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CooperatIOn In spnng 1997 I VIsIted Kazakhstan to set up cooperatIOn and specIfic e'<penmental 

work At the tIme Kazakhstan was undergomg a process of farm pnvatizatIOn The farm allocated 

ongmally for the dnp ImgatIOn expenment was pnvatized and was not avaIlable for the expenment 

The research team m Kazakhstan suggested carrymg out the dnp ImgatIOn expenment m theIr grape 

breedmg expenmental farm, 100 km outsIde Alma-Ata We vIsited the farm and found It sUltable 

Dunng my VISIt we worked out the detaIls of the dnp lITIgatIOn expenment m Kazakhstan Dr 

Bondartsev was assIgned to set up and manage the fieldwork The dnp ImgatIOn system was ordered 

purchased and shIpped to Kazakhstan to be ready for the 1998 IITIgatlOn season Toward the end of 

1998, I was notified that the grape breedmg farm twas also pnvatlzed and was not avaIlable for 

expenmentatlOn therefore, the IITIgatlOn system was not set up there Later on, m spnng 1999, I was 

notified by the team from Kazakhstan that an alternate farm was found and the expenment was set up 

there 

CondItIOns m Kazakhstan were difficult at the start of the expenment and It became worse 

wIth tIme, partIcularly where fieldwork IS concerned (pnvatizatlOn of farms, theft of eqUIpment m the 

field, dIfficultIes m local transportatIOn, bureaucracy) It takes months for eqUIpment to be shIpped to 

Kazakhstan and we had to make sure that the local government does not tax It Smce work m 

Kazakhstan progressed slowly, we dId not spend all the money allocated to the research Actually we 

aVOIded drawmgtmoney toward 1999, untIl the field expenment m Kazakhstan could actually start, 

planmg to ask for a year extensIOn to complete the project 

InternatIonal Travel by the Kazakhstan team In October 1997, Dr Madenow and Dr Bondartsev 

traveled to Israel for a VISIt to the expenmental vmeyard m the Arad plateau and my laboratory The 

team from Kazakhstan ViSIted also other vmeyards, ImgatIOn projects and expenments, mcludmg a 
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VISlt to the dnp and nucroJet IrngatIOn compames to study the range of avaIlable IrngatIOn 

eqUlpments The team from Kazakhstan (Dr, Bondartsev and Dr Adnanova), VIsIted Israel second 

tIme III Spnng of 1999 for a follow up, to see the progress of the expenment earned out In Israel 

PurchasIng of eqUipment for Kazakhstan The IrngatlOn system was purchased and srupped to 

Kazakhstan from Israel III 1997 (Ca 10 000$) TenslOmeters (ca 2000$) were purchased also III 

1997, III the USA, and shIpped dIrectly to Kazakhstan, In 1998 the folloWIng two sCIentIfic 

eqUlpments were purchased III the USA for Kazakhstan a Ceptometer for canopy lIght InterceptIon 

measurements (3300$, Decagon DevIces, WA) and a Plant Water Status Console (pressure chamber 

for plant water status measurements, ca 4500$, SoIl MOlsture CorporatIon, CA) 

ExperImental and Results (Israel) 

The ImgatlOn expenment was set up III the senu-desert, and regIon of the Arad plateau (500 

m elevatlOn), In a commercIal VIneyard The reglOn IS charactenzed by a rugh daily temperatures (34 

Co dally average for June -August) and low rught temperatures (14-18 CO), WIth low relatIve humIdIty 

(15-20% nud-day) 

Dnp ImgatIOn treatments evaluated, apphed to three VIne cuitivars (Sauvignon blanc 

Cabemet Sauvignon and Merlot), Illcluded ralSIng the rate of water apphcatIOn after bud break, 

gradually, as the canopy developed, up to a pan A coeffiCIent of 0 3, 04, 0 5 and 06 (the last 

treatment for Merlot only), and mallltammg It at these levels thereafter 

Measurements collected Included vegetatIve development Leaf Area Index (LA!) 

measurements by hght IllterceptlOn (Gap FractIon InverslOn, GFI), YIeld, prunIng weIght, leaf analYSIS, 

stem water potentIal and photosynthesIs 

Canopy development and Leaf Area Index measurements 

Canopy development and LA! was measured on VInes by taggIng 16 shoot per treatment (4 

shoots/vme x 4 replIcate vInes) m each cultlvar and measunng lIght mterceptlOn III the tagged vmes 

Merlot and Cabemet were measured m 1997 and Sauvignon blanc III 1998 Shoot length, number of 

leaves and leaf area at each node was measured at ca weekly mtervals, untIl growth cessatlOn Leaf 

area on mtact shoots was calculated from the length of the first two lateral vellls of each leaf The 

correlatIon of leaf area and veIn length was establIshed for each cuitivar from detached leaves 
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Canopy development and hght mterceptlOn measured on the same vmes enabled to follow the changes 

m LAI, as affected by the lrngatlOn treatments, dunng canopy development After shoot growth 

stooped, the vmes were destructIvely sampled, enablIng calculatIOns of correlatIOn between total leaf 

area measured destructIvely and by lIght mterceptIOn 

LAI was calculated by gap fractIOn mverSIOn of lIght mtercepted m the vmeyard The 

procedure of lIght measurements and LA! calculatIOn was presented m the IrngatIOn conference held 

m LIsbon, Portugal dunng June 28 - July 2, 1999 The paper presented m the conference IS attached 

The comparatIve LAI of all three cuitivars was measured m the same year, durmg_1998lE_ 

Shoot length, number ofleaves and leaf area was proportIOnal to the rate of lrngatIOn (FIg 1) 

Canopy development progressed untIl the accumulatIOn of ca 1000 Growmg Degree Days (GDD) 

DIfferences between Irngation rates m Merlot and Cabemet were eVident after accumulatIOn of 

200-300 GDD In the Sauvignon the dIfferences were eVIdent almost from bud break The average 

rate of darly leaf growth was greatest m node 6-8 (FIg 2) The RelatIve Growth Rate (RGR) of 

leaves was maXimal at node 12-13 The basal leaves on the cane were only 40-60 cm2, compared to 

150-13 0 cm2 of the largest leaves, at nodes 6-8 RGR, dally growth and final leaf area tapered off 

toward the shoot apex (FIg 2) 

DestructIve samplmg of Vines, after full canopy development, showed no dIfference m the 

total number of shoots between IrngatIOn treatments (Table 1) Shoot length and lateral growth, 

however, were affected by the IrrIgatIOn rate Shoot growth mcreased proportIOnally to IrngatIOn 

rate, partIcularly m the lowtrate of Irngation whIch was SIgnIficantly low The number of leaves was 

affected SImIlarly to shoot length (Table 2) Leaf area was affected more SIgnIficantly by the IrngatIOn 

treatments, as compared to shoot length and leaf number Interestmgly, the hIgh Vigor of the 

'Cabemet' and the low VIgor of the 'Merlo!' are barely detectable from shoot number length 

measurements The destructIve measurements showed that total leaf area of the three cultivars was 

essentIally the same DIfferences m VIgor therefore are probably reflected more m stem and shoot 

thIckens and dry weIght, rather than leaf area LA! measurement of all 3 cultivars m the same growmg 

season (1998) was also SImIlar (Table 3) 

Estimatmg actual canopy coverage (LA!) from GFI, for charactenzmg fruIt load m vmevards 

m relatIon to frUIt qualIty, was found to be equally relIable to measurements of wmter prunIng 
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weIghts, offenng the advantage of measurements ill real tIme For a full descnptIOn and dIScussIon of 

lIght mterceptIOn measurements, camed out m the vmeyard, see the attached publIcatIOn 

Stem water potentIal TensIOmeter readmgs showed that sOlI water tensIon dIffered between Irngation 

treatments (data collected m preVIOUS years, not presented) An alternate and preferable measure IS 

plant water status Stem water potentIal of the 3 cultivars dIffered m 1997 (Table 4) The potentIal 

was highest m Cabernet, mtermedIate m Sauvignon and lowest ill Merlot DIfferences between 

