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EXECUTIVE SUMMARY

BreedIng for resIstance to an envIronmental stress In general and to heat
stress In particular has been one of the most dIffIcult problems faced by plant

breeders Whtle progress m heat reSIstance for yIeld and quahty has been made m a

few crops, overall progress has been slow and lImIted The pnmary cause has been

the mabilIty to IdentIfy effIcIent, relIable and rapId selectIon cntena for heat

reSIstance Until such cntena can be IdentifIed, breedIng for heat reSIstance wIll be
extremely dIffICUlt and effectively a serendIpItous exerCIse

In thIS program we are examInIng a new approach, heat avoIdance, for

Improved heat reSIstance As a model we are usmg two crops Important to

Kazakhstan and Israel, tomatoes and wheat The traIts examIned mclude those

WhICh allow a plant to aVOId heat stress by (a) redUCIng the amount of energy

absorbed by solar radIatIon, and/or (b) by IncreasIng coolmg effICIency The traIts
Include stomatal conductance, denSIty of stomata and leaf harrs, leaf area and

archItecture, plant archItecture and reflection of solar radIatIOn

In Kazakhstan the research In the second year focused on examining the

genetIcs of leaf rollIng In selected wheat vanetIes They IdentIfIed leaf rollIng as a

wheat leaf traIt that has been aSSOCIated WIth theIr more heat and drought reSIstant

cultIvars They concluded that leaf rolling may potentIally be a useful selectIon
cntenon for these stresses They produced a senes of monosomIC lines for leaf
rollIng and examIned them for genetic relationshIps and for testmg for heat and
drought reSIstance

The Israehs In the second year focused theIr program on tomatoes From theIr
ongInal program they selected two cultIvars, 'd' and 'g', the former haVIng few If any
heat aVOIdance traIts and the latter many These mclude (a) hIgh stomatal
conductance, (b) a plant archItecture that Increases shadmg of underleaves, and (c)
changes In leaf archItecture that reduces the amount of solar radIatIOn absorbed by
the leaves and/or Increases the water effICIency for leaf coohng eIther by mcreasmg
humIdIty or by allOWing the same drop of water to be evaporated several times m
the funnel that IS produced by leaf curlIng They exammed the two parental lInes
plus recIprocal Fl and F2 generatIons TheIr results further confIrm the potential of

thIS approach
CollaboratIon In the second year Included VISItS to the other country,

exchange of SCIentists for research, exchange of germplasm and JOint analySIS of the

results
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SECTION I

A RESEARCH OBJECTIVES

1 to determme the potentIal of an array of phYSIOlogical and morphological
heat aVOidance characters as rapid and rehable selectIon cntena for future breedmg

programs for heat reSIstance,

2 to begm to determme the genetIc control of the more promising heat
aVOidance characters

B RESEARCH ACCOMPLISHMENTS

1 GENERAL INTRODUCTION

The contInuous Improvement of yIeld and product quahty In most crops to

meet the mcreasmg demand of the world's population IS an Important, If not

central, goal for agrIcultural researchers An Important lImIting factor m

maximIzmg yIeld and qualIty IS the relatively poor reSIstance of present cultIvars to

heat stress Plants grown under hIgh stress mducmg temperatures usually have

sIgmficantly reduced yIelds and!or qualIty then when grown under more optImum

temperatures Thus whIle breedmg programs have lead to dramatIc mcreases m
yIeld!qualIty In almost all crops when grown under envIronmentally non-stressed
condItIons, they have usually faIled to Improve heat reSIstance This IS pnmarily
due to two reasons

1 the absence of rapId and rehabIe selectIon CrIteria - the large number of studIes

that have been conducted to Improve heat reSistance, whose two components are

heat tolerance (the abIhty of metabolIsm and structures to functIon normally or

nearly so under hIgh temperatures) and heat aVOidance (the abIhty of a plant to

prevent the bUIldup of htgh plant temperatures when grown at hIgh temperatures),

have mostly concentrated on heat tolerance characters and very lIttle on heat
aVOidance characters (Blum, 1988, Shapeher and Blum, 1986, Zeng and Khan, 1984)

WhIle these studIes have added to our knowledge of the effects of hIgh

temperatures on plant phYSIOlogy and bIOchemIstry, they have not proVIded

breeders WIth any relIable selectIon cnterIon,

2 httle mformatIon on the genetIc control of heat reSIstance characters - whIle

some mformatIOn IS known for a few characters, It IS stIll not suffICIent for a breeder
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to use a pYlOyl for a speCIfIc character (Zeng and Khan, 1984, Lu and ZeIger, 1994,

Schaff, 1985, Wessel-Beaver and Scott, 1992, Abdul-Baki and Stommal, 1995)

Heat aVOldance as an alternatIve approach to heat tolerance for Improved

heat resistance has recently been proposed (Lu and Zeiger, 1994, Radm et al, 1994)
Two characters, mcreased stomatal conductance and reduced leaf SIze were

suggested The IsraelI team exammed these characters m leaf and plant archItecture

m a histonc collectIon of fIve ehte cultIvars of tomatoes, one from each decade from

1940-1980, whIch were bred for Improved quahty, yIeld and dIsease resIstance under

the hIgh temperatures of central Cahforma theIr results closely followed those

expected from thIS hypotheSIS The Kazakh team dId a sImIlar study m wheat

selected under hIgh temperatures and drought and concluded that plant and leaf

morphology can play an Important role m stress resIstance

This report IS the result of a Jomt effort by both teams to examme heat

aVOldance traits m two crops whIch are Important to both countrIes, tomatoes and
wheat Due to logIstical and fmancial hmitatIons, It was decIded that m the second
year the Israeh team would concentrate on tomatoes and the Kazakh team on
wheat

2 KAZAKHSTAN

Abstract

Our mvestIgatIOns revealed that the rollmg leaves adaptIve traIt IS controlled by the

