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EXECUTIVE SUMMARY

In 2003, work: was COiJCdIbated in KyrghyzstaD, aDd the following was acwmpIisbed:

I. Second automatic weather station equipped with CRIOX datalogger (Campbell Scientific,
Inc.) was installed aDd aaivated in SoaJIuk agric::uIturaI area (32 km to the west ofBisbItek;
the first one is located 30 Ian to the east from the capital). The meteorological stations were
equipped with solar I'Bdiation, teuJpeiature, relative Iunidity, aDd wind speed oerJSOIs. TIne
soil moisture sensors were connected to the datalogger with a nmltiplexer.

2. Three small weighing Iysimeters, installed in the field in 2002, were used to deteuuine water
balance ofwinter wheat.

3. Remotely interrogated data from the two stations aDd weigbtsoflysimeten were received at
the OOS center at the KSRll. Potential evapotr'IDSpiration (pET) was ca.Iodated by a COOS
type Pemnan equation, measured hourly aDd SUiiUloj over dayIigbt hours, from global
radiation, air temperature, relative humidity and wind speed. Actual ET was detCimined by
soil water content c:bIInges in the weighing Iysimeten.

4. Irrigation commenced on 13/05 and ended on 24/06; the quantity ofwater lOr irrigation was
determined 8CCOIding to ca....J1Ued daytime PET. Begjliiiiug April, soil water poteDIiaI in the
field was also monitored with WATERMARK sensors.

5. Dr. J. Tsipris lralOded to Kyrgbyzstan at May 2003 aDd participated in the too aid seh ctioII
for the second meteorological station, in anaJysis ofpossible sources oferrors in PET
calwlation aDd in operations of the field expei iment. The data were pioc c!! CII in the winter
months by Kyrghyz and Israeli teams.

6. According to resuhs oftwo seasons, the dayIigbt PET method provides mISOIIIbIe esaiiiWle
ofPET for irrigation scheduling in the Coo Valley COnditiODS.

7. OOS information di'SCiiijiiat'on methods were tested.

For the 2004 irrigation season the following is planned:

- The installed weather stations and Iysimeten wiIJ be used to wotiwe field expei iI:otD
with sorghum and aIfaIfil in Kyrgbyzstan at the same locations, using the same
expeiu"eii1al design aDd methods

- Actual ET will be determined by soil water content cbanges in the weighing Iysimeters,
soil water potential will be monitored with WATERMARK semon in the field
experiment.

- canopy cover aDd U data wiII be coIlecled to compIemenl expeiUlouJ results.
- The second weather station at SoaJIuk agricultural area wiII provide udunnation to the

surrounding fiums.
- The OOS software with Russian language outputs (E-mail doaunent, faxes) wiII be

completed.
- The OOS will be operational on line for the cumntJy covered area.
- The Impact ofthe OOS on fium _gemeut aDd gaICI'II water COIISUIIIplioo wiIJ be

evaluated.



Section I.

A. R........rch Objectives.

The aim ofthe program is to introduce a pilot lnigation Management Int'ormation
Service, similar to the IsnIeIi ODe, edapted to Kyrgbyz conditions, to fiB the void in kDowIedge
support generated by the agrarian reform.

Specific objectives ofthe program are:

1. Test and validate the scbethding algorithms and calIbration parameters, against aetua1
water use ofmain field crops.

2. Create a pilot IMIS, introduce it to the new extension organs, and lIIJa1yze the response
ofthe fiuJDel"S.

3. Evaluate the efficiency ofthe hourly calculated, day-light time summed, modified
Penman algorithm.

B. Research Accomp!i"'"nent$.

B.I Equipment instal1atioo and testing

In June 2003, the second automatic weather station (Campbell Scientific, Inc.) was insta1led in
Sowluk agricultural area (32 Ian to the west ofBisbkek). In addition to usua1 meteorological
sensors (pyranometer, air temperature and RH probe, wind monitor and rain gage), three soil
moisture sensors were WIUIeCted to dataJos8er by AM416 relay 1DlItipIexer. This weather
station functioned from 16106 till 20/0712003; the basic weather station (located 30 Ian to the
east from the Bisbkek, near expeiiroen1al field) operated from 1104 tiD 2OI07flOO3.

