution of each of timellstyysub
sectors in total production slightly changed in necgears and, according tdata of the
National Statistical Comi t t ee of t h e K¥gyastgnyire Figites2018.),hasc ( fi
formed as follows (Figure 6):



Other agricultural
services
2.00%

Hunting and
agriculture
production

0.20%

Crop production
50.20%

Livestock
production
47.60%

Figure 6. Structure of farming industry in KR in 201% of total cost of produce)

In recent years thagns of stagnatiof farming industryin the Kyrgyz Republitave
beenclearly manifested, especially in the ssictorof crop productionwhichled to increased
risks in the area afational food security, as tisaturationof domesic marketwith foodstuffs
is increasingly dependent on import. To substantiate this conclusion, it shoyldnaily
noted that at presenin Kyrgyzstan about half of the estimated basikegoods(48.1%) are
food products, and in accordance with the approved structure of the subsistence level, the share
of foodstuffs is slightly higher than 65%. (For comparison, @onomically developed
countriespon averagethe share ofoodstuffsin the baskebdf goods isabout 13%).

Summarizing thefficial statisticsdata ofthe NSC KR and evaluation of a number of
independent experts, is possible taconclude that in the period from 2011 to 2014 domestic
food market nearlyor 50%is formed at the expens# imports (on extreme estimatesip to
65%!), while provision of internal marketwvith its own productiorby key positions were as
follows:

- Grain and grain products @B%;
- Meat 578-74%

- Vegetable oil 2eB4%;

- Sugar 1013%;

- Egos 38-40%;

- Fruit and berrie22-24%.

In general, according to the statistical reportwigthe Ministry of agriculture and
melioration of theKR for 2013 the share of imported foaddustry products (including raw
materials) has amounted to 14.2% of total impoxtolume while the cost ofimported
agricultural and food products exceedee cost otorrespondingxportto 3.8 times.

However, despitehe multiple increasingof import volume, the real level of food
consumption in Kyrgyzstan remains at about 75% of the standards recommendedrbydhe
and Agricultural OrganizatiofFAO) and 25% of Kyrgyzstan's population sgstematically
undenourished There are serious imbalancesthe structure ofood consumptionwhere the
shareof carbohydrate and fatclearly predominte, while proportion of proteinss insufficient,
in particular, meat and dairy products. For examgi@resentnep o p u | demand fordneat
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is satisfiedfor 40%; for milk - 66%; for eggs- 19%; andfor fish - only for 2%. At the same
time, it should be noted that production lofestock products to a large extent depsrah

quality of forageresourcesand hencen the effectiveness of crop production sséstor on the
basis of irrigated agriculture.

Returning to the above statistics, it is possible to foresee reasonable douthte
reliability of somethese datafor example, about thprovision of marketat the expenseof
domestic production of fruit and berries only at the level 622%. Whileit are exactlythese
productsof Kyrgyzstanthat traditionally alwayswere in high demand, an@t presentthe
country's population consumes only about a quarter of the voluthes#products produced
in the Republic. This situation is explained, first of bY,the weak developmermtf logistics
infrastructure and sustainable marketsKyrgyzstan As a result, according tdata ofthe
Ministry of Economy of the Kyrgyz Republiat presenpnly 12% of thevolume of grown
agricultural productsis processedin the countryand its total lossegluring collection,
transportation and storage are estimated at keas80-40%. Against this background, the
regular statemenis the newslike: fi... at presenbur farmers and peasants lose most of their
harvest of fruit and vegetableand it just rots on the fields! ..At present the arkets of
Kyrgyzstan are full withmported tangerines, grapes, apples, bananas and other fruit from
China, Uzbekistan and even Morocco aldjentina, while our gardeners arfdrmerscan
barely make ends meet ..arfhers are doomed to a miserable existermng,the domestic
marketis filled with the foreign fuit of unknown quality, Iranian tomatoe$urkish beans,
Chinesekuksj e t ¢seeins very appropriate.

Steady increasef the wholesale and retail prices for food produstthe consequence
of weak saturation of the consumer markethviibmeproducedgoods. In addition, the price
movement is under considerable pressurkegffactors such as impact of the global markets,
seasonal fluctuations in supply and demand, rising prices for fuel and lubri€aifs (
inflation, and (especiallgt the end of 2014) the sharp depreciation of tigyz Sont and tte
Russian Rble against the USotlar. In general, over the previous five yeatse wholesale
prices for major agricultural products in Kyrgyzstan increased on avévagme anda half
time (seeTable 1).

Table 1 Average producer prices for the main types of agricultural produsiéd
for the period 2002013(KGS/ tonne)

Name of product types Years
2009 | 2010 2011 2012 2013
Grain 13676 | 11,807 17,903 19,450 21,538
Potatos 11651 | 9,858 14,342 10,799 16,152
Fruit and berries 26,230 30,191 33283 31,426 33,802
Livestock and poultry in live weight | 82471| 87,672 132081 | 146275 | 140486
Rawmilk 14461 | 13170 15461 18,040 19,651
Eggs(for 1,000pieces 5082 | 4,607 5,254 5,974 6,846

% By the begining of 2015, $ US was approximately 10KGS




Wool 26,749 | 24,464 36,523 44,952 34,002

Source:Collectionof the National Statistical Committee of theRKiAgriculture of the
Kyrgyz Republig, 2014.

However, preliminary reportindataof the NSC KR demonstrate evesharperrise in
pricesof all productsfor about 2625%in 2014 At the same timefor the periodof January
November 2014as compared to December 20&3higher increaseasin food prices 11.6%,
including the price of bread and cerealsl2%; of vegetables 25.8%;and offruit - 19.2%. In
the short termperspectiveijt is difficult to expect a change in the prevailing current pricing
trendsfor the food productsMoreover according to estimates of the National Bank of the
Kyrgyz Republic,in 2015the annual average inflatiaa projected athe level 0f11.5%, and
the International Monetary Fund (IMF) estimatihe further rise in prices in Kyrgyzstdar
about 9.1%.

Based orthe data from previous reviewt is appropriate to conclude that the current
problems of the agrictural sector of the Kyrgyz Republic are systemic in nature, so planning
of measures to overcome them should be calcul&dedca long period and W require
mobilizationof significant investments and coordinated efforts of all stakeholders.

2. Reviewof current stateof the crop production subsector

The specificity of this review, related sssessmemf the possibility of introducing
advanced technologies irrigated agriculturen the Kyrgyz Republiowill require more in
depth analysis of the currestructure of crogroduction since the use of various irrigation
methodssignificantly depends on the composition gfowing crops. First of all, it should be
noted that the climatic conditions of Kyrgyzstan objectively determine the priority development
of crop production based on irrigated agriculture, since, on average, crop yields in the irrigated
areas of the Kyrgyz Republare2-3 times higher, and the income of farmers pedsants is
higher more than 3 times compared with the corresponding figtoedry-farming lands It
should also beaken into accounthat the present structure ofopshas undergone radical
changes, as compared wittdicatorsin the 1990s. Iparticular,in the pastthe agrariarsector
wasmainly specialized in production of sugar beet, cotton, tobguuafoseed, alfalfa and
hybrid corn at the same timbkaving metthe majority ofR e p u b | andid fruit, eegetables
and fodder crops. Analysis of these data suggestantiia¢ structue of sown areas in the past
five years, the share of cereals, potatoes, and vegetable and melon crops has changed slightly
while the share of industrial crops slighthecreasedrom 7.9% to 7.1%and the sharef
fodder crops in contrast, increased fro 24.3% to 26.3%. In generalf presenin the crop
structurethe cereal and fdder cropsare dominated more than 80% of the totalown area
(Figure 7). The total increasef the sown areasccupied by crops was only 0.3%, compared
with 2009.
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Figure 7. Structure of sownareasof main cropsin KR for 2013 {n % from total area)

As for trends inchange of thekey crops yield, according to the statistics for the
previous five yearspn average these figurespractically have notchanged (Table 2). A
noticeableincreaseof the yield was recorded only for sugar beet grown annwalliimited
areas(6-8 thousandchectares Moreover, according to preliminary dath MaM KR, in 2014
theyields of somecrops grown on irrigated laseven decreased due ttwe lack of irrigation
water and the purely econoraleceasons.

Table 2 Averageindicators ofmajor cropsyields in farms of all typesor 20092013
(centner/ hectarg

Name of indicators Years
2009 2010 | 2011 2012 2013
Grain cropgweight after reprocessy) |29.3 253 252 234 288
Wheat 263 217 214 16.8 237
Barley 234 189 192 145 211
Corn for grain 600 593 590 602 608
Rice 307 305 299 317 339
Sugar beefindustrial) 110.9 1657 1971 1923 | 1916
Raw cottor(valid weighj 29.1 279 272 274 293
Tobacco(valid weighj 24.8 245 242 218 210
Oil-yielding crops 10.8 10.7 104 10.7 110
Potatoes 159 158 161 159 1633
Vegetables 178 180 182 1811 | 1868
Food watermelons, melons and gourds 204 213 213 2168 | 2202
Fruit and berries 454 433 472 481 48
Grapes 20.2 7.5 11 14.3 139
Sourcedat a of the National Statistical Commit:

The dsenceof tangible positive results recent yearsboth in terms of involvemeraf
new irrigated land@to the agricultural use and increasfecrop capacityand gross cropgeld,
demonstrateghe clear signs of stagnatioof productionin irrigated agriculture sector of the
Kyrgyz Republic andn the agarian sector as a whole. On the basis of generalization
numerous publications, reflecting the views of officials and independent experts, we can
identify somereasons of appearance atwhservatiorof the situationin recent yearswhich
more oftens referred to as a systemic crisis. In particular rte causes often ranked as:
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- Unsatisfactory results of landlationsreform in the Kyrgyz Republic;

- Unseabl e (often usmsdy ot ecriticak)fiesonomib sitaason ¢f the
majority of theentitiesof the agariansector;

- The poor state of imisutional mechanisms, management and marketing;

- Low levels ofdatawareand qualification of thentitiesof the agarian sector.

It is appropriate to recognize thatost likely, someof numerousreasonsare direct
consequence of the abowentioned causedhis statement can be explair®egda few obvious
facts. For example, due to incomplete land and agrarian reform, as noted above, the average
size of arable land in a typical farm is only 2.7 hectares, including edgatible land 1.9
hectares. Production of marketable agricultural prodmcthie plots ofsucha small area, as a
rule, is not profitableln such circumstances, most of the farms peasant entities aferced
to work in the mode of subsistence production, providing only vital neetiieiofamilies. As
a result, only3-5% of households, mainly the largestes have the ability to successfully
develop commercial farming with the use of innovative tetbgies. The members of
remaining farms are forced to engage in various agricultumiahs(associations, cooperatives,
and otherspr radically change the occupatiand farm outheir lands. Sincen Kyrgyzstan the
stable secondary market lands has ot beenestablishedet, still there argegularly observed
thefactsof spontaneous redistribution tife rights ofcroplandownership.

The second root causeis the extremely weak economaapacityof the majority of
entitiesof the agariansector which, as a ruleclosely linked to otheabove listeccausesas it
is often caused by land scarcity, insufficient level of training @nadticalexperience, lack of
awareness in the field of advanced technologies, etc . However, in the first pcauged by
lack of financial resourcesf agricultural producers to develop their agribusiness. In general,
demand othe agricultural sectasf Kyrgyzstan ininvestmens is estimatedf about 72 billion
KGS. But, if take into account that the cestfecive farmscovertheir costs from own funds,
then thereal need for additional investmenticcording toestimats for 2013 is atleast 30
billion KGS. Due to the limited capacity of thet&e budgt of the Kyrgyz Republic, the
Government providesery limited support for rural producersat the level of 2.5% of the
value of agricultural produce. For comparisan the USA this figure is about 25%, in Russia
Federatiorr about 89%, and irsomecountries of the European Unidrreaches 50%.

It should also be noteithe overly tight credit conditions due to high inflatioatesand
other reason®ef the majority of national commercial banks (interest rgeto 25-30% per
annum and date afepaymentthe loansis not longer than one year). But ste 2013, the
Kyrgyz Gover nment appr drinancdng of hgeicultpre aimesl cat providing
preferential credit resourcés agricultural producers. For these purpose20132014it was
allocatedper350-400 million KGS from the State budgets subsidies to commercial banks for
lending at an interest rate ofl®% per annum andith thedate ofrepayment up to 24 months.
However, this initiative is able to cover only a small fraction of the anonaalit financial
needs. Others forms and sces of financing of agricultural productienmortgageandfutures
crediting and insurance funds are not developedKyrgyzstan As a result, crop sufector
entitiescannotprovide for their needs ifuel and lubricantsmineral and organic fertilizers,
weed and pest killerand qualityseeds of high yielets not to mention th@urchaseof new
types of agricultural machinery and equipment for irrigation, although without the use of these
componentsit is impossibleto achieve efficient irrigation farmga Moreover, in current
conditionsit is not realisticthe implementation of resour@gtensive projects related to major
repairs and new construction of stationary irrigation canals and structuregréahdgand
improvemenbf soil fertility atthe expensef own resources of tHfarms.

The negative impact of these factors on the state of agricultural sector of the Kyrgyz
Republic is further exacerbated due to the lack of a fully functioning market infrastructure and
sustainable relations at all kg of the prd u c t i o n produbtian - nprocéirement-
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processing realizationi consumption. Due topoor management and marketing syseat
presenthe bulk of agricultural producereconsumed by th&armers angeasarg themselves
They sell thesurplus on the market anskend for processingnly small proportion of the
products While part of the products oftesannot be soldn the local markets, ands
transporation to other regionsis usually associated with excessive costs. In such
circumstaces, the obvious way to solve the problem could be organization oftdamg
storage and deep processing of agriculturalpevduceat the enterprisesocated in the vicinity
of its producers. Howevergurrently thevery limited capacityof processing ndustry in
Kyrgyzstandoes notllow effectiveimplemenation ofthis line of activity. If take into account
that the level of surpluwalue of agricultural productshaving passed througtihe deep
processingis much higher compared to the init@stof harvestthenit becomes obviouthe
current levels ofost profits bothfor the farmers and the country as a whole.

In addition,insufficient development of market infrastructure and marketing system
characterized by:

- The lack of developed organizational and material base for the maintenance and
servicing ofentitiesof the agariansector;

- The lack of an extensive network of sustainable suppéntitiesof the agrarian
sectorwith seeds, fertilizersyeed and pest kers, fuel andlubricants et al, at
affordable prices;

- The lack of an extensive network of leasing centers that provide rent of
agricultural and irrigation machinery, vehicles and spare parts and consumables.

The assumptiorabout insufficient current l&y of awareness and skills of the rural
population of the Kyrgyz Republis proved by théollowing arguments. First of all, it should
be noted that after the transfer of land to private ownership in the early 1990s, many people in
rural areas, althoughaving previously practisizedirrigated agriculture on smallomestead
plots, quite unexpectedfipr themselves hee became farmers, and therefore faced with new
challenges regardingp expansion of production scale, need to develop new industrial and
ecoromic relations, management practicegmorance of the elementary basics of marketing,
etc.

Naturally, not all of them were ready for it, so now the majority of farmers and peasants
prefer to grow familiar cropsvhich do not require the use of higach tehnologies. As a
result, at presentmore thana half of sown area isoccupied by the leastost cerealcrops,
profitability of which is relatively small. This fully applies toddercropstoo. Of particular
concern is the fact that on the basis of anmoatket price fluctuationgor one or another
agricultural produce many producersare beginning to grow the sanweops having not
sufficient understanding of the need to diversify production (crop rotatioaltrdation. As a
rule, this practice leads soil depletion and loss of soil fertility, as well as to the emergence of
seasonal shortage of irrigation water, because the monotomppusfwill require a ondime
irrigation on large irrigated areas.

In general, the current level of informatjdraining and consulting services for the rural
population of the Kyrgyz Republic can be assessed as unsatisfactory, because it covers only 20
30% of thefarmers and primarilywithin the framework of international projects.

. Characteristic of current state of the irrigation sector of Kyrgyzstan

1. Composition of infrastructure and entities of water relationships inthe irrigation
sector

Irrigation system®sf Kyrgyzstanaretraditionally divided intawo categories: intefarm
and a-farm. Interfarm irrigation systems are generally operdigdheregional (basin,ayon
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State water management enterprisasnder the Department of WaterManagement and
Melioration (DWMM) under the Ministry of Agriculture andMelioration of the Kyrgyz

Republic (MAM KR). On-farm systens are owned and operated by independent entifes
agriculture and wateuse or by local selfgovernmerg (LSG). Dynamicsof change of the

number offarmingandwater ugng entitiesfor 20092013 is presented in Table 3.

Table 3. Dynamicsof change of the number of farming water using entities fo20092013

Name of agriculture entities years

2009 2010 | 2011 2012 2013
Total, including: 320205 B32170| 345113| 357,227 | 383436
State farms 71 64 65 60 56
Collectivefarms 781 509 556 525 497
Peasantarmsandsole proprietors 318815 B31,059| 344492 | 356,642 | 382883
Collective organizations and enterprises 538 538 538 538 538
Personal subsidiary plots of citizens 726632 726632 | 726632 | 726632 | 726632
Gardeningand dacha cooperatives 405 405 405 405 405
Forestry enterprises 71 71 71 71 71
Fishery enterprises 13 13 13 13 13
SourceCol | ection of the NSC KR AAgricul ture

As of December 2014about 74% of the irrigated area$ the Republicand the
correspondingn-farm infrastructureareserved by Water §kis Associations (WUAS)By the
pace of creation and development of WUAspresenKyrgyzstantakesa leading position in
Central Asia. WUA development indicators for the period 268@L4are presentenh Table 4.

