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ABSTRACT

INFIUENCEOFRJOIS'IOCKG‘I'IHERESPONSEOF

SEYVALW‘IOWS‘IRESS

By

R. Keith Striegler

Experimntswerecormctedtcdetermineifgrapevinercotstocks

can influence cold hardiness and flooding tolerance of scion

tissues. Coldhardinessandwatercontentofprirrarybudsandcalm

were measured periodically during acclimation and deacclimation.

Rootstocks had little effect on cold hardiness or water content

during acclinatim. However, significant rootstock effects were

observed for the deacclimation period.

CanesfranSeyvalgraftedmcynthianahadgreatercold

hardiressanilowerwatercmtentthantheomergraftcanbimticns.

mdsrespcndedinasimilarmamerbuttcalesserdegree.Useof

Cynthianaasamotstcckalsoreducedthepercentageof‘slmotless

nodes.

'Iheeffects cfrcotstcckandvine sizemcoldhardjnessof

Seyvalgrapevinesweredeterminedseparatelyinasecondstudy. Vine

size effectswerecmsideredtobeanirflicatim ofsecondary

rootstock effects since vine size modificatim is an important

primaryrootstcdteffect. Treatment effects mcoldhardinesswere

determinedbymeasurmrtofpercentshootlessmdesardthewithin

vine distributim of canes with diaracteristics associated with

increasedcoldhardiness.

Primaryandsecaflaryeffectsofrootstodcmcoldhardirms

wereobserved. PercentageofshootlessmdeswaslowestwhenSeyval



was grafted on Curlers 3309. Vine size did not significantly

influernefliepercentageofshootlessmdesmiencanesofcmparable

quality were evaluated. Rcotstcck did not significantly affect the

within-Nine distribution of canes. Vine size effects on the within-

vimdistributimofcanesweremted. Largevineshadagreater

umber of poorly manned canes and canes with superior cold

resistance. Iargevinesdcmtappeartobe inferiortcsmallvines

if careful cane selection is practiced at priming.

Flooding tolerance of own-rooted vines was determined under

controlled conditions. St. George, Couderc 3309, and Riparia Gloire

weretolerantcf floodingwhilecherSBB, Seyval, andcynthiana

were intolerant of flooding. Flooding tolerance of Seyval was

increased slightly by grafting onto Couderc 3309. Symptcms of

flooding were desiccation of the shoot apex, flagging of leaves,

necroticareascnleaves, senescenceofbasalleaves, and

regeneration of roots near the water surface.
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Stresshasbeeidefinedas"anyeivirennertalfactor

potentially unfavorable to living organisms" (102). The iuportance

ofelvircnmertal stresshasrecentlybeenstmarizedbyaoyer (26).

MostcropsgrwnintheU.S.haveahighgeneticpotertialforyield

whichismtrealized. Yieldlossesduetodiseases,insects,and

weedsaccamtfor9.3perceitofyieldpote1tial. Soilprcblensand

unfavorable climates result in yield losses which account for 69.1

perceitofyieldpotertial.milesmeofthereductiminyield

causedby ewircrnnertal stress (soil probl. andunfavorable

climates) couldbealleviated withbettermnagenertbygrowers, it

appearsthatmbstantialreductiezsinyieldarecausedby

envircnmertal stress. Anothercmsiderationisremcedquality which

myresiltfruneivirclmertalstresswm. 'Ihisisinportarrtfcr

highvaluehcrticazlmralcrrpssincequalityisofteuasinportant

as qmntity of yield in determining profitability.

Exposm'etofreezingteperaturesarriflocdingaremajor

elviremental stresses which limit vitiwl‘bxre inMichigan. Grape

Wminflidfiganramaiflm29,090t054,432 metrictons

during the 1983-87 period (57). mach of the variation in yield

observedmiringthispericdwasduetofreezinginjury. Freezing

injuryusuallyoccursduringthedormantseasmorinthespringas

budsbegintodevelop. Springfrcstdanegewasmtaddressedin-



2

thisresearchbecauseitanaearsthatrootstccksdcnotinfluence

thetiningcfbtxiburstmidernidiigan conditions (109).

Floodingstresscanbeequallydetrimertaltovineperfcrmance

hltitsinpactisusuallymrelccalizedduetothevariablenamre

of soils in Midiigan. Michigan soils are of glacial origin and it

ismtmmtofixflwell—drainedsardysoilinclcseassociation

with imperfectlydrainedclay soil (186). empactedzcnescanocwr

atvariousdepthseveainsandysoilswhicl'ileadstorestrictedroot

grwth and flooding during periods of heavy rainfall or excessive

irrigation. Fruit trees or grapevines growing on poorly drained

soil generally perform poorly and have increased mortality

(94,113,115,118,173).

IIhisdissertaticnwasundertakentogainanm’ideretandingof

theinvolvenentofthegrapevinerootsysteninscionresponsesto

freezinganiflcodingstress. Variousyitjgspeciesand

interspecifichybridseithergraftedorcntheirownrootswereused

asprobestomicoverrootcartributicmtoscimresistance. This

W should also yield useful infcmtion on root physiology and

themedaanismofinjuryoffreezingardfloodingstress.

Theecperinentscmprisingthisdissertatimarearrangedin

chapters, eadaofmidiaddressesanaspectoftheresearduproblen.

Ead1d1apterhasitsownintreduction,materialsandmethcds,

results, discussion, andccnclusicnsanditis interiedthat each

will be suhnitted to the American Jourml of Biology and Viticulture

forpublication.

Arevievofliteratureisincludedeventhcugheachchapteris

designed to stard alone and has relevant literature reviewed in its

introductim. Tramposecftheliteraturereviewistopreserta
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detailed backgrourd on cold hardiness and flooding of woody plants.

Itishcpedthatthereviewwillserveasareferelce forevaluation

oftheexperiments inthisdissertation. Emphasiswillbeplacedon

current literature since various aspects of cold hardiness (31,79,

80,183,184) and flooding (30,46,54,77,85,86,89,92,93,129,138,

167,170) have been recently reviewed.



I. CDIDHARDINESS

'nleabilitytowithstandlowtenperamresisarequirelentfor

thesurvival ofwoodyplantsintenperateregiels oftheworld.

Acclimation, deacclimatim, mechanisms of freezing injury, and

nedlanimofresistametofreezingareimportantaspectsofthis

topicarriwillbecoveredinthisportimcftheliteraturereviev.

muesiswillheplacedmliteraturepertainmgtowoodyplants.

Woody plants have evolved elaborate strategies by which they

resistfreezinginjury. 'nleeanecrtimofthesestrategiesis

depedantmtheabilityoftheplanttoacclimatetofreezing

tamer-auras. Nevgmvthinthespringisterierandcanmly

withstardtelperamresafevdegreesbelqv0°c. Asfall amroad'zes,

woodyplantsscnelmperceivecertainewiremrtalsignalsarri

begin the acclimation process. then acclimation is camlete, sane

woody plants are capable of withstanding tenperaulres of -195°c

deperiingupmthefreezirgevert.

Deacclimtimofvnodyplantsocclrsinthespring. Ming

thisprocessplantsgofrmastateofmaadnmhardiresstobeing

quiteterierasgrwthbegins. midllessislmownabmrt

deacclimtim than acclimation but it appears that deacclimaticn is

not simply the reverse of acclimation.
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‘nlefreezingofwaterinplanttiselesdoesnotalwaysresult

ininjury. 'nms,interestinthenechanismoffreezinginjuryhas

beelgreatanidebatemthissubjecthasocclrredforoverloo

years. Recertevidecesupportstheideathattheplaenanembrane

isintimtelyinvolvedintheinjuryresultingfranfreezing

(168,177,205-207) .

Resistancetofreezinginjurydeperisupmeitheravoidanceor

toleranceoffreezingwaterinplanttisales. Manymechanismshave

been identified which allow plants to resist freezing injury. This

isalsoanareaofactiveinterventimbygrowersusingsmh

cultural practices as site and cultivar selection, addition of heat

toordlardsorvineyards, etc. Agreatermderstandingofthe

nedlaniensoffreezingresistanceisdesirablesinceanallincreases

infreezirgresistarcecouldresultinasubstantialreductimin

crop losses and increased profitability for growers.

W

'Ii'lewrrerthypothesisregardimcoldacclimtimofmody

plantswasprwosedalmsttweatyyearsagouw). Withdraw

notableeceptims,theevideneaccmlatedsincethenmpportsthe

sequenceofeve'ttspresentedinthehypothesis. Thekeyelemertof

thehypothesisisthatacclimatiminmodyplantsappearsto

involvethreedistinctfllases.

‘Ihefirststageofaoclimtiminmstmodyplantsbegflwith

thecessation ofgrowthof vegetativeshoots (183,184). Shortdays,

low tenperatures, andwater deficits are envircnmeltal stinlli which

havebeelassociatedwithgrwthcessatimandtheinitialstagecf

acclimation. mtimm cmditims for acclimatim of adapted species
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appeartobeefpoelretoshortdaysarriwarmtemperaulresfora

period of time followed by decreasing temperatures.

Decreasingdaylelgthinauunmhasbeelshowntoirriucegrowth

cessation, rest, and cold acclimation in several species of

decidlmstrees(183,184). Shortdayelhancenertofgrmth

cessatimardacclimtimwasfolmdtobemediatedbyplytochrane

(184,190). 'mephytodlranesystenneasuresthelegthofthedark

periodanicertrolsgrodthrespelsesmdlaremldermotoperiodic

cartrol.£bcposurecfthep1ytochranepignentinleavestoredlight

(660m)frunmrmalsmlightorothersoureesinducesthe

physiologically inactive fonn of the pigment to convert to the

activeform. mlelleavescontainingphytodirmeareinthedarkor

areecposedtofarredlignt(730m),theactivefomofthe

pigmertspartanemslyrevertstotheinactiveform.

Waterrelatimsarealsoinvolvedinthefirststageof

acclimatiminwoodyplants (184). Reducticnsintissuehydration

ocamafterflleplantsstopgrwinginrespmsetoshortdays.

Geaerally,themisturecarteltofplanttisalesisinversely

relatedtocoldhardiness (102).

Coldacclimtimcfcitrusmm(h)03beck)efl

red-osierdogwoodMgerigL.)wasirrhcedmentreeswere

mbjected to cartrolled water deficits (37-39,202) . Exposure of

citrustreestoawaterdeficitincreasedthemgarandproline

levelsinleavesaMreducedfreezirginjmytoleavesandstens

(202). Decreasedwaterpotertialarritissuemisturecmtertwere

observedinred-osierdogmodtreesmn'ingseveldaysofetposureto

water deficit (38,39). Coldhardinessofstentissuesixrzreased

from-3to-ll°cmringthissameperiod.
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Plantrootsappeartoplayanimportantreleinthechanges in

water relations which occlr during the initial stage of acclimation

(108,119,188,201) . The influence of root temperature on cold

hardiness was examined in citrus (188,201). Efposure of roots to

5°Cmileshootswereecposedtoarxmacclimatingairtenperamreof

30°C resulted in decreased leaf xylem water potential and

transpiraticm while leaf diffusive resistance and cold hardiness

increased (188) . Relative water content of leaves decreased in

responsetothe5°Creottreamentbutthedifferenceswerenot

statistically significant. Similar result were obtained when grafted

citrus treeswereexposedtoa 5°Croottmper'amre (201). Soil

temperatures also influence acclimation of the root system (189) .

Water relations, root conductivity, and cold hardiness of red-

osierdogmodtreesveremeasuredmrierirflwtivearfiminiuctive

conditions for acclimation (108,119) . Trees which were grown under

inductive conditions (short days and low temperatures) displayed

increased trampiration and cold hardiness. At the same time,

stonatal resistance, root carinctivity, and sten water content

decreased. Itamearsthattheremctimintissuewatercmtelt

which occurs (hiring acclimation in red-osier dogwood results fran a

decreaseinstanatalresistancetowaterlossarrianincreasein

resistance to water flow through the roots.

Shortdaysandchanges inwaterrelaticns appeartoelicit

similar physiological responses during the induction of cold

acclimtion in red-osier dogwood (37). Do short days and

alterations in water relations irduce acclimatiei by iniepeldelt

mechanistic, orarethesestimlimerelycmpalertsofthesane

mechanienof induction? Itistelptingtospewlatethatshortdays
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andwater relations ftmctimwithinthesamenechanism. Studies

with modified plants suggest a possible cooperative role for these

environmental stimuli (183).

The enviru'mental control of cold acclimation has been studied

using plants divided by light or temperature barriers, partial or

total defoliation at differert times during acclimation, girdll'ng to

disruptthetranslocatimofmbstancesinthemloen, andgrafted

plantsoauposedofgelotypeswhidldifferintheirabilityto

acclimate (183). These studies have shown that leaves exposed to

shortdaysproduceatrelslocatablehardinessprmntingsubstelce

(82,183,184). 'lhe translocatable hardiness prcun‘ber has not been

identified, but evidence suggests that it functions by regulating

plant water relations. The following proposed pathway of infliction

ofStageIacclimatimisconsisteltwithdatacollectedfranred-

03mm. GDP-13 Manilamlloll mot-harm. WOOdY

plants:

Decreasing daylegth in autumn

1) Growth cessation

2) leaves produce hardiness

pranoting substance

1 ABA?

Alteration of plant water relatiors

1
First stage of acclimation

As indicated above, it has been suggested that abscisic acid (ABA)

isthehardinessprcmoterproducedbyshortdayleaves. Evidence

francertainstudiesofacclimtimofarnlalplantssupportsthis
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idea(116,144). However,acritical ecperimenttotestthis

hypothesishasnotbeencorrmctedinammalorperemialplants.

'nlesecaristageofacclimatimisiniucedbylwtemperature

(183,184). Asignificantirrzreaseincoldhardinessismtedarotmd

thetimeofthefirstkillingfrostinautmm. Althoughfreezing

telperatmes trigger the induction of Stage II acclimation,

cmsiderable metabolic activity occurs during this period.

Afterthesecerlstageofacclimatimhasbeelattained,

prolaiged,cartirmlsefposmetofreezingteperaunescaninduce

furtheracclimatimtothenaximmlevelsofcoldhardinesswhidl

canbeachievedbymodyspecies (183,184). Theraxinumlevel of

coldhardinessattairedisdepeldertmthemedlanisnbywhidlthe

tissueinquestimresists freezinginjury. Tissueswhichexhibit

deepwperooolinggem'allycansurviveto-40°cmi1etissuesvmidl

exhibit extracellular ice fomtial have survived to -196°C. This

typeofhardinsssisrapidlylostastismesthaw. Itappearsthat

thethirdstageofacclinatimresultsfranstrucmraldlangesin

them'otoplasmarridoesnotinvolveactivemetabolicprecesses.

aloofthemreinterestingfactsmiduenergesfrunareview

of the acclimatim literature is the level of metabolic activity

midlocwrsduringthisperiodvtmplantshavequitgrowingard

areelteringdormancy. Weiseranihiscolleaguesintelsively

studied metabolic charges in red-osie: dogmod curing acclimation

(103,183).'mayfa.mddlangesintotalproteincontert, specific

protein, lipid m'lsamraticn, starch, sugars, rim-volatile organic

acids,freeeribcnriaminoacids,organicardimrganicplosphonls,

totalRNA,INA,tRNA,andrmA. Similardlangeshavebeeiobserved

inotherspecies. GoldacclimatimofKoreanBoomodm
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Myer. KoreanaNakai) leaveswasaccanpaniedbyincreased

rRNA activity and soluble and membrane-band protein content (70).

Increases intheconteltofproteins, nucleicacids, and

phospholipids were observed (hiring cold acclimation of the living

bark of black locust (mmgL.) trees (160,161).

Also, leaves of three citrus species displayed a substantial

increase in polyamine and proline levels dining acclimation (95) .

Interpretatimofresultsfrmtheseeaqaerinents issanewhat

difficult because of the correlative nature of the data and the

experinentaltedlniques used. Aretheobservedmetabolic changes

involved in the initiation of cold acclimation or are they merely

involved in the develqmert of hardiness following the inducticm of

acclimation? Also, many metabolic measurements in early studies

mmdemvmoletissuesratherthanmspecifictissueswhidlare

involved in the develcpnent of cold resistance. For instance, lipid

alteratims during acclimatiel were oftei studied using crude

mama-ans preparations rather than highly purified plasma membrane

fractions.

The develcpnent of inproved separation procedures and molecular

biology techniques has allowed greater precision in more recent

stxfliesofcoldacclimticn. Maftherecertreseardlm

netabolicdlangesduringacclimatimhasbeelcmductedusirgammal

plants (71,72,106,111,112,145,152,177). One of the reasons for this

isthat itisdifficllttoextractandmeasuremcleicacidsarri

proteirsfranwoodyplanttissmsduetothepreselceof interfering

substances (103). ' ‘ ‘

Acclimtiminseveralammalplantspecieshasbeelshownto

imrolvedmigesintherateandpatternofpreteinsyntlesisandin
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the population of translocatable mRNA (71,72,111,112,145, 152). In

general, efposuretoacclinatingtenperaturesresultsintheiemo

synthesisofproteins. Theseproteinshavebeencharacterizedas

cold acclimatim proteirs. However, caution must be enercised when

interpretingtheseresultsduetothediffialltyindetemining

cause and effect. For example, protein synthesis was analyzed in

cold-tolerant winter wheat (Tritiggm L. cv. Fredrick am

cv. Norstar) and cold-sensitive spring wheat (Triticum aestivum L.

cv. Glenlea) durirg acclimation (152). One- and two-dinensional gel

electrqhoresis revealed that a high molecular weight protein (200

kDa) accumulatedduringacclimation. 'misproteinwas found in

higher Matias in the cold-tolerant cultivars than in the

cold-seasitive cultivars suggesting a correlation between the degree

offreezirgresistancearriacclmllatimoftheprotein. However, the

fact that the protein accumulated in both cold-tolerant ard cold-

selsitive cultivars could indicate that its synthesis is part of the '

grossmetabolicadjustlnerttolwtelperatureratherthanbeing

specifically associated with the development of cold hardiness.

Cellularmebranesappeartobeintimately involvedincold

acclimtim ard freezing injury. This, several studies have focused

m charges in cellular menbranes, particularly the plasma membrane,

during cold acclimation (106,177,206). Uemura and Yoshida (177)

reportedslightdnngesinthecmpositimofplasmamebranefran

rye mmL.) seedlings during acclimation. In cartrast,

amdetaileds‘ttnybylyrdlaniStepommsfandmanydlangesin

theplamwbreecmpositimcfryeseedlingsmn'ingthisperiod

(106) . Acclimaticn alters virtually every lipid carponert in rye

plamamamraneswlmtheresultsareexpressedmamlartofthe



total lipid content.

The influence of acclimation cm the carposition of the plasma

merbrane in woody, peremial plants has received less attention. An

analysis of the lipid and protein canposition of plasma membrane

isolated frannulberry MMKoidz.) barkcellswas

acoanplished by Yoshida (206) . The level of phospholipids increased

during cold acclimation. There were few qualitative changes in

Mnlipid cmposition during acclimation. levels of phosphatidyl

choline decreased slightly while levels of phosphatidyl ethanolamine

increased slightly. Significant changes in the fatty acid

composition of the plasma meibrane phospholipids were observed.

Therewasasubstantial increaseintheratioofunsaturatedto

saturated fatty acids soonaftergrowthcessationwhena large

increaseincoldhardinessocwrred. Thischangeintheratioof

unsaturated to saturated fatty acids in plasma membrane

mosfilolipids was primarily due to an increase in linoleate content.

The ratio of sterols to plosmolipids in the plasma menbrane

decreasedmlrirgacclimtimprincipallyduetotheincreasein

pinspholipids (206) . Acclimtim resulted in an increase in the

fluidityandchangesinproteincmtertofplasmnanbrane. Most

proteinalteratimsccclrrednearthetineofgrowthcessatim.

chvever, incorporatim of certain high molecular weight proteins

into the plasne Ware caltinled after mth cessation.

Ultrastructural emimtims have also uncovered charges in the

plasma Ware during cold acclimtim (114,191). The plasm

Mammothardregularattimesotherthanacclimatimor

deacclimatim. wring acclimatim, irregularities of the plasma

matranewereobserved. These irregularities consistedof
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imaginations and infoldings. ' Other activities were observed which

werecmsistertwithmenbrarecmpeentunnovereldtransfomatim.

Collectively, these data indicate that the plasma membrane is in a

dynamic state of change (hiring acclimation.

Aoclimtimofgrapevimsflifism.)hasmtbeeisuldied

extensively. hoover, recent studies have contributed significantly

to our understanding of this process (58,59,154,195-198) .

Acclimtimbeginsatthebaseofgrapevinecanesandproceedsinan

acropetalmanner (195-198). Theprogression of acclinetionis

closely associated with the vegetative maturity of canes and a

reductim intissuewater contelt. Vegetative maturity of canes is

signifiedbythedevelcpnertofperidemardthesubsequertdiange.

incolorcfthecanefromgreeitobrownuw).

Wolpertandnowell (198) ecaminedtheeffect of photoperiodon

acclimtimofcmcordgrapevinesflitislmmiley). Vines

malbiectedtomun'aldayleefll (ND)ornightintemzptim(NI)

ofNDwithawhitelightsource. NIdelayedthecessaticnofshoot

growth,buthadmeffectmtheextextofshootmaturatim, cold

hardiness,crrootcarluctance. Altlnlghlighttreatmerthadno

effect a: this physiological characteristic, root corriuctance

decreasedWthe acclimation period. Saravhat different

resaltswerecbtainedbyFemelletal. (59).Inthisexperimert,

rocthydraulicca'ductanoedecreasedwithdecreasimdaylelgthin

mmmdm.vireshltmtiny_itislabnm8afleyvines.

These results indicate that growth cessation of grapevines is

underphotoperiodic control (198). Homver, growth cessaticnwas not

required for acclimatim and acclimation was not made): photoperiodic

oartrol. Cessatimofgrowthofvinesecposedtoshortdaysmaybe
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relatedtocytoldninproductimbyroots. Vinesgrowntmderals.

hour photoperiod had twice the level of zeatin riboside in xylem

emdateasvinesgrownm'lderalzmphotcpericd (58).

miteRieslirlgvires(m_is\_rgi._f_e_raL.)weresubjectedto

temperature and photopericdic treatments during acclimation (154).

'Ihemly atperinental trea‘tmentwhidl substantiallyincreasedcold

hardiness was natural acclimtim (decreasing temperature and

protoperiod). Shortdaysorlowteuperaturealmeverenot

sufficient to cause acclimation. In additim, greenhouse control

viresgrwingtndermnirductivecmditimsWamteuperablreseld

longdays) increasedincoldhardinessduring autumn. Thisfinding

ameststhatgrapevineshaveaneriogemsrhyttmincoldhardiness

asliifli'GPtYJBBdbyHowellandWeiser(183).

Inslmmary,alrpresertlonwledgeofgrapevineacclimaticnis

limited. Nevertheless, enough informatim is available to cmclude

that inportant differences exist betweel acclimation of grapevines

andotherwoody,deciduousspecies. Foreample, grapevine

acclimtimisnotmxierphotoperiodiccontrolasisacclimatimin

othermodyspeciessuchasred-osierdogwoodorapple

(82,183,184,198) . A better mrierstarriirg of the acclimation process

ingrapevineswouldaideffortstodevelopcallturalpracticeswhidl

reduce the probability of freezing injury and new cultivars which

resist freezim injury.

W

Deacclimaticn is the transition of plant hardiness fruit the

hardytotheteldercarlitiminthespring (184). Limited

informaticn is available on deacclimation of woody plants because
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thisprocesshasbeelstudiedlessthantheacclimatimprocess.

'meenvivalofwoodyplantsintetperateregionsisinflueicedby

thedeacclimtion process. Woodyplantshavingadeacclinatim

patternwhidlisnotsyrdirtmodswithelvironnertalcmditielsare

often susceptibleto freezing injury. For instance, periods of

fluctuating teperatures during the quiescent period follmring rest

can remlt in significant freezing injury to woody species when

tissuesareexposedtorelativelymildlowtemperatures. Thus,the

timing and extent of deacclimation are important factors which can

limit the adaptation of plants 1:: a specific elvironment.

Therelaticnshipbemeelrootstatusanddeacclimatimhasnot

beenclearlydefined (184). Restingplantshavebeenreportedto

deacclimatetoalesserexteitthanquiescentplantswheneposedto

wanntemerabrres.- Taninoetal. (174) treated red-osierdogwood

plantswithhydrogencyanamideor47°cwater. Ill'iesetreatmentshad

previouslybeelshowntobeeffectiveinbreakingtherestperiodof

thisqaecies. Treatedplantsrapidlydeacclimatedvmenexposedto

wamtenperatlneswhilecontrolplantsdidnotindicatingthatrest

statuscaninfluelcetheertertofdeacclimtim. Contradictory

resultswerecbtairedinothersmdiesmereintissuesfrunresting

plantsdeacclimatedmrerapidlythantismesfrunquiescertplants

(184). It is possible that nld'l of the conflicting data fran these

en-cperinentscanbeattrihrtedtospeciesandwltivardifferelces.

'meprimarystimlusfordeacclimtimindeciduodsmodyplant

species is temperature (25,41,49,81,184). Following the rest

period, irxzreasirgtelperaturesinspringresultinalossof

hardiness. 'nleabilitytoreacclineteinrespmsetosuddenlw

tameratures is slowly lost as deacclimaticnproceeds (49,81).
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Howell arriWeisersuggestthat irrevereibleprotoplasmicdlanges are

responsible fortheobservedhardiness losseswhichwereonly

partially reversible (81). These changes seemedtoprevelt

reaoclimatimbeya'dacertainbasic levelardthebaselevelraised

with each successive day of deacclimation.

Planttissuesundergochanges inwater status, metabolism, and

ultrastnicuire during deacclimation (25,70,9l,114,150,l91,

194,204,207). Increases in water content of grape (194) and

blueberry mmmL.) (25) buds were associated with

decreasedhardinessasdeacclimatimprogressed. The freezingwater

inplanttissuescanbedetectedbydiffereltialthermalanalysis

(om) . Agile pith cells and xylen tissue exhibit a different .

encampattemhyominthefall andspring (91). Inthe fall,

pithandxylenetothermscmldbeseparated. Butinthespring, the

amendmcouldmtbedistinguishedvmidl indicatesthat

deacclimatim is not simply the reverse of acclimation in apple

tissues.

Goldhardinessofkoreannomoodleaveswasrapidlylcstupm

exposure towamtelperatures (70). Bring this period, a rapid

synthesis of nucleic acids was observed. Deacclimation of mflberry

trees reallted in significant decreases in the phospholipid content,

the degree of mutation in phosp'lolipid fatty acids, and menbrane

fluidity of plasma mares (207). Also, the sterol to

phosphclipid ratio increased as cold hardiness decreased. Changes

inproteinandglycoproteincmteltoftheplasmamenbranewerealso

noted. Inasimilarstudy, theproteinandphospiolipidcmteltof

bulk menbranes of black locust trees declined during deacclimation

(204) . Arginine and proline pools aremobilized in stens of woody
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plants during the latter stages of deacclimation just before active

grwthbegins (150).

alargesincellultrastructuredurimdeacclimatimmre

observedinpeach (Mugged—ca [L.] Batsch) (191) arrimiberry

(114) stentissue. 'meplasmanenbranewasenoothardregular

except when plants were lmdergoing acclimation or deacclimation.

mindeacclimtim,therewasagradualreappearanceoflarge,

certrally located vacloles, invaginaticns of the plasma menbrane,

arritherearpearanceofcanplezmenbramstrucunesandvesicle

aggregatesalcngtheplaenamebrane. Mostultrastmctnraldianges

wererelatedtotheplasnambrane. misinformation, alongwith

the previouslydiscussed changes inplasnamembrane composition,

iniicatethattheplasmamembraneisinadynamicstateof

trelsfomtimmn'irgdeaoclimatim.