B.2 Field experiments - Materials and Methods

In 2003, an expeiimeut was coorinned at Kant Machine Irrigation Station (MIS) near Bisbkek, in
the Chu Valley, Kyrghyzstan. Area ofexperimeotal plot was 0.96 ha (120 x 80 m), scheme in
Fig. I. 'f'hnle lysimeten were insta1led and fiDed with soil on 3-510412002 . &ch iysilletCi bin
was 0.65 m in diameter and 0.8 m deep container. The total weight ofthe Iysimeter fiDed with
soil was near SOO kg. The lysinwter bin was hanged free inside ofthe outer COIi1ainer and leaned
on three TEDEA 3411 Shear Beam Load Cells. The three load cells were connected in para1IeI
to a Camphell SQentific 23X dataJos8er. Outputs were recorded every 61CCODds and pl< ~

through a III0 low pass fiher to reduce environmentalooise, and to increase the resolution. The
Mligbt W oflysinwter is a linear fimcrion ofthe wItage output V from the load cell:

W=.*V+b,

where • and b - codIicients ('a' was defined in the poe ~II ofcUbiatiuu).



Figure 1. Experimental site at Kant Mac:hine Irrigation station MIS~ KyrghyzslBn
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Weight calibration procedure was perfonned at 29/0412003, and resu1ts wall in good ap!fllncnt

with those obtained ftom ca6bration in 2002 (see Tab. I).

Table 1. Coefficient 'a' defined in 2002 and 2003 ftom a weight calibration plI)ClCduI"C.

Year L
.

cl"l L 2 L
.

er-3
2002 478.5 480.8 472.8
2003 484.6 491.8 477.5.

% L3 2.3 1.2

The last calibration was used in 2003 data piU('#Sing.



Irrigation was scheduled according to potential evapotranspiration (pET) with up and down
braclteting (70-/., 1OO"~ and 130% ofPET, three Ire*' llwentS).

Irrigation amounts were calculated from hourly meteorological data by a modified Penman
furmula:

ET = y/(y+&) * R.. *J600lIatent + VPD*f(w) * M(y+&), (I)

where:

ET Potential evapotranspiration, mmIhour;
R" Net radiation, Wfm2, calad!!tcwl from gIob8I radiation;
VPD Vapor pressure deficit (kPa);
y psydIIometri<: oonstant (kPaI"C);
& Slope ofsaturated vapor pressure rorve (kPaI"C);
w Wmd speed (mfs);
f(w) wind function, O.OJ4+O.054*w fur daytime or O.125+O.J82*w for

night;
latent Specific vaporization beat (JIkg).

To 'Ma9n: the nee" Iy variables for ET caIo~ (radiation, Iir te"q-ature, relative
humidity and wind speed), the first automatic weather station was assembled and dep10yed near
the experimental fium, and the secood station in Soa1Iuk agricultural area (32 kID to the west of
Bishkek). Weather stations were equipped with the foUowing sensors:

U200X Pyranometer
CS500 Temperature and Relative Humidity Probe
RM Young 03001 Wmd Sentry
TE525 Tipping Bucket Rain Gage.

Data proces';1l8 was done on a PC, with Camphdl PC208W data pi\)( "ug sohm" and
additional software and routines developed by the Kyrghyz team UDder the program while
staying in 1srae1.
On 26/09/2002, winter wheat was sowed in the field and Iysimeters. After winter 2002 -2003
conservabon, Iysimetcn were prepued for _lId '6ds Their pe!iilii'Mry c:aIibndion was
done on 5/0412003 together with draining the 9lper1luous Water from Iysimeters t## 1,2. In the
period of5/04-29104, 80 mm rain fell, so it was .....wry to drain Water from Iysimeters twice,
on 22/04 and 29/04. The first irrigation in Iysimeters was performed on 13/05 maD'ally. FJeld
and Iysimeter irrigation was intended using a traveIiDg IatenI sprinkIa- system but rom'"
irrigation was done fur two reasons: FJTSt, the Iysimeters Water contatt was inadequate in the
first stage ofvegetati.>n hem·. the field irrigation was delayed due to bigb grouad Water level
(but drained in the Iysimeters). Ground Water depth was approximately 1 mOD 29/04 (see fig.
11); Sec:ond, the traveIiDg irrigation system was not ready on time. To pieVeal damar to the
crop in the lysimeters, it was decided to add Water to the Iysimeters until the irrigation system
wiD be ready. Irrigation sdwl"ling oflysimeters is sbown in table 2 and the eqein..,dal plots ­
in table 3. On 25105, only small amounts were added in anticipation for machine irrigation, on
31/05 and 18I06lysimeter #3 was drained from excess Water.