RLl and RL2 dommant genes whIch are locahzed m chromosomes 6A and 4D,

respectIvely We have started the mtroductIOn of RL1 and RL2 genes mto cultIvars

of dIfferent ecotypes cultIvated m Kazakhstan to create both new cult1vars WIth

addItional adaptIve traIts as well as a senes of IsosomiC hnes Isosomic lmes are

valuable for breedmg, genetics, phYSIology, bIochemIstry and bIOtechnology

research

Results and DISCUSSIOn

Water regIme and photosynthetIc actIvIty of IsosomiC hnes and respectIve parental

cultIvars

ExpressIOn of wheat genotypIc pecuhantIes IS achIeved, fust of all, by changes m the

mtensity of water turnover whIch to a hIgh degree determmes the total plant
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metabolIsm We accomplIshed a comparative study of the water regIme of IsosomiC

lInes carrymg RL1 and RL2 genes and parental wheat cultIvars We compared the

water status parameters - total water content and Its fractIOn composItIon,

transpIratIOn rate and leaf water-retaInmg capaCIty

Table 1 shows the ratIO of water fractions In the leaves of WInter wheat dunng the
vegetatIve penod The water content vaned substantIally dunng the whole
vegetatIve season ReductIOn m water content of wheat tIssues caused by hIgh
temperatures was followed by certam changes m the ratIo of water fractions The

Krasnovodopadskaya IsosomiC lme dId not dIffer from the control m total water

content, but was supenor to the control m bound water content at tIllenng, ear

formation and ear formatIon-anthesis ThIS suggests a hIgher abIlIty of the IsosomiC

lme for adaptIve response

IsosomiC lInes of the OmskaJa 9 and SIbI!Jachka 8 cultIvars had slIghtly lower

content of both free and bound water The data pomts to the fact that If the amount

of free water determmes the mtenslty of phySIOlogical processes, the bound water

quantity IS responsIble for plant resistance agamst unfavorable envIronmental

conditions TranspIratIon rates of IsosomiC lInes and controls were dIfferent (Table

2) Dally transpiratIon rate was more vanable m the controls WIth an mcrease of

water loss for transpiration at noon and a steep decrease at 1800 Isosomic lInes had

lower transpIration rate regardless of the measurement time Water-retammg

capaCIty IS an Important traIt that allows the determmatIOn of the range of adaptive

plastICIty and estimate plant resistance Water-retaInIng capaCIty was determmed by

evaporatIon and the content of retaInmg water at dehIscence of leaves separated

from plants The measurements were taken at mtervals (15-180 mm) and the water
retammg capaCIty was calculated as percentage of mltIal content Noteworthy, the
differences m tolerance to dehydratIon were seen wlthm 15 mm, suggestmg
different mitIalleaf water-retammg capaCIty of the studied wheat lInes (Table 3)
Leaves of IsosomiC lInes showed hIgh water-retammg capaCIty at all measurement
tImes at both ear formatIon and gram maturatIon The hIgher amount of bound

water, lower vanatIOn m total water content, hIgher water retammg capaCIty and

lower water transpIratIon rates can be conSIdered as eVIdence of hIgher drought

reSIstance of wheat IsosomiC Imes as compared With parental cultIvars

PhotosynthetIc actiVIty and structural orgamzatIon of the photosynthetIc

apparatus m IsosomiC lInes and cultIvars were determmed and compared We

determmed the followmg parameters HIll reaction rate, actIVIty of non-cycle

electron transport, cycle and non-cycle phosphorylatIon, degree of energy couplIng
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m chloroplasts, RubiSCO actIVIty, mtensity of real photosynthesIs by gas exchange

and the number of chloroplasts m suspensIon

PhySIOlogIcal charactenstIcs were determmed at mam vegetatIve stages

Chloroplasts were obtamed from the flag leaf by the conventIonal procedure

Chloroplast photochemIcal actIVIty was measured usmg spectrophotometer to

determme the rate of electron transport photophosphorylatIon Ammomum

chlonde (10 mkM per sample) was used as an uncoupler of electron transport and

photophosphorylatIon For estImatIon of RubiSCO actIVIty we used a radIOmetnc

method from fresh leaf extracts The amount of chloroplasts was calculated usmg

Goryaev countmg chamber accordmg to Ivanchenko In order to measure
photosynthetIc mtensity we used an Infraht gas analyzer WIth a C02 concentratIon

003% (real photosyntheSIS), calculated on a umt of dry weIght and umt of leaf area

AnalySIS was done at the end of stem formatIon, tranSItIon to the reproductIve

penod, anthesIs, gram formatIon and maturatIon (Table 4)

The chloroplasts of the OmskaJa IsosomiC lme were charactenzed by a hIgher rate
of electron transport durmg stem formatIon compared to the OmskaJa control
cu1tIvar The addItIon of a phosphate-acceptor system to the reactIon medIUm

whIch ImItates the electron transport m Isolated chloroplasts sIgmficantly

accelerated electron flow m IsosomiC lmes The maXImal rate of electron transport

m IsosomiC lInes was detected If the phosphate-acceptor system was supphed

together WIth ammomum chlonde

The OmskaJa IsosomiC lme dId not sIgmficantly dIffer from the control cultIvar

for non-cycle phosphorylatIOn actIVIty at stem formatIon, but was supenor m

actIVIty of cycle phosphorylatIOn and total phosphorylatIOn flow BeSIdes, the

proportIon of cycle phosphorylatIon to non-cycle one m Isosomic lme mcreased by

50% as compared to parental cultIvar Although most of the energy IS proVIded m
hIgher plants by non-cycle phosphorylatIon, cycle phosphorylatIon IS Important for
ATP syntheSIS dunng C02 photosynthetIc aSSImIlatIon and suspends hIgh

ATP NADP ratIo The OmskaJa IsosomiC lme possessed hIgh potentIal actIVIty of

chloroplast electron-transport cham to electron transport and hIgher actIVIty of cycle

phosphorylatIon as compared WIth OmskaJa 9 control

PhotosynthetIc chloroplast actIVIty of Krasnovodopadskaya IsosomiC lme and Its

control culttvar Krasnovodopadskaya 210 represented another pattern The
Krasnovodopadskaya Isolme was mfenor to the control culttvar by the electron
transport actIVIty and phosphorylatIon It IS plaUSIble that the results were affected
by the dIfferences In developmental stages of the Isolme and control at the tIme of

measurements the end of stem formatIon m Krasnovodopadskaya 210 comCIded
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wIth ear formation m the IsosomiC lme It IS known that the enhancement of

prImary energetic processes of photosynthesIs IS closely related to the

developmental stage and IS expressed m wheat at stem formation before gram

formation (transItion to reproduction)