IrngatIOn treatments were sIgmficant m all 3 cuitivars Data on stem water potentIal m 1997 was 

collected wIthout paymg attentIOn to the Irngation cycle m the vmeyard Measurements of stem water 

potentIal were repeated m 1998, notmg the relatIOn to the Irngation cycle (FIg 3) Stem water 

potentIal of Sauvignon after IrngatIOn was not sigruficantly dIfferent between the IrngatIOn 

treatments Before IrngatIOn, the potential m the lowest IrngatIOn coeffiCIent was sigruficantly lower 

than m the other two higher rates of Imgation Stem water potential of the Merlot and Cabernet m 

1998, measured 3 days after ImgatIOn, was proportIOnally more negatIve as the rate of ImgatIOn 

decreased The water potentIa! of the 0 5 and 06 coeffiCIents m Merlot were IdentIca! (FIg 3) In 

retrospectIve, It can be stated wIth qUite certamty that the In 1997 the Cabernet was probably 

measured Immediately after IrngatIOn, the sauvignon 2-3 days after IrngatIOn and the Merlot 4-5 days 

after ImgatIOn (or Just before an IrngatIOn) The water potentIa! of the vmes m the expenmental 

vmeyard OSCIllate m the 0 3 pan A IrngatIOn coeffiCIent, ca between -5 and -14 In the hIgher rates 

of IrngatIOn the water potentIal Just before Irngation are less negatIve The rout me cycle of IrrIgatIOn 

m thetvmeyard IS 4-5 day mtervals Stem water potentIal measurements are very promIsmg and the 

techruque should be explored more as a measure of control for Irngation tImmg 

PhotosyntheSIS Measurements m Sauvignon blanc m 1998 showed a decrease m net of 

photosynthesIs and transpIratIOn, and an mcrease In stomatal resIstance m the lowest rate of Irngation 

(Table 5) 

YIeld, Prunmg WeIght and FruIt load A pan A IrngatIOn coeffiCIent of 0 3 reduced sigruficantly the 

YIeld of Sauvignon and Merlot m 1997 (Table 6) YIeld of Merlot was not affected m 1998 The rate 

of IrrIgatIon had no effect on the YIeld of Cabernet In contrast to YIeld, the prunmg weIght was 

affected m all 3 cultIvars by the IrrIgatIOn level (Table 6) Prunmg weIght mcreased proportIonally to 

IrrIgatIon rate, and consequently the fruIt load (YIeld / prurung weIght) decreased as the IrrIgatIon 

level mcreased The load of the hIghest ImgatIOn rate m Sauvignon (9 1 m 1997), the two lowest 
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ImgatIOn rates In Merlot (90 and 11 8tIn 1998), and the lowest ImgatlOn rate In Cabernet (11 5 In 

1997 and 8 2 In 1998) were In the optImal load range (ca 10) 

FruIt qualIty ACIdIty of Sauvignon and Cabernet Increased as the rate of ImgatIOn was raised, m both 

years (Table 7) The Bnx of the two cu1tIvars was not consIstent between years, It was raIsed In 1997 

and reduced m 1998 as the rate of ImgatlOn mcreased ACidIty and the Bnx of Merlot was not 

affected by the rate of ImgatIOn 

Cluster and berry weIght (Table 8) mcreased as the rate of ImgatlOn was raised, In all three cu1tIvars 

and both years, but the effect was sigruficant only In SauVlgnon In 1997 (cluster and berry weIght) and 

In Cabernet m 1998 (berry weIght) 

Sensory evaluatlOn of wmes Mtcro-vlruficatlOn of 50-60 kg grapes from each replIcate of 

SauVlgnon Merlot and Cabernet was camed m 1998 After hand harvestmg early In the mornmg, the 

red cultivars were crushed, and metabisuifit (50 ppm) and Sacharomyces cereVISlae yeast (60gl100 I 

JUlce) added m the vmeyard By ffild-day samples were transported to temperature controlled 

fermentatIon rooms m the Volcaru Center Sauvlgnon was transported and cooled overrught before 

mlcro-vlruficatIOn m the Volcaru Center, WIthout the skm Red cultlvars were fermentedtwith the 

skm, mIxmg and wettmg the skins 4-5 tImes a day ACIdIty was adjusted by tartanc aCId to a 6 5 gil 

FermentatlOn was complete after 6-8 days, skms removed by pressmg, and the fermented wme 

collected In 25 I glass bottles, closed With air-locks Malo lactIc fermentatIon was Iruttated by the 

additlOn of Leuconostock oenos EQ54 bactena WInes were cold stabIlIzed for two weeks at 6 Co 

Wmes were clanfied by sedimentatlOn and siphorung, three tImes, every tIme addmg 20 ppm sulfur A 

taste panel of 12 expert evaluated the Wines, accordIng to color, smell, taste, and an over all grade 

(total maXimal score of 20 POInts) Sensory evaluatIon was by blocks and wmes withm each block 

were blmdly randomIzed 

The total score for all three wmes and treatments was above mtermedIate (11-14 pOIntS) 

WIthm a narrow range of up to 1 5 pomt m each cultivar (Table 9) In the red cultivars, Cabernet and 

Merlot, the lowest IrrIgatlOn rate treatment receIved a slIghtly better score (1 1-1 4 pomt hIgher) than 

the highest rate of IrrIgatIOn This dIfference was not statIstIcally sigruficant The Cabernet receIved 

slIghtly lower scores than the other two cultivars 

Leaf AnalYSIS The Nand P fertigatlOn m the expenment was proportIonal to the rate of IrngatlOn 

(Table 10) PotassIUm was not applIed, smce high levels were found In soIl and leaf analysIs m the 

5 



vmeyard til preVIOUS years NItrogen til the blade of Merlot at harvest til 1997, and potassIUm til the 

blade of the SauVIgnon at harvest til 1998 were at a deficIent level (Table 11 and Table 12) No other 

deficIency was detected III the vIlleyard 

In almost all cases Nand P ofleafpetIOle and leaf blade, at flowenng and at harvest, tilcreased 

as the rate of ImgatIOn-fertigatIOn was raIsed PotassIUm concentration, whIch was not fertigated, 

tilcreased close to harvest also, as the rate of IrngatIOn was raIsed (Table 10, Table 11 and FIg 4) 

Potassium concentratIOn at flowenng time, however, was almost always negatively correlated to the 

rate of Imgatlon (Fig 10) The OpposIte trend til K tissue content, between flowenng and harvest 

tImes IS a well-known phenomenon HIgher soIl water content facIhtated K solublhzatIOn, mass 

dIffusIon and uptake dunng the growmg season The reasons for the OpposIte trend III tissue K, 

between flowenng tIme and harvest, are not known 
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Table 1 The effect of lrngatIOn rate on shoot development of three grape cultlvars m a serm-and regIOn 
DestructIve samphng dunng 1997 (Merlot and Cabernet), and 1998 (Sauvignon) 

Lateral 
IrngatlOn Number of Shoots Shoot Length (em) growth 
Coeff Thm Truck Total Trun Truck Total (em) 

Sauvignon 

03 -1.3 8 a 1..J. 3 a 580 a 328 c 784 b 443 b 925 a 
04 445 a 158 a 603 a 486 b 1040 b 623 b 1028 a 
05 375 a 163 a 538 a 653 a 1400 a 894 a 12568 a 

p 05782 08157 06055 00051 00132 00122 02503 

Merlot 

03 22 b 263 a 523 a 301 a 645 c 482 b 324 a 
O..J. 303 ab 200 a 543 a 3..J. 7 a 794 b 636 a 723 a 
05 363 a 220 a 623 a 302 a 1014 a 767 a 1793 a 

p 00621 o ..J.419 o 1693 04033 00003 00081 02475 

Cabernet 

03 313 a 335 a 688 a 341 a 822 b 592 b 61 1 a 
O..J. 385 a 235 b 660 a 379 a 1073 a 841 a 211 1 a 
05 41 a 213 b 663 a 393 a 111 0 a 897 a 2538 a 

p 01877 00124 08341 0473 00101 00206 o 1902 
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Table 2 The effect of lrngatlOn rate on leaf development of three grape cultlvars In a serm-and regIOn 
Destructlve samplIng dunng 1997 (Merlot and Cabernet), and 1998 (Sauvignon) 