Table4. Indicators of development of WUAS

2008 2014
Served Served irrigated

Oblast Number of | irrigated area, | Number of area,

WUAs thousand WUAs thousand

hectares hectares
Batken 32 430 32 48.1
Osh 86 89.5 89 1005

Dzhalal- Abad 69 92.3 67 96

Issyk- Kul 59 874 63 1119
Naryn 48 46.0 48 68.2
Talas 66 97.0 69 92.3
Chui 104 1753 107 2159
Total for the Republic 464 6305 475 7329

Source Statisticaldataof the Central division for supporanddevelopmendf WUAS(CDS
WUA) within the DWMM for 2014.

In recent yearan Kyrgyzstanthere areactively implemented measures formation of
consolidategublic associations of water users through the creation of WUARSN{UWUA)
based on hydrographic principle, that is, depending on the origiparticular sources of
irrigation. For today, 35 UWUAs werecreated, including UWUASs at the stage of registratipn
and 28 UWUAs have been legally registered covering 18thdusandhectaresof irrigated
land. Of the total number in 20143 UWUASs haveworked actively including 11 UWUA
engaged in the operation and maintenar©@&N) of the frrigation infrastructureand 2
UWUASs have functioned as coordinain bodies. Also in the Republic 35 public Water
Councik were establishedwvhich activities cover 229.4 thousanhbectaresof irrigated land.
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Work of Water Councs mainly aimed at resolving conflicts between water suppliers and water
user entities time matching of water intake and water supplychedules as well as
consideration ofssuesf operationand maintenance of infrastructure.

Currentcharacteristid¢according to 20149f on-farm infrastructure owned by the WA
by regions and in the Republic as a wholpresentedin Table 5.

Table5. Characteristic of oafarm infrastructure

© Collector-
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Batken 48,134 | 332 | 18284 | 18284 | 6422 | 550 | 3,119 70 3
Osh 100519 | 3191 | 3,0456 | 2,9812 | 18222 0 1,877 | 315 11

DzhalalAbad | 96,047 | 157.3 | 3,4574 | 3,2864 | 157 95 | 1,103 | 179 1

Issyk-Kul 111948 | 3581 | 2,8849 | 2,1173 | 3235 0 1,543 | 101 | 32

Naryn 68160 | 0 |24849|17222| o0 0 | 1264| 99 | 35
Talas 92281 | 0 |20670|19053| 667 72"2 999 | 82 | 76
Chui 215865| 47.71 | 59948 | 3,6208 | 3454 525 8047 | 46 | 96

Total for the
Republic

732944 | 3059 | 21,763 | 17,462 | 8479 | 663 | 17952| 892 | 254

Source Statisticaldataof the Central division for supporanddevelopmendf WUAS(CDS
WUA) within the DWMM for 2014.

2. Characteristic of previous investments in irrigation sector

In general,according toclosely matchinga s s e s s me n t sexperfs, aDwelVad 6
internationalexperts of World BankP o j ermprogemént of Water ResourcesaWagemerait
(IWRMP )  &OnHarmilrrigatiom (OFIP-2), the current technical condition of batiter-
farm and orfarm irrigation andcollectordrainagenetwork should be characterized rast
enoughsatisfactoryby most of indicators. Basically, this is due to the fact that after 1991
current and reabilitation repairs of irrigation facilities were madenilimited quantities (on
average, annual funding for these activiiiesomparablgriceshasdecreased by-6 times,
compared with the last yearstbe USSRexistence

However, in recent years there is a tendency, indicatirggabilization of the tehnical
state of irrigation infrastructure after a long period of its degradation. These trends are
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stipulated first of all, by a significant increasef investmens from international lending and
donor agenciedor rehabilitation and development of thational agricultural and irrigation
sectos. Along with this factorthe efforts of the Kyrgyz Governmeoih moderniation of legal
and institutional framework, technical upgradiog irrigation fixed assets and workforce
preparatiorhave also played a positive rokccording to the report of the Ministry &inance
of the Kyr @gimpldtenpatioh of projectlf the State Investment ProgramIf3
from 1992 to 2018 for the given period in the aggregat® 821.5 millionwere formed for
maintenance and development of the agricultural and irrigation sectohsding $ 4827
million in the form of loans and $ 338.9 million in the form of grants. The total budget of 22
investmentand developmenprojects in these sectors for 2Damounted to $ 17.1 million,
including loans $ 9.5 million and grants$ 7.6 million. Among theprojects, implemented in
the Republic in 2014, thmost significant longerm projects in this arearethe following:

- A S e ¢ aurarm I@igation Project(World Bank)- grant of $ 16 million;

- Almprovement of Water &ources M n a g e (WordtBank)- grant of $ 23.4 million;

- fiLivestock and NrketDevelopmentl10 (International Fundior Agriculture
Development) in total $ 20 million including loan $ 10 million, grant- $ 10 million;

- fAdditional funding for the secon@n-Farm Irrigation Project(World Bank), total $
4.2 million, including loan $ 2.3 million andgrant- $ 1.9 million;

- fAgricultural Services anchvestmerd §World Bank)- grant of$ 9 million.

- fARural Water Supply and Sanitatior2o (World Bank)- total $ 10 million, including
loan- $ 5.5 million andgrant- $ 4.5 million.

In addition to the above projects, over the last decade a significant contribution to the
strengthening otechnical and institutional capacity of the irrigation sedtave beeralso
made by international development agencies and funds of the European Union, the USA,
Switzerland, Japan, UK, Germany, Turkey, FAIDI, UNECE and others. According to the
summay daa on the activities of international projects in Kyrgyzstas a whole for 2060
2014 more thaa half of the actual costs @&M and rehabilitation of intefarm irrigation and
drainage networkf Kyrgyzstanwerecovered through foreign credit and domassistance.

The main objectives of these projeatgincreasng productivity of irrigated agriculture
andeffectiveness olvater resources management, assistance in poverty reduction in rural areas
and improvenent of conditions for more productive and fitable livestock and crop
production. Of particular note asemeof theinternational projects aimed at raising awareness
of the rural population oreclamatiorand crop irrigationssues

Almproving water productivity ahefield leveb P r (8D -& million Swiss Frang

Al rrigat i ondevelopfmentaupdortirutbetruwral areas of Osh, Batken and

DzhalatAbad Oblastsof the Kyrgyz Republic P r @E&jrapean Union} 1.9 million

Euro;

- fInstitutional building and strengthening the aagpy of WUAs in Kyrgyzstad Pr oj e c
(European Unionj 50 thousand Euro;

- fAComplex of activities for development and implementation of a pilot demonstration
project to improve agricultural irrigation P r ¢(Eprepean Union / UNDP)} $ 30
million;

- fiDevelopment and implementation of capacity building campaign on chsogtainable
development planningndwater resourcemianagement in local communitie$ Batken
Oblasb Project(UNDP) - $ 13 thousand;

- fEfficient use of water P r ¢Swissc Associatin for International Cooperation
fHelveta®) - $ 100thousand year for 2002017,

- fMicroirrigationt e c hn ol o gy 0 et Rars&40 ¢housand /yeadt ol 20201 7;
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AModer ni zat i osnale arrfgated hgeicultarento lirhprove and develop the
economic situation of t h-&41dthousahd, popul at i
ACapacity building of farmers by-%4895ng i
thousand.

However, everattractionof such significant foreign investments contributed only
overcomethe prolongeddegradatiortendenciesn both sectors of the economy, but does not
provide for possibility of theifurther sustainable development. For example, according to
expertsdatg set out in the yorts of the EW UN D P Pavealopreeattand implementation
of IWRM stratey in Kyrgyzstam (2010) and the World Bak Project IWRM (2011), for
providing the effective management of water resources@&t of inter-farm irrigation and
drainage infrastructe by DWMM, the annuafinancialdemandn specific indcatorsis from
20 to 36 $US/ hectare Therefore, undetheratio of KGS $ US exchange ratesy the end of
2014 the annual demand for financimg absolute termss estimated from 1.2 to 2lllion
KGS. The same experts estimate tkhemandvolumes of annual investmestfor the
rehabilitationof technical conditiorand development of intdarm irrigation infrastructure, at
leastfor $ 15 million / year (about 900 milliokGS / year).

For conparison, the annual total budget DWMM for these purposes (excluding
minor additional allocations for capital construction of irrigation facilities) for the previous
years did not exceed 1 billiddGS (see Table 6 and Figure 7).

Table 6. Annual investmentdor the Department of WateManagement and Melioration

Name of thesource of 2009 2010 2011 2012 2013 9
investment months
of
2014

State budget funds 5443 | 613,3 | 6906 | 717,7 | 7268 | 6115

Special fund$rom 84,1 68,4 61,6 67,7 83,5 90,4
EuropearCommissioron
Food Sfety

Funds from Payments for | 20,103 | 50,594 | 91,585 | 117,963 | 105,919| 90,398
Irrigation Services (PIS) by
water users

Total: 648.503| 732,294 | 843,785| 903,363 | 916,219| 792,298

Source Statistical reporting data of DWMM f&@0032014.
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Figure 7. Structure of internal source of investments in the budget of DWMM for 2013
(In %)

It should be emphasized that in recent years the annual in@easeunt offunding
for the irrigation sector actually only offset the rise in prices for materials, equipment, water
management works and services due to inflationanggesesnd fluctuations of the national
currencyrates In this regardit is appropriateto conclude that during this pedahe internal
investment policy in rgard tothe irrigation sector provides only for the possibility of its
maintenancat a relatively stable, bunhsufficientlevel, but did not provide a real opportunity
for largescale rehabilitation and development of wataksinfrastructure.

According to the conclusionstse out i n t he r e pSiudytofpoidngt he
systemand cost recovery mechanisms for irrigaéi¢2006), he structure of irrigationosts of
water users of the agricultural sector (farmers@easantarms, agricultural enterprisestc.),
as a ruleincludesthe following components:
- Costsof fees for irrigation watesupply servicegPIS) to theState water authorities and
/ orto WUASs;
- Costs of maintenance and development of irrigation netwuaitkin their own land
allotment;
- Costsof irrigation oftheir own arable larsandhomesteaglots

At the present level of tariffBlS (not more than 03 KGS/ m? for water supphby the
D WM M énterprises andn average tariff rate for WUA membersthae levelof 0.064KGS /
m3 in 2014) the share otosts for payment fowvatersupplyservices is of little importance in
the cost structure of water usefsagarian sector- not more than 4% of the totakxpenditure
budgetitems of thefarms. This factodoes nothelp to intensify measures for rational use of
water resourceby water suppliers and consumers. As for the fist maintaining their own
irrigation network, for the vast number of water users of the agricultural sector of the Kyrgyz
Republicthey are mainly related to the annual cuttioftemporary sprinklers and irrigation
furrows for the surface irrigation methods. The use of sprinkler popgnt, equipment for drip
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irrigation and other advanced irrigation equipment is curresffigrdableonly for a limited
number of large agribusinesses.

As the key watemser entitiedn the agarian sector of Kyrgyzstan are WUWA it is
appropriate to refictsomeaspects of their economic activity. ReveswdWUAsd budget s
formed bythe first share®f members of these associations. Size afeshis set according to

their Charters, based on the decision of the general meetings of members of the WUA.

Estimated size of shares presentonstitute, on averagabout700-1,000 KGS / hectareper
year, but traditionally not more than 60% of the planned amiswllected Low cdlection
rateof shares is the most difficult problem fitve most of WUAs and negativig impacs on the
stateof on-farm irrigation network. Part of the collected furidsised to pay fowater supply
servicesf local DWMM on the basis of contracémdapproved tariffs.

The remainder of the fees is used to finandd A éwn productioractivities including
O&M of irrigation infrastructure, as well as current repairs of canaldamilities. In 2014for
current repairsvere allocated33% ofthe total costs of WUA for th©&M purposes. In the
period from the beginning stage of formation of WUAs and to, dlaésvast majority of work
on the rehabilitation and developmentastfarm infrastructure facilitiesvas financedat the
expenseof interral credit and donor support, mainly ihe framework othe World Bank and
the Asian Development Barkojects

3. Assesment of capacity of rational use of water resourcesn the irrigation sector of
Kyrgyzstan

The abovegiven information isan objective evidence that, despite the measheas
taken by the Government of the Kyrgyz Republic and substantial external siggptatthe
current status of irrigation systems does not provide the necessary conditicatsfa water
usein the coutry. In the context of the subject matter of this projécts expressed by the
following indicators. Based on the statisiatagiven above, characterizing the average annual
waterintakein the Kyrgyz Republic in the last 5 yeasthe range of 8 td.0kne® / year, the
share of irrigatiorsectorfrom total water usevolume 0f90-93%, andalso anaverage valuesf
specific water lossbly the most optimistic estimadeat the level 0f40%, it is appropriate to

estimate the total volume of water losses in irrigation systems of the country in absolute terms

as a valuef about 2.93.7 kn# / year.

It is not difficult to understand that only the volume of water losses in the irrigation
sedor in its scalegoesbeyond of total’olume ofannual water consumptidoy all other sectors
of the economy and populatiarf the country In general, the water losscan be caused both
by naturalcausegevaporation, transpiration by planisegularity of water supply due to the
daily flow fluctuations in natural sources) and technical reasons (filtéamgthe @nalg, as
well as technologicareasonsassociated with poor management, breacbiesvater use
conditionsby water suppliers and consumeasid often with a voluntary water intake to the
detriment of other water users.

To determine the approximate ratiowdéter losesvolume along the links of irrigation
systemswe can base on the data of the final report of the GEHAS fiManagement fowater
resources and the environment ( 2 GnPl&mented in thetamework ofp r e p ar aAral o n
Sea Basin Programmeln particular, these dafgive the evidencethat in Central Asiaas a
whole the specific losssof water in the main and intéarm canals are on average about 25%
of the water intakerolume,and water losssin on-farm irrigation networksare about 24% of
the volumeof watersuppl to thefarms However, according toeporting data of DWMMor
2014 in Kyrgyzstanon the averagéhe efficients ofEfficiency (CoE) of on-farm irrigation
network are about 0.68, that is, the specificdsgd water slightly higher than thaveraged
figures for the Central Asian region as a whole and make up aboubf32f volumeof water

19

(



supplyto the farms Thus tracing the structure of water losses at all levelshefirrigation
systems, it is easy to verify that the total annual water sujgpiyre entities ofirrigated
agriculture actually constitute from 5.4 7.0 kn¥ / year, butonly 3.74.8 kn#/year of water
reachedlirectly the irrigatd tracts of landThe resultof presented approximate calculations
confirm the dataf expert estimatesnothe size ofspecificirrigation water lossesn the level
of 40%.

However, theselatado not take into account the actual kessf water in the irrigated
areas, volumeshat are directly related to the appliemtop irrigationtechnologies. In this
regard, it should be emphasized that the current system of statistioging of the Kyrgyz
Republic does not have any data on this subject. In this regard, statistical refdattiog
regional DWMM bodies for 2013reflected in Table 7 and, in turn, based on questionable
reporting data oWWUAS, in a careful analysiare £emnot sufficiently complete anekliable

Table7. Performance indicatorof on-farm irrigation network byOblasts

Name of indicators
CoE Irrigation L
Oblasts of on- , C.:OE.Of Average No | standards Irmgation
irrigation R 3 standards
farm : of irrigation m°/hectare 3
techniques m“/hectare
n-work per year
Batken 0.64 No data 4.5 4,691 1,021
Osh 0.69 No data 3.6 5874 1,632
DzhalatAbad 0.67 0.74 2.8 5,778 1,509
Issyk-Kul 0.68 0.74 1.87 2,827 1,509
Naryn 0.67 0.70 2.5 4,037 1,688
Talas 0.64 No data 2.97 5,800 1,950
Chui 0.71 No data No data No data No data

Source Statisticalreporting data of regional DWMM bodiesfor 2013.

Therefore, for a more realistic assessment, you can use the findings of tharfbod
Agricultural Organization of the United Nations( F A OThe deography of the world
economy) indicaing that in traditional irrigatiorareas ofCentral Asia up to 50%f water
supplied tairrigated land is lost througffiltration, evaporation and discharge, not reachimg
irrigate plants.The value of water logsessentially depends on the appliethation methods
and can, othe averagegonstitute

- At uncontrolled watang, free flowandstripirrigation 5660%;
- At furrow irrigation 32- 40%;

- At sprinklerirrigation 2625%;

- At drip irrigation5-10%.

Since the vast majority of irrigated lands in Kyrgyzstan (over %%pyesenareirrigated
by furrows or by ffee flow, even at a moderate assessment of specific lossbe &vel of
40%, the absolute annual les®f water directlyon the irrigatedandsof the Kyrgyz Republic
may be about 1:3.9 kn#/ year.

To clarify the potentialpossibility of waterresourcesavings in the irrigation sectowe
can usas abenchmarkheworking standardeft he Kyr gyz Republ i c
perfor mance rNPga06.03885) ewhithsravide (fo€the need to achieve the
following indicators of effectivenesef the irrigation systems, expressed @oefficient of
Efficiency:

iCo
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- CoE ofthe main caals andheir offtakedi.e., interfarm network) 0.90;
- CoEof irrigation @nals(i.e., on-farm network) 0.93;
- CoEof crop irrigationtechngues- not less than 0.85.

