
AID Grant No T A-MOU-95-CA 15-0 18 

Al"\fNUAL REPORT 

!PN- Acr-- SSb 
I 0 ?.()Co ( 

Covenng penod 1 1 98-31 1298 
Submitted to the Office A.gnculture and Food secuntv 

US L\gency for InternatlOnal Development 

INTENSIVE APPLE ORCHARD BASED ON ADVANCED TECHNOLOGIES 

Pnnclple Investigator Prof Amnon Erez 

Grantee InstitutlOn Agncultural Research OrganizatIOn 

Collaborator Dr KImal Karychev 

InstitutlOn The Kazakh Institute of FrUlt GroVvlTIg and Vltlculture 

Grant Number TA-MOU-95-CA [5-018 

PrOject Duratlon Four years (Extended) 

jmenustik
Rectangle

jmenustik
Cover Best Available



Table of Contents 

ExecutIve Summary 

SectIOn 1 
Kazakhstan 

page 

Overall rum and Objectives 2 
I Testmg new dwarf rootstocks for high-density orchard 2 
II The evaluatIon of new ImgatIOn means with fertIlIzer applIcatIOn 
m mtensive orchards 3 
III ElaboratIOn of effectIve means of productIve penod prolongatIOn m super 
mgh denSIty apple orchard on a clonal rootstock 7 

ObjectIves 
Matenal and methods 
Results 

FruIt productIOn m 1998 
Return bloom and YIeld on the 1997 trees 

DIscussIOn 
SCIentIfic Impact of the collaboratIOn 
Descnbe the project Impact 
Strengthenmg ofDevelopmg CountrY InstItutIOn 

SectIOn 2 

A Managenal Issues 
B Budget 

10 
10 
10 

11 
16 
16 
16 

17 

, 



ExecutIve Summary 

Dunng 1998 a change m the set up of 2 of the expenments proposed for Kazakhstan had 
to be done due to management difficulties ansmg m the ongmal locatIOns The 
detenoratmg sItuatIOn m Kazakhstan made all activitles and operatIOns of the project 
dIfficult The new locations \\Jere selected, wIth the particIpatIOn of Prof Erez \\JhIle 
vlSltmg Kazakhstan m May 1998, are closer to the expenmental Institute enablmg an 
ea!>ler access and a better protectIOn of trees and eqmpment It IS thus expected that 
relIable data \\1111 be collected Because of thIS change and because of the delay m 
sruppmg the ImgatIOn eqUlpment, v\le asked for extensIOn of the duratlon of the project 
by one more year and thls was granted As a result the project vvl11 end by 0Iovember 
1999 
Tills year \\Jas the first year of operatIon of the ImgatIOn system There were stIll 
problems of operatmg the computer but It was solved early m 1999 In Kazakhstan 
cllmatlc condItIOns of spnng frosts, frUlt drop by strong wmds and atYpIcal \\let year 
affected part of the results 

In Israel we were completmg the expenmental work thIS year From the combmed data 
of the two years on the same trees, It IS clear that the dwarfing rootstock M9, although 
less effiCIent m fruIt productIOn per umt of water, was actually the most effiCIent on a 
two-year basls as both the MMI 06 and the Hashabi rootstocks were blenmally beanng 
havmg practIcally no fruIts m 1998 As to the water use by the trees, the same pattern 
revealed m 1997 was repeated thIS year, namely maXImal water transpIratIOn occurs pnor 
to mId-June Although In 1998 water use was higher than In 1997 the same pattern was 
maIntamed 



I 

2 

Overall aim and specific objectIves 

The overall aim of the project IS to Improve productIOn and qualtty ot apples bv both selectIOn of approprtate 
rootstocks and by Introducmg Improved and more economical orchard management 
The specific research objectIves are 
I To select dwarfing apple rootstocks for high vleld adapted to Kazakhstan s clImate 
2 To Improve lITIgation-water use etficlency by modltvmg tradltlOnallrngatlOn management 
3 To Introduce advanced methods tor ImproYIng orchard traInIng and prunIng In hlgh-den::'ltv apple planca
tlons 
4 Develop an IrngatIon control algortthm (using direct measurement ot transpiration and meteorological 
model) targeted to maIntaIn trees wIthIn pre sCrIbed water stress lImits 

The IDvestJgatlOns In 1998 were conducted accordmg to the programs 
A comparative evaluation of hetter adapted rootstocks tor a super-high densltv orchard under the local climate 
condition::. Evaluation of dnp IrrIgatIOn with :>Imultaneous applIcation of terttllzers In high-denSity applo;: 01 

chard EvaluatIOn of a more detaJied pruning system In comparIson to the ex.tenslve Itght prunlOg method pre:>
ently adopted 10 the orchards Mean::. to extend the commercial bfe ot old' (10-12 vears) ::.uper denslt\ apple 
orchards 
Expenment 1 TestIng of new dwart rootstocks for hlgh-densltv orchard 
InvestIgator K Karychev 
In 1998 the Investigations were conducted In two ex.penmental apple orchards 
The vanety Golden Deltclou::, In combination With dwarf rootstocks M9 (l.ontrol) B 7-35, Arm 18 62-396 
SPS-7 
The first orchard (A) w Itn plant dens ltv of 1250 tree Iha ""as planted In 1989 m the mountam zone of ZatlIJ:,/...el 
Alatau on the terntory of experImental farm Almal)' 16 measured trees for each rootstock - vanetv combi
natIon accord1l1g to the recommendatIOn ot Prof Amnon Erez 
The second experImental orchard (B) was planted 111 1992 With the arrangement of 2000 tree/ha 111 the hI m 
Glgant 16 measured trees for each rootstock-varIety comb1l1atlon 