IrngatlOn Number of leaves I VIne Leaf Area (m2 I vIne) 
Coeff penphery InSIde Total penphery InSIde Total LAl 

Sauvignon 

03 726 c 161 
O~ 1077 b 239 
05 1330 a 296 

P 00027 

Merlot 

03 416 b 758 a 1174 b 265 b 386 b 651 b 145 
04- ~88 b 960 a 1448 ab 337 ab 565 a 903 ab 201 
05 940 a 893 a 1833 a 589 a 589 a 1177 a 260 

P 01098 00414 00762 00261 00144 0007 

Cabernet 

03 432 b 946 b 1378 b 231 b 548 a 779 b 1 73 
04 568 ab 1202 a 1770 a 311 ab 727 a 1038 ab 231 
05 771 a 1192 a 1963 a 456 a 7 11 a 1167 a 259 

P 00)9 00300 00414 00148 00761 0176 
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Table 3 Comparative LAI of three grape cultivars grown m a semt-and reglOn 

ImgatlOn coeffiCIent SauVlgnon 24 6 98 Merlot 20 7 98 Cabemet 20 7 98 

03 3 12 a 374 a 3 12 c 
O-l 411 a 433 a 412 b 
05 -l75 a -l27 a -l76 a 

p 01002 01209 00007 
F 3 5 3 1 303 

Table 4 Stem water potentIal (atm) of three grape cultivars grown m a semI-and reglOn 1997 

IrngatlOn CoeffiCIent Sauvignon 4 8 97 Merlot 4897 Cabemet 13 8 97 

03 -9 8 b -13 6 c -6 7 b 
04 -7 3 a -11 0 b -6 3 ab 
05 -6 6 a -80 a -5 2 a 

p 001888 00005 00414 
F 83 348 57 

Table 5 PhotosynthesIs (A), transplratlOn (E) and stomatal resIstance (S) of Sauvignon blanc 
grown m a semt-and reglOn 

IrngatlOn CoeffiCIent 

03 
04-
05 

A ( mol/m 2/S) 

82 b 
114 a 
10 9 ab 

13 b 
22 a 
2 1 a 

9 

.. q. a 
23 b 
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Table 6 YIeld, prumng weIght and fruIt load of three grape cultlvars grown In a serm-and enVIronment 

1997 1998 
Irngatlon Yield Prumng Load Yield Prumng Load 

Cultlvar CoeffiCIent (kg/Vine) (kg/Vine) (kg/Vine) (kg/Vine) 

SauVlgnon 03 60 b 04 b 164- a 07 e 
O-\. 84 a 07 b 13 0 ab 13 b 
05 91 a 13 e 91 b 18 a 

p 0064 00248 00212 00013 

Merlot 03 55 b 62 a 05 e 11 8 a 
04 74 a 75 a 08 b 90 ab 
05 81 a 69 a 09 b 77 be 
06 86 a 75 a 12 a 6 1 e 

p 00054 06804 0001 00081 

Cabernet 03 82 a 09 b 11 5 a 84 a lib 82 a 
04- 83 a 14- ab 67 b 80 a 18 a 41 b 
05 81 a 18 a 5 1 b 85 a 24 a 37 b 

P 09778 00634 00182 05933 00033 0009 
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Table 7 Matunty mdexes of three grape cultlvars grown m a semI-and regIOn 1997 and 1998 

SauVIgnon 

Merlot 

Cabemet 

Sauvlgnon 
9/811998 

Merlot 
10/8/1998 

Cabemet 
10/911998 

IrngatlOn 
CoeffiCIent pH 

03 347 
0+ 343 
05 350 
p 00409 

03 350 
04 3 51 
05 350 
06 350 
p 09945 

03 353 
04 349 
05 346 

ab 
b 
a 

a 
a 
a 
a 

a 
a 
a 

p 01398 

03 374 a 
04 368 ab 
05 365 b 
p 0270+ 

03 368 a 
04 371 a 
05 371 a 
06 371 a 
p 08101 

03 389 a 
04 386 a 
05 385 a 
p 06694 

Bnx 

1997 

216 
223 
228 

01782 

222 
22 1 
216 
214 

0+561 

228 
23 1 
232 

07997 

1998 

226 a 
204 a 
208 a 

00541 

205 a 
206 a 
203 a 
206 a 

08305 

23 I a 
228 a 
226 a 

06203 

a 
a 
a 

a 
a 
a 
a 

a 
a 
a 
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ACIdIty 
(gil) 

6 1 c 
69 b 
73 a 

00005 

65 a 
63 a 
65 a 
6+ a 
07182 

57 a 
60 a 
65 a 

03272 

6 1 b 
63 ab 
70 a 
03527 

89 a 
83 a 
87 a 
90 a 

00514 

52 b 
57 a 
60 a 

02952 

K 
(ppm) 

1596 
1581 
1669 

08375 

1303 
1271 
1335 

a 
a 
a 

a 
a 
a 

0.tE7916 

2292 a 
2109 a 
2200 a 
00527 

2271 b 
2221 b 
2312 ab 
2516 a 
04769 

2129 a 
2129 a 
2210 a 

00233 



Table 8 Cluster and Berry weIght of three grape cultivars Imgated wIth vanous pan A coefficIents In a 

seIDl-and regIOn 1997 and 1998 

ImgatlOn 1997 1998 

cultlvar coefficIent Berry Cluster Cluster Berry 

SauVlgnon 03 1016 c 1423 b 133-1- a 1 727 a 

0-1- 1165 b 1645 a 1441 a 1847 a 

05 1346 a 1 760 a 1503 a 1865 a 

p 00036 00126 05387 07644 

Merlot 03 1183 a 1 164 a 1048 a 1 158 a 

0-1- 1338 a 1201 a 1189 a 1 181 a 

05 1170 a 1222 a 1137 a 1230 a 

06 1227 a 1 186 a 125 1 a 1356 a 

p 05017 09488 06159 03755 

Cabernet 03 845 a 1023 a 693 a 1013 b 

04- 902 a 1 166 a 775 a 1 197 a 

05 927 a 1 137 a 795 a 1275 b 

P 06825 04249 02144 00195 

12 



Table 9 Sensory evaluatIOn ofwmes from three grape cultlVars lrngated wIth vanous pan A 
coeffiCIents III a semI-and regIOn 

Quahty 
Parameter 

Total 
Color 
Smell 
Taste 
Over all 

Total 
Color 
Smell 
Taste 
Over all 

Total 
Color 
Smell 
Taste 
Harmony 

03 

13 73 ±O 08 
293 ±O 04 
341 ±O 10 
609 ±O 04 
1 31 ±O 01 

1277 ±O 98 
327 ±O 16 
345 ±O 24 
576 ±O 46 
129 ±O 15 

14 31 ±O 60 
320 ±O 14 
386 ±O 16 
595 ±O 24 
130 ±O 08 

IrngatlOn CoeffiCIent 

04 05 

Sauvlgnon 

13 70 ±O 16 1378 ±O 06 
295 ±O 02 294 ±O 02 
346 ±O 07 351 ±O 03 
598 ±Oll 604 ±O 05 
1 31 ±O 03 129 ±O 01 

Cabemet 
1236 ±O 86 11 36 ±O 71 
324 ±O 17 279 ±O 09 
338 ±O 16 344 ±O 15 
554 ±O 49 509 ±O 38 
121 ±O13 107 ±Oll 