W

Freeziminjuryinwoodyplantsiscmplerandinvolvesa

nultiplicity of factors (31,183,184) . A single or sinple mechanism

offreezinginjurydoesnotedst. Infact,mlltiplemechanismsare

fmctielalinmodyplantsandinjuryvariesbetweelspecies,

timinaplantandstagesofplantdevelognent. Our

mrierstarriingofthenedlaniensoffreezinginjuryislimited.

m,caeiderableecperinentalevidecemggeststhatfllestauls

ofmterinplantcellsandthestabilityoftheplasmamenbraneare

critical elenertsinthedevelqneltof injurydurirg freezing.

'nlesta‘ulsarribellaviorofwaterinplanttisalesplaysan

inportant role in freezing injury (31,169,183,184) . Dirirlg exposure

to low teiperamres, ice forms either inside (intracellular) or
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outside (extracellular) of the cell. Intracellular freezing always

results in death of the cell. Injury during intracellular freezing

ismletotheformatimofmmermsicecrystalsintheprotoplasn

malaisnlptcellularintegrity. mistypeoffreezingocwrsin

tender plants which are not capable of acclimation, in hardy plants

before‘theyacclima‘te craftertheydeacclimate, and indeeply

expercooledtissuesofhardyplants.

muacellular freezing injury may or my not result in injury

(31,183,184). Ice begins to form in the-plant after a few degrees

ofsupercoolingandicepropagatimpmgmsesthmlghwtthe

extracellular spaces. An extracellular vapor pressure deficit

developsandwaterisdrawnfrmtheprotoplasmtoextracellular

spaceswhemeitfreezes. 'nlemrementofcellularwaterto

exhacellulariceinposesasevemdehydratimstressonthelivirg

prctqalasmofcells. Inadditim,ext:racellu1aricehasbeenstm

tobeadirectcauseotinjm'yincertainplantspecies.

Dehydration stress resultirq fran extracellular freezing

figmesprunimmtlyinseveralhypotheseswhidlhavebeenproposed

toexplainfreezinginjmy (31). 'mesehypothesesixcludethe

sulfhydzyl-dimlfide hypothesis, the protein water shell hypothesis,

finsaltirq-cuthypathesis,anithevitalwaterhypathesis. A

cumultlmintl‘lesehypcthesesisulatthedehydratimstress

inposedbyextracellularfreezingcausesproteindenaunatimmidl

disruptscellstrucuu'eardmum. Altl'nxghthereissane

evidexnasupportingmeormreoftheproposedhmeneses,mrther

research is needed before the role of protoplasmic desiccation in

freezing injury is clearly defined.
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lbs stability of the plasma membrane is an important factor in

freezing injury (31,168,169,183,184,205) . Recent studies indicate

thattheprimarysiteof freezing injuryinplantcellsisthe

plasma madam-am (168,169,205). 'Ihree ferns of lethal freezing

injuryhavebeenidentifiedinryeseedlingplasmamembranes

(168,169) . they are intracellular ice fonnatim, dehydratim-induced

loss of osmotic responsiveness and expansim-induced lysis. These

forms of injury have been studied intensively using isolated

pr'ortoplasts, but they are not unique to protoplasts. Similar types

of injmyhavebemdeumstratedinintactcells isolatedfromthe

sametisweastheprotoplasts. 'n'leocalrrenoeofanyparticular

formof injuryisbasedmprobabilityanddependsonthefreeze—

thawpr'ctocol, thehardinessofthetissuefmmlidlthe

protoplastsvereisolated, arrithecmpositimofthesuspetfiing

medium.

Seedingbyextracellulariceisthougnttocauseintracellular

ice formation (163,159); 'Ihe plasma membrane is an effective

barriertoexternalicecrys‘talsdlmirgfreezing. Flammanbrane

dmgeandlossof integrityarerequiredbeforeseedingby

extracellular ice can occur. High resolutim video recordings have

armlthatdisruptimoftheplasmanmbnmoccurebefore

intracellular ice fomtim. Thus, intracellular ice formation

appearstobeaconsequenceofnmbrarefailureratherthanacause

of manbrane failure. Acclimted protoplasts have a lower incidence

of intracellular freezing than nomcclimated protoplasts when

subjected to similar cooling rates and tarperatures. Also, water

permeability of plasma umbrane tron acclimated and mcclimated

protoplasts was similar irdicating that increased water permeability
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oftheplasnamembranewasmtresponsible forincreasedresistance

to intracellular freezing.

Asecondformof injuryobservedduringfreezedthawcycles of

isolated rye protoplasts is dehydratim-induced loss of osmotic

responsiveness (168,169). This is the main type of injury in

acclimated protcplasts which have been cooled to the LTSO at slow

rates. Dehydration and contraction of the protoplasts during

extracellular freezing apparently alters the sanipermeable

properties of the plama membrane. The protoplasts exhibit

characteristic osmotic behavior during cooling, but are osnotically

inactive during warming and remain contracted. Possible causes of

the loss of semipenneability are solute cmcentration, removal of

water, electrical perturbations or thermtropic phase transitions .

Freezingandthawingofmcclimtedprotoplastscanresult in

expansion-induced lysis (168,169) . Fonnation of extracellular ice

anitheresultingdehydratimanicmtractimofthepretoplast

causeaturnoverofmaflaranemterial. Adeletimofnmbrane

Woccurs during cooling. Vesicles are formed and

eniocytotic vesicilatim of radar-are material is observed. Madurane

material isincorporatedbadcintotheplasmamanbraneafter

thawirg. Sufficiently large mrface area contractions are

irreversible due to the limited amount of readily available material

for incorporation and the rate at which it can be reincorporated.

'merefore, theplasmmenbraneappearetobesensitivetomed'lanical

stressesmringosncticcmtractimardeaqlansim. Incontrast,

acclimated protoplasts undergo eaaocytotic extrusion of membrare

material intomrfacepolypsortetheredspheresduringosmotically

induced contractions tran extracellular freezing. The formation of
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exocytortic extrusions is fully reversible and contributes to the

increased tolerance of acclimated protoplasts.

'nleuseofprotoplaststosmdyfreezinginjurylmlstbe

evaluated carefully to insure that the relationship between freezing

inisolatedprotoplastsaniintacttisalesishlown. Intactcells

andprotoplastsfranthesametissuesofyjncLaJmeanm

MLnflistigflfimmdmammgLata

Link. wereexposedtoafreeze—thawcycle (21). Protoplasts

displayed greater freezing injury (measured by TIC reduction test)

thanintactcellsinallspeciesexceptlflia. 'Ihisil‘ldicatesthat

thecellwallmayhaveaprotectiveroleincertainspeciesand

camntbeignoredinthedevequnentofprotocolforfreezirq

stariies.

Insmmery,freezingofplanttisstesardsubsequent

development of injuryarecauplex processes. 'Ihephysical state of

water and its location (intracellular vs. extracellular) change

durimfreezing. 'mesed‘largesresultinbothdirectaniindirect

injurytoplantcells. 'meprimarysiteofinjuryappearstobethe

plammaflarane. Agreatermderstandirgcf freezing injurywulld

bebeneficialbecausethislnmledgecouldbeusedtointerpretthe

significance of correlative metabolic changes which occur during

acclimtimanddeacclimatim.

W

Woody plants survive low tenperamres by avoiding or tolerating

the freezii'g waterin their tissues (31,184). Several iuportant

nedlanianshavebeenidentifiedmidlallwplantstoresist

freezirg injury. Following acclimation, decidums forest species
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arri fruit tree wltivars tolerate extracellular freezing in some

tisslesandavoidfreezinginothertismbydeepwpercooling.

For instance, peach bark tissues exhibit extracellular ice formation

and cellular dehydration while xylem ray parenchyma exhibit deep

supercooling (18,33). Also, the use of (natural practices which

maadnizecoldhardinessisaninportantmeansofresistingfreezing

injury (79,80).

Ammal plants which have little cold resistance have evolved a

very reliable medlanian for surviving low tanperatures (31,184) .

Seedsareproducedwhidlavoid freezingduetotheirdehydrated

state. In addition, regenerative tissues of herbaceous biennials

arr! perennials develop only limited levels of cold resistance and

surviveprinerilyduetosoilanisrwcover. Woodyplantsin

talperate regions develop significant levels of cold resistance.

nlportarltfreezirlgmidamenedlarlisns inwoodyplantsarefreezing

point depressim, supercooliirg, and deep supercooling.

Solutesincellsdepressthefreezingpointardprcvideafew

degrees of protectim in plant tissues (31,184) . Freezing point

depression in plant tissues rust be determined by measuring the

temperature atmidltissuewatermeltsbecause sanesupercooling

almost invariably occurs. Supercoolingiscbservedwhenice

misleatim substam are lacking. Natural barriers which limit the

propagatimoficebetweentissueswithintheplantmigntbe

involvedinthedevelopnentofalpercooling. 'Iheextentof

supercooling under field corditims is usually limited. Formation

oficemexternalplantan'facesreslltsinseedingofintemal

tissues through lenticels, stalata, or wamds. Also, bacteria

(Mammmmmmm (10111118) DYE)
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havebeenshowntobeeffectiveexternalmcleatorswhichreduce

supercoolinginannualplants (6,105). Ice nucleationinflower

blrisandvegetativetissuesofwoodyperemialplantsisprcmotedby

intrinsic ice misleating agents (5,11,16,17,68) . Bacteria do not

appeartobeeffective icermcleatorsintissuesofmodyplants.

Freezing point depression and supercooling probably are not

significantavoidarnemednnisnsforhardymodyplantsaceptin

thefallbeforeplantsacclimateorinthespringasgrwthbegins.

Honaever, inalbrtropical regionsthe fewdegrees of protection

affordedbysupercoolingcanbeimportant. Orange(_qitru_ssinensis

(1..) Osbeck) flowers dimlayed supercooling with freezing occurring

between -3.8 and -6.l°c (203). Expression of the maximum capacity

for supercooling in orange flowers would significantly reduce the

bazardoffreezirginjuryincentralFloridagrcves.

Deepalpercoolingisaniuportantmedlanismofresistanceto

freezing injuryinmnydeciduoismodyplants (31,63,184). Pure

watercansupercoolto-38°thenrnlcleatingsubstancesarenct

preserlt. 'nlistatperatureisthehmogernlsmlcleatirgpointfor

purewaterorthetalperauireatwhidlspmtareousicemcleation

occunsintheabsenceofmlcleatingsubstances. 'Ihepresenceof

solutesandsolventsindeeply supercooledwatercenfurtherdepress

thetaperature atwhidlspmtanemsmlcleatimoccurs. yitig

www.mmbeenobeewedtodeqflysupereoolto-SSOC

(69).Otherspeciesusedinthisexperimrthadnodetectablelcw

tameratureeomthemintheirwood.

‘xylanrayparenchyneardflowerbudtissuesfrunammberof

decidmmswoodyspecies exhibitdeep supercooling. Deep

alpercoolinghasbeenobservedinxylanrayparendlymaofapple
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(91,133), grape (Yj;_is rim Michx.) (126,127), Prunus species

(133,135), BEE species (136), red cedar (Junipggs v1_rg'iniana L.)

(62), shagbark hickory (mm L.) (64) and several species of

woody tinberline species (23) . Planer buds or primrdia of azalea

(3mmWSchneid.) (55:55): blackberry m 5139-)

(181), blueberry (24), grape (12,132,193), peach (9,13,14,131,134),

and sweet diam! (2m slits 1») (9.10) We deep smercoolire

to avoid freezing. Studies on freezing injury of hardy woody plants

atthenorthernlimits ofthedeciduousforest inNorthAmericaand

 

nearthetinberlineintheRockymltainsofthewesternU.S.A.

indicatethatsurvivaloffreezirgbydeepsupercoolirgisan

importantfactor which limits plant distribution (63).

Injurytodeeply supercooled tissues, suchasxylem ray

parendlyneandflomrbuds,isassociatedwithadiscreteand

measurablefreezingevent. Wienthetalperamrefallsbelowthe

l'rmogeneals nucleation point, intracellular freezing is initiated

causing death of deeply supercooled tissues. Differential themal

analysiswl'mmeasuresthereleaseofheatvdmmterfreezesin

planttissuesarriisacolwenientmethodofdeteminirgthe

occurrenceoffreezirqevents.

flowerbudsdisplaytwotypesoffreezingeventsorexctherns.

'mefirstelwthermgenerallyocalrsabove-moCardseanstobe

associatedwithiceformatiminthebuiscalesandstanaxis.'mis

Wistoflaedbyaeormorelwtmperauneeacculerns

(m‘E's). ImE'sarethoughttoresultfrunthefreezingof

intracellularwaterinhriprimordia.1njurytobudprimordiais

highlycorrelatedwiththem. 'n'lemmberofeawthermsobservedin

budsissimilartothemmberoffloralprimordiawllenhldsare
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omposedofasingleprimrdilmorareatanadvanoedstageof

floral differentiation and canposed of multiple primordia (181) .

Buds with nultiple primordia exhibit a single m'E (hiring the early

stagesoffloraldeveloptent.

'Ihe situation is considerablymore couple: inwoody stems.

multiple eacothenns are often observed and interpretation of results

isdiffiwlt. 'Ihepattern ofencothermsisinfluencedbyspecies,

acclimaticn stems, andcooling ratemlgotherfactors. Asan

example,stemsofsauevnodyspeciesdomtdisplayanmmm

fully acclimated (31,184) .

'mecmlplexityoffreezingeventsinwoodytissuesis

illustratedbythemrkofKetchieardKamnereck(9l). Four

exothenswereobservedinwoodytiswesofapplebym. 'Ihefirst

exethermwasmeasuredat-6to-9°Cvnilethesecariandthird

Muriedwiththetimeofyearfrcm-loto-39°c. Freezing

of extracellular water, pith cells, andxylantissuewere

mime forthefirst, second, andthirdexotherms,

respectively. A LTE was recorded at -35 to -40°C cmsistently. 'Ihe

intensityofthemwasrewcedvtmulecoolirgratewasbelm

8°C/hanarrlwasmlongerdetectab1evtmthecoolingratewas

4°C/lnlr. Use of sensors with high resolution (thermelectric

mdules)wasnecessaryfordetectimofthemmidlwasamll

exotherm. Dirirg acclimatim, frequent sanpling made it possible to

observethexylaneawulemmvetolanertenperaunesanievenwally

becaleindistinguishablefranthem. 'meccmbinationof

infrequent sanpling and use of a single thermocouple for an

measuranentwulldgivetheappearancethatthexylanexothermwas

them'Eandmovedto-mocwhenthetissueswasfullyacclimted.
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lPetr-aizolium reduction (2 , 3 , 5-trirhenyltetrazolium chloride ('ITC))

testsshowedthatthesecordaryxylemwasthetissuewiththe

greatestdegreeofcoldresistance. Furthermore,TICandtree

stresstestsMicatedthatthexylanemothermarflncttheIfi‘Ewas

the critical temperature for survival of apple wood.

Extensive supercoolirg in xylem ray parenchyma and flower

primordiamilewaterinadjacenttisaesisfreezingindicatesthat

barriersmsteadstwhidlirltubittheseedingandspreadoficeinto

supercooled tissues (31,184) . Deep supercooling of xylem ray

pareirzhymadependsmastructllralfeaulreofthestem. 'Iheability

tomldergompercoolingwasmtrelatedtoseasmaldlangesincell

ultrastructure,btrtseenedtobeduetosaleintrinsicstructural

factorpresentintissuesthatsupercool (191). Ithasbeen

proposedthatthestructuralbarriertoiceseedinginxylemray

parendlym may involve fine microcapillaries of the cell wall . 'Ihe

diameter of the microcapillaries would be of a sufficient diameter

topreventiceseedingthrurghthecellmll.

Studies with polycarbonate mmbranes and controlled pore glass

particlesdemorstratedthatthepresenceofsmalldimterpores

(micrompillaries) in cell walls would facilitate supercooling (15) .

'nlishypcthesishasbeentestedusinglanthammnitretetocontrast

thepermeabilityofcellwallsinstemtissuesu92). 'Ihebehavior

oflanthamminpeadlardfloweringdogwoodcellwallswascanpared

witl'lthatoflanthamminweepingwillmcellwalls. Peachand

flmfisdogmodmnmmmibitdeepmpercoolmg

muleweepirigwillwmmL.) doesnot. 'Ihe

distrihltimoflantlmmcrystalsmssimilarincellwallsofall

species. Primry and secondary walls of xylem cells exhibited low
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permeabilitytolanthamm ions. However, thepitmembraneswere

verypermeabletolanthamnnicms. 'Ihisfindingledtheauthorsto

specllate tint the size of pores in the pit membrane region, rather

thantheentirecellwall,p1aythenejorroleindefiningthe

freezingbehaviorofatissue.

Aroleforthesizeofporesintheplasmamanbranein

supercoolinghasalsobeensuggested(20). Microcalorimetrywas

usedtosuldywatercrystallizatiminthexylanofgrapevineshoots

treated with nistatin. "Nistatin pores" were formed in the plasma

Warflumextentofsupercoolirgmsreduced. Itappeared

thatseedimoficethrulghplammanbraneporeswasresponsible

for intracellular ice formation in supercooled xylem cells. Also,-

the taperamre at which intracellular ice for-nation was detected

decreaseddiringacclimtimmflwasduetodecreasingporesizes.

'meradiusofdlarmelsinplasnamenbranesofxylancellsdeclined

frm0.3too.1masehootsacclineted.

Deepsupercoolingofpeadlfloverhidshasbeenstudied

intersivelybyAsmorth(13,14). ‘mebarrierbetweensmercooled

mterintheflowerprimrdimarflexternalicecrystalsappearsto

be a cmpoeite of several features which enable the primordium to

supercool. 'Iheseinclude cellular features ofthebudaxistissue,

structural features which allow for redistrib1tim of water and the

isolatim of water in the primrdium, arr! 11011110109in features

which limit the develqlnent of vascular slanents.

Deepalpercoolirgofpeadxhdsappearstorequirea

redistrihltimofthewaterwithinthebudaxisarriscales (13).

Iceformationbeginsinthebudaidsandscales. 'Ihefreezingis

extracellularardwatermovestoregiominthehldscales. After
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waterinthebudaxisarriscaleshasmcvedtopreferredsitesand.

frozen, waterintheprimordiumcansupercool. lack of viablebud

andscellsorrapidcoolirgcausewaterinthehldtofreezeasa

Imitarrisupercoolingisprevented. Itisthoughtthatthe

redistrihrtimofwatercamlotocalrmflerthesecmditims.

Omsequently,icecrystalswillseedtheprimrdimnthereby

mcleatirgthetissue. Structuralfeaturesofthemdarealso

important since loss of structural integrityprevents supercooling.

Waterinthexyl-vesselsofpeachandotherwoodyplants

freezesabcve-looc (13). ms, acmtimousnetwork of xylem

vesselscamectingtheprimordimntotherestoftheplantwould

provideanavermeforiceseedingoftheprimordimn. Dyeuptake

experinentsanianatanicalobsewatiasslrmedthatxylemwasmt

cantimnlsintotheprimrdilm (13,14). Xylemvesselelanentswere

nortobservedinthebudaxisandprimrdium. Irstead,discrete

landlescartainingprocanbialcellswereseen. Vascular

differentiaticn reamed and precanbial cells developed into mature

xylanvesseleleuentsatthebegimirgofflomrbudgrwthinthe

spring. 'nleremsaclosecorrelatimbetweentheestablisrmentof

xylemcmtimityandthelossoftheahilitytodeepsupercocl. It

isnotlmownifthefeamresassociatedwithdeepsupercoolirgof

peadlflowerhldsarepresentinflowerbudsofotherspecieswhich

elmibitthisfreezingavoidancemedlanism.

mnyplantssurviveexposuretolowtenperaulresbytolerating

extracellular freezing (31,184). 'Ihismechanismof resistanceto

freezinginvolvestheredistrilntialofwaterinregardtolocation

andhiqnysicalstate. Watermevesfrcmthepretoplasmtoice

crystalsineumcellularspacesmlereitfreezes. Iossofwaterin
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this manner causes dehydration and contraction of the protoplasm.

In general, hardy plants can survive a greater degree of dehydration

stress than can less hardy plants.

How do woody plants survive extreme desiccation during

extracellular freezing? Studies on anhydrobiotic organisms

(organisms capable of surviving canplete dehydration) suggest a

protective role for cellular sugars (40,47,48) . ‘Ihe ability of

anhydrobiotic organism to remain viable after the reversible loss

ofessentiallyall oftheircellularwaterisproposedtoocwr

because the lost water is replaced by a "cmplete" solvent, usually

asugar (40). 'Ihisproposal islmownasthewater-mlacement

hypothesis.

'I‘rehaloseisanonremcingdisacdlarideofglucosemichis

found in high concentrations in anhydrobiotic organisms (47) .

During dehydration, loss of water around polar head groups of

phosgholipids inmalbranes increasesthepacldngdensityofthese

headgroups. Asaresult, theqporumityforvanderWaals

interactions amcng hydrocarbon chains increases. Membranes in cells

experiencingdehydratimstressfranextracellular freezingare

therefore likely to urrlergo tlmlnotropic phase transitions (liquid-

crystallinestatetogelstate) atahighertemperaturethanare

maubranes in hydrated cells.

Dehydrated phosphatidyl choline has an elevated thermotrcpic

rinse transitim over hydrated phosphatidyl choline (47) . Also, dry

palmitcyl Wtidyl choline (DPPC) in the presence of trehalose

had a transitim taperature similar to that of fully hydrated

lipid, whereas DPPC dried without trehalose had a transition

taperatureabalt3o°1<higher. DPPCandtrehaloseamearto
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interactbyhydrogenbmdingbetweenthecx-Igralpsinthe

canodlydrateandpolarheadgroupsofDPPc. 'Ihishydrogenbonding

altersthespacingofpolarheadgmlpsandmaydecreasevander

malsinteractionsinthehydrocarbmdlainsofDPPc.

Sarcoplastic reticulum (SR) vesicle phase transitions were

studiedusingNMRardthermalanalysis (48). SRdriedinthe

preserceoftrehalosedidnotmldergoatransitimfranthelanellar

ptnsetouiehexaganlnphase. 'lheadditionofsorbitolto

ordlardgrassplasnamembraredlmingfreezingresultedinalowering

of the terperamre at which the thermotropic phase transition was

detected (205). Freeze-induced fusionandleakage ofsmall

unilamellar vesicles carposed of natural and synthetic phosphatidyl

dnlimswasreducedwhenvesicleswerefrozeninthepresenceof

sucrose(171). 'meseresultsprcvidefurthersurportforthewater

replacementhypothesis.

Othercryoprotectivemecl'lanisnshmrerecentlybeenprcposed

(35,75). mrdytisansofmbalmm.arettnlght

to tom intracellular glasses during slow cooling (75). Major

cmpmentsoftheglassformirgsolutionsareraffinoseand

stadlyose. Fomtim of high taper-attire intracellular glasses

would protect cells fran intracellular ice fomation at temperatures

below -20°C. Sugars, polyols, aminoacids,methy1aminesand

lyotropic salts were tested for their ability to protect lactate

dehydrogenasefrmdamageduringafreezedthawcycle (35). All

cmpanrisvmidlhavebeenshowntobepreferentiallyeacluiedfrun

cartactwiththesm'faoeofproteinsinagueoussolutimprotected

theenzymetovaryingdegrees. Also,soluteswhidlbindtoprote:lns

(ureaaniguanidimrnnwerefandtoincreasetheimctivatimof
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lactate dehydrogenase during a freeze-thaw cycle. Based on these

findings, it has been proposed that protein stability during

freezingcanbeenhancedbysolutesthatarepreferentiallyexcluded

frantheproteinmrfaceinaquewssolutimn. 'Ihishasbeentermed

the preferential exclusion hypothesis.

'Ihe level of carbdlydrates has been correlated with cold

hardiness in many studies (4,83,88,128,l75,180). However, the

significance of these observations is not clear. Cold hardiness is

a relativelyweak sink for carbohydrates (79). 'Jlnis has been

interpretedasanindicationthatcarbohydratesaremtdirectly

involved in cold resistance unless the supply of carbohydrates is

limiting. Other ftmctions for carbohydrates during freezing are

aggestedbyttemterreplacanenthypoflwsisarflthepreferential

exclusionhypothesis. 'memechanimnsproposedinthesehypotheses

provideameansforcarbdlythatestoplayadirectroleincold

resistance of woody plant tissues.

ILFIOODING

‘nneextentoffloodingisanirportantsitedlaracterietic

whidlcaninfluencespecisompositioninwetlandsanicrop

selection and productivity in agricultural lands. Soils which

wmplmmmlyflm- nanywoodyplantsgrow

wheretheyareanlytemporarilyflooded,whilecthersgrcwinmanps

andmfloodplainsvmeretheyarefloodedduringmldnoftheyear.

Poor soil aeration which accompanies flooding significantly

influences the physiology, growth, and species composition of

wetlandforests. Altrnghinportantdifferermsamongspeciesin

flooding tolerance exist, fewwoodyplant species can survive and
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grow onpermanertly flooded sites. ‘Ihe ecology of wetland forests

iscmplec,andisinfluenoedbyfloodilngfrequencyardduration,a

variety of soil factors including drainage, and flooding tolerance

of seedlings.

Floodingandpoorsoilaeratimaremtlimitedtowetlands.

Heavy rainfall or excessive irrigation can result in reduced

aeration of agricultural soils. 'Ihe problen is exacerbated when

soilscertainanimpedinenttodrainagesudnasnaturalhardpanor

cannacted zone. Ahigh water tablecanalso result inperiodic

flooding of agricultural soils. Flooding ofwoodyplants duringthe

donant seasonusually does not result in significant injury.

miever,woodyplantsmidnareecposedtofloodingduringthe

growing season arefrequently injured. Flooding alters the anatany,

mrphology, andpnysiology ofmostwoodycropplants. Tree fruit

specieshavebeengroupedaccordingtotheirgeneraltoleranceof

floodingbym andBeardsell (148) as follows: quince (Ma

mum.) -enctrmelytolerant: pear mmm -very

tolerant; apple (glue m1; Mill.) - tolerant; citrus (91mg

899-). plum mmhh arddnerry (Magenta- and

Megan) ~111ternediatetamicot WWI»):

peachmm [In] Batsch.), 8111M (mm—“é

Batsch.) - sensitive; and olive (91;m L.) - very sensitive.

uportentaspectsoffloodingmidxcanbecoveredinthis

portion of the literature review are physical and chemical changes

intherootewironme'rt, physiologicalrespcnsesof plantsto

flooding, mechanisms of flooding injury, and adaptations of plants

tofloodirg. mumsiswillbeplacedanliteraturepertainirgto

MW-
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Flooding rapidly alters the physical and chenical environment

of the root-zone. Gaseous diffusion is effectively blocked by

floodingarddnangesocelrinthecmpositienardcencentrationof

gasesinthesoil atmosphere. Directandindirectelectrochemical

dlangeeinthesoilareobsenredsoenafterflooding. Soil

structure is also affected by imndation.