Table 2. Irrigation scheduling in lysimeters. MIS, Kyrgbyzstan, 2003

Irri~OD, liter / mm(-)
Date Lys #1 (70% ET) Lys #2 (100010. ET) Lys #3 (130-10. En Comments
13/05 5/15 5/15
17/05 10/30 15/45 20/60
21/05 13/39 12/36 16/48 M
25/05 4/12 2/6 2/6
28105 7/21 10/30 13 / 39

. ..)
31/05 -5.5/-16.5 Drain

. 08106 7/21 13/39 24n2 Irri~SYStem
I 11/06 10/30 15/45 10/30

,

18106 13/39 20/60 19/57 M
18106 -8.5/-25.5 ! Drain.
24/06 10/30 9/27 15/45 briganoo system
total 74/122 1011303 1l01J3O
(-) calQ1lated on basis ofthe inner drum surface area from manually added WIler volume.
(..) liters added caJo"attd 011 basis ofthe inner drum surliIce area from irrigBIioo depdL

Table 3. Irrigation scheduling in field plots near Iysimeters. MIS, Kyrgbyzstan, 2003

Irrigation, !DID

Date 70-10. ET 100010. ET 130-10. ET ConmJellts
28105 21 30 39
08106 21 39 72 L ers ## 2,3 were over irri_ed
24/06 30 27 45
total 72 96 156

loll iJVIIIDn _ .."'mid en2-' end IIw cn>p _ r. • $ en ll111J7l2l1l3

B.3 FJeld expoiments - Results lIIId Discussion.

Meteorological Measurements.

The weather station in Soculuk opented wdIllld properly from its nHnst.oation (lfw'06tlOOJ)
to the end ofthe season. There was a problem with power supply ofKant weatba- station, so
dataJosger lIIId COIDIIIIIIIic:a devi<:es were connected to power c:in:uit by IXlIIWIter
220VACl12VDC on 2910412003. A briefdesaiption ofthe leprc ...,.rativemeteorologjcal
conditions in two sites is gival in figures 2, 3, 4,lIIId 5. The diffaax:es bctweea air 'H',01dure
and relative humidity oftwo meteorological station were not considerable in the period of
simultaneous work. StlIbIe avenae tempeiature bansition oCthe 10" Cline _ obsawd OIl

04/05; from this date, average air tempeiature varied between 10.8° C lIIId 26.70 C,IIId 3r C
was the maximum ofair falqwature. RH avense was abc>vc 45% in .hmc-July. The place of
Kant weather statioo is windier: daily average ofwind did not exceed a nIue of 1.3 m1s in
SocuIuk against to 3 m1sin Kant in June-Iuly. Global radiation was 10.4-31.0 MJhnl for Kant
and 12.5-32.9 MJ/ml for Soculuk.

Radiation drops below 25 MJ/ml indicate partly cloudy days. The comparison ofbourly global
radiation oftwo stations for a sunny day (FIg. 6) reveaJed the pyl lIIkIlIIder ofKant was partly
shaded in the afternoon hours from rapidly expanded tree. It was impossible 10 eliminate this
artifiIct in 2003. The error ofdetermination ofglobal radiation was about 10% for SUIIII)' days at



Figure 2. A-.ge Air Temperatures III Kant and
Soculuk MS, Kyrghyzslan, 2003.

FIgURI 3. A\IIII1Ig8 RlIl8lMI Humidily III Kant 8IlCI
Soculuk MS, KJl9hyzRat, 2003.
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Figure 4. Average wind speed III Kant and Soculuk
MS, Kyrghyzslan, 2003.

F1gURI5. GIob8I Radilllion III Kanl8llCl Socooluk MS,
KJIlIhyzstan. 2003.
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F'9U1e 6. Hourly GIob8I Radilllion III Kant and
Soculuk on 17106, Kyrghyzslan. 2003.