It IS worth notmg that the actIvIty of RublSCO, a key enzyme m photosynthesIs,

was lower In the OmskaJa IsosomlC hne versus control but hIgher In the

Krasnovodopadskaya IsosomiC lme versus ItS control at stem and ear formatIon
ThIS dIfference correlated to photosynthetIc mtensity (mtegral photosynthetic
actiVIty) evaluated by gas exchange

There was a conSIderable mcrease m non-cycle phosphorylation actiVIty at spIke

formatIon-anthesis and flowermg for the OmskaJa Isolme and mcrease m cycle
phosphorylatIOn for both Isolmes A hIgher actIVIty of the total flow of

phosphorylatIon m the Isolmes was found as compared to controls The mtensity of

photosyntheSIS durmg thIS perIod of time was much hIgher m IsosomiC hnes

At the end of the vegetative penod, at the stages of gram formation and

maturatIon, actIVIty of pnmary energetIc and enzymatIc processes m chloroplasts of

Isolmes and controls were the same as was the total decrease of the correspondmg
absolute values Decreased actiVIty of partIcular photosynthetIc reactions led to

decreased mtegral gas exchange and mtensity of photosynthesIs DetermmatIOn of

photochemIcal actIVIty of chloroplasts m suspensIOn revealed an mcreased number

of chloroplasts m the OmskaJa 9 culhvar as compared WIth correspondmg Isolmes

We can conclude that the OmskaJa Isolme IS charactenzed by conSIderable actIVIty of

the electron transport cham and photophosphorylahon m a smgle chloroplast

(Table 5)

Dry matter accumulation, formatIon of leaf aSSImIlatory surface, yIeld parameters of

isosomic lInes and culttvars

We studIed accumulatIOn of bIOmass and Its vegetatIve/reproductIve ratIo from

anthesis to waxy maturatIon PotentIal gram yIeld and the way of ItS reahzatIOn was

compared and contrasted between Grecum 476 cultIvars and then IsosomiC hnes

and a new cultIvar carrymg the RLl and RL2 genes determmmg leaf rolhng
Grecum 476 had sigruficantly greater leaf area than the other cultIvars The same

trend was found m IsosomiC lInes (Table 6)
There are some traIts whIch charactenze the relatIonshIp between a spIke and Its

asslml1atIOn apparatus, e g bIOmass dIstnbutIon between plant organs before the

onset of gram formatIon and afterwards The spIke/tIller ratIo durmg anthesls IS an

7



IndIcator of genetIcally determIned spIke demand A large spIke bIOmass at anthesls
(InItIal mass) was typIcal for the studIed IsosomiC hnes (Table 7)

The hIghest total bIOmass at anthesls was Grecum 476, followed by SIblrJachka 8

and OmskaJa 9 IsosomiC hnes The last two lmes also exceeded parental cultIvars for

bIOmass of leaves, shoots and spIkes SpIke/tIller bIOmass ratIo was hIgher m

SIbI!Jachka 8 than ItS parental cultIvar

Changes m stem, spIke and the whole tIller bIOmass durmg gram maturatIon

determme the degree of assimIlatIon stock to spIke demand and mdIrectly

charactenzes reutIhzatIOn The penod between anthesls and waxy maturatIon was

charactenzed by a decrease of tIller dry matter m alllmes and cultIvars studIed The

bIOmass of leaves and stems decreased and the spIke bIOmass mcreased (With an

exception of a conspIcuous mcrease m the SlblrJacka 8lsolme)

AnalySIS of productiVity compounds revealed that Isosomlc lmes are supenor to

parental culttvars m the number of reproductive tdlers, spIke weIght and length

and mass of thousand seeds, but have shorter stem lengths (Table 8) whIch IS

Important for mtenslve cultivation technology
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Table I Water regune of wmter wheat leaves

Lmel Water fractIon content, %

cultIvar

Tillenng Stem formatIon Ear formatIon Ear fonnatIon- Gram

anthesis maturatIon

total free bound total free bound total free bound total free bound total free bound

Krasnovodopadskaja 8234 7983 251 8253 5861 2392 7825 56 15 22 10 76 14 55 31 20 83 75 1 527 2237

210

Krasnovodopadskaja 81 12 6889 1226 81 08 55 13 2595 78 16 4958 28 58 75 52 50 05 25 47 7545 477 2774

ISOSOmIC lInes

Omskaja9 8075 6698 13 77 7679 5797 1875 7772 51 10 2662 7400 6071 13 28 736 440 2925

Omskaja ISOSOmIC 8236 6080 21 56 7875 54 15 2460 7588 4421 31 67 76 61 50 52 26 09 734 455 2782

lInes

SIbIrjachka 8 7800 6972 828 7850 5462 2388 7478 4729 27 49 73 68 54 85 18 83 727 413 3135

