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ExecutIve Summary

The mam purpose of the research IS to adapt a meteorologIcal evaluatIOn of crop water use to

Improve lITIgatIOn efficIency m the condItIOns of the Kyrgyz RepublIc

ThIS purpose entaIls

1 Technology transfer from the IsraelI SCIentIsts through

• Settmg up of computer and software for testmg and adaptatIOn ofa model developed by

IsraelI SCIentIsts

• InstallatIOn of data collectIOn and retneval software from an automatIc meteorologIcal

statIOn purchased m USA

• ComputatIOn of the evapo-transpuatIOn usmg data collected m the meteorologIcal statIOn

2 DefimtIOn of crop lITIgatIOn regImes

3 AdaptatIOn of optImum lITIgatIOn modes to engmeenng solutIOns for furrow ImgatIOn

practIced m Kyrgyzstan

4 Apply lITIgatIon schedulmg accordmg to the algonthm ofIsraelI SCIentIsts

5 ComparatIve analySIS of the results achIeved by IsraelI technology and tradItIonal (local)

method

6 RecommendatIOns for the dissemmatIOn ofIsraelI technology among farms of

Kyrgyzstan

Work completed m the course ofthe past year

1 Purchase ofthe Amencan eqmpment (meteorologIcal statIOn)

2 OrganIzatIOn of the tnp for two Kyrgyz SCIentIsts to Israel, where they studIed the

software, model of the evapo-transpuatIOn and the meteorologICal statIOn m the field and

laboratory condItIOns

3 InstallatIOn of the meteorologIcal software m the computer of Kyrgyzstan

4 The testmg of the meteorologIcal statIOn m the laboratory and the field condItIOns

(mcludmg 6 gauges)

5 PreparatIOn of the expenmental field for the summer expenments
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SectIOn 1

A Research ObjectIves

The purpose of the research IS to apply an agrometeorologlcal approach to evaluate plant
water use and Improve IrngatIOn effiCIency m the condItIOns of the Kyrgyz RepublIc

B Research AccomplIshments

1 Research actIvIty m Kyrgyzstan at the SCIentIfic and Research InstItute for IrngatIOn

We completed the orgaruzatIOnal measures, prospectmg works and researches FIeld tnps to
SCIentific-pIlot farms of the Agranan Academy m Sokuluk, Kant and Alamedm regIOns of
Kyrgyzstan were made We obtamed the consent to establIsh research plots m the
cooperatIve farm "Vetka" of the Alamedm regIOn and made the necessary mspectIOns of the
expenmental plots

We surveyed the grounds and drew the map at 1 10000 scale (fig 1) of a plot assIgned to be
planted by com The plot was dIVIded m two blocks One block was spnnkle Irngated by a
"Fregat" watenng machme The second block receIved furrow IrngatIOn

We conducted a survey of the soIl hydraulIc propertIes m the research plots pnor to com
emergence Table 1 summarIzes the results of these measurements for 20 cm soIl layers to
dwpth of 100 cm The samplmg SItes are marked on the map The soIl type IS meadow-grey,
a heavy clay Based on the SOlI hydraulIc data and the estimated rate of mOIsture loss, the
dIfferentiated watenng norm OWN are calculated accordmg to

OWN =10Hgd13Yd (1-g) (mm)

where Hg IS the layer of soIl m whIch the defiCIt of a mOIsture IS observed

IrngatIOn schedulmg should follow the phySIOlogIcal response of com to the dimmutIOn of a
soIl mOIsture The method IS based on meteorologIcal parameters collected by of an
automatic meteorologIcal statIOn InstructIOns for the use of the weather statIOn and the
trammg on the method of the crop water reqUIrement are obtamed m the laboratory of Prof
M Fuchs from the expenments made m Israel

The research contmues at the country farm "Eleman" m the VIllage of "Kok-Jar" (l0 km
south of Blshkek) All the preparatory work and surveys were conducted

The map denved from the land reclamatIOn survey (fig 2) shows the plot aSSIgned to the
expenment m the orchard The orchard area IS 30 ha The altItude IS 995-1011 m above a
sea level The topography of the dlstnct IS illlly The soIl IS a medmm-textured gray loam
With vanable profile depth up to 25m The soIl IS occaSIOnally stony