F1gURI7. Deily Prec:ipitlllion III Kant MS, KJlgli~"
2003.
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Kant weather station. Precipitation 8IDOWIted to 95 mm in March aud to 120 mm in the period
from the bqsililling ofwater ""'orA' calculation (IIOS) tiD 2010712003.



Evapotranspiration from Iysimeters

Potential daytime ET fur fuDy <:overed, well watered n:fadkle crop caJollatcd by furmuIa (I)
ranged between 1.9 to 7.6 mm per day (compared to 3.2 -7.2 mm in 2002) <:onsidering only
days with rain less than 2 mm. Avenged value ofPET was 5.36 mm COIIIpIIed to 6.05 I11III in
2002 maybe because ofpynnometer ofKant partial shading In April. the water regime of
Iysimeters was influenced by spring rains and low ET to 30104. The soil in Iysimeten was wet,
so two drainage pumping were performed in April. Water balance caladation began on 01104.
The amount ofClJUPI!ative precipitation and PET were the same on 9105, the first iniprion was
given on 13/05 (only to Iysimeters #2 and #3), and the last on 24/06. Daily course of"'mudative
sum ofirrigation and rain 1Ie1'SI&S "'mudative PET (with 10".4 correction fur pmiII P'1'M'M4Pdfr

shading) calculated by Penman is given in Fig. 8. From 8/06 on the line ofirrigation +
precipitation goes above the PET line for Iysimeters ## 2, 3 because ofover iniprion done on
this day by the lateral sprinkler system (see Table 3).

Figure 8. Daylight cumulative PET, inig8tion end
precipitation for Iysimeters in mm (ET b8secI on
inner drum diameter).
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Main components oflysimeters water balance are given in Table 4 for the period from 9105
(equilibrium state ofsoil in Iysimeters at field capacity) to 20/07 (harvest). Apparent ET ofthe
<:ontrollysimeter (# 2) eJ[ceeded the caJoJ)ated value ofPET by 63 mm or 16%.

ETftrrigation depth to Iysimeter weigbt transition and Ilia 1ID'SQ was pel fUi1lled during the
experiment on nominal surfiu:e area basis ofO.J318 m2 ofthe inner container oflysimeter.

In the 2002 season "'" reca1aJIated the dkictNe diameter in en intenIc:tive pUOldm: offitting
calculated PET to actuaIlysimeters water balance, and found that the effective diameter was

Table 4. Water balance in in period from 91OS/ till 20107 K 2003
Lvs# I Lvs#2 Lvs#3

Chaoae in weiJdtt (W~Wo - W.), mm 41 63 -6
Irrigation (0, mm 219 296 330
Precipitation (P). mm lOS lOS lOS
~e(D),mm - - 42
ET as part ofwater ball1llCe, no conection 36S 464 387
Davlillht PET (weather station) 401 401 401
ET after 16% correction for vegetation gap 31S 400 334
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Figure 10. Plant height -..181Uellls, Kant MIS,
Kyrghyzslan 2003

0.70 m, about balfthe gap between the inner and the outer containers. That provides an effective
evaporative surface of 1.16 times the inner c:ontaiDer. After applying the same coefficient, the
calaJ1ated and aetualllOOunulated PET values in the control beatmeot (Table 4) corresponds
well, reassuring the initial calculation.

Vegetative observations

Plant heights in Iysimeters (Figure 10) and in field were about 20 em in early spring. Only little
diffaax:e was observed between field and Iysimeters grown wbeat amopy height bUll/5. After
that, wheat in the field became 5-10 em higher than in Iysimeters.

At May 9, when caJ....Jatioo ofPET was
Slarted for water I!IllMganent use, the amopy
height reached about 0.5 m and cootiDwJ to
grow. Beat.... ofoperational problems with
the Ceptometer inherited ftom a (01 mer CAR
project, detenninatioo ofaetuallight
interception was diffiaJit. From SO em aop
height on, full crop cover was considered for
PET evaluation.

The ratio ofaetual ET to caIodated PET for
selected 17 days with gIobeJ radiation greater
than 25 MJ, without irrigation and rains is
presented against crop height in Fig. 9. There
relation between the two is due to inaeasing
LAI (LeafArea Index) and the consequent

radiation inten:eption (which coulcI not be measured this year), but also due to the effective
transpiration area increase with wheat growth in Iysimeter because ofgaps in wbeat growth
around the Iysimeter.