SIbIrjachka ISOSOmIC 80 14 6339 1675 7872 5550 2328 7462 4637 2825 7553 54 11 21 42 73 1 377 3539

lInes
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Table 2 IntensIty of transpIratIOn of WInter wheat leaves mglh/l g of fresh bIOmass at ear

formatIon

LIne! cultivar Hours

900 13 00 1800 Mean/day

Grekum476 493 1088 694 758

Omska..Ja9 1528 2021 709 1419

Omska]a 837 1398 701 879

lSOSOrruC Imes

SIbllJachka 8 943 1621 655 1076

SIbrr]achka 630 1055 522 736

ISOSOrruc Imes

Table 3 Water-retmmng capacIty of wmter wheat leaves, percent oftotal

Developmental Water loss m % of ImtIal weIght Total

stage, lIne water

content

rrunutes 15 30 45 60 90 120 180

Ear formation
Grekum476 1267 17 82 2028 2336 2922 31 16 4864 7068

Omska]a9 1250 1847 2159 2500 2869 3267 4049 6666

Omska]a lSOSOrruC 1330 1641 2149 2396 2720 3221 3975 6787

hnes

SIbIfJachka 8 1360 18 18 21 75 2470 3145 3383 4433 6548

SlbIfJachka lSosorruC 11 19 1638 1946 22 13 2525 2906 3509 6997

hnes

Gram fIllIng

Grekum476 1824 2159 2699 3243 4308 4922 5824 6730

Omska]a 9 2221 2524 2879 3509 4279 4806 5422 6772

Omska]a lSOSOrruC 19 14 2246 2727 3413 3909 4588 5431 6566

hnes

SlblfJachka 8 2051 2322 2570 3533 3580 4399 5509 6487

SlbllJachka ISosorruc 1851 2105 2532 2963 3839 4253 5218 6799

hnes
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Table 4 PhotosynthetIc actIvIty of Isosonnc lmes of bread wheat

TraIt Stem End of stem Ear Anthesls Gram maturatIon

formatIon formatIon fonnatIon

Omska]a 9 Krasn 210 Omska]a 9 Krasn 210 Omska]a 9 Krasn 210

con ISO con ISO con ISO con ISO con ISO con ISO

HIll reactIOn, mkm red K3Fe(Cl)6/mg * 1Ih 272 317 310 337 168 390 351 300 317 315 232 257

Electron transport m presence of 559 611 763 771 889 790 876 833 648 621 589 591

Phospate-acceptor system

Electron transport uncoupled wIth 620 703 948 786 982 841 976 983 778 722 801 891

photophosphorylation

RIse of electron transport m presence of PAS 287 295 453 434 721 400 527 533 332 306 357 333

RIse of electron transport m presence of PAS 348 386 638 449 814 451 624 683 462 407 570 433
&NH4CI

Non-cycle phosphorylation 226 220 739 497 356 771 683 500 396 414 1012 595

mkM morg P/mg chI per hour

Cycle phosphorylatIon 113 220 369 316 267 313 244 375 308 276 253 191

Total cycle + non-cycle phosphorylatIOn, - "- 340 440 1108 814 622 1084 927 875 703 690 1264 786

Non-cycle (% of total) 67 50 67 61 57 71 74 57 56 60 80 76

Cycle (% of total) 33 50 33 39 43 29 26 43 44 40 20 24
RubiSCO actIvIty, nm C02/mg protem per mm 436 345 358 437 - - - - 174 175 167 224
IntensIty of photosynthesIs, mg C02/g dry 18 116 10 1 116 108 136 107 124 54 62 64 50

matter per hour

IntensIty of photosynthesIs, mg C02/dm2 dry 78 44 40 46 60 72 64 73 52 38 3 8 33

matter per hour
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Table 5 Number of chloroplasts m suspensIOn for ISOSOnuC lmes

Controlllme Date DeYelopmental stage Number of

cWoroplasts

Omskaja9 2605 stem formatIOn 18,840,000

Omskaja ISOSOmIC lmes 2605 stem formatIOn 1,540,000

Krasnoyodopadskaja 210 2605 end of stem formatIOn 1,016,000

KrasnoYodopadskaja 2605 start of ear formatIOn 1,100,000

ISOSOnuC lmes

Omskaja 9 0906 ear formatIOn 19,600,000

Ornskaja ISOSOmIC lmes 0906 ear formatIOn 1,852,670

KrasnoYodopadskaja 210 0906 anthesis 863,330

KrasnoYodopadskaja 0906 anthesis 863,330

ISOSOnuC hnes

Omskaja 9 2306 gram formatIOn 1,628,670

Omskaja ISOSOmIC lmes 2306 gram formatIOn 1,372,000

KrasnoYodopadskaja 210 2306 gram formatIOn 1,866,670

KrasnoYodopadskaja 2306 gram formatIOn 1,255,330

ISOSOnuC hnes

Table 6 AsslImlatlve surface of leaves (cm2
), ear formatIOn-anthesls

Controlllme

Grekum476

Omskaja9

Omskaja ISOSOmIC hnes

SIblfjachka 8

SIblfJachka ISOSOmIC hnes

Krasnoyodopadskaja 210

KrasnoYodopadskaja

ISOSOmIC hnes

Flag leaf

327

202

337

208

273

224

256

Penultimate leaf

333

214

323

204

270

22 1

293

Total

660

41 6

660

41 2

543

445

550
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Table 7A The stmcture of mam tiller dry matter at the anthesls stage

Controlflme Dry matter, g Organ fractIOn m the total

tiller mass, %

whole leaves spIke straw leaves straw spIke

tiller

Grekum476 479 039 1 54 286 8 14 5971 32 15

Omskaja 9 326 021 079 226 6 14 6933 2433

Omskaja 4 17 048 099 270 11 51 6475 2374

ISOSOInlC lmes

Slblrjachka 8 3 14 027 064 223 860 7102 2038

Slblfjachka 441 037 1 06 298 839 6757 2404

ISOSOInlC hnes
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Table 7B Dry matter m dIfferent organs at three developmg stages

Controll1me Dry matter, g

leaves straw spIke

anthesls gram waxy anthesls gram waxy anthesls gram waxy

format1on maturatIon format1on maturat10n fonnatlOn maturat10n

Grekum476 039 037 033 286 2 15 202 154 1 71 243

OmskaJa9 021 041 030 226 306 1 74 079 200 220

OmskaJa ISOSOmIC 048 045 026 270 251 1 81 099 214 2 18

hnes

Slb1!]achka 8 027 028 025 223 1 66 1 39 064 123 1 35

Slb1!]achka ISOSOmIC 037 036 031 298 167 203 106 164 2 12

hnes
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Table 8 PrOductIvIty tratts of parental cultIvars and theIr Isosonnc lmes