Therefore to ensure regulatory technical condition of various parts of the irrigation
infrastructuran KR, it isrequired to implement a set of activities related at least to improve the
CoEon inter-farm level by 15%on-farm level by 25%and theCoE of irrigation technguesby
15%. For inertial scenario of maintaining the annual volumes of wiatake in the Kyrgyz
Republic at the level of 8.10 K year, intuding for irrigation- about 7.29.3 ke / year,
savingof water resources in absolute terms roagditute:

- Oninter-farm systems within 1.1-1.4 kn#/ year, while the volume of water supplp
entitiesof irrigated agriclture can be increased up to-8.8 kn?/ year;

- On on-farm systems within 2.1-2.4 kn# / year, while the volume of water supply
directly to the irrigated tracts of land can be increased t@.8.@n# / year;

- Directly onthe irrigated areas, through the use of more efficient iragaechnologies
- within 1.51.9 km? / year.

Thus, the totality of theabove statistics and approximate calculati@ii®ws for
conclusionthat at present Kyrgyzstan has sufficient reserves of land and labor resources for
sustainable development of the aggn sector, includingcrop productionon the basis of
irrigated agrialture. At the same time, continuing cycle of dry years in the Central Asian
region has led to the widespread increase in water scarcity. With the prospects of further
reductionsof water resources due to the negative manifestations of global climateeclaang
well as the growth ofvolume of domestic water consumption in Kyrgyzstan because of
population growth and development of wateing sectors of the economtye trends of
aggravatiorof this deficit can only grow. Under these conditions, an effestletion of the
problem may beonnectecdhot to the increase in water intakelumesfrom natural sources,
the potential of which over time will only be reducédt with the rational use of resources
already involved. In this regard, the results of daltons presented above demonstrate the
fundamentalbpportunity (even without an increas® the annual volume of waténtake for
irrigation needs only by reducing water losse&)r additional water supply tothe irrigated
agriculture sectoof about4.6-5.7 km? / year.

On the basis of pragmatic consideratiofisst of all taking into accounthe limited
opportunities for attracting additional investmentealization of this ambitious goal in
Kyrgyzstanin full even in the medium terperspectives hardly possibleHowever, the urgent
need to intensify activities in this direction is not in doMdhen planning a set of measures in
this areaan adequate attentioshould be given tdssues ofupgradingof crop irrigation
technologes since the proption of water lossswithin the irrigated areas is about 1/3 of the
total volume ofannual water logswithin the irrigation infrastructure.

V. Experience and lessons learnt in use of different irrigation methods in
Kyrgyzstan

1. Introductory historical reference
Reference$o publications and archival materials of a century ago show thertritory of
Central Asia within the present borders of Kyrgyzstgnl914 there were developed about
434 thousandectares of irrigated land. Of thegke cottonwas cultivated o2 thousand
hectaresyegetables and potatoes 14 thousand hectaresice was planted otess than 5
thousandhectaresandthe vast majority of the@rigated arable landreahas been set faereal
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crops and perennial grass€omparing these figures with the data igure 7, weshould
admit the obvious factalthough thesize of the irrigated areas of Kyrgyzstan for a century has
increased more than twice, but the cropping pattern has not changed much (theAtida
deseve consideration thain 1914 crops and perennial grasses waténgdsoc a | Ilwiddd i
f | oowhy the strips cotton and vegetablésby furrows; and limited plantatios of rice’i by
checkflooding. A comparison of thimformationwith the data related to the end of 1990s, that
IS, the period of maximum development of irrigation in Kyrgyzstan, as wellithsmodern

data causedertaindifficulties, primarily because currently in the Kyrgyz Republic the official
statistical reportig on the applicable crop irrigation technologies not underway
Nevertheless, based on extant archival data and the results of interviews with specialists of the
central office and regional bodie§ DWMM, as well as representatives of the W&JRarmers
andpeasantarms,we managed to get the information on this subject, as summarized in Table
8.

Table8. Information on trends of application of different irrigation methods
in 1990and 2014years

Application of givenirrigation
Irrigation methods Main irrigated crops method on total area,
Thousandhectares// %
1990 2014
Industrialcrops vegetables 450//404% 420//146%
Furrow irrigation fruit (gardensvineyards),
cereal crops
Strip irrigation Perennial grasses, cereal cro| 650//586% 330.3//36%
Check irrigation Rice 8/10.7% 1.2//11.2%
Fruit (gardens)leguminous 0.15//01% 0.789//08%
Drip irrigation plants(bean),vegetables
(including in greenhouses)
. Fodder cropsperennial 0.2//0.2% 147.7//116%
Sprinkling
grasses, sugar beet, cereal cr

Sources 1. Archival data of DWMMformer Ministry of Water Eonomy of the KyrSSR) for
1990.
2. Indicativeresearchdataof the $ecialistsof KRII for 2014.

At first glance, when comparing data for 1914 and 2@#éars it can form an
impression about the absence of any progress for a hundred peréod in the area of
development of advanced irrigation technologies in Kyrgyzstan. In this regard, it is appropriate
to makesomeadditional clarification. Indeed, before the dianing of 1960s in Kyrgyzstan
insufficient attentionwas givento improving irrigation technologies, but a radical revision of
attitude towards thiproblemis appropriateo dateas of May 1966, in connection with the
issueof theResolution ofCentral @mmitteeo f CPSU and USSR ©athenci |
broad development of land reclamatiord In the Governmentallong-term programsfor
developmenbof irrigated agriculturehave beemeveloped on the basis of thwen Resolution
the prority specidization ofthe Republic for steady increasiogtput of agricultural products
was inproduction of sugar beet, cotton, alfalfa seaddto a lesser extent in expanding
production of vegetabledruit, and tobacco. As a consequence, a priatjective was the
optimization of irrigation regimefor these key cropaccording tothe specific conditions of
different regions of the Republid.o address this and relatetjectivesthe leading research
and educational institutions of the counivgreengagedKyrgRIWE (lateri ARIIARW, now
KRII), Kyrgyz RIAF, KIA (now - Kyrgyz Agrarian Academy) as well as design institutes
fKyrgyzgiprozend and iKyrgyzgiprovodhon. It should also be noted a significant
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contributionof the Kyrgyz Experimental Breeding&®ion inbreeding and adaptah to local
conditions of highyielding varieties of crops. Due to the joint efforts of these organizations
was devipedtheb asi ¢ n or ma t Nawratrecthmatianreecd Zoning and optimal
crop irrigation regimgfor administréive areasof the KyrgyzSSR", which served as the basis
for further work in the field oflevelopment ofrrigation technologies.

In the 1960s, furrow irrigation was seen as the most progreshaejs whyin this
period in the Republic the majority studieswere carried out with the aim oits further
improvement. In particular, the experiments were carried out on experimental plots with
different slopes taleterminethe optimal length of the furrow, the possibility of irrigatiover
thefurrow andwith variable flow, as well asutting curvilinear furrowsn accordance with the
field terrainfeatures(contourirrigation). At the end of 1960numerous experimentsere set
on introductionof mineral fertilizers and pesticides, as well as organiclifeis (livestock
waste)onto the field which weredissolvedin the irrigation water. This technology the
world practice is calledifertigatiord |, and i ni Skerbétsua htfird is waatested
on crops of cotton and vegetables, and socare widespread throughout Republic

Further since the 1970sARIIARW and KIA haveregularly conducted research and
experimental developmenbf new types of equipment for furrow irrigation, irrigation water
metering devicesand devices forautomated stabilization ofvater volume directly orthe
irrigated lands. Typically, such waKinished by introduction of several prototypes of new
techncs, and seldoni by introduction of an experimental batch, designed for senat¢he
best, of aboutens or hundreds hectares of irrigated land. However, such modest results do not
show the drawbacks of desgphtechnicsOn the contrary, the facts are known, wkige most
successful examples of new irrigation equipmsoth as tubsiphors for water supplyfrom
trays directly into the furrow, plastic pipeegulator withvalves or a portabléridge from
reclamation fabric were very popular among the locgbopulation,and wereimmediately
spreadrom collective warehouse® thehomesteadr garden plts. At the same time, most of
the new facilities for water nbering and automatiomf water supply irthe field has not been
further used because of the high cost aamldo due tocomplexity of installation and
maintenance.

Also, since the 1970sn Kyrgyzstan was conducted intensive introduction of different
types of sprinklerinstallations mainly for irrigation of perennial grasses and vegetables. A
special role in promotion of sprinkler equipmémtthose yeardelongedto Kant machiney-
teststaton (MTS), which hascariied out testing of all new models of sprinklemsportedinto
the Republic. As a result, by the end of the 1980s, more than a hundred thousand hectares o
irrigated land, mainly in the northern regions of the coyntrgre wateredusing sprinkler
equipment.

Unlike sprinkler irrigationjn the Soviet periodubsurface irrigation technoleg did not
receive significant application in Kyrgyzstan, even at an experimental. [&itblough in
Uzbekistan (since 19583nd a little later in Tajikistan (since 196&h extensive researchias
carried outon irrigation of experimental plotsvith an area oabouthundreds hectaresith the
help of closed pipes andflexible hoses. Although the results of experimental intréidacof
subsurface irrigatiortechnologiesn the neighboring Bpublics have demonstrated the high
efficiency of this method in terms afater saving in Kyrgyzstan suclresearchhas been
suspendean the stage oplanning for a trivial reason due to thehigh cost andeficit of
asbestos and polyethylene pipes and flexdbleronhoses. Later, pilot implementatioof this
method has revealesbmedesigndrawbacksof the set of equipmentor subsurface irrigation
(soc al | e d - Shé@nkimasysten), andthis work in Kyrgyzstan were finallyprought to a
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close If proceedingrom themodernachievements in the field of developmeftsubsurface
irrigation technologythenit is appropriatéo considethis decisioras areckless.

Modern massmedia and esn scientific publications ofterefer the first stepof pilot
implementation of drip irrigation systems in Kyrgyzstan to the beginning of the 2000s.
However, historical data show that the first experiments on testidgp irrigationtechnology
were caried out as early am 1979.Since 198182 a number of projectsn introduction of
drip irrigation technologyvere implementedn experimental plotaith anarealarger than 10
hectares in the BatkeDblast(vineyards), Issyiul Oblast (apfe andapricot orchards), Chui
Oblast (vegetables), and othregions As a rule, these projects dsgcientific and engineering
developmentsf Scientf i ¢ and Pr odu ®Ranbawdg(Koldmsng, &kassiag, butadbn i
weretestedthe prototypes of droppers rewed from Ukraine, Georgia, and othlegpublicsof
USSR Even the first experiments in this direction have shown promising results, in particular,
thepossibilityto save irrigation water for more tharB2imes, compared with furrow irrigation
technologyor strip irrigation As a result, by the early 1990s about 3@@tares operennial
fruit plantationsverewateredby thedrip irrigationmethod Soon, however, further promotion
of drip irrigation systems in the Kyrgyz Repub$itoped First of all, ths was due to a sharp
deteriorationof the socieeconomic situation in the USSR as a whole and, as a consequence,
the impossibility of implementing such projects that require significant investmgluing
with this objective factor, previous experiencepdbt operationhasshown the low reliability
of equipment, primarily dropperd, there is insufficient water purification. It is noteworthy
that in the early stages of pilot implementation of drip equipmesin focus was onthe
cleaning of irrigation water from suspended solids, without taking into account the possibility
of salimentation ofhydrocolesinside droppers and internal surfaces of pipelines, as well as
calcium and magnesium compounds$ increasing thewater hardress (pH over 7.0).
Meanwhile, in the past it was known that during the growing season, especially during the
passage of floods in July and August, water hardiredisatorsin the mountain rivers of
Kyrgyzstan sharplyincrease For these reasons, in thesfi months of operation there were
regular failures in thevork of experimental drip irrigation systems, causing distrust of local
communities to this type of irrigation equipment.

Period from 1965 to 1988 is now recognizag an epoclof most intensive
irrigation development in the USSR, including Kyrgyzstslloreover,from modernpositionit
may be a puzzle the fact thatin the Republic the most advanced at that time irrigation
technologes havefound limited use (at least 17% of the tataigated area), and later even
sharply degraded. Especially when you consider that Kyrgyzstan has in those years a powerful
scientific capacity developed industry, webalanced watemanagemeninfrastructure, and
local waterand agriculturgrofessimalswere asvaluedas to beoften invited to participate in
international projectproviding assistance f@oor countries oAsia, Africa and Latin America
Obviously, such developmerif eventscan only be explained by fundamental factors
emanating fronthe ideologyo f t 0 0 ¢ @anned eednonw k id relévanto recall that
the main criterionof the success of any enterprise in those yeas thegross outputof
produce despite its quality and even costs. Under such conditions, agricultutedra/dacked
sufficient motivation for introduction of any innovatite&chnologiesthe use of which require
additional knowledge and effgrtbut did not promise tangible wealth. It should be borne in
mind that forthe most people in rural areas of the §yz Republic proceeds from the sale of
agricultural products grown on privat®mesteaglots, were much higher than wagetein
collective or sviet farms. Itis useful to note another important faetith the high level of
technical condition of canaland waterworks antight crosscheckingcontrol of standards
compliance ofvater allocation in the 1980srigation water lossewereminimized,and that is
why insignificant deficitof irrigation waterwasfelt only in rareextremelylow-water yearsAs
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a consequence, the need to implement costly vgaténg technologiewasnot manifested as
acute ast present time

After the collapse of the Soviet Union, during the 1980&yrgyzstan due t@a well
known reason have been temporarily minimized retegractical work and training activities
on implementation otrop irrigationinnovative technologies. Their renewal and development,
since 1998 and to datis,carried out mainly in the framework of international projects listed in
the sectionof this reportACharacteristics of previous investmentghe irrigation sectod, or
with the support of national organizationghe Republican Union of WUAS, rRining center
for consultation and innovatioTCCI), Agribusiness Competitiveness CenterACC),
Regional RuralConsultingServices (KRS), and others. It should be noted that in recent years
therewas anincreasing interesto implementation of efficient irrigation methods, including
drip irrigation and low pressursprinkling thanks to the persohanitiative of a few
economically successful farmers and agricultural enterprises.

On the basis of summarresults of the work completed within the framework of
international projects, we can conclude thatrth@in focus in the last 15 years waseagiwnot
to pilot introduction of hightecmological irrigation methods but to training ofrural
populationon skills of the more efficient use of traditional irrigation methadgshe first place
i furrow irrigation. At thefirst glance, this approach may seem controversial, especially since
themost of programs antlaining methodssuppose@ndsuppose now thase of technolags
and equipmenthave been testeid Kyrgyzstan and othelRepublics of Central Asia several
decads ago.

However, the usefulness of such a pragmatic approach becomes obvious if we take into
account that since sovereigntf Kyrgyzstan significantpart of qualified specialists of
agricultural sector ts migrated outside the Republic bas changedheir occupationor
resigned due to the agéheseelite of agricultural productionvere replaced bpoorly trained
young people or rural residents who previoublyd other specialty, bugfter receinng
allotments during the agrarian reform in the early 1986se forced to learn the dsics of
i rrigat ed statiggfront sctatthu.lndeed,ii is for this greater part of the rural
population as the target audiertbe training programsvere oriengéd, so thatto increaseheir
access to relevant information and master practical skitlsirmgated agriculture. The
effectiveness of implementation of this approach is characterized by the stdastisisowing
that for todayin one degree or anothat least 30% of thablebodiedrural population of
Kyrgyzstanwascoveredby training.

Noting asubstantial increasaf the qualification level of thentities ofagrarian sector of
the Kyrgyz Republic in recent years, it is appropriate to emphasaein the process of
practical training directly on experimental irrigated platise large amounts of dataere
obtainedon irrigation regimes, productivity and profitability of various crops, and sabith
can be used in the formulation of recommatimhs on further improvement of irrigation
technologies. It should be borne in mind that these data require careful analysis and additional
verification. The facts that, according to expertd KRII, on a number of experimental plots
indicators ofyield growth or water savings were achieved not only due to the introduction of
new technologiesbut only because of better compliance with the welbwn agricultural
practices. By the way, these facts demonstrate the possibility of achieving signifetant
savings directly on the fieldvenwithout involvement ofadditional innovative resources, only
by careful dosage of irrigation water by using simple tools. On the other hand, in other test
plots very little effect were obtainedn terms ofrising crop yield using different irrigation
methods. As a rulesuchresults have been reported the fields, where the experiments were
conducted only with differentmethodsof irrigation, oftenon insufficiently planned and
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fertilized plots, wherecrop rotationand quality seedshave not been applied for many years
These data clearly confirm the trivial truth th@tagricultural productiont is not possible to
achievesignificant progress only through the implementatiomafrowspecialized advanced
technologis, including irrigation, withoutsimultaneous increasef soil fertility, the use of
high-yielding varieties of crops, plant protection products, reclamation activities, and others.
Implementationof suchintegratedwork can begin on a limited scale in the near future, for
example, on the basis of the most successful farms, $\dd large agricultural enterprises,
with adequate support from the state budget and external donors. When pluchipgot
projectsit will be expedientto use thelongterm experienceof application ofdifferent
irrigation methods in Kyrgyzstan and neighboring countries, wisdriefly summarized in
the next section.