Merlot 
13 34 ±O 47 1385 ±O 26 
304 ±O 16 3 17 ±O 09 
350 ±O 08 363 ±Ol3 
563 ±O 20 580 ±OIl 
1 18 ±O 08 125 ±O 04 

Table 10 Annual nItrogen and phosphorus fertlgatlOn, applymg three lffigatlOn coeffiCIents m 
the vmeyard 

Sauvlgnon 
Merlot 
Cabemet 

03 

49 
71 
53 

04 

65 
95 
70 

05 

81 
119 
88 

03 

56 
82 
6 

13 

04 

75 
109 
8 1 

05 

93 
137 
101 

06 

1321 ±O 30 
288 ±O 06 
336 ±O13 
572 ±O 16 
125 ±O 06 



Table 11 Leaf analvsls of three grape cultlvars lmgated wIth vanous rates of water m a senu-and regIon 1997 

N~N03 N P S K Ca Mg 
ppm %DW %DW %DW %DW %DW %DW 

SauVlgnon 
petlole 03 2567 166 b 0395 b 0098 296 124 1 15 
21597 04 2726 238 a 0429 b 0091 285 125 1 17 

05 3090 253 a 0498 a 0096 3 12 1 21 108 

P 02388 00472 00052 04594 05229 05501 o 18-1-5 

blade 03 1380 b 335 b 0233 b 0237 1 12 194 057 
0-1- 1643 b 349 b 0245 ab 0237 102 1 93 060 
05 2016 a 387 a 0266 a 0243 104 197 061 

P 0006 00159 00374 08521 o 1809 08774 0-1-277 

petlole 03 1878 b 1 10 b 0108 b 0073 096 b 154 1 70 
-1- 8 97 0-1- 1754 b 104 b 0141 a 0072 1 32 b 150 172 

05 2439 a 122 a 0230 a 0072 222 a 1 39 154 

P 00006 00071 00097 08908 00083 01788 01315 

blade 03 1540 2 18 0122 o 188 055 b 244 064 
04 1505 220 o 121 o 181 062 b 224 057 
05 1605 2 12 o 146 0208 087 a 258 064 

P 05061 04140 o 1380 04015 00307 04201 0462 

Merlot 
petlole 03 3733 b 155 0365 0097 3 12 140 1 19 
21597 OtE4 -1-156 b 1 70 0436 0087 286 126 113 

05 5428 a 1 78 0485 0097 270 126 1 18 

P 00004 o 1765 00830 06668 05201 03874 08771 

blade 03 3020 a 350 0215 b 0228 III 177 0549 
04 2833 ab 364 0234 ab 0230 108 167 0533 
05 2525 b 367 0248 a 0226 107 1 73 0562 

P 00324 o 14-1-7 00494 09131 07543 06594 07356 

petlole 03 1941 094 o 158 0094 163 b 225a 1 89 
4897 04 1886 087 0228 0085 232 ab 192b 1 78 

05 1949 095 0299 0085 300 ab 180b 1 79 

P 09057 00830 00858 03466 00530 00142 07485 

blade 03 1802 192 a o 142 b 0220 070 253 069 
0-1- 1760 182 b o 141 b 0212 081 236 062 
05 2006 188 ab 0169 a 0220 094 243 066 

P o 1514 00300 00309 01130 00776 04506 0503-1-
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(contmue Table 11) 
N-N03 N P S K Ca Mg 
ppm %DW %DW %DW %DW %DW %DW 

Cabernet 

peu.ole 03 2180 b 132 b 0372 0083 220 132 096 
21597 04 2466 ab 159 a 0403 o 128 1 83 1 30 103 

05 2618 a 165 a 0423 o 12..J. 152 127 102 

P 00715 00256 06750 05452 o 1119 08785 o 5453 

blade 03 1348 a 349 0228 0231 098 142 0-+7 
0-+ 1278 ab 386 0240 0248 090 135 047 
05 1219 b 379 0255 0246 082 153 050 

P 00826 03102 0223 02567 0090 03116 02855 

petIole 03 2032 b 136 0100 0067 1 78 b 211 163 
19897 04 2227 a 140 0101 0077 248 ab 192 161 

05 2352 a 1 41 0111 0068 327 a 1 78 146 

P 00048 07640 07090 o -+931 00569 02503 03471 

blade 03 1647 b 2 -+3 0117 o 159 049 b 186 0-+9 
04 1804 a 252 0128 o 175 063 ab 199 052 
05 1859 a 241 o 131 o 171 073 a 188 049 

12 00327 o 1990 03618 03059 00239 04000 06436 
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Table 12 Leaf analysIs of three graQe cultlVars Irngated wIth vanous rates of water m a serm-and 
regIOn 1998 

N-N03 N P S K Ca Mg 
ppm %DW %DW %DW %DW %DW %DW 

SauVlgnon 
Penole 03 787 c 078 b 0326 b 0077 3 15 123 106 
10598 04 917 b 089 a 0387 a 0074 263 1 21 1 13 

05 1070 a 091 a 0-1-39 a 0074 269 1 16 102 

P o 0l..J.4 00196 00086 06398 01722 01125 0101 

Blade 03 238 143 b 0218 021 1 1 172 051 
04 2-1-5 1 51 a 0234 0214 093 172 052 
05 261 1 57 a 02-1-8 022 098 1 78 055 

P 02904 00103 01161 03367 0079 07215 02819 

Peno1e 03 470 102 0108 007 031 1 91b 2 15 
27798 04 503 102 0105 0065 0432 195ab 2 19 

05 472 105 0104 0065 042 205a 2 15 

P 06556 06763 09323 0-1-03 06972 00382 09434 

Blade 03 410 248 0113 0179 03-1-5 305 081 
04 408 243 0106 0166 0375 276 071 
05 422 244 o 121 o 18 0-1-2 3 14 076 

P 09050 07808 05413 05216 06305 02764 01808 

Merlot 
penole 03 1012 b 213 e 0439 0092 298 1 7 a 1 19 a 
10 598 0-1- 1093 b 234 be 0464 0086 278 168a 1 31 a 

05 1271 a 269 ab 0608 0096 253 16 a 1 31 a 
06 1389 a 304 ab 0481 0091 301 14 b 1 01 b 

P 00003 00029 00611 07224 o 1594 00156 00116 

blade 03 326 433 e 0235 0234 106 201 053 
04 310 4 -1-9 be 0233 0222 099 198 05-1-
05 328 459 be 0263 0218 095 2 19 06 
06 286 492 a 0276 0252 1 11 189 052 

P 05209 00008 03236 02891 04417 06643 05253 

petIole 03 579 095 b 0114 0079 097 24-1- 2 13 
9898 04 564 102 b o 127 0079 087 242 23 

05 581 1 17 a 0231 0079 1 38 235 237 
06 520 125 a 0179 007 1 71 202 1 81 

P 02475 00001 00908 07498 02214 04202 00754 

blade 03 439 be 229 b o 117 b 0178 051 e 255 06) 
04 410 e 224 a o 123 b 0185 055 be 268 071 
05 503 b 259 a 0140 a 0182 07 ab 257 071 
06 573 a 256 a o 142 a 0187 073 a 274 06) 

P 00020 00042 00049 07505 00311 03331 03336 
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(contmue table 12) 
N-N03 N P S K Ca Mg 

ppm %DW %DW %DW %DW %DW %DW 

Cabernet 

petlole 03 674- 165 b 0325 0074- 271 1 4 082 
10 5 98 0.+ 662 192 ab 0399 0075 202 129 087 

05 677 208 a 0443 0076 1 73 128 084-

P 09620 00417 00115 09311 00012 01652 07986 

blade 03 224 393 b 0227 0228 099 172 046 
04- 235 427 a 0256 0234- 087 158 04-5 
05 223 442 a 0272 0235 081 155 045 

P 00639 00110 00049 06044 00334 00964 08697 

petIole 03 213 1 3 0085 0077 177 267 l67 
25898 04 219 137 o 121 0083 224 249 167 

05 180 1 33 0125 008 2 15 246 165 

P 03807 04707 05773 05465 05729 06311 09849 

blade 03 102 221 0104 o 15 0538 2 16 0483 
04 95 226 0112 0158 0647 2 19 0515 
05 102 228 0113 o 151 058 204 0465 

P 08629 03811 03514 04412 01258 0281 02268 
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Israel. 