Culttvarllme ProductIve Lengthmcm Number per spIke 1000 seeds

tIllermg weIght

stem spIke spIkelets seeds

Grekum476 10 47±0 27 109 41±1 21 12 94±0 26 16 29±0 24 4876±1 11 5440

Ornskaja9 5 76±0 25 117 08±1 68 7 76±0 17 15 36±0 30 29 92±0 84 4230

Ornskaja Isosonnc 9 48±0 99 111 04±0 78 10 56±0 15 16 96±0 25 41 04±1 22 4680

hnes

Krasnovodopadskaja 5 15±0 25 99 20±0 63 9 75±0 18 19 80±0 20 49 75±1 33 4234

210

Krasnovodopadskaja 6 47±0 31 89 42±0 75 12 47±0 27 20 68±O 36 62 42±1 88 4880

ISOSOmIC hnes

SIblfjachka 8 4 44±0 24 128 76±0 72 8 08±0 15 15 72±0 23 25 16±0 72 4610

SIblfjachkaISOSOInlC 10 32±O 40 117 16±0 81 11 60±0 17 1552±0 17 29 92±0 84 4834

hnes

«



3 ISRAEL

Introduction

From our prelImmary study of the fIve hIstone culhvars, we found that

stomatal conductance Increased and leaf area decreased from the older cultIvars to

the newer "ehte" cultIvars, as we had hypothesIzed for Improved heat aVOIdance In
addItion we found that the newer cultIvars had undergone changes In theIr leaf and

plant morphology whIch caused a redUCIng m avaIlable surface area for solar

absorptIon In the fIrst year of the program our maIn tomato expenment was to

reexamIne In an array of heat aVOIdance characters the three cultIvars whIch gave
the most extreme responses m respect to heat aVOIdance characters In our

prehmmary study 'c' (1940), 'd' (1950) and 'g' (1980) In addItIon, we exammed the Fl

and F2 generatIOns between 'c' and 'g' (Mendlmger et al 1998)

In the second year of the program, due to major advantages of workmg wIth
cultIvar 'd' over 'c', we shIfted over research to companng 'd' wIth 'g' We planned

two fIeld expenments (1) a nethouse expenment comparmg an array of heat

aVOIdance traIts In parental cultIvars 'd' and 'g' and theIr reCIprocal F1 and F2 crosses

- the characters to be examined mcluded stomatal conductance, plant and leaf

archItecture, and (2) an open fIeld tnal of selected F4 generatIon hnes from dxg and

gxd crosses Due to sever dIsease problems Involvmg both VIruses spread by whItefly

and fusarIUm, we had to stop the second experIment half way through It

MaterIals and Methods

Three Identical nethouses, each covered WIth a fme-mesh net whIch
prevented msects from entenng, were used m thIS expenment Each nethouse was
sown at a dIfferent tIme of the summer nethouse-1 (NH-1) m late sprmg, nethouse

2 (NH-2) In early summer and nethouse-3 (NH-3) m late summer Seeds from each

lme, the two parents and the reCIprocal Fls and F2s, were sown m petn dIshes,

mcubated for three days at 250C and then placed m seedlIng trays for three weeks

After three weeks when the plants had 3,4 true leaves, they were transplanted mto

15-hter buckets, one plant per bucket, fIlled WIth a commercIal pottmg mIxture for

hortIcultural crops Each nethouse was dIVIded mto two blocks WIth 3 plants per 'd',

'g' and recIprocal F1 and 6 plants per reCIprocal F2 per block Two

mmimum/maximum thermometers were placed In each of the nethouses, one at

25cm and the other at 150cm above the ground and the temperatures recorded dally
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FertIgatIon was given Via dnppers With 2 dnppers per bucket The lrngahons
began with 1 per day and mcreased with mcreasmg temperature and plant SlZe to 5
per day, each ungatlOn was 2 hters/bucket The amount of ungatIon needed was

determmed by measurmg the outflow of water from 9 randomly chosen buckets

FertilIzer was glVen m every ungatIon Our target was a dally outflow of 25% which

prevents salt bUlldup whl1e mamtammg water saturatIon of the pottmg mixture

The plants were penodlcally exammed for dIseases and msect mfestatIon and

prophylactIc fungIcide treatment was performed durmg the growmg season

Each plant was exammed for an array of characters These mcluded

1 plant architecture -leaf and stem fresh and dry blOmass, length of the mam

stem, number of nodes and Side branches (only m the fust nethouse)

2 leaf architecture - the amount of leaf curlmg (the bendmg of the Sides of the

leaves upwards and mwards producmg a cylmder shape leaf - sometimes called leaf

rolhng m cereal papers) was scored five tImes durmg the growmg season usmg a

scale from 1-5 with 1 bemg no curhng and 5 a complete cylmder leaf, leaf rotatIon

(the rotatIon of a leaf on Its stem) WIth no rotatIon bemg scored as 0/90° rotatIon
scored as 1 and 1800 rotatIon scored as 2/ leaf area, number of leaflets/leaf, leaf and
stem blOmass,

3 stomatal conductance - stomatal conductance and leaf temperatures were
measured on the fIrst fully developed leaf usmg a LIcor 1600 steady state porometer
for each plant at fIve hfe stages before flowermg, onset of flowenng, frUlt set, frUlt

fllhng and frUlt npemng These stages were approximately one week apart,

4 frUlt yield and quahty - for each plant the mean frUlt weIght, number of frUlts

per plant and total yield were determmed, from 5 frUlts/plant the total soluble sohds