2. Summary of application of different irrigation methods in Kyrgyzstan

Irrigation method by flooding and by strips

| rri gawild®d h o b ¢ i giarteced ina&Kgrgyzstan over the centuries, sintce
the second half of the 2@enturyis mainly used its/arietyi strip irrigation In this method of
irrigation water is supplied from the temporafigtributor(o ut | et f-aurr y to divg i o
headpart of the strip of irrigated field anturtheris distributed by gravity, forming a water
layerwith thickness of 5.0 cm. On poorlyplanned fields with difficult terrain or cross slgjite
is moreoftenused method of lateral water supply. Formstigpsin width from 1.52 to 2030
m and a lengtlior several hundred meters is donerbgkingearthbarrierswith height of 20
30 cm in tle direction of maximum slope. As a rutee width of thestrip shall be equal or
multiple to the graspidth of the seedingnachineusedin the farm. Depending on the area of
the strip,water supplyinto it is carried out at a rate of 10 to 200 | / ¢.tAe maximum water
flow somdimesit is possibleto simultaneously irrigate severalp( to 5-7) strips while the
productivity ofoneirrigator can be up to 10 haurn. At presentm the Kyrgyz Republic this
method is the most common and is used fopgrd narrowrow and solid sowing cereals,
grains,leguminous plantand herbsas well asat waterchargingandpre-sowing irrigation.

This method has proved itsétfe best on thevell-plannedplots with longitudinalslope
of not more than 0.015 and transvessgpenot more than 0,002. The main advantage of the
irrigation method by flooding andy strips isrelatively low initial investment and operating
costs, lack of energy costs, as well as the relatively thigrk efficiency ofirrigators. In
addition, thistype of wateringdoes not require higbkilled staff. At the same time the key
disadvantages include large water é&sndunevensoil moisture and distribution of fertilizers
introduced with water, especially in irrigated areas with difficult terrain amgufficient
planning. Judging from the experience of neighboring countineseasing ofefficiency of
waterusewhen using this method is possible by more careful monitoring and dosage of water
supply through the use of siphons, irrigation units, mobilegpgutomatedvater outlets, etc.

However, the use of such mechanized devices leads to a significant inofease
investmens and operating cost while not radicallyeducing the water losson thefield. In
this regard, thedevicesfor mechanized irrigatiorby flooding and by stripsin the Kyrgyz
Republic are used very rarely. It should also be borne in mind that in the Kyrgyz Republic, this
method is often used in the irrigated areas wipeswhich significantly exceededdmissible
valug causing irreversible processes of soil erosion.
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Flood irrigation method

Flood irrigation on checks also long been used in the southern regions of Kyrgyzstan,
mainly in areas located in the floodplains of the lower reach of rivers. In additigmesent
flood irrigation is used in other regions of the Republic in the-veggation period- when
flushing saline soils anfibr waterchargingirrigation. For rice cultivation thpart offloodplain
is usually shieldeavith earthen danfrom the main rivebedand broke by temporary earthen
ridgesinto the horizontal irrigation pks (checks)which are usually arranged in a cascade.
Since the checks were usually built on gebbk basisthe formation ofertile soil layer was
made byflooding the checks duringriver floods when the flow contained a considerable
amount of suspendgahrtides of small fractiorfines. Sometimesto createn checksa layer of
soil with thickness of 14L5 cmit wasrequired several year8. necessary condition to ensure
uniform wetting of irrigated area is horizontal surface, with a tolerance of nat timan + 35
cm. In complex terrairof submontanezone to create such conditions over large areas is
difficult, so the size of the checks in Kyrgyzstanetarexceed 1 hectare, while theNiP
2.06.03.85 recommends the optimal size of checks fromdhéotare and the size of the card
checks, even from 12 to I&ctare

Noteworthy is the fact that local varieties of rice grown in the territory of Uragon
of OshOblasthas long been in high demand not oatyongthe local population but also in
nearby regions of Uzbekistan and Tajikistan. However, in 11980s the area ofice crops
have beerdramatically reducedandin especiallydry years, even banned, becausedbigon
was considered as theriority crop in the southof the Republic Conwentional farming
techniques of rice cultivation include the need to create and maintain a vémadlefwater
with depths ranging from 5cm to 28am by the end of the growing season. This condition is
associated with use of high irrigation rated)ich constitutefor different climatic zones of
Cental Asia from 10 to 35 thousandoh® /year. The actual waterconsumptionfor rice
cultivationis far superior to the biological needs of plants, since a significant portion of water
is inevitably lostby filtration, evaporation and groundwatescharge In particular, according
to anumberof studieswater consumption fanitial saturation of the soil layer is2 thousand
m3 / hectare the volume of evapotranspiratiemfrom 5 to 14 thousanth®/ hectare and the
loss on the lateral and vertical fdtron somretimes exceexll0 thousanan?/ hectare Thus, for
rice cultivation the floodirrigation is considered a majanethod but its key disadvantages
associated with significant water consumptiangreal opportunitieso reduce iare limited.

It should also be considered that formation of rideecksrequires substantial initial
cossk, moreover, this method of irrigation contributes to destruction ofdhlestructure and
formation of consolidateddry crust and to eliminate the effects of these processes require
additional manual labor. Against this background, the results of modern experiments in the
Kyrgyz Republicon replacement of irrigatiorof rice by flooding for the furrow irrigation
althaugh deserveomeattention, but araeot persuasie enoughso far

These circumstanceallow suggestinghat in the face of growing scarcitf water
resourcesignificant expansion of rice crops using the method of flood irrigation in Kyrgyzstan
is hardlypossible.

Furrow irrigation method

As noted abovethe most studied in Kyrgyzstan are tregious modifications of furrow
irrigation method For example, it was found that this method can be successfully afiplied
irrigation of any cultivated crops, includingindustrial crops vegetables, leguimous plants,
etc., & well as perennigllantsin the irrigated areas with slopes up to 0.05. In areas with steep
slopes wateringpy this way is possible in the caseusfingcontour furrows. Dependingn the
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slope of irrigated plotcomposition otultivated crops and soil permeability parametetidih
of interrows can range from 45 to 90cm, for perennial planip to several meterBased on
thegradientof the slope andhter-row width ontheplot, furrowsare madef varying depth: on
steepslopes and narrovinter-rows - small (812cm), on flat slopes with a widthof rows
exceeding 45 cm average (1A5cm) or deep (120cm). There areoperend furrows and
blunt end furrows short (60- 80 m) or bng (up to 500 m). Under furrow irrigatian is
necessarynoisten the soil evenly acroa#i the width of therows andata minimum depth of
40 cm. To this #ect, at the manuatilling furrows are cut by hoe or shovel in the middle
between the rows, but with a width ofter-row more than70 cm thg often are cut at a
distance of 225 cmalongboth sides of the row.

Depending on the slopen the plot,the soil structure and the type iofigable crops
water flow into thefurrow head can vary from 0.1 tol4/ s. The smallemwater flow is selected
the moreis slopeof thefurrow. In the different regions of the Repubtite differentways of
water supphare usedfor instance, byonstant or variablstream For example, when watering
without discharge byhe deepbluntendfurrowswith depthof 25 to 30 crmandon slopes up to
002 furrows arefilled with water, and thesupply isstopped until the water is absorbed into
the soil. Connecting furrow is arranged the end of irrigation card toapture theresidual
water When waterindpy the deep furrows withowtischarge with filling them on about twe
thirds, with an average slope of 0.60204,supply ofwaterstoppedbefore thestreamreaches
the end of the furrowand remaining part of & lengthwiseis moisteed by flowing water.
When wateringpy openrendfurrows with depth 5cm with discharge, with slopasore than
0.004, part of the waterwhich is not absorbed into the doenters the irrigation and drainage
canals and then usedpeately for irrigation of downstream fieldslrrigation by slotfurrons
with a depth of 3810cm more often used in recharge and fm@wing irrigationon areas with
not enough flat surface and on soils with low permeabifysuch irrigationwith water flow
increasedfor 2-3 times as compared with conventionvahtering soil is moistenedmore
quickly and evenly. Wateringf corn is often carried out through the furrdBuch methods of
irrigation were previously well knowto irrigators, especially in the soutti the Republicbut
now a new generation of people in rural areas often had toitedrover again.

Advantages of furrow irrigation, as well as other mdthof surface irrigation, are the
relatively low costfor initial investment and maintenance of equipment, the possibility of
watering cropswhich aresensitive toleaf diseasesand wateringin a strong wind. Furrow
irrigation alsois advantageusif the irrigation water contains a lot afudand sand. Based on
previous experience, itllaws the possibility of using various means of mechanizatébn
agrotechnical works and irrigatieguipmentwhich significantly increaséabor productivity,
butwith simultaneousncreaseof capital expenditures.

The key drawback of this method is the inability to use in areas with difficult terrain,
significant losseof water by filtration and evaporatiorand uneven moigning of the soil.
These dawbacksare canmon, asan automorphic soil moisture regime requires frequent
wateringby smallrates not exceeding the root zone moisture capacity{BIDn? / hectaré.
Furrow irrigation technique in principle not able to méetse standardat a sufficiently
uniform distribution of moisture over the entire aredhd field and it causes inefficient use of
water (if present) odrying ofcrops due to increased irrigation interval (with a deitwater).

Di s c h ar gextraoonater frdmethe fiields causesoil erosion decreaseds fertility and
leads tosubsequent contamination of water resources and the environment. At the sarhe time
is quite possibleto achievetangiblewater saving at a more accuratdosageof water delivery

by arfables t r e a mowitlmese ofi kmalvn types of irrigaticaiggregatesmobile irrigation
pipes anceven the simplestrigation equipment, such as siphons.
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Subsurface irrigation method

The study of archival materiatmsshown thatin 1960-1970years inKyrgyzstanit was
repeatedly plannedhe implementation of pilot projects oexperimentalintroduction of
subsurface irrigatiosystems, but evidence of their implementati@s not found. However, in
other Republics of the USSR in these and later y&@angas gained suffient experience in the
construction and operation of such systems, which allows to objectxeating their
strengths and weaknesses. At various times theinmasetestedn cultivation of vegetable
crops, grapes and cotton, mainly on flat areasedisas on the slopes with loose soil cover, but
later they were used mainly for irrigation of perennial fruit tréésder subsurfacerrigation
methodwater (usually with a nutrient fertilizer) is fed directly to the roots of plants. The most
effectivdy this method hagroven itself on soilgprone to salinizationwith well-marked
capillary properties, with relatively deep groundwater occurrence, more than 2.0m.

Subsurface irrigations carried out byipes-moisteners wittdiameterof 20-40mm and
a lendh of 200m, located in theoil at a depth of 0.18.6m, on the distance onffom another
corresponding to the row spag, typically- from 0.45 to 15m. Pipemoistenersreconnected
to the top of the distribution pipe, and at the botiotn thedischarge (flushing) pipeline or to
the open trench. Perforateédbes or flexiblehoses, most commonly polywlene, have round
(diameter 23 mm) or slotholes(length of 510 mm and a width of-2 mm), locatedn every
20-40cm. By method of water supplgubsoil irrigation systens are divided into vacuum
(adsorption) nonpressureand pressurgypes Most often, waters supplied todistribution and
moistening pipknes under slightpressure, with a water head of @5m andflow rate at the
head of anoigenerin the range of 0-D.6 | / s.

Compared to the methods of surface irrigation, subsurface irrigation has several
advantages, including:

- Enables the use of various means of mechanization and automation of the
wateringprocess;

- Provideshemore economic use of irrigation water;

- Providessaturation ofsoil with oxygen, thereby creating favorable conditions
for theroot growth and plant nutrition, and herregsing the level of cropield;
the surface soil is1ot compacted and remains loosefestation offields is
reducedand thuslabor costs for weeding and cultivation of the dgeilalso
significantly reducd;

- Subsurface irrigation do not interfere with othewn-andgarden works on the
plot;

- Less develoment offungal diseaseis the plants.

However, the relatively weadpreadof this method is primarily due to the high level of
costs for the purchase and installation of equipment seitsaogderaion. Other disadvantages
are:

- Restrictionof use on thdight (sandy), subsidence agdline soils;

- Weak moistening of topsoil that worsens conditiof germination and
seedling survival of vegetable and other crops;

- Massiveloss of water througfiltration into the horizons below the actis®il
layer;

- Need forthe additional work to prevent possible cloggiofbintrasoilmoisteners
and perforatiorholes withdebris, silt or soil particles, for example, by the use of
mesh, gravel or sand filters and / or providing periodic flushing of pipehitas
clarified water;
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- Significantly higher demands on the quality of irrigation water (the size of solid
particles not more than 1 mm, the turbidity of water not more than 0.05g / liter),
as compared with surface irrigation methods order to avoid siltatiorof
distributionand moisteningipelines.

It should be noted that in recent years more sophisticated sets of equipment for
subsurfacarrigation were developed which can significantly reduce the cost atiche for
construction using mechanized technologfytrenchless lagr of plastic pipes. Additional
upgraded equipment alsglows introducingto the fieldstogether withwater the dissolved
mineral fertilizers andreatedlivestock and domestic sewage. However, the high cost of
modern subsurface irrigatiorsystems is a acial factor hampering their applicability in
Kyrgyzstan in the coming years.

Sprinkler irrigation method

As noted above, in Kyrgyzstan since the +h#860s,it was accumulated considerable
experience in the use of various types of sprintdehnique This was due to the fact that this
method of irrigation could be usesh the plotswhere other methods are complicated, for
exampleon nonplanned plotsvith complexmicro relief Sprinkling technique is most popular
in the northern regions of tHeepublic- Chui, IssykKul and Naryn Oblasts forirrigation of
cereal,grain, vegetable crops and perennial grasgesvide range of nozzles for sprinklers
machinewere used shortrangewith graspwidth of 5-8m, mediumrange(15-35m), andlong-
range(40-100m). However, in the early years of introduction the most widehgused simple
and relatively cheajongrangeunits DTN-70 andDDN-100, and especiallthe shortrange
dual console installatiamDDA-100M used on the basis of tractors-23. Later in he USSR
was masterethe serial production of durable thiwalled pipes made of steel and aluminum
alloys, which made it possible to create a more perfactpkesof sprinkler techits. As a
consequence, in the Republic, along with theunted equipmentapplication ofsprinkler
machines offrontal movement hascreagd f or eveolzhamka e a Drdipoiypes,
and themachines otircular movement the fiFregad ype It should be noted that in contrast
to these, the widgraspfronta | i n s tkabarb pdrtablelang-rangesprinkles of type
DD-15, DD-30 and their modifications, as well as impdrtgrigation machines, such as
fiSigmad manufacturedn Czechoslovakia, were used in the countrg asgleprototypes.

Also the fine-dispersedsprinklerirrigation systens were usedn limited casesmainly
in the greenhouses. Typically, ts®urce of water for irrigatioby sprinkling isopencanalsor
boreholes ofundergrounddeposits. The required water pressure is provided by diesel portable
pump installation®f standalone type or mounted on tractors, as well as through the electrified
pumps installed itboreholes

Summarizatiorof extensive practical experience in the application of different types of
sprinkler techits in the KR allows drawingobjective conclusions about their advantages and
disadvantages. In particular, the main advantages apitfirekling irrigationmethod ee:

- Possibility of use inthefields with complex topography and large slopes, as well as on
sandy and undetevelopedsoilswithout conducting or at a minimum grading;

- Suitability for irrigation of most cultivated crops;

- Economic use of water (about-P%%) andprovision of uniform wetting of irrigated
area, compared witthe surface irrigation methogs

- A high level of mobilityof equipment and capabilities to ensure higlgation labor
productivity;
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- Ability to regulatein real time thevolumes of water supply and irrigation intensity,
depending on the period @ilants development, soil characteristics and reclamation
condition of the langd

- Ability to more precisely control the flow rate of water on the plot;

- An increasén the coefficient of land use by compaction of crop sowing, in compliance
with the optimal dietary habits and lighting;

- Possibility of irrigation with simultaneous application of fertilizers and pesticides
during extra nutritionfor the control of pests and diseases, as well as the defoliation of
leaves of plants before the harvest;

- Possibility of irrigation at any time anly small irrigation rates ranging from 30%rh
hectare

In addition to these advantages, the methogpahkling irrigation has a number of
drawbacks, the main ones are:

- High initial investmerg for the purchase of expensive irrigation equipment and
construction of the iet pipdines;

- Additional costs for electricity or diesel fuel for pumping systeémesreate the need
water heador a sprinklerinstallations

- High probability of topsoil compaction and crustirfgtoe soil surface;

- A negative impact on the foliage cowdrplants (leaf burn);

- Unevendistribution of water in the fielth the wind;

- Significant loss of water in the periphery of irrigated areas, particularly ipltis of
rectangularfrom, at usingirrigation technts of circular movement, for example, type
fiFrega.

It will be useful to note that the effective operation ofgpankler equipment requires a
high level of qualifcation ofpersonnel and careful observance of all agronomic techniques and
irrigation regimesFor examplejt is necessaryake into account that irrigatiostandardsat
sprinkling irrigation is generally lower compared to tlstandardscalculated for surface
irrigation methods (in favorable conditionsup to 406800 n# / hectarey Under these
standardshe necessary depth of soil soakisgot alwaysprovided, that is why it is necessary
to increase the number e¥atering This increases the cost of irrigation and leads to an
increase in water loss. The basic principle of sprinkler irrigation is the observance of condition
under which the intensity aprinkling mustmatch the speed efaterabsorptionby the soil,
and any deviation from the optimum irrigation regime is associated with negative
consequenceseither drying of plants, or to formation of puddles on th@ot and runoff,
occlusion of thesoil, displacemenbf air out ofsoil, and even to the development of diseases
in plants, and ultimatelyto lower yields. However, implementation of this principle can only
be achieved as a result of years of practice.