Soil water potential.
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Soil water potential (SWP) in the field was measured by two granular matrix soil moisture
sensors ("Watermark",1rrometer Co., Riverside. CA) installed at 30 IDd 7Ck:m depIh in four
replicates for each irrigation treatment on 7/0412003, at begin ofthe season. The WatenII8rlcs
were installed aIoog the line near the Iysimeters at distarR ofJ, 6, 9,IDd 12 m in the field.

Soil water potentials measured at 0.3 m depth are shown in Figure II. The course ofSWP with
time is lIOII oooventiooaI, as it is not clearly following the usual saw tooth JlldleI'D ofdryins
down and re-wetting after irrigatioo, panIy because ofsparse measurement intervals. Analysis of
SWP at 0.3 m depth shows that only the 70'"-" ET irrigation was under irrigated in the week of
21-28/5, assuming optimal soil water potential limit at 25-30 kPa. 10 the two other plots, SWP
was III the season within the optimllD

Soil water potentials at 0.7 m depth (oot shown) remained at very low values: 4.9, 1.5, IDd 0.6
kPa for 70'"/.. 100"-" IDd 130'"-" ET irrigation respectivdy, iDcIicating saturated soil at that depdL

Groundwater depth in the field was about 1.0 - 1.2 m all the time from begin ofthe expaimeut
to the end (Fig. 12). A fIoodiDg event from a neigbborty irrigated field r.l!Jsed atIeme1y wa
conditions in the 130% ET irrigation treatment between 3l/5 to 18/6.

Yields, water use IDd PET.

The yields in the Iysimeters (Figure 13) peaked with 100% PET irrigatioo, with a small loss at
70'"-" PET. The mimtte yield diffdeute may be explained by the fiIct that only from the end of
June Iysimeter #1 was irrigated below PET (see Fig. 8). Grain yield in Iysimeter #3 was
significant1y smaI1er probably because ofthe '-vy ova- 'Wetting. Wbeat yields in the field,
(mean offour replicates harvested in the plot) foUowed the water amounts applied .....ouling to
the treatments.

Yields responses to applied water amounts (Figure 14) display • typical water I espoose curve,
the yields flattening out at -300 mm IDd decIiDe beyond 450 mm. That conesponc!s well with
the 400 mm daylight PET derived from weather data over the maio growing period. Applied
water amounts in Figure 14 iDcIuded irrigatioolDd rain, but ..9Jmed that el(cess water was
either drained down oaturaIIy or by pumping from the Iysimeter, tIws excluded from the water
balance.
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Data hand1ing and report generation.

The software compooents for weather stations ranote dIla Il:qUisition, stonp IDd JII'" "8
were developed and tested during the stay ofDr. Litvak in MIGAL in 200I. They were used
along the field expel imeut fur irrigation scheduting IDd tysimdcr pelfunuauoe eva1uation. Both
weather stations at KANT and SocuIuk where remotely interrogated daily via tete­
communic:ation at the KSRll IMIS c:enter.

Final fonnats for irrigation scbeduling information management, with Ru·sj'n language outputs,
were developed and initial dissanjnetjoo tests were perfurmed. Routine di lIillHti<Jll wiD
commence at the irrigation season of2004.

Summary and Conclusions

• Two automatic meteorological stations were successfully operated in the Coo vaney,
Kyrgbyzstan, in the 2003 season, including ranote dIla acquisition and Jlloe I ','1 in the
IMIS center.

• Calculated daylight PET at 100"10 light interception for 62 days in the main growing season
was 400 mm, (6.45 mmlday) and corRiSpOllded well to the ET pIrt ofthe water M...., in
the control (100% PET irrigated) Lysimeter.

• Wmter wheat yield respoose QJMlS flattened out III'OUIId 300 DUD and <Ie' lined after 400 mm
irrigation & rain applied in the main growing season, disregarding drainage losses or water
uptake from elevated ground water SOURleS.

• Information dissemimtion methods were initially tested, and the IMIS will 80 into routine
use at 2004.



C. Scientific impact ofcoll.hnn!tion:

1. Initial impart ofthe coIIlIbonIion is the DJtua1 &miIiarizItion with scia"ilic IbiIities of
both sides and proper definition ofobjectives and goals to achieve though the project.