Dr. Eduard Madenov, 
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After collabora~~ve ~scuss~on w~th Israel~ ~nvest~gators on the 
proJect,the exper~er-t scheme, prov~d~ng for d~ferent spaces oet
ween the dr~ppers but w~th equal total wa~er d~scharge for drip

pers accord~ng to e~er~ent var~ants~was deter.m~ned. 

The dr~ppers w~th compensate pressure and t~ed water d~scharge of 
2 and 4 l/h were foreseen. 
Exper~ent var~an~s: 

1- one dr~p l~ne w~th ~e space at 1m be~een dr~ppers and wa~er 
d~schange of dr~ppers 4 l/h. 

2- two paralled dr~p l~nes w~th the space of 1m oetween dr~ppers 
and water d~scharge of 2 l/h. 
3- one dr~p l~ne w~th the space of O,5m between dr~ppers and water 
d~schange of 2 l/h. 
S~X repl~cat~ons ~n full rendom~zed block under one ~stem of v~ne 

• 
tra~n~ and ~th appl~cat~on of m~neral fert~l~zers together w~tn 
water, deter.m~ned by culculated method. 
The elaborated scheme of exper~ental dr~p ~rr~gat~on system ~s 
shown on the F~g.1. The total water d~schange w~th s~ultaneous 
work of dr~p l~nes ~s 7,2 l/h or 2 horse-power (h.p.). 
Accord~ng to natural-cl~at~cJ econom~c and agrotechn~cal cond~t~ons 

GLf} 
tecnn~cal work-plan was carr~edvIor the proJect~ng the exper~ental 
system of dr~p ~rr2gat~on and was passed to the f~r.m Netaf~ ~ for 
the d~str~but~on of the orders for mak~ng and del~ver~ng the ~rr~
gat~on equ~pment. The t~e of order mak~ng ~s not later than the 
end of February 1998, to the beg~nn~ng of ~rr~gat~on season the Q,Ys

tam should be mounted on the exper~ental plot. 
For sett~ng a f~ld tr~al on grape plantat~on the plot on l~gnt 
chestnut so~ls ~n sovkhoa uGigantlt of Almat;y reg~on was deteI!!l1.!led. 
S01.1 data are character~zed by rather low content of humus (1,O-1,5fo) 
hJdrolJz~ng n~trogen, mob~le phosphorus, excnangsable z~nc and moo~le 
cobalt. The samples of grape leaves were taken from four repl1.cat~ons 
on the ploto The samples of leaves w~th cutt1.ngs were taken at tne 
end of vegetat~on - ~n October. Tne results of the analyses are g~ven 
on the Table 1. 
Analy~~cal mater~als on leaf analys1.s testlfy to the fact, that V1.ne 
plants on ~ne plot are suffered from the def~c1.ency of phosphorus, 
potass~um and partLally z~nc. On some parts of the ploG there was 

n~trogen def~c~ency. Grow~ng cond~t~ons of grapes on the plo~ 1.~ 1997 
lj 

because of dry and hot summer and ..vater def~t were not qU1.te favourabls Q 
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On ~e whole the product~v~ty and development of Vlne plants ~n 
1997 are character~zed bJ the followlng lndexes: 
- mean mass of grape buncnes - 162,3 g. 

- % of fru~tful shoots - 6($, 

- produCt~Vlty coefflClent - 1,44 
- Yleld per a buSh - 10,1 kg 
- Yleld evaluated In ha - 18,4 g. 
- average shoot length - 73,2 cm. 
- degree of shoot r~pe~~ng - 69,2%. 

:3 

On the whole accordlng to tne data of lea! anal~s~s It lS posslble 
to expect good effect from fertlllzer appllca~lon under drlp lrrl
gatlon on grape plantat~on. 

The ~nvestlgators: 

Dr. E.Madenov ~!Cfl 
r --

Dr. A .Bondartsev ~ -:;Ir 

Dr. G.A.drlanova 



Table 1. 

Leaf analysls on experlmental plot (October,1997) 

% of dr,y substance mg/kB of dr,y substance 
Varlet-y Repl1cat1on 

N P205 K20 CaO MgO Fe Zn Co Mn B 

t 1.Repllcat.lon 1,75 0,26 e,26 4,8 1,24 I 189 25,9 1,85 54,1 18,6 

Muscat. I 2.Repl1CaG1On 1,62 0,26 0,;56 4,6 1,13 I 178,2 26,8 1,62 27,2 19.0 

Jantarny 
j.RepllGcl..t1on 1,90 0,30 0,33 4,0 1,40 I 233,3 19.9 1,59 31,1 24,6 , 

t 4oRepl.lcatlon 1,79 0,41 0,33 4,1 ~lt1.3 , 175,0 19,9 1,56 2fl,4- 28,1 

I Average content t I, 'lL 0, .51 O,"}2 4,4 1,22 i 193,9 2;),0 '} , 11~ 29,9 22,8 
on the plot. 

I Optllllal content 1,79 0,38 0,43 26,-31 17-28 
I 1D grdpe lecl..ves ' 1,9 0,40 0,61 

Note. 111 colomn ttopt.J.lllal contentl! the generalized Ilterary and own data are glven. 

s 



REPORT 

on the sc~ent~~c v~s~t to Israel under AID coopera~~ve proJect 

"Dr~p fertl.gat~on of grape v~nesn, Grant no TA-MOU-96-CA15-ooa 

between rhe Volcanl. Center ~n Bet-Dagan, Israel and The Kazakh 
Research Instl.tute of Frul.t and Grape Growl.ng. 

The Vl.Sl.t to Israel of the Kazakhstan sCl.en~~sts Dr. E.~adenov and 
Dr. A.Bondartsev l.n September 15-22,1997 was very ~portant for ~e 
further l.nvestl.gatl.ons on the proJect and for more pre Close defl.nl.~l.on 

of the work-plan of experl.ments on grape plantatloons, lorrl.gatloan s,ys
tems and the drl.p lorr105Qtloan equl.pment. 
In dl.fferent natural-cll.matloc condl.tl.ons of Israel, ~ exper~ental
-research sta~loons, Kl.bbutzes, prlovate faxmsjdl.fferent varloetloes of 
frulots, grape, subtroplocal crops, advanced tecanologl.es of frul.t and 
grape productloon were shown to the Kazakhs~an l.nvestl.gators. 
We got acqualontance Wl.th very l.nterestlng researches, conducted at the 
Instl.tute of Hartl.culture, on effectlove methods of water and fertlollozer 
use and drl.p l.rrlogatl.on. Profound lonvestlogatl.ons on tne complex 
tfsol.l-water-planttl are conducted at the Instl.tute. The l.rrlogatl.on con
structl.on and the use of unproductlove lands under orchards and grape 
plantatl.ons by means of dr~p fertlogatloon l.mpressed us greatly. 
A ver,y care of water resources l.n Israel predetermloned the development 
and spreadl.ng everywhere the most econaml.cal l.rr~gatl.on means suen as 
a drlop lrrl.gatl.on. Sprl.nkler lrrlgatlon aslo l.S used In vegetable and 
technlocal crops. 
Durlng our Vl.Slot to the company Netaflrm and to the fl.r.m DAN, produclng 
l.rrl.gatl.on equl.pment we had the possl.ololl.ty ~o get acqualontance wlth 
many sCl.entlofloc and deslgn elabora~loons and wlth productl.on technology 
of wl.de klonds of devl.ces for completl.ng sprl.nkler and drl.p l.rrl.gat~on 
systems. We were greatly ~fressed by automatlc dl.vl.ces for l.rrl.ga~l.on 
sys~ems and dl.stance monlotorl.ng for each element of the system, Nh~ch 