In general,from the above listed disadvantagd®e following factorsmost noticeakyl
contributedto trendsof degradation of sprinkler irrigation systentise high cost of irrigation
techncs, a manifold increase in the cost of diesel fuel and tariffs on electribiyjack of
gualified personnel, as well as the consegasrof land reform, which resulted in the small
size of land plotdor farmers and peasanfarms and often make it impossible to use many
types of irrigationdevices However, this fact does not exclude the possibility of using
compact sprinklemstallatons ofstationary drumthoseand otheitypes on thesmall irrigated
plots
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Drip irrigation method

Chronology of application ahedrip irrigation technology in the Kyrgyz Republic has
several characteristic stagegeriod ofthe first experiments since 1978eriod ofthe pilot
implementation in small areas in the R1ifI80s, theshort periodof sustainable use in the late
1980s, when the totarea ofgardens, irrigated by this method reached almosh&gtaresand
subsequent, more than a decaéeiod of stagnation and degradation. After 20Q¢ to the
increasing scarcity of water resourcapplication ofthe drip irrigation system# Kyrgyzstan
wasonce agairactivated As a consequence, in 20tk use othis methodwvas registeredor
watering beans TalasOblastin the areaf 2 hectaresfor watering orchard in Os@blaston
slopearea of2 hectaresfor irrigation of vegetables in greenhousesChui Oblaston a total
areaof 0.6 hectaresHowever,in the neaestfutureit is plannedthe more intensive use of this
method For example, in Kar8uura Rayon of Talas Oblastthe constructionof system for
watering potates on thearea of20 hectaress carried outand in Tonrayon of Issyk-Kul
Oblast- even more ambitious projett plannedfor watering the garden on an area8%
hectares The experience has beefready gained in the Kyrgyz Republic, along with the
summarizatiorof the practice ofuse of drip irrigation systems abroad, allows agormulate
somepreliminary conclusions.

Essentially, drip irrigation iheimproved modiication ofthe abovementioned method
of subsurface irrigation. Therefore, it is fully characterized by the key advantages and
disadvantages mentioned above, but there sarae differences. In particularunder drip
irrigation wateris suppled directly to the root system of the plants througlecal micro-
wateroutlets- dropperswith a very low flow rate, typically between 1 and 4 liters / hour. This
provides the possibility of wateringy small irrigation rates andiith short irrigation interval
Together with water if necessamgissolved értilizer can bedeliveredby injection into the
main pipeline via an injector.

The varietyof developed to datdrip irrigationtechnologies allows their use tine areas
of different configurations of complex terrain, including steep sloffest do notrequire
careful planning. However, tteeope of itause is limitedby unsalinized sod and groundwater
table more than 2 m from the surfacand with highly salinegroundwaters- over 4m. In
contrast to the sprinklarrigation, drip irrigation can bearried out in alkclimate conditions,
even in strong winds, arallows performng various kinds of agricultural work directly during
irrigation.

Another indicator of the effectiveness of this method is thdfarsierigation of different
types of crops. However, the high cost of equipment and maintenance of drip irrigation systems
suggests thexpedienceof their preferential use ioultivation of highly profitable perennial
crops (orchards, vineyards, beffiglds) and annual vegetable and melon cropsvide-row
planting (withinter-rowswidth of 0.7- 6 m), in conditions of limited water resources .

The ldter condition characterizea major advantage of this methedhe significant
savingsof the irrigation water by reducing filtration losses outside the root zone, vaporization,
and runoffand also due to the elimination of uneven irrigation. The practice shows that drip
irrigation allows reduce water losses up to 5@%water, and on the mamum estimate- to
reducefor 2-3 times irrigation rates, compared with surface irrigation methodsaimkling

However, it shouldbe taken into account the serious obstacles to the widespread
introduction of drip irrigation systems associated witlghhrequirementson quality of
irrigation water, even in comparison with other methods of subsurface irrigation, not to
mention the technology of surface irrigation. Therefore, a set of equigoreshtip irrigation
must, as a rule, include devices for water purificatBut although Kyrgyzstan has sufficient
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experienceof cleanng of irrigation water from bd silt and suspended particleis
sedimentation tanksat the same time effective methods reflucing thewater hardness
(salinity of water by calcium and magnesium compound&s not yet worked out, which
significantly reduces the reliability of drip equipment. In this regardetiean increasedsk

of frequent clogging of dmperswateroutlets withdeposits of salts and planktomhich are
formedin pipelinesmoistenergiuring the intesirrigation intervas, and in consequendecause

the uneven wettingf irrigated plot. This calls for regular flushing of the entire systam
preparates, tich are not always beneficial toultivated crops. In addition, the use of drip
irrigation is associated with a number of other specific issues, for example, with the possibility
of damagehe plastic driptapes during cultivation of the soil, or eveyrodents.

Yet, along with other factors, currently the main reasons for limited uskeeafrip
irrigation systems are the highesbmpared with other methods of irrigation, cost the
purchasinginstallation and maintenance of equipment. This is due to the necessity of mounting
a dense network of pipelinesoistenersa large number of dripgateroutlets and application
of additional equipment for water purification. It is clear thapresenthe significant initial
investmens and subsequent operating costs df@@ableonly for the most successful farmers
in Kyrgyzstan. Butthe larger farms will be able to achieve rapidst recovery of capital
investments only in the case of a radical nmadmtion of the entire spectrum of agronomic
technologies and cropping patterfsis conclusion is confirmed by the results of comparative
testshave beertarried out in recent years in Kyrgyzstan as part of the training programs of a
number of internatinal projects for the staff of the WWA In particular, these results
demonstrate the possibility of achieving tangivbtersavngsby using watessaving irrigation
technologies, buhis will sharplyincrease the unitosts compared with traditional methods of
irrigation. It is important to note that thnductedexperiments have showthata marked
increase in crop yields, irrigatéy usingof watersaving technologies, and thuerease othe
profit, can beonly achieved undermdditionalextra nutritionof plants with mineral and organic
(Aisherbet suimethod fertilizers and a more thorough treatment of the soil.

V. Summary of international experience in the development of advanced crop
irrigation technologies

1. Introduction

The availability of sufficient water resources in Central Astauntriess a key factor
of development of all sectors of the econoilye arid type of climate makes possible efficient
agricultural production exclusively throughe advanced and efficient methods of irrigation.
On the other hand, the reduction of water availability, intensification of salinization and other
forms of land degradation at the global and regional climate change also affect the level of
yield of all crops.In the Central Asian countrigsis the most important to assessely the
impact of climate change on the agricultural sector as a major consumer of water resources. It
is known that warming leads to an increa$evaporationasthe basic flow of war balance
and as a result, causes an incradgbe numberlndrates of all types of wateringegetation,
recharge anflushingwatering To further reduce the negative impacts and megigla¢climate
changeeffectson the environmentt is necessaryo efficiently usethe water resourceand
introdue theadvanced watesaving technologies in irrigated agriculture, such as spmikl
and drip irrigationWith the currensituation in irrigated agriculture, climate change will result
in an increaseof water deficit and additional risks for agriculture.

Therefore, information on innovative methods of irrigation is important to assess long
term needdor water resourceso the agricultural sector of the Kyrgyz Republic, as well as
from the point of vew of a possible increase in crop yields.

33



At the same timeyith the growth of economic potential of the Central Asian countries,
someof themwill have serious problems related to water supply and wastewater treatment.
These processes are, of course, @ased with the ongoing organizational and structural
reforms and, in particular, in agricultusector,including the introduction of water charges to
cover the real costs of water supply.

But irrigation water is not onlyhe life; in somesenseit is a treatfor the field.
Overirrigationfrequently leads to the fact thtte saltshiddenbeforedeep inthe soil, will
drawn upby groundwater to the surface, makitige soilcompletely unsuitable for us@n the
other hand, the use of highly mineralized irrigation water leads to degradation of irrigated land,
especially when using technologicallyefficient irrigation methods The overall situation is
exacerbated by the fact thtte large areasf irrigated land in thecountry are in a poor
reclamatiorstate

Analyzing and summarizing the international experience and trehdsvelopment of
irrigation technologies, ishould be noted that at the international leweks customary to
compare couniges bytheir naturalwater availability . According to the UN definitiothe mark
of waterdeficit is 1,700 cubic meters of water peapitaper year, and the red ling aboutof
500700 cubic meters, so the specific solutibmsdevelopment largely depend onstharticle.
According to official dataof FAO (AQUASTAT, 2002),the specific wateravailability per
capitain Kyrgyzstan is 4,182 m3 / yearat theexpenseof natural (enewabl§ water resources
[Water resources: total renewable per capita] while in Kazakh€iafiv8; Tajikistan 2,625;
Turkmenistan 5,218; Uzbekistan 2,026; Egypt 859; India- 1,880; Turkey 3,439; China
2756; Israel 276.

For comparison, it ialsoimportant to notehe data onvater consumptionper capita
(including components of agricultural, industrial and domestic water consumption), but very
different from the previous data:

- Kyrgyzstani 1,717 m3/ person per year
- Kazakhstan 1,436

- Uzbekistan 1.536

- Turkmenistar3,596

- Tajikistan- 1,016

- Egypt- 485

- lIsrael- 191

Since the comparison of agrancountriesby efficiencyof water uses acceptedo count
by theaverage irrigation rate in m3 / ha per year in the case of Kyrgyzstan, theesario
differs fromthe abovemethodology:

- According to the FAQlatain 2006 water supplfor agricultural sector KR amounted
to 7.447 million m3of water (.e., 93% of the total water consumption equredhat year
to 8.007 million md. In this case, thaverage irrigation rate based orthese datavas
about7,300 m3/ha per year and such aresult can be considered quite acceptable in
comparison with neighboring countries in the region and reflecting the neets
dominant agricultural crops thebaslet of goods

- Taking into account that this result also includes a loss of irrigation water in the main,
inter-farm and oAfarm systems, estimated at-86%, thenwater supply for irrigation
can be assessed in an amount of aldolitcubic kilometers per yea, and adjusted
resultsof the average irrigatiorate (neton the field atthe amounbf 4,000 m3/ha per
year. Such analysis unexpectedly brings us closer toalh®ost actual resultsof
irrigation water supply accordingto DWMM datafor 2014 equal ta},438 kn# per
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year on an area 0f914 thousand hectare®f irrigated landwith averaged in this case
irrigation rateon the field athe amounbf 4,850 cubic meters per hectare per year

On the other hand based on the irrigatiatesrecommended in Kyrgyzstan (based on
average figures nédfield) in the amount of:
- Cotton 4,806,700 n3/ ha per year
- Corn for grain 3,808,600
- Winter wheat 2,503,800
- Alfalfa 5,8037,900
- Gardens 6,300

And substituting these datatina known baskebf agricultural crops (accordingto
MAM KR data) we get approximatelyvater supply for irrigation at a rate 06.5 km? per
year, while water supply for agrarian sector(taking into accountecognized losses) in the
amount ofL0.0 km? per year.

In conclusion, it can be noted tHadsed orthis scenario, wgetthe averagérigation
rateof 9-10 thousand m3/ha per yearreflecting a more realistic result for the Central Asian
countries.

Thesedatareiterate the need to clarify information on thiater balance of the Kyrgyz
Republic, taking into account the need to ensure fiodependencdt is recommended to start
planning sucla balance already now for 2020, 2030, 2040 and é»e2050years taking into
accountthe needs of all sectors of theuntry. This information will alsallow more reaktic
consideringthe recommendationsn introduction of advanced irrigation technologies on the
basis of development of necessary infrastructure for agricultural sector.

2. Review of modern advanced anefficient irrigation technologies

The most important actiwitaimed at improving the productivity of land in arid areas is
irrigation. The optimality of the irrigation method used and techrpealection of irrigation
and drainage systemare evaluated by the minimum flow of irrigation water and maximum
yield. This problem can be solved in a complex, creating technigatfgctwatersaving on
farm systerawith the use of efficient equipment and advanced technologies.

Choice of rational irrigtion technologies and equipment for these specific conditions
should be carried out in stageéd.first it is necessary tdetermine technical acceptability of a
particular irrigation technology, and then chotise mosteconomically soundhethod forthis
area pasin taking into accouniominant crops.

Technical applicability depends on a number ehvironmentakconomicfactors or
climate conditions (1), soil (2), relief (3hydro geological(4), economicconditions(such as
estimated depth of the roggstem and irrigatiorate) and the number of qualified irrigators.

- (1) deficitof evaporation, wind spegd

- (2) Absorption rate for the first hour, depth of soil thickness;
- (3) Maximum slope, volume of planning works;

- (4) Depthof occurenceof fresh and saline groundwader

Economic evaluation of the appropriateness of particular equipment and modern
irrigation technologies is set by comparing the number of technical and economic parameters,
the most important of which are: thmountof capital investmestand payback period.
Examples for thseitemsare shown below.
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Drip irrigation

Features of drip irrigation systems

Many internationacompaniesave invested a lot of effereind fundsin research and
development of drip irrigation. Obtained positive results have contributed to the rapid spread of
drip irrigation in many other countries. As a result of technological improvements over the
yearsthe drip humidifiers (droppes) and other highly reliable equipmeatt drip systemhave
been developedsuitable for waterof any composition (quality) andor various field
conditions.

Underthe drip irrigationthe soil is moistenetly water suppliedy the small poirg of
watersources oflow flow, whereby only a small portion of the total volume of seivetted,
but evenin this volume the conterdf soil moisture is uneven. Therefore, the root system of
plantsdeveloped according to this namform moisture content.

Branched andelatively shallow root system develops in the volume of soil (often
presented wittconein a shapeof i b w)lwith high moisture content close to the point source
of water (dopped. As monng farther from the source of wateghe contenbf moisturein the
soil is reduced and accordinghe root system developmaatalsoreduced

In the transition from other types of irrigation to dtype, the process of adaptation of
root system is fast argbeswithout problems.

Drip irrigation is the most effieint system for plant nutrition. Rapid and intense
absorption of nutrients occurs due to the greater development of the root system in the area
around the roots. Due to the fact that water is circulating in the soil by capillarity principle, it
almost doesot displace air. Soilmacro poredargely remain dry, with good aeration and
moisture levelonly slightly above the fieldmoisture capacity, except for a small water
saturated aremear thedropper. This provides a monetensivebreathingof rootsthroughout
the growth cyclewhichis not interrupted during or immediately afteeirrigation.

Another featureof drip irrigation is the ability and, most often, the need for watering
and fertilizing at short intervals, which makes it possible to aehklégh productivity with
more efficient use of water, compared to any other method of irrigation.

Drip irrigation alsoallows usingthe saline waterfor irrigation, but in this case it is
necessary to give special attentiorsattdistribution in the sib solution.

Due tothe features of motion andistributionof moisture froma point sourcethe salt
concentration at thémit of wetted areq done&) can be highethan salt concentration in
irrigation water or the concentration in the area directijennthe drip.

The use of saline water creates areas of high salt concentration also on the surface of the
soil around the drip and deep in the soil under the soaked front. Therefore, in the case of salt
accumulationt is necessary to carry out their &dial flushing below the main root layer by
adding water to the irrigation rate at the end of the season (also taking into account the natural
rain washing).

It should also be notethe highsensitivity of drip systems$o clogging, soin these
systems focuto beon filtration of thedevicesand chemical treatment tifeirrigation water.
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Water fow from a point source

The main forces acting on theater flowin the soil are thgravitationaland capillary
forces which provide movement in all directions. The relationstiyetween these two forces
affectto distribution of water in the soll.

For soils with low hydraulic conductivity (infiltratiomate and high fieldmoisture
capacity (such as clay or dust claty)s commonto represent the configuration of wateet
volume under thelropperasa fi b drdr bods. with high infiltration ratewith low available
soil moisture) soaked profileispreserd i n t he f ocarmbof an obl ong

The distribution patterboth of soil moisture conterdind concentration of salts in the
soil solutionof wetted circuit depends on:

1) Soil properties;

2) Dropperflow;

3) Distancebetween drppers;

4) Saltconcentration in the irrigation water;

5) Irrigation rates;

6) Conditionsof initial moisture

In the area directly under the droppée conditionsof saturationare createdand
infiltration rate decreasest is generally believed that the diameter ofstlsaturated area
reaches a certain fixed size.

In light soils with ahigh content of coarse particles (sand), characterized by high
infiltration rate (even under conditions of saturation), directly under tbppéris formed a
small transition region of saturation.

In the heavy soils (clay) with a high content of fiparticles and low ratesf water
absorption into the soil (infiltratiomate), this transition regiomf saturationunder thedropper
can achieve relatively large dimensions.

It is important to remember that maximum diameter of the area for a partigpdaot
soil depends on thet r o pflove naté anddoesnot depend on the duration of watering period.

Aeration in this area is inadequate, aisdyreat size may adversely affect gr@wth of
plants.

Wetting f rom of different soé dfterfirrigationprocess by the same
irrigation rateis different and extends to a greater depth in the light soils, compared to heavy.
These provisions are very importdiot selecion of the drip rate and the distance between
droppers

Therefore, the davier the soliljt is possible to increase the distance between adjacent
droppers (by capillary movement of water). On light siilis recommended to reduce these
distances, as in this caggavitational forcenas a dominant effecin the movement of ater in
the wetted area.

Using mathematical modelsis possibleto find the best ratio between theip flow
andthedistance betweedroppers depending on the type of soil and plants.
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It should be noted that during washing of salts accumdlat thew e t tcend, infi
case ofthelight soils (sand), the is a gradual accumulatioof the salton the edgef wetted
front; in case of loam soil thesals aredistributedin afairly broad stripin parallel tothe wet
front.