Woodyplantswhicharefloodededlibitchanges ingradth, water

relatiors, photosynthesis, procmction of plant growth substances,

and uptake of inorganic ions frm the soil solution. Physiological

responses of plants to flooding vary according to species, plant

organ, stage of developnent, and alr'atim of flooding. Anonda of

rootshasadraneticeffectmthegrowthardrhysiologyof shoots.

'nnisindicatesthatcammmicatienbetweentherootardshootsysten

plays a significant role in the physiology of flooded plants.

Floodingperturbsthemetabolismofwoodyplantsandresults in

numerous lesions which are potentially injurious. As soil 02 is

depleted during flooding, aerobic metabolism is increasingly

rqalacedwith anaerobicmetabolism. 'Ihieresults inanetreduction

of ATP available for cellular processes, increased concentration of

potentially toxic anaerobic metabolites, and possibly, decm

cytcplaenic pH. In additien, the altered uptake of inorganic ions

dueto floodingmay result intheacctmulation of toxic

cancentraticms of ions in shoots of affected plants. Susceptibility

tosoilfmngaldiseasesalsoincreasessubstantiallymlring

flooding.

"Hydrophytesardmesqhyteshaveevolvedseveraladaptationsto

flooding whereby injury is avoided. Many of these adaptations

ameartobe fmnctienal inwoodyplants. Aprimarymechanienof
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avoidance is the internal diffusion of 02 from aerobic shoots via

thestemortrm'nftoamerobicroots. Acertainlevelofaerobic

metabolismismintainedandplantsurvivalisenhanced. 'Ihe

developnentofadventitialsrootsonstansnearthewatersurface

providesatleastpartialreplacementoftheanaerobicrootsystem

arrl facilitates plant survival under flooded conditims.

SI AND MCI-WWW

Flooding rapidly alters physical and chemical processes in the

root elwiromlent (34,54,129). 'Ihe physical effects of flooding

includerestrictimofgasexchangebetweentheairandsoil,

swelling of soil colloids, changesintherheology ofthesoil, and

destructimofsoilstructure(129). Changesinthedlanistryof

theroaterwimmrtduringfloodingocwrasaresultof

electrodlanical and chanical transformatims. Soil fertility and

soil-formingprocessesareaffectedbymealteredohanistryofthe

scilduringflcoding.

IIl‘lenrastimportant{Sigrsicaleffectoffloodirgisthe

restrictimofgaseadlangebeWemtheairandsoil(54,129).In

well-drained soil with adequate porosity, 10-60% of the soil volume

isgas (129). 'nlecarposition ofgasinwell-drained soilisfairly

stableardsimilartothatoftheatnosplm'e. Oxygenisan

inportantcmpamtofsoilgasbecauseitservesastheterminal

electron acceptor durmg respiraticm. 'Ihe respiratory requirement

forozinsoilishigh,especiallydm'ingthegrwingseasm(54).

'meflmcofozintothesoilinresponsetorespiratimbyrootsand

soilmicmorganimshasbeenreportedtobebetween3.5ardl7l.

day'lm'zoflandmface.mmltofozintothesoiloccms
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primarily by gaseous diffusion (34,54,129). Fick's Law applies to

gaseous diffusion in soils and can be briefly marized as follows:

dg = -DA (dc/dx)T dt

where D is the diffusion coefficient and dg the number of moles of

fliealbstamediffusingintimedtacrossacross-sectionalareaA

under a concentration gradient of dc/dx at temperature 'I‘ (129) .

'Ihecross-sectional areaorAdecreasesconsiderablywhenthe

water content of the soil increases. Gaseous diffusion is severely

limited when less than 10% of soil poresare filled with gas.

Flooding virtually eliminates gas-filled pores and exchange between

the soil and air is possible only by molecular diffusion in soil

water. Diffusion of 02 in soil water is approximately 104 times

slowerthaninair. Asaresult, ozmvementinthesoilis

effectively halted. Microorganism androots consume the 02 present

inthewatercrtrappedinthesoilwithinafewhcursof flooding.

'Ihe oxygen diffusion rate (0112) of flooded soils declines rapidly

after flooding (8,22,43,115) . OER is measured using platinum

microelectrodesandisagoodirdicatorofozsupplyinwater

saturated soils. land: and Ericksm (101) characterized the use of

theplatirmmicroelectrode forthisplrposeandfotmdthatgrowfll

of tanato was well correlated with one. Anctl'ler feature of

restrictedgasendlangeinfloodedsoilsistheacamulatimof

gasesinthefloodedsoilwhidlareby-productsofsoilprocesses.

Nitrogen, cam dioxide, methane, ethylene, and hydrogen are often

found in high emcentratimls in flooded soils (34,129).

Other physical effects of flooding have less of an effect than

flarestrictimofgaseadmlgeandwillmlybeofinportanceif

flueplantsurvives anoada. Soil colloidsabsorbwaterandthesoil
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swellsduringfloodirg(129). Odlesionisreducedasdrysoilis

flooded. misisaresultofincreasesinthethiclmessofwater

filmsbetweensoil particles. Finally, floodingdisruptsthe

aggregatesinasoilanddestroyssoilstructure. Partial

restorationofsoilstnlcmreisobservedafterencesswaterdrains

frunthesoilandreoxidatimocans.

Directardirriirectelectrochemicalchangesoccmrwhenscilis

flooded (34,129). 'lhesoil solutimisdilutedwhidlincreasespfi,

decreases electrical cadactance, ardaltersfllediffuse doable

layerofcolloidalparticles. Othermoreinportantchangesarealso

occlrrim.Aspreviwslymentioned,freeoziseadlaustedsomafter

soil is waterlogged. Facultative and obligate anaerobic

microorganimsusemcidizedsoilcmpmentsarfldissimilation

pmomctsoforganicmtteraselectrmacceptorsandreducethe

soil. 'mesequenceofthemainreductimreactimsafterthe

disappearanceofozfollowsthethenodynamicsequenceof:

2N03'+12H++10e’  > N2+6H20

moz+4fi++2€  > m2++2nzo

 Fe(an3+3u*+e' >Fe2++3320

> nzs+4nzo

'Ihus, floodedsoilsrapidlybecaneveryreducedandhavealwredooc

 so4z’+lox"+se'

potential (3,42,43,67,123-125). 'Ihe redox potential is reduced

slurplyafterfloodirg,ttmincroasessmhat,ardfimllyresmes

its decline whidlocalroasynptctically withtime (129).

'mepiofanacidsoilmaymcreasemilethepI-Iofanalkaline

soilmydecreasedm'ingfloodirg (129). Mostfloodedmineralsoils

haveap-IbetweenSJandLZwiththewoftheinterstitial

solutionsbeingbeflem6.5and7.o. 'Iheincreaseinpfiofacid
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soilsisdllenainlytotheredLlcticnofFe3+the2+. Decreasesin

pHofaJJcalinesoilduringfloodingareduetotheaccmmflatimof

CD2. Ifasoilhasalcwca'rtentofreducibleions,itspHmaynot

riseabcve5.0evenaftermonthsofsubnergence,andiftheorganic

mattercontentofahighsoilpHislow,thepHmaymtdecrease

below 8.0. InMichigan soils whidlareflooded,thepredcxninant

occlrrerceisimreasedcnzconcentrationandreducedsolutionw

(A.J.M. Smucker, personal cammmication, 1990).

'meeffectsofflcodingmpI-Imayhavesecouflaryeffectson

plantsthroughtheactimofpi-Imthecmcentratimofions (Fe,

Ala-I, Zn, Q1) inthesoil solution (129). Flooding also resultsin

changes in specific conductance and ionic strength, im enchange,

and scrptial-descrptim properties of soils.

Itisinportanttomtethatfloodingandthedevelopmentof

armcic cmditims in the field are usually non-uniform. When

amassivewaterisarpliedtoairhdrysoil,anincroasing prcpcrtion

ofmicrcporesinaggregatesandpedsbecanewaterfilled. Centers

ofamregatesmaybecaneanondchrtbemumdedbyashellof

aerobicsoil. mas,plantrootsmaybesubjectedtovarimssoil

Wmhyflmfifllyaerobictohypondctoamdc. This

addsalevelofcmpleadtytofloodirgexperimentsinthefield

midlisseldmerlcolnrtezodingreeffimsework.

W

Flooding of roots alters the physiology of roots, shoots, and

reproductive orgars of susceptible plants (1,86,93) . Vegetative

growth, reproductive growth, water relations, photosynthesis,

productimandmctabolimofplantgrowthsubstances, anduptakeof
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ions fran the soil solution are influenced by soil anoxia.

Vegfiativeanngpflctiveerth

Reductimofgrwthofroots,shootsandreproductiveorgansis

acmnmrespmseofplantstoflooding(86)._ Rootsareoften

affectedfirstbyfloodingbecausetheyareexposedtothestress

imediately. Infact,rootdevelopnentisoften influencedby

floodingbeforeanoxiaoccursinthesoil. Earlyrespmsesofrocts

tofloodingareincreasedethylenecontentanddecreasedinternal

concentration of 02 (hypoxia). Roctelongationcanbeinhibitedin

hypoxic roots because 02 consmption and resistance to diffusion of

Ozintcroctsarelargeernlghtocreatearmicconditionswithin

theroot.Regicmsoftherootwithahighrateofmetabolism,such

as zones of cell division and elcmgation, aremost susceptible to

localizedinternalamda.

Nudesevemlyinhibitedthedevelqnentofrootlengthani

mmberofgmdmmottipeoffivedrybeanmmn)

ciltivafs (155). Dryweigntoffootswasfemcedbyfloodinginred

maple (Hamlin) (53): kiwifruitmmPlanch.)

(153). apple (115). mute-1° MWM.biflora

malt.) Sarg.) (78), loblolly pine (gigging-agar.) (78), blueberry

WWI-J (3).mroak(aaena§mmchxd

(172), mmem. (200). “grapemmIn)

(61). Majorfactorswhidlarehwolvedinthedecreaseindry

weigntoffloodedrootsystansarethecessatimofroctgrowthand

tindegeneratimoftheexistingrootsystaan). Regenerationof

rootsonthestanortmnknearthewatersurfacecanpartially

carpensatefordrynetterreductimsintheeidstingroctsystem
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duringflcoding (53).

Dry matter allocation patterns during flooding can also be

influenced by cultivar (61) . Allocation of dry weight between

leaves, shocts,androctsforsevenyit_i_sx_ri_nll_e__raL. cultivarswas

altered considerablyby flooding. 'I‘arrango, Muscat Gordo Blanco,

arriShirazhadthehighestreducticnsindryweightandthe

reductimwastmifonnacrossplantpart. Colanbardhadalow

reductimindryweigntduetofloodirgandthereducticmwas

mifomacrossplantpart. CabernetSauvigrmandTrebbiamshowed

amallredwtimindryweightfranfloodingwithroctdrymight

being affected only slightly. Conversely, Semillon dry weight was

reducedtoasmallextentbyfloodingwiththedryweightofroots

beingremcedsubstantiallywhilethedryweightofleavesand

shoctswasaffectedtoalesserdegree.

Growthofabove—growxiorgansofmodyplantsisalso

freqmrtlyreducedbyflooding(86,92).1eafgrowthappearstobe

sensitivetofloodinginmnyspeciesandshoctextensimof

susceptible species is almost always inhibited by flooding. Flooding

reducedtheleafareaofrabbiteyeblueberrymmgshei

Reade) plants (43,44) andleaf size of highbush blueberry (3). On

the other-hard, leaf productim (plastochrcn index) of grapevines

wasless sensitivetofloodingthanshootextensim rate (61).

'meeffectoffloodingmshoctgrowthisdeperdantmspecies,

tiningofthefloodingstressaniduratimofthefloodingstross

(3,9,43,61,78,115,172,185,200) . In general, woody plants which are

adaptedtopoorly-drainedsoilsstmlittleormreductiminshoot

grwthvhenfloodedmilewoodyplantsmidlareadaptedtovell-

drainedsoilsstmsignificantroductiominshootgzowthfrun
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flooding. Flooding reduced the growth of loblolly pine seedlings

(adapted to well-drained soils) but had little effect on growth of

swamp tupelo seedlings (adapted to poorly-drained soils) (78) .

Shootgrowthofggyggbetggefilgmlge” aflrlsspeciesmich

survives flooding extremely well, was not significantly affected by

alenonthof floodinginthespring (a). Ontheotherhand,

floodingforonenonthinthespringseverelylimitedshcotgrwth

offlccmnunisL. (cultivarCHxF97), aggugspecieswhichis

are susceptible than 15 maefolia Bunge. to flooding. Highbash

blueberry (3), rabbiteye blueberry (43), apple (129), bur oak (172),

and grapevine (61,185) displayed reduced growth during flooding.

Flooding ofmWMill. seedlings for 43 days did not

significantly affect plant height (200). However, this result may

havebeenduetootherfactorswhich influencedthegrowthrateof

cartxol seedlirqssincebothcontrolandfloodedseedlingsstopped

growing after approximately 22 days.

Timingandduratimofthefloodingepisodearealso important

factorswhich influencethegrowthresponseofwoodyplantsto

flooding. Apple trees which were flooded during the smnmer exhibited

agreaterroductiminshoctgrowththantreeswhichwerefloodedin

the spring or fall (115). Similarly, flooding of rabbiteye

blueberriesinthesmmerwasmoredetrimentaltostanlergththan

floodinginthespring (43). mange-Lemme.

seedlings was not significantly affected by one month of flooding

mlileayearofcmtmmsfloodingresultedinfloodedseedlings

growing significantly less than control seedlings (8) .

Reproductivegrowthofmodyplants isalteredbyflooding

(1,43,44,115). Apple trees which were flooded for 2 months in the
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spring displayed lower fruit load (number of fruit per cm? of

branch) , lower yield, and higher return bloan the following year

than control trees (115). Furthermore, anmlative effects of

seasonal floodingmyieldofappletreeswereobservedwhentrees

were flooded during successive years. Flooding of highbush

blueberry delayed bloan, decreased fruit set, increased fruit

abscissicm, reduced the number of flower buds/shoot, decreased the

umber of flowers/bud, reduced berry weight and lowered % soluble

solids of fruit (1) . Similar, although less extensive, results were

obtained when rabbiteye blueberry plants were flooded for up to 117

days (43,44). Flower bud fonnatim, fruit set, and yield were

significantly lower in flooded rabbiteye blueberry bushes.

Wa a is

Flooding also influences plant water relations and

photosynthesis (30,93). Early observations that flooding causes

cessatimofgrwth,wilting,arxibasalleafsenescencesuggested

thatwaterrelatimswereinvolvedinplantmestoflooding.

Subsequent researohhas shownthat stanatal aperture, trampiration,

fintosynthesis,ardwaterabsorptimbyroctsaremodifiedby

flooding. Waterpotentialofplantshasalsobeenshmmtobe

affectedbyfloodingbuttheeffectisnotclear—crtandis

influencedbyspecies,themamlerinwhidlfloodingwasinposed,and

theduraticmof flooding. 'Iheseresults figuredinthedevelopnent

of a hypothesis dealing with plant water relatiom during flooding.

'mesequenceofeventsproposedtooccurinfloodedplantswas:

anaerobicstressreducesthewateruptakmlossofwaterfranthe

shooteweedsthesupplyfrmtheroct,leadingtoadecreasein
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leafwaterpctential (wL) andwilting; stanata close inresponseto

low “’1. which restricts transpiration and allows the recovery of

turgor (29). Aninportantfeatmeofthishypcthesisisthata

reduction inwLprecedes stomatal closure. 'Ihis isoftenthe

observedsequenceofeventsinleavesofplants subjectedtowater

deficit.

Sojka and Stolzy (167) reviewed data on soil om, stanatal

calductanceande. ‘Ihey found omtobehighly correlatedwith

stomatal caductance but not with wL. This relationship was evident

in several @ecies and led the authors to conclude that "theories

whidlpointtoincreasedroctresistanceresultingfrunlowsoilo2

asthecauseofstanatalclosuredonctfullyexplainsaneofthe

observeddata". 'n'lesefindingsdonctsupportthehypcthesis

describedabcveandindicatethatregulatimofstanatalaperture

duringfloodingiscamlexardmaybeomtrolledbymrethanone

mechanism Further infomation m the relationship betweenwL and

stamtalccrdlctameinfloodedplantsispresentedlaterinthis

partial of the literature review.

Stautalbehavioriss‘trmgly influencedbyplant species

duringflooding (93). Stmatalapertureisreducedsoonafterthe

inposition of flooding in susceptible species. Highbush blueberry

(50,51), rabbiteye blueberry (42,44,51,52), bur oak (172), cherry

(22), dlerrybark oak (mm.var. pagodaefolia E11.) (124),

kiwifruit (153). pear (7). WmWML.)

(123): and mmWWMJ (27:29) diSPIBY

reductiom in stanatal aperture soon after flooding begins.

Stanatal behavior of species which are tolerant of flooding differs

cmsiderably fran that of species which are sensitive to flooding.
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GremashMWWJ seedlingseidlibited

stanatal closure rapidly after flooding was initiated (173) .

Stanatabegantoreopenwhenseedlingshadbeenflooded for6days,

however, stanatalcondllctanceneverincreasedtothelevel of

control seedlings. The reopening of stomates was correlated with

the production of adventitious roots. A similar result was observed

for willow (gulf discolor mail.) which was subjected to one year of

flooding (8). Transpiratimisalsoreducedbyfloodingaxflthe

pattern observed generally parallels that of stanatal conductance

(22,29,51,123,124,153,164) .

Plants which are flooded often display a rapid decline in

photosynthesis (22,29,51,123,124,153,l64). Photosynthesis of

floodedplantsappearstobelinitedbystanatalandnm-stcnatal

factors (93). 'Iupelo gum (m M12 L.) seedlings were treated

for one month as follows; (a) well-watered control; (b) well-watered

with salinity; (c) flooded with saline water; and (d) flooded with

tapwater (122). niotosynuiesiswasreduoedbybothfloodingam

salinitytreatments. Stanatal factorsaccamtedformlylltoZli;

ofthecbservedreductiminfilctosynthesis. Non-staretal factors

limitedmctosynthesistoagreaterdegreethanstanatal factors

especially for seedlings subjected to salinity or salinity canbined

with flooding.

mvies and Flore (50-52) studied photosynthesis of flooded

highbmh and rabbiteye blueberry plants. Generally, flooded plants

had significantly lower rates of photosynthesis than control plants

aftertwodaysof flooding. Bothstanatalardrm-stanatal

linitatimstomotosynthesisweredaservedduring floodingandthe

relative importance of each type of limitation changed as flooding
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dtn'atimincreased. Adecreaseinstanatalcommctarnereduced

carbon assimilatim durirg short-term flooding (1-2 days) while

longerfloodingdm'atimalsodecreasedresidualcorrmctance

(carbmcylation efficiency) of the leaf (50). Stonatal limitations

were most signifimnt during short-term flooding while non-stanatal

limitations became increasingly responsible for the deserved decline

inphotosynthesisasfloodingduratimimreased.

Hictosynttesisoftanatoleaveswasmeasuredbeforearfiafter

plants had been flooded for 24 flours (27). Carbon assimilation was

reducedbyfloodingandtheprinarylinitatimtocarbm

assimilation appeared to cane from rm-stomatal factors since

stamtal conductance limited the assimilation rate to approximately

thesaunedegreebeforearxiafterfloodirgEvaluatimofthe

assimilation rate as a function of Ci (the interoellular m2

ca'lcentratim) indicated that flooding primarily was affecting mBP

regeneratimmidlimludespntosyntheticelectrmtransport,mnm

andATPsynthesis,anithereductivepentosephosphatecycle. It

msproposedthathPregeneratimislimitedinfloodedtanato

plants due to low availability of pi (orthcphosphate). A reduction

insimcactivityoffloodedroctsmigntcauseaccmnatimof

sucroseintheleaveswhidlcouldresultinabuild-upoftriose

finsphatesarddepletimofthecytoplasmicl’ipool. Aconsequence

offllissmofmrtswmldbethediversimofphctosynthate

into starch. Additionally, the cytoplasmic pi level might be

affectedbythereductiminPuptakemidlocwrsmringflooding.

Soilfloodirgrapidlyreducedphotosynthesisofpecanm

mm W-) c. Koch) 869513198 (164)- 5119031131

cmductancetocnzmsreducedbyfloodingvmileciwasmt
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indicating that a reduction in the capacity of the mesophyll to

assimilate (D2 was the primary factor limiting assimilation.

Swrdm<m;msu_sL-)tre$mspwdedtoflwdingby

displayingareductiminphotosynthesissomafterfloodingwas

initiated (22). Flooding affected carbon assimilation of sour

cherryinseveralwaysarxitherelativeimportanceofeachchanged

as flooding duration increased. Stanatal limitations to

assimilation were small initially and the relative importance of

thislimitationappearedtodeclineasfloodingcontirmed.

Mesqhyllresistanceseemedtobethemstimportantlimitationtc

assimilatim. Initially, this effect was confined to RuBP

regeneration capacity. As flooding cmtinued, reductions in

assimilatim due to reduced RuBPC/O (ribulose bisphosphate

cammzylase/mfygenase) annmt or activity were observed.

‘nlepartitimirgofphotosynthateisalscinfluencedby

flooding (155). labelledsucrose (14o) was appliedto leaves ofdry

beanplantsmidlhadbeensubjectedto72hcursofanonda.'mere

Vlasa50%red).1ctimintramlocatimofl4Clabeltoarmicrootsas

omparedtocontrolroots. nlrthenmre,mstofthe14Clabel

translocatedtoarmdcroctswasemcludedfrunrespiratory

netabolimdurimathreehmrpllse/dlaseperiod.

'nleflowofmteracrossplantrootsisdescribedbythe

followingequatim:

Jv-Lp(AP-omr)

vilereristhevoltmefmepisthehydrwliccorfiuctivity; Pis

thehydrostatic culpalent ofthedriving force; 0 is the reflection

coefficientandnisthegradientofosmcticpotentialbeUIeenthe

xylanswandthe external solution (56). Anaerobic conditions in
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thesoilreallt-indlargesintheabsorptionofwaterbyroots

(7,29,42,50,56) . Hydraulic conductivity of flooded plants of

highbush blueberry (50), rabbiteye blueberry (42), and Eggs species

(7) fell below that of control plants soonafter immdation. In

tanato,lpoffloodedplantswaslcwerthanincontrolplantsafter

24hmrsoffloodinghltasfloodingcontimedfor48hmrethe

relationshipdianged (29). Ipof flooded plantswashigherthan for

controlplantsandthisresultseemedtoberelatedtothe

deterioration ofthefloodedroctsystem‘mecreasedfreshweight).

Ipofgaggsgmiélu (misceptibletcflooding)andm

mg mnge. (tolerant of flooding) was measured periodically

duringflooding for 30 days (7). Significant reductionsinlpwere

MfummL-mmwm-m4

and20 days of flooding, respectively. nirtliennore, reductions in

stanatalaperulreoccurredcalcanitantlywithdlangesinlp.

oouectively,tliesedatasiggesttraatthemotsystanofggr;is

www.contribrtestoflletoleranceofthisspeciesto

flooding.nn'therstudieswereccniuctedwithflru_smignto

determinethesiteofincreasedrootresistanceduringflooding. 1p

wasmeasuredforintactrootsystans,rootsystanswithfeederrocts

detadled,andsta|swithallrootsranoved. Rewvalofthefeeder

rootsmlypartiallyrestoredratesoflpindicatingthatfeeder

rootsweremtthemlysiteofincreasedresistame. Resistanceto

flavinthexylenvesselsprogressedfurtherupthetreewith

increasingdurationofflooding. ms,resistanceappearedtobe

primarilyfrunlmgibldimlmovatentofthewaterthrrnghxylem.

vesselsandnotfrunradialmvementofwater(entryofwaterinto

themct). 'nleanthorefeltthattheresultswereirdicativeofan
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occlusion of the xylem vessels (xylem plugging) .

Ingveneral,changesinIphavebeenequatedwithchangesinJV

(56). ‘nlepotentialccntrimtimofchangesintheosnotic

canpa‘lentofthedrivirgforoetoreductionsinJvmrieranaerdoic

conditions has received little attention. Everard and Drewmeasured

changes inJvacross detopped, 7-day-old maize (_Z_e_amy§ L.) roots

chlrirgtheinitial24lnlrsofanoo<ia(56). Jvthroughancndcroots

fellbelcwthatofaerobicccntrolrootsmlehmrafterthe

equilibrimnoxygenpartialpressureinthebathingneditmdropped

below 2.0kPa(air-20.6 kPa). Anullification ofthediurnal

rhytlminlpwasprimarilyresponsibleforthereductioninJv (the

Lpoffloodedplantsdidmtincreaseduringthelightperiodofthe

lightcycle). m,abart25%oft11ereductiminJvcalldbe

acccnmtedforbyamlleromoticcarponentofthedrivingforoe

(smalmtermrt. 'Itms,neasuranentof1pappearstoprovide

a reliable, but notprecise, estimate of (IV in stressed roots.

meeffectoffloodingmwaterpotentialreuainsequivocal.

Waterpotentialoffloodedhlrcak(l72),dlerrybarkoak(124),

greenash(l73),pecan(164),andsweetgmn(123)wasm1changedor

higherthanthatofoontrolseedlings. EmmotStocksexhibiteda

significantdeclineinleafwaterpctentialduring30 days of

floodirr;(7). However, stamtalclosureeitherprecededorocwrred

simltaneouslywiththeobserveddlangesinwaterpotential.

Flooded kiwifruit plants had higher water potential than control

plantstoruptoSdaysofflooding (153). AfterSdaysof

flooding,waterpctentialoffloodedplantsdecreasedandbecame

norenegativethancontrolplants. Stanwaterpctentialofdlerry

treeswassignificantlyreducedafterul'nneof flooding (22).
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Significant reductions in stanatal conductance and carbon

assimilaticnwerealsoobservedafter24 hours of flooding.

Collectively, these findings strmyly suggest that the

previously described hypothesis concernin the mechanism involved in

the flooding effect on plant water relations is not valid for most

woodyplants. Stanatalclosureprecedesorocwrsatthesametime

as reductions in root hydraulic corriuctivity and leaf water

potential. 'Iheeffectof floodiryontranspiraticnissimilarto

thatobservedfor stanatal conductance. Photosynthesis isgenerally

affected sanewhat later durirythe floodiry episode. Insummary,

stanatalaperulreoffloodedplantsappearstoberegulatedbya

different mechanisn than in plants subjected to water deficit since

stanatalclosureuutopreventadecreaseineratherthanbeiry

theresultofaleafwaterdeficit. Also,theroctsystemisa

liJoely source of positive or negative messages which may regulate

stanatalapertureduringfloodiry.