(TSS) were determmed

Results and DISCUSSIon

The results of the plant architecture traits are presented m Table 1 CultIvar'd'

had slgmflcantly more dry leaf blOmass than did'g' but no differences were found

for dry stem blOmass The FI and F2 generatIons had dry leaf blOmass closer to

parent 'd' than 'g' No slgmficant dIfferences were found m number of nodes or

sldebranches It appears that'd' mvested more of Its energy mto leaf productIon than

did'g' thiS difference m leaf blOmass, which IS a functIon of more leaves,

leaflets/leaf and/or leaf size (see below) superfICially may be conSidered as a heat
aVOldance mechamsm m tomatoes as the more leaf blOmass, the more the
understory leaves may be shaded This would reduce solar absorption and thus
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prevent leaf temperature Increases (Comstock and Mahall, 1988, Neufeld et aI, 1988,
Save et al 1993) However as heat IS a senous problem In the summer when plants

produce more than suffICIent amounts of photosynthates for theIr frUIt needs the

Increased Investment In leaves may not be worthwhIle (Mendhnger and

Fossen,1993) The larger the leaf bIOmass, the more water may be lost VIa stomatal

transpIration and mcrease of water load needed for mamtenance ThIS type of

shading maybe less effIcIent and reqUIre more water than If the leaf has a

mechamsm for selfshadIng, 1 e curlIng or rotatIon
The number of leaflets/leaf and leaf area at three census penods In the three

nethouses are presented In Table 2 Over all three nethouses, 'd' had more

leaflets/leaf and leaf area than 'g' The F1 and F2 generatIons dId not sIgmfIcantly

dIffer from the parental mIdpoint (t-test) and were overall equally close to both 'd'

and 'g'

CultIvar 'g' had sIgmfIcantly greater curlmg and rotatIon than 'd' or the

reCIprocal F1 and F2 generatIons (Table 3) Therefore It showed a hIgher grade of

selfshadmg and a reductIon m solar absorptIon (Mendlmger et al 1998) The F1s and

F2s were not sIgmficantly dIfferent from each other When the results from the F1s

and F2s were pooled over the three nethouses, they had sIgmficantly less curlmg

and rotatIon than the parental mIdpoInts (ChI-Square, p<O 01) A sIgmfIcant

pOSItIve correlatIon was found between curhng and rotatIon (FIg 1) Both curlIng
and rollIng are Important heat aVOIdance character as both reduce solar absorptIon

(DIBenedetto and CoghattI, 1990, Neufeld et aI, 1988, Young,1985, Heckathorn and

DeLucIa, 1991) In addItIOn, we found that leaf curlmg allows for Improved and

more effICIent leaf coohng as a molecule of water cools the leaf when fIrst

transpIrated from the stomata, IS prevented from escapmg by condensmg In the

curled leaf tunnel and then evaporated agam, 1 e the same molecule IS used several

tImes for coolIng
CultIvar 'g' had sIgmficantly hIgher stomatal conductance than dId 'd', the Fl

and F2 generatIOns (Table 4) Thts IS SImIlar to the results obtained last year
(Mendhnger et aI, 1998) Stomatal conductance was found to decrease over tIme
from before flowerIng to frUIt set (r=-O 89*, df=3) Stomatal conductance IS hIghest at

the earlIest stages of growth, when the plants need all the photosynthates that they
can produce for rapId vegetable growth, flower productIon and early frUIt growth,

and lowest at frUlt set when there IS lIttle need for large amounts of photosynthates

In determmistIc cultivars

A sIgmficant correlatIOn was found m both leaf curlIng and rotatIon WIth

stomatal conductance (FIg 2) SIgmficant regreSSIOns were found between stomatal
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conductance and leaf temperatures when all hfe stages are pooled (FIg 3) or when
all generatIons are pooled (FIg 4) The regressIons were strongest m NH-2 and NH-3
when the plants were grown durmg the hottest part of the summer When the R2s

for the regressIon of leaf temperature on stomatal conductance m the dIfferent

generatIons were compared usmg a SImIlar sample SIze (n), we found that both F2

generatIons were sIgmficant hIgher than the Fls (The R2s for the F2 generatIons

were calculated usmg the mean of a senes of R2s generated from both F2s, n=90)
Total yIeld dId not dIffer between 'd' and 'g' (Table 5), however, It must be

remembered that they were not grown under commercIal agromanagement

technIques The Fl and F2 generations all had hIgher yIelds than dId theIr parents

ThIS may mdlcate a heterOSIS effect from the two parental homozygous cultIvars

The FI and F2 generatIons also had hIgher mean frUlt weIght 'G' had the hIghest

TSS No SIgnIfIcant relatIonshIp was found between TSS and stomatal conductance

or leaf temperature (FIg 5)

Broad sense hentabilIty estImates (h2
) were not sIgmficant dIfferent between

the two recIprocal crosses (Table 6) Most characters had moderate levels of

hentabIhty IndIcatIng the potentIal for breedIng The relatIvely hIgh h2 for curlIng

does not fIt the results from Table 3 (see above) We cannot yet explam thIS
dIscrepancy
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Table 1 VegetatIve growth characters of the fIrst nethouse, 1998

FW OW leaf OW stem length of No of No of 5B
M5 nodes

eultlvar (g) (g) (g) (em)
d 1941 199b 117 718 195 72
g 1194 107a 116 667 188 98
dxg 1730 188b 121 725 223 114
gxd 1629 153ab 99 687 163 98
dxgF2 1690 176ab 103 729 159 90
gxdF2 1778 186b 113 815 173 94
parental 1567 153 116 693 192 85
mIdpOInt

Std Oev FW OW leaf OW length of No of No of SB
stem M5 nodes

culttvar
d (n=6) 264 26 18 303 62 15
g (n=6) 107 5 12 74 55 22
dxg(n=6) 233 36 19 133 60 05
gxd (n=6) 506 29 16 149 63 28
dxg F2 (n=24) 580 65 25 177 33 18
gxd F2 (n=24) 478 50 32 170 47 23
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Table 2 Leaflets per leaf and leaf area at three physIOlogical plant stages m three
nethouses, 1998

Nethouse 1
before flowerIng flowerIng frUit set

culhvar leaflet/ leaf area leaflet/ leaf area leaflet/ leaf area
leaf em2 leaf cm2 leaf cm2

d 97a 194 a 123 124 92 116
g 87a 165 a 108 126 78 79
dxg 107ab 222ab 115 108 92 79
gxd 118b 228ab 138 198 85 80
dxgF2 112b 237b 112 123 97 92
gxdF2 lOla 205 a 118 145 91 96
parental 92 179 116 125 85 98
midpOInt