The orchard IS watered by flood and furrow IrngatIOn The provlSlonal watenng norm IS 50­
60 mm wettmg a 20-80 cm SOlI layer The depth of root penetratIOn can reach 9 m For
practIcal purposes It IS enough to know soIl mOIsture content to a depth of 150 cm
PreventIOn Winter frost damage reqUIre fillmg the soIl profile WIth water dunng the autumn
before permanent SOlI freeze The IrngatIOn dose for tills purpose IS 100-150 mm The first
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applIcatIOn of lITIgatIOn m the spnng should follow the drop of redundant frmtlets The last
lITIgatIOn of the current growmg season IS after harvest and prurnng to set favorable flower
buds development condItIOns for the next year

The use of water of an orchard dunng vegetatIOn depends on ItS age and the sum of daIly
average temperatures In our condItIOns It can be wltlnn the lImIts of 650-750 rom

Table 1

Average
HOrIzons sm 0-20 20-40 40-60 60-80 80-100 value m

a meter
stratum

FacilIties "Vetka" (p 1,2,3)
HumIdity of sOlI m % dry weIght 2640 2555 2410 2337 2658 2520
of soil
Mechamcal structure of % of 4498 4605 4749 5044 6408 5061
partIcles < 0 01 mm
Least mOIsture capaCIty m % dry 246 250 260 263 310 266
weight ofSOlI
Cntlcal mOIsture capaCIty of soil 072 072 074 074 083 075
as a fraction of least mOIsture
capacity
VolumetriC mass of SOlI, tim 129 128 125 124 113 124

Garden at Village "Kok-Jar" (p 1,2,3)
Mechamcal structure m % of 3732 3736 4364 4640 4384 41 71
particles < 0 01 mm
Least mOIsture capacity of % 220 220 240 250 240 234
from dry weights of SOlI
Cntlcal mOIsture capacity of SOIl 067 067 071 077 071 057
as a fractIOn of least mOisture
capacity
Volumetnc mass of sOIl, tim 135 1 35 1 31 128 1 31 1 32
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FIg 1 Map of the farm «Vetka»
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1 2 3

FIg 3 The map of the expenmental field
1 - The rows of the apple-trees for lITIgatIOn treatment by the method of Kyrgyzstan
sCIentists
2 - The rows of the control apple-trees
3 - The rows of the expenmental apple-trees for lITIgatIOn treatment by the method of Israel
sCIentists
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DuplIcatIOn of the bIOlogIcally sustamed terms the watenng IS supposed to follow the
algonthm developed by Dr Panova A V It wIll use a tendency factor of magmficatIOn of
the mtegrated rate of clImatIc mOIsture defiCIt as explIcItly IS stated m the plan of field works

In summer, 1999 the research plan wIll contmue WIth the mstallatIOn of the meteorologIcal
statIOn m the experImental SIte

In parallel With mam operatIOns for choosmg an expenmental plot, the purchase of the
eqmpment of meteorologIcal statIOn IS made Mountmg and testmg of the meteorologIcal
statIOn m laboratory condItIOns, programmmg and set-up of gauges IS conducted All gauge
tests have shown, that a relatIve error of gauges of humIdIty, temperatures, solar radiatIOn and
velocIty of a wmd wlthm acceptable lImIts

2 Research actIvIty m Israel at the Volcam Center

PhySIOlogIcal baSIS of the model Stomatal response of maIze to water stress

The transpIratIOn model based on the combmatIOn approach (MonteIth, 1964) mtroduces the
phvslOloglcal control of water vapor flow m the leaves by a leaf resIstance parameter To
adjust for defiCIt mOIsture supply from the SOlI, the leaf reSIstance mcreases In the ongmal
formulatIOn of the model, thIS reSIstance referred to a lumped reSIstor representmg the
fohage, hooked-up m senes With the aerodynamIC reSIstance of the atmosphenc surface layer
Expenmental mvestlgatIOn of the folIage reSIstance reqUired an mverSIOn of the tranSpIratIOn
model and mdependent measurements of the transpIratIOn (Van Bavel, 1967) Yet, the
relatlOn to dIrect measurements of the stomatal reSIstance on leaves remamed undefined
A sub model With IdentIfiable parameters about the mechanIsm regulatmg stomatal openmg
IS needed to render the model operatIOnal As lIght IS the mam envIronmental factor, to
\\hlch stomatal aperture responds It IS reasonable to parametenze the relatIOn between
mcommg photosynthetIcally actIve radIatIOn (PAR) and stomatal reSIstance PrevIOUS
research WIth cotton (Petersen et al , 1991) has shown that mOlsture stress changed the value
of the coeffiCIents m the mathematIcal functIOn relatmg leaf reSIstance to PAR The current
project refines thIS findmg by establIshmg dIrectly the effect of a soIl water defiCIt on these
coeffiCIents