In 1998 fruIt trees wlnted under unfavorable conditions severe winter 'prIng tro~b caused the damage of fruit 
buds what mtluenced negatively apple tree trUlt--beanng e::.peclal'" 10 the mountall1 zone (orchard A) B 10-

metrIc::, measurements of apple tree::. of the vanetv Golden DeliCIOUS showed that they 'here characterIze b" 
weaker growth on dwarf rootstoc/... SPS-7 Tree height was also lower on rootstocks B-7-35 Arm-18 than on 
M9(Tab I) 

Table I 
The mtluence of clonal rootstocb on the size of apple trees ot Golden Dellclolls vanetv 1998 

Above - ground palt Tree mc Ime 

! 
Trunk. Crov;f1 Crown The grade 

Rootstocks Tree % ot 0 001 I 

:>t..dlon projection volume trom the 
height m M9 

I 
tree:> 

em m m trun/... a\.ls 

A Mountain orchard Almalv 11 - vear -old trees 

M9 (control) 3 0 100 
I 

11 20 28 0 0 I 

B 7-35 20 67 8 I ) 1:2 0 0 

Arm 18 2 1 70 7 1 1 10 0 0 

62-396 ! ! 7J II I 5 I 3 0 0 

SPS-7 19 63 8 I 1 08 0 0 

B The orchdfd 111 tarm Glgdnt I I - \ e'1r-u Id tree~ 

M9 (Lontrol) 1 8 100 31 1 6 I 3 20 100 

B 7-35 16 89 20 08 06 0 0 

Arm 18 I 5 83 :::9 I-J. I I 0 () 

62-396 I .3 
...,.., 20 O-J. l)2 ) 16 

~P\- .., I ~ -., 12 () , 0.2 8 20 
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The tirst trUlt-beanng of trees (orchard A.) was notIced In the mountaIn zone (wIthout lITIgatIon) In the -1.-th 

\-ear after planting on rootstocks 8 7-35 and SPS -7 (9-10 centner/ha) and under condItIOn ot lITIgatIon (or 

chard 8) In the 2-nd vear of plantIng on the rootstocks B 7-35 and \119 (-1.-5 centner/ha) 

Data on vleld of apple verItv Golden DelIcIous for 1994-1998 are presented In the Table :2 
Table :2 

The YIeld ot apple trees ofvanetv Golden DelIcIous 
dependIng on dwarf rootstod.s 

i Rootstocks ~-----------------~---r----------~--------~ The average I 

The YIeld centner/ha I 
1995 I 1996 I 1997 1998 ~ 

A. MountaIn orchard Almalv ,7-10 'vears after plantIng 

M9 (control) 
B 7-35 
Arm -18 
62-396 
SPS-7 

M9 (control) 
B 7-35 
Arm -18 
62-396 
SPS-7 

C 

,-
-) 

40 
63 
45 
4 

Orchard -

'1 -
2-1. 
46 
25 
8 

40 5 
3~ 8 
48 8 
63 8 
75 I 

Glgant 4-7 years arter plantIng 

20 9 
82 38 

224 76 
... , 
J_ 30 
-1-0 32 

0 
4 

05 
I 
9 

118 
158 
128 
44 
38 

17 
22 
30 
29 
22 

75 
119 
33 
29 

As It was establIshed the hIghest Yield ot apple trees was on dwarf rootstoc!-' Arm 18 ""hlch exceeded I 8-3 :2 
tlme~ the control rootstock on M9 
Thus the rootstoc!-' Arm 18 ex.ceedIng M9 and also B 7-35 should be acknowledged as the mo~t per~pel.tl\e 
dwarf apple roobtocks 

Expenment 2 The evaluatIOn of the new IrrigatIOn means WIth fertJli7er applIcatIOn III IlltenslH Of