BradfordandI-Isiao (29) conductedadetailed analysis of water

relations of tanato plants durii'y short-term floodity. This work

providedusefulinfomatimmthenedlanimofregulatimof

stanatal aperulre duriry floodiry. Stmeta of flooded tanato plants

enmibitedaditmlalcyclebltmaadmlopenirymsaflyapproodmately

60% of control plants. Also, stanatal closureoccurredearlieron

eachsuccessivedayoffloodiry. Plantsfloodedinthemorniry

showedmdetectablerespmseonthefirstdayoffloodiiybuton

thesecmdmorniryoffloodilystanataonfloodedplantsdidmt

openaswidelyasthoseoncontrolplants. Waterpotential

neasurenentsiniicatedthatthiswasmtduetoacycleofstanatal

openiry, transientwiltiry, andreccvery. 'Ihissequenceofevents
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wasirriucedbyfloodiiyplantsatthebegimiiyofthedarkperiod.

In this case (flooded durin the dark period), plants wilted within

30 minutes of illumination on the following morniry and then

recareredwithinthenextBOminrtes. Subsequentdaysproduced

stonetal behavior similartothat of plants floodedinthemorniry.

'Bneeridencesuggeststhattimiryoffloodirymaybeimportant

indeterminiryvmetherstanataladaptatimpreventsorfollmlsan

episodeoflowleafwaterpctential. Whenplantswerefloodedin

the mornixy, transpiration was “13119.85 the anaerobic conditions

developed. 'Iheauthcrsproposedthatthismightallowthetramport

of a "signal" from the roots which would limit the extent of

staletalopeningonthenextday. Inpositimoffloodixyduringthe

night, when transpiration is negligible, noodld reduce root

canductanceofwaterwithorttheqnporumitytocammicatethis

eventtotheshoot. Asaresult,menleavesareilllminatedthe

followiry morniry, staneta would open, transpiration would exceed

wateruptakebytheroots,ardwilti1ywolldocoarmrtilstanata

closed sufficiently to allow equilibrium between transpiration and

water uptake. It is speculated that the "signal" coming from the

floodedrootmigntbeABA(positivemessage)orthelackofsane

factoradnascytokininsorgibberellinsmegativemessage). In

slmlnary,regulatimofstanatalbehaviorintmatowasobservedto

ooambytwomdlanians. ‘nneextenttowhicheithermednanian

regulatedstcnatalbehaviorwasdependantmthetineofdaywhen

floodingwas imposed.
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Plant Growth Substances

Soil floodiry alters the pattern of synthesis and metabolism of

plant growth substances (30,32,85,138-l4o,159). In general, the

centent of auxin, ethylene, and ABA increase duriry floodiry, while

those of girberellins and cytoldnins decrease duriry floodixy.

Plant growth substance interactions durity flooding are canplex and

onmderstardirgofthenislinited. Unfortunately, therehasbeen

mlch speculation and little critical experimentation on the role of

plantgrowthsubstanceinplantreponsetoflooding. Asa

result, enphasis will be given to plant growth substance effects

during floodixywhidnhavebeenwelldccumented intheliterature.

'nneinvolvenentofethyleneinthereponseofplantstc

floodixyhasbeenstudiedtoagreaterdegreethanhasthe

involveent of other plant growth substance. Ethylene plays a role

in the epinastic curvature of leaves of waterlogged tanatc plants,

formatiqnofaerendnyma,,arflinthedevelopertofhypertropinyin

emerged stens (85).

Soil floodixyrapidlyinducesthedwmardgrwthoftanato

petiole knam as epinasty (30,138). Epinasty occurs when cells on

theupperadaxial side ofthepetioleecpardmorerapidlythancells

an the lower abaxial side. Tanato plants display epinasty when

ecposedtoethyleleevenatverylowconcertratiens. 'Iheappearance

of floodedtanatoplantsissimilartoplantswhidnhavebeen

exposed to ethylene. levels of ethylene in flooded plants are

greaterthanthoseincontrolplants. Furthermore, thedevelopnent

of epinasty in flooded plants is prevented by inhibitors of ethylene

action such as Ag+ or benzothiadiazole derivative . Collectively,
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this evidence confine that ethylene is involved in the epinastic

reporse of twato plants to flooding.

'Ihe ethylene which accumulates in shoots of flooded tanatc

p1arrtshasitsoriginintherootsysten(30,138). Anaerobiosis of

roots stimulate the production of l-aminocyclopropane-l—carboxylic

acid(ACC) whidlistramlocatedtotheshootsviathetranspiration

stream. Am,whidlistheimnediateprecureorofethyleneinthe

ethylene biosynthetic pathway, is converted to ethylene in the

aerobicshootsysten. Also,aportionoftheAcx:producedin

anaerobic roots is metabolized to N-malonyl-ACC (conjugated form)

eitherintherootorshoot.

'nnetimecmrseofepinasticmrvatmeprovidesevidencewhidn

canfirnstheimrolvelentofACCfrunanaerrbicrootsinfloodiry-

irmncedepinasty. ACCecportfruntherootsincreasedtoamaximm

after48horreoffloodiryandthendeclined. Controlplantsdid

nothavedetectablelevelsofAmintheirxylensap. Floodiry

increasedethyleneproductiminpetiolevmidllaggedbenindthe

appearameofACtbythoflhours. mirthermore, ethylene

synthesisinshootswasstinulatedmmaonassippliedtoencised

shootsatcancentrationsequaltothosemeasuredinfloodedplants.

Other physiological charges which occur in flooded tanato

plantsarerapidstanatalclosmearriredwedphotosyntlesis.

Bradford (28) exposedtanatoplantstoelevated levels of ethylene

anifonmdnceffectenstanatalcerhctanceorphctosynthetic

capacity. mls,ethylenedoesrytappeartoberespensibleforthe

characteristic changes in stmatal behavior and carbon assimilation

whidnareobservedinfloodedtanatoplants.
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Formationofaerenchymaisacomnonreponseofmaizeandother

herbaceousspecietosoil flooding (85,138). Aerenchymaare

internal, loyitudinally connected gas-filled interoellular space

causedbycellseparationorbybreakdcmofoellsinthecortecor

perioycle. 'Ihe developnent of aerenchyma facilitate gas diffusion

bebweenthemotanitheaerialenviromentwhichallowssurvivalof

therootsduriryanoxia. Inmaize,formationofaerenchymais

pronotedbyhypoociaaniircreasedethylenelevels. Rootsexposedto

3-12 kPa 02 show increased ethylene production and aerenchyma

formation. Also, application of inhibitors of ethylene biosyntheis

oractionpreventaerendnymaformationunderhypocic conditions.

'Ihe relationship between ethylene production, Ad:

concentrationaniaerendnymaformationwassmdiedinmdalroots

ofmaizebyAtwelletal. (l9). ProductionofethyleneandAcx:

accumulation were closely correlated in different regions of hypoxic

roots. ‘IhercotapechadthehighestethyleneproductionandACC

concentrationonafreshweightbasis. Aerenchymaformationwas

observedinmcremamreregionsoftherootapprodmatelymm

behindtheapex. Wofintactroottipetoancdairnibited

aere'dnymaformationinthematurerootaxis. 'lhesameeffectwas

observedvmenrootapicewereetcisedorsubjectedtohighosnotic

pressure. 'Ihesefindings indicatethatanintact,fmctiolalapex

isrequired,inadditiontolov02arriirr:reasedethylene,forhigh

rates ofaere'chymaformtioninadjacentroottissue.

Aerenchymandlenticelfomationmreirrmcedbyenogems

eflwlmorhmdemwfipmseedlhesmmmwd

(175). 'nneaerenchymfornnedwereprimarilysdnizogemsrather

thanlysigemsasinmanyherbaceolsspecie. Redoxdye
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experiments shooedthattheaerenchyma formedbyecogenolsiethylele

allowed longitudinal diffusion of atmospheric 02 to submerged roots.

'Iherelevancecftheseresultstcflcodilyofporipineseedlirys

under field conditions is not explicit because the concentration of

ethyleneinroottissueswasnotmeasured, theconcentrationof

emgemsethyleeusedmaymthavebeeninthephysiological range

Mlidnwouldbeecpectedinfloodedsoilsandseedlirysecposedto

hypodaandecogenouseunyleneproducedasonewhatdifferent

reponsethanseedlirysexpcsedtohypodaoreaogenolsethylene.

Itisnotclearwhetherethyleneisinvolvedinthedevelopnentof

aerenchymainwoodyplantscrwhetherthereultsobtainedwere

artifactsoftheefperinentalprocedurewhidnwereetployed.

Furtherinvetigationisneededsothattheroleofethyleneinthe

developmentofaererinyminwoodyplantscanbenoreclearly

defined.

Amusrnorpnologicalcimgeofteiobservedinfloodedmody

plantsisthedevelopnentofhypertrophyinsteusortnmcswz).

Increaseinethyleneconcentrationofsteushavebeencorrelated

with the development of hypertrophy in flooded stems (85,172,173,

199,200). mpertroonyincreasetheinternnalporosityofstensard

enhanceintennalaeration.

Inemry,ethyleneappearstobeinvolvedinawideraryeof

adaptiveresponseofplantstofloodiry. Abetterurrierstandiryof

ethylene physiology in flooded plants would likely allow the

developnentofgeneticandolltnlralstrategietoreducecroplosse

fronflooding.

'nleABACortentofleaveimzreaseduriryfloodixy

(60,87,159,208). 'nleincreaseinAEAisnotcausedbyadecreasein
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leafturgoras isthecasewhenplantsaresubjectedtowater

deficit. Stonatal closure and elevated ABA concentrations are often

observed in leave of flooded plants in the absence of a significant

reduction in plant water potential.

Zlnary and Davie (208) studied the ABA accumulation in roots

and leave of flooded pea Pi(___sum sativum L.) plants. Within a few
 

hairsafterfloodirybegan,theoo‘rtentoffree-ABAinrootsof

floodedplantsincreasedasconparedtorootsofcortrolplants.

'Ihe increase was not statistically significant until the beginniry

of the second day of floodiry. Significant increase in free-ABA

contentoffloodedleavemredetectedafterapproxinetelyxholrs

offloodiry. Stouatalcoriuctanceoffloodedplantswasreducedby

approcimatelySO’kafterthonrsof floodiry.

'nnefree-ABAconteltofleaveanirootsofplantsthathad

beenfloodedforseveraldaysednibitedsubstantialdiurnal

variation. 'nnemandnmcortentoffree-ABAwasrecorded3holrsor

noreafterthebegimiiyofflnelightperiod. Whenilltmination

ceased,therewasarapiddeclineinfree-ABAco'ntentwhidnwas

likelymetothefreefombeirynetabolizedtotheconjtyated

form. 'nneauthcrsproposethatfloodedpearootspromceincm

levelsofABAwhidnarethentransportedtotheleaveswhereit

acomllatesarrlcausestonatalclosurepriortoareductioninleaf

waterpotential. 'Ihishypcthesisdoesnctappeartofitthe

ecperinentaldatabewnsestonatalclostneocoirredbefore

significantincreaseinfree-ABAmrereccrdedinfloodedleave.

'memlthcreelggetthatthe‘discreparcybetweenflnetimiryofthe

reolctioninstonatalcomlctanceandtheincreaseinfree-ABAin

leavecanbeemlainedifsoonafterincreasesinABAare
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detectable in roots, ABA is translocated via the transpiration

streentotheecternalwrfaceoftheplasuelerneofguardcells

which is the site of action for closiry of stonata by ABA.

Inanctherstudy,waterrelationsarxiABAcortentofpeaplants

werefollowed durilyathreeday flooding treatment (87). Flooding

ofpeaplantsresultedinasignificantdecreaseinleafconductance

approdmtely24holrsafterthestresswasimposed. mringthree

daysoffloodiry,thep1antsdidnotwiltardleafwaterpotential

of floodedplantsincreasedratherthandecreased. Conconitantwith

theecilarye,therewasa10-foldirr:reaseinendogemsABAof

floodedleave. NoevidencewasfomdthatincreaseinABAwere

precededoracconpaniedbyloss ofleafhydration. Ieavedetached

froncontrolplantsanimaintainedinvialsofwaterforuptothree

daysbehavedinasimilarmannerasleaveonfloodedplants

(stonatalclosureintheabsenceofawaterdeficitbutin

associationwithincreasedABAcoltent). Inamthereqaeriment,ABA

wassugpliedtofrehlydetadnedleafletsviathetranspiration

stream. StomtaclosedpartiallywithinlSmimtearrithe

ettractable concentration of ABA associated with this closure was

similar to that found in flooded plants. Floodiiy of ABA-deficient

mtantpeaardtonatoplantsprcvidedfurtherevidencesupportirya

role forABAinfloodily-inducedstonatal closure. WhentheABA-

deficient 'wilty'nutantofpeawasflooded, stonate ofmutant

plantsclosedtoaleserdegreethanstonateofnormalplants. In

additiol,theassociatedincreaseinfoliarABAwasnotasgreatin

nrtantplants as'inrncrn'mlplants.‘ Similarly, floodiry resultedin

stmnte of toxeto plants closiry within 24 hours while closure of

stonatewasrytobservedinABA-deficiert'flacca'nrtantplants.
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'nnesedataprcvidestroyevidencethattheABAwhich

accumulateinleave of flooded plantspromotestonatal closure.

'nneauthorsproposethattheaccnmulationofABAisduetoreduced

transportfronleavetotheroots. Floodedrcotsrepresenta

reducedsimcforABAsynthesizedinleaveandthischaryemlld

favor accumulation of ABA in leave.

'nneconflictiryhypotheeconcerningthesolroeofABAwhidl

acowlatesinleavesoffloodedplantsweretetedbyFloreetal.

(60). Plants of normal ('Alisa Craig') and ABA-deficient nutant

('flacca') tonato cultivarswere either flooded ormaintained as

unflocded controls. Ieafphotosynthesis, stomatal coniuctance,ABA

contentofleafandxylensap,andcytokinincontentofleafand

xylensapwereneasuredatzllholrintervals. After48hoursof

floodiry,;inoteyntmsism'dstonatalcoriuctancewereimnibitedin

bothmrmlandmrtantplants,however,thedecreaseinstonetal

corhctamemsnotasgreatintheABA-deficientmtantplants.

'nneABAcortentinleaveofbothmmlarrinrtantplantsincreasei

after48ho1rsoffloodiry,hlttherewerenosignificantdnaryein

thecytokinincontentofleaves. Floodingdidnctaffectthexylen

sapconce'rtrationofABAcrcytokinin,but,theflowratedecreased

by50%ornoreafter48holrsofflooding. 'nms,thesedataare

consistentwiththeproposalthattheincreaseinABAcontentofthe

leafduriryfloodiryisareultofABAnortbeiiytranslocatedolt

oftheleafandarenotconsistentwiththeproposalthatABAis

synthesizedinfloodedrootsanisubsequentlytrenslocatedtoleave

whereitaccunulate.

Amdnsalsoarpeartobeimrolvedinthereponseofplantsto

floodirybuttheevidenoeforthisissotewhatlimited (138).
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Flooding of sunflower (gianthus annuus L.) plants is associated
 

withanincreaseintheamdnoontentofshootsardthedevelopnent

of stem hypertrophy. Unlike most physiological reponse of plants

tofloodiry,tlesednaryewerenotrelatedtothedevelopnentof

anoxiainfloodedsoil. Snmflowerplantswhichwerefloodedwith

aerated water displayed a similar reponse as plants which were

floodedwithnon-aeratedwater. ‘Ihisresulthasbeenr'eferredtoas

the "water effect". Possible ecplanatiols for the observed reults

are that flood-induced shame in auxin physiology may be caused by

sliglntreo.lctio'nsinthe02supplytotissue(aeratedwateris

inberrediateinozcoyertrationbetweenuneaerdaiccontrolandthe

flooded, anaerobic treatment) or the presence of water itself may

sonehow interfere with rootmetabolism, perhaps by leachiry

substancefrontherootsorbyinterferirywithnormalgasecchaxye

betweenrootsandthesoil. Furtherreearohisrequiredsothat

theroleofamdnsinplantreponsetofloodinycanbemre

clearlydefined. .

Conclusiveevidencelimdrycytoldninsorgibberellinswitha

specificplantresponsetofloodiryislacldry (138). However,

thereismdnindirectevidencewhidnsuggeststhattheseplant

growthsubstancesareirwolvedinplantreponsetcfloodiry.

qtoldninsandgibberellinsareproducedintherootsysten

(141). curingflooding,thecmtentofcytoldninsandgibbereuins

diminishes in the shoots (32,139,140). Chlorosis of leave, leaf

senescence,andreducedshootelongationaresynptonsoffloodiry

stress."'Itisintereti:ytomtethattheapplicationofecogenous

cytokinim primate chlorophyll retention and delays senescence of

detachedleaves. Also,shoote1o'yationispronctedby



58

gibberellim. 'Ihereopeniryofstonateonleaveofflooded

www.5edliryswasconelatedwiththe

developnentofadventitiolsrootsindicatirythatafactorfronthe

rootsystenmightbeimrolvedinstonatal regulationduriry flooding

(173).

It has been proposed that nonstonatal inhibition of

pinotosyntlesisolrilyfloodirymightbeoletoareducedsupplyof

cytokininsavailabletotheshoots. Floreetal. (60) four! that

thecytoldninconcentrationinthexylesapoftonatoplantswas

urinaryeddurirywhcursoffloodixy. However,thetotalamountof

cytoldninstranslocatedtoshoctsvmldhavebeenreduced

considerably due to a 50% reduction in root hydraulic conductivity

which occurred after 24 hours of floodiry. Application of exogenous

cytokininstofloodedtonatoplantspreventedthedecreasein

stontalconductameardfinoteynttesismidnusuallyocolrsduriry

flooding (28). Basedontheesuldies,itappearsthatcytokinins

naybeirmlvedinthelossoffinotosyntheticczpacityolriiy

floodiry. Additionalreeardnisneededsothatozrmnderstandixy

ofcytokininsynthesisandmetabolisminfloodedplantsisbasedon

gooddataratherthanspeollation.

MM

Floodiryhasasignificantinpactolthemtakeof inorganic

ions fron the soil solution (34,54,93). 'Ihe effects of floodiry on

plant miner-a1 nutrition are coupler. ‘Ihe nutrient absorption

mechanism and physiology of the specie being studied, initial soil

conditions, andtheextenttowhich floodiryalters soil propertie

are involved in flooding effects on plant mineral nutrition (93) .
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Nitrogen concentrations in plant tissue generally decline when

plantsarefloodedandinnearlyeverycasetotalnitrogencontent

of plant tissue is reduced (93). ‘Ihe initial soil nitrogen status,

denitrification, and the uptake reponse of plants to flooding

interacttodeterminetheanountanidistributionofnitrogenin

tissueoffloodedplants. Uptakeoftheammoniumionbypnme

sciolsgraftedonMyrobalan29Crootstockswasinhibitedby

anaerobiosis (146). Drybeanrootsystemssubjectedtoanodafor

threedaysabsorbedonly60%asmldnnitrateasdidaeratedcortrol

roctsystems(157). 'meconcentrationofnitrogeninswanptupelo

(78), citrusrootstock(73), andpecan (182) leavewaslowerwhen

treewerefloodedthanwhentreewerewell-aerated. Also,

floodiry reduced the level of nitrogen in loblolly pine needle, but

theeffectwasobservedonlympnosphoruswasarpliedUB).

Potassitmuptakeisinfluencedinasimilarmannerasnitrogen

uptakebyflooding(93). Areductioninportassilmnuptakeisoften

observeddurixyfloodiryandthisresponsemylimitplantgrwth.

Anodcdrybeanrootsabsorbedonlyztasnldnpotassilmascontrol

roots(157). RootsoftheodltivarPintoIIIwhidnweresubjected

to localized anotia (a split-root systen with half of the root

systensubjectedtoanowiaardtheotherhalfsubjectedtoaerobic

conditions) displayed a greater uptake of potassium per unit root

mightintheaeratedhalfoftherootsystenthaninrootsfron

aerdniccontrolplants. Uptakeofpotassimwasalsoinhibitedby

anaerobiosis in grafted prune tree (145). Leaf content of potassium

was reduced by flooding in loblollypine (78') and pecan (182). In

contrast,mo.1peloednibitedaniryreaseinleafpotassimn

cartextmringfloodingna).
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Floodirygenerallylouersthetissueooncentrationanitotal

corteltofphosphomswhenphosphorusinthesoilisadequate(93).

Insoilsmoderatelyorseverelydeficientinpnosphcrusduetothe

phosphorusbeirytiedupinironoralmnimnnphosphateortightly

held on anion-endlalye site of clays and hydrous oxide of ferric

ironarrialumimm,floodi:yproduceadifferentresult. Flooding

urder these conditions often leads to a greater availability of

phosphorusforuptakebytheroots. ‘tnms,plantrinosphcruscortent

canbeincreasedbyfloodiryifphosfinorusuptaJeismtseverely

limited by anaerobiosis and levels of available phosphorus in the

soil before floodirywerenot inordinately high.

Uptakeofrhosphorusionsbydrybeanrootswasreducedby

anoda(157). Ihephosfinoruscontertofcitrusroctstock03),

loblolly pins (78), andpecanleaves (182) decreasedduriry

floodiry. Swanpunpelodidmtdisplayareductiolinphosphorus

content of leaves air-mg flooding (78).

Tisole concentrations of calcium and magnesium often respond to

floodiryinasimilarmmner (93). Calciumandmagneium

concentrationsareusuallyrytalteredasmldnbyfloodiryasare

concentration of nitrogen, potassium and phospnorus; however,

concentrationsmaydecreaseslightlyardthetotalcontertofthee

ionsdeclinesappreciablyoletcreducedplantgrowth. 'Iheredoe

mtappeartobecloseooxplilybetweenactiveuptakenedlaniersand

calcium and magnesium accumulation by plants which may explain the

leser effect of floodiry on tissue concentrations of these

elements.

Drybeanrootsystensshowedreduoeduptakeofcaloimnarfi

magnesium ionsolriryarafic treatment (157). Concentrations of

A_
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calcilmlandmagneimninpecanleaveonfloodedtresverelwer

thanthcseoncontroltreeafter3ldaysofflcodiry(182).

Idolclly pine and swamp tupelc seedlirys display distinctly

different response to floodiry for calcium and magnesium leaf

concentration (78) . Ieaf concentrations of loblolly pine were

decreasedbyfloodiiyvmereasthecalcilmaninegneilm

concentratiolinswampmpelo leavewasnmaffectedbyflcodiiy.

'nnesodiumarridlloridecontentofplantsgenerallyincrease

duriryflocdiry(93). 'nnisispossiblyduetoareductioninthe

efficiency of salt exclusion mechanisms which are likely to be

activeproceserequiriryenergy. 'onicitymayresultwhen

sensitive specieareflooded. Floodixyincreasedthetotaluptake

ofsodimnanidnlcridecfgrapevineandincreasedtheamolntof

theeionstrensportedintoshcots(185). Ieafdamagewasvisible

within five days of waterloggixy.

'Ihe uptake of micromtrie'rt ions fron the soil solution (hiring

floodingisstrongly influencedbysoil factors (93). Tissue

concertrationsoftheseionsiryrease,decrease,orremainthesame

olriryfloodiiydependiryonscilconditims. Highlevelscfiron

ardmaryaneeinfloodedplantsmyresultinpnytctocicityin

certain specie. loblolly pine seedlirys had decreased levels of

zircandmaryaneeanddramaticallyincreasedlevelsofironvmen

flooded (78). Floodilycfpecanseedlirysreducedtissue

concentrations of zinc, iron, andmanganee (182). 'Ihemanganee

contentofswanptupeloseedliryswasreducedbyfloodiry,butthe

contertofzincandironshowednoeffectduetofloodiry(78).

Moreinfomationisneededontheeffectsofflcodiryon

micronutrient uptake and translocation in woody plants.
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Synptonscffloodiryinjuryincluieareductioninrootgrwth,

partial stonatal closure, inhibition of photosyntheis, a redaction

inleafareaandshccteloyation, chlorosisandselescenceof

leave, and wiltiry of leave (86,92) . In addition, floodixy injury

is often involved, either directly or indirectly, in the nortality

ofaffectedplants. Severalmechanismshavebeenpropcsedtc

account for the change in growth, physiology, norfinclogy, and

anatony of flooded plants. Little is known about the relative

importanceofeachoftheproposednednanisnsorwhethertheyact

singularly, simultaneously, or synergistically. Toxicity of

anaerobic metabolite, cytoplasmic acidosis, the reduced energy

charge of anaerobic cells, cytokinin and gibberellin "starvation",

accumulation of toxic levels of ions fron the soil solution,

accumlation of danegiry levels of ethylene fron anaerobic soils,

andtheincreasedsusceptibilityof floodedplantstosoildisease

appeartcbeinvolvedintheinjuryofplantsduriryflcodixy.

 

Assoilo2 isdepletedduringflocding, metabolisminrcots

shifts inoceasiryly fron respiration to glycolysis. Consequently,

anaerdoic metabolites accumlate in roots of many specie of plants

durizy flooding (45,46,86,llO,163). However, certain species of

plantswhicharetolerantof floodirydidnotdisplayanincreasein

ethanolproolctionoraninductionofalcoholdehydrogenase (Au-I)

activity (45). 'lhis findin led to the proposal that floodiry

tolerancewasrelatedtothecapacitytoavoid synthesis of

potentially toxic ethanol fron pyruvate at the end of glycolysis.
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Flooding-susceptible specie were thought to produce ethanol in

larger amomts than flooding-tolerant specie during anaerobiosis

duetoirxzreasedAII-Iactivityand/orapasteireffect. Reduced

ethanol production in flooding-tolerant specie was thought to occur

becausetheeplantsmreabletcproducemalateratherthanethanol

tron pyruvate. Flooding-tolerant plants were purported to lack

malicenzyme (ME) activity. 'nnisproposalbecanekncwnasthe

metabolic theory of flooding tolerance.

Jackson and Drew (86) recently ecamined the experimental

evidence relating to this theory. little information is available

whidn susports the notion that flooding-tolerance derive from a

specialized metabolien which results in the avoidance of ethanol

accumlation in tissue. In fact, there is a significant body of

data which conflicts with the proposed mechanism of injury. A

sumnaryofargmnentsagainstthenetabolictheoryof floodtolerance

arelistedbelcw:

l. Ethanol production.

Ethanol isproducedbyplantcellsmnderanaerobic

condition, mtitisdwbtfulwhetherthisrepo'eeinroots

is related to the susceptibility to flooding. Plant specie,

such as rice, winter wheat, and rye, which are fairly flooding-

tolerant produce considerable annnnts of ethanol when

waterlogged.

2. Ethanol toxicity.

Ethanoldoenctappeartoacomllatetotodclevelsin

tissueoffloodedplants.

3. Ari-I activity.

Aniactivityincreaseduringanaerdoiosis, butitis

nmclearifthisisrelatedtofloodingtolerance. .Also, the

synthesis of ethanol maybelimitedmorebytheactivity of

pyruvate decarboxylase (PDC) than by Am.
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4 . Malate and ethanol .

An examination of three flooding-tolerant specie showed

that malate failed to accumlate under anaerobic conditions and

appreciable activity of the ME was found.

5. ATP production.

'Ihesynthesis ofmalateasproposedwculdreultinnonet

ATP production. It is unlikely that plant survival would be

enhanced by a respiratory pathway which give no net yield of

ATP.

6. Substrate for repiration.

'Ihe metabolic theory propose that glycolysis should be

stimlated m'der anaerobic conditions in flooding-intolerant

specie, causing ethanol to accumulate more rapidly than in

flooding-tolerant specie. Hcmever, there is much evidence

which is in conflict with this proposal. Survival of rice

seedlings under anoda is closely associated with rapid

production of ethanol. Furthermre, the survival of roots of

wetland and non-wetland specie is prologed rather than

decreasedwhenthesugply of repirable substrate is increased

by addition of glucose to anaerobic media.