Nethouse 2
before flowerIng flowerIng frUIt set

eulhvar leaflet/ leaf area leaflet/ leaf area leaflet/ leaf area
leaf cm2 leaf cm2 leaf cm2

d 130 b 272 c 115 155 abc 100 bc 144 b
g 102 a 182 a 105 119 a 87 a 101 a
dxg 112ab 238bc 103 128 ab 102 c 115 ab
gxd 128 b 275 c 98 126 ab 97abc 130 ab
dxgF2 126 b 242bc 104 176 be 92 ab 141 b
gxdF2 114ab 218 ab 105 190 e 93abc 122ab
parental 116 226 110 137 94 122
mldpomt

Nethouse 3
before flowerIng flowerIng frUIt set

culhvar leaflet/ leaf area leaflet/ leaf area leaflet/ leaf area
leaf cm2 leaf em2 leaf em2

d 123be 184b 100 107ab 107 168
g 100 a 131 a 95 120ab 93 129
dxg 11 Oab 193b 92 91 a 97 132
gxd 132 e 243e 92 126ab 92 120
dxgF2 114ab 202b 102 137b 93 131
gxdF2 125bc 212 be 93 96a 92 118
parental 112 158 98 113 100 148
mldpomt



Table 3 Curhng and rotatIon of tomato leaves In three summer seasons, 1998

22

eulttvar
d
g
dxg
gxd
dxgF2
gxdF2
parental
mtdpOInt

NH1
108 a
435d
210b
236bc
300e
248be

271

Curhng
NH2
128 a
364e
11la
169b
174b
167b
246

NH3
117 a
383d
150 ab
200bc
229 e
191 b
251

NH1
000 a
208e

035ab
030ab
080b
038ab

104

RotatIon
NH2
000
131
000
000
004
001
066

NH3
OOOa
183b
000 a
000 a
008 a
009 a
092

Std Dev Curlmg Rotation
cultIvar NHl NH2 NH3 NH1 NH2 NH3
d (n=6) 0204 0429 0408 0000 0000 0000
g (n=6) 0505 0326 0408 0508 0162 0408
dxg(n=6) 0316 0274 0548 0399 0000 0000
gxd (n=6) 0344 0221 0000 0274 0000 0000
dxg F2 (n=24) 0770 0484 0550 0607 0141 0408
gxd F2 (n=24) 0748 0376 0526 0587 0035 0417
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Table 4 Stomatal conductance and leaf temperature at 5 growmg stages of tomato plants m summer 1998
.j,

Nethouse 1
stom con leaf tem stom con leaf tern stom con leaf tern stom con leaf tem stom con leaf tem

cultIvar bef flo bef flo beg flo beg flo flower flower beg fr set beg fr set frmt set fruit set
d 053 345 058a 339 054 340 057ab 323 055ab 328ab
g 055 351 076b 327 067 338 072b 324 060b 332ab
dxg 057 343 061 ab 329 058 342 048a 318 036 a 339b
gxd 055 345 057a 340 057 342 052a 325 048ab 333ab
dxgF2 059 347 062ab 339 063 333 OSSa 323 048ab 335b
~2 055 348 056a 338 059 334 052a 320 049ab 327a

Nethouse 2
stom con leaf tern stom con leaf tern storn con leaf tem stom con leaf tem stom con leaf tern

cultIvar bef flo bef flo beg flo beg flo flower flower beg fr set beg fr set fruit set frUit set
d 056ab 342 057ab 313 050 a 331 047 334 051 335b
g 065b 334 065b 322 065b 329 049 337 056 341 b
dxg 056ab 331 056ab 317 049 a 340 051 330 067 311 a
gxd 054ab 351 061 ab 312 051 ab 344 048 337 055 330b
dxgF2 053 a 345 OSSa 315 054ab 326 047 337 059 326b
gxdF2 053a 349 056ab 315 055ab 330 047 340 056 330b

Nethouse 3
stom con leaf tem stom con leaf tern storn con leaf tem stom con leaf tem stom con leaf tern

cultlvar bef flo bef flo beg flo beg flo flower flower beg fr set beg fr set frmt set fruit set
d 050ab 315 041 335b 036 357b 054 308 039 328
g 062b 312 054 334b 047 335 a 057 307 034 338
dxg 049 a 321 046 332b 048 326a 053 301 040 319
gxd 056ab 306 048 330ab 048 326a 050 308 034 325
dxgF2 053 ab 320 051 328a 045 334a 057 304 035 334
gx:dF2 053ab 318 049 331 b 045 330 a 056 307 036 329
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Table 4 cont Standard DevIatlOns

Nethouse 1
Std Dev storn con leaf tern storn con leaf tern storn con leaf tern stom con leaf tern storn con leaf tern
cultlvar bef flo bef flo beg flo beg flo flower flower beg fr set beg fr set frUIt set frUIt set
d 0030 0549 0046 0582 0055 1100 0053 0436 0123 0564
g 0006 0153 0130 1678 0080 1198 0106 0882 0143 0523
dxg 0070 0216 0068 0659 0042 1231 0019 0896 0134 1037
gxd 0010 0469 0046 0479 0040 0568 0084 0335 0154 0434
dxgF2 0121 0923 0089 1196 0102 0805 0103 1270 0133 0913
g:xdF2 0052 0619 0069 0986 0091 0940 0081 1471 0085 0948

Nethouse 2
storn con leaf tern storn con leaf tern storn con leaf tern stom con leaf tern storn con leaf tern

cultlvar bef flo bef flo beg flo beg flo flower flower beg fr set beg fr set frUIt set fruIt set
d 0077 0787 0048 0595 0067 1737 0040 1406 0052 0880
g 0092 1504 0087 1282 0084 1847 0053 0753 0093 1437
dxg 0047 0758 0033 0294 0038 0436 0044 0532 0039 0709
gxd 0042 0962 0058 0585 0027 0063 0026 0516 0094 1658
dxgF2 0077 1560 0054 0669 0061 1938 0037 0854 0089 1620
g:xdF2 0058 1188 0065 0941 0108 1948 0051 0708 0112 2105