allow to regulate quantl.ty and frequency of wa~er ana fertl.ll.zer sup-
plYl.ng. 
Great l.nterest represents the technology of grape productl.on ~n Israel. 
tralonl.ng systems of Vlone bushes and thel.r prunl.ng, maaal.ne harvestlong 
of technlocal grape varloe~l.es, management of sOl.ls In row-spaces and 
Wlothln rows a~d so on. The selec~l.on of grape varl.st1.9S, thelr exac~ 
dl.strl.DutloOn accordl.ng to ~~tural zones are, undouotedlYI of a great 
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success of Israel~ sc~ent~sts ~ grape product~on. Ver,y ~nterest~ng 

works are conducted b-y the ~nvest~gators of the Inst~tute of E:ort~

culture on select~on and oree~ng of new grape var~et~es, espec~ally 

of seedless var~et~es. The authors of the repor~ express the~r deep 
grat~tude to Prof. I:saac Klem for h~3 wam rece~pt and the prom~fte* 

profess~onal snow of the ~vest~gat~ons on the tecnnology grape pro
duct~on, grape var~et~es, ~rr~gat~on systems and ~s nelp ~n del~ve

r~ng dr~p ~rr~gat~on equ~pment to Kazakhstan. 
The advanced technology of grape product~on)select~on and oreed~ng 

of new var~et~es and d~fferent methods of ~rr~gat~on sYstems, elaoo
rated b~ Israel~ sc~ent~sts, are of great ~nterest and very useful 
for the fu~ure development of the Kazakhstan v~t~cultureo 
The results of our v~s~t to Israel were reported to the 5c~ent~f~c 
Counc~l of the Research In3t~tute of Fru~ts and V~t~culture and w~ll 
be publ~aned ~n Agr~cultural Sc~ence Journals of Kazakhstan. 

Dr. E.Madenov ~~ 

k-:~/-Dr. A .Bondartsev. / y . 
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Expenment scheme proVldes for dlfferent dlstance between dnppers but w1th 
equal sum dnpper expenses accordmg to vanant of the expenment WIth thIS 
ann dnppers are Wlth pressure compensatIOn and fixatIOn of water dIscharge of 
2 and 4 lib 
The expenment conslsts of the folIowmg varIants 
A - One dnp 11ne WIth the dlstance between dnppers of 1m and water dIscharge 
of drIppers 4 11h 
B - 2-paralleled dnp hnes wIth the dIstance between drIppers of 1 m and water 
dIscbarge of dnppers 2 lIh 
C - One dnp hne Wlth the dlstance between drIppers of 0 5rn and water 
dIscharge of dnppers 2 lib 
SIX repbcatlons In full r~domlzed block under one system of grape bush 
trammg and the apphcatlon of ImgatJOn water sImultaneous1y Wlth fertIlIzer 
doses N 60 P 60 K 120 of actlve substances, detennmed for lITIgated grape 
plantatIOns Wlth furrowed rrngatIon In south-east of Kazakhstan 
S01)S on expenmental plot are hght·chestnut, medIum loamy wlth humus 
content In arable honzon of 1 5-2% and comparatIvely low content of 
hydroiyzmg mtrogen, movable phosphorus and exchangeable potassIUm and 
ZInC Analytical matenals on grape leaf analysls, conducted m 1997 also 
showed the deficlency of phosphorus potassIUm and ZInC ill grape leaves, III 

some cases - low mtrogen content 
Because of severe damage of grape bushes by spnng frosts In current year the 
works on reproductJon of grape bushes WIth rate settmg of loads were 
conducted all expenmental plot dunng summer As a result of thIS treatment 
urufonned background was created for trIals accordmg of the workmg program 
on the Project next year 
Tn 1998 the eqUIpment and matenals for construction of water-collectmg umt 
conslstmg of channel, c1anfymg tank, pumpmg statIon and the place for 
dIstnbutIOn umt were purchased 
Because of unuseful expenses on orchard guard thIS year, the lITigatIOn system 
Wlth drIpper ]mes Wlll be mounted to the begmmng of ImgatlOll season m 1999 

Pnnclpallnvestlgator 

Dr Eduard Madenov 

I n vest] gators 

Dr Adnanova G P 

Dr Bondartscv A J - f~, <,/ p( f('() "" i 
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GRAPEVINE LEAF-AREA-INDEX EV<\LUATION BY GAP FRACTION 
INVERSION 

Shabt3.1 Cohen 1, MIchael J Stnem2, Moshe Bruner3, Isaac Klem2 

1 Inst Sotl, Water and Env SCI, Volcaru Center, Bet Dagan 50250, Israel 

2 InstItute of HortIculture, Volcaru Center, Bet Dagan 50250, Israel 

3 Carmel, South Hebron RegIOn 90102, Israel 

Key Words VItlS vznzjera L , canopy, ImgatIOn, prurung weIght 

Abstract 
Controllmg the ratIO of grapeVIne vegetatIve growth to yteld IS an Important 

management obJectIve, smce tms ratIO has a consIstent relatIOnsmp to grape quahty In 
thIS study, the relatIOnsmps between several vegetatIve growth parameters and YIeld 
parameters were studIed, on three grapevme cultlvars, m the framework of Imgatlon 
tnals for evaluatmg three Pan A Imgatlon coefficIents for optlmtZmg YIeld and wme 
qualtty m the semI-and Arad Plateau, near the Dead Sea, Israel Leaf-Area-Index 
(LAl) was evaluated by Gap FractIOn InverslOn (GFI) measured at three zeruth angles 
usmg two hnear PAR probes (Ceptometer and SunLmk) PAR tranSmtttance of 12 
vmes m each of the cultIvars SauvIgnon blanc, Cabemet SauvIgnon and Merlot were 
measured 7 to 8 tImes from bud-break, at 7-14 days mtervals Shoot elongatIon, 
number of leaves and leaf area (evaluated form vem measurements) were measured 
sImultaneously With GFI, on the same VInes After full canopy development, 
destructIve samplmg of the VInes was made to determme total leaf number and area, 
shoot number and length, and vme dry weIght Prurung weIghts of 10 adjacent vmes, 
receIvmg IdentIcal IrngatIOn treatments, were recorded dunng wmter 

LAl (1 50-5 45), evaluated by GFI, was mghly correlated WIth leaf area of 

tagged shoots (200-3000 cm2/shoot) on the vme and WIth leaf area (561-15 85 

m2/vme) measured by destructIve samplmg 
Weekly mterval measurements of shoot elongatIon and leaf area, and total shoot 

length, were found to be rehable and useful tools for estlmatmg vmeyard canopy 
development and SIze SImIlar leaf areas of Merlot, Cabemet Sauvlgnon and 
SauVIgnon blanc were assocIated WIth a wIde range of wmter prurung weIghts 
EstImatmg actual canopy coverage (LAl) from GFI, for charactenzmg fruIt load m 
vmeyards m relatIOn to frUIt qualtty, was found to be equally rehable to measurements 
of wmter prurung weIghts, offenng the advantage of measurements m real tIme 

IntroductIOn 
Wme qUalIty IS hIghly dependent on grape qUalIty VItIcultural practIces mfluence the 

qUalIty of the fruIt, through changes m vme VIgor and Yield The vegetatIve and 
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reproductive balance, expressed as a Crop Load (CL) value, has been correlated to wme 
quahty (Bravdo et al, 1984, Hepner et al, 1985) The CL value IS calculated as the ratIo of 
(summer) yIeld to the followmg (wmter) prurnng weIght of the wme For 'Cangnane' and 
'Cabemet SauVIgnon', the optunum WIne quahty was at a CL value of 10-12 It IS 
reasonable to assume that CL value drffers for dIfferent cultivars, dependmg on theIr Vigor 
Actually, photosynthesIs and other metabolIc processes m the leaf are responsible for 
changes In fruIt quahty, rather than prunmg weIght per se Therefore, the leaf area, rather 
than prurnng weIght, should be utilized for the expressIon of crop load Estunation of leaf 
area IS fundamental not only for CL expreSSIon but also for calculations of ET from energy 
balance models, I e by unpiementation of the Penman-MonteIth equatIOn, for rrngation 
purposes (Fuchs et al, 1987) 