Insnmnary, themetabolictheoryof floodtoleramedoemtappear

to be supported by the experimental record.

Cyanogenic glucoside were identified in the roots of apricot,

peach, and plum seedlings (147). men seedlings were subjected to

anaerobiosis, cyanogenic glucosides were hydrolyzed which released

hydrogencyanide. Aclose associationwasobservedbetweenflooding

tolerance, glycoside hydrolysis, and cyanogeneis under anaerobic

conditions. Seedlings of apricot and peach were more sensitive to

flooding than plum seedlings. Also, the cyanogenic glucoside

contertandtheprcportionof itthatwashydrolyzedonringflooding

wasgreaterinpeadnthaninplumreots. Itisnotclearwhether

hydrogencyanideistheprinnarycauseofmrtalityinfloodirg-

intolerantm specie or a secondary, contribnting factor.
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Roberts et a1. (142,143) have proposed that cytoplasmic

acidosis is reponsible for meristenatic death in hypoxic root tips

of maize and pea. In this hypothesis, regulation of cytoplasmic pH

isbelieredtobeanimportantfactorinthesurvival ofplants

mnderhypoda. 'nnefollwirgsequenceofeventsisthoughttooconr

inthecytcplaenofrootmeristenaticcellsofhigherplantsmidn

havebeensubjectedtohypocia. Lactatedehydrogenase(mn,the

enzymewhidnetalyzetheproonctionoflactatefrunpymvate,has

analkalinnepficptimmarxilacticacidprodlctionbeginssoonafter

ocidative phosphorylation cease. Lactic acid aconmulation reults

inaslight acidification (pH falls fron‘7.4 to 6.8 arproxinnately)

of the cytoplasm which inhibits further lactic acid production and

stimulate ethanol prodnction. Ethanol production is stimulatedby

slight acidification of the cytoplasm because me, the enzyme which

catalyzesthefirstreactioninthepathwayfrmpyrnmateto

ethanol,hasanacidpl-Ioptinnm. Mlasmicp-Istabilizeandm

productioncznproceedwithontcytcplasmicacidosisforssveral

hours. Factorsmidnpreventtheregulationofcytqnlasmicwallw

acidificationofthecy‘tcplaenarddeathofrootmeristentissue.

Also,logerecposuretohypod.awillevenb.nallyreultin

cytcplasmicacidosisanddeathofroctmeristentissesdueto

leaJage of acid fron acidic vacuole. 'Ihe differential sensitivity

ofmaizeandpearootstofloodingwasetplainedbytheobsenration

that leakage of acid fron vaonole occurred earlier during hypoxia

inpearoottipsthan'inmaizeroottips.

mflemmm,Ma¢iflwmmrlqmmL.),

thnmmL-meereaLeLmarflmize
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rootsincreaseduptozo-foldduringseveraldaysofseverehypocia

(76). Furthermore, [14C] glucose was supplied to indiced barley

rootsunderhypoxic conditions reultinginlactate acquiring label

buttoaleserdegreethanethanoloralanine. Mostonthe[14c1

lactatewassecretedintothemeditmvdnereasmostotherlabelled

proonctswereretainedintheroots. 'Ihesefindingsdonctagree

with the cytqnlasmic acidosis hypothesis. Hypoxic induction of III-I

andlactatesecretionbyinducedrootswouldnotbeexpectedif

lactateglycolysisendssoonafterthebegimingofhypotiadueto

acidosis brought about by lactate aconmlation in the cytoplasm as

isproposedinthecytcplasmic acidosis hypotheis. 'Iheauthors

spewlatedthattheinnducedlmmayhaveanmnrecognizedfmnction

beyond that of glycolysis during anode.

W12

Iackofennergyforcellularprocesemaybeanothermeonanism

by which plants are injured during flooding (86). The oxidation of

enamel ofglucosetomz andHZOyields 38 mol ofATPmnderaerobic

conditions. Anetyieldofouonnol ofA‘I'Pisgeneratedfrononenol

of glucose by glycolysis under anaerobic conditions. This

repreentsa95% reductioninATPproductionardtheA’I‘Pavailable

mynotbeenfficienttosupportcellmaintenanceandgrwth.

mintenance of glycolysis during anaerobiosis may be limited by

assimilate availability. Reduced photosynthesis

(22,29,51,123,124,153,164) and assimilate translocation (155) would

likely provide inadequate substrate for glycolysis at sane point

during anaerobic stress. In addition, the efficiency of use of

photoassimilate is also decreasedby flooding (165). Mostofthe
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ethanolandothermetaboliteproducedinrootsmnderanaerobic

conditionsappeartobesecretedtothesurronrdingmedimnthereby

preventingtheiraccnmnlationtotoxiclevelsintissue. Iossecf

carbonbythismechanienmyaccomtforupto33%ofthesoluble

photcassimilated cannon inmwiggle L. (165).

W

'Ihe concentration of cytokinins and gibberellins in xylen

exudate is reduced by flooding (32,60,138,139). Reduced ecport from

rootstoshootsnnightbeapartialoauseoftheloweredlevel of

cytokinins and gibberelline in shoots of flooded plants.

Nonstonnatal inhibition of photosynthesis, chlorosis annd premature

senescence of leave, formation of adventitions roots, and reduced

shootelogationmybe influencedbycytoldnninnandgibberellin

"starvation" (28,138).

 

Factors which injure plants may also originate in the soil

(54,86). Ionptmpswhidnfunctiontoecludecertainionsfrmthe

cytoplasmaredisruptedduringflooding. Anaerobicmetabolismmay

provideineufficientenergytomaintaintheactivityoftheion

pmpsorplasmametbranedamagemaycausedissipationofprotein-

concertrationgradientswhidnwonldendenergy—dependantion

transport. Passiveuptake of ions fronthe soil solution without

selectivity oconrs with aconmulation of certain ions to toxic

levels.
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Highlevelsofethyleneinvineyardsoilwerefomdto

influence the growth and physiology of grapevines under field and

greenhouseconditions (84,121). Soil coupaction-irducediron

onlorosisappearedinvineyardsaronnrithetineofbloonandms

correlatedwithsoilwatercontent(121). 'Iheseverityofsymptors

wasgreatetmnensoilmoisturecontentwashigharxishootgrovth

wasproceedingrapidly. 'Iheozardcnzcontentofsoildidnot

ameartobeinwolvedinconpaction-inducedirondnlorosis.

Measurenentofozandmzlevelsindifferentsoillayersof

adjacent healthy and chlorotic vineyards showed no signnificant

differences. However, concentrations of ethylene in soil were found

tobehigherindnloroticthaninhealthyvineyards. sinceironis

assimilatedmainlybyyourg,mnsuberizedrootsardethylenein

concentrations above 1 ppn conpletely innhibits growth of grapevine

roots,therootsurfaceabletoassimilateironwouldbereduced.

mflerconditionsofrapidgrowth,uptakeofironbythereducedroot

systenvnuldnotbeabletomeetthedenandsoftheshootsysten

resultinginirondnlorosis. '

Productionofethyleneinvineyardsoilwasalsoinfluencedby

theaddition of organicnnatter. Ingeneral, organic matter that

producedthenostethyleneinlaboratorytetsalsoproducedthe

greatetdnlorosisinthevineyard. Oilradishhasbeengrownin

vineyardstoredmesoilwateroontentatbloonanrlflnerebyreduce

conpaction—induced chlorosis. 'nnis approachhas been sonswhat

succesfulinSwissvineyards. '

Various organic materials were applied to soil and the

evolution of ethylene measured after flooding (84). Application of
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organic materials stimnlated ethylene production in waterlogged

soils. Dead annd freh grapevine leave, dead citrus leave, freh

citrus roots, dead pear leave, dead peach leave, dead persimmon

leaves, and rice straw greatly inncreased ethylene evolution. levels

of ethylene of up to 4000 nl 10 g soil'lday'l were recorded.

Evolution of ethylenefronorganicmaterials inthesoilduring

floodingeeenedtorequiremicrobial activityandwasmarkedly

affected by soil teperature, moisture content, and aeration. 'Ihe

application of dead grape leave, which caused the greatet ethylene

evolution, inhibited shoot growth, total fresh weight, root fresh

weight, minroot length, and succinatedehydrogenase activity of

rootsofgrapevineonttingsgromforthreeweeksinthegreenhonse.

Wedge

Plantsareoftenpredisposedtodiseasebyflooding (170).

'Ihiseffectmayreultfrtman'noda-irduceddnangeintherootor

thereleaseofenmdatebystressedroots.

Rootenndateintherhizospherehaveasignificantinpacton

microbial activity (170). Corponents of root enndate directly

affect prcpagule germination, mycelial growth, and reproduction of

W- Wofmep-mmspp-m

attractedtorootsandenaxiatefronroots. Aminnoacidsandethanol

havebeenshcwnntoattractzoosporemositivednenotaxis).

Peitivechamtaxishasalsobeendmnstr‘atedforseveral

aldehyde, alcohols, arndfatty acids. 'Iheregion ofcellelogation

inrootsappearstoprooncemoreeandateandattractmorezoospore

thanotherroottissue.
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Anaerobiosis reduced plant growth and increased the exudation

ofethanol,aminnoacids,anrisugarsbypearoots(166). A

conconitantimreaseintheseverityofmspp.rootrotof

anaerobicrootswasalsoobserved. Inaddition,floodingincreased

theinfectionrateandmortalityofFraserfir(A_bie§_frafli

(Pursh.) Poir.) seedlings (90), walnut (guglans spp.) rootstock

seedlings (107), andalmondseedlings (187) frunrcotandcrcwnrct

WWWSPP-

Insnmnary,injurytoplanntsduringfloodingoccursbyammber

ofmechanisnns. metathewiderangeoffactorswhichareinjurions

toplants during flooding, efforts byplantbreeders to develop

caltivarsreistanttofloodingameartohavealovprobabilityof

sucoes. Selection of characteristics whichpronotesurvival of

plantsduringtransient,shorttemfloodingappearstohavea

greaterdnannceofsucces.

W

'memechaniensbymidnplantsadapttofloodirgarecmplex

and have been studied very little except for morphological change

midnallovplantstoavoidamda(34,77,92). survival of plants

usuallydoenotresultfronasirgleadaptationbutratherfrona

conbinnationofadaptations.

WW

Plantsdonotadapttofloodinngbybeoonirgresistantto

anode. Instead,mnrvivalisenhancedbyadaptationswhichallow

theplanttotolerateoravoidanmdanfl. Omnly,cropplants

areonlyegnoeedtoanodaforshortperiodsoftime. little

information is available on metabolic adaptations whicln allow plants
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tosurviveandrecoverfronthistypeoffloodingepisode.

'nnennetabolictheoryof floodingtoleranceasproposedby

Crawford (45,46) has been discussed in the previous section. In

contrast to this theory, it appears that inncreased glycolytic

activity annd secretion of metabolite fron root cells my be

associatedwith survival ofrootsduringshorttemflooding

(76,77,142,l43,l49,151). W, the induction of All-I

(149,179) and mi (76) under anaerobic conditions suggests that a

specialized glycolytic metabolism must contribute in sone way to

smvival . 'Ihe contribution of ethannol glycolysis to tissue survival

islikelytoinvolvethesustainedproductionofacertainlevel of

ATP for cellular maintenance.

'Ihe importance of ethanol glycolysis for survival of anoxia was

highlighted by the work of Saglio et al. (151). Young, intact maize

p1antsweree:posedtohypod.a(2-4kPapartialpresure02) for18

honrsbeforeroottipswereencisedandplacedmnderanocic

conditions. Hypoxic preconditioning reulted in larger amounts of

ATP, largerATP/ADPandaldehydeenergydnargeratios, andhigher

rateofethamlproductionwheneanisedmottipsweresubsequently

madeanodc, coparedwithroottipstransferreddirectlyfron

aerobictoanocicmedia. ‘Ihe inprovedenergynnetabolienachievedby

hypodc preconditioning was associated with increased A!!! activity

and the induction of Alli-2 isozynne. Consequently, hypodcally pre-

conditionedroottipswereabletosurvive 22hoursofanodawhile

roottipevdnidnwerenotprecoflitionedwereonlyabletcsurvivea

to9hoursofancnda. 'nneereults indicatethatmaizeroottips

were able to metabolically acclimate to hypodc conditions which

resultedininprcvedenergystatnnsandtoleranceofanoxia.
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Metabolic acclimation appeared to be closely linked with induction

of an effective ethanolic fermentation pathway.

Inanotherstudy, apricotseedlingswereflooded for

arprodnnately one north (74). Flooding reduced root repiration and

seedling survival . Maintenance of root repiration was correlated

with the ability to survive flooding. Also, wetland specie which

aretolerant of floodingwere foundtoproducehigh levels of

ethannol (163) . Survival during log—term flooding was apparently

linked with ethannol glycolysis in these specie.

Another metabolic adaptation that can reult in greater

flooding-tolerance is rapid stonatal closure (30,93) . ABA

accumlate in leave of flooded plants annd is the likely cause of.

stonatal closure soon after flooding begins (60,87) . Rapid stonatal

cloenrepreventsthelossofunrgorinleaveandsubsequentwiltirg

(29,123).

.ADatgmiea1IAQaetatigue

Adaptationswhichallowplantstoavoidanodahavebeen

studied.to.a greater extent.than.have:metabolic adaptations which

allowplanntstotolerate amide. ‘nnenostcomonanoda-avoidance

adaptations are the develqnnent of aerenonyna, hypertrophy and

hypertrophied lenticels, and adventitious roots (34,77,89,92).

Aerenchynne are internal, longitudinally connected gas-filled

innteroellular space caused by cell searation (schizogenous) or

dissolution of cells in the cortex or pericycle (lysigenous)

(85,89). 'Ihe internal porosity of roots and suhnerged stone or

trunks is inncreased by aere'chym formation. Aerenchyma facilitate

theetonangeofozbetweenaerobicshootsandanodcroctsduring



73

flooding. Oxidation of the rhizosfinere is also associated with

aerenchymaformation. Internaltransportofoxygenoconrredovera

distanceofatleastZlOminmaizerootswithaerenchyma (55).

'nnetransportofotygeninrootswithaerendnymareultedinhigher

value forATPcontent, adenylate energycharge, andATP/ADP ratios

thaninrootswithoutaerenchyma. Amnnnberofspecieincluding

mmh(”IMMM- (118):Eh_111_§

Within. (175),mmL. (118), amgegm L.

(19)developaerenchymainresponsetofnoodirg.

WM

Hypertrophy annd hypertrqinied lenticels are adaptations which

are associated with the avoidance of injury during anoxia (77,92) .

'Ihedevelqnent ofhypertrophyandhypertrqnhied lenticelsmay

facilitate the movenent of 02 fron aerobic shoots to anaerobic

roots. Also, hypertr'ofiniedlenticelsmayprovideanneans for

dissolved gase and anaerobic metabolite och as ethylene, ethanol,

lactic acid, and acetaldehyde to exit the sten. Formation of

hyperu'qfniedlenticelshasbeencbservedinmanyspecieofmody

plants including mergemm Midnx- (172).m

WMarsh. (577173) I and MrsWPlanch.

(153). A conparison between green ash (flooding-tolerant) annd water

oak (m: D1921 L.) (1988 flooding-tolerant than green ash)

seedlingsonrirglogtennfloodirgrevealedtheadaptive

significance of hypertrqnhy and hypertroinied lenticel formation

(67). After approdnnatelytwo weeks of flooding, hypertrophied

lenticelsanndbasalswellingwereobservedingreenashseedlings

whereas water oak seedlings exhibited only slight enlargement of
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basallenticelsandncdiscernableswelling. Greenashseedlings

nnainntainnedhigherozandlcwermzandethylenecocentrationsin

rootsduringfloodingthanwateroakseedlings. Ozwasapparently

abletodiffusefronthestentorootsingreenashseedlingsard

thisresultedinagreaterdegreecfrhizosrinereoddationthanin

wateroakseedlings.

Adventitiousrootingisacomnonadaptationofvcodyplantsto

flooding (34,54,77,92). Roots are very sensitive to 02 availability

withrootnnetabolismbeingdisruptedsconafterfloodingis

initiated. 'Iheroct:shoot ratiodecreaseduring flooding

reflectingagreaterreductioninrootgrovththaninshootgrowth.

Also,demyofroctsoftenresultsinalossofdrymatterduring.

anaerobic stress. 'nnedevelopnent of adventitiousrootsalong

sumergedstensatleastpartiallycoqnensateforthereduced

growthandmetabolismoftheeacistingrootsystem.

www.mlingsfomdadventifiws

rootscnsubmergedstensduringflcodirg(173). nhedevelcpmentof

adventitionsroctswascorrelatedwithstonatalreopening. leaf

waterpotentialwashigherinfloodedthanincontrolseedlings

duringthecourseoftheeqneriuent. Adventiticusrootsincreased

wateruptakeinfloodedseedlirgswhidncontrihntedtothe

mainntennannceofleafturgor. Otherwoodyspeciemidnednibit

adventitiousroctingdurirg floodingamapcergn—mh (53),y_i;i_§

mm L. (51): mmmPlanch. (153): 91813—13m

Roda. (118) momma (113).

'Crnp'ensatcryrootgrowthcanplayaninportantroleinplant

survivalduetottcheterogenoisnamreofanaerobiosisinflooded

soils. MWLseedlingsweregrownusingasplit-
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rootsysten(156). 'I'reatmentsconsistedofanaeratedcontrol,a

non-aeratedcontrolinwhichbothhalvecftheroctsystenvere

subjectedtoarnodeusingNz,andlocalizedarmiainmiclnone-half

oftherootsystenwasaeratedanxitherenaininghalfsubjectedto

ancxiausingNz. Shootanrirootgrowthwerereducedbythenon-

aeratedcontroltreatnnentbntnctbythelccalizedanodatreatment.

Rootgrowthwasgreatetintheaeratedportioncfthelocalized

ancodetreatment. Plantsrespondedtoannondabyincreasirgroot

growthinaercbic regions. Copensatcryrootgrcwthallowed plants

subjectedtoannodainpartcftheirrootvolumetoneintaingrcwth.

we:

Graftingisaonlturalncdificationndnidncanbeusedto

increasetheflcoding tolerance cfwoodycrcpspecie (99,100,110).

finegrovthanriphysiolcgyofeiglntapplerootstcckswasetamined

dnnringflccding (99). mmmilld.)aorldn.tree

displayedthegreatettolerancetofloodingwhileMZ6ancM9trees

displayedtheleasttolerancetoflocding. Furthertetingshcwed

thatscionsgraftedonmlgspnmijgnamilld.)aorldn.werencre

tolerantoffloodingthanscicnsgraftedonméandm (100).

Asimilarreultwascbservedforfimmsrootstocksam).

WWW. (extrenely tolerant of flooding),m§

m L. (intolerant of flooding), mm Sieb. et Zucc.

(intolerant of flooding), andm angina Lindl. (intolerant of

flocding)wereusedasrootstocksinaflccdingenperimennt. After

eiglntdaysofflccding, sciocgraftedonmjmmmb. had

mndnlcwerinjuryratingsthanscionsgraftedontheother

rootstocks.
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Further exploitation of this method of increasing the flooding

tolerance of woody crop specie appears to have merit. Significant

seedling variability in flooding tolerance has been observed for

m1119;: L- (36):mm1 Jeps. (35): and m5

mTorr. & Gray (162). ‘Ihee findings sugget that careful

screeningandselectioncf seedlingmaterial mayprcducerootstocks

with increased levels of flooding tolerance.

In sumnary, plant survival during flooding is not associated

invariably with a single adaptation. Metabolic, anatonical, and

ncrfinclogical feature of roots annd shoots combine to allow various

degree of ancocia tolerance or annoxia avoidance.
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I. WOFIWI‘S'IOCKQI'DIECDIDHARDINESSOFSEYVAL

WHEANDCANESIIJRINGWWANDWION

amen

Enperimonts were conducted to determine if grapevine rootstocks

can directly influoce cold hardiness of scion tissua during

acclimation and deacclimation. Vines in an atablished vineyard

were used in the 1985-1986 and 1986-1987 dormant seasos.

Treatments included own-rooted Seyva1(Sey/ovnn), and Seyval grafted

to Seyval (Self/Sewn Harnmy (Self/Ham). Kober 533 (Self/5313). and

Ocuderc 3309 (Sey/3309). A secod experimont was coducted during

the 1987-1988 dormant season using potted vines. In this

experiment, rootstockswereselectedwhichhavebeenreportedto

differinlogth ofvegetative cycleandtimeofbudburst.

'I'reatmontswereown-rootedSeyval (Soy/own), andSeyvalgraftedto

Seyval (SGY/SGY). Wm (SeY/CYH). Riparia Gloire (Self/RG1). and

St. George (Sey/StG). Cold hardiness and water contont of primary

bndsandcannesweremaasuredpericdicallyonringacclimationand

deacclimation. Rootstcck had little effect on cold hardiness or

water contont (hiring acclimation. However, significant rootstock

effectswereobserved forthedeacclimtion period. Sey/Cyncana

hadgreatercoldhardinasandlowerwatercontentthantheother

treatments during the 1988 deacclimation period. Eds on Sey/Cyn

vinesrapodedinasimilarmannerbuttoalaserdegree.

Percentageshootlasnodeswasalsoredncedbyuseofcynthianaasa

rootstockinn1988. Primrybndsandcanaincreasedincold

hardinessanddecreasedinwateroontontduringacclimation. Ann

inverse relationship was observed during deacclimation with cold

95
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hardiness decreasing and water contont increasing as deacclimation

proceeded. dnangaintherelationshipbetweoncoldhardinessand

watercontontofcanesafterthefirstkillingfrostinthefall

snggatthatgrapevinecoldacclimationanbeviewedasatwcstage

process.

mourned

Insufficient cold hardiness is a major factor whid'n limits

vitiwluire intheeasternUnited Statesan‘dCanada. ‘nnepotential

for cold injury and resultannt econouic loss exists each dormant

season. cultural manipulation of vinne cold hardiness has previously

been reviewed by various authors (7,11,21,24,25) . Practices used to

minimizecold injury invineyards canbecategorized inntotlcse

whicharedocpricrtoatablismentandtlcsewhidnaredoneafter

tlcvineyardisatablisl‘cd (7). Themstcritical Oftheseare

pro-establishment decisios such as site and cultivar selection.

WhenaMyjnLfiegL. orlessvigorcus innterspecifichybrid

cultivar is chosen, onltivar selection will also involve the

selection of an appropriate rootstock.

Roctstockshaverecontlyreceivedattentionasapcssibleneans

of increasing grapevine cold hardiness (15,17,18,19,23, 29,35).

Milleret al. (18) conparedthecoldhardinas ofKoberSBB (5B8),

(Indore 3309 (3309), and Selection Qpenheim NO. 4 ($04) rootstocks

for 3 seasons. Differenca in bud hardinesswere variable and

seldon statistically significant. However, consistont and ofton

statistically significant differenca betweenn rootstocks in cans

ooldhardinesswereobserved. Canesfron3309vinaweremorecold

resistantthancanafronSBBvina. SO4canaweregennerally
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intermediateinooldhardiuess.

In a subsequent experiment, cold hardiness of finite Riesling

gmingoaitswnroctsarrigraftedtoSBB,3309,andSO4was

omired(19). Rootstockinfluereedscioaooldhardiuesstoa

limited extent. Grafted vixes had significantly hardier ones in

o'eofthreeyearsstudiedamscioisgraftedto3309had

significantlyfoershootlessredesinoeofflefouryears

studied. Oderreportshaveindicatedneresubstantialirereasesin

scion coldhardiressbyrootstod<(15,21,23). Rootstockselectim

hasalsobeoisuggestedasameansofreoucingcoldinjurytoroots

inareasofdzimvleresoiltenperamresreaduextremelylovlevels

diming‘ttewinterQS). Differouoesinrootooldhardiresswere

measuredarriLmfiRupt.xLfigriaMidm.hybridswere

recomfiedovarttelessooldhardyandoomlyusedaeta

rootstock.

Inoortrast,srmulisetal. (25)fonfithatvirecoldhardiuess

wasretaffectedbyvariousrootstocksduringaloigtemsbxiyat

Gereva,NY. Similarresultswereobtairedm'enprimryhflcold

hardiuessofmardomygraftedtomviraardaamwasneasured

(29). Rootstockdidrethaveaomsisto'rteffectmprimryhud

ooldhardiu'ess.

Iackofagrealentooeerningtteinfluereeofroctstockm

scim cold hardiress is not surprising cousidering the ompleudty of

theproblan. 'nedesignandco'xdnctofrootstockexperinentsis

diffioult due to the coifaulfled nature of stock-scim mlatiouships

(10). 'neabilitytoseparateprimryeffectsfronsecofiary

effects is cmoial for accurate interpretaticn of results.
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Timingandfrequoncyofsamplirgarealsoinportantinoold

hardnessocperimonts. Cold injuryocolrsprimarilydueto

intracellular freezing or desiccation stress resulting from

octracellularfreezirgfi). 'Ihetypeandannuntofinjuryobsenred

isoftonrelatedtowhenttefreezingepisodeocoursduringthe

dormant season. For example, -15°C would cause little injury in the

winterwtnenviresareattheirmxinmhardiuesmbutcouldcause

considerableinjmyinttefallbeforeviresbeconefullyhardyor

inthespringasviresarelosinghardiress. 'nms,itis

instructivetosubdividethedomanntseasonintothreeperiodswhich

are acclimation, mid-winter, and post-rest/deacclimation (ll) .

Sampling for cold hardiness in most of the previously reported

suflieswasoonoerrtratedinthemid-winterperiod. ‘Iheeffectof

rootstockoncoldhardiressofgrapevinesoiontissueshasmtbeon

adequately investigated during acclimation and deacclimation.

Reportsofreoloedmothydrauliooomnotareewiflndeclining

daylongth during acclimation (8,34) and the close association

betweontisonewateroortontaniooldhardiressouringacclimtion

anddeacclimation (4,30-34) provideapossiblemechanimforprimary

rootstockeffects.

'nnus, theobjectives ofthissmdyweretwofold. First, to

detennimifreotstoc]chasadirect(primry)effectonoold

hardiressofprimrybudsandcauesofSeyvalduringaoclimtionard

deacclimation. Secondly, to define the relatioxship between water

oortentandcoldhardiressofSeyvalprimarybudsandcaresduring

acclimatimarddeacclimation.
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lNoexper'imen'rtswereconductedoverathreeyearperiod.

Ecperinent I was conducted during the 1985-86 and 1986-87 dormant

seasons, mileEcperimentIIwasco'mnctedduringthe1987-88

dormantseason.

Em;

Viresusedinthissuldyverelocatedatthemarksville

Horticulture Ecperinent Station, Clarksville, MI. Treatments

includedown-roctedSeyval (Sey/own) ardSeyvalgraftedtoSeyval

(Sey/Sey), Harmony (Dog Ricbe X Colderc 1513) (Say/Harm), K0138? 533

MWP1ardmx¥itigripggialfidmdarfl0olderc 3309

(llitis. riled; 111an- xyiizis m1: Sdneele) (Say/3309b These

rootstocksvereselectedbecauseoftheirrangeinooldhardiness

(10,18,8triegler arr! Howellnurpublished data,1981-82) .