chafd~ 

Inve~tlgators Adnanova G P 
Bondartse'v -\ I 

The generalIzatIon and analvsls ot home and foreIgn e'(penences ~howed that drIP lITIgatIon I~ espeCIally per 
spectlve for the regIons With drY and hot clImate a~ It IS In South and South-east of Kaza!-.hstan 
The work on ex.amInatlon ot drIp IrrIgatIon and krtJllzer efficlencv In II1tenslve IrrIgated orchards ot ha 
za!-.h~tan IS very aLtual and was not l.onducted prevlou~lv and I~ planned to calrv out In thiS ex.perIment 
ProceedIng from thIS In 1998 ';\Ie selected dense IIlten~lve orchard In the pe'l~ant farm situated In the km 
mountam frUIt zone of Almaty regIon 
T';\Io apple vafletles Golden DeliCIOUS ,lOd ZafYa Alatau grow In the orchard planting scheme I~ .:\."\ 1 ., m 
(1667/ha) on M9 rootstock. Pear Talgar Beauty grows In one or the ro"vs (FIg 1 2 3) The total area or e\. 
penmenta\ plot IS 0 5 ha The expenment lnl.ludes the tollowlI1g varIant:::. 
I Furro'vV lITIgatIOn + N 120 P50 K 130 ot actIve substance 
The tertllIzers are appllcated 111 ~pf1ng betore frUIt tree bloomll1g Into turrow~ 01 III pI I ~temmecl ~tnp~ l\Ollg 
the rows 
2 DrIp lITIgatIOn + N 120 P50 K 130 a s 
The tertlllzers are also appllcated Into tuno,\~ 111 ~pf1ng but nitrogen I~ applIcated t"vlce In ::,pnng Jnd bdL1 re 
tlO,ver bud ~ettlng Il1 June 
3 Drtp lITIgatIon -l- N 120 P)O 1\.1 J 0 k.g. h 1 1::, \~ hel e pho::,phoru~ b lpplll.Jted Il1to rumm::, .111<..1 III trllgell lI1d 
pot~b~lum \"nh IrngJted \vJter through dnpper,> 
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NItrogen and potassIum fertdlzers are ::,plltlv applleated dunng tlNo month::. (from the mIddle ot June ttll the 
middle of August) 
The doses of mInerai fertIlIzers were taken trom the recommendatIons on fertilIzer dressIng In Inten::'lve or 
ehards In South-east of Kazakhstan under furrow IITlgatlon 
Further thiS dose wIll be specrfied bv the data on nutntlon element output and the level ot soIl fertIlity 10 the 
orchard SpeCIfied rates offertJlJzers will be used 10 spnng 1999 according to the expenmental schedule 
The scheme IS used on both apple vanetle::, and will be used begmnmg from spnng 1999 
The aIm of investIgatIOns IS to ::,tudv the efficlencv of simultaneous applIcatIon ot water and tertJllzers \vlth 
drtp IITIgatlOn In mtenslve orchards of south-east Kazakhstan Under field condItIons the experImental ::,cheme 
IS the follOWing 
four replIcatlOns In each ot both vanetle~ where 3 vanants ot the experiment are arranged what make5 I::: 
plots 8 measured trees are on each plot to the v anant - 32 trees 
There are two rows of trees In the v an<.lnt where all -+ replIcatIOns are arranged In ::: stone::. 
Thus tor two apple vanetles 2-1- plots are selected \V here 192 measured trees are arranged 
In mter-row ::.pacmg of the orchard natural grasses grow (cereals clover and others) In spnng 1999 pre
stemmed strtpS of I m WIde will be treated bv herbICIde raundap for the creatIOn of herbICIde tallow 
In summer 1998 all measured trees were numbered marked by paint and In autumn the trunks \Vere measureu 
In August sotl and leaf samples trom 111 expenmental plots (-+8 soIl and 24 plant ::.amples \Vere ::.eleeted all 
samples wIll be analvzed and wIll be presented In the Report tor 1999 wah the aIm to gIve the charactertstlc~ 
of InItIal sod fertIlity In all vanants of the e'l.penment 
At the begInlllng ot September bIologIcal vleld was calculated for both apple varIetIes and peM the a, el age 
trUlt mass was determined on all expert mental plots 
The main mdexes of frUlt growth (trunk dIameter summarv 10crement of shoots the mean length of one ::,hoot 
the number of frUIted formatIon::,) and the vIeld were statIstIcally \Vorked up b .... the computer 
The results of these measurements are the follOWIng 
The Itegrelted growth Index and the development of fruIt trees In trunk dIameter 
We measured trun"- dIameter of 192 measured trees The resLllts of these mea::.urements are gIven In T dbl I 
As It IS ::.een from the Tab I the dIfterences among apple tree::. accordIng to trunk dIameter are In the lImIt:" ot 
expenment error what allows to con<;lder the measured trees to be SImIlar on growth and dt!velopment In all 
vanants ot the experIment 
Analogous result was obtaIned b} sUlT'mun shoot Illcrement and the a .... erage length of one shoot 
The obtalOed results testlfv to the tad that annual ::.hoots ha\e equal growth In all experImental vanlnb ill d 
among them there were no essentIal dl tference::. (Tab 2 3) The summary lrlcrement of shoots on apple \ JIICtv 
Zarya Alatau was approximately 15 tImes hIgher than on vanetv Golden DelICIOUS (Tab 2 and 3) 
However accordlOg to the average length ot ~hoots there were no dltference::. among the vanan!::. \I,lthll1 ealh 
vanety HIgher sllmmarv shoot growth In the vanety larva Alatau I~ explatned bv greater amount ot grO\\th 
pOtn!::. The average ::,hoot length of appIL III the lImIts ot 20-25 un I':> cOlbldered to be optimal III 70ne under 
study As It I::. eVIdent from Tab 3 the length ot annual ~hoor:, III these \ anetles responds to these paramet....rs 
(18-23 em) and It I::' pOSSIble to con::'lder that the growth of trUlt tree::, on cxpertmentcll plot \"as qUIte hI, our 
able It IS more complIcated \vlth the vleld III the current \ear a::. III .\prtl - Mav there wa~ 1 number ot tro~b 
and tn the mIddle ot JL Iv It 'I,as a ve';' StlOllg WI1d lnd a:, a result or It 11110'-' trUlt:, dropped e::.oeclallv 111 Id~t 

rows of apple vanety Golden DclICIOLt::. becau::.e trUlt attachment ot thI::' varIety b weaker than In "arlet\ 
larva Alatau All these fact::. do not 1110\\ to gl\ e obJec.tIve evaluation or apple" leld on experImentll plob 
The yIeld of the varIety Golden DelIcloL's \vel::' \\Ithlll 73-173 centnerlfn (Var 1-73 Yar 2-139 and Yar" 1-3 
centner/ha accordtngly) 
The vleld of the vartety larya i-\Iatau \va.., hIgher WIthIn -1.-1.6-809 centner/ha The hIghest V1eld Wel::, tn \ 11 2 
809 centnerlha In Yar I It was 490 centner/hu and 10 Var 3--1-46 centrer/ha 
In the current years the} leld ot pear vartetv Tllg1r Beaty \vas at the level of 15)-175 lentner/ha Here I I::' 

pOSSIble to test onlv one vanant - drtp .!llgatlon WIth the applIcation or llltrogen-pota::,slllm tertIllzer" pll()~ 
phorus fertIi Izer - In furro\v s 
Once more It ::.hould be notIced thJ.t the \ leld or tne current \ ear '''JS [()cm\..clunder e\.treme \H. ttller londl 1,1Ib 