A senes of stomatal reSIstance measurements under vanous condItIOns of the soIl mOlsture
defiCIt m the soIl was made to deal WIth thIS problem m two 1000 m2 plots recelvmg dnp
IITlgatlOn The actual transpIratIOn was measured WIth the heat pulse method PotentIal
transpIratIOn was computed from the model assummg zero stomatal reSIstance The daIly
value of the actual to potentIal tranSpIratIOn ratIO was calculated In the dry treatment a drop
to 60% ofthe mitIaI value Immediately after the last ImgatIOn tnggered a new water
applIcatIOn restonng 60% of the accumulated SOlI water defiCIt In the wet treatment the
IITlgatIOn tnggenng value was a 20% drop of the ratIO With a full return ofthe total water
depletIOn A steady state porometer (LI-1600) measured stomatal reSIstance The porometer
bears a quantum sensor for PAR (LI-190) to measure mCIdent radiatIOn on the leaf The
measurements were taken on the abaxial and adaxial faces of the leaf Dunng a measurement
the leaf remamed m ItS ongmal pOSItIOn A tIme domam reflectometer (TDR) momtored soIl
mOIsture content m three replIcates at the followmg locatIOns depth - 0 OS, 0 35, 0 50 m,
dIstance from dIpper Ime - 0 15,030,045 m
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The dIUrnal values of the resistances were plotted agamst mCident PAR dunng several drymg
cycles The results are summarized m Table 1 The mathematical form of the relatlOn
between measured resistance and mCident PAR followed an mverse hyperbolIc functlOn
where r L mm represents the mimmum leaf resistance and Sph is the value ofPAR for which the
actual resistance is twice the mimmum value

Figures 1 and 2 illustrate this relatlOn for two conditIOns of the SOlI water status In Figure 1
a recent irngatlOn has restored soIl mOisture to field capacity m the root zone The SOlI
mOisture defiCit is low The parameters of the mathematical functlOns m the two treatments
are Similar, With a mirumum reSistance of the order of 60 s m-I Figure 2 represents
conditlOns of a large soIl mOisture defiCit The mimmum reSistance reaches 120 s m I m the
wet treatment and 160 s m I m the dry treatment Yet m the course of the day, the decrease of
mOisture content due to water uptake causes an mcrease of the mimmum reSistance from
mornmg to afternoon The relative change of reSIstance With PAR appears mdependent of
the soIl mOisture conditlOn The dIUrnal dIfference mcreases as soIl mOisture defiCit
mcreases Although the value of Sph vanes between data sets, the change is not assocIated
With soil mOisture Therefore, m the applIcatlOn of the model tills parameter takes on a
constant value of 740 p,mol m 2 s I

The leaf reSistance mcreases lInearly With soIl mOisture defiCit (Fig 3) The least square fit
of the lmear coeffiCient and offset shown m FIgure 3 were used to update the stomatal
functlOn m the transpiratlOn model In the current verSlOn thIS update IS manual once a day
The dIUrnal change of the mimmum reSistance at a hIgh SOlI mOisture defiCIt may impose a
modificatlOn of the model for use m cases of severe defiCIt irngatlOn
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Table I SoIl mOIsture deficIt Increases the mIllimum leaf resIstance (rL mm) and the
sensItivIty of stomatal response to photosynthetIc lIght (Sph) At a hIgh mOIsture deficIt, the
stress condItIOn appears as Increase of mInImum leaf reSIstance In the afternoon