Several protocols for estunatmg vmeyard leaf area have been developed In the past 
The SImplest one correlated !mear measurements to total vme leaf area (Carbonneau, 
1976a and 1976b, Gonzalo and KlIewer, 1983, Elsner, 1988, Grantz and WillIams, 1993, 
Sommer, 1994, Mabrouk and Carbonneau, 1996) These measurements are tedIOUS and 
tIme conSumIng Recently, With the development of gap fractIon mverSIon (GFJ) theory 
and appropnate commerCIal InstrumentatIon (Welles and Cohen, 1996), rapId Vineyard 
LA! measurement became feaSIble (Sommer and Lang, 1994) 

In tms research a protocol for measurement of LA! With lmear photosensor array 
probes (Cohen et al, 1997), was adapted, tested and valIdated for grape vmeyards The 
protocol Involves measunng a large gnd of tranSmIttance of photosynthenc radiatIon 
through the canopy In addItIOn, shoot leaf area and length were studIed 

Materials and Methods 
The study was carned out on the grape cultivars Sauvignon blanc, Cabernet 

Sauvlgnon and Merlot, m a commerCial vmeyard m the Arad Plateau (31 0 18' N, 35 0 

08' E), m Israel The dnp-Irngated vmeyard was planted m 1989, at a plantmg dIstance 
of 1 5x3 m Vmes were double-arm tramed on a T bar (20 cm WIde honzontal bar) 
trelhs, tYPIcal for mecharucally harvested wme productIOn m Israel Shoots were 
growmg on the vme undIsturbed from bud break untIl ca 6 weeks, when they were 
repOSItIoned by raIsmg two WIres from the ground and plaCIng them on the honzontal 
bar at the top of the trellis 

An expenment was set up m the Vineyard m 1992, evaluatmg three pan A 
lrngation's coeffiCIent of 03, 04 and 0 5 These coeffiCIents estabhshed a range of 
canopy volumes Irngation treatments were rephcated 4 tImes, In a randomIzed block 
deSIgn In each of the three cuitlVars Each rephcate conSIsted of 3 adjacent rows of 40 
VInes each Data In the IrngatIOn tnal was collected from 10 deSIgnated VInes In the 
center row The VIneyard was clean cultIvated and the expenmental plots receIved 
standard maIntenance practIces 

A typIcal SIze vme was selected from the border row, In each rephcate (total of 
12 vmes per cultIvar), for canopy development measurements, for grapevme 
leaf-area-mdex evaluatIon by GFI, and eventually for destructIve samplIng Four 
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shoots per vme were tagged for measurements of length, number of leaves and leaf 
area Leaf area on the vme was calculated from equatIOn developed on detached leaves 
of each cu1tIvar, by correlatmg the sum of the first two lateral vems to leaf area 
(Carbonneau, 1976) Canopy development measurements were earned out at weekly 
mtervals for the first month of growth after bud break and at 10-14 day mtervals 
thereafter LAl and canopy development measurements were earned out on the same 
vmes After growth cessatIOn the vmes were destructIvely sampled for measurements 
of total leaf area and shoot length Measurements were earned out on Merlot and 
Cabernet Sauvignon m 1997 and on SauVIgnon blanc m 1998 

Canopy tranSmIttance measurements for gap fractIOn mverSIOn (GFI) were 
earned out wIth 80 em lme photo-sensor array (LP A) probes (Decagon Ceptometer 
and Sunlmk) The Ceptometer has two modes of operatIOn, one that gIves readmgs 
from one of the sensors, and the other gIves averages for all 80 sensors The Sunlmk 
was connected to a datalogger, whIch collected raw readmgs from all sensors These 
readmgs were converted to radIatIOn values m offlme processmg usmg calIbratIOn 
coeffiCIents for each sensor Measurements were camed out by positIOrung the probes 
on the soIl surface, along lmes parallel to the row (FIg 1) Measurements were made 
at two or three sun angles dunng the day dependmg on whether early morrung 
cloudmess prevented measurements at large zeruth angles Sun angles were chosen 
from a table of solar angles computed for the day of measurement and the map 
coordmates of the vmeyard A computer program was wntten to calculate these angles 
and pnnt the tables 

In practIce the three angle groups measured were 42°_50°, 25°_30°, and 10°_15° 
(the mirumum zeruth angle for the day) Morrung measurements (42°_50° angle) were 
made every 30 cm and the remammg two, when the shade contracted, every 15 em 
Measurements extended 15-30 beyond each SIde of the canopy shadow Two 
succeSSIve stnps of 80 cm (total of 16m) were measured per vme 

Reference measurements of dIrect and dIffuse solar rrradIance were made outsIde of 
the canopy by shadmg mdiVIdual sensors on the lmear photo-sensor array (LP A) probe 
With an occultmg dIsk CalIbratIon of LPA probes was as descnbed by (Cohen et ai, 
1997) 

Non-beam PAR rrradiance below the canopy was measured With a smgle sensor on 
the LP A probe eIther by positIOrung the sensor m the shade, or by shadmg the sensor from 
a dIstance of at least 50 em Without obscunng the mter-row gap AlternatIvely, when usmg 
the Sunlmk the mrrumum value of the 80 sensors (placed parallel to the row) was taken as 
the non-beam rrradtance For the purposes of thIs study, the two methods gave eqUIvalent 
results 

Transmrttance of dIrect radiatIOn was taken as the dIfference between total and 
non-beam PAR at the gnd pOSItIOn, dIVided by the dIfference between global and dIffuse 
PAR IITadlanCe outSIde of the canopy These values were converted to log values In order 
to complete the gnd for Vineyard LA!, addItIOn values of urut transmrttance should be 
added, but smce theIr log IS zero, determrnation of vmeyard LA! was by diVIdmg the total 
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of the log values by the number of measurements needed to cover the full row Averages of 
loganthrrucally averaged tranSITIlttance for two or more solar zeruth angles were used to 
determme LAI and mean leaf angle (Norman and Campbell, 1989) 

Results 
DIrect determmatIOn ofLAI was from destructive samplIng of all leaves on 36 

grapevInes, I e four VInes from each of three treatments In each of the three vanetles 
DIrect and GFI measurements are compared In figure 2 GFI measurements below 
each VIne were 16m long (I e one gnd, see fig 1) However, hnear scans of radiatIOn 
below other canopies have shown that averages converge to the true average only 
after several meters (e g Norman and JarviS, 1974, Cohen and Fuchs, 1987) For thIs 
reason results from measurements gnds In the repetitions were combIned to get scan 
lengths of 3 2 and 6 4 m, for two and four repetitions, respectively The latter results 
are also presented In fig 2, and show that the additIOnal averagIng Improves 
measurements The ImplIcatIOn that more than 5 m IS necessary for reasonable 
accuracy IS sundar to findIngs for rows of com (Cohen et ai, 1997) Differences In 
slopes found between the vaneties are discussed below 

GFI estimates of LAl and shoot leaf area measured on different dates are 
compared With groWIng degree-days (GDD) In fig 3 PolynOlmal regreSSIOn was used 
to fit the data, gIVIng for LAl r2 values >0 7 In all cases and In 3 of the 9 cases >0 9 
The polynomtal fits show that the GFI measurements were able to differentiate 
between the three IrrIgatIOn levels In the three vanetles On the date before the last 
measurements, the canopy was compacted because the outlYIng shoots were 
repOSItIoned (see methods) ThIs caused extreme clumpIng of the canopy leadIng to 
underestimates of LAl, as would be expected for extremely clumpy conditions (see 
Welles and Cohen, 1996) 