(trosts and hUITIcane wll1d) what Il1flu~nle::, not eljuallv the \ leld Ie\ el ot (rees 111 " mants 01 the e\pertment 
For evaluatIon ot potentIal apple yIeld 111 the ne\t \ear (1999) \ve l dcuhted tht.: lmollnt or ~ulh fnllt org11b .1;:, 

frLllt formatIons In e,<pertmental varIant::, \V rat I::, pre..,ented III Tab..J. 
The obtatned data ::.howed th..tt the number ut trlllt tormdtlon~ III v.lflet\ Z.\r\l .\htau \V l~ 1 5 ~ tllnt.~ hl!ht. 
th..tn In vanel'. Goldell Debllmb \\ h,lt I::, tht. b lok1gll..t1 pellllldftt\ Of \ lfIetle~ Til I::, t lU w" I tllOrd 1 Ilsl\ ill tl'l
lllle tht. produ\..ll\lt\ !e\e!l)t tlll.."t. \ llldlD I1I..\.t \el! \::. W thl.. dltkn .. l1l..e" 111 tCllit tl)rtlldtlt'11111llHllit 1;.\.\) d 
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Ing to 'vaf1ant~ of the e'(penment the\ we"e II1'>lgnlficant In both dPDie 'vartetle<; Con'iequentlv 111 I qq<) It I., 

po::.slble to e'(pect relatl"ely equal 1I1ltl.ll \. lelJ the dltkrt.ll\.e::. In I,',Jlll.h wtll be determined onl" by the Int'll

ence of e'(penmental 'variants 

Thus the abo've mentioned mea~urcmt;.nh and ob::,ervatlol1s ,n the c\renmental orchard sho'Wed thJt gr,w,th 

and development at apple trees at \an<..tl~~ Golden Del ... ,Oth 'lnd Zdrva \latau re~pond optimal panrneterc; 

and the initial ~tate l,f tree" and their ~ro\ th ! r\)u:!~~es 'v\ere 11,)£ e..,"t['tlal'Y dltfered accordmg tf' 'vlr':lllt.., f 

the e'(penment E ,(lstIng d I tference.., I tl the "eld Jmollh e\.pu mental \ lildnb are e'(p lalned b, Ilt'fl l'\;J 'l 

\"eather \..ondltlon::. ot the \lear Slmtlar 1'1lt' 1.1 data on gro,..rh ot frUit rree~ In rhe future \dfldnb Will dll('\v t(1 

la' out methodlcall\l con~l~tent tield e\penmen on ~lmL It.ll1t.ous dpplllatIon at terttllLer'> HId \\ldter lInlkr J, 1 j 

lITIgatIon"" here th IS ImgatIOn s'v::.km I:. mounted In th I'> d' rr ",n t \ elf The cUITent 199~ \ ",a r ,~ eh.1I ~tLt~ r flU 
b'v heavy precIpitation and e'(treme Irre,,!:ulantv ot [pelr dl')tt Ibut on d\.cordlllg to \legt.tatlve Plt1C1d 1 ht. mlln 

part of them (about 60%) blllll Apnl'1nd \la, In June and Jul ... th\.. pre\'lplt'ltlOn ""ere 2 time:, morL thln J\ 

erage long-tenn rate \ Tab 5) rhu" heel\ \ pr ~LlpltatlOn :lnd 10\\ h\.r'llJI d<::f1:,tt, at meteofolog'",dl ... Oi1lilh I '> 11 

the tir::.t montPs at \lege£l(IOn deltt'c.d t],t. l-)t;.glflnlllg llt Im;,ltlui1 to th ... enJ (it lLd' 

y.., eather condition:, 11'>0 IIltluelKed th\.. lll,ltJ.\10n 'elte 111 \\ lkr lIltm,l~ L11 It C,)[l~I"tli1g \)1 <.urph Ing Lh lrfll 1 ''
rIng tank and pump :,tatlllO and abu tr<.. 11 ollntlng of \\dter-dl::,mbutl\e IInlt ,'-11th" Itornatl/atlon a,lt! ml 11Itl r_ 

I'1J or ,rngatlvn prcci'-.::. lll<..rc: r
\ r ... 11,- If ... ! ,_ If, gatlu, 1,1 tl.(. \ clfl~ 

the middle ot Allgu~t 

1 Jblt. I 

Initial Inde'(es ot trunk dIameters ot apple tree::. on e'<penmental plot under dnp Irrigation ,n I C)98 (mm/tree) 

V"mant 

'v lr I Furro\\ IrrigatIOn 
,.- l\J PK Into tUITOw,> 

I ____ 001~Te~1 D~II\..IOtb -} __ /a!}<l ~,,:!ata~ ___ _ 

-~------r- Rt.~dtlO ':, -r 

, r I I I I ~ IV 'vJ.d- I I II I III I I V 

~ __ >-___ ~-_- ~~_' --L----L.-. -1-- __ /--_ll'l: 
I I I I 
110IJ.! Jill o)~ ,(11)1 27() 11~2 1080 I 1210 11-108..1 

I 
Yar 2 Dnp Irngatlon - I 

<.)X 7 (1)0 1 1(, 7 12~') 1200 1106 
i NPk.. In turrow 
I 

Var 3 Dnp llngatlolt 
+NPK. through dllppt.r~ I 109) 
Pinto turn>\,,:, 

lui (I 

-.l....-. ___ ~ __ 

II'", l) 10_ '", I ~:2 133 'I I I ) ~ 1.:>.2 0 1_4 

, ) I. 