Vineswereplantedinl983inanmifomxalamazoosandyloann

soil. Vineyardspaoingwasz.4mx3.0m(withinrovxbemeenmw)

androworientationmsnorthtosauth. ‘netrainir'gsystem

onployedwasmndsmaivermrellawiflnfmitingwoodretainedas

five-redecares. mrirgtlefirstseasonofflnisstudycordoewere

establishedatpnmirgandallfruitwassubsequontlyronoved. In

t‘resecondseason,viueswereprmedtoalo+10pnmingseverity

(lOnodesretaired/O.45kgofcareprmings) aniflower' clusters

werethimedtooneperdevelopimshoot. Anupperlinitofso

redesretaiued/vinemssettoavoidovercroppirg. mother

culturalpractioesvereoorhuctedaccordirgtoflidniganhgrioulunal

Etperinent Station reconnendatio‘e (14,16,22) .
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'misexperimenntwascoductedatthenorticulturemeeardn

Center,EastI.areing,m. 'I'reatmerrtsinoludedom—rootedSeyval

(Say/own), “mmmseyval (Say/Soy), Cynthiana 0.71th

Mismd (Sent/CymbRieari-aGloimGlithrimMidM)

(Say/m1), 8113513 George WWW» (Sey/StG).

'Iteserootstockswereselectedbasedonreporteddifferenoesin

logthofvegetativecycleanitimirgofhflhurstum. Riparia

Gloirehasashortvegetativecycleanndearlyhxihlrst38t.eeorge

hasalongvegetativecycleardearlyhndhlrst;ardcynthianahasa

longvegetativecyclearrilatehflburst. Sey/Rleineswereonly

used during the 1987 acclimation period one to a shortage of plant

material.

Vireswereobtainedfronaoomereialmrseryandplantedinto

18.9 Lpotsusinga sterile medium of 50% sandyloam soil, 30%

spagmmpeat,arri20%sard(byvolme)inearlyanne. Pottedvires

wereplaoedonaflatgravel-coveredareaardarrargedinblocks.

Virespaoingwaso.9mxo.9m. Asinglewiretrellisuflm

reigtrt)wasoonstructedandshootsweretrairedupwardalongjute

twirewhidnwastiedtothewire. 'moshoctswereallooedto

developpervine. 'Ihevinesweredemuitedardlateralshoots

rowvedonaregularbasis. Vireswerewateredasreededmererally

twice per week). Soluble 20—20-20 fertilizer was mixed with water

ardappliedtovineson23amne,8auly,23au1y,and303u1y. Each

vire received 480 11g of N, P, and K, respectively, per application.

Allvinesamearedhealthyardtlereveremvisiblesynptoeof

mtriont deficiency. Applications of weozeb, triadimefon, and

carbarylwereappliedatseventotendayintervalstooontz'ol
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fungaldiseasesandinsects. Weedsaroundpotswerecortrelledwith

applications of paraquat and fluazifop-butyl .

Inbothexperiments, canesweresampled periodically duringthe

acclimation and deacclimation portion of the dormant season.

Selectionofcareswasbasedon.ocposurestatus,oarediameter,and

irrterrndelerg'th (l3). Persistentlateralstatuswasnotconsidered

inEcperinenntIduetotl'ehighpercentageofnodeshaving

persisterrtlaterals. InEcperimentII,lateralshootswerenot

presontbecausetheymreremovedaspartofthetrainingpmcedure.

Careswereselectedmidnhadbeonwell-expcsedduringtheprevims

growingseasonardvereofnedinmdiameter(7-10m)andinternode

1ength(5-9on).

'nnemmberofredesandthemmberofmatureredeswereoomted

onvines during the-1987 acclimation period (Ecperinent II) to

determine the extent of arenaturation. Tissue maturationwas

assessedvisuallyaccordingtobrownirgofperidem. Maturenodes

moguressedasapercentageoftotalnodes.

Attletineofsanpling,entirecareswererenovedfronvires,

outtosixteenredes,andrandonlydividedintotwogmupsfor

separatedeteminationofooldhardiressardwateroontont. Canes

wereretunedtothelaboratorywithinmmofsanplimard

storedatl°Cmtilfleywerepmred. Sampleswerestoredforno

longerthanlzrulrsinthismmer. Inbothotperiunorts, samples

coeistedofnode—internodepieceswhidnwere3toéonlong. Node-

internodepiecesverepreparedanisegregatedaccordimtotheir

positiononacare. 'nefollwingcategoriesvereusedzredesoe

tofour,nnodesfivetoeight,redesninetotwelve,aninodes

thirteentosixteen. Nodeswerecomtedfronthebasetotheapex
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ofthecare. Eadncategorywasequallyrepresontedinareplicate

sothatcarepositionaleffectsoncoldhardinessandwateroontent

wereavoided(31-34).

Controlledfreezingtestswereusedtomeamurecoldhardiness.

'IhefreezingtednniqueusedwassimilartothatofWolpertard

Howell (31). Four samples (ore froneachof the careposition

categories)pertreai:nentwereinsertedintoeadnofseveralvaonnn

naslosamplacadintoadiestfreezermoomtralmm). Samples

were in contact with aluminum foil to facilitate heat rawval am

moist cheesecloth to inoculate samples which prevented ouperoooling.

Freezertorperamrewasnemallyloveredtoprcvideasanplecooling

rateof5°C/hor1ess. Tissietolperauuremsmnitoredbya .

ttemocouple(269mr;ecopper—coetantan)midnwasinsertedinto

thepith ofarepresentative sampleineadnflask. ‘Flaskswere

unmoved at selected tonperatures and allowed to warm slowly

overnightatl°c. Atonperaturerangemsdnosonoldnthatthe

warnesttonperamreprovidedminjuryardtleooldesttanperature

waslethaltoalltissues. 'Iesttanperamreswerereplicatedfolr

tinesinthefreezer. 'nnawedsanpleswereplacedinrnmidchambers

for10tol4days,afterwhidn,tissuesweresectioedardratedas

aliveordeadbyttenettedoftissuebroming(27). Deadbudshad

primordiamidnmebromandwatersoahed,whiledeadcareshad

niloonarricanflainmlayeremidnmrebmm. 'nnemodifiedSpeannan-

Karber equation was used to calculate T50 values (taperature at

which 50% of tissues wouldhe killed) frontissueviability data

(3). Coldhardiressmsexpressedas'rsovalues.

Watercontentwasdetermiredonprimaryhfls(primordimn+hud

scales)ard2oncaresegmenntsbyplacirgfonrtoeighttissues(one
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ormofroneachoftrecanepositioncategories)pertreatnentinto

each of four glass weighing vials fitted with ground-glass stoppers.

Tissues wereweighed, oven-dried for 36 hours at 70°C (vials open),

andreweighed. Wateroontentwasexpressedasgramswater/gram

tissuedryweight.

Shoctlessredeswereoourrtedinthespringofeachseason

followingbudburst. Shootsverealloiedtogrwapprocinatelyls

onbeforedatawerecollected. Shootlessnodeswereexpressedasa

percentageoftotalnodes.

DatawithinsanpledatesweresubjectedtoAOVarxinean

separationwasby'mkey's HSDtestorDuncan's MultipleRange'Iest

(26). Arcsin transformationwas per-forned on percentage data before

ADV (26) .

was

W

Coldhardinessandwateroontontofprimarymdsmsnot

significantly affected by rootstock during acclimation in 1985

(Figure1). Primrybudooldhardiressirereasedandwateroontent

decreasedouringaoclimation. _

Canes fron own-rooted vines were significantly more cold

resistantthanoaresfrongzaftedvinesonSSeptonber(Figure 2).

Nootl'ersignificarntdifferonoesuereoaservedforcareson‘ing

aoclimationin1985. Coldhardinessofcanes increasedcontinually

thmlghoxt the acclimation period. Cane water content declined

mtilmid-Octobermereaplatemuofo.80to0.89g/gtissuedrywt

wasreached. Irmeasesincoldhardinessaftermid-Octoberdidnot

appeartoberelatedtowatercontent. Akillingfrostwasrecorded
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Figure 1. Effect of rootstock on the cold hardiness (T50)

aniwatercortontofprimarybudsofSeyval

grapevines during acclimation. 1985. Clarksville, MI.
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Figure 2. Effect of rootstock on the cold hardiness (T50)

and water contont of canes of Seyval grapevines

during acclimation. 1985. Clarksville, MI.
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onl70ctober(Figure3). Itsocourrenceseemstobeclosely

associated with the ennd of the phase of grapevine cold acclimation

in which increasing cold hardiness is correlated with decreasing

water contont. Viresweretotallydefoliatedby31 October.

Rootstockhadlittleeffectoncoldhardinessorwateroortent

ofprimarybudsduring deacclimationinl986 (Figure 4). Hudson

Soy/3309 vineshadagreaterwatercontentthanbudsonSey/omor

Sey/Harmvinneson26Mardn. Watercontentofbudsincreasedand

coldhardinessdecreasedasdeaccliunation proceeded. Primarybuds

wereatscalecrackon23April(1).

Sey/3309canesweremoreooldresistantthanoanesfronthe

othertreatmentson26mrdn(Figure5). Rootstockeffectsoncold

hardinessorwatercortentofcaneswerenotevidentatothersanple

dateson’ingdeaocliunationin1986. Ingeneral,watercontenntof

canesincreasedandcoldhardinessdecreasedduringdeacclimation.

Considerable fluctuation in air tenperature occurred during the 1986

deacclimationperiod(Figure6). Itisinterestingtonotethat

canesandbudsdidnetseontobeveryrewoeivetorehardening

temperatures.

Rootstock did not significantly affect primary bud oold

hardinessorwatercontenntduring acclimtioninl986 (Figure 7).

Primaryhudwateroontontdecreasedanricoldhardinessincreased

throughouttteacclinationperiod. Canecoldhardinessandwater

contontwereonlysligtrtlyinfluencedbymm

aoclimationin1986 (Figure 8). Sey/SBaneswerehigherinwater

oontontthancaresfronottertreahnennteon48eptonber.¢afiefrm

Say/3309 vines were significantly more oold resistannt than cares

fronSey/SBBon 30 October. UhliJoethe 1985 data, care cold
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Figure 3. Maudnumandmininumairtenperatures (°C)

during acclimation. 1985. Clarksville, m.
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Figure 4. Effect of rootstock on the cold hardiness (T50)

anxiwatercontentofprinarybudsofSeyval

during deacclimation. 1986. Clarksville, MI.
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Figure 5. Effect of rootstock on the cold hardiness (T50)

andwatercontenntofcanesofSeyvalgrapevines

during deacclimtion. 1986. Clarksville, MI.
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Figure 6. Maximum and minimum air temperatures (°C)

airing deacclimation. 1986. Clarksville, MI.

 

 



 

2
8
-

1
8
—

C
l
a
r
k
s
v
i
l
l
e

 

00 EHDLVHadwal

 
—
—
M
A
X

—
—

M
I
N
 

M
a
r
c
h

A
p
r
i
l

D
A
T
E

:
1
9
8
.
6

116

 



117

Figure 7. Effect of rootstock on the cold hardiness (T50)

andwateroontentofprimarybudsofSeyvalgrapevines

durinng acclimation. 1986. Clarksville, m.
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Figme 8. Effect of rootstock on the cold hardiness (T50)

andwatercontentofcanesofSeyvalgrapevines

during acclimation. 1986. Clarksville, MI.
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hardiness increased annd water content decreased continuously

throughouttheaccliunationperiod. ‘Ihisdiscrepancymaybedueto

the lack of a killing frost during the sampling period in 1986

(Figure 9) . Defoliation of vines was only approximately 30%

conpleteonthefinal sample date (30 October).

Significantrootstockeffectswereobservedon llMarchand 28

March during deacclimation in 1987 (Figure 10). Primary buds of

Sey/HarmwerehardierthanbudsofSey/ownonllflhroh. 0n28March

Sey/ownanriSey/Seyhxishadalowerwaércontentthanbudsfron

theothertreatnennts. Watercontentincreasedandhardiness

decreased during deacclimation except for the finnal sampling date

wherewatercontentandcoldhardinessincreased. ‘Ihisresult

amearstobeanonalousbasedonthel986andl988deacclimation’

dataforprimarybuds. f

Differences among treatments were evident for canes during the

1987 deacclimation period (Figure 11) . Sey/Sey canes had a lower

watercontentthancanesfruntheothertreatnenntsonlluarch.

‘IhistrondoontimuedonZBMardnasSey/ownandSey/Seycanes

exhibitedthelowestwatercontent. On9AprilSey/3309caneswere

themstcoldhardyandSey/ownncanesweretheleastcoldhardy.

CanesofSey/ownandSey/Seywerelesscoldhardythancanesfron

theothertreatmentsonl7April. magnum-immune

remainder of the deacclimtion period, Soy/3309 and Sey/SBB canes

tondedtobemoreooldresistantthanSey/omandSey/Seycanes. In

general,watercontentincreasedandcoldhardinessdecreasedas

deacclimation of canes progressed. Airtenperature data forthe 1987

deacclimtion period were fragmentary due to equipnent malfunnction

(Figurelz). Bythefinal sanpledate (17April),budgrowthhad
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Figure 9. Maxim and minimum air temperatures (°C)

during acclimation. 1986. Clarksville, MI.
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Figure 10. Effect of rootstock on the cold hardiness (T50)

andwateroontentofprimarybudsofSeyval

grapevines during deacclimation. 1987.

Clarksville, m.
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Figure 11. Effect of rootstock on the cold hardiness (T50)

and water wntennt of canes of Seyval

during deacclimation. 1987. Clarksville, MI.
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Figure 12. Maudmnnandmininnnairtenperaoures (°C)

during deacclimation. 1987. Clarksville, MI.
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begmandhflsmcoeideredtobeatflescalecrad<stageof

development (1).

Rootstockhadlittle effectonperoentage of shootlessnnodes

(Table 1). Noeffectwasobservedinl986andgraftedvineswere

superior to own-rooted vines in 1987.

mimentII

Sey/Seycaneshadahigherpercentageofmaturenodesthan

canes fron the other treatments early in the 1987 acclimation period

(Table 2). Blectobercanematurationwasessentiallyconplete

arrionlyminordifferencesexistedbetweenthetreatnnents. ‘Ihe

reouctioninpercontageofmaturemdesobservedfornesttreatmonts

on290ctoberisprobablyanartifactcausedbythedifficulty

onoounteredinoonntingtotalnodes. Conrtinngoftotalnodeson29

Octoberwasproblonaticbecausegreenshoottipsofcaneshadbeen

killedbyfrostandwerebrown,dehydrated,andshnnnken. Although

the differences were not always statistically significant, tissue

maturationappearedtobecloselyrelatedtocoldhardinessduring

the early stages of acclimation.

Sey/Seyprimaryhudswerennoreooldhardythanbudsfronthe

othertreamentson3Septanber(Figme13). Rootstockeffectswere

alsoobservedonlSOctdaerchnringaoclinetionileW. onthat

date, Sey/wnanflSey/Seyhxishadalowerwatercontentthanhfls

frontheothertreatnnents. Also, coldhardinessdifferenceswere

observedonlSOctoberwhenprimryhudsofSey/ownwerehardier

thanbudsofSey/ElorSey/Sts. Prinur'ybuiwateroontent

decreasedandooldhardinessinoreasedasacclimationproceeded.
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Table .1. Effect of rootstock on the percentage of shootless nodes

of Seyval grapevines . Clarksville Horticulture Enperinent

 

 

 

Station.

Shootless nodes (96)

Rootstock 1986 1987

Ownn 11.0 36.9az

Seyval 19.1 9.1b

Harneny 10.2 14.8b

Kober 538 14.5 17.7ab

Oouderc 3309 13.5 7.8b

11.8.

 

2 Mean separation by Duncan's Multiple Range Test, 0: 0.05.
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Figure 13. Effect ofrootstockonthecoldhardiness (T50)

andwatercontentofprimarybuisofSeyval

grapevines during acclimation. 1987. East

Ianeing, MI.
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Rootstock had little effect on cold hardiness annd water content

of canes during acclimation in 1987 (Figure 14) . Sey/Sey canes had

agreaterdegreeofcoldresistancethancanesfrontheother

treatnentson3September. CannesfronSey/Sthineshadthehighest

watercontentonlSOctoberand290ctober. Watercontentofcanes

decreaseduntilmid-Octoberwhereaplateau of 0.75to0.85 g/g

tissuedrywtwasreached. Cannecoldhardinessincreasedthroughont

the acclimation period. Inncreases in cold hardiness after mid-

Octoberwerenotrelatedtowatercontent. Akillingfrostwas

recordedoanOctober(Figurel7)anditsoccurrenceseemstobe

closely associated with the point in the acclimation process that

increasingcoldhardinessisnolongerrelatedtodecreasingwater

contont. 'nniswasalsoobservedwithfield-grownvinesin

Ecperinent 1 during the 1985 acclinetion period annd in a previous

experinnentusirgOoncord(32).

Primrybudcoldhardinessandwatercontentwereinfluenoedby

rootstock primrily late in the 1988 deacclimtion period (Figure

15). On31mrdn,Sey/ombudshadalwerwateroontentthanbuds

frontteotlnertreatnontsanriSey/CynbudswerehardierthanSey/Sts

buds. Water content of Sey/ownn annd Sey/Sey buds was significantly

lowerthanthatofSey/StGonMApril. Primarybudsendnibited

inereasedwatercontentanidecreasedcoldhardinessduringthe

deacclimationperiod. Iargeincreasesinwateroontentofprimary

budswereseenbetween31Maronanril4April.

Signnificant rootstock effects on care water contont annd cold

hardinesswereperoeivedduring deacclimation in 1988 (Figure 16).

Sey/Sthanesdeacclimated earlierthancanesfronothertreatments.

Although the differences were not always statistically signnificant,
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Figure 14. Effect of rootstock on the cold hardiness (T50)

and water contont of cares of Seyval grapevines

churiug acclimation. 1987. East Iannsing, MI.
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Figure 15. Effect of rootstock on the cold hardiness (T50)

andwatercontentonprimarybudsofSeyval

grapevines during deacclimation. 1988.

East Iansing, MI.
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Figure 16. Effect of rootstock on the cold hardiness (T50)

annd water contont of cannes of Seyval grapevines

during deacclimation. 1988. East lensing, MI.

 

 

 

 



(0 v t o)

(30) 091

S
e
y
.
l
O
w
n

a
o

S
e
y
J
S
e
y
.

I
o

S
e
y
.
l
e
n
t
h
.
A
A

S
e
y
.
l
S
t
.
G
e
o
r
g
e

4
<
7

c
a
n
e

h
s
d

h
s
d

I
"
1
.
2
0

/

O ?

—
1
0
.
0
-
1

a

I
h
s
d
—
-
O
.
6
0

-
1
5
.
0
-

~
2
0
.
0
-

—
1
.
0
0

h
s
d

  
 
 

-
2
5
.
0

M
a
r
c
h
3

M
a
r
c
h
1
7

M
a
r
c
h
3
1

A
p
r
i
l
1
4

D
A
T
E

1
9
8
8

(M MD 5/5) luenuog ueneM

(Ovao)

141



142

Figure 17. Maximum and minimum air tonperatures (°C)

during acclimation, mid-winter, and

deacclimtion. 1987-88. East Iansing, MI.
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Sey/Sthaneshadthehighestwateroontentandlowest oold

resistance ttngmut the deacclimation period. In addition,

Sey/Qnoaneswezedelayedintheirdeaocliamtimresponsewhen

ompamdtoSey/Stsoanes. CanesfxunSey/Cynvineshadthelowest

water content and highest oold resistance during deacclimation.

Sey/Cyn canes were 8.5% hardier than Say/Ste canes on 31 March.

‘megeneraltzerflobservedwasthatoaresinczeasedinwateroontent

arfldecreasedinooldhardinessasdeaoclimatimprooeeded.

Sey/Cyn vines had significantly fewer shootless nodes than

vines franthe othertreatnarrts in 1988 (Table 3). Air

taperamres for the 1987-88 dormant season are given in Figure 17.

ISCIJSSION

Rootstockhadlimitedinpactmooldhamixessorwateroontent

dimirgacclimatim. W3309,micl‘1hasbeenstmntoincrease

scion oold hardiness of certain V_,_ vinifQLa L. cultivars during mid-

vdhterperiod(19,21),didmtoonsisteutlyimprove8eyvaloold

resistance during aoclimtim. This may irdioate that rootstock

factorsvhimaxeinportantforscimooldhardinessinmid-wmter

are not as inpourtartt wring aoolimatim. Alternatively, the lack of

effectbycotflem 3309 mayberelatedtoscion characteristics.

SeyvalismoreooldhaxdytlanflfiteRieslmg. 'Ihemecrmiismof

rootstocic—irmpedooldhardinessmcreaseinmid-wintermayhave

bemoperatingdurmgaoolimatimbutwasmtobservedduetoa

mskh'igeffectoftheimatehardinesslevelofSeyval. 'Ihe

relatiomhipbetwamtream'rt oold hardiness, exposureto freezing

tameramres,ardexpu:essimofooldinjmyhasbemdiswssedby

MOI). Inthisimtanos,taupentmesduringtheaoclimatim
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Table-3. Effect ofrootstockontheperoentageof shoortlessnodes

of Seyval grapevines. Hortiwlture Research Center. 1988.

 

 

Rootstock Shootlefis nodes (is)

Own 55.9mmz

Seyval 46.3b

Cyrrthiana 22.2c

St. George 66.8a

 

2 Mean separation by Dmoan's Multiple Range Test, 01 = 0.05.
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periodmaymthavebeensevereenoughtoallwupressimof

rootstockeffectsmooldhardihess.

Rootstockhadasmalleffectmoanematurationdurirg

aoclimtionin1987. Sey/Seycaneshadagreaterperoentageof

nature nodes early in the aoclimtion period. Although a rootstock

effectwasnoted,thisresu1tdoesmtsu;porttheideathat

rootstocks with a short vegetative cycle (early aoclimticm)

positively influence scion cane maturation ard oold hardiness since

Say/RG1 canes did not exhibit accelerated cane maturation or

increasedooldhardiness. RipariaGloirevinesarereportedtohave

theshortestvegetativegrowthcycleamongtherootstocksusedin

thisstudy(20). SimilarresultswereobtamedbyBaslerusing

well-exposedshootsmgraf‘tedvinesinthefield (2). Hefamdno

differernesinoanemattmatimduetomotstockeventlnaghseveml

oftherootstockshemedwerereportedtoinpartearlyorlatecane

mturatim. Itesefhdingssuggestttnttheobserveddiffemaoesin

mmumatimmnmgvarimsyitjgspeoiesmrdomsequently

mtstocks)mayresultfranfactozsoriginatdmintheahoatsystem

ratherthanintherootsystan. mls,theobservationthat

WWlmlsmmedm.motmm

decline with decreasing Wiod is significant for acclimation

ofown-roctedvinesmtmymtbeinportantforaoclimtimof

mmmyimm- (9)-

Gamlly,mteromtentdecreasedardooldtnrdmessircreased

durirgaoclimatim. 'merewasaaemtableemeptimtothjs

pattern.=Im:reasesinoaneoo1dhardmessweremtaoompaIfiedby

Wdecreasesinwateromtentofoanesfollovdmakflling

frostin1985ard1987. Appamtly,thereisad1angeintheoold
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acclimation process of grapevines which is closely associated with

thefirstkillirgfrost. ThesedataanithoseofWolpertandHowell

(32) suggest that grapevine oold acclimation is characterizedby two

distinctstages. Daringthefirststageofgrapevineoold

acclimation, oold hardiness increases are closely associated with

adxmncingtismemmrityanddecliningtissuemtercmterrt. 'Ihe

secordstageofaoclimatimbeginsafterthefirstkillingfrostarfi

imasesinooldhardinessseemtoberelatedtodecreasingair

temperature. Atwostagemodelofwoodyplantaoclimatimhas

previwslybeenproposedbyWei-ser (23)-

Roortstock effects were evident during the deacclimtion period,

especially in 1988. Say/3309 and Say/SE canes were generally more

ooldresistantthanoanesfzunothertreamentsmmgnm. 'Ihe

differences were not always statistically significant, their

mgniuidewassmll,aMtheywemimmsistentbetwemseasms.

'mepresentdataaminsufficienttojudgevmsthertheobserved

increaseincoldhardineSsbycwdemnOQandKoberSBBwasrealor

anartifact. narthersufiyisneededtodetermimifthese

rcotstodcsoanoonsistentlyincreasescimooldhardihessmring

acclimatimofSeyvalgrapevines.

Gmsisterttrcatstockeffectsmcoldhardinessardwater

oartentwereobserveddm'irgdeaoclimatimwhenroctstocksmidi

differ widely in relative timing of bud burst were evaluated.

Primarybudooldhardinesswasaffectedlessbyrootstockthanms

oaneooldhardiness. However, Sey/Cynbudswerehardierthan

“Say/multismthelasttvnsanpledates. Damnatiaiofdatafor

carnesinl9881'evealedthatSey/Cyncaneswerelwerinwater

cartertardhigherinooldhardiressthanSey/Stscamsdurirgthe



148

entire deacclimation period. Cumulative injury was also reduced by

rootstock as Sey/Cyn vines had significantly lower percentage of

shootlessnodesthanSey/Sthines.

'Ihe slower rate of deacclimation observed for Say/cyn canes may

beduetotheabilityofthistreaunenttoresistdeacclimatim

chringexposuretowamtatperaumesortorehardenupmexposureto

lmtarperamresonoedeacclimationhasbegim. Bothofthese

matunianshavebeencbservedforgrapevinehfls(6). Further

researdimtheinvolvementofrootsinthedeacclimatimprooessis

recessarybeforetheobserveddelayindeacclimatimbquhiana

rootstockcanbefullyexplained.

Ingeneral,watercmrtentincreasedarriooldhard:iness

decreasedduringdeacclimatim. largeincreasesinwatercmtentof

primryhidswereoftenobservedlateinthedeacclimaticmperiod.

Bidswereatthescalecrackstageofdsvelopnentbythefinal

sampledatesinl986anil987. Waterocmtentatscalecrackreached

levels of l.80to3.17 g/gtissuedrywt.

W

Choice of rootstock had little effect on cold hardiness or

water cartent durirg acclimation. A different situaticn existed

mmmum. Sey/Cyncaneshadalcmerwatercmrtentam

higherlevelofcoldhardinessflnnflmeothertreamentsflimlghart

thedeacclianrtionperiod. Sey/Cynprimarymdsrespondedina

similarmamierhittoalesserdegree. 'mefollowingproposalsare

mistentwiththedataoollectedinthissmdy: (l)roortstocks

withearlyhriburstdeaoclimtesoonerthanrootstockswithlate

hnhmst; (2)therootsystemappearstobeequallyinportantas
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above—gmnritissuesindetermirdmtherateofdeacclimation3and

(3)Lmderoertaincircmnstames,rootstocksareabletotransmit

differences in the rate of deacclimation to scion tissues.