VegetatIve growth parameters of the three vanetles, I e shoot length and number 
of leaves, and prurung weIght were found to be hIghly correlated With shoot leaf area and 
GFI estunates of vmeyard leaf area mdex (LAl) Table 1 gives the? values for the three 
vanetles, With the three ImgatIOn treatments taken together The highest r2 values were 
for the relatIOnshIp of shoot leaf area to shoot length So, shoot length may be a 
promiSIng parameter for morutonng vegetatIve development PrunIng weight and LAl 
were both well correlated WIth shoot leaf area The LAl values used for computIng 
these correlations were from two radiation transects, leI 6 m length It IS lIkely that 
IncreaSIng the measurement length would Improve the correlation However, the 
current results only show that correlation of measured LAl to shoot leaf area IS SImilar 
to that of prurnng weIght 

DISCUSSIOn 

The GFI protocol used here IS deSigned to deal With the follOWing problems 
1 Scattenng of radiatIOn by leaves 
2 Canopy clumpIness due to two factors - row structure, and branchIng structure 
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3 Sunultaneous determmatIOn ofLAl and leaf angle dlstnbution 
Scattenng of radIatIon In the canopy IS dealt wIth by USIng sensors In the PAR 

waveband, In wruch leaf scatterIng IS small (approXImately 15%), and subtractIng 
measurements of non-beam radIatIOn from the reference measurements outsIde of the 
canopy and below the canopy Under the canopy the measured non-beam component 
Includes the small scattered component Therefore, the result after processmg IS 
actually a measure of tranSmIttance of dIrect radIatIOn, whIch conforms to stnct 
apphcatIOn of gap fractIon mverSIOn theory 

Clumpmess due to shoot and row structure IS dealt wIth by measunng short 
scans (1 e 80 cm scans from mdividual measurements With the LPA probe), 
convertmg these to the loganthm of transmIttance, and averagIng the full gnd as 
loganthmic values The gnd IS bUIlt to evenly sample all the area of the row shadow 
When the full gnd IS averaged then the mean log value IS converted back to 
transmIttance for further processmg The approach of loganthmtc averagIng was 
developed by Lang and Xtang (1986) They recommended that lmear averagmg length 
should be approxImately 10*D, where D represents the charactenstic leaf dImenSIOn 
However, Cohen et ai, 1997 showed that If measurements are made parallel to the 
row then averagmg length has only a mmor mfluence on LAl estImatIOn, so that the 
80 em average should be close enough to 10*D Recent compansons of drfferent 
averagmg lengths for apple orchards also showed that when measurements are parallel 
to the row, then averagmg length does not have to be preCIsely 10*D (Cohen et ai, 
1999) 

Companson of GFI estunates of LAl to dtrect measurements (fig 2) shows that 
slopes are close to uruty for Merlot and SauVlgnon blanc, but less than uruty for Cabamet 
sauVlgnon In addttIOn, the mtercepts for SauVlgnon blanc and Cabamet sauVlgnon were 
hlgher than zero Results for Merlot were the most satIsfactory The dIfference between 
the three vaneties was unexpected, smce the GFI protocol should have general 
applIcabIlIty to all grapevmes With SImilar leaf SIZes POSSIble reasons for dIfferences would 
be dIfferences m clumpmess, and the mclusion of non-leaf elements m the GFI estImates 
Clumpmess causes underestImatIOn m GFI, so results for Cabamet sauVlgnon mdicate 
illgher clumpmess for tills vanety Sigruficant area of non-leaf elements cause a large 
mtercept, as found for SauVlgnon blanc How, charactenstics of the drfferent vaneties 
must be corroborated by other measurements, or by addItIonal analyses of the GFI 
measurements, before conclUSIOns about the nature of the vanetIes can be made Thls 
aWaits further research 

Table 1 shows the good correlatIon obtamed between LAl and prurung weIght 
measured m the preVlous, or the followmg wmter Prurung weIght of the followmg 
wmter IS WIdely used m VItIculture m relatIOn to YIeld m order to balance vegetatIve 
development WIth frUIt productIon (e g Smart and Robmson, 1991) Smce prunmg 
weIght IS only measured m the wmter and It'S ImphcatIOns WIth respect to vmeyard 
management can only be apphed the followmg year, It IS clear that methods hke GFI 
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are supenor, as they can be used to evaluate vmeyard development dunng the same 
year 

Shoot development IS one of the sensItIve mdicators of water stress (Hsiao, 
1990), and therefore the relatlOnsllip of LAl to shoot parameters mdicates that GFI 
may have value for morutonng plant development and stress level 

ConclusIOns 
GFI estImates of LAl were hIghly correlated wIth destructIve samples of LAl, 

but wIth the exceptIon of Merlot, they dId not gIve accurate estImates of LAl Tllis IS 
assumed to be due to the fact that GFI estImates mdude SIlhouette areas of non-leafy 
elements and also to dumpmess not adequately dealt wIth by the measurement and 
analysIs protocol Further research wIll focus on findmg ways of IdentIfymg 
dumpmess m the GFI measurements Meanwllile, empmcal relatIOns could be used to 
attam more accuracy from GFI measurements 

Weeldy mterval measurements of shoot elongatIOn and leaf area, and total shoot 
length, were found to be rehable and useful tools for morutonng vmeyard canopy 
development and SIze Sumlar leaf areas of Merlot, Cabernet Sauvignon and 
Sauvignon blanc were assocIated WIth a WIde range of Winter prurung weIghts 
Estimatmg actual canopy coverage (LAI) from GFI, for charactenzmg fruIt load m 
vmeyards m relatIOn to fruIt qualIty, was found to be equally rehable to measurements 
ofwmter prurung weIghts, offenng the advantage of measurements m real tIme 
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Table 1 CorrelatIOns (r2) of shoot leaf area, shoot length, LAl (from GFI) 
and prurung weIght of three vrne grape cultlVars Imgated With 
vanous pan A ImgatlOn coeffiCIents 

Shoot Length Prurung WeIght (kgLvme) 
Cuitivar Variable (m/Vlne) LAl 1996 1997 1998 

r 2 values 

Merlot Leaf Area 0978 0707 0798 0700 
LAl 0649 0741 0467 

Cabernet Leaf Area 0992 0756 0882 0922 0925 
SauVlgnon LAl 0740 0764 0781 0845 

Sauvignon Leaf Area 0872 0758 0746 0575 
blanc LAI 0894 0578 0543 
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Figure 1 Schematic presentation of the measurement gnd m the vmeyard for LAI 
evaluatIOn by GFI 



• 
10 

16 m 32m 64m 

vIerlot 

-lZ,rz,iZ, 
:;c: 1 2 341 ., 341 ., 34 

8 Cabarnet Sauvignon 

~17,k?12, ~ I' 341 2 341 2 3 4 

Sauvignon Blanc 

1~~,~,~ 
1234561'34561' 3456 

Leaf Area (m2) / SoIl Area (m2) 

Figure 2 DIrect and GFI measurements of LAI m the vmeyard DIrect measurements 
are from destructIve samplIng of32 vmes 



11 

( Irngatlon coefficIent ·03 ·04 "05) 

R 032 3 

--- R =09158 

S ~ 2 A 

• R~= 08993 
'-' o 16 

~ R2= 09657 
-+--I 
0 '-' 
0 000 Me lot X 0 M riot 

..c: <l) 3 
VJ. 032 "0 R2= 074" 

;.... C 2 R2= 0 699 

(]) ~ 

0... o 16 ~ 

~ 
<l) 

<l) ~ non 

~ 000 ~ 
0 
6 

032 ~ 
~ (]) 
cIj 

~ 4 (]) 

~ o 16 R2=0 8516 
2 • 

000 c 
0 

Sau 

0 300 600 900 1200 15001800 0 300 600 900 1200 1500 

Growmg Degree Days 

FIgure 3 Shoot leaf area and LAI development dunng the growmg season as a 
functIon of growmg degree-days Shoot leaf area determmed from leafblade 
lengths, and LAI determmed by GFI Symbols mdIcate pan A factor for 
IrngatIOn 