-I I 

, , - ------- -- -- ---

.J~I~ ~1.!.~ l~_'::ll1n~f\ ~[~~n~n~ l~f _IfIll,':. tl,:~"yl~2:..'\~'~~ l ~~ljJlot_ 111.11..1 .i!r'p_ I r.!...~~I(}ll 1~'~9b <_Ill r,l.C ~ 
llllllkil Dllll.lVL'~ I 111\ 1\I2tJlI f- -- -- -- - - - -- - --- -- -- -- - - --- -- -- -- - --- -

I \- <lfldnt '---- __ ,-____ ------.--- ____ ~er'IL 1l1~1~~ __ _ 

L- _______ ,---_I---jl __ l~ ____ l11_I_JY_~_~lldulc- 1 If r -II! - - - -
I Iv 

I Vdr I furrow IrrJgatlOn "1 I I 
-t ',,),2 -+-- .l'-} .j.' I + NPK Into furrows 

Var 2 Drip trrIgatlon + 
NPK In lulrov. 
'liar 1 Drip Irng:'1tICl!1 
+~PK. throu~h lhIPPU,> 

50 .J.R 

,) , 

r- - --...--

-r I I 
66 6) 

I 
I 

I 
<)6 611 

-15 1(, I (, '\ 

_ _ ___ .J. 

i\ 1, IJ,~ 

f) : 
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Table 3 
Initial data on the average len!rth of I shoot of a 

Golden Dell("IouS Zarva Alatau , 

Vanant 
Re itcatlons 

II III IV i ~llddle I I 
I 

II I III i IV I v{ld-
___ L ___ ~d~ __ 

I 

I 

i Var 1 Furrow IITlgatlon I 

I ..,.. ~PK Into furro\Ns I 

I Var 2 Dnp IITlgation - i 

I 
NPK In furrow I 

I Var 3 Dnp IITlgatlOn i 
I +NPK through dnppers II 

I

, P-Into furrows 

LSD 95% cm I 

I P% 

188 

194 

145 

231 169 21 5 

188 22 18 1 

222 199 183 

20 207 18 189 208 197 

196 237 225 22 231 228 

187 188 199 223 263 21 8 

33 26 

85 59 

Table -+ 
InItial data on frUit-formation number of apple tlees on e'<.penmental plot under drIp IITlgatJon 10 1998 (num
ber/tree) 

I I 
Golden DelICIOUS Zarva .1..latau 

VarIant Replications 
I II I III IV i Middle: I I[ III I IV Mid-

I 
I 

l I die I 
, 

Var I Furrow IrrigatIon I 
I I ! 

4~8 8-+9 
I 5)7 753 966 81-+ 911 861 -J.95 -+-J.7 , , 

+ NPK mto furrows I 
I 

Var2 Dnp lITIgatIon + I I , 
I I 

NPK through dn ppers 616 560 I 351 620 , 537 I 10lQ 1199 65) 1226 lOW 
I I I 

P- 10 furrows I , 
I 

I 
I 

Var 3 Dnp IrrIgatIon I I 
I I I , 

806 502 -b7 -+81 
I 

561 I 1211 821 7-J.0 I 7-1-0 
, 

878 I 

+NPK through dnppers 
I I I I 

I I 
, 

I , 
I P-mto turrows I 

I 
20-+ , I 2)""' 

P% 18 I I 

I 1-1-I I I I 

1 ,ble ) 

e e Water realme::. of orchard under dnp and furrO\v Irrlaatlon 

! 
PreCIpitation mm I Summal" IrrIgation Summarv 

I 
Fvapora- I rate~ mm "vater \,.on Blo\,.llmatlc 

I 
Period 

I 
tlon mm .1.., el dge long- , Fl1rrovv I Jllp Irrl- ~l1mp- coe tlLleflt 

1988 I I , 
I term norm I tom mm 

I 

I 

I 

I I , Irrigation gatlon 
-----, 

I April 35 1 130 I 
, 

100 I 21 I 06 , 
Mav 662 

, 
J -., J 98 I 52 l) 08 -).) -

June 1205 804 61 1156 09 
July 1602 106.3 I ,8 1602 10 
<\ugust 135 I 220 I 

27 110 60 1-+86 I I I , , 
September 1149 -+20 , 28 

, 
70 30 919 n IS 

I 

October I 69 -1- 156 ) I I() -+0 -ll 6 1\('1 
I I , .. 

brael tor 
709 -+ 6-J.9 6 -+01 120 63 I 0 
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vidual biological rhythm of plant development and equal to the ratio of potential evaporation to ::.ummarv wa 

ter consumption lITIgatIOn rates were corrected b", the \..oefficlent ot wet area equal to 0 5 and establi~hed for 

drIp lITIgatIOn In intensive orchards Lnder furrow lITIgation the whole area In mterrow spacmg IS practical Iv 

wetted theretore water rate:" here are 2 times higher than In dnp lITIgation lITIgation rate together WIth autumn 

water-supplYing was 250 mm under turrow lITIgatIon and 120 mm under dnp lITIgation 

Presented m Table 5 the mde'\es ot ::.ummary ,vater consumption were obtamed as a result of calculation tak 

109 Into account comIng and dIscharge elements of water balance m root sorllaver For Ii1tensive orchard with 

plantIng scheme .+m '\ I Sm summarv ,\ater con~umptlon m 1988 was 631 9 mm and wa:" dI:"trlbuted aCCOrdli1 5 
to vegetatIon peflod dependli1g on gro\vth rate of vegetative organ:, and the tentlOn of meteorologIcal \..ondl

tlons The mde'\es ot blocllmatlc coetfi\..lent are abo depended on these regulantles and change m the limit::. of 

06 at the beginnIng ot vegetation and to 1 I at the end ot vegetation In A..ugust Great amount of precIpitation 

In 1998 levelled the IOtluence of Irrigation on growth proce~ses and orchard", leld and tormed equal bad.

ground for laYIng out ot the e,\penment ne'\t "ear 

ExperIment 3 ElaboratIOn of etfectlve means or productive penod prolongatIOn 10 super denSIty apple 
orchards on clonal rootstocks 

Colaborators Kutsukov A S Karvche" R K 

[n high dense orchard the productIVity and trade quality of frUits conslderablv decrease With the age There
fore With the aim of the prolongatIOn ot productive life m such orchards different ways and mean:" of rejLl\e
nation of tree crown are elaborated 
The objects of the IOvestlgatlOn are the follOWIng 

to tnal the dIfferent stages of rejuvenated pruning of agIng orchard::. 
to elaborate the ettectlve svstem ot re-traInIng of tree crown 
to :,tudy the pecul rantles ot growth and trult-heanng of apple tl ee:" on the rootsto<..k M9 111 den:"e orchdrd~ 
to give the e"aluatlon ot economIc etficlel1\..\ ot different me'lns or tree rejuvenation 