Specificatiors of droppers

As noted above, the drip irrigation systemeger to the irrigation under the pressure
The role of dropper is the supply of water from irrigation tube (dianfieter 12 to 25 mm and
a wall thicknesgrom 0.25 mm to 1.2 mm) bo the atmosphere in the forof drops without
energy.

The design of the labyrinth flow with its small size is tuee of the dropper and th
labyrinth correspondt controlled reductiorof pressure. Labyrinth is characterized by three
parameters: the shape, length and transvemsendions. These parameters define the drip flow
depending on the pressure, allowing constructing the corresponding characteristics Q / P, and
affectingon the ability to resist clogginddimensons of the cross section ohe of the most
common droppergith consumptiorof 2.3L / s: depth- 1.2 mm, width- 1.2 mm, length 15

Nominal drip flow of the dropper usually reflects flow at a pressure of 1 atm (10
meters). In agriculture, the most commarmedroppers with dripratefrom 1.2L / hour to4 L /
hour.

Quality of dropperis expressedy its ability to provide a nominal flow rate at a given
pressureby uniformity of drip flow of droppers and less sensitivity to clogging.

Over the years, the designecs droppershad to overcome two contradictory
requirements: on the one hand, the design of the labyrinth with dtlegmand narrow
dimensions of cross sectitm get dow drip flow, and on the othdrand- the desire to increase
the size of cross section and shorten the leng#itream inthe labyinth in order to reduce the
clogging sensitivity.

In recent years, a whole seriesdvbppers with thebove qualities shortlabyrinths
with a relatively large cross sections and turbulent flow, providing low consumption and little
sensitivity to clogmg.

Particular attentiorat the design of droppers is paid to creatinsideit of a built-in
filter component.

Work characteristicof droppers

- Droppersof conventionaloperation(without compensatioof flow) - drip flow varies
with pressurehange

- Droppers of ompensatingperationi drip flow remains constant over a relatively wide
range of pressures-@ meters).

The following formula can represent the relationship betwdrgm flow and pressure at
droppebdinlet:
q = kP,
Where:
g - Drip flow (I / h);
ki Dr o p gosstarit;
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P - Pressure at the inlet of the dropper (in meters);
e - Coefficient depending on the flow regimelabyrinth

As anexamplea calculations presented@f onespecific integral dypperat the pressure
P=10mand P =20 m:

Q =0.911 x P®adry

Where
t.=10m Q=0.911x 16%=2.751/h
t.=20m Q =0.911 x 26*8=3.84 I/h

In dropperswith turbulent water flowthe rate varies according to the square root of the
pressureand coefficient e= 0.5. In this case, the design of drip systeitsns a deviationof
the pressureébetween the extrerhelocateddroppers of 20%, providing 10% deviation in flow
raterespectively

In droppers with laminar flow coefficient e = €078, andit allows respectivelythe
maximum deviations only by the sidet= 15%,Uq = 7%.

It is considered that tHess is the coefficient glosng to 0.4), themoreturbulent flow
is expressedand thedrip flow of the dropper becomes less sensitive to pressure change

The practical significance of this situation lies in the possibility of designing drip
irrigation systems with wide variations in pressure, while maintaining the deviation difiphe
flow atrequiredregime but not more than 10%.

For doppers of compensatoryoperation istaken coefficient e = 0.05, and the
compensation range e = O (for the same dropper).

The operating principle of dropers with pressure compensation

Water in drip pipelinesis at a certain pressurg and passing through thelropper
labyrinth it enters the pressure compensation chamber. Under normal operating conditions,
when the water pressure in a dpjpdine is above the pressure at which the proceks
compensatiotbegins in the chamber itsethe pressur&iill be belowthe operating pressure of
the pipeline. The flexible membrane mounted in dnepperand located between the two
pressure levels, will begin to bend towards the compensation chamber outlet, whereby the size
of the outlet alsowill change, which in turnsiin inverserelation to the pressure in the
irrigation drip) pipeline.

With increasing pressure in the irrigatipipeline outlet size is reducedhus, there
remains a constant drip flow, regardless of press@ege in avide range of pressures.

Types of drip (irrigation) pipelins

There are three main ways of joining droppers to the irrigation pipelmgh
determine its type

- Integrated drip irrigation pife In this case, the drp p e weldedsto the inner wall of
the plastic irrigation pipe during its manufacture.

- Fitted inline (linear) dropper. Independent droppeconneatd with plastic irrigation
pipe usingserratechipple on both sides of the dropper.
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- Fixed side line dropper (So-called puskoutton droppers withpressure compensati
andconventiong)|.

Subsurfacedrip irrigation

One of the main advantages lafying of subsurface drip (irrigated) pipeligés to
protectdrip equipment from damageassociated with the annuaktallation and removait the
end of the season, as well as damlagenechanized equipment and animals. In addition, the
subsurfacdaying significantly reduces the moisture of the soil surface, thereby significantly
reduce water loss through evaporataon weed growth.

Combinations of these benefits with otheiich areinherentto drip irrigation, insome
cases justify theationaleof subsurface drip irrigation, in spite of its high initial investrsent

Designing systems of subsurface drip irrigatihas to be at the highest professional
level, as after laying anputting into operation there Elmost no possibility of any changes
and amendments.

One of the problems associated with subsurfagieg of drip pipelines, is the inability
of preplantirrigation. In this case it is necessary to apply additional spmigpkirigation
systens.

The main feature of subsurfaceodper compared witlonelaid on the soil surfacés a
characteristiof distribution of moisture around the dropper.

In the cae ofsubsurface layingvater, leaving the dropper, mesin all directions, and
the wetted area takes the form of ellipse, resembling an egg, with extended side up.

In soils with a high content of fine particles (cldiie wetted area (volume) takes the
form resemblinghe ball. In light soils with a high content of coarse particles (sand) the vertical
movement of watein depth from the droppels more significant as compared with the
horizontal.

In the case of identical irrigation rates, soil moisture content in the wetted crcwihd
the dropper at itssurface laying will belarger than around subsurfac#gropper This is
explained by the fact that in this case the volume of thensthilaccumulateanoisture is less
than the wetted volume around subsurfacpper As a result, the radius of the wettgdcuit
of subsurface dpper isless than the radius of the wetted aneder the droppdaid on the
soil surface.

An additional distinctive phenomen ofsubsurfacdaid drip pipelineis to reducedrip
flow, compared with the nominatjue tothe opposite pressure arising in the process of
irrigation and directed toward the water outlet (holes) of the droppers. The cause of the
opposite pressure isdhdifference between thlrip flow and the water infiltratiomateinto the
soil from a point source. Water emerging from the droppad be pushed intcthe water
which is alreadyexistsaroundthe dropper

At the beginning of the irrigation peridtie infiltration rate is relatively high, and the

water coming from thelropperencounters little resistance. With moistufethe wet circuit
during irrigationprocesshe rate of absorptionsuallydecreases. Under these conditions, the
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water coming from tedropperencounters considerable resistance, i.e. high opposite pressure,
resulting in reducedrip flow.

The level of tis opposite pressure depends ondhie flow of the dropperand thesoil
properties The greaters the drip flow, the greaters the resistance. In soils with low
infiltration rate opposite pressure is higher than in sandy sbiig flow with pressure
compensatinis less sensitive to countegsistance compared conventional dppet

Opposite pressure may have a significantuerfice on the uniformity of moisture
distribution in the field, due to the fact that this factor depends on the rate of water absorption
into the soil and may vary over a wide range.

There are models, allowing selecting the depthagihg of drip pipdines accordingto
the drip flows and the distance betwednoppers There is a definite relationship between the
depth oflaying, dripflow and soil properties.

Sprinkling

Fundamentals

The waterflow enters the nozzlef sprinklerunder adefinedpressureard is emitted
from it in a form of jet into the atmosphere, thus giving initial velocity drops by
transformation ofspecific pressure energy tio the specific kinetic energyc¢rrespondingo
velocity head). The degree of expansion of jet theadrops giventhe trajectorydepends on
diameter of the nozzle, water pressuiateof sprinkler rotation andnangle(trajectory of the
fiflighto.

It is considered that:

- At the same pressure dospfitd stronger with decreasiraf diameter of the nozzle;

- If the nozzle diameter is constant, then drops split stronger with increasing pressure;

- In shock reciprocating rotary sprinklerthe radius of trajectory increases with
decreasin@f speed of rtation and withincreasinghe angle of the flight;

- The desigrof sprinklers tends to seek achimythe maximum increasef the radius of
the trajectory and thus the maximum distanac@pbetween adjacent sprinklers with
the best coefficient of uniforny of irrigation.

Each sprinkler (with one dwo nozzles)hasthe region of optimal pressure which the
sprinkler (under certain distances between adjacent sprinklers) can irrigate in the acceptable
range of coefficients afrigation uniformity. Regionof optimal pressures wider at theshock
reciprocating rotary sprinklers; howeverjstlareais reducedfor the nozzles witha smaller
diameter and, accordingly, increasedhe nozzles witha larger diameteit shouldbe noted
that the smaltliameter nozzle at high pressure significargplit dropsof the jet (don) and
work of sprinklerswith a larger diameteof nozzle at low pressure leads to formation of
excessively large drep

A S h ogprinkiers usualljhaveone or two nozzke with diameter of2-6 mm @p to
8.5 mm), andin longrangejet devices with locationfor example,at 36 x 48 meters,
respectively, 18.0 x 9.5 x 4.0 mm. Sprinklers with two nozzles are typically designed to larger
sizesthan sprinkles with onenozzle. he nozzle of smaller diameter is used for spralyile
nozzlewith larger diameter to create trajectories.
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For oversprinklingirrigation of crops and gardens most oftare usedsprinklers with
an angle (trajectory) of the jet in the rarge20-3(P° (sameimes also within 9L.4° for irrigation
of vegetables).For undercrown sprinkling irrigation of gardens and plantations is
recommend choosing the angle withi7%

It should be noted that optimally designed sprinkler does not always ensure a uniform
distribution of water in the field, this conditied bycorrect selection of the optimum pressure
mode, the distance &pe between adjacent sprinklers aodnsideration ofvind speed and
direction.

Recommended range of operating pressures:

Mikrosprinklerswith flow of 20-100 I / h- 2.0-4.0 bar.

Mikrosprinklers withcompensated pressure or flow contrdl2-4.0 bar (atm).
Sprinklersfor overirrigation(vegetable) with flow 150-400 | / h- 2.0-4.0 bar.
Sprinklers for field cropswith flow of 1.33.5 n? / h and distances up to 18 m
working pressure 3:6.0 bar.

1 Sprinklersfor field cropswith flow of 2.55.5 n? / h and distances up to 24 m
working pressure 4:6.0 bar.

E R

The uniform distribution of waterunder irrigation

Uniformity of irrigation is one of the most important factors determining the high crop
yields and successful growth of the garden vegetation. Best results are achieved with a uniform
wetting of landprofile to the level of occurrence of the main root fayae practice, absolute
uniformity cannotbe achieved. The main factors affecting the uniformity of irrigatiorttege
wind strength and direction, as well as presdbte to the fact thahe sprinkledflow depends
on the pressure, it is recommendeadbere to the requirements of uniformity of sprinklers (by
type and size of the nozzle) on the englat, as well as to maintain the operating pressure in
the optimaimode(rangg.

Placement of sprinklers

Most sprinklerssupply thegreatest amount of water directhy the riser / sprinkler, and this
amount is gradually reduced to zero at the edge of the wetted perimeter, therefore:

1. Itis recommended to ensure maximum overlap of wetted profiles of adjacent sprinklers
both at irrigatbn pipeline and between parallel lines (pipelines).

2. Reducing the negative effects of wind on uniformity of water distribution at sprinkling
is achieved, if necessary, by reducing the distance between adjacent sprinklers along the
irrigation pipeline and Wdween parallel positions in accordance with the
recommendations presented in Table 8.

Table 9. Recommended distance between adjacent sprinklers, depending on the wind
speed and the field configuration

Location Wind speed, m/s Distance
Square orectangular Calm 60% of wetting radius
2ml/s 50% of wetting radius
3.5m/s 40% of wetting radius
More than3.5m/s 30%of wetting radius
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Triangular Calm 65% of wetting radius

2m/s 55% of wetting radius
3.5m/s 45% of wetting radius
More than3.5m/s 30%of wetting radius

3. It is recommended to design the location of watering lieg perpendicular to the
wind direction prevailing during the sprinkling.

4. It is recommended to install the sprinklersttze height of30 cm above the watered
crops

5. Irrigation pipdines should be placed in parallel, and the distance between sprinklers
must be equal.

6. It should be noted that the best profile (shape) omdwerdistribution curve around the
sprinklerin vertical sectionappearsa striafigled  drapezéimo idtribution pattern),
which allows to achieve the beasterlapof profiles and uniform water distribution.

Methodsof evaluationthe uniformity of water distributionunder thesprinkling irrigation
One of the methods of evaluation was proposed in the fif{idsl. Khristiansen.

In this casehe rrigation uniformitycoefficientis determined by statistical formula and
Is used in particular to determine the correct placement of sprinklers.

a Alxi- X6
Cu% =100% - MQ
e X3n O

Where

Xi - Measured amount of water in the experimergaérvoir(vessel)n cn?

X - Average value of water in the vesselss’cm
n - Number of vesselsé€ading$
x - Total absolute value of deviations from #neerage value

The minimum acceptable value of the coefficient Cu = 85%.
The second method eWaluation ofuniformity in irrigation refers to theoefficientDu,
which expresses the ratio of the average value of 25% of the smallest measurement to the

average value of all indicators.

Du = 100 xaverage value of the quarter of smallest measurements
Average value of all measurements

This method allows you to identify a specific amfathe wateredplot, receiving a
minimum rate of irrigation. This ratio allows calculating the rate of irrigation and the required
additional wateon the basis of thplot, receivng the minimum amount afrigation rate
Micro-irrigation (under-crown sprinkling)

The method®f micro-irrigation are the most effective for gardens, plantations, fields
for growing vegetables and otherops,especiallyon lands with difficult terrain and severe
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deficit of water resources where the use of other methods of irrigation is difficult or
impossible.

A distinctive feature of micrarrigation compared to conventional uniform distribution
of water in the process of sprinkling is the inability in most casemnsare full coverage and
even distribution of water throughout the irrigated plot. In this case, anothersgeet- to
achieve uniform supply of water to each tree aadkdgor optimal allocation of water in
accordance with location of the main rootteyss.

The use omicro-irrigation systems provides:

- Increase of productivity

- Savingof irrigation water

- Possibility of the development of leeapacity low-productive soils and slopes

- Reduction of labor costs for maintenance of the systems by automating the processes of
irrigation management and contaflsystem operatign

- Introduction of ertilizerswith irrigation watey

- Lack of moistureof the lower foliage of trees and thus protactfrom burn influence
of irrigation water with high mineral content;

- Reducing the penetration of nitrates (from fertilizetpigroundwater

- Irrigation by small (fine) droplets provides easy germination and sprouting, and does
not create @ompactingcrust on the @il surface.

When selectingnicro-sprinkler it should be consideed the relationship between the
sprinkler flow ratewetted diameter and the rate of irrigation. Therefore, if the wetted diameter
is small, and thelesignedrrigation rate is high, it is possibigfiltration of moisture below the
depth of the main root layer. Irrigatiaf area with a large diametef spray can lead to a slight
moisteningof the soil ondepth) and contribute to its salinity.

It should benoted that the intensity of irrigation (sprinkling), calculated on the basis of
the distance between adjacenicro-sprinklers(without overlap ofwetted fronts) gives less
results than in reality.

3. Comparison of effectivenesf advanced irrigation technologies

To sumup above saidwe cannotdisagree with the fact that in the countries of Central
Asia inefficient water use in the agricultural sed®dominatedas a legacy of obsolete water
supply systems, as well as besaud backward techniques and irrigation technigegnd
technological losses whesupplying byopen canalsof gravity, and as aesult of these the
plants receive only about 45% of the totalaterintake.

The growing scarcity of water resources determines the need to develop new
approaches to sustainable developn@nwater supplyfor the countries irthe region with a
focus on the effective use of all available water resousndbke territory. It is obwus that in
this situation, theecovery of deficitmay be primarily by improving the technological level of
irrigation systems and the transfer of agric@dtup watersaving irrigation methods and
technologies. Therefor¢here is a keemuestion of justication and recommendation of such
methods and irrigation technologies that will provide the most economical and rational use of
irrigation water with the minimal neproductive losses anthe significantincrease incrop
yields.

At present internationaexperts are most concerned with the introduction of modern,
efficient irrigation methods such as sprinkl and drip irrigation; introductiorof batching
valves (allowing the supply of irrigation water sglume); reconstruction of pumping statigns
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suppy and distribution pipknes andcanals pressure control in accordance with the technical
requirements of a particular irrigation equipment; recommendation filtration plans;
introduction of automation and reuse of drainage water (partially containing fertilizers
introducedduring fertigation). Development and introduction of automation in the agricultural
sector is an important additional factor in the efficient afsierigation waterallowing saving

up t015-20% of irrigationrates

In addition, in recent decademiditional irrigation technologiesf micro- and macre
sprinkling have been introduced. These inclusigrinklers for undercrown irrigation of
plantations anarchards, with replaced less efficiertveiirrigation. Micro-sprinklers also are
widespread in growing vegetables in smi@iming areas, reaching a high coefficient of
uniformity of irrigation.