Significant rootstock effects were observed for cumulative oold

injuryasindicatedbyperoentshootlessmdesdata. Graftedvines

hadlowerperoentageofshootlessmdesthanom-rootedvinesin

1986. Percentage shoortless nodes was significantly lower for

Say/Cynvineswtmoomparedwith SeY/MrSeY/SeylorSeY/S’OGVM

muse. °

Primaryhadsandcanesincreasedincoldhardinessand

decreased in water ccmtent during acclimation. One significant

exceptionwasnoted. Increasesincoldhardinessafterthe

occxmrenceofakillingfrostwerenotaocmpaniedbyfurther

decreasesinwateroartent. missuggeststhatgrapevinecold

acclimatimocmrsinmostages: (l)coldhard:inessincreasesin

thefirststagewerecloselyassociatedwithadvamingtissue

mumityarrideclinimwateromtmtoftissues3ard(2)theseomd

stageofacclimatimbeganafterthefirstkillimfrostarfi

ircreasesincoldhardinessmremlmgerrelatedtotissue

maturatimandwateroartent.

Coldhardimssdecreasedarfiwateromtentizmasedinprimary

budsandcanesduringdeacclimatim. Primaryhadssturedlarge

irrzreasesinwatercmtmtdm'ingdeaoclimatimwiflalevelsreadfirg

l.80toB.l7g/gtissaedrywtatthescalecrackstageofbud

developlient. Morereseardimgrapevineooldaoclimtimard

deacclimtimismededbeforewecansignificantlyimasemr

mflerstandimoftheoarplexinteractionsocwrrihgbetween

rootstockandscimmringtheseperiods.
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II. PRD’IARYANDSECINDARYETFECI‘SOFROOI‘S‘IOCKQI

CDIDHARDINESSOFSEYVALW

ABS'IRAC_I‘

'meeffectofrootstockarrivinesizemcoldhardinessof

Seyval grapeviresmredetermined separately. Vine size effects

werecmsideredtobeanindicatimofpotentialsecaflaryrootstock

effects since vine size modification is an important primary

rootstockeffect. aim-rootedSeyval(Sey/cwn)andSeyvalgraftedto

Seyva.1(Sey/Sey), Kdoer 533 (Sey/SBB), and Couderc 3309 (Sey/3309)

weretherootstocktreamrtsusedinthisstudy. Iarge,nedi1m,

arrismallvinesizeclasseswereestablishedwithineadirootstock

treatment.

Rootstockeffectsmcoldhardinessweredetermimdby

neasin'anentofamilativeinjurytomdsaspercentageofshootless

nodesandthewithin-viredistrimumofcaneswithdiaracteristics

associatedwithirrneasedcoldhardiress(nedimndia1neterardvzell- I

exposedtosmdightdm'ingthegravingseasm). Bothprimaryani

secmdaryeffectsofrootstockmcoldhardinesswereobsenred.

Sey/3309vireshadthelowestpercentageofshootlessmdesanaag

therootstocktreatments. Vimsizedidnotsignificantlyinfluence

thepercentageshootlessmdesvtmcaresofcmparableqmlitymre

evaluated. Rootstock did not significantly affect the within-vine

distrinltimofanes. Iargevireshadagreatermnnberofpoorly

munedcamsandcareswithsuperiorcoldresistame. Iargevines

domtappeartobeinferiortosmallviresincoldhardiressif

carefulcaneselectimispracticedatpnming.
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W

Rootstock-scion relationships in the grapevine are ccmplex.

'Ihe performance of a rootstock-scion canbination represents the sum

of an acuitive rootstock contribution, an additive scion

contrihrticm, and a nonadditive contribxtion of the rootstock x

scion interaction (3,5,11) . this situation creates considerable

difficulty for the viticulture researcher who endeavors to measure

rootstock contributions to scion characteristics. Primary rootstock

effectsmstbeseparatedfransecondaryrootstockeffectssothat

data can be accurately interpreted.

'Ihemajor functions ofthegrapevinerootsystanarevinewater

relations, uptake and tramlocation of nutrients, synthesis and

metabolianofplantgrwthsubstances, andstorageofcarbohydrates

(10). Primaryrootstodceffectsarelflrelymediatedtlmighmeor

acmbinatimoftheseftmctims. Grapevinerootstockshavea

primary effect a: vine size (kg cane prmings/vine) (2,3,7,8).

Irmeasesinvinesizewmcanopylengthisfixedresultin

crowdingofdaootsandinternalcarwyshading (1‘7). 'Ihenegative

cmsequencesofintemlcarmyshadimmyield, fniitquality, and

wine quality are well-docinnented (12-15,17,18). Most secondary

effectsofrootstockarenediatedthmaghrootstockinfluencesm

vine size arri internal canopy shading. Possible mechanisms of

rootstockinvolvmrtincoldhardiressofgrwevimprimarymds

and canes are outlined in Figure 1.

Within-vine variatim in cold hardiness is cmsiderable

(4,16,20,21). 'Ihe importance of this factor for vine cold

resistancewas firstrecognizedbyShaulis (16). Mostofthe

withindvinevariatimincoldhardinessvmidiisobservedisdueto
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Figural. Potentialnedaanismsofrootstockinvolvanentin

coldhardinessofgrapevimprimrybudsardcznes.
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internal canopy shading. Differences in cold hardiness of primary

budsandcznesvariedbyuptolZ°Cdependingonthepresenceof

per-idem, periderm color, cane diameter, persistent-lateral status,

andieafempomretoamiightammgtmgmwirgseasmm. Cold

hardiresswasincreasedbyeaqaosuretosmdightdurirgthegming

seascm, dark-colored periderm, mediumcane diameter, and lackof

persistentlateralcanes. meinportanceofexposurestatusand

tissue maturation, as indicated by periderm status and color, for

mximmcoldresistanceoftissueshasbeencmfirnedinrecent

studies (20,21).

ISllhis information allows for the developent of rational

samplirgproceduresfor grapevine coldhardinessstudies. Current

lmowlefie dictates that canes which are sampled should have similar

diameter, sunlighteocposurestams, persistent lateral status, and

croppingstress. Howell(3)usedthesecriteriatosanple

camarable canes from 1-year-old potted vines, 2-year-old nonbearing

vines, 15-year-old mature bearingvinesandzs-year-oldabardmed

vimsofthesamecultivaratthesamelocatimmthesanedateard

foundnohardinessdifference. misprovidesstrongevidencethat

mmentwriatimcanbereducedsubstantiallybyusima

criticalsanplingprooedure. 'Ihedetectimofprimaryrootstock

effectsmcoldhardinessofscimtissuesdependsmtheuseof

critical-sampling. .

Grapevinerootstockshavebeenslmtohaveaprimryeffect

mscim coldhardiness (6,8trieglerardfiowell,mp1blished data,

1988,3eed1apterl). Coldhardinessof caneswasincreasedby

rootstock duringmid-winter and deacclimation. Effects on bud cold

hardinessofareswerealsomtedhitusuallyomyvnencmmlative
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injury (percentage of shootless nodes) wasexamined.

Earposiretosimlightmringthegmvingseasonardcane

maturation, two factors which are associated with increasedprimary

bidardcanecoldhardiness,arenottmiformlydistributedinnost

grapevinecanopies. Exteriorcaneshad9tol4maturenodeswhile

canesfrunthecanopyinteriorhadOtoZmamrenodes(l6). Thus,

treatmentswhidiinfluenceintemalcanopyshadingcanalterthe

distribution of canes which possess characteristics of maximum cold

resistance arrl therdoy affect vine cold hardiness. Vine size

ircreasesmilecanopyspaceisfixedprovideamedianismfor

securiary rootstock effects through alteratim of the within-vine

distributimofcaneswithmaidmmpoterrtialforcoldhardimss.

Chardamayvinesgraftedonoouderc3309 (1argevinesize)hada

greatermmberofcaneswithOtoSardmorethanlOmamrenodes

thanQrardarnygraftedelviraMnallvinesize) (20).

Amarmrtly,facboreotherthanperidermstamswhidiareassociatedl

withirmeasedcoldhardiressweremtcaeidereduhenwithin—vine

canedistributimwasmeasured. Also,thisisnotconclusive

evidenceofasecmdaryrootstockeffectsinoerootstockardvine

size effects were cqunded. Determination of separate rootstock

andvinesizeeffectswouldallwustoincreasemrmiderstarding

ofprimryandsecadaryrootstockeffectsmcoldhardiness. As

pointedoutbyI-Iowel1(3),thismatterisofcoteiderablepractica1

importance. prrimaryeffectsofrootstockarenoted,geretic

imprwenentcanbemdertakentomdifythediaracteristicof

interest. mtheotl'ierhand,ifeeccrdaryeffectsarenoted,ithe

questimbecanesa'ieofcilturalmanagenentardnotrootstock.
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Therefore, thepzrposeofthisexperinentwastoseparately

determinerootstockprimaryandsecmdaryeffectsmvinecold

hardiness. Canopydevelopnent, productivity, and fruit qualitywere

alsodeteminedduetotheirinterrelationship with cold hardiness.

mus AND MEIR-1013

misexperinentwascorductedinagraftedSeyvalvineyardat

the Clarksville Horticulture Eacperiment Station, Clarksville, MI .

Rootstock treatments included own-rooted Seyval (Sey/own) and Seyval

graftedeeyval(SeY/S€Y).K°ber533(yi§i§mflm§£imandmx

mammalian) (say/sea), and madam 3309 caresses-e

Michauxxyitijmg Scheele) (Sey/3309).

Vireswereplantedinl983inaimifoml<alamazoosardyloam

soil. Vixeyardspacingwasz.4mx3.0m(withinrowxbetweenrow)

androworientatimwasnorthtoscrth. 'metnrainingsystem

ermloyedwasmdstivermbrellawithfruitingwoodretainedas

five-nodecanes. Viresvereprinedtoa10+10prmingseverity

(lOrodesretained/OJSJgofcaneprtmings) m18-19Aprill986.

AnurperlimitofSOmdesretained/Vinewassettoavoid

mercropping.

Vines of small (0.45-0.91 lg cane prunirgs/vine), medium (1.14-

1.59 lg cane perings/vine), and large (1.82-2.27 lg cane

prunings/vine) vine size were identified within each rootstock

treatment after pnmirg. Six single vine replicates were randanly

selectedwithinead'ivinesizeclass.

Allviresmreflower-clusterdthimedtomeclusterpershoot

withthebasalclustermeachshootbeirgretained. Developing

shootswerecoumtedonlBJmieDertmvireswereatfullblocn.
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Iengthofcampypervirewasneamredafbercanopydevelqmentwas

ccnpleteonlBSeptemberl986. ‘mesedatawereusedtocalcllate

thepercentageofocclpaticnbycanopyoftrellisspace. 'mis

informatimwasdeenedinportantbecausefailuretofillthe

allottedtrellisspacehasbeenaproblanforown—rootedSeyval

vinesinMichigan.

Iniividualvineyieldardthemmberofclusterspervinemre

determinedm17Septalberl986. Priortoharvest,sanples of five

apicalberriesfrm20rardmlyselectedclustersweretakentogive

a 100 berry sanple for each replicate. Berry samples were

transportedtotl'ieViticiltureandEnologyIaboratoryinthe

Departmrtoffbrtimlhnewheretheyvereveighedardflenstored

at 1°C for later analysis. Sanple analysis was completed within two

mofsuplimo

Atthetireofanalysis,berrieswerecrusl'iedinamortarard

pestleardthejuicestrainedthrughtwolayersofdieesecloth.

SolublesolidswereneasuredusingaBausdlaIdIafloAbbeB-L

refractcneter. A5mlaliquotofjuicemsdilutedt0100mlwith

deimizedHfardthentitratedtopfiBJwithOJNNadito

detennimacidityu). Aciditywasexpressedasgramsoftartaric

acidperlOOmlofjuice. 'niepHofjuicewasmeamlredusirga

FisherAccmnet (nodal 620) waster.

InlateNovenber,canesmthevineswereratedaccordirgto

flieeactentofmmratim,dianeter,ardexposmetosmlightduring

thegrowingseascn. 'n'iesediaracteristicswerediosenbecmlsethey

luvebeenassociatedwithirnreasedcoldresistance (4). Our

primaryinterestwastodeterminetheinflwiceofrootstockard

vinesizemthewithin-vinedistribltimofcaneswithsuperior
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cold resistance. Nodesonethrough five (base --> apex) wererated

sincethiswasthebearingmitretainedatpnming. Allratings

werevisualandsubjective. 'Ihecategoriesusedwere: (l) having5

mature nodes, nedimndianeter(7—10 m),ardwell-euposedto

slmlightmlringthegrowingseascn; (2) all othercaneshaving five

naturenodesrand(3)caneswithfewerthanfivemaulrenodes. Cane

diameterwasneasuredbetweennodesfmrandfive. Persistent

lateralstatuswasnotconsideredduetothehighpercentageof

caneslnvingpersistentlateralsatmdesorettmaghfive. Persons

collecting data were provided with a well-exposed cane piece of

mediumdiameterasareference. 'Ihedataarepresentedonaper

vineandperoentagebasis. miswasdcnesothatmethodsof

presentingthistypeofdatacouldbecanpared.

Shootlessnodesverecolmtedafterhldburst. Shootswere

allowedtogmwapproximatelylSanbeforemeasuranent. natawere

amlyzedasa4x3factorialwithrootstockandvinesizeclass

servingasfactors. mtaweresubjectedtoanalysisofvarianceand

meanseparatimwasdonebyun'can'snewmlltiplerangetest. 'Ihe

arosintransfomatimwasperfornedmperoentagedatapriorto

analysisofvariance (19).

w

motstockhadlittleeffectmgrwthandcanopydevelorment

(Table 1). Sey/3309 vines were able to occupymore of their

allotted canopy space than Say/own, Sey/Sey, or Sey/SBB vines. Vine

sizehadagreatereffectmgrwthardcznopydeveloprentthan

rootstock. Nodes retained/vine, shoots/vine, shoot dereity, and

percentage of occupatim of trellis space were directly related to
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Table 1. Effect of rootstock and vine size on growth and canopy

development of Seyval grapevines. 1986. Clarksville, MI.

 

 

Shoot Occupation

Vine Nodes density _1 of trellis

size retained/ Shoots/ (shoots m space

Treatment (lg/vine) vine vine of canopy) (85)

M

Own 1.35 30 4o 24 68132

Seyval 1.32 28 38 25 65b

Kober 588 1.41 31 44 - 27 67b

Calderc 3309 1.43 31 43 22 79a

n.s. n.s. n.s. n.s.

Vine Size

.(Milel

O . 45-0 . 91 O . 77c 17c 29c 20c 60b

1.14-1.59 1.3913 30b 40b 23b 74a

1 . 82-2 . 27 1 . 98a 43a 55a 30a 76a

 

zMean separatim by Dunn's Multiple Range lost, on - 0.05.
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vinesize.

Productivity was only slightly affected by rootstock (Table 2).

Sey/SBB vines had the highest yield and the lowest berry weight.

ClustersfranSey/ownvinesverelargerthanclustersfranvinesof

theotherrootstocks. Vinesizehadasanewhatgreaterimpactm

productivitythanrootstock. Yieldandthernmberofclusterper

vineincreasedwithincreasirgvinesize. anallvineshadslightly

largerberriesthanvinesinthemedimnorlargevinesizeclassee.

Fruitftflness was not significantly reduced by large vine size.

Rootstockardvinesizeeffectsmfruitqualitywerelimited

to soluble solids (Table 3). 'Ihe differences observed were

imerselyrelatedtoyield. Rootstockdidnotaffectthe

distrihrtimofcaneswithinthevineinrelatimtocoldresistance

(Table4). 'Iheeffectofvinesizemthewithinvinedistrihltim

ofcanesinrelatimtocoldresistancevariedaccordingtothe

mamerinwhidithedatawerereported. Increasesinvinesize

resfltedinagreaterrnnnberoftotalcanes,careswithsuperior

coldresistance,andcanewithlessthanfivematuremdesm

reportedmapervinebasis. Incartrast,presentatimofthedata

asapercentageoftotalcanesirdicatedthatincreasirgvinesize

decreasedtheperoentageofcaneswithsiperiorcoldresistameard

caneswith inferiorcoldresistanoe. 'lhepercentageofcaneswith

lessthanfivemulrenodesinzreasedwith increasirgvinesize.

Rootstockeffectswrepresentinthepercentageofshootless

nodes data (Table 5). Sey/ownvines had the highest and Sey/3309

virestl'ielcwestperoentageofshootlessnodes. Vinesizedidnot

significantly affect the percentage of shootless nodes when

cmparablecaneswereevaluated.
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Table 2 . Effect of rootstock and vine size on productivity of

Seyval grapevines. 1986. Clarksville, MI.

 

Berry Cluster Fruitfulnees

Yield Clusters/ Berries/ weight weight (lg fruit/

 

Treatment (MT/ha) vine cluster (9) (g) retained node)

m

Own 17.8abz 37 199 1.89 376.1a 0.46

Seyval 15.0b 35 178 1.86 329.9b 0.40

Kdoer 533 19.0a 46 195 1.68 325.1b 0.47

Coudero 3309 15.8b 39 179 1.80 320.9b 0.41

n.s. n.s. n.s. n.s.

Vine Size

Herring

0.45 - 0.91 10.4c 23c 189 1.87a 350.8 0.46

1.14 - 1.59 17.0b 41b 186 1.77b 328.0 0.43

1.82 - 2.27 23.3a 54a 189 1.78b 335.2 0.41

n08. n.s. n.s.

 

2 Mean separation by Dincan's Multiple mnge Test, - 0.05.
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Table 3. Effect of rootstock and vine size on fruit quality of

Seyval grapevines. 1986. Clarksville, MI.

 

Soluble Solids Titratable Acidity

 

Treatment (is) (g/100 ml) pH

Merger

Own 19.281z 1.06 3.15

Seyval 19.0ab 1.05 3.14

Kober 588 18.216 1.08 3.16

Ccuderc 3309 19.4a 1.07 3.19

n S. n.s.

Vim size

Mimi

0.45 - 0.91 20.2a 1.09 3.16

1.14 - 1.59 19.016 1.05 3.17

1.82 - 2.27 17.6c 1.06 3.16

n.s. n.s.

 

2 Mean separation by Dmcan's Multiple Range Test, - 0.05.
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Table 4. Effect of rootstock and vim size on the within vine

distribution of came in relation to cold resistance.

1986. Clarksville, m.

 

Superior cold Inferior cold less than 5 Total

m2 lgistancey mature nodes canes/

 

(canes/ (canes/ (canes/ vim

Treatment vim) (%) vim) (%) vim) (is)

m

Own 10 29 8 23 17 49 35

Seyval 10 32 8 26 13 42 31

Kober 588 9 24 8 22 20 54 37

mflerc 3309 9 25 9 25 18 50 36

n.s. n.s. n.s. n.s. n.s. n.s. n.s.

Vim Size

1mm

0.45 - 0.91 816" 36a 7 32a 7c 32c 22c

1.14 - 1.59 98b 27b 9 27b 15b 45b 331)

1.82 - 2.27 11a 230 8 17¢ 29a 60a 48a

n08.

 

zCanecharacteristics-7-10mmindiameterandwell-euposedto

stmlightduringthegrowingseasm.

yCanecharacteristics-camshavin;5ormorematalrenodeswhich

mrenot7-10mindiameterani/orwell-exposedtosmligbt

din'ingthegrwirgseasm.

3: Mean separatim by mncan's mltiple Range Test, = 0.05.
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Table 5. Effect of rootstock and vim size on the percentage of

shootless nodes. 1987. Clarksville, 1a.?-

 

Shootless NodesY

 

Treatment (35)

m

Own 58ax

Seyval 31b

cher SEE 15bc

Couderc 3309 9c

Vim Size

lied/£1.91

0.45 - 0.91 28

1.14 - 1.59 25

1.82 - 2.27 28

n.s.

 

zMeasurenentsweremadearcamswhichwereretainedatprrming.

Camswere7-10mindiameterandhadbeenwell-exposedto

smligl'rtmrirgthegrcwingseasm.

yArosintr'ansfomuaticxiwasperfomnedbezlforeACJV. Meamrepresent

detransfomed data.

1: Mean separatim by Duncan's niltiple range Test, - 0.05.
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W

'nlemnnberofshootspervimincreasedwithincreasingvim

size. 'Ihis,coup1edwithafixedcanopyspaceallottedtoeach

vim, resultedinanincreaseinshootdensityasvinesize

increased. Increasesinshootdensityresultingreaterleafarea

permitrwlengthardshadewithinthecmiopy(12,l7). Seyval

vireswith6shootsper30canofrwhadgreaterinternalcanopy

shadirgthanvineswith2or4shootsper30cnofrw(9).

Although occipatim of trellis space increased with increasing vim

size, itisdmbtfulthatthisisapracticalnethodofsolvingthe

problemduetothegreaterintenelcanopyshadingthatvmldocclr

withirxzreasedvimsizeatafixedcanopyspace. Bettertraining

Ofcordonsarrimdilmvimsizewouldlikelyyieldacanqaywiththe

desiredcharacteristics.

'merelatia'ehipbetweenvinesizeandyieldisnotsurprising

inthatnodemmberpervineisbasedmvinesize. Agreater

mmberofnodespervixaresultsinircreasedmmbersofshcotsarri

clusters. Clustermmberardyieldaredirectlyrelatedforthiimed

vinessuchasinthisstudy. Sey/SBBvimshadthehighestyield

amongrootstocktreatments. 'medataareileficienttodeclare

thisasaprimaryrootstockeffectsimeSey/omvimsalso

displayed increased yield. However, synthesis and metabolian of

cytokinimbygrapevimrootsandtheinvolvementofcytokininsin

thefloraldevelopnentanifruitsetprovideapossibleavemlefor

primryrootstockeffectsmscionyield (10). Rootstockandvine

size differences in soluble solids were related to yield.

Competition between "sinks" for photosynthate and the resulting
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reduction in fruit or vegetative maturity are mll-docannented in the

raped-MW)-

'Ihelackofeffectofrootstockanitheconsiderableeffectof

vim size on the within-vine distribution of came with superior

cold resistarne indicates that rootstock influernes on vine cold

hardinessfliruighthismchanisnwereofasecondarynature. 'Ihe

problemthenisrntmeofrootstockbitofcllulralmanaganent.

Managementofvimsizetoirnreasevimcoldhardinmsisasubject

ofconsiderableinteresttogrowers.

Itiscamnonlyacceptedthatsmallvinesaremperiorincold

hardiresstolargevirnsmletotheirreducedinternalcanopy

shading. alrdatadorntsurportthisview.1argevineshada

greatermmberofpoorlymaturedcamsmtalsohadmorecamswith

superiorcoldresistarne. mreinportarrtly,18rgevirnshada

sufficientmmberofcamswithsuperiorcoldresistarnetomeetthe

requirerentsofthetrainingsystemardprimingseverityusedin

thisstudy. 'nlisaggeststhatwithcarefiilczmselectimduring

pnming,largevinesvnlldrntbeinferiortosnallvimsincold

hardiness.

Presentatimofcamdistrimtimdatamapervimbasiswas

unreappropriatethanmaperoentagebasissincepercentagedata

did not always dernte vitiwlturally significant differelnes. As an

simple,thefactthatsmallvirnshadahigmrperoentageofcams

with superior cold resistarne than large vines is not viticllturally

inpertantaslcngaslargevirnshadsufficientcaneswithsmerior

coldresistarnetomeettherequirerentsofthetrainingsystanand

pruningseverity. Itappearsthatreportingwithinvinecam

distributimdatamaperoentagebasiscanresfltininacwrate
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interpretationofthedata.

'lhesl‘iootlessrndedataprovidefurthereviderneagaimtthe

corneptofsmallvirnshavingagreaterdegreeofcoldresistarne

thanlargevines. Vimsizedidrntaffectthepercentageof

shootless rndeswlnn culparable cams (medium diameter, well-exposed

camsretainedatprmirg)mreevaluated. Primryrootstock

effectsweremservedamgtherootstocktreatments. Soy/3309

vines had significantly lower percentage of shootless nodes then

Say/own or Sey/Sey vims.

mam ,

Vimsizegenerallyhadagreaterinpactmtl'nparameters

measuredthandidrootstock. Vimsizewasdirectlyrelatedtothe

numberof sl'nots/vine, shoctdernity, percentage Of themellis

space that was occupied, mmber of clusters/vine and yield/vine and

wasinvereelyrelatedtoberryweightard%solublesolids. The

highershootdaisityoflargevinesasocnparedwithsnnllvines

vnuldreantinagreaterdegreeofinterrnlcarnpyslladirginlarge

vines(12,17).

Eviderneofprimryardpotentialsecadaryrootstockeffects

mvimcoldhardinesswereobserved. 'Ihewithin-viindistribltim

ofcamswithsuperiorcoldresistarnemsalteredbyvimsizebut

rntrootstock. 'misindimtesthatrootstockeffectsmcold

hardiness by this mechanim (vim size modification) are possible

ardwmldbeofasecadarynamre. Our-datadorntsupportthe

cmlymldviavthatsmallvimsaresuperiorincoldhardirnss

tolargevims. Iargevimshadagreatermmberofcamswith

amiorcoldresistarnethandidsmallvims. 'mernmberofcams
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with superior cold hardiness on large vines was sufficient to meet

therequirementsofthepnmingseverityusedinthisstudy. When

caneswithsuperiorcoldhardinessmreretainedatprmirmvine

sizehadrneffectmperoentshootlessnodes.

VimsgraftedtoCoudero3309hadthelowestpercentageof

shootlessrndesirdicatiigaprinery effectonscion cold hardiness.

Furtherstuiyismededtodetermimtheseasmalvariatiminthe

within-vim distribution of cams. Assessnentofthewithin-vim

distrihrtionofcaneswithsuperiorcoldhardinessappearstobea

usefulnettndofdeterminiigsecmdarytreamenteffectsmvirn

coldhardiness. 'Ihisaspectofvimcoldhardimssshouldreceive

greater attention by viticulture researchers.
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EFT‘ECI‘OFROOIS‘IOCKCN'HiEmn-IANDHNSIOW

OFSEYVALGRAPEVDIESIIJRDIGFIDODDIG

m

Own-rooted St. George, Couderc 3309, Riparia Gloire, cher SBB,

Seyval,ard@nthianavimsweresubjectedtosoil floodingunder

greenlnuse conditions. The rate of shoot elcngation (RSE), net

photosynthesis (en) , stonatal commands (gs) , transpiration (Tr),

andwateruseefficierny (WUE)weremasuredatonetofourday

intervalsasanestimate of sensitivitytoflooded conditims. In

genral,RSEwasthemostsernitiveardetheleastsensitive

parameter to flooding. St. George, Couderc 3309, and Riparia Gloire

were the most tolerant cultivars, while Roller 538, Seyval, and

cynthianaveretl'lennstsusceptiblecultivarstofloodirg.

Symptom of flooding were desiccation of the shoot apex,

flaggingofleaves,mcroticareasonleaves,sernscerneofbasal

leavesandregeleratimofrootsmartl'nmtersurface. Oxygen

diffusionrate (OUR)w1uesvhichhavebeenslm1tobedamagirgto

woodyplants (Cuzvalueoflessthan20g02x10'8an’2min'l)were

attairndwithinthreehmrsofflooding.

'nneffectofrootstockmfloodirgtolerarneofasusceptible

scimwasneasuredmlringanadayfloodingperiod. Treatmentswere

cwn-rootedSeyvalandSeyvalgraftedeeyval,Couderc3309,and

St. George. FloodingtoleralneofSeyvalwasirnreasedslightlyby

graftingmtoCoudero3309.