Field investigations are carned out on the e,\penmental plot In Dzhandosov farm ot Almat, region )Ituated at 
the heIght of 850 m above sea level 
The apple varIety Golden DelICIOUS graffed on the rootstod. (1;19 planting scheme IS 
-+ \. 08 m (3125 trees per hectare) The vear ot plant1l1g IS 1989 Orchard 1I1terrow spacing are under ~oddln~ 
by perennial grasses In prevIOus velr~ the ore.hard gave high frUit Yield::. about 2-J.0-260 centner/ha 111 recLllt 
years the perIodlcltv of trUlt-bearIng wa::. ob:"erved The nece:'-,It\ to prolong the productIve life penod (If jrlllt 
appeared 111 dense orchard 
The InvestIgation program Include) rhe tollowlng varJant~ 
I Contour prun 1I1g ot trUit wall .1t a d I~tall\..e ot 70 crn trom ro,v line \\ Ith I Wilted height ot 22m (Lontrol) 
" RadIcal \..rO\vn prun1l1g at the hlsllt ot 60 Lm above the gntt1l1g level 
3 Prunln'.! of 5h.eleton branches at 1 dl:,£ance ot 10 \..m froP1 the ba~L to the height ot I 2-1 -J. m \\ Ith tile 

leader transfer to l.1teral branch 
-J. One-sided rejuvenated pruning ot btanche~ at a dl::,tance ot 30 cm hom rov\' Ime '" Ith the repeated opera-

tiOn In two 'years after the first prunll1g on the other <;Ide ot the ra\\ 
The expenment was laId out WIth four repllLa£lons of 8-1 0 tree) In each replIcation 
Settll1g of the experIment IS a randomized bloc,", deSign 
Bv L1Sll1g such means and degrees ot prunIng a new wave ot shoot gro\\th 0\ ergrow 1I1g and productive \H)l)d 
111 the center of the crown frUit torlT'atlon) are able to prolong the productive penod of plant lIte 
DUrIng vegetative peflod J[] 1998 the follo\\ l11g measurement!> and ob"endtlOl1) were <..onduued lommOI1 trl\~ 

:,tate \..rown parameters the length ot ~hoot Increment treez1I1g degree of wood the gro\\1h of trun\-. dWmLlt.r 
the ma~) ot removed \vood dunng pflll1lng rhe fi'l.dtlon ot mcteorologlc.ll \ ear Londltlolb It ::.hould be 11I.)tlluJ 
th.lt 
as a lesult ot autumn-w1l1ter damage:" ot apple tree:" bv \"Inter tro::.t )pnng tro::.!::' dUfing blool11111g peltod there 
wa:" no 'y leld In the or<..hard 
A.\..\..ordmg the re:,ults ot obSer\.1tll)n~ the ::.tlte:" of the plantation,> are LharauerlL'ed b\ the tolkmlllg 
data (Tab I) 
- Cl)1T11110n tree ::.tdte \v b ht.tter under ~tn)ll::!- rLIU\Llllted pruiling th til 111 <)thLI " 11 r 11lh 
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Tree hIgh under one sIded pruning wIth repeated operatIon In :2 "ears (vanant -\.) was greater than In other 
vanants with crown lImned the dltference was 20-120 cm FrUIt wall was also WIder - 30-JO cm Inten
SI'.e degree of vegetative shoot growth was about 35 cm and more In the vanant with radIcal prunll1g It 
also ::.tlmulated the increaSing ot trunk diameter b" 0 63 cm In comparison with other vanants (0 2-05 cm) 
The determtnatlon ot potentIal productlVI!'; of vanants In relatIOn ot summarY sectIOn area of trunks to the 
unit of orchard area (I ha) according to the method ot AS Devvatov (1980) showed that under radlc1l 
pruning thiS ratiO was 206 6 m 'ha In comparISon WIth control - 1943 m-'ha what te:,tIfied to more high 
potential productlYltv bv strong rate of rejuvenation 

Table I 
Growth and development of apple tree::, or "artetv Golden DeliCIOUS gratted on the rootstock ~19 dependIng 

on the degree at rejuvenated pruning 

! Common II HeIght 
Vanant tree ::,tate ot frUIt i 

I 0 ~ 5 wall 

: Crowl1 I 
I Width cm I 

Trunk 
dlame-
ter cm 

Shoot length 
cm 

top/latenl 

Light of cro\~ n ' 
I 

center % tram 
FSL 

i Contour pruning (control) 

I
, RadIcal pruning 
I PrunIng of low 
I crown 
I One Sided prunmg 

part 

3 7 
3 9 

3 ) 

283 
181 

285 

169 

142 

121 

156 

621 

629 

582 

57 

The data are published In Joumal Vestnlk. at t\gr SCI Kaz N5 1998 P -\.-\.-48 

277/52 

135 

248n3 

19/62 

52 

81 

64 

57 

The results of light measurements of dltferent crown parts In tested vanants uSing the actlnometnc method 
based on photochemical reaction of decomposition at sultate uran solution and oxalllle aCid (-\ Erez 
B AVldan 1986) showed that the greate'it light actl'. It'< (b'. 80% from full solar hght) was observed In the 
crown With radIcal pruning 64% - prllntnf; of the low crown part 57% - one-SIded pruning and onlv 52°/0 

from FSL In crO\\ln centers With contour pruning were lighted (measurements were carned out ill August) 
Thus according to indIrect Indexes of oroductlv!t\ ::.llmmarv area ot trun\... sectIon the 1Ight ot cro~n center 
shoot length the '. anant ot radIcal CTovvn rt.Jll\ enatlon d I~tlgll bhed and actuall) the new tree (.fOVv n \'va~ 

formed ThiS proposal showed be confirmed bv the \leld In the tuture \ears The e<;sentlal ')hortages ofradlLal 
prunll1g and malOl" of apple varlene') I'> \\e3\... tro~t reslstanct. or reJll\en.ltlon shoots (the degree of treezlng IS 
Y2 - 2/3 ot IOcrement length or 50-56%) 
The lIlvestlgatlons will be contlOued next \ eM 
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Israel 