Today, it is not disputed that the wateseunder drip irrgationis more efficient compared to
otherirrigation technologies. It is considered that the efficiency of drip irrigation exceeds 90%.
Introduction of drip irrigation can save the following amount of water in relation to the
acceptedrrigation rates

- 20- 23% for irrigation of vineyards
- Up to 50%for irrigation oftomatoes
- Up to 27%for irrigation ofcotton

Simultaneouslyt is achievedheyield increasdy 48%, 39%, 53% for the respectiveps

As it is known, the efficiency of irrigation (lrrigation Efficiency IE) can be
represented as the ratio betweenghgplusof moisture in the root zone to the irrigaticate
where irrigation rate includes the increase of moisture in the root zone, evaporatioff,
infiltration into the depth of the soil and water loss in the furrguigdines) on the irrigated
area.

As noted above, irrigation is one of the key elemémtshe success of cultivation of
crops and their efficiency. In view of this, it rges special attention, learning and
generalization of international experience including modern irrigation technology trends. So
| e torices again represent concentrated wbde comparson ofthe most commorcurrent
irrigation technologes

Table10. Comparison of irrigation systems (agrotechnical)

d. Surface irrigation
" | Advantages ~ | Disadvantages
1. | Low investments 1. | Large water loss
2. | Low cost for energy (water head) 2. | Low efficiency ofirrigation
3. | Low operating costs 3. | Possibility tospread plant diseases
4. | Possibility of irrigation in wind 4. | This method $ not acceptable o
adverse slopes
5. | Suitable for irrigation of plants susceptible| 5. | Is not acceptableas refreshingand
leaf diseases antifrosts irrigation
1. Sprinkling
B Advantages ~ | Disadvantages

1. | Possible on the fields with complex| 1. | Sound initial investments
topography where it is impossibleto use
surfaceirrigation
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2. | Suitable for irrigation othemost crops Additional costs for energy consumj
to create theequiredpressure in the
irrigation systems

3. | Possible economical use of water, high Uneven distribution of wateron the

irrigation efficiency, yieldsincrease field in the wind

4. | Provides extensive mechanization afl Irrigation with salinewater adversely

farm operations and their implementation affects the foliage cover (leaf burn),
a short time reducingthe harvest
5. | A wide rangeof choice ofsprinkler nozzle Problems of topsoil compaction
sizefacilitatesthe designand adjustmenif associatedwith formation of a crust
irrigation intensity on the soil surface and increased
runoff

6. | Makes it possible to accurately measure Waterloss of on the bordef thearea

water flow on theplot

7. | Increases the coefficient of land use Complicatesthe agriculturalworks on
the irrigated area(plowing, spraying
harvesting.

8. | High mobility of irrigation systems

9. | Fitsto all subsidiaryirrigation

10. | Suitable for washingf fields in profile

11. | The possibility of achieving the san

intensity of watering on the irrigated arei
(uniform distribution of wateon the field)
12. | Ease of application of fertilizers wit
irrigation water
1l . Drip irrigation
) Advantages Disadvantages
1. | The higha possible yield, followed by Not suitable aantifrosts irrigation
saving of irrigation rates water
consumptiorperunit of productionis lower
2. | Wet lossdueto evaporationis lessthan at Not suitable for additional technici
sprinkling or surfaceirrigation (lessareaof irrigation
wetted plot)

3. [ Wind does not affect the distribution Problematic for irrigation of young

moisture trees (plantationg in arid areaswith
sandysoilsandstrongwinds

4. | Does not require careful planning of The cardinal question when choosin

irrigated plot, prevents runoff even in an irrigation systemwhether

difficult topographicatonditions investment for the purchase of drip
irrigation systemss justified by
increaseyields and water savisg

5. | Allows carrying out agricultural works

during irrigation (orchards, vineyardsic.).

6. | Provides for supplyingf fertilizer directly

into the root layer

7. | No peripheral loss of water

8. | With sufficient rainfall, salinity is not a

problem. If there is insufficient rainfaien
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it need additionalirrigation rate often
supplied by sprinkling

9. | Possibility ofwatering bysmall irrigation
rates and shomhter-irrigation intervas

10. | Weedsare less than with other methods o
irrigation

Economic models of comparison of advanced irrigation technologies

Summing up the information on international experience, we can note a significant
advantage of modern advanced irrigation technologigsh as sprinklingnd drip irrigationas
compared to surface irrigation. For example, the net indoempotatesincomes risealmost
twice; for melons to 4 timedpr onionto 1.5-3 times, andor tomatoego 2 times.

Unfortunately, it is very difficult to ggfor comparsonsuch additional information even
from the leading international irrigation companies and therefore it should be treatemsonly
informative, due tothe fact that many local componerdffect the final results that can
significantly change the picturbut the direction is clear.

Summarizing the current trends of development and introduction of advanced irrigation
technologiesve shouldmention the mostorrectedand relevant statistical work carried out in
California, USA (Survey of Irrigation Methods in California in 2010):

This workhassummarizedhe survey of 10 thousand farmers in California from 1991
to 2010 and gives a reliable picture of trends in thesld@ment of irrigation technologies for
different crops including surface irrigation, sprimij, microsprinklinganddrip irrigation

During this period, on the one hand there was a steady inae#émeproportion of drip
irrigation andmicrosprinklng, and on the other hand, a decrease in the area under surface
irrigation for almost all crops. The most distinguishedpswere vegetables, fruit orchards and
vineyards, with a corresponding increase of 32%; 28% and 33%.

Despite the aboveaid in Calibrnia in 2010the surface irrigation methods remain
dominant forsomeagricultural crops, such as cdior 78%; ®ttonfor 73%; legunmous plants
(haricot, bean$ for 66%; sugar beetfor 85%; permanent pastwéor 69%; alfalfafor 77%;
pumpkinfor 50%; and cerealsfor 79%. At the same time, surface irrigation on patatvas
only for 2% of all irrigated fields, 334% for tomatoes and 19f&r onion.

For clarity,thereare also very interesting results of the experiment in the neighboring
republic, onceagain confirming the benefits of drip irrigation compared with furrow irrigation
methodsof vegetables (Table 11).

Table11.Consumption of irrigation water and itsinit costsfor producedtomatoes, peppers
and cucumbers (2002010)

Irrigation | Number of | Irrigation Average Average | Productivity of water use
method watering | rate, m3ha| irrigation yield, by the yield
rate, m3/ha| center/ha Water Yield
consumed| received
for 1 ton of | for 1m3 of
yield, m3 water,
centner
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Tomatoes
Furrow 9 5,120 569 433 118 0.68
Drip 23 3,912 170 563 69.5 1.15
Cucumbers
Furrow 10 5,125 512 368 139 0.63
Drip 13 3,752 289 497 75.5 1.17
Pepper
Furrow 10 5,130 513 96 53 0.88
Drip 22 3,886 177 125 31.08 1.93

Source Drip irrigation of vegetablecropsin central Tajikistan D. Siltonmamadov GU
ATajikNIIGIM, the Republic of Tajikistan

SUMMARY

The totality of the data collected and systematized in this project once again clearly
shows that the socieconomic development of Kyrgyzstan to a large extent dependseon
state of water resources. It is well known that for Kyrgyzstan, as well as for other countries in
the arid zone, the availability of sufficient water resources of acceptable quality is a crucial
factor for sustainable development for comfortable livng conditions, to meet the
comprehensive needs of the people in water, food seemitynvironmental conservatiddut
in the last decade in the Repubtlere are becoming more distintte signs of increasing
deficit of water associated with global maing, especially after 2012Jue to the negative
manifestation®of the cycle of dry years. These warning sigare further exacerbated by high
population growth rates, and hence water consumption, as well as excessive loss of water at alll
levels of the n@onal watermanagemerninfrastructure.

Since emerging trendsf reduction of water resources (in particularanifested in
Kyrgyzstan bya marked decrease in the volume of glaciers and snowfields, as well as the
annual river runoff) will have lonterm characterit becomeevident theneed formplanning and
implementation of appropriate preventive measures at the national level. If take into account
that about 90% of domestic water consumpfiioiKR is used for irrigated agriculture, it may
not cause ddut the obvious conclusionthe majority of potential reserves of water savings can
be productively used by reducing water losses in the simgpgectionsof irrigation systems
and directly on the irrigated agas through the application of advancedop irrigation
technologies

However, everat the first stageof justification of suchmeasures it isppropriate to
definethe root causes of the current unsatisfactory state of the agricultural sector in general and
the closely related irrigation sector particular It should be emphasizdbat often the main
problem is seeras a chronic shortage of investneefr the development of agricultural
production, as well asor the modernization and maintenance of irrigation infrastructure.
However, presenteid this report materials allow us to conclude that inadequately low levels of
annual investments are not the primary cause, but rather a consequence of the impact of more
fundamental factors. Therefore, it seems more appropriate to designate as a fualdactent
the ill-corsideredland reformof the early 1990s. As noted above, as a result of this reform,
there was a division of large arableas intosmall plots of land shares assigned to individual
farms. Itwasnot taken into account than the isohted areaf irrigated arable land with an
averageareaof less than 2 hectaréss extremely difficult, and often impossibk® implement
costeffective crop production in the face of fierce competitiith agribusiness habeen
long-established in other countries. The situati@asfurther complicated by the fact that more
than half of workingage people in rural areas who have received allotnests forced tdoe
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involved into the sphere of agricultural productiobut they previously havevery limited
knowledge and practical experience in agriculture only within th@inestead plotsThus, by

the mid1990s, the number of agricultural workensKR were more than 30%of the total
population of the Rpublic, while, in most indwsalized countriesof the world, ths share is

less than 5%. Under these conditions, soon after the agrarian reform, the processes of
impoverishment of significant part of peasant farmers become irrevesiolthis entailed the
following consequences:

- The mass migration of the most active part of the rural population to the cities or abroad
(for permanent residence or for temporary employment);

- In turn, the outflow ofmanpower resourcdsom therural areaded to the spontaneous
(i.e, not controlled by the state) redistribution of land relatidmsth in a civilized
manner, for example, by sale or lease of cultivable land for rent, and by unauthorized
seizure of lan@llotments

- Themostof peasant farmers who are trying to developrtagricultural business, but
do not having initial savings to do this and access to cheap onexi,objectively
forced to use mostly lowgost farming techniques for the cultivation of grain and fodder
crops, incidentally potatoes, vegetables and frwetc., to meet their own needs. In the
absence of opportunities for theurchaseof mineral fertilizers, plant protection
products, quality seed materials, not to mention costly mechanisms and irrigation
techniques, these entities of the agriculturataeare able to supply on the domestic
and foreign markets only slight excess of their crop production, since they often operate
i n a mode of notorious Asubsi stence f a
profitability of agricultural production, this kd of activity is increasingly become of
secondary importance among farmers and peasants, as they are forced to combine it
with the trade, crafts and other more profitable ways of survival;

- Finally, after many year s date,cfassaffproduceis s e
of profitable commercial agricultural production only began to emerge. Basically, it
consists of a small number of agricultural enterprises, created on the basis of collective
and state farms which escaped liquidation, theadled faux i | i ary f ar ms
and municipal greenhouse enterprises, newly created agricultural cooperatives and other
associations, as well as the largest farms and gardening farms. According to various
tentative estimates, the areaiofgated landavailablefor such relatively successful
farms so far is less than1®% of the total irrigated area. In this regard, the current
potential for introduction of innovative water saving technologies of irrigated
agriculture is seemed very limited.

There isno doubt that these trendavesystemic naturen KR, and overcoming them is
possible onlywith a comprehensive reorganization of the conditions of industrial activity in the
sector of crop production. The main directions of these reforms in the country are well known
(at least, alreadyhave been thoroughlyorked out at the expert level) and suggebe
following:

- Accelerated development of transparent secondary market of agricultural land;

- Accelerated development of agricultural cooperatives on the basis of peasant farm

- Creation of market infrastructure, ensuring a close relationshigastdimbility of all
parts of the technological chain of agricultural production, includrediting logistical
support cultivation and harvestinggroduction distribution wholesale purchase and
profound industrial processing and furth@lown to thesalesto final consumer.

- Establishment of effective mechanisms of state support to rural producers.
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Implement all the proposed measures will only be possible over a long pétiotk.
Therefore, as priority it is appropriate t@aim atstrengtheimg efforts to build agricultural
cooperatives and organize mass training of rural residentsore perfect, but at the same time
affordable technologies of irrigated agriculture. In this case, sufficient attention should be paid
to conservatiorof soil ferility, promotion of the replacement of traditional crdyysthe high
yield andprofitable crops environmental aspects of land use, etc. If start from the positive
results of such training activities carried out in recent years in the Kyrgyz Reputhlio a
number of international projects, the development of this trend could have a serious impact
with limited costs

The above brief summary of the situation alloarsly a judge on the root causes
hamperingthe development of the national agricultural se@s a whole. Returning to the
main topic of this report, we can conclude that splftthe previously created largegeas of
irrigated landduringreform, directly or indirectly led to a number of negative consequences for
all parts of the irrigation imbstructure.This statement can be justified by the following
arguments.

Currently,the vast majority of water use entitigsrural areas arepoorpeasantarms,
which due to theifragile economic situatiowannotadequately pay for the irrigationater
supplyserviceqPIS) by public watemanagementTherefore, theurrentspecific contribution
of man consumers of irrigation watertmthe maintenance and operation of irfesm section
of irrigation systems is only about 12% of the actual coktle structural uniteof DWMM for
the O&M purposes and less than 5% of the estimated demand costs. Comparing these figures
with the statistics published by FA@,is easily seen that in Kyrgyzstan, the share of costs of
entities ofirrigated agriculturdor these purposds several times less compared to the average
figuresin other countriesocatedin the arid zoneConsequently, the main burden of the cost of
management and operation of interm irrigation infrastructure has to take on the dbaigget
and capital repairs and new construction of irrigation facilities are invested mainly at the
expense of foreign credit and grant support. However, thessubstantial financial assistance
from the international organizations allows only stabiltbe technical condition of the
irrigation systems, but does not provide their further development. In the meantime, as a result
of damage and physical deterioration of irrigation facilities emmimunicationghe trends of
increasing water lossesn be taced in the main and intégirm canals in all regions of the
Republic. As a rule, these losseannotbe substantially reducedy the current repairs of
individual sections of theanals and the largascale capital repairs will be difficult in the
comingyears due tohelack of funds. Therefore, for pragmatic reasons, it is hardly possible to
plan a sharp reduction of losses (for example, more than 5%) in thdaimteirrigation
network. However, achieving water savings is possible with the implenwmntdtirelatively
low-cost measures, such as stabilization of water supply by using previously builtfggools
daily and decadeun-off regulation, strengthening the control of water use, prevention of
unauthorized water use and others.

The estimatesrpented in the report indicate that most of water is lost withirothe
farm irrigation systems. It is appropriate to clarify that the growth of these losses is due to two
main reasons. The first is a direct consequehcepeatedly noted earlier procedsplitting of
irrigated areamto small plots of land. This significantly increased the length of the distribution
network, ranging from water outlets of intarm level and up tgeparate outlet® each farm
respectively increasg loss of water troughfiltration, evaporation and transpiratiby weeds.
As a result, the averagates ofefficiency of onfarm irrigation network in Kyrgyzstan were
the worst in comparison with the neighboring countries of Central Asia. The other reason is the
lack of tangible incentivegn water user®f the agricultural sector to conserve irrigation water.
With persisting in the Kyrgyz Republic for a long period amount of tariffs payhoentater
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supply services ahe level of1l-3 KGS / 100n#, water charging mode isiore of a symbolic
nature, as in the total annui@rm costsfor payment for water rarely exceeds-26 of the
expenditure budgedf an averagehousehold In that case, arguments about the excessively
grievous burden on farmers due to the introduction atewcharges are unlikely have a good
reason Moreover, the profitability of irrigated agriculture is usually muitiphcreasd,
compared taherainfed agriculture. On the contrary, inappropriately low price of water supply,
together with the lack of edttive accountability mechanisms for its rational ,usely
contribute to the growth of water los®ften amountsof technologicallosses related to
violations of the rules of water usegg unauthorized deregulation of water suppfy to the
capture of water resources, the unauthorized discharge of water from eadatc.) exceeds

the natural water loss througtiration from on-farm canals. These facts lead to the conclusion
that achievwng significant water resources savings infamm irrigation network only through

its reconstructions problematic without the simultaneous use of economic, regulatory and
administrative mechanisnus incentives For example, calculatiortsve beempreviouslymade

by consultants of the World BadWRMP havedemonstrated thetionaleof increasing tariff
ratesof PISsto thelevel at leastof 20KGS / 100n®. In this caseat the average irrigation rate
gross ofabout 7-10 thousand &/ ha per year, the annual unit cost of a typical féom
paymentfor irrigation water supply will not excee2lthousand KGS / ha. For comparison, it
should be noted that the current size of the rent per hectare of irrigated land in Kyrgyzstan is
usually many times higher thanighamount. This simple example shows tifiat the most
active agricultural producers seeking to grow their business, increase in tariffs foattdre
supply at least up to the specified lewell not appear todurdersome but at the same time

will encourage the use of wateaving technologiedHowever, the increase in tariffs will most
likely causadiscontent among the wealkasanfarms, butfurtherwill continue to contribute to

the development of a new stage of redistribution of land ownership and the development of
cooperative structuresniirrigated agriculture.Such effects and associated political and
economic risks, of course, have to be taken into account in deamsikimg. For example,
based on the international experience of such reforms, in order to avoid worsening of the
political situation in the country, the implementation of such decisions should be preceded by
extensive information campaigns; preventive measures of social sopgwpoorestgroupof

the ruralpopulation training and / or reorientation of their professicaetivities.