W

Soildrainageisaninportantaspectofsiteselectimfor

fruit crops (8,22,37,39). Soils with poor internal drainage or a

175
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high ground water level are generally unsuitable for fruit

procmctim because they are periodically flooded (11,17,20-22,

33,34). Vimyard soils in the Great lakes region of the easternUSA

are coulmmly of glacial origin and can display considerable

heterogeneity (34,38) . Well-drained sandy loam soils are often

found in close associaticn with poorly drained clay loam soils.

'Ihe perfomarne of Seyval grapevines growing on two distirnt

soiltypeswasnnlitoredmringafiveyearirrigatimsuldy

(6,Dcuglas Welsch,persmal canmmicatim,1988). Soil type had a

greater influene on vim performarne than irrigation treatment.

Vines grown m Kalamazoo loam soil (sanevhat poorly-drained) had

lowervimsize, yield, andsurvivalthanvimsgrownonoshtemo

sandy loam soil (well-draimd). These observations suggested that

flooding might be a significant problen in poorly-drained vineyard

soils in Michigan.

Flooding has significant effects a: the anatomy, morphology,

arxi physiology of roots arr! shoots of woody plants (4,9,10,25,

28,32). Anatanical and morfinlogical respmses to flooding irnlude

the develqne'it of adventitious roots, stem hypertrophy,

hyperu'ofi'lied lenticels motels, ardaerernhymatissue (9).

Flooding influenestlnmysiologyofwoodyplantsinammoerof

ways. Root and slnot growth, stonatal cmductarne, transpiration,

Wis, androothydrauliccaductarnearegenrallyreduced

by flooding (4,9,10). In additicn, flooding alters the uptake of

ims from the soil solution (9), production of plant growth

substarnes (23), and Wibilitytodisease causedby soil fungi

(31).
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Vegetative growth, yield, and survival of woody fruit crops are

reduced by flooding (2,3,4,12,13,18,28). Flooding injury is

influernedbyspecies,timeoftheyearinwhichfloodingocclrs,

arritheduratim of floodirg (9). 'Ihereisocmsiderab1e variation

infloodingtolerarnebothbetweelardwithinfruittreespecies

(28)- mmmm-lrmm—WL-LW

apple mmm.) aretolerant of flooding while apricot

(mm-abhpeammmm-lfiammam

mmmtsdl.),ardolive(9£amh)are

sensitive to flooding. Species which are intermediate in tolerarne

tofloodirsarecitmsmtrlespp-l.pltm(2enu_smii_caL-L

mammmmmwm. Ingeneral.

floodirgofmodyplantsmmgactivegrowthremltsinagreater

degreeofinjurythanfloodingdm'irgdormarnyorotrnrperiodsmei

growth is minimal (4,9,18,28). Injury cmly-beoanes more severe

as the duraticn of flooding increases (2,3,4,9,28) . For example,

tlncmpositimofmodyspeciesmfloodplainsoilsisoftel

directlyrelatedtotheduratimoffloodingdurirgtlngrovirg

seasm(9).

'nnrearefevreportsintlnscientificliteramrecornernirg

grapevine responses to flooding. Most information that is available

cmesfronfieldobservaticnsardissubjective. VialaandRavaz

(35) emrizedthe findings of Biropeanviticlltural scientists of

the19thce'rcirymfloodirgtolerarneofgrapevimspeciesand

Walden. www.mtism

W.Yitisldluferahxymscmfieelmmhybrid8.

Ripestrisdulot, Solads,!1g§ymime.xyig§m

Sdnelehybrids,yig§yjnifgzahx.yiti§muidm. hybrids,
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V_iti_s.;iga_r_iaMid1x.ard!1_ti_SMi_sSdnelewereregardedas

having tolerarne to flooding. More recently, the flooding tolerarne

Ofrootstockclltivarswascarpiledbmegracz(23). Rootstocks

tolerant of flooding irnluded Riparia Gloire, Richter 110 , Paulson

1103, so-4, Kober 588, Malegue 44-53, Couderc 3309, and Millardet

101-14.Rupestrisdulot, Richter 99,Mil1ardet4lB,andE4333were

reportedtobesensitivetoflooding. Itisamarentthatthe

subjective evaluatim of flooding tolerarne under field conditions

isproblenaticvmelcnecmsidersthecartrastingratinggiven

Rupestrisdulot. 'misrootstockisratedasbeingtolerantof

floodingbyVialaarriRavaz(35)ardintolerantoffloodirgby

Pongracz(23).

Limited data are available on morpl'nlogical and physiological

responsesofgrapevimstoflooding. Slnotgrowthofsixyitig

ML. cultivarswasreducedbyfloodirg (36). nlrtrnmore,

floodirqofvirnsexposedtosalinityhmeasedflleuptaksofNaani

C1,irnreasedtheammtofNaaniCltransportedtoslnots,arri

resultedindmgetoleaveswithinfivedaysofflooding.

FremnelbjectedWMML.mltivarsto40days

offloading (5). Areductimindlnotgravthwasrntdoservedmrtil

virnshadbeenfloodedforlZdays. Allslnotgrwthceasedafter

34daysofflooding. 'nierateofsl'notextensimmsmoresensitive

tofloodirgthantlnplastodirminder. Floodingreducedvimdry

weiglrtby30to69%. 'nlepatternofdrymatterallocatimbeoveen

leaves, stnots, androotsduring flooding differedamongcultivars.

Synptalsoffloodirgverebasalleafsernsceneardtlndevelopent

ofadvertitielsrootsmarthewatersurface.
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'IherhizosplereofpottedDelawareandmlscatofAleendria

vineswassugaliedwith 0, 5, 10, or20%02 (7). Anmdaresultedin

decreasedgrovthofrootsandshoots,photosyntlnsis,androct

respiration. In additim, cornerrtrations of N, P, and K in leaves

arriN,P,K,ardlginrootswerereducedbylowsoilozcontent.

Rootseiqlosedtoarmdadisplayedswellingoftheroottip,a

brovnishcolorationoftheroots,anincreaseinthemmberofroots ' l

withbrokenlenticels,andadecreasein.themlmberoflateral i7“

'Ihe problus associated with flooding of grapevines on poorly- :1

drainedsoilscanbesimumntedbysoilinprovenentorplant

inprwenert (28). Installation ofdrainagetiles, deepcultivation

ofsoiltoshatterccmpactedzans,andcllulreofvirnsonraised

bedscanbeusedtoimprwesoilcmditian. Trnusefulnessof

tinsepracticesisofteilimitedbecausetheyarediffiwltto

inpleuent and expensive. Furthermore, the effectiveness of soil

inprovene'rtmtlndsisredinedwhelsoilmterogenityedsts.

Plantinprovemertcanalsobeusedtoredinetminpactof

floodirginpoorly-drairndvimyardsoils(28). Clltivarscanbe

selectedmidlaretolerantoffloodirgorfloodingtolerarnecanbe

irnreasedbygraftingsusceptiblewltivarsmmoretolerant

rootstocks. Graftinghasbeelusedtosuccessfullyirnreasethe

floodirg tolerarne of fruit trees (2,3,12,13,15).

'nnpossiblecmtributimsofgrapevimrootstockstoscim

performarne during flooding have not been mined. Identification

ofrootstocksvhidrcwldbeusedvdnresoildrainageisinadequate

would be bemficial. Reduction of flooding injury in poorly-drained

areasofvirnyardswmldiuproveproductivityardincreasegrover
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profitability. Also, it is likely that use of flooding tolerant

rootstocks world provide sale benefit even on well-drained soils

following excessive rainfall or irrigation.

Thus, thepurposesofthisstudyaretol) evaluatethe

flooding tolerarne of selected grapevine cultivars under controlled

cariitimsandZ) determimifthefloodingtolerarneofa

susceptiblescimclltivarcanbeinfluernedbygrafting.

W

Aseriesofecperinentswascorductedduringathreeyear

period. AllexperinentswerelocatedinthePlantScierne

Greenhouses, Michigan State University, Eastlansing, MI.

EbrperimerthascorductedinMay—Jtmel986,E>gerinentIIwas

caflntedinJUly—Augustl987, ardEbcperinentIIIwasce'ductedin

Mardr-AprillQBB.

W

St.George mmsmeele: syrmymuswithmpestris

dulot), Coldero3309 mmmdm.xmm

Schools), RipariaGloire mmmma, KoberSBB (311215

Wamxmmmmm Seyval (couples:

interspecifichybrid), andcym'hiana mmmm.) were

obtaimdasan-yeamldrootirgsfranacamercialmrsery. These

alltivarsvereselectedbasedmdifferernesinfloodirgtolerarne

asreporbedbyPuigracz (23). St. Georgehasalowtolerarneof

floodirgwhileCouierc3309,RipariaGloire, andKoberSBBhavea

hightoler'arne of flooding. 'n'ieflooding‘ tolerance otseyval and

Cynthiana was mknmn. Iiowever, previous field observation

suggestedthatSeyvalisintoler-antof flooding (6).
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VimsvereplantedinllJLplasticpotsusingasterile

neditlmof50%sardyloalnsoil,30%spagmnnpeat,and20%sard(by

voltme)inlateMay. Pottedvineswerennvedintoagreenhmse

wheretheygrevfor27daysbeforetreaonentswereinposed. During

this period, vines were fertilized orne with soluble 20-20-20

fertilizer. Each vim received 480 mg of N, P, and K, respectively.

Waterwasappliedbasedmtelsianeterreadingsfranrepreseltative

pots. 'I'woslnotswereallowedtodeveloppervim. Bamboostakes

nereplacedinpotsarddevelopirgslnotstrairndtpvardalonga

stake. Flowerclustersardlateralslnotswererenovedasthey

deve10ped.

Virnswereblockedaccordirgtomiformityofgrowthmlsamie

and treatments were randanly assigned within blocks. Healthy leaves

Ofsimilarageandsizemreselectedmeachshootandtagged. Gas

edengemasurmrtsweremdemttnsaneleavesduringthecolrse

oftheexperiment.

Initialneasurementsweretaloeammamn. Measurements

irnludedtherateofshootelmgatim (RSE),net;rntosyntl'1esis

(Pn), stonatal cadmtarne (gs), tramiration (Tr), ard water use

efficiency MJE). GaseachangedatawerecollectedusinganADc

lat-2 portable photosynthesis systen with the broadleaf Parkinsm

IeafChanber(Analytical Developnent Co.,Hoddesdon, United

Kingdan). Allgasea'iiangemeasureientswerecorrhntedbetveeiosoo

ardlZOOhmflerconditia'isoflightsamration. Gaseaohange

paramterswerecalcllatedasdescribedbyMomardFlore (16).

TreatedvirnswerefloodedathOOh. 'Ihemethodofflooding

wasasfollows:18.9Lplasticpotswerelirndwithtwopolyethylene

bags(a'einsidetheother):tlnn,vimsinll.3Lpotsvereplaced
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inside the polyethylem bags which were immediately filled with

water. 'Ihewater levelwasmonitoreddailyandmaintaimd

approldmatelyScmabovethesoil surface. Controlvineswerealso

placed inside 18.9 Lplasticpots anciexteriorpotswerecovered

with aluminum foil to maintain similar soil temperatures arcing

treatments.

Vimresponsesto floodingwereevaluatedovera 13 dayperiod.

Shootelcmgationmeasurementsweremadeat 1-2 day intervalsand

elbsequeitgasemiiangeneasmenentswerece'mctedatZ-4 day

intervals. Meanmaxinlm/minimmairtenperatures duringtheperiod

of flooding were 34/18°c.

A randanized carplete block experimental design was used. Data

were analyzed by analysis of variarne (30).

W

Seyvalgrapevirnswereobtairndasorn—year—oldrootingsfrana

cannercialnursery. Virnswereplantedinmidaulyardgrownfor29

dayswithouttreatnert. Plantim,trainilg,andmaintenarneof

vineswereacccnplislndasdescribedinnqa. I.

Vimswereblockedaccordingtomifomityofgrowthmu

Argustandtreatmertswererardanly assigned within blocks. Treated

vineswerefloodedat1830h. Floodingwasimposedinthesame

nenmrasiancp.I. VineswerefloodedforlSdaysardsoilmtygen

difmsim rates (CIR) were measured periodically using an oxygen

diffusion rate meter equipped with an Ag+/Agc1 referene electrode.

Five 25-gmge platirnrm electrodes were inserted apprcldmately 10 cm

intotlnsoilmidwaybetweentlnrimardtlncerterofeadlpot.

0xygendiffusimrate(0tR)measureiertsweretakenafterathree
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minute equilibration period using an applied voltage of 0.65 V

(14,31) . Air temperatures were rnt monitored. A randanized couplets

block experimental design was used. Data were analyzed by analysis

of variarne (30).

my;

Rootstocktreatmeitsusedinthisecperimeltvereown-rooted

SeyvalardSeyvalgraf‘tedtoSeyval,Couderc3309 mm

MidIX-xmsrmessdeele). midst-Geese (Eel-semis

Scheele). Tinserootstockswereselectedbasedmtheirrangeof

floodirgtolerarneasdeterminedinExp. I.

Virnswereobtairndfronacamnercialmlrseryardplantedin

midMarch. Pottedvirnswerenovedintoagree'il'msewherethey

grewfor 28daysbefore treatmentswereinposed. Planting,

training, ardmaintenarneofvirnswereaccmplishedasdescribedin

Exp. I.

Vimswereblockedaccordingtomiformityofgrowthmls

Aprilandtreatmentswererardmly assigmd within blocks. Healthy

lemmsofsimilarageardsizevereselectedmeadislnotand

tagged. Gasednrgemeasurenentsweremademthesameleaves

durirgtl'ncalrseoftl'nexperinent.

Collectimofdatabeganml6April.Measurenentsirnluded

RSE,Pn,gsandTr. Gasediargemeasurenertsmreconductedusing

anADCICA-zportablenntosynthesissystenasdescribedinmp. I.

FloodingmsinposedatlBOOhafterinitialmeasurenentshad

beentaken. 'memamnrinmidlfloodingwasinposedhasbeen

illustratedinmp.1. Vineswerefloodedforeiglrtdays.Datawere

collectedattwodayintervalsmringtheperiodofflooding. Mean
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mmdnm/minimm air tenperatures during this time were 25/18°c.

A randmized complete block experimental design was used. Data

were analyzed by analysis of variarne (30).

m

meet;

Evaluation of control vines on 21 J1me 1986 indicated that

SeyvalardcynthianahadlowerRSE, Pn' gs, arndTrthantheother

cultivars (Table 1) . WUE was not significantly affected by

cultivar.

St. George, Curlers 3309, ard Riparia Gloire vines displayed

considerable tolerarne of flooding (Tables 2,3,4) . RSE of St.

George vines was significantly reduced after five days of flooding,

butgrowthcontinueddurirgthen day floodingperiod (Table 2).

Pn, gs, Tr, and WUE were not significantly lowered by flooding.

Couderc 3309 vims did not exhibit a significant reduction in

RSE, Pn' gs, orTruntil 13 days of flooding (Table 3). WUEwasrnot

affectedbyflooding. 'IherespaneofRiparia Gloirevinesto

floodingwasintermediatebetweentherespansesofSt. Georgearnd

Couderc 3309 (Table 4). Riparia Gloire vims demonstrated a

significant mention in RSE after five days of flooding. However,

slnotsanfloodedvimsccntimedtoelongateduringtlnrenaining

eight days of flooding. Pn, gs, and Tr were mt significantly

reducedmntilvineshadbeenfloodedforndays. WUEwasnot

affected by flooding.

KoberSEB, Seyval, andQnthianavineswerelesstolerantof

flooding than St. George, Coudero 3309, and Riparia Gloire vims

(Tables 5,6,7). RSE, In 93' and Tr of Kober SBB virnes were
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significantly reduced following flooding for five days (Table 5).

WUE was not consistently affected by flooding.

Flooding had a fairly rapid impact on the growth and physiology

of Seyval vines (Table 6). Although not statistically significant,

flooded vines displayed a reduction in RSE, Pm and g5 of

ammodmately 50% after two days of flooding. Five days of flooding

produced statistically significant reductions in all parameters

exceptWUE. 'Ihegrwthofsl'xootsmfloodedvineswasnegligibleby

the end of the experiment.

Cynthianavineseamibitedasignifieantdecreaseinall

parameters when the flooding duration reached five days (Table 7).

SImotelongationandgasexdmngewerealmostnon—endstentafter

vines were flooded for 13 days.

Synptansobservedmfloodedgrapevinesweredesiccatimofthe

shootapex, flaggingofleaves, necroticaneascmleaves, senescence

ofbasalleavesardregem'xeratimofrootsreartliewateran'face.

RootmgenezatimwasobsenredinallcaltivarsexceptCynthiana.

W

moodirgproducedarapid reduction in soil OER (Figure 1).

Within three hours, om fell below 20 g 02 x 10’8an'2min'1 in

flooded soil. Soil OER gradually declined during 15 days of

flooding.

W

FloodingtolerameofSeyvalwasircreasedbygraftingmto

deerc3309 (Table 8). 'meeffectwaslimitedtoRSEandPnand

itsmagnimdewassmll. AsignificantreductiminRSEandinas

mtobservedforthisgraftcmbinatimmrtflvireshadbeenflooded
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Figure 1. Effect of floodingmmtygendifmsim rate ofpatted

Seyvalgrapevinesmeasmredathandepth.
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forfcurdays. Own-rootedSeyvalandSeyvalgr-aftedonSeyvaland

St. George displayed significant reductions in all parameters after

twodaysoffloodirg.

Synptcnsobservedmfloodedvinesweresimilartothosein

Exp. Ieooceptforrootregeneratim. Fewadventitiwsrootsmre

observednearthewater sm'faceaftereight days of flooding.

Ems—M

Anaerobic conditions occurred in soil of potted vines shortly

after floodingwas imposed. OIZRof flooded soil fell belowZOgOz

x lo'aan'zmin'l within three home of flooding. Critical om values

havemtbeendeterminedforgrapevines. However, decreasedfruit

treeperformnce andsurvival havebeenassociatedwithOIRvalues

of 15 to 30 g 02 x lo'8cm‘2-min'1 (2,3,18) .

Growth and physiological responses of grapevines to flooding

weresimilartothoseobservedinctherwoodyfruitcrops (1-

4,13,18,19,28,29) . In general, flooding significantly reduced RSE,

Pn, gs, and Tr. Flooding had little effect on FUE. Significant

reductions inRSEocalrredeitl'aersimltanealslywithorprecedinga

significant reduction in I’m g3, Tr, or ME by flooding. This

indicatesthatRSEwasmoresensitivetofloodingthanthegas

Margeparmnetersmeamredduringthesuxiy. RSEwaspreviously

showntobemoresersitivetofloodirgthantheplastodmonirdex

(5) .

Cmsiderable variaticm in flooding tolerance was observed

between grapevine cmltivars. St. George, Couderc 3309, and Riparia

Gloireweremretolerant of floodingthanKoberSBB, Seyval, and

Cynthiana. A clear relationship between cultivar differences in RSE
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ardthegasexdlangeparanetersofnm-floodedvinesarrifloodirg

tolerancewas not observed. For examle, cultivars with

statistically higher values of RSE, Pn, gs, andTrarefom'Idinboth

the flooding-tolerant group of alltivars and the flooding-intolerant

groupofwltivars.

'meramdngofrootstockfloodirgtoleranceobtainedinthis

studydeviatesfranthatofPongracz(23). St.Georgeisconsidered

intolerantamKoberSBBtolerantoffloodingbyPalgracz. Data

collectedinthisexperimentareinagreementwithvialaarxinavaz

(35) calcerningthe flooding tolerance of St. George. Differerms

intheramcingofrootstockfloodingtolerancelihelyresultfrun

themamlerinwhich floodingtolerancewasevaluated.

St.Georgehasbeenreportedtohavelwresistancetothesoil

mummmmgnmmum. 'meeffectsole

mcan be calfanfled with floodirg effects during field

evaluatim of rootstock flooding tolerance. Also, avoidance

medunisnsaaduasadventitiwsrootirg,developnentofaererdlyma

tissue, and formatim of hypertrophied lenticels arennre likelyto

cautritutetoplantsurvivalmflsrfieldcafiitialsthanduring

shorttermfloodingmfiercmtronedcmditionsinthegremtmse.

Adventitimsrootsdevelopednearthewatermfaceaftern

daysofflooding. I-Iowsver,adventitiwsrootingdidnota;pearto

inmovevineperformancesincebathtolerantandintolerant

cultivarsproducedadventitiwsroots. 'nledevelopnentof

anaerobiosis in flooded soils is cannonly mt unifom. Regeneration

of roots into aerobic'areas of the soil would likely inprove vine

performnceandsurvivalmingfloodirginthefield. 'Ihe

formation of adventitious roots is an important flooding avoidance
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mechanism in many tree species (2,9,23).

'megrapevinerootstocksusedinthisstudywerelesseffective

thanapple (12),peach(15),orpear(2)rootstocksininprovirgtl'1e

performance of a susceptible scion during flooding. Flooding

tolerarneofgraftedvireswasmtcaweyedbyasinplemechanim.

Respmsesofgraftedvinestofloodjngmggestacmplex

interrelatialshipbebweenrootstockandscim.

Increasedfloodingtolerancewasobtainedwrmasensitive

scimwasgraftedmamretolerantrootstock. 'Ihisdataprovides

eviderueofarootstockcmtributimtoscimperfomance.

Grapevinerootsareinvolvedinvinewaterrelations,uptakearr1

translocation of nutrients, synthesis of plant growth substances,

ardstorageofcamduydratesaniaminoacidsmm. Rootstock

effectsmfloodingtolerancearelflcelymediatedttmlghmeor

mreoftheserootftmctims.

Humantheeffectofrwtstockmfloodirgtolerancewasnot

canistentammgfloodin; tolerant rootstocks, i.e., Couderc3309

irxzreasedfloodimtoleramemileSt.Georgedidmt. This

suggeststhatfactccscthertmnmctstcckweceimolvedin

determining flooding tolerance of a specific graft cmbination.

Rives (27) hasproposedthattheperformance of agraftcanbination

isthesmnofanadditivescioncmtributim,anadditiverootstod<

caitributim, and a nan-additive, interactive contribution specific

tothegraftccmbinatim. Floodingtoleranceofgraftedgrapevines

may result franrootstock, scim, andpossiblygrafttmion factors

(affinity). ' W
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(INCLUSIONS

Soil OER values rapidly declined following flooding. Levels of

omwhidlhavebeenshowntobedamagingtootherwoodyspecieswere

readiedwithinthreehwrsof flooding. 0320f flooded soil

ranained low during a 15 day floodirg period.

Floodirg altered the growth and physiology of grapevine

cultivarsusedinthis study. Speciesarriduration of floodingwere

inportant factors in determining the severity of flooding injury.

St. George, Riparia Gloire, and Couderc 3309 displayed a greater

degreeoffloodingtoleramethanxoberSBB, Seyval,andcynthiana.

Significant reducticmsinRSEwereobtainedafterfive days of

floodingforallalltivarsemeptomxierc3309. 'Ihiswltivarwas

abletomintaingrowthoffloodedvinesatthesamelevelas

cmtrolvinesformorethan9daysofflooding.

Gasexdiangemeastn'ementsofthemoretolerantwltivarswere

mtsigrdficantlyreducedmltilvineshadbeenfloodedforndays.

Conversely, the flooding intolerant cultivars showed adecline in

gaseiamangeafterfivedaysoffloodirg. WUEwasnotccmsistently

affectedbyflooding. Ingeneral,RSEwasthemostsensitiveand

mEtheleastsensitiveparametertoflooding.

Synptcmsobservedmfloodedvixesweredesiccatimofthe

shootapex,flaggingof1eaves,mcroticareasmleaves,senesceme

ofbasalleaves,andregeneratimofadventitiwsrootsmarthe

watersurface. Rootregeneratimcwldbeaninportantavoidance

mechanismwhengrapevinesarefloodedinthefield. 'Ihisresponse

wasobservedinallalltivarseiaceptCynthiana.
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Floodingtoleranceofasusceptiblescimwasincreasedby

grafting. UseofCarlerc3309asarootstockincreasedtheflooding

toleranceofSeyval. 'meeffectwaslimitedtoRSEandPnandits

mgnitudewassmall. I-Iowsver,theinportanceofal-2dayincrease

infloodirqtolerancestnlldrntbemflerestimated. Floodingin

agricultural soils is usually mnsitory. 'Ihe ability to maintain

shootgmwuiamphotosmthesismringsrm-temfloodixgwuna

likelyresultingreaterproductivity. Furtherresearchisneeded

todetermineimederc3309caninfluencefloodingtolerancemder

fieldconditiors.
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Figure 1. Effect of flooding on root hydraulic conductivity of

Couderc 3309 and Seyval grapevines.
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Table l . Effect of time of floodihgw on cumulative growth and cane

maturation" of Seyval grapevines .

 

Mature Mature Nodes.Y

 

Sample Nodes/ Nodes/ /Vl'.ne

date Treatment Vine Vine (85)

1987

10 Sept. Control 23a2 4 14.3

Flooded in July 24b 3 12.5

Flooded in Sept. 28a 4 14.3

n.s. n.s.

25 Sept. Cartrol 28a 13 46.4

Flooded in July 24b 12 50.0

Flooded in Sept. 29a 13 44.8

n.s. n.s.

7 Oct. Control 28a 17 60.7

Flooded in July 24b 15 62.5

Flooded in Sept. 29a 17 58.6

n.s. n.s.

 

w Vines flooded for 1 week (ll-18 July 1987 and 10-17 September

1987) .

xCanematIn'ationdetelaninedvisuallyaccordingtobradningof

periderm.

yAr'csin transformatimwasperfomdbeforerv. Means represent

detransformed data.

z Mean separation by nincan's Multiple Range Test, 0= 0.05.
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Table 2. Effect of time of floodirgx oncoldhardiness of Seyval

 

 

 

grapevmes.

Sample__pate

Treatment 7 Oct. 1987 3 Dec. 1937 7 Jan. 1988

 

Itjflggy: Buds

 

Control -11.4 -18. 6 -18.8

Flooded in.Ju1y’ -ll.2 -18.6 -18.2

Flooded in.sept. -10.6 -18.8 -l7.4

n.s. n.s. n.s.

Gangs

control -lO.4 -16.8 -l9.2az

Flooded in.Ju1y' -lo.2 -l7.o ~17.6b

Flooded in Sept. -lo.4 -l7.4 -18.6a

n.s. n.s.

 

'X'Vines flooded for l week.(ll-18 JUly'1987 and lo-l7 September

1987).

2 Mean separaticm by Dmcan's mltiple Range Test, 0= 0.05.
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Table 3. Effect of time of floodingx on the percentage of shootless

nodes of Seyval grapevines.

 

Shootless NOdesY

 

Treatment (’3)

control 18.8bz

Flooded in Jilly 46.5a

Flooded in Sept. 35.1ab

 

X Vines flooded for 1 week (ll-18 July 1987 and 10-17 September

1987).

Y Arcsin transformation was performed before ADV. Means represent

detransformed data.

2 Mean separation by Duncan's Multiple Range Test, 0 = 0.05.
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Figure 1. Effect of time of flooding on net photosynthesis of

Seyval grapevines.
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Figure 2. Effect of time of flooding on stonatal cormlctance of

Seyval grapevines.
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Figure 3. Effect of tine of flooding on transpiration of Seyval

grapevines. ‘
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Figure 4. Effect of time of flooding on the rate of shoot

elongation of Seyval grapevines.
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