ObjectIves 

• To test the water use efficIency of apple productlOn on vanous rootstocks and re
examme lrngatlOn practlces 

Matenal and methods 
The setup was a In 1997 but for selectmg neVII trees (15 per rootstock) for the heat-pulse 
measurements In Golden DelIcIOUS on the three rootstocks MivIl 06, Hashabi and M9 
ThIs tIme we tned to prevent excessIve vleld by a closer morutonng the frUIt numbers per 
tree The Hashabi trees VIIere smaller than a 'v ear earlIer In addItion the trees measured In 
1997 were observed as to theIr return bloom and frUIt load 
T 0 prevent any water shortage the trees VIIere Imgated In excess 
Heat pulse measurements VIIere the same as In 1997, three sets of 8 probes per umt VIIere 
employed 

Results 
Fnllt productIOn In 1998 
A more uruform YIeld was shown for thIS year on the dIfferent rootstocks MM106 was 
hIgher In YIeld but not sigruficantly (FIg 1) FrUit quality WIth regards to SIze was rather 
very good (FIg 2) M9 had a httle better frUit SIze In the dIstnbutIOn of gradIng 
especIally compared to Hashabi frUIt qualitv was very negatIvely affected thIS year by 
sunburn as extremely rugh level of damage VIlas noted on the M9 fruItS that \-'vas much 
more exposed than on Hashabi and MM106 rootstocks But even on these two rather 
'vIgorous rootstocks, close to 40% of damage was noted (Table 2) The cause for the 
unprecedented damage was the extreme heat In summer 1998 Measures to aVOid such 
damage are beIng taken by growers as of 1999 

Return bloom and vieid on the 1997 trees 
No Dower bus were formed on the MM 1 06 trees due to the heavy YIelds d they bore In 

the prevIOUS vear Few Dowers vvere seen In the Hashabi trees whIle abundant bloom vvas 
notIced In the M9 trees Only the M9 trees produced a commercial crop 
EvaluatIon of effiCIency of frUit productIOn under thIS Sy stem was examIned agaIn by 
div IdIng the water use of the trees for t"vo years 1997-1998 on the cumulatIve YIeld In 
both years By that we could count for the blenmal beanng on tvvo of the three rootstock.s 
The summer of 1998 was exceptIOnally warm and hIgher values of transpIred vvater vvas 
recorded In thIS vear compared to 1997 WhIle values of about 6 rnmIday were found In 
1997 for Hashabl and MM 1 06 and 4 ffi1TJlday for M9 In the hIghest transpIratIOn penod, 
ma,{Imal values of 6 8, 8 8 and 5 5 were recorded In 1998 for Hashabi MM 1 06 and M9 
respectiveiv Considenng the smaller Hashabi trees In 1998 than In 1997 a mean Increase 
of about -1-0% m water use was noted tn 1998 
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By combmmg the YIelds and an estimatIOn of water use on those trees by takmg data 
from sImIlar frmtmg trees a dIfferent pIcture IS emergmg as compared to 1997 (Table 1) 
\\Inile m 1997, the most efficIent rootstock was MM 106, the most prolIfic, the most 
efficIent one seems to be M9 the onlv rootstock that bore frmt m 1998 too The efficlencv 
values ,-vere less favorable even for the M9 due to hIgher water use m 1998, but stIll much 
better than the other two rootstocks 
DetaIls on sap flow measurements In thIS year are presented In fig 3 
A.lthough 'vVe dId not have thIS year as detaIled data as m last vear, stIll verY clearly the 
maJ or findmg that by early June apple trees reach theIr ma,(lmallevel of transpIratIOn has 
been observed thIs year too In spIte of the very warm summer 'vVith pan A evaporatIOn 
values reachmg 1-+ mm a day (compared to less than 12 1 n 1997), no Increased 
transplratIOn was noted after the begInnmg of June (160 -170 davs of the)' ear) ThIS 
venfies last year observatIOn 

DISCUSSIOn 

An advantage to the dwarfing M9 rootstock was noted with regards to Its better water use 
effiCIency due mostly to the lack of blenmal beanng m thIS rootstock The lImited 
vegetative growth IS probably one element In a better flower bud dlfferentiatlOn 
Although the Yields were not very rugh they were excellent by any commerCIal standard 
The drawback 0 thIS rootstock was very well manIfested In 1998 by the sunburn damage 
resultmg from dIrect InSOlatIon and heatIng offrUlt tIssues to damagmg levels A need for 
protectIng fruit from dIrect exposure to the sun dunng the summer penod seems 
Indispensable 
Another very clear effect of no added water use after early June was sho'vVn agaIn 
IndIcatIng that frUIt development does not have an added reqUIrement and that probably 
vegetatIve growth IS the cntlcal element In IncreaSIng water reqUIrement by the tree Even 
In the warm 1998 although the level of transpIratIon recorded was considerably higher 
than In 1997, stIll maxImal levels of sap flow 'vVere recorded already by early June ThIS 
has a beanng on orchard ImgatIOn practIces With the cntlcal shortage of water Imposmg 
heavy cut on farmer ""ater allocatIOn already In 1999 thIS findIng may save considerable 
amount of water If no added water In the season up till fruit harvest In August-September 
wdl be applIed 
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Table 1 YIelds, water use and water use efficIency III Golden DelIcIOus apples grafted on 
three rootstocks YIelds are In Tons per Dunam (1/1 0 of hectare, Water use III mm and 
water use efficIency In hters of water requIre to produce one kg of frUIt) 