2. Introduc:tion ofstate ofthe art irription sdwlulins methods for field aops to Kyrgbyz
agronomy.

3.Verification ofthe meteorological ET estimation model WIder high altitude - intennineot
rainy conditions.

D. Description of Project I!1'P!!ct

1. The reports ofIMIS introduced in frame ofthis project were givaI on foIIowina wufaeuces:

I. Principles and approach to activity of Water User Associations (WUA) in Republic of
Kyrghyzstan. september 23,2003. Bisbkek

2. Water Resources Problems. Round-table disOJssion in frame of Month of Science and
International Yeer ofSweet Water. October 21,2003. Bisbkek.

2. Report: "System ofautomatiud determination ofirrigation rate and term for fiu~" by M.
Meron, J. Tsipris (MIGAL, Israel), R. Litvak, E. NemBhseva (KSRD) (m Rl!ssin) was
submitted to VI All-Russian Hydrologic Congress.

E. StrmJthminB of DmIopiDg Count!)' Ipstjtntinm

- Scientist from the KSRII spent a period ofknowledge exchange in MIGAL.
- The KSRII team was exposed to hands-on operation ofadvanced emin,u'odll aad

irrigation research equipment and leeroed to use it in real life situations at home.
- The KSRII was eoriclIed with advanced equipment, stJd '8thming local res uc:h capIbiIities.
- The KSRII team gained experience in remote data coUection and teclmology WIder local

conditions.

F. Future Work

Work in 2004 will continue in Kyrghyzstan. The weather station and Iysimeters assan.'IIed
at MIS will be fimctioned to extend the results of2002-2003 with diffdeut aops - sorgImn aad
aIfaIfiL Irrigation will be applied IU:COrding to calculated daylight PET with up and down
bracketing (7lW., 100% aad 130% ofPET) in field expeiini6llt aad Iysimeters using traveling
lateral sprinkler system in field.

A second weather station will be fimcbonIIlIl Soculuk 1IricuJtunI- to provide
information to the surrounding farms. The automatic data acquisition, pmassing and
distribution software, deYdoped in collaboration with MIGAL will be implemented. The final
form ofinformation dissemination will be designed and applied. E-mail documeut for farmers



and faxes for regional Water Management Administration will be dissemi!lated in irrigation
season of2004. Fmal report will be prepared.

SECTION II.

A MJPUumW J'Sllp

In Marcb-ApriI2003, the meteorological station and Iysimeters at Kant ExpeainJental Station
were prepared to new field season. Two calibrations oflysimeters were peifllimed in April
2003; 12 Watermark sensors were installed in the field. Field experiment included mam"l
irrigation oflysimeters (to prevent p\Int W8ler stress) md by the \atenI sprinkler syslaD, JOiI
water potential measurements, and height ofvegetation and crop yield determination. Second
automatic weather station equipped with CRIOX cfatalosger (CampheJI SC;'±idific, Inc.) was
installed and activated in Soculuk agricultural area (32 Ian to the west ofBishkek) in June 2003.

B.RutlN

All the budget items were spenlllCCOrding to the original work plan. The new inslrucIions
ofquarterly expense reports md advance disbursement were implemented

Financial reports were submitted periodically by MIGAL GM, Mr. J. Arzi.

C. SP"9'1 COIICmIS

No special concerns arise from beginning ofthe project.

D. CoIIahnndinq Travel pd TnQnina

Israeli PPs Dr. J Tsipris visited Kyrghyzstan in May 2003 for eight days.

Acbievu,o'lS: During this period he participated in c:boice oflocmioo fur the sec:ood
meteorological station, assisted in analysis ofpo5SIble sources oferror by PET caIcu1atioa and
partJy in operation ofthe field apelimeut.

All the correspondence and ongoing tecbnical and scientific support is carried out by Dr.Tsipris
remotely from MIGAL.

Kyrpyz PPs and team:

The Kyrghyz staffofthe project is now complete, coosishna ofDr. R. LitvIk (e&PI), md
researcb assistants E. NemaJtzeva md I. Poddubnaya. The pamanatt staffof the Kant Macbine
ExperimeotaI Station provides udmic;aI essistlillCe on site.

E-mail: An electronic mail link was established through the account ofDr. R. Litvak in the
KSRD. This link enables &st excbanp ofwritten material in aD the wuauon formats.