The abovepresentedbrief summaries and conclusions were accentuated on the
establishment of the key factors that cause water loss in two key links of the input lines of
irrigation systems. However, given thepic of the project, the reason causing the loss of
irrigation water directly in the fields, as well as possible wafyg more efficient use of water
resourcesrequire a more detailed analysis. First of all, it should be clarified that a clear
separation ofvater losses in the irrigated areas to natural and technoldgpeslis not always
correct, as both of thedgpesare closely related and dependent on local soil and climatic
conditions, applicable methods of farming and irrigation, as well as compliaitb best
irrigation regimes.

To substantiate this conclusidnis appropriate to narrow the scope of further analysis,
assuming that for the Kyrgyzstan's conditidghe most promising may be three methods of
irrigation: a) improved furrow irrigation, b) sprinkling irrigation and c) drip irrigation
method. This restriction can be explained by the following arguments:

- Widespread in the Kyrgyz Republic methods of surface irrigation by free flow or
flooding belong to the least efficient in terms of savoigwater resources and their
further use should be extremely reduced,;

- In the face of growing water scarcity marked increase in wawang crops such as
rice in the southern regions of the RepubBdardly possible. Therefore, the method of

51



surfacecheckirrigation of rice will continue to be use@d maximum on 1-2% of the
total irrigated area, anddétnnotbe considered as a promising;

- Method of fine-dispersed(sprinkler) irrigation, as a kind osprinkling irrigation
method, taking into account the climatic conditions of Kiig can be used mainly in
greenhouses;

- Method of subsurface irrigation by means of underground pipelines can be considered
as a simplified kindof the drip irrigation, with its inherentadvantages and
disadvantages.

To date, sufficient experimental data hdeenaccumulated in foreign countries, Central
Asia and, in particular, in Kyrgyzstan, allowing objectively assess the types and structure of
irrigation water losses in the fieldepending on the application of each of the three selected
irrigation methods. Key findings on the basis of these data can be summarized as follows:

Water lossedy evaporationare relatively large in cases of furrow asdrinkling
irrigation methodsandit increase at high air temperatures and strong winds, especially when
using long-rangesprinkling devices For the dip irrigation systems this type of loss can be
almost completely eliminated. However, even with furrow irrigatida possible taachieve a
significant reduction in evaporative losses by carefully loosening the top layer of soil after
irrigation or mulching the soil surfadey film. However, these measures require additional
costs formaterials and manual labdkt sprinkling evaporatiorloss carbe slightlyreduce by
selection of the most efficient equipment from a wide range of sprinkler equipment, as well as
by optimizing the timeof wateringduring the day.

Water losses through transpiration by weeds particularly noticeable isases of
furrow and sprinkling irrigation, but also occunder drip irrigation. Obviously, in relative
terms, these losses are not as large and can be eliminatetidoliction ofherbicides and
regular weeding. Currently, however, the high cost of ketts limits their widespread use,
and the small size ahe most irrigated plots @ks not allow extensiveuse of mechanized
methodsof soil cultivation In this connection manual weeding usually requires an enormous
effort of physical labor andoes noallow completely eliminate this type of lo=ss

Water losses associated with uneven moisture of irrigated atetsnost typical for
surface irrigation methods, including furrow irrigation. Thamnountis mainly dependent on
the quality of planningf irrigated plotsandwater supplymethods In particular,on the high
andend section®f thefields there is usuallpbserved lack of soil moisture, and the head
sections and local dbvity of the terrain excessive soil moisture, up to waterloggingtHese
cases, as a rulé,is required more careful planning of the irrigatg@ibts along with the use of
irrigation technologiedy variable streamor less extendedufrows Under using a sprinkler
techrics small irrigation rates often cause insuffidienoistureof root layer ofthe soil. But
increase in the intensity of rain causes uneven soil moisture, especially inweatlyey and
leads to destruction of soil structure and compaction, as well as the formation of puddles and
the surface runoff on the field. In turn, this causes an increhsvaporation loss and
discharges, and provokes the development of diseases in vegetalieitacrdps. Therefore
the use of sprinkler teckus requires higHevel of proficiencyand practical skills of the staff.
Furthermore, the use difie sprinklers of circulaoperation on the fields okctangular shape
causes additional problems assamiatvith wetting of the angular areas not covered by the
watering In the case of use of drip irrigation methdaidis possible toalmost completely
eliminatethistype of loss.

Filtration water losss on the fielddepend on several factors: the watempsability
characteristics ofertile soil layerandsulsoil, groundwater levels, types of cultivated crops in
terms of the thickness of the root zone of the, pbiysiologicalwater demangss well asof the
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applied irrigation methods. Ultimatelgtherthings being equatelatively large filtration losses

are inherentto furrow irrigation, to a lesser extemd sprinkler watering while in the drip
irrigation systems they can be minimized. The latter circumstance is explained by the fact that
the drip rrigation technologyprovides supply of dosed wateolumes directly to the root
system of plants. However, this circumstance can cause negative effects, such as drip irrigation
contributes to the accelerated developmerdurface rootageespecially inorchardcrops and
simultaneouslyveaken a pivotal component of the roots, the need for vgretiuallyis being

lost. This often leads to mass death of fruit trees in strong winds, as wett@d winterswith

little snow.

Losses due to discharge ofterafrom the fieldsas a rule, arassociated with natural or
technological reasons: due to the unevenness of the daily water bepplyse ofluctuations
of water flowin the surface sources, unauthorizedchmentor dischargeof waterby other
water users, temporargtoppingof watering at night, and so on. In this case, difficult terrain
typical to Kyrgyzstandoesnot always allow reusef waste waters for irrigatioaf downstream
land areasin this respect, modenechnicsof sprinkling and drip irrigation allow for rapid
adjustment of the volume of water supply to the field and thus miniefilzeent run-off from
the fields. However,evenfor such reliable systemse cannotexclude the possible risks of
technological failve, for example, caused Hye abruptpower cut Meanwhile, in rural areas of
Kyrgyzstan in recent years, lottgrm powercutshave become commonplace.

Of course, the limited format of this report does not allow to thorougkpfaining
most of the featws of each of the three irrigation methods. Nevertheless, the above data
suggest that in terms of water savings #abr productivity drip irrigation technology has
undeniable advantages, even compared with sprinkler irrigation, espéfciedignpared wit
furrow irrigation. However, to justify the massive use of a particular method of watering these
two indicatorsare not sufficient, since it is necessary to take into account factors such as the
price-quality ratio, compliancef innovative technologiewith a variety of local conditionef
application, and etdn this respect, aashreference to the world experience not alwegsbe
a weighty argument. This conclusion can be illustrated by several examples drawn from the
available FAO publications, IO and the Russian Research Institute of Land Reclamation.

- For example, in the USA, where irrigated agriculture is most developed, almost half
(44%) of the areads irrigated by the surface irrigation methods, but the level of
mechanization and automatiofi iorigation reaches 90%. The specific contribution of
drip irrigation is about 5.5%, and the sprinklingbout 50%. It should be noted that
because of the diversity of sprinkler technology used in the USA, about 50% are wide
sprinklers, while for dual etsole mobile units only 0.2%, and hosdrum units- more
than 15%. At the same time, in tRalifornia State in the USA the proportion of drip
irrigation is about 42%;

- Unlike the USA, in the African continent irrigation applies only on 4% of cultivited.

In this case, more than 70% of irrigated land is watereitidgurface irrigation methods:

by check, contours or furrows. However, in one of the most developed countries of the
continent- South Africai thedrip irrigation systems have bealread used for 71% of
irrigated areas;

- In 11 countries in Asia, where irrigation has centudkkstraditions, 96% of irrigated
lands are covered bysurface irrigation, and only 2% by drip irrigation systems and
sprinkling It should be taken into account that the countries of Sodiihst Asiaare
mainly focused on cultivation of ric&yigated bychecks. While, for example, in India
and China in recent years there has been intensive development of the drip irrigation
method and the total aeeirrigated by this method are, respectively, 2.5 and 3.0 million
hectares, while in Saudi Arabia 78.1% of the a@seaatered bysprinkling and micre
irrigation methods As for the Israel, this country is a recognized leader in the
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development and implemgation of drip irrigation systems. Therefotlee drip irrigation
there isa basicmethodandis applied, according to various estimates,74-90% ofthe
cultivated land;

- In European countries, dheaverage, 82% of the irrigated area is irrigatedspianklers
and drip systems and only 14%ising surfacerrigation methodsAt the same timehe
sprinkling irrigation is most common in countries with temperate climates, and in the
southerncountriesof the continent where there are shortages of wedtey,irrigation is
most common, for example, in Spain it is used by more than 21%, in b§iy14% in
France- 7%, and in Greece 9% of irrigated areas;

- In the Russian Federation, the share of irrigatedslamnered by surface irrigation
methods roughly corresponds to European aveiggeesand is approximately 15%, the
proportion of drip irrigation is estimated in the range €2, and the precedence has a
sprinkling irrigation- about 80%.

The above dat allow us to conclude that none of the most effective methods of
irrigation can claimfor absoluteuniversalityin extreme diversity of the specific conditions
prevailing in different regions and countries of the world. At the same itinseuseful to ote
the global trendover the last 20 years, the greatest development (more than 6.5hHanegpt
exactly the drip irrigation systesnwhich now cover more than 10 millidrectares or 3% of
the total irrigated area. However, this fact does not prgstethe need formandatory
development of irrigation in Kyrgyzstaseingdirectly dependent on global trends. Of course,
we should take into account other indicataadin the first place the relative costs for the
purchase and operation of various typesrigation equipment.

It should be noted that such a comparative evaluatoisechallenges because market
pricesevenfor similar irrigation equipment with approximately identical specifications may
vary in a few times, even fohe manufacturers of one counttfowever, when comparing data
from different sources of informatipit can be established that averaged unit costs for the
introduction of drip irrigatiorsystemss about 1.24 times higher than the cost of usetioé
sprinkler technques and 612 times the cost othe furrow irrigation with limited useof
mechanized equipment. Of course, with such a wide range of price indices only a general idea
of the costgatio can be obtainedAs a typical exampléat canbe specifed, thatfor conditions
of the Russian Federation or Ukraitie indicative unit costs for the use of sprinkler teckn
constitute a wide range of $ 6265 thousand ha, while in the United States and European
countries, they are estimated at $1Q thousand ha.The Imited experiencef introduction of
relatively inexpensive sets of equipment for drip irrigation in Kyrgyzstantesshown that in
pricesfor 2013 the unit cost of such systems for watggardens amounted to about $-0.8
thousandha, and for irrigation of vegables- about $ 2.0 thousarttd. Typically, the annual
coss for operaion of the sprinkler and drip systems account for aboul3% of the initial
investment for the purchase and installationtlué sets of equipmentFrom the previous
comparative analysis, we can conclude that the total costs of purchasing and operating the
equipment for sprinkler and drip irrigati@pproximatelyhigher than similar costs for furrow
irrigation. Suchimpressive difference in costs witosteffective irrigated agriculture can be
compensated only by adequate growth of ygd crops.

Systematizeé results of studies carried oby the project team of experts allow us to
formulate the followingonclusions and recommendations

1. Strengthening measures to introduce more sophisticated irrigation methods in

Kyrgyzstan is an urgent task that promatesnomic use ofvaterresourcesincreass
productivity ofthe irrigated agriculture sector, incredertility of theirrigated land,
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promotes theabor productivity growth, as well as the manifestationas$ociated
positive effects related to prevention of soil erosion and enviromtssitution.

2. To date, application ahe innovative irrigation technologiesasrestrained due to ¢h
impact of negative factors, discussed in detail in this report. Since most of these factors
havea systemic nature, it is necessary beforehand to provimekageof preventive
measures to ensure favorable conditions ddargescale implementationof these
technologiesPriority actions in this regard include:

- Further reform of land relations, stimulating consolidation of irrigated tracts of
land;

- Creation based on small farms gmehsanfarmsof cooperative associations of
water users and / andependent agrianenterprises;

- Formation of effective motivatiorfor the entities of the agarian sector,
contributing to a more rational use of water resources and introduction of water
saving irrigation technologies. At the same titnewell-known eonomic, legal
and administrative levers of stimulatican be appliedfirst of all - associated
with a marked increase in tarifisr PI1Ss

- Cardinalchangeof the current structure of crop production by-praptive use
of more productive and profitableop varieties fruit, berries, vegetables, etc.
instead of the most commocereal crops. It is necessary to achieve more
ambitious goalso thatspecific types of agricultural production in Kyrgyzstan,
for example, beans, fruits berriess.eipt steadysales on foreign food markets
as brands;

- Development of market infrastructure of the agricultural sedtor the
sustainable logistical support, production, procurement, pressing
transportation and marketing (sale§grop production.

- Development ok nt e r gapacsies,mpdessing of agricultural raw materials
in order to significantly increase the surplus value of crop production.

3. Based on a pragmatic assessment of the currentsoaimmic situation in Kyrgyzstan
and the state of the natioredricultural sectorit would be imprudent to offer as the
sole priority the widespread introduction in shortterm perspective such highcost
irrigation methods such as sprinkling and drip irrigation. In condition of the
deficit of investment resourcesit is more appropriate to implement gradual
promotion of these innovative technologies, while expanding the use of various
modifications of furrow irrigation, with considerable potential, which previously
was used in terms of water savings and labor produdtvity growth . Increaseof the
specific share of furrow irrigation method is quite possible indhgeof a planned
reductionof the area devoted twerealcrops, usually watered Hyee flow/ by strips
and replacing them with more profitable vegetablegumnous plants melons and
otherscrops

4. Extensive experiencef usingthe furrow irrigation methods in Kyrgyzstam other
Central Asian countries and other foreign countries convincingly demonstrates that
substantial savings of watean be achiewkby relatively simple and cheap wédhown
methods, for examplehy selection of the optimal length of furrows, wateriby
variable streamp mulching, more thorough dosingf water supplyusing portable
equipment, etc. Howevethe furrow irrigation provides ample opportunities for growth
in labor productivityof irrigators and quality of irrigation through a varietyte€hnical
means, ranging from simple equipmesiphons, portable water outlets and connectors,
and up to automated control systeofisnachine water supply. Although, in general, the
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specific costs of the furrow irrigatioare higherfor about 3640% compared with the
methods of irrigation byfree flow / strips, it is quite possibleéo compensate these
additional costs due to increased ggland purchase pricdsy growing the more
profitable crops.

. Inadequate distribution othe drip and sprinkler irrigation methods in the Kyrgyz
Republic, as well as mechanized technologiethe furrow irrigation to a large extent

is explained by weak awareness of a significant part of ehities of irrigated
agricultureabouttheir advantages and application features, as compared to the primitive
methods ofwatering Therefore, their wider application cée helped bywidespread
awaeness campaigns and training activities, taking into account the positive experience
gained in implementation of a number of international projects in Kyrgyzstan.

. Assumptions thathe furrow irrigation will be most common in the short term dot
exclude the possibility of a simultaneous expansion of the areas coverettheby
sprinkler and drip irrigation. As previously mentioned, at present stage the use of
sprinklers and drip systems are likely to be preferredhieylarge and economically
sustainable farms and their cooperative associations, and with mandatory
implementation of all agricultural activities related to quality tillage, plant protection,
fertilization, weed control, anth cultivation of rav crops- with introduction of the
planned crop rotation. For example, the practice of implementation of drip irrigation
systems in Central Asia shows that only in strict compliance with mandatory agronomic
techniqueshe growth of fruit crops and grapeteld canbeacheved upto 50-60%, and

of vegetable cropsat least 50%. However, this fagnce agairemphasizethe need

for preventivedevelopment omeasures of information provision and mass training of
producers of agricultural productsn a wide range of agramic, reclamation,
engineering, economic and marketing and otleyges.

. Since livestockraditionallyis one of the key and most profitable sectors of Kyrgyzstan,
fodder crops for the foreseeable future will occupy a significant portiothesown

area Extensive experiencef 19701980s substantiated a number of advantages
watering foddercrop by sprinkling especially in the northern regions of the Republic.
Later, however, the use of sprinkler equipment decreased markedly dsi@hgsical
deteioration, as well as the sharp rise in price of diesel fuel and electricity.
Nevertheless, currently sprinkler systems have been successfully used for irrigation of
about hundreds of thousands of hectares of irrigateds.lahldis shows that an
economicaly soundreturn to the use of sprinkler irrigation methoafsfodder and
vegetable crops in the Kyrgyz Republic is quite possible, especially given the
emergence on the world markets cheaper and more economical nomencfature
sprinkler techits. It can beassumed that a more thorough market research can justify
this hypothesis.

. As for the drip irrigation technologies, the above data in the report demonstrate their
incomparable advantage compared to alternative methpds number of objective
indicators. Hbwever, significant costs for the purchase and maintenance of drip
equipment, as well as increased requirements for the qualification of the staff will be in
the coming years the major constraintsifetargescale implementation in Kyrgyzstan.
Neverthegss, given the previously specified vector of global trends in the development
of irrigation, experimental andndustrial introductionof various modifications othe

drip irrigationsystemsds not only desirable, but alsationalfrom the point of view b
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working-up necessary experience. But in any casehe first phase of implementation
it will require substantial support from théagbudget
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