SOlI am pm
DOY Treatment mOIsture

deficIt (mm)

rL mm Sph rL mm Sph

198 dry 87 51 ± 13 425 ± 182 59 ± 19 617±295

wet 64 47± 19 575 ± 360 49±24 1106 ± 665

200 dry 209 29± 34 1688 ± 2305 38± 36 2186 ± 2266

wet 186 1O± 19 2708 ± 5532 44± 15 951 ± 372

203 dry 46 42±6 357 ± 173 42±5 718 ± 162

wet 46 31 ± 6 638 ± 210 31 ± 7 935 ± 400

205 dry 125 36± 38 1516 ± 1810 47± 50 1950 ± 2355

wet 110 1 ± 28 38414 54±40 1757 ± 1528

207 dry 283 36± 34 1604 ± 1765 181 ± 38 370 ± 1434

wet 254 26 ± 13 1787±1058 88 ± 15 558 ± 125

217 dry 603 117 ± 33 622 ± 251 192 ± 45 531±198

wet 444 93 ±28 757 ± 323 165 ± 31 517±150

219 dry 00 61 ± 15 1061 ± 345 88 ± 14 559 ± 118

wet 00 45 ± 16 1073 ± 492 61 ± 15 731 ± 235

222 dry 159 53 ± 11 612 ± 226 60 ± 12 610±171

wet 119 60 ± 10 472 ± 124 75 ± 10 295 ± 53
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C SCIentIfic Impact of CollaboratIOn

1 In September 1, 1997 we receIved the money for the project actIvItIes
2 In November, 1997 we ordered and receIved from "Campbell SCIentIfic", USA a pnce hst

of the eqUIpment
3 In Apnl, 1998, Prof M Fuchs prepared a lIst of the necessary eqUIpment for the future

field expenments m Kyrgyzstan
4 In May, 1998 we receIved the research eqUIpment from "Campbell SCIentIfic", USA
5 In July-August, 1998 has been orgamzed trarmng tnp for two SCIentIsts (Dr JalIl

Rahmanov and Dr AlIa Panova) from Kyrgyzstan to Israel They have receIved some
expenence m mstallatIOn of the software and trammg With the weather statIon m the
laboratory and field condItIOns

D DescnptIOn of Project Impact

The project results m the near future Will be useful for farmers engaged With the orchards

E Strengthenmg ofDevelopmg Country InstItutIOns

1 Purchase of the eqUIpment (weather statIOn) for the field expenments
2 Purchase of the office computer
3 Trammg m Wmdows, Spread Sheet and other software
4 Trammg m the modelmg of crop water reqUIrement
5 Trammg m the carrymg out of the field expenments WIth usmg of new eqUIpment

For the progress of the project ImplementatIOn It IS necessary
• to purchase of the portable computer,
• to purchase of new eqUIpment for carrymg out more complIcate research expenments,
• to tram of the usmg of new eqmpment m Israel,
• to VISIt of Israel SCIentIst to Kyrgyzstan for the coordmatIOn and assessment of the project

actIVItIes

F Future work

Because the long tIme have reqUIred for the mItral organIzatIon and purchasmg of the
eqmpment, a deCISIOn about necessIty for the changmg of the crop and the extenSIOn of the
project terms of the ImplementatIOn has been made by both collaboratIve Israel and
Kyrgyzstan SIdes

Reasons
• The e'\.penmental SIte IS not suffiCIently protected agamst thIeves and too expensIve for

provIdmg the field expenments
• Israel cooperators already completed the research WIth com and have started a
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contInUatIOn project WIth the same ObjectIve wIth apple orchard
• An apple orchards are an Important crop m Kyrgyzstan

SectIOn 2
C Budget

The modIficatIOn of the artIcles of the budget IS not supposed

D CollaboratIOn, Travel, Trammg and PubhcatIOn

From July 18 to August 1, 1998 Dr Jahl Rahmanov and Dr AlIa Panova have made a VISIt to
Israel for coOrdInatIOn of the project actIvItIes and for trmmng With new eqUIpment In the
laboratory of Prof Marcel Fuchs we have studIed mathematical modehng of tranSpIratIOn the
row crop, have made techmcal set up of the new eqUIpment and speared sheet software They
have been several times on the cotton and apple expenmental fields wIth Dr Shabtm Cohen
and With hIS students from Netherlands and Chma Especially, they have been very satIsfied
from conversatIOn wIth Dr Amos Naor concernmg to Stem Water PotentIal and Apple SIze
On the North and South of Israel they have seen many mterestmg expenments In wmch Israel
cooperators have engaged They have receIved very useful mformatIOn about carrymg out
research expenments and pecuharitIes of the field work m Israel

E Request for Tel AVIv, A I D or BOSTID ActIOns

Kyrgyzstan sIde urgently need from Tel AVIv and Embassy of Israel In Kyrgyzstan financial
help In covermg the expenses for Trammg Course m Israel Personal who WIll study m thIS
Course wIll take part on the field expenment and Will work wIth new eqUIpment