Water used by trees YIeld (Tons/ Dunam) Water use efficIency 
(Lltres/kg) 
Rootstock 1997 1998 Combtned Yield 97 Yield 98 Combined 1997 1998 Combmed 

Hashabl 811 861 1672 130 00 13 00 62-1- 1286 
MMI06 792 1115 1907 146 00 1-1- 60 542 1306 
M9 571 699 1270 70 67 1369 81 6 1044 927 

Table 2 Fruit color and sunburn damage In Golden DelIcIous apples harvested In 1998 

Rootstock. year of start Green Green/yellow Yellow Sunburn 

M9 1998 12 259 43 68 I 

M9 1997 06 309 28 656 

MMI~ 1998 20 566 40 37 I 

Hashabl 1998 07 587 I 3 392 



Flgure 1 Yleld m the expenmental trees m 1998 Out of the exammed trees m 1997 
only M9 ,vas Yleldmg lil 1998 (1 Dunam = III 0 Hectar) 
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FIgure 2 FruIt SIze dIstnbutIOn In Yield of 1998 
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Ftgure 3 Orchard tran~pU'atlOn at Ortal m 1998 vfeasurements v..ere made on Ij trees of each 

rootstock vyuh sap now meters Standard error of the means 1S appro'illTIatelv 10% 
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C SCIentIfic impact of the co llaboratIOn 

Dunng the 3rd year of the proJect, a VISIt bv the IsraelI pnncIple mvestigator to Kazakhan 
for a penod of one week dunng Ylav 1998 took place The vlSlt was tImed to e'<plore the 
problem ansmg from socIOlogICal changes taken place by dIVIdmg the Sovhoz state 
farms to the mdIvidual farmers Tills act that caused a loss of control by the Kazakh 
InstItute of frmt Growmg and VItIculture on Its farms led to a state of anarchv w here all 

eqmpment could be stolen and even young trees were pulled out of ground m 
e'<penmental plots On top of that, transportatIOn means bv the InstItute became verY 
llmIted and as the project could not help m buvmg a car we were lookmg for other better 
adapted plots for the planned e'<penments EspecIallv Important was the chOlce of 
locatIOn tor the ImgatlOn e'<penment as a lot of effort was put m buymg and shIppmg the 
eqmpment as weU as trammg Kazakh researchers m usmg it We have found two 
locatIOn one m a pnvate fanner orchard for the ImgatIOn expenment and another m a 
small mountam farm for the rootstock companson tnal Both locatIOns much closer to 
Almaty where the InstItute IS located 
In spIte of the dIfficult tImes gomg over Kazakhstan m general and the Research 
InstItutes m partIcular, we are able to conduct the proposed e'<penments as planned albeIt 
WIth a certam delay due to mostly ObjectIve factors By approvmg a contmuatIOn of the 
project for another year, there IS very good pOSSIbIlIty that better results w111 be obtamed 
m Kazakhstan The connectIOn between the researchers was strengthened dunng the last 
year, contmuous connectIOns by fax as well as bye-maIl recently help m Improvmg the 
collaboratIve work 

D Descnbe the project Impact 

The mutual VISIts of researchers strengthened the connectlons between the Israelr and 
Kazakh partIes mvolved m the project Operatmg the expenmentalImgatIOn tnal WIll 
expand the expenence of the Kazakh researchers m thIS lmportant aspect of hIgh quahtv 
fruIt productIon where added ImgatIOn IS normally a reqUIrement 

In Israel thIS year, a pOSSIble ImplementatIOn of the reduced water applIcatIOn m the 6 
weeks pnor to fruIt harvest, as suggestIOn by results from thIS project WIll be 
Implemented 

T",;o dwarfing rootstocks Imported from Kazakhstan to brael were dIagnosed VIruS 
mfected and arebeen treated bv heat therapy to obtam vIruS tree matenal 

E Strengthenmg of Developmg Country InstItutIOn 

Both the eqUIpment bought through the project and the e'<change of personnel 
strengthened the Kazakh InstItute The opemng to western approaches to fruIt orchard 
management The VISItS done and scheduled tor 1999 to Israel 'vvIlI broaden the vIew of 
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the Kazakh researchers and enable to further contmue such collaboratIOn III new 
proposals 

Future 'Work 
The fourth v ear 'WIll be the final vear of the project Dunng tms year a VISIt of 2 
researchers lllvolved l' n the project IS scheduled further mcreaslllg the tIes berneen the 
researchers mv olved as well exposlllg the Kazakh researchers to the Israeli fruIt gro'Wmg 

mdustry as well as research In Israel a possIble ImplementatIOn of the \Vater use regIme 

dIscovered by thIS prOject WIll be tned m face of a stnct ""ater shortage III 1999 

SectIOn 2 

A Managenal Issues 
See above under ExecutIve summarv' 

_ CollaboratIOn Travel tralllmg and pubhcation 

Travel 
A Erez VIsIted for one \veek dunng May 1998 Kazakhstan He vlSlted the expenmental 

plots III Dzandosov and Gigant The plot III Dzandosov 'Was found OK although there was 
noted there damage to young growth bv wmter frost The expenmental plot III Gigant had 
to be replaced The rootstock. tnal was moved to another, safer locatIOn whIle the 
lITIgatIOn expenment that was plarmed to be pertormed there was moved to another 
locatIOn to a pnvate grower s orchard 
A VISIt of2 researchers from Kazakhstan IS planned for Mav 1999 Dr Kutsokov and Dr 
Bondartsev are due to come to Israel and study tramlllg and IrngatIOn-fertigatIOn 
practIces as well as see expenments m these fields III Israel 
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