Nethouse 3
storn con leaf tern storn con leaf tern storn con leaf tern storn con leaf tern storn con leaf tern

cultlvar bef flo bef flo beg flo beg flo flower flower beg fr set beg fr set frUIt set frUIt set
d 0037 0335 0021 0121 0037 0554 0027 0860 0039 1791
g 0068 1038 0067 0760 0094 3048 0059 0650 0055 0637
dxg 0066 1521 0068 0200 0210 3179 0075 1355 069 0836
gxd 0055 0589 0065 0133 0157 3405 0057 0509 0019 0449
dxgF2 0069 1151 0088 0348 0104 3096 0077 1210 0058 2030
g:xdF2 0072 0868 0053 0682 0125 2887 0062 1070 0079 1442



Table 5 FrUIt characters at the end of the season in nethouse 1, 1998

mean
yIeld fruIt TSS EC pH aCIdIty

weIght
cultIvar (g) (g) (%) (dS/m)
d 1738±491 349 a 476 abc 342 405a 387ab
g 1705±187 462ab 514c 333 418b 417b
dxg 2607±462 523b 445a 318 414b 349 a
gxd 2118±672 566b 458ab 321 410ab 384ab
dxgF2 2169±705 503b 496bc 329 414b 373ab
gxdF2 1829±775 431 ab 489bc 329 416b 384ab
parental 1722 406 495 338 412 402
mldpomt

Table 6 Broad based hentablhty estImates (h2
) of the parameter exammed in the

tomato expenment 1998

cross

Parameter dxg gxd

Dry weIght - leaf 84 80

Curhng - Aug 22 25

Curhng - Aug -Sep 75 78

Curlmg - Sep 70 40

RotatIon - Aug 38 32

RotatIon - Aug -Sep 46 86

Rotahon - Sep 33 32

Stomatal Conductance 86 90

Leaf Temperature 85 63
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FIg 1 RegressIon between curlIng and rotahon over three hme penods m summer 1998

CurlIng and rotahon m NH 1, early summer 1998
y = 651x 1 105, R squared 764
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FIg 2 RegressIon between curlIng, rotabon and stomatal conductance, leaf temperature m NH 1 n=72

y = 6215x 1092, R squared 331
55

5 0

45
00

o 0 0
4 00 0

Ol 35 0 0 0
c: 00 cx:A:>'E 3 0::I
(J

60 0
25

00
0 cg

2 o 0 0
(£o~ 00 0

1 CO CO 0

5
4 5 6 7 8 9

starn conductance

y 4335x 1991 R squared 291
3

0
25 0 0

0
2 0 0

0 0
c: 1 5 0 0

i 0 0

5

5
4 5 6 7 8 9

starn conductance

y 324x + 13529 R squared 103
55

5 0

45
0 0

0 0 0
4 0 0 0

0 0
0800Ol 35 0

l;; 0 0 000
;:: 3 0 0::I
(J

00 0 0
25 0 0 0 0°082

0
8

0 0 0 0 0 01 5 0 0

0 0 0 0 0

5
3f 5 32 325 33 335 34 345 35 355 36

leaf temp

y = 129x + 4938 R squared 029
3

25

2

6 1 5

i
5

o

0
0 0

°
0 0

8 0

o 0
o 0

o 0 0
......

00- 00 0 0

0 00 00 o ~~
00

5
31 5 32 325 33 335 34

leaf temp
345 35 355 36



28

FIg 3 RegressIon of stomatal conductance and leaf temperature at the 6 genotypes over all nethouses
d, n=72

y = 7989x + 37886, R squared 263
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gxd,n=72
y = 236x + 33787, R squared 001
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FIg 4 RegreSSIOn between leaf temperature and stomatal conductance over three hme penods, all genptypes
pooled
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Fig 5 RegressiOn between TSS, yIeld and stomatal conductance leaf temperature
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C SCIENTIFIC IMPACT OF COLLABORATION

The PIs fully orgamzed the research program as an mtegrated umt Drs

Mendlmger, Pohmbetova and Tal have spent about 33% of then bme on the project
and Ventura 100% Dr Mendhnger sent hIS Ph D student SergeI Vohs to
Kazakhstan m September 1998 to further the coordmahon

D DESCRIPTION OF SCIENTIFIC IMPACT

It IS still too early for any major c1a.l1ns but the results of the fIrst and second

years' study strongly support our hypothesIs of the use of heat aVOIdance traIts for

Improvmg heat reSIstance

32



E STRENGTHENING OF DEVELOPING COUNTRY INSTITUTIONS

In the second year the project helped strengthen the InstItute for Plant

PhySlOlogy, GenetIcs and BlOtechnology m two ways

(a) trammg - several Kazakh sCIentIsts spent tIme m Israel obtaIning trammg and

workmg on the project

(b) purchase of eqUIpment - several needed eqUIpment was purchased and

additional eqUIpment wdl be purchased m the second year

F FUTURE WORK

The project IS on schedule and both sIdes WIll be completing the thud year of
the project

SECTION II

A MANAGERIAL ISSUES

No major managenaiissues have ansen The transfer of funds to Kazakhstan

has gone smoothly

B BUDGET

No major changes have occurred m the budget

C SPECIAL CONCERNS

We have no major speCIal concerns m thIS project

D. COLLABORATION, TRAVEL, TRAINING AND PUBLICATION -

The degree of cooperatIon m planning and conducting the research program
has been descnbed above In respect to travel, Dr MendlInger VISIted Kazakhstan In
August 1987 and hIS Ph D student, SeIJeI Vohs In September 1998 to examme the
experimental plots and dISCUSS the project WIth Dr Pohmbetova Due to thIS project
three Kazakh SCIentIsts have worked m Israel

1 Dr Intyke Shayakmetova - spent 6 months workmg on the tomato project,

2 Dr Ehzabetha Bogdanova - spent 2 weeks visItmg the wheat fIelds,

3 Ms Anel Tormanova - spent 5 months In Israel working on the project

In addItIon, JUnior SCIentIsts In both countries have been workmg on the project
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